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CHAPTER I
THE PROBLEN AND DEFINITIONS OF TERKS USED

Throughout the centuries, men has been gradually
finding out how he can best adapt himself to the world's
environment and to others in that environment in order
to live long, happily, and well. And as soon as he
has arrived at certain conclusions, these conclusions
have been crystallized in the form of precepts or laws
to be uged as an epltome of past experiences for the
guidance of the children of the family or the whole
comminity group. In Egypt or wherever one looks in
early history, he finds evidence of precepte or laws
concerning such matters ac health, the cholce and prepe-
aration of foode, and the cars of children. Mrom the
Hebrew race, posterity has the lMosalc Laws onaily:ac-
cesslible in the bLook of Leviticus of the Bible; and
thbugh one finds throughout that the laws have more
religious than sanitary significance; yet some of the
laws 8@ to.personal cleanliness, the isolation of lepers,
gex relations, and the care of pustular secretions are
in a yense health precepts. In the writinges of Hippocrates
are many valuable preceptes concerning the sanitation of

air, water, soil, and occupation, and valusble obgervations

on the sgeasonal incidence of certain diseases,



In the period of Greek and Roman ascendancy Come
manity health activities flourished, Health, cleanliness,
beauty, and strength were qualities of life to be sought
and worth commnity action to be achleved,

Man from the earliest known periods of history has
recognized the fact that cleanliness is godliness, Water
ie a means to cleanliness, However, water is the universal
solvent, Through the efforts of sciehce teachers over the
nation, the purity and quality of water can be determined

for individuals as well as for commnities,
I. THE PROBLEM

gtatement of the problem, It was the purposs of

thies study (1) to enable science teachers to make prelim-
inary determinations of the purity of water; (2) to de-
geribe the preliminary methods for testing water within
the jurisdiction of the science teacher; and (3) to show
how a kit may be constructed to serve the purpose for

guch duties.

Importance of the study. To determine the character

and quality of water determines the utilization for which
the water can be made., In the more remote sections of the
country, there is the constant question, "Is this water safe

to drinkt™ It 1e evident that State Departments of Public



Health supply s=uch answersj but the lapse of time, in

most cases, means a delay in the use of the vital water
under examination., Utilization of the water determines
what a person is interosted in finding in the water, Some

~ water may be used for washing only., Therefore, the user is
interested in the hardness of the water. GSome water may
be used for drinking and cooking, Therefore, he is intere
ested in the bacteriel count of the water, Some water may
be uesed for swimming and recreation. ‘In a public pool one
would be interecsted in the amount of residual chlorine that
i# present, and in the "ole swimmin hole" he would be inter=
ested in the bacterils present as well as the sedimentary
materials, It 1s eseentlal thaet his knowledge be gained
before the water is used, in order that o more healthful
condition may be maintained for eoclety. In thies study 1t
has been the parpose to determine the purity of water for
drinking and recreation or swimming,

Any time a new well 1s dug or a new spring is ex-
posed to supply drinking water, the supply should be
tested. This i1s a duty the community school science
teacher can perform and thereby render greater service
to the commanity.

In the trend toward outdoor education and recreation,
the problem of a safe water supply becomes progrecsively
greater, One finds that students learn best when they do



not realigze they are learning. Children love the out-of-
doors, They are fascinated with the sights, sounds,
and follles of the cut-of-doors, Therefore, the streams
and water supplies should be kept safe for their enjoyment
and study. The varioue school-campling programs, that are
definitely on the increacse, are a factor 1ﬁd1cating the
trend toward outdoor education, At these school camps
the students have excellent opportunities to engage in
oéaier learning and greater retention of facts,

The Scouting movement over the United States 1s
inereasging sach year, It 1= bringing more boys and girls
into a fuller realigation and understanding of their
surrounding., Thelr camping activities are numerou s and
vuriid. None of their camps should operate without a
safe water supply.

There 1s a concentration of the population in
the city or suburban areas at present, For the past
gquarter of a century, the population has been migrating
from the maral areas. This migration has brought about
a real problam of supplying these large citles with an
adequate supply of safe water, The water supplies become
contaminated because of the methods by which people
dispose of their waste and their refuse,

A safe water supply 1= one of the best safeguards

of the health of a community. A relatively small number



of diseases, however, are actually transmitted by impure
water, All of these are dilseases in which the infection
atrium 1s the alimentary tract and in which the orgsnisms
leave the body with the excretlions. The most important

of these direaner are typhold fever, BHOehle dysenteryy,
bacillary dysentery, paratyphoid, hemorrhagic Jsundice,

and Aslatic cholera,

A pure water supply, however, seems to affect the
general heslth of & commnity send to decreare 1ts death
réeo wvholly apart from the decrease due to the elimination
of thﬁse specific diseases montioned, Tt has been noted,
for example, thet when a2 city changes from a contaminated
to s pure supply, there is not only s marked decreoase
in the typhoid death rate, but there 1¢ aleo in some
instances decreases noted in the number of deaths from
tuberculosis, pneumonia, and other digeases, In
practically every instence there is a decided decrease
in the total desth rate. This has been termed the Millse
Reinche phenomenon, in honor of the men who first called

attention to these facts. This phenomenon must result from
onas of two causges, Lither disgeaser not ordinarily re-

garded ae being carried by water are in a certain per-
centage of ceses =0 transmitted, or the ucse of an ime-
pure water supply so affects the average health of

a community that the individuale become rore readily



susceptible to other disenees than they otherwise would
be., It is probable that the latter 1g the true explanation
{Buchanan, 1940).

IX, DEFINITICNS OF TERMS USED

gcience teacher, ©Sclence teacher is Ipterprotad
a8 meaning all teachere holding a certificate to teach
science, It is sssumed that all certified sclence teacheors
have the educationsl background for the interpretation
of the determinatione doseribed, However, all methods
of testing have been over-simplified in order that this
water testing kit may be adapted to all sehoosls and
especially those with very little equipment,

Sanitarisn., 4 sanifarian 1s a person famillar with
or engaged in sanitetion work, Sanitation work deals
with the prevention of diseases through the removal of
dirt or £ilth (Thorndike, 1941l). This report dealt with
enly a small phasge of the work of & full-time saritarien,
This report i’mplrud sanitation through water supplles,

The phase of work of & sanitarian which deals only with
the detection of dirt or filth in sources of water shall
be interpreted as the meaning of saniterian,

. Pure water. Pure water may be defined ar water



which contains no diseasse-producing bacteria nor sn excess

of organic matter of any kind (Buchanan, 1940).
ITI. REVIEW OF THE LITERATURE

¥o easlly accessible literature has been publisched
linking the publle school science teacher with the portion
of a sanitarian'e work dealing with water, However, much
has been written in regards to the testing and determi-
nation of the Quality of water,

I, Literature on the Detection
of
Minerals, Chlorine, snd Bacteria in Water

Prescott, Winelow, and Kelardy describe reliable
methods of bacterial detection., Of course, their methods
were limited to the public health phase of the subject,
the distribution and behavior and significance of those
organisme introduced intc water from extraneous sources
and having saniteary significance (Preccott, Winslow, and
MeCardy, 1947).

The chemical determinations necessary for the
control and detection of chlorine and minerales in water
and the analyeis of polluted water were beneficially
described by Theroux, Eldridge, and Mallman (1935),



The book, Standard Methode for the Examination of

Water, Sewage, and Industrial Wastes, as prepared and

pablished Jointly by the American Public Health Assoclation,

The American Water Works Acscociation, and The Federation

of Sewage and Indugtrial Wastes Associations, wag the

final reference for all tests thet were made in thie study.
Other sources of velue in this study were Fred

Wilbur Tanner, Bacteriology; Charles P, Hoover, Watar

Supply snd Treatment; P. L. Cainey, Microbiology of Water

and Sewage for Engineering Students; Mex Levine, Lsboratory
Technigue in Bacteriology, Estelle D. Buchanan snd Nobert

Barle Duchanan, PBacteriology; and Stenloy E. Wedberg,

Microbes and Youe

IX., Limitations of Previous Studles

Previous studies were limlted because of the come
plexity of the procedures described and expensive equip-
ment reqQuired., Procedures were difficult in progression
and interpretation, This study 1s intended to simplify,
as much as poscible, the tests involved in water determi-
nations.

This report iz not intended to discover every
nown feaszible method for testing water, Only thoese
gimplified methode deemed necessary for the sclenoce

teacher to perform to determine the purity of water are



included,
IIT1. Organization of Remainder of the Thesis

The remainder of the thesis 1s divided into three
units of development:

1, The various determinations used for testing
wvater, The preliminary teste thet are necessary for the
determination of the quality of water are deseribed
and elaborated upon. The purpose for gach determinatione
is establiched.

2+ The construction of a compact kit for testing
water, A simple compact kit is described, with detalled
instructione, as to 1te proper constraction,

3. How the science teacher may use a kit for test-
ing water snd cteps for the sclence teacher to take in
order to use the kit to the best advantages and purposes

are described,



CHAPTER II
STANDARD METHODS FCOR DETERKINING THE QUALITY OF WATER

The methodes set forth in the study for the determe
ination of the purity of water for drinking and recreation
are conesidered standard methods, approved jointly by The
American Public Health Association, The American Water
Works Assgociation, and The Federation of Sewage and In-
dustriasl Wastees Assoeciations, The purpose of thess or-
ganizations haes been to secure the adoption of more uniform
and efficient methods of water analysis, The methods for
analysis presented are believed to represent the best
ourrent practice of American Water Analysts and to be
generally applicable in connectlon with the ordinary
problems of water purification, sewage disposal and

sanitarj investigations (Standard lethods, 1955).
I. DETERMINATIONS TO BE MADE AT THE SOURCE OF SUPPLY

All tests to prove the purity of water can not be
made at the well or beside the stream, It is mandatory
that some tests be performed at the source of supply of
water and that those tests that require heating and inocubation
be performed in the school laboratory. Water, when left
steanding, will deteriorate or lose some of its true

characteristics; therefore, it is necessary that some
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of the determinations or tecsts be made at the source of
water and the remaining tests be made in the school
laboratory. Along with the tests made at the source of
water, three samples will be collected and carried to the

school laboratory to complete the remaining teste,

1. Determination of PH of the water., The pH is the

logarithm of the reciprocal of the hydrogen~ion concenw
tration - more precisely, of the hydrogen ion activity-

in moles per liter, The pH enters into the caleulation of
carbonate, blcarbonate, and carbbn dioxides into the cal-
culation of the corrosion or stability indexj and into the
- oontrol of water tresatment. The practical pH scale
extends from 0, very acid, to 14, very alkaline, with the
middle value of pH 7, sorresponding to exact neutrality
at 259, Whereas "alkalinity" and "acidity" express the
total reserve or buffering capacity of a sample, the pH
value represents the instantaneous concentration of
hydrogen~ion (Standard Methods, 1965), Thus, the pH of
the water must be checked immediately after the sample

is collected because a change in temperaturs of the water
will cause a change in the pH factor, The most important
determination 1s that of the actual pH in the field; a

pH determination on a sample which has been exposed to

temperature change, cstorage, agitation, or other
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conditions which can cause pH change 1s of negligible
value,

The pH can be measured elther colorimetrically or
electrometrically. The more accurate of the two 1s the
electrometric which involves a rather expensive pilece of
equipment. The other technigue, and the more commonly
employed method, depends upon indicator dyes or dye
solutions, which change color as the pH is altered., How=
ever, for most pH determinations, the colorometric techniques
lend themselves well for use in bacterilological 1aboratories,
in spite of the sacrifice of some accuracy (Wedberg, 1954),.

Pure water dissociates very slightly into egqual
numbers of hydrogen ions and hydroxyl ions, and hence
such water 1s neutral in reaction. At 2220 the hydrogen
ion concentration of pure water is 1 X 10~7 gram ions per
liter. For convenlience this is expressed as a positive
number and called pH 7.0. To pilcture graphically degrees
of sourness as they correlate with pH, Table I lists
common substances on page l4., Table II, on page 15,
correlates the hydrogen ion concentration to the pH
factor.

Nitrazine paper 1s an indicator in acidimetry
and alkalimetry and 1s suggested for use by this study.
Nitrazine (sodium dinitrophenyleazo-naphthol disulfonate)
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is an indicator dye showing a series of sharply defined color
changes in the pH range 4.5 to 7.5, Nitrazine paper is
a very convenient mesns of determining pH values in this
range with an agourscy of & fow tonths of a pH unit and
is more useful than that of indicators such ss litmus,
methyl oreange, and phenolphthalein.

Nitrazine paper 1s more broadly useful and more
sersitive than litmus, Litmus gives information with
reapect to one pH point only; there is only one color
¢hange wlth 1t « the red~blue change at pH 7 =, 2and 1¢
gerves only to indicate the relationship of the liquid to
that one pH., Moreover, with litmus paper color change
occurs sharply only 1f the pE belng determined is ocutside
the range €6-83; bLetween 6 and 7 the pink develops slowly,
and between 7 and 8 the blue develcops slowly. Obe
visusly, therefore, litmus 1s not primarily for the
determination of pH btut rather to esteblish whether the
reaction 1s acidic or alksline and whether it is
slightly or strongly so. Nitrazine with 1ts seriles of
celor changes gives definltive results sharply and quickly
&t any pH in the range {rom the moderately acid pE of
4,5 to the slightly alkaline pH of 7.5 in which the ma jore
ity of the clinical interest lles, Nitrasine, of course,

also indicates whether a 1liquid 1s stongly acid (pH lower
than 4.5) or more alksline than pH 7.5.



COMMON SUBSTANCES

Hydrochlorle Acld cssecececssccessrcsces
Human gastric contents ceesccccescvcees
GInger 8le secsevevessscssssvcscscssses
Wines eevesscccccessssvsscnsnossscocnss
Sour plckles eeescsssccosscsccscossonss
Tomatoed seecevescvsvsssscsscensncocsne
DOANSE seeessoscccssccasssessccsccovcnss
Haman 881lAVE cesescsscsccscovscsccnsces

Human blood PlOBMA seevecsvsvscscsscccns

Sea Water cesscasevvvsossvessssssasssons

TABLE I

TEE PE OF COMMON MATERIALS
(FROM WEDBERG, 1954)

PH

1.0
2.0
5.0
3.0
S
4.2
5.5
7.0
Ted
8.2

14
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SRR A e e ey e
1.0 (10-9) 0.0 10,000,000
0.1 (1071) 1.0 1,000,000
0.01 (10%%) 2.0 100,000 Acid
0.001 (10=%) 3.0 10,000
 0.000,1 (10-4) 4.0 1,000
0.000,01 (10-8) 8.0 100
0,000,001 (10€) 6.0 10
0,000,000,1 (10°7) 7.0 0 Neutral (pure H,0)
0.000,000,01 (10~8) 8.0 10
0.,000,000,001 (109) 9.0 100
0.000,000,000,1 (10-19)10.0 1,000
0,000,000,000,01 (10~11)11.0 10,000 Alkaline
0,000,000,000,001 (10-12)12,0 100,000

0.000,000,000,000,1 (10°1%)13.0 1,000,000
0.000,000,000,000,01 (10~1%4)14,0 10,000,000

TABLE 1II

HYDROGEN ION CONCENTRATION AND PH
(PROM WEDBERG, 1954)
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Methyl orange and phenolphthalein are like litmus
in that they show only one color chenge and, therefore,
permit only the establishment of the relationship of the
pH to thelr color change-point: methyl orange indicates
whether the reaction 1is 1lightly or strongly acidic and
phenolphthalein whether it 1s slightly or strongly
alkaline, They are useful for titrntidn purposes but not
for pH determination. : 7

The accuracy of all colorimetric methods 1s af-
fected to some extent Ly sslts, proteins, temperature,
end certain conditions., The deviation may, under exe
treme conditions, be as great as 0.5 pH unit or more
(Squibb, 1957).

Procedurs, To determine pH of a sclution one
transfers a drop of the fluid to the surface of the paper
by means of a glass rod and spreads 1t evenly by stroking.
It 1s also permissible to dip the Nitrazine paper into
the water, After one minute, one compareas the color of
the paper with the color chart which i1s supplieds Record
the pH of the matched color.

2., Detectlon of Chlorine in Water. Chlorine in
aqueous solution i1s not stable, and the chlorine content
of samples or solutions, particularly weak solutions,

will rapldly decrease., Exposure to sunlight or other
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strong light or agitation will further reduce the quantity
of chlorine present in such solutions. Therefore, it 1s
recommended that chlor{ne determination shall be started
immédiately after sampling, evolding excessive light and
agitation, Samples to be analyged for chlorine cannot be
stored,

The treatment of water to make 1t potable ine
volves the physical removal of enteric pathogens or
thelr chemieal destruction. The use of disinfectants goes
back to at least 1897 when Jewell added bleaching powder
to the water supply of Adrisn, Michligan, Since this
date the treatment of public water supplles to make them
safe has become widespread. Chlorine gas, liquid chlorino;
and varisus chlorine compounds have been employed since
Jowell'!s early work in the field, and sharp declines in
the typhold rats were recorded upon the introduction
of this practice, Rates of twenty deaths or more per
hundrsd thousand population have dropped to less than
ong death per hundred thousand at the present time.

The concentration required to disinfect water
satlisfactorily ls usually not more then one part of chlorine
per million parts of water (abbreviated P, P, M.), with
a reasldual of one ténth to three tenths P, P, M, at
distant points throughout the distribution system (Wedberg,
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1964).

Seven tenths P, P, M, residual chlorine is rece
ommended for swimmaing pool water. It has been shown
that higher concentrations of free residual chlorine
can be meintained without bodily irritation as long as
the pH of the water i1s held at about 8,0, and that such
concentrations produce a purer water, As the chlorine
dosage 1s increased the residaal chlorine concentration
also Increases btut not necessarily at the same rate,
Finally & point 1s reached beyond which no rise in
chlorine residual occurs and frequently a decrease in
residual takes place, Thils 1s known as the breakpoint
eand 1s the point at which the chlorine concentration 1s
high enough to break down many of the taste-and-odor
producing impurities (Taylor & Company, 1956).

Properly chlorinated water ordinarily cannot
be detected organcleptically by the average consumer,
Occasional gastro-intestinal outbreaks of none-bacterial
origin might arise from flltered and chlorinated water.
These outbreaks are probably caused by viruses which are
unharmed by the physical and chemical treatment (Wedberg,
1954).

The following method 1s intended for use: (a) on
polluted watery (b) on water in process of purifications
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(e¢) at the end of the purification process; (d) incidental
to the distribution of water prepared for human consumpe
tion; (e) on swimming pool water; (f£) on condenser waters
and (g) on industrial process water, Highly polluted
waters may require other methods for satigfectory analyaié.

Residual chlorine of the watoer may be determined
by the Starch-Iodlde Method or the Orthotolidine Method
(Theroux, Bldridge, and Mallmann, 19356). DBecause of the
expense pf the chlorimeter used in the Orthotolidine
Method and the fadiﬁs of the colors in the Chlorimeter,
the Starch Iodide Method will De used. The Chlorimeter
costs $26.60, and the color stendsrds carry an unlimite
od guarantee against fading according tolraylor & Company
(1965), the manufacturer. However, the Orthotolidine
Method, if Chlorimeter 1s avallable, could be used as
a reference, DBecause of the lack of funds of most
schools and because the results of the Starch Iodlde
Hethod are Jjust as accurate for both drinking water and
swimming pool water, the Starche-Iodide Method 1s more
practical at the present,

Preparation of Reapgents:

Starch Indicatpr: HMake & thin paste of about
2 grams of starch in cold water. Pour into 200 ml,
of bolling water end stir. When cool add a few drops
of chlorolorm,

Standard Sodium Thiosulfate (0.001N): Dilute the
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calculated amount of stock Stendard sodium thilosulfate
golution to one liter with distilled water., Make up
fresh every few days.,

- ml. stock standard e 5,0« required
=  tomake 1 liter of 0.00% R NegSgOs.
Normality of stock (Theroux, Eldridge, eand Hallmang,
standard NagSg0s 1935).

Procedure, &tarch-Iodide Method.

l. Place 200 ml, of the saemple in an Erlenmeyer
flask, Chill to 209C or lower by irmersing
the flask in a bath of cold water,.

2¢.Add about 1 gram or a small crystal of
Potassium Iodide crystals and 1 ml. of
concentrated hydrochloric acid.

5. Add 1 ml, of starch solution.

When the starch solution is added, the presence of
8 blue color 1ndioate’a residual chlorine.

4. For @ quantitative estimation, titrate the
solution with 0.001 N sodium thiosulfate
solution until the blue color Just dlsappears.
Record the ml, of thiosulfate used.
formle for an accurate calculation of the
eamount of residual chlorine is found in the
appendix.)

3. Collecting Ssmples. Among the many tests that
have been proposed for ascertaining the blologicel purity
of water, the one that has received almost universal
attention, and the value of which is recognized in all
water laboratories, is that of the number of bacterilas
per unit volume of water « not that large numbers of

bacteria are within themselves necessarily dangerous, but
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it has been definitely established that the most desirable
from the point of view of human consumption, is water
containing very few bacteria, Therefore, encountering
relatively high numbers of bacteria in water is indicative
of some abnormal condition, possible of an undesirable
nature (Gainey, 1939).

The principal objective of sampling water for
bactericlogical or chemical examination conslsta in
securing a ssmple that is representative of the aupplj
and in preserving the bacterial content of the sample,
as nearly as possible, in its original state until the
water 1s examined. 8ince, Nowever, the bacteriologicel
end chemical results obtained may be worthless and perhaps
even misleading unless the scmple, when exemined, 1is
reasonably representative of the supply, a speclal effort
should be made to select a falr sample, to collect 1t
properly, and to prevent an excess alteration of its bace
terial content until 1t reaches the place of examination
(Prescott, Winslow, and MeCrady, 1947).

Sample Bottles., Samples of water for bacterlal or
chemical enalysis should be collected in clean, sterile,
glass bottles with rubber stoppers. Wide-mouth bottles
are preferable with a caﬁacity of at least 100 ml.,

Samples from Water Systems. The tap and piping




of a water system should be thoroughly {flushed before
¢ollecting the sample, The amount of flushing will
depend upon the time the water has been standing in
the piping end the time elapsed since the system was
last used, Avoid sampling from taps which might be
subject to contnﬁination. If flaming 18 used %to reassure
sterility, sufficlent heat must be applied to heat the
tap to bollinge-water temperature. If the surfages of
the tap are dry there 1s little danger of contamlinating
the sample, provided the water 1s allowed to flow several
minutes. Avoid sampling from wet taps and temporary
attachments which may be fastened to the tap.

Samples from pools, lakes, and rivers. When samples
are collected from pools, lakes, or rivers, care should
be taken to obtalin the sample from a point which repre-
sents average conditions of the supply. In all cases where
samples are collected from standing water, one should
romove the stopper aseptically and plunge the bottle be-
neath the surface, mouthdown, to 2 depth of several inches,
The hand and bottls should make a wide arc as they
rapidly pass into and out of the waterj by this procedure
water thet has been contaminated by the hand i1s prevented
from entering the bottle. One should discard an amount
of the water and replace the stopper Ilmmedlately (Prescott,
Winslow, and McCrady, 1947).
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Pools. In a swimming pool, the sample should be
collected at the side of the pool at a point near the
decpest part during periocds of use, preferably at the
time of the heaviest bathing load of the day. The samples
should not be taken in the absence of bathers and the
chlorine residusls should be made at the pool side (Prescott,
Winslow, McCrady, 1947).

Lakes. Lake samples should be taken from a
boat at a distance of twenty-five feot or more {rom the
shore., The water should have a depth of at least four
feet and preferably more at the sampling point. A
sampling rod is an extremely useful aid, It consists of
a rigld or jointed rod of almost any sturdy material,
from bemboo to steel, provided with a right-angled base to
which the sample bottle 1s fastened. When the bottle 1s
lowered by means of the rod to the deslred sampling point,
the stopper can be Jjerked out by pulling an attached
cord; or a mechenism, actuated by a spring, which will
remove the stopper and replace 1t after the bottle has
been filled, can be fixed near the lower extremity of
the rod (Prescott, Winslow, and McCrady, 1947).

Rivers, ESemples from a river should represent
flowing water and not stagnant pools. Samples may be
collected in e streight stretch of the river, about four
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foet from the benks, In a meandering stream the samples
should be collected et the point of greatest depth or from
the center of the strean,

All semples should be closed and tested as soon
as possible aftor they have been collected, beceuse of
the biological and chemical changes thet may occur. In
warm weather, il the tranaportation period exceeds more
then one hour, the semple should be iced. The time of
trensportation and storage should not exceed six hours
for iImpure waters and not more than twelve hours for
relatively pure waters. OSamples should be stored at a
temperature between 6 and 109C, Samples stored longer
than twenty-four hours should be discarded, or the
results obteined should be Judged accordingly (Theroux,
Bldridge, and Mallmenn, 1936).

Unless the supply to be examined is sampled et
frequent intervels, more than one sample should be collecte
ed in order that results ressonably representative of the
quality of the water may be assured. Particular care
ghould be taken to reacsure the proper labeling of each
sample, OGummed labels are not adequate because molsture
collects on the bottles and will cause the labels to
become detached., If the bottles do not have frosted
labels or permanent numbers, tags attached with wire are
best,
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ITI, DETERMINATIONS TC BE MADE IN THE SCHOOL LABORATORY

The following standard teat methods are best
performed in the school laborstory becsuse of the amount
of equipment and source of heating required. Conditions
at e source of water supply are not atablo; and the samples

may become contaminated.

l. Detection by Odor Quality - hot and cold,

The olfactory sense 1s & most sensitive means for
detecting small concentrations of odorifersus substances;
but, unfortunstely, it lacks precision. There i1s no
absolute odor value. Different persons react differently
to & glven odor concentration, and even the same individual
may report a different Intensity for a given concentretion
of odoriferous substance at different times., Therefore,
it follows that en cdor value obtained on a certaln day
should not be compared with a value obtained on enother
day, unless there 1s some common basis for comparison,
There are two ways of making odor values more preclse,
and both are recommended, The first is Lo compare the
unlkmowns continually with a freshly prepared solution
of a known concentration of an odorous subgtance, such
as phenol or butyl alcohol, The second is to average
the results of as many observers as possible; for instance,

as many as fifteen persons are used in evaluating the



26
flavor of food in commercial testing laboratories, The
method to be used depends upon the purpose for which
the test 1s intended, The first, Odor Quality, 1s best
suited for the interpretation of consumer complaints
and for assistance in decliding when odors caused by
microscopic orgenisms are excessivej the second, Threshold
Odor, is best sulted for use in the trestment of plants
in determining the odor-removal treatment required, or
for water systems in which variable proportions of two
or more soparate supplles may be mixed (Standard Methods,
1955). 0Of course, for the purpose of this study the
Odor Quelity method will be used,

Apparstus, Odor-freec glassware 1ls best prepared
by scouring powder, by steaming it out with clean steanm,
or by soaking it in chromic-sulfuric cleaning mixture.
Glassware should be cleaned just before uaé, becaﬁae it
often develops & slight earthy odor on storage, Soaps
or detergents may leave persistant odors on the glesse
ware, The final rinsing of glassware should be made with
odor«free water, Wide-nouth bottles with glass stoppers
or wide mouth Erlenmeyer [lasks are sultable., Rubbver
stoppers and corks should be avoided; Af glassestopper
vessels are not available, watch glasses may be used as
covers.

Reagents. Odor-free¢ water is obtained by passing



tap water through a column of granular activated carbon
at a slow rate. It 18 best to prepare odor-free wator
only as and when needed, beccuse such water may develop
odor upon standing (Standard Methods, 1988).

Procedure. Certaln conditions are required to
obtaln conslstent results, Some degree of practice and
experlience ls a necessity. The enalyst ehould avold
amoking or the consumption of highly scasoned food
prior to testing., The odor-free water, when prepsred,
should be truly free of all detectable odor, All glasse
ware muot be odorefres, All dilutions when examined for
odor should be at the same temperature (within 1°C.).
Bach dilution should be compared with an odorless standard,
This simplifles the work of the analyst because his
task then 1s to decide only whether an odor 1s present
in the dllutlon, The odor-free standard checks Judgment
and minimizes reliance upon memory., A suddon change
in the character of the oder during the testing procedure
should be considered a warning that there may be intere
ference from outside odors or that the dilution water ia
net odor-free. The character of odor should always be
desceribed for future econsideration. The test should dbe
conducted in a room free from odors (Standard Methods,
1958).

Cold Odor Quality:



28

1. Shake about 125 ml, sample at 20°C in a 250
ml. wide mouth Lrlenmeyer {lask. Lightly sniff
the odor. Avoild vigerous or repeeted shaking
as the odor will be dilssipated.

Hot Odor Quality:

1, Pour about 125 ml. sample into a 250 ml,
Erlenmeyer flask, Close the mouth of the
flask with a watch glass, Heat the water to
approximately 589 to 609C,, agitate it with
a rotary movements slip the watch glass aside;
and sniff the odor,.

The odor is reported as to both intensity end type.
Results are reported on both hot and cold samples. The
intensity and type are recorded in the Jorm "VDp", which
would reprosent & water unfit to drink because of exe
cogsive Anabaena., Results may be determined from Tuble

IIT and Table IV on page 20.

2. Detection of Water Hardness. Water that 1s

safe for drinking purposes is rot alweys sultable for :
loundry purposes or boilers in heating systems or factories,
When one adds soap to water, the desired remction is the
formation of immedinte suds, es soap does not cleanse
unless suds are present, Usually, however, a sticky

scum or curd 1s first obteained and increased amounts of
soap are needed to form a lather, Water which at first
forms a "ourd" is called hard water; while water which
immedistely forms a rich lather with s small amount of
hardness, and the ingrsdients ceusing the hardness are
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I
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Abbreviation
Ac
B
&
Bn
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Bv
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TABLE III

INTENSITY EXPRESSION

Definition
2] or detectable.

Odor would not be detected by en
average consumer but would be de-
tected by experlenced obaerver,

Odor night be detected by an average
consumer but only if his attention
were called to it.

Odor would be readily detected and
night ceuse the water to be regarded
with diaflavor,

Odor would force itself upon the
attention and might make the water
unpalatable,

Odor of such intensity that the water
i1z abesoclutely unfit to drink,

TABLE IV
ODOR TYPE
ggturc of Odor Dogc§12t19§
romatlc amphdr, cloves, lavender,
{spicy) lemon,
Cucumber Synmuara.
Balsanmic(flowery) Geranium, violet, vanilla.
Geranium Asterionella,
Hasturtium Aphanigomenon,
Sweetish Coelosphaerium,
Violets lMallomonas,
Chemical Industrial wastes or
chemical treatment,
Chlorinous Pree Chlorine.
Hydrocarbon 04l refinery wastes.
Medicinal Phenol and lodoform.
Sulfuretted rogen sulfide.
Disagreeable (Pronounced unpleasant Odors)
Fishy Uroglenopsis and Dinobryon.
Pigpen Anabaena.
Septic Stale sewage.
Farthy Damp earth,
Peaty Peat.
Grassy Crushed ﬁraan.
Husty Deccmposing straw.
NDld{; A demp cellar,
Vegetable Root vegetables,

(STANDARD METHODS, TENTH EDITICH, 19855)



determined, the water can then be treated with a sufe
ficlent amount of certaln softeners to counteract its
hardnesa, It is only through this action that bacteria
of dirt and filth can effectively be removed from clothes
through washing. However, this hardness may effect the
taste and purity of the water,

Water acquires its hardness from contact with
mineral bearing substances in the earth'!s crust. Both
hard snd soft water are clear and colorless., Therefore,
the hardness of water must be due to certain substances,
salts, dissplved in water. The hardness of water is caused
principally by the elements calcium and magnesium and
sometimes Ly iron and aluminum, HNost of the calecium and
magnesium 1s present in natural waters as bicarbonates,
sulfates, and somotiﬁea chlorides and nitrates (Luros and
Orem, 1943). Hardness producing substences react with
soaps, forming insoluble compounds before a lather 1s
producéd. There are two types of water hardness, temporary
and permenent., Tempeorary hardness is causceé grincipally
by Dblcarbonates of calclum, magnesium or iron, and can
be softened by bolling., Permanent hard water contains
sulfates and chlorides of calcium, megnesium or iron,
and cannot be softened by boiling. Permanent hard water
can be softened by such chemlcals as sodlum carbonate, or

washing soda, sodlium tetraborate, household ammonia,
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lye, or a mixture of caleium hydroxide and sodium care
bonate (Lurcs and Orem, 1943).

There are on the market softeners which exchange
the sodium in thelr salts for the caleclum, magnesium, or
iron in the hard water,

The amount of hardness 1s always expressed in
terms of caleium carbonate; however, a report showing
one hundred parts per million does not signify Just what
compounds cause the hardneas but only that the hardness
is equivalent to thaet produced by one hundred parts per
million of calcium carbonate, In caleulating the
determination, the results are obtalned In parts per
million of the element ag found in the appendix of this
thesis, .

Water having less -than fifty to sevénterive parts
per million of hardness 1s generally considered as
sufficlently soft for the ordinary uses of water., Water
having seventy-five to one hundred and fifty parts per
million of hardness may be ccnsildered moderately hard
but still not sulfflciently hard to interfere seriocusly
with its use for most purposes or to casuse nuch demand
for water scftening. Hardneas above one hundred and
fifty perts per million 1s notlced by most persons; and,
if the hardness 1s above two hundred parts per milliom,
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many homes will have to be provided with housohold gofte

ners or cisterns (Iuros and Orem, 1943),

Procedure. An approximate determination of total
hardness ﬁay be made with a soap solution of lmown strength.
Total hardness may also be obtained by the soda-reagent
method. Thils soda-reagent method 1s more accurate and gives
quantative results,

eagents. Tho soda reagent is made by dissolving
about two grams of sodium hydroxide and about £2.66 grams
of anhydrous sodlum carbonate in distilled water and made
up to ocne liter (Theroux, Eldridge, and Mallmann, 1935),

Total Hardness, Soda-Reoagent Method,.

1. Pipette 200 ml. of the sample into a 500-ml.
Erlenmeyer flask.

2s. Add 3 drops of methyl orasnge.

3¢ Add 0,02 N sulfuric acid from & burette until
the first permanent color change is observed,

4, Place 200 ml, of distilled water into a second
flia 8k,

6. Boil each for 6§ minutes,

6. Add exactly 26 ml, of soda reagent to each
flask and boil for 10 minutes until the volume
is reduced to about 150 ml,

7. Cool and pour into 200-ml. volumetric flasks,

8, Rinse the solutions ints the volumetric flasks
with small quantitles of hot dlstilled water.

9. Make up to the mark with bdoilled distilled water
and mix,

10, Pilter oach solution, rejecting the first 50 ml,
of each filtrate.

1l, Pipettes a 50-ml. portion of each filtrate into
an Erlemmeyer flask, edd 3 drops of methyl orange
and titrate each portion with 0.02 N sulfurilc
acid, Record the ml, of acid used. (The
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calculations for p. p. m, of totel hardness

a8 Calcium carbonate 1s i1llustraeted in the
appendix,)

8. Determination by Color. The expression "color"
shell be defined to mean "true color" - that is, the color

that 1s due only to substances which are actually in
solutlon, and not to suspended matter. The "apparent
color” shall include not only the color due to substances
in solution, but also that due to suaspended matter,
Appaerent color is determined on the original sample withe
out filtration or centrifugation.

Color is determined by visual comparison of the
sample with known concentraticns of colored solutions.
The platinumecobalt method of measuring color shall be
the standard method, and the unit of color shall be that
produced by one milligram of platinum, in the form of the
chloroplatinate ion, poer liter. The use of liquids as
stendards for laboratory work 1s permissible only if
these have been individually calibrated agalnst pletinume
cobalt standards. OSaemples for the color determineation
should be representative and taken in clean glassware,
The color determinetion should beAmnde within & roasone
. able pericd of time, ss Liological changes occurring in
atorage may affect the color.

Preperation of stendards., If a reliadle supply of
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potassium chloroplatinate cannot dbe purchased, it may
be replaced by chlorcplatinic acid, which the analyst
can prepare from metallic platinum,

1. Disaolve l.245 g. potassium chloroplatinate,
PLCl., © uivai
d 1 5. crystallized cobaltous chloride, Cof
0, equ ivalent to about Q.26 g metallic coba t
o | M g g i B ool et
hydroohloric acid, snd dilute to 1 liter with

ent to 0,800 g, metallic plat&num

distilled water, This stock stenderd hes a color

of 600 units,

2., If potasasium chloroplatinate is not available,
dissolve 0,500 ge. purs metellic platinum in
aqua regia with the aid of heat; remove nnoa
by repeated evaporation with fresh portions*of

concentrated HCl, Dissolve this product together

with 1 gram crystallized cobaltous chloride,

8. To prepare standarda having colors of 5, 10, 15,
20, 25, 30 » 40, 45, 60, 60, end 70 dilute
S0y Lot s, ’2,0, 2.5, 5.0, 5.5, 4.0, 4.5, 5.0,
6.0, and 7.0 ml, stock color stanéard with
distilled water to 50 ml, in standard tall-form
50 ml, Nessler tubes. Protect these =tandards
sgeinst evaporstion and contemination when not
in use (Standard Methods, 1958),.

Procedure. The color of a sample shall Le observed
by £i1liing & matched Nessler tube with the water to be
exanmined to the 50-ml. mark and comparing it with the
standards., The observation shell be made hy looking
vertically downward through the tubes toward s white or
specular surface placed st such an angle that light is
reflected upward through the columns of liquids, If
turbldity 1s present,; the true color shall be determined
after the removal of turbidity by centrifuging. The

sample shall be placed in a suiteble centrifuge tube or



RECORD TO

COLOR UNITS HEAREST UNITS
l -« 50 1
61 - 100 S
101 - 250 10
251 = 500 20
TABLE V¥

EXPRESSIOR OF COLOR DETERMINATIONS
(STANDARD METHODS, TENTH EDITION, 1055)



tubes and centrifuged untlil the ﬂupeénatant is clear,
The time required will depend upon the nature of the
sample, the speed of the motor, and the radius of the
centrifuge; but rarely will more than one hour be necessary.
The centrifuged semple shall be compared in a Nessler tube
with distilled water to insure the elimination of all
turbidity, If clear, the sample 1is then'oompered with
the standerds, If the color exceeds 70 unita, the sample
shall be diluted with distilled water in known proportions
untll the color ls within the range of the standerds, and
the results shall be multiplled Ly the appropriete dilution
factor (S8tandard Methods, 1956),

In thin layers water appears colorless, but in
thick layerz it has a blulshegreen c¢olor, Therefore the
water could not be consldered safe 1f 1t hed & determination
above 1 (Briscoe, 1945). The rosults of color determination
shall be expressed in whole numbers and recorded as

shown in Table V on page 35,

4., Determination by Iotel Resldue. Residue is
the general teim used for the residue left after a sample
1s evaporated at & definite temperature, usually 1032 to
106%C, Total residue includes both suspended and dissolved
residue,

The following method may be used with all types of



37

poeae 3t

Na
!

]

3
A

1 M[]
:l Ca MHQQ

O O

=
ki

4

O

x

o

e

o

£ o~

o F

{ [t

Sl

@ C

—th r—i

N €




38
waters, but care should be exercised in the interpre-
tation of the results, Since the welght of the residue
will vary with the tempersture of drying, a definlte
temperature must be used to obtain consistent results,

The results are best vqrified by testing duplicate
portions., See Table VI, pageé 37, for the compositlon of water.

Procedure. Place a 100 ml, sample of water,
thoroughly shaken and unfiltered, in a weighed evaporating
dish. The dish should preferably be made of platinum;
but silica, porcelain, or pyrex dishes may be used, Place
the dish containing the sample in an oven msintained at
103° to 105°C and evaporate the sample to dryness, If
more convenient, evaporation may be carried out on a
steam bath, but the final drying should be done in the
oven. After all of the liquid has evaporated, continue
to dry the residue to constant weight. If time is no
obstacle, allow the residue to dry overnight. Affer
drying, allow the warm dish to cool in a desiccator and
weigh. Report the increase in weight as total solids or
residue on evaporation.. An accurate calculation of the
total residue 1s found in the appendix of this thesis.

The U, S, Public Health Service Drinking Water
Standards (1946) suggests that "total solids™ (total
residue on evaporation) shall not exceed 500 mg./liter in



39
waters of good chemical quallity. However, if such
water is not svaileble, & "total solids content of

1,000 mg./1iter may be permitted.

6. Determination by Bacterisl Analysis., Sterile

water is rarely found in nature. WVater obtained even
from deep wells and springs usually contains s few bacteria.
Surface waters (those of streams, ponds, lakes, and the
water of the ocean) always con%ain bacterial in greater
or smaller numbers, These orgﬁpiamz may be designated
a8 the normal water flora, as thiw are constantly present
end in no case are capable of pré&ucing disoase in man,
For the most part, they are arga?isma that grow best at
the temperature of the water in:&hich they are found.

Cocel are common in wutarL They are largely
chromogenes, either micrococel Jr sarcinae, Probably
the cormonest of these is Saroiﬁa lutea, a form develope
ing lenon-yellow colonies whan/%rawn upon artificial
media., Sarcine aufantinca, wqéch produces a golden
yellow pigment, 1is nlso:oammoﬁ, as are other coccl proe-
ducing pink, red, yellow, an;/i orange pigments, Certaln
non-chromogenic cocci, as xﬁcroeoccua candicans, may
also be found, ’f

Chromogenic baoill#;auoh as Serratla marcescens
(red pigment), Flavobaotﬁgium surantiacum {orange plg=

7 |

1

S TR
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ment), and Chromobacterium volaceum (violet pigment) -
are common in surface waters. DBacilli such as Pseu=
domonas fluorescens, which form fluorescent coloniecs
upon medla, are alsoc commonly present. Wﬁenever water
receives a considerable amount of surface drainage, the
normal soll bactoris, such as various nmembers of the
Bacillus subtilis group, are practically always present
(Buchanan, 1946). |

The presence of considerable quantitiesz of organiec
mattor leads to the mlt&ylioa;tion of many putrefactive
bacteria, such as the apore-behring anaercbes. Whille
these are ﬁot neceaa‘;anny injurious to health, they are
undeslirable,  / | | ‘

The organisms of importence in impuve water may be
elther béthoganio _,‘Aor non=pa thééqnic. Among the pethogenic
microorganisms which may gain ;en\.‘:x_'ance to water supplies
through contamination with sufage are the bacteria
ecausing typhold fever, paratyphold, "‘bac.illary dysentary,
Aslatlc cholera, and the protozoan of amoeblc dysentery.

" "}:An impure water is generally defined as one which
received more or less sewage, one, therefore, that is
not £1t for human consumption becsuse of the possIble
| pijosérxoe of patﬁéaenio bacteria, Roiativoly fow spocles
c;f organisms are held to bDe indicative of sewage pollution.
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The most important of these are Iascherichla coll, Aero-
bacter aerogenes, Streptococcus pyogenea, and Clostridium
Welchil,

From the standpoint of humen health, the most
important test conducted on water is the bacteriologilcal
analysis. While people are interested in lmowing the numbers
of living organisms present in water to be used for drinke
ing, they are more interested in the source of these
bacteria,

The sgandard technique calls for the determination
of the presence of pollution; and 'if sewags orgenisms are
found, the water 1s condemned. One of the easlest ways
to detect sewage 1s to look for Escherichis coll, This
organism is found in the excreta of man and other wamm
blooded animals, If Escherichlia coll 1z present, there
exists the possibllity that enteric pathogens might
also be expected., However, Dy using the index orgenisn,
Escherichia ccli, it can be determined with a relatively
high degree of accurscy whether & water supply ls
polluted., If this organism can be detocted in the water,
feces can bo seid to have found their way ints the supply,
and such water is potentially dangerous,

Escherichia coll 1s a short, gram negative, non
spore-forming rod that ferments lactose with both acid

and gas production, This is a unique set of reactions



reserved for a limited number of organisms, and its
uniqueness provides a simple screening technique for
determning the presence of sewage.

Preparation of N utriont Agar. In order to detect
the presence of bacterla, it 1s necessary to have something
in or upon which they will grow. There 15 no limit to the
variety of substences used ae culture medla; some are
1iquid, some solid, some sonmlesolldy whereas a few are
liquid et one tempersture and s&olid at enother and are
tormed liqueliable~-solid media. The most extensively
used consists of nutriont broth to which 1-27 sgar-ager
i Cdlssolved, The medium then forms a firm Jel at
temperatures below 4z°c end 1s called nutrient ager. The
most commonly employed medium in water bacterioslogy is
matrient broth %o which hss been added 0,5¢ of the sugar
lactose (Standard Methods, 19585).

Procedure,

b e ontone. (36) vo 1000 o0 ot disbiited water

in a double boller,
‘2, Hoat in a double boller to 659, stirring until
© dissolved, This will require approximntoly
one~hall hour.

S« leke up the lost volume with distilled water

Shat the final pi i botweon Saé And 7i0s

4. gn to s boil over a free flanng cool to

.. make up the lost volume with distilled
vn e
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5. If the Medis 1s to be used in the Durham
Fermentation tube, add 0,58 b% wolght, of
lactose, Cs 7, Ollerwise, omit this step.

6. Fllter through absorbent cotton or filter paper
until clear,

7. Distribute in test tubes, 10 cc to each tube,
or in other desired containers and place the
remainder in a flask,

8. Sterilize in a pressure cooker at 15 1bs
pressure for 16 minubtes (Levine, 1947).

Broth 1s best stored at room temperature and
should be in such quantities that evaporation is not
excessive before the entire bateh 1s used, Tubes cone
taining ges bubbles in the inserts should bé discarded,
Tubes should be plugged with sterile cotton to prevent
contamination and slight evaporation,

Standard Plate Count.

Dilution. Dilutlon bottles shall be sterilized
in the pressure cooker at 121°9C (15 1lbs,.) for Fifteen
minutes after the temperature reaches 121°9¢, Dilution
bottles or tubes shall be filled with the proper smount
of water so that after sterilization they shall contain
the quantity desired, with a tolerance of 2 per cent.
The exset amount of water to be placed in the bottles
mey be determined only by experiment with the particular
pressure cooker, The sample bottle shall be shaken vigore
ously, twenty-five times, and then 10 ml.,, 1 ml., or 0.1 ml,
withdrawn with a standard sterile pipette and added to
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the proper dilution bottle, tube, or petri dish as
required. Each dilution bottle or tube after the addition
of the portion of the sample shall be shaken vigorously,
twenty-five times, before a second dilution or sample 1s ro-
moved.

Plating. One ml,, 0.5 ml., or other appropriate
volume, of the sample or dilution shall be used for
plating and shall be placed in the petrl dish first.

In the examination of sewage or highly turbid waters
0.5 ml, inosculum of the original sample should h@ﬁ be
measured directly, but an appropriate dilution should
be used, The cover of the petrl dish shall be 1il%ed
Just enough for the introduction of either the pipette
or culture medium, and the lips of all %Test tubes or
flasks used for pouring the medium shall be flamed,
The medium snd sample in the petri dish shall be
thoroughly mixed and uniformly spread over the botitom
of the petri dish by tilting and rotating the dish,
All plates shall be solidified as rapidly as possible
after pouring and then be placed immediabely in the
appropriate incubator or ovem, liot more than twenty
minutes shall elapse between plating and pouring (Standard
Methods, 1955), ;

Incubatlon. Agar medium may be used for counts
made either at 209 plus or minus 0.5% or $6°C plus or



minus 0.5% The time for incubation at the 209C teme
perature shall be 48 plus or minus three hours and that
at the 359C temperature shall be 24 plus or minus two
hours, Glass-covered petri dishes shall be inverted
in the incubator or oven (Standard Methods, 1956).

Countinge In preparing plétea, such amounts of
tho water under exsminatilon shall be planted as thet
which will give from 30 to 300 colonies on a plate. The
aim should slways be to have at least two plates giving
colonles between these limits, oxcept as provided below,

Ordinarily, it 1s not desirable to plant more
than 1 ml, water in a plate; therefore, when the total
nunber of colonles developing from 1 ml, is less than
30, it 1s obviously necessary to record the result as
observed, disregarding the genersl rule given above,

In determining the standard plate count, only
such plates”should be considered as show 30 to 300
colunies except as provided in the preceding paragraph.
If the same amount of water has been planted in two or
nore replicate plates and of these one showe cclonies
within these limits wbile others show less than 30
or more than 300 colonileas, the resuite recorded should
be the average of all the plates planted with this
volume of sample except es provided in the preceding

paragraph,
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Counting shall be done with an approved counting
aid, such as the Quebee¢ colony counter, If such equipe
ment 1z not avallable, counting may bLe done with a
magnifying gleas. In order to inéure uniformity of counte
ing eondlitions, 1llumination equivalent to. that provided
by the Quebec colony counter shall be employed, Nost any
direct lighting will be éatiaractory.

In order tolavqid fictitous accuracy and yet express
the mumerical results by a method consistent with the
precision of the technique employed, the recorded number
of bacterlia per ml, shall Anclude not more than two
aignificant figures. F9r exauy1o. a count of 142 is
recorded as 140, and a count of 145 1s recorded as 1503
whereas a count of 35 1s recorded as such., Counts shall
be designated as the "standard plete count at 209C" or the
"standard plete count at 359C."

Presumptive Test.

Durhan Fermentation tube. Put the medila with lactose
in the Durham tube.s Inoculate the tube and let it stand for

twenty-four to forty-eight hours at 57%C. Check the develgpe
ment at the end of twenty-four hours end forty-elght hours,
Bubbles indlcate bacterin, Most intestinal bacteria wlll
produce gas baogause of their action with the lactose in the
media., DBubbles are an indication of contamination of the
water supply and should be condemned, The Durham Tochnigque
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is used very widely because 1t 1s simple, It 1s an
excellent method for indicatlion sf intestinal bacteria
but does not measure how many. Formation within forty-
elght plus or minus threc hours of gas In any amount in the
fermentation tube constitutes a positive presumptive tost,

The appearance of an alr bubble must nct be confused
with actual gas production., If the gas formed 1l a
result of fermentation, the ULroth medlium will become cloudy
and active fermentation may be shown by continued ape
pearance of small bubbles of gas throughout the medium
outside the fermentation tube when gently shalken.

The absence of gas formation at the end of fortye
eight plus or minus three hours incubation constltutes a
negative test. An arbitrary limit of forty-elght hours
observation doubtless excludes from consideration o¢e
casional members of the coliform group which form gas very
slowly, but for the purpose of a standard test the exclusion
of these occaslonal slow gas-forming organiems is generally
satisfactory (Standard Methods, 1956).

Confirmed Test. All primery fermentatlon tubes
ghowing sny amount of gas at the end of twenty-four or
forty-eight hours incubation shall be subjected to the
confirmed test, All tubes producing gas in twenty-four
hours that have not been submltted to the Confirmed Test
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shall be recorded as containing organisms of the coliform
group, even though all the confirmed tests made yield
negative results. Submit to the Confirmed Test all
tubes of all dilutions of the orliginal sample in which
gas 1s produced only st the end of forty-elght hours
inoubation.

Progedure with Violet Red Blle Agar. Violet

Red Bile Agar 1s purchased ready for rehydration. 1t
does not have to be autoclaved or sterillized in the

pressure cooker due to the préaenoe of blle,

1. To rehydrate the medium, suspend 41.5 grams
in 1000 ml, of cold distilled water.

2. Heat to bolling to dissolve the medium
completely.

8. Cool to 40°C to 44°C and pour 15 ml., of the
medium into petri dishes contalining the
inoculum.

4. After the inoculated medlum has solldifiled,
pour 4 ml, of the medlum over the surface
to form a thin coverlng film,

6. The inoculated plates are incubated at 37°C,

for 18 to 24 hours end then observed by
transmitted light.

€. llembers of the colifom group formz purplishe
red colonles surrounded by & zone of pPro=
cipitated bille salts (Difco Laboratories,
1956).
If typical coliform colonies, purplishered surrounde
ed by a zone of precipitated bille salts, have developed

on the plate within the incubation period, the result
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of the Confirmed Test may be considered positive and the

water supply condemned., If only negative colonles have

developed within the incubation period, the results of

the Confirmed Test may pe considered negative.

GENERAL PROCEDURE FOR BACTERIAL ANALYSIS

1.

2.

Se

4,

S

€.

7

8.

Shake the sample thoroughly to insure even
distribution of the organisms, then open the
bottle, taking care not to contaminate the sample
with the fingers or equipment, Thils same
procedure is followed for each sample representing
the water supply.

Place 10 cc of the sample in a Durham Fermentation
tube, discard the pipette.

Place 1 cc of the sample into:
a, each of two petri dishes,
b. a Durham Fermentation tube.
¢ a bottle of dilution water,

Place 0,1 cc of sample (1 cc of the diluted
sample) into:

a, each of two petri dishes.

b. & Durham Permentation tube.

Pour into each Petri dish a tube of melted
agar which has been cooled to 42°C to 459C.
Tip the dish back and forth to insure good
distribution and put aslde to solidify.

Place the agar plates in the 379C incubator for
24 hours; also incubate the lactose broth
fermentation tubes at the body temperature.

Count the number of colonies on each, at the
end of 24 hours incubation and record in
tabular form., See Table ViIon page 50.

Record the gas formation in the Durham
Fermentation tubes after 24 hours and 48 hours,
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51

101

251

501
1,001
10,001
50,001
100,001
500,001
1,000,001

to

to
to
to
to
to
to
to
to
to

50 colonies, record as found

100
250
500
1,000
10,000
50,000
100,000
500,000

1,000,000
10,000,000

(FROM GAINEY, 1939)

TABLE VII

to nearest
" n
" "
" i 8
" "
it "
" "
" n
" "
" "

EXPRESSION OF PLATE COUNTING

S0

10

25

50

100

500
1,000
10,000
50,000
100,000
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9. If gas 1s present, complete the Confirmed

Test for the presence of Coliform bacteria,

Interpreting Resulis. In generszl, the greater
the varlety of colony types on a plate, the more une
favorable is the indication, for polluted waters usually
contain a multiplicity of bacterial specles,

The ratls of the 37° to the 20° plate count should
be noted, If this ratio is low - below 10F% « and pare
ticularly if the body temperature count is low for the type
of water examined, the indication 1s favorable. Low
counts at both temperatures are very reassuring. Not
infrequently extremely low counts in the presence of
somewhat doubtful coliform results, especially in the
examination of ground waters, furnish conclusive cone
firmation of favorable sanitaery-survey findings. On
the other hand, an increase in the count of a water
that usually contains few bacteria may afford the firat
indication that something is wrong.

The first doys gas indications are particularly
significant, for the production of gss in twenty-four hours
in the enrichment tube usually means that normal coliforms
are present., When tubes of lactose broth are inoculated
with water and the tubes are incubated at body tcmporuturo;
the production of acid and gas through the breakdown of

lactose leads the analyst to presume that coliform



bacteria are present in the water, The term coliform
refers to all specles of the geners Escherichla and
Aerobacter, The Aerobacter 1s generally of soil or
plant origin, but as high as 10% of fecal samples may
be found to harbor these orgenisms, Escherichia Coli
i1s considered to be primarily of fecal orlgin., The
interactlion of two or more species of bacteria, however,
may yleld acld end ges from lactose because of synerglem.
Por this reason, it 1s important that positive presumptive
tests e carried at lesst one step further bLefore the
water can be sald to contoin sewage (Wedberg, 1954).

The interpretation of results i1s much simplified
if reguler and frequent bacteriological examination of a
water supply 1s practiced, A single analysis of 8 water
reveals only its bacterisl content at the moment of
sampling., Repeated examination, however, furnishes a
conception of the normal varlations to which the bacterial
population of the supply may be subject, and therebdby
greatly facilitates evaluation of the significance
of departures from the normal that otherwise might be
overlooked or misconztrued (Prescott, Winslow, McCrady,
1947).

In the very early years of water examinations
Sternberg (1892), in a conservative fashion, stated
that a water containing less than 100 bacteria per ml,
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is presumably from & deep source and uncontaminated
by surface drainage, that one wilth 500 bacteria ls open
to susplclon, and thet one with over 1,000 bacteria 1s
presunably contaminated Ly sewage or surface drainage.
This is probably &s satisfactory an arbitrary standard
as could be devised, but any such standard must be applied
with greaet caution, The source of the sample is of vital
importence in the interpretation of analysis; & bacterisl
count which would excite suspicion in a spring might be
quite normal for a lake; only flgures in excess of those
common to unpolluted weters of the same type glve an
indication of danger. Furthermore, the bacteriologlcal
tests are far more delicate than any others at one's
command; very minute additions of food material ceuse an
immense multiplicstion of the microscopic flora, It is
necessary, then, in the first plaece, %o exercise the
grestest care in allowing for possible error in the
collection end handling of bacteriologlcal samples;
in the second place, only well-marked differences in
numbers should be considered significant (Prescott,
Winslow, and MoCrady, 1947).



CHAPTER III

CONSTRUCTION OF
AND NEEDED MATERIALS FOR
A WATER TESTING KIT

There are no rigild or spacial requirements or
gpecificatlions which should be asdhered to in order to
construct a water testing kit suitable [or perlforming
the teols mentioned in Chepter II, DBetter kits can be
made than the one that has been bulli for thils study.

To encourage teechers to construct such a kit and to
project this ides to the interested students of sclence,
in the building of this kit, over simplification has
been emphasized to show the value that can be derived
from such & simple construction. The only objective
necessary is that the water testing kit serve 1its
purpose.

Picture I on page 55 is one taken at the beginning
of the construction of the water testing kit, made for
this thesis, The pictured bLox was obtained from a local
A & P Grocery store at no charge, Aa shown, one side
was absent and could not have ﬁeen used because of its
destruction when the box was opened at the store. The
box was made of pine wood, 13 and 1/2 inches long, 9 inches
wilde, and © inches high. Ideally, a box of hardwood
would be better to withstand the rough treatment that such
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PICTURE IIX
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a kit must endure, However, the softer woods, with
a good finlsh, may be used satisfactorily. The wooden
box was first sanded, and a pilece of plywosod 13 and 1/2
inches in length snd 9 inches wide was fitted to the
fourth side of the box, in order to enclose the box,
The plywood wes fltted to the box with small hinges
purchesed at the § & 10 cent store for twenty-nine cents.
The hinges were fitted two inches in from either side at
the back of the box., The plywood side waes intended as
the top side of the box,

All nails were removed from the front side of
the box, and the front penel was fitted %o the box
with hinges similer to those used to hinge the top
sildes The bLox was then painted, inside and outside,
with two coamte sof black paint, One may use any other
color that 1s desired, Black was used on this construction
to help cover up the acid drops which burn ints the wood,
Plecture II on page 556 shows how the sides were fitted
to the box, The hinges should work well and be mounted
with screws instead of nalls, Nalls have a tendency to
pull out of the woody while the screws will hold more
gecurely in the wood,

A l-inch thick poplar bsard 12 and 1/4 inches long
and 8 and 1/4 inches wide was cut %o fit snugly in the
bottom of the box, Necessary placement of the equipment
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in the box was determined, and holes were cut in the
poplar board to correspond to each chemical or plece
of glassware that would be fitted in the kit. The
writer's arrangement included three holes, 2 inches
square; one hole, 5 and 1/2 inches in diameter, one hole,
1 and 1/4 inches in diameter, two holes, 2 and 1/4 inches
in diameter, and three holes, 3/4 of an inch in diameter.
The holes were cut sut, the poplar board was then sanded
and painted, Upon drying, the poplar board was nalled to
the bottom of the box t9 prevent the chemicals and glasse
ware {rom capsizing while moving or carrying the water
testing kit.

As shown in Plcture III on page 68, three sampling
bottles, one 100 ml, Nessler Tube, one 250 ml. Erlenmeyer
flask, one 100 ml. bottle of concentrated Hydrochloric
Acid, one 100 ml, of 0,001 N Sodium Thiosulfate, one vial
of N itrazine paper, one vial of Potassium Iodide, and
one vial of starch solution with a dropper were placed
in their respective place in the bottom of the kit. On
the inslde surface of the top of the kit, two pleces of
l-inch plastic strips were tacked eight inches apart to
hold one 10 ml., pipette, one graduated 1 ml, pipette, and
one ungraduated 1 ml, pipette. The Nitrazine paper color
standards can be tacked below the pipettes on the inside
surface of the top of the kit. The analysis sheet, as
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1llustrated on page 59, to be used for each sample, may
be placed in the kit when one leaves to test the water
supply. The inside surface of the front side of the
kit may be used as & work table. It 1s a level surface
and will prevent spilling or over-turning of the chemicals

while performing tests.

PICIURE IV

As shown in Picture IV, above, a handle has besn
attached to the outside of the top panel 2f the box.
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The handle, in this locstion, will facilltate bandliﬁg
and keep the equipment on the inside in an upright
poaition, A hasp has been placed in the center of the
top and front surfece edges to hold these two panels
together while the water testing kit 1s in transit.

Plcture IV shows how compact the water testing
kit 1s when 1t 1s ready for use in rendering a public
health service. It 1s easlly handled and occuples very
1little space, The weight of tho stocked kit 1s ten
pounda and four ounces, Pour hours of labor 1s required,
and the stocked kit costs approximately four dollars
($4.00).

On page 62 1s a llst of equipment needed to
performm all tests outlined or described in this thesis,
The approximate cost, to carry ocut all teat required Ly
this study, is listed for supplies needed in the water
testing kit and in the school laboratorys The approxe
imate cost includes the purchese of & pressure cooker
and & small oven for incubation in the bacteriasl analysis,
However, a fire proof box with & suspended 1light bulb
can be regulated to serve the purposse of an incubator or
oven. DBoeceause of the lack of funds in most of the sclence
departments of schoole, this approximate cost may seenm
expensive, The approximate cost has included all equipment
necessary, Whereas, the flasks, pipettes, etc, may not
have to be purchased. |
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NEEDED MATERIALS

Water Testing Kit

Sample bottles (3)

Nitrazine paper and color chart

One 250 ml. Erlenmeyer Flask

Small Bottle of KI orystals

Small Bottle of Cone. ECL

Small Bottle of Starch Solution

Bottle of 0,001 N Sodium Thiosulfate Solution
Pilpettes, 10 ml., two 1 ml.

School Laboratory

Six Petrl dishes

Pressure Cooker

Sterile pipettes in case (1 ml., and 10 ml.)
Dilution bottles - 4

Agar, Peptone, lLactose

3 Durham Fsrmantation tubes,
Ten 100 ml., XN essler tubes
Three 250 ml. Erlenmeyer Flasks
Two 500 ml. Erlenmeyer Flasks
Pilter paper -~ standard
Litous paper

100 ml., pipette

Funnel

Oven (Incubstor)

Soda Reagent

Potassium Chloroplatinate
llethyl Orange

0.02 X Sulfuric Acid

Burner and gas jJet

1000 ml, distilled water
Violet Red Dile Agar

Approximate Cost $44.56
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TABLE VIII
RESULTS OF SAMPLES
ANALYZED WITH WATER TESTING KIT
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P- positive

» O - negative, A - acceptable, C - condermed,



On page 63, Table VIII, can be found a series of

results obtained from samples of water which have been
analyzed with the water testing kit. The purpose of
this information 1s to indicate how results can be

complled compactly and the sort of results which can be

expected for the various tosts as well as for variosus
kinds of water. Of the many samples that have been
analyzed with this water testing kit, the 25 samples

Cé

on page 63 are typlcal examples of all the other samples,

Samples numbered 6, 7, and 8 were cosllected from

a stream running through a pasture. The high plate count

should be noted. ©Samples numbered 14, 15, 16 were
collected from a stream ints which industrlel wastes
wore dumped. The results {rom the odor, pH, and color
are indicative of such pollution, Samples numbered 21
and 22 were collected from a stream aftsr three days
of rains The results from the plate count, c¢olor and

odor are typleal f'or such condltions.



CHAPTER IV
ECOW THE SCIENCE TEACHER MAY USE THE WATER TESTING EIT

A weter testing kit can be of great value to
the teacher, the schsol, end the commmunity. The science
teacher in any school héa vast amounts of work included
in the daily schedule, However, the water testing kit
ecan serve to supplement the regular e¢lass work, Testing
water can alss become a hobby for the teacher, Nevertheless,
such a kit ocan serve to increase the public relations
factor between a school and its community. Public
relations 1s one of the most powerful forces in any
commmunity and therefore, can not be overlooked (Zwoll,
1948). By improving the sanitary conditions in the come
mnity, the patrons have a greater respect for the school
and the sclence teacher. It can establish the science
teacher as the source of ald in case of sanitary
troubles, Schoosle have the responsibility of serving
the people of the local school district through & constant
orlentation of institutional activities to the particular
problems and needs of the community end through a cone
tinuous program of Informetion which will interpret the
school and its activities to tha peosple, This dual
activity 1s part of school public relations or sseclal
interpretation. Frequently the péople are not sufe

ficlently conscious of thelr own needs, problems, or
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powers to act; and rosponelbllity does not rest sslely
with the pople or even with thelir immedinte representae
tives %o whom they have delegated certaln powers,
Responsibilily for an effective operating, dynamic school
also rests with the professionsl agents at the school
(Zwoll, 1048).

The public relations responsibilities of the school
employee are basically the seme es those of the publiec,
As both a member of the community and as s school employao;
each has the unequivocal obligatlon to interpret the
gchools to the commmnity. IHis position with the schools
plece him in a particularly adwautageous position with
respect to this phase of a schoosl's public relations
program. In this capacity, the school employee serves
to bring to the attention of tho school authorities the
attitudes, opinions, problems, snd needs of the community
es these fectors come to5 his attention (Zwoll, 1948).

The outlook for such & kit is very bright and
encouraging., It is quite possible that such a kit can
be integrated intc a food testing kit to check food for
contaminetion, Bach year numbers of incidences hit the
newspapers of people suffering from food poisonings of
various kinds, In verious schools there are outbreaks
of food polsoning from food served in local cafeterias,

A routine check of water in schools and the detection
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of food which has become contaminated in cafeterias 1s
the best use to which & kit of this sort can be applied,

Teachers may use this kit advantageously to
account for individual differsnces in the classroom.
The more interested and challengling students may find
delight in making routine checks of water in the school.
The teacher may use the project method to challenge the
better students to bulld a similer water testing kit
for thelir own use or use in the school., Child study
naturally leads to "doing what that study shows to Ve
desirable and necessary.” Obviously a guldance-directed
curriculum should provide each child with a series of
experiences through which he can discover, without undue
discouragement, his strengths and his limitations and can
gain lmowledge and skill in meeting the problem of school
and of life, By dealing with problems of daily living,
appropriete to his capacity and need, he learns to live
in his environment and improve 1%. Thus the present
and the past contribute to developing personality of each
child, Especially rich in value are those soclal
gltuations through which the c¢child acquires a sense of
belongling to the group and of working for common worthy
purposes and the good of all concerned. '

This kit offers an excellent opportunity for teache
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ing the Sclentific Method, The Sclentific Method or
approach o problems, must be learned to properly
evaluate our experiments and resaearch in sclence, Howe
ever, that is not the ultimate gdal. It is desired
that the student might apply the Sclentific Method to
his own daily problems as well as in evaluating things
that are scen and read, In establishing truth from untruth,
through the sclientific method and attitudes, the student |
is more capable of becoming & wellesadjusted personality.

The Boy Scouts of America organlzation has been
Incressing at the rate of 500,000 new memberships each
year since 1930 to a total of approximately 15,000,000
nmemberships at present (Boy Scouts of America, 1940).
The Girl Scouts organization has been inecreasing at the
rate of 70,000 new memberships each year since 19356 to a
present total of approximately 573,266 memberships (Girl
Seouts, Inc., 1941). Boys and girls who are members of
Seout troops in the community may be challenged to
design such a kit for thelr use on camping trips.

Anosther purpose seen would be making the students
more community minded and having more appreciation for
the work of our health departments end their services
to man. The necessary sanitation for proper healthful
living should be the ultimste goal expected to be inatilled
within each student. Likewise, the teacher will likely
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become concerned with the welfare of the community and
cen stress proper cleanliness to the students. The
detrimental effects of impure water will become vivid
in the minds of the students who participate in the
testing procedure., Personal hyglone deals with the facts
and principles that eneble the Individual to live at
his best, It includes not only the prevention of disease
in the peraon but also the achlevement of best standards
of living posesible for him, To this end, the sanitation
of the home for which the individual 1s responsible may
greatly contribute; or public health conditions, such as
pure water supply, may influence profoundly the gquality
of his health, On the other hand, the practice of
sanitation 1n a community is a reflection of the desires
of the people of the community to have wholesome conditions;
and hence all measures of public health are dependent upon
the will of the persons of the soclal group or groups
concerned (Williams, 1928).

Progress made in the public health sciences
during the past half century has made it clear that the
heavy burdens of disease can, in large measure, be lifted
by the application of scilentific knowledge already
avalleble; and each year the results of public health

research are broadening the arcas of possible control,.
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The most dramatic results have been asttalined in
the sphere of environmental ssnitation, particularly
through improvement in water supply and waste disposal
and in the control of the arthropod vectors of disesse,

A substentlal part of the reduction of mortality
rates in Western Europe and North America has been due
to purification of water supplies and improvement in the
disposition of fecal wastes. In these areas, not only
cholera and typhoid fever, but also the various forms
of dysentery, have slmost disappeared; and the rare
cases of intestinal infectlon which occur are due to
personal contact or food«handling by healthy carriers
(Winslow, 1961).

In Latin America striking results have been
achieved in various countries in cooperation with the
national health agencies and the Institute of Interw
American Affairs, Recently, in the Amazon Valley of
Brazil there was an area two-thirds the size of the
United States in which only two citles had adequate and
safe public water supplies. The incldence of typhoid
fever and other water-borne disecases was extremely high,
as was the infant mortality rate and intestinal parasite
infection rate, One of the most lmportant perts of the
engineering end sanitation phase of the work has been the



construction of safe publie water supplles in the
smaller communities, ronging in size from 500 to 10,000
inhebitante, In one of these towns, where there had
been 20«30 cases of typhold fever each year, not a
single case occured after the installation of a small
end economical water-supply. Weter supplles and
storage services in cities of Mexico considered that
22% of their general mortality rate was caused by
waterborne diseamses. In 1940 less than 1€ of the
cities and towns in Mexico had water supply systems and
only five of these citles and towns had really potable
water (Winslow, 1951).

Mankind suffers from many grave preventable
diseases which involve not only humen suffering but
also impose heavy burden on the economlc ressurces of
the regions involved. Date quoted from reports on
progress in meny countries indicate that such conditions

can, in large measure, be contrslled and that such
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eontrol has frequently resulted in substantlal betterment

of general economic statua. The realizetion of this
fact should prove of major lmportance in assisting the
efforts of public health officials and other Interested

personnel.
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APPENDIX
I. Calculations of Residusl Chlorine from the Starche

Ioscide Method.

Nilliliters of 0,001 ¥ Thiosulfate X 0.,1773 equals
Parts Por Million of Residual Chlorine,

II. Qalculations of Total Hardnecs from the Soda-NNeagent

Hethad,.

Dxenple:

Milliliters of 0,028 N Sulfuric Acld « « « 31.82
(Gistilled wator)

Milliliters of 0,08N Sulfuric Aclid 4 + « 19,6

s e s

DIfferoncd s« o« o o ¢ o« o o v 9 ¢ s s » » 1le6

11,6 X 20 _, 282 p. pe ms total hardness es
Calelum Carbonatse.

IIT, gCaleulatlions of Total Realdus,

Example?
Sample portion ‘No. 1 No, 2
Wte of dlsh and residue 48,2088 gas. 43,8046 gms.
Wte of dish 48,2540 gnge 48.8210 e,

.

WEe of Residue 0.,0442 g, Q. 0436 gm.



