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The belief thet the maintensnce of a residusl culorine
conternt of Q.2 to C.% p.p.m. in a swimminzg pool &t &1l times
is a pusrentee that no bacteria zre present aend thereiore, a
ruarantee that disecse ~erms are =21so0 absent has been smattered
ty the bzcteriolorical ricture presented throusa tne intro-
éuet ion of the sodium thiosulphate trexted sumple Tottle
for ccllectina the pool-side samples. ©ne recsultin bacterio-
lozical ricture is sometizes guite sturtling when contrasted
to that obtuined by the use of the ususl sample tottle.

§ith the old method of samplinz, the residuzl chlorine
continued in its zracual tut constant destruction of the
bacteria rresewnt in the bottle curiizg the oeriod of traus-
gortation to ths lacoratory and durinz tae storase period
subsequent to exsmination. 7The results thus ottzined generclly
showinz sterility, were not regresentative of the pool water.
The Gegree of purity depended to a larze extent upon the
rapidity of heand linr the sample. On the other hand, the
sodiuvum thiosulphzte treated sumple tottle zives the actual
btacteriolozical picture of the pool at the time of collection,
tecanse the scdium thiosulphate eliminatcs the germicidal
chlorire znd frees the bacteria from any inrtaer injury fram
the chlorine, The ssiple may tnen te transported to the
lestoratory -sna cultunred the s=me as any unchlorinated water,

That the rezulbting bacteriolozical picture usiny this
method of samplin>, as recazuended by i.allmann ard Cary (1),

it totally aifferent fran tnuat obteined witn the ola sample



bottle was vividly demonstrated in the studies of the above=-
mer.tioned workers. They found in & sumall pool in Detroit,

much hizher total counts and much higher Escherichia coli and

streptococel inaices when the scmples were tested immedietely
after collection. Althouzh they showed that the presernuce of
residual chlorine even in amounts of 0.2 to 0.5 p.p.m. of
available chlorine was insuificient to effect camtinued sterili=-
zation their date do not show the differcrces tiet mizht be
expected under vuryinzg canditions, Durins the past yesr this
latoratory has been collecting data from seven pools to
determire these vuriatiors in order that rnew stsndards may
be developed or the present stendards chanzed to fit the new
picture that has arisen, This thesis is larzely comcerred
with the presentation of these data,

Swimminz pool water, althouzh different frau drinking
water =g far as tne bacterial flora is coucernred, nas alveys
been tested in the same marmer for purity. The significant
bacteria in drinkinzy water are the disease-producing bacteria
thut come from seweze pollution. On the other hand, the
bacteria found in swimmiry pools are not oniy fram the
intestinal tract, but also fram the nose, throat, and other

exposed parts of the body. If Isch. coli were more resistant

to disinfection then other orzanisms encountered in swimming
pools the present test would be satisfactory, but as shown
bty Klanz (2) this is not the casse. It ancears evident thet
eny method for the bacteriolocical examination of svirming

pools should be tased on the most resistant and the most
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numerous bacteria present,
The e thod of bacteriological examinstion recommended
by the American Public Health association Coxmi ttee on Swimming
Pools in 1926 (3) is essentially the same as th2t required
for drinkinz water., This stardard recoznizes orly the

incidence of Fsch. coli and the total number of colonies

developing én beef extract azar at 27°C in 24 hours. The

camittee has sssumed that the absence of Lsch. coli indicates

thet disease-producing bacteria sre also absent. The data
on which these standards are tased were obtained bty using
the 01d method of collection and not by usinz the sodium
thiosulphate treuted sample tottle,.

The use of streptococcli as an indicator of pool pollution
was first su-zested by Kallmammn (4) when he found tmt the
inciderce of streptococci pareslleled the amount of pollution

more closely than did the Esch. coli content, Althouzh con-

giderable work has been dmme alonz this line, still no
careful conparative studies of the relati ve inciderce of

these two indicators, namely ksch. coli end stregtococei,

have been made to determine their impartance. Such & study
is prresented in this thesis., Befcre makinz this study it
was found necessary to try various media for growing strerto-
cocci to be sure thaut the method finally used was ziving the
streptococci rresent an oppar tunity to grow. The results

of this work sre also preserted.






Jistorical

In the last few years there has been much discussion
as to the reliability of the colon index when apglied to swimm-
ing pool pollution, The first wark alonz this line was dame

by liallmann (4) in 1928, He shoved that Esch. coli did not

parallel the bathing pollution. In & pool, wihere tae only
means of purification was filtration, he found that the
stregtococeci index mralleled the nwiber of tathers in the
pool.

That the presence of strentococei in swimminz pools is
not unexpected 1s demonstrated by a review of the literature.,
Prescott and inslow (5), are of the opinion that stretococeci
occur more commonly on the surfaces of human and enimcl bodies
then snyvrhere else in rnature. Gordon (6), showed that certain
streptococcil are present in normal mouths. In & laboratory
experiment conducted durinz the fall, L.allmann recovered only
2 alphe streptococci from the mouths of 45 colleze students,
In the winter, however, he found only 2 students tlat did not
harbor streptococci. In addition to these orpunisms, other
cocei (emanating) fram the nose and other exposed perts of
the tody are precent in svimminzy pools.

All types of streptococeci heve been found in swimming
pools. Alpha and gamma streptococeci have been isolated by
Kleng (2). He found thet alphs streptococci would zrow after

beinz subjected to & chlorire residual of 0.9 p.p.m. for 90
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seconds. Recently, dorwood, Gould, and Swgchman (7) found
beta stregtococei in swimminz pools in bostm.

The type of infection obtained fram bathing in pools and
rivers is of impa tance in determininz the relationship between
enteric and resrpirgstory diseases. This relzstionship hes been
stuvdied by many workers. lLianheimer (8), cites examples of
both of these tyres of infection ss revorted by the followirz:
Reece reports 24 cases of enteric fever amonz soldiers who
used a swimminz pool which contsasined sewaze polluted water;
Jazer reported intestingl proteus infection smohz soldiers
who had tathed in the Danube river; Pfuhl attribtutes 49 cases
of tyrhoid fever to bathing in the Elbe; and Saixa reports
412 c=ses of dysentery from bzthing in a river. It will be
not eGd thzt only cases of enteric diseeses were reported iraa
swimminz in rivers or in zcols wheré untreated waters were

used, thus showinz the importance of the kKsche. 00 li test for

detectinz unsafe conaitions fram polluted water.

The following diseases, usually csused by pyozeric cocel,
are also cited by lanheimer: Tehr reports 20 cases of eye
infection amidst patrons of a swimming pool; Schultz re-
ports 18 cases of trachoma in persons vsinz a pool; end Skutch
reports en epidemic of gororrheal vulvovazinitis which spread
to 236 girls using a pool in Posen. Farbes (9), cites H.Ne¢
Ogden as a source for the following: W.L.Lewis reports
inflnenza, colds, sore throats, snd occasionally prieunonia

regtricted to users of the swimmings pool st Icrthwestern
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University; Bunker repaxr ts nose and ear infection asmong
members of a swimming team at Brown University, smd Omersbach
repar ts an outbreak of conjunctivitis and cstarrhslotitis
emong the members of a swimming club. Farbes has examined
a case of meninzitis contracted in a swimminz pool. Hasty
(10) finds that the pool orzanisms are directly the cause
of mararnasal sinus infection, It is interesting to note,
in the ¢bove references, that =1l cases of enteric disesses
were caused from swinninz in rivers or in pools where
untreated waters were used. Also that infection of the eye,
eer, ncse, arnd throat, zererally caused by pyozenic cocei,
were obtaired only in swimning pools where water free from
intestingl pollution was used. The evidence cited seems
to warrant the conclusion that cocei are the important
organisms to te looxed for when testing swimminz pool waters.

In 1927 Kellmern (11) su;gested that the ortho-tolidine

test should supplant the Esch. coli test, because Esch. ali

were apparently absent fram pools conteininz 0.2 to 0.5 pepe.m.
availeble chlorine. Stovall, Nichols, end Vincent (12) in

the same year made a similsrreport. In & later putlication
Liallmann and Cary (1) in 1932, contrary to tie findinss of'
Schoeple (13), found thet pcol-side testing of swimminz pools

yielded lsr=se numbers of Fsch. coli and streptococeci; whereas

the same sample when carried to the laboratory and tested

geveral hours later was found to be free from polilution.



These data demonstrate that any standerd based on the usial
met hods of examinastion wherein cilorins ted waters were trens-
rorted fram their source to the laboratory and where a marked
time period intervenrned tefore testinz, were incorrect. They
found that, in either chlorine or chloraemine trested pools,
chlorine residuals used were not alweys sufficient to destroy

all Fsch., coli and streptococei present., The results show

the inadequacy of the ortho-toliaire test and the necessity

of a bacteriolozical analysis. They recOmmended the use of

sodium thiosulphate W dechlorinate the sample at the time
of collection to eliminate the difficulties of pool-side testing.
ieny metnocds and media for the isolation of streptococei
nave teen reported, but tneir avplication to swimming pool
isolations presents msny rroblems. Houstm (14) slthouzh
searching for streptocccci in polluted river water summarizes
sorie of the diificulties as follows: "In searching for
streptococel many difficulties are met with, Frequently
these is no growth in the broth tube, the streptococeci having
presumnably lost their vitality, Scretimes the growtn is
greatly dele&yed, and on resorting to further suw-culture
a negstive growth is ottained, the orsanisas having been
obtained in a state of feeble vitality. Agein it not
uncomonly happers that a growth occurs, but the orzsnisms
turn out an examinstion not to be streptococci." QOther
obstacles met with in isolating streptococca are tlke over-

grovtn of other orzsnisms and the inability of tie strepto=-
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cocei to zrow wher seeded into other media from the
orizirel bdbroth.

Fo study of media hes been made to determine the test
mediuwn for growirz strevptococel from the swimmirz pool water
samples. In order to know when a pool is frce from strepto-
cocei & mediuvm thut will allow all the viable stiregtococcel
rresernt to zrow is necessary.

The rnzlish workers suxgest the use of litmus lactose

sur and dextrose reutral red brota for growinr streptococel
fron polluted wsters., ILallmenn (4) found that streptococei
would ~row in stendasrd luctose trotn when svimming pool water
was aaded., He cealolstrated the rresence of streptococci
by mazinz & microscopic examination of the sediment in the
tottom of the lactose broth tubes. Later Lallrann end

Gelpi (15) devised & method to concentrate the streptococeci
by drawirg off the supernetent lactose broth with nezative
pressure.

In as nuch as only two liguid media nave beer used,
namely, stendard lacbtose broth and cdextrose neutral red
broth, a conmrarative stuiy of th wvarious media was made.

To determine the influence of the protein tbase, a comparison
of beef extract and veal infusion was made. The lztter
infusion has been ver satisfactory; for zrowins many
pati.oyens particuwkrly strestococci. 7To determine the
influence of the carbonydrete, dextrose and lauctose were

used. 7o deteruine the inflvence of soluble proteins, the
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followinz peptones were testeda; 2ucto-rertone, Proteose-
reptone and Neo-peptorne of the Disestive fermernts Comgeny,
snd a peptore msnufactured by Fredrick 3tearns andé Compeany.

It is well known that iectores vary marzedly in their

ability to zrow variocus orzariszms. Gentian violet, having
been used with success by Bryan (16), in isolatinz strento-

cocci from cases of mastitis by inhibitinaz the growth of

¥2cn, ¢o0li end other contiminents in milx, wes tested in

the media usinz dilutions rarnzinz from 1 to 50,000 ©® 1 to
l’ OOO’ OOOO
Preparation cf l.edia:

Jerntiarn violet liver infusion arar., Tne mediun vas

prepared accorainz to tiie directions of Eryan (17). The
followirz formula was used;

500 cc. beef liver infusion
500 cc. tap water
20 grams azar
5 zrams NacCl
The medium was adjusted to pd 7.4 and filtered througzh
non-absorbent cotion to clarify. The medium was sterilized
by stesm uncer pressure. zrzrior to use, defibrinsted bovine
blood was 2dded to the melted azur (45°C) to cbtzin & 5 per
cent concentrution, ard suificient geatiun violet (1 per cent

aq. solution) to zive a final dilution of 1 to 220,000 in

the medium.
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Veal infusion Protecse-peptorne dextrose troth. Tiis

medium was prevared according to the followirz formula:

1000 cc. veal infusion
(The veal infusion was prepared by addinz
500 cc., of tap water to each pound of ground
lean vesl, mizxinz and then steamirnz in the
Arnold steamer for 1 hour. Tune infusion
was then clarified by filtering taroush a
cneese~-cloth). 20 grams of 2roteose Peptone
was added to the infusion. The pi was then
ad justed to 7.4. This vas nested in the
autocleve at 15 1lbs,, pressure for 2O
minutes to "bregk down the precipitate,”
and then filtered throuzh & filter varver.,
To the pevtone veal infusion 10 grams of
dextrose was e&dded. Tne broth was then tubed
and sterilized at 15 1lbs. pressure for &0
minutes. )

Veal infusion Stearns-peptone dextrose broth. Thnis

med ium was prevared the szme as the veal infusion Proteose-
peptone dextrose broth, except thet Stearns-Pep tone was

dded.

[

Veal infusion Neo-pevtore dextrose broths This was

prepared in a similar manner, except that Neo-peptore was
6dded in the place of Stearus-pep tone.

Veal infusion Egcto-pectorne dextrose brotn. This wsas

prevared the saxe as the atove, but Bacto-peptone was added

instead of Neo-pertone.

Lactose broth, Lactose broth wes prepared according to

the following formula which represents a doublt strength medium;
1000 cc. tap water
6 grams liebigs meat extract
20 grems Bacto-pevtone
10 zrams NaCl
Tne broth was adjusted to a pd of 7, ana filtered throuzh

non-gbsorbtent cotton to clarify. 7Twenty grecms of lactose was
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then added. The broth was tubed ard sterilized at 15 lbs.
pressure for 20 minutes.

Froteose-pec-tore lactose broth, This was prepared in e

similer manner, excert that 2rotecse-peptore was added in the
place of Becto-pep tore.

reo-peptore lactcse troth, This was crepared the same

as lactose broth, but Neo-perptore was séded instezd of Racto-
pertore.

Dextrose troth, This wes rrepared by addinz 10 zrams of

dextrose to Becto-pertorne teef extract broth before tubing.

Flood dextrose troth, Blood dextrose broth was prepsgred

the ssme ss the dextrose broth except that sterile delibrinuted
tovirne tloou was added to mexe & final concentration of 5
per cent,

Serum dextrose broth, ~This was rrepsred by adding 0.5

per cent serum to dextrose beef extract broth.

Litmus lactose agar. Difco 1li tnus lactose &zer was used

for the preparaticn of litmus lactose &azur,

£lo0d ezcr. This wes prepsared accoreing to the following

formuls;
1000 cce. tap water

3 grems meat extract

20 grams ager

10 grems Bucto-pe ptone

5 grems NaCl

The mediuwm was adjusted to a pil of 7 ard filtered through

non-absorbent cotton to clerify. The medium was sterilized

for 30 minutes at 1& 1ts. pressure., Prior to use, sterile
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defibrinated bovine blood was added to muize & finsl concen-
tration of 5 ner cent.

Experimen tal

The experimental work thet follows is divided into two
parts; the study of the growth of stregtocccei in different

media 2nd the ircidence of strertococei and Esch., coli in

chlorinsted swirming pool waters.

All of the various methods ettempted in the zgrowing
end isolatinz of streptoccececi are presented. RBoth direct
erd ind rect methcds of isolation were attempted. 1Tne
rrocedures were as follows:

Tirect riethads. To assure the presernce of streptococei,
water was obtained from the LaXe Lansing bathirnz besch.
This water was used because streptococci are slways present,
even in dilutéd saraples, wanen fifty or more people are batia-
inz. The water was collected &bt the end of the bathing dock
in sterile 500 cc. flasks epproximately 400 feet from shore.
The water was trarsferred to sterile centrifuze tubes under
aseptic conditions and centrifuzed for 40 minutes  The
supernatasnt fluid was deccrted and the sediment wes streaked
on three media, ramely, blood azer, tlood azar plus zentian
violet (1 to 10,000), e&nd the litmus lactose ggsr. The
results obtained when strealz plstes were made fran the
sediment of centrifuvgzed water asre omitted as all three
media failed to zrow the streptocccci. The use of blood
azsr, ~evtizn violet blood agar and litmus lactose azar

&s mediz for isolaztiny streptocwe ci was, tnerefore, eliminated.
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The use of a direct selective enriclrient medium vwas
tried. This mediwm was an sdaptation of that used by Bryan
(17). BEryen has successfully used zexntian violet in liver
infusion ager as a selective ggent for the isolation of
streotococel from milk from cows effeccted with mustitis,
It was hoped that the zertian violet in the liguid media
would inhi®»it the growth of most of the other bacteria
fcund in the lsze water and allow the unrestricted growth
of te strestococci, Dye dilutions ramnginz from 1 to 5,000 to
1,000,000 were trieud, .jater xnown to contain streptococei
was tested in amounts of 10, 1, 0.1, «rnd 0.01 cc. Tne
waber was added in thc case of tae 10 cc. amount to 15 cc.
of double strernzth lactose broth arnd in the smaller amounts
of water to sinzle strenzth broth., all tubes were incubated
at 287°C for 72 hours when they were examined microscopically.
The results usinz zertizn violst broth were unsatisfactory.
Other corzanisms were glwe s present am the streptococei
were found Jjust as plentiful in broth tubes that hzd not
received any ~entien violet., IxXreriments employinz zentian
violet in as an innibitory azenrt direct isocl:utions were
therefore discontinued.

Indirect methcds., Gentiarn violet liver infusion blood

gsr wse made as directed ty Bryan (17). The liver infusion

[\ ]
i

zsr, 180 to 200 cc., was placed in 200 cc. flasks and

m
0GR

sterilized, 70 the:wielted azar, coolied to epprosimtely
45°C was gaded suifficient zrertian violet in ome per cent
Gilution to iu.e a Jinal dilution of 1 to 200,000 uaxrd sterile

voviue blood to makxe a 5 per cent concentration.
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The technic used for platinz the streptococci consisted
in sddin> 0.1 cc. of the sedimernt from 24 hour lactose broth
tubes to a nuiter of petri dishes and addirg spprozxinately
10 ce. of zenti:n violet liver infusion tlood gzar. The
retri dishes were taen gzently rotated to distritute the
orzarnisms, 7Jhe plates were incutuated for 24 hours &t 27°C,
ine appesrance of'all three tyges of streptococci on this
medium is the samme as on blood eger. sall streptococcus
colonies were confirmed by microscogic exXamination and by
growing in veal brotan in pure culture.

Althouzh the microscopic examinsation of the broth tubes
often showed streztoccocei to be present in the initial broth
tutes, wnen the gentian violet liver agzer plstes were nezative,
etill alpaa and beta streptococci were isclsted in many
instances. In the eddition of zentian violet to the blood
azar, the guantity used was found to be very important.

If an insufficient smount was added, the streptocccel were
over-crown by other orzanisms and if too much was added,

the streptococeci were inhitited. The results obtained
elthonz not perfect sre encouraging, This mediwn makes

it possible tco cbtain in pure culture the various streptococcl
present., Tne medium was not used in the later routine studies.

In stucdica by Lallmann (4) streptococci were cultured

fron standard lactose broth used for culturing rsche. oli.

"he eifectiveness of this medium in the isolation of
streptococei was never cnecsed. accordinzly other medis

were tested in a cauparstive munner to determine the effective=-
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res3z cf this mediur sxd elso to discover, if necessary, a
tetter medivm, Several perptones and several types of
irnfusions were tried. Tne media used are descrited in
detail in an euarlier section of this thesis,

The procedure for cneckinz the media follows; A sample
of water from the lake Larsing bathing beach, during a
period of a heavy bethninz loed was transferred in guuntities
of 100, 10, 1, 0.1, and 0.0l cc. to the different troth media
usinz various concentratiorns of the broth media so the ratio
of water to the food nutrients was practically the same
in 811 inetances., The tubtes were incubated at Z7°C for 72
hours. A4t the end of 24 and 48 hours incubtetion, the per-

centaze of gas, asn eviderce of I'sch. c¢oli, was recorded.

After 72 hours incubation, the supernatsnt flvid was removed
by suction and the sediment smezared on slides. Tne slides
vere stained with agueous metanyl-violet or grzm stain and
exainined microscorically for stregtococcei.

The microscopical rex its ottaeined after 72 hours
incutation at E£7°C are tabuluted in Table I. The growth of
stregtococci occurred in sll mcdis, but was more abundant
in pecto-peptone dextrose veul infusion broth, Proteose=-
peptone dextrose vesl irnfusion broth, and Neo-peptone
dextroses vesal infusion broth. liery additional tests were
made on the various media listea with results very similar
to those presernted in Teble I. Considerinz all of the
data gzethered, rroteose-geptore veal infusion broth was

found the best for csrowing streptoccccei from lekxe waters,
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Table I. The results of a microscopic exumination presenting
the 2rowth of streptococci in various media after 72
hours incubation at &7°C

ediwm Amourts of water plarted
seef Extract lLedia 10 1 0.1 0. 01
Bscto peptone lactose broth +* - - -
Proteose peptone lactose broth ++ + - -
Neo-peptone lactcse broth + +++ 4+ ++ ++
Bacto pepdone dextrose broth +E++ ++ ++ +
Serum Difco-reptone dextrose ++ + + +
broth
Blcod Difco-peptone dextrose +++ + + +
broth

Veal infusion medis

Bacto-peptore dextrose troth +++ + ++ ++++
Proteose-peptorne dextrose broth ++++ + + +++ 4+
Neo-peptone dextrose broth +++ +++ + +++

*+ to ++++ indicate desrees of macrcscopic srowth of
streptococci in tubes
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In a further study of nutrient media to determine their

relative values for growinz streptocccci, it wus decided to
test their vslues on & chlorinated water fran a swimming pool,
Accordinzly the sbove-mentioned medium, Froteose-peptone veal
infusion broth was comrared with stundard Bacto-pe tore beef
extract troth made accordinz to the directions of the Standard
llethods for Jater Analysis, 19Z2. an exXamination of Graph I
will sheow thet very little diifererce occurrea between these
two media. Becuuse of the similarity of the results obtained,
it wss decided to use these two media in parzllel over a
larzer rnunber of samples. Tne results of these studies are
presented later in tThis thesis.

davinz determiried the best e dia for growirs streztococei,
& survey of seven crlorinated pools was undertaxen to determine
which medium was best suited for the isolation ol strepto=-
coccl urder routine conditions. Further, more data are
needed to determine the significance of stireptococei, colon
baci 11i, ard total 27°C covnt in chlorinited pools when
sodium thiosulpnate sample bottles are used.

The work of liallmann and Cary (1) demonstrated that
pools that have been showing consistently nezative colon
indices and zero counts uncer the o0ld method of sampling,
snoved et times marzed eviderces of pollution when sodium
tniosulpnate sample bottles were used far collecting the

samples. Althoush these writers call attention to this
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condition arnd suzgzest the use of the dechlorinated sazmple,

they were unatle, with the small amount of data they presented,
to arrive at any fisures pertaininz to standerds. surther-
more, it has been customary to collect samples &t arny time

of the day, regardlecss of whether the pool was in use or not,
ratherthan at peax periods of bathing load when the dangers

of pollvtion would bte zreatest. For this study samples were
always tuern during such periods,

In this stuwdy the method of vrepurinz the sazmple tottle
was cnanzed., fFomerly Liellmanm prepared the sumple bottles
by adding approximately 0.01 gm. of powdered sodium thio-
sulphate to the wet sample btottle., The :luss stopper was
then replaced, & paper cover was placed over the stopper and
the btottle was sterilized by moist heat under pressure.
Unless the steam was introduced into the autoclav slowly,
the suwiden heutinz freyuently troke the bottles. To avoid
this, Ilallmam adopted the use of dry heat. In this proce-
Gure, the powdered sodium thiosulphate is added to the dry
bottle., The bottles are the: sterilized st a temperature
not to exceed 200°C. If the tempersture should exceed 220°C
the sofium thiosulphate will decamnpose. TUsing this method,
the bottles seldom treek and sterile bottles are acssured,

In collecting samples, usinz scdium thlosulphate trezted bottles,
cere wss glways exercised not to rinse the bottles, as the

godium thiosulphste wuuil be wasned out. To be sure that
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this had not occurred, all samples after collecting for the
bacteriolozical tests were tested with ortho-tolidine to be
sure thst free chlorire vems rot presert. In cseverzl instinces
where semples were collected by inexrerienced irspectors,
free chlorine was found in the bottle. In sll such cases
the deata were discarded.

£11 szmples were tested bty plantingz five 10 cc. portions
irto lactose troth (A.F.H.4.) and lactose proteose-perptone
veal infuzion brotn respectively. Two 1 cc. partions were
plated on st:inaurd plsin nutrient agar. £All cultures were
ircutated ot &7°C for 46 hours Ge¢s production was recorded
et the end of 24 eid 4v hours incubation., a4ll tubes showing
gas (plus or minus 10 per cent) were checked by smecrirz on
eosin-methylene blue agsr plates. The latter step was
founa essertieal in all cases because freguently g&s proauction

wes not due to lLecne coli. All plete counts were made at

the end of the 24 hour incutstion. After the 48 hour

incutation at £7°C, the fermentstion tutes were placed at

room tempersature for 2 to 5 da s=.

This wzs done in order that the streptococci that micht
be present vould settle to the tottom of the tutes. The
supernztsnt fluid was thar carefully removed by suction
avoidine, &as mnch as possitle, the disturting of the pre-
cipitute in the botton of the tubes, The sediment was
then smearea on slides, stzined, end examined microscopically

for strepiococci.
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As each sample was collected, an ortho-tolidine test
wag nede to determine the residual chlerine coni ent of the
pool., The number of bathers in the water &t the time of
collection and the total time that hid elapsed since the
~rcup entered the wmter wes recorded. These data were
recorded on the report sheet which accanpanied the sample
to the letorztary. “his report sheet is presented on the
followinz page. It will be notl ced thut this skeet provides
& place for recordinz the laboratory findings.

To determine the rel:tive values of standsrd lectose
broth and protecse peptone dextrose veal iunfusion broth in
growing streptococel fram routinely tested swimming pool
samples, all ssmples received at the labtoratory for a
period of several months were examined using these two
riedis in parallel plantinzs. The results are presented
in Teble II. The data show that with 268 samples tested,
the followinzg results were obtained: For the presence of
streptococci 110 samples were positive with standésard
lactose brotnh and 112 with proteose-pegtone veal troth.
Considcrinz the individual 10 cc. portions, the standard
lactose troth showed 253 par tions posi tive; wnereas tne
proteose peptone veal broth snowed 292. These data indicate
only & eli>t advaniaze for the latter medium, an advantaze
that is likely witnin the expcrimental error in maxing the

tests, sor the determination of Esch. coli, the stamiard

lactose broth gave 28 positive samples; wnereas tne proteose=-
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ILiichizan State Colleze
Derartment of Racteriolozy znd dyzieie

Name of Tool Date

Tite of s=mplinz Residual cinlorine at time of sampling

Numnber of bathers in pool Lenzth « time in pool

Sex of tatrers

Bacteriologzical
count on plain agzar at 37°C

1 cc. 1 cec. 0+5 cc. cC. ce.
24 hrs,
37 hrs.
Percentsge of zas produced in lactose broth
10 10 10 10 10 1 0.1 Cel 0.001
24 nrs.
48 hrs.

Cornfimation of Esch, coll on ecsin-methylene btlue azar

rresence of strerptococeci

Esch., ccoli Aerobacter aerozenes

Strertococcus index

Colon index

Remnarss
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pertone veal trota gave only 26, or a variation of 17.2 per

cent occurred in favor of the standerd lzactose broth. Consider-
inz the individuel 1C cc. portions, in the sterdard lactose
broth 67 por ticrs were posi tive as coupared with 51 pokitive
pcrtions in protecose peptore veal broth, or & veriastion of

23.9 rer cent in favor of the standard lactose broth. ror

the determnin.tion of Escn. coli the standsrd lsctose broth

was unyuestionably the better medium., In as much as the
value of standarda lsctose brotn was nearly egual to the
proteose-peptone broth in determinztion for strergtococei

end far sugerior for the detection of fsch., coli, the latter

broth was discarded. It azpears thet standard lectose brota
is the best medium of those tested for the detection of both

getreptococei erd ITsch., coli. The writer recommends that

this medium bte used for toth tests,
The selection oi a simple procedure for meesurinzg the
ollution of & swimmins pool is of considerable corc ern.

At present, the presence of Lscr. ccli tozether with a

meximum court of 200 is in zerrral use., Hzrwood, Gould,
and Swachnien (8) report taat "the total count at 37°C

after 24 hours of irncubation represents the best and most
siicple index of the sardtary quality ot wuter in the pool."
It must te rece.bered, however, thut tneir work was dae
using the ordinury sterile botties for collecting samples.
Tne residual cnlorire present undoubtedly played en

importernt purt in disturvinz the picture of the actual
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pollution as it existed in the pools 8t the time of collecticn,
In the lizht of the present studies, the cconclusions of
Hdarwood, Gould and Swachman appesar unwarranted. To obtain
sane idea of the relstionsnip of totel counts at £7°C and
colon and streptococeci indices, the results of all the
bacterial tests made on swimrinz pools has been compiled to
show their relative value. In this compiletion a sanmple is

considered pogsitive to Esch. coli or streptococci if one or

more of the 5-10 cc. samplies planted in double strerzth
standard lsctose broth were found positive., The data are
presernted in 7Tables III, IV, and V. 1In Table III are
presented the findinzs arranged according to the pools
tested. Tnese samples recrresent only routine samples taken
cnly when bathers were in the pool. 1In all cases, the
chlorine residuvual of the pool exceeded 0.2 DPepem. and in

a few irs tznceg over 1 p.p.m. Of available cnlorine., A

very markxed varistion in the occurrence of Isch. coli,

streptococei, snd total counts in excess of 200 bacteria
per cc., existed in the various pools. zastern Hizh School

pool showed only 1 sumple contuining Esch., coli erd 14

contairing streptococeci out of 52 samples tested. Lizht
sarples had counte in excess of 200 bacteria cer cc.

This pool never had heavy loads; in zeneral the loids were
exceedinzly low. On the other hard, licore's Park pool, &an

outdoor pool, snowed & hizh incidexrce of Tsch., oli (54)out

of 121 samples). The bscterial counts exceeded 200 bacteria

rer cc. and the inciderce of streptococeci was also pre-
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deminant. This pool throuchout the season carried bathing
logds fur in excess of the capacity of the pool, Even
with cnlorine residuals of 0.6 to 0.8 p.p.m., pollution
indices were invariably hizh,

In Tgtle 1V are presented the data on sumples zathered
in seriel testirz, In serial testirz, dwinz a ziven
bathinzy period samples were taker (1) tefore the batiers
entered the pool, (2) durinz the bathing geriod every 2 to
2 minutes, and (3) after the bathers had left, far a priod
varyirz from & to 15 minutes. 1In zererzl, a series con-
sisted of epproxizstelry 17 samples taken over a periocd of
20 to 45 minutes denewndingz upon the length of the bathing
reriod. In most cases these sairples were purvrosely taxen
durin> periods cf heavy bathingzg losds &s the writer was
irterested in obtaining pollution curves for the entire
bstnins veriod.

As a result the incidence of streptococc and fsch. coli

wovld natural 1y show in & larger nusber of samrlies. In
Table V is presented a suwmary of Tgables III snd IV. The

percentaze incidence of rsche, coli slone and tozether with

strepgtococel, of streptococecl alore, and of sermples showing
bacterial counts in excess of 200 bacteria rer cc., are given,
A critical exanmninustion of these date fail to show auy

perallelism asmong the incidence of strepbcoceci, Lscn, coli,

or excess counts. The dste show that in the 704 samples
tested 46,87 rer cent showed streptococeci, 13.25 per ceunt

shovied rsch. coli and 17.47 ver cent hed counts in excess
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of 200 bacteria per cc. In zererzl it hzd been th: writer's

observation that streptococci were present when lsch, coli

were present. Stregtococei freguertly were present when

lech. coli was &bsent end when the counts wvere uncer 200

tacteria rer cc. The arbitrury acceptence of & total count

oi 200 tacteria fper cc. standard without cansideration of

Lecn. coli srd streptococci woula be unjustified ara would

rot te in accordarnce with the date cresented., It would
seem more ressorstle to conduct further studies on the

~e

iznificarce of tesch, ccli arnd streptococei fraw & saritery

/]

m

teréroint and set the maximum numbers of these orgarnisns
thet would not erdanzer the bether., The total count
represents lirsely orgauisme of ro saritury value anda
snhould not Ve considered unless their numbers vary airectly

with the streptococci arnd Esch. coliy and this is apparently

rot trve. Tre conclusion of Harwooé, gould, &nd Swachiun,
thereiore, apgpears uvntencble,

¥o otjections were reised to the present swimmins rool
stenderds until 1922 vihen Liellmann end Cary (1) presented
their studies on the becteriel picture of the swimming pool
Guriny periods of use. Tney found as stated triefly in
the introduction to this thesis that, cantrary to the accepted
opirior, & chlorinsted pool having the recoumended chlorine
residucl (0.2 to 0.5 pepem.) wnen in use contained guite
frecuently lerze nurbers of tacteria, This condition had
escaped notice cue to the fact thzt it was sn accerted

practice to collect the somples in the usuzl sterile



sample bottle, transy»ort them to the laboratory when
convenient, ard test them when ccrvernient, This meant that
under the most favcreble conditicns of collecting ard testing
et lesst ten mirutes elapsed beiore testinz end, more
freguently, one to tiwo hours. Durirg this period thne
residnel chlorire continned to ect srd &1l the tacteria

that mizht have been in the socmple at the time of collection
ned veen destroyed. The resnlt ves a sterile scmple., With
a cnlorine residuzl of 0.2 psrts or nore, the report would
alwzrs show sterile conditions irrespective of the size of
the loed at the time oi samplirg, To offset this killingz
action in the sample dwing transit, L.alluenn snd Cary
su-rested the use of the soaium thiosulphate sample bottles,

In the followiny presentation of the current stcraards
for pools, it will be borre in mird thet these stardards
were btased on tests obtained on pools usirz the old method
of examinution,

The bacteriolozicel stundards recanmended bty the Joint
Committee on Bathing Pleces of the Americsn Public Hezlth
sgsociation and the Conference of Stete Saritary Engineers
in 1926 (2) follows:

"B. Bacteria Court on Agar or Litmus Lactose igar =24
hours - Z&7°C.: NXot more than 10 per cent of smmples cover-
irg eny cansiderstle period she&ll corntein more than 100
becteris j;er cec. No sinzle sample contains more than 200
bacteris per cc.

"C. B, coli = DPresumctive Test: Not more thuan two out
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of five ssmples collected on the sune day, not more than
taree out of any ten cansecutive s:mples ccllected on differ-

ent dates shell show a positive presumptive test,"

-

The ster.dard for cnlorine residusals (Z2) is as follows:
"ynenever chlorine, calcium hypochlorite or cther chlorine
canpourds ere used for swimming pool disinfection, the amount
of available or excess chlorine in the water at gll times
whern tne pool is in use shall not bte less then 0.2 p.p.m.

or more than 0.6 p.p.m,"

On the tesis 01 these stuncards, let us exumire sone

pools otservea aurins the pest [ eur,

In Lernsinz there are three Junior High School pools

of exactly the same aicencsions witn exXactly the seme equip-
mént ara cafrying comparatle bathing loasds. These pools
have a capucity of 65,000 zuallons and a filter capacity for
& six hour turnover of the water., The pools are 24 ft., wide
and 60 ft., lonz., 1Inlets are located at the shuallew end

and outlets &t the deep end., Because the pools sre exectly
alikxe snd the t;re arnd nwiber of tathers sre similar the
tacteriolozical result s from the se pools have been massed
tozether for the presertstion of the data that follow;

In Table VI are presented the baethirn~ loads arran-ed
according to the chlorine recsiducls of the pools at the time
of samplinc, It will be observed that the bathing loads
are rracticelly the sanme for =11 chlorine residuals, so that
all sawples ccllected were taxen withn asproxzimately the sune

nunber ol btetners. In Table VII are vresented the bacterio-
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lozical data arrangzed in the same murner as in Jable VI,
Interpreting these data on the basis of the standsrds of the
Committee of the A.P.Hdeie., it will be noted thet satisfactory
resul ts were obtained dovai to a minimum chlorire residual
of 0.4 p.p.m. /ith C.Z p.p.m. chlorine, the pools were un-
questionably unsafe as measured ty either totsl count or
colcen indices. Althougsh streptococci were in evidence at
8ll cnlorine residucls, a sharp increase in their numbers
occurred at tne seme time the colon indices increzased sherpe
ly at 0.3 p.p.m., cnlorine,

The data cresented snow that these pools with a bathing
loud of 21 can be xept free of pollution, provided a chlorine
resiauel of Q.4 p.pP.m, Oor more is maintainead,

In Table VIII are presented the bathing loads for two
pools, & 85,000 zallous. (&) and a 145,000 ~allon pool (b).
The lowas are érranged accordinz to the enlorine residuels
as in the previous tables. In Pool A the load averazed 13
for 81l chlorine residuals erd veried only from 10 to 16
tathers. In Pool E the average wae 28 with extremes of 5
to 82. This means that in the latter pool the dats represent
very unsizrificant up to extremely heavy loads. The averages
on this nool meen very little but the maximwas sre important,

In Table IX are presented the bacteriolozical fiundings
for 200ls A snd 3., In Pool £ with & load of 12 in 85,000
zallon of water, pollution should not occur eveu with low
chlorine residuals. It is surprising to find thsat 0.2 p.p.m.

snowed decided pollution as measuvred by our presernt standurds.
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Table VI - Bathinz Loeds of three 65,000 gallon capacity
pools arranced accordins to the residual chlorine caitents
of the pools &t the time of sampling.

Chlorine Bathing Loads No. of
Residvusl sverare Lledisan Linimum  Llaximun samples
1+ 1 28 15 40 8
0.9 a1 36 28 41 12
0.8 33 25 18 40 13
0.7 22 23 19 42 13
066 32 30 18 40 30
0.5 30 S0 13 42 37
0.4 28 26 16 47 25
0.3 26 26 21 40 12

Q.2 Z5 - 20 40 2
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Table VIII - Dathing Louds of a 65,000 gallon capacity pool
(A) and & 145,000 capacity pool (B) arranzed
accordirz to the resiaual calorine content of the

pools at the tine of sampling

Pool Chlorine Bething Loads Koe.of
Residusl Aver. Median Lininum Laximun sampl es
A 1. 16 16 16 16 1
0.5 10 10 10 12 4
0.4 11 10 10 18 10
0.3 12 12 7 18 17
0.2 13 14 10 14 7
B 0.5 20 25 5 80 30

0.4 27 22 8 83 44
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AS tne lozds zre alw)s small in this pool, the residual
chlorire is ke»nt vetweeun 0.3 to Q0.5 pev.ni. at gall tinmes.

In Pool 5 with mucn larser loads, & much hirher chlorine
recidusl must te meintained., In this pool, &s in the three
pools discussed earlier in this raper, 0.4 p.p.m, SNOWS &
gafe condition, but with 0.2 or 0.2 p.p.m. the colon index
and total count incressed rapidly. Jith loads rarring up
to 90, the chlorine residual is maintained between 0.4 to
0.7 p.p.m. with a median of 0.6 p.p.m.

These data show what can te dore on indoor pools under
certzin bathin~ loads usinr the totzl count and colon indices
as messnurenents of pollution. Later in this vaper a
presertation of streptococci will be made,

In Tsble X are preserted data on & 240,000 gallon outdocr
pool snowinz the extent of pollution in the presence of
varyinz amcunte of chlorire. An exaninstionr of this table
reveals the fact that according to our presernt standards
this pool was unsafe at 8ll chlorine residugls up to 1
D.pP.I. wWhen based on either the colon index or the total
count alone, or totn. These resultse ere in merzed contrast
fo those cbtained with the indoor pocls, bui when the neavy
logd, lsack of proger bathinz prior to enterine the pool,
and the use of all types of unsterilized suits are consider-
ed, it can readily be uncderstood that excessive pollution
exters the pool., The results show that it is more difficult
to sterilize the water under the conditions found in this

outdnor pcol, than with an indoor pool witn similar bathing



9% .+ 3 .9°T 3T°0 006z, O ., B6 . & 1

ERATN I 37 . g 1 7°0 '
3 [} [} 4 A ¥ L A A A A A

ERACES ' A A% O i Y2 1+ O 13°T 1 o . 0098, O i 9L . e Gg°o g
L i 1 y |_ " i i i ! " n
{ 1 ] 1 ] ] [} ] ] ) { [}
! ' i n L 4 i L 4 i i i
81vsuf] : g TR & 1 14 1 9 0°3 1 22°0 G009, OGT. 0081, 9 i g0 '
! i i a4 i i i I 1 i n i
8J8CS 1 8T 1 O 1 8T O 19°1 v O i gLz 4 O v 02 ¢ 8T ! 2°0 '
A - 4 A 4 -d 4 ' i A —r |
8JBE 0t s+ 0 OT «+ O %°2 1 0 002 «+ O 4+ 0% . ot .+ ¥%°0 '
o I i 1 1 1 L 1 ' 1 A I N
8J8BS 4 14 1 0 14 i O .%°0 1 0 g 1 0 . T ! 14  §°0 1
] 4 ot [} [} } [ [} [} 4 | A

91I8S T ¥ 0 T «: O .+ O v 0 0 t: O .+ O ' T ' T v
1 , 1 1 i \ ! \ ' 1 ) ' 1
1__POOD _, PBT pood , p3r , ' ' ma  umwt 4 8<8 1 1
LUCTOO U0 posty,junoo U0 possy,xenul ,Xopul, =1¥8'l,-TUl’[,~JoAY,soTdWRE, T8NpISal,

qa0068Yy ' Je9®B/. JO 4L3TTwUD 19deI9S,U0TCD 106 4T FUNOD BTJILS19BT, 4O °*ON,OUTIOTUD,TO0OJ
i

N\ ! ' i : t 1

Suttdurs
Jo 8umq BUL 9B S171997O O SMTJIOTYO TBNPISSI eyq 07 ZUTIDIO0OOR pacusaar (g) tood
uoTTBE 000°cHT B onur (V) 1ood uolT»”E 000 ‘G B UO BYRBDP TROTIIOTOTIIS830Bq JO AasummE - ¥I 91qBJ



A

ermsum + T + ¥ + G « O 436 .2°G ‘' 00y o+ pr 1 09T . S . G0
] ] ] ] ] ] 3 4} i ] | [}
8JBRSUN T i 6 8 3 78 1 8°9 4+ 000°‘zz 9 1« 00¥g. Tt 9°'0
1} ] 1 [} 1 1 1 1 i '} i i
9Jesun « 3T + ¥T + 33 + ¥ 16°¥ v ¥°2 + 000°'23 0 « O0LT. 93 L0
1 i [} ] { 4 (] 1 ] i Iy l
aissuu % \ 4 ' )74 T 0 °9 1 G°O0 00¢ 0 i 0GT g ' 8°0 i
1] 1 i ] ) 14 [} I\ 1 A 4 i
ﬁHOmewSm [} L ' T i 8 O _Oom s G°T 0g9 ] 0 .OmN 1 8 l 6°0 1
1 ] 1 1 1 U ] g - " | 1 L

9IBS I ' o] ' T . 0 4 0 0 0 1 O . O ' T 1 +°7 1 pus

] ] 1 1 ] " ] [} [} ! . i Qmmﬂv
sjesun ] ! 6 6 S 2°8 0z2°% + o000‘0p 8 .+ COOT, ot 20
1 t ' 1 1 i 1 ' 1 i 1 i
3josuan L ) 8T ' 02 .+ ¢ RS 0g°*Hp + 000*pg ST 1+ 0002, ¢a L0
o~ ] ] ] ] ] 1] ] ] ] ] i )
L9 ~oflBSUn A ' | A L .m.m 1GZ°0 + ©00°‘al O v 00C¢g, 8 1 g8°*0
1 ' ' ! ' 1 1 ' [ i ! 1
SIBSUM ., PA i T L 1 L 0%9 OZ*T ¢+ 000°'T: O 1« VST 8 ' 6°0
1 1 1 ] 1 1 : 1 ) [ ' i

uopisaub 2 A g . 0 19°% 1CO°C «+ OGT + O 4 4P e ) +°T .+ Dpus

' s N 1 s 1 . . L § JAOTTUC
¢ POCT , PTE ¢ POOD 4 PB4 ) ' mw , TIW 4 8<B ! )
LUOTON MO naswnT qUNed U0 PosrT, X9pUI,XepuUI, =I¥P ", =1Uul’l,=Jo8AY,soTdums,RrUDTISAT,

qxodasy J9%%4 Jo Lat1Tsun 1368 I9C,UCTOD 10042 AULCD BIIS90BT, JO °*OY,3UTICTUN ,80anC¢
§ [} 1 ) ] i I

ZurTduns TO 97T 8UY 48 S9791700 SUTJIOTYD TRUDIEDI 29U 0 I DJOOOR
poSuraar Tood LrTTWTMS JOOPIUO UOTTRS 000°0HZ B WO FIED [BOIIOTOTI999BQ IO AJnurn§ = I 9TQBHL



o8

louads., If the bathinz lozds had been materizlly reduced,
the nunber of bacteria wonuld hsve decreased accordinz:ly,
fre;nently the nuiter in the pool snd on the runvays
exceaded 400 bathers, althnouxn the nutber in the pool seldom
ezxceeded 100. Durinr the last swuner wnen a protracted cold
svecll occurred ana the bathinz loads in this prool decreasead
to &« decideu dexree, tne pollution lesseuned, <This would
ircdicate that 2 reduced tuthin: loud would result in a
pool of zood quzlity whicn would meet the presernt stundards.,

U"ne studies presented so fur nuve dealt . itn the total
count =i.d colon indices and rno attsntion nes teern paid to
tne streptococel presert. An exuwinztion of Tgbles VII,
VIII, and I{ snows thual gtreptococci were present in most
of tne sumples exzamined snd that they were quite evident
in chlorine residuals where toth aznrecicble total ceunts
end colon indices were absent, Particularly in the saxples

collected from the outdoor pool (Table X), the inciderce

-
mn

o} trentococei vwas extrenely hizh. To determine their

cccurrence in pools, a stuay wss made of 145,000 zallon

pool durin~ nezvy bathir> loads. A rro-ressive sawmplin

Uu

rrocecure w;s ncsed takiny samples at irntervuls of two
minutes tarcu-hout an entire bathinz pceriod. Tne results
of this study are presented in Graphs II, III, IV, and V.

To determine tne rupidity of their occurrence in a
pool, all of the swimuers (06 men) were lined up et tne edge
of the pool wund ordered to enter simulitunecusly. Wne

results are pgresented in grapa II. It will be ovserved that

tae pool, wnicn previcus to the mussed entraence of the bsathe-



&9
ers was stverile, within 20 seconds was sncwin: a oximun
index orf 1o, This maxinun index continued for 2 to 3 minutes
wien a diminuvion of tne strecptvocicel occurr=d in srite oi
the fact taat the bathers rersined in the pocol. ILater

e

in this perioa the tathers were out ol tiie pool b minuvtes
arnd when they returned to the water, imunediztely the strepto-
cocel index went up and then as they remainea in vtae water
the nunters vecaue less. nen tune batihers have teen out for
10 minvtes thne pool wus again sterile. Ko Iscn., c¢coli or
total count was obtained at ary time durirz this exgerinent.
Ag shown in Graphs III &and 1V, similcr exXoveriments were

conduc ted excepnt thset the batners entered tne vater =zs soon
88 they ertered the natatorium. Tais meant theot for a period
of 14 minutes each bather nhzd entered the pool for s few
minntes and then retired to the runways for instruction for
the period. The actual nwiber in the pool at uny one time
urier these conditions seldom exceeded 29, /hen thne

ntire groun entered &t once later in the pgeriod the
streptococci were less prenournced then they were wnen they
entered initially sinultarneously.

In Graph V, the loads were introduced into the pool

in zroups for 4 to 10 minute periods interspersed witn rest
periods of 5 to 10 minutes. Yne streptococeci indices
accordinzly rise and fzll witn the shift in the bathing load.
Incidently this zraph shows snothsr interestinz observationm.
In collecting taese samples, the sctual nuuwber of bathers

in the pool was counted at the time each sample was collected,
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It was intereztiny to mote thazat the nunber never exceeded
40 althouszn the 72 present were free to eunter if they cared
to do so.

Tne part played by the various strains of strestococeil
in the respiratory aiseases a:d %their prevalence in the
intestiral, buccal, and nasal discnarres niake tile presence
of strestococeci in the pool very yuestionable., Irarily I
woula rather not see them in the pool, tut to eliminste
them would mean decidedly smaller bathinz losds and decided
increased in the chlorine residuals, either or votn of which
decrease the usefulness of the pool., Judzinxy Ifrom the
data svailable, it would secem advisabtle to continue the
established stendards, and regnuire the use of scdium
thiosulrhste treated sample bottles,

Before leavinz the topic of stundsards of gollution,
it misat e of intercst to exumine the present standards
for bautains loads as recomiended bty the comnittee on Bathing
Flaced (3). Tne maximum bathiny loads for a recirculation
pool with cont inuous disinfection are as follovs: "The
total number of tathers using a swimming pgool during any
reriod of time shall not ezceed 20 grsans for eza 1,000
gallons of clean water saded durin: thet period." hat
would tne maximuwn load be for & pool like taetbt &t lLiichizen
Stute Colleze? 4Whis pool has & capacity of 145,000 zsllon
with en 8 hour turn-over ard each 24 hours fresh water to
tae emount of 20,000 zallon is added. Tne amount of clean

water added dairly emounits to & times the totel canacity
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(145,000 gal. ) + <£0,000 zullon oi fresn water or 465,000
Sgallon totul cleaxm water =aaeu. The comunittee ullows a
maximum of 20 bathers per 1,000 3allon clean wmter go
the pool may nave a lozd of 9,300 per day. A4S the pool
oosgrutes 10 hours daily this would meun 920 batners per
hour. Such standards nueve outlived their usefulress and

should be revised.

d based on

[$

The camittee also plsces limits on the lo
the safety factor, They divide the pool into & zores,
namwely daiving zorne, swimmirg zone, and non-swimrer zone,
Iimits for e.ch zore gre ss follcws:
divingz zore - 10 ft., area berond diving toard
allow & divers
allow 9 divers on runway
total - 12 divers
swiniingz zowne
allow 36 sq. {t. per swim.er
" 50. of swimminz load on runwals or
27 sq. ft. for all swimmers
non-swinming zme
allov 13 sq. ft. per bataer
&llow 100, of non-swinmer losd on runweys
or 10 sg. it. per non-swimer
Safety limits for pool at ii.5.C. tased on these stendards
divineg area-30 ft., by 20 ft. = 2 divinz boards
allows 6 divers
" 18 divers on runwsy - 24 divers

svi rmninz area - 5) {t, by 20 ft. = 1200 =g. ft.



1500 - 27 = 55 swimmers - b5 swimmners
non-swiuminy area - 690 sg. ft.
620 - 10 = 60 ncn-swimmers_ 60
total load 129 bathers
Or if entire pool ie nsed for swimers
90 ft. 20 ft. = 2700 s3. ft.
2750 ¢ 27 = 100 bathers

cerers]l fur in excezs of

<

7These szfety limits asre in
nraztical teaczhin: lozds avd in ay orinion in excess of
gsafety losas. I nuve repeatedly wetched in tae colleze
pool, the nwiber of tatners in the water &t any one time
wien aiving w=s not permiited and 1 have never counted
more tnau 40 tathers =t one tine in a class of 80 or ¢0
nen. 7This gives each swimmer (7 sg. ft. o swimminz area
instesd of 26 sq. ft. allowed by the committee and allows
50 per cent of the zroup on the runwsys which woulld permit
a& class of 60, The area per each member of the class would
be 45 sy. ft. irstead of the 27 sg. f& ellowed. /ith this
lad a swimminz pool of the size mentioned can bve e=2gily
maintzired in a safe condition as measured b total counts
eand coll indices. It hze been our exserierce that the smaller
pools (65,000 gallon cavacity with dimensions of 60 ft. x
25 ft.) carn carry heavier losds than the lurzer pools, so
thst the srea per a tather may be lessened to a firure
epprouchins thot of the nresent stunazrd., 1 would suxgest
32 sq., ft. p=r merker of the cliss a, & pool of these

dinensions, a maximum of 4Z batners at any period,
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Suzzested reccrmendations for caonsideration of the
cami ttee on stundards,

1. ibolisnh meximun limites tased on clean water added

2. Base zazimum losds on surf:ce erea ol the pool,

3. Adjnst maximum loczds on ability of the gool waler
to rem=in b.czteriolozyicuslly safe ratner then on the safety
linit, srbitrarily the area per buther is as follows:

#or pools of 2700 sy. ft. or more - 45 sgy. ft.

#or pools under 2700 sy. ft. - 35 sg. ft.

4., Chloriue resiauals saould be based on bataing louds,
Lizat loads may operate successfully witn low residuals
and heavy lozde witn hizh residuals, tut in general with
the tabthinz meximun recaunended in this caner the cunlorirne
residuals siould rirze between 0.4 to 0.6 p.peits, devenaing
gsanewnet upon the tyre of water.

5. The present bactericlozicul stundsrds as rezards total
count and coli index may be retained,

6. A1l samples should te collected in sod um thiosulphate
treated szample tottles.

7. Mo recoznition of the streptococel in the starndard
srhtonld te mude until further stndies on the sitnificuance of

the ctreo. c

&

>eel have tecen ccmpleted.

8. 3amrles saculd te collected at tne time of sreatest
pollution, nuwely from five to tar minutes after tae bathers
nzve euntered the pool. Samples for sunitary analysis should

never be tugen when the pocl is not in use.
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Jornc lugions

3Standard lactose broth is a satisfactory redium for
the zrowth of strewvtococei from swimaing pools.

Fo direct purallelism occurs asmonz the tnree indicators
of swimirz pool pollutions narely colon index, streyptococcus
index ana total &7°C bacterial count.

Streptococeci occur more freguently in chlorinzted
swimming pools thsn aoes Igcn., coli.

The period of zreztest pollution occurs shortly after
the tathers enter the pool.

Chlorine residuels of swimmirz pools should te maintuined

between 0.4 t0 0.6 povem.
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