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, THE CHEMICAL STERILIZATION OF WATER FOR 
MILITARY PURPOSES. 

By CAPTAIN V. NESFIELD. 
Indian Medical Service. 

MAJOR C. F. WANHILL'S interesting paper in the JOURNAL OF 
THE ROYAL ARMY MEDICAL CORPS of August, 1911, on the subject of 
a pure water supply in the field, does not, I consider, deal fairly 
with the sterilization of water by chemicals. During the last eight 
years I have had very great practical experience of the possibilities 
and limitations of the chemical sterilization of drinking water by 
iodine, chlorine. permanganate of potash and mercury. 

IODINE. 

The process I employ is known by Evans's name in England, 
by my own in India, and by Vaillard'R in France. Vaillard was, 
I believe, scientifically prior to me; the exact date of his publica
tion in a foreign journal was, I think, September, 1902, but Colonel 
Firth, RA.M.C., writing to me on the subject, says that he first 
received samples in November, 1902. I had already worked out 
the process by the end of 1901. I attended Colonel Firth's lectures 
in September and October 1902, delivered to the newly joined 
members of the Royal Army Medical Corps and Indian Medical 
Service (September, 1902). During these lectures he made no 
mention of the iodine process, because, as he tells me in a letter, 
he had not then seen any samples. 

In February, 1903, at the request of a chemical firm, I appliell 
for British patents for the process, and obtained them; later I 
also applied for Indian and South African patents. 

I finally gave the process to Messrs. Evans, Sons, Lescher and 
Webb, 60, Bartholomew Close, London, E.C.; and they called the 
tablets by the name of " Evans " at my request. 

I have mentioned these details in self-defence, as Major Wanhill 
says: "The iodine method of Vaillard several times reborn 
under different names." 

The process was born as a twin birth, in England and in 
France; and has not been reborn sinc~. 

To show further that my work was independent of Vaillard, 
I must explain what led me to the use of iodine: I set out with 
the object of discovering a chemical method for the sterilization 
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514 Ste1·ilization of Wate/' f01' Militnry P'urposes 

of water; and worked on the basis that the chemical must be 
convertible into a substance which is innocuous to human beings. 
This limited me to the chemicals which already exist in natural 
waters. 

It was the South African War which made me think of the 
work. I experimented with the peroxides, nascent hydrogen, 
sulphuric acid, hydrochloric acid, phosphoric acid, and finally with 
nascent chlorine. In chlorine I found the desired chemical, and 
put it in a practical form by using liquefied chlorine in steel 
cylinders, with a simple device for measuring the dosage. 

For small quantities of water I experimented with hypochlorite 
of lime, compounded with bicarbonate of soda, to form a tablet. 
On adding this tabloid to water, free chlorine is evolved, and an 
insoluble tablet of chalk remains behind. I found, however, that 
the hypochlorite, on account of its instability, was unsatisfactory. 
I therefore gave up chlorine for small quantities of water, such as 
1 to 2 pints, and experimented with its first cousin, iodine, which 
has a very stable iodide and iodate, though when combined together 
they readily split into free iodine in the presence of weak acids, for 
which purpose I selected tartaric acid. But as it was impossible to 
combine the acid with the iodide and iodate mixture, the two sub
stances had to be made into separate tablets. 

At first I used sulphite of soda to de-iodize, but as this salt does 
not keep well in India, I used later thiosulphate, N a2S20 3, or as it 
is commonly called the hyposulphite. 

This is how I arrived at iodine and the three tablets, and maintain 
that anyone who had taken up the research on the same lines as I 
did would have arrived at exactly the same results. 

A comparison of Vaillard's process and my own further shows 
the following differences :-

Quant'ity of Iodine (a).-Vaillard uses 0·06 grm. per litre. I 
originally used i grain (0·04 grm.) per gallon. 

(/3) Vaillard uses a great excess of potassium iodide, so as to 
form an iodine solution. I used the exact quantity represented by 
the formula 5RI. RI03, the iodide being produced as a fine plack 
precipitate, which dissolves on being put into the full bulk of 
water. 

(ry) Vaillard recommends twenty minutes with his large dosage, 
but I consider one minute sufficient where 1 to 2 pints are con
cerned. Vaillard uses altogether more than fourteen times as 
much iodine as I do. 

I would indeed have been a bold pirate if, in the case of a man 
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V. Ne,'ifield 515 

of Vaillard's standing, I had not only taken the process, but also 
cut down the dosage and time exposure to a fifteenth. Vaillard 
and I must have employed very different technique to have arrived 
fLt such different figures. 

The Process (Iodine). 

Tablet A consists of potassium iodide and iodate mixed together 
in the proportions represented by the formula 5KI. KIOs-quantity 
1 t grain per gallon. 

Tablet B consists of citric or tartaric acid-quantity It grain 
per gallon. 

Tablet C consists of hyposulphite of soda-quantity It grain 
per gallon. 

Directions. 

Dissolve the A and B tablets together in the minimal quantity 
of water possible to dissolve them (10 minims for each grain). Add 
the resulting black precipitate of iodine and the fluid to the full 
bulk of water; stir. The water then becomes tinted a faint 
yellow. Allow it to stand for five minutes. Meanwhile dissolve 
in some of this tinted water the C tablet, and add to it the bulk 
of water; stir. The water is now tasteless and fit to drink. 
(There is no actual waiting necessary, as the larger C tablets take 
fully five minutes to dissolve). The quantity of iodine employed 
equals 1 in 70,000. 

Special Points.-(l) Taste. If this be present it is due to the 
A and B tablets being dissolved in too much water, and in conse
quence some iodate remains unchanged. A certain concentration 
of citric 91' tartaric acid is necessary to completely split up the 
iodide and iodate compound. Every grain should be dissolved 
in 10 minims oj water. 

Further, so as to ensure that no free iodate remains, an excess 
of 5 per cent iodide is compounded with the iodate.! . 

5 KI, KIO. + 2 H.06 H 5 0 7 = 312 + 2 K.0 6 H 5 0 7 + 3 H 2 0 
. Tartaric acid Pot. tart. 

(2) The acid tablet tends to become hard, hence a trace of 
chalk is compounded with it. On being placed in water CO2 is 
evolved in the interior of the tablet, which brings about its rapid 
disintegration. . 

(3) A little carbonate of soda(2 per cent) is added to the hypo
sulphite, as this helps de-iodization. 

lOne part of pot. iod. by weight to 4'5 parts of pot. iodate. 
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516 Sterilization of Water for Military Purposes 

(4) The Condition of the Water. If muddy it should be 
strained. The strainer for large quantities of water consists of a 
butterfly pump (all brass, no washers) connected with a small brass 
cylinder, packed with absorbent cotton wool. The whole is in 
a small box weighing altogether 25 lb. This will deliver clear 
water at the rate of 50 gallons in twenty-five minutes. It is 
absolutely necessary to strain off the larger mud particles, as iodine 
will not penetrate into them. Where time is important the water 
should be iodized before being passed through the strainer. The 
hypo sulphite is then added to the clear water. 

If the water is obviously very greatly contaminated, double 
doses of tablets should be used. If the water is apparently good 
"and clear, and its source known-e.g., in a standing camp-double 
the quantity of water can be sterilized by one set of tablets. 

I have worked out the quantity of iodine that a large number 
of waters absorb, and have taken this into consideration when 
stating the above doses. l 

The speci.al vessel for holding water is a round flat-bottomed 
bag It ft. deep by 2! ft. diameter, made of one layer.of Willesden 
canvas. When filled the sides are supported by the weight of the 
water. To keep the free edge from falling, six rope loops are 
provided; these are hitched over six light iron rods with split tops 
pushed an inch or so into the ground round the tank. 

(5) The Quantity of water which can be sterilized.-Major 
Wanhill states that chemicals are fairly certain in their action in 
small quantities of water but not in large, without bulky mechani
cal contrivances. This is not the case; 1,000 gallons can be readily 
sterilized. This was given a very full trial in some engineering" 
works in the Bombay Presidency. I have myself frequently 
sterilized 500 gallons in the Gauhati, and Barisal gaols. 

The three substances are put up in powder form in separate 
bottles. The stirring is carried out by means of a pole, to the 
bottom of which a small piece of board is nailed. 

The thoroughness of the mixing can be readily proved by adding 
some coloured substance, e.g., potassium permanganate or methy
lene-blue, to 1,000 gallons of water, and taking samples after five 
minutes stirring, and comparing tints, or more accurately by taking 
samples of iodized water and planting into culture tubes. 

(6) The result on the System after long continued Use.-The 
officers of K. E. O. Cavalry,' 18th Punjabis and 1st Brahmans, drank 

1 Journal of Preventive Medicine, October, 1905. Indian Med'ical Gazette 
July and August, 1905. 
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V. Ne.1f,eld 517 

soda water sterilized by this process for three years on end, without 
any harm resulting. The 1st Brahmans have drunk water sterilized 
by this process for seven years. 

The quantity of iodine used for the. soda-water is t gr. per gallon. 
The average amou~t of water or soda-water drunk per day is only 
4 pints even in the hottest weather; this would contain :t gr. of 
iodine, a negligible quantity. . 

The Practical P1·00fs. 

(1) During the Tibet Expedition of 1904, with Lieutenant
Colonel Willan Dawson, LM.S., I took· a batch of 760 Kashmeri 
coolies through the Teesta Valley, during a very severe cholera 
epidemic. Not one coolie contracted cholera. Other batches of 
coolies during the same period had deaths from cholera varying 
from 2 to 10 per cent of their number. The quantity of iodine used 
was ~ gr. per gallon. 

(2) The Cameronians when marching from Dhera-Dun to 
Chakrata, 1905, drank water containing t grain of iodine per 
gallon. There was no water-borne disease. 

A few months later, detachments of British troops marching 
along the same route developed cholera. Their water was supposed 
to be boiled. 

(3) Barchacha' Artillery Camp, 1906, duration three weeks. 
Captain Steele, R.A.M.C., Medical Officer in charge. '1'he quantity 
of iodine used was ~ grain per gallon, fifty gallon powders being 
employed. There was no water-borne disease. 

(4) Agra Concentration, for Amir of Afghanistan. 1st Royal 
Dragoons from Lucknow to Agra and back, also during the 
manamvres at Fatehpore, Sikri. 

Report of Colonel H. de B. de Lisle, Officer Commanding 
1st Royal Dragoons, dated Lucknow, February 20, 1907. 

" (1) Water sterilizing tablets were used on the march to Agra 
and back, at Bichpuri Camp, and at manceuvres near Fatehpur, 
Sikri; during the period of eight weeks there was not a single case 
of water-borne disease among 435 officers and men. 

"(2) Mineral waters were prepared on the march and in camp 
with water sterilized in this way. An attempt was made to use 
water boiled by a· special sterilizer which was on trial, but the 
water which was supposed to be cooled in the process was too hot 
for the manufacture of mineral water or for drinking. 

"(3) When the tablets are used in double strength they 

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-18-05-03 on 1 M
ay 1912. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


518 Sterilization of Water for .Military Purp(lses 

undoubtedly leave a taste of iodine in the water; still, I am of 
opinion that this is the only way to provide sterilized water for 
drinking purposes when on the march. 

" This process was found to be a great boon to the men, wHo on 
reaching camp could obtain a cold drink at once, instead of having 
the alternative of waiting for boiled water; or drinking impure 
water." 

Repm·t of Major W. Sandys, R.F.A., Commanding 74th 
Battery R.F.A., dated Bichpuri, January 7, 1907. 

" I consider that the tablets are most excellent in every way, and 
far superior to the antiquated method of boiling with ite attendant 
slowness. The single strength is ample for safety purposes; the 
double strength gives a decided taste, which is not liked. 

"The process was used for about eight weeks; there was no 
water-borne disease." 

Report by Major G. W. Grove, R.F.A., Commanding 79th 
Battery R.F.A., dated Lucknow, February 12, 1907. 

"The tablets and powders were used by the battery on the 
march to and from Agra, from December 11, 1906, to February 4, 
1907 (both dates inclusive), for sterilizing drinking water, and 
proved most effective for that purpose, considering the bad water 
met with along this particular route. 

"The' C' tablets and powders did not quite remove the taste 
of iodine (when used in the proportion laid down in the list of 
instructions), but on more being added the water became both' 
colourless and tasteless." 

The 17th Lancers, 7th Hussars, four Gurkha regiments and 
some batteries of the 7th Meerut division also used this process 
going to and from Agra, and there was no water-borne disease. 

The quantity of iodine used in these tests was 1 gr. per gallon; it 
was allowed to act for ten minutes. The" C " tablets and powders 
were carelessly manufactured, and so the water was not always 
tasteless. 

During the plague relief operations, Belgaum, May, 1906, 6,500 
gallons of water were sterilized daily for two months. There was 
no water-borne disease. 

During the famine relief operations, United Provinces, 1906-07. 
The process was used extensively.: altogether over 1,000,000 gallons 
were sterilized, ! gr. iodine per gallon being used. There was no 
cholera. Special mention of the process was made by Sir J. 
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V. Nesfield 519 

Hewett, Lieutenant-Governor, United Provinces, in an address 
concerning the famine. 

During the Mohmund Expedition, 1908, cholera broke out at 
Peshawar. The process was then employed throughout the 
expedition; the only source of water was from foul tanks. N:o 
further cholera occurred. 

The process is at present being used on the Abor Expedition 
by the 32nd Pioneers, as no other method of water purification 
is possible. Up to date there has been no cholera. 

It will surely be admitted that the above practical tests have 
shown this process to be thoroughly sound. 

The Method of Ascertain'ing that the Water is Sterile. 

Since 1906 I have carried with me the following culture pills, 
and frequently tested the sterility of the water :-

Sodium taurocholate .. 
Peptone .. 

,Lactose .. 
Sodium carbonate 

~' grain. 
.. 1 
.. 1 

1 
To " 

Kept in a stoppered bottle in dry lactose powder. One pill 
is put in a test-tube, and one teaspoonful of water is added, a 
gas tube introduced and the mouth of the tube plugged with wool. 

The contents are now heated over a spirit flame till the fluid 
has boiled for one to two minutes. The tube is then cooled. The 
teaspoon is heated over the spirit lamp, plunged into the water 
to be tested, and a sample (not heated by the spoon) removed and 
added to the culture tube. A control of untreated water is also 
put up. 

The tubes are next left in a warm corner of the room to 
incubate, but in the cold weather they are put into an empty 
box at night, together with a small lighted kerosine oil lamp; 
or the tubes may be put in a tin which is hung over a hurricane 
lantern. 

The control usually showed gas, cloudiness, and marked acidity; 
the sterilized water never showed any gas, only faint cloudiness 
and faint acidity to litmus being produced. 

Scient'ijic Proofs. 

In the Indian Medical Gazette, August,- 1905, Major F. N. 
Windsor, LM.S. (Chemical Examiner, Calcutta), published a full 
statement, and also the following germicidal values -for iodine, 
prepared from the tablets:-
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520 Ste1"ilization of Water for Milita1'Y PurpD.''1es 

STRENGTH OF IODINE 1 IN 260,000. 

:1· Count after Count after Count after 
, 1 minute 5 minutes' 20 minutes 
j ~l~~ ~l~~ ~l~~ 

A. Untreated typhoid water 
i 

96,000 90,000 84,000 

B. Iodized typhoid water ! Nil Nil Nil •. I 
I 

C. Untreated cholera water "I 70,000 70,000 65,000 

D. Iodized cholera water "I Nil Nil Nil 

E. Iodized B. coli commtmis water 
I 

Bouillon 
tube 

Growth 

Nil 

Growth 

Nil 

As regards the three tablets being an objection, this is really 
groundless, as the above extensive practical trials fully bear out. 

The Cost of the Process. 

At the lowest rate this works out at Bd. per 100 gallons. 

CHLORINE. 

Chlorine is as efficacious as iodine for sterilizing water, and 
I have frequently published articles on this subject since 1903. 

(a) Chlorine may be used in the form of liquefied gas stored in 
steel cylinders. I have used this fairly extensively. The gas passes 
through a brass nozzle occupied by a piece of fine-bore thermometer 
tubing; the length of the glass tube is such that only 1 gr. of 
chlorine gas passes per second. 

The water is dechlorinated by means of hyposulphite of soda. 
0116 grain of chlorine per gallon is used and allowed to act for 
ten minutes. 

(b) Hypochlorite of Lime.-This I think is simpler than the 
liquefied chlorine gas. Hypochlorite of lime very soon decomposes 
III India; this is not due to heat alone, but also to CO2, 

Thus :-
Ca(OCl),CaCI2 + 2 CO2 + 2 H 20 = 2 CaCOs + 2 Cl. + 2 H 20, 

If the hypochlorite be sealed in glass tubes, it will keep 
indefinitely. 

The only remaining difficulty is that hyposulphite of soda will 
not remove quite all the taste imparted to the water, this has been 
a great objection to the process; but on going into the causes for 
this, it appeared to be due to some hypochlorite remaining. 
unchanged. 

When bleaching powder, calcium hypochlorite, is added to water, 
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V. Nesfield 521 

it reacts with the calcium and other bicarbonates, free chlorine 
being produced. 

Thus :-
Ca(OCI)2CaCl2 + 2 Ca(HCO,). = 4. CaCOs + 2 Cl. 

Bleaching 'Bicarbonate + 2 H 20. 
powder of lime 

But, some Ca(OCl)2 is not acted upon, and remains as such, or 
as hypochlorous acid. Potassium iodide in conjunction with the 
hyposulphite completely removes all the hypochlorous acid and 
taste. 

Thus :-
2 HClO + 2 KI = I; + 2 H 20 + 2 KCI. 
Hypochlorous acid Iodine 

The iodine is then absorbed by the hyposulphite. 
Thus:-

I, + 2 Na2 S,O, = 
Iodine Hyposulphite 

of soda 

2 NaI + Na2S40 •. 
Sodium 

tetrathionate. 

Messrs. Burroughs Wellcome and Co. have made sealed tubes 
for me containing 25 gr. of dry calcium hypochlorite. 

And tabloids consisting of :-
Hyposulphit~ of soda •. 
Potassium iodide 

" 25 grains. 

5 " 
The directions for use are: Shake the powder down away from 

the filed end. Heat the file mark with a lighted match, and touch 
with a drop of water. Break off the end. Mix the contents with 
a little water, using the unbroken end of the tube for sfirring. 
Add to 50 gallons of water, stir, and leave for ten minutes. Now 
add the hyposulphite tabloid previously dissolved in some of the 
chlorinated water. Stir till all the taste has gone. 

This process costs 2d. per 50 gallons. 
The water if previously yellowish in colour is bleached and 

becomes crystalline in appearance. Muddy water must be strained. 

PERMANGANATE OF POTASH. 

I have found that ~ gr. of permailganate of potash per gallon 
will kill Bacillus coli in one hour, when this microbe is present in 
water: obtained from wells, and also from the Rivers Ghumtee and 
Jumna. 

It is not generally known that permanganate of potash actually 
'destroys bacteria in this dilution, but this is the case, as can be 
proved by anyone who cares to carry out the test. 

The marvellous efficacy of permanganate of potash in cholera 
was fully exemplified in July and August of this year in Barabanki, 
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.522 Sterilization of Wale?' for Milita1'y PurpOl'Jes 

Oudh. Every well in the infected villages was treated with two 
teaspoonfuls of crystals. The cholera stopped in two weeks, the 
total number of deaths being altogether 15,992 in the space of two 
and a half months. 

The same result was obtained in Lucknow during the same 
months. 

PERCHLORIDE OF MERCURY. 

One part in 500,000 of water will kill B. coli in thirty minutes, 
i.e., t gr. per gallon, or -lIS gr. per pint. 

I am having -little books like litmus papers made, each paper 
being impregnated with -la gr. perchloride of mercury. One paper 
to be put into a pint of water, to be drunk thirty minutes later. In 
1908 I tried this method on a large scale in Quetta, during an 
epidemic of cholera in the 2nd Battalion 7th Gurkhas. The water 
supply was from large 1,000 gallon tanks. The treated water was 
drunk for one week. 

In conclusion, I do not believe that any method for purifying 
water by filtration or heat will ever prove practical, and that we 
shall have to depend upon chemical sterilization. Differeut circum
stances require different chemicals. 

(1) In the·. case of widespread cholera outbreaks in a civil 
population, where the water supply is from wells, permanganate of 
potash is the best drug, on account of its cheapness. All that is 
necessary is to faintly tinge the water pink. 

(2) In the case of standing camps, and for British troops on the 
march or in warfare, I consider hypochlorite of lime to be the best 
material, when quantities of from 50 to 100 or more gallons are 
sterilized at a time; it is then the cheapest method. 

(3) In the case of small detachments, when the water vessels 
consist of the 8-gallon mule pakhal, or the 2-gallon bucket; and in 
the case of officers' messes, and soda-water factories, I consider the 
iodine process to be the best, as being the cheapest. 

(4) In the case of individual officers, or travellers, requiring 
.only 1 or 2 pints of water at a time, the iodine process is the best. 

(5) For the individual soldier, in times of emergency, when he 
is cut off from the water supply of his company or regiment, I 
.consider the perchloride of mercury papers to be the best, as being 
the simplest. 

I consider the acid sulphate of soda, 15 gr. per pint, to be too 
bulky and uncertain to be of any practical value, besIdes erroding 
the interior of iron water-bottles. 
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