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PORTABLE DISINFEC,!,ORS AND DISINFESTORS. 

By MAJOR A. C. HAMMOND SEARLE, M.C., 
Royal Army Medical Corp8. 

THE utility of efficient portable disinfectors can be considered as 
definiLely established, and such devices are playing an increasing part 10 

the prevention of disease in civil and military life at home and abroad. 
Originating largely from the endeavour of officers of the Royal Army 

Medical Corps to fulfil military medical requirements, their use has been 
found applicable to civil conditions, and well-known civilian firms have 
taken up their manufacture. 

Military and civilian members of our profession, finding their way 
from many different countries to the Army School of Hygiene, have been 
responsible for many conflicting statements in regard to their use and 
efficiency, and several discrepancies are apparent when the available 
literature on the subject is consulted. 

Investigations have been carried out on : (1) The Lelean (Sack) Portable 
Disinfector; (2) The Drum Disinfector-designed at this School; (3) The 
Serbian Barrel (Downward Displacement) ; and the following are some of 
the conclusions that have been arrived [1t :-

(1) THE LE LEAN (SACK) PORTABLE DrSINFECTOR. 

It should not as a rule be necessary to protect this apparatus by covering 
the sack with turf and the like in order to conserve neat and prevent the 
escape of steam. 

It has been repeatedly aud successfully worked in cold weather and in a 
strong wind suspended from a gibbet by a wire hawser. 

In England the apparatus will withstand regular work for a period 
of months (according to frequency of usage) before showing signs of 
deterioration, viz., a worn appearance of the painted canvas and escape 
of steam . 

. The efficiency of the bag is easily and practically restored by application 
of the special Pltint or dope issued for the purpose. 

The composition of this restorative preparation is being kept secret by 
the firm supplying it, but there should be no great difficulty in obtaining 
an equally efficient substitute. 

It is considered that the discordant results obtained by various workers 
in different parts of the world are largely due to the fact that the sacks 
used have not been kept sufficiently steam-proof by applications of this 
dope. 

Composition of the Sack.-This is made <?f stout Willesden canvas, and, 
although experiments have been conducted at this School with the object 
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A. C: Hamniond SeaTle 169 

of improving on it as regards durability and heat conservancy, none of the 
various substances tried and manufactured experimentally has been found 
to be superior to Colonel Lelean's original design and material. 

Capacity of the Sack.-All experiments have been conducted with Army 
blankets only, and of these the sack takes twenty-five, when properly 
packed. A smaller number is not a full load, ,and a larger number is 
inadvisable. 

The blankets should be evenly and fairly tightly packed in the sack, a 
useful implement for ramming them in being a broom handle. This 
number of blankets (twenty-five) has been shown to be efficiently sterilized 
whatever the source of heat employed, with the following exception and 
possible fallacy: It cannot be considered as certain that the whole outer 
surface of the last blanket will reach a temperature of 212° F., owing to 
possibly unskilful cording up of the hag, and it is therefore advisable to 
re-sterilize this outermost blanket. 

Tests of Stel'ilization.-Throughout these experiments the following 
tests have been employed :-

(1) Temoine tubes melting at 100° C. (exalgin and methyl-violet). 
(2) Two maximum and minimum thermometers. 
(3) Phipson's apparatus [1]. 

In each experiment :- . 
(a) One maximum-minimum thermometer has been wrapped in a small 

piece of sheeting togetber with two temoine tubes, and placed near the 
bottom of the sack (before inversion) on the first blanket inserted, 
i.e., practically on a level with the point of entry of the steam. 

(b) A similar couplet near the middle of the sack. 
(c) Phipsou's apparatus just under the outermost or last packed blanket, 

i.e., near the mouth of the sack. 
In all successful experimellts the temperature reached in the thermo

meters has been 2120 F., all temoine tubes have been found to be "gone," 
i.e., the dye has been distributed throughout the small capillary tubes by 
the melting of the exalgin, and the alloy of the Phipson apparatus has 
been melted, as indicated by the ringing of the electric bell. 

It can be taken as proven that in a disinfector of this nature, working 
by downward displacement, every portion of the contents is exposed to 
pure steam unmixed with air at a temperature of 212 0 F., which is far 
from being the case in apparatus in which there is an admixture of air 
with the steam, the latter being allowp-d grauually to replace the former. 

It is considered permissible to stress this point by recalling the results 
of certain former experiments, [2J and [3J, in which it was shown that a 
number of sporing organisms, including B. antkracis, were killed by 
exposure to steam in the Lelean Sack for periods of four to five minutes, 
calculated from the moment of emergence of steam from the bottom of the 
inverted sack. It may be noted that with a normal load and normal rate 
of steam production (as, for example, by means of the paraffin and air-
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pressure lamp issued with the apparatus) it will take from sixteen 'to 
twenty-two minutes and upwards for steam to emerge from the bottom,.of 
the sack, reck6ned from, the monlent that the hose, with steam issuing, 
freely from the boiler, is attached to the sack. 

It is considered. that to ensure sterilization of the contents, steam: 
should, be allowed. to: cop.tinue .to, pass through for at least five minutes; 
after its first appearance at the bottom of the sack, for the follciwing 
reasons. :- . 

(a) It is certain that near the bottom of the inverted sack a temperature 
of 212c F. is occasionally not reached for s,everal minutes after steam has 
first issued, sin~e a variable tinle (from: nil to five minutes) may elapse 
before tbe bell of the Phipson apparatus rings. 

This:is due, not so much to itltrusion of cold air through an improperly 
corded sack, but to unusual protection afforded to the Phipson appa.ratus by 
packing the last blankets before inversion too tightly, or insufficient steam, 
pressure, which is unable to force its ~ay tbrough the load at a normal 
rate, or possibly at all. . 

,The importanee of niaintaining an adequate head of steam was particu
larly clearly demonstrated in some of the experiments quoted below, and 
will be again referred to. ' 

(b). If steam is allowed to pass for a further five minutes there is a 
greater probability that any sporing organisms that may be present will 
be killed by the more prolonged exposure. In any case it is self-evident 
that traces of steam may find their way out below through paths of low 
resistance without the whole contents of the bottom of the sack being 
sterilized, and that it is essential to avoid this error by layiug down a 
sufficient" safety margin." 

The results obtained by this apparatus, as issued, are considerably 
influenced by some of the following points, and attention to detail is 
essential to success :-

(1) The Boiler and Heater.-(a) It will be remembered that the boiler 
is an oblong copper vessel of which the uuder surface is hollowed out over 
the actual flame iuto a saddle-back shape, thereby promoting speed of 
heating, This boiler has been stated to hold 7 to 8 gallons; this is 
incorrect, and its capacity is 6igallons only. 

It has also been found that, if this amount of water is employed, there 
is considerable loss by boiling over or priming of the steam hose . 

. The introduction of pieces of pumice into the boiler with the object of 
avoiding bumping effected no improvement. When priming occurs water 
will be observed to be trickling out of the bottom of the sack, the side of 
wnich--,-near the point of entry of the steam-is moreover saturated with 
water, whereas in normal working of an undamaged sack, the gradual 
horizon,tal descent of the steam level is only detectable from the outside by 
the temperature and a slight suggestion of dampness. 

The ,correct amount of water for economical and optimum use is 
5i gallons. 
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It may here be mentioned that it is important that the steam hosefrom 
boiler to sack be drawn up as straight as possible to avoid· condensation of 
the steam and water lying in the pipe. 

(b) The heating chamber, or fire-box, is normally lined with asbestos 
sheeting, as also is the movable shield on the front of the box, It is 
obvious that if this asbeEltos is deficient or absent there will be considerable 
loss of heat. 

('2) The Paraffin Lamp.-It is essential that this apparatus be correctly 
constructed and properly used. The following points may be considered 
worthy of note :- . 

(a) 'rhe paraffin oil should be strained through the funnel provided, 
and it should be ascertained that the fine wire-gauze strainer is intact. 

(b) The jet is easily stopped up by a dep0sit of soot. Instead of care
fully clearing it with the pricker provided, which can usually be done 
without putting out the flame, extra pressure is commonly employed to 
force the gas. through and the clogging is merely increased. 

It may be noted that prickers can easily be improvised from the fine 
pins used for mounting entomological specimens. They are held in 
position by means of a piece of tin (cut from a cigarette tin) of suitable 
shape as a handle, doubled over at the end, and pinched tightly to hold the 
pin at right angles. 

(3) Paraffin Supply Pipe.-Worm tube; (a) It is particularly important 
that the whole paraffin delivery tube be heated by burning methylated 
spirit before paraffin is pumped in at all. 

(b) Great differences are apparent in the working efficiency and heating 
power of these lamps, depending upon varying details in regard to the 
construction of the worm tube. This is frequently protected on the inside 
of the coils by an iron sleeve. 'fhis would appear to detract from the 
heating power of the lamp. Further, the angle at which the coil is set is 
of importance; if the angle is small (45°) the lamp is less effective than 
when the flame is directed more truly against the saddle-bottom of the 
boiler (about 60°). 

(4) Paraffin Reservoil'.-It should be ascertained that the butterfly nut 
on the filler inlet has an efficient washer to avoid loss of pressure. 

(5) Pressure.-For effective use is about forty-five pounds, shown 011 an 
indicator. 

(6) The lamp holds about 41 pints of paraffin and uses a trifle over 
three pints.in the disinfection of one normal load of twenty-five blankets. 

The various SOU1:CCS of heat employed with the Lelean Sack were as 
follows .-

(1) Paraffin lamps, various, as issued; (2) four-burner Primus stove; 
(3) wood fuel; (4) coal (wood being used for kindling the fire) j (5) coke 
(wood being used for kindling the fire); (6) oil-and-water fuel. 

The experiments were commenced in the spring when the temperature 
of the water was commonly about 46° E., and the air temperature about 
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500 F., and were necessarily continued over a long period of time, during 
which water and air temperatures, as taken at the commencement of each 
experiment, gradually rose; it is therefore apparent that the conditions of 
the later experiments are slightly more favourable to quick times and 
success. 

The following general results have been obtained with the various 
sources of heat :-'-

(1) Paraffin Lamp.-Providing that the lamp is worked faultlessly, and 
is itself in perfect conditi6~, it is capable of producing steam from 5! 
gallons of water in the boiler, and dealing with a full load of twenty-five 
blankets without refilling. It requires for this purpose a trifle over three 
pints of paraffin (sixty-three ounces). 

According to weather conditions (cold or wind) steam will be produced 
and be issuing freely at the end of fifteen to twenty minutes. The hose 
having been connected to the sack, steam will have passed through at the 
end of a further eighteen to thirty minutes-commonly twenty-three 
minutes. 

The depth of water remaining in the boiler over the centre of tIle 
saddle-back, after dealing with one load, will be about 3 inches or 4 gallons 
(i.e., If to 2 ga,llons of water are required per load), and it will of course 
be necessary to replenish the boiler up to its original content of 5t gallons 
before proceeding with another l'oad. 

(2) Four-Bltmel' Primus Stove.-It was found that unless the load of 
blankets is reduced, sufficient pressure of steam cannot be maintained to 
force its way through and issue below. 

Using twenty blanlrets, disinfection was successfully carried out. An 
average time of thirty minutes was required to produce steam, and this 
appeared from the bottom of the sack after a further interval of forty 
minutes; it was, however, necessary to refill the lamp in the course of 
the experiment. 

Roughly, 1 pint of paraffin is used per half-hour, and the total con
tent, when full, is 52 ounces, say 2t pints. 

It is clear that, if filled as full as possible, the lamp might just complete 
one cycle of disinfection, but it will then be completely empty; it will in 
fact be necessary, in order to keep it going properly, to fill it to a reasonable 
extent only and to refill it in the course of the disinfection. 

,Refilling and relighting the hot lamp can be done very quickly, and 
practically does not interfere with the course of the disinfection. 

'rhese experiments were carried out in order to ascertain whether the 
four-burner Primus stove, which is issued to general hospitals [3J, casualty 
clearing stations [2J, and is occasionally available in other medical units 
and establishments, is capable of being used as a substitute for the lamp 
usually issued with the Lelean Sack. 

, (3) Wood Fuel.-I,t is possible to disinfect a full load of twenty-five 
blankets by means of a wood fire.> 
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· A. C. Hamnwnd Searle 173 

It was found to be markedly advantageous to raise the grid on four 
half-bricks in order to bring the whole fire more directly under the saddle 
of the boiler and thereby increase its heating powers. Wood was chopped 
into pieces some 9 inches by 2 inches by 2 inches, and the fire was originally 
kindled by means of paper. Once the fire was burning freely and the 
water had been raised to boiling point, it was noticed that steam issued 
free I y and steadily. 

There was found to be a very marked difference in various experiments 
in the total amount of wood required, as also in the time taken to raise 
steam. 

The amount of wood used varied from a minimum of 28 pounds in one 
experiment up to 50 pounds in another, and the time taken to produce 
steam varied from 15 minutes to 40 miuutes; once, however, a really good 
wood fire had been got going, steam issued froUl the bottom of the sack at 
the end of an almost constant period of some 28 minutes from the time 
when the hose was connected up to it. These varying results are clearly 
due to the nature, quality and dryness of the wood used, but are also 
influenced to a considerable extent by the amount of wind and its 
direction. 

If the apparatus is correctly _placed, a good draught will appreciably 
decrease the time taken to produce steam, whilst the cooling effect of the 
wind on the Lelean Sack appeared to be very little, as shown by the 
remarkably small variations in the time taken for the steam to issue from 
the bottom of the sack; it is, however, a sine qud non that the sack be in 
good condition, thoroughly steam-proof and not in need of re-doping with 
the preparation previously referred to. 

There is no doubt that the Lelean Sack can be easily and effectively 
worked by means of a supply of good-quality wood. 

(4) Coal.-The fire has first to be kindled with paper and wood, some 
six pounds of the latter being essential in order to get the coal fire going 
properly. 

With this fuel, as with wood, the results are greatly influenced by clever 
stoking with the production of a fierce red fire, and are much aided by a 
certain amount of forced draught produced by wind. 

The grid was raised on four half-bricks, as was done in the case of 
wood. 

If well managed, steam is produced in about thirty minutes and comes 
off in great volume, so that the water in the boiler tends to get rather low 
by the end of an experiment or disinfectioll. Steam will be found to be 
issuing from the bottom of the sack in twenty-eight to thirty minutes 
with the same constancy as in the case of wood. At the end of these 
experiments, both with wood fuel and coal, the fire was still burning fiercely, 
and further trials were carried out in order to determine the minimum 
quantities that could be used with success. 

'l'hese were found to be 28 pounds of wood and 21 pounds of coal, but 
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'in the latter case 6 pounds of wood had . also been used in order to start 
the fire. 

It will be seen' then that, as in the: case of wood, disinfection' can be 
efficien'tlycirried out in the Lelean Sacl~ by means of a coal fire. . 

. r1'he following disadvantages were, however, noted where the source 'of 
heat is an "open" fire :- . " 

(a) '1'he gri~ showed definite signs of burning through after only a 
smallllumber of experiments in which the fuel (wood, coal and coke) was 
burnt ·directly upon it. . 

(b) A very heavy sooty or tarry deposit is noticeable after the use of 
coal (not so in the case of wood), and it is necessary to withdraw the boiler 
from the case and brush it off; this was easily done (vide, however, use of 
oil-and-water fuel). . 

It is clear that this must be done daily or even oftener, depending upon 
the amount of work done, as the flue leading to the chimney has portiolls 
which are very narrow. 

(c) It will be found that, unless the fire is raked. out at the end of the 
experiment or disinfection, it will go on burning more or less fiercely and 
will necessitate the addition of water to save the boiler from bejngburnt 
out. 

(5) Coke Fuel.-Thefire ·has first to be kindled with seven pounds of 
wood and some paper. The initial wood was inserted en masse and kindled; 
when red hot the coke was gradually added. It is best to put larger lumps 
(say three inches) on to the actual grid and in front to confine the fire; the 
remaining coke is best broken into two-inch pieces. 

It should be noted that the successful production and maintenance of a 
bright red coke fire is a matter of some skill. 

It was found possible to brillg the usual experiment to a successful con
clusion with seven pounds of wood for initial kindling and twenty pounds 
,of coke, and have a large red fire. remaining at the end. 

Steam was raised in a minimum of thirty minutes and took fifty minutes 
to penetrate the sack; doubtless these times could be improved upon with 
more practice and skill in handling this difficult fuel. It can be said that 
the use of coke is a possibility with an initial kindling by means of wood, 
but it is difficult and the time required is likely to be excessive unless 
management is unusually skilful. 

It is farther apparent that in the use of wood, coal or coke-separately 
or inixed-the method of working will differ slightly if it is intended to 
disinfect more than one load .. 

In such case it will clearly be advantageous to make rather a large fire. 
This may take rather longer to get red hot all through and thus lengthen 
the time of pr9duction of steam, but will last longer and be easily kept up 
to fierce red heat; also it is obvious that, after the first load is completed, 
the average time for subsequent loads will tend to be reduced. 

(6) Oil-and- Water Fuel.-It may be stated at once that with the Lelean 
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apparatus as at present issued, this method of working was a complete 
failure. It was arranged to use "front feed" in order to avoid making 
additional holes at the back of the heating chamber. The mixture of oil 
and water was therefore conducted to the back of the baffled tray by means 
of angle iron covered with sheet iron to produce an enclosed V-shaped 
feed-pipe. The oil and water containers were raised to the requisite height 
on a sr;naIl wall of bricks, and a splay mouth of bricks was arranged-on 
either side of the front of the furnace. Steam was produced in thirty-five 
minutes (one and a half to twice the usual time required), and after passing 
into the sa.ck for fifty minutes the water in the boiler was noted to be 
. below safety level. '1'he experiment was then discontinued without steam 
having issued from the bottom of the sack. 

U sing oil-and-water fuel and front feed the following points were noted :
(a) Boiling and occasional firing of the oil and water takes place as it 

runs along the feed-pipe and before ever reaching the baffle tray; this 
results i'n a very irregular supply of fuel,.which is usually either in excess 
or deficient. 

( b) 'l'here is a great loss of heat by flames from the front of the 
(insufficiently) covered front. 

(c) The baffle tray used being too long-the protruding portion had to 
be blocked with a wall of sand-at the point where it emerged from the 
furnace, it is obvious that the construction of a baffle tray· of suitable 
size is essential to the use of oil-and-water fuel with this apparatus. 

Such a tray was constructed by Ordnance and used in later !'lxperiments. 
(d) The lower opening of the chimney being within one-third of an inch 

of the top of the boiler, no draught is produced and the narrow flue be
comes nearly choked with a deposit of oily soot. As a result there is a 
tendency for the fire to go out unless an abnormally high proportion of 
oil is used, thus increasing the deposit. 

The complete absence of an adequate draught seems to preclude the use 
. of oil-a.nd-water -fuel with this apparatus without considerable modification, 
besides necessitating the issue and carriage of a special baffled-tray of 
correct size. 

In later experiments a close-fitting shield of cresol drum iron was 
fitted to the front to continue the shield of the fire-box down to ground 
level, the fuel-feeding trough passing right through it. This also resultEd 
in complete failure. _ 

For the reasons already referred to there was very irregular heating 
with occasional violent priming and resultant wetting of the contents of 
the sack; thirty minutes after attachment of the hose steam had only 
succeeding in penetrating some ten inches through the contents. More 
delicately adjusted taps 011 the oil and water containers did not improve 
matters. It was again shown that this method fails, and must continue 

-to fall without. considerable modification of the present apparatus, owing 
.to inability of the smoke to get away and absence of draught. 
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Smoke emerges everywhere except through the chimney, owing to the 
insufficiency of the clearance between the top of the boiler and the lower 
opening of the chimney, and doubtless this defect also affects ad versely 
the use of any method of heating other than the paraffin lamp. 

Even when the oil-and-water mixture was burning satisfactorily for 
brief periods there was considerable loss of heat, owing to flames getting 
out behind through the draught holes provided instead of playing up 
around the back of the boiler. 

Clearly without considerable modification of the existing apparatus 
the use of oil-and-water fuel is definitely impossible. 

The following tabulated statements summarize the results obtained 
and times required for the working of the Lelean Sack:-

TABLE" A." "fITH PAItAFFIN LAMP AS ISSUED. 

Personnel 2 men. Load 25 blankets. 

Unpacking and assem bling Loadillg "1orking Unloading 

Both men unpacking and 2 men loading Required to produce Unpacking, drying 
assembling, 4 minutes 25 blankets, 6 steam, 16 minutes by shaking and 

Job A. 
Filling boiler with 5i 

gallons of water with 
jugs and funnel, 4 
minutes 1 

Job B 
Filling up, preparing and 

heating paraffin lamp 
with methylated spirit, 
4 minutes 

A and B work concurrently 

minutes folding,7 minutes 

This can be done To pass through sack 
whilst steam is and issue freely 
being raised below, 22 minutes 

Add i t ion a I time 
allowed, 5 minutes 

Total 

-----.-.------- -------- ---------- ------- -----
8 43 7 58 

1 Capable of reduction if convenient method (tap and hose pipe) is available. 

SECOND LOAD. 

Reconditioning Loading "forking Unloading Total 

------------ -------- ------------------ -----
Refilling stove with para- 2 men loading To produce steam 

ffin and refilling boiler 25 blankets (proceeding during 
up to 5i gallons loading),Ominutes 

2 minutes (concurrently) 

N.B.-To be done before 
unloading 

2 6 

To pass through, 22 
minutes . 

Add i t ion a I time 
allowed, 5 minutes 

27 

Unpacking, drying 
by shaking and 
foldiug, 6-!, say 
7 minutes 

. 7 42 
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A. O. Hammond Bearle 177 

(2) THE HAROf,D-THOMPSON DRUM DrsINFEcTOR. 

This apparat~s has been designed at the Army School of Hygiene as 
a substitute for the cumbersome Thresh (Portable) Disinfector; it em
bodies ideas and designs by Major C. Harold, O.B.E., Major T. O. 
Thompson, Lieutenant-Colonel W. Browne, O.B.E., and other officers. 

The Thresh (Portable) Disilljector is capable of dealing with only thirty 
blankets per hour, and from one to one and a half hours may be required 
to get up steam if the apparatus is cold. 

Steam enters from below, and the load cannot be increased beyond the 
above figure without the danger of disinfection being incomplete. 

In the Drum Disinfector the aim has been to decrease weight and size, 
whilst increasing the capacity of the apparatus. 

16"dia 

Safety Valve & 
Flllmg Pipe 

Oil Drum 

J5~kdia. 

FIG. l.-Drum Disil?fector. General arrangement in action. 

r Water Drum 

t ~~'dia 

Description.-The disinfector consists of an oil-and-water heated boiler 
from which steam is led by means of a flexible rubber hose to two large 
disinfecting drums of slightly dissimilar size, so that the smaller can just 
be packed into the larger. 

The smaller drum itself has been designed to contain the whole of the 
rest of the apparatus when packed. 

The boiler and drums have been consLructed with the special objects 
of being tough, light, and capable of retaining as much heat as possible, 
and are made of a double layer of duralumill lagged with asbestos sheeting 
between them. The total weight of the apparatus is some 376 pounds 
(compared with over 2 tons for the Portable 'l'hresh). 

The Fuel Supply.-The-oil and water are fed from two large containers 
(each l4t inches in height and respectively l4t inches and 15~ inches in 
diameter). 'l'hese are placed on collapsible iron stands, and, from taps 

12 
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which can be adjusted with so.me precision, the contents are allowed to 
drip into a small open trough, say 5t inches long (the water on to the oil), 
continuing as a feed-pipe, which screws into a threaded hole in the rear of 
the boiler wall. 

The mixture of oil and water running through drops on to a slightly
inclined fire plate; this is constructed of sheet iron and fitted with shallow 
alternating baffles to direct the burning mixture from side to side as it runs 
slowly down. 

In connection with certain experiments carried out under the direction 
of Lieutenant-Colonel W. Browne, then Officer Commanding, Army School 
of Hygiene, it was stated that the fuel used should be crude oil sp. gr. 0'85, 
F.P. not less than 1500 F. 

Whilst this represents the characteristics of the crude oil usually 
supplied for the purpose, it would appear from certain experiments con

. ducted by the writer that it is also possible to use other oils of less definite 
specification. It was found that used motor-engine oil could be employed 
with success, the only difference being an increase of some five minutes in 

. the time of getting up stealp, after which there was no loss of efficiency in 
working. 

Owing to the well-known apparent thinning of used motor oil it is 
necessary slightly to decrease the slope of the baffled tray by raising its 
anterior end; if this is done the mixture can Le completely burnt, hardly 
any being wasted by dropping out in front. 

Practically identical results were obtained with used motor oil which 
had stood for about six months, and freshly-discarded samples. It may 
be mentioned that in certain commands used motor oil is collected and is 
therefore available. 

Manipulation of the Fi1"e.-The mixture of oil and water .cannot be 
directly ignited; it is necessary to soak a fair-sized piece of waste material 
thoroughly in oil (preferably with a little paraffin) and ignite it after laying 
it right across the baffled fire-plate. Once this is thoroughly hot, the. 
mixture of oil and water falling on to it will be ignited and burn fiercely 
with much sizzling and spluttering. 

On this account a collapsible sheet-iron guard is placed in front of the 
furnace. 

Adjustment of 1I1ixture.-'l'he oil and water receptacles are so arranged 
and adjusted that drops of water fall with moderate rapidity into the little 
trough which continues as feed-pipe, falling on to a thin stream of oil as 
it runs along. 

The relative quantities require to be so adjusted that smoke comes off 
steadily and is of a whitish colour. Too much oil is indicated by volumes 
of black smo!,e; too much water extinguishes tl~e fire. 

The Boiler.-This consists of a ciroular boiler riveted into a shell of 
duralumin constructed in the same way al'l the drums of double duralumin 
with asbestoslining between them. A sector of the lower part of the shell 
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A. C. Hammond Searle 179 

is cut away to allow the fire-plate to be inserted and provide fire-space 
uuder the boiler and air draught. 

The boiler has a capacity of over seventeen gallons, but should be 
worked with not more than sixteen gallons. 

A vertical hole some twelve inches long and four inches dia
meter passes right through its centre and indicates the depth of the 
central· portion. It carries off flame and smoke, and a collapsible 
(twenty-four inch) chimney can be attached to a socket in the top. 

The outer portions of this circular or ring-shaped boiler are carried 
down to about eight inches from the ground, except at the front, to form a 
shallow three-inch water jacket just inside the shell. • This gives very 
intimate contact between the boiler and the source of heat, whilst further 
conservation of heat is secured by asbestos lagging of the aluminium shell 
below this right down to ground level. 

The top of the boiler is constructed with :-
(1) 'l'he central vertical hole to carry off flame, as above described. 
(2) Socket for collapsible chimney. 
(3) A two-inch brass union to take one end of the flexible steam-pipe. 
(4) A one-inch bore vertical pipe screwed into a threaded hole which 

dips below water level to a distance of some four inches down from the top 
and is open above. 

This acts as a water gauge by allowing steam to escape when the level 
of water falls below the end of the tube. 

It will also show any excessive heating by violent priming. 
The Steam Supply.-An armoured flexible rubber hose of It inches 

diameter carries steam from the boiler to the disinfecting drums, being 
attached at each end by brass uuions. 

The Disinfecting Drums.-Each consists, as already stated, of a 
double wall of duralumin lagged with asbestos in between. The cover, 
of similar construction, is secured by four bayonet-type catches. Fitted 
in the centre of the cover is the brass union to connect with the steam-pipe 
previously referred to. Packing of thick felt washers is used in the flange 
of the cover to prevent escape of steam. . 

Holes are drilled in the bottom of the drums to allow the steam to 
escape after having permeated the contained clothing 
. The drums are respectively 34t inches and 3It inches high with the 
covers on, and their diameters are respecti vely 27 t inches and 26 inches. 

Experiments were undertaken in order to ascertain or corroborate times 
and details of working this apparatus. 

The results were as follows:
Personnel required, two men. 
Time of Assembly.-This takes approximately eight minutes. This 

does not include the time required to fill the boiler with sixteen gallons of 
water, which was found to be the optimum amount to avoid unnecessary 
waste of water by priming. This can be done in about six minutes, but 
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180 Portable Disinfectors and Disinfestors 

takes less time if a cOllvenient tap with a hose-pipe is available. During 
this time the second man ca.n be lighting the fuel mixture. Total time of 
preparation and assembly, fourteen minutes. 

Loading of the Dru1ns.-Time required for packing the larger drum 
with twenty-five blaukets, five minutes. Time required for packing the 
smaller drum with twenty blankets, four minutes. The larger drum can of 
course be packed whilst steam is being raised and the times taken. should 
not be added to the total. Similarly there is ample time to pack the 
smaller drum during the disinfection of the contents of the larger, and this 
time, four minutes, should also be excluded from the totals. After steam 
is being evolved freely and the hose has been attached, the time taken to 
pass through the larger drum was found to be nineteen to twenty minutes, 
and through the smaller fifteen to sixteen minutes. An additional period 
of five minutes was given as usual and was found by the ordinary tests to 
be adequate. 

Unpacking.---cAfter disconnecting the hose and removing the lid, the 
times required to unpack and remove the steam-filled blankets, shal{e out 
and fold each one, was found to be six minutes for the larger drum and a 
little over four minutes for the smaller. 

Results may be tabulated thus :-

First load 
11 Second load 

Reconditioning -----------

__ pr_ep_ar~o_n ___ . D_iSi_nfc~_tio_n ___ u_np_a_c~_g ____ • ____ D_iS_in_f:~~_I_~_np_ac:n_g_ 
Unpacking and To raise steam, Rem 0 v in g, Re fill i n g To pass through Disconnecting 

assembling, 33 minutes shaking out b 0 i I e r to 20 blankets, steam _ hose 
8 minutes and folding original level, 16 minutes and removing 

25 ~lankets, 1 minute lid, 1 minute 

Filling boiler To pass througb 
with water, 25 blankets, 
6 minutes 20 minutes 

14 

Additional 
time allowed, 
5 minutes 

Disconnecting 
steam-pipe 
and removing 
lid, 1 minute 

59 

6 minutes 1 

Totals: First load, 79 minutes 

To reproduce Add it ion a I As for first load , 
s tea m, 5 time allowed, 20' blankets, 
minutes 5 minutes 4 minutes 

6 21 

Second load, 32 minutes 

I Only included if tIO subsequent loads are to be done. 
Thus the first load of 25 blankets requires a total of some 73/79 minutes, and subsequent 

loads can be dealt with as follows :-
(1) Smaller drum, 20 blankets, 32 minutes l If f th I d t b d 
(2) Larger 25 38 J no ur er oa 5 are 0 e one. 

Including disconnectio~: reconditi~ning, disinf~ction and unpacking. 
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A. C. Hammond Searle 181 

It is further clear that if other loads are to follow, the time of unpacking 
can be subtracted in each case, as this can be done after the apparatus has 
been reconditioned and reconnected to the next packed drum. 

Results may be tabulated somewhat differently thus :-

Time of ao;sem bly and 
preparation First load 

Unpacking and ass em- Packing 5 (ready) 
bling, 14 minutes 

Steam passing, 
minutes 

Second load (e\ren numbers) 1'hird load (odd numbers) 

Packing 4 (ready) 

19 Reconditioning-
Refill, 1 minute 

Packing 5 (ready) 

Reconditioning
Refill, 1 minute 

Getting up steam, 33 Additional, 5 minutes Steam up, 5 minutes Steam up, 5 minutes 
minutes 

Unpacking, 6 minutes St~am passing, 16 Steam passing, 19 
minutes minutes 

Additional, 5 minutes Additional, 5 minutes 

I 

Unpacking, 4 minutes Unpacking, 6 minutes 
------------------~- -._----

47 24-30 minutes 27-31 minutes 30-36 minutes. 

Or roughly half an hour per load after the necessary three-quarters of an 
hour for preparation; thus the apparatus can be described as doing forty
five blankets per hour after steam is up. 

In six hours' continuous running, carried out under the direction of 
Lieutenant-Colonel W. Browne, 225 blankets were disinfected. This is 
at the rate of about. thirty-eight per hour for the whole period or, sub
tracting the initial forty-seven minutes required to .unpack, assemble, and 
get up steam, at the rate of forty-six blankets per hour. 

Comparing this with the results obtained by the writer, they are found 
to be almost identical, Colonel Browne's figures showing a gain of thirteen 
minutes in six hours. It is not, however, clear how long the steam was 
allowed to continue to pass in each instance after its initial appearance 
from the bottom of the drum. Oil consumption is about Ii gallons per 
hour. Water consnmption in boiler one gallon per half hour. 

Method of Trallsvortation.-Weighing, as it does, some 076 pounds, there 
is no difficulty in loading and securing the apparattlS on a motor trailer. 

The size in fact enables a battery of three to be packed in the same 
vehicle and would provide apparatus for a disinfecting station of some size. 

Although there is a great gain in weight in coinparison with the 
cumbersome Portable Thresh, it must be remembered that the drum dis
infector will have to be man-handled. 

Unless this loading process is thought out and standardized it is almost 
certain to result in denting of the drums and considerable difficnlty in 
unpacking (although this has not occnrred to date). 

The following suggestions are made towards the solution of this little 
difficulty :-
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182 Portable Disinfectors and D1,sinfestors 

(1) A stout leather or rope sUl'cingle with four grips should be placed 
horizontally around the body of the drum, prevented from slipping up by 
means of two other vertical bands or ropes crossing at' right angles 
underneath the drum. 

This is an old suggestion of which a rough drawing was found. It is 

....... 1--------- 27Jz"dia ------------.. , 
I I 

I 

I Outer Drum Inner Drum 
I 

Flexible Hose I 

-------- "" / 
(OllO OTI'oY 

-4"dia-

/ 

- t!0iler 

Filling Pipe, 

~hpe 

J}!'I 8 Wa.ter 
Drums 

ItI----+f+---IU-J1lLiTelescop'c 
Chimney 

"lL---~M*fM------i~==:Iii=::nttx Additional K <: I-- Asbestos Linin'] 

6rld Plate 

.:~~~~~~~~~~~~~~~I~~--~~~:lur~ Hinged Draught 

Uq[I--"":..----------------..:::J- Shield 

I 

,\\\\\\\\\\\\\\\ \\\\ \\\\\\\\\\\\\ \\\\\\\\\\\\\ \ \ \ \\ \\\\\\\\\\\\\\\\\\' \\\\\ \\\\\\ 
FIG. 2.-Drum Disinfector. Sketch showing method of packing and attachment to trailer. 

Section showing disinfector packed ready for trausport. 

considered to be of limited utility only, as the drum would not normally 
be lifted in this manner by two men. ' 

(2) A strong iron and wood slide, such as is used for rolling beer barrels 
down from brewers' drays. 

In . order to improve this process it is suggested that the slides be 
grooved to take two bands of cane, flexible metal or other suitable material, 
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A. ·0. Hammond Sea'rle 183 

permanently fixed horizontally round the drum, as seen in the case of fibre 
and cane cabin trunks. 

It is, however, pointed out that beer barrels are usually allowed to slide 
and are not rolled down; it is claimed that by this method they are under 
better control. It may therefore be considered advantageous to omit the 
circular hoops altogether and lower by sliding only. 

(3) THE SERBIAN BARREL. 

Improvised Disinfector 01' Disinfestor (Downward Displacement). 

The apparatus consists essentially of an ordinary thirty-six gallon barrel 
embedded in earth to within a short distance of the top, and fed by steam 
from an improvised boiler, which enters the side of the barrel about three 
inches from the top. 

It is convenient to arrange such Serbian barrels along the side of'a 
shallow trench about eighteen inches deep, in the wall of which the boiler 
and furnace are erected. 

The steam, having traversed the barrel and its contents, emerges by 
holes in the bottom and is led off into the trench by means of a one-inch 
pIpe. 

It can be stated at once that some trouble and attention to detail are 
necessary ill order to secure satisfactory working with this apparatus. 

A number of attempts were completely unsuccessful, and the whole 
apparatus was reconstructed more than once. 

Originally made with two five-gallon cresol drums as boilers, placed 
with their l~mg axes at right angles to the depth of the furnace (i.e., parallel 
with the trench), it was found that steam could be produced quickly, but 
that only one drum was produeing it. Doubtless this could have been 
avoided by judieious stoking of a very long and fierce fire, but the dis
advantage of two boilers is thereby emphasized. 

In view of the fact that a five-gallon drum can only hold about 
3i gallons of water, the second drum had to be built to provide a 
sufficient head of steam. The apparatus was re-erected with a ten
gallon drum in lieu of the above, placed over and with its long axi8 in the 
direction of the furnace, i.e., at right angles to the trench. 

'1'0 obtain success good btoking and an ample supply of fuel are essential, 
a fiercely burning fire being maintained along as much as possible of the 
length of the drum. 

Steam was produced in this apparatus in about twenty-seven minutes, 
and a sufficient head of steam maintained to obtain penetration through 
the whole contents of the barrel and emergence below in about fifty 
minutes. 

It was, however, found necessary to reduce the load to twenty-two 
blankets before success was obtained. 

The following points in construction are worthy of note :-
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184 Portable Disinfectors and Disinfestors 

(1) The Barrel.-Should be a good one, reasonably water-tight and 
steam -proof. If it is old and the wood has dried and shrunk, there will be 
much difficulty from leakage of steam and changes of shape. As regards 
the latter, definite bulging may take place when filled with blanket s, thereby 
altering the diameter at the ends and upsetting the fit of the lid. 

Sundry Bricks 
arranged to 
prevent losso 
heat Trom fro 
or boiler 

Chimney 

Boi/er Filling Pipe 

Trench Level #;~~'"~;;&,;;;h'777m!bJ;~~f:h{h;{H.~~(;;~'!fr,fI7~ 

Course of flue 
shown dotted. 

Ch/mney 

Steam Pioe 

Boiler 

hllingPipe 

Front wall of' bricks 
to conserve heat 

FIG. 3.·-Serbian Barrel Disinfector. Front elevation: Steam-pipe leading from boiler. 
entering side nearest furnace some 3 inches from top. of barrel. Longitudinal section: 
Posterior angle of flue packed with puddled clay to produce curved path. 

The barrel should be supported on bricks in order to produce a small 
space under the perforations in the bottom. 

Efforts must now be made to "wall off" the space effectively, in order 
to prevent the loss of steam that otherwise occurs by percolation into the 
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A. C. Harnnzond Bearle 185 

surrounding earth. This is best done by means of puddled clay around 
the supporting" box. ,I of bricks; its only exit-hole should be the pipe which 
leads the steam away. It is obvious that failure in regard to this detail 
will be responflible for a considerable increase in the apparent time required 
for the steam to penetrate the barrel, as evidenced by its emergence from 
the exit-pipe in the trench. 

Further and for somewhat similar reasons it is necessary to separate the 
barrel and itA support very thoroughly from the boiler and furnace; this is 
also accomplished by means of a wall of brick and puddled clay. 

Actually the wall in question is one of those supporting the boiler, and 
is of course the one between it and the barrel. 

If this packing off with puddled clay is badly done or omitted, smoke 
will find its way through the wall, percolate through the packing of earth 
surrounding the barrel and emergefrom the exit-pipe in the trench with 
or in lieu of steam, thus precluding any possibility of gauging the end of 
the disinfection. correctly. 

The Barrel Lid.-This must be made to fit as securely as possible, and 
on this depends the success or failure of the apparatus. 

If the lid fiLs badly sufficient pressure of steam can obviously not be 
maintained to penetrate the contents of the barrel. This can be effected as 
follows :-

(1) The top of the barrel should be well padded with tightly-stretched 
strips of blanket. 

(2) The lid must be prepared in either of the following ways: (a) A 
flange is made on the under surface to fit over the edge of the barrel, or 
(b) the edge of the barrel and the lid are carefully bevelled and padded. 

If this method is used and the lid lies snug in the bed provided for it, 
the joint can be cemented all round by means of puddled clay. 

The {lmwce is made by digging a hole of suitable depth and width into 
t.he walls of the trench, depending upon the size of the boiler. This hole is 
then lined with bricks. It is necessary to insert afire-tray, e.g., of 
corrugated iron beaten out flat, above the first two courses-at such 
height above the ground that the draught-hole under it may be about six 
inches in height. It is essential that tbe fire-plate be plentifully pierced 
with air-holes, or failure will result. 

For this reason close-laid fire-bars, if available, tend to be more efficient. 
Above this the wall is continued for a further two or three courses, as may 
be considered suitable, and the boiler is supported so that it will close the 
furnace above, at the same time allowing some considerable play of flames 
around its sides. 

The Flne.-Behind the boiler the furnace contiuues back into the flue 
leading to the chimney. This must be ample in depth and may well 
consist of a course'of two bricks (eighteen inches) on either side separated by 
the length of oue brick (i.e., nine inches) laid transversely to close the flue 
behind. This quadrangular space is then built up to about the heigh t 
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186 Portable Disinfectors and Disinfestors 

TABULAR SUMMARY 

Fuel Boiler FIRST LOAD 

--
Amounts Amounts of Loading Working Unload· 

Type of IrIethod water Unpack. ing 
disin· of ing and ---
fector I heating To Used To Used assemb- No. of Time To pro· To Additl. Time 

fill per fill per ling blank~ re· duce pas~ time re· 
lamp load boiler load tlts qui red steam through allowed quired 

---- ---- -- ---- ----- ---- --- ------ --- -----
Lelean Para· Pints Pints Gals. Gals. 8min. 25 Min. Min. Min. Min. 7 min. 
Portable ffin 41 3 5i 1i-2 6(i) 16 22 5 
(Sack) lamp 

---- -- -------- --------- _._. -- -_. --_. 
14.burner 2~ 21 " " " 

20 5(i) 30 40 5 6 " 
Piimus 

Person- ----- --- --- -- ----- -------- ---- ---
nel·-
2 men' 

Wood .. 28 (i) 
" ,. " 

25 6l ii ) 15(i) 28 5 7 
" 

--- -- ---- -- --- ---- -- ------- .-- --
I lb. 

Coal ., Wood 6 ,. 
" " Coal 21 

25 6(i) 30 28 5 7 
" 

---- -- ---- --- ----.• --- --- -- -- --- ---
lb. 

Coke .. Wood 7 " " " 
25 6(i) 33 50 5 7 

" Coke 20 
---- ---_. -_. ----.-- --- ---- --- ----- ---- ---

Drum Oil Oil 11 gals. 16 2 14 " 25 5(i) 33 20 5 6 
" Disin· and 2.3 per 

fector Water. gals. hour 

---- ------ ------- ----. ---- ----- --- -- ---- ---
Wood .. 40 lb. )0 2 Nil 22 5(i) 27 50 5 6 ,. 

per load 

Serbian 
. Bart'el ----1---- ---- --- ---- -- --- -_. ----- --
(D.P.) Coal 

I 

.. 281b. 10 2 Nil 22 5(i) 27 50 5 6 " and 
Wood 7lb, I I i 

of the top of the boiler, closed above by means of some metal 
sheeting with a hole cut in it, and a chimney of cresol drum metal fitted. 
It is considered advantageous to diminish the rectaI}gular turn of the 
furnace to flue by filling in the posterior angle with puddled clay, thus 
producing a curved path for the flames and smoke. 

The heating power of the furnace is entirely dependent on the drawing 

Total 
time 

required. 
for 

FIRST 
LOAD 

-----
58 min. 

----
89 " 

-----
63 " 

-----
78 " 

103 " 
--

79(ii) " 

---
88 " 

-
-----

l 
88 " 
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OF RESULTS. 

~ECOND LOAD 

(ii) 
Reconditioning apparatus Loading Working Unload· 

Total 
time 

required 
for 

SECOND 
LOAD 

ing Notes 
-----,-------,-------c,-------I----,--- -----,------ .. ---

To 
refill 
lamp 

Min. 
2 

2 

To 
refill 

boiler 

Min. 
2(iii) 

I 

To pro
duce 
steam 

Min. 
5(iv) 1 

2(iii) lO(h') 

No. of Time 
blank· re· 
'ets qui red 

25 

20 

lIIin. 
6 

5 

To Extra 
pass time 

through allowed 

Min. 
2~ 

Min. 
5 

Time 
re· 

quired 

7 min. I 42 min. (i) Can be done whilst steam 
is being raised 

(ii) To be completed before 
unloading of 2nd load 

(iii) Concurrently with re
conditioning lamp 

(iv) Steam is being pro
duced during 1st unload
ing and 2nd loading 

40 .5 ,6" 58 " Notes (i) (ii) (iii) (iv) as 
above 

---;--I5(iii) 25 -6-- -28- --5- -7--,,-

__ 1 __ 1 ___ ---- __ _ 

48 -::-1 (i)o~siderabl;-more de-

2 I 5(ii) 25 6 28 

2 5(ii) 25 50 

1 5 4(iv) 16 

5 7 " 

I 

pending on quality 
(ii) as (i) above 
(iii) as (iv) above --1-------

i8 " (i) done whilst steam is 
being raised 

(ii) as (iv) above 

5 7" 70 " (i) as (i) above 
(ii) as for paraffin lamp 

--1--- --- --------
5 4 " 32(iii) " (i) as (i) above 

I (ii) includes disconnecting 

I 
steam-pipe 1 min. extra and 
removing lid of drum 1 min. 

(iii) as in (ii) 
(iv) ready packed 

'~f ------------------ ----1-'- -- --------------
.. 1 5(ii) 22 5 50 5 6" 67 " (i) as (i) above 

I
, (ii) being produced during 

I 1st unloading [Lnd 2nd un-

-.-. - -1--- 5(ii)- 22 11 5 -50-- --5-- 6,-,- 67--,,- (i:o:S
d

:: ab~-----
(ii) as (ii) above 

I I I 

power of this flue and chimney, and, although it would seem a simple 
enough matter to improvise it, many errors can be made before success is 
achieved. 

The Boiler.-It will first be necessary to close the ordinary hole in the 
end of the drum to enable it to be used in the horizontal position; a steam
pipe and water-filling pipe must also be fitted. 
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188 Portable Disinfectors and Disinfestors 

How this is done will naturally depend on the means available; a work~ 
shop is practically essential for making the water-tight joint required to 
close the hole in the lid, but improvisation will suffice, if necessary, for 
junctions of the two pipes. 

The feed-pipe for water can have its end dipping below the intended 
level of the water in the boiler, to act as a water-level gauge when working 
by permitting steam to emerge when the lower end ceases to dip. 

A fwmel to pour in water is advisable. 
A measuring sti,ck should be prepared having water levels in gallons 

marked off on it. If made of wood it must be varnished to show the line 
of demarcation. It will be difficult to work safely and efficiently without it. 

Results of Working.---'The apparatus has been worked with wood only, 
and with wood and coal; the results may be summarized as follows :-

. Load . .:.....Not more than twenty-two blankets. Time reguired for packing, 
five minutes. 

Fuel Requirements.-(l) Wood only, 40 pounds; (2) coal, '28 pounds 
with 7 pounds kindling wood. 

Steam generated in twenty-seven to thirty-five minutes, according to 
quality of fuel, stoking and amount of draught or wind. 

The time taken to generate steam caD only be observed by not packing 
the two uppermost blankets until steam is seen to be entering the barrel. 
They are then rammed in and the lid put on, sealed as described, and well 
weighted. 

Time of Passing through, Fifty lI1inutes.-It is considered that this 
time is capable of considerable improvement and that it was .increased by : 
(1) The use of a dry and faulty barrel; (2) escape of steam underneath it. 

If these defe~ts are avoided there would seem to be no reason why 
steam should not penetrate and issue below in thirty to thirty-five minutes 
orless from the time that it is generated. 

Second Load.-If more than one load is to be done a larger boiler is 
particularly advantag~ous, and if necessary water for refilling should be 
added before unloading. This temporarily stops the flow of steam and 
facilitates unpacking. In view of the large fire whicluhould be remaining 
if stoking has been properly carried out, steam will properly be "up" 
again by the time that unpacking and repacking have been completed, so 
that no time is lost by reconditioning. 

Unpacking.-As above indicated, unless some means are taken to 
prevent steam from continuing to enter the barrel, unpacking is likely to 
be an uncomfortably warm process which may take some seven to nine 
minutes. 

Steam can be shut off by plugging the hole through which steam 
enters the barrel by means of a wooden bung. 

As the water level has been reduced, or ·if other loads are to be done, 
cold water has been added to the boiler before' unpacking is commenced, 
there will be little danger from rising steam pressure. In such circum~ 
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stances unpacking, shaking out and folding of twenty-five blankets can be 
completed in six minutes. 

It may be objected that the somewhat complicated structure eventually 
evolved hardly comes under the heading of improvisation; such criticism 
would be considered well justified. 

The account is, however, a record of difficulties that may be met with 
in a loose sandy soil and errors that may be made in erecting such an 
apparatus. 

U llder more favourable circumstances, e.g., a stiff building clay soil, it 
is quite likely that brickwork could be entirely dispensed with, and that 
success could easily be attained by merely sinking a shaft vertically into 
the ground at an appropriate distance from the side of the trench, to act 
as flue for a horizontal furnace bole dug in at right angles to meet it. 

With the barrel buried in the soil at such a distance as to leave a 
sufficiently thick wall of undisturbed earth, it is probable that an efficient 
and simple apparatus could be improvised which would act as well as that 
described. 

The writer's acknowledgments and thanks are due to Lieutenant
Colonel G. S. Wall ace, O.B.E., Commanding the Army School of Hygiene, 
to Private R. Donald, Private R. Steward, Private E. Brennen, and 
especially to Sergeant C. A. Milner for their helpful co-operation in these 
experiments; also to Private J. J. Cullen, who has elaborated the sketches 
which accompany the paper. 
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