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STERILIZATION OF INFECTED WATER IN CAMP AND 
. ON THE MARCH IN INDIA. 

By COLONEL F. H. TREHERNE AND CAPTAIN J. J. H. NELSON. 
Indian Medical Service. 

PURIFICATION OF INFECTED WATER IN CAMP AND ON 

THE MARCH. 

AT the All-India Sanitary Conference held at Madras III 

November, 1912, Captain W. O. Ross introduced a paper in 
which he referred to the "folly of boiling water for drinking 
purposes." He stated that it is a common error to believe that 
the boiling of water is the safest way of making it potable, and 
in support of his statement he laid down that nearly all surface 
waters, which are practically the only waters available in this 
country, contain a good deal more than a trace of organic matter, 
much of which is living, and in their natural state swarm with 
bacteria. The boiling of the water does nothing more than 
manufacture a very dilute and sterile bouillon than which there 
could be a no more generally useful medium for the cultivation of 
most organisms. 

Notwithstanding the manufacture of this sterile bouillon by 
boiling the drinking water for troops in camp, it is doubtful if 
many medical officers would accept the responsibility of refusing 
to recommend careful boiling of water if cholera or other water
borne disease were prevalent in the vicinity of the camp. 

There are, however, many difficulties in the efficient carrying 
out of this practice. It is desirable for many reasons to reduce the 
amount of kindling wood to the smallest limits, and even if there 
were no difficulty in the supply, the supervision required must 
be very perfect to ensure the complete sterilization of the water. 
When large quantities of water are required, and required in haste, 
frequently the 'water is not heated sufficiently to render it absolutely 
safe. Then the process of cooling to the requisite temperature for 
drinking purposes has to be taken into account. 

From a practical point of view, therefore, in the absence of 
a Griffith's sterilizer or other apparatus, any efficient mode of 
making the water potable would be worthy of consideration when 
dealing with troops in camp or on the march. 

Various methods of sterilization·· by chemicals have been 
proposed from time to time, such as the addition of permanganate 
of potash, hypochlorite of lime, perchloride of mercury and acid 
sulphate of soda. 
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444 SteTilization of Infected WateT 

The object of this paper is to point out the advantages of 
purifying infected water for drinking purposes by means of 
chlorine, for this can easily be accomplished without giving tbe 
water an unpleasant taste or appearance. 

Doctors N asmyth and Graham have shown that 0·3 parts of 
chlorine in 1,000,000 parts of water will not only destroy typhoid 
and colon bacilli, but practically all bacteria in water except a few 
spore formations. 'l'hey therefore recommend "chloride of lime" 
for this purpose. The chief objection to the use of this material is 
that it rapidly deteriorates, and in order that it may be. of value, it is 
necessary to obtain the drug fresh from the factory. 

Their method, as described in the JOURNAL OF THE ROYAL ARMY 
MEDICAL CORPS, is to take a teaspoonful of chloride of lime, remove 
the excess of powder by rolling a pencil along the top of the spoon, and 
then dissolve the powder in a cupful of water. After adding three 
more cupfuls of water a stock solution is made which will keep for 
four or five days in a tightly stoppered bottle. By adding one 
teaspoonful of this milky stock solution to two gallons of water, 
all typhoid, colon and bacilli producing dysentery will be effectually 
destroyed in ten minutes. This result is accomplished by making 
a solution of 0·5 parts of free chlorine to 1,000,000 parts of water. 
It is free from taste or odour, and the trace of free chlorine rapidly 

• disappears. 
Doctor Nasmyth treated the water in Toronto Bay on the 

spot, and this would correspond to our troops drawing water 
from one of the large tanks' in the district. 

His experiments gave the following results:-
(1) 16,000 bacteria with B. coli present. In half an hour after 

chlorination at a strength of 1 in 1,000,000 there were 18 bacteria 
and no B. coli. 

(2) 25,000 bacteria with B. coli present. After chlorination, 
there were 9 bacteria and no B. coli. 

(3) 18,000 bacteria with B. coli present. After chlorination, 
there were no bacteria.·· 

Other authorities have fOllnd free chlorine equally efficacious. 
Thus, Dr. Thresh states that no water has been found which 
cannot be sterilized by 2 parts of chlorine per 1,000,000 parts 
of water. 

At Cambridge, the water contains an exceptionally small amount 
of organic matter, and it was found that when chlorine was 
added in the proportion of 1 to 4,000,000 and remained in 
contact for half an hour, the water became sterile. 
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F. H. Tl'elleme and J. J. U. Nelson 445 

Major Dansey-Bwwning, R.A.M.C., speaks highly of tbe value 
of bleaching powder in the proportion of 21 grains to each military 
water cart containing 100 gallons of water. This would make 
a solution of one part of free chlorine to 1,000,000 parts of 
water. 

In the" Manual of Elementary Military Hygiene" recently issued 
from the 'War Office, a reference is made to the sterilization of 
water by chlorine used in the form of bleaching powder. 'I'he 
bleacbing powder" deteriorates quickly if exposed to tbe air, light 
or moistllre, and must therefore be kept in sealed tins; 25 grains of 
bleaching powder should be used for every 100 gallous of water." 

Bleaching powder contains, when fresbly prepared, about 33 per 
cent of available chlorine. Hence, if 25 grains are added to 100 
gallons this would produce a solution of 1 in 850,000. 

Tbe amount of chlorine necessary depends upon the amount 
of organic matter present, and tbis can be determined by tbe starch 
and iodiue colour test. 

In India, the amount of organic matter present in surface water 
is frequently large, and consequently tbe proportion of chlorine 
must be correspondingly large. At the same time, the amonnt 
of cblorine must not be so large as to make the water t"ste, otber
wise objections will be raised to its usc. 

Since it is difficult to obtain bleaching powder in a fresh con
dition in Indi" experiments bave been made with a view to 
preparing chlorine from cblorate of potasb and strong hydrochloric 
acid, which call be obtained frolU the dispensary of any station 
bospital. 

As 100 gallons of water equals 7,000,000 grains, to obtain 
1 in 1,000,000 then 7 grains of available cblorine would be required; 
or 14 grains would be required for 1 in 500,000. It is in the latter 
proportion tbat it is proposed to nse tbe chlorine. 

Preparation of the Solution.-A simple apparatus has been 
made with two bottles, one (Al with a capacity of 32 oz., and a 
second (DJ holding about 1 oz. 

'I.'be stoppcr of (A) is perforated and two pieces of glass tUbing 
(0'5 mm. in diameter) are passed through tbe holes. One piece of 
tubing is long, reaching almost to the bottom of tbe bottle, and the 
second piece is short, only just passing through the stopper. 
Tbe stopper of (E) is also perforated and one short picce of glass 
tubing is inserted. The two bottles are then connected by means 
of rubber tubing, tbis being attacbed to tbe long piece of hlass 
in bottle (A). To make tbe chlorine water, 25 grains of potassium 
chlorate are placed in bottle (B) with 2 drams of strong 
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F. H. Treheme and J. J. H. Nelson 447 

hydrochloric acid. The stopper is at once inserted and the gas 
evolved will bubble through the water in (A) and form a solution. 
The process is facilitated by frequent shaking of the bottle (B). 

A compact portable case fitted with a strap for carrying the 
sterilizing outfit has been made in the workshops of the 2nd Q,ueen 
Victoria's Own Sappers and Miners. It consists of a stout tin 
case measuring 12 X 7 X 5 in. It weighs about 6 lb., and con
tains a complete chlorine generator as described; two acid bottles 
with glass stoppers and covers, with a capacity of 2 oz. each, for 
strong hydrochloric acid; a 4 oz. measure glass, and a small bottle 
holding 80 five-grain tabloids of potassium chlorate. 

This case, without replenishing, contains sufficient material for 
sterilizing over 3,000 gallons of water .. 

When using tabloids of potassium chlorate, they should first be 
powdered, otherwise they will only be dissolved slowly by the acid. 

Restdts of Experiments. 
In all experiments a strength of 1 in 500,000 of chlorine gas 

was used. 
In this strength, no taste IS imparted to the water, which 

remains neutral in reaction . 
.., 
" TOTAL COLONIES AFTER 
.§ 48 HOURS' INCUBATION 

'"' '" Medium A Date Source of water t;J used t hour ... after 0 Before chlorine 
0 chlo· 
Z rine 

---------. 
I 26.11.12 Tap water contaminated with 24 hours' Agar .. Innumerable Nil. 

Il 29.11.12 
fresh culture of B. typhosus 

Tap water as above " .. .. Drigalski- 500 per c.c. 
" Conradi 

I Il 3.12.12 Tap water contaminated with 24 hours' Agar .. Innumerable 
" growth in broth inoculated with urine 

IV 4.]2.12 Bangalore water supply before sedi-
" 

.. 250 per c.c. 
" mentation or filtration. (See .further 

7.12.12 
details about this water) . 

V Tap water contaminated with 24 hours' 
" 

.. 1,200 perc.c. 
" 

VI 9.12.12 

culture in broth of B. typhosus and 
Staphylococcus aureus 

Water from surface tank at twelfth mile· 
" 

.. 900 per C.C.' 
" stone on Dodballapur Road. (See fur-

ther details about this water) 

The above results are a few examples of many experiments. 
They indicate that 1 part of chlorine to 500,000 parts of water will 
render the water absolutely sterile in half an hour. 

Experiments IV and VI' were carried' out on the lines 
advocated by Clemesha. The presence of lactose fractors was 
determined, and the organisms present classified. 

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-21-04-07 on 1 O
ctober 1913. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


448 Sterilization of Infected Wate1' 

With reference to Experiment IV, the details were as follows :-

" 0 ... 
" 

:;: " 0 " a ;)] " '" .s " Source. -Bangalore water Z & t; '" ~ Si ~ 0 ..., ..., 
.8 ~ 

" '0 " . ., '8 ,.., 0 " 8 supply before sedimentation :;: w " g "0 
w ..., .c 0 '5 '5 Name of organism " 's 0 " " " "0 

~ or filtration 0 0 P; ..:; S " " -< A .:; '0 ::;:; f 00 5 ..., ~ " '-' Cl ~ ;.:l 00 cD 
0 

c3 
,.. 

---------- - - - - - - - - - - - - - ---_._-_.---
Date of collection, 

December 4, 1912 
Date of examination, 

December 4,1912 
Total colonies on agar 

at 37° C. per c.c., 250 
MacConkey's bile salt 

broth .. +-
Four tubes contain. 

ing5c.o.ofsample 3 1 
Four tubes contain

ing1c.c,of sample 1 3 
Four tubes contain. 

ing1c.c.of sample 0 4 
Frecal bacilli present in 

15 C.o. 

Group I, Nil. 

1 - - - - -+ ++ + - - + B. lactis aerogenes. IV. 

2 - - - - -+ ++ + - - + ~ " " 
IV. 

3- - -'- - -+ ++ + - - + " " 
IV. 

4+ - - +- ++ + - - - + B. cloacaJ. IV. 

5+ - - + -+ ++ - - - + " 
IV. 

6- - - - -+ ++ + - - + B. lactis aerogenes. IV. 

7 - - - - -+ ++ + - - + " " 
IV. 

8- - - - ++ ++ - - - - B. coscoroba. Ill. 

9+ - - + -+ ++ - - - + B. cloacaJ. IV. 

10 - - - - - + + + + - - + B. lactis aerogenes. IV. 

Group Il, Nil. Group Ill, One. Group IV, Nine. 

This water, therefore, contained only organisms of great 
resistance to sunlight. Half an hour after being treated with 
chlorine (1 in 500,000), no lactose fractors were obtainable in 
40 c.c. and no colonies grew on agar inoculated with 1 c.c. The 
water was rendered sterile, even the very resistant Group IV of 
Clemesha being killed. 

Three samples of the same water were examined after sedi
mentation and filtration through the Jewel filters from which the 
water supply of Bangalore is obtained. No lactose fractors were 
present in 40 C.c. of each sample, but the colony counts on agar 
were 12, 8 and 10 per c.c. 

Hence by comparison, the chlorine treated water was superIor 
to the filtered specimens, and i~ is a proof of the value of chlorine 
III rendering water absolutely safe. 

With reference to Experimeut VI, the water was collected from 
an ordinary tank about half a mile long and a quarter of a mile 
wide. It was fairly clear and the surface well sunned. The water 
is used for irrigation, &c., but in addition it had been used two days 
previously by the 7th Q.O. Hussars to water their horses during a 
night's bivouac in its vicinity. 
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F. H. 'Prehe1-ne and J. J. H. Nelson 449 

Bacteriologically the water was bad, showing signs of recent 
contamination as evidenced by the presence of four colonies of 
Clemesha's Group I. 

The details regarding the flora present are as fol!ows :-

Source.-A tank at 12~ 
milestone on theDodballapm 
Hoad. The tank is Sur-
rounded by cultivation and 
400 yards from any village. 
Used for irrigation and 
watering of cattle. 

Date of collection, 
December 9, 1912 

Date of examination, 
December 10, 1912 

Total colonies ou agar 
at 37° O. per c.c., 960 

MacOonkey's bile salt 
broth 

Four tubescoutaiu· +
ing5c.c. of sample 4 0 

Four tubes contain. 
ing1c.c.of sample 3 1 

Four tubes contain. 
inglc.c. of sample 1 3 

Foocal bacilli present in 
1 c.c. and upwards 

" I~ I :3 ~ 

" " :;; " cl » '« ~ cl 

Z 
~ ~ m 

" "0 's :;; 2 .., .., ," ~ " '" ';;:; '" 0 Name of organism ,.. 00 ... g "" 00 .B ~ ... :p 0 "i: 0 ~ " .1'1 
'" " § " "" ~ 0 0 

:E H cl '" I=< ~ "0 =- '" w H '" ..q ... w 0 Cl .'S ;::i OD 
0 

" :>-Cl 

2+--+-+++---+ IV. 

3 + - - - + + - - - - - - B. grunthal. 1. 

4 - - - - + + + + - - B. coscoroba. 

5 + 1- - - + + - - = [ - - B. grunthal. 

IV. 

1. 

6 + - _-1_- + + + - - + - - B. coli communis. 1. 

7 - - I - + + + + - - + B. lactis aerogenes. IV. 

8 + - - - + + + - - + - - B. coli communis. 1. 

9 + - - + - + + + - - - + B. cloau13. IV. 

10 + - - + - + + + - - - + IV. 

Group I, Four colonies. 
Group n, Nil. 

Group In, Nil. 
Group IV, Six colonies. 

This water was treated with chlorine 1 in 500,000 and examined 
half an hour later, when no lactose fractors could be found in 40 c.c. 
and no colonies grew on agar inoculated with 1 C.c. of the water. 

This clearly demonstrates that a badly polluted water, which 
would be condemned off-hand, can be transformed into an absolutely 
safe source of supply for all purposes in a short space of half an 
hour. 

These observations confirm fully those made by Thresh, Dansey
Browning, N asmyth and others, and by using the simple apparatus 
for preparing the chlorine as above described, the difficulty of 
securing in India fresh bleaching powder does not arise. 

Period of Potency of the Chlorine Water. 
Experiments were carried out to determine how long the 

chlorine water, prepared as advised, continued to remain potent, 
so that when added to water it would still sterilize. It was found 
that if the bottle is kept stoppered with an ordinary cork for a 
period of three or four days, sterilization of any water took place in 

32 
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450 Sterilization of Infected Water 

half an hour. Beyond this time the efficiency diminished owing to 
the escape of gas. If impermeable stoppers were used there should 
be no loss of potency. 

The important point about this observation is that a small party 
of men detached for a few days from the main body might be given 
sufficient chlorine solution to sterilize their drinking water. 

Practical Application of the Process. 

Recently the above suggestions have been put to the test. The 
20th Deccan Horse marched in October, 1912, from Bangalore 
to Secunderabad. Most of the march was at some distance from 
a railway line. There had been much rain, aud dry wood was 
difficult to obtain. The line of march was through a country in 
which cholera was prevalent, and it was most essential to obtain 
pure water for drinking purposes. 

On account of the difficulty in obtaining fuel for boiling the 
water it was decided to adopt the chemical purification of water. 

All arrangements were organized and carried out by Major 
A. N. Fleming, I.M.S., the Medical Officer in charge of the 
Regiment, with most successful results. 

The sources of water supply were from wells, tanks and rivers. 
With wells, after measuring the quantity of water in each, the 
requisite amount of chlorine water was thrown in. With tanks 
and rivers, 'besides the usual precaution, the requisite quantity of 
chlorine water was added to each pakhal, and the pakhals were 
utilized for filling the "diggies." 

The lungars or cooking places, ~he officers' mess and the soda 
water factory were each provided with a "diggie." 

All the water that was used was sterilized, and there were no 
complaints of any unpleasant taste. 

This method of sterilizing the water has been in use during the 
recent battalion training of the Queen's Own Cameron Highlanders, 
and on other occasions when they have been in camp. The quarter
master has reported that the facility in treating the water was the 
greatest possible relief to him because he had never succeeded in 
satisfactorily sterilizing all drinking water by heat owing to the 
impossibility of cooling it in any reasonable time. 

The apparatus, or a small quantity of freshly prepared chlorine 
water, has been taken out by officers when on shooting expeditions 
in the jungle, where only water of a very doubtful quality could be 
obtained. The reports have been most satisfactory, and by aerating 
the chlorinated water, no taste or smell of the chlorine could be 
detected. 
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Method of Proced7lre. 

It is useless to sterilize turbid drinking water without previous 
clarification, for no man will believe muddy water is harmless. It 
becomes necessary, therefore, to clarify the water first by any of 
the processes described in the R.A.M.C. Training and the" Manual 
of Elementary Military Hygiene." 

A battalio~ of British Infantry in India is provided with sixteen 
pairs of pakhals, each of which will hold about 6 gallons of water. 
It is ca1culated that these pakhals carry enough water to refill the 
whole of the water-bottles carried by the men, each bottle holding 
about one and three-quarter pints (one litre). 

Thirty-two fluid ounces of chlorine water are prepared at a 
time; this allows 1 oz. for each pakhal when filled with water. 

It is, therefore, proposed that ~henever a pakhal is filled with 
water 1 oz. of chlorine water should be poured in at once. The 
shaking caused by the movements of the mule will be sufficient to 
thoroughly mix the solution, and the water will be ready for issue 
in half an hour's time. 

An ordinary canvas "diggie" holds about 60 gallons of water. 
Hence 10 oz. of chlorine water will be required. But if the 
" diggies" are filled by means of the pakhals, the water in. these 
will have been sterilized at the source of the supply, and the 
pouring of it into the tank will tend to cause the free chlorine 
to be dispersed, after it has accomplished its object in purifying 
the water. 

Proportion of Chlorine Water Required. 

32 oz. of chlorine water to 192 gallons of water. 

20 " " " 120 " ,; 
10 " " " 60" " 
1 " " " 6" " 
4 fluid drachms of chlorine water to 24 pints of water. 

2" "" 12" " 
1" "" 6" " 

When used in this proportion a solution of one part of free 
chlorine to 537,593 parts of water is obtained. 

When small quantities of drinking water are required, t oz. 
of chlorine water should be added to an ordinary stable bucketful 
(about 3 gallons) of water and thoroughly mixed. If the water 
is muddy it should first be strained through a cloth. Half an hour 
afterwards, the water will be fit to drink, and if any chlorine gas 
can be detected by smell or taste, it can be dispersed by agitating 
the water or by pouring it from one vessel to another. 
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