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AN INVESTIGATION INTO THE BACTERIAL POLLUTION 
OF SWIM~ING BATHS. 

With special reference to:-

(1) The normal bacterial flora, the pathogenic organisms present and their 
importance in relation to the spread of disease. 

(2) The viability of certain mi(l'l.'o-organisms, chiefly of the coli-typhoid
dysentery group, in fresh-water and sea-water. 

(3) A study as to the presence of bacteriophage in fresh, sea, and sea-bath waters. 

By. THE LATE MAJOR B. L. DA VIS, O.B.E., 

ROlfal Army Medical Oorp8. 

(Oontinued from p. 351, vol. lx.) 

Section Ill. 

RESULTS OF AN INVESTIGATION TO DETERMINE THE PRESENCE OF 
BACTERIOPHAGE IN ORDINARY TAP-WATER, SEA-WATER AND THE 
WATER FROM SEA-WATER BATHING POOLS AFTER USE. 

IT will have been noted that earlier in this paper attention was directed 
to the following facts which were apparent from the results of bacterial 
counts at various stages after use of sea-water bathing pools :-

(1) That sea-water as such showed a low bacterial count. 
(2) That for the first few days after use cif fresh sea-water in baths the 

counts rose and then showed a definite fall, irrespective of the fact that 
large numbers of additional bathers used the same water. 

There appeared to be two possible explanations of this fact, namely: 
(1) That the number of bacteria primarily introduced multiplied, then died 
out naturally as time progressed; or (2) that there was produced in the 
bathing water some substance which was inimical to the growth of bacteria 
in the water, or which was at any rate actually deleterious to the organisms, 
and probably as a result of some lytic action caused the destruction of these 
organisms. 

Following on the work of Twort and D'Herelle, it seemed possible that 
this substance might be of the nature of a bacteriophage, and therefore a 
series of experiments was made with a view to determining whether or not 
any bacteriophage was to be found in sea-bath water. At the same time, 
investigations were carried out with natural sea-water taken from the sea 
itself and not from tanks. Tap-water was also investigated. 

Another reason why the following series of experiments WaS carried 
out was that the possibility of the presence of a bacteriophage in water had 
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B. L. Davis 19 

been demonstrated by the work of other writers. Certain waters have a 
definite bactericidal action on particular organisms, and one possible ex
planation of this would appear to be the presence of a baoteriophage in 
these waters. 

The following examples of waters that have bactericidal action have 
been described :- " 

(1) Arloing and Sempe (1924) state that the water of the Saone inhibits 
the growth of Bacterium coli, but not of Bact. typhosu1n. 

(2) The water of the Isere inhibits the growth of Bact. paratyphosu1n 
A; the Rhone, Bact. typllOsum. 

(3) The sea at Havre inhibits the growth of Bact. shigCE (according to 
Arloing and Chavanne (1925), Arloing and Sempe (1926)). 

(4) In India the water of the Ganges is said to inhibit the cholera vibrio. 
Several methods were used, of which the following are the ohief :
Prior to the commencement of any experimental work on the actual 

waters ultimately investigated, cultures of the following organisms were 
prepared: (1) Staphylococcus albus; (2) Staph. aureus; (3) Pneumococcus 
Type II; (4) Streptococcus hCEmolyticus; (5) Bact. coli communis; (6) Bact. 
typhosu1n; (7) Bad. paratyphosum B; (8) Bact. dys~nterice, Flexner; 
(9) Bact, dysenteriCE, Sonne; (10) Bact. dysenteriCE, Shiga. 

The next step taken was to test these young cultures against a definite 
known bacteriophage specific for the organism, in order to establish the 
fact that the actual strains used were not resistant to the action of a 
bacteriophage, should one be found. 

In all cases it was found that the strains were non-resistant and showed 
a definite result when the specific organism was duly tested against its 
own bacteriophage. . . 

Method of Filtration.-The apparatus used is shown in the photograph. 
The following method was adopted in all the series of experiments about 
to be described wherever it was desired to produce a filtrate free from 
orgamsms. 

A glass container A, complete with the filter candle which was passed 
through a tightly-fitting rubber cork C, and which was kept in position by a 
screw, was sterilized by being autoclaved for one hour. At the same time, 
the flask D was sterilized for the same length of time. 

Prior to use, the piece of rubber-tubing E was also sterilized thoroughly 
by boiling. 

This piece of tubing was connected to glass tubing which passed through 
a tightly-fitting .rubber cork fixed into the mouth of the glass jar F. 
Another piece of glass tubing also passed through this cork and was 
connected by a piece of rubber tubing to a pump attached to the water-tap. 

When all these things had been sterilized and assembled, the contents 
of the flask to be filtered were poured slowly into the glass container A and 
the tap turned on. . 

The flow of water was carefully watched to see that.ihere was no chance 
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'20 Investigation into Bacterial Pollution of Swimming Baths 

of any flow back into tbe glass jar F, and that a steady suction action was 
maintained on tbe flask D. 

Prior to tbe commencement of the filtra.tion, a number of cotton-wool 
stoppers of sllitable size for plugging tbe mouth of the flask and also the 
end of the piece of glass.tube projecting from the flask at P were sterilized. 

____ GI8SS Container (A) 

ter Candle (8) 

H"'bb'" Cork (C) 

To 
P ump 

'When the whole of tbe contents of tbe flask bad been filtered, the rubber 
tubing at P and tbe glass container A were disconnected, .. nd tbese two points 
were closed with tbe sterilized cotton-wool stoppers. 'l'be filtrate was then 
tested for sterility, and if found sterile was nsed in tbe routine experiments 
about to be described. 

Tbe following methods were employed in tbe actual experiments :
Fi,'st Mcthod.-'l'o quantities of 50 cubic centimetres of sterile broth 

in flasks were added 10 cubic centimetres of eacb of tbe tbree water 
samples to be tested for bacteriopbage. 'l'hese flasks were incubated at 
37' C. for twenty.four hours. After incubation, the contents of the flasks 
were filtered tbrough a bacterial filter (L. 7) in order to remove the 
orgamsms. P,",tes of media best suited to tbe growth' of tbe specific 
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B. L. Davis 

organisms were then inoculated with a pure young culture of the organism 
by the following method: Three drops of sterile broth' were placed on the 
plates of media, and the specific organisms from the young cultures were 
emulsified into this with a platinun:l loop. Three drops of the broth filtrate, 
prepared as above, were now added to the plates. The plates were then 
spread with a sterile spreader-a separate spreader being used in each case. 
This was done with each water sample. The plates were incubated for 
twenty-four hours, and at the end of that period they were examined for 
evidence of the presence of any 'bacteriophage. 

By this method seventy-five samples of tap-water, sea-bath water and 
ordinary sea-water respectively were examined against each of the ten 
specifi~ organisms over a period of five and a half months. In no case was 
evidence of the presence of bacteriophage obtained. 

Second Method.-The same ten organisms were again employed in the 
form of young (twenty-four hour) slope cultures. To three 50 cubic 
centimetres broth flasks were added with sterile pipettes 10 cubic centi
metres of each of the waters to be tested, and these were incubated 
for twenty-four hours at 37° C. Next day the contents were filtered 
through a bacterial filter (L. 7) in order to remove the organisms present. 
Slopes of the appropriate media were now inoculated with the specific 
organisms for which bacteriophage might be present in the sample waters. 
A medium sized platinum loopful of the filtrate from the broth flask was 
then drawn down the centre of each inoculated slope. These cultures of 
the specific organisms which had been treated in the centre with the filtrate 
were incubated at 37° C. for twenty-four hours, and at the end of this 
period were examined. (As no sign of any bacteriophage was present they 
were further incubated for seven days and examined at the end of each 
twenty-four hour period). 

By this method a further fifty experiments were carried out for presence 
of any bacteriophage in tap-water, sea-water and sea-bath water. In all 
these cases the results were negative. 

Third Method.-Young cultures of the ten organisms were again prepared 
on their appropriate media. Three lots of ten broth tubes were inoculated, 
each with one of the specific organisms noted above. Three 50 cubic 
centimetre flasks of broth were inoculated with 10 cubic centimetres of 
tap-water, sea-water and sea-bath water respectively and incubated at 37° C. 
for twenty-four hours. At the end of this period the contents of the flasks 
were filtered through a bacterial filter (L. 7) to remove organisms, and the 
filtrate kept in sterile flasks. 0'5 cubic centimetre of the young broth 
cultures of the organism was now added separately to ten sterile. broth 
tubes, and to each tube was added 0'5 cubic centimetre of the filtrate to 
be tested. These tubes were then incubated for twenty-four hours and 
examined at the end of that period. Controls consisting of tubes of broth 
to which were added O~5 cubic centimetre of the young broth cultures of 
the specific organisms without any filtrate were also incubated. 
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22 Investigation into Bacterial Pollution of Swimming Baths 

At the end of twenty-four hours all the tubes were examined and the 
following two points noted. 

(1) Whether, as might have been expected if bacteriophage was present, 
the "test" tubes were entirely clear qf any growth. 

(2) Or whether the growth in these tubes was distinctly less than in the 
control tubes to which no filtrate was added. 

In addition the following further test was made :-
From the tubes to which both organisms and filtrate had been added 

0'1 cubic centimetre of the contents was plated out on agar plates and 
counted for total number of bacteria. These· results were compared with 
the counts on plates made by adding 0'1 cubic centimetre from the control 
tubes to which no filtrate had been added. 

In all thirty-five experiments were carried out by this method, each 
experiment including samples of tap-water, sea-water and sea-bath 
water; each water was tested against the ten specific organisms employed, 
with the following results. 

(1) In no case were the culture plates found to be sterile on examina-
tion the following day. . 

(2) In no case was there any appreciable difference between the tubes 
containing organisms + bacteriophage. and the control tubes as to the 
density of the growth produced. The counts made from the tubes 
containing organisms plus filtrate' and the control tubes containing 
the organisms only gave approximately the same results. 

By thIS method no evidence was obtained of the presence in tap-water, sea
water or sea-bath water of bacteriophage against the test organisms employed. 

Fourth Method.-Three 50 cubic centimetre flasks of broth were pre
pared and to these were added 10 cubic centimetres of tap-water, sea-water 
and sea-bath water respectively. These flasks were incubated for twenty
four hours at 37° C. and at the end of that period the contents were 
filtered through a bacterial filter (L. 7) to remove the organisms, and the 
filtrates collected under sterile conditions in the sterile flasks. These 
filtrates were then tested for the presence of bacteriophage as follows :-

]'our tubes of broth were prepared for each of the ten specific 
organisms-making forty tubes in all for the samples to be examined of 
tap-water, sea-water and sea-bath water. Each series of four tubes was 
now inoculated with each specific organism to be tested. 

Each series of the four inoculated broth tubes was then treated as 
follows :-

To tube 1 was added 1 drop of the filtrate to be tested. 
To tube 2 was added 10 drops of the filtrate to be tested. 
To tube 3 was added 2 cubic centimetres of the filtrate to be tested. 
Tuhe 4 contained the organisms alone and was used as a control. 
In this way the whole series of 30 lots of 4 tubes was prepared, namely: 
10 lots of 3 tubes containing an organism + tap-water filtrate and 10 

control tubes. 
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10 lots of 3 tubes containing an organism + sea~water filtrate and 10 
control tubes. 

10 lots of 3 tubes containing an organism + sea-bath water filtrate 
and 10 control tubes. 

All these tubes were now incubated at 37° C. and at the end of eighteen 
to twenty-four hours were examined to see whether :_ 0 

(1) All the three tubes were turbid as well as the control tube. 
(2) One or two tubes alone were turbid and the others clear-with 

turbidity in the control tube. 
(3) All the first three tubes were clear with turbidity in the control tube. 
Twenty different specimens of tap-water, sea.-water, and sea-bath water 

were examined by this method, involving the preparation of a series of 
20 sets of 120 tubes. 

In every case it was found that so far as the naked eye could judge, there 
was no appreciable difference in the turbidity of the emulsion of the organisms 
in any of any series of three tubes when compared with the control. 

So that again by the adoption of this fourth method the same result 
had been obtained as by other methods, namely that there was no sign 
whatever of the presence in either tap-water, sea-water or sea-bath water 
6f bacteriophage active against any of these ten specific organisms. 

The fact that in this last series of experiments the first three tubes 
were all turbid and showed no visible difference from the control tubes in 
the density of the emulsion is not absolute proof of the absence of bacterio
phage. According to D'Herelle it does not follow that there is no active 
bacteriophage present because complete lysis of the bacteria does not take 
place. Therefore the series of tubes from each experiment were sub
jected to the following tests to see whether, when a definite quantity of 
the emulsion from these tubes was plated out on agar-plates, any abnormal 
appearances developed, such as: (a) Some part or the whole of individual 
colonies having a clear or glassy appearance; (b) the colonies showing 
any sign of a bitten or nibbled appearance; (c) the presence, on plates 
with a confluent growth, of clear, circular areas showing no growths
the taches vierges of French observers, the lOcher of the German workers. 

For the purpose, therefore, of these experiments 0'1 cubic centimetre 
of the separate broth emulsions was spread over agar plates by means of 
sterile spreaders. These plates were incubated at 37° C. for twenty-four 
hours, and at the end of this period were examined for signs of the presence 
of bacteriophage against any of the specific organisms used. In all cases 
the plates showed a uniform growth of the organism from each of the first 
three tubes which differed in no respect from agar plates prepared from the 
fourth tube in each series which contained broth and organisms only, and 
were control tubes. 

This further series of experiments therefore confirmed in all respects 
the original findings from the first experiments, namely, that neither in 
tap-water, sea-water nor sea-bath water after use, could any trace of the 
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24 Investigation into Bacterial Pollution of Swimming Baths, 

presence of a bacteriophage against the organisms be found, even after 
twenty complete investigations of each type of sample. 

Fifth Method.-Tentubes of sterile broth were inoculated, each with 
one of the above-mention'ed organisms. Three series of such tubes were 
prepared for testing the filtrates of the samples of tap-water, sea-water, 
I).nd sear:bath water (after use) respectively. 

To three 50 cubic centimetre flasks of sterile broth were added 
respectively 10 cubic centimetres of tap-water, 10 cubic centimetres of 
sea-water, and 10 cubic centimetres of sea-bath water (after use). ,These 
flasks were incubated for twenty-four hours at 37° C. 

At thl3 end of this period the contents of each flask were filtered under 
pressure through a bacterial filter (L. 7) and the filtrate collected in sterile 
flasks; the filtrate was tested as to its freedom from organisms. 

The three series of ten tubes referred to above were now placed in 
the incubator at 37° C., and incubated for five hours until they showed 
definite signs of turbidity. At the end of this period there was added to 
each tube 0'5 cubic centimetre of the filtrate to be tested, i.e., to one series 
the filtrate from the tap-water, to the second series the filtrate from the 
sea-water, and to the third series the filtrate from the bath-water after use. 

At the same time as the original broth tubes and organisms were 
prepared, a series was also prepared to act as controls, and to these was 
added no filtrate, and they were incubated also for five hours. 

The whole series of these tubes, including the controls, was now further 
incubated until the following morning-approximately fifteen to eighteen 
hours, and were then examined. 

In this way twenty samples of each water were tested. 
Results.-In all cases 'there were no signs whatever of any of the tubes 

containing organisms and filtrate showing a clear fluid on the following 
morning, nor was there any difference to the naked eye in the density of 
the emulsion between the tubes containing organisms and filtrate and the 
control tubes. This finding was confirmed by plating out 0'1 cubic centi
metre from each tube on to agar plates, and also 0'1 cubic centimetre 
from the control tubes; none of the plates from the tubes contaiuing 
organisms and filtrate showed any signs of the presence of a bacterio
phage. The growth on these plates was uniform and similar to that on 
the plates prepared from the control tubes, and isolated colonies on 
the plates were quite normal. So once again by this method also no signs 
whatever were found of a bacteriophage in either tap-water, sea-water or 
sea-bath water active against any of the ten specific organisms employed. 

Sixth Method.-The method described under the fourth method was 
employed with the following modifications :-

The ten tubes of broth were prepared and sterilized-one for each of the 
specific organisms. Three sets of ten were thus prepared, making forty 
tubes for each sample to be examined of tap-water, sea-water and sea-bath 
water after use, the fourth set being a control series. Each §eries of tubes 
was now inoculated with the specific organism to be tested. 
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B. L. Davis 25 

Instead of adding 10 cubic centimetres of the raw water in this experiment 
to 50 cubic centimetres of broth and incubating it at 37° C. for twenty-four 
hours, a sample of the water itself was filtered under sterile conditions by 
the method described earlier in the text through an L.7 filter, and the 
filtrate put into the sterile flasks. 

Each series of four inoculated broth tubes mentioned above was then 
treated as follows;-

To tube 1 was added 1 drop of the water filtrate. 
To tube 2 was added 10 drops of the water filtrate. 
To tube 3 was added 2 cubic centimetres of the water filtrate. 
Tube 4 contained the organism alone and was used as a control. 
From this point the method adopted was essentially the same as that 

described under the fourth method, including the confirmatory tests. Ten 
experiments were conducted by this method with each kind of water, and 
in no case was any trace of any bacteriophage found. 

Seventh Method.-An attempt was made in this method to enhance any 
bacteriophage present in the water by the addition of the organism to the 
water whose bacteriophage it was desired to demonstrate. This method 
was employed only in the case of the sea-bath water after use. 

Ten tubes of sea-bath water were taken, and to each was added one of the 
specific organisms to be tested. These tubes were then incubated at 37° C. 
for forty-eight bours, and at the end of that period the contents were filtered 
through an L.7 bacterial filter and the sterile filtrates collected. 

Young agar slopes of the ten specific organisms were then inoculated 
from the stock cultures, proved non-resistant to their specific bacteriophage, 
and incubated at 37° C. for twenty-four hours. 

Plates of media suitable for the optimum growth of the specific 
organisms were also prepared. Each plate was inoculated with three drops 
of sterile broth into which was emulsified a loopful of the specific organism 
from the young cultures, and then three drops of the filtrate to be tested 
was added. These plates were then incubated at 37° C. for twenty-four 
hours, and examined and re-examined at the end of forty-eight hours. 

Fifteen experiments were carried out by this method, and in no case did 
the plates reveal any trace of bacteriophage. 

CONCLUSION. 

There is not present in either tap-water, sea-water or sea-bath water 
(after use) any demonstrable bacteriophage against any of the above
mentioned organisms. 
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