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I Introduction. 

It has only been within the past few years that scientists have 

discovered the value of bacteriological examination of drinking wate~ . 

I There have been terrible epidemics of water borne contagious diseases , 

but only since the advent of bacteriology has it been known how these 

diseases were spread . 

The great i1~ortance of the bacterial analysis of drinki ng 

water is now recogni zed and one of the first things done in case of 

an epidemic of certain diseases i s to examine the water used. 

Water analysis should be made not only during epidemi cs but 

at frequent intervals to determine whether the water is potable . 

The B. co l i conununis is a common intestinal or.sanisr!, and when 

found in the water it is an indicat i on that the water is contami nated 

with sewage material . The normal habitat of this bacillu.s is in the 

I:!UCus l'ilembrane of the intestine of 1:1an and anir.'!al. In itself it is not 

har1.1ful when int reduced into the alimentary canal, but it is evident 

that if this intestinal organism can gai n access to the water it will 

alGo be possible foJ.' tho pathogenic intestinal organisms to enter it . 

For this reason water found to contain B. coli cornn!unis should not 

be used for drinkine !:>urposcs unless purified. 

II. Technique. 

a. When a sample of water is to be examined the collecting 

recepticle shoul d first be thoroughly sterilized. If this is not dono 

the water will be contaminated and the test will not be accurate . 

b • If the san~ple is to be taken from a tap the faucets should 

be opened for at least five minutes so that the water which stands 

in the pipes will 1)e removed before the collection is made . 
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c . If taken from a pond or lake the collecting recepticle 

shoul~ be held at least one foot below the surface of the water before 

the stopper is r emoved. This in done to remove the danger froLl surface 

contamination. 

d . The water shoul d be examined at once if possible and if 

not, it shoul d be kept on ice. If the water is allowed to stand,so~ 

of the bacteria may die, otl.crs may r..ml t iply, therefore tho test will 

not be accurate . 

The qual at ive tests are very important as it is frequently 

necessary to determine the number of organisms per c . c . As a general 

n1le good drinki ng water shoul d not contain over 2
1
000 ,organisms per 

c . c . 

III. Methods ~ in the Exami r_ation of the :.Ianhattan City 

The sampl es of water were collected from taps with one exception 

The water was all owed to run fo r five minutes and then the sauple was 

collected in a sterile flask . 

When the water was collected froi!1 the reservoirs on Blue l!ont 

a sterile bottle was introduced one foot below the surface before the 

stopper was removed. 

t. . Quant i tat ive Analysis. The r.umber of bacteria contain­

ed in one centencter of water can be estil::.atcd by t he use of 'lgar 

:late cultures . 

The tubes of steril e agar were r.:e l ted and afte r coolina; suffi­

ciently so that the bacteria which were introduced into the media 

woul d not be ki lled , they were inoculated with a given sa11~le of 

water . The tubes were inoculated with 1/10, 1/20, 1/100 c . c . of the 

given satLWle respectively. The mixture was thoroughly shaken and then 

Poured into sterile Proti dishes . After the inoculated aear becar.-.e 



congealed -',; 11e plates tre:re then placed in tho incubator for forty 

eight hours . At the end of this time the coloni es were counted and 

from the nurrber of colonies tho number of bacteria per c . c. of water 

~ eterminocl . 

b. Qualitative Analysis. In qualitative analysis the colonies 

first l!IUst 0e isolated. This is done oy making sub-cultures from 

all the different colonies founrt on the agar plates. With a sterilized 

::-lc.t inurn needle a portion of tho colony is inoculated into a tube of 

stcril bouillon an<l this is incubated. for 24 hours. Fron~ this cul turo 

inoculations can be r.·,ade in all the special medea. 

IV . 3l)ecial Tests for Various Organisms, . 

a. Tost for "3. coli co1 J .unis. Inoculate a straight tube of 

;;lucosc agar with a sart].lle of the water. If after 48 hours bubbles of 

1 gas have for~ed in the r.lG rliun it is an in lication of B. coli cun~<unis. 

These gas bubb los arc formeLl chiefly by the evolution o:f carbon 

dioxide and hy,.lroe;en. From the given sample of water inoculations. 

should then be made into fermentation tubes of glucone, lactose and 

saccharose 'bouillon to estir ate the amount and kinds of gase r .• 

--:. Another conunon test is conducted rrith ~actos-Litn!US Agar. 

If red colonies are found after tho ~ater has bee~ inoculated it 

will ir.. licate B. Ooli COilu.:ru.nis . This orgn.nist; fernc"i.ts 12-ctose with 

the rroduction of aci~ and gas; therefore, the l ulti)lication of the 

bacteria ,.lith the conse1uer ~ accidi ty ·of the mediUI!. immediately 

surroun ing the colony will cause the litmus to turn red. 

r~ . Typhosus, because this ol~ganism has no effect upon ;dlk 

suear, will be in~.licated by the presence of blue colonies. 

b . Teste for ~. Typhosee. 

1. Phenol Hethod. 

Prepare six plates of carbolizeu ...,elatinc an1.l inoculn.~o 
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with 1 / 10 , 1/30, 1/100 c.c. of water respectively. 'rhe B. Typhosis 

is one of the few species of ore;anisms which will develop in the 

presence of a weak solution of pheno l. Incubate for 48 hours at 22° 

c. The ore;anisms if present will develop while other species of 

bacteria '·rill be inhibited.. i.1 g row"!;h . 

2. Stoddart has al3o devised a Ltethod baaed on t.hc fact that 

the typhoid bacillus spreado throughout a r.1eclium which is soft, while 

the colon bacillus retains its usual iiscrete colonieo. A Special 

gclatir..e agar rr.ixture is emplo"red, and incubated at 35° C. 
(a) 

The following r.J.ethod ,...can be used to distinguish between B. 

coli con~unio and B. Typhosis : To 10 c.c. of tho culture in or~i~ary 

l'e!)tonc '):COJGh of t~1e organism under exar.1i nation , and which has ·;een 

~rowing for 24 hours, add 1 c . c. of a solutio~ of potassium or sodium 

nitra·~c and thon a f ew drops of concentrated sulphuric acid. If 

inJol ia present , a rose to d.eep red coloration is_ prod.uce1 , thus 

ir: l.ica ting the ~resence of indo l . On a:ppl:ring this teot to 'l, coli 

conunp.nio a posit i ve reac·t;ion is obtaine:l, while the B. Typhol:3 .i..:.> c::;i ves 

n negative result . 

Y. Quantitative Results . 

SaL~ple 1: This samvlo of water was collected fr01 .. the city 

·ntcr tap at :·r. B:arrison' s stio:ce on :roro Street "!)et,reen ninth anJ 

tenth. A:; aoon a~ the water was collecJ.;c l it was put on ice ani ex-

aminol two hours later . 

l.Hewelletl ' a Hanual of Bacte riolOJY, P . 383 . 

Z.Journal Path . and Bact ., IV , 1897 , P . 429 . 

(nJFraenkland Micro-organisms in water 272. 



1908 . 

Ser ies pl at e 1/l(l c . c . watcr 1/20 c . c . wat er 1/180 c . c . vat er 

inoculated inoculated inocul ated ---------------------
~-~ - ---- -- --

No . )Or c . c . 'T per 0 . (} • :~o . ,!; lOr 0 .~ _ _j . o . 

170 r; 3Q ;jl 0 

Aga1' 2 190 Z20 203 

Arrar 3 10.0 195 ~09 --
195 209 -t 

~--------·--

193 
Verage ,o , 1J u CT l.a )er C ,C, I _________________ A~p_r_i_l_~o~, __ l_9_0_8 ________ __ 

Saupl e 2 : Wa ter collected at 810 Pierre St reet . after tho 

Si)r-in rr rains had ~Je.cmn. V!ac5 exa!';.ined two hours a fter it \Vas ...... (;.) -
collected,. I t :vas collected f r o!'J a tap a f ter the water had been allow-

od to run fo r five r.ti.nut es . 

.,---- -- -_.. __ 
lseries J?l~te 1/10 vatcr 

Aprill~ ' 19_0r8----------------~------------~,--~ 
1/?:0 ater 1/100 \later 

i nocul ate d inoculated i nocul a t ed 
------~-----------------

No . per ~~c--. __ -+ _____ NF_o_.~p_e_r __ c_._c_.~ __ N_o_._,P~'c_r __ c_._c_. __ ___ 

520 515 525 

495 505 510 

A~ru 3 470 465 480 
~~~-----------~----~~----------4------------·-----+--------4---------
lAvoraBC ·~a . 495 495 505 
'I ----~--~-----4----~~----------~----------------------------------~ 
Average No . 498 bacteria per c. c . 

-----------------------A~p~r-1_1_17 , 1908 ______ ________________ __ 

'1ampl e 3: Wate r collected f rolt1 810 Pierro St1·cot a f te:r: the 

rain :1ad cont inue d f o.c t ·.vo weeks . Col l ect ed under ·the sa .. e condi t ions 

as sampl e 2. 
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1908 

Seri es p l ate 1/10 \7at e r 1/20 i7ater 1 / 100 ':'Ta ter 

Cultures i nOlJUl a te d i noculated inoculatad 

Ho . r c . c. No . Uo . ')er c . c . 

Agar 1 9 90 970 980 

Agar 2 1005 995 985 

A 'lr 3 10 10 l OlS 1013 

A ve~:age hO . 1005 ' 993 992 

Average p J.';O • 997 bac t eri a per c . c . 

Hay 1 , 1908 -
Sanpl e 4 : Wat Gr collected frOI!l tn.nks on 3lue Hont. Exar:dnGd 

ir:E!!edia t c ly . 

'lay 23 , 1908 . -
Series ) l ate 1/10 ':.ra ter l /2J "!lat er 

Cultures inoculate d i nocu lated 

no . I er c . c . No . )Gr c . c . 

~gar 1 800 200 

Ag_ar 2 205 200 ------
Average Ho . 202 200 -- ----- --
Avo~Qge No . 201 bacteri a per c . c . 

Hay 23 , 1908 . 

Sampl e 5 : V!a ter co l lccto :l at the corner of t enth and. Bl ue Unnt 

Ave . fror:1 a tap . I t was e xami ned i 1ne,liate ly. 

?J '7 lr>' 



1908. 

1/10 water 

i !loculated 

No . er c.c. 

602 

600 

1/20 water 

inoculated 

No . er c . c . 

615 

585 

600 

Avera e No . oOO 

rvorage ;.! 0. bact ert a 

1908 . _ 

per c . c. 598 

VI. Qualitat~ Resul·ts . 

Sub- Cultures made from water collected Apri l 17 after 

48 hours. Water collected at 8 10 Pierro Street . 

~Jot tom. 

Bacillus I. 

L. Milk. Acid . 

"iouillon . Thick, whi to surface grO\'!th also selir.wnt in 

Glu~~ A~~· Smooth, white , surface growth . No gas bubbles . 

1elatine . Heavy white growth . Liquified slowly . 

~ub-Cultures from ;mtnr collected Hay l,after three days. 

Bacillus . II. 

Bouillon . Hen.vy , rough , white surface growth . Sediment . 

Gl ucose Atl~ · No bubbles . Heavy surface grov1th . 

1 .. :.filk . Coagulated and turned a cream co l or . 

Glucose agar tubes were inoculated from all the different 

colonies >Thich appeared on the ager plate; cultures made from each 

sample of 1vater . In every inatance the a~jsence of gas formation was 

nota~I. Those results clearly indicate that the -,vator did not contain 

coli cor:uuunis or other gas l')roducing intesti '1.rtl bacte1·ia . 

'377 



From the microscopical examinat ions a great nuruJer of spores an 

short rod shaped organisms, both motil?:.and non-r:10tilE:.were founJ . 

VII. Tests for Patl~oaenesi~. 

Method l : Thc 7irulenae of Pe· tone- Culture. 1 . Take 

1 l)erccnt of peptone an·l ~ percent of salt ar:d n. ... Ll to a sa1 (;le of 

·vater. Afte:r incubatine at 37° C. for ~4, hours, iiJ.ocula.t.e intra-

:--critoncall..,. 2 c . c . of the culture into a ~uinea-pi_?;. If this Joes 

not kill the guinca-rJig ~~ i -~hin 48 hours it is in.licate l that the 

water ioes not contain any harnful bacteria. 

Hethod 2 : Hake a bouillon culture fro1. the ~vater and 

inc~Jate for 24 hours . Inoculate 1 c . c . into a ~uinea-ui a intra -
Q ... u 

peritoneally. If the colon bac illus is present the death of the 

euinea-pig will take place in from 24 to 72 hours . 

VIII. Results of Tests for Patho&enesis . 

A guinea- pig was inocul ated on April 18 with 2 c.c . of a 

24 hour pep~one culture of water collected on April 17th. The inocu-

la tion harl no effect on the antnal. 

On Hay 2 a ~uinca-pig was injected intrar)eri toneally with 

1 c . c . of a 24 hour bouillon culture J:.ade f~orn water collected :ray 

14 at 810 Pierre Street . For the first four days the inoculation haJ 

no ef~ect. After that a local l ossion formed and 3ra~1ally spread over 

tl:.c ventral portion of the body . On 1Jay 13 the guinea-pi-3 lied. Owing 

to the period intervening between the injection and the death of the 

animal the interpreta~ion of the resul t would not indicate the presence 

of harmful or · gan:Lsms . 

1. Le?mlletl 1 s Hanual of Bacteriology, J>. 386 

2. Hovys :rcthod, P. 439 • 
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IX. Workin~ Dotailr; of t~1e Uanhattan City VIator Plant . 

There aro four well~ 14 feet deep at the '.Jank of the riv-er . 

From these wells the water goos through 20 feet of coarse sand to the 

~ank bolo'·' the pur.1p-house. From there it is puwped to the reservoirs 

on the top of "l lue l.Iont . There are t.•o tanks each having the ca11aoi~y 

of ·~ lHillion sallons . Both of these are kept full ex.cept uhen being 

cleaned. Then one is shut off and the.water drn.ine-.1 out. After the 

water reaches the reservoirs it is not filtered again . 

Over 

Ov0rflow 

Pump hou se 

20 feet sand 

Ci ty 

Well 
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X. Concl usion. The 'lU<'lntitative bacteriolo~ical analyoeo showed 

the fol l ovring summari.zed re:..:ul ts : 

Apri l 10 , 08 , Tap water , 199 bacteria per cc • 
II 17 , 08, ti II 495 II II II II , 

May 1 , 08 , II II 997 II 

' 
II II 

II 23 , 08 , II II 598 II II II , 
II 23 , 08 , Roaervoir, , 201 II It II 

The variation in the number of or8anisme coll ected at 

rli.ffcrent interval s may be expl ained by variat i ons in envinoruncntal 

concli t i ons . Tho counts raade on April 17 and ~ .. Iay 1 show the effects 

produced on the ~:acto1·ial content by the warm \Veathcr and spring 

rains ·rhich occurred at t~at time . The peti od of tiue since the 

:;roper cleansing of t he reservoirs wo·...:.ld a l so influence the number 

of bacteria present in the wa ~er . 

In conclusion, '"le venture to suggest that at the present ti.. e 

"the Hanha.ttan City ".Vater is reasonably pure in tLn.li ty ,)eca'C.so of the 

follo.ring reasons : 

1. B. coli co~~mnic is not present ~ 
0 

2 . Animal inoculation , aocor~,.lin~ to :~avy ' o motho1 , s:-..ows tho 

:-.."unenco of pathogeni c or har 1ful organi:m'.s . 

3 . The nu~~iber o:: "Jaetoria is relatively lou. 


