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STERILI%BTlON OF WATER BY CHLORINE GAS. 

BY CAPTA~N J. STANLEY ARTHUR, O.E.E., B.Sc., A.I.U., 
R.A.M.C. (T.F.), OF LONDON. 

The aim of all water purification for drinking purposes is to 
produce a clear, tasteless water free from harmful bacteria. The 
very best methods of filtration can only bring about a reduction of 
98 per cent of the total number of bacteria present in the water. 
I n  order to remove the remaining 2 per cent of bacteria, and thus 
render the water perfectly safe, a process of sterilization must be 
carried out. This process also acts as a safeguard in case of a 
breakdown of a sand-filter. 

Many methods have been devised to carry out the complete 
sterilization of water, and they can be divided into physical and 
chemical methods. The physical methods, which include 
sterilization by heat and by ultraviolet light, although quite 
efficient, are more difficult to operate and are more expensive than 
chemical methods. Chemical methods are cheap and comparatively 
easy to manipulate, and are capable of very exact operation. 
Chlorine, either as the free element or combined, as in bleaching 
powder, is the chemical which is most largely used. Bleaching 
powder, or  chloride of lime, was first used to sterilize a supply of 
drinking water in 1897 a t  Maidstone where an epidemic of typhoid 
was raging, Its use was attended with very successful results, 
typhoid being very rapidly stamped out. 

Chlorine, in the gaseous condition, although used in America t o  
YrlTE I .hfECH.R.1  



:L sni:L11 extent for some time, has only come into general use during 
the last few years. The amount of chlorine, either as a gas or  
from bleaching powder, required to sterilize water is quite small. 
For a sedimented and filtered water less than half a part of chlorine 
per million parts of water is sufficient for complete sterilization, 
and for a crude water, for example, Thames water at Kew, only 
three to four parts per million are required, provided that this 
chemical is allowed to remain in  contact with the water under 
treatment for not less than twenty minutes. 

A t  the outbreak of war the  only method of water purifici~tiori 
that  could be carried out in the field, other than that involving tlrc 
use of acid sodium sulphate tablets, was embodied in the Water- 
Cart. I n  this apparatus water was pumped from the source, treated 
with aluminium sulpbate with or without the addition of an  alkali, 
filtered through a cloth-covered cylinder on which the aluminium 
hydroxide, produced by the hydrolysis of the aluminium sulphate, 
was deposited and which formed the real filtering medium, After 
filtration the water was treated with bleaching powder-chloride of 
lime-to produce sterilization. It was soon found that the amount 
of bleaching powder that was being added was often greatly in 
excess of that  actually required to produce sterilization. Attempts 
were made to devise a simple method by which the amount of 
bleaching powder required to sterilize any water could be determined 
in  the  field. The first suggestion was made by Professor Sims 
Woodhead, and the actual details resulting in the fitting up of 
a case containing the necessary apparatus and chemicals with 
instructions for carrying out the test were worked out at the Royal 
Army Medical College under the direction of Sir William Horrocks 
(See Appendix, page 1149). Wi th  this test case, known in the  Army 
as the ‘‘ Case, Water Testing Sterilization,” and the water-cart as the 
starting point, the whole of the great water purification scheme of 
the Army has been built up. That the methods adopted have been 
successful is secn from tho fact tlrnt tliroiighoiit t h o  war tli(:re has 
I)ucii no epitltmic of :Lny w;ttm-I)ornc t1ise;tsc. 

TJic first atlvi~nct: iipori tlic wat*er-c:i,rt IV:LS tlie protluctiori uf :L 

ty1x of w:bt,er* piirilicntiori pl:mt which stcrilizcd watc~l. 1 ) ~  :L 
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continuous process at the rate of 125 gallons per hour, using 
bleaching powder as the sterilizing chemical. This was a distinct 
improvement over the water-cart which only worked intermittently. 
From this small type a much better and larger plant was devised, 
giving a continuous output of 400 gallons per hour and in which 
the excess of chlorine that was left in the water after sterilization 
was completed, was removed by means of a solution of sodiuni 
bisulphite. This plant was fitted up on a %ton motor lorry and a 
large number were sent to France and known as Nos. 1 and 2 
Water Tank Companies. These companies had R number of w ; h r  
purification plants which, in addition to being able to sterilize wi~tcr, 
could also remove poisons from it. A large number of t m k  or 
c:irrying lorries were also attached to these companies for the 
purpose of transporting the purified water. 

The 
output of water was relatively low and there was n considerable 
amount of work entailed in preparing the solutions used in the 
process. Attempts were made to overcome these defects and finally, 
by the introduction of the use of chlorine QM, a new type of water 
purification plant was devised which has been adopted, with minor 
alterations to meet special conditions, as the standard of the British 
Army. The principle of this plant has been applied to all types of 
water purification plants in use in the field. 

A considerable amount of work had been done in America on 
the question of sterilization of water by means of chlorine, and 
great difficulty had been experienced in devising n satisfactory 
method of administering this gas to water. In  1912 n patent was 
granted to Major Darnell, of the American Army, for an appaimtut, 
for the administration of chlorine gas to water for the purpose of 
sterilizing it.* 

This apparatus, Fig. 1 (page 1130), consists of a cylinder of liquid 
chlorine connected to a pressure regulator A. This regulator controls 
the flow of chlorine from the cylinder by acting on a valve R by means 
of levers, the reguhtor itself being in turn controlled by the rate of 

* kiiiericaii patent, No. 1007G47, 31 Oot. 1012; Journal Ainer. I'uhIic 

It was felt that these plants had several dimdvantages. 
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How of the water that  is being treated. The regulator consists of 
:LII iron case divided by a circular diaphragm, thus forming two 
similar compartments, a and a'. The diaphragm is connected at the 
top, by means of levers, to the easily adjusted valve B. The lower 
portion of the case, which is air-tight, is connected to  a small 
compressor D through a reservoir C. This compressor is worked by 
limns of a turbine E which is driven by the water that  is being 

Fro. l.--ChZorirzator (Do,rnell). 

:HLORINE CYLINDER 

JL 
ii 

treated. As the WiLter flows througlt the turbine, the compressor 
increabes the pressure of the air in the lower portion of the regulator. 
This pressure will vary according to the rate at which the water is 
liowing through the turbine, and will thus act on the diaphragm and 
control the rate at which chlorine may pass through the valve B. 
Theoretically, the apparatus is automatically controlled, but 
dificulty was experienced in operating it successfully. 

Leavett Jackson and the Electro Bleaching Gas Co. constructed 
appmatus to administer chlorine to water, but the chlorinating 
ttpparatus which has proved commercially successful is that  made 
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by Messrs. Wallace and Tiernan, of New York, who, working 
upon the lines of the Darnell apparatus, have produced two types 
of chlorinators which have proved very successful in operation. 
Other attempts have been made to produce apparatus for the 
purpose of administering chlorine gas to water, but up to the 
present those constructed by Wallace and Tiernan appear to be the 
best and most accurate. 

The two types of apparatus manufactured by Wallace and 
Tiernan are the same in principle but differ in that, in the Direct- 
Feed type, chlorine gas is added directly to the water under 
treatment, while in the Solution-Feed type the gas is first dissolved 
in  water and this solution added. Both types have as an object 
the delivery of a continuous supply of chlorine to water at a known 
indicated uniform rate, which is independent of any changes of 
pressure of the chlorine in  the containing cylinder. The first 
instrument-a Direct-Feed type-was brought to England in  
August 1916 and placed at the disposal of the War  Office by 
Messrs. United Water Softeners, Ltd. 

An experimental plant was constructed and exhaustive tests 
were made upon the canal water at Brentford, Middlesex, with the 
object of determining if chlorine were an  efficient sterilizing 
chemical and if the apparatus were satisfactory. Many of these 
tests extended over a continuous period of 72 hours and the results 
of one test are given in  the Table (pages 1151-3). A t  the conclusion 
it was found that :- 

(1) Chlorine is a most efficient chemical for sterilizing water. 
(2) The apparatus is extremely satisfactory, easy to manipulate 

(3) Water so treated has a far less marked taste than water 

During the tests it was suggested that the use of sulphur 
dioxide gas to remove the excess of chlorine left in the water after 
completion of sterilization would render the process more efficient in 
that the purified water would be free from the  slight taste imparted 
to  it by chlorine, and would render the removal of this taste much 
easier than would the use of a solution of sodium bisulphite. 

and accurate. 

similarly treated with bleaching powder. 



This method has been i~cl011tetl :is skmcl;trcl for d l  types of water 
liuritication plants i n  the  Amiy, except very small oues which 
arc too small to allow of this process to be economically used. 
The Mrec t -Fed  type of Wallace and Tiernun chlorinator was 
adopted :LS standard. 

Uircct-Fcetl Chlorirutor (1’’ig. 3, Plate 21, and Figs. 3 to G).-Th 

N ‘0 

qqiaritus is essentially O I I ~  which meters cliloriiie gas and which at 
the same time delivers the gas at a constant pressure. Chlorine is 
stored in steel cylinders as a liquid and the pressure within such a 
cylinder will iicpcntl upon the teinper:itiirct at which the cylinder 
h:il,pens to  ljo. ‘I lw presslira o f  liquid cfiIorino :i.t 0” C!. is 54 IF. 
px squ:i,re i i d i  :ind :it 5 0 ’  C!. (122’ l!‘.) it is 316 lb. per sqii:irt? imh. 
!l%e ~wessiire registerctl witliiri %t cyliiidci* of liquid clllor.ine is the 
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iiressure which the vapour of liquid chlorine, that is, chlorine gas 
cxerts while in contact with liquid chlorine atJ tho temperature of 
the cylinder and its contents. A rise in temperature will produce 
a rise in pressure and vice versa. 

If gaseous chlorine is allowed to escape, by opening a valve on a 
cylinder of liquid chlorine, some of the liquid must evaporate to 
account for this escape. This will affect the pressure of the gas in 
the cylinder, for liquid chlorine is a bad conductor of heat and 
consequently most of the latent heat required to evaporate it will 
be obtained first from the liquid chlorine itself and not from the 
surrounding atmosphere, and as a result the temperature of the 
liquid chlorine inside the cylinder will fall and thus produce a fall 
in pressure. The density of chlorine will also increase with a fall 
of temperature, and consequently the volume of chlorine gas that 
may leave a cylinder is not a direct measure of its mass. 

The Wallace and Tiernan Chlorinator, Fig. 2, Plate 2 1, is actually 
a reducing valve and meter combined and consists of three main 
portions :- 

(1) The Compensator, in which alterations of pressure in the 

(2) The Metering or flow-measuring apparatus combined in 

(3) The Check-Valve-or back-pressure valve-and Diffiisor, 

cylinder are compensated, Fig. 4. 

the Orifice, Scale, and Manometer, Fig. 5. 

Fig. 6. 

Compensator : Explanation of working, Pig. 3.-Under normal 
conditions when the instrument is started, the valve on the cylinder 
A and the auxiliary tank-valve B, control-valve E, blow-off valve K, 
and auxiliary valve on check valve L, are shut. The auxiliary valve 
L fitted to check valve M and main tank-valve A are opened, the 
control-valve E being kept closed. The auxiliary tank-valve R is 
opened slowly. Chlorine now enters the compensator C through 
the small needle-valve (1, Fig. 4) and pssses down the two holes (2) 
and fills the space between the front portion of the compensator 
and the silver diaphragm (6, Fig. 4). The pressure in this space 
increams and forces back the silver diaphragm (6) and the 
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htt ~~ngtlirnirrg tlihk ( 5 )  against the spring (4) ~ n t l  :it the 5:Lrne 
i imc  dlows tlie spring (3) t o  dose t h o  nerdle vitlvu (1). 

Tlic prcssure of the chlorine in tho  cylinder is irdic*;ttcd by the 
tank pressure-gauge F, Fig. 3. If the control valve E is slowly 
opened, chlorine will pass through this valve and slowly build up n 

pressure which is registered on the back-pressure gmge Q. This 
pressure will be exerted on the back of the silver diaphragm (6, 
Fig. 4) as there is a small hole (7) drilled through the apparatus for  
this purpose. During this operation the control-valve E is only 
opened sufficiently to cause the liquid in the manometer tube 
I1 (Fig. 5) to rise in the small inner tube (9) and remain in sight. 
If opened too much, the liquid in the manometer tube will be driven 
up into the space a t  the top, and it may get into the compensator or 
orifice cap I and T. 

As chlorine passes through the control-valve E, the pressure 
on the front side of the diaphagm (6) will fall, consequently the 
pressure on the back side of this diaphragm-due to a spring (4) 
and the back pressure-will cause the diaphragm (6) to press on the 
needle-valve (1) and thus allow more chlorine to enter. As soon as 
the back and front pressures are equal, a state of equilibrium is 
maintained in the compensator. Any chlorine passing out of the 
compensator will tend to increase the pressure on the check-valve 
M (Fig. 6) and more chlorine will consequently pass through the 
needle-valve (1) due to the slight breathing movement of the silver 
diaphragm, the chlorine entering the compensator from the main 
cylinder at the same rate as it passes through the check-valve to the 
diffusor. Thus a steady flow of chlorine is maintained, the chlorine 
leaving the apparatus a t  a constant pressure set up by the check- 
vnlve M. 

Manometer and OriJce aid Scale (Fig. 5).-The outer glass tube of 
the manometer I3 is connected by means of the small tube (10) to 
the orifice I which is made of glass and which varies in size 
according to the amount of gas that the instrument is required to 
pass, and the small tube (9) to the orifice cap T. As chlorine 
flows from the compensator, it meets the orifice and is necessarily 
checked in its flow, and subsequently a pressiire is set up before 



tlie psscs  tlirougli the orifice. The differonce in the prebsure 
of the chlorine before and after i t  has passed through the orifice 
is proportional to the fiow of tlie gas, as in a Venturi water- 
meter. Since the back pressure set up by the check-valve is 
constant, the chlorine will be passing from the orifice at a steady 
liressure and will therefore be unaffected by any change of pressure 
to which the chlorine may be subjected. The pressure set up by 
tlie flow of the chlorine through the orifice is indicated by the  
height of the liquid in the manometer tube, and this height is read 
by means of an adjustble scale which has been gr:tduated, 
oxperimentally, for tho orifice in  question, in pounds of chloririe 
pw hour. Any desired quantity of chlorine can be allowed to 
pass from the instrument, within the range that the orifice can 
pass, by opening or closing the control-valve X, Fig. 3, on tlie 
compensator C. 

Check- Value (Fig. 6).--Tlie check-valve consists of a silver-plated 
brass or copper stem N through which runs a silver tube (12). To 
the open end of this tube is attached the diffusor 0, which consists 
of a porcelain ring into which two disks of alundum are cemented. 
The other end is attached to a perforated silver hemisphere (14) 
which fits inside the main portion of the valve, and is fitted with a 
needle-valve (15) which is kept open by a spring (16). Closing 
this hemisphere is a silver corrugated disk (17) with t~ similar 
strengthening disk of copper (18) on tlie top of it. Acting on this 
is a spring (8) to which is fitted an  adjusting screw ( Y O ) .  ‘l‘liis 
s!)ring acts on a segmented disk (1 9) which in turn acts 011 the two 
tliaphragniu and closes the needle-valve. No chlorine cim p r ~ c  out 
of the chuck-valve until tlie pressure witliin is suficient to overc‘ouie 
tlie prebsure of the spring (8) iind so lift the needlc-valve. Thih 
pressure is the back pressure and is usually set a t  251b. per 
square inch. 

By means of the apparatus the chlorine enters the compensator 
at any pressure and, after passing through it to the orifice, it is 
metered and leaves the apparatus at a constant pressure and is 
forced into the water through thc diffusor which breaks up the gas 
into vcry small bubbleb. Tlic: amourit of olilorinc passing through 

4 H  
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the apparatus is regulated by means of the control-valve E, Fig. 3, 
and when once set will continue to deliver chlorine at the set rate 
until the cylinder is empty. For a temporary stoppage, it is Ody 
necessary to close the  auxiliary tank-valve K and on restarting, 

e 17 FCET 

1INAl i O R  

to open this valve. The apparatus can be emptied of chlorine by 
means of the blow-off valve K. 

It is absolutely essential that moisture should be kept from 
getting inside the apparatus, as although dry chlorine has no effect, 
moist chlorine will rapidly corrode the metal parts of the apparatus. 
It is also necessary to keep the  eylinder of chlorine at about the 
same temperature as the chlorinator, as at low temperatures 
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chlorine under pressure liquefies very easily, and if the instrument 
is colder than the cylinder, liquid chlorine will collect in it and 
render the flow of chlorine unsteady. 

The Solution-Feed type of npparatus,'Fig. 7, Plate 51, differs from 

E'ro. 9. 

Indian Type Iifotor Lorry 
Plant. 

1,000 G.P.H. 

L 1  SUCTION^^ I b / P U R E  WATER OUTLETS 

the Direct-Feed type in that the chlorine, after it leaves the 
compensator, passes to  a bubble meter in which the bubbles of 
chlorine are seen and counted and are dissolved in water. The 
rate of flow of the chlorine is determined by the rate of the bubbles, 
and regulated by means of the control-valve on the compensator. 

4 a 2  



After the bubbles of chlorine have dissolved in the water that is led 
to the bubble meter and which is under constant agitation, it is 
injected into the water that  has to  be sterilized. “his type of 
instrument has the advantage over the Direct-Feed type in that the 
actual chlorine that is being used is seen, and that it can be used to  
deliver smaller amounts of chlorine than the Direct-Feed type. Jt is, 
however, slightly more complicated and requires more care in fitting 
up, but it is i f  anything more accurate than the Direct-Feed. 

The Direct-Feed type has been adopted throughout the water 
purification plants in use in  the Army, and they have given every 
satisfaction. The makers guarantee an efficiency and accuracy of at 
least 96 per cent, and on several tests the accuracy has been dmost 
100 per cent. 

The purification plants in the Army in which the chlol.ine-s~ill)hur 
dioxide process has been adopted as standard can be divided into 
three classes :- 

(I) Portable plants built on motor-lorries, Figs. 8 arid 9, i d  

( 2 )  Portable plants built on barges, Fig. 15 (page 1142). 
(3) Stationary or land plants, Fig. 16 (page 1143). 

Figs. 10-14, Plates 32-23. 

The first class is primarily for use with an army moving iuto 
occupied territory, in which the usual sources of water have been 
destroyed or rendered useless. The second serves t o  some extent 
the same purpose but on a larger scale, and the third is the s t : i n h d  
type for supplying water t o  troops in  the rear of operations and f o r  
replacing the water supply of towns. 

The process of purification is the same for dl three types of 
plant, and can be divided into five main operations :- 

(1) Coagulation of suspended matter by means of ;tluxninium 
sulphate solution, or, if necessary, with this chemical and 
an alkali. 

( 5 )  Sedimentation of the water so treated. 
( 3 )  Filtration of the water after congulntiort arid 

sudimeutation. 
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(4) Sterilimtion, iising chlorine gas. 
( -5)  I)eclilorirration, riaiirg srilyliiir tlioxiile g ~ h .  

11 ntlei- some circumst:irices it may not be necess;Lry to tre:tt 
chemically or sedinient the water before filtration, but whenever the 
crude water contains a large amount of fine material in suspension, 
or is coloured by iron or clays, a preliminary chemical treatment is 
rwential. 

The five operations are wrried out in slightly different wnys 
by the three types of plants, each adopting that which is most 
convenient. Coagulation and sedimentation are carried out by 
the motor portable plants in canvas dams, but in the other types 
pretreatment tanks form part of the plants. If it is necessary to 
pretreat the water, the required amount of aluminium sulphate, or 
alum, together with lime or soda if the water is very soft, is added 
to the water and well mixed. After standing for Borne time the 
water clears and the suspended matter falls t o  the bottom with the 
aluminium hydroxide which has been formed by the hydrolysis of 
the aluminium sulphate. The cleared water is then led to the 
filters in such a way that the sediment in the pretreatment tanks 
remains undisturbed. The filters, except those constructed by 
Rnnsome ver Mehr, consist of cylindrical iron tanks, filled with 
sharp clean sand resting on a bed of graded gravel, fitted 
with some arrangement for stirring the sand mechanically, and 
so constructed that water can be admitted from the top or the 
bottom. 

Filtration always takes place through the sand from the top 
tlownwards. It is essential, however, that  the filters should be 
completely filled with water from the bottom upwards, in order to 
remove all air from the sand, and to form a solid bed of it free 
from possible cracks and air-channels. When this has been done, 
the direction of the flow of the water is reversed and filtration 
commenced, the water passing in  at the top of the filter and out at 
the bottom. The object of the mechanical stirring arrangement 
and the arrangement for sending the water up through the sand is 
to enable this to be backflushed or  cleansed after it has been in use 
for some fime, thus removing the matter which has been filtered 
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out, on tlie top of the sa.ntl, which gmrl id ly  c:liist’s t l r t !  filtyntic~n 
prcssura to increase. 

1 n the Ransome filter, wet1 on SOIIIO l w g o  i ~ r d  stbtioriwy 
plants, a modification of the ordinary filter is used, a mechanical 
stirring arrangement being unnecessary as the surface of the sand is 
constantly shifting and being replaced by sand which lins 11ecn 
:tiitomatically washed. I n  the earlier type of motor-lorry plant, i n  
wliich weight was necessarily restricted, a meclianicnl stirving 
nrrangement was not used, and backflushing of the filter imtl to t t e  

carried out with crude water. This made it necessary, on startirig 
the filter, to allow the  filtered water to pass to wnste, ns it had not 
heen filtered right through the sand. I n  the other types of plmts 
this was rendered unnecessnry, as sterilized water is used to b:Lckfluslr 
the sand-filters. 

A good snnd-filter shoiild remove all suspended matter :i.nd 
produce a clear water with a considerable reduction of the nnmlwi+ 
of bacteria in it. It will work best if there is present on tflit! 

siirfnce of the sand a h y e r  of aluminium hydroxide. If tlie wttei. 
11:~s been chemically treated, some of the aluminium hydrouitlt! 
formed is carried on to the bed of the snnd-filter from the settling 
tnnkn, but if it has not been so treated, then n solution of nlnminiiun 
sulphste is injected into the water before it cnters the s:i,ntl-filter. 
‘Iiiis solution is liydrolysetl by the water and the nlumiriium 
hydroxide deposited on the  surfacc of the sand as filtration 
proceeds. The filter-bed thus formed clears the water to :L very 
much greater extent than n plnin untreated sand-filter coultl (lo 
and, a t  the same time, it will reduce the number of bacteria in tlie 
wntar very considerably. 

After filtration lms been going on for some tinic, t81ie pressure on 
the filter-bet1 increases, and fi1tr:ttion becomes more clificiilt. i\ 

point is reached when the sand-filter must be backflushed t o  remove 
the layer of sedimentary matter which has collected on the top of 
tlie sand-filter. Before filtration can be commenced again the 
filtering surface has t o  be reformed with nluminium hydroxidt.. 
After filtration the water is then sterilized by inenns of chlorine. 
Some plnnt,n, espccinlly thost! which linve 1)ren corivrrt,ctl t t )  itst’ 
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chlorine g:i.s, can be used for sterilization wit11 bleaching powd~r i n  
(’:isc tlic chlorine metlioil should break down. 

Tlir :tniount of oliloriiie to be :idded is iriclic:Lt,ctl liy me:uis of t i i t :  

test described in the Appendix (page 1149), the complete :Lpparatus 
and chemicals for which are contained in a case supplied to  the 
troops, and known as “ Case, Water Testing Sterilization,” unless tlic 
wnter has been examined bacteriologically. This indicated :i.monnt 
of chlorine is administered by the Wallace and Tiernan Chlorin:ttoi’, 
wliicli is sdjustetl to deliver the correct amount of chlorine for tlie 
pnrticular rate of output of the plant. The apparatus is gradunted 
in  pounds of chlorine per hour, and this is converted into parts 
of chlorine per million of water by means of a conversion scale 
(page 1150). The adjustment of the flow of chlorine is carried out 
as described previously. 

The filtered water is thus chlorinated and partly sterilized, but 
cmnplete sterilization takes place after the water has been in 
contact with chlorine for not less tlian twenty minutes. The 
period of contact is obtained by allowing the chlorinated water to  
p i s s  through a h rge  tank or series of tanks. These tanks are 
fitted with baffles to prevent short circuiting of the water. :During 
the period of contact some of the chlorine is absorbed, and at the 
completion of this time the wnter is completely sterilized as is 
shown by obtaining negative results by the MacConkey and Weutrd 
Red Agar tests, The water, although filtered and free from 
bacteria, contains some chlorine, and as a consequence has a slight 
taste. This taste can be completely removed by the addition of 
sulphur dioxide, the chlorine reacting with this gas to  produce 
hydrochloric and sulphuric acids, or chlorides and sulphates, which, 
nt tlie very great dilution at which they are present, cannot be 
detected by Bste. 

The sulphur dioxide is added to the water by means of a simple 
appnratus which consists essentially of a check or back-pressure 
valve, to prevent the water under treatment entering the apparatus, 
and a fine adjustment valve for regulating the flow of the gas. A 
pressure-gauge is fitted to indicate tlie pressure of the sulphur 
diositle in the cylinder. Tile anionnt of siilphur tlioxiile to  l i r r  
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:itliletl is tlctwminctl by n siItiplt1 chcniiarl test wliic*li i \  i ~ ~ l w : ~ t r t l  
froiri time to  tiinv i ~ i i d ,  i f  necessary, :ITIS alteration of t,lle fine 
atljustment valve mnde. The test is made by ntlclirig :L holiition of  
potassium iodide antl starcli to a small quantity of the water after 
it has been treated with sulphur dioxide. A blue colour is 
produced by the chlorine, and the  amount of sulphur dioxide that 
is being added is adjusted until only that colour is produced, which 
indicates tha t  less than half a part of chlorine is prebent in n 

million parts of the  treated water. This test is extremely delicate, 
for a definite blue colour is obtained with 0.3 part of chlorine 
per million. 

The small amount of chlorine tha t  is left in the water is for the  
purpose of preserving the sterility of i t  during the transit from the 
purification plants to  the troops actually using it. If the water i s  
required for use on the spot, the amount of chlorine left in can be 
reduced to  an almost negligible quantity. On some of the  larger 
plants a rather more elaborate dechlorinating instrument is used, 
differing only in detail to  the above-mentioned type. 

In  field operations, the water which has been purified is either 
delivered to storage tanks, and from these to pipe-lines or, as is the 
case with the mobile purification plants, to  tank-lorries o r  water- 
carts. The small amount of chlorine tha t  is purposely left in the 
water generally disappears by the time it reaches the troops, antl 
consequently no taste of this chemical can be detected. It has 
been found possible, under some circumstances, to  deliver water 
direct to the  petrol tins used for carrying water to  the trenches, 
thus saving a great deal of transport and its attendant difficulties, n 
matter of considerable importance in warfare. 

Experience gained in the late War has shown tha t  watein 
purification installations using chlorine as the sterilizing chemical 
are extremely efficient, simple, and cheap to operate, and tha t  the 
water after; treatment is without the characteristically objectionable 
taste which is associated with water tha t  has been sterilized by 
means of chloride of lime. There is no question that, for 
installations of even a moderate size and even quite small ones 
that are in almost constant use, the chlorine-sulphur dioxide 
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1iroccss is tlic lmt naitl riwst, c?tliciciLt O J I O  thLt can I)c ntlopt,cd. 
Uhlorinc is cho;i.p, i t  is nasily tmnsportwl nntl stored, arid thcre is 
no loss or deterionttiori occ:isioncd I)y even very long storage. Thc 
process entails very little labour for making solutions, and the 
manipulation is extremely simple and easily learnt. 

For very small plants, and those which are not in frequent use, 
the initial cost of a chlorine-sulphur dioxide installation is 
comparatively high, and for this reason chlorine will never replace 
entirely chloride of lime as a sterilizing chemical for water. 
Chloride of lime, however, has one very serious disadvantage in 
that it is very easily decomposed by even a moderate temperature, 
and very great trouble was experienced in the early days of Mie 
War in providing a supply of sterilized water for the troops 
engaged in  operations in the East. As soon as the chlorine-sulphur 
dioxide process was introduced, this difficulty was, to a very great 
extent, overcome, but the process could not be economically applied 
to small plants which gave an output of only a few gallons per 
hour. 

As a result of experiments undertaken with the object of 
producing a sterilizing chemical which was not easily decomposed 
by heat a new substance was introduced. This chemical is known 
as bromine bleaching powder,* and is very similar in properties to 
chlorine bleaching powder, except that  it is not decomposed a t  
temperhtures as high as 100" C. Bromine bleaching powder 
impxrts a less objectionable taste to water than ordinary bleaching 
powder and is quite a n  efficient sterilizing chemical. 

From this survey of the water supplies of the Army, it is 
evident that  a supply of sterilized water can be maintained under 
almost any possible conditions by the use of one or other of the 
various types of water purification plants mentioned. So successful 
has the process been that new plants have been ordered for use in 
the East, Fig. 9 (page 1139). These are lighter and more compact 
than the ones used in France, and are even simpler to manipulate 
and embody many small improvements in design which have been 

* Eritish Patent No. 14661/18. 
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f o i i n d  to be tlosimbln as $1, result, of experience gn.inw1 on nct,ivc: 
s(.bi.vice iii t h r  W:ir. 

Tliis t ’ q t x  wodtl I I C  y i d ~  incoiiiplctc. if tlrc iiivdrdilc work 
done on the subject of Water Purification for the Army by 
Colonel Sir William Horrocks, K.C.M.G., C.B., M.D., and his 
Advisory Ronrd was not fully acknowledged and emphasized. !Flit! 

w0rk done by this Advisory Board of the Army Medial1 Service 
contributed to an enormous extent to the magnificent standard of 
health of the Army during the War. The whole of the work on 
Water Purification was under the direct control and personal 
supervision of Sir William Horrocks, and this Paper only deals 
with n portion of this work, bu t  it will serve t o  indicate what has 
been done to  safeguard the water supply of the Army during the 
Great War. 

The Author is indebted to Messrs. The United Water Softeners, 
Ltd., for their kindness in lending several of the blocks nntl 
plrotographs used for illustrating this Paper. 

The Paper is illustrated by Plates 21-33, !) Fig--. i n  the 
letterpress, ant1 is accompanied by .zn Appendix. 



L)KSCliIPTlON ANU 3 h ' l ' H O D  OF USING THY " CASli ,  \vAl'lClL T N S I ' I N G  

sl'ERILlZAl'IOS," 1 N  CONNEXION WlTH CHLOllINE GAS. 

Description of Coiatents. 

The contents of tho case are as follows :- 
Six white-cnamclled cups, each holding 

Om black-enamelled cup with mark on the iiisidc. 
Two metal spoons, each holding 2 grammcs when filled with blcachiug 

powder level with the brim. 
One stock bottle of zinc iodide and starch test solution and oiic 

dropping bottle. Three drops of the solution give a definite colour 
with water containing one part per million of free chlorine. 

Six glass tubes or pipettes, each of such dimensions that a drop of 
standard bleaching powder solution dolivered by it, when hold in a 
vertical position, into a white cup filled with water gives a dilutiori 
of one part per million of free chlorine. 

Four glass stirring rods, twelve pipe cleansers and two copies of 
instructions. 

pint of ~ t i t ~ ~ '  \ ~ ~ I O U  hllcd to 
the brim. 

Method of Using. 

Crude water is generally used. The test is best carried out  while thc 
plant is being prepared for work. The test takes about half an Iiour to 
carry out. 

1. A standard solutioii of bleaching powder is prepared in tho Mack cup 
by putting into it one level spoonful of good bleaching powder, making it iiito 
a paste with a little water by stirring it with a glass stirrer and carcfully 
breaking up all lumps. More water is added to the pastk and the black cup 
filled with water to the mark on the inside. This is stirred vigorously a i d  
the glass stirrer left in the black cup. One of the pipettes is put into the 
solution, which is never clear as i t  contains lime in suspension. 

2. The six white cups are filled with the water to be tested to within 
2 inch of the top. 

3. Drops of the standard bleaching powder solution from the pipette arc 
added to  thc water in the white cups so that they contain 1, 2, 3, 4, 5 i ~ n d  
(i drops rospoctivcly. Each cup is thoroughly stirred with a clean rod, a d  



1150 STEHILIZATION OF WATER BY CHLORINE: GAS. X O V .  19%). 

s - 2  
2%: ,Z 

. 

1 

2 

3 

4 

5 

G 

? 

S 

9 

10 

, 

this rod is lcft in one of the cups. The cups are allowed to stand for lialf aii 
hour. 

4. After lialf a11 hour, tlirco drops of the zinc iodide slid starch solntion 
are added from tlie dropping bottlc, and each cup is stirred with thc rucl that 
was lcft in one of the cups. 

5. Somo of the six white cups show no colour, while some will sliuw :I, 

blue colour. The first cup which shows a blue colour, that is tlic oiic 
oontaining the smallest number of drops, is notcd. If cups 1, 8 and 3 show 
no coloilr and 4, 5 and G show a blue colour, thon cup numbcr 4 is tlic o m  t o  
lic iiotetl. The witter will therefore rcquiro four parts of chloriiic pcr iiiillioii 
to sterilize it. If none of the cups show a blue colour, then tlie cups arc 
w d i c d  out aud the test pcrforined again with G ,  7, 8, 9, 10, 11 aiid 1 2  d r o p  
ol Ihe bleaching powdor solution in the cups. 

6. l h c h  drop of the  bleaching powdcr solution in a white cup uf wator 
corresponds to one part per million of chlorine. 

7. I t  is to be noted that only if the bleaching powder is frcsli and good 
will this test accurately agree with the amounts of chlorine gas rer~uircd for  
sterilization. It serves, however, as a guide for the amount of cliloriiic to Iic 
idclcd to t h o  wator by means of tlic Wallace and Tierrian Ohloriiiator. 

Gallons of watcr per hour. 
~~ 

I 
400 1 500 600 i 700 800 900 1,001 

0~O0410~00~0~OOd0-007 0*0080.OOO 0.01 

0*008,0.01 0~0120~0140~0160~018 0'03 

0~0120*0150~0180~0210~0240~027 0.03 

0.0160'02 0'024'0*028 0'052 0.036 0.04 

0.02 0 ~ 0 2 5 0 ~ 0 3 0 0 ~ 0 3 5 0 ~ 0 4  0.045 0.05 

0*0240.03 0*0360~0420~0480~054 0.06 

0~0280~0350~042,0~0490~0560~063 0.07 

0.032 0.04 0*04810.0540*064 0.072 0.08 

3.096 0,045 0.054~0-063!0*072 0.081 0-09 

'0.04 0 05 0.06 i0.07 I0.08 0'09 0.1 

--I 

I 

I 

I '  

Conversion Table, 
S ~ o w m c ;  LB. OB CHLORIXIC i m t  nouii. 

1,100 

0.011 

0.028 

0.039 

0.041 

0.055 

0.066 

1,200 1,300 1,400 

0.012 0.013 0,014 

0.044 0.0% 0.038 

0.030 0.031) 0.042 

0.048 0.052 0,066 

0.06 0.065 0.07 

0.072 0.078 0.084 

~ ~ - ~ -  

I 
0,0771 0.0841 0-091/ 0.0981 

0 . o q  0.0961 0.1041 0.1121 

0.099 0 108 0 lli 0 126 I -  i M .  I 
0.11 0.19 0 13 0 14 

~ d l A l  
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Experimental Test on the Chlorination of Water by meutis of thc, 
IVallrtce Tiernan Chlorinator. Brentford, 12th-15th Sept. 1916. 

All chlorine was removed sftcr sterilization by means of sulphur dioxidu. 

Tiiiie 
of 

Tcst. 

_ _ ~ -  - 
12/9/16 

3.30 p.m. 
3.40 ,, 
4.30 ,, 
6.0 ,, 
8.30 ,, 
10.30 ,, 

13/9/16 
1.0 a.m. 
3.0 ,, 
5.0 ,, 
7.0 9 ,  

9.15 ,, 
11.0 ,, 
2.0 p.m. 
4.0 7, 

14/9/16 
5.30 p.m. 
6.0 ,, 
7 .0  ,, 
8.30 ,, 
10.0 ,, 
11.30 ,, 

15/9/16 
1.0 a.m. 
3.0 ,, 
5.30 ,, 
9.0 ,) 
11.0 ,, 
1.0 p.m. 
2.30 ,, 
3.30 ,, 
4.30 ,, 
5.30 ,, 

7.0  ,, 

Rate of 
Flow. 
Galls. 

per 
hvur. 

540 
770 
720 
600 
7 20 
6 40 

675 
675 
675 
675 
(i75 
640 
640 
640 

720 
740 
720 
720 
7 20 
720 

720 
720 
720 
7 20 
720 
720 
720 
720 
675 
640 
640 

Wallacc Ticrnaii Gauges. I Chlorine-parLs per 
millliou 

Tauk. 

74 
70 
72 
75 
75 
75 

72.5 
71 
71 
72 
77 
82 
82 
77 

63 
61 
57.5 
56 
55 

62 
50 
49 
48 
52 
65 
68 
70 
70.5 
70.6 
70.5 

Back. 
~Ia110- 
metel: 
Lcvcl. 

19'5 
19 5 
19.5  
20 
19.5 
19.5 

19.2 
19.1 
19.1 
19.4 
19.75 
19.75 
20 
20 

20 
19 
18.6 
18.5 
18.5 

18.5 
18.5 
18.3 
18.1 
18.75 
19.1 
19'1 
19.2 
19.5 
19 
19 

0.8 
0.57 
0.56 
0'55 
0.5 
0.525 

0.52 
0.52 
0.53 
0.54 
0-55 
0.5 
0.54 
0.53 

0.75 
0.75 
0.79 
0'8 
1.06 

1.07 
1.07 
1.08 
1.1 
1.15 
0'55 
0.55 
0.55 
0.35 
0.17 
0.15 

njected 

4 .7  
3'6 
3.5 
3.5 
3'4 
3.5 

3-5 
3.5 
3.5 
3.5 
3 - 5  
3'5 
3'5 
3.5 

5.15 
4 ' 1  
4.1 
5.3 

5.8 
5.9 
6.2 
6.13 
6.2 
4.7 
4.8 
4 .4  
2.4 
1.4 
1.2 

10 ints. , 30 mts. 

- 

3.0  
3.5 
3 . 2  
3.2 
3.3 

3.3 
3.3 
3 - 3  
3.3 
3 . 3  
3.3 
3.3 
3 . 3  

3-13 
1.77 
1.77 
3.1 

3.9 
3.8 
2.1  
2.2 
2.6 
4.4 
3.8 
3.8 
2.0 
1.2 
1.1 

- 
2 .7  
3 . 3  
3.2 
3.2 
3.3 

3 .3  
3 . 3  
3.3 
3.3 
3.3 
3 .3  
3.3 
3.3 

1.7 
0.9 
1.0 
1.95 

1.95 
3.2 
2.1 
1.6 
2.1 
3.4 
1.77 
1.7 
1 . 5  
1.2 
1.1 

Hemarks. 
13/9/16 (4.30 P.III.) Breakdown of nurimin2 15/9/16 (9.45 a.m.) Chlorine rrnr1rd - - -  , .  

plaut. , , id. o p.m.,'clilol,ine-reducerl. 
,, (4.0 p.m.) Chlorine reduced. 14j9/1B (5.0 ym.) Started again after repairs. 

,, (6.0 pm.)  Coninleiiced chlorinatiug. ,, (5.30 p.111.) Text stopped. ,, (lo.30 p.ni.) Chlorine iiicrcased. 



MacGonkcy Test-50 cm.3 incubated at Grentford. 
1)atc aiid Time of Inspection. 

Tiiiw vf 

Test. 
nlsc(;onlicy 

15/9/lG 
10 a.m. 

16/9/16 
2 p.m. 

14/C3/1G 
11 a.m. 

19/9/16 21/9/16 
3 p m .  11 a.m. 

A B ( A  B 
4 .30 p.111. 
6.0 1, 

3.0 ,, 
11.0 I )  

1.3/3/16 

1.30 LL.111. 
3 . 0  ,, 
5.30 ,) 
7.30 ,, 
9.45 ,, 

11.30 ,, 
2.15 p.11~ 
4.30 1, 

I 

- 
4- + - + -  

16/9/iG 17/3/16 
4 p.m. 3.30p.m 

51/9/19 2!2,lJ/LL 
11 a.m. 11 8.111. 

I 
7 '  i .20 p.LL1. 
x.45 ,. 

10.30 ,, 
11.45 ), 

15/J/lti 

3 .o il.lll. 
3 . 0  I ,  

5.u ,, 
7.0 .> 

9.0 ,, 
11.0 ,, 
1.0 p.111. 
2.50 ,, 
4.0 ,, 
4.45 ., 
5.30 ,, 
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Rsmarks. - The following samples were taken, and sent to R.A.M. 
College :- 

12/9/16 (6.30 p.m.) Two samples. Both reporled sterile. 
,, (11.0 p.m.> ,, .. ,7 

18/9/16 (3.0 a.m.) One sample. Reported sterile. 
,, (12.0noon) ,, ,, 9 ,  

,, (3.30 p.m.) Two samples. One reported sterile, one non-sterile. 
14/9/16 (12.0 midnight) One sample. Reported sterile. 
15/9/16 (7.15 a.m.) , I  $ 9  

,, (11.30 am.)  1, 1, 

,, (12.30 a.m.)! ,, ,, 

Discussion in London. 

The PRESIDENT said his first duty was t o  ask the members to 
pass a very hearty vote of thanks to  the Author. for his admirable 
Paper. 

The Motion was carried with applause. 

The PRESIDENT said the actual sterilization of water did not 
concern the mechanical engineer (except of course when he had to 
drink it), but he had to  understand the principles on which that 
sterilization was effected, otherwise he could not design nor appreciate 
the machinery used for the purpose. The Author had given the 
principles, and had explained and illustrated the machines in his 
Paper, and he (the President) hoped there would be a good discussion. 

Dr. SAMUEL RIDEAL said he was sorry he was the first speaker 
on the Paper, for the reason that the subject matter was mom 
mechanical, as the President had said, than chemical. He had 
been a chemist and a bacteriologist all his life, and therefore did not 
feel quite competent to open the discussion. He very much regretted 
the  absence of Sir William Horrocks, who knew mom about the 

4 1  
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Dr. Samuel Rideal.) 

actual operations of chlorine sterilizers during the War probably 
than anyone else, and he had hoped he would have been able to 
open the discussion. The Author had said that the subject was 
novel, and had traced the early history back to the time of the Boer 
War. It was true that, during the Boer War, chlorine was not used 
for sterilizing purposes, but it had been used for sterilizing water 
long before that period, and bromine, which the Author also referred 
to in connexion with the bromine bleaching powder, had also been 
used for sterilizing water before that date. In  fact, some of tlir 
earlier work was done shortly after the cholera epidemic in Altonn, 
which was some fdteen years earlier, when experiments were 
cond11cted in using bleaching powder for sterilizing the effluent 
water from the emigrant station a t  Hamburg. The first practical 
use of chlorine for sterilizing water on a large scale was in connexion 
with the Maidstone epidemic, when Sir Sinis Woodhead used 
bleaching powder for sterilizing the water mains. 

He regretted that Sir Alexander Houston was not present that  
evening, as he had taken a great interest in the problem of utilizing 
chlorine and bleach for sterilizing water. In  the Lincoln epidemic: 
-whi'oh he did not think the Author had mentioned-in 1905, 
which was after the Boer War, chlorine was used for sterilizing tlic 
water supply by him, so that experience had been gained before the 
water problem became acute in connexion with the Army. He 
himself had seen in Philadelphia in 1912 Major Darnell's apparatus, 
which was one of the earliest forms of apparatus for using liquid 
chlorine as apart from bleaching powder for sterilizing. That was 
demonstrated before the International Congress for Hygiene and 
Demography which was held in Philadelphia in that year. The 
developments of the Darnel1 plant which had been shown that 
evening of course came rather Iate in the War, and one would have 
thought that  the Americans, having had that practical experience 
in chlorine sterilization on a large scale for many years, would have 
been able to put forward their plant in a practical form for the use of 
the troops earlier than they actually did. 

In  the perfected form of the instrument that had been described 
by the Author, the advantages of chlorine over bleaching powder 
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were obvious, although it must not be forgotten that there was a 
distinct difference between the behaviour of liquid chlorine and 
bleaching powder. Chlorine was a more effective germicide 
apparently in the acid condition, while bleaching powder was an 
alkaline body. It was known that the efficiency of chlorine under 
those two conditions was different. Chlorine in acid acted as an 
oxidizing agent and thus destroyed organic matter, whilst bleaching 
powder, being alkaline, was not so energetic until the chlorine from 
it had been liberated by means of an acid. Therefore when bleaching 
powder was added to an alkaline water there was less germicidal 
activity than when chlorine was added to the water. 

Liquid bromine had been also used as well as liquid chlorine 
for water sterilizing purposes. It was used in the " Eighties " or 
" Nineties '' by the German Army. Their method was a very simple 
one. They had the liquid bromine in a glass bulb and broke the 
dose of bromine which was required for sterilizing purposes into the 
amount of water required. Therefore the use of a corrosive liquid 
like chlorine was worked out in that way in the case of bromine, 
before the bromine bleaching powder described by the Author was 
suggested for water sterilizing purposes. The relative activities 
of bromine, chlorine, and iodine were known. What was known as 
the Rideal-Walker coefficient of chlorine was 24, whilst that  for 
bromine was 62, and for iodine it was about 100. Those figures 
were very roughly proportional to the atomic weights of the three 
halogens, and a t  the same time expressed their relative germicidal 
values, taking carbolic acid as the unit. 

One of the most important points that had to be carefully 
considered when using any of these methods for sterilizing water was, 
as the Author remarked, the removal of the after-taste of the water. 
Whether bleaching powder was used or chlorine, there was always 
that effect, and various methods had been devised for destroying the 
taste. The Author had selected sulphur dioxide as a nieans of 
neutralizing that after-taste of the chlorine. That had to  be carried 
about in a cylinder as a compressed gas and used with the addition 
of a regulator very similar to the doser used for chlorine itself, and 
care had to be taken to control the excess of the sulphurous acid 

4 1 5  
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in order to ensure the destruction of the taste, and therefore it might 
be necessary to add something to remove the excess of sulphurous 
acid itself. Iron had also been used as a I ‘  dechlor,” but amongst the 
things which he thought in practice were simple and useful, and which 
did not give any after-taste or add any injurious or additional 
substance to the water were hydrogen peroxide-which was simply 
water plus oxygen and, therefore, added nothing to the water-and 
permanganate. Potassium permanganate or sodium permanganate 
was a common enough reagent and had been used for pinking wcllx 
in India for the last fifty years, and had a very excellent effcrt 
in removing the after-taste of chlorine. It had been tried by Sir 
Alexander Houston in connexion with the London water supply 
with very satisfactory results. The permanganate when dissolved 
could be added to the chlorinated water regularly and simply, and 
it was very easy with that chemical to see that a sufficient quantity 
had been added, because one could note from the colour when an 
excess was present or not. He thought those were useful points to 
remember, and congratulated the Author in putting on record 
the details of the plant which they had seen that evening. 

Major-General Sir WILLIAM LIDDELL, K.C.M.G., said he could 
only say a few words as a user of the plant, and it might be of 
interest to state how the need for it arose. The authorities were 
faced with the problem in 1916 of providing water for a proposed 
force of about twenty divisions marching right through North-West 
Belgium. The water in that area, practically all from surface 
supplies, was probably as foul as could be found anywhere. It 
was extraordinary how bad the water supplies were, even in the 
big towns in that part of the country. It was necessary tmo 
provide for a rapid advance-which eventually, as a matter of fact, 
never took place. Thus we had, first of all, t o  depend on the water 
of the canals as the main sources of supply, although the water in 
them was grossly contaminated. The plant, or the early form of 
it, was therefore fixed on barges, which at the time was a novelty. 
Then motors had to be provided with the sterilizing plant to  &a1 
with watcr from surface wells and other sources remote from canalx. 
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The capacity of the mobile sterilizing plant gradually evolved from 
400 gallons to 1,200 gallons an hour by reason of the use of chlorine 
gas as a reagent. As the Author had said, there was an idea of 
providing a cavalry plant on horse-drawn vehicles as well; but 
this type was soon abandoned. That advance, as he said, never 
matured, but the mobile plants on barges and lorries proved 
extremely useful in every way on all parts of the Front. Their 
use was spread all through the Armies, and he thought that 
in many tight places the presence of water-sterilizing lorries had 
enabled the troops to maintain their positions and saved them 
from retirement. 

Another point which he would like to mention was the forms 
in which the principles underlying the system of purification of 
water adopted in' mobile plant was made use of for stationary 
plant. The River Yser was probably one of the most unpromising 
sources that could be imagined, or a t  least it was so in the 
neighbourhood of some of the intakes, but was the only large 
source available, and was made use of for the supply of a large 
section of the Front in 1917. A supply of between 200,000 to 300,000 
gallons daily was required. At first a sand-filtration plant, which 
proved more or less a failure, was established, and was shortly 
succeeded by a system of sedimentation with alumino-ferric for 
about eight hours, in tanks holding about 50,000 gallons each, 
then by chlorination in tanks of similar dimensions by solution of 
bleaching powder added to the water as it was moved from one 
tank to another. That water was eventually pumped up 15 or 
20 miles t o  the Front. It was a very simple method, and it required 
very careful watching by chemists, but proved thoroughly effective. 
The main interest in the system was that it dispensed practically 
with any filtration through sand a t  all. 

Another form of the same simple type adopted in the later 
advance through Belgium in 1918 consisted of a small portable 
apparatus-really only two canvas tanks, each holding about 
9,000 gallons, and'a hand-pump or small motor-pump. One tank 
was a sedimentation tank, and in it the water was treated with 
alumino-ferric, being in contact with it for about eight hour8. 
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The water was then pumped into the second tank and chlorinated 
as before with a bleaching-powder solution, and thence distributed 
to the troops. These small portable installations were in general 
use in Belgium towards the end of the War. 

He (the speaker) thought it could be claimed that the water 
supply to the troops was extraordinarily good on the whole 
throughout the War. In the early stages of the War he thought 
he was right in saying that, whereas the French had something like 
60,000 or 80,OOO cases of enteric during the first eighteen months, 
the total British cases were something like 1,000. This comparative 
immunity was due to anti-typhoid inoculation being general, and 
to the careful treatment of the water supplied for drinking 
purposes. 

Dr. ERIC K, RIDEAL, M.B.E., F.I.C., said he was a chemist, but 
he had had a certain amount of experience with the various types 
of barges, not only of those described in the Paper, but also of the 
Bell system, which the War Office used in different parts of Belgium 
and Prance. He was practically the whole time in the Somme 
area, and did work both on the barges and on the portable water 
filters. There were always difficulties in dealing with water supplies 
during War time. First of all there was the usual type of difficulty 
which one sometinies got also in private work, namely, the question 
of people walking into the water supply. The Prench native troops, 
which came at different times into the area where he was situated, 
were rather attracted to the drinking water supplies for the purposo 
of washing. There were other difficulties, as, for instance, cohesion 
between the different parts of the troops-who was going to couple 
up the water supply to the pipe-line, and who was responsible for 
this, that, and the other. All those were naturally things that 
took place when sonic, people were on a barge and other people 
were on land. 

As far as the direct dosing with chlorine was concerned, there 
were two types of apparatus which could be used-the Wallace and 
Tiernan apparatus, which might be called thc direct dosage, chlorine 
being passed straight into thc water. Then there was the othcr 
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type in which a minor volume of water was chlorinated, and the 
nunor volume of water thus chlorinated was added to the main 
bulk. The fundamental difficulty was the question of the 
measurement of chlorine, which was really a most heartrending 
problem to anybody who had tried to do it. 

There were three types of apparatus by which one could measure 
chlorine-the Venturi type meter, the Pulsing type meter, and the 
electric-flow meter. The electric-flow meter had not yet been 
applied to the measurement of chlorine, but it had been applied 
very successfully to the measurement of other gases, and there was 
no reason a t  all why it should not be also used for the purpose of 
chlorine measurement. All those types suffered from the 
disadvantage that one was dealing with very small quantities of 
chlorine (usually less than one litre per minute), and therefore the 
measurement gear had to be extraordinarily accurate. The Venturi 
meter could be divided into two types-the pin-oritice meter, and 
the long capillary tube. They were extraordinarily sensitive to 
temperature changes and also sensitive to little bits of iron coming 
off the cylinders, flies and other insects, and things like that sticking 
in the very fine orifice. The quantity of chlorine passing through 
was very small, and therefore the orifice type of meter was not a 
very good one. The Pulsing meter was preferable, owing to the 
fact that there were no very small contractions or jets in the gas 
flow. The electric resistance one could probably be elaborated 
into a very serviceable mechanical arrangement. 

After having divided the chlorine meters into types and obtained 
il measurement of the gas passing into the water, the question 
naturally arose to the mechanically minded ; how could the 
quantity of chlorine left in the water after a certain time be 
measured ? The usual method was to take some of the water and 
do a tritration. There were some very interesting facts which 
were electro-chemical in the action of chlorine on water. He 
got out the oxidation potential of chlorine in both acid 
and alkaline water, and it was 1.9 volts in acid water and 
0.86 in alkaline water. That meant that chlorine was very much 
stronger as an oxidation agent in acid water than in alkaline 
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water. Chlorine in acid solution was nearly as strong as potassium 
permanganate. What was called the hydrogen ion concentration of 
water was a very important thing, and had a distinct bearing on 
the question of adding gaseous chlorine in lieu of alkaline bleaching 
powder and alkaline hypochlorites. One really required to meamrc 
in a water, not the available chlorine, because that did not convey 
very much information, but rather the oxidizing potential of the 
chlorine. That was a problem Mr. Evans and he were interested 
in many years ago, and they provided a mechanical apparatus for 
measuring the oxidizing potential of chlorine in water. It was 
simply a piece of platinum wire in a copper tube. A little of the 
water was passed through that apparatus, which acted as a little 
battery, and it was quite possible by a very simple device to read 
off the quantity of water flowing. That would give the quantity 
of chlorine in the water as measured in the terms of its oxidizing 
power, and it differed very considerably from the very alkaline 
water of the London basin to the comparatively acid waters which 
were found in certain parts. 

The rapidity of action of chlorine dependcd on its oxidation 
potential, which was the important feature. In  France one was 
much struck with the need of some very rapid method of getting 
that oxidation potential, owing to the fact that  the water was 
always varying in chlorine absorption, and tests were frequently 
needed with potassium iodine starch, in order to  scc that the water 
was not ultimately going to kill everybody about tho place. A 
little mechanical device was rigged up for adding the potassium 
iodide in starch. It took the form of a tube and siphon, and if the 
d o u r  remained blue, one might be quite happy that things were 
going right, but the electrical method of measuring the quantity 
of chlorine was preferable to that. 

The amount of chlorine with different waters was remarkably 
varied. On the Somme they had a great opportunity of studying 
the action of chlorine on impure water, which in the autumn season 
was polluted with a great deal of vegetable matter, and in the 
summer and other times with animal pollutions as well. The 
action of chlorine on vegetable and animal pollution was very 
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different. The after-taste was extraordinary in animal pollution, 
and much less in vegetable pollution. The chlorine absorption 
was much higher with vegetable than with animal pollution. It 
was not quite clear what the peculiar taste was due to, but he 
thought it might be the presence of phenoloid bodies in the animal 
refuse, and of course a very small quantity of chlorphenol in the 
water would cause an extraordinary taste. The action of chlorine 
on micro-organisms was also most interesting ; in fact, one type of 
B. coli could be changed into another in a short time by treatment 
with traces of chlorine. It all arose really out of the method which 
had been in use in the States for many years, and had been and 
still was being investigated in this country from all those different 
points of view. 

Mr. WILLIAM PATERSON said that most engineers would share 
with him a certain feeling of diffidence in entering into a discussion 
on the subject of the sterilization of water supplies, for they felt 
that it was to the chemist and bacteriologist that they owed their 
knowledge of the action of the reagent. The Paper gave little 
scope for discussion, as it described only one particular type of 
apparatus used during the War, and therefore was not a subject 
upon which one would care to enter into a critical discussion, but 
the Author had referred in his general remarks to one or two points 
that he thought called for a reply. The general impression conveyed 
by the Paper was that the process of chlorination was first 
developed in America, and to some extent that was so, but he 
would have been better pleased had the Author referred to thc first 
instance in which chlorine was used for the disinfection of water 
supplies, as a t  Lincoln in 1905. 

On the first page the Author stated that “bleaching powder 
or chlorine was first used to sterilize the supply of drinking water 
in 1897 at Maidstone, where an epidemic of typhoid was raging.” 
That was hardly the case. On that occasion hypochlorite of lime 
was used simply for flushing out the mains and ensuring their 
disinfection. The polluted source of supply was then cut off. 
Prof. Sims Woodhead was responsible for the good work done a t  
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Maidstone, and in his Paper on “ Results of Sterilization Experiments 
on the Cambridge Water,” read before the Cambridge Philosophical 
Society in 1910, he said : “ I filled the whole of the water mains 
from the gravitation reservoir with 1 in 300 solution of chloride 
of lime or bleaching powder. From the complaints received by tho 
water company from all sources I was satisfied that we had attained 
our object.” It would be noted this was simply disinfection of 
the mains and not sterilization of the water supply. 

No Paper on the chlorination of water supplies was complete 
without reference to the classic researches of Dr. Houston and Dr. 
AIcGowan, who in 1905, for the first time in history, maintained tho 
sterilization of a polluted supply to 50,000 people. A full account 
of this work was given in the Fifth Report of the Royal Commission 
on Sewage Disposal, and he would strongly advise anybody interested 
in the subject to secure that Report. Their researches determined :- 

(1) The amount of chlorine absorbed by waters of varying purity. 
( 2 )  The effect of sunlight on the action of chlorine-sterilized 

(3) The effect of chlorinated water on slow said-filter beds. 
(4) Factors affecting taste troubles, etc. 

water. 

It had been an invaluable guide since 1905 on all matters relating 
to the sterilization of water supplies with chlorine. 

With regard to the question of the sterilization of water by 
chlorine gas, he regretted the Author made no reference a t  all 
to thc first occasion when it was suggested that gaseous chlorinc 
should be used for the sterilization of water supply. The idea did 
not originate in America, but came from Lieut. V. B. Nesfield, a 
British Officer in the Indian Medical Service. He (the speakcr) 
had with hini a copy of Public Health for July 1903, containing 
Nesfield’s Paper on “ A Chemical Method of Sterilizing Water 
without affecting its Potability,” advocating the use of portable 
gaseous chlorine plants and declilorinating with sodium sulphite, 
and giving the result of actual tests carried out with these reagents. 
Surely the Author might have inade some reference to that first 
occasion on which it wias suggested that gaseous chlorine be uecd, 
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as a simple portable means for sterilizing water supplies for troops. 
This process was nine years later brought into practical working in 
America by Darnell and Ornstein. In  his opinion Orstein’s 1913 
patent indicated the first really practical method of applying 
chlorine gas for water-sterilization purposes. Although filed only 
a year after Darnell’s, it represented a marked advance in the 
mechanical development of the process. 

The Author stated that there was less taste with gaseous chlorine 
than with hypochlorite of lime, but the speaker’s own experience 
had not led him to think so. He believed water accurately dosed 
with hypochlorite was no more liable to taste troubles than that 
treated with gaseous chlorine, and he understood others had a 
similar experience. The advantage of gaseous chlorine was the 
possibility of adding it more precisely than hypochlorite of lime. 
Taste, due to excess oi free chlorine, could be removed by 
dechlorinating, but if the taste was due to the reaction of the 
chlorine with impurities in the water, no dechlorination would 
remove it. Sir Alexander Houston, in his Thirteenth Research 
Report for the Metropolitan Water Board, stated on page 37 :- 
‘‘ When, however, a chlorinated water has developed the ‘ iodoform ’ 
taste, dechlorination is powerless to remove it.” According to that 
authority the “ iodoform ’’ taste could be removed either by 
increasing the dose of chlorine sufficiently or by adding potassium 
permanganate, as well as chlorine, to the water. 

The Author had referred to the active corrosion that was set 
up when water was brought into contact with chlorine. That 
was undoubtedly one of the greatest difficulties to be overcome in 
chlorinating plants. At the invitation of the President, he had 
brought an apparatus devised to overcome that difficulty, which he 
exhibited and explained, Fig. 17 (page 1164), pointing out the special 
feature that the instrunent with its valves and mechanism was 
completely isolated from the water by a column of liquid unaffected 
by the gas or water, so that by no possibility could the moisture 
get into the mechanism and cause corrosion. The reducing valves 
maintained a constant pressure of 10 lb. per square inch on the 
regulating valve. This was adjusted so as t o  give the required flow 
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of gas to effect the sterilization of the main supply under treatment. 
The rate of flow was indicated by the rate of pulsation of the sealing 
liquid in the U-tube meter. The plant demonstrated could treat 

FIG. 17. 

' I  Chlormome " for  Steriliziwg Watsr by the Additiow of Cfasaous Chlorine. 
Capacity 10 16. of Chlorineper day. (Paterson.) 

from 5,000 to 100,000 gallons of water per hour, and could be set 
a t  will to pulse a t  any speed from one in 6 seconds to one in 300 
seconds, giving from 0.5 to 0.01 Ib. of chlorine per hour. When 
once set, the precise rate of pulsation was maintained continuously. 
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FIG. 18. 

Arrangement of Gaseous Chlorine Plant, Sterilizing New River Water. 
Capacity 400 lb. of Chlorine per day. (Paterson.) 
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Fig. 18 illustrated a Chlorinating Plant of 40,000,000 gallons 
daily capacity which he had installed for the Metropolitan Water 
Board to treat the New River water supply. The apparatus was 
fitted in an existing storeroom where thirty-six cylinders mounted 
on six weighing-machines were connccted to the regulating meter 
and board. The measured gas entered near the base of the elevated 
absorption tower, where it was absorbed by a minor stream of water 
which gravitated through a distributing pipe led across the New 
River. The distributing pipe was fitted with a large number of 
vulcanite nozzles which ensured the uniforni distribution of tbc 
rhlorinated water throughout the width of the stream. The capacity 
of this apparatus was 400 lb. of chlorine per day. 

Mr. V. HJORT thought the Paper might have been entitled 
‘‘ The Sterilization of Water by Chlorine Gas for Military Purposes.” 
The Author had had considerable experience, and alonger experience 
than most people associated with military work, in the handling of 
portable plant for use by the troops, and it was evident that he had 
concentrated more on that part of the work than on the general 
sterilization of water as, for instance, for municipal purposes. 
It was evident that both types of apparatus were found useful 
for the two classes of work, namely, stationary work and portable 
work. Probably the reason why the Americans did not bring over 
the type of chlorinating plant for the use of chlorine gas was that 
it was felt that the problem of designing a small portable unit, 
which was more wanted than any other type of plant for the troops 
in case of an advance, had never been tackled. 

He would like to give a short historical explanation of the 
development of the portable sterilizing plant and show the early 
attempts which were made to solve the very difficult problem, 
as that would enable the members to understand that the War 
Office had a problem that was not easily solved, as it had not 
been attempted before. There was a certain amount of humour 
attached to the installation shown in Fig. 19, Plate 24. In 1914, 
experiments were carried out in the City of Paris on the treatment 
of water by bleaching powder, and a certain treatment for cancelling 
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the excess chlorine ; and on the basis of those experiments the little 
equipment shown was placed on a hired furniture removal lorry, 
as no lorry could be obtained from the War Office, and was shown 
to the War Office in 1915. The whole thing was a very temporary 
affair. Hand pumping was resorted to, and only a small output of 
80 gallons an hour obtained, quite out of proportion to the enormous 
cost of the lorry and the cost of running it, but a t  any rate it was the 
first attempt in the right direction. 

The next attempt was illustrated by the Author in the Paper. 
Two plants arranged on general service wagons were constructed, 
but they were never sent to the Front, as, whilst they were being 
designed, further experiments were carried out, and it was found 
that a much greater capacity could be obtained on a practically 
similar area. Fig. 20, Plate 24, showed what was brought out then, 
consisting of sterilizing plant using bleaching powder and with iron 
sulphate for dealing with the excess chlorine. The unit on the left 
of the illustration was designed for the urgent purpose, as called 
for by headquarters,'of dealing with metallic poisoning which was 
reported to have taken place a t  a certain point on the Front, and 
instructions were given for experiments to be carried out. They 
were difficult experiments, because the passing of metallic poisoning 
by means of water had never been thought of. The matter was so 
pressing that the type of plant shown was developed, and it was 
so designed that it could be either used for sterilizing or used for 
taking poison out of the water. The officer in charge, who was in 
charge of the very earliest type of apparatus, was present that 
evening, Captain R. W. Stickings. 

The next type of plant that  was got out was the plant utilizing 
chlorine gas. Not only was it possible much more quickly to sterilize 
water, but it could be produced a t  a much higher rate. A 3-ton 
lorry, which up to then had been only capable of supplying water 
at 400 gallons an hour, was turned into a working unit of 1,200 gallons 
capacity, and, as a matter of fact, it was on record that that plant 
had been worked up to 2,500 gallons for 22 hours consecutively 
a t  a time when water was very urgently needed. So that it would 
be seen that progress was made not only in research but in output. 
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Fig. 21, Plate 24, showed the first chlorine-gas apparatus brought 
over from America. It was mounted temporarily, with the requisite 
pump, engine, filter and contact tank, on a lorry lent by the War 
Office for the purpose of the experiment, and this was returned as 
soon as the experiment was over. The whole of that equi’pment 
was got out in a hurry to put to a practical test the chlorine- 
gas apparatus, and to ascertain what contact was nccessary in 
order to  secure sterilization of the water. That was the first of 
the type ever made, and when compared with Fig. 11, Platc 22, 
i t  would be seen that, except for details of piping, these designs 
were identical. In due course the construction of plant for India 
and for the Italian and Belgian Fronts followed, and there was a 
development from 125 gallons an hour to 2,500 gallons. The efficiency 
of the plants had been officially acknowledged, and it might interest 
the members to know that it was on record that perfectly sterile 
and good water had been produced in seven minutes after the taking 
of a German trench. It could be imagined what that meant where 
water was practically as valuable in the case of an advance as 
ammunition and food. It was establislied that one big move would 
have been impossible without the use of quick methods of dealing 
with verybad water, and that was safely secured. It was amatter of 
satisfaction, he thought, that  this country led the way and produced 
the first type of plant which was afterwards used by the Allies. 
The Americans, when they came over, brought an outfit very similar 
to the one that had been shown, except that they resorted to  the 
older method of dechlorination by sodium hyposulphite. 

As the Paper had been written mainly to deal with water treated 
for military purposes, he had not included in his notes anything 
dealing with the municipal water service, but in that connexion 
America was a long way ahead of any other country in the 
chlorination of water, and particularly so in the use of chlorine gas. 
The whole of the supply of greater New York was safeguarded by 
the installation of gas chlorinating apparatus a t  all possible points. 
The largest one was dealing with 500,000,000 gallons a day, where 
previously bleaching powder had been used, but as soon as t h r  
gaa sterilizing apparatus was perfected, it was changed over. 
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Captain R. W. E. STICKINGS, O.B.E., said he was sorry that the 
chemists seemed to have monopolized the Meeting, because hc had 
to plead guilty to being a chemist himself. As Mr. Hjort had 
said, he went to Brentford in the early days when the portable 
sterilizing lorries were in their infancy, and he mobilized the first 
unit and took it out to France. That unit was in working condition 
up to the time of the Armistice. During that time his company 
comprised thirty special lorries, some of which were for depoisoning 
water, and others for sterilizing purposes. The depoisoners had 
never been used as such, but were used as sterilizers. Altogether 
nearly 60,000,000 gallons of sterilized water was delivered to the 
troops by No. 1 Water-Tank Company (above). Various letters 
of congratulation were received from the staff officers of the Fourth 
Army in particular, with whom the detachment was working for 
most of the time. On one occasion they managed to get one of the 
sterilizers into position delivering water within 24 hours of the 
occupation of a village, during the 1918 advance. The weight of 
the lorries on the road was about 8 or 9 tons, and in a road that 
had been blown to pieces by shells and mines this was rather a 
difficult proposition to undertake. Those who had had lorries 
ditched knew how other people on the road regarded them. 

He thought perhaps the introduction of the chlorine gas tended 
towards centralizing the Army water supplies. The cost of one of 
the compensators was a very big item when only dealing with small 
supplies, and the water engineers endcavoured to centralize the 
supplies as much as possible, so that a chlorine-gas chlorinator 
might bc used to advantage. The water engineers and the water- 
tank companies worked together very well indeed ; they were 
under the control of the Royal Engineers and received all their 
details from them. One of the things they tried to do was to 
chlorinate water a t  the source. Naturally that was an idea that 
would come into anybody’s mind, namely, that if the supplies had 
to be centralized, the chlorination should be done a t  the source 
and the sterilized water distributed by the pipe-line system, and in 
that way the number of chlorinators required would be minimized. 
It was found in practice that this was a very difficult thing indeed 

4 H  
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in the field, because when there were 10 or 12 miles of pipe-line, 
i t  was not easy to keep Dhe water sterile. He had once put in 
thirty parts per niillion of chlorine atasourcc, which made the wator 
perfectly horrible, and on going to the end of the pipe-line, 3 rides 
away, and waiting for three days he found that no chlorine got 
through, and the c>ffluent was not sterile ; all the chlorine had been 
absorbed in the inside of the pipes. 

The French had a uhlorinating systeni soniewliat different from 
the British, but it was very siniple and satisfactory indeed, and 
~~crsonally he used it on a few stationary plants in France. Thcy 
sterilized their water by iiieans of Eau de Jovel, which was sodiuiii 
hypochlorite. In niaking up solutions of ordinary ‘‘ chloride of 
liine,” the difficulty was that there wits a tremendous excess of 
linie, whic,h would not go into solution. On the other hand, Eau tlc 
J o w l  was a perEectly clear liquid, was supplied commercially in 
Frame, and could be bought in shops as a sterilizing agent by 
civilians, so that a large mpply of the solution could h: 
coni.niandecwd. The water was simply puniped through a main, 
from which there was a by-pass which took off a little of the water 
through a sort of water-suckion p u m p  ; this sucked in from tho 
strong solution a certain amount (which amount could be regulated 
by means of a tap), and the riiovenieiit of the water through tlit: 
iiiain brought the chlorinated by-pass water back again into thc  
pipe, where it mixcd with and sterilized the water in the mains. 
The French had those systems erected practioally all over their 
Ariiiy area. He  had come in contact with the French chemists 
in charge of the water supplies, and he thought their systeni wits 
very excellent, but they had to deal with people who did not really 
care what they drank, and consequently did not care what they 
drank it from. That was one of the difficulties the British Company 
had to encouiit’cr. After they had chlorinated the water, the most 
urgent problem was how to keep it sterile until it was consumed. 
In  order to do that, as far back as 1916 they dispensed with any 
idea of dechlorinating water ; as a niatter of fact, it was detrimental 
t,o do so. Unless one-half t o  three-quarters of thc chlorine was left 
in the water, by the h i e  it reached the people who were going 
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to drink it, it was no longer sterile ; consequently there was no 
dechlorination at  all on the old type of plant. 

Mr. WILLIAM H. PATCHELL (Menibcr of Council) said several 
weeks ago, after travelling all night, he got out of the train in 
Detroit and took a bath, when he was forcibly reminded of the 
years gone bywhen he used to make skeleton leaves! He thought 
the room had been cleaned out with chloride of lime, but was told 
that they were chlorinating the water. Bearing in mind that the 
present Paper was to be read a t  thc Institution, he tried t o  get 
particulars in Detroit of what they were doing. He met Mr 
Theodore Leisen, the engineer of the waterworks, who very kindly 
showed him tthe plant which had been used for chlorinating with 
gas there since 1915. The apparatus was not one of the automatic 
machines that had been shown by the Author, but was by Wallace 
and Tiernan, manually operated. The chlorine cylinders were 
put on large weighing machines, and the chlorine was bubbled into 
water a t  a steady pressure of 10 lb., which was run into the inflow 
of a large settling tank. The pumps drew the water from the far 
side of that settling tank and delivered it into the town mains. 
There were some 1,500 miles of mains, 65 miles of which were from 
42 inches to 48 inches in diameter, so that there was a good chance 
of any sort of slight error averaging out. He did not go to the 
works until he had been in Detroit for ten days, and by that time 
he had quite lost any sense of taste or smell of the chlorine in the 
water. He asked the engineer if he had altered the quantity of the 
chlorine put into thc water, and he said they had not, that they 
kept it quite steady. The death-rate in Detroit was low and would 
be lower still if i t  were not for' the motor cars ! The quantity of 
water handled in Detroit was 150,000,000 gallons a day, which was 
150 gallons per head of the population, a higher figure than our 
average. 

He was in another waterworks, which were constructed for 
780,000 gallons per day, where they were handling 13,000,000. 
The water was kept free from taint by chlorine gas. The 
water in both cases was taken froiii the Detroit River. It was 

That was probably due to prohibition ! 
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more or less muddy, so they were a t  present arranging in Detroit 
to put down filter-tanks. At present they had none ; they had 
iiierely the large settling tank. It was also interesting to note. 
in conncxion with the Detroit Works, that they had laid wooden 
vater-pipes within the last hundred years. He had dug up several 
woodtln pipes in the Charing Cross area, but he did not think any 
had been laid in London for something like two hundred years 
In Nrw York he was spending a Sunday afternoon with a friend 
a great admirer of Leonard0 da Vinci, looking over volumes of 
drawings by that wonderful man, and amongst thein he discovered 
a iiiachinP for boring out wooden water-pipes ! 

In justice to what had been said with regard to the Americans 
that cvcning, he had asked Mr. Leisen for a copy of Wallace and 
Tiernan’s catalogue, from which perhaps he might be allowed 
to read a paragraph : “ Notable among the first large-scale 
attenipts to sterilize water by the process of chlorination is 
that undertaken under the direction of Dr. A. C. Houston (Fifth 
Report of Royal Commission on Sewage Disposal, Appendix IV), 
Director of Water Examinations of the Metropolitan Water Board 
of London, England, in 1905. At that tinie sodium hypochlorite 
was applied to the Lincoln (England) water supply, with gratifying 
results.” This showed that even if the Author in his short note 
had not quite meted out cven justice between the American and thr 
Englishman, the Americans theniselves had done so. 

Mr. THOMAS BOUTS nskcd whethcr the Author could teli hini 
how it was known that the water was sufficiently sterilized, and 
how niuoh chlorinc was required to sterilize a given amount of 
water. 

Mr. A. W. MARSHALL mid he would like to know what was 
Was it derived from pipes or fittings 1 niearit by metallic poisoning. 

Mr. W. J. A. BUTTERFIELD said a good deal had been heard about, 
the sCerilization of the water supply in France but very little about 
that in other spheres of the War, such as the Far East, where 
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sterilization by chlorination did not get properly to work until the 
Wnr was fairly well advanced. Up to within a few weeks of the 
fall of Kut it was altogether inadequate, and the large number 
of deaths from water-borne disease were due t o  the chlorination of 
the water supply not being carried out properly. During the War 
an officer in a line regiment happened to arrive at  Basra in charge 
of men going up with the Relief of Kut expedition. He was seized 
upon by the medical officer, who happened to know him as an old 
schoolfellow who had become a trained chemist, and was forthwith 
put in charge of the sterilization of the water supply a t  Basra. He 
reported in a private letter that up to that time it had been entirely 
in the hands of Indian natives, and either it had been obviously 
inadequate or the water had been rendered undrinkable. He set 
to work with a barrel as an improvised churn, using chloride of 
lime, which was available ; and a short time afterwards he used 
chlorine driven off from the chloride of lime by the addition of arid. 
He made up a solution of strong chlorinated water, which was 
standardized and then put into bottles and sent up by the river 
steamers, with instructions that one bottle would sterilize so many 
galIons of river water, the proportion varying according to the 
season of the year. Once that system got fairly to work there was 
no water-borne disease in that area. Later the improvised plant 
was improved upon. The account of the niatter should be obtained 
direct from Captain Prank L. Bassett, B.Sc., F.I.C., who carried 
out the work, and who was now the chief chemist to the civil 
administration of Mesopotamia and had Ids quarters in Baghdad. 

It would be 
undesirable to rely on bromine in future wars, unless we were sure 
that Germany would be neutral or on our side, because almost the 
only sources of bromine and bromine ronipounds in the world were 
in German territory. 

The Author had referred to brominated water. 

Lieut-Col. A. E. DAVI~SON,  D.S.O., R.E. (Member of Council), 
said his experience with t h e  types of plant, referred to in the Paper, 
had been confined to dealing with those patterns carried on motor- 
lorries in France. During the War thcrc sccnied to be an idea that, 
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if there wrrr any awkward looking object lying about a t  home, the 
first thing to do mas to fit, it  up for mcchanical transport. Thcrtb 
werr four companies tlcaling with the purification of watcr. The. 
two early cornpanics had l)lcacliin~-powdcr sets, and the two later 
companies chlorinc - gas sets ; and the lattrr were an enormous 
advance in increasing thc output per set froin 400 t o  1,200 gallons 
per hour. As an indiration of the saving effected, there were at  
one time on order from England four complete M.T. companies, 
and two of them werr cancelled simply owing to the increase in the 
rapacity. In fact, the capacity of the new plants was almost a 
drawback, because some of the places where they were required 
had a relatively small output, and it seemed rather a waste to uw 
a 1,200-gallon plant to deal with a small supply. 

The only other objection from the mechanical transport point, 
of view was the excessive weight for the lorry. It was not only thc 
weight, but the arrangement. Some of the very heavy parts camc 
behind the back axle. He was glad t o  see that a lighter type had 
h e n  evolved, which really made the plant murh more portablcl 
for USP with the Army, namely, the one desrribed in Fig. 9 
(page 1139). A number of the lorries carrying bleaching-powder 
sets were altered in France to chlorine-gas sets, and the people a t  
f,hc base workshops were continually sending urgent messages that 
i t  was very had luck on the lorry to load it up to such an extcnt. 

Captain J. STANLEY ARTHUR, in reply, said that, with regard to 
Dr. Samuel Rideal’s questions, he would like to point out that 
sulphur-dioxide dechlorination was not quite as Dr. Rideal had put 
it. In  the Army, chlorine was always left in, for the purpose of 
bring sure that the water was sterile, and therefore it was utterly 
unnrcessarp to add an excess of sulphur dioxide to remove all the 
chlorine. By an extremely simple chemical test, the amount of 
chlorinc. remaining could be determined accurately to 0 . 1  of a part 
per million parts of water, in less than half a minute. He did not 
think General Sir William Liddell’s remarks needed any reply. 

With regard to Dr. EIic Rideal’s remarks as to the Venturi 
metergiving a considrmblr amount of trouble, from actual experirnre 
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he thought the only trouble that had arisen in that work had been 
the small glass Venturi orifice. That trouble was expected, but 
it was not due to  dirt, but to  sonic curious condensation on the 
glass which c d d  bc reinovcd quite easily by carbon tetrachloride, 
or even better by alcohol. Every lorry leaving for Prance was 
equipped with a spare orificv and a corresponding spare scale, 
and he thought that  a man who had had any experience with those 
could exchange them in two or three minutes if necessary, without 
taking very great precautions. He wished also to point out that  
the plants were designed for active service, and i t  was not an easy 
matter to manipulate delicate electrical instruments in warfare. 
He was quite aware that i t  was easy to do such things with accuracy 
when there was a fixed definite point from which to  work. 

Mr. Paterson had accused him, and justly, he thought, of not 
dealing quite fairly with the chlorine question. He had to own 
frankly that he was in a very difficult position when he was asked 
to write the Paper ; he thought he might say that he almost refused 
to do i t  because it was quite unfair to other people engaged in the 
work. He himself did not come into the work until early in 1916, 
and other people had done a great deal of work before then. B e  
came into i t  as a chemist and as an  amateur engineer. He 
claimed nathing beyond the chemical side of it and the adaptation 
of his chemistry to engineering methods. With regard to the 
Paper itself, he had the difficult task of writing a chemical and 
bacteriological Paper for The Institution of Mechanical Engineers- 
not an  enviable task-and he only hoped that his drawings, such 
as they were, would meet with approval. He had to make the 
Paper as short as possible. It was more or less a War Office matter, 
and it was written about twelve months ago and had been delayed 
ever since, partly because he was leaving the country. 

He thought that, as a chemist, he might say that the water 
supply of Maidstone was really sterilized. When he said that it 
required, for the dirty canal water on which they had to work, an  
average of three parts per million of chloriqe to sterilize it, he thought 
it would be agreed that there had been enough left in the pipes to  
Rterilize that water for some time. With due regard to the English 
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work on the subject, he thought the Americans were considerably 
ahead of us ; they had been doing the work for a long time, and 
were compelled to do it in the first place, because they had to draw 
their water from sources which were always polluted. That he 
believed was the explanation of the speed with which they got to 
work on the problem. A t  the time when he started work on the 
subject, there was no other chlorinator in existence which would 
do what was required. The chlorinator devised by Messrs. Wallace 
and Tiernan proved satisfactory, as had already been stated. 

The probleni in connexion with the taste of the water was a very 
curious one. General Sir William Liddell would remember that he 
(the speaker), when demonstrating the first machine a t  Abbeville, 
noticed a most objectionable taste in the water under treatment ; 
i t  was like iodoform. At first it could not be traced, and he had the 
most wonderful theories with regard to the formation of substances 
having an iodoform taste by the reaction of chlorine with organic 
matter which was present, but he traced it next day and found it 
was due to the fact that they were washing ambulances a little 
higher up from his intake. He need hardly say that some of his 
theories were no longer tenable. But there was that possibility, 
and he had found that where the water had been extremely bad 
to work upon, where it was stagnant or sewage or very foul, it was 
not possible to get rid of the whole of the taste, but if one worked 
011 water such as that of the Thames a t  Richmond, he was prepared 
to say that there was no taste in the water if sterilization was 
carried out properly, and the chlorine was removed by means of 
sulphur dioxide. 

Mr. Hjort was 
assoniated with the contractors who carried out the whole of the 
portable work for the War Office, and also carried out some of t h c  
other plant, stationary and on barges. Mr. Hjort placed a t  thr 
disposal of the War Office a station, and the War Office worked in 
conjunction with his firm, suggestions being made by various 
officers and by tlir firm, and immediately carried out. The 
chlorinating tests were first of all carried out actually on a plarit 
which was composc(1 of n frw old tanks and an old cngine, and 

Mr. Hjort had put the question very plainly. 
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results were obtained from that, and he had put some of them in 
the Paper. It was then suggested that the plant was capable of 
being &outed  on a lorry, and that was done and the War Office 
inspected it. He thought they were very frightened of chlorine 
gas; a t  all events, his instructions were to watch results very 
carefully. He did so, and in talking with General Sir Williani 
Horrocks on the subject, he suggested that it would be quite possible 
to increase the size of the plant without adding too much weight 
to the lorry, and he told him he thought it was quite possible to do 
that on the spot. It was done by three men, two Army Service 
Corps men and one R.A.M.C. man, and himself, and the whole thing 
was constructed on a lorry upon which a sterilization plant had 
been constructed, but which was not suited for field use. A new 
engine and pump were used and supplied by The United Water 
Softeners, Ltd., and it differed very much from the plant illustrated. 
Considerable hesitation was shown a t  the use of chlorine gas, and 
before he was allowed to start the work he was told he nnist 
be able to use bleaching-powder solution, and must be able to 
dechlorinate, not with sulphur-dioxide gas only, but also with sodium 
bisulphite solution. For some time he had been trying to inject 
bleaching-powder solution and sodium bisulphite solution into 
water under pressure and to measure the amount injected. It 
was not an easy problem. It was the first of what was called the 
pressure type. 

The plant that went to Prance differed in the respect that it 
was fitted for sterilization by chlorine gas and for dechlorination 
by sulphur dioxide gas, and a t  the same time sterilization by 
bleaching powder and dechlorination by sodium bisulphite, if it 
was required a t  any time. The plant was taken to Prance, and in 
less than a week the whole of the bleaching-powder and bisulphite 
solution apparatus was scrapped. He wished also to point out that 
the original plant built by The United Water Softeners Co. had on 
it two of those elaborate instruments he had shown, which cost 
considerably over f200. It seemed utterly unnecessary to add sulphur 
dioxide so accurately by one of those instruments, when it could be 
done by a fiimple hit-and-miss method which was under complete 

There were earlier types which were failures. 
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control, and so the hit-and-miss method was adopted. It was 
done by a pressurt=-gauge and a ha(:k-pressurt. valvcl- --later on a 
Riniplt’ arrangvtnrntt on the principle, of a hicvrlc. val\tc was 
use& and the siill~hi~r dioxide was atlchl 1)y t l r c i  rotation of 
th r  nrr(ile-valve, niadv hy tlw 13ritish O x y p n  ( ’ 0 .  That had 
rcniained standard right through and was t,lic. standard today,  and 
the total cost of it  was very small indeed in comparison with a 
c,hlorinator. His original apparatus was iinproved upon by expert 
draughtsmen and designers, but the weight remained the same ; 
in fact’, it  was slightly increased. The weight was mentioned as 
8 tons, bu t  it was really 8 tons 4 or 5 cwt., including a great deal 
of stores. The only reply he could make to (‘aptain Stickings 
(page -1169) was to sap that he (Captain Stickings) was the first 
rhemist to  start on tlie work. 

With regard t o  metallic poisoning, it was referrrd to by chemists 
as poisoning which might he due to the presence of any metallic 
salt-copper sulphate, inercury chloride, potassium cyanide, arsenic: 
compounds, or any chemical which could bt? dissolved in water and 
so render tlie water poisonous. Before he came into the work, it 
was part of tlie problem considered by Professor H. B. Baker and 
Sir William Horrocks, and machines were made to  remove thc 
whole of the poison and render the water perfectly fit to drink. It 
was ex.pected tha t  the Germans would put poison into the water, 
and tha t  it would not come from the pipes. 

With regard to  the supply in the East, on his return from France, 
he was engaged in work as a research chemist and chemical engineer, 
and apparatus was designed for the East, but he rould not say what. 
was sent out. 

Colonel Davidson had spoken of the size of the lorries (page 1174). 
The idea of increasing the size so much was to  save transport and 
troops. For the India Office the weight and size had been reduced 
practically 50 per cent, and the output only redncrd from 1,200 t o  
1,000 gallons an hour. 

(C:q)t. J. Stanley Arthur.) 
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Discussion in Manchester, Th.icrsda!y, 45th Noveiriber 1920. 

The CHAIRMAN (Mr. H. I?. HILT,), in opening the proceedings, 
said thc rnenibers would find that, in the Paper, Captain Arthur 
gave a very interesting account of the way in which the water 
supplied to the troops during the war was sterilized, so that the 
health of all concerned was well maintained. Of course it was 
a truism to say so, but he did not suppose there had been any 
war in the history of mankind in which there was less mortality 
due to the diseases which arose from hygienic causes as distinct 
from fighting. The sterilization of water was one of the most 
important causes contributing to that result. But the interest 
of the subject did not lie entirely in the application of this process 
of sterilization by chlorine gas to water supplied to troops on active 
service ; it also applied t o  the water consumed by the ordinary 
civilian population. Not every town nor every country was in 
so fortunate a position, with regard to water supply, as Manehestcr 
and this country as a whole were in. At many places in other 
countries, the supply was derived from sources which, if not 
absolutely polluted, were, a t  any rate, of so questionable a charactpr 
that filtration did not entirely ‘. fill the bill ” in preserving the 
health of the inhabitants. For instance, it was well known that 
in America, such diseases as typhoid had in times past been more 
or less endemic, and it was said to be largely due to the water 
supplied. There was no doubt that the introduction of this process 
of sterilization by chlorine gas added a safeguard to the processes 
of filtration, whether they were chemical or whether they were 
merely by gravity beds. Where only water of unsatisfactory 
character was available, such treatment was bound to have a 
great effect upon the health of the people, and the results would be 
reflected in statistics as time went on. 

He did not know whether Captain Arthur would be able to tell 
them the places in this country where the method had been adopted. 
He knew that it had been applied to the Tharnes supply of London, 
but to what extent he c,ould not say. However, lie believed i t  
had been found very useful there during the War. Rot,hcrhnm 
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l i d  installed it, but whcther it had been actually brought into us(: 
lie could riot say. The systcni had possibilities ; what the scopr: 
of those possibilities was, remained to be seen. It might have the 
effect of destroying vegetable organisms in water to such an extent 
as materially to reduce the deteriorating effect which some waters 
had on the pipes through which they were delivered to the 
inhabitants. But all 
this a t  (present lay on the “ knees of the gods.” He mentioned 
these points to indicate t,he possible field that lay before this 
process, and to interest the members in it. 

If so, it could not help being valuable. 

Captain ARTHUR then presented his Paper in abstract. 

The CHAIRMAN said they had listened to a very instructive 
and interesting Paper on a subject which hc did not think the 
members came into touch with very much in the ordinary course 
of evcnts. Tf onc wanted t o  sum up what the Author had told 
them in regard to research, it might be done by writing down 
thc maxim, ‘. Necessity is the Mother of Invention.” Certainly, 
if the necessity had not been there, Captain Arthur would not 
have been able to tell them of the developments which had taken 
place and the progress which had been made in dealing with the 
emergency supply (should he call it) of large bodies of mobile 
troops. Of course, the Author had given them the point of view 
of the authors of the invention ; perhaps some members present 
could give the other side by saying what they thought of the 
effluent that  was turned out. He had heard it said that chlorinated 
water was not exactly an attractive kind of luxury. At least, 
the men a t  the Front did not &em to  have always regarded it 
as such; they appreciated that it was the best that  General 
Head-Quarters could give them, but that  did not make it any the 
more palatable. If, therefore, anyone in civil life was thinking of 
applying chlorine to the sterilization of water, perhaps the 
Committee before wliom thc proposition came might not give it that 
cordial reception for which the promoter might hopc, especially 
if that Committcr included ex-service members. 
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He happened to be in Lincoln professionally about the time 
of the typhoid epidemic, and he remembered that clilorine was 
rather prevalent in the liquid they had to use in washing. But 
he thought that  so far as the population of this country was 
concerned, they were happily circumstanced in matters of water 
supply. They were not driven to the expedients that the people 
in other countries were forced to use. Englishmen did not always 
appreciate the advantages that they enjoyed on that account ; 
they were apt to grumble because some dirty water came out of 
a tap, but if they went across the Channel-to go no further-- 
they might still meet with samples which would rnakc them wish 
they were back home again. 

The question of the treatment of water with chloriric in this 
country might occasionally arise, but he doubted whether it would 
do so often. Nevertheless, the Paper to which they had listened 
that evening could not but be instructive, and it would materially 
spur the imagination of those who had to deal with questions 
of this kind in foreign countries. 

Mr. R. FoRsYrH asked whether it would n o t  be advisable 
to use ozone, which was now obtainable in quantities sufficient 
to meet such a need as was dealt with in this case. If any peculiar 
advantage resulted froni the use of chlorine, he would be glad 
to liear of it. 

Mr. E ~ N E S T  REUSS asked how, in the case of public services, 
the apparatus would be adjusted for the supply of chlorinc, in 
sterilizing the water in the mains where the pressure varied froni 
hour to hour. 

Mr. C. BENTHAM said he would like to know whether, in making 
the experiments leading up to the perfecting of the plant, Captain 
Arthur always used pure chlorine gas, or did he attempt to  mix 
chlorine gas with air or any other inert gas, so as to get a better 
mixture during the process ? 
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A h .  T. ROLAND WOLLAS~UN said hc had had a good deal of 
cspwicncc of dealing with water for industrial purposes, though not 
for drinking, and consequently, with the volumetric replatior! 
of clic~niicals. He had never had to deal with reagents in a gaseous 
stat?, but had dealt with the measurement of small volumes of 
gas i n  other connexions, and knew the extreme difficulty of obtaining 
consistency and accuracy. He understood the Author to  say that 
l ip  obtained chlorine liquefied under pressure. It was obviously 
easier to measure a liquid than a gas. Would it not be possiblc 
to nioasurc thc chlorinc volumctrically, while under pressure arid 
in liquid condition, letting i t  be admitted as a gas afterwards ‘1 
1 t appc:uul to  him the iiicchanical difficulties in doing this would 
not bc very great. 

The CHAIRMAS said there was one point he would like tlic Author 
to deal with. Thcy knew that the process was applied in an 
emergency, and questions of cost wcre not raised or considered. 
Now that they had returned to more peaceful times, he wonderpd 
whetlwr thc Author could give tlterii approxirnately-he did nol, 
ask for au estimate---what the cost would be, say, per thousand 
gallons of water chlorinated bCy apparatus of this type, though not, 
necessarily restricted to a travelling installation. 

Mr. C‘. BENTHAM said he wished to put another question. 
\j70uld the Author give them an  idea of the relative weight bctwccn 
thr  gas uscd and tlic watcr hrewtcd ? Was it dependent upon thc 
aiiiourit of foccigii riiwttcr in tlic watcr, or was it siinply a fixed 
proportioil bchtwccn thc weight of tlic watcr and the wcight of the 
‘ras ( 

MI.. UANIEL BDAWSON (Member of Council) Yaid the Author 
inight ha \e  iiientioned another method by which chlorine could he 
ayplicd to  water ; i t  was based upon an  original patent taken out 
hy JVatt. The prinriple was one in which electric current was 
passed through salt water a i d  so formed an electrolytic compound 
of chloriiie (sodium hypochlorite) which had sterilizing effects and 
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was also vcry useful for bleaching purposes. It was used in 
laundries, for example, with very satisfactory results. Wlirrc i t  
interested thein this cvening was the direction in which his own 
firm were now using i t-  for the reduction of weeds in inill ponds 
and tanks connected with works. Weeds w m  a very troublcsonie 
factor in ponds used for condensing purposes, and caused a 
considerable amount of trouble and expense to the owner. His 
firin had a small plant working for that  particular purpose, a i d  
he had brought to the Meeting a stiiall sample which showed thc 
cffcct of this electrolytic method upon the weed growing in the tank. 
It had been taken from the filters on the way of the water from thc 
tank to the works, and was apparently the killed weed which, 
at this time of the year, grew very freely and necessitated a clearing 
of the tank, certainly once a year, to enable them to  carry on. The 
advantage of this process for their purpose was tha t  as users of 
electric power they were able to provide their own bleaching or 
sterilizing agent without the usc of chloride of lime or chlorine, 
which werc chemical compounds and would have to be purcliascd 
elsewhere. All that  they had to purchasv, apart from electric power, 
was the salt, which was not used in very great quantities, one ton 
worth about f.2 lastling a year, during which time about 
8 inillion gallons would be treated. They avoided the difficulties of 
using chloride of lime which was dirty, and unreliable unless under 
constant supervision, and the dangers of using chlorine gas ; and 
the whole method lent itself to supervision by workmen of less 
skill than the Author liad explained had to be brought to bear 
upon thc apparatus described in tiic P a p .  The elc,c.trolytic iiiethod 
was more easily controlled, iiiuch safer, uiid left 110 objectionablc 
taste. 

Captain J. STANLEY ARTHUR said ozone had been used as a 
sterilizing chemical for a considerable time and with a good deal 
of success. There was an installation working to-day in France. 
The greatest drawtack to its commercial use was that it imparted 
a taste to the water which was iiiost difficult to rwiovc ; he believed 
t h e  only way to do this conimeraially was to allow thc water wliich 
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had been treated with ozone to trickle over sluices a number of 
timrs. Of course, for war purposes thc use of ozone was absolutdy 
out of the question ; it would entail electrical manufacture on tho 
sliot. Liquid ozone did not lend itself to transport and it was quite 
unsatisfactory for any possible field use. 

Mr. Reuss (page 1181) had spoken about the alteration of tho 
pressure of water in the mains affecting the amount of clilorino 
which went into it ; in other words, Mr. Reuss asked how one should 
regulate the amount of chlorine going into a varying supply of water. 
That evening he had only described the simplest type of chlorinating 
apparatus that was in use for measuring chlorine, and if any of thc 
incnibers werc interested in this work he would refer them to The 
United Water Softeners, Ltd., of Imperial House, Kingsway, 
London. He had nothing whatever to do with that Company, 
but he would like to give the members an opportunity of getting 
information on this subject, and if they would refer to that Conipany 
110 doubt a booklet dealing with the Wallace and Tiernan chlorinating 
apparatus containing diagrams and illustrations would be forwarded 
on request. Among those diagrams would be found one of an 
automatic control apparatus, in which the flow of the water passing 
through the chlorinating chamber controlled automatically the 
amount of chlorine passing into that water. It mas called the 
Automatic Control type. The type described iii the Paper was of 
tltc Manual Control type. 

He imagined the question about measuring chlorine wlieii 
diluted with inert gas was put because there was sonic little difficulty 
in reconciling the fact that a gas could enter water and be dissolved 
and give a uniform solution. Perhap  he ought to descxibe the 
diffuser through which the chlorine actually passed as it went into 
the water. This consisted of a cylindrical porcdain ring about tlw 
size of a watch, with two circular disks of alundum cemented together. 
The substance alundum was very permeable and allowed gas to pass 
through it in very tiny bubbles. In  his experience the greater 
portion of the sterilization was carried out immediately those small 
bubbles of chlorine, having of course a larger surface area, passed 
into the water. He had tried experiments and found that to I)(: 
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the case. The chlorine at the instant of solution was in a very 
active state and appeared to be capable of rather more quickly 
sterilizing water than when already in solution-that is, when it 
was first dissolved in water and then added. The objection to the 
addition of a neutral gas to chlorine was fairly simple. It was not 
an easy matter to mix an inert gas with chlorine, and to be sure of 
the proportions. If he might take nitrogen as an example, one 
could not carry about liquid nitrogen ; one might take compressed 
nitrogen, but it was adding considerable complication, and there was 
no advantage gained by so doing. The whole process depended on 
knowing that they were using pure commercial chlorine as delivered 
from manufacturers in the Cheshire district. 

With regard to  the question why chlorine was measured as a, 

gas rather than as a liquid, perhaps he had not made it clear that 
the quantity of chlorine used was extremely small. For chlorinating 
the supply of a town, one-half of one part per million parts of 
water, that is to say 0 .5  part of chlorine per million parts of thc 
water to be treated, was the amount used. 

Mr. DANIEL ADAMSON inquired if these proportions were by 
weight ? 

CAPTAIN ARTHUR replied in the affirmative. 

A MEMBER further aalied if thc chlorine was added as a liquid 
or gas ? 

CAPTAIN ARIHUR replied that it was added as a gids, by 
weight. 

Roughly speaking, two and a half ounces of chlorine- (which 
was not very much) wouId occupy a volume of three quarters of a 
cubic fooh--'ll grams of chlorine having a volume of 22.4 litres 
a t  N.T.P. It was very much easier to measure a large volume 
subdivided than a small weight subdivided. 

Thc Chairman had asked whcther he could give details as 
to the cost. Had he known He was sorry he could not do so. 

4 L  
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t,hat information was desired, he would have brought soiiic figures 
w3li him. However, he could give sonic estimate. Chlorine, 
when purchased for the Army, cost 3id.  per lb., and hc thought; 
i t  worked out that the cost of chlorine as a sterilizing chemical, 
using three parts per million-he was speaking in round figures- 
was one penny for treating 13,000 gallons of water. It was found 
in France, that  working on the ordinary water supply-not very 
bad water-a cylinder of chlorine treated about four million gallons 
of water. The cylinders varied somewhat, but the amount of 
cblorinc used was cxtremcly small. He could not give any figures 
as to the cost of 1)uniping, which would vary with the type of 
alqiaratus uscd 

Therc was 3 question regarding the relative weights of 
chlorine and water used. Roughly speaking, for town's water 
it would be 0.5 part in one million parts. For the water he was 
working on a t  Brentford-canal water and a sewage outfall-, 
about three to four parts of chlorine per million were uscd. It, 
was very small, and it could only be estimated easily by chemical 
mcthods. Peoplc had different degrees of taste. He thought the 
limit of taste for an ordinary person was 0.1 to  0.2 part of chlorine, 
per million. Those who knew the taste and were fresh to it Would 
detect less than that. 

The electrolytic process had been used with success for the 
sterilization of water, and he knew of one or two installations which 
11;d bcvn working. Hc thought it was necessary to kecp thc sodiurii 
lrydrosidc which was fornicd a t  tlic negative elec,trode away froiii 
t lie clilorinc whicli was forinrd a t  t,lic positive electrode-at tlic 
start a t  all events--and to kcep the apparatus cold. A sol~tioii. 
of sodium hypochloritc was really inadc, which was brought into 
contact with the water, but he believed it was an advantage to keep 
them separate to start with, to prevent decomposition of the unstabk 
sodium hypoc,hlorite. He was now speaking with some hesitation, 
because an expert was present who knew much more of the 
conimercial process than he did, but he would hardly have thought 
it necessary t'o use the electrolytic process to get rid of the weeds. 
He did not know the type of weeds, but the ordinary a l p ,  and such 
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like things growing in water, could be removed by other chemicals. 
Probably Mr. Adamson would find it much cheaper to use a method 
in which most of the material was available on the spot. The 
method was excellent, for the sterilization of water and chlorine, 
he knew, had quite a considerable action on growing material. 

With regard to the question of chlorine in a town’s water 
supply, he thought it was in the early part of 1918 that he went to 
Sir Alexander Houston of the Metropolitan Water Board and saw 
an installation a t  Hornsey where chlorine was being used to 
sterilize the flood water from the river, which formed part of the 
Metropolitan Water Board’s supply ; he spoke very well of it, and 
adopted the method as a safeguard against being overwhelmed 
on his filter beds by flood water. Some friends of his (Captain 
Arthur’s) lived near the reservoir, and their water was drawn from 
these works. They knew that he was interested in water chlorination, 
and they suggested that a peculiar taste which the water they were 
using suddenly possessed was due to chlorine. He found the taste 
was not that of chlorine. He could not taste it, but they insisted 
that it was chlorine, so the water was anal$zed, but no free chlorine 
was found. He imagined that the taste was due to some other 
action and not to chlorine a t  all, because it passed away quite rapidly, 
and he never heard any more complaints. 

Some time ago he heard a man speak on this subject, and 
say that when he first tasted chlorinated water he felt violently 
sick. It was 0 .3  part in a million parts. But after a few 
days he no longer knew that there was any chlorine in the 
water, and he complained that they were not sterilizing the water 
supply. He had got used to the taste of it and did not realize that 
the chlorine was there, which was gcnerally the case with a small 
quantity of chlorine, as the palate became accustomed to it. He 
remembered one occasion when he was showing a water sterilizing 
machine a t  work to some officers of one of the Allies. Thc man in 
charge of the machine passed out a sample of water to taste, and by 
inistake he took it froin the filtcred water supply before any chlorine 
had been added to it. The officers said they could taste the chlorine 
in it, and were quite sure there was chlorine in it, but there was 

4 L 2  
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no possible trace of chlorine there a t  all. It had a flat taste due 
to being rather stagnant. When they were given the water that 
actually contained chlorinc, it was sparkling ; they thought it was 
excellent water, and made 110 objection to it. 

If one took water which was not too stagnant, which was only 
full of ordinary dirt-that is to say, dirt from roads and streams, 
refuse carried in by rain-water- and it was treated with chlorine 
and sterilized, and after that, dechlorinated with sulphur-dioxide 
gas, he was perfectly certain that, providing the operation was 
carried out with a reasonable amount of skill, there would be no 
unpleasant taste noticeable. The skill was not very great. Durin3 
the War, three to four weelrs’ training rendered the average inan 
quite sufficiently skilled to carry out the process, and there was no 
real difficulty in it a t  all. It was different when sewage, sewage 
effluent, or the water from cesspools was to be sterilized. He had 
had to deal with water from stagnant pools, which had been 
stagnant for years, and which was filthy with both animal and 
vegetable refuse, from rubbish thrown into it, and then in such a 
case he did not think it was really possible to get rid of the flat 
taste which was there. 

There was a chemical point which perhaps no one had actually 
brought forward. He rather expected the question to be asked, and 
lie would like to answer it as though it had been put. What happened 
t o  the chlorine and the sulphur dioxide ‘1 They were present 
in such minute quantities that they were not tasted. The chlorino 
reacted with thc sulphur dioxide and formed hydrochloric acid 
and sulphuric acid-two acids which were distinctly unpleasant, 
but in the vcry small quantity represented by thc dilution they 
were untasted. Watcr, generally speaking, contained calcium and 
iiiagnesiuni bicarbonates-that is, the water was “ temporarily 
hard.” By the action of the hydrochloric and sulphuric acids 
on this, calcium and magnesium chlorides and sulphates were pro- 
duced and carbon dioxide libcratcd. The carbon dioxide converted 
the water into vcry weak soda water which sparkled-that is to 
say, rendered the water bright. The chemical substances produced 
were quite hariiilw, as they were of thc iiaturc of Epsoni salts. 
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The CHAIRMAN, in moving a vote of thanks to Captain Arthur, 
remarked that he had turned what might have been a very technical 
Paper, and rather dry on that account, into a most interesting and 
lucid account by which he had brought home to the members the 
pcstion of the water supply to troops in the late War. 

Mr. J. PHILLIPS BEDSON, in seconding thc motion; said the Paper 
was highly interesting in every way. It showed, as the Chajrnian 
liad said, that necessity was the mother of invention. It had been 
given in a lucid manner, which could be understood by the 
non-technical side, and it had been listencd to with very great 
pleasure. He was glad also to know that there was somebody 
present who had something to  do with supplying the water-filters 
used before the War, and who liad contributed to the rlircussion. 

The Votc of Thanks was passed unanimously. 

Conmit nicntions. 

Brevet-Major H. H. BATEMAN, R.E., wrote that he had had 
experience of chlorinating plants on four occasions, as under :- 

(a) At Haringhe (military) Waterworks in. Belgium-Foul water, 
taken from the Yser, was treated with alum, and then passed through 
sand-filters or " Bell " filters of small capacity (relatively). Water 
from the sand-filters, after passing a rectangular measuring notch, 
was led through a wooden flume 12 inches in section, to the contact 
tank, The chlorine diffuser was let into the 12-inch wooden flume, 
and was 30 feet from the actual chlorinator. The apparatus gave 
extremely good accurate results. As pointed out by the Author, it 
waR necessary to keep the chlorinator a t  a certain temperature to 
avoid condensation of the gas and irregular working. 

Frequent 
tests by the medical authorities showed that the sterilization was 
cornrlete., &sd that the reqylting Sterilized y@er ~o\&l be prqctieally 

This plant was for 12,000-20,000 gallons per hour. 
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freed froin any trace of chlorine, cvcn witflioiit. the U R C  oC SO,. 
Sulphur dioside was not nsed in this caw, n.s t,hc nictlical nut,horit iw 
insisted on  i,he w.zt,er taken from i,hr pipe-line beiiig t,reat,ed with 
hleacliiiig powder, i n  (;he rffort to avoid contni1iini~t8inn from dir ty  
vcssels, so the taste of dilorinrt was unavoitlnble. 

(ZJ) At Rosbrugge a 6,000 g.p.h. mechanical filtration plant (Bell 
filters), taking water from the same sources as (a), which worked 
equally well. 

( c )  At Zuytpecne (Prance) a 6,000 g.p.h. Mather and Platt 
mrchanical filtration plant. This took its water from a very foul 
old chateau moat, which, although cleaned prior to the installation 
heing made, still contained the accumulated filth of ages. The 
water was sucmssfully purified there ; but, although free from 
bnrteria, was always unpalatable. An additional alum sedimentn- 
tion tank would perhaps have improved matters ; the alum in this 
case was fed into the suction of the pump which pushed the water 
through the filters ; and its time of action was of course limited. 

(d) Ypres Town Waterworks.-Contaminated water from Dicke- 
bush and Zillebeke Lakes was led to Ypres Prison and subjected 
to alum sedimentation (24 hours) in 100,OOO gallon sailcloth tanks 
which were put in the old, shell-pierced, open reservoirs. The 
settled water was taken over a weir to the suction-pump, and the 
diffuser placed in the suction-pipe of the pumps, which pushed the 
water forward. There was no contact tank:  passage through 
7-stage centrifugal pumps and 2 miles of pipe-line were considered 
sufficient. The water dealt' with here was 12,000 g.p.h. The 
operation of the plant commenced in the winter 1917-18, and great 
difficulty was experienced in obtaining equal distribution of gas, in 
spite of all precautions. The German advance put an end to 
experiments which would doubtless have been successful, 

The Author laid rather much stress on the fact of these plants 
heing standard for all large water-supply installations in Prance. 
At the end of the War the writer's (E and M) Company was working 
eighty-two pumping plants. Of these, three only were provided 
with gas chlorinators. The average yield of the plants so provided 
was greater than 1,OOO .. g.p.h., . i.e.,$ than the output of the largesf 
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lorry installation so provided. It was considered that it was only 
worth while installing these chlorinators in lorries and very permanent 
stationary plants. The remainder of the drinking water installations, 
however large, could be dealt with quite well by bleaching powder. 

Captain ALEC C. JARVIS wrote that he was particularly interested 
in Captain Arthur’s Paper, because he had had the honour to  have 
carried out the mobile barge plants and the stationary land plants 
mentioned on page 1140, and illustrated on pages 1142-3, and had 
had the pleasure of seeing them a t  work in Meqopotamia. Thc 
accompanying photo, Pig. 22, Plate 25, was taken of one of thc 
barges a t  work on the Tigris. These vessels were quite an 
appreciable size, being over 160 feet long. Much of interest could bc 
written of the scheme as a whole, numbering as it did some twenty- 
four complete floating and land units and considerable auxiliary plant. 

Not the least of the features of general interest was the voyage 
out to the East of the first four vessels ; later floating plants were 
shipped knocked down, the barges being specially constructed for 
re-erection, but the first four were built into large converted dumb 
barges of Belgian or Dutch type. Each of them, manned by a small 
crew of N.C.O.’s and men of the Inland Water Transport Branch 
of the Royal Engineers, ballasted with coal in bags and in tow of a 
deep sea tug, had adventurous voyages, but in spite of submarines 
and bad weather they all eventually reached their destination ; 
all credit to the handful of brave fellows who manned them. 

On one of the voyages, owing to stress of weather, the tug’s 
limited coal supply gave out before a port could be made, and in 
a heavy sea the ballast in the barge was opened up and coal passed 
to the tug to enable her to make port. On another, a barge 
that had become strained and leaky owing to bad weather was 
only saved by the N.C.O. mechanic starting up the oil-engine and 
main pumps,and keeping them going until port was reached. In 
anticipation of such a contingency, the writer had arranged for the 
necessary pipe-connexions and fuel supply to enable the plant pump 
to be used as an emergency bilge-pump. The plants sent to 
Mesopotamia did not suffice by any means to provide a univerd  
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supply of filtered water, and many depots, camps, etc., were 
furnished with water treated by more rough-and-ready methods ; 
for instance, many small supplies in the vicinity of Basra were 
pumped from the river and hand-dosed in tanks with alumina arid 
chlorine, and settled. 

A laboratory 
was set up by the R.A.M.C., where the bleach was testctl and daily 
made up into standard quantities in bottles ; the chemist officer in 
charge then visited the supplies in a motor-boat, accompanied by 
an orderly and the bottles of strong bleach mixture, and doscd the 
tanks with the required quantities. The writer well remembered, 
while in that land of heat, dirt, and disease, meeting a friend of his 
one morning, who was a t  the time in charge of such work, and he 
laughingly referred to it as his “ milk-round ” ; only a few days after- 
wards he made the great sacrifice. The filter barges sent to Prance 
had the honour of being “ Mentioned in Dispatches,” as well as 
suffering casualties to their number. Chlorine gas for sterilization 
was used throughout the Mesopotamian series of plants, with 
bleaching powder as a standby ; nevertheless it was emphasized by 
the writer in his official book written for the guidance of the officers 
and men in charge of the plants that  the greatest care must always 
bc taken to ensure the best possible water bacteriologically with the 
ordinary coagulation, sedimentation and filtration facilities, as the 
exigencies of warfare might a t  any time cause a cessation in the 
supply of gas and bleach. 

It was true, as the Author stated, that  filtration could not 
wholly remove the bacteria, but in the writer’s opinion one did not 
chlorinate a water to sterilize it, but to ensure that no bacteria 
of a pathogenic character survived in the water as delivered for 
use. The term “ Sterilization ” was misleading-very few samples 
of water treated by chlorination in practice were sterile, nor need 
they be-so long as there were none of the ubiquitous and indicative 
B. Coli in 100 cm3 the water was absolutely safe, and with chlorine 
this result could be reliably achieved without employing doses 
sufficiently great or periods of contact sufficiently long to kill the 
more resistant spores of harmless water bacteria. 

Bleach was used and good work was done witli it. 
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There could be no doubt that liquefied chlorine gas was far 
preferable to bleach in every way, but the writer could not agree 
with the Author that the residual taste present after treatment 
with bleach was absent with liquid chlorine ; this point had been 
investigated in America, and it seemed to be established that the 
residual taste was practically the same in both cases, other conditions 
being equal. What doubtless did happen, especially under war 
ronditions, was that the superior control and the definite strength 
of the gas enabled much greater nicety to be used in the treatment, 
and therefore residual chlorine could be reduced to  a minimum. 
Chlorine gas in cylinders was quite safe and easy to handle ; tho 
writer sent hundreds of cylinders to Mesopotamia without receiving 
any complaint, and tons of it were sent all over America, yet there 
were in Europe to-day shipping companies who refused to carry 
it. If the gas escaped, it was not pleasant, as our late foes could 
testify; it was one of the first gases we used in trench warfare, 
yet familiarity bred contempt. The writer recollected, when testing 
some instruments in very cold weather, that the chlorine cylinder was 
set on a glowing coal brazier to " warm up a bit ') before connecting up. 

The Wallace and Tiernan apparatus was used exclusively by 
the writer; it was thoroughly examined and dissected, and was 
found undoubtedly superior to any that had been brought to his 
notice. The description of the working of the " Compensator " 
given in page 1136 of the Paper was, in the writer's opinion, not quite 
clear, and did not bring out what the exact function of the 
Compensator was, namely, to maintain a constant pressure-drop 
across the valve E. 

With regard t o  the difficulty in deciding what quantity of 
chlorine to add to a water to effect the desired result, without having 
recourse to trials controlled by bacteriological examinations, the 
method given in the Appendix (page 1149)) while extremely valuable, 
could not be said to be universally reliable. The presence of chlorine 
in a water after half an hour's contact was no guarantee that the 
water contained no B. Coli. 

As an illustration of the unreliability of working only upon 
free chlorine estimations after contact, the following figures were 
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given from one of the tests made in England with a filter-barge 
upon a river water :- 

0.55 0.9 1.05 9, 

0.65 0.75 0.85 

T 

(4 
Chlorine 
Injected. 

1 

5 . 0  

3.75 

2 .6  

1.75 

1.25 

TS BY CAPTAIN J. N. SUDQEN, LATE R.E., B.Sc. 
Chlorine Gas in Parts per Million. 

(b) 
Chlorine 

immediately 
ifter Injection. 

2.45 

2 . 0  

1 .6  

1 .0  

0.70 

1.05 2.55 1.40 Absent. 

0.8 1.75 1.20 

It'would be noted that B. Coli was present in the last case whrrc 
tlic r w e s  chlorine after contact was 0.66 and absent in the previous 
two cases, where the excesses were 0.65 and 0.55 respectively; 
the contact absorption, however, was only 0.05 in the non-sterile. 
sample, whereas it was 0.35 and 1 *05 in the other two. The amount 
of chlorine instantaneously absorbed w&s remarkable. 

In the writer's opinion, it was in the figures for contact or timr 
absorption that one could perhaps look for the promise of a speedy 
and reliable test for the control of chlorination under practical 
working conditions. It was found, for instance, in two different 
cases of filtration and chlorination of grossly polluted river waters 
that, if the amount of chlorine added was such as to permit during 
the period of contact an absorption of 0.5 part per million, then 
the t,reated water contained no B. Coli in 100 cm3. 

The writer would very much like to see exhaustive research 
carried out to determine the value of the above method of deciding 
the chlorine dose without bacteriological examination. The 
quantitative chlorine estimation was quite simple and could bc 
carried out by any intelligent filter-plant attendant. 

There was a slight inaccuracy on page 11 41 of t,he Paper, regarding 
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sedimentation with the floating stationary plants ; the water after 
t)he addition of the coagulating chemicals did not stand for some 
time, the whole process, including the sedimentation,being continuous 
in the usual modern manner. 

The writer would like to associate himself thoroughly with the 
Author’s remarks regarding Colonel Sir William Horrocks. The 
writer’s work canic under Sir William’s official inspection, and he 
(the writer) would always remember the Colonel’s devoted work 
and his unfailing kindness and courtesy to all, down to the hulllhlrst 
sapper, who came into contact with him. 

Major C. C. B. MORRIS, M.C., R.A.S.C., wrote that No. 1 Water 
Tank Company, which went to France in the early part of 1916, 
was the first systematized attempt to deal with the supply of water 
by mechmical transport at  the Front. The establishment of the 
Company was as follows, as far as the water equipment was 
concerned :- 

1 30-cwt. Lorry for Chemicals. 
111 1-ton Water Tank-Lorries, each containing 150 gallons. 
20 3-ton Lorries, each containing 800 gallons. 
15 Sterilizing Plants on %ton Lorries. 
9 Poison-eliminating Plants on %ton Lorries. 

The above establishment was increased before the Sonime 
offensive in 1916 by the addition of 144 &ton extemporized tank- 
lorries, each being fitted with tanks holding 550 gallons. 

The sterilizing plants were the old type referred to by the Author, 
their chief disadvantage being that the rate of delivery was very slow. 
In other ways the results were entirely satisfactory. The Company, 
in addition to the A.S.C. officers, had four chemist officers attached, 
who took charge of all work in connexion with the sterilization 
of the water. Certain of the de-poisoning plants were fitted up with 
laboratories, and a large amount of work was done by the chemists 
in testing the drinking water that was being utilized by the troops 
in the 4th Army area, to which Army the Water Tank Company 
was attached on the Somme. 

When the Company first arrived in France, owing to its being 
the first of its kind, and to nobody having had any experience with 
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this type of transport, numerous difficulties were encountered ; 
for example, it  was not realized that the greater portion of the water 
delivered to the troops would be supplied direct into the tank- 
carrying lorries from water points under the control of the R.E.’s, 
without being passed through the sterilizing plants a t  all, thc water 
bcing merely chlorinated by the chemists after it was placed in 
the tanks. This necessitated all the lorries being fitted with their 
own pumps, the small lorries being fitted with Dando hand-pumps 
and the large lorries with petrol- driven trench pumps. Official 
trials took place before the Sornme offensive on the 24th May, a t  
Rainneville, and plans were worked out for the supply of 20,000 
gallons per day to each of two Divisions. The water was supplied 
to the tank-lorries by the sterilizers and from a water point about 
300 yards off the road, this latter condition being frequently mrt  
with under actual service conditions. The method employed in 
the latter case was to place the small petrol-driven pumps adjacent 
to the supply of water which was off the road, and to pump the water 
through canvas hose into large canvas dams erected on the roadsidr. 
Additional petrol-pumps were placed adjacent to these canvas 
clanis and quickly filled up the lorries as they came alongside. 
These trials were witnessed by large numbers of the corps and 
divisional stat&, who reported favourably on the results. After 
the trials the lorries were widely distributed on the whole of tho 
4th Army front, the work being of a dual nature, namely, water 
sterilizing by the sterilizing machines and water carrying by the 
tank-lorries, Frequently the water sterilized was delivered direct 
into water-carts or other receptacles, whilst on the other hand 
much water was carried by the tank-lorries, which was obtained 
from other sources than the sterilizing machines, that is, the stand- 
pipes erected by the Engineer services and fed by pipe-line installa- 
tions. In  many instances the water-tank lorries saved a critical 
situation during the Somme battle, by carrying water from the water- 
points in the rear into the concentration area, where the Engineer 
pipe-line services had been hit by shells, or otherwise put out of 
action. This occurred a t  such places as Fricourt, Montauban, 
Longneval, and Becourt. On other occasions the sterilizers were 
able to establish it water point from a dirty streqtq or nm,rsh, where 
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it would have not been feasible for the Engineers to put in a pipe- 
line or well-supply of good quality; for example, a t  Etinehani, 
Allonville and Poulainville, Meault and Derancourt. It was soon 
found that the sterilizers often could not approach near enough to 
the water source to get to work, so that auxiliary pumping sets were 
installed in such places, which pumped up the water into a canvas 
dam of about 2,000 gallons capacity, the latter being fixed up 
wherever required. These canvas tanks were of great use all through 
the campaign, and were an invaluable asset to the sterilizing machines. 

An actual instance of the conditions under which the lorries worked 
might be of interest. Within twenty-four hours of the first advance 
on the Somme, canvas dams had been erected in Fricourt, which 
was in the old German lines, and were kept filled by the tank-lorries 
obtaining their water both from sterilizers and from the R.E. 
water-points, this being the only drinking water adjacent to that 
area. One of the greatest difficulties that the Company had to 
contend with was the condition and congested state of the roads. 
It was here that the small 1-ton lorries proved invaluable, as they 
could cover ground where it would have been extremely difficult 
or impossible for &ton lorries to have been used. At this particular 
water-point, in order to keep up the supply of water, the section 
of lorries detailed for this work a t  Pricourt were working continuously 
for three days and three nights. In  addition to supplying sterilized 
water during the Somme battle, the large tank-lorries carried water 
for horses, locomotives, and baths. 

During the severe frost in February, 1917, all the sterilizers 
liad to cease work because the water frozc in the piping even whilst 
running. Considerable trouble was experienced with tank-lorries 
also which froze almost solid, if left stationary and full of water. 

Mr. R. EDGAR TAYLOR wrote that as the Author made no 
reference to the steam-plants which were in use by our Army, 
the writer drew his attention to the fact that a number were made 
and despatched to the various fronts by Messrs. John Kirkaldy, 
Ltd., similar to the one shown in Fig. 23, Plate 25. In  addition, 
two sets of quadruple-effect distilling plants, capable of producing 
100 tons oE pure distilled water every twenty-four hours, were 
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made and despatched to Egypt. One set was badly shelled by 
the Turks, when being erected a t  Gallipoli,-but the other was 
erected completely and proved quite satisfactory. A similar sct 
was erected a t  the Imminghani Docks for Admiralty purposes, 
and gave every satisfaction. 

The AUTHOR wrote, in reply to the communications, that Captain 
Jarvis referred (page 1192) to the misleading usage of the term 
sterilization. Throughout the Paper the accepted meaning had 
been adopted, as explained. Water which did not contain B. Coli 
in 100 c1n3 was termed sterile. With regard to the figures of chlorine 
absorption, obtained by Captain Xugden, they were known t o  the 
Author and only served to confirm the results of many cxperiments 
carried out soon after this work-was commenced. No mention of 
this was made, for the reason that the Paper only aimed a t  giving 
a description of the process and the apparatus used. Experience in 
the field showed, however, that  for all practical purposes the chlorinc 
estimation by the “ Case, Water Testing Sterilization ” was sufficient. 

Major Morris (page 1195) had not stated the composition of No. 1 
Water Tank Company quite correctly. This company and also 
No. 2 Company had each nineteen sterilizing plants and eleven 
poison-eliminating plants. The establishment of No. 1 Company 
was incomplete as regards one sterilizing plant until the original 
Chlorine Gas Sterilizing Plants were sent out. Nos. 3 and 4 Water 
Tank Companies were composed of fifteen sterilizing plants and 
four iiiobile laboratories. No poison-elimination plants were used. 
During the severe frost mentioned, the chlorine gas sterilization 
1)laiits were ill some cabeb kept a t  work, t h  R.A.M.C. oficersinchargc: 
wrapping, very thickly, all exposed parts with straw and sacking. 
The iioniinal output of these plants was rated a t  1,200 gallons p r  
hour, but in actual service a greater output was often maintained. 
They had been known to deliver twice this quantity for twenty-two 
consecutive hours per day for many days together. 

A few distilling plants were sent out to Egypt, but they were not 
under the control of the R.A.M.C., but of the R.E. Sedimentation, 
filtration, and chlorination-either by bleaching powder or chlorine 
gas-were the principal methods in use for the sterilization of water. 



STERILIZATION OF W A T E R  BY C H L O R I N E  GAS. Plate 21. 

~ Fig. 7. Solution-Feed 
Pzclsating Meter. 

Chlorinator 
(Wallace-Tiernan). 

Fig. 2. Direct-Feed Manual 
Control. 



Plate 22. STERILIZATION OF WATER BY CHLORINE GAS. 

Fig. 10. Original Bleaching Powder Type, 
125 gallons per hour. 

Fig. 11. Original Machine actually constructed by the Author. 

Mechanical Engineers 1920. 
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Plate 24. STERILIZATION OF WATER BY CHLORINE GAS. 
( M r .  V. Hjort's remarks.) 

Fig. 19. First Hand Pumping Equipment, temporarily mounted. 

Fig. 20. Plant for sterilizing oy for taking poison out of water. 

Fig. 21. Firsf Chlorine Gas apparatus, temporarily mounted. 



STERILIZATION OF WATER BY CHLORINE GAS. Plate 25. 
(Captain A .  C. Jarvis' communzcatzon). 

Fig. 22. Filtration Barge on the Tigris. 

Mechanical Engineevs 1920. 


