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INTRODUCTICK

The sanitery quality and mathods of measuring
the same has not kept pace with the propulerity and
increase of installations of swimming prools. True,
gsanitesrians have developed methods of measurements
and engineers have perfected methods of purifications,
but in the light of recent investigations,these have
proved inadequate. Dilutions by a circulation process

of passing the used water through & sand filter have
failed to maintain a satisfactory water., Chemical
treatment following filtration appeared neces:ary.
One ofthe first disinfectants used was ozone, followed

gshortlyby ultra-violet ray. Both of these produced
e sterile water, but unfortunately they do not impart

to the wvater any residual germicidal properties to
maintain sterility. 1t has been cdemonstrated reneatedly
that dilutionsthrough the introdution of sterile vater
is not an adequate means of maintaining purity in
swimming pools., 1t is necessary that the water in

the pool hes & residual germicidal property to destroy
the bacteria as they are voided from tha2 bsthers.

1t 1s possible to maintain sucha condition with chlorine
when in*roduced wither as ligquid chlorine or hypo-

chloride. Frior to the use of liquid chlorine calcium



hypo-chlorine was used, but with madiocre success, due
to the crude methods of ap;ylication., Also, no method
of measuring the reculting residual chlorine existead,
80 the only check on the effective amounts was a
bacteriological test, the results of which were
obtained forty-eight hours after the collection of
the samples. Tnis delay, of course, was so great
that it had no value as far &s the imedigte aprli-
cation wes concerned, Farallel with the introduction
of liquid chlorine and dependable methods of measuring,
the ortho-tolidine test was developed.

the ortho-tolidine ig a sinple and easy
test to perform. u1ake a 10 c.c., portion of the pool
water, and mix 1 c.c., of ortho-tolidine, if there is
any chlorine in the water it will turn yellow or
amber color. 1hen thie mixture 1s compered vwith a
get of standards that have been previously made up
to a known chlorine content., when using a Hellige
comparator such zs was used in thies work the standards
are steined gle ss, which are stained to give a knovn
chlorine content; then the mixture ic placed into
the apraratus and the disc, on wvhich the stained gless
1s fixed, is turned until the tvio colors cdnc.ide

and one can read the residual chlorine cirectly.



Apperently, the pollution of swimming pools
hed been solved, and for several years senitarians
congratu;atpd themselves on the results obtained.

Pools were maintained in sterile condition for years.

A residual chlorine of 0.2 to 0.5 r.r.M,
had rendered the water sterile, and the water vas
concsidered equal to the treasury method standard
for drinkinz water.

in & study of pool conditions by Mallmann
and Cery it vas necegcary to perform pool side
testing. +1hey found that such samples tested
imnriediately durin: p:¢riods of heavy bathing load
were hegvily polluted, whereas, similar samples
carried to the laboratory and tested severel
hours after collection, were sterile., .he delayed
action of residual chlorine by this time had killed
all the remaining organisms.

Mallmann surgcested the use of solium thiosulphate
to be used in the collection of camples, A few crystals
of sod ium thiosulphete are rlaced in the btottleg before
gamples are teken, ihis takes out the effective chlorine
immediately on the collection of the sample. ihe sodium

thiosulphate acts as a reducing agent.

—






From the exp-riment that wes carried on by
Kellmann and Cery showed that the pollution in the swim-
ming pool reachel its peak &t ahout fivefiinutes after
the bathers had entered the water. 1hey found thet
this polluticn changed during the period that the
bathers were using the pool. Also, thet the pool
sterilized itself very repidly after the swimmerse
got out of the water, providing that there was a
residual chlorine of 0.2 r.r.M. Or more, 1his snowed
that there is a need of sampling water during the
period thet the pool is loaded. ihey found that the
pools contained high total counts with a heavy tath-
ing load and low amounts of chlorine, and that the
pollution was from ecch, coli and streptococcus.
1there ceemed to be & marked increase in cstreptococcus
over coli, <therefore, they sucgested the. need of a
new standard for index of pollution for swimning
pools, that is, to replace the esch. coli index vaich
is now the index with a streptococcus incex. oI course,
this new standard cannot he as rigid as the colil
standard ise bMore date will heve to be obtained
before.a standard cen he made,

ithe problem of thie thesis is to strengthen
the data above; to give more information from which
the writer hopeg to arrive at some accurate conglusions;

to compare methods of chlorinations; and to study

" .



bathing loads in reletion to polluion.



ETIRIMEINTAL

This survey was conducted on five high schocol
pools, three junior and two senior. Thecollege pool
was used as a control, Semples were taken four days
a week for a period of four weeks. Two samples were
taken each time, one on each side of the pool. The
residual chlorine was~checked by the ortho-tolidine
method each time a sample was taken using the
Hillige comparator.

Cultures were made by adding 10 c.c. of
the samples to a Durham fermentation tubee containing
approximately 10 c. ¢. Oof double strength lactose
broth. The tubeg were incubated at 370 C. for forty-
eight hours. Five tubes were made from each sample.
Also, two 1 c.c. portions of the sample were pla8ed
using plain agar and incubated at 37° C. for forty-
eight hours., The readings were madé at the end of
twenty-four and forty-eicht homrs., Tubes showing gas
production were checked for escherichia coli by
smearing on eosin methyline blue agar plates. the
tubes showing growth indicating streptococcus were
confirmed microscopically. <the total count was recorded

after twenty—four and forty-eight hours of incubation.

-






1these are all indoor pools of the circulating

type using preszureffilters. ihe five high school
pools have the same kind of home-made chlorinator,
Each poolis cleaned several times a week aith a
vacuum cleemer vhich cleans the bottom and sides.
Then the water is gllowsd to run over into the

scum gutters once or twice a week, ‘the pools are
emptied three or four times a year 2nd are filled
with fresh water, <1he colle_e poolihas a raradon
type ofchloringtor. ‘he pools are all operated
under practicelly the same re;uletions. +1he bathers
have to tgke showers and use soap liberally. <they
are then inspected by the instructor before entering
the pool. ‘'he girls are required to wear a light,
grey cotton suit while using the pool and in all
cases the boys use the pool in the nude, 71he only
noticeable difference between the girlsg and boys
uging the pool 1g that the girls seem to pull the

chldrine out of the water faster. this is probably
due to the cotton suits they wear.

1the pools will be designeted by the letters

A., B., C., D., E., and F. in tis thesis.






Fool A. was installed in 1928, it has a
capacity of 85,000 gallons, and an avera; e dally
bathing load of 125. 4t has a centrifugal pump
with a 2}* discharge, a rate of 225 gallons per minute,
and a turn over of eight hours. <1he pump is in
operation 18 hours daily. 1t has three 5* international
pressure filters using alum &s a coagulant, and a hair
catcher in the line to remove any material that would
plug the filters. 41he temperature of the water in the
pool rances from 75° to 80° F. and the temperature of
air in the pool room is about 820 F. +this pool has

very good natural 1light and good ventilation. ihe
water 1s about 81*' deesp at the de<p end and 3%* deep
at the shallow end, <the pool ig 25* wide and 75°¢
long with a 6% walk around the pool., it has two
inlets, one on each end, and the outlet is throuch
a drain located at the deep end of the pool.
rool B, was installed in 1922. it has a

capacity of 65,475 gallons and an average daily bath-
ing load of 240. 41t has a centrifucal pump vith &
23" discharge, a rate of 225 gellons per minute, &nd
a turn over of gix hours. <1he pump ig in operation
about 20% hours deily. 4t has two 4%* Jewell pressure
filters using alum as a coagulant, and a hair catcher
in the 1ine t0o remove any materiegl that vould plug
the filters, <1he temperature of the water in the
poolfences from 71° to 75° F. and tha temperature of

air in ths pool room is about 76° F. ‘nis pool has






little ngturel licht and fair ventilagtion. <the water
is ahout 8¢ .deep at the deep end and about 2}' deep

at the shallow end. +1he pool is 24* 1ide and 60"

long with a 7* walk around the pool, <lhere is a scum
gutter on all four sides. 41t has two inlets at shallow

end and outlets at the deep end of the pool,

Pool C. was instelled in 1928, 41t has &
capacity of 36,750 gallong, and an average bathing
load of 10, 1t has & centrifugal punp with a 11®
discharge, a rate of 150 gallons per minue, and & turn
over of 5% hours. <the rump is in operation abomk
twenty hours daily. it has one 5* pregsure filter
using elum as a coagulant, and a hair catcher in the
line to remove any material that would plug the
filters., '1he temperature of the vatér in the pool
renges from 74° to 76° F. end the temperature of
air in the pool roem is about 78° F, 1his pool hes
rractically no natwral lizht and no ventiation. ‘the
water is gbout 7%* deep at the deep end end 23!
at the shallow end. <1he pool is 20t wide and 483%*
long with a 4* valk around the pool, <there is a
scum gutter on all four sides. 41t has four 1inlets
along one side of the pool and four outlets along the

other side of the pool.






water is ahout 10* @eep at the desp end and 31t deep
at the challow end. +the pool is 30f wide and 90°¢
long with a 1C* valk around the pool. 1here is & ecum
gutter on ell four sides., 4t has e1x inlets, three
on each end and thz ouflet 1s throu_h & drain loceted

at the deep end of the pool,
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DATA ARRANGED A3 TO IXDIVIDUAL POOLS

Source No. Bath Resid- Esh. Strep- 48 Hr. 24 Hr.
Load uary Coli  tococcus Count Count

Cls in

P.g.M.

A 53 10M 08 | comece cac=a 0 0
54 10M 0.8 cwe== ==ppD (o] 0
63 5F 0ed  come- - 30 2
64 5F 0.4 cmmen eeccee 27 2
75 T 0.4 «==-=- PpppPsS- -—- --
76 ™ 04  =ce-- S8pss - -—
88 8F Oo 4 -8 8= -p--— 0 o
89 8F 0ed  come- cem—- 0 0

100 12F 0.4 ~==-- e 126 0
101 12F 0.4 ~meece pPSe=-= 107 0
112 14M 04 - coee= I P, 6 6
113 14M 0.4 coce= ceem- 0 0
124 10F 0.3 cecece De=e= 0 0
125 10F 0.3 cmece pee-= 0 0
136 15M 0.3 cweee Dp--= 309 (o}
137 15 0.3 =eee=  SPPPP 117 0
148 7F 0ed <~oe== --one- 0 0
149 7F 0.3 ccmcee SQecen o O
160 4M 0.0 ~eee= BpSSP 117 0
161 aM 0.0 -==== PpPSPPP 98 0
172 12M 003 ----- - e e o O
173 12M 03  emce=a= cmeas 0 0
184 12M 0.l  ceccaa PPPa~ 0 0
185 12M 0,15 ew==- DPPPPP 0 0
196 7F 004 --o S - o> o - 102 o
197 7F 0.4 -=e== DpPPP- 87 0
218 QF 0. 4 - - oo Geomae 0 o
219 oF 0.4 cmccn ecaae 0 0
230 ™ 0.3 crnen cone- 230 0
231 T¥ 0.3 W ~=--- com—— 217 0

B 55 15F 1.5 ceene esmece- 0 0
56 15F 105 - Sao o -me oo 5 2
65 24F 008 Pmaeme eeccecs 9 4
66 24F 0.8 ----- -—ppp 42 30
77 11F 1.0 —me oo --ooee - -
78 11F 1.0 eewe= pPpp=- - -
90 35M 0.5 -=e== Dp=8-- 327 256
91 35M 005 - oo e --sp— 816 621






Source

No.

102
103
114
115
126
127
138
139
150
151
162
163
174
175
186
187
198
199

Bath
Load

8L

8M

25F
25F
20F
20F
11M
11M
35M
35M
R_5F
25F
21F
21F
10F
10F
37U
3T
20F
20F
15F
15F
12%
12F

10F
10F
12M
12M

8F
171
17M
121
12M
7F
7F

11F
11F
25N

uary Coli
cl2 in

P.P.M.

2.‘. -----
2." ----
006 ....
006 .....
004 “““
0.4 cmm——
003 - -
0.3 - - e
0.4 appa-
0.4 -a-aa
0.0 ‘-p"‘
0.0 feem==
003 p"p"-
0.3 -p===
008 -----
008 -----
005 """"
0.5 a-aaa
1.5 - o o -
1o5 et
0.2 cmma-
002 -----
005 -----
0.5 ----
0.6 ----
06  <—=ce=
0.3  ~cee-
0.3  coc--
0.1 ————a
0.1 —ene-
0.2 apppp
0.2 PP=PP
0.6 - -
0.6  <wceea
002 """
092 ’’’’
2.plus -===--
2.plus =-w==
1.0 —mmee
1.0  e=c-a
1.0 cemem-

~l4-

Strep-
tococcus

48 Hr.

24 Hr.

Count Counte.

[eNeNoNe)

1601

16113
14097
4692
1231
542
1043
112
87

246
198

26

406
905

20

187
173

1683
1723

OO0OO0O0OROUW,m

Viridian
Viridian
1272
1293

0O000O0OO0OWOO
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Source Fo. Bath Resid- ggp, Strep- 48 Hr., 24 Er.

Load uary Coli tococcus Count Count
Clz in
P.P.M.

c 153 25 1.0 @ eecece ce-e= 0 0
164 O9F 0.8 W ===== p=---- 0 0
165 9F 0.8  <ce=-- PSsS=p 0 0]
176 187 0.7 ~==== pp-=-=- 0 0
177 18}{ 0.7 - e = ppsoo o 0
188 8F 0.4 ===== Dppp-- 0 0
189 8F 0.4 W ==-w- Ppp-- 0 0
200 12 0.3 P-P-P PpPp=--- 146 123
201 12 0.3 @==== Dp==-=- 202 176
210 8F 0.5 cmces coce= ) 0
211 87 0.5  e=e== sspps 0 0]
222 16 2.0 = =ecce ece-- 0 o)
223 16N 2.0 cmeca coce- 0] o
236 12F 1.0 I 0] 0
237 127 1.0 = ecece ce--- 0 0

D

59 127 0.6 -?==? pppop 7418 4200
60 127 0.6 -==== DPPPP 5600 3600
69 10F 0.1 =====  DPPPP 25000 20000
70 10F 0l | c---- PPSpPP 31000 22000
80 17F 0.4 -==== 33888 -- --
81 177 0.4 W cee=- p---- -- -
94 40 0.4 --a-- pp-s- 39 20
95 40 0.4 ~====  DDP=DPP 51 33
106 8N 0¢5 W  =eece ccce= 0 0
107 88X 0.5 cmeeme  cme-= 5 0
118 8F 0.5 ===e- Dpp=- 31 27
119 8F 0.5 ===-= «pDD=- 28 19
130 21F 1.5 = ~=--- SSp=-- 0 0
131 21F 1.5 =  <=—e=-- 3p=-=-- 0 0
142 20F 0.7 oo eee-a 0] 0
143 20F 0.7 =  <eecce coa-- 20 o)
154 35N 0.3 W ==w-- PPPPP 93 53
155 35M 0.3 W e-=-- PPPYP 122 27
166 13F 2.0 | <c-cee cece- 0 0
167 13F 2.0 cmmee  cce-a- 0 0
178 30F 0.6 =-<== Se=== 33 0
179 30F 0.6 «====  DPPPPP 40 0
190 8F 0.8 m=ee= pp==-- 0 0
191 8F 058 @e=-== ppe=-= 0 0
202 30M 0.4 =p=== PPPPP 26 15
203 30M 0.4 -=pPpP- POPPP 88 47
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Source Yo. Bath Resid- Zsh. Strep- 48 Hr. 24 Hr.

Load uary Coli tococcus Count Count
Cl2 in
P.PQL' .

D 212 18F 147 wecee co-=- 0 0
213 187 1.7 = eecas ece-- 0 0
224 12F 0.5 = ====- $3SS~ 37 4
225 12F 0.5 W =ee-- -psSpp 26 10
238 14F 2.0 2 c=cce cce-- 0 0
239 147 2.0 ——eee  ceca- 0 0

E 61 7 0.4 -==p= DPDPODD 208 147

62 7 0.4 -===? DppuD 310 47

71 ANT 0.1 -===D DpPpPIIP 57000 51000
72 407 0.1 P=-=p- DPppep 60000 47000

82 30U 0.0 w—===  DPPPP -- -

83 30 00 W «-==- PP2OP -- -
84 301 0.0 --p=-~ PpPOPP -- --
85 30M 0.0 Po=~-= PPPID -- -

96 17 0e8 W ==--- PpLpP= 0] 0
97 171 0.8 ——==-g ==g-- 4 4
108 20M 2.plus e=ece ccee= 0 0
109 201 2.7lus =eece  ceea- 4 0
120 377 06 W ===-=- SSS=- 0 0
121 377 0.6 W ==-== DPpp:-S 0 0
132 4817 O0ed = we==a PPPPP 10647 6793
133 48N 04 @ wee=-a PPpP=-p 16459 9491
144 2017 0.05 W ==--- PPPPP 17272 14562
145 20M 0.05  e---- PPPPD 21956 19956
156 152 049 = eec-e ce-e- 0 0
157 150 0.9 = eccee ce-a- 0 0
168 127 0.3 ==ee=  DPPPD 641 197
169 127 0.3 @=e== DpPOS~- 709 247
180 127 046  e=--- ———e— o) 0
181 12F 0.6 e—men  cee-e 0 0
192 10M 0615 W ewe-- PPPP 790 417
193 10M 0.15 @ -=w-- PPPPP 467 283
204 10M 0.2 w==-=- _PpDOP- 92 69
205 10M 0.2 e-em== SSp=- 122 107
214 5% 0.05 ®==-== =DPPP 542 226
215 5F 0.05 --p=-=- DSpSS 411 298
226 14F 08 W we==-- Pp=--- 0 0]
227 14 0.8 emecn  cecee- 0 0
240 12 0.1 P=-=-=-F DPPpPPp 7144 4562
241 12 0.1 -==-pD PpPpS=-- 5651 3351



Source No. Rath Resid- Tsh., Strep- 48 Hr. 24 ¥r.

Load uary Coli tococcus Count Crunt.
Cla in
P.P.M.

r 73 451 0.8 W ----- -Prpes 47 20
74 45 05 = mmea- -==p= 11 7
86 2u 0ed wccce cocca 0 0
87 2M 0ed  owccece caca- 0] 0
98 1011 0.5 a---= S==-=- 0] 0
99 101 0.5 -ece- —=SSe 0] 0

110 8 04 W —ccee ce--- 0 0
111 8M 0.4 cmmee maeea 0 0
122 oM 0cd  wecw-- Ppp=-- 0 0
123 oM 0.4 T . 0 0
134 45M 0d W e-ce-- PPPPP 20 0
135 48 044 e-eea -=p==- 4 0
146 2M 0.5 =-==- DEppP- 0 0
147 2M 0eb W ccece  ce--- 0 0
158 10 0.5 = e-;ece ae-a- o] 0
159 10M 0.5 W =e-c-- pPps-- 0 0
170 O 005 ----- -—— - 0 0
171 o 0.5 cecme  mecaa 0 0
182 0 0.5 memee DPem== 0 0
183 0 0e5f  wceme cceea 0 0
194 m 0.5 cmmre  ccae- 0 0
195 1 0l W ~mcce cecea 0 0
206 ™ 0e5 W ~=--- pe=-- 0 0
207 7™ 0.5 | cecee cmca- 0 0
216 0. O D 0 0
217 0 0.5 —meee  coce- 0 0
228 40M 0.5 P--pp 88-S- 0 (o}
229 40M 0.5 -p=== ppSs= 0 0
242 1 005 @ oS- ooe 0 o
243 1l 0.5 —emee  comn- 0 0

KEY v DALA v anDLIVIDUAL ruuLS:
in Esh. columns:
& —=-—  &arogenies
p =—-—— confirmed ash. coli,
- mm——— no bubbles

4n Streptococcus columns:

§ ----— staphlococcus
P =——— confirmed streptococcus
- ——— no growth
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DATA ARRANGED WITH DECREASING AMOUNTS OF CHLORIN®

Source No. Bath Resid- Esh. Strep- 48 Hr., 24 Hr.
Load uary Colil tococcus Count Count.
Cla in
P .P .M.
B. 102 3M 2.plus ====- ————— 0 0
103 3M 2.plus =--ce ceo--- 0 0
c.
3 128 O 2.plus ==-=«= Dpe==- 0 0
' 129 0 2.plus ==cee gee-- 0 0
222 16M 2,plus eeece «ccas 0 0
223 16 2.plus eecce cc=-e 0 0
D. 166 13F 2.plus ==--- cecn-- 0 0
167 13F 2.plus ew=--- c—m—— 0 (o]
238 14F 2-1)1113 T -m o 0 0
239 14F 2.plus e==<e ecca- 0 0
B. 108 20 2.plus e==== ea--- 0 0
109 20M 2.plus e=--= ec--- 4 0
D. 212 18F 1.7 wemmes cecce- 0 0
213 18F 1.7  <«=-=- ————— 0 0
B. 55 15F 1.5 cmmce ecae- 0 0
208 20F 1.5 cemee Sew=- 0 0o
209 20F 1.5 cemme emme- 0 0
. 130 217 1.5 wm=-e S8p=- (o ()
131 217 1.5 scm== SDe-- o) 0
B. 7t 11F 1.0 cemen ece-- - -
783 llF 1.0 - s o o= = ppp-- - an - .-
c. 140 117 1.0 wemee ece-e 0 0
141 11F 1,0  ===-- pPp==~ 0 (o]
152 25M 1.0 - e = w ey oo w 0 o
153 25 1,0 conce scee- 0 (4}
236 12F 1.0 cocse mem=a 0 0
237 12F 1.0 cmeee mcce- 0] 0
IR 156 15M 0.9 = -ceoce cea-- 0 0
157 15 0.9 @ ==--- ————- 0 o

-18-






Source No. Bath Resid- ZEsh. Strep- 48 Hr. 24 Hr,

Load wuary Coli tococcus Count Count

Clz in

P.P.M,
A 53 10M 0.8 cmmme mmee- 0 0
54 10M 0.8 wee<e= «=DDP -0 0
B. 65 24F 0.8 cm—ee sece- 9 4
66 24F 0.8 e=e== -=DPp 42 30
186 10F 0.8 e 0 0
187 10F 0.8 weeece  ee-D= 246 30
c. 164 O9F 08 W ===-=-- P=--- 0 0]
165 9F 0.8 | e=--- pPSs=p 0 0
D. 190 8F 0.8 weece= Dpp=-- ) o
R 97 17 0.8 «===e DPPPP- 0 0
97 17 0.8 weeng eeg-- 4 4
226 14F 0.8 we=cwe Dp=== 0 0
227 14F 0.8  <«==-- cm——- 0 0
. 176 18M 0.7 =p=== DD==- 0 0
¢ 177 18 0.7 ==«=- DpS==- 0 0
R. 142 20F 0.7 =  eesce ce=-- o] 0
143 20F 0.7  e=-cce ccea- 20 0
B. 114 25F 0.6 Y 0 0
115 25F 0.6 @ e=e=-- ————— 0 0
e, 57 10F 0.6 cemme ecc-= 20 15
104 12 0.6 pP=--=-- 8ppsSp 5 0
105 12M 0.6 Ppp-=- =pp=- 3 0
D. 59 12F 0.6 PP-PP PPPPP 7418 4200
60 12F 0.6 p==--- DPPPP 5600 3600
178 30F 0.6 cmeee Se=-- 33 0
179 30F 0.6 ===== DPPPP 40 0
g, 120 37F 0.6 @ ==--- 8SS== 0 0
121 37F 0.6 ==--= DPDPPPS 0 0
180 12F 0.6  <ce--- comea 0 0
181 12F 0.6 cmmee coca=- 0 0
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Source No. Bath Resid- Esh. Strep- 48 Hr. 24 Hr.

Load wuary Coli tococcus Count Count.
Clg in
P .P .M.
B. 90 35M 0.5 ew=me DPeS== 327 256
91 35M 0.5 cwwee —=gp= 816 621
198 3T 0.5 wemee ee=D= 246 30
199 3T 0.5 a-aaa pP=-pss 198 27
234 12F 0.5 Pre== emec-e 406 83
235 12F 0.5 cnmnen eeccee 905 128
c. 210 aF 0.5 cmcen ecca- 0 o/
211 8F 0 W eeeme- SsSpps 0 0
-p. 106 8M 0 | weme- B 9 0
107 8M 0.5 - e = ® - - e > ™ 5 o
118 8F 0.5  =ee-- PPp=- 31 27
119 8F 0.5 JP=== =DD== 28 19
224 12F 0.5 wmeme 3333 37 4
225 12F 0.5 w=e== =DSDPP 26 10
F 75 45 0.5 weee= «pppS 47 20
g 74 45M 0.5 ----- ---p- 11 7
98 10M 0.5 ap=== S==== 0 0
99 101 0.5 PpPp== ==38= 0 0o
146 2][ 0.5 ®wmman PPPP~ o °
147 2M 0.5 cmece ocee- 0 0
158 IOM 005 S we (SSRGS o o
159 10 0.5 wemee pPPS—= 0 0
170 o 0.5 Ladadndadind - o = - o o
182 0 0.5 - moe e p--bn o o
183 0 0.5 --maoe L it 0 0
194 ™ 0.5  emcee ceaec-a 0 0
195 ™ 0.5 cmecn eceee 0 0
206 m 0.5 - w = ,--.. o o
207 ™ 0.5 ermne wmecee 0 0
216 (4] 005 LT L T --ooe 0 0
228 40M 0.5 P-=-Pp SS-8- 0 0
229 40M 0.5 -p=-=- DpSsS- 0 0
242 1 0o5 - o = - Ll add g o 0
243 1l 0.5 meecer cecec== 0 4]
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Source XNo., Bath Resid- Esh. Strep- 48 Hr., 24 hr.

Load uary Coli tococcus Count. Count.
Cl2 in
P .P .M.

Ae 63 5F 0.4 cenee secee 30 2
64 5F 0.4 cmene cecea- on 2

7% M 0.4 w==== DPPpPS= - -

76 ™ 0.4 w=-== 3sPss - -

88 SF 0.4 =pPP~=-= =)ee= o o

.9 BF 004 e = PUppEpS o o

100 12F 0.4 Cnces ooe—= 126 0

101 12F 0.4 cecece DSm=- 107 0

112 148 0.4 Pr==e eSee- 6 6

113 14 0.4 crcce oece= 0 0

A 198 TR 0.4 cmoen  cmme- 102 o
197 7F 0.4 oo PPPP- 87 o

218 gF 004 - oo - Secca o O

219 gF 0.4 L T Sowee o o

BEL 126 20F 0.4 weewe =DPDPP 1601 411
127 20F 0.4 ®weee -5SSSS 709 327

150 350 0.4 appa- DppPpPp- 4692 178

151 35M 0.4 -a=-aa Dppppp 1231 98

h‘- 188 SF 004 SMeses m e ppp-— o o
189 8F 0.4 wee== DPDPp=- 0 0

D- - 80 177 0.4 w==== 3SSSS - -—
81 17F 0.4 e - .

94 40M 0.4 ~=3e= pp=S= 39 20

95 40 0.4 wweee DP=pPp 51 33

202 30M 0.4 -p=== DPPPP 26 15

203 30M 0.4 -=pp= DPPPP 88 47

g- 6 m 0.4 ---DDP  PPPPD 208 147
62 7 0.4 =---D DPPPPP 310 47

132 48 0.4 PP=PP PPPPP 10647 6793

133 48M 0.4 PP=--p PpPP-P 16459 9491

¥-1 110 sM 0.4 cemmee ece=- 0 0
111 8M 0ed  cwcece ece-- 0 0

122 oM 0.4 w=e== DPpPpP-- 0 0

123 oN 0.4 cmmes eec-- o 0

134 45M 0.4 = ece--- PPPPP 20 0

135 4511 O, 4 cmeee eape= 4 0

-2 1=



-

—~ e e

—
PR




Source No. Bath Resid- ZEsh. Strep- 48 Hr. 24 hr,

Load wuary Coli tococcus Count Count.
Clz in
P.P.M.

F-1 86 _M 0ed owmcee woe-- 0 0
87 2M 0ed  comee ce--- 0 0

A-1 124 1°F 0.3 | w=e-- p-=--- 0 0
125 10F 0.3 wmcece Dee=- 0 0

136 151 0.3 PPPPP PpP=--- 309 0

137 151" 0.3 PPPPP SPPPP 117 0

148 7= 03  w=--- cem—- 0 0

149 mF 03 W we=m=- See=- 0 0

172 12M 003 ----- - e o - o o

173 121[ 003 ----- - s e wn = o O

230 7 0.3 cneee eme-- 230 0

231 7 0.3 L 217 0

-+ 138 11M 0.3 P==-- DPpPPDPP 16113 10147
139 11M 0.3 L 14097 13172

174 21F 0.3 P=-PPP PpPp=-- 112 48

175 21F 0.3 wpe=== Dp=== 87 39

¢-. 67 12¥ 0.3 P=---P PpP=-8Spp 187 1
68 1211 0.3 P-P-p P=-pPpPP 173 6

200 128 0.3 PPPPP pp=-- 146 123

201 12M 0.3 apppp pp--- 202 176

D-1 154 35M 0.3 w==e=  DPPDO ' 93 53
155 35M O R PpPP2> 122 27

3" 168 127 0.3 PPP=P PDPPDD 641 197
169 127 0.3 PP-PP PpPPpsS- 709 247

B-. 220 157 0.2 wmeem- See=- 26 22
221 157 OB | =-cme cme- 31 1?7

¢! 92 17V 0.2 apppp Spppp 1683 1272
93 178 0.2 PPPPP SP=-pPp 1723 1293

116 7F 0.2 w=me-= SDDPS 20 3

117 mF 0.2  —===- jejs)se)e) 4 0

B 204 10 0.2 W eamm-- pPopo- 92 69
205 101 0.2 W  e==e=- SSp-- 122 107

—-— -
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Source No. Bath Resid- ZEsh. Strep- 48 Er. 24 Hr.

Load wuary Coli tococcus Count. Count.
Cl2 in
P.P‘?:.
A 184 1217 0e1l5 W =-ee- pPpPpS- 0 0
185 12 0.15 = ee--- PPPPP 0 0
E-- 192 1011 0.15 P=P== DPPPP 790 417
193 101 0.15 PP-PP PPPPP 467 283
c-* 78 8F 0.1 PPPPP PPDPLP -- Viridian
79 8F 0l = w-=== PPOLYD -- Viridian
D 89 10F 0.1 PPDPPP PPPPP 25000 20000
70 10F 0.1 PPPPP PPSPP 21000 22000
Bl 71 407 0.1 PPPPY? PPPOP 57000 51000
72 40F 0.1 PPPPP PPPPP 60000 47000
240 121 0.1 2P=DP PPROD 7144 4562
241 121 0.1 PPPPP PpPpPS=-= 5651 3351
144 20  0.05 PPPPP PPPPP 17272 14562
145 20 0.05 PPPPP DPPPPP 21956 19956
214 5F 0.05 PP=PP =pPppo 542 226
215 5F 0.05 PPPOPP pPsSpss 411 298
Al 160 4 0.00  -=--- spSsp 117 0
161 4 0,00 e===- pPSppy 98 0
B- 162 25F 0.00 apppPp PPpPpPp 542 311
163 25F 0.00 apopp p=pps 1042 523
E- 82 30 0.00 PPOPDPP PPOPP 60000 60000
83 30M 0.00 PPDPOP PpPODPP 60000 602000
84 30M 0,00 PPPPP DPPOP 60000 60000
85 30M 0.00 POPPP DPOpPOP 60000 60000
REY TO DATA ON DECREASING AMOUNTS OF CHLORINE:
In Esh. Colunns; in streptococcus Columns:
& ~-——— arogenies ] ----— gtaphlococcus
P =——== confirmed ech. coli. P —----- confirmed
=  —=—e= no bubhbles streptococcus
- ee———— no growth






PISCUSSICN

To avoid the expense of chlorinatores, a
devise was mace as follows: the chlorine passes
throuch a galvanized pip, then throuch a rubber hoce,
& glass tu' e that is shunted off the return water
line to the pool in such & menner thegt the bubbles of
cnlorine zas can be seen as they enter, .heoretically
the numnber of bubbles of ces could be used as a
megsurement of the flow of chlorine into the sustem.,
1he flow of gas is regulated by larze sate valves

located in the galvanized pipe line, At Tiret only
one valve vag use~, but due to the corrceiveness of
the chlorine this valve legked end finally three
similar valves were nlaced in a cerieeg to act ag a
check on each other, 1he arrgngement is very crude
and cannot te rezulated vtk any decree of accuracy
due to the type of velve used, 1he result i1is that
inetead of & regular flow of bubhrl~s throuzh the glass
tube a continuousflow may frequently occur with the
result that the residuel chlorine content of the pool
may become too hich., when this occurs the chlorinator
is turned off and the residual chlorine may fall until
there is practicelly no chlorine present. perious
rollution may then occur. in the cace of excessg chlorine

merked irritation of tne eyes of the swimmer mey result.



the chlorine is ap_liec to the pools on an avera e of
once & dezy. I an excess occurs or the Jjanitor for ets
to add any more the pools go for severel days hefore
more chlorine is added. z0re than & few fimes during
thie survey the uwriter found that no chlorine had heen
addmad to the wat r for a period of two or three dazys

at a tine,

tke chlorinator used et pool F, or the

control rool, is & very simple and easily operated
device, .t congists ecssentially of silver tubing
with a eilver needle veglve for adjusting the amounts
of cnlorine. 1ihe gac ie Tazred throuch a gless
csection co the operator can tell the amount thet is
being relegcsed, 1here ig a prescure [ age on the tank
s0 ore cen tell vhen the tank iz erpty. a device

of this kind, although the initial cost is nuch greeter
then thet of the home mede ty7e, is cheaprer in the

end due to the amount of cilorine one is able to save,
when the crlerine is injected into a pool until the
content ig 2. ..P.IM. or more much of the gas esceres
into the air, and is vected as far as disinfecting
the pool. A4'so, it ig very irritatin; to the gwimners.,
With a chlorinator such as tre one voich is in ure et
rool F. one can maintzin an even amount of residual
chlorine if care is texen in operctinz the rool. ihe
cnlorinator used in 00l K. is operated continueally,

and the amount is varied with the bathing load, wniich

tends to keep the residucl at a constent emount.

S ™



The ecremicstry connected vi*h the uce of chlorine
in swimning pools is rether certein, end can e axrrecsced
as follows, Waen chlorine ig aldz’ to -s%1-r 3t
reacte thus: 2Cl plus H;v equals HuCL plus ZCL. ihen
tane hypochlorous acid uniteg wita the bzsic zalteg
ot the retar, for exaryle, Juwu Tlun uAECO3 equals
N&CCL plus HZO. the gocdium hypro-chlorite being very
ureteble combinees vith the water ac NaOCL jlus Hbo
equals HICL ;lus NACH. 1he hypochlorous acid (HOCL)
of trie reaction bheing Jﬁ =tahle lLireekz Jovn e+ in
ecvetion HUOL Aqvels HCL Tlus C Z1vin. off nacscent

ovyyren, 1hig nascent oxysen iz the irvortant elenent

in the reactions, It 1

6]

this réazcent o7 oon " hat
Xydizes the bacteria, and makes chlorine a good ¢iein-—
fectant 1n vater,
It is very essential to run & bactericle_icel
test on a pool every dey &= vell as to check the residual
chlorine content. | The necescery amount of cnlorine
to affect disinfection gesms to vary vith each pocl,

]
i

Fools A and F. remained in _Jocod condition at about
.& r.P.ui. of chlorine, vhile pools D, end 2. had a
nizh count, and vaere very badly polluted at .6 P.F.M.
The gize of pools and the bathing lozd rrobebly had

much to do :ith this. In general, vhen the bathing

increases beyond a certain amount the pollution incregs es



Thie arount heing ¢ifferent for each rool,

The question has been reised by many interested
parties, "Is there a difference in sanitary condition
between pools used by adults and those used for childreny
The four weeks which this survey covers fcid to show
a relationship to exist under such conditions. They
all seem to show heavy yrollution undéer heavy bathing
loads, and clean water under licht loads, providing
the residual chlorine remains around .5 r.FP.M.

Much emphasig is placed on the total count
in the A. P. H. A. Standard procedure, but as the data
show on graph in this survey it is rether insignificant.
For example, in many cases there were as high as nine
tubeskhowing streptococcus and of a possible ten,
yet the total count was practically nil., The reason
for having a high percentaze of streptoceccus and no
count may be due to the fact thet streptococcus do not
grow on plain acar plates. Judging from the data the
total count is not very accureate.

The results which are shown on the graph of the
complete survey strengthen greatly the idea advanced
by lallmann and Gelpi, that streptococcus should be
uged as an index of pollution of swimmning pools in
preference to the Zecherichia Coli., MNMony of the cases

during the survey showed streptococcus to be present

when the chlorine was 0.6 F.P.M. andhigher., In all
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cases the streptococcus seemad tc be more prevailant
than esch. coli, Many cases in fact did not show any
coli or gas rroduction while the cample was loaded
with streptococcus.
Fool A. was operated the best anong the

hih egchool roole vwitih tne nome made chlorinator.

‘The betning loeds in this rool vere kept down eo0

the proocl ves never crov€ed, and the chlorine residual
averaged around C.3 to 0.4 r.r.I7, %tnrouch most of the
survey’'. But =ven in a pool orerated as close ag *this
one it vee 17rossihle to keep tha resicdual chlorine
content at tias right amount a1l the time. Also,

the Craph shows that there is a wild sanple that chows
up out of every few samples vhich has a hizh percen-
tace of streptococcus.

Pools B., C., D., and E., were operated

in about equal m2rits., in all of these pools the
chlorine recigual variecq frer 0.0 to 2. plus r.r.l.
and very frequently thecelimite of chlorine were presemt,
Fools under those kind oI sipervision are very unre—
liahle, and denzerous to the swimmner. ihen the
residuel chlorine content is 0.0 r.r.M. the swimner

is liahle to contract disease from the vwater, and vhen
the chlorine content is 2.P.P.M. or more it causes

a very niticeable irritation to the swimmer,
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Fool F.,, the contrnl pool, was operated
about as near rerfect as is possible vith the equip-
nent thet is now in usge., ‘the residual chlorine varied
only CO.l1 pP.F.lM. during the entire survey, 1this gives
a diff-rent ricture,. From the graph of rool F., one
can gee how the bacteria behave with a variation

in tathing loads, and the residual chlorina content

a constant.
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CONCLUSICNS

1, The home made chlorinators that are used
in these pools should be taker out as soon as poscible,
and while tcey must be in use an attempt should be
mede to operate them severel times a day instead of
injecting enough chlorine at one time to lact for the
day.

2. ZEach pool is a problem by itsslf and
therefore it is impoecible to get any hard and fest
rule that will aprly to all rools ag to the amount of
chlorine to be used.

3. ''he pollution se=mg to vgry with the
capacity of the pool and the bething load,

4, 'lheat egch, coli end total count vhich is
the index of prollution of swimming pools should be
superceded hy the streptococcus index,

5. The total count which is included as
gtandard procedure iz insignificant.

6. That a jood chlorinator such as a raradon
undar careful operztionfan keep a pool in first clacs

condition,

7. Thet a home mede chlorinator equivalent
to those used by the poole in this survey cannot be
orerated to keep a pool in & sanitary condition at

all times,






RZCCMENDATICNS

l. Rerlaecement of home made chlrinators.

2. Careful supervicion of ch:lorinetor,

3. 4instructions of operators as to the
aprrecistion of pool sanitation, ortho-tolidine
test, end explangtion of hacty. tecsts,

4, Rerlacement of clean water by flooding
into gutters daily.

S5.. Control batninz loads by cutting the
gize of the clasces.

6. Ilaintainence of chlorine at ar roximately
0.5 r.F.ii.

7. Continuous operation of circul gtore.

8. Supplanting esch. coli tests by
streptococcus..

9. Uce of dechlorinated eample bottles to
collect pool camples.

10, General supervigion of all poole by

qualified athletic director.

-21e












