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CHAFIER I
INTRODUCTION

The primary purpase of a bacterial analysis of water 1is
to determine the potability of that wster. Typhold fever,
dyesentery, and other dlseases of lntestinal origin may be
transmitted by waters polluted by wastes of human origin.
Since the lsolation of the small nuaber of disease producers
is very unreliable although not entirely impossible, the
safety of the water supply 1s determined by teating for or-
genisme that are present in large numbers and are assoclated
with the pathogens. The common organisms of the intestinal
tract of man most closely assoclated with the intestinal
pathogens are those of the collform group. HNon-pathogenle
soll bacteria having simllar morphology and physiological
activities are classliflied in one gen@ral‘group called the |
Colon-Asrogenes group. An absence of the Coicnw&erageues
group indicates an absence of the intestinal pathogens. By
testing for this group an indirect test for the pathogens
is also wmade.

Trinidad, though a rather old town, was of no particular

slgnificances to the industrial life of Texas before 1924. At
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tnat time it was chosen as the sits for the Texas Power and
Light Company's generating plant whicﬁ is now the largest in
‘the state. jTma plant caused a growth in the town which has
been rather slowly followed by municipal improvements. The
old residential section was located on each side of the
railroad while £ne Pexas Power and Light Company's plant was
located some two miles to the south, Since 1t waa necessary
for the plant's employees to have living quarters provided
for them and thelr familles, the company built two groups
of houses to care for the situation. These were built on
the 1aﬁd ad joining the plant proper, and wells were dug to
supply them with water. There were four of these wells con=-
nected to a common storage tank from which the houses ob-
tained thelr water,

Later, houses were bullt between the original town and
the plant villages. Since electrical power was then availe
able, these houses were supplled with water from wells usling
electric pumps instead of the rope and buckets of those wells
already in use. When the Lone Star Gas Company installed
its plant and built houses for its employees, 1t also dug a
well to supply them water.

Until some five years azo, cach property owner was thus
responsible for hle own water supply. At thalt time the town
dug a well, eguipped it with an electric pump, and began sup-

plying water to many of the houses where rope and bucket



wells, hand pumps, and other unsatisfactory water auﬁpliea
had been in use. n

At the present itlme the city well supplies approxi-
mately seventy~five houses and stores, the Texas Power and
Light Company wells about thirty houses, the gas plant well
about elght houses, and some thiriy-one privately owned
wells the remaining houses of town. The only building in
town using a gource af‘arinking wabter other than a well 1s
the drugsiore wiich has an’unaerground cistern equipped
with an elsctric pump.

Kven though there has been no lndication thal the re-«
spective waiér‘syatema might be unsatisfactary; it was a
matter of speculation that s¢me of these might prove unsat-
igfactory if‘thaj were carefully studied. For this reason

the survey was made.

Review of Literature

Leach and Leseh (1924) made a report on the potablllity
of the water frbm the forty-six wells installed in 1907 %o
supply Manila with pure water. The high incldence of ty-
phoid fever resulted in the survey beglnning in 1922, Of
the forty~-six wells, the wator from only twenty-six percent
was potable, forty-five and six-tenths percent contaminated
by leaky casings, by pumps allowing leakage of surface water
into wells, or by priming the pumps with contaminated wéter.

Even in the csses where water was taken from wells classed



a8 potable, the unsanitary handling by water carriers often
resulted in contamination.™

¥icoll, Holmgulst, and Bedell (1926} reported that be-
tween 1903 and 1925 some thousand cases of lyphoid fever
and o#ér a£e~hunared desatna were recorded and traced to pol-
luted wells in the ecastern states. There were nine such
outbreaks iﬁ Ee% York state alone during this period. Though
large sums of money were spent by Lowns and clities to pro-
vide sanitary water supplies, these pamne towns =zad clties
allowed their citizens to use individual wells of doubtful
and unsatlsfactory sanitary qua&ities.g

A Kansas BSlate Baard of Health member (1328) gave a
case of contamination of a city well by leakage from a near-
by swimaing pool. Abandoned and forgotten test holes allowed
wastes fronm the~ear%h'a surface to enter the underground
streams and contaminate the water supplies quite frequently.
Occagionally an abandoned well was used for the dlsposal of
sewage, and the contamination of a water supply would be the

result;g

XG. N. Leach and F. D.‘Leaﬁh, "The Artesian Well as a
Potential Source of Danger," The american Jouranal of pPublic
Health, Vol. XIV (Ootober, 1924, pp. B2(-631. ’

24, Nieoll, dr., C. A. Holmqulst, and A. S. Bedell,
“public Health Aspects of (ross Connections and Dual Water
Supplies,"” The American Journal of Public Health, Vol. XVI
(April, 1926), pps 355~363. ' "

3“&mpure‘ﬁells and Springs,” The Literary Digest, Vol.
XCIX (November 17, 1928), pp. 79~81.




Gershenfeld (1933) discussed the developaent of the use
of bacterial analysis to determine the potablllity of water.
Until l&?l;rtha'time of the demonstration of the presence
of bacteria in water, an analysies of water wae confined to
its color, odor, taste, and mineral constituents. Water 1is
now known ta carry such disecases as cholera, typhoid fever,
paratyphoid fever, dysentery, and obther inteﬁtinal infec~
tionse; tnefefore; the greatest danger in a water esupply 1is
pollution from human sources‘ The importance of the bacw
terial analyais of water has increased with thls un&erstand-
ing of the relation of bacteria to water auppliea.&
| Prescott and Horwood {1935) devoted a chapter af Bedg-
wick's Prineiples of Sanltary Science and Public Health to

the discussion of epldemics whlch were traced to p@iiuted 
water supplies. Two of these epidemlecs were tracad.ﬁo pol-
iuted wells. The firat, an epidemic of Asliatic chbiéra,

was traced to the Broad Sirset (London) pump. Contamination
of the water of the well was by leakage from a ceesgpool lo-
cated only a féw feset from the well and being used by a per-
son having aAsilatic cholera. The‘otnar cnge wWas an epidenic
of‘typhola fever in Caterham aﬁd Red Hill (England), which
was traced to an infected ground water supply. The lntfec-

tion came from & worker who had been suffering from typhoid

ALa Gershenfeld, Bacteriology and Sanltmry Sclence,
Pe 429. '




fever at the tine he was golng down into the well and help-
ing removs c¢halk rock from 11,2 |

wnitley (1937), in a survey of seventy-two representa-
tive wells of Denton County, Texas, found fifty«flive percent
unaanitary, twenty-seven percent sanlitary, and elgnteen per-
cent doubtful,®

Suckling (1943), a water englneer in England, reported
a numnber of means of pollution of wells and water supplles
that have been traced in England and Wsles. Two wells sup~
plying a city of a poyulatian of over tweniy thousand were
'pure aost of the year. They were located near a river which
overflowed its banks two or three times a yoar, thus cauélng
the water to become impure.7

Another case showed colon bacterla in the water of a
well which was the sole source of supply to & town, 4 sur-
vey locsted a manure-littered, poorly dralned stable yard
in the vieinity of the well. After the yard had been well-

drained, the top soil removed, and an lmpervious layer of

58, C. Prescott and #. P. Horwood, Sedgwick's Principles
of Banitary Science and Public Health, pps 131, 145,

vt A

04, D. Wnitley, "Bacterisl Survey of Representative Dene
ton County Wells with Bpecial Refersence to Sanitzation," {(un-
published thesls, Department of Blology, bNorth Texas State
Teathers COllege, 1937)1 P 55.

E. V. fueckling, The Examination of fater and Hater Sup-
plies, p. 51. '




eement msde to cover it, the water from the well was free
of colon baﬂtefia.g

An outbresk of typhoid fever in a small town in Essex
was traced to a well where the water became turbid following
a heavy ralnfall. The pollution was coming from a drain
from an isolation hospltal, where there had been a case of
typhoid fever some weeks prior to the outbreak. The pipe
was defective at a polnt close to the stream of water sup-
plying the well.9

At Hew Herrington, Denham, an outbreak of typhold fever
was traced to a well the underground stream of which was
contaninated three~fourths of a mile away by wastes from a
farahouse and other farm buildings. FPollution of another
well was traced to the boots of men who had descended into
the well to work.lo

In 1905 tne County Asylum near Caambridge, England, had
a number of typhold fever cases which were traced to 1its well.
A crude syetem of broad irrigation was used for sewage dig-
posal. Since the soll was loamy and covered chalk, it was
possible for the lmpurlties to draln through the chalk into
the well.*t

Barnes (1944) found tnirty-two percent of twenty-five

8Ipbid., p. 52. JIbid., pp. 54-55. 1OIbid., pp. 56.
1lrpia, s Pp. 58-60.



wells tested unsanitary and sixty-eight percent sanitary in

a survey of wells in and near Canyon, Texaa.lg

The Froblen

A bacterial analysis of the water from thirty-six
sources of consumptlon by the white population of Trinidad,
Henderson County, Texas, was made to deteraine tne potabil=-
ity of each of these in regard to infection from typholid
or related organisms. The survey included montily examlna-
tions of each source from November 1, 1943 through April 13,
1944 for the total number of bacteris per milliliter in the
water and the presence of Colon-Aerogenes vacteria following
the initial complling of sources, means of ootalning the
water, nuaber of houses supplied, and other information which
might prove valuable in case of revealed contamination. An
attenpt has been made to explain the findings in total counts
and Colon-Aerogenes bacteria with reference to sanitary con=-
ditions as to well construction, means of obtaining water,
and the general care of the well. The wslls were classified
a8 satisfactory, doubtful, or unsatlsfactory sources of sane
itary or potable water after all the available inforaation

was duly considered.

12Adele Barnes, "Bacterlal Survey of Fepresentative Wells
of Canyon, Texas, with Speclal Emphasis on Sanitation," (dJn-
published thesls, Department of Blology, sorth Texas State
igachers College, 1944), p. 38,



CHAPTER 11
FIBLD WORK

The field work COnaiéted of all procedures done outside
tne labaratbfye The source of watsr for each house was de-
teralned, ahd those having sources not already located were
recorded. ﬁhen all thae sources were located and the labora-
tory materials were'ready}Ior the experimemial WQrk to be
done, samples of water were colleeted from each source, and
the informatlon concerniag tne sanilary condition of each
was obtained. In later months collecting the sauples was
all thit was done unless: the experimental resuit& were such
that further invesbtigatlon of the source was necessary.

The Samples were collected in glass bottles of Lwo hun-
dred and fifty milliliter capacity flt&ed‘ﬁith plastlic screw
caps. The bottledg mere capped, wrapped in newspaper, and
sterilized in a Hogt-air osven (or an hour at a teamperature of
one hundred nnd seventy degrees centigrade;l
Immediately @recedimg\thé collection of & saaple, the

paper covering was rempved froam the bottle. In cases where

lﬂmerie&ﬁdggq&ipﬁgealth/Association and Aaerican Water
dorks Association, igtandard Methods for the pxamination of
wWater Sewaze, Pl 2066
Yater ﬁ&ﬂ‘gwﬁﬁ&*;-gm*
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the water was btaken from pumnps and faucets, the waler was
allowed to run for three to five minutes to wash oul the
puip and pipes, tnereby lnsuring as near a representative
sanple as poesible. In ine roge and bucket type well the
spuple was collected from the bucket only after the bucket
nhad been rinsed and filled a second tlme. KExperimental
work was done on these samples within slx hours after col-
lection.

A couparison and study wae nade ol the number ol houses
supplied by esach esource, the method of obtalning the water,
the depth of e&ch source, and the asans of purification 1f
one were 1in use. ugll the sources were wells with the excep-
tion of Humber 14 which is an underground cistérn for storing
rainwater. iny two of the aources used a means of purlfi-~
cation. Thékmethﬁd of obtaining the water wse largely by
means of an electric pump though several used the rope and
pucket method and one used s hand puanp. The wells varied
from eighteen feet to two nundred feet in depth wlth only
one more than forty feet. Practically all were well con-
structed and properly repaired {rom time to tine, The numn-
ber of houses served by each source varied from one Lo sev-
enty-five. The table on the followingz page glves the fore-

going informatlon with reference to eacii source.

21pid., p. 207.
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TABLE

i

SOQURCES OF DRINAING WATER
COUNTY, TEXAS

Purdfication

Soures Houses Obtalned by Depth
Bupplied
Kusber 1 2 Fope and bucket 20" | Hone
Huaber 2 1 Electric oump 22" | dHone
Rumber 3 1 Rope and bucket %' | Hone
Number 4 1 Electric punp 25% | Hone
Ruasber % 2 Elsctric punp a5t Hone
Hamber 6 1 Electric pusp 25' | Hone
duaabsr T 1 Rope and buckeb 20° Hone
Nusmber 8 1 #leetric puap 25"t Hone
Number 9 75 flectric pump 30Y | done
Humber 10 1 ilectric puap 23 Hone
Humber 11 1 Blectric pump 23' | ione
Humber 12 2 Bleotric pump 25% | dons
Hamber 13 4 Electric puap et Hone
fwaber 14 1 Blectric pusp st sctivated
¢charcoal
Husber 15 1 Liectric pump 20! Hone
dunber 186 8 Zleotric puap 200 | Hone
Hunber 17 1 Electriec pump 26 | Hone
Number 18 1 Kope and bucket 3L Kone
Aumber 19 1 Hand puap , - 23% | Noune
Ruaber 20 1 kleatric pump 28' | done
Nuaber 21 1 #lectric puap a0t done
Humbey 22 1 Rope and bucket 30 | lone
Nuaber 23 2 Blectric pump %% | Hone
Number 24& 12 Electrie puap 30! Kone
gumber 25 3 Ylectric puap 4ot done
Hunber 26 1 Electric pusp 251 Hone
dunber 27 1 Rope and bucketb 407 HNone
Kumber 28 1 Blectric pump 401 none
dumber 29 1 Klectric puap s M Hone
dumber 30 1 Electric pump 401 done
sumber 31 2 Electric pump 30' | done
sumber 32 1 Elactric puap 30! None
Nuaaber 33 30 Elgotrie puap B0-40" Chlorination
Nuaber 34 1 Alectric pump 300 Hone
Kuaber 35 i Rope and bucket 18 None
Kunber 36 1 Electric puap 270 None




CHAPILR III

BAPLEIMENTAL WORK

Total Plate Count.-~-Each saaple bottle was Lhoroughly
snaken, and one milliliter of the sample was transferred by
means of a sterile one mllliliter pipette to each of three
sterile retirl dlshes. About fifteen anilliiliters of agar,
wihich had been sterilized at fifteen pounds pressure at one
hundred and twenbty degrees centigrade for fifteen mlnutes
and cooled Lo about forty-five or fifty degrees ceatigrade
previously, were poured into each Petrl dish. The dishes
mere rotated 1o mix the water and agar thorougnhly so thatl
tae bacteria would be distributed uniforamly taroughnout the
agar. Aafter the agar solidifled, the dishes were laverted
and put into the lncubator where tiney remained for twenty-
four hours at a teaperature of thirty-seven degreea centl«
grade.l \

At the end of the twenty~four hours the colonies of
bacteria were counted with the aid of a asgnifylng glass

having a magnlflication of ilhree dianeters. The average

limerican Public Health association and American Water
Yorks Assocliation, gtandard dethods for the kxanlnatlion of
Water and Sewagze, p. 208.

12



13

count of the three plates was determlined, and thils nuaber
was recorded as the total plate count in bacteria per willi-
liter of th@Aaample of water for ithe manth.g

fresumptive Test.--Lactose broth was used in the pre-

sunptive test Lo deterulne the presence of lactose ferament-
Ing organisams in the water. The solution was made from the
dehydrated mediwa and water. The solution wase tubed in fer-
aentation tubes and sterilized in the autoclave. One-tenth
milliliter of each sauple of water was transferred by means
of sterile pipettea to each of fivs rermentation tubes con-
talnlag lactose broth. The tubes were incubated at thirty-
seven degrees centlgrade for twenty-four hours zand checked
for fermentation. Jegative tubes wefe returned for saother
twenty~four nours of incubation, after which the final pre-
sumptive test readings were made. Tubes contalning as much
ag a wen pefceﬂt column of gas in the inverted vial were re-
corded positive while all others were con:sldered negative.
segatlive fermentatlion tubes were discarded, but confirmation
teals were run on all positive fermentation tubes.3

Confirmzation Test.--The purpose of the confirmation test

is to verliy the presence of lactose fermenting organisas
indicsted by the positive presuaptive test and to differen-

tlate between the Colon and the Aerogenes cacterlia. kndo's

zlbido’ pt 209. BIbign » ppb 211"2120
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agar was used as the culture medlum with eosin methylene
blue mediu@rﬁsad océasionaily as a check., 7The media were
prepéred, ét&rilized.ia tne autoclave, cooled, paﬁféd into
sterile Petri dlshes in sbout fifteen allliliter portlons,
and allowed t§ solidify.#

Haterlial from each of the positive fermentation tubes
was gireaked on the surface of a plate of medium by means
of a sterile inoculating needle, The plates were then in-
verted and incubatsd at tnirty~seven degrees Centigrade for
twenty=-four hours and then examlned for the presence of bac-
terial grgwth{ Small, flat, copper-colored colonles which
produced a reddening of the agar were recorded as positive
for the Colon group. Large, pink, watery colonles were con-
sidered positive for the Aserogenes group, The morphology
of the organisms of these colonles was determined by pre-
paring Gram stains of growih from the colonles on sllides
and later examining microscopically with oil imsersion. The
presence of short, dram negative rods verified the results

of the confirmation test.B

Jbgervations and Results.--The results of the various
tests on each source are glven in the tzbles on the followlng
pages. They are grouped according to slmilarities in acans

of ootalning the water.

41p1d,, p. 212,  2Ibid., p. 213.
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T4BLE 2

CBOJERCE NUMBER 2

Total | Presunptive Test ~ D déﬁfzim&£i -
donth | Plate / f T JIr [Iix] - v_
Count | I |II |III| IV| V[CJIA[C[A[CIA|ClaTClA
ffovember | 69 T R T I e
December | 81 | ~ | - | - | =~ | =
January 6T |- | = | = | = | =
February | 168 | - | £ | = | =~ | £ - - [
Marehh | 261 |« | = | «| - |
April "»é55’ -l - -] -] -
TABLE 3

SOURCE NUMBER 4

Total | Fresunptive Test | __ Confirmation Test
donth | Piate ; — I 1311 | 331 IV ¥

Count | I |II |IXI| IV| V[CJ&[Cl[a[C[a|CJa|CTA

November 27 - - - - -

Decenber 29 - - - - -

January 19 - - - -] -

February 4% - - - - -

dlaren 54 - - - - -

April 58 |- | = |~ | ~ ]| =
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TASLE 4

| PresumptlveMTest 

. . BUURCL NUMBER. B .

Bt

Ii

111 IV}

v

£ 6

‘& )

e vt i

AL

fiﬁn ?Q#

A

L -

i

Hovenber

December
January
February
Harch

April

27
65
85

3

-

¥onth

Preéumptive Teat

TABLE 5

BOURCE NUGBER 6

I

Il

111} Iv

November
December

January
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TABLE 6

 BOURCE NUMBER .8 . oo

i ‘

Tbtal Presunptive Test | Ganfirmat&on ?@st
donth |~FPlate ™ T TIL [EIL] IV V

Count | I |11 [111] 1v| Vv [ClalClalCla|Cla | ClA

November | 50 |~ | ~ | =~ | - | =

December 66 | - | = | = S

Januasry 70 |- | = | =] =~ =

February | 87 |A | A | A | = | =|~|-|~|~| -~

March 9 - - - - -

April 206 |- |~ | =] -] -

TaBliv 7

BOURCH NUMBER 9

Total ?resumptivavfeat Ceggggmatiau Test
donth | Plate b NRIN o [IiTiv[ ¥

Count | I |II |IXII| IV| V| ClA G & Cla|Cla|Cla

November L O e

December 11 - = | - - -

January 17 [ » | - - =] -

February 23 | - | - | = - -

Barah 32 - - - - -

April 35 - - - - -
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TASBLE 8

SOURCHK . NUMBRER.

10

Tﬂtaly Preéumptive.Tesb . -tSanfif%gﬁ;én’§asﬁ.
Month | #late 3 [ IT [ III] IV]
Gount | I |XI |zzx| Iv| V[ClA| C[a]| Cla] cla] c
November By - | = -] =] -
December 20 | = | = | = - | -
J anuary 22 | = | = | = | = | =
February | 28 |~ | = | = | = | =
HAareh 4 [~ |~ =] -]~
April 41 | = | = | = | = | =
TABLE 9
SOURCE NUMBER L1
y Tﬂtai Presumptive Test | Csﬁgirmgggan Test
Month | Plate |~ et I | XX | IIL | IV ] X
Count | I |II |11I| Iv| V [CTA|CTA|Cla|ClATC
November 19 - - - - -
Degember 20 |- | = | - - | -
Jdanuary 17 |- - | - - | -
Februsry B0 (A VA AL AL === |=|=|=|=|~|"
Hareh ol - - - o | -
April 32 |- |- |-~ -
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TABLE 10

| SOURCE NUUBER 12 A

Tatal
donth Plate . ,
Gount | I |11 |[ZII} IV| ¥V Cla|Cla | &

Presunptive Test

Noveaber 11 - - - - -

J anuary 6 | = | = | =] -~ =

N

"
¥
¥
1
3
i
f
1

February

March 46 |~ | w | = | = | -

é}?!‘ i l 31. fed ol E - -

TAZLE 11

SOJRCE HNJuBRR 13

Totel | Presuaptive Test Confirmatlion Test
Month | Flate . M I 1 I § v, ¥
Count | I |T1 |11i| Iv| VICTA | C]A|CJACla|ClA

doveumber 49 | - | = | = | - | =
December 28 | - | - | = - | -
danuary 29 - - - - | -
Fobruary 83 | = | = | = | A F o | |
Harch 28 |« | = | = | = | =

April 53 |~ |~ || "] "
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- TABLE 12
SOURCE NUMBER 15 .

donth gzggt ‘Pr@eumptive Test -§“Cai§;§§%§%an §§atnY_
Count | I |II |111| Iv| V[C[A|Cl[a|C|a |Cla| C|E
Hovember | - 89 - | - - -l -
December T4 - - - - | -
January 38 - | e - -] -
¥ebruary Tr - | - | - - | -
darch 77 AL - | = | = | =|=
April 63 | - | = | = | « | =

TABLE 13

SOURCLE NUHBER 16

Potal Presumptive Test Confirmation Test

Uonth | Plate , < 1 31T [I1it V] Vv
Count | I [IX |11I| IV VIC[AlClA| Cla|ClA | Cla

November 32 e | = | = | =] -

Decembey 14 - - - - -

February 22 |~ | - - - | -
Harch 36 - - - - -

ﬁpl"i l 28 e - - - -




SOURCE NUMBER

TABLE 14

17

Total | Presunptive Test “gggy&&tion iest
Honth | Plate 1 RSO TANA
Count | I |II |11I] Iv| V[C]A CA ClA|Cla|ClA
Noveaber 28 | o | = | - | =
Decemnber 21 - | - - -
January 23 - | - - -
February 48 LA LA | - | = TS [Py
Harch 4 | - | - | -] =
April 24 | - | ~ | - -
TABLE 15
SOURCE NUMBER 20
Total | Presunptive Test . Confirmation Test
Month | flate : I ] IT [ Iit AN
Count | I |II |III| IV ClalCla]l ClAlCIATCTA
Noveaber 12 [« | = | = | =
Decenber 6 - | - - -
Jamiary E | e | = | = | =
February 38 |« | - |« | =
Harch 38 | - - - -
April 3% - - - -
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TABLE 16

SOURCE NUMBER 2. . .

e amarte

Total Présumptive Test 1 Ganfirma%%pn Tgst

Month | Plate , T Il [III] Iv] V_
Counbt | I |II [IXZ| IV V[ ClA]Cla]ClalCla] Cla
Novenber Ag | = | = | | = | =
Pecenber 36 - - - - -
J&ﬂuwy B0 - - -~ - -

February 31 - - - - -

J’f& a.l" ch 39 L] i - e -

TABLE 17
SQURCE NUMBER 23

Total | Presumptive Test

Count | I |11 |z1z| V| VICTaTClaTCTaTCIaTClA

November 80 |~ | A| =] = | = - -

Decenber 62 | = | | = | = | =

January 67 |~ | = | = | = | =

February TS5 | = | = | =~ | A | = -l -
March 67 PR T - | -

Apri 1 T0 - - . - -




SOURCE NUMBER 24

23

TABLE 18

B, ; e vyt i ool v
Tbi.al ?fesumptiva Tesi &aniirmam@n M% |
Month | Plate ~ - T [ Ir [I3I] IVl ¥
Count | I |II |ILI} IV ElCla|CIAlClA]C
November 23 | = | = | =] =
December 12 [~ | = | = | =
January 28 |« | = | | =
February b (A A - = N -
Hareh T2 - | - . -
April 136 |~ | - | = | =
TABLE 19

SOJRCE NUMEER 25

Tbtél ‘Praaumptive Test Confirmatlon Teét
Novenber 27 - - - -
Decenber 20 | = | = | = | =
January Q9 |- |- |~ | =
February 26 |~ |- |- |~
Harch 29 - - - -
April 21 - - - -
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TABLE 20

SOURCE NUMBER 26
e - [Tf”fff.”}._T.fff.f“’.
Total | Presumptive Test | __ Confirmation Test
Honth | Plate |l el T | I “”f‘g"i"‘%?‘ v

CGount | I |11 LI IVl VI Cla&| Clal ClAT ClA] ClA
Hovember 29 - - - - -
December 22 - - - - -
J&ﬁa&ry 18 - w - - -
Februsry 183 . - - Al A eI
Hareh 205 - - - - -
April 195 - - - | -

TABLE 21
SOURCE NUMBER 28

== e e e e e e

Potal | Presunptive Test Confirmation Test

donth | Plate — —— 1T i1 Il iVl

Count | I |II |IL1I| IV] V[ClA|Clal| Cla | CIATClA
Hovember 10 - - - - -
Decenber - - - - -
January 8 |- | - | =~ | «| =
Fabruary %1 - ,f - '4 ,( - - wlw | -l
darch 58 - | - o - | -
Apl‘il 48 - - - — n
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TasLi 22

SOURCE JUMBER 31

Total ?rasuﬁptive Test ” 160nfi£ﬁé£§®ﬁ:T@$t'
donth | Flats |- 1 | 3ii |Iiil] IV ¥
Count | I |II |IXI| IV| V[CJA[C|A |C|A CTE T4
Noveaber 3L |« | = | -] ] =
Decaﬁber 17 - - - - -
January iT (=~ =1 ~1=
February | 113 |« | A | /| = | - i [ S
iereh 149 |- |- | = -} -
April 185 - - - - -
TABLE 23

Total | Presuaptive Test __Confirmation Test
donth |Flate e & | 41 | LLL | IV | ¥
Count | I |11 QHITI| V| V{CGla |Cla |Cla [ClA [ClA
November 16 |- | = |- |~~~
ecenber g - - - - -
J anuary 10 - - - U
February 30 - - - - -
larch 41 - e |- |- | -
April 53 - - - - -
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TABLE 24

SOURCE NUMBER 36

tal | Presumptive Tost | _ Confirmstion Test
Aate T Tenl o v FelET e T AT e
Roveubar | 77 T N -
December 65 - - - -
January 8 | - | - | = -
Fevrusry | 8L | - | - | «| A | # wl=| =~
Harch 151 |~ | - | -] =] =
April 215 - | - -] =
TABLE 25
SOURCHE NuJMBER 29
o Total | Presunptive Test Mﬁgx%%gf%}an Test
lonth | Plate 1 I11 | IV
Count | I |11 |III| Iv| v |[Cla|ClalCla|Cla [Cla
Hovember | 227 | A | A | - | = -1A | =|A
December | 188 |4 | A | A | = | = | ={A ] ~|F]|=|F
January 207 (A LA | = 1A | =|=|=]~|~ -l A
February | 272 | £ | F | A | A | = |=|F|=|F]~|" |-
Maren | 277 |- | £ | £ | £ | £ Ny B
April 230 - |- A 1A - A | =A
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TABLE 26

SOJRCE HUKBER 30

Presumptive Test

1

11

Izl iv v

RIE

Confirm

I

E

T

gblon Tes

1V

t‘f i
ey

c

A

C

A

=h

ik

Noveaber

December |

J anuary
February
March
April

13

‘ 22

39
182

TaslE 27

SOURCE NUMBER 32

Presumptive Test -

1

il

11} Ivy ¥

I

Confirm

11

atlon_
Tii

Test
IV

ClA

C

A

C

A

C

A

November
Decenmber
J anuary

February
darehn

April

14
194
240
242
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TABLE 28

- BCURCE NUMBER 33

Total | Presunptive Test n ébﬁfifm%ﬁimmyT@stvmm

iflonth | Plate , 4 I [T TII1] Iv| ¥

| Count | I |II |IIY Iv| V[G[a|C[A| ClA]C[Aa] ClA
November S T T IR B R
Decenber 4 | o | - | e -] =
January 6 | = | =~ | =| ~] =
ngruary 13 - - - - -
Mérch 0 | ==~ -] -
April 16 “- | - - - -

TAELL 29

SOURCE NUMBER 14

Total | Preguaptive Test Geﬂfirmatian feat
Month | Plate - ~ I 1T g;gﬁm,f? Y
Count | I |IX |II1| IV| v |ClA[ClA|ClAlC|a | CTA
November 11 | = | = | = | = | =
Decenber 8 | = | = |« | «| =
J anuary 8 | = | = -] -] -
February 18 |- | = | = | - | =
darch 19 - - -~ - -
Aprll 18 |- | = | = | =] =
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TABLE 30
SOURCE NUMBER 19

| Total ‘Prééuﬁptive Tes% Nv‘éaﬁfiéégﬁiéﬁ‘§é$£‘4
Month | Plate e — T [ 1L [III] IV] V_
Count | I |II |IXI IV| V[C[A|[C[a| C|a] ClA| Cla
November 26 | A -] -] - - | -|#
Decenber %8 - - - - -
J anuary , 14 - - - - -
February 43 VAL A LA =~ | A =|=| =|=]| =]~ P
March 60 ol B B B
April 70 - - - - -

TaBLE 31

BOURCE NUMBER 18

Month ggggé Preeqmpt;ve Teat u;‘ Ggggirm%%%ah'§$st~v
Count | I |II |III| IV| V|C|A|ClA[CIATClA CTA
Soveuder | 290 (£ | £ A | A A=A =] =1£] 4] A4
December | 207 (A | A | A | A | AVAA|=IF|ALALAA] -~
January 190 | A LA A A ALAALAAL <A =|£ | AIA
February | 293 |4 | A Fol AL =1 AA=lA] =A] -
dareh U8 (A LA LA A = =AAALAA] -4
April 286 | A | = | A | A -] -F FlA|FAIF
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TABLE 32

SOURGE. WUMZER 1

’Ifaﬁal Fraeumptivé Tost ; ” anfi?ﬂaticheat
Month | Plate — Y [ Ii TITil gVl

Lount | I 1IL (LX) IV VICla|Cla]Cla] CGla h
doveaber | 141 %k FL AL = A ~lA] =4 ;~/ £
December | 94 | £ | = | A | £ - A wlh| =1 A
January | 104 | A | £ | £ £ A=A =A] - A
February | 225 | £ | £ | | £ -] -|£ -|£
iarch 300 [ A | - | A] = | A -|£ A || -lA
April 200 | £ | £ | £ - ~lAL=A] ~-|F

TaBLE 33
SOJRCE NUMBER 3
fotval | ¥resunptive Test C{S'ﬁfirmat@gwém
donth | Plate : » i | 1L 1 Iil] IV vV

Count | I |II |III| IV Cla | Cla | ClalCla [Gla
hovember | 218 |4 | £ | £ | = A=A =4
December | 211 |4 | = | A | A | £| ~|= ramy- A
January | 169 | £ | -~ | £ | £ - A -lA |- F
February | 168 | £ | £ | £ | AL A=A =|F]| =|~|=~A -
darch 162 |A | - | - | = - £
April W5 (A |~ | A - - A -l A
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TABLE 34
SCURCE NUIBER 7

= SEE e —————
Total | Presumptive Test | _ Confiraation Test
donth | Plate - {1 Jif [1ii[ IV] ¥
Count | I |11 (11| Iv| V[C[A|CJATTC|A [Cla [ClR
doveuber TO | = | A | -] = | = -4
December 58 } - | =] = =]~
January 48 | - | A LA = - -lA | =1F
februsry | 89 | A | A LA A =] A=A
Harch 66 |~ | A | A| =~ | = -lA |~
April ;09 AL A LA = | ==lA|~|£A]| =~
TABLE 35
BOURCE HUMBLE 22
e e e s o
Total | Presuaptive Test | Qgéiirﬁgégggﬁﬁgggw_”
Honth | Plate I_[11 [I11] IV] ¥
Count | I |II (II1| IV| V [CTACla [ CTA|CTA | CTA
November | 132 |~ | £ | = | - | £ - £ - |4
December | 102 |« | £ | - | £ | £ Y2 Nramsy:
January 85 | £ | A | ~ | = | =] =[] -4
February | 49 | A | £ | A | A | Al =|f| == ~A]|=|A]| |~
darch 164 |« | A 1A A - N raRraeyy:
april 86 | A | = A A ~|=|F ~\A |-
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TABLE 36
EOJURCE NUSBER 27

donth rggzgé Pregumptive Teah’ — ¢°Q§~£§%%%%ﬂ;fgat ‘

Count | I |ITI |I1IL}] IV| V(A Clafl Claf ClA

Névember 170 |- | - | - | A F LA 1A

December | 190 | £ | A | -~ | = | - | -|£] ~|£

Janusry | 130 | £ | - | A | A -] |4 -1 #] | £

vevruary | 283 | A | £ | £ | A | AL A] == | -|#] 4] -|-

daren | 210 | A A | - | A A A -|£ 4] - |4

April 208 | - - AL AL LA =l AL - |A

ToBLE 37

SOURCK NULBZR 35

Total | Presunptive Test _ Caﬁfirﬁgggan Test
ionth Plate ‘ | I 111 TIT | IV v
Count | I |II |III| IV viCla|ClalClalCla]Cla
November 39 1A =3 - ~| ~|-|F
Deceanber 3 |- | - AL A - LA =l £
January 35 - | - A -] - - £
February 80 |~ | -l A A KA A=Al =
Harch 162 | = | = | A | - | # | A - I#
April 213 [ A | - | A - | -] £ - £




CHAPTER IV
DISCUSSION, SUYMARY, AND CONCLJSIONS

The SQﬁrces of drlhking water included in thls survey
are all used more or less constantly by the péopl@ of Trini-
dad. Th@Sé in the older parts of town use rope and bucket
wellas, whiéh are kept repaired, or the city well, #hlch is
opersted by an électric puap and is also kept ﬁnder close
observation. The newsr parts of town are furnisned water
from the‘city line or from privste wells, depending upon the
prefarencekaf the owner. The wells and puaps of thlis type
are kept in good condition. |

The total count, the test for Colon-Asrogenes bacteria,
and a study of the sourcses of water themselves were made in
order that they might be used as checks on eacin other in de-
termining the classification of each source witn regard to
Banltatinn. The tests were made over a period of time which
shoulid prgvide‘fnr aay seasonal variations that mlgnt occur,

The total count on the samples vary siigintly from month
to @onth in all cases, There is no particulsr lncrease in
the numaef of organisus present in Lhe spring months Qaver
that of the sutuan and wiater in aost cases., The slight in-

crease in some few cases may be explained by the snow and

33
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heavy rains of that ?erioﬁ. The contamination in the wella
clasaifled as doubtful was found equally at all times, and
the total count in these was very little higher than in some
cases classified as satisfactory.

The resulis of the tests on sources nuabers 2, 4, 5, 6,
4, 9, 10, 11, 12, 13, 15, 16, 17, 20, 21, 23, 24, 25, 26, 28,
29, 30, 31, 32, 34, and 36 are shown in tables 2 through 27.
41l of these sources are wells opersted by electric pumps.
They are between twenty feet and forty feet in depth with
the exception of one waich 1s two hqndred feét deep. The
use of nuaber 6 was discontinued after the December test
due to trouble with ithe eggine operating the pump, but the
well could h&vé been classifled as satisfactory up to that
time. With the exceptlon of numbers 2%, 30, and 32 all
the wells of this gro@p sre classified aatsatisfactory gince
no Colon-Aerogenes b&étaria were found at any time, Some
false poaitivé préaumg@ivé;ﬁasts in February were probably
due to contaminatidﬁfgf nhé lactose broth as no growth was
obtained in the edhfirm&t;@n teata.

Source numbergEQ,iéstBhawn in Table 25, gave positive
tests for &erogen§a ba@tefla in each sampling. The well at
the surface of tge gr@uﬁd was conatructed and the pump at-
tached for the @ﬁévention of seepage or draingge into the
well, but thev§?Eéend§ of’soil pbacteria in the water indicated

a flaw somewnhere in %ﬁe well, puap, or pipes. ESince the well
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is more than {ifty feet from a source of fecal contamination
and ﬁb'ﬁolbn baeterlia were found st any time, this well has
been elaa&ified a8 doubtful.

Source number 30, as shown in Table 26, was found to
be free of Uolon-Aerogenes baéteria duriang the first five
aonths of the survey; bubt durlng the last test botn Colon
and Aerogenes bacterlia were found. Upon investigation 1t
wasd found that the pusp had been removed from the well
during a tlae of vxcessive rainfall. Soon after the pump
was returnsd, the last test of this survey was made and
later the rouﬁin@ tests by the Texas Power and Lighi Come
pany labdraﬁcry showed positive, and their results were con-
firamed by tie stste laboratory. The use of the well was im-
mediately discontlinued, and chlorinated lime was used as a
purifying'agent for both the well and the pipes. Later
tests made by th@kplant laboratory showed the water to be
free of both types of bacteria. It 18 believed that con-
taminatlion oeccurred as the pump was changed and that the wa-
ter from the well is now potable., The well 1s classified as
gatigfactory.

Jource nuaber 32, snown in Table 27, gave posltive tests
for asrogenes bacteria in February, but since there had been
no positive tests before and there were nons afterward, con-
tanination duriag handling seems to have occurred. The well

has been classlfied as satisfactory.
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Source number 33, shown 1n Table 23, 1s composed of four
wells between thirty and forty feet in depth. irom these the
water is pumpad into & condon storage tank whsre it ls chlopr-
inated. fhis-éourae is classified as satlasfactory.

Source nuﬁbef 14,’shawn in Table‘EQ, 18 an underground
cistern in which rainwater ls collected, stafed, and purlfied
by aeans of an activated caarcoal filter. ﬁnvelecﬂrie pump
is uged to pump the water. Since no Lelcn»&erogenes bacteria
were found at any time, this source is classified as satlg-
factory. ' L ;

SOurcéinumber 19, as shown in Table 30, 18 8 wéll~cased
and covereé well which uses a hand pump that 1s in goad re-
pair and daaa not have to be primed. QOne pc@itive test at
the oeginning of the survey was probably due to contamlna-
tion after tna weter was taken from the well gince such a
tesl was notycbtained again. This well has baen claseified
as satiafa@tbry. | _

sources numbers 1, 3, 7, 18, 22, 27, and 35 are all
wells ueing a rope and buckei. All of these wells are walled
with bricks and mortar, and the wall is exteﬁdad well azbove
the ground. With the exception of auaber 18, which is sel-
dom used for drinking water, the wells are all checked regu=-
larly and kept in good condition. Sources of fecal contam~
ination in all cages are more than fifty feet from the well.

A8 shown in tables 31 through 37, serogenes bacteria were
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found in all tests, and Colon bacteria were found also in
Number 18, Table 31. The possibllities of contamination by
fecal baeteria a8 well as the soil bacteria from the rope
and bucket being present at all tines makes the classifica-
tlon of these wells doubtful e?eu though no fecal bacterla
were found in the majority of the cases. Sumbsr 13 is
alaasified,aé unsatliasfactory since Colon baatefia were found
each month and the well is no longer repalred.

The survey was nade in an attempt to find sources of
fecal cuntaminati@n. Tne well giving peéitive testa for Co-
lon-&erogenea pacteria and not having proper care was class-
ified as ungsatisiactory. The wells glving no positive tests
for Celon bacteria;but glving positive tests for Aerogenes
bacteria were‘c&aaaifled as doubtful. - In all cases but one,
these weré rope and bucket walla‘ %nere no evidence of Co-
lon-ﬁerogeneévbactaria was found at sny time or means of
correction of the fault were employed, the wells were class-

ified us satisfactory.

Sunmary
1. A bacterial anslysls wzse made of the thirty-six
sources of drinking water of Trinidad, Texas, 1n an effort
to determine the potability of each.
2., Lhach source was tested monthly from Noveamber 1, 1943

to april 13, 1944,
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3. The fleid work inecluded asking a sanit@ry gurvey of
each well and aolleoting the samples.

4, The experimental work included amsking total plate
counts, presumptive Lests, and caniirmaﬁian testas with due
regard Lo the.ﬁ@thmds for the exaaminsation of water made
standard by the American Public Health Assoclatlon and the
American Water Works Assoclation.

5. The res.lts of the various tests were recorded in
tabular fora.

6. Huarvey findinge and classifications of the sources
as satlisfactory, ﬁoubtful, or unsatisfactory with comments
a8 to why certaln classificatlons were given were discussed.

Ta The ﬁﬁmbar of bacteris showed no particular cnange
with the change of seasons and the amount of rainfall. The
Colon-~isrogenes bacteria, when present at alld, were uniforaly
present throughout the tesﬁing period,

8. A@fogénea pacteria were found in all the rope and
bucket wells Dut not in those wells closed st the top and

using gzo0od punps.

Concluslions
Of the thirty-six sources of drinking water in Trinlded,
Texss, lteated, seventy-seven and elght-tenths percent were
classified aes satisfactory, ninetesn and four-tenths percent
as dountful, and two and elght-tenths percent as unsatisfac-

tory.
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