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FURTHER INVESTIGATION INTO THE STERI,LIZATION OF 
WATER BY CHLORINE AND SOME OF ITS COMPOUNDS. 

By MAJOR C. H H. HAROLD. 

Royal Army Medical Oorps. 

"There is no safe method of preventing water-borne dh;eases except 
sterilization of the liquid." 

-RIDEAL. 

(Continued from p. 207.) 

TASTE. 

HOUSTON [23] defines three tastes which may arise during the chlorina
tion of water: (1) Chlorinous taste; . (2) iodoform taste; (3) indeterminate 
taste. He notes that the iodoform taste is prone to arise in the presence 
of phenolic bodies (also vide Howard) [24] in deep well waters containing 
little oxidizable matter, and that small doses of chlorine favour the occur
rence. This taste does not appear when superchlorination is adopted and 
can be removed by potassium permanganate. Up to last winter it was 
noticed at Sandhurst that an iodoform taste appeared regularly during the 
autumn.. This water supply is drawn from a catchment area extending 
from Sandhurst towards Bagshot which is boggy in places. The water is 
obtained by percolation or seepage of surface water into herring-bone 
channels or leats, and on analysis gives a very high albuminoid ammonia 
figure (v'egetable colloid). This increases during the fall of the year when 
the decay of vegetation occurs. The water is treated by bleach solution, 
passes through a Candy dechlor. filter and is then pumped to servicfl 
reservoirs. This taste became so pronounced during the year 1922-23 
,that it became necessary to treat tbe water with potassium permanganate. 

On visiting the source it was seen that certain subsidiary leats were 
choked and full of stagnating water which after rains gained access to the 
main channel. The main conduit or stream passed through a storage tank 
which by accident and not by design was acting as a sedimentation tank, 
and this had not been cleaned out' or emptied for some considerable time; 
it was also noticed that road washings from certain rides might gain access 
to the water. The cleansing of the storage tank, the cutting out of certain 
leats and the diversion of roadside channels has apparently led to the 
elimination of this taste. If the taste had been due to the effect of chlorine 
on essential oils 'of decomposing algal, etc., a recurrence would have been 
expected during the two succeeding a~tumns. A chlorinous taste, due to 
the over-chlorination, has occasionally arisen, but no complaints regarding 
the recurrence of the iodoform taste have been referred to us. The net 
result of the above operations has been a reduction in the amount of colloid 
in the water. 

Since waters containing colloid in excess of the' above can' be safely 
chlorinated, and others containing relatively small amounts may develop 
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252 Further Investigation into the Sterilization of Water 

this taste if the mcrimination of colloid is correct it would appear that 
the iodoform taste is qualitatively and not quantitatively connected 
with it. 

Of mterest are the beneficial effects produced by the chlormation prior 
to and following filtration as practised by Howard [25]. Here the yital 
filtering surface either holds up or modifies combinations tending to give 
rise to taste. 

To obtain ammonia from colloid in the laboratory, it is necessary to 
expose it to strong oxidizing agents such as alkaline permanganate, etc. 

Both the animal and v'egetabl~ 'kingdoms provide colloids (proteins) to 
which C12 may become attached. These are composed of nitrogen con
taining molecules called amino-acids or amines. Bacteria, etc., may break 
down proteins to form phenolic bodies,indole, skatole and phenol. Hippuric 
acid is another benzene ring derivative usually excreted in urine. Chlorine 
may combine with a~ino-acids forming complex chloramines which have 
been accused of giving rise to tast68 in water. As pointed out by Roaf [26] 
amino-acids are de-aminized by oxidation, i.e., become broken down, forming 
nitrogen and acids. 

In the presence of colloids and their amino-acid derivatives, it appears 
feasible that a small dose of chlorine may attach itself to these groups 
forming complex ehloramines with a distinctive tast~, The exposure of 
these to oxygen in the form of permanganate should result\n the de-amini
zation of the compounds and the disappearance of taste. With super
chlorination, it is possible that chlorine, instead of attaching itself to the 
group, exerts a very effective oxidizing action (via nascent oxygen), resulting 
in the de-aminization of these bodies, and taste does not develop. 

[27] Regarding iodoform tastes, occurring in deep well water-on 
examining Sir Alexander Houston's annual report for the year ending 
March 31, 1924, it is seen that' the deep well incriminated is apparently 
Ferry Lance. Addendum A indicates that the water derived from this well 
gives one of the highest albuminoid ammonia figures. Addendum D bears 
this out. The comments passed by the Director of water examination 
on p. 31 are also interesting :~ 

"Passing reference should be made in conclusion to (Y)Ferry 
stored water which during the period dealt with' came from No. 4 
Walthamstow storage reservoir. The results are a little puzzling as 
the ammoniacal nitrogen and -the albuminoid nitrogen are higher than 
the raw River Lee water, and the results compare unfavourably with 
the East London aqueduct water." 

Deep well water is drawn from. depths devoid of oxygen and bacteria, 
and contained colloid would have little opportunity of being rapidly 
broken down to its ultimate products. Should the above theory be correct~ 
after consumption of potassium permanganate the development of taste 
would be a natural sequence with a water containing small quantities of 
Cl2 in the presence of disintegrating colloid. 
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O. H. H. HaTold 253 
-

Ghlorinous Taste.-[28] Interesting information regarding this has been 
recently obtained in America by Warren and Bartow (Journal of American 
Water Works Association, Vol. n, No. 4, July, 1924). They demonstrate 
that taste and odour vary with the 012 consumed figure which is an index 
of the oxidizable matter present-also that taste and odour may be developed 
by other oxidizing agents than 012 and generally increase with the chlorine 
absorbed. Aeration may increase taste by further oxidation rather than 
remove It .. 

These results are in keeping with Sir Alexander Houston's experiences 
and expressions regarding potassium permanganate given on p. 46 of his 
report. 

Indeterminate 'faste.-An indeterminate taste is difficult to define. 
When this is not due to specific types of contamination it seems to 
·possess certain definite characters. It may be described as a mawkish 
taste tending to develop into a faint iodoform taste. The finest example of 
this appeared in Birgand in East Persia. The water, an impounded surface 

, and karez water with a high organic content was coll~cted after the winter 
rains and conveyed by underground channels into a tank below ground 
level. Here in the absence of sunlight and fresh air it developed a taste 
reminiscent of the smell of a weak septic tank effluent. The tank and 
karez had the same smell. This water was used for domestic purposes in 
,the hot weather during the shortage of sweet water. 

The effect of chlorination upon it was indescribable, and after several 
years the recollection of the taste is sufficient to induce nausea. Heat 
accentuated the smell and taste, and tea ,made with this water was a 
beverage apart. , 

Regarding tll.stes due to simple chloramines,' Race [29J, who has con
siderable experience in the use of these bodies in water practice, does not 
mention the. development of taste, and if troubles do a"rise he would 
undoubtedly have experienced it. During the last two years, no troubles 
1'e taste have been encountered at Aldershot. Waters treated with 
chloramines have a superior taste to waters containing equal amounts of 
free chlorine. Experiment and experience seem to indicate that there is 
less likelihood of taste troubles arising except when employing e~xceptional 
dosage possibly because the germicide is not absorbed readily and the 
chlorine is stabilized by attachment to a NH group. ' 

The taste of the chloramines is dIstinctive and is a less pronounced 
taste than chlorine. In fairly strong concentration the combination of 
012 : NH3 : : 2 : 1 gives rise to a dryish taste akin to peroxide of hydrogen 
with a faint after-taste. The taste of the combination 01 2 : NH3 : : 4 : 1 is 
more closely akin to chlorine. 

THE ABSORPTION OR DEVIATION OF OL2 IN Vi{ ATER. 

It is realized that this has been the subject of considerable investigation 
and comment. Although the same general principles of purification ,are 
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'254 Further Investigation into the Sterilization of Water 
-

applicable to civil and Army conditions, still from our point of view .it is 
essential that the measures adopted should be capable of rendering every 
type of water innocuous in a matter of minutes. In military practice 
relatively large doses of 012 in the form of blea'ch are used in the regimental 
water-cart (approximately 1 to 1t p.p.m. in excess of absorption). In the 
water sterilizing lorry, superchlorination with chlorine gas up to 10 p.p.m. 
is thA normal practice followed by dechlorination with 802 and short contact 
periods of thirty minutes allowed. In civil practice a smaller dosage is usual, 
and the period of contact often indefinite. Obviously it cannot be expected 
that similar results will obtain in both cases. ' 

It is frequently stated that the clarification of water under Army condi
tions leads to a reduced absorption of chlorine, that consequently the 
chlorine dose is· proportionately affected, and all water duty men are 
instructed invariably to use clarified water for the Borrocks test. On one' 
occasion, after this had been explained carefully to a class on the canal 
bank, the Horrocks .test was carried out using clarified water from the 
cart. One member of the class took water direct from the extremely 
muddy canal full of weed. On the addition of indicator both results were 
identical and an explanation was requested. 

Again, on another occasion, the Borrocks test against clarified canal 
water showed that 2 p.p.m. of chlorine was requisite as bleach to give 
1 p.p.m. in excess' of absorption. It was thought that the effect of clarifica
tion-would be emphasized if an unclarified highly polluted water from a weedy 
off-shoot of the canal was used as a comparative test. This water showed 
that 1 p.p.m. of chlorine was an adequate dose. 

rt is generally agreed that the oxygen absorbed figure may give some 
indication regarding absorption of 012, and the permanganate test, p. 89 [30], 
Metropolitan Water Board, Annual Report, presents interesting details. 
The ratios obtained by exposing raw un filtered waters to the action of 
standard permanganate for five minutes and three hours are compared. 

The raw River Thames water and filtered River Thames water gave the 
same ratios. . 

The raw' New River water and the filtered New River water gave the 
same ratios. 

The raw River Lea water shows a smaller chlorine comsumption ratio 
in three hours than the filtered River Lea water. 

[31] A phase like reduction in the chlorine absorptive power of water 
with certain degrees of colloid pollution, was stressed in an earlier com
munication, and the River Lea figures above afford an interesting 
parallel. 

From this it must not be deduced that the use of anything but clarified 
water for the Horrocks test is 'permitted, and it should be clearly under
stood that in the case of civil water practice using long contact periods, 
differences between the readings given by the clarified and un clarified 
water would be ·obtained. In addition it is not suggested that the .bacterio-
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C. H. H. Harold 255 

logical results would be identical in both cases; as a matt~r of fact it is 
obvious that with unclarified waters containing large amounts of impurity, 
colloid, bacteria, etc., germicidal velocity is retarded and organisms would 
be alive and flourishing at the end of the half-hour contact, whereas 
in the case of clarified water they would be dead or greatly reduced in 
numbers. . 

The general experience of the school is that if samples derived from 
the same supply (clarified and unclarified) are put up together, it is the 
exception for any marked difference to be revealed by the Horrocks test. 

The substances which affect absorption are usually divided into organic' 
and inorganic groups. Many of the inorganic constituents being disinte
grative products of the former. 

From the military standpoint, deviation or absorption may· be 
classified :-

(a) Immediate. 
(b) Intermediate. 
(c) Late. 

(a) ,. Immediate" includes nitrites, easily oxidizable organic matter 
not affected by clarification, of. which dilute fresh urine IS an excellent 
example. 

(b) "Intermediate "-ferrous salts and all colouring matter. 
The first, and to a minor degree the second, are not affected by clarifi

cation and are present in all waters in this district, often in excessive 
amounts (Bourley basic carbonates) 0'02 to 1'4 per 100,000. 

(c) Organic debris, decayed vegetable matter-mainly affected by 
clarification. ' 

If reasonable care is exercised regarding selection of source of supply 
(b) and (c) give rise to little trouble, but under the influence of higher 
temperature or increased dosage of 01 2 Cb) and (c) tend to be raised into 
,higher categories. 

From our point of view the group which exercises the-greatest influence 
is group Ca). 

In order to gain some knowledge of the relative merits of chlorine and 
chlorine ammonia compounds in the presence of oxidizable organic matter, 
etc., the following absorption experiments were carried out. To two 
gallons of ordinary upland water 200 d.c. of fresh urine was added, and 
absorption tests using the Horrocks test were carried out. 

(1) Chlm·ine.-No chlorine left in any of the cups. Something well 
over 6 p.p.m. absorbed. 

(2) Ohlorine A rnrnonia, (combination of equivalents).-Two parts per 
million absorbed. 

When chlorine and ammonia equivalents interact a second titration 
fraction is frequently produced. Hence a water which by the Horrocks 
test may show a complete absence of free chlorine may still contain a latent -
second titration fraction which is exercising a germicidal effect. Its 
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256 Further Investigation into the Sterilization of Water 

presence can l;>e' demonstrated by the addition of acid. The water in the 
cups was acidulated, the first cup remained colourless, but the second cup 
gave the correct colour. 

Consequently the amount of chlorine absorbed from equivalents of Cl2 

and NH3 is one part per million only. 
(3) Comparison of absorption from a combination of equivalents of Gl2 

and NHg and from one equivalent of Cl2 and half of NH3 carried out as 
above.-The series of cups containing equivalents showed complete absorp
tion in cup one; cup two a faint blue colour. On acidulati,on the first cup 
remained colourless, and the second cup gave correct colour, again an 
absorption of one part per million. 

In the series containing an equivalent of Cl2 + ! equivalent of NH3-

all. cups colourless-does this mean all chlorine deviated? On the addition 
of acid all cups gave a deep blue colour showing no absorption of Cl 2 from 
this combination. . 

The significance of the latent chlorine combination (second titration 
fraction) has been fully considered elsewhere, and also the second titration 
fraction appearing when chlorine is added to waters containing excess of 
ammonia as in sewage. 

These absorption tests explain the experience of observers who have 
stated that in certain waters germicidal action has continued in the absence 
of free chlorine. 

When using chlorine gas in waters containing large amounts of colloid 
or oxidizable matter the addition of acid will on occasions bring out a 
latent chlorine fraction .. This is apparently due to the attachment of 012 

to colloid or other matter, and the germicidal activity of chlorine is not 
improved. (Vide tank experiments.) 

The epitome appended contains experiments using waters with a 
high iron content (Bourley 0'16 to ,1'4 p.p.m.) which demonstrate the 
adverse effect upon chlorine and the negligible absorption of chloramine. 

Attention is particu1!irly directed to the section dealing with ammonia 
and nitrites. 

COLLOIDS. 

It has been demonstrated that colloids may retard the germicidal action 
. of chlorine even when it is present in considerable amounts, consequently 
the reduction of these by our standard field measures becomes' a matter of 
considerable importance. Ordinary water in which vegetable matter had 
been allowed to lyse, and in which mosquito larvffi had been reared, was 
found to give an albuminoid ammonia figure about 0'6 per 100,000. For 
the purpose of this investigation, water taken from the Basingstoke canal 
which had remained undisturbed throughout the winter was considered 
suitable. Water drawn with care from just below the surface without 
giving rise to disturbance gave an albuminoid NH3 figure of 0'0248, and an 

- O2 absorbed figure in four hours of .0'1132. This water; after being 
pumped through the filter Cloths of a regimental water-cart without using 
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O. H. H. Harold 257 

alum in the box-heads, gave an albuminoid NHs figure of 0.'0.182, and O2 

absorbed figure 0.'0.95 per 10.0.,0.00. This shows an initial reduction of 
25'6 per cent mainly strain able suspended colloid held up by the cloth. 

Sedimentation of the raw water overnight with varying quantities of 
clarifying powder (as powder or solution) gave the best results; ten grains 
per gallon, giving a total colloid reduction of 61'3 per cent. 

61'3 per cent total colloid-26'S per cent strain able colloid-reduction 
of 34'7 per cent ncin-strainable colloid. 

The next experiments were carried out after high winds, when the raw 
water gave an albuminoid NH3 figure of 0.'0372 and an O2 absorbed figure 
of 0.'2356. After pumping through the filter cloths of a regimental water 
cloth without using alum, this sample of water gave 0'0182 albuminoid 
NH3 and 0'0.95 O2 absorbed. 

From these figures it appears that the amounts of non-strainable colloid 
are identical in each group. 

When cla.rifying powder was used in the box-heads of the cylinders of 
the water-cart in the usual way a 66'1 reduction of total colloid resulted 
and a reduction of 30 per cent non-strainable colloid was effected. 

The best results were obtained by the sedimentation of the raw water 
for twenty-four hours with ten grains of clarifying powder per gallon. 

Raw water which had been strained by pumping through the filter 
cloths of a water-cart without using alum after further treatment with 
clarifying powder either in the form of powder or solution, gave inferior 
results as regards reduction of non-strainable colloid, and it appeared that 
the coarser particles strained off assist ill the formation of an effective 
coagulum. There was little to choose between the water-cart and sedimen
tation tanks as regards reduction of non-strain able collOId, one giving a 
30 per cent reduction and the other a 34'7 per cent reduction. From this 
it is evident that if on service water is drawn from sources of supply con
taining weeds, etc., capable of supporting the growth of mosquito larvffi, 
germicidal agents other than bleach and chlorine gas in ordinary concen
trations require consideration if the delivery of a safe water within service 
time limits is to be ensured. 

These results at first sight appear disappointing, but on comparing them 
with the 'New River or River IJee figures where sand filtration, a bio
physical' and not a chemico-physical, process is used they appear 
satisfactory. 

[32] New River gives a total reduction of alb. NHs 
from 0'0099 to 0'0048 = 51 per cent reduction 

River Lee gives a total reduction of alb. NHs 
from 0'0142 to 0'0086 = 38 per cent reduction 

The albuminoid ammonia figures indicate that the amount of colloid 
present in these supplies is very much less than in the Basingstoke canal 
and give a very good indication of the severity of the test to which our 
selected germicides have been put. 

17 
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258 Further Investigation into the Sterilizat'ion of Water 

NATIVE AMMONIA AND NITRITES. 

The effect of nitrites on chlorine is well known and has been previously 
commented on. Attention was redirected to this matter during a 
sterilizing trial with the regimental water-cart at Middlesex Wharf Prior 
to taking a sample of Lee water, Major Elliott, who has considerable 
experience of the quality of this water, predicted that by the Horrocks test it 
would absorb 2 p.p.m. chlorine as bleach. However, quite unexpectedly it 
absorbed 5 p.p.m. as breach and more than 6 p.p.m. as chlorine gas. 

This large increase, and the difference between the hypochlorite and 
chlorine gas absorptions, appeared interesting. ' 

At a later date two samples of Lee water were examined and were found 
to contain:-

(1)' Nitrites 
Ammonia F. and S. .. 

(2) Nitrites 
Ammonia F. and S. . . 

2 p.p.m. 
11 

0'16 
3'28 

The second sample was put up as a Horrocks test against chlorine 
solution, bleach solution and' chloramine. 

Chloramine was unaffected 
Bleach reading = 2nd cup 
Chlorine solution = 3rd cup 

Further experiments were then carried out in this connexion. First 
it was found that in ordinary waters the presence of ammonia appeared to 
fix the chlorine and inhibited absorption, and that the absorption from 
bleach was affected more easily than from chlorine gas. 

Next, in waters containing nitrites in addition to ammonia. On one 
occasion water containing 1 p.p.m. of nitrites 

Showed absorption from Cl. gas 
from Bleach 
from Chloramine 

The addition of 2 p.p.m. of NH3 to these 
Changed absorption of Cl. gas 

Bleach 
Chloramine 

On another occasion 

.3rd cup 
1st " 
1st " 

2nd cup 
1st 
1st 

Water containing 0'125 p.p.m. nitrites gave Cl. 2nd cup 
Bleach 2nd " 
Chloramine 1st 

On addition of 2 p.p.m. of NH3 this reading was converted to 
Cl. = 1st cup (a trace absorbed) 
Bleach = 1st " (with no absorption) 

Again, water containing 2 p.p.m. of nitrites :-
Cl 2 = 5th cup 
Bleach = 2nd " 
Chloramine = 1st " 

The further addition of 2 p,p.m. of NHggave a Cl. reading 
, Bleach 

A further addition of 2 p.p.m. Cl-

2nd cup 
1st 
1st 
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O. H. H. Harold 259 

Many further experiments were carried out, but the net result 
appeared :-

That when chloramines were produced by adequate contact of 
equivalents of C12 and NH3 or an equivalent of C12 and t an equivalent of 
NHs prior to dosage into water, they were unaffected by nitrites. 

That the action of bleach in regard to nitrites was irregular. 
That Cl2 solution was regularly affected. Ammonia inhibits the 

oxidative action of C1 2 in the presence of nitrites, bleach being more readily 
blocked. 

In regard to germicidal velocity. When employing 1 p.p.m. of chlorine 
a cOllcentmtion of ammonia of a half part per million IS beneficial but 
with ratios in excess of this, although the whole of the available chlorine 
is conserved and is titratable in practically full amounts for days; the 
germicidal velocity is greatly reduced. 

The presence of a large excess of ammonia influences the titration 
results and gives rise to a second titration fraction. 

This second titration fractioll combination is different from the fraction 
made by the interaction of a double equivalent of C1 2 with an equivalent of 
ammonia and is not extracted from aqueous solution by CCI4• It is seen 
to increase with the amount of NHs present. 

Chloramines unlike chlorine act fairly expeditiously in the presence of 
excess ammonia; in fact on occasions it appeared that the presence of 
1 p.p.m. of NH3 in the water treated by chloramine exercised a beneficial 
effect. Quantities in excess of this lead to prolonged conservation of the 
available chlorine, but again the germicidal velocity is impaired. 

The effect of excess of ammonia on the titration figures of chloramine 
made by the interaction of equivalents of chlorine and ammonia is shown 
below. Water contained 10 p.p.m. of NH3 to which has been added 1 p.p.m. 
as chloramine. , 

0'35 0'35 0 0'7 
Immediate titration = 0'7 after twenty. four hours == -w 

This combination giving second titration fraction is also not extracted 
by CCI4 • 

A COMPARISON OF 'fHE LETHAL ACTION OF CHLORINE~CHLORINE AND 
AMMONIA (EQUIVALENTS) AND CRESOL ON CYCLOPS. 

The presence of this crustacean in drinking water in India gives rise to 
occasional comment, and in view of the association with guinea worm is a 
matter of some importance. 

It is known that cyclops [23J can only survive for a short time in water 
containing 0'25 to 0'5 per cent of caustic lime and 0'15 per cent of caustic 
potash, but if these waters are to be used for general purposes for long 
periods such additions call for further treatment. 
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260 Further Investigation into the Sterilization of Water 

Experimental Details. 

A water heavily infested with cyclops and containing large amounts of 
organic debris was collected. After the removal of larger pond fauna and 
grosser particles of organic matter, 250 cubic centimetres of the water from 
the bottom of the bucket was added to two, series of flasks containing an 
equal quantity of Bourley water. ' 

Solutions of cblorine and chlorine ammonia (equivalents) containing 
25 p.p.m. were prepared. It was anticipated that excessive loss of available 
chlorine, would ensue owing to the abnormal character of the water and 
prolonged exposure of the solutions, but that a final titration on conclusion 
of the experimeu't wouJd indicate the exact concentration present. 

(a) Chlorine added to flasks to give the following theoretical concentra
tions in parts per million :-

Titrations after' 1 h:mr 
great loss by exposure 
and absorption 

(1) (2) (3) (5) 

Not done 
(8) (10) (15) (20) 

2'5 p.p.m. 4'5 p.p.m. 5 p.p,m. 8 p.p.m. 

Mortality.-AlI alive after two hours. 
(b) Chlo'rine.-A number of cyclops were transferred by means of a 

pipette to a concentration of chlorine containing 22 p.p.m. 
Mortality.-

Half-hour 
All alive and lively but bleached 

One hour 
Majority very lively 

Two hours 
All dead 

Titration Olle hour equals 20 p.p.m. of chlorine. 
(0) Equivalents of Cl2 and NHg.-Tbeoretical amouuts of chlorine added 

in parts per million. 
(1) (2) (3) (5) (8) (10) (15) (20) 

Titrations 1 hour , 2'9 p.p.m. 5 p.p.m. 6 p.p.m. 8 p.p.m~ 9'5 p.p.m. 

Mortality.-
(1) (2) (3) (5) (8)* (10) ,(15) (20) 

10 minutes 
20 minutes 

40 minutes 
1 hour .. 
li hours 

Some sluggish All dead but 3 All dead 
Some sluggish All dead All dead 

Some sluggish 
1 alive 

All dead 

but 1 
3 aliv~' 1 alive 

All dead 

• A culicine larva present but sluggish, and alive [ofter 1~ hours. 

Result.-I/IOO,OOO lethal in ten minutes. 1/300,000 in It hours. 
(d) Cresol-Dilutions in clear upland water 1/10,000 and 1/100,000. 

Cyclops added to these as in (0). 
Mortality.-Ten minutes 1/10,000 all dead. After several hours, 

1/100,000 lively, all swimming about. 
, Gonolusions.-Chlorine alone in 8 p.p.m. does no't kill cyclops in two 
hours. ' 

In 20 to 22 p.p.m. chlorine is lethal in two hours but not in one hour. 
Chlorine and ammonia combinations (equivalents) are lethal in 

2'9 p.p.m. (1/300,000) in H hours, and in 9'5 p.p.m. (1/100,000) in ten 
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O. H. H. Harold 261 

minutes-a 1/200,000 concentration did not kill a culicine larva in It hours. 
The sequence of death appeared to be (1) gravid females with large body 
area and egg sacs; (2) males; (3) nauplius larvffi. 

Cresol.-R. W. coefficient 12 does not kill in a dilution of 1/100,000, but 
kills in 1/10,000 in ten minutes. In Macedonia it was found that cresol 
1/100,000 killed mosquito larvre in one hour; 1/10,000 killed mosquito 
larvre in fifteen minutes [34J. 

The above indicates the selective action of these disinfectants. In view 
of the success obtained against cyclops with chlorine ammonia combinations, 
it is regretted that chlorine-resistant cercarire and miracidia are not avail
able for similar examination; also their effect on encysted pathogenic 
amoobre seems worthy of attention. 

ApPLICATION TO THE REGIMENTAL WATER-CART. 

The final undertaking was the application of chloramines to the 
regUlation water-cart. This necessitated a simple method of production of 
standard chlorine solution. A specification was drawn up and submitted to 
Messrs. Sparklets, Ltd., who filled sparklet bulbs with chlorine gas and 
made valved dosing bottles, which have been in use for some time. The 
metal fittings of the dosing sparklet bottles are of Monel metal, which is 
acid-resisting. 

Although these first bottles are experimental ones, they demonstrate 
clearly the possibilities of application. Profiting by the experience gained 
the evolution of improved patterns can be anticipated. The accuracy of 
dosage of bulbs with 01 2 gas is remarkable, and the titration, of solutions 
made from several of these reveals a negligible variation in content. 

The success of this, the mechanical application, is mainly due to the 
good offices of D. H. Oampbell, Esq., Works Manager of Messrs. Sparklets, 
Ltd., who has given the matter his personal attention. Following on' this, 
attempts were made to devise a more convenient method of obtaining 
standard ammonia solution. The possibility of using a compound which 
could be handled, weighed and made up into a tablet, affords distinct 
advantages, and ammonium carbonate was first of all experimented with. 
Initial results were irregular and unsatisfactory until it was realized that 
ammonium carbonate, on keeping, gradually gives off a proportion of its 
ammonium content and becomes converted into hydrogen ammonium 
carbonate. In correction of this, an increase in the quantity of ammonium 
carbonate used yielded results comparable with those obtained with liquor 
ammonire. 

At a later date, high concentrations of chloramine were obtained by the 
action of strong 012 solution on appropriate quantities of ammonium salts. 
The attachment of the NHs group to an inorganic acid offers considerable 
reSIstance to the action of chlorine solution, permitting of the inter-action 
of strong solutions .. 
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262 Further Invest'igation 'into the Steril'ization of Water 

ADDENDUM. 

Apart from the utility' of.- these compounds in the purification of water, 
their 'potentialities as germicides must not be overlooked .. Wool soaked in 
a milk-white anthrax spore emulsion and dried is sterilized by immersion 
in a 1 in340 solution of one of. these in from three to six hours. This 
treatment, however, affects the character and properties of the wool. Still, 
with present-day chemical advances, this may not be an insuperable bar 
to successful application. 

Again, the same compound is capable of preparation by unskilled hands 
in the presence of common salt. It is effective in association with colloid, 
and the solutions do not contain alkali to add to tissue irritation; conse
quently its behaviour in wounds, etc., merits at least a passing thought. 

REFERlmCES. 

[1] HAROLD and WARD. JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, June a.nd July, 1924. 
[2] Lancet, August 23, 1924, p. 384. ' 
[3] HAROLD and WARD. Ibid. [1]. 
[4] RACE. "Chlorination of Water," p. 19. 
[5] HAROLD and WARD. Ibid. [1]. 
[6] HAROLD, NIERENSTEIN and ROAF. Journ. of Physiol., December 31, 1910, vol. xli, No. 3. 
[7] HALE. Proe. N.J. San. Assoe., 1914. 
[8] HAROLD and WARD. Ibid. [1]. 
[9] Idem. Ibid. [1]. 

[10] RACE. ," Chlorination of Water," p. 116. 
[11] Idem. Ibid., p. 23 .. 
[12] RIDE AL. "Chemical Disinfection and Sterilisation," p. 82. 
[13] Idem. Ibid., p. 195. 
[14] RASClIIG. Ohem. Zeit:, 1907, xxxi, 926. 
[15] HALE. Fire ani Water Engineering, No. 9, February 26, 1919. 

RACE. '~OhJ'orination of Water," p. 21. 
[16] HALE. Ibid: (15): 
[17] RACE. .. Chlorination of Water," p. 24. 
[18] TILLEY. Journ. Agricul. Research, Washington, D.C., October 15, 1920, vol. xx, No. 2. 
[19] RACE. Lancet, September 13, 1924. . 
[20] Idem. "Chlorination of Water," p. 126. 
[21] HALE. Ibid. [15]. 
[22] Idem. Ibid. [15]; also RACE, "Chlorination of Water," p. 126. 
[23] HOUSTON. 16th Annual Report Metropolitan Water Board, 12 months ending March 31,1922. 

18th Annual Report Metropolitan Water Board, 12 months ending March .31,1924. 
[24] HOWARD. Surveyor and Municipal and Oounty Engineer, 1922, November 3, No. 1607, 

pp. 275·277. 
[25) Idem. Ibid., 1922, October 27, vol. lxii, No. 1606, pp. 255·256. 

Idem. Ibid., 1924, March 21, vol. l:xv, No. 1679, p. 295. 
[.26] ROAF. "Text Book of Physiology," pp. 126 and 262. 
t27] HOUSTON. 18th Annual Report Metropolitan Water Board, 12 months ending March 31,1924. 
[28] WARREN and BARTOW. Journ. Amer. Water Works Assoc., July, 1924, vol. xi, No. 4. 
[29] RACE. "Chlorination of Water," pp. 28,64,117. 
[30] HOUSTON. Ibid. [27]. 
[31] HAROLD and WARD. Ibid. [1]. 
[32] HOUSTON~ Ibid. [27). 
[33l ALCOCK. "Entomology for Medical Officers," p. 353. 
(34] HOLDEN. JOURNAL OF THE ROYAL ARMY MEDICAL CORPS, April,. 1924, vo!. xlii, No. 4. 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-45-04-02 on 1 O
ctober 1925. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


C. H. H. Harold 263 

EPITOME OF EXPERIMENTS. 

Part I.-CART EXPERIM}<:N'l'S. 

Part JI.-TANK AND LABORATORY EXPERIMENTS. 

Part I.-CART EXPERIMENTS. 

Series A.-Indicates that flask technique cannot be relied upon with bulk supplies. 
Series B.-Two-way tube experiments; Improved contact of NH3 and Cl2 solutions leads to the 

production of a second titration fraction and superior germicidal activity. Considerable 
loss of available chlorine is the rule. 

Series C.-Taste and holding power of these combinations using two-way tubes in an upland 
water with a high iron content. 

Series D.-Evolution of the pouring method showing its efficiency. Some irregular results 
appearing. (Experiment 3.) 

Series E.--Treats of varions combinations of chlorine and ammonia and the effect of adding 
chlorine to the cart first. Taste and titration results. 

Series F:-Germicidal trials using crude and clarified canal water and the effect of adding the 
chlorine before the ammonia. 

Series G.-Study of the effects of baffles on the diffusion of sterilants, proving that some of. 
the previous irregular resnlts are due to the inadequate mixing. A very important recom· 
mendation affecting the efficiency of sterilization of water in the cart is enunciated. 

Series H.-Experiments carried out with carts in movement. The previous theories re adeqnate 
mixing corroborated. 

Series I.-A comparison of the results obtained after making these chlorine ammonia corn· 
·pounds: (1) By simple pouring, (2) by contact of reagents outside the cart in ideal 
concentration. 

Part JI.-TANK AND LABORATORY EXPERIMENTS. 

In order to obtain more accurate information these experiments were carried out in tanks 
wi thout baffles. 
Series A.-The effects of pouring various ratios of Cb and NH3 into tanks. 
Series B.-(i) The effects of the ammoniacal content of water upon these compounds; (ii) the 

effect of adding ammonia to water which has been chlorinated. . 
Series C.-Repetition of certain cart experiments under more favourable conditions, using 

various means of bringing chlorine into contact with ammonia and ammon. carbo General 
inference that a method of pouring gives very reasonable results under ordinary conditions. 

Series D.-The influence of the various intervals wheu dosing NH3 and CI2 upon the titration 
results. 

Series E.-Attempts to evolve a method whereby stronger solutions of NHs and Cl2 may be 
used, proving that the pouring method for this purpose has limited possibilities. 

Series F.-Using ammon. carbo instead of NH3, with and without ammonia in the water, also 
two-way tube trials with varying ratios of NH3 and Cb. 

Series G. -Continuing the attempts detailed in E above. 
Series H.-Effects of excess ammonia in water on titration; results not very definite. 
Series I. -Effect of prolonged contact of a stratum of 012 with dilute ammonia. 
Series J.-Germicidal activity. 

(1) Comparison of the germicidal power of various compounds. 
(2) Continuation of above. 
(3) Continuation of above. 
(4) Germicidal power of combinations' produced by varying ratios of ammonia and 

chlorine. 
(5) Continuation of (4). 
(6) Influence of contact period of ammonia and chlorine in varying ratios. 
(7) Continuation 'of above experiments. 
(8) Continuation of above experiments. 

Series K . ....,.(i) Stability of chlorine ammonia combinations in natural waters; (ii) effects of heat. 
Series L.-Indicating combining ratios of NHs and C12. Experiments (2) to (5) ranging 

to obtain ideal concentrations of NHs and 012. 
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264 Further Investigation into the Sterilization of Water 

Series M.-Effecting changes in titration results by varying methods of mixing and ohanging 
one combination to the other. 

Series N.-Oombining ratios and titrations in relation to solnbility in CUl4 and C82. The later 
experiments in this series take germicidal action also into consideration. 

Series O.-Ammonia in water. 
Series P.-The combined effect of nitrites and ammonia in water. 
Series Q. -Mannfacture of chlorine ammonia compounds from ammonium salts. 
Series R.-The ammonium carbonate tablet. 
Series S.-The chemical reactions. 
Series T.-Details regarding experiments mentioned in the text. 

PABT 1. 

CART EXPERIMENTS. 

Series A. 
Water-cart Experiments:-

(1) Basingstoke Canal water-clarified py passage through reels_ of 
·regimental water-cart-additional pollution load of 500 million B. coli. 

Horrocks's Test: 3rd cup. Temperature of water 40° F. 
CART 1. 

1 p.p.m.012 

Half·hour plating 

CART n. 
~ p.p.m. of NHs added first, well mixed, allowed 

quarter.hour contact, followed by 1 p.p.m. CI2 

Negative 13 cols. 
Result: Ammonization applied in this way is inferior to 01 2 , 

(2) Repeated. Canal water through reels' of regimental water-cart. 
No clarifying powder. 500 million B. coli added to water. 

Mix in first! p.p;m. of NHs as above. 
After 15 minutes 1 p.p.m. of 01.°. 
Half-hour platings: L. la.ctose agar. 3 cols. 

Result: No improvement. 
(3) Repeated above, allowing Cl2 one hour's contact. 

Platings negative, but B. coli MacConkey absent ~, 5, 10 c.c. ; present 25 C.c. 

(4) Basingstoke Canal water through reels using clarifying powder. 
Horrocks'; Test: 3rd cup. 
Tryout against broth culture of B. coli 250 c.c. per cart, 24 hours' growth. (1,000 mils 

per c.c.). 
Contact: three. quarters of an hour. 

CART 1. 
012 1 p.p.m. 

Platings: Coli ++++ 

CART 11. 
NHs ~ p.p.m. added quarter hour before, 

followed by 1 p.p.m. of CI 2 

Coli ++++ 
Ammonization leads to no' marked improvement. After one and· a half 

hours both waters contained 0'6 p.p.m. of 01 2 , 

Remarks . .....:...General inference that flask technique can!!ot be relied on 
with bulk supplies. Attempt to' improve contact of 012 and NHs by using 
a two-way tube. 

Series B. 
Cart Experiments using Two-way Tttbes :-

Basingstoke Canal water. No clarifying powder in box head of cylinder. 
250 c.c. broth culture = 250,000 mil organisms added to each cart. 
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o. B. H. Harold 265 

(1) Solutions containing t part NH3 of same volume as CI2 solution_ 
Both C12 and NHs run in simultaneously through two-way tube. 

OART I. OART n_ 
Cl 2 and !NHa Cl 2 only 

'fitrations Platings Titrations Platings 
1 hour 0-2 0-2 Half as heavy 0'4 0-1 Enormous 

Total 0-5 as Oart n 0'5 growth 

2 hours 0-2 0-2 Growth lighter 0-4 0-1 Growth lighter 
0-5 than Oart n 0'5 than above 

0-\!5 0-25 About 100 cols_ 0'35 0-15 
" 0-5 0-45 

4 0-25 0-25 3 cols_ 0-4 0-1 
0-5 0-5 

5 0-25 0-25 Negative 0-4 0-1 SOUle thousands 
0'5 0-5 of discrete cols_ 

Improved contact has produced first and second titration fractions and 
a superior germicidal action, but there is considerable loss of available C12• 

(2) Repeated above-water badly discoloured owing to presence of 
oxidizing basic carbonates of iron_ 

Horrocks's Test: 3rd cup. 

Cl~ and t NHs Cl. alone 
'1 hour 0-2 0-2 Thousands o-s 0-3 'Enormous film 

0'35 of cols_ 1'1 of growth 

2 hours 0-15 0-15 About 100 cols_ O-S 0'2 Less than above 
--0-:3-- 1--

3 0-15 0'15 42 cols. 0'5 0'3 
0-25 O'S 

4 13 cols_ 0-5 0-3 Over 1,000 cols_ 
O-S 

5 0-1 0-2 Negative 0-5 0·3 Over 100 cols_ 
0'3 .o-s 

Here again, although there is considerable loss of available Cl2 with 
the two-way tube, still the combination of 1 Cl2 + i NH3 is superIor 
to chlorine alone_ 

(3) Canal water through reels; no clarifying powder. 500 million B. coli 
added as watery suspension. Not broth. 

Test done in a snowstorm; unsatisfactory technique; solutions not 
poured simultaneously_ 

Horrocks' Test: 3rd cup. 

10 minutes 

~ hour 

.a .. " 

1 

1~ hours 
2 

After 50 hours .•. 

OART I. 

1012 * NHs 
0-35 0'2 

0'5 
0-3 0-25 

0'5 
0-3 0-2 

0-45 

0-25 0'25 
0-5 

0-1 

210 cols_ 

100 " 

24 

10 " 

4 " 
Negative 

OART n_ 
012 

0-4 0'1 
0-4 

0-3 0-5 
0-3 

0-25 0-05 
0-3 

0-25 0-0 

0-2 

0'2 

0-5 
0-25 

0-0 

Negative 

". 
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266' Further Investigation into the Sterilization of Water 

Cause of this delay not understood, except difficulties with pouring, etc. 
To be repeated in four days' time. 

(4) Same as preceding, except previous day Bank Holiday. Canal used 
for boating and very muddy and stirred up. Water treated with clarifying 
powder in box heads. 500 million B. coli added (not broth culture). 

CART 1. CART n. 
20 minutes " 0'20 0'45 Negative 0'1 Over 100 cols. 

0'65 
40 0'25 0'35 0'1 151 

0'6 
60 0'25 0'25 0'1 100 

0'5 
90 0'1 50 " 

120 0'1 50 

All 012, except 0'1 p.p.m., has been absorbed and germicidal action is 
slow. 

After two and a half hours, i.e., four and a half hours after dosing cart, 
re-contamination with 500 million B. coli. 

CART 1. CART n. 
60 minutes •• _ Negative 0'2 0'2 Enormous growth 0'1 

0'45 
120 0'2 0'2 0'1 

0'4 
180 

" 
About 500 cols. 

240 0'2 0'2 About 200 cols. 
-~ 

After 24 hours •• 0'15 0'1 
0'25 

The superiority of chlorine-ammonia compounds i( demonstrated. 

-Series C. 

Taste and Holding Power 
NHs and Ol2' 

Experiment and Methods of Application oj 

(1) Bourley water with high iron content. Varying from 0'12 to 1'4 
parts per 100,000. 

CART 1. CART 11. 
012 1 and NHs! p.p.m. 012 1 p. p.m. only 

10 minutes 0'225 0'375 0'4 0'1 
0'6 0'5 

45 0'2 J'H 0'4 0'1 
0'5 0'5 

1~ hours 0'2 0'3 0'25 0'15 
0'5 0'4 

4 
" 

0'1 0'2 0'0 0'1 
0-3 0'1 

01 2 has succumbed to absorption. 
Opinion of 19 people drinking unknown samples. 
Advantage of taste with 012 + NHs. 01 2 smell and obvious taste, not so 

good. r:r:he chlorinous taste remained after four hours when only 0'1 p.p.m. 
could be detected. 
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O. H. H. Harold 267 

Holding experiment: Bourley water loaned with iron. 
(2) Comparison of holding powers of i p.p.m. of NHs and i p.p.m. 

NHs. Volumes of NHs and Cl2 solutions identical. 
CART 1. CART n. 

i p.p.m. NHs and 1 Cl. i NHs and 1 Cl. 
After 50 minutes •• 0'1 0'2 0'2 0'25 

0'3 0'4 

Water dosed in this way with i NHs and 1 C12 tends to be deviated to 
a greater extent than! NH3 and 1 C1 2 -

Repeated :-
CART 1. CART 11. 

t NHs 1 Cl, p.p.m. if NH3 1 Cl 2 p.p.m. 
After ~ hour 0'1 0'15 0'25 0,2 

O'~ 0'{)5 

0,3 0'25 
0'55 

1 0'25 0'2.'; 
0'5 

So that using a two-way tube! NH3 holds better than l 
(~) Experiment using (a) 1 p.p.m. NHs and 1 Olll through two-way tubes. 

(b) Ii" "" " " 
Volume of solutions identical. 

CART 1. CART n. 
~ hour 0'3 0'3 0'1 0'1 

0'7 0'2 

i 0'3 0'3 
0'7 

1 0,3 0'3 0'1 0'1 
0'7 0'2 

1i hours 0'4 03 0'2 0'1 
0'7 0'3 

2~ " 
0'25 0.25 Demonstrates superior holding 

0'5 powers of 1 NHs and 1 Clll and 
5 0'25 0'2 the loss resulting from use of 

0'4 excess of NHs. 

(4) PouringCl2 andNH3 solutions simultaneously through a funnel, using 
, 0'3 0'3 

1 Cl2 and 1 NH3; after one ho?-r = 0'7 ,so this agrees with two-way 

tube. 
(5) Method of pouring without using apparatus :-
Fill cart above baffle with water, pour in 1 p.p.m. of NHs, count five, 

then pour Cl2 on exactly same spot on surface of water; count ten and 
stir. 01 2 solution passes through diffusing NH3• Faint fresh smell. 
Taste dry; not chlorinous. 

0'55 0'3 0'5 0'3 0'4 0'4 
After 1 hour, 0'9 ; 2 hours. 0'65 ; 2~ hours, 0'85 

0'7. 0'4 0'4 0,3 0'35 0'15 
4 hours, 0'85 ; 5 hours, 0'8 ; after 21 hours, 0'5 
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268 Further Investigation into the Sterilization of Water 

The effect of longer contact of dilute solutions is be~eficial and mini~ 
mizes loss and improves holding power. 

Iron content of water throughout these series = 0'15 parts per 100,000. 
(6) Comparative test using 1 p.p.m. C12• 

10 minutes = 0'8. Smell chlorinous. 

2 hours = 0'3 0'1 
0'4 

3 =0'2 0'5 
0'25 

18 0'5 

Series D. 
Trial oj Pouring Method. 

(1) Three carts-Bourley water in eacb-250 c.c. broth culture; 
250,000 million B. coli,' 1 p.p.m. 012 in 'all cases. 

CART A. CART B. CART C. 

1 p.p.m. NHs -+- 1 C12 0'75 p.p.m. NHs + 1012 012 only 
Average 0'4 0'4 0'6 0'4 0'2 0'05 

0'8 0'95 0'3 
Plating, ~ hour " About 100 cols. About 100 cols. Enormous growth 

1 
" 25' " 4 

" " Titrations,2 hours 0'4 0'4 0'5 0'5 0'25 0'25 
0'8 0'9 0'45 

Plating, 2 3 cols. 2 cols. . Thousands of cols. 

" 3 Negative 4 
" 

200 cols. 
Titrations, 4 

" 0'4 0'3 0.4 0'4 0'3 0'2 ---_._-
0'75 0'9 0'5 

Platmg 1 col. " Negative Over 100 cols. 

Little to choose between 0'75 and 1 p.p.m. Clear demonstration of 
the superiority of the NHa combination over C1 2 • 

(2) Trial with Basingstoke Canal water, stationary carts, water pumped 
through reels but without alum clarification. Major Elliott was present. 
'250,000 million B. col·i added. 

CART A. CART B. 

1 Cl2 + 0'75 NHs 1012 only 

10 minutes 0'7 0'5 0'0 0'1 
1'1 

20 
" 

plating .. 20 cols. J.ust on 100 
40 

" 
titrations 0'5 0'5 0'1 0'05 

1 0'17 
Plating 2 cols. 19 cols. 
60 minutes, titrations 0'6 0'4 0'1 0'5 

1 0'15 
Plating 1 col. 41 cols. 
1 hour 30 minutes, titrations 0'6 U'35 0'05· 0'1 

1 0'15 
Plating Negative 36 cols. 
2 hours, tit rations 0'55 0'45 0'05 0'1 

1 O·H.i 
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O. H. H.Harold 269 

Irregular action appears to be taking place. We are now using 
stationary carts. Owing to labour entailed it is not possible to get these 
at suitable times. 

(3) Trial with un clarified Basingstoke Canal water-after heavy rain. 
Water very thick and full of debris; raw water pumped direct into cart
carts stationary. First titration, 1'8, which IS almost double the dose 
added. 

Cl. only - 1 p.p.m. 0'75 NH. + 1 Cl2 

~ hour, plating .. Nil 10 cols. 
1 

" 
titrations 0'05 0'1 0'5 0'5 

0'15 1 
Plating 61 cols. 12 cols. 
2 hours, titrations 0'05 0'1 0'45 0'5 

U'15 1. 

Plating 74 cols. 20 cols. 
23 hours, plating 89 

" 
28 

" 
Allowing the taps to dribble throughout the experiment. The initial 

titration of 1'8 p.p.m. and the gradual increase of colonies indicate that 
imperfect mixing is taking place, and that running off the stronger solution 
early on is taking place. 

(4) Cart experiment, clarified canal water: 500 million B. coli added. 

Plating-
20 minutes 

Titrations .. 

Plating-
40 minutes 

Plating-
60 minutes 

Titrations .. 

Plating-
90 minutes 

,Titrations, 2 
hours 

Titrations after 
24 hours 

(A) 1 CJ2 i NH3 p.p.m. 

96 cols. 

0'35 0'35 
07 

25 cols. 

24 cols. 

0'2 0'35 
0'65 

2 cols. 
0'3 0'3 
~-

0'1 0'15 
0'25 

(B) 1 Ch ~ NHs p.p.m. 

103 cols. 

0'3 0'35 
o'n, 

30 cols. 

35 cols. 

0'3 0'3 
0'65 

7 cols. 
0'3 0'3 

065 
0'15 0'1 

0'35 

(B) Holding well using 1 p.p.m. 
(C) Is tasteless. 

Series E. 
Titration Experiments. 

(C) 2 Cl2 1 NH3 p.p.m 

38 cols. 

0'8 0'6 
1'5 

Negative 

Negative 

0'8 0'7 
-I~--

Negative 
0'8 0'7 

1'4 
0'5 0'1 

0'75 

(1) Attempts at making a strong solution in bucket,by pouring method; 
adding 0'375 grm. NH3 followed by 0'5 grm. C12• ' 

Bucket contents should be fifty-five times stronger than cart water. 
Water against N/10; this should give a 5'5 c.c. titration but only gives 
1'95 0'45 . 

2'4 = loss of 50 per cent. 

(2) Cart experiment-Bourley water. 
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270 FU'rther Investigation into the Ste'rilization of Wate'r 

Effect of allowing streams of 012 and NH3 solutiolls to meet. Ammonia 
0'75 p.p.m. and CI2 1 p.p.m. 

Titration == 0'15 0'15 == loss of 70 per cent. 
0'3 

(3) Cart experiment. 
Adding C1 2 first, counting five, then adding NH3 0'7 p.p.m., counting 

ten; mix. 
0'75 0'15 

- After ~ hour, 0'9 

Note.-Mostly first fraction akin to a chlorine titration, but this is not 
free because no absorption has taken place. . 

(4) Repeated, putting NH3 in first. 
After ~ hour, 0'5 0'5 

ll-0 

(5) Repeated cart experiment, Bourley water. Ammonia poured first
dosing NH3 1'5 p.p.m. and 2 p.p.m. C12• 

~hour, 1'3 0'4; 1 hour, 1'2 0'5 
. 1'7 1'75 

Practically tasteless; fresh smell j ? faint taste C12 ; really a dry taste. 
(6) Cart experiment-Bourley water . 
. Added first 2:25 NHs, counted 20; added 3 p.p.m. C12, counted 20 j 

stirred. 
After half-hour contact-smell fresh; slight taste; shade stronger than 

in Experiment (5) above. 
1'8 0:8' 1'8 0'7 

i hour, 2'8 '1 hour, 2'7 

Added to same cart 0'75 NH3 = total 3 p.p.m. j well stirred j taste fainter. 

Titrations after 20 minutes, 1'8 0'7 
2'7 

Added further t part NHs = 3'5 p.p.m. NH3 added. 

After 20 minutes, 1'5 0'7; after 20 hours, ~~ 
2'7 . 1'9 

Faint taste dry saline j smell fresh; further addition of NHs does not 
affect compounds, but tends to reduce taste. . 

Series F. 

After two nights' frost (4 degrees):- . 
(1) Clarified canal water containing 500 million B. coli. 

A. B. 
1'5012 + 0'75 NHs 

Plating, 20 minutes. Better than B. 
0'9 0'7' 

Titrations, 

40 minutes plating. 8 cols. 

60" " 4 cols. 
0'7 0'7 

Titrations, -c-1'-=-3-

1'5 012 + 1'1 NH, 
Full of growth. 

0'9 0'6 
1'7 

70 cols. 
15 cols. 

0'7 0'7 
1'2 
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C. H. H. Harold 

(2) Crude canal water with 500 milion B. coli. 
1'5 NH, + 2 Cl. 

30 minutes o·g o·g Moderate number of colonies. 
1'8 

60 
o·g 4 cols. only. 

165 

271 

(3) Same experiment as (1) of this series, but adding Ch first followed 
. by NHs. 

Plating, 20 minutes; plate covered with growth 
Titrations .. . o·g 0'3 

1'05 
Plating, 40 minutes; plates covered with growth 

" 60 " 80 cols. 
Titrations 40 minutes 1:0 0'1 

1'1 

" 
60 1'0 0'1 

" 
2 hours 

Note. -Titrations all on free side. Killing power nothing like as good as A. 

Series G. 

(1) Study of the effect of baffles in the water cart upon diffusion of. 
reagents. Bourley water with 500 million B. coli. Pouring 0'75 NH3 
followed by 1'1 C1 2 • No mixing. 

Titrations after ~ hour 0'7 0'7; 1 hour 0'7 0'8 
1'5 1'6 

Taking samples at top of bafties. 
1st compartment, right 

2nd left 

Bottom 'of cart 3/4 hour 

0'3 0'6 
O·g 

0'1 0'15 
--o~ 

0'4 0'7 
1'1 

In the regimental water cart, two baffles at right angles to each other 
, cut the cart into four compartments, which communicate above and below 

by relatively small openings and restrict diffusion. 
With well diffused organisms, the germicidal effect in the different 

compartments should vary enormously. Vide titrations above. 
(2) Cart experiment, using bleach in regulation manner. 

Horrocks's test, 2nd cup. 
Scoops bleach = 2'2/3 p.p.m. 
After ~ hour, top of cart, 0'5 p.p.m. 
From taps = 3'2 p.p.m. 

The irregularity in dosage and germicidal action in previous experiments 
is explained by the very complete bafflillg in the regimental water-cart. It is 
essential with draught animals that surging in the cart should be eliminated, 
still at the ~ame time if carts are not in movement adequate mixing cannot 
take place and no amount of agitation with rods or paddles will cause 
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272 Furthel' Investigation into the Sterilization of Water 

solutions to diffuse equally from one compartment to the others. Freer 
intercom1llunication between the compartments is desirable. 

In practice it is essential that carts should be put on the roa~ after 
dosing in order to facilitate mixing, as it is impossible to eliminate the 
effect of the baffles in any other way. 

The experiments in the preceding series cannot be taken as typical, but 
for comparative purposes they serve a useful purpose. . 

More definite and reliable experimental results would be obtained if· 
tanks without baffles were us.ed. It is thought that ll-gallon ·glass 
accumulator tanks would meet the case. 

Series H. 

With Carts in movement ;-
(1) Canal water-without alum clarification. 500 million B. coli added. 

Plating, ~ hour 

Titrations 

Plating, 1 hour 
Titrations 

A. B. 

NHs 0'75 + Cl. 1'5 p.p.m. NH" 1 + Cl2 2 p.p.m. 
Negative 

0'4 0'4 ----u:s--
Negative 

Same as ! honr 

Negative 

0'8 0'7 
1'5 

Negative 

Remarks.-Note: Immediate improvement, due to adequate mixing. 
(2) Clarified water from canal containing B. coZ,i in 1/10 c.c. Solutions 

added when cart is half full. 

CARTS:- A. B. C. 
0'5 NH. + 1 Cl. p.p.m. 0'75 NHs + 1'5 Cl 2 1 NHs + 1'5 Cl. 

After 20 minutes 

" 40 

" 60 

Titra.tions after 1 hour 

" 24 hours 

1 col. 

Negative 

0'3 0'4 
0'7 

0'25 0'0 
0'25 

Remarks.-Good effect continues. 

Negative Negative 

" 
0'4 0'7 0'55 0'6 

1'1 1'1 

0'3 0'25 0'5 0'1 
0'55 0'6 

(3) Crude canal water full of mud after heavy rain and boating. 
500 million B. coli added. Reagents added as usual when carts half full. 

Plating, 20 minutes 
40 

60 

Titrations after 1 hour .. 

CART A. 
0'75 NH" + 1'5 Cl. 

Negative 

0'4 0'5 
O·g 

CART B. 
1'5 NHs + 3 Cl. 

Negative 

\ " 
1'3 0'7' 

20 

Remarks.-A good demonstration of the effect of efficient mixing. 
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C. H. H. Harold 273 

(4) Crude canal water (without clarification)-pea-soup colour-troops 
bathing and boating- and 500 millions B. coli added. 

NHs 0'5 p.p.m. + Cl2 1 p.p.m. 

Plating, 20 minutes .. 27 cols. Titrations 0'35 0'3 
0'6 

0·3 0'3 
0'6 

40 . . Negative 

0'3 0'3 
0'6 

60 
" 

Horrocks's test = Third cup with a 33 per cent bleach 

Cb gas = Second cup 

Desired effect produced by 1 p.p.m. of CI 2 and ammonia. 

Series I. 

Complete removal of all organisms not desired-comparative results 
of pouring technique and allowing contact of reagents outside the cart, 
using two buckets per water cart. 

Unclarified canal water with 250 C.c. of broth culture containing 
1,000 millions B. coli per c.c. in each cart. 

(1) A. Pouring usual way. B. Dosing 0'25 NH3 and 0'5 Cb in each 
b~cket. 

Plating 20 minutes .. 

Titrations 

Plating 60 minutes .. 

Titrations 

Bucket dosing seems 
strength. 

(2) Repeated above. 

Plating ~ hour 

1 

Titrations 

A. 
Enormous growth 

0'15 0'25 
0'4 

Enormous growth 

0'15 0'20 
0'35 

the better-Cl2 found 

A. Pouring usual way 
6 cols. 

Negative 

0'2 0'1 
0'3 

B. 
Enormous growth 

0'0 0'5 

A few hundreds 

0'0 0'4 
0'4 

to be 20 per cent under 

B. Buckets 
Some hundreds 

Negative 

0'2 0'25 
0'45 

In light of previous experiment, advantage seems to lie in separate 
dosing. This was afterwards confirmed. 

(To be continued.) 

18 
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