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< N CHAPTER I~
INTRODUCTION

This survey is presented with the hope that it will

' serve two purposes. ‘The immediate purpose is the scientif-

ic analysis and treatment of the wells of Vigo County. The
second is of much greater impoftance ih.that it discusses
the methods for analysis'and treatment of any water supply
in such a way theat any person will be able to .meke a sani-
tary analysis of a water supply end administer treatment
when necessary.

‘ The reason for basing this report on school wells is

apparent. If a source of water is being used by a group of

people, it is not necessary to emphasize the necessity of
its being pure. Nor will snyone deny that contaminated
water is a source of organisms which ceuse much humen ill-
ness. If we have pure sources of water at the schools,
theoreticélly, we have one-third of the water problem solved
for children of school age. The other two-thirds of the
job_would be the endless task of treating‘the wells at all
of the homes in the community.

Tﬁe.state Board of Health, realizing the importance
of pure water for the schools, mekes specific recommendations
governing the construction, equipment and maintainance of

sanitary features of public school buildings. In this
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1ist-of‘recpmmenda€ions, Section 18'r9commends the following:

statgs

Open or dug wells, or springs, shall not be used.
No well shall be within 100 feet of any privy, cess-
pool, or other known possible source of contamination.
The water supply of every school shall be analyzed by
the State Board of Health from sample submitted by the
school trustee, school board, or the local health
officer, whenever in the opinlon of" the local health
officer such analysis shall be necessary, or whenever
the State Board of Health shall require such analysis,
It is recommended that the water supply at each school
shell be analyzed once each year.

a. Drinking Fountains--Where pressure Water sup-
ply is available, sanitary drinking fountains shall
have designed fittings which direct the stream of
water at an angle away from the jet. The jets shall
be protected against fouling by guards which prevent
the lips of the user from touching the jets. Drink-
ing fountains shall be equipped with automatic volume
regulators which meintain a running stream of uniform
height, despite the variations in water pressure.

b. The use of open water containers and the com-
mon drinking cup in schoolrooms is prohibited by
order of the State Board of Health. Water must be
kept in a closed containe® with bubbler attachment or
with individual cups for use of the pupils or a
combined pump and bubbler fountain shall be installed.

The Sanitary Schoolhouse Law, approved Merch 3, 1915,
the following:

All schoolhouses shall be supplied with pure drink-
ing water, and the water supply shall be from driven

wells or other sources approved by the health author-

ities. Only smooth, stout glass or enameled metal
drinking cups shall be used; water buckets and tin .
drinking cups shall be unlawful and are forbidden;

~ and whenever it is practicable flow1ng sanitary drink-

ing fountains which do not require drinking cups shall
be provided. All schoolhouse wells and pumps shall be
supplied with troughs or drains to take away waste
water, and under no conditions shall pools or sodden
places or small or large mudholes be allowed to exist
near a well, When water is not supplied at pumps or

from water faucets or sanitary drinking fountains then

covered tanks or cecoolers supplied with spring or self-
closing faucets shall be used.
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" . The desirability of conforming to the foregoing
recommendations is unquestionable; but they are frequentﬁy
disregarded because of the additional expense they entail
or for other reasons. The most common mistake is in the
construction of the éqﬁipment about the well. A well-curb
can be easily constfucted and is relatively inexpensive.
Examination shows that many of tlese are of very poor
construction and will permit fhe water to return to the
well. If a curb is mede well snd a drein trough is placed

over it, there is little possibility that the contaminated

water can return to the supply.
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CHAPTER II-
BACTERIOLOGICAL EXAMINATION

The anelyses which follow were made according to
the methods prescribed by the American Public Health
Association. The prbcedures were taken from the eighth
edition of the book STANDARD MﬁTHODS FOR THE EXAMINATION
OF WATER AND SEWAGE. This book was prepared by the
American Publiec Hea;th Association and is the accepted
stendard for any sanitary examination of water.

All of the anmalytical tests were made in the bacter-
iolégical and chemical laboratories of Indiana State
Teachers College. The water samples were collected in
flasks which had been especially prepared in the laboratory.
These flasks were sterilized by heating in a 170 degree
oven for at least two howrs. The samples were collected
and. rusheéd to a refrigerator, where they were kept until
they were to be analyzed. In no case did the elapsed time
between collecting of the sample and innoculation of nutrient
agar plates or lactose broth fermentation tubes exceed six
hours.

'Utmost care was exercised in the collecting of

samples. If the semples were taken from a manual pump, the

‘pump was operated for at least a tem-minute period before

the sample was teken. Faucets and drinking fountains
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were allowed to run for a similér pericd if the sample was
to be taken from them. This insured é representive sample.
Aside from this precaution, a small kit was prepared and
taken into the field on each collecting trip. This kit
made possible the qualitative testing for- ammonia and
chlorides at the well, The sample was not taken until the
ammonia and chloride concentrafion was at a minimum. If.
these constituents continued to remeain in high concentra-
tions after a sufficient period of pumping, they were ac-
cepted as present in the supply end recorded in the data,
The kit for testing ammonia and chlorides contained .the
samé chemicals and apparatus that were used for testing
for them in test and will be described later in this report.

The bacteriological examination was conducted in
accordance with good bacteriological technique. All of the
equipment was cleaned and sterilized the day previous to
the day of collecting samples. Water blanks were prepared
by titrating 9.6 cubic centimeters of water into test tubes.
These tubes were stoppered with cotton plugs and sterilized
in the autoclave for twenty minutes at fifteen pounds pres-
sure. The tube-contained 9 cubic-centimeters of sterile
water.éfter this period.: Dilutions of the sample were )
prepared: in.the water blanks by placing 1 ecubic-centimeter

aﬂrthewsample which was collected in one of these tubes to

get: arone=tenth dilutien, 1 cubie-centimeter of the one-
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temth dilution in€o the next tube to .get a one-hundredth.
dilution, and éo on until a one-ten-thousandth dilution '
was obtained._ Nutrient agar petri dishes were innoculated
with the hundredth, thousandth and ten-thousendth dilutions.

The nutrient agar was prepared as follows:

Bacto-Beef Extract .......... ¢« grams
Bacto-Peptone ......... ceessees8 grams
BaCtO"AgaI' s 000 0 e 'o e e e o0 -13 grams

The - above constituents were placed in one liter of water
and dissolved by heating. The solution was then placed in
test tubes in about 10-cubic-centimeter quantities and
stoﬁpered with cotton. These tubes were placed in the auto-
cleve for twenty minutes under fifteen pounds pressure,
After a forty-eight hour period of incubation, the
colonies were counted on the agar plates and recorded in
the date. In that three plates were made from each di~
lution, the figure recorded in the date is the average of
the three.

- The innoculation of nutrient agar plus the innocu-
lqpion of laetose broth is considered & presumptive test. -
The nutrient agar plates give an idea as to the number of
bacteria in the.water ,and the lactose broth detects gas- '
forming bagteria., The lactose broth fermentation tubes

were inneculatad~atfthe same time as the nutrient agar

plates. The fermenbation tubes were of the Dunham type.
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Théfla3tose*brothJWas prepared as follows:
~ Bacto-Beef Extraet...............8 grams
Bact0=-Pepton6.cececereeocreaenss .5 grams

B‘acto\-Lactoseboiinoou0000000000505 grams

" The above compounds were dissolved in one liter of water

by heating. The-medium was then placed in the fermentation
tubes in about lOucubic-centiméter quahtities, stoppered

with cotton and autoclavéd for'twenty minutes at fifteen

pounds pressﬁre. Permentation tubes were innoculated

with ten, one and one-~tenth cubpic centimeter quantities of

each sample. Two tubes of each quantity were prepared.

The results of the fermentation tube tests were recorded

in the data as no gas formed or the percentage of gas formed,
When no gas was formed, the analysis was complete. Escherichia

Coli, hereafter in this paper designated as E-coli, is a gas

‘producing bacteria., The identification of E-coli is suf-

fieient evidence to consider that a supply of water is not

potable. E-coli is not necessarily pathogenic, but its

presence in water shows that the water is potentially danger-

ous and -should ‘not"be consumed., Aerobacter aeorgenes is also

ai'gas pheducing ‘basteria; so the results of the presumptive

t88% are rot conelusive, and those semples which produeed gas
must be ‘¢arried dhreugh “to the confirmation tests.:

red o' PHe gonfirmation test ts éondueted by innceulation of

. ER@8' §tagdr platss Ifrem ' 8he  Permation ‘tubes Wwhich produced
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gas. This is done: by taking a small portion of the'broth
from this tube and placing it on the Endo's medium. Endd's
agar 1is prepargd as follows:

Bacto-Peptone......... ceessecsssssee 10 grams
Bacto-Lactose.esieerteererasescasase 10 grams
Dipotassium Phosphate.......ecc.ve.s 3.5 grems
Bacto—Agar............;L.,J....}..., 15 greams
S00iUM SULFitO.veereeeerneoneeeenees 2.5 grams
Bacto-Basic Fuchsin.......ecvvevenns 0.4 grams
These-ingredients were dissolvgd.in one liter of water -and
then prepared as the nutrient agar. The normal color of

basic fuchsin is red. The reaction of sodium sulfite and

basie fuchsin resulted in & very light shade of pink. ?
When coleon baecillus ferments lactose, an acid results. An
intermediate step in the formation of this acid is the
production of acetaldehyde. In the presence of acetalde-
hyde, basic fuchsin is always red. After the Endo's agar
plates have been incubated for a forty-eight hour period, eny
ceolonies of E-coli are readily noticeable, in that they will
, have a distinet red eoler. When red colonies were observed,
the tests were carried through to the completion stage to -

céompletely identify these colonies as E-coli or aerogenes. '

{ . . o v .

1é @i < When iv.was neecessary to go to the completion tests,
{ . - .

red colenies were transplanted, by means of a wire loop,

££ém 4hé ‘Endo's medium to nutrient agar slants. Nutrient

:
|
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agar slants were ﬁrepared;by plééing.ﬁhe tubes of_ngtrieﬁt
agar in a reclining position while thé agar was liquid, &and
'permitting it to solidify along the side of the tube so that
it would be eaéily accessable from the top of the tube.

After the nutrient agar slants had-been incubated for
forty-eight hours, the colonies had grown so that they could

be trensplanted into the varioﬁs_mediums for the tests that

followed.

The first step in the completion was Gream's stain.

This was conducted with stock solutions in the leboratory
by placing a colony, which had been produced on the agar
slaﬁt, upon a slide. Then the slide was flodded with

erystal violet stain solution for one minute. All of |
the bacteria were stained violet, for all bacteria behave

much alike with simple basic stains. Next, the excess

of the violet stain was washed off with water, and the.
slide was flooded with iodine solution for omne minute.

The .icdine formed a compound with the viclet which is of a
2 deep blue-black color. After this treatment, all of the

: bacteria were still of the seme color, now a blue-black.
Again.the slide was washed with wéter and then alcohol was

lgppl;gdgA Alcohol will dissolve the violet-iodine color oud:

of the Gram negative bacteria more quickly then from the

Grem positive bacteria, »Thg,glcphol should be used for a.

Ty

Reripd, of about thirty seconds. If any Gram positive
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bacteria were preéént,‘they would still be colored a shade
varying from violet to blue-~black, while the Gram negati#e
bacteria would be colorless. Being colorless,they could
not easily be seen, so a counterstain, red safranin was
applied for ten seconds. After this, the Gram negative
bacteria appeared‘red and the Gram positive ones appeared
blue-black. Gram negative bacteria are E-coli. In the
data, the results of the'Gram Stain test were recorded as
positive or ﬁegativs.

A second step in the completion test was the bril-
liant green bile test. . Brilliant green bile was the medium

used and was prepared as follows:

Bacto-Peptone.............. ee.s 10 grams
Bacto~Lactose........ccvvuvee.n 10 grams
Bacto-0xgall.. ... covineennnnenn - &0 grams
Bacto-Brillient Green......... . 0.0133 grams

The .above ingredients were dissolved in one liter of water,
placed in test tubes, stoppered and autoclaved. Colonies
were then transplanted from the agar slants to the brillieant
green bile medium. These tubes were examined after twenty-
four and forty4eight hours to determine any grdwth of the
colonies. This brilliant green bile is & selective medium '
and inhibits the growth of organism other than E-coli and

that group. In the data, results of this test were recorded

as; growth or . no: growth.
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" . 'The third test of the complétion was a sodium

citrate test. The sodium citrate medium was prepared as

follows:

Sodium ammonium phosphate.......... ses 1.5 grams

Potassium dihydrogen phosphate........ 1 gram

Magnesium sulfate......f ....... feeees . 0.2 grams

SOAIUM CLtTABE . vesrnnneenatronennn.ns. . 2.5 grams
The above ingredients wefe diséolved in one liter of water
and;fhen disfributed»in test tubes in five cubic centimeter
quantities. The tubes were sterilized in the autoclave as
were the bile tubes. This medium was innoculated by means
of a wire loop. Colonies weré obtained from the nutrient
agar slants. After a seventy-two hour incubation period,
the tubes were examined and were reported in the data as
growth present or not présent. In this citrate medium,
aerogenes grew,but the coli colonies did not.

The last test was a methyl red test. The medium
used for this test was a methyl red Voges and Proskauer

medium. This medium was prepared as follows:

Buffered peptone........... e e e 7 grams
Baoto-déxtrose..... ............ ev.s O grams
Pipotassium phosphate.............. 5 grams ‘

The above ingredients were dissolved in one liter of water.

The solution was heated for twenty minutes while being

stirred, filtered, end distributed in sterilized test tubes
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in 10 .cubie centim;fer Quantities. ‘The tubes were,steril;
jzed in the autoclave for about thirty minutes under fifteen
pounds pressure. An indicator solution was prepared by dis-
solving 0.1 grams of methyl red in 300 cubic centimeters of
alecohol and diluting to 500 cubic centimeters with distilled
water. The 10 cubie éentimeter portions were innoculated_
from the ager slants. These tubes were incubated for forty—
eight hours and then the éontenfs of each tube was divided :
intoffwo tubeé, each containing a five cubic centimeter
portion. The original tube was, permitted to incubate an
additional forty-eight hours,and the 5 cubic centimeter
sample which was withdrawn was‘used for the Voges and
Proskauer test. Five drops of the indicator were added to
these tubes. Five cubic centimeters of a 10% potassium
hydroxide solution were then added to the sample, and the
solution was exposed to the air. These tubes were examined
at two, twelve and twenty-four hour intervals. If acetyl-
methyl-carbinol had been produced, an eosin-pink color
appeared in the liquid,and the organism was of the aerogenes
type. If the solution remained colorless, the organism was
of the colon baecillus type. The development of-the color
in this test is due to the formation of acetyl-methyl-
carbinol from dextrose by aerogenes. The methyl red tubes

which were permitted to incubate seventy-two hours were then

~treated with five drops of the indicator solution. If the




soIﬁtibn changed fb a pink or red,'the colonies were

recorded ésE-coli. If no color déveloped, the colonies
were considered to be of the aerogenes type. The test
depends upon the fact that colon bacilli produce higher
acidities than aerogeneé types. This indicator changes
color at a hydrogen ion concentration between that pro-
duced by colon bacilli and that formed by aerogenes.,

Table I contains the data of the bacteriological

examination.
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_ TABLE I | |
DATA OF BACTERIOLOGICAL EXAMINATION PRESUMPTIVE TEST ,

Bacterial Count in : Lactose Fermentation
Dilution of : Tubes with

-
.
»
.
L]
.

Well
No.t 1/100 : 1/1000:1/10000 : .lece : -lee . lOcc
1 1 0 0 *NG NG NG
2 1 0 0 | NG NG NG
3 1 0 0 ‘NG NG NG
4 3 0 0 NG NG NG
5 O%85  °38F . 0385 NG NG NG
6 9 3 1 NG NG NG-
7 6 1 0 NG NG NG
8 6 1 0 NG NG NG
9 1 0 0 NG NG NG
10 12 7 1 NG NG NG
11 5 2 1 NG NG NG
12 1 0 NG NG NG
13 13 3 1 NG NG NG
14 5 1 0 NG NG NG
15 APPI8E- 12 2 NG NG NG
16 35 5 2 48% - 37% 45%
17 9 3 1 25% 16% 25%
18 15 2 0 NG NG NG
19. 12 3 0 NG 25% 70%
) 20 A | 0 NG NG NG
: 21 O%85  O%8F  O%gE 16% 50% 35% -

*NG -- No gas

o b




TABLE II

DATA OF BACTERIOLOGICAL EXAMINATION
CONFIRMATION AND COMPLETION TEST

15

Well§ Endo's Gram's zBriLliant Sodium Methyl
No.: Medium : Stain  :Green Bilef Citrate Red Test
16 Red ﬁ Negative Growth ;No Growth Red
17 i Red i Negative : Growth :No Growth :  Red
19 : Red Negative . Growth :No Growth Red
21 Red Negative Growth iNo Growth Pink
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CHAPTER III -
CHEMICAL EXAMINATION
The chemical analysis wes for the purpose of deter-
mining ammonia, nitrite, nitrates and chlorides. The
first three of these tests were based on tests appearing
in the fifth edition of The Merck-Index.

The emmonia test is the Trillat-Turchet Test, which
appeared in Annales de chimie analxgiqué et XX de chimie

applique et Revue de chimie analytique reunies (France)-

in Volume 10, 179 (1906). This test was conducted by
adding 3 drops of 10% potassium iodide solution to 20

cubic centimeters of the water in question. This was mixed,

"and then 2 drops of concentrated sodium hypochlorite was

added. A brown color developed if ammonia was present,

the depth of color being proportionsal to the amount of -
ammonia. ' If considerable quentities of emmonia are present,
a precipitate forms. The brown color is due to the form-
ation of nitrogen triiodide. The test will detect one part
of esmmonia in five hundred thousand.

The nitrite test was perfected by a Freﬁchman,
Rochaix, and was first published in Repetoire de pharmacie, '
1909, 139. Before conducting the test, a reagent was
prepared by diSsolving 0.2 grams neutral red in one liter

of water. Twenty cc. of this reagent and 1-3 cec. of 20%
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sulfuric acid was &dded to 10 cc. of the water in questioﬁ.
If nitrite is present, a violet to blue color develops. ’
This test will detect one part of nitrite per million.

To detect the presence of nitrates in the water, the
Loof Test was used. To conduct this test, 5 grams of sodium
salicylate is added tb the water under examination. When
the sodium salicylate is completely dissolved, 10 cc. of
concentrated sulfuric acid is added. If nitrate 1s present,
a yeilowish to red calor forms on mixing.

The determination of chlorides was based on the
standard method used in every chemistry elass. Silver
ﬁitrate was added to 10 cc. of the water under exeamination.
The formation of a white precipitate which wes insoluble in
nitric acid denoted the presence of ehlorides.

The chemical analysis was for the purpose of deter-
mining external contemination. A well which is being con-
taminated“will contain ammonia and chlorides. If it has
been conteminated in the past, nitrites will be present,
but if the contamination is very old, all of the nitrogen

| will be oxidized to nitrates.

WOV Y WS




TABLE IIT -
DATA OF CHEMICAL EXAMINATION

18

Well: smmonie

n
=

Present

No. i § - Nitrite E Nitrate § Chloride
1 Trace Trace None None
2 Trace None None Trace
3 None None None None
4 Trace Trace None Trace
S Trace Trace None None
6  Trace Trace None pilght
7 Trace None None 1ight
8 phigEt None None faigut
o niight None None Trdge’
10 Present Present Trace Trace
11 Trace None None Trace
12 Present Present Treace Trace
13 Present Present Trace Trace
14 Present Present None Trace
15 Present Trace None Trace
16  Present Present None None
17 Present Present Present None
18  None None None Present
19 Present Trace Trace Present
20 Trace Trace None Trace
Present None Present

W e r e W
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CHAPTER IV
SUMMARY

The wells tested in this report are representative
of what may be found in eny county in Indiana. Of the wells
tested, four contained harmful bacteria end others had
bacteria counts which were extfemely high and should be
lowered. These conditions aanfbe remedied by the proper
eddition of chemicals.

The source of contemination of the wells tested was

not alwéys treceable, but in most cases it wes. Most of

them were polluted by faulty curbs or the lack of drain troughs

to dispose of waste water. One was definitely due to a privy
located within fifty feet of the well. The only hope for
remedying_this situation is the abandonment of the well now
in use eand digging or drilling enother an appropriate
distance from this source of contamination. This situation
Will account for well No. 10 being ranked with the four
containing harmful bacteria.

The wells are ranked in Table IV; the best source,
in the opinion of the suthor, is first and so on to the
worst. These are compared with the average daily attendance
figures recorded as rercentages. It had been my intention
to correlate ﬁhese results, but in that there are so meny

variables in such a teble, correlation would be of no
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signifiéance. The fanking shows some correlation but,the‘
average daily attendance of the first ten, which is 89.6%’
as compared to that of the last eleven, which is 85%, is
more significant.

Examination of'thé data showed that in every case
of polluted water, thé tests for ammonie and nitrite were
positive. They were positive in other instances also, but
if a simplified method for any inexperienced.person to
examine a weil were employéd, a contaminated source could
be detected by these tests. Treatment by chemicals is
harmless to humen beings and inexpensive to the person
treating the well. 1In the event that a harmless source is
treated, no demage will be done. For these reasons, the

simplified analysis, which follows, is based on the de-

tection of emmonia and nitrites.
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TABLE IV
RANK OF WELLS AS COMPARED TO AVERAGE DAILY ATTENDANCE

Well Rank o Averagng‘gélllgoﬁttendance
1 97
2 90
S 90
4 95
5 88
6 87
7 87
8 84
° 87

10 91
11 81
12 90
13 83
14 86
15 | 83
16 83

17" (unpotable) 81-93-86-90-83
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~I. .A SIMPLIFIED EXAMINATION OF WELL WATER

According to the school laws in this state, every
source of water.used by a public school should be tested
at least once each year. A sanitary analysis causes
considerable inconvenience and is frequently neglected.
This neglect is frequently at the'expenSe of the health
of members of the student body.

A simple examination which will detect the presence
of organic pollﬁtion.can be con@ucted by you at the school.

To 26 cubic centimeters of the water add 3 drops of
10% potassium.iodide solution and 2 drops of sodium hy-
pochlorite. If a dark brown color develops, emmonia is
present. To enother lO-cubic-centimeter sample of the
water add 20 cubic centimeters of solution whiech is pre-
pared by dissolving .2 grams of neutral red in a liter of
wgtep. To. this mixture add 2 cubic centimeters of 20%
sulfuric acid. A violet or blue color develops if nitrite
is present. If both ammonia and nitrites are present, it is
advisable to treat the well by edding calcium hypochlorite.
This—should be added in the amount 6f one tablespoon per
one thousand gallons of water.

Exemine the well curb thoroughly to see that no
water is able to seep through the curb and return to the

well. If this condition exists, it is probably a source of
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pollut’ibn and should be remedied.

The chemicals used in the above tests may be ob-
tained from the drug store if they are unobtainable from
the high school laboratory.

Consult the foiloﬁing chart to detei’mine the gallons

of water in given well.

Diemeter of well in feet : Gallons per foot of Water

1 seetscercecene 6
2 Cerectcsenssnane 24
3 T . o3
4 Crecerseniennae 94
S B 147
6 tveeeesesennan 212
7 cttsetecencnns 288
8 ceetecos ceesan 376
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