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ON STERILIZATION OF WATER FOR DRINKING 
PURPOSES IN THE FIELD BY MEANS OF CHEMICALS. 

By CAPTAIN W. R. GALWEY 

Royal Army Medical Corps. 

THE past few years have brought again the subject of purification 
of drinking water in the field, by means of chemicals, prominently 
before the minds of military san.ita.ria.Lls. - The frag;ility and 
difficulty is transport of batteries of Berkefeld candles and heat 
exchange apparatus has forced us to examine again the claims 
of various substances as sterilizing agents. Of these th~ group 
of halogen elements have yielded the best results. Good results 
have been gained by permanent installations in various cities in 
England, on the continent of Europe, and in America, in which 
chlorine in some form is the purifying agent: 0'4 to 2'5 parts of 
free chlorine per million appears to be the proportion most generally 
used, but Hill shows .that the action of bleaching lime depends 
llot only on the degree of pollution, but on the nature of the 
bacteria present. He -states that spore-forming bacteria are very 
resistant. Organic matter has also a great effect on the sterilizing 
action. He concludes that chloride of lime alone is only rarely 
sufficient for contaminated waters. 

Various techniques have been tried for sterilizing by chemicals 
under field service conditions. N essfield has found iodine liberated 
from " tabloids" of potassium iodide and iodate to be the most effec
tive. He also claims to have had good results with chlorine, and 
has devised a method of delivering the gas from cylinders with a 
contrivance for measuring the exact amount of gas passing out. 

N asmyth and Graham rely on bleaching lime and detail a very 
simple technique for preparation of a solution containing the neces
sary amount of free chlorine. They state that muddy waters 
require preliminary straining. 

Treherne and Nelson have devised a method of adding chlorine 
. gas in watery solution to the water to be treated. Their apparatus 
has been extensively tested in the Southern Army in India during 
the past year; and though opinions have differed somewhat most 
observers agree that their method is of real use. The chief objec
tions which have been raised against their apparatus are that it is 
fragile and that it is difficult to arrive at a constant strength, of 
chlorine in solution. Also, in muddy water preliminary clarification 
-appears to be necessary. It must be remembered, however, that 
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330 On Sterilization of Water in the Field 

the apparatus which has been used up to date has been largelyex
perimental and that various parts of it are being modified by the 
inventors. 

Quite recently Sims Woodhead has also detailed a technique 
for using bleaching lime which appears simple, easily adjustable 
and requires little expert knowledge. 

The two series of experiments about to be detailed were under-
tal<en for two purposes :-

(1) To test the efficacy of the Treherne-Nelsontechnique. 
(2) To compare the values of the different chemicals advocated. 
After the completion of the first series of experiments I came 

to the conclusion that too small quantities of water were used, and 
in the second series I endeavoured to make my examinations of 
a more searching character. 

In all experiments in purification of water certain difficulties 
are met with, e.g. :-

(1) The technique for recovering pathogenic germs, such as 
Bacillus typhosus and B. dysenterice, is by no means perfect. It 
is quite possible to fail to recover these organisms in small quan
tities of water, even though they may not have been killed by 
the chemical reagent used. 

Further, Clemesha has shown how quickly typical intestinal 
germs are outgrown by the more resistant types met with in water. 
In several experiments I have failed to recover the pathogenic 
germs used even from the controls, so that the action ascribed to 
chemicals may in reality be due to the struggle for existence 
between pathogenic and saprophytic germs. 

(2) The conditions of natural contamination are hard to repro
duce. In a cholera-infected well or tank it is practically impossible 
to say what the contamination per cubic centimetre may be. Any 
laboratory experiment must, therefore, be more or less artificial, 
and contaminations will probably err on the side of excess. 

(3) It is possible that the pathogenic, germs used-laboratory 
stock cultures-may be more resistant than those infecting a water 
supply under natural conditions; for they have lived under sapro
phytic conditions for indefinite lengths of time. 

In my second series of experiments I have endeavoured to over
come these difficulties by :-

(1) Using selective media favouring the growth of the particular 
organism dealt with. 

(2) Adding known quantities of these organisms. 
(3) Using a fairly large amount of water, both in the test and 

for the cultures made to determine the sterilizing effect. 
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W. R. Galwey 331 

SERIES I. 
Experiments on the Value of Free Chlorine as. a Purif'l/ing Agent 

for Drinking Water. 

The following experiments were undertaken with a view to 
determine the value of chlorine gas in solution as a means of 
purifying contaminated water for drinking purposes. 

The technique employed for making the solution was that 
recommended by Colonel Treherne, and Captain Nelson, I.M.S.; 
and the quantity of chlorine used was one part of chlorine in 
500,000 of water. 

Experiment 1 was undertaken with a view to testing the efficacy 
of chlorine in purifying grossly contaminated natural water. 

To 2'5 gallons of water from a grossly contaminated stream 
0'5 ounce of chlorine solution was added, giving a proportion of 
1 in 500,000 of free chlorine. Before adding chlorine controls were 
made hy smearing 0'01 C.c. of the water on a neutral "red bile" 
salt lactose agar plate, and 0'1 c.c. onan ordinary agar plate. 

0'1 C.c. of water was smeared on the same kinds of plates, fifteen, 
thirty, forty-five, and sixty minutes after the addition of the chlorine 
solution. The result of the experiment was as follows :-

Control 

0'1 c.c. water after 15 minutes' 

N. R. B. S. lactose agar 
0'1 c.c., sterile 

contact with chlorine .• Sterile .• 

0'1 c.o. water after 80 minutes' 
contact with chlorine 

0'1 c.c. water after 45 minutes' 
contact with chlorine 

0'1 c.c. water after 60 minutes' 
contact with chlorine 

Ordinary agar 
0'1 c.c., 1,860 colonies per 

cubic centimetre. 

800 colonies per cubic centi· 
metre. 

.. 160 

150 ' 

.. Sterile. 

All the ordinary agar plates except that after sixty minutes 
contact showed moulds which were included in the count. 

The sterility of the N.R.B.B. lactose agar plates all through this 
experiment could not be accounted for, as in many other experi
ments in which water from the same stream was used there were 
abundant lactose fermenters even in 0'1 c.c. 

Experiment 2 was made to ascertain if chlorine is effective in 
sterilizing water contaminated with a spe.cific pathogenic germ in 
such a manner as might occur in nature. One ounce of urine of an 
enteric convalescent, who was excreting large numbers of B. para
typhosus A daily, was added to one gallon of tap. water (the tap 
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332 On Sterilization of Water in the Field 

water in Wellington contains some 200 to 300 bacteria per cubic 
centimetre). A control plate was made and chlorine 1 in 500,000 
added. The medium employed was Conradi-Drigalski: One cubic 
centimetre of water was added to the melted medium and the plates 
were then spread, allowed to set, and incubated at 37° C. until next 
day. Colonies were picked off and tested with high titre serum of 
an animal immunized against B. paratyphosus A. 

The result of the experiment was:-

Control plate 
After 15 minutes' contact with chlorine 

" 30 It 

" 
45 
60 " 

" 

" " 
" " 

. . B. paratyphosus A recovered. 

" " 
" " 
" " 
" 

Experiment 3.-Since the chlorine solution used in the last 
experiment had been prepared a day before use, and it was possible 
some leakage of gas had occurred, the above experiment was 
repeated using freshly prepared chlorine solution. B. para
typhosus A was recovered up to sixty minutes after treatment 
of the water with chlorine. 

Experiment 4.-The amount of urine used in the above two 
experiments gave a very great contamination (1 in 160), much 
higher, indeed, than would be likely to occur in nature; I there
fore reduced the amount of urine from the same paratyphoid A 
carrier to one dram in one gallon of tap water. The technique 
of the experiment was the same as before, fresh chlorine water 
being used. The result was as follows :-

Control plate 
After 15 minutes' contact with chlorine 

30 
45 

" 
60 

. • B. paratyphosus A recovered. 

" " 
" " No B.paratyphosus A. 

" 
Experiment 5.-The last experiment was repeated, with the 

difference that 0'1 C.c. of the water was smeared on prepared 
Conradi.Drigalski plates and no "shake" cultures· were made. 
No B. paratyphosus A was recovered from any plate, including 
the control. The patient was proved to be excreting B. para
typhosus A in his urine the day the experiment was made. 

Experiment 6.-To one gallon tap water one dram of a thick 
emulsion of B. typhosus in normal saline was added. A control shake 
culture was made by adding one cubic centimetre of the contami
nated water to melted Conradi-Drigalski medium and plating as in 
the previous experiment; chlorine was then added in the proportion of 
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W.R. Galwey 333 

1 in 500,000 and plates were made in the same manner after fifteen, 
thirty, forty-five, and sixty minutes. B. typhosus was recovered 
from the control plate and after forty-five minutes' contact with 
chlorine, but not after fifteen, thirty, or sixty minutes' contact. 

Experiment 7.-The last experiment was repeated, using B. 
dysenterice (Shiga). This bacillus was recovered after fifteen, 
thirty, and forty-five minutes, but not after sixty minutes' contact 
with chlorine. 

Experiment 8.-0'5 dram of an emulsion of B. dysenterice 
(Shiga) was added to one gallon of tap water, and chlorine added 
as before. In this experiment I made two series of plates, one 
by " shaking" One cubic centimetre of water with melted Conradi 
plates. The result was as follows:-

0'1 c.c. smear pJate 1 c.c. shake plate 
Control •• B. dysenteriaJ recovered " . B. dysenteriaJ recovered. 
After 15 minutes' contact 

with chlorine .• 
After 30 minutes' contact 

with chlorine .• 
After 45 minutes' contact 

with chlorine •• 
After 60 minutes' contact 

with chlorine •• 

" 

" 

not recovered. 

" " " 

" " " 

Experiment 9.-Ten cubic centimetres of a twenty-hour broth cul
ture of B. typhosus was stirred into a large tub of tap water con
taining about eight gallons. The contaminated water was allowed to 
stand till next day, and then one gallon was withdrawn and chlorine 
1 in 500,000 was added. B. typhosus was not recovered from even 
the control plate. 

Experiment 10.-The last experiment was repeated, with the 
exception that one gallon of water was withdrawn and treated 
immediately after contamination; smear and shake cultures were 
made as in Experiment 8. Result:-

Control 
After 15 minutes' contact with 

chlorine .. 
After 30 minutes' contact with 

chlorine .. 
After 45 minutes' contact with 

chlorine .. 
After 60 minutes' contact with 

chlorine 

0'1 c.c. smear plate 
B. typhosus recovered 

1 c.c .. shake plate 
B. typhosus recovered. 

not reoovered not recovered. 

" " 

" " 

" " 
Experiment ll.-Ten cubic centimetres of a twenty-four hour 

broth culture of B.dysenterice (Shiga) was added to three gallons of 
tap water, allowed to stand till next day, and then chlorine 1 in 
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334 On Ste1'ilization of Water.in the Field 

500,000 added. Both smear and shake plates were made as before. 
Result :-

Control 
After 15 minutes' contact with 

chlorine •• 
After 30 minutes' contact with 

chlorine .. 
After 45 minutes' contact with 

0'1 0,0. smear plate 
B. dys.enteria! present 

'" " 

chlorine .. No B. dysente,.ia! present 
After 60 minutes' contact with 

chlorine .. 
" " 

1 0.0. shake plate 
No B. dysenteria!. 

" 

" 

" " 
Experiment 12.-The last experiment was repeated with a 

slightly different result:-

Control 
After 15 minutes' contact with 

chlorine .. 
After 30 minutes' contact with 

0'1 0,0. smear plate 
B. dysenteria! present 

chlorine .. No B. dysenteria! 
After 45 minutes' contact with 

chlorine .. 
" After 60 minutes' contact with 

chlorine .. 

1 c,c. shake plate 
B. dysenteria! present. 

" " 
No B. dysenteria!. 

" " 

Experiment 13.-In order to ascertain the result of mixing 
B. typhosus with normal f!Bcal organisms the following experi
ment was made: 7'5 minims of a thick emulsion of B. typhosus 
and one dram of thin emulsion of normal f!Bces were stirred 
into one gallon of tap water, and chlorine added 1 in 500,000. 
Shake and smear plates were made. Result:-

0'1 0,0. smear plate I c,c. shake plate 
Control B. typhosus and frecal B. typhosus and frecal 

organisms 
After 15 minutes' contact with 

organisms. 

chlorine .. Frecal organisms only Foocal organisms only. 
After 30 minutes' contact with 

chlorine .. Plate sterile. 
After 45 minutes' contact with 

chlorine .• 
" " After 60 minutes' contact with 

chlorine .. Plate sterile 
" 

Experiment 14.-Ten drops of a thick emulsion of cholera 
vibrios were added to one gallon of tap water. Chlorine solution 
made the previous day was added in the proportion of 1 in 500,000 
(free chlorine). Result:-

Cholera vibrios were recovered from the control plate, and after 
fifteen minutes' contact with chlorine, but not after thirty, forty
five, and sixty minutes' contact. 
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/ W. R. Galwey 335 

ThfrolloWing conclusions were drawn from these experiments :
(1) With a moderate degree of contamination such as would 

be likely to occur in nature, chlorine in the proportion of 1 in 500,000 
prepared according to the Treherne-Nelson technique effectively 
sterilizes after forty-five minutes' contact. 

(2) In using solid media for experiments such as above, smear 
plate cultures give more accurate results than shake cultures. 

SERIES H. 
Experiment I.-One litre of tap water was taken in two flasks, 

A and B; two cubic centimetres of a twenty-four hour broth culture 
of B. typhosus containing 310,boo,000 per cubic centimetre were 
added to each flask. 

To flask" A " freshly prepared chlorine solution (by Treherne's 
method) one pint in 537,000 waS added. 

To flask" B " tinct. iodi. one pint in 100,000 was added~ After 
fifteen, thirty, and forty-five minutes' contact 10·5 and 1 c.c. were 
added to tubes of glucose litmus peptone water. Control tubes 
containing 5 c.c. and 1 c.c. were also put up from both flasks. 

All these tubes showed acid and gas after twenty-hours' 
incubation at 37° C. 

They were then left standing for a further twenty-four hours at 
room temperature and one platinum loop from each was plated on 
Conradi-Drigalski plates. After twenty-four hours at 37° C. these 
plates were examined for B. typhosus. Result:-

Control 
15 minutes •• 
30 
45 

" 

CHLORINE 
...---'-----
10 C.c. 5 c.c. 1 ~.c. 

+ 
+ 

+ + 
± + 
+ 

+ 

10 c.c. 

+ 
+ 
+ 

IODINE 

/; C.c. 
+ 
+ 
+ 

1 C.c. 
+? 
+ 
+ 
+ 

+ means organism present which agglutinated in high titre B. typhosus serum. 

Profuse growth on all plates but few B. typhosus colonies, 
particularly on the later plates. These B. typkosus colonies were 
not typical in appearance and clumped slowly in high titre sera. 

In this experiment the contamination used was very high, about 
one half to one million bacilli per cubic centimetre of water, i.e., 
much higher than might be expected to occur in nature, and 
though chlorine and iodine failed to completely sterilize they 
killed off a percentage and altered the characteristics of others. 

Experil'nent 2.-This experiment was undertaken to compare 
the times required to treat water by heating up to 75° C. and 
cooling to 42° C., and to prepare the Treherne-Nelson chlorine 

24 
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336 On Sterilization of Water in the Field 

solution and treat water with it for half an hour. The efficiency 
of the two processes was also compared. 

Five gallons of grossly contaminated stream water was placed 
in two galvanized iron tubs such as are used for boiling water in 
camp; 2,000,000,000 B. typlwsus were added to each. I prepared 
chlorine for one tub while my assistant lighted a fire to boil the 
water in the other. The chlorine water required twenty minutes 
to make and the whole process took fifty-five minutes. The water 
was brought up to 75° C. in forty minutes and took fifty-seven 
minutes to cool to 42° C. 

A control neutral red bile salt lactose agar plate was made by 
smearing 0'1 C.c. of water immediately after the chlorine had been 
added. Numerous B. typhosus were recovered from the chlori
nated water after thirty minutes' contact, but only a few of the 
ordinary lactose fermenters of water. No B. typhosus was 
recovered from the heated water. .The latter showed 210 lactose 
fermenters per cubic centimetre. 

In this experiment the chlorine was added to a very open 
receptacle so that a certain amount of gas may have been liberated 
to the air. 

Experiment 3.-This experiment was undertaken to show the 
relative efficacy of tincture of iodine, calcium hypochlorite, and 
chlorine water as sterilizing agents for water contaminated by 
·cholera. Two and a half gallons of tap water were placed in each 
<>f three tubs, A, B, C. To each 1,200,000,000 cholera vibrios in 
alkaline peptone water were added:-

To tub" A" .. 100 minims tinct. iodi. was added, about 1 in 200,000. 
To tub" B" •• 1t drams of calcium hypochlorite, prepared by Nasmyth and 

Graham's formula. This bleaching lime contained 19 per cent 
available chlorine. 

To tub" C" •. k oz. chlorine water made by Nelson's formula, i.e., 1 in 500,000. 

Twenty cubic centimetres from" A" tub were added to three 
flasks containing 5 C.c. of 5 per cent alkaline peptone water after 
five, ten, and twenty minutes' contact with tinct. iodine. Twenty 
()ubic centimetres from" H" tub were added to 5 C.c. of 5 per cent 
alkaline peptone water after ten, twenty, and thirty minutes' contact 
with bleaching lime. Twenty cubic centimetres from " C" tub 
were added to 5 C.c. of 5 per cent alkaline peptone water after 
£fteen, thirty, forty-five minutes' contact with chlorine water. 

The cultures were incubated for twenty-four hours at 37° C. 
and modified Dieudonne medium made from them. These were 
examined twenty-four and forty-eight hours later. Result:-
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Iodine-
Control + 

5 minutes 

10 " 
20 " 
30" + 

+ 
+ 

w. R. Galwey 

+ Scanty growth on Dieudonne plate. 
+ 1 colony on Dieudonne plate. 

+ 

+ 

373 

Bleaching Lime
Control + 
10 minutes + + Subcultures on Dieudonne plate showed abundant growth. 
20" + + 
80 + + 

Chlorine-
Control + + 
15 minutes + + 
~~:: ! !} Scanty growth on 80 and 45 minute Dieudonneo plates. 

The cholera. red reaction was uncertain in all the peptone tubes 
after twenty-four hours' incubation, but the vibrios were found 
microscopically. 

In this experiment the best results were obtained with tinct. 
iodi. But the sample of bleaching lime contained a low percentage 
of a,vailable chlorine. It was obtained from a local chemist. 

Experiment 4.-Was undertaken to test the relative efficiency 
of chemicals in killing B. typhosus. Two and a half gallons 
of foul stream water were taken in each of three tubs, A, B, C, 
1,400,000,000 B. typhosus (twenty-four hour broth culture) were 
added to each. 

To tub "A " iodine was added •. / 
To tub" B " chlorine was added .. In the same proportion as in 
To tub" 0" bleaching lime was added Experiment 3. 

from each tub 

Twenty cubic centimetres of water were added to flasks con
taining five cubic centimetres five per cent glucose bile salt 
neutral red broth after varying intervals. 

The cultures were incubated at 37° C. till the following day. 
All showed acid and gas; Conradi-Drigalski plates were then 
smeared with one loopful from each flask. Result:-

Iodine-
Control 

5 minutes 
10 " 20 

Ohlorine
Oontrol 
15 minutes 
30 
45 " 

B. typhosus recovered. 
No B. typhosus 

" 
B. typhosus recovered. 
No B. typhosu8 

.. } But plates very crowded with other 

.. organisms so that B. typhosus may 

. . have been outgrown. 

.. } Plates .very crowded with 
•• orgamsms. 

other 

.. Few organisms on this plate. 
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338 On Sterilization of Water in the Field 

Bleaching Lime
Control 
10 minutes 
20 
30 " 

B. typhosus recovered. 
No B. typhosus recOVered}Plates ~11 very 

" " " organIsms. 
crowded with other 

" " " 
The water was tested with starch and iodine for the presence of 

free chlorine in tubs "B" and "C" at the end of three-quarters 
of an hour. 

Free chlorine was present in tub" B " (chlorine water). No free 
chlorine in tub" C " (bleaching water). 

In this experiment chlorine water gave the best result, but 
as before the bleaching lime was weak in available chlorine. In no 
case, however, was complete sterility of the water attained. 

Experiment 5.-Tap water was contaminated with B. typhOSllS 
1,000,000,000 as it was thought that this organism might have been 
outgrown by other organisms present in foul stream water. The 
same technique was used. Result:-
Iodine

Control 
5 minutes 

10 
30 " 

" 
Ohlorine

Control 
15 minutes 
30 
45 " 

Bleaching Lime-

B. typhosus recovered. 

" 

•• } Great reduction in all plates, par-
•• ticularly in that after five minutes' 
•• contact. " 

B. typhosus recovered. 
No B. typhosus recOVered} 
" " "Very few colonies of any sort. 

u " " 

Control B. typhosus not recovered Outgrown. 

10 minutes "recovered •. } Plates very crowded with various 
20" "". • orga.nisms. 
30 "" •• 
In this experiment, as III Experiment 2, there appeared to 

be a tendency for the chemical to kill off the water coliform 
organisms before it attacked B. typhosus. 

Experiment 6.-1n this the values of chlorine water bleaching 
lime, containing twenty-nine per cent available chlorine and Ness
field's" tabloids," were compared; 900,000,000 B. typhosus (twenty
four hour broth culture) were added to three tubs as before and 
samples taken after ten, twenty, and thirty minutes .. 

The B. typhosus was outgrown by other organisms in the 
controls, but was recovered from all three tubs after ten, twenty, 
and thirty minutes' treatment with the various drugs. There was, 
however, a marked diminution of lactose fermenters in the twenty
minute bleaching lime plate and the thirty-minute chlorine plate. 

Experiment 7.-An endeavour was now made to compare the 
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w. R. Galwey 339 

value of sedimentation with alum and straining with that of the 
sterilizing agents used in previous experiments. 

A basin was made of ordinary canvas such as is used for deck 
ch!)oirs. This was fitted to the mouth of a waterproof bag with 
nozzles inserted at the bottom of the. bag. 

'l'wo and a half gallons of tap water, 'to which 600,000,000 
B. typhosus and twelve grains of alumino-ferric were added, were 
passed throngh the sedimenting basin into the waterproof bag. 
The strained water was drawn off into a clean vessel; twenty cubic 
centimetres of water before and after straining were planted in 
glucose bile salt neutral red broth, and Conradi plates made as before. 

A good deal of alum came through, causing a precipitate in 
the glucose medium. Result:-

Control. Colonies too numerous to count. B. typhosus out
grown. After straining a very few small colonies. NoB. typhosus. 

Experiment 8.-A time experiment to find how long ordinary 
water with little matter in suspension took to strain when alumino 
ferric was added in the proportion of six grains per gallon, 
and what degree of purification was attained. Three and a half 
gallons of water came through clear in fifteen minutes. On 
planting twenty cubic centimetres in glucose broth and plating 
after twenty-four hours' incubation a drop on Conradi medium, 
the only difference appeared to be that lactose fermenters were some
what diminished. After straining, the difference was not very marked. 

Experiment 9.-The same test repeated with a grossly con
taminated stream water after rain. Four gallons were clarified 
in thirty·five minutes and the lactose fermenters were again 
diminished by straining. 

Experiment 10.-Two and a half gallons of tap water were 
contaminated with 1,600,000,000 B. typhosus (twenty-four hour 
broth culture), six grains per gallon of alumino ferric were added, the 
water strained as before, and Nessfield's " tabloids" were added, the 
iodine being neutralized with sodium byposulphite aft,er ten minutes. 
Two series of culture were made:-

(a) 20 c.c. of water were added to 5 c.c. of 5 per cent glucose 
B. S. broth; Cb) 10 c.c. water added to 5 c.c. of 2 per cent peptone 
(neutral to litmus) to which 0·2 c.c. 1 in 10,000 brilliant green had 
been added to inhibit the growth of all but typhoid organisms. 
A Control: Before sedimenting . . Abundant lactose fermenters, no B. typhosus. 

After sedimenting and addition 
of Nessfield's "tabloids" •• A few cocci and moulds. 

B Brilliant (keen Control . . Abundant lactose fermenters, no B. typhosus. 
After sedimenting and addition 

of Nessfield's "tabloids" .• A few small colonies (not tested), no B. typhosus. 
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340 On Sterilization of Water in the Field 

In this experiment the combination of sedimentation and 
Nessfield's "tabloids" removed all coliform organisms. 

Experiment 11.-0ne gallon tap water in three tins, A, B, C, 
1,460,000,000 B. typhosus to each. To" A " tin chlorine 1 in 500,000 ; 
to "B" tin N essfield' s " tabloids" ; to "C" tin bleaching 'lime 
according to Nasmyth and Graham's technique. 

Cultures in glucose broth and Conradi as before after fifteen, 
thirty, and forty-five minutes' _ contact from "A" tin, after ten 
minutes' contact from "B" tin, after ten, twenty, and thirty 
minutes' contact from" C "tin. Result:-
Ohlorine

Control 
15 minutes .. 
30 
45 " 

" 

B. typhosus recovered. 

" not recovered. 

Nessjield.-B. typhosus not recovered, even from control, but plates very crowded with 
other organisms. 

Bleaching Lime
Control 
10, 20, 30 minutes 

B. typhosus recovered. 
No B. typhosus, but plates very crowded so pos

sibly outgrown. 

Experiment 12.-The last experiment was repeated, using 
B. dysenterice Flexner; 1,400,000,000 bacilli were added to each of 
four tins; chlorine, bleaching lime, Nessfield's "tabloids," and 
tincture of iodine were used as sterilizing agents. After varying 
intervals twenty cubic centimetres of water were withdrawn from 
each tin and planted in glucose broth, Conradi plates were made 
after incubation and subcultures from the glucose broth were also 
made in peptone water to which 0'2 C.c. of a 1 in 10,000 solution 
of brilliant green had been added with a view to inhibiting all 
organisms but the dysentery bacillus. Conradi plates were also 
made from these tubes after twenty-four hours' incubation. The 
results were as follows :-
Chlorine

Control 
15 minutes 
30 
45 

Bleaching Lime
Oontrol 
10 minutes 

20 " 
30 ,. 

Nessjield's "Tabloids "-
Control 

After 10 minutes' contact •. 

B. dysenteriaJ isolated, crowded with other organisms. 
No B. dysenteriaJ, fairly crowded with other organisms. 

plate crowded. 

" 
B. dysenteriaJ numerous. 

" isolated, many other organisms. 
No B. dysenteriaJ, plate crowded. 

" " " 
Very crowded with other orga.nisms, no B. dysenteriaJ 

isola.ted. 
Plate almost sterile. 
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w. R. Galwey 341 

Tincture of Iodine.-Control very crowded. NoB. dysenteriaJ 
isolated. After twenty minutes, B. dysenteriaJ isolated. 

The tins to which chlorine and bleaching lime were added both 
showed free chlorine by the starch and iodine test after forty-five 
and thirty minutes respectively. 

Experi'ment I3.-To one gallon of tap water in each of four tins, 
A, B, C, D, 2,000,000,000 cholera vibrios were added. Chlorine, 
Nessfield's" tabloids," bleaching Time, and tincture of iodine were 
used, and after varying times of contact 20 C.c. of water were 
added from each tin to 5 c.c. five per cent alkaline peptone water. 
After forty-eight hours' incubation subcultures were made on to 
modified Dieudonne medium plates and the peptone water tested 
for cholera red by the sulphuric acid test and also by para-diamido
benzaldehyde and potassium sulphate. Cholera was not recovered 
from any Dieudonne plate, all of which were sterile except for a few 
moulds, but the peptone water gave the following results :-

Ohlorine-
Sulphuric acid Benzaldehyde 

Control + + 
15 minutes Faint + + 
30 

" + + 
45 

" 
Negative Negative 

Bleaching Lime-
Control + + 
10 minutes Faint + + 
20 + + 
30 

" Nessjield's " Tabloids"-
Control + + 
10 minutes 

Tincture of Iodine-
Control + + 
10 minutes + + 

Experiment 14.-Water from a grossly contaminated stream 
after heavy rain was sedimented through a canvas strainer in which 
thirty grains of alumino-ferric had been placed. Eight gallons came 
through in one and a half hours. The water was quite clear (figures 
being read through a column sixteen inches deep) though previous 

. to straining it was very muddy and opaque. Four gallons of water 
were placed in each of two Service pakhals. Chlorine was added 
to one and bleaching lime to the other in the same proportions as 
in previous experiments. The pakhals were then loaded on a mule· 
and dispatched to the laboratory. They arrived in fifteen minutes;. 
twenty cubic centimetres from each was inoculated into glucose, 
broth, and 0'1 c.c. of this plated after twenty-four hours' incuba
tion. No lactose fermenters were recovered from either plate,. 
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342 On Sterilization of Water in the Field 

but numerous cocci and moulds were recovered from both 
plates. 

0'1 C.c. of the water was also plated before and after sedimenting. 
Before sedimenting the count was 660 per cubic centimetre; after 
sedimenting the count was 120 per cubic centimetre. 

Experiment 15. - The last experiment was repeated using 
fifteen grains of alumino ferric and Nessfield's "tabloids'" and 
tincture of iodine. 

The water was cultured and plated as before on reaching the 
laboratory in twenty minutes. Both "waters showed free iodine 
and had a distinct taste, showing that N o. '~f N essfield's "tabloids" 
had not been left sufficiently long in contact. No lactose fermenters 
were recovered from either tin. 

The results yielded by these experiments varied considerably, 
but, broadly speaking, those yielded by Nessfield's "tabloids" were 
best; and those by Treherne and Nelson's chlorine the next best. 
Bleaching lime, when a good sample can be obtained, is efficient; 
but in this country it is difficult to obtain the drug with sufficient 
available chlorine,and if exposed to the air it rapidly deteriorates. 
On the other hand, I consider that chlorine, bleaching lime, and 
N essfield' s "tabloids" may all be relied on to render a water reasonably 
safe when combined with preliminary sedimentation with alumino
ferric or alum. Alumino-ferric precipitates rather more rapidly 
than alum. In no case did I.effect absolute sterility as has been 
found by other observers, but it must be remembered that the tests 
were severe, the contamination being heavy and the quantity of 
water cultured large. 

The case may, in my opinion, be reasonably stated as follows: 
In the halogen group of elements we have valuable aids towards 
rendering impure water safe, but their action varies greatly under 
different conditions, and they should not be regarded as substitutes 
for boiling when this procedure is feasible. 

My best thanks are due to F. C. Burnham, Esq., C.I.E., F.C.S., 
for supplying me with alumino ferric and bleaching lime, and for 
testing for the available chlorine in the latter. Also to Major A. W. 
Sampey, R.A.M.C.; Assistant Surgeons V. J. Lopez, H. J. C. 
Flanagan, and C. H. Marchant, for much help in carrying out the 
technique of theoexperiments. ~/' 

REFERENCES. 
HILL. Eng'ineering Record, 1911, p. 491. 
NASMYTH GRAHAM. JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, vo!. xvii, 

No. 1, July, 1911. 
NESSFIELD. JOURNAL OF THE ROYAL ARMY. MEDICAL CORPS, 1912 • 

. CLEIIIESHA. "Examinations of Indian Water Supplies." 

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-24-04-04 on 1 A
pril 1915. D

ow
nloaded from

 

http://militaryhealth.bmj.com/

