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(1) PRESENT PROCESSES. 

STEAM disinfection by Field Units is normally carried outwi~h " current 
steam" apparatus at, or slightly above, atmospheric pressure, using one 
of the Disinfectors Portable Field or an improvised substitute. Disinfec
tion jn hospitals, and sterilization, is usualfy done in commercial pattern 
apparatus working at 15 or 20 pounds pressure per square inch. Commer
cial current-steam disinfectors are also employed. 

In all cases the apparatus is relied upon to give contact with the disin
fecting steam throughout the "charge" of articles treated for the full 
period required for disinfection. As regards the Service apparatus, full 
care is taken, ,before adoption of the type, that such confidence is justified. 
Tests and theory agree, however, that all commercially designed plant has 
inherent failings which render its operation unreliable. 

" High-pressure" dlsinfectors all work on the' same principles. The 
charge is put into a ", container" made of wire-mesh on a steel framewQrk. 
For treatment the container, which is fitted with wheels, is run into a cylin
drical or oval" chamber" which has a door at each end. The doors being 
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2 Shortcomings of Oommercial Steam Disinfection Apparatus 

closed on the loaded container a vacuum is created inside the chamber. 
When a sufficiently high vacuum exists the .air outlet is closed and the steam 
inlet turned on. Steam is admitted until the pressure reaches that specified 
for the apparatus and is held at that pressure for the disinfecting period of 
ten to twenty minutes. The steam is then allowed to escape and hot air 
is passed through the chamber to dry the charge. After th(j specified period 
of drying the hot air is shut off, the exit door opened, arid the container 
is run out for unloading. 

Commercial current steam disinfectors have the same general construc
tion as the high-pressure type but no vacuum is created prior to steam
admission. An exhaust vent in the bottom of the chamber is opened when 
steam admission begins arid air is thus flushed out of the chamber. Steam 

.. is then passed through continuously, for say half an hour, after which 
drying follows as before. 

(2) FAILURE OF VARIOUS COMMERCIAL DESIGNS. 

(a) Disinfector No. 1 (High Pressure).-15 lb. per sq. inch, portable,
capacity between 5Q..,and 60 cubic feet. Load scheduled in Appendix 15 of 

~. Army Manual of Hygiene 1934-50 to 60 blankets. 
In January, 1941, a number of high-pressure disinfectors, adapted for 

field use, was "offered for sale to War Department. One was ordered as a 
sample and went to the Army School of Hygiene for test and report. The 
tests were arranged and supervised by the staff of the School, as medical 
experts, and attended by one of the authors as engineer-inspection specialist. 
The tests were carried out with Army blankets in which temperature
indicator tubes were buried .. Since the operating pressure was 15 lb. per 
sq. inch, the indicator tubes should have been such as would indicate the 
attainment of the temperature of steam at this pressure-namely 121°C. 
Such tubes were not available, however, and the 100° C. tubes made for 
testing the'Service disinfectors had to be used instead. There is a negligible 
time-elem~nt in these tubes, which change colour almost immediately on 
subjection to a temperature of 100° C. The colour-change may begin, 

\ however, at a slightly lower temperature-say 94° C.-and must be complete 
to be satisfactory. Tubes remaining unchanged prove the maximum 
temperature reached in their locality to be well below 100° C. 

The test load was 60 blankets, that is roughly one per cubic foot of 
chamber-volume, and was a normal full-load for the size of chamber and 
container. Out of ten indicator tubes used, five failed to change colour. 
A repeat test on the following day gave a similar result. 

Following this failure, strenuous efforts were made to "turn" the tubes 
by doubling the time of subjection to pressure-steam, by raising the pressure 
.to,"20 lb. per sq. inch (126° C.), and by varying the method of loading the 
blankets. All the tests failed. The disinfector had been shown to be 
unreliable, even defining disinfection as the attainment of only 100° C. in an 
apparatus subjecting the charge to steam at a temperature of 26° C. higher. 
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A. G. Gadd and A. W. Turner 3 

These results engaged the serious attention of those witnessing them. , 
The manufacturers concentrated on making the plant effective by experi
ments on a similar model at their works while the authors looked for, and 
found, the basic causes of failure and the means of correcting them. It was, 
of course, realized generally that the immediate cause was the presence. of 
unwanted air. 

At their works the makers tried various expedients-improving the 
ejector, repeating the air-evacuation,. reducing the load;--but these were 
unsuccessful or impracticable. The results threw suspicion on the effect of 
a baffle-plate intended to prevent hot drying air from impinging on the 
charge. This was reduced in area by nine-tenths and, simultaneously, the 
effect of flushing the air out by steam, instead of using the ejector, was 
tried. The combination gave satisfactorY results with a reduced load of 
46 blankets. The necessary parts for conversion of the disinfector still 
lying at Aldershot were sent forward and fitted but a re-test after -conversion 
was unsuccessful, one tube out of six remaining unchanged in the first trial, 
and two out of eight in the second. A visit was paid by the authors, who 
took with them various new parts to convert the plant to correct principles, 
which they had meanwhile deduced. On arrival, however, they found 
that the Army School of Hygiene had not been advised of the internal 
alterations necessary and, assuming this to be the reason, abandoned their 
project. As will be seen later, their proposals involved the use of a well
equipped workshop and moreover would have delayed acceptance of the 
disinfect or which was now urgently required for use. The staff of the Army 
School of Hygiene then decided to remove the baffle-plate entirely, after 
which the disinfector gave good enough results to be put to use with' a 
restriction placed upon the load. It must be remembered, however, that 
the indicator tubes were still of the 100° C. type though the pressure had 
been raised to 20 lb. 

(b) Decision to Test Other Designs.-During this time a decision was 
taken to conduct a series of tests of different commercial designs purchased 
by the War Department, with Army School of Hygiene. and Inspection Depart
ment, Engineer and Signals Stores co-operating therein. As far as possible 
new plant was tested, operated by the makers at their works with steam 
from a steam main, thus obtaining the most favourable working co:q.ditions 
for the plant. Army blankets, as being the most commonly treated articles, 
were to be used and the load was to be a reasonably filII one-that is, a 
quantity within the capacity of the container to hold without heaping, 
such as the operator would' normally load up. The loads were generally 
below those scheduled in Appendix 15 of Army Manual of Hygiene 1934. 

(c) Disinfector No. 2 (High Pressure).-15 lb. per sq. inch, stationary. 
Capacity between 60 and 70 cubic feet, Load scheduled by Appendix 15 
of Manual, 60 blankets. 

This was of different design from No. 1. It had just been installed 
in the Aldershot area and was tested, by the Army School of Hygiene. The. 
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4 Shortcomings of Oommercial Steam Disinfection Apparatus 

, tests failed. ,With a load of 50 loose blankets, 2 tubes failed to change out 
of 12. Loading the same number of blankets in 5 rolls each of 10 blankets, 

. 5 tubes remained unchanged out of 15. ' . 
. (d) Disinfector No. 3 (High Pressure).-15 lb. per sq. inch, stationary, 

capacity between 30 and 40 cubic feet. Scheduled load 30 blankets. 
This was generally similar to Disinfector No. 1 but a stationary model. 

In three tests, with a load of 30 blankets in rolls of 10 blankets each, the 
tubes found unchanged number:ed 9, U and 8 out of 11, 15 and 15 respec
tively. The disinfector was then altered in the same way as No. 1, after 
which it treated 30 loose blankets successfully. 

(e) Disinfector No. 4 (High Pt·essure).-20 lb. per. square inch, stationary; 
capacity between 115 and 125 cubic feet. Scheduied load 120 blankets. 

The above result~ apparently created some discussion in the disinfector 
world f6r the authors were then asked by the makers of yet arlOther design 
to test their standard apparatus at their wc:rks. The request was at first 
declined, as there were nq War Office orders open at the time with this firm, 
but was granted on being repeated and pressed a few days later. In the 
first test 47 tubes were used in a charge of 98 folded blankets and no fewer 
than' 30 tubes remained unchanged. A repeat test with 60 loose blankets 
gave 9 tubes unchanged out of 26. A third test was,made also with 60 loose 
blankets but with the evacuation process carried out twice over, and the 
period of holding at disinfection pressure lengthened by 50 percent. In 
this test, ·which took 127 minutes, all the 23 tubes used were changed.; but 
the blankets were all rendered unserviceable and had to be "written off." 

(f) Di8infector No. 5 (Ourrent Steam).-Pressure virtually atmospheric. 
Stationary, capacity between 55 and 65 cubic feet. Scheduled load, 50 
blankets. '. 

y 

Two months later a current-steam disinfector ordered for a Reception 
Station came up for acceptance tests at the makers' works. With an easily 
permeable load of one flock mattress success was obtained but, with a load 
of 40 loose blankets, 6 tubes out of 18 failed to chang~ colour. The makers 
thought they could correct matters. and were given an opportunity to do so. 
They split the load into two by a~horizontal grid half-way up but with 40 
loose blankets 5 tubes out of 18 remained unaffected. The cold spots were 
concentrated around and' above the exhaust vent. The only way to make 
this di~infector acceptable now appeared to be reconstruction to the authors' 
ideas, of which an explanation follows. ~. 

(3) REASONS FOR FAILURES (see diagrams). 

It will be realized that any air remaining in the charge during t~e period 
of treatment will be a grave deterrent to proper sterilization or disinfection, 
firstly because air is an efficient heat-insulator and secondly15ecause bacterial 
organisms have a much greater resistance to hot/air than to steam. With 
all high-pressure steam disinfectors or sterilizers, air-extraction is carried 
,out with a steam ejector in which steam at high velocity is directed through 
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A. G. Gadd and A. W. Turner 5 

a nozzle past an orifice opening from the chamber containing the charge. 
The steam flow draws air from the chamber, creating a partial vacuum. 
The extent of the vacuum so formed depends on the efficiency of design and 
use of the ejector and may vary from about 16 inches of mercury up to 24 
or 25 as a maximum. A complete vacuum, i.e. the extraction of all air, is 
represented by the barometric pressure~say 30 inches-and is/unattainable. 

Chamber~ A. Steam inlet -<--

Door~ ~ 

COhtainer or "Cage "I 
has open top with 
wire-mesh sides 
and bottom 

.~ .. ' .\ 

J~ 
\.U-~ 0 ~.. 0 ~ 
.~ . fr-<'---"=-'~-----l 

+-- Exhaust ;---rv'l-~ 

B 

I.-Current Steam Disinfector. Present design. 
Arrows show steam flow:. , 

Operation.-Cocks A and B both opened, steam is passed through continuously Ior disinfec
tion, but finds easy passage to exhaust round sides and ends of container .. No compulsory 
passage through charge'in container. 

Container as 
for I. 

To ejector ~r-..::>r"'" 
B (Exhaust) 

A 
,.--->0<.,..---1 Steam inlet <if--

II.-High Pressure DisinfectoL Present design. 
Operation.-(i) A, shut; B, opened. Some air extracted via B by ejector, leaving up to one

third remaining within chamber and charge: (ii) B, shut; A, opened. Steam admitted to fill 
chamber-and build up pressure. Air and steam in unknown state of mixture fill chamber and 
charge. Steam penetrates charge from all sides without expelling air therefrom. 

It is thus impossible to extract thewhole of the air from chamber and charge. 
With a vacuum of 20 inches (an average figure in practice) and assuming 
constant temperature, about one-third of the original air-content remains. 
With a chamber of say 120 cubic foot capacity, the quantity .of air retained 
is seen to be huge. 
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6 Shortcomings oJ Oommercial Steam Disinfect~on Apparatus 

When the vacuum is sealed and the steam admitted all this air is trapped. 
Exactly how it behaves is problematical. That which surrounds the charge 
will intermix readily with the incoming steam condensing some as it heats 
up; that which occupies the interstices of the charge maybe forced inwards 
as the steam pressure, to which the charge is exposed on all sides, rises. The 
extent of admixture with steam of the contained air will be greatest at the 
surface of the charge and least towards the heart. Since air is heavier than 
steam, the areas where air is richest will be somewhat below the actual 
centre-line, and it is here that" cold spots" will be found. 

The richer the air the cooler the mixture. With the customary rate of 
steam admission, therefore, the situation at the moment when the pressure 
has reached that specified (say 15 lb. per square inch) will be that there 

Contai ner has J 

open top with 
sheet metal 
sides & bottom 

Chamber .:.::::~?J::::J 
exhaust~ 

B' 

A I 

,-->U'----'--' Steam inlet 

B' 

III:-Both Types as Converted. 

D is automatic valve or c9upling. 
Operation.-(i) A, Bl, B2, all open, incoming steam rapidly displaces" free" air from chamber 

via Bl, during which time partial penetration of charge occurs from top only, as shown by' 
arrows. (ii) Bl is closed as soon as free issue of steam from it shows displacement of "free" 
air to be complete. Incoming steam can 'now only escape via E2, i.e. downwards through 
charge, completiug penetration and air expUlsion as shown by arrows. Penetration complete 
as soon as steam issues full bore from B2. (iii) Current steam type. Steam passage from A to 
B2 continued for as long as is considered necess'try for steam at 100 0 C. to kill bacteria. 
High pressure type. Valve B2 shut and steam admission continued until required pressure is 
built up. Pressure then held as -long as desired. 

exists in the chamber a temperature gradually diminishing from a maximum 
somewhere near that of saturated steam (121 0 C.) to a minimum which may 
be little above that of the ambient atmosphere. It is misleading to say that 
the" disinfecting period has begun." The disinfecting temperature within 
the charge is a long way from being reached. More steam has to penetrate 
the outer layers of the charge until it is condensed in giving up its latent heat 
to warm, up the air and the material. Still more must follow it, reaching a 
little further, and so on until the heart is reached and then sufficiently 
heated. How long it will take before the air-steam mixture in the heart 
reaches even 100° C. cannot be stated and there is no visual or other sign 
to indicate completion. 
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A. G. Gadd and A. W. Turner 7 

In the current-steam commercial designs a somewhat similar result is 
obtained in a different way. The chamber is not sealed so no air is trapped. 
The" free" air is rapidly displaced from the chamber altogether by the 
incoming steam. So far, so good. Now the steam has to remove, or heat 
up, the air contained in the charge. Finding an easy path through the 
chamber from inlet to exhaust around the sides and ends of the container 
it naturally takes it, avoiding the charge itself, and we are back to the same 
gradual penetration and intermixing as before. Moreover there is now ho 
" spare heat." The steam is at virtually 1000 C. itself whereas its tempera
ture is 121° or 126° C. in the high-pressure types. An air:steam mixture 
at a temperature 20° below that of the pure steam will still suffice in the 
high-pressure apparatus-or so we hope: With current-steam it is virtually 
useless, regarded as disinfection and not mere disinfestation. 

(4) METHOD OF CORRECTION. 

It will be as well to compare the machines so far discussed with any of the 
Service Disinfectors-for example the Disinfector Portable Field No. 3-
particularly since the correction of the failings follows the design and opera
tion of this apparatus. The Disinfector Portable Field does achieve the full 
disinfecting temperature by contact with steam in every part of the charge 
-:-in olie of very many tests, carried out without a single failure, over 150' 
indicator tubes were used in a full charge of 32 blankets, i.e. 256 thicknesses. 
It does this with a load of three blankets per cubic foot of chamber compared 
with one, or under one, ineffectively treated in commercial models and in 
less than half the time. 

These results are due to the rapidity, reliability and completeness of air
displacement, which is achieved as follows: The charge is held in an imper
meable sheet-steel open-topped container which it closely fits. Steam is 
admitted to the top of the charge only and the exhaust opening is arranged 
so that steam can only escape to. atmosphere by passing right through the 
charge itself in a downward direction. The difference of density between 
steam and air, and the pressure built up above the charge, combine to urge 
the air gently through the charge and out of the exhaust at the bo~tom. No 
air is trapped .and there is an almost negligible amount of intermixing. The 
uninterrupted emission of pure steam from the exhaust is a visual indication 
that the expulsion of air is as nearly complete and perfect as can. be and a 
few minutes of steam passage is enough to ensure that the charge is wholly 
filled with pure steam at atmospheric pressure. Any higher temperature 
could now be reached merely by closing the exhaust and continuing steam 
admission until the pressure equivalent of the desired temperature was 
attained. For now we are dealing with pure steam, not with air-steam 
mixtures of varying and unknown composition, while, since the container 
is steam jacketed, there. is no heat-loss through the) walls. 

All that is necessary in commercial designs, therefore, is to apply these 
principles of construction. The contairier, instead of beillg made of wire-
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8 Shortcomings of Oommercial Steam Disiriff{ction Apparatus 

mesh, will have sheet-metal sides and bottom with an open top. From an 
opening in the container bottom an ,exhaust-pipe will be led through the 
chamber-wall to atmosphere. The container will be so loaded that no gaps 
or easy paths are left down which steam will flow in preference to passing 
through the mass of the charge. There are other details to attend'to-
for example the fitting of a cock to the container exhaust-pipe outside the 
apparatus, to be closed for building up pressure, and the provision of a 
coupling to the container-exhaust inside the chamber, capable of being 
broken or made from either end of the chamber, to enable the container to 
be run in or out. But these offer no constructional difficulty. The main 
principle is merely " downward displacement" which has been the feature 
of all S,~rvice disinfectors for many years. / 

(5) TESTS OF RECONSTRUCTED DISINFECTORS. 

(a) Disinfector No. 5.-'--With the approval of the Directorate of Scientific 
Research fulL details of conversion of Disinfector No. 5 were given to the 
manufacturers of this current-steam plant by the authors and the,work was 
at once put in hand. After SOlne delay owing to difficulty in cC obtaining 
ceftainmaterials the altered disinfector was ready for test by July 21. The 
disinfector-container had been provided with an automatically operating 
exhaust coupling and the whole plant was a workable outfit ready for 
immediate installation. The shape of the container had not been altered and 
was normal for a cylindrical chamber. 

Instant success was achieved with a remarkable shortening of the total 
time taken for each cycle. Forty loose blankets were effectively disinfected 
in eleven minutes ana' forty folded blankets in thirteen minutes. After 
adjustment of the automatic valves the time to disinfect 40 folded blankets 
was reduced to eight-and-a-half minutes from closing the entrance door 
of the chamber to opening up for unloading. RepIembering that the 
indicator tubes required the full saturated,steam temperature .of 1000 C. to 
liquefy them, it will be realized how rapidly and thoroughly every vestige 
of air had been expelled and replaced by steam. The improved disinfector 
was at once accepted, and its despatcn to site for installation was ordered, 

After installation, the authors attended its first putting to service, 
taking indicator tubes. A load of 60 blankets (20 per cent higher than the 
scheduled figure) was laid,down as the standard maximum. The piping 
!layout, having been designed for the original model, was unfavourable 
but its correction had to be deferred and, in any case, its effect was only to 
lengthen the operating cycle. The first operation was allowed to be carried c. 

out by t& R.A.M.C. Corporal in charge, .without fully instructing him, so 
as to prove to him the necessity for the simple precautions to he taken. 
Before the disinfector was unloaded, he.was told that the tubes, which had 
been evenly distributed throughout the charge of 60 blankets, would reveal 
failure. In fact 5 tube§! out of 19 failed to respond, the unchanged tubes 
being found in the pr~cise places which had been forecast. Next, the correct 
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· A. G. Gadd and A.W. Turner 9 

handling of the plant was demonstrated with satisfactory results. Check 
tests were carried out on four occasions in the following weeks-once to 
verify that the operator was still working correctly, once to observe the 
effect of the altered piping layout and twice to carry out overload tests. 
On October 1, 1941, a load of 6 rolls of 10 blankets each, with '7 extra 
blankets added, was tried using three tubes in the middle of each roll. This 
is an unfavourable way of preparing blanke~s and had p:r:ovedincapable of 
giving 100° C. disinfection"in any high-pressure apparatus so tested, even 
when in Disinfector No. 1 a pressure of 20 lb. pet sq. inch had been main
ta~fed for forty-five minutes. The second overload test was made on 
November 14, when no fewer than 90 folded blankets were crowded into 
the heaped container with forty tubes evenly distributed throughout the' 
oharge. Both of these severe tests were passed by what the authors hold to 
be the first commercial steam disinfector ever installed which can be relied 
upon to do its job. I 

(b) Disinfector No. 6 (High Pressure).-15 lb. per sq. inch, 120 cubic foot 
chamber, II cubi~ foot container. Special model. 

Meanwhile the manufacturers of Disinfector No. 4 had independently 
oonstructed a high-pressure disinfector'working on the same downward 
displacement principles. They demonstrated this plant to us on July 18. 
It was of an experimental type, consisting of a normal 120 cubic-foot cylin
drical chamber in which had' been fixed a container which, was an exact 
duplicate of that of the Disinfector Portable Field No. 3. Thi's containeris 
rectangular, of capacity only/ llt cubic feet, and looked odd in such 
surroundings. It was fitted with an exhaust of screwed steel pipe with 
no coupling so that, although there was no chance of steam leaks, there 
was equally no possibility of withdrawing the container from the chamber. 
The container was loaded (with difficulty owing to the heat inside the steam
jacketed chamber) with 32 blankets folded as prescribed for the Disinfector 
Portable Field No. 3.. Buried in the charge were indicator tubes of a different 
type, of which a description must be given I These are gla!ls tubes containing 
a red liquid. On being heated, this liquid ch~nges colour gradually through 
amber and olive to bright green and the temperature to which it is subjected 
is indicated by the time taken to' effect the complete change-or,. alterna
tively, the extent of the colour change in a given period ,of time. The 
tubes are designed to change from red to green in a temperature of 115° C. 
(equal to 101b. steam pressure) held for twenty-five minutes but will do s6 
at higher temperatures for shorter periods or lower temperatures for longer 
periods. The heat effect is cumulative-that is to say, a tube partly changed 
by subjection to 115° C. for ten minutes will, after cooling, complete its 
colour-change on being reheated to the same temperature for the other. 
fifteen minutes: Similarly a tube heated at 1000 C. for five minutes will 
afterwards require less than twenty-fLve minutes at 115° C. to complete its 
change, while a tube not completeli" turned" after twenty-five minutes' 
subjection- to an unknown test temperature may finish its conversion to 
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10 Shortcomings of Oommercial Steam Disi,nfer;tion Apparatus 

green if afterwards subjected to. a lower temperature for a few extra 
'. minutes. All these factors, though rather involved, have a bearing on tests 

conducted with this type of control. 
The test of the" mock-up" high-pressure apparatus was entirely success

ful. Since the load consisted of 32 blankets only this may at first sight 
be unimpressive, but that is only due to the choice of a container of unsuitable 
size and shape for the chamber. Even so; the load amounted to a solidwad 
of 256 thicknesses of blankets and, when it is remembered that the test was 
now 115° C. held for twenty-five minutes, not 100° C. for a few seconds, the 
immense improvement in air-expulsion and steam-penetration is manifest. 

(c) Dtsinfector No. 7;-120 cubic foot capacity, 15 lb. per sq. inch, 
scheduled load 120 blankets. 

In October, 1941, these manufacturers produced their first commercial 
model--a 120 cubic foot disinfector, to a War Department order, which was 

--. operated by them at their works. The container was found still to follow 
the Disinfector Portable Field No. 3 design, being a long rectangular sheet 
metal box divided by removable vertical slides into four comparpments each 
similar to the Disinfector Portable Field No. 3 container. The slides would 
be taken out to accomIp.odate mattresses. Sixteen 115° C. tubes were used 
in a charge of 98 folded blankets. No more blankets were available. 

The design and operation revealed an incomplete understanding of the 
principles involved and the authors were not altogether surprised when one 
of the tubes failed to complete its colour-change. The test conditions were 
not unfavourable to the apparatus. The control tubes were sensitIve to a 
temperature,of 6° C. below that of the steam while the effect on them of 
their subjection to steam at varying pressures from atmospheric to 15 lb. 
during the periods of air-expulsion, building-up pressure, and releasing 
pressure must- be taken into account, as well as the twenty-five minutes of 
actual disinfection. It is clear that the " unturned " tube shows that this 
particular disinfector still falls short. It can, however, be easily converted 
toa completely reliable apparatuscby the authors and probably will be. 

(6) DISCUSSION OF TESTS. 

Lack of space prevents the publication of full details of all the . tests. 
These have been tabulated with remarks and a copy can be obtained by any 
interested reader on application to either of the authors at Shepherd's 
Green, Chislehurst, Kent (Telephone: Chislehurst 1953). The extracts 
already given will, it is hoped, suffice for this discussion. The tests show 
the inability of apparatus of present design to disinfect with certainty a 
normal load of' blankets in the specified times: They indicate also that 
doubtful results maybe obtained even with much-reduced charges. 

(a) Inadequate Testing.-This situation has arisen, in our' opinion, 
through the use of too few "tell-tales" in the customary disinfector tests. 
Except in the Service, tests are customarily made with bacterial tubes, 
using only' a few at a time. Such tests may easily fail to find th~ "cold 
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A. G. Gadd and A. W. Turner 11 

spots" in a bulky charge. In the Service this has always been realized 
and Service-designed apparatus has always been subjected to tests even 
more rigorous than those now discussed. In most Service tests of disin
fectors, however, the temperature-indicating tube is used for convenience 
instead of cultures. . 

(b) Oharacteristics of Temperature-Indicating Tubes.-The temperature
indicating tube has great advantages over the use of cultures. It is cheap, 
small, easy to handle, visibly responsive, and can be used in abundance 
to give a true picture of what actually happens. But its use outside Servioe 
oircles seems to be almost non-existent. None of the manufacturers con
cerned in these tests had ever ujled them-most,. if not all, had never seen 
·one. Perhaps, on that account, so~e reassurance regarding its accuracy 
is desirable. Most of the 100° C. tubes used in these tests were made either 
by the Army Schoolof Hygiene or by the Royal Army Medical Oollegeand 
the others were specially developed for us by the makers of the 115° O. tubes. 
A percentage was checked in boiling water or atmospheric steam while 
those which failed to react in the disinfector tests were usually either put 
into boiling water or put back in the disinfect or on top of thE. load in the next 
test. In no case did the tubes fail to respond. 

Since, however, the Army School of Hygiene and Royal Army Medical 
College 100° C. tubes start to colour a few degrees below 100° C. they are a 
better indication ofjailure to disinfect (when they remain unaffected) than a~ 
positive proof of disinfection. For the latter purpose, complete liquefac
tion is necessary, and owing to re-cooling this requires speed as well as 
judgment by the observer. 

The 115° O. tubes could not be so simply checked owing to the heat
accumulation effect. Of these, therefore, a proportion was tested in thermo
sta.tically-controlled muffles in the Inspection Department Engineer and 
Signals Stores, a'further proportion being similarly tested in the laboratories 
of a well-known instrument firm. Time-temperature curves were plotted 
which agreed well with each other while the results at 115°0. were close 
to the twenty-five miputes specified by the makers. The reliability of 
both types of tube was therefore adequately demonstrated. 

(c) Lessons of the Tests. 
(i) Irregularity of Results.-Failure to "turn" indicator tubes was 

found to occur in apparently different places and to a different 
extent when trying to repeat a test in any particular plant. 
This may be partly due to the tubes not being in exactly the 
same position but is more likely to be caused by slight variation& 
in the packing of the blankets such as will occur in use. 

There is apt, however, to be a weak feature in anyone 
. design causing a persistent "cold spot" -for example the 

baffle plate in Disinfector No. 1 and the exhaust-hole in Disin
fector No. 5 before its ,conversion. So that not only is an 
adequate margin of safety to cover variations in packing neces-
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12 Shortcomings of Oommercial Steam Disinfection Apparatus 

sary in the operation of the plant but special study is desirable 
of the wea~esses of any particular installation. 

(ii) Maximum Load.-The loads given in Appendix 15 of the Army 
Manual of Hygiene and Sanitat,ion, I 934, are far ~ too great. It 
is almost. certainly fatal to disinfection to load up the cpntainer 
level with blankets to the top. 

(iii) Method of Packing.-Blankets should be 'loaded loose. Rolls 
of ten should be forbidden. 

(iv) Permeability.-Itis the compactness and depth of a charge, i.e. 
its nature and the distance to its heart, which affect results most. 
The bigger the container the bulkier is a full load and the worse 
are the results. Refer para. (2) (e) above. The load of 98 
blankets was well below that given in Appendix 15 of the 
Manual. . 

(v) How to' Test.-In an investigatiowa multiplicity of tell~tales. 
should be used, at first, say 30, fewer as the story unfolds.' 
Finally, as a check on measures taken, about 30 again, evenly 
distributed in the mass. 

(vi) Further Tests.-There is a case for more.thorough and scientific 
investigation which should be extended to steam sterilizers also. 

(d) Improvement of Existing Plant. 
(i) Reconstruction.-We advise against Medical Officers attempting 

(unless experimentally) the reconstruction of their apparatus 
to the principles expounded in paragraph (4); Each design of 
plant needs special treatment with a 'fuller understanding of the 
process than is there explained. The construction is the subject 
of patent applications though the State will no doubt have" free 
user" rights. -

/ (ii) Improvement without Reconstruction.-There is some possibility; 
of improve:ment by variation of the technique. Displacing the 
"free" air by steam, instead of creating a vacuum, mayor 
may not bring any definite gain. But the effect of using both 
methods-that is, first flushing out the free air by steam and 
then" drawing a vacuum" in the steam-filled chamber is worth 
trial. So also is the use of a wi,re-mesh " core," either cylindrical 
or of the sa:me cross-section as' the j container, around which tQ 
pack the charge. We suggest loading say one-quarter .of .the. 
blankets first, then laying the core on them, then loading the 
remaining blankets around the sides and over the top of the 
core. The objects are to increase the area of surface open to 
stea:m penetration and to reduce the thickness of the charge. 
The core :must extend from end to end of container, of course,. 
and its ends be left unobstructed. An automatic li:mitation of 
load will be obtained. 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-78-01-01 on 1 January 1942. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


A. G. Gadd and A. W. :Turner 13 

Splitting the charge horizontally by a' mattress-like wire 
grid may also be worth further trial. 

In general, however, the weaknesses of the partic~lar plant 
should be studied first. 

(e) Immediate Action Advisable. 
We believe that meanwhile it is necessary to impose drastic limitations 

on the number of blankets loaded. Disinfector No. 1 was restricted to 30 
blankets, i.e. one per 2 cubic feet of chamber-volume, and we believe this 
to .be the limit of safety for 60-foot disinfectors. Twe:n.ty is our idea of the 
limit for disinfectors of 30 to 40 cubic foot capacity and 40 for those of 
120 cubic feet. The proportion of blankets to volume should diminish with the 
increase in volume to avoid increasing the depth of the charge appreciably. 

With the above charges, a minimum of twenty.miriutes at Jull pressure 
should be given and we prefer thirty. We assume that a minimum of 20 
inches vacuum is obtained. Forty minutes '" contact" in a current-steam 

, disinfector should be given. 
The output of the plant, which is already costly, clumsy, uneconomical 

and slo,w, will be made even worse. About 200 blankets a day 
will be the output of a 60-foot disinfector. This is one hour's output of the 
Disinfector Porta_bleField No,. 3, or eighty minutes with the Disinfector 
Portable Field No. 1. It is only four hours' output even of the little Disin
fector Portable Field No. 2 which a couple of men can carry about. 

(7) DRYING BLANKETS. 

During these tests some interesting points arose in connexion with the 
drying operation. Designs were seen in which the drying air is taken from 
inside the" dirty" room where the loading is done-with Disinfector No. 2 
the air intake was actually only about 18 inches from the floor where lay 
dust and fluff from " dirty" blankets. 

The dr~ng air is heated to an unknown temperature, probably well 
below that which is necessary to sterilize it. A thermometer ip. the air
outlet from the heater might give surprising readings. 

Finally, to establish a conviction that hot-air drying was ineffective, we 
w~ighed a loaded container before treatment, after disinfection but before 
drying, after drying, and after vigorous shaking. The results were as 

(follows: 
Number of blankets .. 46. 
''''eight of blankets and container before disinfection .. 298 lb. . 

.. .. drying . . 309 lb.. Gain 11 lb. 

.. after 30 minutes' drying. 306! lb. Loss 2t lb. 
.. .. "shaking out .. 301 lb. Loss 51 lb. 

Final gain in weight 301 - 298 = 3 lb. 

In steaming the gain was rOlighly 4 ounces per blanket. Half an hour's 
drying removed an average of less than 1 ounce. Of the palance, two ounces 
were removed by snaking, leaving a final gain of one' ounce per blanket. 
The fact is that hot-air drying affects the outside of the charge only, .the 
heart remaining as full of steam as ever. Prompt and vigorous shaking is 

.necessary in any case. It is quite sufficient by itself. 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-78-01-01 on 1 January 1942. D
ow

nloaded from
 

http://militaryhealth.bmj.com/

