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ON THE APPLICATION OF HEAT FOR THE PURIFICA
TION OF WATER, WITH TROOPS IN THE FIELD. 

By LIEUTENANT-COLONEL R. H. FIRTH. 

Royal Army Medical Oorps. 

THE difficulties in connection with the supply of safe water to 
troops in the field are well known. These difficulties are the out
come of the necessary attempt to accommodate the three more or 
less irreconcilable conditions of quantity of water, quality of water, 
and simplicity with efficiency of purification method. The quantity 
of water to be supplied daily to soldiers in the field may be said 
to be not less than half a gallon per man, while the quality must 
be such that it will not produce disease. The real difficulty centres 
round the third condition, or question of method by which the first 
two are to be attained. Of purification methods, we have the 
choice of three, namely, the use of chemicals, the employment 
of filters, and sterilisation by heat. The first or chemical method 
may, without prejudice to future developments, be dismissed as 
being not generally practicable at the present time ; filtration has 
been much used in the past and even now is a well-recognised 
procedure, but its success has been relative rather than absolute. 
Of sterilisation by heat it may be said that it has never been 
seriously tried on a large scale. and it is the purpose of this article 
to review the position, indicating what progress has been made 
in developing this method, and pointing out on what lines the 
procedure offers reasonable success on field service. 

The most elementary means of purifying water by heat is to 
subject it to boiling in ordinary open vessels. For the purposes of 
field service this procedure is impracticable, being crude, slow, 
extravagant of fuel, and rendering the water often flat or unpalat
able; at the same time, it fails to remove the disabilities attaching 
to water heavily loaded with suspended matter. These facts compel 
us to recognise that, if heat is to be employed in purifying 
water, we must employ for the purpose special apparatus designed 
to secure at once rapidity in delivery, safety and palatability 
in quality, with economical expenditure of fuel. A variety of 
apparatus has been produced to attain these objects. the more 
notable being the Vaillard-Desmaroux machine of the French, 
the Hartmann of the Germans, and the Forbes apparatus of the 
Americans. In all of them the water is brought to ebullition, and 
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R. H. Firth 571 

the subsequent cooling and' economisation of fuel obtained by 
causing the water to circulate through a recuperator or heat
exchanger. 

The crucial defect of all these types has been that the volume 
of water which they could sterilise in the hour has been small in 
proportion to the weight and complexity of the apparatus. To 
P. G. Griffith the credit is due of first recognising that the lethal 
temperature for the causative organisms of ordinary water-borne 
disease is 82° C., the period of exposure being but a fraction of 
a minute; he further devised a thermostat or valve which prohibits 
automatically the passage over of water that has not been sub
jected to the critical degree of heat. 1 These principles were utilised 
in the production of the small water steriliser which came into our 
hands in the summer of 1906, and which has been tested practi
cally in various encampments at home and abroad.2 Satisfactory 
as these small sterilizers were, it was soon apparent that they 
required much further elaboration and finish before they could be 
utilised generally in the Service, more particularly for moving 
columns. The following year saw the production of a larger type 
on wheels, which has been severely tested with field troops at 
Aldershot during the last two training seasons. While the original 
small machine gave but 60 gallons of water per hour of a mean 
temperature of 100 above that of the in going water, at an 
expenditure of It pints of oil fuel, this larger machine delivers 
3150 gallons hourly of the same coolness, at an expenditure of 
1 gallon of oil for each 480 gallons of water sterilised. In 1907, this 
apparatus was tried with both the First and Second Divisions during 
divisional training, and again on command manoouvres. On the 
first occasion it was able to supply and fill the ordinary water-tanks 
of one and a half brigades of infantry or six weak battalions. This 
meant the filling of twelve tanks twice a day, or, roughly, 2,400 
gallons of water. Located on the banks of a brook in the charge 
of a detachment:or water squad consisting of a serjeant and five men 
of the Royal Army Medical Corps, this steriliser served as a water 
depot from which the various regimental water-tanks were filled, 
these latter being in sole charge of the driver of the horses, who 
had merely to bring his tank in suitable proximity to the steriliser 

1 Griffith: "Heat as a Means of Purifying Water," JOURNAL OF THE ROYAL 

ARMY MEDICAL CORPS, vot vii., p. 226. 
• Firth: "The Griffith Water Steriliser," JOURNAL OF THE ROYAL ARMY 

MEDICAL CORPS, vo1. vii., p. 218. 
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572 Applicat'ion of Heat. for the Pnrification (if Water 

for filling. On the second occasion the same satisfactory resnlts were 
obtained; in this case it was the purifier of water for two brigades 
of field artillery and two squadrons of cavalry. On COmllllLnd 
manomvres in Bnckinghamshire it was sent with the 5th Infantry 
Briga.dc; on this occasion its utility \\,u,s not 'well showu, l1S several 
of the camps were supplied from standpipes connected with a 
public main. During the present year the same machine was 
used successfully with the 6th Infantry Brigade during divisional 
training. In tbe course of these trials notable defects both ill 
design and 'workmanship had been xealised, the lllore importa.nt 
of these being bail balance, insnffici ent capacity fol' storage of 

FIG. 1.- h:xperimenl,n,1 Type of \Vat·er StetiliRer at Work. 

sterilised water, and defeetivc beating appliances. Fortunately, 
when coming home from divisional training in ,Tuly this year the 
frame, or chassis, on which the steriliser was mouuted snapped. 
This afforded us a chance to remodel tbe wbole appamtus and 
rcconstnlCt on lines which experience had shown to be uesirable. 

In :its original Ionn the storage fur safe ,vater was lilnited to 
50 gallons contained in an iron tank in front. On reconstrnction 
this waS discarded, the various parts were rearranged, and the 
additional space rendered available utilised for carrying a 400-
gallon canvas storage tank with standards, an increased supply of 
oil fuel , and a couvenient box for tools and ~pi1re pads. rrhe 
canvas tank folds up into a space lueasuring 20 by 8 by 6 inches, 
and, contained in a C[Lnvas bag, weighs but 30 lb. ']'he oil fnel 
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R. H. Firth 573 

carried by the original machine was only 4 gallons; in its pre
sent form it carries 20 gallons. Advantage was further taken to 
substitute a more powerful burner for that originally used. The 
general appearance of the steriliser in its new form is shown in 
the accompanying fig. 1, which illustrates the detachment at work 
on the banks of a small ditch from which water is being drawn, 
passed through the steriliser, and stored in the canvas tank along
side. Water-tanks coming for a supply are filled from the storage 
tank, which again is constantly being refilled by the machine. 
Thus remodelled, the steriliser was sent on command manoouvres 
this year in the Meon Valley, where it served for two days as the 
water depot to an infantry brigade, and on the other days in a 
similar capacity to a mounted brigade. On no occasion did it fail 
to meet the demands made on it; in fact, had more storage tanks 
been available it could have supplied more water than was actually 
wanted. The detachment working the steriliser both during divi
sional and command training was supplied from the Royal Army 
Medical Corps, and consisted of Serjeant Muirhead with Privates 
Shields, Jordan, and Lloyd. All these are trained men from the 
School of Sanitation, and the success with which they adapted 
themselves to the circumstances demonstrates the ability of the 
Corps to furnish technical personnel for water duties of this kind. 

The question now arises, what inferences can be drawn from 
our experiences with this apparatus during the last two training 
seasons at Aldershot? The answer is] that, given a suitable 
machine or steriliser, water can be purified by heat under field 
service conditions. On this point we need have no doubt, but 
the system must be that of establishing water supply depots for 
each brigade, or approximately, one steriliser to each 3,000 men. 
If utilised as a brigade unit, sterilisers of this or similar type can 
be made to constitute the base on which the whole water service 
of the brigade could rest. Their utility need not be limited to 
meeting the demands for safe water from their own brigades only, 
as, once located where water is to be obtained, water-tanks from 
the most diverse units will find it convenient to use the source 
most accessible at the time. This occurrence was well exemplified 
at West Meon during our recent manceuvres, when, during one 
evening and night, water-tanks from two brigades and divisional 
troops indiscriminately used the steriliser and its storage tanks as 
the nearest and most convenient source of supply. The employ
ment of heat sterilisers on this basis permits of the withdrawal 
of special water squad men with individual water-tanks, as they 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-11-06-03 on 1 D
ecem

ber 1908. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


574 Application of Heat for the Purification of Water 

would have no technical apparatus attached to them; it involves 
merely the need of one water squad of trained men with the 
steriliser itself. This squad can be limited to one N.C.O. and 
three men. As a unit with a brigade, its daily location at 
any convenient source of water supply will be essentially a 
question for the brigadier, as the disposition of his command might 
demand. Its location, marked by the usual watering-place flag, 
would be the rendezvous for all regimental water-tanks requiring 
to be filled. 

Feasible as the scheme thus outlined undoubtedly is, its 
efficiency depends absolutely upon the provision of suitable 
apparatus. Have we such a steriliser? No, we have not; for 
the machine with which our experiences have been gained is but 
a mere experimental type. It presents glaring defects both in 
workmanship and design, but it none the less indicates the lines 
on which we can advance; and the most pressing need now is 
the provision of funds for the building and perfection of a type 
which will meet the requirements of field service. The essential 
features of a field water steriliser are the following: (1) It must 
be self-contained; by this is meant that it should present not 
only the means whereby water can be rendered safe, but carry 
storage tanks for at least 600 gallons of water, and afford also 
accommodation for the carriage of the personal equipment of the 
detachment serving it and blankets for the horses required for its 
traction. (2) It must be able to burn either coal, wood, or oil 
as fuel. (3) It must be so designed as to be portable, and present 
as dead weight, apart from the carriage on which mounted, a load 
not exceeding 1,500 lb., this load including the weight of the horse 
blankets, men's equipment, spare gear, hosing, and oil fuel. If so 
designed, such a steriliser could be drawn by two horses. Given 
four horses or self-propelling power, then the load could be in
creased to 2,800 lb., and the whole apparatus enlarged. 

The accompanying fig. 2 shows the side view of how we think 
a suitable steriliser should be constructed. It consists of two main 
parts, a small wagon or cart in front with the steriliser limbered 
in rear. This vehicle is an authorised type made in the Royal 
Carriage Factory at Woolwich. In the fore part or wagon would 
be carried a tent, two troughs with their standards, each capable 
of storing 300 gallons of water, various tools or spare parts, camp 
kettles, 30 gallons of oil, 60 feet of canvas hosing, blankets and 
rations for the detachment, forage and blankets for the horses, 
picketing gear, together with a flag and pole for indicating 
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FIG. 2.-Side View of Suggested Type of Water Steriliser. 
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576 Application of Heat for the Purification of Water 

available water. The approximate weight of this load would be 
700 lb. The steriliser itself is shown limbered in rear, and consists 
of the following essential parts, which are shown in detail in fig. 3 : 
A is a water-tube boiler, capable of raising steam to 300 lb. per 
square inch from dead cold in eight minutes; Bl is a supply tank 
and heat exchanger combined; B2 is a sterilising chamber, in 
which the water is heated to the desired temperature by means 

FIG. SO.-Showing Plan of arranging Essential Parts of Suggested Water Steriliser. 

of steam from the boiler circulating in coiled tubes; B3 is an 
automatic valve or thermostat, controlling the circulation of water 
under treatment; C is one of a pair of clarifiers for clarifying 
muddy water, and D is one of a pair of pumps, working by steam 
supplied from the boiler; E is an oil reservoir, should oil fuel be 
needed; a small hand pump for preliminary filling of the boiler 
is also supplied and marked F. 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-11-06-03 on 1 D
ecem

ber 1908. D
ow

nloaded from
 

http://militaryhealth.bmj.com/
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The weights of individual parts would be : boiler, 180 lb. ; supply 
tank, cooler, and sterilising vessel, 250 lb.; the pair of steam 
pumps, 245 lb.; the pair of clarifiers, 60 lb.; the oil reservoir, 
10 lb.; and the hand pump, 20 lb. These give a total weight for 
the rear load or steriliser proper of 765 lb., or roughly 800 lb. 
The delivery of purified water from this apparatus should be 400 
gallons in the hour. The weight of the front cart, wheels, and 
platform on which the steriliser is mounted would be 1,350 lb., 
or say 12 cwt., making, with the equipment carried in cart, the 
total load behind the horses 2,850 lb. or, say, 26 cwt., which is not 
excessive for two horses. 

It will be apparent that a steriliser designed on these lines is 
self-contained, and enables the detachment working it to act as an 
independent unit if occasion demands. Our experience at Aldershot 
emphasizes the need of this, as there are times when the detach
ment may be "in the air" and away from its own brigade. If this 
occur, the N.C.O. as commanding the detachment has all essentials 
with him, having merely to indent on the nearest supply dep6t 
for his men's food and horses' forage. This actually occurred in 
our last manomvres, but, thanks to the initiative of Serjeant 
Muirhead, no difficulties followed. This arrangement makes the 
whole installation" elastic," a very important matter. 

It is not implied from the foregoing statements that they repre
sent the only form which an ideal steriliser would or should take. 
Our experience indicates clearly that the adoption of the limber 
design affords the maximum accommodation for equipment with 
maximum stability and facility of transport of the steriliser itself. 
We all know how facile a field gun is over rough ground; designed 
on these lines, a steriliser would be equally handy. In awkward 
localities, the steriliser could be unlimbered and run by hand into 
position, while its limber cart remains in convenient proximity to 
meet the needs of the machine and its detachment. Whether the 
accompanying figures represent the best arrangement for the work
ing parts of the steriliser is another question. We do not claim 
that they do, but time and space have precluded the giving of 
alternative designs. Importance is, however, attached to the utilisa
tion of steam from a small high pressure boiler for heating the water 
to be purified, as the same boiler supplies concurrently energy for 
pumping-one of the most exacting calls on the detachment. One 
of these steam-driven pumps will keep up the supply of crude water 
to the steriliser while the other will fill carts from the storage tanks 
as needed; the water flowing from the steriliser to the storage 
tanks by gravity, as in our existing machine. 
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578 Application of Heat for the PU1'ijication of Water 

One of the most difficult questions associated with the production 
of a field water steriliser is that of weight. In the suggested type 
now under consideration, the limit of 800 lb. has been adhered to, 
or, rather, not exceeded, by cutting down to a minimum the size 
and weight of the heat-exchanger, which is always the heaviest 
part of apparatus of this nature. To appreciate what this involves 
we must consider what is the prime object of having a heat
exchanger at all. The heat-exchanger serves a double purpose: 
it enables the outfiowing water to be cooled, and at the same time, 
by giving heat from the treated water to the incoming or untreated 
liquid, economises fuel. Any interference with the size and arrange
ment of this portion of the machine means that the outgoing water 
will not be cooled down and the incoming water will not be suffi
ciently heated on its way to the central heater to secure fuel 
economy. Experience shows that using these sterilisers in the 
manner explained as water depots, there is no real need for the 
outgoing water to be cold or even much cooled. Stored in the 
tanks, it rapidly cools, and, if cooled and placed in the regimental 
water-tanks in a hot sun, becomes warm again. The conclusion we 
form on this point is that for practical purposes the water can be 
allowed to issue from the steriliser more or less warm, and be pro
ductive of no inconvenience. There remains only the question 
whether the weight of an elaborate heat-exchanger is justified by 
its saving in fuel and increase of delivery. Speaking for ourselves, 
we do not think that the extra weight is worth carrying, and, in the 
suggested type, have made a compromise whereby the principle of 
heat-exchange is utilised as far as possible to secure maximum 
delivery, but clearly on the understanding that the outfiowing 
water will be appreciably hotter than the ingoing. 

Sufficient facts have been submitted to show how far we have 
advanced in this matter of utilising heat for the purification of water 
with moving columns and what are the lines on which we should 
progress further. But before we can so progress we must have 
suitable sterilisers. In regard to the possibility of devising suitable 
types, sufficient has been said to show that the problem presents no 
real difficulties. One need not dwell on the saving in technical 
water personnel which their general adoption would mean. 'The 
only point worthy of serious consideration, in that it is suggestive 
of transport difficulties, is that each steriliser means two horses. 
It is not beyond the ingenuity of man to make such a steriliser 
self-propelling, self-sterilising, and self-pumping. But assuming an 
automobile steriliser is too Utopian to be seriously considered, is it 
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R. H. Firth 579 

too extravagant to say that two horses supplied for traction per 
brigade are merely an equivalent set-off to the saving of sixteen 
men per brigade employed on water duties? Personally, we think 
not, and urge that this view of the question be not lost. The fuel 
question is another point which suggests difficulties to some. In 
the field, the only likely fuels are wood or oil; of the two we have 
a predilection for oil. Its supply in a civilised country would be 
easy, and in a non-civilised area not impossible. The development 
of mechanical transport for field troops is rapid, and the supply of 
liquid or solid fuel for it has been no bar to its increasing employ
ment. Why anticipate exceptional difficulty for water sterilisers? 
With 400 gallon types of machine the average daily expenditure 
Jf oil fuel may be put at five gallons, and each apparatus should be 
able to carry six days' supply. Obviously, the supply service will 
have to adapt itself to the newer demands, and issue mineral oil in 
suitably shaped two-gallon tins, as petrol is supplied. There must 
be an end to kegs and awkward tin utensils for carriage of oil, such 
as are so much in evidence under present conditions. 

Assuming that heat sterilisation of water be accepted as a 
workable scheme for field troops, what will be our requirements 
in this respect? Our experience indicates that the brigade or cadre 
of 3,000 men affords the most economical basis on which to organise 
such a service. This means four sterilisers and sixteen men in 
charge thereof for a cavalry division; five sterilisers and twenty 
men for an infantry division with divisional troops, these being 
allocated thus: three for headquarters and the three infantry 
brigades, one to divisional artillery and ammunition columns, while 
one will be needed for combined requirements of divisional engineers, 
supply and field ambulance units. For army troops, three sterilisers 
and twelve men doing duty therewith will be sufficient. This gives 
a totallleed, for one cavalry division, six divisions and army troops, 
of thirty-seven sterilisers and 148 men constituting their working 
squads_ Under existing conditions we have need of 699 men for 
water duties with the same field force of 135,430 of all ranks. The. 
price of this liberation of 551 technically trained men is the demand 
for 74 extra horses, or, allowing for equine casualties, say 100 
horses. The average price of each steriliser would be £200, or 
the whole thirty-seven, sufficient for an expeditionary force of 
135,000 men, would not cost £8,000. 

So much for the possibilities of purification of water by heat in 
the field army; what is the situation on lines of communication? 
Here, the heat method pre-eminently holds the field to the exclusion 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-11-06-03 on 1 D
ecem

ber 1908. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


580 Application of Heat fm' the P1wificatim1 of Wale,' 

of all others, and is officially l'ecognised as the Inost economical 
procedure . 'rhe difficulties in the way of getting a suitable type of 
steriliser for fixed posts are small, and, without entering into exact 
details, attention is directed to fig. 4, which shows a new type 

PIG. 4.-Kew Type of Wn.ter Steriliser, snita,blc for Fixed Camps ot' Barracks. 

of steriliser for use in biLrracks or permanent ca.nlps. l\Ieasuring 
4t feet in height, 4 feet in width and It feet in depth, thc apparatus 
consists of three m:1in parts: (a) a heating vessel with furnace 
beneath it; (b) and (c) two heat-exchangers or coolers. The water 
does not circulate unless a temperature of 82° C. is maintained in 
the heating vessel. 
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This steriliser can be used with either one or both of the heat
exchange sections, and can be worked with coal, wood, or oil as 
fuel. With coal as fuel, the delivery is 150 gallons an hour with 
one cooler, rising to 220 gallons when both heat-exchaI!.gers are 
used. It has been found that 28 lb. of coal are sufficient to work 
the steriliser for four hours, or a total delivery of 600 gallons with 
one cooler, and 850 with two coolers, on this amount of fuel. With 
wood as fuel, the average consumption is 20 lb. an hour, yielding 
180 gallons with one cooler and 220 gallons with two coolers in 
that time. Fifty pounds of wood will give from 500 to 600 gallons 
of water. When oil is used as fuel, similar results are obtained, the 
average consumption, at 10 lb. pressure, being one gallon for each 
450 gallons of water. 

We anticipate a great future for well-made sterilisers of this 
kind, especially in fixed camps and posts, their great advantage 
being rapidity and economy. The economy is particularly marked 
with oil fuel. The object of this article, however, is not to call 
attention to the possibilities of heat methods at fixed posts or 
camps, but rather to direct attention to their wider application, 
more especially indicating what has been and can be done by 
applying the same to the requirements of moving columns. We 
are disposed to think that as the capabilities of these sterilisers 
are more widely understood, their gradual use with field troops is 
bound to come. But before we can do this we must have experi
mental types made; hitherto, no serious attempt has been made 
to supply them, but we urge that the time has come for these to be 
constructed, and for the ideas here put forward to be tested practi
cally. One may be unduly optimistic, but, speaking for ourselves, 
we are convinced that the real solution of the water problem will 
be found on the lines here indicated. 
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