FILMED FROM BEST AVAILABLE COPY

DOCUMENT RESUME

ED 079 110 SE 016 416
TITLE Water Quality Control, Curriculum Guide.
INSTITUTION North Carolina State Dept. Oof Public Imnstruction,

Raleigh, ; Washington City Board of Educstion, N.C.
SPONS AGENCY Bureau of Elementary and Secondary Education

- (DHEW/OE) , Washington, D.C.

PUB DATE [72] : -
NOTE 209p.

EDRS PRI MF-30.65 HC-$9.87
DESCRI RS ,/Currlculum Guides; *Env1ronmental BEducation;
. Instructlonal Materials; *Learning Activities;
Qatural Resonrxces; Quallty Control; *Secondary
Grades; *Teaching Guides; Units of Study (Subject
) ﬁlelds), *Water Resources
IDENTIFIERS ESEA Title III

”s

ABSTRACT

Activities which study how water is used,
contaminated, and treated.or purlfled are presented in this
curriculum guide, culmlnatlng in the 1nvestlgat10n of a local water
quality problem. De51gned as a 12 week mini-course" for students in
grades eight and nine, the guide first presents a review of the
content, objectives, major concepts, and sources for student
reference materials. Major topics or units of study are titled:
Water, a Renewable Resource (Hydrologic Cycle); Is Water a Renewable
rResource?; Scientific Analysis of Local Water Quality; and A Local
Study of Water Quality..Each unit is composed of a series of pre-,
major, and post-activities beginning with a general overview
indicating title of the unit, purpose or objective, abstract of
-content, and unit schedule of activities, including time allotments.
Individual activities enumerate, where appropriate, background
information, major points to- emphs3ize, questions or quizzes,
teaching procedures, materials required, and supplemental activities
or information. A variety of media and processes is suggested to
allow for flexibility. This work was prepared under a contract for an
ESEA Title III project, "Environmental Science Study Curriculum."
(BL)




FILMED FROM BEST AVAILABLE COPY

“ , ;
‘ — 1
[ D t i ) - Ly DEOARINENT OF wf AL Th
! ‘_' g LOUCATIONN WELFARE
' NATIONAL INSTITUTE OF
' o ) 7 . - ) - oucation
[
ol
’ =
- »
e ot
‘ LI ‘
+
i
e :
4
.
¢
t
$ o -
3 s
-
s
§
. '
)
3
Q -
) ~ " . .
E ‘IC N T
B ) ) [ ev
ERIC | | o . |
\y .
L} N

I



L4

&

PUBLISHER'S NOTE

Environmental Science Study Curriculum, (ESSC) is an
ESEA Title III project funded through the State of North
Carolina. . One purpose of project ESSC is to develop a
curriculum in environmental education at the eighth and
ninth grade levels. The structure of the curriculum is
based on the mini-course design. Currently, there are six
twelve-week mini-courses, "Water Quality Control" being
one such course. Although the materia.s contained herein
are designed for the specified grade levels, they could
be utilized over a wider span of grades with relatively
little revision. ) ]

Another purpose of the project is to review as much
of the available and existing materials as possible and to
utilize them wherever possible. Therefore, not all of the
materials and ideas contained herein are the original work
of Project ESSC, rather some of this material i. the result
of using, evaluating, reworking, combining, synthesizing,
and re-evaluating existing materials from many varied
sources. It is for this reason, however, that we are un-
able to credit all the original sources on those materials
that are not original ideas of Project ESSC.

It is the hope of Project ESSC that this material and
these unit plans are presented in such a manner that they
will be readily usable. This entire course or any part
thereof may be reproduced without any further permission
from Project ESSC. Howeéer, we do ask that credit be giveg
if the total course is reproduced.
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ENVIRONMENTAL QUALITY COGNTROL - WATER
i , °

There are many ways this course can be taught. Conse-
quently sevdral ¢ fferent menhods*éfglgiven for many of the
activities, as well as alternative a&blVitleS~ It is sug-
gested that you read through the coqrse 1n its entirety so
that you will become familia?iwith the general idea of the
course content. Once involved in the course your dlrectlon
wiil become evident (based on your students’ ab111t1es, com-
prehension, and receptlveness to the activities), Rovllzlng
’that some individuals will have different time allotments
a great wealth of possible (and "workable") materials is
given, It cannot all be done in twelve weeks; it doesn't
have to. be; You must decide what to include {n your course,
and what must be eliminated, To assist you 1n mapping out
your schedule, approximate time periods for many of the
activities are given. Naturally these can be adjusted de-’

pending on your students' response 1o the materials,

ABSTRACT .

Students learn hOW water is used and contaminated; the
effects of many pollutants on natural ecosystems; how to de-
tect the E}esence of several common pollutants; and how some
pollutants may be removed or eliminated by both natural and
artificial processes, Students then selsct and inveétigate
a local water quality problem., This probiem is identified
and defined as completely as possikle, and a plan for sol'-
ving it is formulated and implemented, recognizing and ac-
comodating the economic, political, sociological, scientific,

and natural factors.
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OBJECTIVES »

For studerts to gain the skills necéssary to recognize
water pollution,

o’

For students to be cognizant of the various channels
“ open for bringing about environmental change and the
constraints produced by the interaction of social,
political, and economic factors. o
For students to be cognizant of tae ihfgrrelatiénships
) of the causes and effects of water pollution.

™

CONCEPTS 2

.a.’ defining environmental pollution

b, identiinhg a water pollution problém with. emphasis on;
where to look; what_to look for; how to test for

c. ‘the causes and effects of water pollution
. d. achieving environmental changé (channels)

e. the interaction of social, poiitical, and economic
- factors and the constraints they may produce

H

/MATERIALS

A g
L

Because there is a wealih of reference material avail-
able, the bibliographies are very long. We have found, how- .
ever, that we can effectively teach the course without the

ST L

reference material, These references can be considered sup- >
plemental (i.e., for the academically advanced student) and
not essential. If you write the following agencies you will

receirve gratis all' the student reference materials you will
need:

T AT T N %

Charles Pou

Environmental Protection Agency )

Public Affairs Office )
> Region 4 Office o ‘ : - B

1421 Peachtree Street, N,.E.

_Atlanta, Georgia 30309 -

‘Phone 404-526-3004
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Srate Department of Public lealth
P 0. Box 209}

Ralerzh, Nervan vcayol:ina {address 1o _your state

27602
capital

State Envivronmeniatl Protection Agencles

Department of Nawural and Economic Resources

£ 0 Box 270R7 g .

Raleirgh, North Caralina 27011 ’ ) ,
Phone 919-52%3-4984

North Carolins Water Follution Control Association
P 0 Boux ti26 .
Chape! Hill. North Carolina 275 .

Citizens Advisury Commtttee on Environmental Quality

1700 Pennsylvania Avenue, N.W -

Washington, D ¢ 200006
A [inal suggestion for keeping cousts at a minimum is Lo
contact one or ail of 1the following when you requiic small
amounts of specralized equipment and supplies: nearby -
universities; community colleges or technic¢al insiitutes; -
county healih department; regional state water pollution

k]

control tab f1in N C 1i's the Board of Water and Air Re-

sources); muncipal water treatment plant, !
Please 1¢1:1 to the followine pages before the start of

the course so thai necessary equipment, supp'ies, and

materials will be avairlable when they are needed,.

P
F1lms . : .. 1,30
Equipment and Snupplies . v .« . Umt L 14, 16, 18, 20

Unit I1: 33, 69-71
Unit 1ii: 87-88, 98-105
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B - ! UNIT T SCHEDULE

Activity I WHAT IS WATER? 2 « 3 periods
Introductiion

Characteristics,
3 : sources, needs of
, water

Film: "Waver Famine"
(North Carolina State
Board of Health)
&

<

Activity II THE HYDROLOGIC CYCLE 4 - 6 periods

LA ol
o . DO V1 T AR T S AP TR e T T e
BT SR RN ! AR

: Research (1-2 periods) .
> Lab and film ("George
’ Washington's Piver",
< North Carolina Wild-
2 life Besources Commission) .
- B h Discussion E
1 Quiz E|
4 Films Activity I "Water Famine", . E
3 : - North Carolina .
: State- Board of s 8
~f ' Health-55 minutes )
. Free
; Activity II "George Washington's
. % : River,' North Caro-
5 ‘ lira Wildlife Re-
i 4 sources Commission-
¢ 25 minutes .
§ Free
3 To the teacher °
; The schedule given is for nine periods but it can be
B adjusted depending on the aVility of the students.
g
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PaiT o PLAN

UNIT 1 PITLE: WaTER, & REARW O B RESOLRCE (H\DROLOG {C CYCLE)
TIME: 6-9Y periods

PLRPOSE OR OBJECTIVE

For studenis 1o ne o kEpowrcducabie 9f the |foutcees of

water; of the pbases pobvilrstuzas cvele, aud bhow and why
s i 2 ' \

biological and physicail Fstces i €ract in the tyeles Uti-
lizing the knowle:doe cotned, ~'vden's will be able 19 formu-
late opinions telating 1y win there s a vital

quality water, :

need for

By performing certain anctivii,es students will develog
skills in devising, uiganiziae tettorming, and anaivziog

scientific experiments,

v b ol ol g

ABSTRACT ‘

o~ "

Through the use of vartous v, sun! aids {books. tapes,
experiments) ".uid discussions ithe natural fuuctroning of
the hydrologic cycle is stad,ed,

The students perfyrm expetiments which demonstrate the
water cycle, By performing these experimeuts, “students are’
provided an activity which. even though closely teacher-di-
rected (since i1 is the firs. act)vity in the course) sllows
ample oﬁportunizy for rue devslapment of student imagination
and analytical abilicy,
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Allov approximately four mihutes fur all students
to write a paragraph c¢xpltaining why the study of
water pollurion is .mpurtant. Students should
include information culiectsd above in the para-
graph, (This acvivity is optional,)

Day 2: Film ~ "Water Famine®. 55 minutes, North Caro-
lina State Board of Health

Introduciion to the fiim: This film presents
why we have a..course cailed "Water Quality Con-
tx®ol", Pay ciose avtentieon: 1t is noi an en-
joyabie film, It is ihe cold, bhard itruth about
the water famine.,

o s it 0 s Sy

~

Suggested questvions for the fiim

Would we hagse enough water if the water wasn't
polluted? .-

Why have water probiems become so serious?

What are some inings that- cause the "water famine®?

How can we ssclve our water problem?

Day 3: Allow students time to research reference mater-
ials on ithe hydrologic cycle. Siudents should
give the following information: title of the
book, pages read. notes or a brief summary of
the material. -
The purpose of the research period is for students
to learn about the different phases of the water
cycle,

- A'simple pretest on the hydrologic cycle miy
indicate "Day 3" unnecessary or needed by only
some of the students. . R

Additional reading requiremeut: Refer to supplement #2,

o H20 and Key
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Supplement #1 (Cont. )

National Audubon Society, AUDUBON ENCYCLOPEDIA VOLUME II,
The Curtis Publlsh1ng Co., 1971.

Needham, James G. and Paul R., A GUIDE TO A STUDY OF FRESH
WATER BIOLOGY, Holden-Day, Inc., July 1970, explains
how to coqguct water studies and how to identify
organisms.

Otto, James H. and Albert Towie, MODERN BIOLOGY, Holt,
Rinebart and” Winston, inc., 1965, p. 664 water cycle.

‘Parker, Bertha Morris, WATER, Harper and Row, 1966.

Parker, Bertha Morris, WATER SUPPLY, Row, Peterson &
Co., 1958."

Peterson, Ottis, JUNIOB SCIENCE BOOK OF WATER, Garrard
Publishing Company, 1966.

_Reid, Geroge K. Ph. D., POND LIFE: PONDS AND LAKES,

Golden Press,. 1967, p. 4 water; p: 10 babltats,
p. 22 food webs; p. 24 succession.

“SLallwood William L. and Edna R. Green, .BIOLOGY, Silver

Burdett Co. 1968,

" Sorvall, Vivian, .OUR TROUBLED WATERS, Pendulum Press, Inc.,

1971, pegs. 15-23.

U. S. Department of the Interior, WATER OF THE WORLD, .U.S.
Government Printing Office, 1969, explains the water
cycle and supply.

U. S. Department of the Interior, WHAT IS WATER; U.S.
Governnent Printing Office, 1969.

V111ee, Claude- A, et., al., GENERAL ZOOLOGY, W. B. Saunders
Co., 1963.

Végner, Richard H., ENVIRONMENT AND MAN, W. W. Norton &
Co., Inc., 1971, chp,. 6 cycling of water.
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SUFPLEMINT =2
T A4
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Riddie. What has no color, us =dor  ne rasre, And is pre- 5
Sent in {his C(iv€sinowm a8 a4 soiid. a liguid. and .
o 2a88%
I
Answeér: An umbretia? Hings
The viddiz coeuld hays als: _nciuded:  whai @ we lean with.
g cook with, manuviaciure w. .t . Liay wi oy henr wito, gyow ouy
Tood with. remove cur waste: wirh. tisvey with, 1ight our
houses with {figur- it cutt}. apd <ras alive with?
1 —_— —
. List uses and misness LETPS FACE ii - theis wouild be
NGO LIFE on ibs planet without. . ..
Warer. NO LIFE, , ., und stiti most
= - - ui uE use waley without even think-
- 58 aueiit whetre (U came from, or
i ) wihgre 7 .8 gosng.  Po prove I'm
. — vigh. . § waur vou 14 lisy all the
wavs Yo used waler in the past 24
tonrs 13if you can) aad ail the ways
= you mrsascd water :n che last 24
houe s
Now - where did ibar water comg from {specifscally)
FOWn:
' . CROUuTIT Y,
f
IA”Oc And - where did the 'used’
- i weiey o {not-*down the drain®)
LERR SN
RN RN 'J_'
Did yuu knew that over 374 of ih: =ayth's surface is covered
with water ? Bu: WATCr 1w dise fouand under the ground,
This 1s called ground wiis: . HRail woier sinks into the
ground untit i reaches a <erida:n terei, This lesel is
| ——called the water table., Weils f:p this supply of water. .
T ————— TS - %
. . . . }
In eastern North Carotsne fhe wi. 1 ‘abie e mes very close ‘

‘---—-'lo. or even righi up tuv the s dace f the <arib. In ciher
P e - WOTAE. B17S Tswampy" areund iere Bow tow 8 ihe warer
Q000000 . )

table where yoa live?

AT TS I Tk PN Vn M \%P Ak o s M e e e m e vm mRe

ERIC | ) '
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Supplement #2 (Cont.)
How did you find outu?
oy In fact - sometimes the water
water table is higher than the ground.
) +algfC This forms a o
Ard did you also know there is a river flowing under you

right now? 1It?s called an aguifgg,?’lt flows all the way -

from the mountains down to the ocean, . .
under the ground: pushed . by the weight
of the soil above it, pulled to

¢ lower levels by gravity, ETETeToT="_and. fed by

water seeping into the ground, The water in the aquifer
runs through porous rock that actually resembles a sponge
in many ways (except ii‘s hard), Wells tap aquifers. . ,
-ask Texas Gulf Sulflﬁ‘r! "'
What bappens to the rain and snow that

DON'T seep into the ground to feed 2’

aquifers or to form the ground water: 2?\b

= 4

- BUT - where does water come from originally -
the clouds?
the ocean?
the rivers?
the ground?
under the ground?
FIVE THOUSANDS YEARS AGO. . . |
when the fiery ball of gases was cooling to form our planet,
there were billions upon biliions of tiny, invisible water
molecules forming. Being very light, they mainly stayed
as a gas above the heavy metals that were corling and solid-
ifying to form our "gfbund", As the earth continued to cool,
much of this water vapor or gas condensed to form the first
raindrops. And then it rained for thousands - no hundreds
of thousands of years! ‘Until the oceans filled and the

=¥

H
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Suppliement 2 (tant.)

water flowed from mouwnio:nt geaks 1n miitions of creeks and
rivers,

. Alsays retutuing o ithe oscean,

But dees ervery moleculy o water ~har falls as rain retlurn
to "he oceaa? NO[ HARDLY”

Only abour 29% ot all vhe rain thav falis rerwrns to the

0ceen.  So where do2sg The a7 her % of the waver go?

»
———— - - —— - - ——

There are SO MANY inyriguing feo’s tu ) 2ad about waver,
Yei ONE facv fescinaves me partrcutarive o o and this one
fac: could »peli a2ur docm: FACY The very warer -¥OU
brusted vour vesrh wiTh rh:s weronang cvuld bave quenched
~-the -thirst of a gggii dinosssar wiitiions of vears ago' !
N GIiHER WORDS
THERE is> ON PARTH RIGHT NOW ALV THE
WATER THERE EVER WAS. | . . + ¢« o &
AND KVER WILL BE. . . o . . WATER
IS NOT 8EING MADE - WATER ONLY )

CYCLES.

Now you explain why this facer may "spell our doom®,
{use the back of ihe paper please -
O.K.. 1t's yvour tuarn Wras one fa(1 about water intrigues

you the most?  {answeyr on the Backs

[
3
3
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SUPPLEMENT #2
Key For H20 Handout
PAGE ) L
Uses of water: -'produce eleg¢tricity; wash clothes, dishes,
teeth, body? car, etc.; use to heat with;

- ) to drink, 'to cook with; flush the toilet;
, for transportation; to make paper

v

Misuses: 1let faucet drip; let faucet run needlessly; filled
bathtub full of water for a bath; used phosphate
detergent; washed .smail loads of clothes; left
lights on needlessly (uses electricity which is .
generated by water)

*Where water comes from: town -
county -

*Where used water goes: town -
: ’ county -

*Depth of water table:

How to find out: information available from the local ]
- Health Department, county agricultural
agent or the Soil Conservation Service

PAGE 2

What happene to rain and snow: evaporates, rurioff into
' streams and rivers, used
by plants and.animals

Other 75%: evaporates, becomes groundwater, used by’
: organisms, forms lakes, rivers, creeks

Spell our doom: We are adding chemicals that cannot be
removed from the water. We are adding
too many pollutants too fast (too many
cities are making too many demands upon
a river or water supply). The water cy-
cle does not cycle fast enough and some
pollutants are mever reméved. We will
always have water, but not necessarily
usable water!

Fact: Student answers will vary’

*No specific answers are given as they will depend upon your
locale.

11
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{ .
UNIT t: WATER, A RENEWABLE RESOURCE (HYDRO}.Ou1C CYCLE)

Avrveiviy 1l

The Hydrologaic Cycle

(<4

T <+ 5 periods i
INTRODUCTLION

Ta1s aclivity revolves around a lab in which the students
will build scientific models iliustrating the hydrologic -
8 «yile, the method by which water 1s replenished in nature. >
Working in groups, students set ug the models, answer .
- " the questions on their lab sheetr, and then expiain their
: moddel to the whole class, )

MATERIALS

T

Relerence books: Refer to supplement #}, Bibliography -
Hydrologic .Cycle

popidel TH R B 1

[ ﬂ”f:‘ m,aq“,u‘ *w- "»t,"\r..wm,m dd

R

oy
| byl
i

. Lab equipment: Refer to supplement #3 and #4, Lab Sheets
and Key

Refer to supplement #5, Teacher Insiructions for Lab
Stations

byuipment needs vary depending upon the number of groups
(the set-up given is based on a class of 25 students)

fEACHER DTRECTIONS FOR HYDROLOGIC CYCLE LAB :

Before beginning the experimenis 1t is most helpful
if one period is set aside for students to read about
or use audio-visual materials relating to the hydrologic
cycte, (This research time is not given in the schedule
Dat i1 can be worked 1n easily,)

Copies of the experiments are given (supplement #3). -
The class may be divided into groups or the students may
werk individually,; depending upon available materials and
student abiiity., Each group {or student) would do one
Gi the four experiments. The experiments can also be
adapied to form six stations (this 1s very workable with
a large group of students), Instructions for establish-
ing the six stations are given 1n supplements #5 and #6,

The experiments and guestions can be completed in }
idpproximately one to one and one-half periods. With less
vapable and inexperienced students a greater amount of
time is necessary, even as much as two periods. ’
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After compiling and organizing their data, each group
(orlstudent) should set up their experiment and explain
it to the rest of the class., All students take notes:
The discussion of the experiments may require from approxi-
mately 25 to 55 minutes depending upon student abilities,

SUGGESTED SCHEDULE

Day 1: Explain the labs to the students. Allow students
time to select their experiment and form thejgyxr
groups. If time, students begin working on the
labs,

Film - "George Washington's River", 25 minutes,
North Carolina Wildlife Resources Commission

Students complete their experiments and organize
in preparation for their presentations. The pre-
sentations may require a period to complete.

In a discussion’'with the students, determine what
renewable resources are and why water is called

a renewable resource. Alsé6 discuss how the hydro-
logic cycle provides students' homes with water.

A comparison could be made between those students
in the class whose water supply comés from wells

as to those whose supply comes from the town. A
conclusion to the discussion could be a summarizing
of all the phases of the water cycle as it occurs
in Nature.

In cénclusion” a quiz may be given (supplement #7).
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STENC

SUPFLEMENT

Lab Sheet %gff

DALE e NAME__

WY

COURSE_

Expc«..ment L - ine Hydrologic Cycle \
N

Purpuse: to demonstrate the role O

of the sun 1n_the hydrologic "

Materaals
1 bowl or beaker heat famp or 100 W liéht bulb
1 giass plate water

Procedure

Set up the following equipment:

. et i S *Notes Do not
< G — ™. ¢
:;la.s...phffn s :1’ have the beaker
lormp directly under _

(;ﬁuq”ﬂ) the light,

Record your observations (what you see occur j:
- Time (giass) ; Time {(droplets)

ALY

Discussion

Explain what happened during this expcriment. Be as
detailed as you can. Read from the references 1f necessary.
Be prepared to explain this experiment to the class.

*Hint: Write your -conclusions on the back'

GOING FURTHER

You have made a "model" 1n the above experiment. The
model represents a part of the hydrologic cycle as 1t occurs
1n nature, but the model 1s artificial Explain what each’
part of the model actually represents i1n the outdoor
environment. ’

MODEL, IN NalURE
heaker of water
beat Jamp
droplets of water on
alass plate .
space between plate -
and water in beaker

14
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=7 »;:; 2 S r.,{,;zr ;?%‘,_:.L-.:,-_ﬁ = .}Az,‘;;_-m T - The et TERIMA T ST e

STENCIL
SUPPLEMENT #3 § :
. ' ‘ Lab Sheet | - ,g
CDATE__ - NAME '
;eéOURSE 9 %
Exper1ment 2 - The Hydrologic Cycle N - ' ;é
i,;Pur,gose: to demonstrate thie role of the ’un in causing ‘the iid jré 5%
e ) alternate evaporat1on and condensation of water ] .
. that takes place on the surface of the ground i . B B
‘;Fﬁateijais : - . bﬁ . _;é ?§
_..80il —~—v¢ﬂ*‘*’¥fﬂ"ﬁimio;1 ‘or beaker I E 3
1 glass plate heat. lamp oy :
water * - 100 W’incandééoent light bulb
osedure
Set up the following equ1pment° e,
:gl : ,pﬁnﬁ; ' fJQS‘ﬁQ) i :
Do not

have the beaker

T DTN
) [
m o Pt ol oy 74 13 B 3 R 1 Aot
'

Sﬂl phls w‘k‘. d1rectly under
. the light.
o wet Sofl wel : ” ;
Record your. observations (what you see oceur): - s
' Time (glass) e Time (dr0p1ets) L
:lDiscussion ' .

Exglain what happened during this experiment, Be as N B
detailed as you can. -Read from the references if necessary. - -
~Be prepared to explain this experiment. _ -~ i B

f;GOING,FURTHER

: ~ You-have made a "model“ in the above experlment. " The
" model represents a part of the hydrologic cycle as it occurs -
in nature, but the model is artificial. Explain what each .

_part of the model - actually represents in the outdoor environ- B
,*ment. . :
}

. i

. 16 %;
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QSupplenent #3 (cont.)

H MODEL ‘
g beaker of 801l =
1 ‘heat lamp =

: droplets of water

: -:-on . glass plate .- =
-k {' R spaceﬁﬁetween soil and

£ N ¥ —glass plate =

r"V‘
F

H.

=
,§7

IN NATURE

o N '
E ) What do each of the following terms uean-
i on-. .
5 evaporat;on LI
-3 Yoo T . - Fay o
: } condéensation__ - _ «
: ,pf_écibi’téti"éh o - Pt
water vapor_. L 5**“*m;'?"v L
- T -
' Describe the: hydrologic cyele using the 4 terus defined
in question #1.
: F
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STENCIL

SUPPLEMENT #3
Lab Sheet
NAME

“DATE
" COURSE__ .

ﬁiﬁerin@nt 3 - The Hydrologic Cycle

‘fﬁigoae: to demonstrate the hydrologic eycle

M—

Materisls

s Ex lain wb t ha“'eued during this experiment. Be as
fgg;a: ed as you can. Read from the. references if nocessary.

Be .prepared to explain tbis experiment to the_ class.

:come nmmga LT

~ You have made a ."model" in the above experiment. The
model represents a part of the hydrologic cycle as it occurs
in nature, but thée model is artificial. Explain what each
part of the model actually repreaents in the outdoor environ-

.

-ent.
MODEL 1N NATURE
flask of water -
hot plate.

glass tubing

collecting jar

droplets of water
entering jar -
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. -

a
STENCIL
SUPPLEMENT #3 ‘ .
: ‘ -+  Lab Sheet :
CDATE___ NAME_
»n ~COURSE______

S

V}ﬁxperrmént n - Hyufblogic Cycle: EVAPOTRANSPIRAY

5;?urQOSe. to demonstrate the role of plants. in the hydro->
T i logic cycle

- Materials R ‘ o *

T ¥ burette (handie -¢carefully- =very expens1ve)
= 1 rr@gstand w1th burette -clamp;
watef,: :
= . a twig ‘wizth leaves
= sioppe; ) T
= *paratfin in ecan ) -
paint orush ' gorAvaéeiiﬁe
*hot plate Y )
- wax pencil
. *Note: First place a beaker of water on the hot
- plate. Place a beakeér of paraffin in the water.
) - Allow the paraffin to melt while you; set up the
T rest of the equipment. (Don't let §he paraffin- .
i "hoil" as’it might caich on fire! ‘Extinguish a
paraffin fire by smotherlng; not with water;
water causes it to explode ) '

-

v

- “Notes 1insert twig care-
fully into stopper and
seal with melted paraffin
(or vaseline?) using the
paint brush to transfer
the paraffin to the
stopper.- Make sure the

. end of the twig is at

& I . . least one inch into the

*i::::::z : water.

‘Mark the level of the water at the start of the experlment

using the wax pencil. Note the time. .

v her v 5
»

Every 10 minutes mark the level of the water on the burette.

20
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~ Supplement #3 (Cont.)

Qx"Recofd _your obgervation (what you see occur)

DISCUSSION

. Explain what Jhappens durlng this experlment. Be as
. detailed as ‘you can; Read from the references if recessary.
= . Be prejpared to explain this experlnent to the class.

: GOING FURTHER

‘; 1. Would the hydrologic cycle contrndb if there were
- no plants on thé earth?. (exglaln)

2. Do animals (includlng bumans) partlclpate in the
hydrologlc cyele? (e gglaln)

oo b TN R AR TR

At

TS

—t

i

3. Why are glants a part of the water ceycle? (explain) -~

. QUESTIONS

éui. What do each of the following terms mean:

evaporation_

transpiration

water vapor

condensation

o [ NI G o Al AR o AR L i 1 AN o S, A e et st B

percipitation_ ) ) ) .. —

E

- perspiration; -

T g WY i S

: 2. Describe the hydrologic cycle using the- six terms defined
. o in question #1.

I Ot R TR

TP PR SRR R o gy
LY i) T
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SUPPLEWEN T #4

Key For Lab Sheets (Hydrologic Cvcle)

.

EXPERIMENT #1

Observatioii: Time (glass) varies ;3 Time (droplets) varies
The sides of the .-beaker and the glass plate will become
"cloudy", but not if the beaker is too close to the
light.

Discussion: The heat from the laup causes the water in the
' beaker to evaporate: VWhen ihis water vapor hits the
cool glass, it condenses. 1f the lamp is too close,
ithe lamp stays hot and the water remains as a vapor or
; gas. .. .

601ngerrther:‘
~ MODEL IN NATURE
‘beaker of water represeénts -a: laké, river, mud
- ] puddle; a pond, or thé ocean

-

heat lamp " represents the sun

droplets of water on represent clouds or rain
the plate glass

space between plate and represents the atmosphere
water in beaker -
Questions
1. Definitions
Evaporation is the change in state of a substance from
i a liquid to a gas.

Condensation is the cﬁange in state of a substance from
a gas to a liquid.

Precipitation is falling moisture such as rain, sleet,
snow, or hail.

Water Vapor is water existing as a gas in the atmosphere.,

2. Explanation of the hydrologic cycle
condensation
water vapor

evaporation (caused
by sun)

body of water
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Supplemest #4 {Cont. )
. Water eva;or ates from the grou uad ar bodies of watber-
rises; cools, and Londsgisss On parvicles in ithe air,
certain condiiions water Tprecipitates.

= g - - — O

1t
Under

There is always:

invisibie waier vapor gresent in the atmosphere.

EXceRIMENT #2

Gugorvabiocn: Refer ro experimsny #i &3 the resul L8 are -
) similar. -

_;gggsszcﬁ Hefer 1o experiment ##1 as iLpe resuiis are 8

Golag Furinsi :

H ¢ 7 MOBEL I¥ KATORE § @
T heakar af sotil represenyg ifie so1l or ground ‘.

£ oLtnRY raswers as Lhzae =

Refer to expeviment #F for ihe
are t

the saume.

R R LI L

Questi

i, Usfiniiious

Jas

Refer to experiment #1 as the auswens

no

Expianation ¢f the bhydroliogic cycel

th

Refer 1o experimeni #1 as Lthe answers are the

»

EXPERIMENT #£3

Observation: The water boals in ithe flask: s%eam rise
runs tarough Lhe tube and droplets of water enter
bG(..iLe T

Suggestion:
methylene biue, cake coloring) 1o the fiask.
students this
Nexi,; ask the
waier have on
always rewove

students wnat sffect might the pol
the polluranis.
Discussiorn.

The heatr causs

the water in the fiask to

[

s b

are the same.

sage-

SS
the

Have Lhe siudents add a dys (methyi orange,
Tell the
colored waiter represents pollubed waier.
it ed
the hydrelogic eycie; and can the cycle

evaporate and move through fhe tubves;as the waier cools

. in the iube. il condenses and falls, as Y“rgin', inio
? the beaker
23
Q
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Supplement #4 (Cont.)

Going Further ‘

MODEL . IN NATURE

flask of water . represents any body of water ')
. - |
hot plate N represents the.sun
glass tubing - represents the atmosphere
coliceving jar represenis the ‘land (earth)
droplets of water represenvs rain
entering the beaker
s . OF jar
3 " Questions - :

1. Definitions _ '
Refer to experimeni #1 as the¢ answers are the same. i
2. "Explanation of the hydrologic cycle

Refer to experiment #1 as. the answers are the same.

EXPERIMENT #4
Time: Answers will vary.

Observation: The water level should drop.

Discussion: Water is being absorbed by the plant stem.
It-evaporates through the openings of the leaves. The
evaporation of the water is speeded up by the fan
blowing on the plant.

Going Further:

1. Yes, the cycle would continue because watér would
still evaporate from the ground and bodies of waiter.
The cycle would probably begin to slow down and at
certain points become blocked.

2. Yes, we participate in the cycle by the intake of
water into our bodies and also by the elimination
of water from our bodies through perspiring and
urinating. '

3. Plants absorb and release water to the atmosphere
helping to keep &4 more :even balance of water and
tonereby aiding the flow of water in the cycle.

24 s
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Supplement #4 (Cont. )
Questions ) .

1. Definitions

Refer to experiment #1 as the answers are the same
except for these additions: _ o

Transpiration is the loss of water vapor from a
plant.
Perspiration is the loss of water vapor from
animals such as man.

2. Explanation of the hydrologic cycie. T

Refer to experiment #1 as the answer is the same
except for the addition of the following statement:
The- water which falls upon: thé ground is ab- 3
sorbed. .This water in. turn.. .may be absorbed by ;
: . plants, used, and reléased through transp1rat10n. B
{ ) ‘ Animals, such as man, also take in water and
3 ) ’ eliminate it edither by perspiring or as urine. -

25
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SUPPLEMENT #5

Teacher Iustructions For Lab Stations

-

aSetting up the lab-requires approximately 30 to 45 minutes.

Student completidn of the lab is facilitatéd by establish-
ing stations ‘as illustrated by supplement #6. At edch

af the stations it is most helpful to have instructions
written to the student. Suggested student instruciions
are given below fdr each station.

. |
SUGGESTED STUDENT INS%RUCTIQNS

Statjion I: Do experiment #1., The equipment is on the
A-V cart (put the equipment back as vou found it). Figure
out a way to suspend the 1ight. Note the time you put

the glass over the beaker dnd: the: time when droplets be-
gin to form on thé glass, -Record these times on vour lab
sheet. D

Station II: Do experiment #4. The equipment is on the
A-V dart (put the equipment back as you found it). Direct
the fan onto your equipment. Put a piece of masking tape
on the burette and mark the water level at the start of
the experiment. Record the time. Also mark the water
level at the end of the experiment. Record the time.
Measure the distance between the two. marks: Sk pcr

wmark walcr
feve| ot

[
The stem of the plant musi be about_one inch into the water.

Station ITI: Do experiment #1, but do not use the light!

The equipment-is on the lab cart (put the equipment back

exactly as you found it). Note the time you put the glass
cover over the beaker and the time when droplets begin
to form on the glass. Record these times on your lab sheet.

Station V: Do experiment #2. The equipment is on the
lab cart (put the equipment back exactly as you fourd it).
Take your model to Station #I so you can use the light.
Note the time you put the glass over the beaker and the
time when droplets begin to form on the glass. Record
these times on your lab sheet.

Station VI: Do-experiment #3. The equipment is on the
lab cart (put the equipment back as you found it).

<

26
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SUPPLEMENT #6
Station Set-up

Before class
1) Place directions for each statlon on the tables
.(refer to ‘Supplement #5)
2) 'Place equxgment on A-V cart (two carts are not

necessary!
, Equlpment On lab plug in ‘ =
cart for stations 4 EF
IV V, - VI .
C) o0

Station V ' : Station VI { 7
Eyperiment 2 - lake . ; Experiment 3 ’ :
to Station I to use . - :

1Yight

«

TR g e
! s

P ——ar

. (»f““/
Station III J~7

Station IV

; Exnerlment 3 :
F~—_ o " |Experiment 1 (withput
o the ‘1ight)
["A-V cart with
supplies for stations
I, 11, 111
O o=
i .
Statiom ¥ L : - Station II
Experiment 1 (ube the Experiment 4
light) J s e

Fa?

Plug iﬂ Plug in




FILMED FROM BEST AVAILABLE COPY
. {

STENC1L ‘
SUPPLEMENT #7
Quizzes and Key
Quiz A: Hydrologic Cycle )
Questions;

1-3:
%‘1";’“"3}' . 40

vater. .
county (in the country) where
water come from?

city where does your drinking

List three uses of
If you live in the
does your drinking
5. If you live in the
water come from?
6. Used water or was*e water in the (county, town)
goes to a sewage treatment plant after being used.

) ‘ 7-10: Experiment mh};{§;;ﬁ‘\\ﬁr

7. What natural process does the diagram above
represent?

8

Why is the lamp necessary?

9-10: List two ways you éould ‘"block" this natural cycle.,
11-15: Make a drawing of the water cycle. Label each of
these phases:
. 11. evaporation
12. condensation
) 13. precipitation
14, run-off
15. ground water
16. 1In the above drawing show how man becomes a part
of this natural cycle, S
17. Tell the function of each in the water cycle:
17. a cloud 22, an aquifer
18, a grean plant 23, 'rain
19, a cow 24, a sewage treat-
20, the sun ment plant
21. a creek 25. soil (the ground)
Quiz B: Hydrologic Cycle

Directions for the teacher:

Each student draws » picture

that shows the parts of the water cyclé€. ~ Each part
should be labeled, such as evaporation, condensation,
etc. (refer to Quiz A, questions 11-15, and 16). An )

alternative would be for each student to be given
magazines, scissors, glue, cardbcard, and instructed
to glue cutouts on a piece of cardboard to illustrate
Students couid work in groups.

the water eycle.
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SUPPLEMENT #7
Quiz A Key

1-3. to cook with, bathe, to drink, for agricultural
uses, recreation, a means of transportation, etc.
4., groundwater or well
5. Tranters Creek
6. town
7. water cycle (evaporation, condensation)
8. sun ., or energy source
9. remové or block out light (block out the sun's rays)
10, increased amounts of pollutants in the water source
and atmosphere might block the system
11-16, diagram such as the one below -

»

Syation
é /oun'lphr) 17 LI
2vCaTrMC?

- e

17. condensation

18, evapo-~ transpiration

19, takes in, uses, and eliminates water from the body
20. energy source

21. collects and stores water

22, underground source of fresh water

23. precipitation

24, purifies waste water

25. absorbs and stores water

29
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UNIT II SCHEDULE
; Pre-Activity HOW DOES WATER BECOME 4-5 periods
/ POLLUTED
e Location of polluters )
vl
o Research - .
Lecture and project assignment
Game: Problems from water .
pollution .
Activity HOW ARE POLLUTANTS REMOVED 24 periods
FROM WATER :
Introduction
Lab experiments
Discussion
; Post-Activity MUNICIPAL SEWAGE TREATMENT 37peribds :
Field Study ‘
: Discussion U5
: Lt
i Films Pre-Activity "The River Must
: Live", Shell O0ii
Company 21 min-~
utes Free
"Health and the
Water Cycle*,
North Caroiina
State Board of
Heal.th
20 minutes
Free -
To the teacher
The schedule given is for ten and one-half periods but
it can be adjusted depending on the ability of the students.
/
/
7
/
/
ll.
/
/
/
/
)
i /
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SUPPLEMENTS

Pre-Activity
.8, Pollution Cut-outs
- 9. Bibliography - Pollution: Scientific
~ ’ 10, Water: Elixer of Life or Poison and Key
) 11. Brain Drain .
8 12, Key Words and Quiz
13. Film Review - "The River Must Live"
14, ‘Game Problems and Clues
15. Teacher.'Information Chart for the Game

Activity
16. Stations for Water Purification Lab and Diagram
17. Student Directions for Purification Lab

Post-Activity
18, Municipal Water Treatment
19, Six Weeks Exam, Answer Sheet and Key
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UNIT II PLAN
UalT 11 TITLE: 1S WATER A RENEWABLE RESOURCE?

TIME: ¢ to % periods

-

PURFOSE OR OBJECTIVE A

For studen:s 1o become knowiedgeable of the sources of

water pollutants and the effects of these pollutanis on
\, lLaving organisms and the hydroiogic cyclie.

For students to become knowledgeairle of how waier
purifies itself naturally; of how water pollurants may ve
removed artificially, and concurrent with gaining this
knowledge, for students to learn that dilution does no:
always eliminate the problems caused by some poiiutants.

ABSTRACT

The pre-activity is designed to make students aware of
the many kiuds of water pollutanis: where they originate,
bow they enter the water, and the effecis these pollutants
have on the natural environment. A model of a polluted
river 1s constructed. The main activr 'y involves various
attemprs to remove ihe pollutants from this pcliuted river,
The post-activily 18 a visit 16 the Municipar Sewage
Treaimint Plont to learn the methods empioyed by your own
city to elimnate pollutants from water.

32
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. . UNIT II: 1S WATER A _RENEWABLE RESOURCE?
k Pre-Activity Plans
av How Does Water Become Polluted?
TIME: 5 period;
L SUGGESTED ACTIVITIES

Day 1: This part of the pre-activity is designed so that
students will begin to locate sources of water
pollution.

The day prior to this pre-activity, hand out copies
" ¢f a town such as the one attacheds For homework
5 the students can list on the back all the polluteré
: they see in the diagram.

Instructions: Before class, sketch the outline of the town,
fields, rivers, etc. on the board. On a front
table have the following:

a., a-large mayonnaise jar (approximately one gallon)
. Or aquarium filled with tap water and labelled
"river" (if possible have a different jar for
each class) : :
b. a small dish of sand or soil
c. 1inorganic trash .
: d. a dropper bottle of methylene blue or other
’ biodegradable dye
) e, a droppex bottle of milk
f. a dish of organic garbage
g. detergent
h. a small dish of fertilizer pellets (or a dropper
bottle of liquid fertilizerg
i, a small jar or beaker of tap water for each creek
and drainage ditch presented in the sketch and
labelled "creek or drainage ditch"
J. . a dropper botile of gasoline
k. a pile of leaves and stems
1, a dish or iron filings or any other metal

' During class pass out the cut-outs of the polluters (the
bulldozer, house, boat, car, etc. - refer to supplement #8).
The students are instructed to come up one-at-a+ time and
tape ‘their cut-out onto the board in a logical site (the
student may follow the model town or inject his vn idea

N of the location of the polluter). Next the stu 1ts ex-

i plain how their item pollutes. On their way be .. to their

&3
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s-~t, the students go to the table of pollu ants and add
a sample of their nollutan*(s) to the river and/or creek.
Allow each student approximaxely one minute Tc present
the information about his polluter, After ail studenis
hauve given their presentations, pour the “creeks" and
"ditches" into the river. A heated di scussion is certain
tv follow. To stimulate,responses puse a question such
as: 1s this our town's river?.

& suggested follow-up would be 1o write all the polluters

students have 1dentified on the hoard and reguesi the stu-
deoints to record these in their notebosok. Some terms to
bring out are as follows: polliuter, pollutani, sludge,”
effluenti, sewage, organic waste,; nutrients (phosphates,
nitratess, eutrophication, biodegradable, dilution, con-
centration, : .

After class don't pour out the "river" since it is used

in the activity, How Pollutants are Removed. and in
practice for the fecal coliform test.

Day 2 and 3: Students spend the period researching avail-
able reference materials. Each student ¢&ould be
given a copy of a bibliography (supplement #9)}. The
purpose of the student research is for studentis to
determine the dangers of water poliution. As they
read, the students should try to learn as much as
possible about the following pollutants: phosphates,
nitrates, DDT, wmercury, fertilizers, pesticides, sil-
tation, radioactive wastes, o0il spills, and lack of
oxygen in the water. Request situdents to find any
information which will explain (a) the dangers of the
specific pollutant; (b) how to tesi water samples for
the presence of the pollutant; {c) possible ways of
removing the pollutant from the water (or environmenti).

Sometime during the two periods, the students may be
given supplement #10, Water: Elixer of Life or Poison;
supplement #11, Braln Drain {optional); supplement #12,
Key Words and Quiz,

Films - "The River Must Live", 21 minuies,; Shell 0il
Company {(Any film of a similar topic may be shown
in place of this film. Refer to supplilement #13 for
a review,) :

"Health and the Cycle of Water™, 20 minutes, North
Carolina State Board of Healz:h (Any Tilm of a similar
topic may be shown in place of this film. The use of
this film is optional.
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. Day 4: The students have spent approximately one and one-
half periods to two périods researching the effects
of various pollutants on the water cycle and man,
As a follow-up to this, one of the following activ-

; ities {or both) may be done:

Suggestion #l: Lecture and demonsirations - the effects of
pollutanits on the water cycle and organisms

Topics to discuss:
1) a definition of water poi:iutiun
. 2) the ‘effecis of various pollutants on the water
’ cycle e.g. DDT co-evaporates with water and isn't
removed - from the environment; air and land pollutants
wash inic waterways and seep into the groundwater
supply ~
g 9 . 3) the effects of various pollutants on organisms;
e f points %0 discuss are dilution: c¢oncentration, via
B "a food chain

- Other topics to discuss: .
Chemicails )
To demonstrate that chemicals like lead, DDT, “and mer-
cury can be dangerous even in smalil quaptltlps, add
iron filings to a beaker of water. The iron filings
represent DDT or any heavy metal, - A magnet suspended
on a string can be floated in the water to represent
a fish. The fish concentrates the DDT by feeding. Te
extend the concept, another larger magnet can be sus-
pended to pjick up the small magnet. °‘This can lead into
a discussion of the effects on higher carnivores. -

To demonstrate that chemicals can be present in water
even though often invi.ible, piace a beaker of tap
fater and a beaker ¢i giycerine on display, Ask the
. students to decide which is water, or if both or
neither are water. After the students have made a de-
cision based only on their senses of sight and smell,
pour the water into the glycerine, This should spark
a discussion,

. Another possible way to demonstrate that chemicals can Yo
be present in water, even though invisible, and also
may be quite poisonous is to add something very toxic
like mercuric chloride to a glass of water, Ask the
students to decide between this glass and a similar
glass of water as o which, if either or both, is
watcr. Allow the students to make their decision based
on the senses of sight and smell.
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S L
Fertilizers
- Discuss fertiiizers as nutrients in water and their
role in euxrrophication,

Organic wastes aud chemicais that consame osxvaen

To demonsirarte that organic wasies and chem:cals consume
oxyvgen. simply display a jar of spoiicd wiik which will
indicate bacterial decomposition and 1*!s concomitant
odors. Discuss the effects of excessive use of biode~
gradablie marverials 1u water.

Nep-biodegradable materials-dor supsvances

To stimulate discussion pose a quesiion such as: Wuat
happens 10 such things as heavy mcials, derergents,
pest.cides; etc,, that gei into bodies of water:

Pathogenic bacteria and viruses

Discuss diseases such as hepat:itis; poiro, tvphoid
fever, fiu, cholera, etc.; that resu:i from drinking
water contaminated by hawan sewage -

Siitation

Discuss how siliation <an block out l:ighit; how it ouvecurs;
effecis of. such as clogging of fish guils, obstructing
visibility so that organisms cannot teed, burying of
spawning grounds and food; causes of. such as soil
erosion, urbanization (construction sites), channeliza-
tion, dams, thermal pollution.,

Radioactive wastes

Discuss bhow radioactive wastes geir into the food chailin
and possible effecis of these (such as death, genetic
damage)} on organisms.

0il spitls

Discuss tne effect of ©il spilis (suck as death io tvhe
organisms and blockage of i1ight rays) on waiter sources.

Conclusion

Now is an ideal time for eachb student 7o undertake a pro-
Jject. Preferabiy. each student will select a water problem
which exists at or near his home 10 siudy and uliimately try
to eliminate. Insiruct each studeni to pust a description
of his project on a chart in the room ¢r submit a written
description. Also the student will be expected 10 report
orally for one minute and wriie on ihe chart every two io
three weeks concerning his progress. The intormation on

the chart could be:

Name Prcblem Action Da‘ie Results tTo Date

}
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Naturally the students will need, some suggestions to get
them thinking. Some suggested student projects are as
- follows: .

1. "Adopt® a ditch or portion of a cxeek and clean it up.
Plant grass along the!banks to prevont erosion. Talk
to people who live near the creek an? get them to help.

2. Obtain literature from "Keep America Beautiful®, It
has many project ideas in it.

3. Go to a local grocery and ask the manager it signs which
teach how to prevent water pollution could be .displayed
in the store. For example, by ihe detergents you would
have a sign warning against the over-use of phosphate
detergents,

4. Request your local grocery store manager to stop
selling colored tissues and mot buy plastie fruit bags.
Think of ways that would encourage the’manager to . ‘.
respond to your request. Check to see if your request ror
is fulfilled.

5. Write a play about a specific environmental problem
such as water pollution. Relate the happenlngs to
51tuat10ns or conditions existing in Voutr fown.. Pre-
sent the play to another class or an organization,

6. Make and broadcast a radio or T.V. commercial.

7. Have an "education campaign" to teach the people in >
your neighborhood about some way they can help flght
water peliution. You can conduct your campaign using
posters, going. door-to-door, "talking to people, sei-
ting up an information booth in the local f?gpplng
center, and writing articles for the local lewspaper.
Some ideas to teach are: careful use of'ﬂétergents;
minimum use of cars; anti-litter; plant a tree;
sparing use of insecticides; additional ideas can be
obtained from "Everyman's Gulde to Ecological Living"
by Cailliet, pgs. 45 -752, 64 - 68, 73 - 95,
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Sugg~stion #2: Problems From Water Polluvrion (a game)

Before class write each of ihe main probilems (six) on

cards approximately 83" x 11". The clues can be placed

on much smalier cards thereby distinguishing them from )
the probiems. Refer to supplement #14 and #15 for the

necessary information. Place the following: chart on

the board. Students will compleie the chart during

class (refer to supplement #i5):

Priobl em How 1% Tesv for Solution to (or )
arises how to eliminate it) .

“Reference books should be made availabie for student use.

* Place each of the six main problems on a table or desk in
the room so thai they are very noticeable %0 the students,

As the class begins hand each student a ciue and briefly
explain that located on several tables are six main problems
resulting from water poliution. Also exptain that each
student has received a piece of the whole story that leads
to the probilem. Instruct the students to take their clue
to the table that represents the probiem his clue fits.
Using -all the other clues at his fable, the situdeni and his
partners should compleie the chart ithat was placed on the
board before class. The reference books should beée pointed
out so that the students will use them if necessary in
completing the chart.

\ After each group has completed all the information on ihe
chart for their specific problem, have sach of the six
groups presenty theilr information to the class (placjng
the information on the overhead or poard as given). Tois
should certainly lead into an interesiing discussion with -
. both the teacher and other studenis offering additional
comments’to each presentation (refer to supplement #15),
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STENCIL

| )Hoa) DOES (WATER BECOmE @@M@@P

——(,:
, 11177 7771/
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KEY

A, B, C, D, E - Ditches or Creeks

1. people

2, house

3. outhouse
4, cropduster
5. fish

"6, car

7., farmer
8, factory
9, trees

Directions: Referring to
Polluted?", explain below_

toc water pollution.

10,

11.
12.
13.
14.
15,
16.
17,

plankton
(bacteria)
Ccow
restaurant
dump
laundromat
oil tanker
gas station
barn

18,
i9.
20.
21.
22,
23,

24,
25 o

street
motorboat
bulldozer
park’

diese)l truck
sewage plant
(treatment )
cloud

algae

the diagram "How Does Water Become
how each of the above contributes

50




FILMED FROM BEST AVAILABLE COPY

SUPPLEMENT #8
Pollution Cut-Outs

To the Teacher

The diagrams can be traced on a transparency and then
blown-up with an overhead projector. Coloring the cut-outs
makes them even more effective. The numbers refer to the
items listed on the map.
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Supplement #8 (Cont.)
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STENCIL
SUPPLEMENT #9
Bibliography - Pollution: Sciemtific

: Archer, Seillers G., BAIN, RIVERS. AND RESERVOIRS, Coward-
McCann, Inc., 1968, pgs. 56-92 relationship between
land« and water conservation.

BACKGROUND INFORMATION ON WATER.POLLUTION CGNTROL
Manufacturing Chemists Association.

Bardach; John. DOWNSTREAM. Haxper & Row. 1964, chp. 8
history of pollution; chp. 9-3 lack of water today.

Berg, George G., WATER POLLUTION, Scientists‘ Institute,
1970, selected writings.

Cadbury, B. Bartram, FRESH AND T WATER, Creative Edu-~
» cational Society, pgs. 17, 40, 67, 70, 71, 95
pollution as relates to wildlife,

Caillett, Greg, EVERYMAN'S GUIDE TO ECOLOGICAL LIVING,
The McMillian Co., 1971, p. 48 sewage treatment; —

_; pgs. 75-95 pesticides, phosphates, cleansers, metals.
///ELEAN WATER FOR-NORTH CAROLINA, North Carolina Department of

" Water and Air Resources.

~.

AN

e Commoner, Barry, SCIENCE AND SURVIVAL, Viking Press, 1966,
. P> 12 Lake Erie. T~

COMMUNITY ACTION FOR ENVIRONMENTAL QUALITY, Superintendent
e -of-Documents, U. S. Government Printing Office,
Washington, D. C.

¢ Curtis, Richard, PERILS OF THE PEACEFUL ATOM, Ballantine .
Books, 1969. |

Dahlsien, Donald L., PESTICIDES, Scientists' Institute
1976, several articles Lut most not readable; p. 24, —
"Name Your Poiso?" (good ). TTTT— .

Ebien, William; OUR TROUBLED WATERS, Pendulum Press, Inc.,
" 1971, chps. 3, 5, 6, 7 pollution and 1ts treatment.

ECOLOGY: PROBLEMS AND PROGRESS, American Education Publi-
cations, 1971, pgs. 20-21 pollution; p. 26 use of
water; p. 40 DDT poisoning.
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Supplement #9 iCouatr.)

ENVIRONMENTAL QU ALITY - 1970, Tne Councili: on Environmencal
Quali1tv, August {1970, pgs, 8-10, 29 42, 51 .53,

ENVIRONMUNTAL QUALITY - 1971, The Gouncsl on Environmental
Quality, Aurust 1971, pgs, 217-22) trends; causes; )
- p- 223 pesticrdes; p. 225-22b toxic substances.

ESTUARIES. Nailonal Wildlife Federation, 1965.
Frederick, Joun, "PESTICIDES* REFRINT IFROM RANGER RiCK'S
NATURYE MAGAZINE: MAY. JUNE 1971, Bducational Servicing

Sewtron, National Witdlife Federasion.

Grossman, Slielly, UNDERSTAND! =G ECOLOGY, Grosset & Dunlap
1970, chp. X poisons 1n the food chaln.

Helfrich, Jr., Harold W.. THE ENVIRONMENTAL CRISIS, Yale
University Press; 1970. p. 143 wetland destruction,

Hertindaht, Orris C,, QUALITY OF THE ENVIRONMENT, Ginn and
Co,, 1972, pgs. 4, 54, 56, 105 seneral readings.

Hill, Gladwin, OUR TROUBLED WATERS Funi1c Affairs Co.,
1971, fight againstL water pollutlon,

Leinwand, Gervald, AIR AND WATER POLLUTLON, Washington
Square Press, 1969, pgs. 26-33, 127-151 selected
reading .

Macmullan, Ralph A., THE CASE AGAINS? HARD FESTICIDES,. .
Michigan Department of Conservation, 1G6§&. ‘

Marsnatl; 1. Gotdman, CONTROLLING FOLLUT10N; Prentice-
Hali, Inc., 1967,

OCEAN DUMPING, A NATIONAL POLICY, Council on Kavironment !}

Quality,; October 1970, N
/ Ottinger, Betty Ann, WHAT EVERY WOMAN SHOULD KNOW, E. P.
) Press.

i

- OUR POLLUTED WORLD (PART 11), American Kducation Publica-
titons. 1970,

Parker, Berttha Moiris, WATER SUPPLY, Row, FPcterson & Co.,
1958, impurities in water and treatment of.

PRESIDENT NIXON'S PROGRAM FOR BUILDING A BETTER ENVIRONMENT,

Superintendent of Documents, U, S, Government Printing
Office, Washington, D. C.

by
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Renn, Dr. Charles E., A STUDY OF WATER QUALITY, LaMotte
Chemical Products Co.,, 1968.

Renn, Dr. Charles E., INVESTIGATING WATER PROBLEMS,
LaMot te Chemical Products Co,, 1970.

Remn, Dr. Charles E., GUR ENVIRONMENT BATTLES WATER POLLUTION,
LaMotte Chemical Products Cv., 1969,

Schwartz, Bert, MIST OF DEATH, Pendulum Press, Inc., 1971.

THE PRACTICE OF WATER POLLUTION BIOLOGY, U. S, Department
of the Interior, 1969, sampling techniques.

Van Dyke, Henry Thomas, OUR ENVIRONMEN1; Gimn and Co.,
1972, pgs. 4, 54, 56, 101 general readings.

Wagner, Richard H., ENVIRONMENT AND MAN; W, ¥. Norton & Co.
Inc., 1971, chp. 8, 9 pollutants and treatment,

Jam——

WATER-WHAT WOULD WE DO WITHOUT LT? (REPRINT FROM RANGER
~ 7 T "RICK-S NATURE MAGAZINE) National Wildlife Federation,
information on sewage treatment.

Weaver, Elbert C.,, SCIENTIFIC EXPERIMENTS IN ENVIRONMENT:.',
POLLUTION, Holt, Rinehart and Winston.

YOU AND YOUR ENVIRONMENT (PART II), American Educaticn
Publications, pgs. 23-24 pollution.

¢ Tapes

THE INSECTICIDE TREADMILL, The Center for Cassette Studies,
Inc, #24479

Freming, Calvin R., THE ECOLOGY OF POLLUTED WATER (TAPE
N AND SLIDES), Nasco Industries, Inc., reviews all

kinds of pollutan<s; dlscusses biologic indicators of
pollution.

THE ESCAPE HATCH. Nasco Industries, Inc. #21890

DANGERS OF POLLUTION, Nasco Industries,; Inc., #9870

THE CONTAMINATED HUMAN, Nasco Industries, Inc. #17575L

THE WATERS OF DEATH, Nasco Indusvries, Inc. #20053L

Rienow, Dr. Robert, THE SALT IN OUR BLOOD, The Center for
Cassette Studies, In<. ‘

: Rienow, Dr. Robert, ECHOES FROM DAVEY JONES LOCKER, The
——————————— —~—penter for Cassette Studies, Inc-
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STENCIL 4 7}5
= SUPPLEMENT #10
EHXI«R I L iF ... @jg Name :
U/f‘f Period:

WATER:
0 C )
; . qmerch{ there are 7000 or more of us taking a bash

and lusting tbhe foile: today, than there were just voeetarday -

-~

!

Yt

the same amount of water flows down our stieame

\\,7

AND WHAT'S WORSE
& L - our way ot !':1fe demands more and more water and pollutes
2 more and morg .-

1

Here is a tist of waler demands - circle thoge tHat are a

pert of your life: (add some of yvar own) ‘
? 0 vcarxy off sewaga to cool engines
( to dri:uk io manufacture goods
to cook with to clean with .
k\\ 1o swim and boat im far swimming pools
to produce electric ity to water flowers and lawns
to heat with for garhage disposals
for livestock needs for washing machines

for dishwashers

And here 1s a }list of water polluiants ~ circle chose that
are a_part of your life -----

NUTRIENTS- mzinly phosphaies and nitrates from sevage,
industry, run-off
CHEMICALS - from detergents, pesticides, herbicides,
indusirial wastes
OILS- fiom ships, drifl 1igs, industry, local auto
service stations, sireets
ACIDS- frum mines and industry
SILT, SAVD DEBRIS- from sidewalks, stireeus, construction
sites, farm erosion, dredging channels
HEATED WATER- from power piants, industrial process
DISEASE-CAUSING BACTERIA, VIRUSES- mainly from domestic
sewago
RADIOACTIVE WASTES- from mining and processing radio-
active ores, nuclear power plants,
from failout after weapons test:ng
HEAVY MKTALS- from fertilizers and industry (like
mercury, *cad)

)
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Supplement #10 (Cont.)

THE PROBLEM IS: WE don't take ihe responsibility for cleaning
up our messes.
WHY do you think we don't?

DID YOU REALIZE THAT — > land pollution and air
pollution finally end up in our waters?

explain how: 1land

-

(if you drink water from your own well, don't be
so smug---ground water also gets pollutants from
the land and air) .

IT'SS00000 COMPLICATED.,

some communities don't even have waste treatment plants--
and some industries don't either ---

most treatment plantis aren't good enough
pesticides, viruses, and many chemicals cannot be
removed by any known treatment ANYWAY

Psst. . . .do you know what eutrophication is?92?
this wise owl says you should because it's what's
happening in the Pamlico River RIGHT NOW (the
Chowan River had this to happen to it)

EUTROPHIC ATION (U»TRO-FI-KA:SHUN) is the process by which a
body of water "dies"
AND THIS IS HOW I™ HAPPENS: Nutrients (like
phosphates and nitrates from sewage and ferti-
lizers) get into the water
THIS feeds the algae (water plants often called scum)

the algae grow too much and cover the water's’
surface

MOUNDS of algae will fdie and sink

BACTERIA feed on the dead algae (and the’
sewage and farm run-off)

WITH ALL THAT FOOD, bacterial
populations skyrocket

THESE bacteria use up all the
oxygen in the water (they're
breathi.g)
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' ) Supplement #10 {(cont. |
SOoo00v
the fish die
Lhe walel St ks
the rtiver (lake) 18
= DP:ADQRQ.B:.' 3
/
Il .90 THOUGHD THAT WAS COMPLICATED, KREAD ON (PiLEASE}...
{ois 1s the story abow* DDT, ner Boray Daves Tiic, but o
DEADLY PESTICIDE
S farmer Wills sprays Dis cot?on w0 BBY Y2 NilL the insec's N

i ¢ e TS
IT RAINS 4 A

4 ol ¥ AVER ~
¢ ¢

o

IBS TS The DivioLnto JHE Eraund

~e

THE SOIL AND DY wasty :ira ihe ditch

4 PHE DUICH espties a7t ine river I
N —— 'E
- $ fHE RIVER 2muti-- ¥ e o 2an PN
~ 0% ¢ oROT
. PLANKTON (710 pre. <) esn he DDT and die
— Fish gat the PlcrRYore — DL S
BIRDBS ear thne fish
WHEN tie birds lay sggs PO
4 i
7 ' %& Shi=cM
Lé39 THE eges don't ever nai i &= .
THE biids benome EXFINCT
here's the ,eat twisi. siaue theie ave bo Virds tefi o ear
the insects. whav bappens?
{sec harvom of r1he page for answer) “
NOTE: ‘Two facts make matiers wWosisets - - o B thres tacts:
i. DDT evaporates wiih warer und rains back down with
water, s0 it (DDT) kesps cyciing,
2, DPT can last tor many yeors snd noililng decom-
BOSES I T,
3. The plankton that are soiind bV DDY in ihe ocean
produce most of ihe carthts :xveen {during pboto-
' ssntbesis).
I PR - ’
S0 what wil' eventually bappen 10 us Gumins?
’
MRS RS AN NN
Sy LM adwiey dn 3es pue prua Il AJJig i S SU I a2y SHAMSNV
n
O
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Supplement #10 (Cont. )

Want to learn more about water pollution? I hope so.

~It's like learning how to save your own life.

How can you learn??? Use your bibliography (Pollution -
Scientific). In this there are listings of many books, film-
strips, tapes, and records.

Be ohservant! Search your neighborhood for possible sources
of pollution,

In the Bible there is a very ominous warning:
"Whatsoever that man soweth., . .that shall He Also Reap".

What special meaning does that warning have for us today?

(will it he)

THE END
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SUPPLEMENT #10
Key for Water: Elixer of Life. . .or Poison
PAGE 1
Why do you think we don't? too busy; too expensive; too lazy;
won't be around to see the disaster; not "my fault”

attitude; cheaper to leave'it there (for the moment);
just doesn't seem impoitant

Explain how: land: when it rains runoff water picks up
pollutants; soil erosion adds pollutants, as do
wind storms

air: when it rains pollutants fall with the
water; windstorms carry pollutants to bodies of water

PAGE 3

What will happen to us? might die from lack of oxygen caused
by death of plankton; too much DDT may concentrate
in our bodies

What special meaning: We shall eventualily suffer the conse-

quences of our environmental actions.




FILMED FROM BEST AVAILABLE COPY

STENCIL
SUPPLEMENT #11

Brain Drain
Name ¢

"Brain Drain®

We've identified pgssiUfe polluters. Now we want to féarn what
the "dangers" from these polluters' pollutants are.

1.

2.

3.

-

4,

10.

11.

A water of 212°F. is too hot for most
organisms to live in.

Water animals will die if they do not get enough of this
essential element: .

such as typhoid fever, polio, cholera
are caused when sewage from sick people enters a water

‘supply.

A tack of oxygen in the water may be caused by too many
being present.

Scientists know disease-causing organisms are present in
walexr when they count the number of fecal
bacteria.

Diseases such as ~_» typhoid fever, fluy,
- are caused by human sewage being placed

in water supplies,

and are two chemicals
present in sewage and fertilizers that feed algae

- causing algal blooms.

: (overpopnlation
of algae) results in a lack of oxygen in waters (rivers,
creeks; etc.). '

Water supblies can beoome too hot when
or power plants release their water directly into a river.

-

. .occurs when too many nutrients
like phosphates and nitrates are present.

Pollutants like DDT, lead, and mercury poison plants and

animals (and are so dangerous in the environment ) because
when eaten or absorbed the pollutants
in the bodies of theé plant or animal.
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12. Wa.ter supplies may become too when
mines and industries dump their wastes into the water.

15, The of water is acidic when it is
below 6.5.

A
¢

14, is another term for clioudy
(1ight cannot seep through the water).

15. Pesticides, heavy metals, DDT are

generate much heat, raising the temperature of the water
supply very, verv high,

17. and farm run-off of ten make water )
supplies very cloudy or . .

]

i8, Another term for water which can be drunk is : -
water.

19, Overheating of a body of water by industries dumping
water from their cooling systems is
pollution.

are tiny plants which live in water and
ich when huge overgrowths occur in water supplies use

our oxygen. .
% hlS wise owl says: Use your vocabulary words,
bibliography, and the foilowing choices .
to find the ansvers.

f/
2& v oxygen 11. algae 22, cholera
47 FLE diseases 12, polio 23, turbid
”ﬂ/ 3. eutrophication 13, nitrates
turbidity 14, industries
5. atomic power 15. concentrate
plants 16. acidic
6, coliform 17. pH
7. temperature 18, potable
8., so0il erosion 19, algal bloom
9. thermal 20, toxic

10, Dbacterisa 21, r'phosphates
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Supplement #11 (Cont,)

To the teacher

The answers to the questions are as follows:

(1) temperature; (2) oxygen; (3) diseases; (4) bacteria;

(5) coliform; (6) polio and cholera; (7) nitrates.and
phosphates; (8) algal blooms; (9) industries; (10) Butrophi-
cation; (11) concentrate; (12) acidic; (13) pH; (14) Furbidity;
(15) toxic; (16) atomic power plants; (17) soil erosion,
turbid; (18) potable; (19) thermal; (20) algae
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STENC1L
SUPPLEMENT #12
Key Words

Name :

é&// This wise owl says: If you want to help c¢lean up and
-// J)al protect our waters you'll learn

these words:

5
'}'? 1. ALGAL BLOOM: huge overgrowth of algae that has been
) fertilized by sewage and farm fertilizers

2. ALGAE: tiny plants that live in the water

N 5. BILODEGRADABLE: can be decompnsed i
AY
1% 4, COLIFORM BACTERIA: bacteria present iun sewage
3, EFFLUENT: the ligquid that's left after séwage is

' treated

6. EROSION: removal of soil and pollution by rainwater ----
often ends up in the water

7. EUTROPHICATION: algdl blooms, loss of oxygen, and
consequent death of a body of water

8. MUNICIPAL SEWER: city pipelines that carry sewage %o
the treatment plant

9. MALODOROUS: has a foul smell

10. NOXIOUS: harmful, irritating, annoying

11, NITRATES; PHOSPHATES: +two chemicals present in sewaga,
fertilizers, and detergents that

feed algae and cause them to
e?} overpopulate

\/‘ n-\ -
@ 12, ORGANIC: substances (like fuod particles, wood) that

can be decomposed (decayed) by organisms
feeding off it

13. POLLUTION: contamination that upsets the natural balance
14, POLLUTANT: something that contaminates

15. PATHOGENIC BACTERIA: (disease-causing bacteria
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Supplement #12 (Cont.)

16.

17.
18,

19.

‘.
s

290,

21,

23.
24,

25:

pH: a term wsed to describe how much acid or base a
liquid has--a pH of 6.5 to 8 is best for most
organisms; below 6.5 is too acid; above 8 is too
basic

POTABLE WATER: water that is not harmful aad can be
drunk

PERSISTENT CHEMICALS: . chemicals that don't break down
for many years

RUN-OFF: anything washed off the land by heavy rains,
etc. :

SEDIMENT: s80il that settles to ithe bottom of a body
of water

STORMSEWER: a systom of pipes and ditches that collect
street water after a rain; also collects
all the trash and dirt; in somé. citiesi these
empty directly into the creeks and rivers

SLUDGE: the s0lid matter left atter sewage is treated

SEWAGE: the waste matter carried off in sewers

TOXIC: poisonous

THERMAL fOLLUTION; overheating ¢f a body o0f water«.
often by industries dumping water

from their cooling systems into the
water

m?DTURBID: cloudy
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STENC1I.
SUPPLEMENT #1. ’
Quiz,on Key Wurds :
Terms
Aigae Bersistent Chemicals
Algal Bloom rH '
Biodegradable Poliurant
Coliform Bactexia FPoliulion
Effluent .. Porabvi:c water
. Erosion Run. wtf

Eutrophication
Malodorous

Municipal Sewer
Nitrates, phosphaties
Noxious

Organic

Pathogenic hacteria

Write the correct term
terms given above.

Term

1,
2.

3.
4,

5
6.
7o

8.

9.
10,

Q '

RIC

E

[Aruitoxt provided by Eic:

Sedinent

Sewaye

Studge

Stormsewer

Thermel Pollution
Togic

Turbid

definition, Use the.

beside 1is

Definirion

hacteria piessnt in sewage

the soilid mailter left after sewage
is ireaied (can be used as fertilizer)
overgrowzih of algae in a body

of water

the liquid that’'s left after sewage
is treataed

the waste watter carried off in
SEWLLS '

c1ty plpalines that carry sewage
to the treatmsnt plant

system of pipes and ditches that
coltevt streei water after a raing
also collects all the trash and
dirt: i1n Washiugton these empty
directiy tnto ihe creeks and
Pamiico

contamination that upsets the
natural baiance

thing that cointaminates
disease-causing bacteria

a terin used 1o determine how much
acld or base a 1liquid hasy a pH
hetween 0.5 and 8 is a suitable
environment for most ovrganisms;
below 6.5 i5 too acid; above 8

is too tasie

\S1}
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Term Definition
12, removal o¥ so1l and its pollution
by rainwaver-.-ofven ends up 1n
the water

13, CHEMICALS THAT DON'P BREAK DOWN
FOR MANY YEARS

14, harmful, i1rritating. annoying

15. __ poisonous

16. has a foul, bad odor

17. . " two chemicals present 1n sova fe,

fertilizers, and detergeunts tihat
- feed algae and cause them vc
overpopulate

18, tiny plants that live 1n the water

19, - anything washed 'off the land by
heavy railns '

20. ___ substances (li1ke food particles)

that can be decayed (decomposed)
) by organisms fecding off .it
21, overheatinug of a body of water--
i often by industries dumping water
from their cooling systems into
. the water .
2. cloudy

23. scll that settles to the bottionm
of a body of water

24, can be decomposed by organisms

25, not harmful, can be drunk

Teacher: cover this key 1f stencil 1s to be duplicated.

Key
1. Coliform bacteria 15. Toxlc
2. Sludge 16. Malodorous
3. Algal Bloom 17. Nitrates,
(Eutrophication) Phosphates
4, Effluent ' 18, Algae
5. Sewage 19, Run-off
6. Municipal Sewer (erosion)
7. Stommsewer 20. Biodegradable
“ 8. Pollution (organic)
9. Pollutant 21. Thermal Pollution
10, Pathogenic - Bacteria 22, Turbaid
11. pH 23. Sediment
12, Run-0ff 24, Biodegradable
(erosion) {organic)
13. Persistent Chemicals 25, Potrahle Water

l4, Noxious
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| SUPPLEMENT #1535

{ The River Must Live

| Rivers have jong been used hoth as a source sf fresh water
‘ and a means of sewage disposal; poitutrion only became a
t serious problem with the gvowth of industry and large
| criies, This growih brought simulianeously an tncreased
B dependence on lakes ond rivers for fresh waler supplies
amd a vast increase in the voium. of water-oorae waste,
The f:11m shows what happens when a river :3 overloaded with
nore waste fhan i1t can absorh, and the cinsequences to
those who depend on it, :

PolJutiou can only he preventea 1f tne way 2 raver absorbs
waste is understood. The ti1lm shows 3u m.cruscopic de-
tail the orgaouisms which preserve the batance ¢f life in

F a healthy river, The natural mecbanism of seif-purifica-
tion is slow; it needs time and space., Too much waste

in too shott a space overlouds the river, killing the
microvtganisms which keep.it clean., Tpne river then becomes
permanently polluted,

To prevent this bappening, much more wide-spread treatment
of industrial and urban waste is necessary., This will be
expensive but the benefits will greatly ouibweigh the cost.,

re

Q ~)

ERIC
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SUPFPLEMENT #i4
Game Problems and Ciues

o™ MAIN PROBLEM CL Uy, t

a

tuvu hot (o live 1n You ii know 1 { this psroblem oxists
when voa measure the temperature !

'he source of *urs jroiiem is

LYo atom:e pudsr plenis geney -

aring hrat {verv nipu tempera- .
Lures ) v -hels watler sappiles.

This piob,em 1w caused 3y indus-
trial ceobting 3ysiems f.and other
Brocceses) yeieasing thoir witer
drrectsy tnts the yiver .

water animals can not I'tie reasons tor nag prov:am are
get enough oxygen 100 muey ploesphiate and nitrate
to breathe . 1M IR waie resut'ing 1 aigal

bivemms, ‘v mued rgantc
(bindeg,iad. b)) wasyes 1n rhe

. water (1iKe Jd-'urgents, garbage,
Taw sewage ), :
Fis prabisa o« ¢« sused by the

- _ Eresence of (4o many NULrients
{1ike poosphatezs and nritiates)
which catise *he uigas (0 grow
"TiKe mad toelled an algal
bloomj. inhen whiv the atgax
div  the bacterya bhave a feast
on ftam,

You Iy hnow 1! shiis problem
exXistis when vou 'ind out the
amoun: of phoespbhates ond
Hltrao' ey present,

To tind ou: 51 this )s a predblean,
Vol caen measuwy e the amount of
dissotved oxygen 1n ithe water.

Thys problem 1& caused by the
presence o1 tuu many bacteria
in the watey,

& %

El{llC
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Supplement #14 (Cont.) - . I

disease The moin soudy v Jhis problem
1s sewage from sLek people
getLting Nt the warter.

The . 1t Depar:meat of Public
Healihh shousd be notifired if you
suspest ‘h.s problem exiscs,
You'll snow 1§ *his problem
might w15t when vou count the
number of fecal colriorm bac-
teria present .

Fish ant shel:ifish peds uare
closed to !sshing 1.5 untreated
sewage 1s vetlng dumped into the
body of wave; .

Specafice exom..es 0 this pro-
bPlem are: ) photd fever, poldo,
cholera cotd nerms, dysentery
(disirbien)  tepatitis, fiu.

The sousce 91 s prohlem is
marniy farm cun-off 1reacted s
and untredred sewase,

plants don't get This proviem s caused by

enough light; bottom overcuiiing of rrees, careless
dwellers get buried; farming {soi! evosioun),

fish can't see, and chauneiizairton and urbanization
gills get clogged (buitding of housing develop-

ments ).

This piobtrem 1.0 caused by soil
erosiun

You' Lt hnow 1f bls problem
exis s when you measure the
My ty .

Th,s proviem s found neay
eraoded formiaonds, 1 damwed
reservors. apd near tapd
cOonsLIuC iz on sites

60
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Supplement #l4 (Cont.)

too acidic to live in Teis previem 18 (2used by wasves
N snd run-off from mines, untreated
N\ 1adusirial wastes. and even air

peiiutunts Thay mix Tn 'the rain
v water (carbon Ggicxide will yield
Cay boni. acid  suifvv droxide
will viela suxfurlc acid; nitro-
gen oxide wilil yviedd nevric acid),

o

H You il wuow Thix proviem eX1StS
) when vou meassurs Th: pH of the
watey ana iIT's ‘=53 Thap b.,5-

This prubi=m 18 « aussd Dy air
: prlivtonr s and wastes faom mines
: argd snduas "ol 3.

poisoning The sovr«¢ 1 Thig problem Is )
‘ mainiy farwm'run-aii ‘and evusion)
g and indus 113} wasves,

Oyevers 2nd avhey shelifish beds
re vl used 7 fisbiing because

€ shetiliol have Faten the

{audees U fis pyoviem.

Speeitl .o «X4mpips 2f this danger
are.  j.e~7 . fdes {iike DDT},
tike wmercury and
rd e

-
i3
it
23 vhYmilals

heawy me= 3,
igad}, ano
made b} marn .

-~
§

W

Tuis bheppens sven 31 vne
Bollutants ave present in veyy
Small amounr § bedst3T The
plan®s oad zrimels =sa1 xhe
poiluvautles {:ia Their food
c¢hain' and coucenivate “hem in
their bovies, '
L]

"It ds drffiiett to bnow 1f this
problem exirsts until organisms
begin 10 die Then 11 is L00
late. ‘

1
I.. . ‘'be chemicel tesis to detect
{ poisons are very difficuit to
- . perform anid very expensive,
3 ' For som¢ puisons, there is no
dete. tidon test known,

Q 61
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SUPPLEMENT #15

)
Teacher Information Chart for the Game

1

To the Teacher !
The snfarm *1an given is possible sesponses that the students might give,
28 arh .Va.}a.«l..u)\-.;‘!‘~§»¥vrn¢;5‘h.-5g§AX;'Q‘H.—B-&?&'...D-‘B;KNH15!!-“‘ 3t P ke, SRIW Dot T g 3
Pioblem How t arises Tesr for H Sclution ta o:
.- ot ewemne samims on A a0 e e s e - wamins e ool . how Lo eliminate:

wastes Trom 8% awis

S hot 19 t
power i

10

Tive 31 ants
water fruom induse
trial cooiing
system relsased
it o waterxr

‘oo much phosphate

amd niitrates n

water

foo much organic

(brodegradabie)

wvastes like deter-

gents in water

anamats
envuygh

warey
can't get
OXYZTH 10
breathe

too many bacteria
present

algal blooms

PR

i
i+

Comeasure /
temperaiure

Ve

Rk A LP NSNS St S 4

~ e s

measure the amount
of drssolived oxyven

62

COMpani e s
Wd f ez

telis e e
16 reduce
Temperatures before
21 returns 10 il
maln warer source

reduce the amoeuncs
of nusrients and
biodegradabie pro-
ducts entering
waler

construct sewage
treatment plants
which will remove
nitrates and
phosphates

0y
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Q

PAFullToxt Provided by ERIC

E




]

&
@]
(®)
=3
|
)
3
g
<
=
V2]
jdn )
)
=1
O
%
[* 9]
Q
=3
=
=
=t
[* 9]

A ]

Supplement #1

diseoscs
(polio,
cholera,
1yphoid fever,
colds. flu

heparer.os)

{Cont, )

farm run-dfy
entering water
Treaied and

unt reated sewage
entering watet

- g

count the
number of
fecal colifnrm
bacteria

State Health
Department
does extensivs
tests

betier freatment
of human sewage
(elimination of
septic tanks)

treatment of
farm run~off

planrs don'~w

ger enough
lighz; fish
can't see, gills
getr clogged;
bottom dwellers
get buried

s0i1 erosion

tand constructioo
sites

dammed reservoirs

industrial wastes
entering water

measure
turbidity

| wastes

+
»
?
t

pra¢tice soi1l (on.-
servaition such as
tontour plowing,
cover crops, etc,

practice "ecological®
.construction

‘-require industries
" to treat their

d 7]

[8
(38
o

too ac
live i

-

1

wastes from mines
and industries enter
the water

air pollutants
fall with rain

63

Emmwcwm the pH
of water (acidic
if less than 6.,5)

I

1

~-"have alr filters to

require treatment of
yndustrial wastes . --

—

\\

requir€ industries to

-

remove oowu mom. zom .

3
-

Q
IC
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UNIT II: IS WATER A RENEWABLE RESOURCE?®?

Activity Plans

) j? How Are Pollutants Removed Frow Water?
G TIME: 2% periods
. INTRODUCTLON:

Organized 1nto nine srotions are water purificatioun
merhods that tend Lo puritfy watrer naturaily, The methods X
ised are as follows: individuai covjumns of sand,; rock,
clay; flasks containing soii bacieria in water; setiling;
anaerobic bacterial digesiion; lrecziug (crvstallization);
absorption by charcoat, and a distlllarion apparatus,

The students asre to be assigned to one of the stations
and instructed to "man" and <ontrol their station, Eqgual
portions of the studenis” posiluted *river’ is to be sub-

. jected vo purification by the students, Sufficient time A :

: should be allowed fer Student observation of all the ,; 1
stations and researcii ¢cn the specific purification -
methods being observed so thar ithe final eveluation results J
will be meanringfui. .
MATERIALS

Reference books: Refer to sugppiement #9, Bibliograpby -
Poltution: Scientilric

LLab equipment: Refer 1o supplement #id, Sitations
for Water Puri-fa.catron Lab and Diagram

Student Dire:rions: Refer to supplement #17

L

05

ERIC
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DESCRIPTION OF PURIFICATION S1ATIOUNS
STATIONS 1, 2, and 3: FILTRaVION
rock, sand, and clay cotumns-use glass or plastic
cylinders, each filted with one type of soil;
for any one type of so1l golumns of various -

heights could be buili“{e.g sund to a depth of }
3 inches in one column and 3 feet in a second
column)

STATION 4: ABRSORPTION
charcoal - charcoat 1s added to ihe poliuted
. water, heated, and fi1ltered through filter paper

STATION 5: DISTLLLATION

STATION 6: AEROBIC DEEOMPOSITION BY MICROORGANISMS
' flask of soil hacgeria i1uodoculated into an
aliquot of the poYiuted water, and aerated
with an aquarium pump; suggested source of
g - bacteria: ESCHERICHIA COLI, FLAVOBACTERIUM,
g AEROBACTER, BACILLT S, CLOSTRIDJIUM, PSUEDGMONAS, .
N A . PROTEUS; have availahle a war. dark place,-
) approximately 100 deégress F. 1o iucubate flask of
bacteria and speed up decomposiiion: have
available a microscope with a stained slide
showing kacteria focused at 100 x (oit
immersion, i1s possibie): the hospital can also
supply the stained slide-

STATION 7: ANAEROBIC DECOMPOSITION BY MICROORGANISMS
an aliquot eof poliuted water plus some of
the stinained solid matiter 1s stored in a
tightly capped jer :n 2 warm, dark place for
at least a week.

STATION 8: FREEZING, SETTLING. AND CONTROL

SUGGESTED SCHEDULE:

P

Day 1, Before class set the “river?,. seven beakers,
and a strainer (o large :ed sirsiner works
nively)} on a tabte vr lab cort Socated in
the front of the roowm Ais0 ser up the
eight stations {refer to supptement #16) on °
separate tables and tape student instructions
Lo the stations {(supplemsn: #i7;j.

S
5 1

At _the beeinning vi (lass assign groups of
students to each one of ite stations. Briefly
explain the tab L5 the s.udents. Poant out
that reference matsriats sare available for
sach station., Also explain ihar the purpose
of the lab 15 to sitempt 1o purify the

( polluted river hv thie methods given, and
\, drtermine which method 3 most effective, .
Ack the gtadents Lo consider which methods
Q occurrnatarally, anid whicn are artifrcial.

ERIC
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Instruct one student to mix and strain (if
necessary) the pollured “"river" filling eight
containers with.equal amounts of the river.
Phis liquid is then pul 1inio the purification
- svstem U ¢ach station. After the students

have their purification system set up and
functioning they shoul@ then spend the re-
mainder of time using the available reference
materials and observing the other stations,
Before the end of the period the distillation
should be stopped, the flask incubated, the
centainer from station seven put in a place

s : where it wiil not be touched, and the container N
from station eight put in the freezing unit ’
of the refrigerator, Unless otherwise speci-
fied, all water samples should be refrigerated.

Day 2: Arrange the labelled effluents on a front
' table. The students should determine which
method was most effective based on their ob-
servations of the collected effluents from :
each stdtion and any data collected during ]

the purification process.

To l1ead into a discussion of purificaction
methods ihe following chart could be utilized:

Natural method Occurrence Use 1in water
’ of in treatment
purification nature plaats

Comments
(Effectiveness _
of ) '

Settling
Filitration
Bacterial
Decomposition
aerobvic
anaerobic
Distillation
Charcoal
Absorption
Freezing

“

The following ideas could also be pursued dur-
ing the discussion: explanation of how each
me thod works, what psllutants are removed most

.effectively by each method; effectiveuness of
combining several methods (this does happen.
in nature and mo3t water treatment plants com-

bine methouds); efﬁécts of the time and concen-

tration factors on the functionming efficiency

of the purification meinrods; the effect -the lack .
of any chemical analysis on effluent has in

determing quality of the sample.
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Key terms ©0 bring out ars as fr1lows:
suspended and dissolved soiids, biodegradable,
sludge, effiuent, sewages, organic waste, and
concenttretion. Otter ey words for the stu-
dents to becoms famiiiar wiin are given in
supplem2ut #i2.

After compietion of Tvhe lab and discussion; a
goed folicw-up activivy i3 a Trip 1o the city
water and sewage trsatment piant and to 3
iocal industry's waier treatment facilities
(if such exist), 50 the students can obsenve
how surface and waste waver is %reated both
for personal and indusiriai usz. Refer to
suppiemens #i8, Questions for Water Treatment
Plant, win ihe posv-aci:iy’iy plaus.

NOTES:

This is a fascinating labh filled with an overabundauce
of learning experiences for hoth tne students and the
teacher! For example, we learned:

1. The polluted river if left to stand at room tempera-
ture undergoes bacterial degredatziou, One ﬁeacher
left a dark blue "river" one aftsrnoon to see a
colorless "river" ihe next morning' Needless to
say, she added more methylene blue 1o the jar
before the students arrived: ..

2. The distilled effluent was clear and appeared
unpolluted. However; it "reeked" of a very
unpleasant organic odor. The students were shocked
to learn that pollutants wiih a lower boiling
point -.than water would not be removed during the
water eche !

&

3. The samplg“coutaining aerobic bacieria 1n one class
discolori eh and in other two classes did not. The

bacteriallu?ocula were identical so we concluded

that two riyers contained poilurants toxic even to

the bacteria!

68
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SUPPLEMENT #16

Stations for Water Purification Lab and Diagranm

) . STATION 1, 2, 3: FILTRATION '
| 5’ Vs —
kq#f ///1
- 7
hE lration ’ H.r Y
‘hru § a. Filfration 3 /:,/-fro,_-p—,a—,,
/ rv Sand I +hrv clay er,'ra/C/
Equipment:

3 glass columns (a prox-
imately 8" 1) fth

on Zﬁiamete or any size you can f1nd)

3 funnels

6 beakgrsr(includes thoie - 2 K
needed Yorf tBe sample Z
250 ml. e )

3 poles or rlngstand and (<
clamps b ﬁs:

aluminum foil (to put
over collected effluent)
tape
student directions and
references
clay, sand, gravel N
(aquarium type works fine)
steel wool (lay this in the funnel to hold the soil) -

STATIOh 4: ABSORPTION

-,

t

odd |1

C“'IO\I‘COQ-I

cg - efflvent
S-Q,Y,f/£ ‘ ‘bﬂ . . / L
! . ABSRPTION

B8y CHARCOAL
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Supplemen: #16 (Cont.)

Equipument: S
2 beakers (inciudes the one needeéd for the sample) 250 ml
dlumlnum foil
1 hot piate .
' 1 spoon - }
- small amount of fine charcoal (1 tablespoon per 900 ml,
of sample)
filter paper
"funnel
gloves, tongs, o' asbestos pad
tase -
Lstadent dlrectlons and references ,

°TqT10N DISTI LATION

5:

t ’a Hivent

am—

IaE A = \~

Equipment:
1 Brlenmeyer flask
- hot plate or bunsen burner

! paper towels R

1 one-hole rubber stopper . ' ‘ /

glass iubing " : LT

labelling tape

2 beskers (inciudes beaker for the" sample) 250 ml °

aluminum foil

‘STATION 6: -AEROBIC DECOMPOSITION BY MICROORGANISMS

If you have a limited

number of aeration pumps,

it is possible to hook-

up several flasks to one

puinp using "y" tubes. as

shown in the following )
diagram: -
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Supplement #i6 (Cont.)

Equipment:
1 Erlenmeyer flask per class
~ 1 aeration pump

rubber tubing

vardboard box

"v'' tubes

cultures of Escherichia coli (obtain from hospital or
universily); request broth culture for convenience
in inoculating

1 beaker (for the -sample) 250 ml.

student directions and references

! microscope, slide, immersion oil

labelling tape

STATION 7: ANAEROBIC DECOMPOSITION BY MICROORGANISMS

..... o

Equipment:
1 jar with a tight-fitting lid per class
aluminum foil to wrap around jar
labelling ‘tape
student directions and references

STATION 8: CONTROL, FREEZING, AND SETTLING

Equipment:
3 beakers per class (250 ml.)
2 graduated cylinders
aluminum foil
tape
student directions and references

.71 T
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SUPPLEMENT #17
tudent Direciions for Purification Lab
STATION 1, 2, 3: FILTRATION

This is how water is purified (fiiter . 2 or percolating)
throwm gh ihe ground,

I POUR IV Scmyale RESULTS

p Soavp
. 7/a§§ colvommn

J/{j_——S'a,nc//cfay (;f"-)l’"k“"c"/ Ly

A '?-—- AJ)’l.l"C /
skel woo/ GrRAVEL

becker fo collect £ iHrat e Kucp this

—_——————

- FProcedure:
1. Pour exacily and very slowly 200 ., {miliiliters) of
pelluted water inte the-itop of the (o2iumn. Be sure the
beaker is directly under * e stem ¢f the funnel., Note
. . A .
and record the %ime you begin to pou: *he iiquid.
2, Allow the water io completely filiter (npercolate)
through the sand, clay or gravel,
3. Note the time when no more water drips into “he beaker,
4, Label the beaker (use tape).
i period_____filtrate -'sand; fiivering Sime_ _min.
5. Cover the beaker with aluminum fei: snd place it in the
- refrigeratsor, .

Everyone: copy fthe portion abovs zhat's boxsd-in ([:7).
Leave three 1inss for the resulis asnd iabel each line:
- sand

clay

gravetd

 STATTION 4: ABSORPTION AND FILTRATION BY CQARCﬂAL

(CHARCOAL AS A PURIFYING AGENT

Charceral (carkton) absorbs many chemicals, especially
dves 1 those chemicals that are maiodorous (smelly).

ARL]
A
&3

LR B y— warmed mitore
4

—N MX ano( o rni

11 ‘Kd
ﬁd;;ﬁf

e

(psst.... now what do you do with

RESULTS !
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Supplement #17 (Cont.)

Procedure:

1,

~} o B (WL \v]
> 3

Pour exactly 200 mi. (milippters) polliuted water into a
beaker. Use a graduated cytinder tc measure the liquid,
Add one tablespoon (level ) of charcoal.

Mix and warm on a hot plate untii <he mixiure justi begins

to boil,
Let the mixture cool until you can handle it.

Filver ithe mixture (charcval + polluted water) through
a funnel which should be supporied.

Label the beaker (use vape)s:

. period _________ charcoal awsorption

Cover the beaker wiith aluminum.foil and place it in the
refrigerator.

Everyone: Copy the portion above thai's boxed in ([:1). Leave
one line for the results.

STATION 5: DISTILI:ATION

This is a speed version of ihe evaporaiion - condensation -

precipitation (rain) part of the watsr cycle.

u_;:ﬂz;___; PCESVULTS ¢

glass

-f-ub-nr.‘)

| N
cREEL]

4 =0 .
%::‘“‘ KEER THIS
L
DISTILLATE \

Procedure:

1,

. t
Everyone: .Copy the poriion above thets boxed.in (
Leave one line for the results,

Pour exactly 200 mi, (milliiters) of polluted Later into
the flask. Use a graduated F/. cyiinder to measure the
Tiquid. :

Set-up the above experiment., Heui the polluth water
in the flask until it begins to boil,

Continue heating unvil a distiilize collects lin the
beaker.

Label tnhe beaker (use tape):
period_____ distillate, distilling time ‘, min.
Cover the beaker with aluminum foil and plaCeYﬂn the

refrigerator, 1
l

{ .

).

)
"‘.
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Supplement 21/ {(tun .y

7

STATION 6 AEROBIC DECOMPGSITION BY MICROCRGAN

ISMS
{dieestion by baslaria *hat use axyvgen)
This 1s bhow the vinuegradable subsitances in pollured
water are removed, Bacxeria are gobbling up (digesting)
the brodegradabie rhings,

a" 7.-7-{6"‘/1 T S ) :
@24};ﬁd RESWLTS .
— QT }l /%C‘Cnr. oo aﬁ"’ 2y he
P,UC‘ i b !1&;;’/ er o - \ ,
5 ....} ( cdder 73 hir S
{ ——
i ; .
( Ta\PoL v TER
a9 ;) aTe
7
’ Air is bubbled :n su the hacreria get enough oxygen to ‘-
. . "hreathe”. Without oxygen they ¢annot <ompletely E
{ B digest and decempose {he wasies. This process happens 2 - E
E £ 16 swi bty meving streams, :

Procedure. .

1. Carefully pomr the ¢nlture of Eschbecichia {F - sher -
1 - shy - a) coli nte ke erlenmeyer tlask. DO NOT
GET ANY ON YOUR HAXDS.

2. Pour exactly 200 ml. (mifiilitersj poiinted water into the
Brlenmever flask. Swir}l 1o mix.

3. Connect the aerator Lo the fiask usﬁng tubber tLubing.,
Incubate the {iask in a warm dark place.

4., Label the flask {(use tape}.

per iod bacterral decomposition (uerobic)

Everyong:' Copy tbhe portion abovs thatr's boxed-in ('Z ? ).
Leave one iine for the resulis.

To the tedchat y
The forlowing divecrions snonld he placed at STATION 6
also:

Look in the m:icroscope 10 see the stuined bacteria.
Bacteria ure hard- 1o see unless they are stained (most,
are colorless;, PLEASE, oniy focus with the fine

. . adjustimen: knob (it's laneiied). .o -
R

e ~—

~

g ! \\

-~ - . ~ ~‘ - . .

- fmeas the bacteria are the
\\\ NN skKinny. dark-colored

\__,,/ rods

ERIC L

ArullToxt Provided by ERIC _ _ - e
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Supplement #3; {Cunt.)
DO NOT MOVE ANYTHING BUT THE LABELLED KNOB

DO NOT SHAKE OR MOVE THE TABLE

Everyone. Copy the port_on abov : “ed-an ( __ ).
STATION 7: ANAEROBIC DECOMPOSITI ) - WORGAN LSMS
(drgesiion ty hactier 11 dg¢ not use oxvgen)

This is bow the biodegradabie subst 'uces in wolluted
water are removed, Bacteria zre - ‘line ng (digesting)
the biodeecradable things,

v

+;7hfh e '
e/ese

S0 an(/
ligquio wast e

The 1id must he tight because we want uo oxvgen to get
in the jar., These bacleria d& not use oxygen io iive,
They algo do nol Jdigest the wastes completely. They
excrete very malodorous {smelly) wastes themselves as
they eat. This process happens in septic ks and in
stagnaut {(pon-moving) or stuggisy (slow-moving) bodies
of water, You'll know these by .he odor,

Procedv e: '

1. Add the solid wastes that 'have been screened from the
polluted water to the jar. Fril ilie jar as full as
possible. Include some of the liquid also. - -

2. Screw the cap on tightiy.

5. Wrap aluminum foil avound itae glass (remember these
bacteria like dark places).

4, Label the jar's 1id (use rape):

period bacteriai decomposiiion (anerobic)

Everyone: Copy the portion above-iha*'s boxed-in ( [:7 )-

Leave one line for the results,

STATION 8: CONPROL. FREEZING. AND SETTLING .

CONTROL i

We are pervorming many experiments to try to purify the
polluted water. How can we tell how good our methods
are unless we can compare our results to the original
polluted water? Will you remember exactly how the
polluted water looks? Just 19 bhe sure we'll save some
of the polluted water by storing it in the refrigerator
to prevent hacieria from growing in it too fasi.

75 -
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¥ i :
; Sugplement #17 {Cont. )
X ‘ Procedure: :
ot 1. Pour exactiy 20> mt, (milliliters) 3f polluted water into
S a clean beaker. Use a graduated cylinder to
: ’ measure the liquid. : .
Lo ' 2. Label the beaker (use tape): g ;
T period control :
¥ 3. Cover the beaker with aluminum foil and sc¢t it in the
s . refrigerator,
7 Fveryone: Copy vhe porticn above ihat's ¥ ixed-in ( ! 2 ).
- Leave one line for The resuits, R
- . . To the teacher A
: The foliowing direciions should be placed at STATION 8
- also:
N FREEZING (CRYSTALLIZATION) ' : 2
- When water is frozen mosi pollutants (impurities) are : 2
forced out of the water., Siance the water molecules ‘.

bond together', the impurities will be found in the
center of a blLock of ice. The ice can’ be melted and
the center part thrown away. (Well, anyway, let's
try it ., o .0k?) RESOLTS!

-

Ll ———

o . _ Procedure:
= : 1., Pour exactly 200 ml., (milliliters) of polluted water into\\\.
: : : a beaker. 1Use a graduated cylinder §J] %0 measure.

, 2. Label the beaker (use tape): jz

= period_____~  freezing =~

b 5. Place the beaker in the freezing ccmparsment of the

L refrigerator.

A . 4., The next day resmove the besker. Melt most of the ice,

7 . Remove aid throw away mosi of the center.

= _ Everyone: Copy the poriion ahove ithat's boxed-in ( } ; ).

; mATh Leave one iine for the results.
. ) - SETTLTNG - .
;. ’ ’ In a still body of water, many particies that do not
: dissolve will eventually settle te the bottom. Of
: course, this doesn’t really remove the pollutants, it
just changes their location! -

Procedure:
1. Pour exactly 200 milliliters of polluted water into
a beaker, )
2. Label the heaker (use tape):.
period settling .
5. Place the beaker way hggg”tﬁ‘%ﬁe refrigerator where
it won't be disturbed,

Everyone: copy the portion above that's boxed-in (l [), i
Leave one line for the resultis,

Q . 76
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UNIT II: IS WATER A RENEWABLE RESOURCE?
A Postuéctivity Fians '
; How Our City Treats Its Water
_ TIME: 3 periods .

SUGGESTED ACTIVITIES

.

ﬂi\“

Day. 1.

Day 2.

Day 3.

This pOSt~abT1VltY shouid finally answer the
question: whjch vitles Unit I1T. .. -

-In preparation for the fieid study of the- city's

water and sewage treatment facilities, review
suppiement #18 with the studenis.

.Trip to the city's waier and sewage treatment
.~plant and o a local industry's water treat-

ment fa0111t1eq

3

Discuss the efficiency of ihe iocal system's
water and sewage treatment plani. A .quesiion..
to stimulate discussion might be as follows:

Is Marer a renewable resource?. ;0ther points

to discuss are (1) water is purlfled of most
wastes if given time, and if ihe concentration
of wastes is not too greai; (2) ioday ithere are
S0 many people with such great demands on +ihe,
water supply that nature’'s processes must be
speeded up by using a sysiem of water treatment
ptants; (3) many communities today do not have
treatment plants or ones ihat do the most

efficient job; (4) wasies such as pesticides,

heavy metals, radiocaciive waqles are not removed
by many itreatment denTS° (3} pesticides and
other such waste concentrate in ihe food chain
causing mutaiions and deatl’, t

7

'Rev1ew an:wers 10 the questions with the students.
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B

_STENCIL

UFPLEMENT #i&

[¥7]

Municipail Water fireatment: City of 1

Fill in the answers 9 the following questions:

I. Water Pwificavion for Driaking:

1.

2.

30

A

2

vhere dues 24 dsink:zug water come from?

Is theve as much woater dvaiiable as there used to
be? Yes __ No

Is +1e water sapplty as pure as it used to be?
Yes No
Facts:

’

Who recéives treated water from this plant?

Vhat is the cost of cleaning .the water?

II. Sewage Treatment:

1

9.

ERIC

P IA ol Text Provided by Eric [ e -

How does the sewage get to the plant?..
How are¢ vhe large items of irash removed?

How are the biodegradable materials (organic wastes)
removed?

What is done with the wasties removed from the water?

How could our sewage itreatment be improved? .
Is 1t going 10 be improved? Yes . " No
Facts: -

How much does i%n cosi To 1reat the sewage? . oo
How do large rainfaiis affect our sewage treatment
plants?

What kind of sewage ireatmenv does our "¢ity have:

2

FPrimary Tertiary

— ot W e Bt

Secondary __ - . None

What does not gei removed by cur treatment plant?
(List)
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WATER POLLUPION. EXaM
I, Choose the best answer-
T 1. VWhich play a part in tie natural water cyvecle:

a, evaporation; b. condensation; ¢-. animals;
d. plants; e. all four; f. ali excepr (cC)

&

2., People who-live 1n our ci:v obtain their drinking
wvater from:
a. .
C, d,

3. How much of the ear h is covered with water?
a. 1/4;5 b, 1/25 . 3/4; d. L/3

4, Rain water sinks into the ground until it reaches
. a certain level called ihe a. seepage line;
i b, water table; ¢, art=sian weil, d. water line

e

‘. 5. 1Into what body of water is trea:ed sewage from
our c¢ity discharged:
Bl b.
Co d,

6. Rain and snow thali don‘t seep 1nto the ground:
a. evaporate; b. are absorbed by plants;
c. are used by animals; d. fill lakes; rivers,
and. other bodies of wairer; f{. only a., b, and c¢;
f g. all 4 (a, b, ¢, d)
&
7. Which statement best describes water: .
a., water is a renewable resour.e; b. water is a
renewvable resource only undsr uormai natural con-
J . ditions, but not when man pollutes it so heavily
g and with so many kinis of cnemicals, c¢. during
the water cycle, water 1s purifieds; d,. new water
molecules arce always being formed so that we'’ll
never run out of fresh water .

8. The really bad thing aboui poisons that pollute
. water 18 that: &a. even in v&ry smali amounis, they
are dangerous; b many have no ydor, no coior, uo
taste so you dou't know you're eaiing ithem;
¢, there are so many different kinds that most
aren't even tested for aud no *es. 18 known for
some; d. the polsons stay i1n your body and accumu-
ih late causing damage many years from now; e., all the

above are really bad things

79 .

ERIC .
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« 9. Which ot rpe rolliowing dees ne” play a role in the
naturat pwente_ation of warev: . bacteriaj
b. evaporuviou; ¢, fiitration Tthrough so1il;
de alumitan sitlfate and alum ¢sagulation;
e. freezwiuys ,

AN

¢ vonftributes . ftu water poiiution:
b, air poriution; ¢, raing
; 2. ail above; f. all except (c¢)

il, Which of

T fetiowing wetnods removes all im-
X purities {potiuts
i

AN
futants) (rom water; a., filtration :
vhrough scit: b, c¢cnarceal absorption: c. freezing;
de disTi Tion; e, aersbic Lacheriasg
‘ fo anaerobic bacteriay; g. uovne of the above removes
i

all poltutants
E B : 12, A swiftly moving sitream purifies water by all the :
e § foltowing except one. Which method would nox be -

at work?
a. aerobic bacteriay b, filtration; c. settling
out of large pariicies; d. an#uxobic bacteria
M A
IT. Write the proper Lerms beside tue detinition:

ALGAE, PATHOGENIC, BIODEGRADABLE, PHOSFHATES, POTABLE,
TOXIC, EFFLUENT TURBID, NITRATES, MALODOROUS

13, The liquid ieft afier sewage is treated
14, Poisonous
15, Can be decomposed by crganisms

16. Two chemicals present in sewage and fertilizers
that feed algae

17. Diseuse~causing bacieria
18, Water that van be drusnk

19, Tiny piants l.ving in weler (ibat most people”
call rscum”)

“

a0
\er
»..
A

Q

ERIC - o
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III., Choose the best auswel

20, The waste removed from ’ne water ar the sewage
treatment plant (twe dried siudge) 1s:

3 ' a, buried; b. uotv used as a fervilizer. bur
could vte; ¢. dumped ruro the river alung with
the e€ffluent; d. oniv 8 and b above; e, all
three-a,b,¢ ‘

21, Whicb of e tollowing processzes plays the main
role in removing /asrtes from the sewage at the
3 city plant: a., filters; b, chemicals;: -
¢c. bacteria; d, seivling tanks

22, Our city's sewage recveives: a, primary
. treatment; b. secondary-ireaiment; ¢, tertiary
treatment; d. no treatment

ot ta 1

41 L o T

: ' IV, Please place these events (23-28) in the proper
order in which they occur 1n a body of water. :
Number them from 1 to 6, '

3
H
-

T

23. bacteria over-populate

24, algae overpopulate due tv over-
abundance of nutrienis

25. huge masses of algae die

26, 1large amounts of nitrates and phosphates
enter the water from farm- run-off;
sewage and effluent from sewagé treat
ment plants

27, the oxyge: is used up

- 2%, the fish die
29, the term which kesi describes rhe above series

of evenfs is: a, algai bloom, b, eutrophiod-
tirmg ¢. suffocationy d. poisoning

T - =3

[€)
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.
Arrange =“he {033 uowing evea™a in Yee proper ordér,
numbering  riiem fexm 1 v 13, .

30, The birds beroe ¢xvinct
31. The difceh tmp™ies into vie river

32. The plaukion cat he DBT and dies the fish eat
the plaogtun

33. The Dirds ezt Ftus £ish

34, The fa* er sgp

o

avs DT ‘op nis coiion i .

13

£

G

35, The birds tay e:
36. The soil and DDT wash inie :be diich
37. The river smpiies ia1o tT8e  6cean

38, The 2ggs dou's =aver patich

39. The rajn rinses “we DDT inuvo tho ground

40, It rains

*

Choose the best answer,

41 . Which vi ihe foiicwing :$ not true about DDT:
a@. li o evaporaies wyth waver; b, it lasts for
many years w.thous breaks;ng down; c. 1t is
brodegravabiy, d. ¢ hitis 1he oxygen-producing
plank!cu the wailery .e, 11 is posisonous to
man .

42, Which of the furiswing t<pes of poillulants is
net removed from weter py distiilation: .
a, *must dysx. h, sond v otonsy snlid particles;
Co salt dissvived :n rre vwavery d. chemicals
that evaperate casily >

43, To find out 3f wners is o possibility of patho-
genic havieria being present in o waier supply,
which tesr 13 run. a. turbidity vests
b, cotaform senrv, o, phosphave iest;

d. none of bewe

44, To find our :f ihere
garbage 1n the we' er
test 18 run. a2, Y )]
test: .

€ ¢ ivi ¢f biodegradabie

tel 38 veing decayed, which
ssalvesd vxygens b, coliform

turbudiryy d pH

v b
-

i b

R

L

Y
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45. To find out if the waier is being poliuted by acid
wagte from factories and nines; which test is run:
a,. pHy b. ‘turbidity; c. phosphates; d. nitrate

: 46. Which test will tell you if untreated sewage is
- getting into the water: a, coliform test; b. pH;
c. tBurbiditysve. phospharte

47. A body of. water that shows a large amount of
phosphate and nitrate: a., is in danger of eutrophi-
cationj b, may receive large number of treated or

. ' untreated sewage; c. may receive a lot of farm
run-off; d. all of the above

48. If a body of water is very turbid and its bottom
. is silty and soft: aj it's rece1v1ng a lot of land
. ) pollutionj b. the suryxounding land is eroding; y
i c. the fish may not be—~sble to surv1ve, d. all the .
above - .

s sk

4 bt 91

49, 1If you find a loi of coiiform bacteria in the water:
a. 1t means the water is safe to drink;
b. 11" means no fish or shellfish that live in the

N 7
water can be eaten; ;
c. it means there is a 1ot of farm run-off in-that . 3
area;
d. all of the above
50. Which statement is NOT true @
a. water chemistry test musti be performed very
. accurately;
) K b, when you do water chemistry tests you must rinse - .

all equipment with distilled water;.

c. in the coliform test, the broth; ‘pipettes, and
most other equipment must be sterilized;

d., if you don't have time io run the water tests
in one day, you can keep some of the water

- sample and run some of the tests on another day

3 -

Lo- 51. Whithof the following quotes is made by an owl:
a. "®ollution makes the world go brown"
b. "Give A hoor, don't pollute”
c. "If you're not a part of the solutlon, you're. -
part of the pollution"
d., "Wildlife is trying io tell us something; seen
" any wildlife lately?"
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STENCIL
SUPPLEMENT #19

Answer. Sheet and Key fo . Exomw

1. e, ' R i
J
3 Co 4. h,
5. } ) - 6, g, _ _—
7. b, C B, e
9. de\ iC. N3,
‘11 . g 12, d,
13. c¢ffluent Tk, TOXig
7 15, biodegradahle _ 16 - nitrates ;] @
E % 17. patbogenic 18, _ poiabie _ % ;
| 19. _algae 20, _ i , »

21. ¢, 29, e
23. 4, 24, 2o
5. . .3, 2. __i,
: 27. 5. 2k, 6,
29, b. 30, ks
31, _3. 22, _ 1.
33. 8, . B4, 1,

35, 9, g .36, i,
- . © 37, _6, L 38, __10.
39, 3, o 50. ¥
41. -c, 42, .,

a

L

3

43, b, . 4y,

45, a. 46, _ B,
. 47, d. e, ..

49, b, ) 5C, __G.

sae

51, ‘b, g -
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UNIT JII PLAN

UNIT ITI TITLE: SCIENTIFIC ANALYSIS OF LOCAL WATER QUALITY

TIME: Based on a twelve week schedule you can spend any-
where from 9% to 14 periods on this unit depending
on how much emphasis you wish to give it and the
number of activities you include.

PURPOSE OR OBJECTIVE

For students to become knowledgeable of how waterways’

are classified and of the classification of local waterways.,

By performing éertain analytical tests, students will
gain experience in perforhing scientific tests; will acquire
skills and accuracy in watqr‘quéiity analysis; will have the
kndwiedge and experience necessary to évaluate the quality
of local waterways;'and will be able to initiate the forma-

tion of a plan for solving a local water quality pr-blem.

ABSTRACT

Students first become acquainted with the method for
classifying surface waters. Then the classifications of
local waterways are noted. To increase the students'
knowledge, authorities in water guality analysis are visited
or invited into the classroom as speakers. Fecllowing this,
water analysis of a local major waterway is undertaken.
Based upon the advice of authorities and the results of
the students' (or authorities) wate: studies, a local

problem is identified and a plan is initiated to attempt

to solve this problem.

R
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UNIT 11f SCHEDULE -

To the teacher

-

Glven are several suggested activities for which there
are different approaches. Atl the activities do not have 4
to be done. How much time is spent on this unit directly '
relates to the amount of emphasis you wish to place on
Unit IV. Perhaps the best suggestion is to prepare a
tentative outline and subject it to change once you and
your students are enggged in the activities and you are more
knowledgedble of their response _to the materials.

. -

-~
_~"PART A CHEMICAL ANALYSIS approximately 7 periods
‘. - Introduction i
- - . Leciure or Tour i
. Practice Stations - H
. Performing Chemical Tests
H Discussion of Results
PAR: B BACTERIAL ANALYSIS approximately 7 periods
Introduction
Lecture or Teacher Presentatiocn
Practice Stations
Performing Bacterial Tests .
Analyzing Results
Discussion of Resulis
‘)/“ 1
PART C EVALUATIQN/ANB approxin i ly 2 periods
a ?ELEGTION OF A PROJECT [////,ﬂ

/////“
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UONID TI11
Equipment and Supplies

» I. Chemical Analysis of Water

Test kits are available which contain all the supplies
ne>ded, however the’'kits are costly. Supplements 22 and
24 are written for use with kits, but if.your- school
cannot afford to purchase the lisited materials, contact
) your municipal water plant and the ngafgzi office for the
N L . Board of Water and Air Resources, Department of Natural .
- and Economic Resources (in Nortb Carolina) for assistance
' and possibly demonstrations. Local water softener

companies may also be of some help

Delta Scientific Model 50 Portable Laboratory includes E @

¢ built-in test meter, color filrters, lab ware, :

. : reagents to perform 21 tests for: acidity, alkalinity, E H
bromine, calcium hardness, carbon dioxide, chlorides, :

chloriue, chromate, copper, bydrogen sulfide, iron, k.

manganese, nitrate nitrogen, nitrite nitrogen, phos-

phate and polyphosphate, éﬁr turbidity, siilfate,

sulfite.{(refills available).

" . Cost: ®$24& (1)

Address: Delta Scientific Corporation
120 East Hoffman Avenue '
Linderthurst, N, Y, 11757

o

Phoner//fglb) 884 - 4420

Model EDO Code 7414 Dissolved Oxygen
Uses modified Winkler method; makes 25 tesis; is a
oo field kit. . '

-~

Cost: $19.95

Address: Educatipnal Products Division
LaMotte Chemical Products Company
Chestertown, Maryland _21620

"Phone: (301) 77%-3100

sia e
-

— 5
LaMotie offers individual test kits for any ¢hemical
f% analysis. For example, thelr kit to determine L
- total hardness costs $7.50, phosphate costs $35.00. - e
P
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- ,’

Water Analysis Manual by Dr. Charles-E. Renn, provides
technical information concerning the performance and
interpretation of ithe most commonly determined
chemical analyses (written primarily to be used
with the LaMotte test kits). }

— Cost: $.50

Published by: Educational Products Division
] t{dMotte Chemical Products Company
- Chestertown, Maryland 21620

Water sampling bottle:
LaMotte sells one for §24. 99 (code 1060), however
: your local water plant operator can show you how to
S make your own, or lend you theirs.,

SIDF VIEW FRONT VIEW :

b
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Thermometer:
Even an inexpensive indoor-outdoor type is adequate.

II. Bacteriological Analysis of Water

See paxzai2Bfor listing. We suggest you visiit your
hospital; water plant; county heaith departiment;
nearest office of the Board of Water and Air Resources,
Department of Natural anu Zconomic Resources (in
North Carolina); or mearby university. Any of these

* .would probably loan you equlpmenf, sterilize your

- media, and give you enough of the dehydrated E.M.B. = 5

- and Nutrient Broth to perform the fecal coliform
- ‘ analysis. }
/
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SUPPLEMENTS
éart A
20, Studernt Station Directions
21, A Quiz on Laboratory Techniques and Key
22. Performing the Lab Analysis of Local Water Quality
23. The Chemical Analysis of water - Student wbrkaheet
and Key . 0
Part B and C
24, A Manual For the Analysis of Coliform Bacteria
in Fresh Water
25. The Bacteriolo-:cal Analysis of Water - Student

Worksheet and I..)
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UNIT III: SCIENTIFIC ANALYSIS OF LOCAL WATER QUALITY
1 Part B and C Plans
Bacterial Analysis

TIME: approx1mate1y 7 periods (B) and approximately
2 periods (C) '

SUGGESTED ACTIVITIES:

Day 8: Prior to this period ihe studenis should have read
over the manual for bacierial analysis 3ud have
some vague idea of what will be done in the bacte-
rial aqa1y51s of the water sampie. It would be
helpful if some time were spert discussing the
bacterial analysis, such as why it's being performed
(theory). During this period tbe studenis could be
divided into Several groups as follows:

Group No. Activiiy
1 prepare the water sampling bottles

(refer to page 110)

2. prepare the Double Strength
. Lactose Broth (DSLB) refer to
pagel29of the manual

3 prepare ihe Single Strength
l.actose Broih (SSLB) refer
to page/Iy)ofihe manual

4 prerare the Eosine Methylene i
Blue Agar (EMB) refer to page A3D
of the manual

Each group should read the directions given in the manual
very carefully, becoming familiar wiih exactly what they

are to do on Day 9 and how ito use ihe equipment. The stp-
dents may practice without mixing any cheémicais. (Naturally
you will need to have the equipment avaijeble for Day 9

Day 9: Each group is to complete wiitbin the period the
necessary preparations {refer io Day 8).

Note: store the preparations in ihe refrigerator
until used

e e R R R A SETE art DobE S ST A e e § 0 B T — e pER—— = =_r .
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The students should remain in the same groups but each group
will have the followiag preparations to practice on Day 10
(once again this will be a "$ractice":day):

Group No. Activity
1 & 2 . following the directions given on
. pages 132 through 134 0of the manual .
o _ practice performing the initial
1 s testy
3& 4 * following the directiions given

on pages 135,

practice performing those activities
given
Naturally you will need to have the equipment available for
student use (refer to the manual for the necessary materials).
Each group should read the directions given in the manual
very carefully becoming familiar with exactly what they are
to do on Day 10. You could use¢ water blanks instead of
tubes of broth.

Day 10: E.ac.h group is to practice performing those tests
they're responsible for “(if you wish to expose all
the students to all tests then have fruit basket
turn over on Day 11; that is, simply reverse the
group activities or if you do not wish to spend "an
additional day have each group explain what they
did); remind the students that on Day 11 they'll
be performing the actual tests

Day 11: Prior to class, teacher (and students) collect
water samples; during class the students perform
the tests in groups (if a group finishes early
then they can observe others); the students shouid
read pages 136 - 140 in the manual prior to
Day 12.

Yes, Days 5 through 11 can-be nerve-racking for the teacher.
Yes, a lot of time can be saved by you making the prepara-
tlons yourself, but the students enjoy the experience and
many valuable skllls and much knowledge are gained!

-

‘
i
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' L 4
Day 12: As the coliform test will continue for three or four
more days, the students should remain in the groups.
Each group should be assigned certTain responsibilities,
For example: 3
Group No. Activity
1 this group shbuld Lheck for gas

production in Initial Test tubes
after 12 and 24.hou'rs, the results
should be recorded, as explained

- in the manual on:page 1%7

2 & 3 . this group should perform the
confirmation rest as explained
on pages 134 and 135

i . 4 this group should check the EMB -
E B plates and record the resulis as Tt
: explained on page 138 :

Time could be allotted at the beginning of each period for

the students to perform their activity, record results, and ‘
have a follow-up discussion. Naturally after completion of

.the Confirmation Test the results should be recoirded on ihe

chart (refer to Day 6), evaluation and discussion of the

resiiits should follow (this may requlre one period to complete),

Part C

If the entire period is not required for the students to
perform their activity and record the results then the
remainder of the period may be spent on either ot the fol-
lowing activities:
H
Activity #1% during the remainder of the period
the students could answer the
questions given in supplement #25

Activity #2: as a result of their analysis of
their drinking water the students
have gained a wealth of knowledge
.0f some of the problems existing in
their town. This would be an . -
appropriate time fuor the students to y
decide on a targer problem in their
town they would like to study in
depth. Try to get the students to
zero in on The major problems, their
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The problem the class has selecied as

e P U S e Mo E= A et S I ISP S S

idea for sojving the prohlem, thelir
plans, aud reascns for solving the

. problems. Some examples of possible

projects erv 2iven io Appendix I

(this would be very useful i1n the ¢ lass
discussion and as a Tudt for dliecting
the studenis in the discussion), Once
the students have decided on a project
invive an authority t0o class to discuss
possible pracrical plans for solving

The projouT,

Student rescarcl ! "their project is
excelleni, ia Uni® T\,

97
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Supplement #20 (Cont.)

4, If the balance arm does not point to zero, move
the lightest weight to the right until the arm
points to zero. Read the vatue of the weights
and record the value.

Add the weight of the paper  to the amcunt vou
Jheed to weigh, Move tne weights along rhe scales
‘until they read the weight you want.

Gentily tap the chemical you wish to weagh onto
the paper (don't use a spoon) untii the balance
arm again points to zero. If you add too much
chemical, throw out the extra., DON'T put 1t back
into the jar. Recap the jar.

7. Practice by weighing the objects set out by the
teacher.

Directions: Read, then summarize all the information
that's in the box ; , -~ Practice using a

balance. Record the weight of all the objecur weigh:d,

Equipment: 5 balances, paper cut into squarc.
(3" x 3"), several jars of chemiunis,
empty beaker or howl for waste chemicals
several ohjects (at least three) to be
.weighed

STATION #4: Pipettes

Pipettes are used to measure, very accurately, small
quantities of water or other liquids. Be careful
with them - they're very EXPENSIVE;

the tips break easily;

they can roll off tables.

To use:

1. Hold the pipette in your writing hand. Insert
the pipette carefully intc the liquid. DON'T
bang the tip on the bottom of the beaker or jar!

2, Place your mouth on the pipette. Slowly draw up
the liquid as you wouid on a straw in milk, but
WATCH so you stop before the liquid reaches the
TOP'

Quickly remove your mouLh and push your index
finger over the opening to hold the liquild in
the pipette,
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Supplement #20 (Cont.,

T e

-— )‘4‘1 I~ “'p

4, Hold the pipetyre atv a slant. supporuing it witih
your left hana. tore? P
inge
e mclexjf 7/' !
fyr rvj?b

,efr/%th

Release your index finger just enough to allow
the liquid to flow our. Stop the flow when it
reaches the zero mark by pressing your index
finger hard over.ihe opening, Huld the pipetre
at eye level to read it.

< {

5. Read where the bo(tom of ibhe MDN!SCUS hits the
mark.

Meniseus
here

6. Dispense (release) as much 1iquid as you necd.

Directions, read, then summarize atl the informatiou
that's in the box o« Praciicve using a

pipette. Cover the mouth-picce with saran wrap as
these pipettes have not been sierilized.

Equipment: several pipettes of different volumes,
saran wrap or paper tcwels. jars of tap
water

STATION #5: Filtration

Folding Filter Paper: - ‘:::5
1. fold the filter paper in hait

2. fold the filter paper in valf again ‘:]
3. open one end to form a cone t-ﬁ\reg .f"o'd's
4, insert cone in the fumei ONG ‘F°Id-

5. sei in the tripod %
Filtration: ATAL

1. Before filtering your Watrer =ampile, r1inse the til-
ter paper with distilled wate:r and discard (throw
away) the filtrate (ihe wa er that comes through
the filter),

100
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Supplement #20 (Coni.)

Directions: Read,;”then summarize the i1uformation
in the box, Practice folding filucr paper and
filtering a water sample.

Equipment: filter paper or plain paper cut ii: cliiles,
a water sample, beaker, tripod, distilicd
water,

STATION #6: Accuracy

The chemical tesis we will do will only be accurate 1t
you read the directions and follow them exactiyv . All
measurements must be exact. There are two measurements
which require special attention: )

1. dropper bottles

2. microburetrtes

Dropper Bottles

1. To measure drops, turn the bottle upside nown,
not at a slant. J
i/

2, Squeeze and count each drop.

i~ ‘oburette

t. To fill, push the plunger in all the way to pusbh
out all the air from the barrel.

2. Push the tip of the burette into a bottrle of
reagent,

3. Turn the reagent bottle upside down so the 4
liquid touches the tip of the burette.

101
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Supplement #20 (Cont.)

i 4., Pull slowly on the plunger to draw out the reagent
: (1iquid in the bottle). ’
5. Keep filling the burette until the liquid touches
the zero mark.

S . .| PLonveeEr

idd-g-q_.

7
k4

: 6. Turn the boitle right side up before removing the
o burette.

: 7. Grasp the burette on the barrel and pull out of
: the bottle; wipe any liquid off the tip of the
. buretteé.
S — FRASP GBARREL
S AND PULL

o

: 8. Recap the bottle of reagent.

- 102




T T O s =

FILMED FROM BEST AVAILABLE COBY

Supplement #20 (Coiit.,)
. T — -

9. To use the burette (to "titrate®):
a. insert the burette iip into the cap of the
flask holding the sample to be tested
b. push, using a twisting motion, the plunger
y with your hand
- ¢c. add only a drop at a time |,
d. mix the sample well after each drop is added

T & sample to be tested

E B e: How to read the amount used:

: - notice each major division is divided into
minor divisions

- each large (major) division equals 0.2 parts"
per million (ppm) dissolved.oxygen (D.0.)

- each small (minor) division equals 0.04 parts
per million (ppm) dissolved oxygen

Note: The values given are for the test for

dissolved axygen only. Other tests using the

microburette have different values.

Wiswder s
// X O.2 = 2'02 PPM
/ KO 0%z 0.04 ponm

2. 24 ppm ).01

Directions: Read, then summarize the information that's
in the box [:::j . Copy the information given in
9 (e). Practice using a dropper bottle, a microburette
) .- and titrating with a microburette.

Equipment: dropper bottle, microburette, reagent
bottle, flask with hole in the cap, jar
pf water, paper towels
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Supplement #20 (Cont.)

STATION #7: Photometer

4 cees mairas, jmmame e smna =e o re amupuas e

N | ]
F«ETE@ Kt S
bottery - ample

‘ How it works: c'og here

. -

There is a light bulb in the housing and a light meter !
opposite it. The brighter the light, the more current t
is produced by the light meter. The current produced )
is read on the scale (0 to 50). If you put your sam-
ple in the path of the light, it will block some of

. the light. You will read how much light is blocked
on the scale. 4o 30 10 o

| ‘ B ) 50/‘/1;’\'\/0

How to use it (the photometer): .-

o e wee

Check to see that the meter needle points to 50 on the
scale when the button is not pressed. If not, adjust
to 50 by rotating the screw in the meter cover. Use
only the glass test cells provided to test the sample
in. Fill the cell at least to the mark (this is

10 m1.). The cells must be clean, dry, and free of
finger prints. Hold the cell toward a light to check
for dirt and grease before putting it in the meter.
Carefully pour your sample into a test cell just be-
fore using the photometer.

Each experiment requires you to prepare a "blank".
This is a solution, often plain water, that you fill
a test cell with and insert into the photometer. Next,
you place the correci filter into the sloit. Press

! the buttom (pwsh the button oniy long enough to make
a reading so the lamp and battery will last longer).
Turn the knob to set the needle to zero. Quickly
release the buttom and remove the blank. Replace the
blank with the sample. Press the button and read the
value on the scale (do not turn the knob). Release
the button quickly!

Anr srwn

What is it used for:

The photometer is used to test for turbidity, phosphates,
and nitrates.

[ o
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Supplement #20 (Cont.)

Directions: Read, then summarize.the informavion

that's in the box -~ Practice using the

- photometer.
7 Equipment: photometer (Delta Scientific Corporation), -

water sample (this can be from the river

the class polluted earlier) :

4
»

3y
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STENCIL
SUPPLEMENT #21
A Quiz on Laboratory Techniques and Key

Name

Perioq

0

Directions: Place the correct answer on notebook paper.

I. Multiple Choice

1. The object below is: (a) a microburette;

(b) a pipette; (c) a beaker; (d) a funnel

The use of the object in #1 is: (a) to measare
small amounts of water or other liquid very
correctly; (b) to filter water samples (remove
much of the solid materials), the filter paper
must be put in this object; (c) to test for
turbidity, nitrates, and phosphates; (d) none of
these- Co-

When filtering a water sample, the water that
comes through the filter paper and is collected is
called the: " (a) meniscus; (b) filtrate;

(c) water sample; (d) wasie water

Before filtering a water sample, you should always
rinse the filter paper with: (a) polluted water;
(b) sulfuric acid; (c) lime; (d) distilled water

The object below is: (a) a funnel; (b) a micro-
burette; (c) a pipette; (d) a balance .

T T[S 5

All lab equipment needs to be cleaned before using
it in a lab because: (a) we are testing the exact
amount of chemicals present in our water sample

(not on our fingers or lab equipment)!; (b) we are
testing for the presence of certail chemicals and

if some of the equipment is contaminated our results
would be affected; (c) both of these; (d) only b
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Supplement #21 (Cont.)

II.

7. The object at the tip of the arrow is: (a) a balance;

(b) a pipette; (c) a photometer; (d) a microburette

8. The object below is: (a) a balance; (b) a pipette;
(c) a microburette; (d) a photometer
e ©

Grouping

"9 - 13 Arrange the following steps of how to%use a

pipette in the correct order: (Number 1 - 5)

9. Quickly remove your pbuth and put your “index finger
over the opening.

10. Hold the pipette in your writing hand. Insert tiie
pipette into the liquid.

11. Hold the pipette at a slant and'releése-enbugh to
allow the liquid to flow out. ) :

12. Place your mouth on* the pipetfe.

13. Slowly draw up the liquid as  you would when drink-
ing milk with a straw.

14 ~ 19 Arrange in order the steps involved in using a
balance: (Number 1 - 6)

14; Place square of paper on the balance pan.
15. Set all weights con zero.

16. With the paper on the pan move the weights . until the
balance arm points to zero.

17. Géntly tap the chemical you wish to weigh onto the
paper already on the balance pan.

18. Check to see that the balance arm points to zero.

19. With the chemical on thé paper move the weights
until the balance arm points to zero.

.
ok A5 1

nesl
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III. Short Answer

20.

2l.
22.

23.
24,
25 -

29.

20,

How much liquid has been released? (Note diagram
on the board)

What is a photometer used to test for?
Explain exactly how to use a dropper bottle.

Using object A wéigh and record the weight of:
(note the board)

Note the diagram on the board. Record the weight
shown. .

28 Identify the objects held by your teacher.
Fold a piece of filter paper correctly and

staple it to the test as if it were being. put
in a funnel.

When you complete the test begin reading the
sheet on chemical tests.
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KEY
tl. Multiple Choice [Ti. Short Answer
; l. d 20, FPFlace a drawing on the
A bourd of u pipette with
2. b Qa certarn amount ot
ligquid ra i,
- 5. b
. 21, To test for turbidiuvy,
4, d nitrates, and phosphates.
' 5. o 2, ‘Purn ithe dropper bottle
T upside down and squeeze;
6, ¢ count each drop; do not
lJet the bottle slant,
7. d always keep it at the .
N B same angle for each ‘.
- 8, a squee ze, -
. - 23, PFlace a balance on each :
I1. Grouping 9 - 13 table and have each stu-
9. 4 dent weigh &n object:and
¢ record the weight.
10. 1 24  piace a drawing of a
11 5 batance on the board
) showing the weight of
19 o object X3 &he_stndents
: record the weight of
15, 3 object X .
. , , 25 - 2% The students are to
Grouping 14 - 19 ideniity three objects
14 3 they have learned how
* to use {(e.g. a pipette,
15 1 a funnel, and filter
* . paper).
16, 4 ) 29. Check to see that the
17 5 * : student*s filter paper
* ¢ 15 folded properly and
18 o pinned to the answer
' sheet as if it were in
19, 6 - . a funnel,

30, Refer to supplement #22 ¢
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SUPPLEMENT #22
Collection of Water Samples
Tnhe professional method for collecting water samples:

1. Prepare water sampling bottle apparatus:

WATER > > ware
EnrERS Lenves

/I 2 3

2, Lower botiles to one-half io two-thirds of the
water's depth in the main water flow (if a moving
body of water). Do not collect water near the
edge since the water will be stagnant and not

. representative.

3. Raise bottles: -
a. Tixbottle no., 1 (see directions in the
digsolved oxygen kit). Label: for D.O.
b. Label bottle no. 2: for chemical analyses.
¢: .Discard water in bottle no, 3.,

For simplicity, any type of clean bottle may he lowered, but:

1. Collect one full bottle for the dissolved oxygen
test (no air space to shake more oxygen in it as
it i8 collected) and fix. immediately.

2. Collect a bottle for the remainder of the tests.
Note: After a heavy rainfall, the concentrations of many
polluta.:its will be much greater ithan before due to air
pollutants being washed down and land run-off. Also, many
sewage treatment plants don‘t work as well during heavy
rainfalls. Professional water quality monitors do not -
take water samples right after it has rained (for 2 or 3
days). However, it may be very meaningful to find out
how much pollution is actually caused by land run-off.
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STENCI1.

SUPPLEMENT #22

Performing the Lab Analvsis of “L.oc gl Waver Quality

SAMPLING SITE

DATE

NO. DAYS SINCE LAST RAINFALL_____

PROCEDURES ' : S
1. TO BE PERFORMED AT THE SAMPLING SiVE

RESULTS 1. Measure surface temperature and
remperavrure as far down as you
can reach.

Surface temp, ~ NOTE: noid the thermometer in the
water untif tve flurd stops moving, '
Deep temp. Remove the water, hold al eve level,

read gquickiy.

. 2, Describe vhe appearance of the

water (liuvrered, oily, clear,
cloudy; etc.).

pH 3. Measure the pH as directed.

4, "Fix"™ a sawuple {(see tvest kii)
to stop anyv moire oxygen use by
organisms asnd chemicais. The
amount of dissolved oxygen wilil
be measured in the lab,

I1. TO BE PERFORMED IN THE LABORATORY

ODOR : _ l. Odor and Color:

Shake ihe sampie bottie. Pour
aboutr 50 mi. into a smal: beaker.

Descri e any cdor as besi you

COLOR: can. Set the beaker on a4 sheet
of white paper and ithen describe
the color of 1he water in the

beaker .




Supplement #22 (Cont.)
METER VALUE: 2,

Turbidity (from graph):

ppm

¥obtain from your
teacher .

3.
METER VALUE:

a.

d.

e.

t.

g.

FILMED FROM BEST AVAILABLE COPY

Turbidity:

Shake th¢ sample bottle. Pour

the sample into:a test cell.’

Replace the cap. Clean outside

of test cell thoroughly. }

Fill a second clean test cell
with distiiled water. Replace
cap. Clean ouiside,

Inseri the filter hoider ‘into
the photometer (all the way) . .
so ihat the BLUE dot faces up.,

Insert cell with distiiled water
into the photometer, Press
button and vurn knob to set
meter to O, then release button
switch.

Remove cell and replace with
cell containing the sample.
Press buiton and when water
comes to resi, read meter value.

Refer to *graph to obtain tur-
bidity in parts per million (ppm).

Rinse cells thoroughly with
distilled water.

Nitrites

a.

.

Mix sample boutle by inverting
and letting svoand 1 minute,
Fill a ‘clean test cell to the
mark with sample.

Use no,_ 33 scoop. Add 1 level .
scoopful of reagent no. 47.

Rinse the scoop, dry, replace.

Cap the cell and shake to

dissolve. Note the time and

let stand 5 minutes. Always
replace cap prompitly and tightly

on the reagent bottle to prevent
the powder from absorbing moisture )
in the air. Clean outside of

the test cell.
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Supplement #22 (Cont.)

GRAPH: Cc. Prepare a "blank" by adding
distilled water to the mark of

ppm a second test cell. Clean
outside of cell,

' ' . de Inserit the cel'l containing the
blank into vhe photometer.

e. Insert filter holder into rthe
s1o0T with ONE GREEN DOT facing
upward,

f. Press the bution and turn kuob
to set mever o O, Promptly
release switch, ’

, g. Remove celi. Replace with cell

o containing trealed sample (afrer

: 5 minutes). Press button and i
when metver needle comes to rest, §
read meteér value. i

h. Refer to “graph %o obtain resuirs
in parvs per million nitrogen,

i. Rinse test cells,
4, Nitrates

METER VALUE: a, Fill a test cell to the mark with
mixed sample to be tested.

b. Add 2 diops reagent no. 34 (chlorine),
and 3 drops reagent no. 5 (sul.
furic acid). Shake 30 seconds.,

Let stand 2 minutes. .

GRAPH:

ppm c. Add } drop reagent no, 48
] (sodium arsenic). Mix for
- 30 seconds.

d. Using no. 33 scoop add 1 levet
scoupful reagent no. 46. Rinse
and dry scoop. (Cap the cell,
Shake vigorously for 30 seconds-.)

) Notie tbhe time and let stand
) - 5 minutes.

e. Prepare a "blank" by adding 10 mi.
disiilled water to a second test
Cel] .
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Supplement #22 (Cont.)

f. Mix the treated sample once by
tilting ugpside down and back.
Letv stand 1 more minute.

€. Insert the filter holder into the }
photometer so that ONE GREEN DOT
faces upward,

h. Insert the cell containing the
"blank" into the photometer,
Press burton and rurn xnob to set
meter to O, Promgtiy release
button,

i, Remove c211 and replace with .
cell containing ireated sauple. '

J. Press button and when meter
needle comes %o rest, read
meter value. Record.

'k. Refer to “graph to obtain results
in parts per million nitrate
nitrogen. .

5. Dissolved Oxygen

DISSOLVED OXYGEN a, Fill flusk with sample that was
"fixed" in the field to siop
ppm further oxygen use.

b. Using the microburette, fill
burette to top line with sodium
thiosulfate and slowly add sodium
thiosulfate to the sample until
the brown color almost disappears.
Mix the sampie by swirling care-~
fully.after adding each drop,

You may have to f£ill the micro-
burette again. Keep irack of how
much sodium thiosulfate is used.
Don't empty the buretie after you
add all you need.

‘e. Add 8 drops of starch solution,
The sample will turn blue,

d. Again slowly add sodium thiosulfate
until the blue color. just disappears.
STOP adding the sodium thiosulfate.
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Supplement #22 (Comnt.)
NOTE the reading on the microburette.
Write down how much. dissclved
oxygen (D.0.) was in the sample
according to the following:

each large graduatio= = 0.2 ppm D,O,
each small graduation = 0.04 ppm D.O,

6. Phosphate
FIRST FILTER THE WATER TO BE TESTED:
TO FILTER:

8+ Mix river water and pour nut
about 50 mL of the water ' ample.

b. Fold a piéce of filter paper
in half,

‘::] Fold the filter péper'in half
. again,

Open 1 side to form a funnel
shape.,

Place paper in funnel set on
tripod and wet paper thoroughly
by pouring distilled water
through. Be sure you have a
beaker under the funnel to
collect the water!

Discard the water you collect.

Now place a clean dry heaker

under the funnel: and pour the
water sample to be tested into

the fumnél. Collect the filtrate.

LABEL the beaker of filtrate:
“period (2, 3, or 4) Filtered
Sample"
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T0 DETERMINE THE AMOUNT. OF ORTHOPHOSPHATES:

METER VALUE: - 1

FROM GRAPH: - - .. ., b.

Ppm

Ce.

116

.F1ll a -testicell to the mark

(10 m1.) with the FILTERED
sample.

Also fill another test cell with-
distilled water. This is the
"blank."

Add 10 dfogé of reagent no., 41
(sulfuric.acid) to:each -and mix.
Add 6 drops ‘of-reagent no. 3¢
(ammonium molybdate) to each

and mix.

Add l‘dropmof reagent ,no, 40

. (stannous chloride)_ to each and

mix.

- Allow to stand 15 -minutes for

full color development.

Insert filter holder in photo-

meter: so. that YELLOW DOT faces
upward. >

Insert cell containing the "blank"
into .the. photometer. Press button
and- turn knob to set meter to O.

- Promptly release switch.

Remove cell and replace with cell
containing treated sample. Press
button and when meter needle comes
to rest, read meter value.

‘Obtain results in parts per

million. orthophosphate from
*graph.

\Wvl
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TO DETERMINE THE.AMOUNT OF TOTAL PHOSPHATE:

METER VALUE:

%
g
,

FROM GRAPH:

BRIk

POLYPHOSPHATE :

ppa

Dpﬁ

a. Measure 10 ml. of FILTERED sample
into a small beaker or Er%enmeyer
Flask.

b. Add 10 drops of reagent no. 4l
(sulfuric acid) and mix. Mark
level of ‘liquid with wax pencil.

c. Aliow acidified sample to boil
gently for 90 minutes adding dis-
tilled water to keep the volume
to 10 ml.

£

d. Ccol sample and transfer to test
cell. Dilute with distilled
water to 10 ml. mark.

€. Aiso prepare a reagent hiank
by adding 10 ml. distilled water
to a test cell and add 10 drops,
reagent no. 41i.

f. Add to each, while mixing, 6 drops
of reagent no. 39 and one drop
of reagent no, 40, Let stand
15 minutes for full color develop-
ment.

g. Continue as directed in procedure
for orthophosphate, beginning
with step g. )

To determine the amount of poly-
phosphate, substract result obtained
for orthophosphate from resulit ob-
tained for total phosphate.

Hardness

Turbid samples should be filtered
to remove scale, sludge, Tust, etc.
before making tests. This is
necessary because even small traces
of suspended matter mayv affect test
results. To filter the sample, fit
the filter paper ito the funnel,
moisten with the sample and press
down tightly to the sides of the
funnel. Fill with the sample ‘but
not quite to the top. Collect the
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water going through the filter in
any clean bottle. Discard the first
sample that goes through, Now pro-
ceéd with the following steps:

A

d.

Rinse the no. 8 plastic sample
tube well with the c¢liear filtered
sample and then fili it to the
mark. The meniscus {curved
surface) should be ievel with

the mark.

Add 5 _drops of reagent no., 20
and a dipper (in cap) of
reagent no. 21, Mix gently to
dissolyve ihe indicator,

If hardness is present the sample
will be red. 1f absent. the
sample will be blue.

If red, add reagent no. 19 a drop
at a time, mixing well after each
drop. Continue until the sample
has no red color but is entirely
blue. Keep track of all drogps
added and always hold the drogping
bottle in a vertical position.
Each drop is equal to 10 parts

per million (ppm) of hardness as
CaCo3 (calcium carbonates).
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Interpretation of Chemical Analyses

Temperature: no definite temperature is '"good" or
"bad". Consider the following, however:

a. The warmer the water, the less oxygen will be
dissolved in it.

b. The warmer the water, the fastver the growth of
bacteria, which w11l deplete (use up) the oxygen
supply faster.

¢c. All organisms require a certain temperature range
in order to live and reproduce. This will vary
somewhat .

pH: most organisms will only live 1n a pH range
between 5.0 and 8.5.

a. Natural sew water will have a pH value of 8.1,

b. The pH of freshwater wili be lower than sey water;
rainwvater may bave a pH value of 5.5 to 6,0.

Odor: any offensive odor shouid be viewed with -
suspicion.

a. An odor of rotten eggs indicaces the presence of
hydrogen sulfide which could nave come from an
industrial plant or anaerobic bacteria. These
bacteria may indicate a lot of organic waste 1in
the water and a serious lack of oxygen.

Color: the presence of colcr does not aiways 1indi-
cate serious pollution.

a. Green may mean many algae (consider the possi-
bility of eutrophication).

b. Brown may mean tannic acid which naturaliy leaches
(lissolves) out trom the barks and leaves of irees.,
This is natural in some areas, especiaily still
bodies of water (like swamps and rivers ne€ar swamps ).

C. Brownish red may “inglicate tke presence of iron
that may running ou® from mines. Since leakage
from mines woudd be.acid, this red color should
be viewed with susgicion.

d. Any unnatural color méy indicate effiuent from
a dye or textile factory being discharged invo

the water. .
’

R
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5

Turbidity: since this 1s caused by the presence of
suspended particles like clay, silt; organic matter,
plankton and other microscopic organisms, consider
the following:

a. erosion -~ especiéllY"ﬁﬁﬂ after a rainfall

b. excessive amounts of WaStes being discharged
by storm sewers, city sewage treaiment plant,
factories

The Environmental Protection Agency recommends turbid-
ity should not exceed 50 "JTU" in warm waier streams
or 10 "JTU" in cold water streams. If you use a test
kit that measures in JTU, you can evaluate your data
according to this recommendation. If you do not, you
can compare your measuremefts with those of a body

of water you know to be "unpolluted”.

Nitrogen:

a. Nitrogen-enters the water as nitrates or nitrites
from fertilizers, sewage, storm drains, indus-
trial and packing house wasies, drainage from
livestock feeding areas, farm manures and le-
gumes. Excessive amounts 6f nitrogen, in com-
bination with phosphorous will lead to eutro-

ication. Also, large amounts of nitrates may
be harmful if drunk by humans.

b. Algal blooms stimulated by nitrogen will occur
more rapidly in non-moving or slowly-moving
bodies of water.

c. Many states do not allow more than 2 micrograms
of nitrogen per liter of water. If your test
kit measures in parts per million (ppm), view
with suspicion any result above 1 ppm.

d. Keep in mind that there is no known concentration
that is definitely known to be "saféeV, Research
is being performed at this time and mére definite
information should be available in the future.

Phosphorous:

a., Phosphorous, in combination with nitrogen, serves
as the stimulus .for algal blooms leading to
eutrophication.

b. A small amount of ﬁhosphoroﬁs is normal. More
than 0.1 ppm may indicate wastewater from 4
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C.

sewage treatment plant, storm drains (consider
detergents and pet wastes), or drainage from
agricultural areas (fertilizer and animal wastes).

Refer to no. 6~d above. The same applies to
phosphorous,

Orthophosphates are readily used by algae while
polyphosphates are not. The polyphosphates must
be broken down to a simple form before the algae
can feed on them. Thus, the orttuophosphates
represent a more immediare danger. Again, more
research is needed in this area of study.

8. Oxygen:

a.

d.

Most water organisms (except the "strict" anae-
robic bacterig) require oxygen that has dissolved
in the water from photosynthesis (produced by
water plants like diatoms and algae and even

some bacteria) and from the air.

Salt water holds less oxygeh than fresh water.

Oxygen is used up by both livipg orgamisms (in
respiration) and by chemicals that combine with
the oxygen (like the rusting of iron).

Warm water holds less oxygen than cold water
(think of how the gas bubbles in a soft drink
rise to the surface and disappear).

Habitats for warm water fish populations should
contain dissolved oxygen concentrations of no
less than 4.0 milligrams per liter (mg/1).

Habitats for cold-water fish populations should
be no less than 5,0 mg/1. '

Swiftly wmoving streams will get more oxygen from
the air than slowly moving bodies of water.

2

There will be less oxygen the lower you collect
the water sample. There is often no available
oxygen near the bottoms of some lakes.,
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SUPPLEMENT #23
The Chemical Analysis of Water
Student Worksheet and Key . }
Directions: Answer the following questions as completeiy
as possible. Use the scYentific bibliography

and any notes you may have takeu.

Questions: .

1. Why are we performing chemical tests on the water sample?

answers: to'determine'exactly what substances are present
in the water

2. How will we find out what our results mean? §

answer: by comparing our results with those given in
) +"Rules, Regulations, Classifications, and
Water Quality Standards Applicahle to the Sur-
face Water of North Carolina"; also by con-
sulting local water quality officials

3. VWhat.is the differencB between ground water and surface
" water?

answer: ground water is usually pure wa%er*‘flowing
beneath the surface of the earth; whereas sur-
face water is that which accumulates oh the
earth's surface and is relatively impure water

4, What specific chemical tests are we performing®
answer: this,depends:on the class and teacher'é decisions

5. What are the five classifications of surface water?
Give the characteristics of each.

answer: refer to*"Rules, Regulations, Classifications
and Water Quality Standards Applicable to the
Surface Water of North Carolina", adopted by
the Board of Water and Air Resources Commission,
Raleigh, North Carolina

6. What is the classification of the following: (a). Jack's )
Creek, (b) Tranter's Creek, (c) the Pamlico off Stewart
Parkway? . .

snswer: this questioh will need to be revised so that
: it is applicable to your local situation

*or similar regulatiens for, your state
*may become contaminated as it fiows under sources of contam- .
ination such as sanitary landfills or septic tanks
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SUPPLEMENT #24 .

A MANUAL FOR THE ANALYSIS OF
COLIFORM BACTERIA IN
FRESH WATER

Compiled and Distributed by
Environmental Science Study Curriculum
P. S. Jones Junior High School
Washington, North Carolina 27889

»

Modified From: Standard Methods of the Examination of Water

and Sewage American Public Health Association,
1928
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INTRODUCTION

This exercise, the anaiysis of water i0 determine the
presence of fecal coliform bacgeria, is structured to accom-
modate students in grades eight and up. This study not only
offers results in terms of analysis, but also gives students
experience with a totally "hands on" procedure. Laboratory
skills from accuracy, measuring, pipetting to the more ad-
vanced skills of sterilization techniques and inoculation
are emphasized in this exercise,

THEORY

- Water that contains large numbers of bacteria may be
perfectly safe to drink, but it depends on what kind of bac-
teria are present. (Remember, bacteria are tiny plants made
up of a single cell and only visible by magnifying at least
500 to 1000 times.) Bacteria in water play a very important
role: ‘they feed on organic waste, breaking them down into
simple chemical nutrients to be utilized again. Bacteria
are mainly decomposers,

Some bacteria cause diseases. These bacteria are called
pathogens. Examples of pathogenic (pa - tho - ge-- nic) bac-.
teria present in the human intestinal tract are those that
cause typhoid fever, cholera, and bacillary dysentery. Ob-
viously, if a person has any of these pathogens in his intes-
tinal tract, his feces will contain large numbers of these
bacteria. You can now understand why it is so important to
treat sewage before relegsing it into our waterways. Anyone
coming in contact with water containing untreated sewage or
poorly treated sewage is in danger of being infected by these
bacteria. :

Of course, not all sewage contains these pathogens,
These bacteria are hard to detect because they do not grow
well outside the human body. Therefore, it would be impos-
sible to test all sewage tc see which samples are contaminated.
However, scientists have a clever method of determining
whether or not a waier supply may contain some of these patho-
gens. They simply test the water for the presence of non-
pathogenic bacteria which are normally present in the human
intestines, and thus in human feces. The bacteria the
scientists test for grow readily in the laboratory and are
easy to find. These bacteria are called "coliform bacteria".
Thus; 1f no-pathogenic intestinal bacteria (fecal coliform)
are present, there may also be pathogenic bacteria present.

124
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The Standard Bacteriological Analysis of Water you are
performing, tests for the presence of fecal coliform bacteria
in a simple manner, The coliform bacteria, unlike other in-
testinal bacteria, feed on lactose sugar (the sugar in miik)
and release carbon dioxide gas as a waste. You will be able
to see this gas trapped in a tiny tube stuakk upside down in
the culture tube if the bacteria Are present. A second test
(just to be sure) involves growing the coliform bacteria on
a special medium (called EMB) on which the ¥bucteria becomes
colored a metallié¢ green**. A third test (just to be posi-
tive) involves observing these bacteria witb a microscope

- after staining them with a special dye which colors the

coliform pink and certain other bacteria, commonly present

" in water, purple. . ~

-~

= The analysis you are doing is the accebted standard .

method (published by the American Public Health Association,
Inc.) for the State of North Carolina by the Board of Water
and Air Resources, Department of Water and Air Resources,

It has not been simplified for you in any way! .

: .
‘e LN -~

*The particular'fecal coliform being tested for ié ESCHERICHIA
COLI (ES - CHER - I - CHI - A KO - LI)

*¥ Common coliform bacteria found in the soil, AEROBACTER -
AERDGENES, will becone colored pink on EMB,
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——

" Inoculating Loops and Incubator
Inoculating Loops

The inoculating loops can be made very easily. | Insert
a three-inch piece of wire (such as platinum) that heats and
cools rapidly, aboutr one~-half inch into a six-inch piece of
small glass tubing. Melt the end of the glass tubifpz until
it closes and firmly holds the wire. Fire polish the other
end to avoid injuries. On the end of the wire make|a small
loop about two to four mm, in diameter (shape the wrre around
3 the point of a pencil). _

i

PIaﬁWruJ") wire

quass tube

———

loop 4
,:é.

Incubator

—— e A e ehre e

The incubator can be made of readily available 4nd’ in-
expensive materials. .

~—thermometer |

~rubber stopper :

eard.board.

~ bex
Shelg +o p‘rote.ci p‘a:l—es -P:;::;c .
' [ thf

75 watt bulb for heat source
(size really depends jon bhox
size and room temperdture)

(.
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Sterilization of Glassware and Liquids
Sterilization of Empty Glassware

1. Wwash the empty glassware with a non-phosphate,
biodegradable soap, and rinse well; dry or let
drain until dry.

2. Stvopper the clean glassware with a coxton plug or
cover the neck with aluminum foil (if a cotton
plug is used, cover it with aluminum foil or brown
paper and tie with a string); if the glass bottle

. is to be shaken, loosely set a rubber stopper in

the neck.
3. Label the glassware with masking or autoclave tape,
4, Autoclave at 15 psi, 121°C for 15-20 minutes.
5. Store the sterilized glassware where the itews will
not be disturbed until used.

Sterilization of Liquids

1. Prepare the liquid in a heat resistani container
(pyrex or kimax).

2. Stopper as explained in #2 above.

3. Label with masking or autoclave tape.

4, Autoclave at 15 psi, 121°C for 15-20 minutes.

5. If the liquid is an agar wadium to be poured into
petri plates, swirl the fiask to mix the contents
(don't produce bubbles), allow to cool uniil ihe
flask can be hand- ed comfortably.

6., Store in the refrigerator until used.

*Do not open the escape va!we. Allow the pressure to drop
slowly to prevent the liquid from boiling over.
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STANDARD BACTERIOLOGICAL ANALYSIS OF FRESH WATER

(MODIPIED VERSION)

EQUIPMENT AND MATERIALS TOR INITIAL AND CONFIRMATION TESTS

The purchasing of all the initial materials for the bacteri-

ological tests may bhe above your available funds.

If you

are near a university or community college, you may be able

to borrow much of the equipment.

If these ‘sources are not

available, try your local water treatment plant or hospital.

A, The following materials are needed for each water

sample tested:
1. 2 (500 ml.) flasks
2. 1 (10 ml,) pigette .
3. 2 (1 ml.) pipette
4, 12 small test tubes
- (6mm, x 50 mm.)
5. 12 medium or large test
tubes
6. 15 sterile petri plates
with covers
7. 2 (250 ml.) bvottles
(wide mouth) with
rubber stoppers (no holes)
8., 1 (100 ml.) graduated
cylinder
9., 1 stirring rod
10. 2 (250 ml.) beakers (or.
small cans) for holding
test tubes
11. 2 test tube racks

‘A small tube is inverted
in a large tube. The
size used is not important,
but the amount of dbroth
added must be sufficient
to £ill the inverted

tube (the broth will

fill the inverted tube
during autoclaving) and
still be contained out-
side the inverted tube.

7

B. The following equipment is also necessary:

1.
2.
3.
4,
5.
6.
7.
8.
9.
10,
11.
12.
15,
14,
15.
16.
17.
18,

balance (accura¢é to 0.1 g.)

ring clamp (optional)

funnel, tubing and pinch clamp

(optional)

tray or cylinder to hold pipette (optional)

hot plate
bunsen burner (gas supply)
non-absorbent cotton
brown paper

string and scissors

; or aluminum foil

autoclave tape (convenient, not not essential)

inoculating leops*
bottle of lactose

*Refer to page 126

bottle of Nutrient Broth (BBL)

distilled water
disinfectant

Eosine Methylene Blue Agar Medium (BBL) -
large pressure cooker (or autoclave)

incubator**

128

*¥Refer to page 127 .
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PREPARATION

These preparations should be completed ¢ne to two days
prior to the taking of the water sample. It is best to aliow
the class to do these preparations as much useful experience
and many skills may be gained. Depending on the length of
a class period, it will not take longer than two periods to
make all necessary preparations., This time allotmsnt 1is
based on the students having read the information and prac-
ticed the techniques prior to the actual performance' Conse.
quently, you must include that preparation time pius the two

periods necessary for the actual preparation of the manserials.

A. Preparation of Water Sampling Boitie

1. thoroughly clean and riunse one {250 ml.) bovtrile
(wide.mouth) .

2. stopper loosely with a rubber stopper (no hcle)

3. -cover the stopper with aluminum foil

4,  label and sterilize (refer to page 127 -
Sterilization of ‘Glassware)

B. Preparation of Media and Dilution Blanks

1. Double Strength Lactose Broth (DSLB)
a. 1in a 500 ml. flask pour 150 ml., of water
b. weigh out 3.0 grams of lactose and add it to the
" water )

c. Wweigh out 2.4 grams of nutrient broth and add
it to the water

d. swirl (do not shaks' and warm gently un:i) the
mixture is just dissolved

e. 8set 3 large test tubes in a rack

f. into each one carefully slide a small test tube
(6 mm. x 50 mm.) upside down (the tube wili
float when the media is added but after auto-
claving it will sink and be filled with media)

g. label each tube with masking or autoclave tape
marked DSLB in pencil

h. using a pipette release exactly 10.0 ml, of
the broth into each tube {(do not discard the
remainder of the broth as it is to be used in
step 2)

i. plug each tube with a rolled cottvon plug

J. set the tubes in a beaker or can, cover with
aluminum foil or with brown paper and tie with
string

k. autoclave at 15 psi and 121° C (250°F) for 15
minutes (refer to page 127 - Steriiization
of Liquids)
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Single Strength Lactose Broth (SSLB)

a, to 100 ml, of DSLB remaining in the flask add
100 ml. water

b, swirl to mix (do not shake)

c. set 9 large test tubes in a rack

d. into each one carefully slide a small test tube
(6 mm. x 50 mm.) upside down (the tube will
float when the media is added but after auto-
claving it will sink »*1 be filled with media)
label each tube with m:sking or autoclave tape
marked SSLB in pencil
using either a 10mL pipette or the apparatus
diagrammed, fill each of the 9 test tubes with
10,0 ml. of SSLB
plug each tube with cottion
set the tubes in a beaker or can, cover with
brown paper and tie with string .
autoclave at 15 psi and 121°C (250°F) for 15
minutes (refer to .page 127 - TI-Sterilization
of Liquids) '

Eosine Methylene Blue Agar (EMB)

a. 1into a 500 mli. flask pour 250 ml. of water

b, add 8.0 grams of eosine methylene blue agar
(pour the EMB carefully into the water)

c. swirl, don't bother to dissolve

d. plug the flask wiih cotton

€. cover with brown paper and tie with string
label with masking or autoclave tape marked
EM3 in pencil
avtoclave at 15 psi and 121°F (250°F) for 15
minutes (refer to page 127 - -Sterilization
of Liquids)
after autoclaving, swirl well but gently (do
not shake or make bubbles)
cool down EMB to about 50°C in a water bath or
until just cool enough to hold
pour into sterilized petri plates as follows
(to insure sterile conditions and no contami-
naticn from bacteria in the air this procedure
must be used): :

i. "«clean the work area with disinfectant
(1ysol or alcohol)

ii. open the package of sterile petri plates,
but DO NOT OPEN any plates '
light the bunsen burner
remove the paper and cotton plug from
the flask being careful - 3t to touch
the 1lip of the flask R

¢
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v. briefly expose the lips of the flask to
tue flame and open a plate just encugh
to pour EMB into the plate; the EMB
should cover the bottom surface of the
plate

vi, quickly rbplace the 1id

vii. fill the rest of the plates in this

manner

- viii. when the EMB has solidified turn the
plates upside down and allow Lo stay
over night (to dry the surface)

ix. for storage place in the refrigerator

upside down

4, Preparation of 99 ml. Dilution Blank

a. carefully measure 99 ml. of water and pour into
a bottle

b. set a rubber stopper lightly over the open:ng
of the bottle

¢c. label the bottle "99 ml. waier" with masking
or autoclave iape

d. autoclave (refer to page 127 - .Sterilization
of Liquids)

e. keep the stopper loose uniil the bottle cools,
then secure it

5. Preparation of Sterilized Pipetites

a. insert a loose cotton plug in the mouth of the
pipette

b. wrap the pipette by rolling it in brown paper
or aluminum foil as shown:

"Brown rown paper

G 5 -
C.om le;‘-e:l
( { rol lg_d.
sn“\¢5“m° end. s {hou*el

c. label with autoclave tape
d. autoclave at 15 psi and 121°C (250°F) for 15
minutes .
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DIRECTIONS FOR COLLECTING WATER SAMPLES
AND PERFORMING THE ANALYSIS ,

There are several things to remember in collecting water
samples. Remember where you collect the seamples, the time
of year, and the temperature of the water., These are factors
that can influence the amount of coliform bacteria present. ;
A good place to take a sample 1s just downstreem from the
effluent -pipe of the local water treatment plant., For com-
parative studies also take a sample upstream from the
effluent pipe. (If you take two samples you need to make
twice as much media and you will need twice the equipment.)

A. Procedure for Taking the Water Sample

1. Using the empty 250 ml. bottle (wide mouth) that
has been sterilized, submerge it twelve to eighteen y
inches below the water; DO NOT REMOVE THE STOPPER,
UNTIL IT IS COMPLETELY SUBMERGED.

2. Remove the stopper being careful that your hand is
behind the flow of water so no bacteria from your.
band will enter the bottle (if you collect the sam-
ple from a boat with a motor, be sure you do not
take the sample where gas or oil could get into the
sample bottle. H

3. While submerged stopper the bottle again.

4, Keep the bottle stoppered until you are ready to use,

B. The Initial Test .
This test will tell you whether or not the water sample
you took has coliform bacteria in it. Remember though,
the bacteria may or may not be fecal coliform bacteria. -
A positive result could indicate those coliforms. found
in soil. :

The initial test ¢..ies on the production of gas (carbon
dioxide) by the bacteria. If there are any coliform
bacteria present, then gas will be produced and it will
begin to fill the inverted 6 mm. x 50 mm. tube (the

' thbe may rise). ' .

*l. Equipment Needed for the Initial Test
a. water sample ' ,
b. 3 large test tubes with 10 ml, DSLB per tube
. with inverted 6 x 50 mm. tubes
c. 9 large test tubes with 10 ml. SSLB per tube
with 'inverted 6 x 50 mm. tubes
d. 1 §10 ml.) pipette (sterile)
e, 2 (i) pipettes (sterile)
+ f. 1 bottle containing 99 ml. gterile water
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g. bunsen burner

h. tray for dirty pipettes

i. incubator

j. 1labelling tape _ .
k. pen .
1. disinfectant and sponge (paper towel)

2. Procedure for the Initial Test
Always clean the table surface with disinfectant
before and after use. )

a. DAY I - collect the water sample in a sterile
bottle_(refer to procedure for collecting sample,
page 132.

b. TIn the lab: in a test tube rack arrange 3 test
tubes of double strength lactose broth and 9
test tubes of single strength laciose broth .

_c. Procedure
¥. Lpbel 3 DSLB test tubes 10 ml.<a 10 mi.-b,

10 ml.-c (label on tape with pen). :
2. Label 3 SSLB test tubes 1 ml.-a, I ml.-b, .
.1 ml.-c (label on tape with pens, '
. Label 3 SSLB test tubes 0.1 ml.-a, 0.1 ml.-b,
0.1 ml.-c llabel on tape with pen), )
. Lpbel 3 SSLB test tubes 0.01 ml.-a, *
0.01 ml.-b, 0.91 ml,-c.
. Label the test tube rack: period
. Mix the samgle bottle by .shaking twenty-
Pive times, ,

. Remove the cotton plug from a DSLB tast tube
o0 remove the cotion plug hold the  test
tube in the left hand (if right handed) and
with the "heel" of the right hand grasp the
cotton, twist it, remove it; do not lay the

cotton down, but keep it held in the heel

of the right hand/; flame the lip of the
tube; with a 10 ml. pipette transfer 10 ml,
of sample water to the DSLB tube; flame the
lip of the tube and replace the cotton plug;
fill .the remaining two tubes the same way;
place the dirty pipette in a tray. -

N N < A3% B N
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8. Following ke same procedure bui wizh a
1 mi, pipetie transfer 1,0 ml. of the
sample waver to each of Zhe 3 SSLB test
“ubss labelled 1,0 ml, DO NOT LAY THE
PIPETTE DOWN.
9. Following ~*he sampe procedure wizh the
same pipests transfer 0,i ml. of the }
sample water to each of the 3 SSLB test
Tuhes labeited 0.1 mi, DO NOT LAY THE
PIPETTE DOWN. :
10. With the same 1 ml, pipette transfer 1 ml.
of sampie water 20 :he 99-ml. diiution
blank of sterile water; piace whe dirty
pipetie in a tray; shake the hotzle
twenty~five times.
11. With a sterilized 1 ml, pipette *ransfer
1 ml. of water_frow the botule (99-mi.
dilution blank) to each of the 3 SSLB
1est tubes labelled 0,01 ml,
12. Wash and store the equipment; always
clean the tabie surface with disinfectant.
13. Incubate the test tubes at 35°C (98°F)
for forty-eight hours.
14, After twnety-four hours and forty-eight
hours, examine and record the number of
test tubes in each ser (10 mi., 1 ml., 0.1 ml.,
0.01 mi.) that have at least 1/10 of +the
6 x 50 mn. inverted tube filled with gas.
15. DAY III - Analyze and record the results
(refer to page 136-Analysis of Initial
Test Data). :

C. The Confirmation Test
This test will confirm whexher or noz the positive
results in the initial test were due 10 fecal coliform
bacteria (E. ccli).

1. Equipment Needed for the Confirmation Tes"

a. the test tubes in the Initial Tes: tha* showed
positive results (the ones thai had gas
production)

b. one petri piate of EMB for every two “ubes
showing gas production

c. inoculating loop(s)

d. bunsen burner

e. 1incubator
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Procedure for the Confirmation Tests
Always clean the table surface with disinfectant-
before and after use. ) ¢

a. DAY III - for each test tube with gas, label
half the bottom of a petri dish containing EMB é
agar the same as the test tube.

b. DAY III - "streak-out” on half of a petri plate
of EMB, 1 loopful of broth from each test tube
with gas; "streak out" on the propersgptg'(refer
to label on the bottom of the .plate).

How to Streak Out

Agitate the tube gently to mix; remove the cotton
plug and sterilize the iip of the test tube;

also sterilize the inoculating loop before it
enters the test tube each time.,

Dip the ioop into the broth and remove a loop-
ful of broth; transfer this to the proper plate.

Streak the loopful of broth many times across
the EMB plate in area 1.

Streak from area 1 across area 2 going back
and forth, being careful not to cut the agar
surface. .

-

Streak from area 2 across aréa 3 many times.
¥

Streak from area 3 across area 4 but do not

touch area 1, 2, or 3.

Sterilize the inoculating loop; streak from
area 4 across area 5. .

Incubate the petri plates upside down for twenty-
four hours at 95° to 105°F,
de DAY IV - remove the pilates from the incubator;
open each plate one at a time and look for
shiny metallic green colonies (these are.colonies
of Escherichia coli or fecal coliform bacteria).’
e. DAY IV - analyze and record the results (refer
to . page - 138 - .Analysis of Confirmation Data}

-
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Analysis of Initial Tes+t BDa~a
Introduction

The analysis of the data and ccmsutarivn 98 the number
of fecal coliform bacteria present in ¥ "/2%2r are pased
on the fact that if 1/10 of the invav=:sd *abe is filled
with gas, at least one coliform bacuerium w13t have been
present in the volume of sample ia*rocuc2d it “he tube.
Obviously, there may have been many m-re {macreds,
thousands, etc.) present, but this -:2 07 2 assumed,
Therefore, the exact number of bacisr:a . z3en’ will not be
known.* Thus, the calculation is exprzisz. .= ile mast
probabl¥ number (MPN).

The number of bacteria per miliiii:r °s +ne raciprocal
of the smallest portion giving a posizi": resuit. For
example, if the results were as foi_ows.

)

10 ml. sample water aseitivs {1/10 tube
2ied with gas)
"1,0 ml:, Sample water prcifira
0,1 ml, sample water nrgaiLve

The MPN would be one bacterium per ..J ai. of sample water
(1/1 ml1. MPN), since the smallest amoi.n™ 3 sampie containing
coliform bacteria was 1,0 ml. Howev::. “i:: MPN is always
expressed per 100 ml. of sample water. “nas. th2-actual
calculated result should read 100/.09 m", MPY, For- example:

10 ml. sample water +
1.0 ml. sample water + * _ .. .o/ep - :
0.1 ml. sample water + 1009/100 A, MPN
0.01 ml. sample water -

Results such as the following‘may apps<l Deosus
of the bacteria and the chance invoived in pip2
water samples: )

10 ml; 'sample water +
1.0 ml. sample water +
0.1 ml. sample water -
0.01 ml. sample water +

It stands to reason that if there is ¢:e ™zzierium in 9.01 ml.

of the sample water then certainly =zr:.s choult b2 at least
one bacterium in 0.1 ml, of sampie waizr {“owevar, this is

*The 10-fold dilutions prepared narrow ihse range.
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not always so). This result should be computed as the re-
ciprocal of the portion next larger than the smallest one
giving a positive test (this being a more- prohably result).
Thus, the MPN above would be 1000/100 ml. MPN.:

- Calculatiicn )

1. After twenty-four hours remove the test tube rack
from the incubator, examine and record the number
of test tubes in each set that have at least 1/10
of the 6 x50 mm. inverted tube filled wimq gas.

2., Put a + in the box for each tupe if there is at
least 1/10 of the upside down (inverted) tube

filled with gas; place the data in a chart similar
to the following: -

Test Tube (+ means gas production) .
per 100 ml.

10 ml, a 1 mi. a f&/ 0.i ml. a /-/ 0.01 mi. a 1,000
10 ml. b 1ml. b /+¢/ 0.1 ml. D ﬂé 0.01 ml. b 100
10 ml. ¢& /% 1 mi. ¢ /3/ 0.1 ml. ¢ [+ 0.01 ml. ¢ /+ 10,000

Total 11,100
Average of 3 test tubes 3,700

For this sample of water (Initial Test) tl:€ MPN 1% 3,700 bacterla/
100 ml. of the sample water; remember, these may not be fecal coli-

form and therefore may not 1ndlcate the presence of pethogenic
f£ecal coliform.

3. Po not discard the data that has been recorded as
it will be needed in analyzing tbe results from
the Conf1rmat10n Tes t»
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North Carolina Water Quality Standards
For Surface Water - Coliform Content

a CLASSIFICATION OF SURFACE WATERS

Class A-1 Waters

usage: source of water suppliy for drinking, culinary,
or food processing purposes
coliform content: organisms of the coliform group not
to exceed 50/100 mi. MPN as a monthly
average
fecal coliform: none

Class A-11 Watiers

usage: source of water supply for drinking, culinary,
or food processing purposts with proper treat-
ment
coliform content: not %o exceed 5.000/300 ml., MPN as
a monihly averages not to exceed
20,000/100 m. MFN in more than 5%
of such samples
fecal coliform: not to exceed a 1og mean of 100/100 ml.
MPN based on ai reast 5 samples dur-
ing a 30 day period nor exceed
. 20,000/100 mi, MPN in more than 20%
of ithe sampies in ihat period (not
applicable during or immediately
following rainfail)

Class B Waters

usage: bathing, water sporis, fishing, etc.g not to
be used for drinking wate: supply or for food
processing purposes
fecal coliform: not to exceed log mean of 200/100 ml.
' MPN based on 5 samples in a 30 day
period; nor to exceed 400/100 ml.
MPN in more than 20% of the samples
in ithat pericd (nu: applicable during
or immediately following rainfall);
appticable ouly during the months of
May through Sepiember, during other
) 3‘ months Class C water standards shall
apply

”
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Class C Waters

usage: fishing, boating, working, but not for bathing

fecal coliform:

Class D Waters

not to exceed 1,000/100 ml. MPN hased
on at least 5 samples in a 30 day
periody now exceed 2,000/100 ml., MPN
in more than 20% of the samples during
that period (not applicable during or
immediately following rainfall)

usage: agricultural, industrial, navigation, not for
fishing, bathing, etc.

fecal coliform:

not to exceed a log mean of 100/100 mli.
MPN based on at least 5 samples in a

30 day period, nor 200/100 ml. MPN in
more than 20% of the samples during
that period '

FROM: Rules, Regulations, Classifications and Water Quaiity

Standards Applicable to the Surface Water of North

Carolina, adopted by the Board of Water and Air
Resources, Raleigh, North Carolina, 1970.
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SUPPLEMENT #25
The Bacteriological Analysis of Water

: g Student Worksheet and Key

)
! £

Directions: Answer the following questions as completely
as possible. Use the scientific¢ bibliography
and any notes you may have taken,

Questions:

1. Why are we performice bacterial tests on the water
samples?

answer: to determine if human sewage is present in our
water and consequently disease-causing bacteria

2, What are bacteria?

answer: tiny plants made up of a single cell and
visible only under a microscope

3, Why does water contain bacteria?

answer: bacteria are very important because they feed
on organic wastes breaking tiiem down into
simple chemical nuirients which can be used
again

‘o L4

4,. What are pathogenic bacteria?
mswer: bacteria that cause dlseases

5. What problems may arise from pathogenic hacteri~ being
present in our drinking water supplies?

answer: anyone drinking water with these bacteria
present masy become infected and such diseases
as typhoid fever, cholera, and dysentery may
result

! .. Why can't scientists test water samples for pathogenic
-bacteria? )

answer: these bacteria are hard 1o detreci because they

) N ) + - do not grow weil ouiside the human body; besides,
ax ‘ . it would be impossible 10 test all sewage for
bacteria
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Supplement #25 (Cont.)

7. What do scientists test water samples for in terms of
" bacteria?

answer:. the water is tested for the presence of non-
: pathogenic bacteria which are normally present }
in the human intestines ("coliform bacteria")
8. What special substance does coliform bacteria feed on?

answer: lactose

9., What two tests must be performed to find out if "coli-
form bacteria" are present in a water sample?

answer: The Initial Test (to check for gas production);
The Confirmation Test (to determine if the
bacteria are fecal coliform) :

10. What does it mean if coliform bacteria are present?
answer: if coliform bacteria {non-pathogenic) are

present, there may also be pathogenic bacteria
present

~—’
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INTRODUCTION TO UNIT 1V

A8 previously indicated, your emphasis for this ourse
may be on unit III or IV, unless you extcnd the course be-
yord the 12-week schedule, We have taught ihe couras (in
12 weeks) emphasizing either unit IIl or IV and achieved
positive student results either way. If unit IV 18 ‘97 be
emphasized it is important to understmd:

1. The decision to tackle a local probiem wilt prob-
ably result in an overwhelming degree of student involvement
and (often naive) excitement. The studcnts will probably
decide on many activiiies they want to do (like conducting
surveys, raising money, preparing and distr:huting leaflets)
and your schedule will need to be very flexible. Therefore,
consider the ideas offered in this unit as a guide, using
only what you think is applicable to your situation, and
in any sequence that seems appropriate.

2. 1f you are a science teacher; you probably do not

. know very much about local politics, economics, and sociology.

But every town contains many individuals who would be willing
to come to your class to answer questions and offer ideas.
Some examples are: mayor, city manager, member of the city
council, county commissioner, planning bhoard member, member
of the chamber of commerce, city director of public works,
city planner, members of civic organizations, water plant
operator, personnel from local industries, attorneys, and
partricularly those individuals employed by state and federal
governments. )

3. Admit from the start that the probiem may noi be
solved by the end of the course. The single most important
reason for trying to solve the problem is tv teach them the
skills. Once they have learned the techniques for solving
environmental problems, they will have the rest of their
lives to be an environnental activist. Comments like this
will help reduce the fiustration that develops when their
plans become blocked by the usual obstacles: wmoney and people.

4, Do not divide the class into committees, each
tackling a different aspect of the problem unless you're
sure the students can make decisions without a lot of super-
vision. You can't possibly divide your time among several
committees effectively. Brain-storming groups may wcrk and
then meet as a whole class to present ideas Groups can
also be used to work on predetermined projects (mwaking a
booth, writing a leaflet, drawing a poster). A good rule is
to use groups only when you feel the groups can functvion
effectively with a mtnimum oi' your personal attention.
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5. Try to get out of the classroom and to the physical
location of the problem(s) as much as possible. Class time
can be spent at the city administrative offices, at the water
plant, at the source of the problem, at the shopplng center
where the target population can be addressed in person. A
suggestion is to obtain your chauffeur's license and arrange
for a school bus to be parked at your school for rapid transit
during a single class period. This may seem extireme, but we
have done this (admittedly with some initial wisgiviungs!)
successfully.

6. If you are teaching several classes, 1t may be
“eéasier_for you to let them all work on the same problem. And
don‘t overwork yourself., Let the students type their own
stencils, provide much “of their own materials (e.g. paints,
paint brushes), and even contact many of the resource people
(but be certain the students are coached on what to say).

7 Don't feel pushed t{o do everything. Try to main-
tain a "relaxed excitement", in the classroom. You may not
(probably won't) solve the problem: - remind the students
that they're being trained as activists. Encourage them
when they become disillusioned but don't become a starry-
eyed FPollyanna: Don't deceive them into thinking there is
an "enemy" who is all! bad and they all good. Try to instill
a realistic attitude without being a‘ defeatist. Help then
to understand both sides.

8. When you anticipate the end of the course drawing
near, leave time for reflection and evaluation. Review what
you've acco-pllshed and discuss your effectiveness, possible
improvements in tactics (for the next time!) and what each’
individual has learned.

9. VWe have discovered a closeness, an empathy, with
not only our students, but with the nature of the environmental
situation by using the approach described above. The
suggestions are the result of much trial and wore error and
we recommend them with con{’dence!

‘ Good Ruck:
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UNIT 1V SCHEDULE

TO THE TEACHER

This unit is least specific as to format because it is
a very flexible unit and the emphasis placed on it is pre-
determined by Unit III. Consequsently, this unit is given
in three parts with suggesied activities for cach part.
No exact schedule is given but a minumum of 10 periods
to a maximum of 30 periods could be spent on the unit.

-8

Part A - Local Study - Sociological 6 ~ 10 periods
Part B Local Siudy - Economical 5 -~ 8 periods
Part C Local Study - Pplitical 7 - 12 periods

Depending upon the class and the kind of prgject
adopted; Parta A, B, and C may noit be ccvered as separate
units, but interwoven as the project plans and activities
develop naturally- .

Perhaps the most vital responsibility the teacher has .
is’ to remain optimistic and positive about the effective-~
ness of environmental action; without being unrealistic. .
Stddents must learn that environmental aciions succeédds

slowly and only after a lot of commiited participation on
their part; but that it can suceceed.’ The siudents will
often be fruétrated'by economic problems and narrow-minded
officials and your most important function will be to
temper patience (theirs) and praciicality with hope-dnd
enthusiasm. ' .ot
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UNIT IV PLAN
UNIT TV TITLE: A LOCAL STUDY OF WATER QUALITY
TIME: 10 to 30 periods
PURFOSE OR OBJECTIVE .

For students to initiate the formation of a plan for
solving a local water quality problem. o
For students to learn that solving environwental
problems involvps an understanding of and rational study
and resolution of not only the scientific facts, but also
the economic, political, and sociological factors that

impinge on the problem.

For students to learn that solving environmental
problems requires intensive and careful planning ana
wholehearted commitment.

~

ABSTRACT

Based upon the advice of authorities and the results
of the students' water studies and irnformation gained from
local authorities a plan for solving a local water problem
is initiated to attempt to solve a target problem.
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SUPFLEMENTS
Parr A
.- 20, Do Something
27. Let Your Fingers Do the Warking
28, A Sample Survey QUesSTionnalre
29, Tne Library
30. Roie Playing
31, Bibiiograpghy . S2riotagical
Furyi B
32, The Economics of Water Quality Control
353, Bibliograpby - Economic
Fart C
34, Bibliography - Political
35, Student Worksheet - Poiitical

36, The Power Structure
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Part A Plans

Local Study - Sociological

TIME: 6 - 10 periods P
ABSTRACT

Based upon student-devised polls, the local populace
is evaluated in terms of interest groups and awareness of

local water pollution problems as well as willingness to
help solve these problems. The students' project proposal
is refined to appeal to (or at least not alienate) as many
interest groups as possible, especially the most powerful

groups,
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Activity Plans (Part A)
A Survey of the Local Populace
TIME: 6 -~ 10 periods
SUGGESTED ACTIVITIES

Activity #1 - Preparing A Survey

A. Students should be made aware of the need for appealing
8 to the local populace for supportr of their proposal. X

The concept of interest groups and c¢ity leaders should
be discussed and students led to realize that their pro-
posal will be most likely accepted if it appeals to the
greatest number of {or the most powerfal), interest

_groups, However, principle.and reality need not be

" sacrificed.- just to make the proposal attractive to an
influential interest group or make the proposal non-
controversial,

B. Having been made aware of the need for appealing to
local groups for support of their proposal students
should first attempt to locate any reference people
they might need. The students can accomplish this by
being taught "hew to use a phone book to find the
necessary reference people (refer to supplement #27,
Let Your Fingers Do the Walking). Request the students
to bring in a phone book as this will make it easier
to complete the exercise., Also you may be able to
boriow some phone books from your local phone company.
During ciass discuss simple mechanics. Assign what
is not completed as homework. _

C. To channel students into the next phase (the planning
and implementing of the project) perhaps a professional
planner or city manager couid be consulted to hear
the proposed project and suggest the appropriate chrono-
logical steps in implemeunting the pians, It is pro-
bably best to let the students contact ihese resource
people, but make sure the sindents know how to ask
and what to ask!

D. When the stiudents have decided on the appropriate steps,
they can begin to solve the targer piroblem. A suggest-
ed resource person at this time might be an engineer
who could listen to their plans, add to, or modify
these and offer technical advice,

) g‘ﬁ,f
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E. Probabhly the next step for the studears wouid be o sam-
ple public opinion to find the interest groups [Those
affected by the project, those which wuould bhenefit from
the project, environmenval action groups, and influen-
tial (or powerful) interest group_é. The mechanism for
determining what the interest groups are is <through the
use of a poll. The students should formulate a ques- }
t1onnaire that is easy io score and evaluaie (stick to
yes or no; agree or disagree). Working as a unit have
the students 1ist on the board whart they want to find
out from the local popuiace, Condense their guestiions
to simple terms. Distribute a copy of the quesiionnailre
to each student. Assign each student a certain number
of homes and businesses to visit in his neighborhood,

On a local map keep a record of the areas poiled so as
10 prevent repetition (refer to supplement #28&, A
Sample Survey Questionnaire). If the results from ths
gquestionnaire do not come in quickly, a visit to the
library.(school and public could be useful). Refer to
supp lement #29.

Administering the Survey

The students should be given from one to three nights to
collect data from their neighborhoods. Coach them in
asking the questicns and introducing thewselves, Re-
view with the students how to fill in their chart. En-
courage them to collect their data as quickly as possi-
ble. During this period, class time may be spent
visiting the library as mentioned in E above.

Evaluat{ng_the Sur vey

On the board place the following charts:

B EX
QUESTION NO, MALE FEMALE TOTALS

1

2

A3}

~3 IOy
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AGE GROUP TAGE GROUP !
QUESTION NO, 1 2 3 4 5

1

2

o

Jit

b
17
!

UOCCUPATION S
QUESTION NO, 1 2 5 04 5 o 7 8

fo

1 1

2 -

\JT

6

7 i .

These charts can be given to the students. Instruct the
students to record their data in the appropriate chart.

[t might be easier if one chart is done at a time with the
students working as a group (walk around and help the stu-
dents). Collect the data at the end of the period. The
following day prior to class, 1otal the students' data dand
place on the charts on the hoard. 1In class go over the
data one question at a time. At this time, also have the
students list on the board all the interest groups they
have in their survey (housewives, merchants, industrialists,
etc.). Add any interests they didn't poll but know exist.

* refer to supplement #23

**NOTE: the charts above are suggested examples. Do not
tabulate results by sex (or age, or occupation) unless
you are interested in these. You may want to compare
neighhorhoods instead,
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SUGGESTED ACTIVITIES (Cont.)
Activity #2 - Interest Groups

Students role-play to anticipate the reaction of the various
interest groups to their proposal., Divide students into groups
of four each (try to get variety within each grcup as to sex, i
interests, etc.). Interest groups (one or more) are assigned
to each group until all interest groups are covered. Have one
group (or student) voice the class proposal as it has been
planned. including all details decided upon at this time,

Give the groups several minutes to agree on a response
(supportive, argumentative, negative, critical). A spokes-

man from each group can then present their response (keep

a record on the board summarizing their stand). Rotate from
oregr i 0 the next, until all interest groups respond. Do

this quickly! Don't get "bogged" down and waste time' The
proposal -~ presenter group should debate interest groups to

try to bring them aroumd to their viewpoint. Debate 1S not
synonymous with argue! (Refer to supplement #30 for oddi-
tional information about the role-playing).

Activity #3 - Evaluating and Organizing

Having roie-played, the students should have some knowledge of
which i1nterest group (those present in their city) would be
sympathetic or not sympathetic to their proposed project.
During a class period have the students organize ihe interest
groups according to those sympathetic and non-sympathetic

and give reasons for their grouping. Review the reasons

given for grouping the various interest groups and modify

or amend the project proposal to satisfy those groups the
class agrees would be beneficial as supporters. Table i1his
information to be used later,
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STENCIL
SUPPLEMENT # 2 Y 2
T4 r\o'\' o > o cares 7/
Pr &/ It costs Tos muth
The PS&C_\'\Olog y/}‘ ot h\‘\’]ROVME\’PAL QUALJTY CONTROL

He\ N e’ all ﬁOf\ech‘a 44
DON' T JUSI‘aa Mplai py ABOUT VATER FOLLUTION. . .

D% %mETHf(/M@ VA

Well, you wonldn't be in 1his class if you weren' kon(elned.
So what? What's the fpood of being concerned? Any ne c»
complain, ., .but not many people are willing to

WORK

0.K, eveu, if you're still reading, I know you're mor<¢ than
just a complainer. So let's get down to the frustraring,
difficult, expensive, and rewarding task of real environ-
mental quality control! Let's become an "environmental
activist".,

LET'S DO SOMETHING !

This paper will deal with the first problem you'il confrout:
people; and what yocu'll need 1o know to deast with geople.
psychology,
We'll call this phase of our project: sociology (since
we'll he dealing withh people).

FIRST: You must decide what 'ills' you wont 1, cure. S0
write in below your
1. Individual project:

2. Class project:

SECOND: +take the time to dv the job righ-. IN OTHER WORDS,
PLAN' Write your pian (for your individual project
oniy), that is what are you doing (stepwise plan):

List reasons why you are doing this project:
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Supplement #26 (Cont.)

THIRD: Now read over your reasons and ask yourself this
question: would my reasons really convince anyone
my project is worthwhile? If your answer is 'no’
think again about the reasons why you are doing the
project and come up with some really convincing 1
reasons. Now rewrite your reasons if you have to
because, . .if you can't think of any good reasons -
why do it?

* NOW FOR THE PSYCHOLOGY

L}

Snvironmentalists have a really rough job for a very good
reason: People are selfish, lazy, money-conscious, and
afraid to face unpleasant responsibilities.

You yourself have already faced your first responsibility
(unpleasant for some ) as an environmental activist. You
studied the facts about water pollution. That was easy
because vou only had to work with 2 people: yourself and
vour instructor.

And now your second responsibility is to select a problem
and seek to eliminate it. To do this you should first find
out how aware the community is of this problem and bow far
they'll go to help solve it. You can't talk to everyone,

soc you'll have to "sample" the population. That is question
a large number  and assume those you question are typical

of most people in your community.

Sociology

AFTER you find out how wmuch people know and how much they'll
heip, you're ready to plan your stratvegy:

' BE(}:XUSE \
{f the folks tf””;f they don't know It they don't

don't know what causes the think the problem
there is any prohlem, how can hurts them,
problem, how they help? THEY WON'T HELP.

can they help?

STRATEGY
PUBLICIZE THE EDUCATE THEM - radio APPROACH the public
PROBLEM - radio, door-to-door, news- like you do your
news, posters, paper, posters, evc, parents when you

etc. want their consent'!
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Supplement #26 {(Cont. )

Talk about your project to people 1n tne most cecxain way
to win their support. Tell them how your projrct wilt nelp
or henefit THEM. That's all most people reaily care about,
So if you really want their approval, you'll have to con-
vince them that you in turn, are heilping THEM.

BY THE WAY

When you interview townspeople,; keep 1n mind these pointers!
I, Be polite.

2. Ilntroduce yourself,

3. Ask them 1f they have the time to answer your guestions,
4. Explain why you need their answer,

5. Don't act superior. _

6,. Thank them for their time and answers.

/

@ .Srvule.)

. e oL |
/ﬂ\ﬁV\\? (d:fcss mcah‘)

LF/PEOPLE/LIKE/YOU,/ THEY WILL WANT 10 HELF YOU.

-

m

People don't l1ike ) Feopie do 1like Lo

to be forced, or feel imporvanc. To
talked down to @ feel what they have
or made to appea to say is imgor tant
dumb. . i\ and 1o see ibat you're

serious and SINCERE!

After you complete your survey or opinion poll, you shoutd
study your results very carefully. For exampie do vou

need to change your plans for your project or your reasons
for your project to make 1t more appealing? Have you

found out who in the community will be heitpful? If so,
make a l1ist of these people and include them 1n your ypians.

.
g

oA
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Supplement #26 (Cont.)

For example, your personal project may need help.
So list below the people or kind of people who
can help you:

Is your list short? Do you need some help? If you
do, thiak ahout how you can make your project seem important
Lo more people. . .@ven if it means giving up a part of
the project that many people are very much against, or
changiug the project a little to make it more appealing.
BUT DON'T GIVE UP MORE THAN YOU REALLY WANT TO--DON'T
CHANGE MORE THAN YOU REALLY WANT TO JUST TO MAKE MORE
PEOPLE HAPPY, 1IT'S YOUR PROJECT-EVEN IF IT MEANS' MORE
WORK OR MORE AGGRAVATION, DO IT THE WAY YOU WANT TO.

When you know the people in town, how fhey feel, what
they know, now they'll help, how they think THEN PUBLICIZE

AS MUCH AS POSSIBLE. Hit the people constantly with how
important your project is to THEM. And let them know how

they can b-!p!

TCO SUMMARIZE

Find out who will be affected by your project and whose
help you need.

Talk to those people (make a survey) to find out how much
they know ahout the problem and if they would help.

Try to win their support by nicely and politely publi-
cizing your projecte.

Be optimistic--don't just make people concerned--tell them
what they can do to help.

Show the people how the project affects THEM personally.

To win people over, compromise--give a little,

smile a lot and

let people know you're sincere,
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Supplement #20 (Cont.)

Make peorle believe you are concerned about them (niut jus.
< the fi1sh and the birds).

Be informed. [If you sct and talk 1n ignorance, people won't
trust or believe in you. The'refore, they won ! wanur ro
help you,

Finally,
{I'1l share a secret with you)
Sshh. . .

(Seek

Power’/

Find the important people in the community that can help

with tbe project AND WIN THEM OVER. Remember: tihese
poverful, influential people are usually very well informed.
Be sure you KNOW what you're talking about before you contast
them. Don't make a fool of yourself!

List here those people in the communiity who have either
official or social power and could give you advice or
other help for your individual project:

AND DON'T FORGET TO GET ‘THE HELP OF CIV1IC GROUPS AND CLUSS.
Make a list of civic groups and clubs 1in your town you
could contact. For more information, contaci the Chamber

2 of Commerce,

If you follow these pointers you will be do:ng tbe very bhest
service you could do for the "Environmental Cause", You know,
many people hate environmentalists because of the way many
environmentalists act. So lei's cuinge that image. ..\XOW!
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SUPPLEMENT #27

(sociology)(ye

LET YOUR FINGERS

O
o THE W‘ﬁu:(leG’

If you want tc clean up the envirorment -
and KEEP it clean

You're going to need a lot of help! _1:1

There are officials 2cpresenting local, state, and U. S.
government that are available to help, but you have to know
how to IIND them. And there are many unofficial, but im-
portant people who can help---IF you know where to find
them. : -

And since organizalions and officials change over the years,
what you need to learn is NOT names, but HOW TO FIND 'RE
HELP YOU NEED WHENEVER YOU NEED IT.

THEREFORE:

find out who you'd contact TODAY concerning the

following issues, and record how you found these
individuals. This can serve as a guide for the

rest of your life!

TSSUE — CONTACT | EXPLAIN HOW YOU FOUND
THE CONTACT

1. Who protects water-
ways from litter?

-
-

Who can tell you the
LOCAL laws that pro-
tect our waterways?

| i

Getling frustrated? Here's a hint: look under these main
headings - the name of the city, of the county, of the state,
and under U, S. Read the names of the offices listed and

L

"see if any “sound" right. To be sure, we can assign each

issue to a different student and let hiw call when he gets
bome and ask the agency if they are the right one. Feel
better?! Now try'to figure out no. 3 - 12.
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ISSUE CONTACT EXPLAIN HOW YOU |
FOUND THE CONTACT

3. Who can tell .you the
STATE laws that protect
our waterways?

.

: 4. Who can teéll you the !
FEDERAL liaws that pro- ‘
tect our waierwayvs?

5. Who sées that local i
grpund water is not
polluted?

6. Who sees that local
.tivers and creeks
(surface waters)
are not being

~polluted?

R N

7. Who tests water to
see if :it's poliuted?

JUR K

8. Who ENFORCES the . !
legal water quality 1 |
standards (thati is,
who makes sure waters
are not being polluted
and makes the arrests)?

9, Who checks septic tanks ) !
to see if they are e
working properly?

10, Who could.you talk to
about gcity garbage,
waoter and sewage treat-
ment?

;* 11, Who would you report
a fisb kill to?

\ 12, Who would you contact tg¢
N get publicity and help
on a pcllution problem?

o | 159
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SUPPLEMENT #28

A Sample Survey Questionnaire

Introduction

v

Heli:o, 1 am in Mrs. Environmental
Science Class. We're taking a survey concerning (class project:
vX.: the use of septic tanks . Would vou have the time to answer
a few qusstions? Has anyine interviewed you before about (ex.:

septic tanks )? )
Person ' Sex f Age Group . b - ¥Industry yol
interviewe: , MAF 115-20 21-29 30-39 140-359 60-up ! Gecupation) work for

1] 1 ¥ |3

»

i

(N}

¢

Wi
- e o --q--b- adind
o o2 ww of oo w o ® -
RN (N |G N
- —Jr--—-‘-—h-- ]

p)

*attached sheet

7
Specific Questions:

Ferson Interviewed Question: Do you have a septic tank?
Yes No
1 -
2
I )
5 c
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Supplement #28 (Cont.)

Question: Would you rather have a city sewerline?

t

-1 B S

Yes No

Question: If they don't want a city sewerline, ask why they don't.

too costly septic tanks better too much trouble | no good reason for
changing
1l
2
3
4
5 _ i
*Occupation
. (1) professional and technicians ¢
ex.: engineers, doctors, lawyers, city planmners,
teachers, medical and dental technicians
(2) executives
€X.: pwners, managers of businesses and other enterprises;
proprietors of wholesale and retail establishments
(3) clericals .
ex.: office workers (bookkeepers, cashiers, secretaries,
stenographers, typists, filing clerks, corporate manager)
(2) sales .
ex.: <clerks in stores and other selling jobs such as
insurance agents
(5} craftsmen (jobs that require z:kills that can only be learned

over a period of years)
ex.: carpenters, plumbers, electricians, T.V. repairmen;
also all wdrk supervisors (foreman)
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Supplement #28 (Cont.)

— (6)

(7)

(8)
— ‘ (9)

operators (people whose job requires little or no
training and the use of simple tools)
ex.: ditech diggers, men who lay railroad ties

service workers (people who perform services for others)
ex.: gas station attendants, maids, cooks, barbers,
waiters, hotel workers, cleaners

housewife

unemployed

“Industries

or] (1)

(2)

(3)

(4)
(5)

(6)

(7)

communications
ex.: telephone, telegraph, radio, T.V. broadcasting

manufacturing - producing

ex.: furniture, machinery, electrical supplies, food
dnd tobacco products, clothing, tsansportation
equipment, books

service
ex:: hotels, lawmdries, motlion pictures, medical
seevices, hospitals, schools, advertising,

cons truction

trade
ex.: wholesale and retail; selling food, furniture,
clothes, and “ncluding restaurants

finance
ex.: 1insurance, real estate, banking

transportation
ex.: includes utilities (gas, electric, sanitary
service), railroad freight
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STENCIL
SUFPPLEMENT #29
The Library

The Library can help you solve environmenial prabiems
(if you know how to use 1t!) HOW can the library help?

Let's take general questions you would ask 1f you were
concérned about solving local environmental p:oblems

Ty 10 l1st books available in the library that can answer
these questions for you.

QUESTIONS FERENCES 1N THE L IBRARY

1. Does an environmental problem
exist in our area? What kind
of plans does the city have
for expansion and industrial
growth? What factories are
in our town?

2, What are the laws that protect
our environment? Who enforces
the laws?

3. How much does the city spend
for environmental protection
and improvement? What 1S the
city budget? Can the, ciiy
afford to pay the cost of en- .
vironmental protection? Does
the city, state, and federal
government have money to
spend on environmental pro-
Tection and i1mprovemeat?

4, How would I go about solving
an environmental probiem?
What government officials
would I need to talk to?

Nther Questions)
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SUPPLEMENT #30
Role -~ Playing
Instructions

Before class prepare cards with the following environ-
mental issues on them:

Froposal #1 - treat storm water at the city sewage
treatment plant to remove pollutants
plan: wuse large helding ponds to receive
the storm water; skim off oils, let solids-
settle, run through a digester and trick-
ling filver

interest groups - environmentalists, city coun011,‘
recreation seekers (fishermen, bunt-
ers, swimmers), personnel of city
sewage treatment plant, taxpaying
citizens, -engineering firm (performs
surveys, cost estimates, makes blue-
prints, lays pipes, builds treatment
facilities), Department of Natural and
Economic Resources, Water Pollution
Control Division, State Department
of Public Health

Proposal #2 - eliminate .the use of septic tanks
plan I: annex subdivisions into the city
plan II: form sanitary district or water
and sewer authority R

interest groups ~ environmentalists, property owners in
subdivisions; sellers, installers,
repairers, cleaners of septic tanks;
city council; Depariment of Natural
and Economic Resources, State Depart-
ment of Pubiic Health

Proposal #3 - upgrade the water guality of a creek for
L the purpose of gerting its cla551flcat10n
© changed from "D" to *“B"

plan: eliminate the foilowing sources of

pollution: ciity run-off, farm erosion

and run-off, construction site erosion,

boat pollution, animal wastes from pets

and farm animals
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Supplement #30 (Cont.)

interest groups - envirsnmentalists., farmers, properiy
aswners alvng the creek. Departmen of
Natural and Economic Rescurces, private
construc:ion and bulldozing compan:es,
marina owners. and bvat owaers, pro-
& per Ty owners in ¢city, pet owners

Ruies

One group of students pick o pruposal {sight unseen).
This group becomes the Depatrtment of Narmrat and Budnomic
Resources. This group reads the proposai (v the Class. [Then
they stack the interest group carvds fur the proposai and let -
each of the remaining groups draw from the sta.k unci1l ail
the cards are gone. While ihe Drpartmen: of Narurai and
Economic Resources write their compiete plan ter itbe proposal
and prepare their arguments, ail ihe groups prepate thetr
arguments (reasons) in writing eirther for or agains: toe pro-
posal. Allow approximateiy five minutes '0r ihis process.

The Department of Naturatl and Ecsnomic Resources then
calls a public hearing at which the propesal and plen is
read. Each interest group gevs 10 read the r ogrzuments and
discuss these in the meeting, The class vores an 1the pro-
posal after all presentaticuns and discussions. Each situdent
votes ns a member of his pariicitlar interesy group. Each
member gets one vote., The Dopartment of Natw ai and Eo snomic
Resources counts the votves and reads The decision.

The presentsrion and discussion of each proposal takes
approximately 35 minutes., Trte teacher can score the students
hased on how valid zheir argumenis are.

p
v/

Q R

ERIC - / \ _

Aruitos Poviisa oy ic N
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SUPPLEMENT #31
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Part B Plans
Local Study - Ecunomical
TisB: 5 - 8 periods
ABSTRACT

The students will learn how to investigate the flnan~
“Lal !esources avallab]e within a city for funding a com-
munity project. "Having investigated these financial ave-
nues, the students will write a budget for their project

‘finding as many potential financial backers as possible,
and if necessary adjust the initial budget to a feasible
cost, .
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Activity Plans (Part B)
Freparing a Budget
- TIME: 5 - 8 periods
SUGGESTED ACTIVITIES

Activity #1 - Recognition of Financial Backers for the Project
"Work with the students to divide the proposal
into items that must be paid for. Fur example, .
improved sewage treatment facilities would
include layving more sewage lines, coustructing
a new building, hiring personne! to run the
plant,. conuecting residents 1o the new |ines,
and vthers, Also have the students decide
who could help them prepare itheir badget

If possible, invite an authority to class to
be sure all necessary items are accounted

for (for example a sanitary engineer would be
an eéxcellent resource authority), If the
auihority can't help estimate costis, point
out to students that this situation is
typilcal because of the many variables involved
in this problem. Provide each student with

a copy of the proposed budget.

Activity #2 - Researching Available Funds for Financing
the Project
Obtain a copy of the city budger. Have the
students study this to determine how much money
1s avalilable that could be used for the pro-
Ject. Question a city father (councilman,
mayor, etc.) to investigate all possible
avenues for supplemeniing the hudgeted
amount: bonds, taxes, etc. Also cbtain
information fron the local health department,
.Environmental Protection Agency, and Depart-
ment of Natural and Economic Resources
(offices should be nearby) on what state and
federal money is available and how to apply
for it., Request the students to prepare an
organized list of all available money.

Activity #3 - Revising the Budget -

. The students should revise their hudgei so
that it dvesn’'t total any more than there 1s
pocential funding for it. Try to get the

students to be realistic relating to possible
] levying of taxes.
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SLFUtiwl\
i

1
The Ed¢onomicd ur ¥.. e: * 11y Conrrol

)
SO YOU'VE NOTICED WE f\ b HUGEY OwRyeaCiE TO SOLVING OUR
ENVIRONMENTAL PROBL1: z ; t
i A ’
And 1t°s a tough “o e . 'y §ven have to tell
ysu what 1t 18 } L

Yci. now have fhe scaern! i v« b w, :
You underftand tte  psiva st . (i f\u;?g » world full of
. selfigh, iazy pvﬂti*
You kngw how 1o t o .. pi¢ by can h2rp you make
goodjfplans foi 5 J.:.. «<i .. 2aumeni i problems;

BUT
YOU DYN'T HAVE 14F vuxny
f:uh’ 'wit - ant't solve environ-
a3 fai probiems WITHOUT IT!)

DON'T DESPAIR! 1tM™gos {8 = Leai, : tii'nk I can help you

win at least some puzuTﬁ~m-‘ 2 drgae-.excuse me!--dis-
cuss--environmental p.snp‘nﬂxgx'i the m-vy-conscious pub-

Yic and politicians, .
LET'S GO BACK to the psyinaioes i ‘s, atter all, what
it's all about, You won't wrn s environmental im-
provement on sound logic as voufw: n un appealing to
INNER EMOTIONS and using{ ~h. "R36{I} “PPROACH", What's the
right approach?

1T's 4” Shiei

First, when you are t:vine :- c¢duv+.nce scmepne we should
spend the money on a prdge.  whii- will saprdqve environmental

quality, don't be "pushyy'. b oa
l. Ask enough questiiong v e sut hoaw the
really feels (he muy agr- ¢ w: h youl

———

other person
t will make him

feel 1mportant--he' i i . ou far ihatl

2. Don't arg yet.  Didnt oo qom knsw ygfur real thoughts -
yet, ' ;

3. Accept his eas widhon it x,qr arefr o1 dislike.,

Build his confWwqence¢., K i+ i.Ke o#Hu mere and that's
important. He't X ¥ L Qes"ff Liu,

4, NOW - very quiriiy Jnu“?%W~v_L» hegin to suggest your
own ideas, It they.t: a2 :: } Wwithh w1z, never call him
stupid or 1n any wqdj “wmp.ov "% gt ke Y3 o811 wrong.

5. Always nod and smiit 4 h, %;mm\u", tut mere and more *

offer your own ideus oni ro” ¢ -1 h.m 1o see your side.
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Supplement #32 {Conv.) e
AND WHAT IS YOUR S1DE? .
'ﬁﬁere are plenty of vhings you can tetl him. ¥Wire 21e¢ some <

examples:

- 1. The benefits of a (lean e o canano! he measur vd
in doltars and cents,
* A. How muech is yvour ge- Worth 1o ~on?  Pollu
tion causes siCknes even deathe Prsticrdes
and other poisons get sm onr ftood and water . air
pollution geis in our lung ", germs <ot in our walel :
wrom run-oif and sewage.
B. How much is the sight ot ¢ wifual ricer or turest
worth? Or the pleasures  ng able to t nd a
river clean enough to swiw (ish in? Poil:arants
kill witdlife; land abuse destroys foresrs and
wateirways,
C. How can we morally spoil an environmen: we must
leave for generations yet to come? We need (v
leave them a world uncontaminated.
2, Pollution damages health, plants, and property.
A. Air pollution alone costs the U. S, ($16,000,.000 000!)
16 Billion Dollars EACH YFAR in damace to human
healih, plants, and propertiy values. (reference -
The President's Council on Environmeatal Quality)
B. Air and water pollution together cost the nation
almost §$29,000,000,000) 29 Billion Dollars euach
year. reference - National Wildlite Pederation) i
MORE ARGUMENTS YOU CAN USE TO JUSTIFY SPENDING THE PAXPAYERS®
MONEY TO IMPROVE THE ENV1RONMENT:
5. The Wildlife Federation study says that if we begin
pay ihe cosv of clean-up NOW, by 1979, we would save
enough money to pay off our past costs of the clemi, ‘
up; . 9
AND BY 1980 WE WOULD ACTUALLY BE SAVING MONEY.
4, People who lose jobs (scientists and technicians) be
cause of facrory cut-backs and shutr-downs in an etfori
to reduce pollution can g€t Labor ZJepartment money for
job-hunting travel and moving costs,
5. A city doesn't have to raise taxes to ohtall money
‘ tor projects. Bonds could be solid,
;_ 6. wLven if taxes are raised to pay the cost ot cleanu-uy;

or to prevent future pollution this is still cheape
than waiting for the situation to get worse and cost
more. Prices go up more and more every year.
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The U. S. Government is beginning to help pay the costs

of environmental improvements. Here is a 1ist of depart-
ments and age.cies to write to for money. (For more
information, see local Economic Development Commission.)

Department of Agriculture:
Farmer's Home Administrations (FHA)
Soil Conservation Service (SCS)

Department of Conmmerce:

Economic Devel opment Administration
Department of Defense:

Department of the Army, Office of the Chief of Engineers
Department of Health, Education, and Welfare (HEW)
National Institute of Health
Oftice of Education
Department of Housing and Urban Develcepment (HUD)
Dep rtment of Interior:

Buresu of Outdoor Recreation

Bureau of Reclamation

National Park Service
Department of Justice:

Law Enforcement Assistance Administration
Department of Labor:

Manpower Administration
Department of Transportation:

Federal Highway ‘Administration

Urban Mass Transportation Administration
National Science Foundation
Office of Economic Opportunity’

Water Resource Council

Environmental Protection Agency:

Air Pollution Control Office

Solid Waste Management Office

Water Quality Office

AND THOSE ARE JUST THE FEDERAL SOURCES OF FINANCIAL ASSISTANCE!
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Part C Plans
Local Study - Political
T.ME: 7 - 12 periods
ABSTRACT

Based upun a variety of activities the students will

determine the local government's power structure and the

unofficial local power structure; become knowledgeablie of
local, staie, and national environmental protection
officers and their functions: become knowledgeable and
skilled in gaining support of local interest groups, and
hqy.to present a community improvement project to various
individuals and groups. ’

After the students have determined the best channels
for presenting their water quality study and project pro-
posal, they complete the course by officially presenting
the proposal as planned.

Evaluation of the proposal; based upon the responses
pf the listeners, and reworking'pf the proposail (if

needed and time) conclude this unit.
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UNIT IV: A LOCAL STUDY OF WATER QUALITY
Activity Plans (Part C)
Determining Local Power Structure '
TIME: 7 - 12 periods
SUGGESTED ACTIVITIES (refer to supplements #33, #34, #35, #36) y

Activity #1 - How and to Whom to Present the Proposal To
{approximate trime 2-4 periods)
To determine how and to whom to present the o
rroposal, divide the section into the follow-
ing four parts: (a) who officially controils
water quality; (b) who governs the city;
c). who influences city government unofficially;
d) who "owns" the city (financially). 1In
each part the students compose a power struc-
ture chart. The charts for e&ch section are
give: below.

Chart A. Water quality control - use a phome book and
references to list all official environmental
agencies; record the information in the chart;
circle those the proposal will need to be
prescnted to (either in writing or ormily)

Legislative, " Executive - Advisory
(lawmskers) (enforcers)

Chart B. Who governs - students decide what the offi-
"cial governmental bodaes ire (phone book
should help); the s:uidents should draw and
label their power structure; an example of a
power structure is given below (this repre-
sents a democratic structure),

.—_m

’ COUNCIL; - .

“MAYOR
CiTY DEFARTMENT )
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Chart C.

jnewspapers)
1

Who influences - students decide how local
politics really work including this time al)
the "unofficial" influences; if .i1me permits
review past, major city decisions via news-
papers to see who has previously been influen-
tial; students should be reminded that pressure
groups change depending upon who 1S most
affected by the proposal (refer back to
interest groups); the students should draw

and label another power structure; an

example of such is given below,

major
emplovees labor unionéw
, [

[council]

aa

[ma¥or]

builders \.____-_-—- : professionel
suppliers organisations

communitvy plannin department stor~

g1oup

owners

Chart D.

Activity #2 -

real estate

jcity department]

Who represents power in the city - ask students
who they think would be most likely to wield -
power or be a strong influence in city de-
cisions (that is, what kind of people influence
city decisions); probably the students wiil
decide that those who own the wmost property

or make the most money would be the most in-
fluential; refer to charts io determine what
group(s) "owy(#™the city and make a 1l:st..

Additiona” information and possible actiivitives
which might be useful at this point are siipple-
ments #33, #34, #35, and #36.,

Presentation of Students' Research Proposal
(approximately 3 periods) )

The students should decide what individuals and
organizations need to hear their propocsak,
Referring - to the charts a scheme for presenting \
the proposal should be outlined. This might
include writing news articles and perhaps

even inviting some people to class. Next the
students should individually ‘~r in small
groups) decide who they wish .o present the
proposal to. The presentations should be di-
vided in an effective but practical waye

177

oy




Activity #3 -

- FILMED FROM BEST AVAILABLE COPY

For example, those students who could go down-
town after school could vis.t the city depart-
ments and a student wno lives 1n a rural area
could write news articles or draw postess to
gain public support. Another possibility would
be for a group of students to prepare a simple
leaflet for distribution including such infor-
mation as (1) facts and figures that justify
the need for the project; %2) findings and
conclusions; (3) what the public could do to
help. Taping the presentations and responses
would be hel ptul, especially in the evaluation.

aluation
note: Since this is the last uuie, time
should be alotted for evaluation (by dis-
cussion) of ithe course and suggestions for
improvement.,

An evaluation of the effect of, and response
t> the students' presentations can be effected
by the students relating their experiences,
followed by a ciass discussion., If time per-
mits, the students may want to rework their
proposal based upon criticisws and overall
responses received during the presentations.
Whether or not the studvnts' proposal is
implemented may hinge on many controllable
and uncontrollable variables (it would be
good to discuss this in class). Also point
out and discuss the fact that many community
projects never are implemented (try to get
this across without destroving the students'
con“idence ov faith in citizen action),
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SUPPLEMENT #34
Bibtivography - Political

Archer, Setlers G,, 1968, RAIN, RIVERS AND RESERVOIRS,
Coward McCann. Inc., New York,

Avlesworch. Thomas G., 1903, OUR POLLUTED WORLD, American
Education Publication, Middletown; Connecticut, cho, 6
leglislation,

BACKH*ROUND INFURMATION ON WATER POLLUTION CONTROL, Mwmu-
facturing Chemists Association, Washiagton, D, C,

Bixhy, Wrttiam, 1971, A WORLD YOU CAV LIVE IN, Davia McKay
Co,, Tuc., New York, chp, 't Government Action - Good
and  Bad

Bregman,..) 1., and Sergei Lendormand, 19bb, POLLUTI1ON
PARADOX, Book, In~. Yew York and Washington, chp. 12
tizoverntmeut Control of Water; chyp. 14 Government Goals,

. Cailletr, Greg M., Paulette Setzer, and Milton Love, 1971,
EVERY MAN' = GUIDE TO ECOLOGICAL LJVING, The MacMillan
Company, New York, p- 52; pgs. 96-99.

CLEAN WATER IT°S UP TO YOU, Izaak Walton l.cague of America,
1970, Glenview, Illino1s.

Counc:il on tnviionmental Quality, ENVIRONMENTAL QUALITY -
1970, U s, Guvernment P»inting Office, Washington,
D, C. p- !5; pgs- 19-28 federal c(ontrvl; pgs. 43-59:
pes  5h-59,

Council uvn Environmentral Quality, ENVIRONMENTAL QUALITY -
19712 . S. Goverument Printing Office,; Washington,
D. €., pgs. 10-15; pgs. 94-95 ltegal action; p, 1553

p- 209 monitoring . '

Council) on Envaironmental Cualityv, THE FRESIDENT'S 1972
ENVIRONMENT AL PROGRAM, U, S. Governmen’ “rinting 0Nffice,
Washington. D, C,

Darling, I Fraser and John P, Milton, 1966, FUTURE
ENVIRONMENTS OF NORTH . MERICA, The Natural History
Press, tarden City, Naw York,

ENVIRONMENTAL. CRISTS: WHAT YOU CAN D0, Natioaal Education
Assocapativn, 1971, Washiungeo.; D. C. guide to political
activities




9
<

FILMED FROM BEST AVAILABLE COPY

Goldman, Marshall I., 1967, CONTROLLING POLLUT1ON,
Prentice-Hall, Inc., Englewood Cliffs, New Jersey.

Hartke, Vance, 1970, YCU AND Y( .2 SENATOR; Coward-McCann,
Inc., New York, difficult but informative reading.

Helfrich, Jr., Harold W., The Environmental Crisis, Yale
University Press, New Haven and London, p. 99 use of
courts; p. 143 wet land usage; p. 171 federal
government.

Hill, Gladwin, OUR TROUBLED WATERS: FIGHT AGAINST WATER
POLLUTION, Public Aftfairs Committee, New York, pgs.
]0"2"’ .

Johns, Will, 1965, ESTUARIES, Natioanal Wridlife Federation,
Washington, D. C. deals mainly with conservation.,

Leinwand, Gerald, 1969, AIR AND WATER POLLUTION, Washington
Square Press, New York, pgs. 34-46.

MacMullan, Ralph A,, 1968, THE CASE AGAINST HARD PESTICIDES,
National Wildlife r'ederation, Washington, D. C, pgs. 4-5.

North Carolina Department of Water and Air Resources,
LAWS OF NORTH CAROLINA RELATING TC WATER AND AIR
RESOURCES, The Michie Company, Charlottsville, Virginia.

Ottinger, Betty Ann, WHAT EVERY WOMAN SHOULD KNOW. . .
E. P. Press.

Van Dyke, Henry Thomas, 1972, OUR ENVIRONMENT. PATHWAYS TO
SOLUTION, Ginn and Co.,, Lexington, Massachusetts.

TAPES: ALL FROM: THE CENTER FOR CASSETTE STUDIES, INC.,
Hollywood, California.

THE SALT IN OUR BLOOD 321796
should government regulate whatis put intoc the seas

ECOLOGICAL POLIT1CS #22079
SUING FOR A CLEAN ENVIRONMENT #26303
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SUPPLEMENT #35

Sindent Worksheet - Political

Directiuns: Use the bibilographyv (politicat), the phone

9]

9.

becok, and any other available references in
answering the questions given.

Find out who 1s on tne loca' and state water pollution
control board {that 1s, who sets water quality standards
and who enferces the water quality laws%~

Find out about rhe "1499 Refuse Act". 1t's written up
in Our Troubled Warers: 1hue Fight Against Water
Fotlution by Gladwin Hi1ll . Respend to the fact that
"some piaces" are discharging directly into our rivers!'

Arrange to bhave someone from the Army Corps of Engi-

neers talk to the class about cheir function in wmain-
taining water quality, or research and report to the \
rlass your own findings, -

List all the local, state, and federal agencies in-
volved 1n water pollution control.

Who 1s the Mayor of our city? Does the Mayor ive

a responsibility coucerning the quality of our city's
drinking water? (You might wish tc have an individual
or group 1nterview with the Mayor.)

Who are the local politicians in our city? {(county -
comm1ssioner, State representative, congressman, eth)o

Give the responstbiiilty of ithese local politicians and

the role (hey play c(oncerning local water quality.

'
. List names and addresses of our distirict state vepre-

sentatives, Write each a letter asking for his stand
on mai-taining environmental qui:lity. Ask also for
his voting rccord on environmenial bills.

tind out when the city counc?l meets and who the mem-
ters are- Can we go?

Find cui when the county commissioners meet., Who are #
the (ounty commissioners? Can we g0 to a meeting?
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SUPPLEMENT #36
The Power Structure
To The Teacher

Each group of students make a chart 1like the one given
below. Each group brainstorms to make a list of environ-
meuntal agencies. Each group should write on the chart those
agancies named. After several minutes all groups should
sirsi ¢ their results and then repeat the process for the
governmental agencies (local, state, federal) they should
be aware of as environmental activists, Again slare the
results, Do this one more time, requesting each group to
+ist all interest groups and ciubs they should ve aware of
in terms of their own class project. Now request the groups
to write and draw arrows to groups indicating the steps’
they would take to solve their class project utilizing all
available legal channels as well as unofficial influences.

CHART
The Power Structure

Environmental Agencies

Governmental Agencies

Unufficial Influences (clubs and their interest groups)

18 2
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. A STENCIL
SUFPIEMENT #3 7

(e FOLITICS _f Enviionmental Quality Control

ACTIVIST means never having to say
yvou' e BORED!
("know whax I mean?") .
No, vou dou‘t . . . UNLESS you've
become an environmental activist
(thav's someone who doesn't sit ‘
around and wring his hands, crying

THE ' US ' “doom and gloom, we’'re all Adying ‘
IADM\N%TWFW'QH ._'_Jl_ cough, cough" vyun know the tvpe---)

This scboat course is aimost over and  —————————en from now

on you'i- o your swn,

So what are YOU goiag t3 do?!
Please dou’i 1et us down, Keep on huving those mountains.
Yett toudest, Push bardest. 1t's a baetfle: you against
"them® {and you hnow wha Y“them" are: those who don't care; 4
or won't carey or who cdre, but wou't b9),
Here 1ve some tinal suggestions for ihose uf you who have
the (ourage and convicetion vo do whai needs to be done:
protec s umd preserve our 1ragile natural environment.
HEED THIS: ‘You'ie going to have to work with the system.
1f ettt 'wanr 10 be heard, That is, fallow the right legal
chénnu}\ Fhia! we now have for solving o environmental
robfems. 1o bedlp vou understand what 1 mean, let's take
an enviionmental problem as an example and follow the pro-

per sicps, | La sotlving it

PROBLEM

Someocne 18 dumpling a sirange. colored waste into a
draynage dicen and you are obsersvani enough to notice it,

.

ﬁ d

e
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ERIC ‘
P o
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/V
Supplement #37 (Cont,)
SOLUTION
Which of the following would you do?

\

a. call the County Healtin Department
bh. «call the mayor |
c. call the State Department of Natural and Economic
- Resources "help line" 120-800-622-7308
d. call the City Director of Public Works i
e, Call the Chamber of Commerce to find out the unames of
local environmental groups and then contact them for

elp
t fo «ollect a sample of Lhe waste and take ii 1o the Health
N Nepartment and to the Board of Water and Air Resuvurces oy

(state government ageuncy)

cail or write the State office {(iu Rateigh) and the
trederal office (in Washington, D.C.) or the Environ-
mental Protection Agency (EPA)

h. call or write the Department of the Interior, Bureau
of Sport Fisheries and Wildlife (there is ‘'usually a
district office near you; ask the operator) .

i. «call or write the Environmental Protection Agency or
the Department of Natural and Economi¢ Resources and
ask them the names of Ervironmental Actio» ¢roups in
your area you can contact for helyp

Which did you selecct: a? d? f? &? Or couldu't you
decide?

Know what 1 would do? I'd call all NINE ! Why? BECAUSE

FIRST - T don't trust people to get things done and the
more people I contact, the greuter the chance of
someone solving the problem,
SECOND - Few of those people you call will take the responsi-
bility for solving ihe problem. ’

Pleuse 1ist here all the professionals (te'' what office
they hold) we used in class for our project. Circle those
you learned the most fr m:
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Supplement :#37 (Cont,)

New that you'ive got the professionals supposedly working
on the prablem. do you relax?

\NO o
& O
Keep calling them to find Write letters to thé local
out what rhey are doing! newspaper explaining what
yvou saw and what is wrong
with Jit.

ONE MOKE THING ---

- NEVER, NEVER beiieve anyvthing anvone tells you. Alwavs

e expra———

talk tu as many peopie as vou can, read as much as vou can

(in newspapers,; magazines, the library) and then decide for
Y

YOURSELF wha1 is 1true,
AND 1F NO o- will beip vou do rhis:

1. PForm a commiciee of people who feei the same way you do -
ofren vhese will be pernle who are hurt in some way by
the problem (1.ke if it is a polluted stream, fishermen
will*he on your side),

2., Write news articles and talk door-io--door to convince
peopie of what you want.

53 Try to get as many influential people on your side as
you can,

e Often, you can persuade the officials to see your side
if you ¢an give them a petition with as many signatures
HS VOu cal gei.

» Prepare g questionnaire to find out what the citizens
in town want and how much they know. This way yo: will
know 1he kind of people you are dealing with,

Look the above 5 steps over and circle the ones we used in
class on val progect,

vima

Q
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Supplement #37 (Cont..)

e W T e L AT L e, TR i # T T TR A T F ARG T R T2y

1. Write your congressmen and let them know what is impor-
clean water, clean air, trees, wildlife,
etc.. Suggest laws you think should be passed.

tant to YOU:

2. Get involved in your local government.

rRUN FOR- OFFICE

{

GO TO CITY COUNCIL
MEETINGS WHEN 'YOU
HAVE SUGGESTIONS
OR NEED HELP I¥
STOPPING 2

POLLUTER N

P -

"READ THE PAPER SO

YOU WILL KNOW WHAT
1S GOING ON AND GO
TO0 PUBLIC HEARINGS
TO0O MAKE YOUR

"ARD IF YOU CAN'T GET

to: the. editor)

‘CEEAX UP AN ILLEGAL DUMP

HALT EROSION
DON'T

EVER

OPINION KNOWN

ANYONE TO HELP,YOU - RO IT YOURSELF
TF YOU CAN - THEN LET PEOFLE KNOW YOU DID IT (write l3tters

PICK UP LITTER PLANT GRA§S TO

DO ANYTHING, my friend BUT - :

GIVE
upP

It can be a happy, beautiful world IF only . « - « ¢ ¢ &

Ly

—t
3
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STENCIL
) Pre~Post Test .
iIOW MUCH DO.YOU KNOW ABOUT WATER QUALITY CONTROL?
ANSWER ELTHER 1 or 2:
1. PFollution! 'It has been a hot.rainy August., There is 3

thick green scum covering the surface of the
River. Fish are beginning to- die.

a. What is the scum?

b. What caused the 'scum" to appear?

¢, What part does the rain play in causing the pollution?
~d, What is causing the fish to die?

€. What part does the heat play in causing the problem?

An elderly man describes his boyhood experiences swimming
in the rivér near downtown ____.« He describes
the river bottom as sandy and filled with oysters and
delicious clams;

BUT:

A geology professor went skindiving off river bank

this past summer and describes the river very differ-
ently! He says the river bottom i3 black and oozy.

That it is so cloudy near the bottom you cannot see your
hand in front of your face. He also says there are no
oysters and the one type of clam that does live down
.there ecanmot be eaten. There are only that one type of
clam and.  worms living in the ooze.

a, Is there a pollution problem?
If you think so, name the pollutant (s) in the
river,

b. Why can't the clams be eaten?
ANSWER ¢ and d only if you answered "YES" to "a" above:

¢c. Think back to what the elderly man said, then to
what the geologist said, What is so different now
than a generation ago that caused this pollution to
change the river so much in a generation's time?

Where did the pollutants you named in a and b
above come from?

POLLUTANT ' SOURCE
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3. Everyone must answer no. 3: Solving the Pollution Problemn.
For the questions you answered (either #1 or #2) also

answer the following questions by filling in the chart
with the information asked for.

SOLVING THE POLLUTION PROBLEM

Here is an explanation of the chart you fill in for question
no. 3. "

COLUMN 1: - ' )

POSSIBLE SOLUTIONS - List as many different ways as yor can
think--0f to solve the pollution problem in question #l-or®
#2 depending on which you answered. Explain specifically
how to go about carrying -out the solution. 1In other words,
write a plan for solving the pollution problem.

COLUMN 2:

PROBLEMS YOU WILL ENCOUNTER - For each plan tell what the
haneups or obstaclels .might be that may stop ‘you or make your
plan hard to carry out.

COLUMN 3:

HELFP! - Nnme Lhe people or groups that you could count on
for ‘support or assistance and explain how each would help. ’

COLUMN 4:

THE ENEMY - Name the people or groups that would be against
you and explain why they would want to stop you.

L
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ANSWER EITHFR & or 5:

4,

5.

Fish kill! I+ has beéen a pleasantly cool week and yet
fish are seen floating on the surtface of the river.

. The officials have examined every possible polluter

in and near that may be dumping pollu-
tants into the river, No source has been uncovered.
What do you think is causing the fish io die? Explain
your reasoning,

Park rangers are concerned because the wildfowl that
nest in the marsnland along the National Seashore are
not reproducing,. An examination of ‘their nests show
many crushed eggs as well as tiny dead ducklings.
Studies pertormed on the fowl show quantities of DDT
in their bodies. But no PDT is used along the National
Seashore. Explarn completely how the DDT got into the

‘wildfowl,

189
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ANSWER SHEET FOR PRE-POST TEST

NAME: DATE:

Answer sheet: HOW MUCH DO YOU KNOW ABOUT WATER QUALITY CONTROL?

Write your answer for either 1 or 2. Be sure vou number it
correctly (#1 or #2)

-

€.

2D

POLLUTANT (name abowe) SOURCE OF POLLUTANT
10 “ .

2.

3. s

No. 3 See next page

Write your answer to #4 or #5. Be surc you write in the
correct number. (#4 or #5)

No.
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CHART FOR ANSWERING NO. 3: SOLVING THE POLLUTION PROBLEM YOU ANSWERED IN EITHER #!1 OR #2

[ 4
NOTE: WHEN YOU FINISH THE CHART, CIRCLE THE SOLUTION YOU THINK WOULD.HAVE THE BEST CHANCE
OF WORKING .
- ' 3. HELP - 4. THE ENEMY
\ E EMY
_=_ 1. POSSIBLE, SOLITTONS._2. PROBLEMS vou'li Enxconwreg  HOW THEY'LL HELP NAME WHY THEY LL

, . E DISAGREE

" Sotution No. 1 1. N 1. 1.

r .

2, 2, 2,

3. 3. 3.

k [ ] k. h’.

»* ) n
* < \
Solution No. 2 . 1, 1. 1. \\
\\\\
' w. w. w.
] 3. 3. 3. )
"
4. - 4, 4,
Solution Nd. 3 1. . l. l.
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KEY FOR PRE-POST TEST

algae or algal ‘bloom
too many substances - fertiliiers, sewage, deter-
gents - with nutrients like phosphates and ni-

" ‘frates entering the water

"the rain will wash these nutrients into the
waterway; as a result of the rain, air pollu-
tants will also enter the waterways; treated
sewage is piped inio the river

- the algae are overpopulating because of the

abundance of food; some-of the algae will die
and aerobic bacteria Will begin in-feed on the
algae, ithis process is speceded up signi-licantly
so that eveniuvally ihe avaiiabie oxygen is used
up and the fish dic

naturally the algae will grow better under warm
conditions and alsc this will cause a reduction
in the amount of available oxygen A

ves, 'such things as siit, raw sewage, bacteria,
fertilizers and industrial wastes are probably
present in the water

the water probably contains such pollutants as
industrial wastes, fertilizers, raw sewage, silt,
heavy metals, pathogenic bacteria, DDT, pesti-
cides and consequently so do the clams

the changes in the river may have happened
because (1) there aré many more factories. in
operation; (2) there are more people and as a
result more pollutants; (3) people’s attitudes
toward their environment is one cf apathy;

(4) different customs and lifestyles exist to- . -
day that have created complex problems

POLLUTANT SOURCE OF POLLUTANT
1. industrial indusiries dumping un-
wastes treated waste water con-

taining chemicals into
the water '

2. fertilizers aerial spraying, farm
run-off or so0il erosion

3. raw sewage inefficient sewage treat-

silt

e —— ———

ment plants; water front
homes which do not have
septic tanks; farm
animals

farm run-off; soil
erosion
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POLLUTANTS SOURCE OF POLLUTANT
5. heavy metals industiries releasing their
products directly into
the water
6. pathogenic untreated human sewage
i bacteria entering the water
-~ 7. DDT insecticides being

sprayed near waterways
and soil erosion

8, other pesticides farm run-off and -soil
erosion

No. 3 The following answers are for qguestion number 1,

Possible Solutions

1. water treatment for stormsewer water and settling basins

2., eliminate the sources of pollutants which are causing -

3 thé algae bloom .

S - . 3. have pesticides (those that create problems) banned

= o 4, build better sewage treatment plants as present effluent
mlght be providing nutrients for algae growth )

» require all residents on waterfront to have septic tanks,
and enforce this, requirement e

» limit the use of nitrate and phosphate fertilizers

S

e

A Wt

Problems you'll Encounter for each solution
1. would cost tco much money to build a new plant and
settling basins; taxes would have to be increased to get
the revenue; special persons would have to be trained
to operate the plant
2, finding out just which industry is actually addlng the
pollutants; getting the support of the gencoral public;
getting the general public to become active about the problem
. 5, finding other ways or methods of eliminating pests;
. - getting people to use natural controls; getting indus- _
! tries, to do more research on effects of certain chemi-
o : cals in the environment
~ 4, ~getting the support of the people; raising the money
necessary for another plant; making, the public aware of
. future problems which could arise
’ 5. makKing people aware and knowledgeable of effects of
- . dumping raw sewage into waterways; getting people to
abide by the laws; seeing that 1oca1 health officials
enforce the law
6. getting the- support of farmers and 1ndustrles that
make such fertilizers; getting the public's support
for such a law
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I+ the news media (newspaper, TV, radio) by b¥inging bdth .
sides of the issue to the public; yublic meelings could
be held at which citizens could listen;.to experts dis-
cuss the issue; educate the public; involve politicians
in getting a bond passed to provide the necessary funds Ch
2. 1involve conservation groups, concerned citizens, stu- y
dents in trying to locate source of pollutanis; the news
media (newspaper, TV, radio) could present the problenm
to the public; lotal and state air and water vesources
~-.persons
3. nwlve conservation groups; educate citizens about effects
., of substances and alternatives; ga:n support of the
farmers; the news media (radio, TV, newspaper) could
present specials about the problem
4. involve local organization such as the Jaycees to get
: ‘ public attention; utilize the news media; involve con-
N 8 ’ servation groups: educate the public .about the needs
= = 5. health officials by showing and educating people about
- - the effects of the pollutanbs~ Department of Air and
E B Water Resources could give detailed information; local
conservation groups could gain publlc attent10n° news
media could present differing vi-wpoints
6. Department of Air and Water Resources could give data
relating to effects of fertiélizers; local conservation
groups could . give public atiention; news media could
present the differing viewpoints to the public
THE ENEMY ) _ .
1. city council - cost too much; local taxpayers - cost too.
much; downtown businesses - burden of expense would be
upon them, same local town residents
2, 1industries - to install adequate filteying and treat-
ment facilities would be expensive; unconcerned citi-
zens ~ just not interested; local officials -~ too
difficult to enforce '
3. farmers - they need tliese substances in order to pro-
' duce crops; fertilizers and pesticide industries -
their business will be threatened
‘4, 1local officials - too expensive; taxpayers - they'll
. assume much of the cost
5. water front residents - too expensive; 1oca1 officials -
too difficult to enforce
6. farmers - they need these to produce crops; fertillzer
indusiries - would effect their business

-

No. 3. The answers for question number 2 do not vary that
. : much from #1, thus refer to the previous (#1) !
answers.
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No. 4., The foliowing are sampie answers:
"The DDT from farm run-off may be carried to the
marshland by the river since it is.not hiodegradable.
Also migratory birds that return to the marsh in the
spring to nest may have picked it up somewhere else
or have eaten tish from that area,"

"The pollution levet bhas been building up over the
years. The fish bave taken all the pollutants into
their bodies that ithey can take. So they die, Farm

: run-off can also he one of the pollutants. Pesti-
cides and other chemicals as well as silt have been
washed into the river., People used poor conserva-
tion practices.,"

No. 5. The foilowing are sample answers:
"farmers sprayed crops with DDT; 1t rainsj rain
. washed DDT into water; wdter reaches seashore;
birds and wildlife drink water and eat sea life;
DDT is now 1n theilr hodies---.or sprayed insects
bhuild up resistance and wildlife eats the insects;
the whole process i1s indarect" -

“The DDT is used in the field and is transferred to
the air and then to the ditches by rain. The ditches
carry the DDT 1o the rivers and these rivers empty.
into the marshlands ¢«. 1 the ocean, The DDT conh-
centrates ‘nio smaller fish and then to larger fish.
The wild fowl eat the fish and the DDT roncentrates
much morz in them - ausing the egg shells to be
fragile and io easily break, causing the ducklings

to die. Only a few survive.,"
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. PROBLEM .

APPENLIX 1
- Suggested Student Projects

1.

lack of treat-
ment for storm
wvater

/.. .\
PROJECT & ____-PLANS FOR SOLVING REASONS e
to send storm water a) enlarge the exist- a) we want pure quality wate
to city treatment ing plant, build large in al!l our waterways i
plant to remove holding gonds 10 col- b) storm waier contains gérm
pollutants lect the, water and and is a health hazard

hold it while large
pariicles setitle and
oils are skimined or
absorbed off the top
b) build another
plant just to treat
storm water (primary,
secondary, tertiary
anwmsamsﬁw

¢) build large seg-~

\ tic tanks to remove

the pollutants -
only problem; these
would have to be so
nuge i

i

‘ : 197

¢) waterfront property value
will increase

d) storm water conitains many
pollutants: paint, grease,
val; germs; silt, dirt,
garbage, pesticides, deter-
gents, fertilizers,; animal
wastes; litter; these pollu-
tants are either poisons or !
biodegradabie or just plain
unsightly; ithe brodegradable
pnllutants are eaten by
bacteria which in turn use u
all the oxygen in the river;.
the fertilizers -causes algal
biooms (eutrophication) :
e) so the water will be more
usable for swimming, fishiag
boating, possibly drinking
f) eliminate odors

g) make your city more
appealing te non-polluting
induc*ries and for tourists
who will bring money to our
city

L]

Q
ERIC
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P

PROBLEM

PROJECT

PLANS FOR_SOLVING )

REASONS

\
2 certain streams,
.reeks, dnd rivers
s1e classified 1n-
sorrectly

By

Pt

to reclassity a
creek, stream,
or river

.

a) find the sources of
pollution and eliminate
these sourcesy write a
letter to the Department
of Natural and Economic
Resources, Board of Water
and Air Resources re-
questing a hearing for
reclassifying the body"
of water '

a) we don't feel any body of
water should be polluted

b) other people may follow
our lead, this would resuilt
in the upgrading and puri-
fication of all water M .
¢) this body of water (if. of
better gquality) could be use
for swimming, fishing, (and
even as a source of drinking
water)

d) a park could be built
along the banks of the body
of water

e) esthetic value (it would
look better)

f) as it is now this body of
water pollutes other major
waterways .

'O
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;w 3. ureas ol the city
S have septic tanks and
=3 many surrounding sub-
Fa divisons have septic

tanks N

Ty

—
e
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¢limination of
septic ta@nks .from
all subdivjisions
and connection

of all subdivi-
sions to city
sewage treat-

ment pilant

| L .

R

i |

.decide on subdivisions

10 be included; publi-
cize -the project to
gain support; obtain
factual data to support
plan (such as petition
(51%) number of resi-
dents in each subdivi-
sion, closeness of each
dwelling, how many sep-
tie tanks have been in-
spected .and meet the

sitandanrds w}
Y

198
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a) septic tanks don't drain
well in clay soil; most sub-
divisions around here are bui’
on clay soil

b) many of the subdivisions
are built in low areas (fill:
in mzmaumv consequently drai
age is poor and there can be
a back-up of sewage and im-
proper functioning, of tanks
¢) septic tanks must be
cleaned out and there is no
place to dump the waste;
many people dump the solids
into a river or creek ‘

v

14

b
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Appendix I (Cont.)

PROBLEM

PROJECT

PLANS FOR_SOLVING

REASONS

- - e I ]

mr ML Y O s SR SPA ANV e N SRS ki GMMEN Ks  RERAY P

t, Many streams are
scheduled 10 be channel-
iZzed without sufficient
knovwledge of the effects

of channelization on
the streams' environ-
ment

Gh am e S G mew aR AR A SRS Saves etk ey & OV e 1e8 ne S

to study the cffects
of stream channel -
ization and prevare
an environmenial im-
pact statement for

a stream scheduled
to be channelized

S
TR

I R D e T
T

beeny

s s mewr g Sian) S s

d) in crowded areas, septic
tanks are a health hazard
because the effluent can
seep into the ground

e) most people don't even
know how to properly care fo:
a septic tank so it will
even work right

f) the effluent from septic
tanks can pollute not only
ground water; but surface
waters also (rivers, lakes),
especially if the ground is
low as it 1s in cértain area
and floods frequently

!

ARSIV - S § eme A sl VEdm s WSS Am ke

study the environment of
a channelized s1ream
versus one that has not
obtain factual -
data to support the

plan by interviewing
private c¢itizens,; con-
servationist, ecologist,
lawyers, etc,3 obtain
information from the
Department of Natural
antl FEconomic Resources
and SCS (Soil Con-
servation Service) on
the effects of
¢channelization to a
stream environment

S e 2 -~ g e

a) channel) ‘zation increases
the flow H! water and there.
fore increasrs the amount of
silt deposited

b) causes destruciion of
breediing areas for many
species of tish

nw many citizens do not
realize that they (and not
just those few who will
benefit by land drainage}
share the burden-of the
expense of the project

d) almost every major creak
in North Carolina 1is
scheduled for .channelizatvion
even though a detailed study .
of the effects of cbannei:-

7zacliaon on *he total stre.
antvironment has not been on
Lt
R :Ac,;:ﬂ
&) ‘
kl W, "
i

E
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Appendix 1 (Cont.)

PROBLEM = . .. . ... ._..PROJECT
I
k.

5. many municipal- t0 send

aowase . i mac e 4 e am ae e o P PR

REASONS

PLANS FOR SOLVING

S

waste a) to enlurge the

ities do not ade- water through existing sewage treat-
quately treat waste primary, sec- ment plant so that
water; such pollu- ondary, and tertiary treatment

tants as heavy
metals, phosghates,
nitrates, persistent
pesticides, and many
types of bacterin
tremain in the
"treated" water

tertiary treat-
ment (to add
chlorination

of waste watler
1o secondary
process)

is done that is nec-
essary to remove
such pollutants as
heavy: metals,

m&o.u s A Al k] *

b) tor construct a
¢hlorinaror - so
that chlorine gas

is pumped through
the waste water to
kill disense-causing
serms !

1T e b td

~- e

e ryns e st o,

B )

€) channelization results in
the loss of valuable wet lan
(and we do not know what
effects this will have on th
total environment

) results in increased
amounts of pollutants enter-
ing major water sources lead
ing to destruction eventuall
of salt marshes

g) economically more suffer

because of eventual increase

pollution (and siltation of
waterways) and loss of salt
water marshes

a) disease-~causing germs are
entering the waterway

b) many pollutants hazardous
to our health and to the
environment are being releas

into the waterways and conse
quently, continuously re-

cyceling, continuously
inflicting damage to the
environment

¢) with the population
increase there is an ever
increasing demand for all
waterways to be of highest
quality

d) many of the
going throuah

pollutants
the treatment
system and into the waterway
may act as nutrients causing
wlogal blooms leading to
futrophication
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APPENDIX 11

Pubiisher’'s Addresses

i ) American Education Publicetion
- . X, ax Education Division

55 High Street

Middletown, Connectidui 06437

B«ilantine Bocks. lnc.,
iCT Fifth Avenue
Mew York; N: Y. 10065

Tlie Center for Cusser s Situdr-s. Ind,
£110 Wsebb Avenue ’
Norih Hollywood, California ©10685

£ Coward-McCann, Inc.
i 200 Madison Avenue :
New York, N. Y. 10016 :

David McKay Ce., Inc
750 Third Avenue
New York, N, Y, 10017

Ginn and Company
Boston, Massachusetts 02117

Izaak Walton League of America
Glenview, I1linois 060025

John Hopkins Press
Baltimore, Maryiand 2i218

The MacMiilar Co.,
866 Third Avenue
New York, N, Y. 10022

Manufactiuring Chemists Associraiions
. 1825 Conneciicui Avenus, N.W,
Washinzton, D, C. 200609

The Michie Company
Charlottsville, Virginia 22902 i

. National Education Association of the I, S.
o 1201 16th Street, N.W.
i Washington, D, C. 200%6
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National Wildlife Federation
1412 16th Street, N,W,
Washington, D, C. 20036

Natural History Press
Doubleday & Co.

501 Franklin Avenue
Garden City, N. Y. 11530

Pendulum Press, Inc. ,
Wesi Haven, California 95530

Prentice-Hall, Inc,
Englewvod Cliffs
New Jersey 07632

Public Affairs Committee, Inc.
581 Park Avenue South
New York, N. Y. 10016

Row, Peterson and Co.,
Evanston, Illinois 60204

Scientist's Institute for Public Information
30 East 68th Street
Ne‘f YOI‘k, No Yo 10021

Scope -

Room 702

911 Walnuu

Kansas City, Missouri 64106

Superintendent of Documents
U, S. Government Printing Office
wWashington, D, C. 20402

University &f Wisconsin Press
Box 1379 .
Madison, Wisconsin 53701

Viking Press, Inc.
625 Madison -Avenue
New York, N, Y. 10022

Ward’s Natural Science Estahlishment, Inc.
P. 0, Box 171%
Rochester, N. Y. 14603

Washington Squére Press

650 5th Avenue
New York, N. Y. 10020
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- Yale University Press
New Haven, Connecticut 06510

Note: this is a partial list of publishers. Tf vou
find that a needed address is missing, call your
public library.
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