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THE SUSCTPTIBILITY OF STREIPTCCOS'I TO CHLORINE

Introduction:

The papularity of swimming has increased enourmously in the
past decade; the result being the construction of a large number of
indoor and outdoor pools. Although methods of design and means of
disinfection have been greatly improved, methods of examination for
hygienic conditions have always been unaatisfac£ory. The methods
of examination of drinking water have been used although the pollution
is not analogous to that of drinking water. 1In recent years the
American Public Health Association (1) method of water analysis,
with the name requirenents for purity, has been used. Such a
Stiandard would appear to be very strict and judged from the quality
of drinking water, it should be a very sutisfactory standard.

Escherichia coli is used as an idex organism in A.P.H.A.

procedure. This organism indicates fecal or intestinal pollution
which in drinking water is impo-tant. Recently, there has been a
good deal of discussion on the reliability of the Egﬂﬁl'jﬂﬁLl index
when applied to swimming pool water. Some of the first work along
this line was done by Mallmann (2) in 1925 when he pointed out that
Esch. coll is not a reliable index of swimming pool pollution, and
that streptococcl indicate an unsafe condition. This brings up a
group of cuestions: Are streptococci generally found in pools?
What is the relationship betwecen the amount of enteric diseases
and the respiratory diseases? Are the streptococci resistant to the

amounts of chlorine used in pool disinfection?







Pools contuin, boside the initizl nollution contuined in the
tap viater, poliution Irom the nose unl throot alschurces and body
washinrs, . cueh wmetorizl wovld be very ricia in cocous form.e, hus,
the coustant doucliiin ' of the movth wnd nusul passnoos vhiile swirming
alony vith Joxus from tle iutestines, would acecowt for tiie presence
of streptococel in the wools, OStreptococci wore 1soloted from pools

in 1725 by Yallnen (L)e Tlecontly Twr ool 1solited beta strepococel

from swirrizze mnools in soston, rullicm L L
alona cud coanma straoptocoacel Jronr ot To wItLIn e laot [tel.

The relutionsiiiy bot oo cuteric discuces sud respizotory
disszses s besn otlicd bromony vorors,  oaheiunar (£) cites em-
avnles oiff Both of thiese towes ol discures ¢ renortod brrothe followin:
Te:ce revorts Ui cotes o entiric fever woontt tle solliers vio
us2i a owiimiine ool vhiich eont. Inz . sovooe molluted vuter, Jajer

reportadl intestingl roteomis indoction wovnyy soldiers vwho Dotied

in the Duawbe river, IRl wttributes 8 cucos ol typhoid fever to

buihing in 2 river, Tehr reports SN cencs of eoye infzetion einong

f a certuin swivmiings pool, “cimiltz reports 18 cuses of
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raciona in »eroons wcling e pool, Stutch renorts = epldenic of

conorziaul vulrovesi itis which spreoud to 276 <irls usiug a s

pool in Posen, Morbes (&) cites 4, v, 2zden as o sowres Jor th

follo ingy Yo Le Loris 2enorts indluonza, colds, sors throct, w:d

occasionally mnewiorila

. < ~ % e ~3 -
rortivvestern Muivercity,

thae grirmin~g tean ¢t srom University, Ooorstach

~

C3InG nemhers of

reports an outbrez’t of corfrrctivities wnd coturriwl otitis whoing



a £t coco o wenie ivis enntr ctod In oa goluziine vool,  Hasty
O . .- T s 1 ETIF RS Vs .
(7) finds 1wt $he pool or sules wre dirzetly the cose of Lura-

wool sitas 1nfectinin, Mo Tove rolcroiccn shiow

vo0la tiin tliose

-

&l nheea, W2 ¢ ooes of Intostingdl diso.ces cit2d obove ,
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T:perinental:

N2 srine Importocs in tlo o Iiction of svidimaing pools is
tia ure o Yo thios 1l liite boitle s rocourmcnisd by Tallioim end

Cary (2)e Tie introlictisn of stch an aid into llborutory procedure

a0

allows o viry close c_oronch to thie pool siie conllitions oven thowin

nrocerel by allins a crystul of saiiwoa thios:lohute to wn ordinwyy
wipl2 botile prior to sterilicutisn by wolist licuts Thus, wihen the

sztsle is placed in tho bottle aiy culoriie wiilch may be nresent is

novtraliczed cnd Its ovnlciill cetiszi 1s dectroyed, This keps the

s@'nle Ifrom beln storiliced wrils in tr_ousit, Totil this oroccdure
wes Gemonstroted by Mwlliaim od Cary, swiuriing pools all hud cleoan

©ills of hewlth bocuise thie ool swiile wus cterilized by ths clillorine

hile Wil tranoported to the lubor.torye.

Te c.porinental wortz vhich Jollovs is diviided into two parts,
thie wractical e wiinution of six call-re wnd sccondury sCiiool na3l:s

ord the luborotory deudnstrotion of the suscentibllity to ciloriuc
of al e, bote, wid swnia strestococel of Lath pool w.id stoct cultures,

TIie six zools aroniie’ cre in the nei wboriwod of Lansing, ffich-

icem enl witlhiin chort Jrivisoo distocce from the lubor.tory. a sories
of sarwles using the thilos 1l u.te Tottloys, wus collacted from thase

pools wnd a comnlote 4. D T Al vabtor andlysis ride of each saple,
Alon; with thie re-mler colow bucillue enonliuition, the streptococcus
t2st a5 use. by Mullnom and Golpi wes also eponlied, IMaterial from
thie t-ibes vwiileh shoved a tyicul veily grosth clinciang to the insert
tube and sides of the Duriem foarmecttion tube were sucurcd uwpon

slices, stoined ond e wuminc i microscenicilly onid thz prec~ice of

e




Stretceocel not-d,

Trie luborctory deoustration ol the susceptitility of streuto-
cocci vas carrisl on using culture of streptococei which were iso-
lated from swuimaing pools and huen tiroats alons with stock cul-

A~

tures, onc of vaich was the Doclhiez struin of scarlet fever, The
orgunisms were of oll thres types -- al lha, beta, wnd saomuo, The
procedwre of this luborctory work follows:

Tive one liter flasts coutainin: 5C0 c.ce e.chh o collzce
tap vater were sterilized by autocluving. (“osrater was used in

te

order to apvrozirate pool conlitions.) One o tiie flaciis was used

~s

as a control and to each of tiie otliers wu3 alded a delfinite aount of
chlorine, The amowits usced in this e:p.rincent were 0.:5, 0,52, 0,75,
and 0,90 p.p.me Then a suscension of the orgunisms was added in

uen quantity so as to give a cownt of 100,000 to 30,000 orgaunisms
per c.,c. in tiie flasiz, 4t delinite time poriods, nwely, 15, 70, 45,
60, 90, 120, ard 160 scconds, traniulunts of 1 c.c, wiere made into

9 c.c, 07 voal nroteose pentone broth (0.2 dextrose). These later

were transferred serially to give dilutiorns of 1/1“0 and 1,1q00.

R . . D :
These tubes were incubated for 2% howrs at Z7°C and the growth record-

ed. The numter of organisms per c.c. in the flasx wos detormined by

rmeans of thz Telber cowntinz cell, The results are shown in tables

1 to B, 4as & control, znd checic Isch, c¢olil ias used in this experiment

in plice of streptococcei,







Techmiyues
Che streptococcus test wos run alons with the rcgular water

exaninitions for ITcch, coli. The metliod consists of picicing out

tho suspected tubes and staining the roterial, The suspicious tubes

were chosen by the presence of a veily growth which clincs to the

sides of the tube ond insert, Tubes shoring this grovrth invarildly

gave a positive tost, The muteriul was concentr.ted by removing

most of the liguor by suction, The selinent vhich rem.ined was then

siieared on slides and steined, Tiese slides were then exxmined

microscopiczlly for streptococci tnd the results recorded,
The Zcche c0li is the test orcenism used in the A, P, H, A. test,
The pool wuter is plunted in tubes ‘of lactose broth and also pluted

in nutrient agar. At 2% hours the quantity of gas was recorded and

a plate count mude, Tue tubes shoring 10 percent cas vwere sueared on

eosin += methylene-blve grur and incibuted 48 houwrse ot the end of

48 hours the data were asain recorded, All tubes now shoving gas

wiere smeared on eosin - methyleune-blue nlates, T pical Dchi. coli

colonins are picikea. from the eosin - methyrlene - blue plates and

planted in lactose broth to further confirm the presance of “ceh, coli

T™he same tubes are used for streontococci,
The sumpling of the pools, as has been stuted, is done with the

aid of the thiosulpnate sauple bottley two swnples beinz taken from

e.ch pool, Taesec sumples were taizen at the sume time but from opvosite

sides of the pool., Swaples were collected at times when the pool was

in wuse,
The residual clilorine content of the pools was determined by means

of o ellige apparctus wiaich uscd the colorimetric determination with







ortho tolidinoe, The chlorine conrtount of the pools ransed from
0.00 to 2.00 pe.peme 0of chlorinie, Since the pools used the same
sowrce of water corntinually the pd effoct upon the cermicidazl action
of the chlorine is onitted, 4 strict cormarictive basis was meintained
in all pools, The same nethiod of determining cnlorire residual wes .
used in the ludbor_tory e periment, The source of chlorine for the
experiment wus B. 7,y a hypochlorite solution,

The f.ctor of pool lozds could not be controlled beccouse the
pools used were in pudblic schools ond so the nuber in the pool

while the sumnle vwas tuizen, was recorded, This fuctor is inportant

in deternining the wiouont of chilorine necled to sterilize a pool,
The number of nercons usin~ these nools varied from O to 48 at the
tine of saxmwlinz, The cffect of buthing load upon the chlorine residual
and the a.ount of pool pollution is showm in grashs 2 to 7,
The cultwe used cane from fouwr sowrces, svimming pools, humen

throats, onimels, and stocit collections, he pool cultures were

alpha, and swma streoptococeiy the himian cultures were alpha and

beta strentococciy the auinul cultwre wac a bovine carria strentococci;

cstreptococei,

fol]
[ge)

.

]

and the stocit cultwres werz alpha, beta,

ET2r orovp was the Dochez scarlet

=
)

™ie betu strcptococci of this

Tne pool culivres wore isol ted by thae writer,

fover strain,
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e mubers, 1 to 3, o5 veen It th2 dLta Blocs inlic te the

dilution in whiich -roth toor Lies, In %luis cose Llese oIS arc

-

e

coiiel font with the log miztlor ol tle dilvtions va2d, “his method
of recordiin_ the wta vis wred to cvold a more wiweildy systom os uzed

in the orizin:l reenrdin: of the dita,

o K an. 2 1. or . - “ .’ IR : 4-7
Uhe dota from thie loborctory erpcrinent show guite clewrly the

roanse of susceptlVility of stroitococel to chloiine, 0Due of the
rownisus, a mmen e stroptococcus 1oing millea by the to) woter

-tococcus irzoleted from

+

itaelf, wnd the othor euxtreve, a rwroua stre
a svimmine posl whilch crew in a 1/10 ailwtion after 90 sccond

:pocwre to 0,90 p.p.m. o cilorire, Between these extroues the
rencinins stocr, rool, hwiwun, and bovine culitwes are crranccd accord-
ing to thelr deereccin s rernistuice to cllorine, In 0,9 p.p.m.
aviilile chilorine thie two most resictant oro.nizizs are a pool ~wrma
streptococcus and a stocs beita siretococes, the latior beius the
Docl.cz scurlet fever strestococens, Tollowing tliese zre a stock cume
streptococcus and a. aloha streontococcus isolated from a pool, CSince
thie concentration of chlorine in swirming pools is genorally nearer
Oexd Popelle, & axalysis o the most resistunt orgenioms of this srowp
follows at this concentrztion, The four least siyseeptible organisus
are in descen.ing order - 2 pool [mria streptococel, a stociz teta

streptococeus, and a2 pool «lpha streptcoccus, ‘the susceptibility of

thes2 org.nioms to cillorine is commaruble since they crew out in

/ . . .
l/iOOO and 1,170 ailution wfter turee minutes exmoswe to 0,15 p.p.u.
of chlorine, The resistuice of thiese orgunisms to so :rout a concon-

tration of chloxriue is a good crrnuent aguinst the chances of pool

o

- - -

— -

. e s

P

R R

P

.~

P P
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sterilizetion by lesser a:ounts of chlorine, Althowh boazrd of

-~

heulth ool reports previous to thz use of the tiosuliliwte swrnle

bottle show couplete sterility in ools whorein the chlorine residual

vas 1255 thun 042 Depelle ot oo 12 suee tiue thiz pools were over—

lowded with butlers, also since ctr._ticoreel such as the Dociez
scurlet org nimm zre dte resistunt to rotier lerse guuatitins of
calorine, it is not ¢t &ll improbeble that infsctions discuses
especizlly those of tiiz respirator; tr.ct ncy be contructed in pools,
“he data from tie pool swmiles vere recorded and crephes according
to schools, The sravhs shov the incidence of strentococeci, Tsch, coli,
total count, chlorine residuzl, end pool lo.d by days for each
sarple, The relationsiiis betvecn the nrosence of streptococei,
Tsch, c9l1i, and total count ond the chlorine residusl is very marked.
Twery rise in residual chlorine being accomponied by a dron in the
anomt of orgunisms, This is to be ec:poeted, bocouse of the germicidal
action of th> chlorine,

Tne swirming pool data as crachel illustrote very plainly the
followinz points: (a) the nced of a streptococci index rathor than

a Zsch, ¢oli index for stamdurd swirmin~ pool anczlysis, (b) the

greuter implied resistence to chlorine of streptococeci as compared
with Esch, coli, (c) %he relation betwesn the chlorine residual
and the strentocci, and Tsch, ¢oli indices, and tho totzl count,
(d) and the effect of pool lozd upon the pollution in the presence
of chlorine, T:planation of these voint follows:

(a). The streptococci inde:: is excs.ded but once by the Tsch,

coll index in the ~utire sxperinment, This occwrs in pool 4 (sruvh 2)

upord the fourth day, Thus, thic »ild be thie one cay vhen the LD b

:
¥

“
8

TR .-

o TR s

R e’ ol
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metiod would be a true inde of pollution, and the remainder '
of the lays which show an eicess streptococei pollution would be
umoticed, The streptococeil rjolution would nrob.Lly not be showm :
by the plates of the AD,T.de mztlod since enrichiment materials are l
necescary to grow strentococci on solid media,
(o). CSince the strertococci index is rreuter than the Zoch. goli ,
inde:: in all but one sa:vle, and since 8ll of these sarvles are taiken
from the sane pools, it 1Is irplied that the strejstococci are more

resistent to chlorine than T-ch. c2li,

(c) Grarh 1 siows thie reletiondhin among +the per centum

guantities of Icch, coli, strentococci, cud thr totul count. the

advantage of the streptococci as an index or—.nism is showm by the
Dbroad range of its growth in chlorinzted pools, The streptococel '
£row out in chlorine residuals of 0.0 to 2.0+ p.p.r2, viile the

Z—'sch. coli grows out in chlorine residuals of 0.0 to 0,9 p.p.me The .
total count, accordin: to tke grarvh, coincides more nearly with the

Dsch, ¢9l11 curve than with that of the streptococei, hovever, the ,

hal

rise above the Tsch, coli curve moy be due to the effect of the .

streptococel coumt, ‘This is hirkly irprobudble since the solid media
used wes & plain nutrient acare

(d) The efrfect of the pool lozd upon pollution may be noticed
in many places on the grashs, The bost illustration of this eflcct
is pool T (rraph 7). 7The chlorine residual remzins practicelly
constant, yet wvhen the pool loud is hirh the streptococci pollﬁtion
increcses. "Me chlorine contenﬁ of this pool was at no time below

0.4 P.Pom.












s tﬂ :
//
3

Al /
N \ ‘
N - N / R s

LT R
NN

[\
9
@nab\m No.

/ ) \

\

N
N =

xn\{\\\\\
rmm\ﬁ\oNeﬁcano 5 ,
£ sh Coli A

N..\A\ count
Nr&\\\~uw\w\vﬂ / o |

ke




Ke
-/ 2 R e

U»\ﬂﬁ tecol

-
Esh ﬁ.o\\. N- 0\\\\\01\\\.\\0

7o Tal Counr
Ra\w\uv\u\vﬂmv
y B E S RS




Key

Streptococcas O T

Esh. Coli el e
HVN.Q\ h.br\\.ﬁ o— - —

ch AR 7 P T ey vee ey S PR
Aalhing L oad : =







DUIaosy D
uno? [p19oL
1]0 ‘4Ys3

doA1e
hay

7
sn220001

22 ) Serrepgzt







\
e
sqmple 1"

R

Streplococcys

Esh. Colir
0o L

JTolal noSJN. =
chlovrinc€ e e s

y— 3= \\J~\JA~ N\ba s — =2







Ba[‘/)/)?y[aac/ & 70828 s Aorwhg Slrelbs *Co/f

N
-4

l

!

94

4y

40

| 38

30

|

ek

¥ O EFEE

Key

f%\.s\hu\h\o coc
m.a\x A.O\\. S

7
Sample No

Dp S T

To7a/ Count o

Chlovine

\wl\\?_)«\ y

Res cle 1n PFP M




23

Conclusionss

1,

2.

N
.

4.

The total count and_Tscch, c¢oli inide does not parallel the
annowmt of pool pollution, as accurutely as the streptococel
indexz,

Streptococci were isolated in pools containing 0,0 to 2.0+
Pe.Pelle chlorine residuale

Preshly isoluted strewtococci from the animzl body were equally
as resistunt to chlorine as those freshly isoloted from pools,
48 Judged by loiboratory exprrincunts, disease producing
streptococcl could svrvive in swirmin~s pools for a period

of time sulficient to cause tramsmiscion of discuse,

In leboratory e:p-oriments tlere is no apprecidblé difference
in the susceptibility to chlorine of alrha, bete, and caria
strentococci,

Mie use of strentococci as an inde: of swirming pool pollution

is recormended,
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