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[Excerpt from Vol. V. of the Transactions of the Sanitary.
Institute of Great Dritain. |

On * Disinfection by Heat, with Description of a New Disin~
fecting Chamber,” by James Apams, M.D., L.R.C.S.E,,
F.F.P.8.G. Paper read September 28th, 1883, at the Con-
gress of the Institute, held at GLASGOW.

To Dr. W. Henry of Manchester is due the merit of con-
ceiving and demonstrating by actual trials the fact that heat
destroys or neufralises the morbific matter of certain communi-
cable diseases. In 1832 (Phil. Mag., vols. x-xi) he published
the results of experiments, showing that cow-pock matter be-
comes totally inert after an exposure of some hours to a tempe-
rature of 140° F., and that clothing designedly infected with
scarlatina and typhus contagium was afterwards worn with no
*bad results by individuals likely to be susceptible, such clothing
having previously been confined for some hours in a temperature
of 200° to 206° F.

Since the time of Dr. Henry, various methods have been
employed for practically utilising his richly suggestive concep-
tion, but in some instances without observance of his precau-
tions, of which more hereafter. Meanwhile, a short reference
to the nature and properties of the matter that transmits con-
tagious disease will aid my description of a new Disinfecting
Chamber professing to have some important distinctive features,

Of the constitution of marbid poisons we are as ignorant as of
that of prussic acid or of strychnine, nor is it probable that the
knowledge, if we possessed it, would throw any light on their
mode of action, so far as relates to the essential morbific prin-
ciple. 'We are well acquainted with their ehemical composition
without in any way understanding how they act so powerfully
on the animal system ; but we know they are capable of being
decomposed by weak chemical agents, and rendered. inert by
temperatures of about 200° F., and therefore that their consti-
tution is not stable, and that they are held together by very
feeble affinities,

That contagion is connected with the diffusion of o anisms
1}[}333&5511@ vitality may now be assumed as an established axiom.

his doctrine, known as the “Germ Theory,” is usually ascribed
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is no longer capable of contaminating liquids, or of inducing
fermentation or putrefaction. From such facts and from a re-
view of the whole field traversed by other observers, he concludes
that these particles are organisms, the germs of septic Bacteria.
%The thing” he says, “ which we vaguely call a ¢virus’ is to
all intents and purposes a seed * ¥ * " as surely as a thistle
rises from a thistle seed, as suvely as the fig comes from the fig,
the grape from the grape, the thorn from the thorn, so surely
does the typhoid virus increase and multiply into typhoid fever,
the scarlatina virus into scarlatina, the small-pox virus into
small-pox.”

This * virus,” these particles or germs, are volatile—are shed
freely from infected individuals and from their clothing, and
are wafted to and fro by erial currents. Henee all appliances
which have for their object to limit the spread and ensure the
destruction of these germs should be planned with special pro-
vision for this dangerous property of volatility in the germs of
disease. .,

While the hypothesis of spontaneous generation was in de-
pendence and under anxious discussion throughout the scientifie
world, heat was the chief agent employed to determine the
actual vitality of microscopic forms that are developed so abun-
dantly ‘in.infusions of organic matter, and even in saline solu-
tions. ‘And while there was a general consensus to the effect
that heat destroyed the evidence of vitality drawn from active
movements, ‘there was a great conflict as to the degree and
duration: of heat required. Moreover, there was a renewed
generation of the same forms frequently observed in the liquids
supposed to have been sterilised, which naturally gave rise to
the belief in spontaneous generation. The first light thrown
ou this perplexing riddle was by Professor Cohn of Breslau,
who showed that confusion and contradiction had arisen from
having failed to distinguish the growing germ from its seed or
spores. And it was reserved for Professor Tyndall to pulverise
and destroy for ever the doctrine of spontaneous generation by
an exhaustive series of brilliantly conceived and thoroughly
conclusive experiments. He showed that the vitality of a germ
or embryo organism and its disposition to development was a
latent property dependent on different conditions of spores, age,
dessication, exposure to air and light, &c., and that subject to
these varying conditions there were required varying periods
for germination: that in the operation of boiling that was
usually adopted for their destruction, the broods or crops may
overlap each other, the new brood making its appearance
before the old brood died away, and that by repeated boilings
at short intervals—and not by prolonged boilings—dealing with
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temperature to which ought to be heated any morbific principies
of an unknown nature which can transmit disease. Their
experiments show that in a practical point of view one cannot
have absolute confidence in dry heat for the disinfection of all
suspecteda objects. On” the whole it may be afﬁrn}ed that
duration of heat and its degree are mutually complimentary
both with dry and with moist heat, a long exposure to a low
degree being equivalent to a shorter exposure to a high degree.

The natural inference from such experiences is that in serﬁ{mg
to disinfect by heat, that heat should be carried as high, and
contined as long as is possible, or necessary, to ensure the
destruction of infective matter ; subject only to the limit that
infected clothing or other articles operated upon, may not be
injured or destroyed. And in determining the practical limit
that is expedient, I have again to make honourable mention of
Dr. W. Henry, who made practical trials 50 years ago on fabrics
of clothing and other articles, which have left little save glean-
ings for subsequent observers. For the experiments of Ransom,
Chaumont, Vallin, Koch, Wolffhiigel, and others have added
little beyond a confirmation of Dr. Henry’s conclusions, and to
these later observations I need not therefore refer in detail.
They show in summary, that exposure in dry heated air to a
temperature of 220° to 230° for one or two hours is suf-
ficient for disinfecting purposes, does not injure the integrity
nor the appearance of ordinary clothing and bedding, but that a
temperature of 250° is risky, may cause injury, and is therefore
unnecessary.

In considering the practical application of heat to infective
matter for disinfecting purposes, we need not take into account
the exceptional laboratory experiences of various observers who
have recorded extraordinary degrees of heat withstood by some

erms. These are little likely to be noticed in future now that
dall has specified so clearly the conditions under which they
are likely to have occurred. These rare instances are matters of
curious interest more for the naturalist than for the sanitary
physician. The general evidence now aceumulated, is abun-
dantly sufficient to warrant the conclusions recently laid down
by Pasteur and Leon Colin in their Report on Disinfectin
Stt?ves, made in 1880 to the Council of Health of Paris and the
Seine. These are to the effect that while humid heat of 212° K.
will certainly destroy all life in morbid germs and all dangerous
condition in virulent matter, a temperature between 212% and
230° K., whether dry or humid, may be fixed as sufficient for all
practical purposes. A higher temperature is unnecessary.*

* See Addenda anent high temperature
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These points T will now comment upon.

The sides, top, and bottom of the chamber form so many
complete pieces, prepared, adapted, and numbered in the work-
shop so that they can be easily put together by any ordinary
workman. The interior is furnished with the usual rods and
hooks for supporting articles that are being disinfected. = A
powerful gas stove of peculiar construction, exposmng a large
heating surface in its interior traversed by pure air, is connected
inside or outside of the chamber, preferably on the outer side.
It is then only necessary to attach the gas supply and lead the
stove flue into the chimney of the apartment in which the cham-
ber is placed. The walls of the chamber consist of double
casings made of thin plates of sheet iron, one-and-a-half inches
apart, air tight, and containing only confined air. Each casing
is farther subdivided by partitions to prevent heated air ac-
cumulating in the higher compartments. Confined air is the
best non-conducting medium and renders unnecessary the pack-
ing material that is usually employed. Such packing in the
degree in which the material is solid, necessarily absorbs heat at
the beginning of an operation and prolongs the time requisite
for getting up the desired temperature. Such packing— the
most useful of which is boiler felt—may, however be applied
to my chamber with good effect when it 1s intended to be kept
in use for many hours or days at a stretch; otherwise it 1s
unnecessary. A case of wood lining outside, with an inch space
between it, and the sheet iron forms a second air jacket, and
the wood, by its slow conducting and radiating properties,
conserves the heat still farther.

The bottom of the chamber is double, having about six inches
deep of an under space communicating by openings at one end
with the general interior. The heating stove, wiether placed
within or connected outside, draws air from the under floor space
through two separate pipes, one leading to the furnace, the
second admitting air to the pure air caliducts of the stove.
The under floor space, therefore, communicates at one end with
the general interior of the chamber and at the other end with
the stove, and the air drawn from the under floor space divides
into two currents, one of which passes through the furnace and
ultimately escapes into the chimmey of the apartment. The
other and much larger current follows a separate course through
the stove where it becomes highly heated, and is discharged in
a pure state into the chamber. It is not then permitted to
escape outside, but is drawn down through openings into the
under ﬂ_ﬁDr space, and again led into the stove highly heated,
and again discharged into the chamber, with each circulation
gaining increased heat until the maximum temperature desirable
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atients when held up and briskly shaken, discharge clouds of
contagious dust, similar to what takes place m shaking a flour
bag. Now this infective matter may be dried and exposed to
the air for weeks together, and yet lose little or nothing of its
virulance, and this dust constitutes the infective particles or
germs that we dread should float from a sick room into the
adjoining apartment of a dairy or farm-house where it may settle
in the milk vessels—that we apprehend from the association of
our children with school mates recently convalescent, or coming
from an infected house—that, we fear may he suspended in the
atmosphere of a cab that has conveyed an infected patient.
How evidently necessary it, therefore, is that in a disinfecting
operation there should be provision made for following up to
utter extinction such contagious matter. The facts that have
within so recent a period been adduced, and that since are
daily illustrating the vital importance of the *Germ Theory ™
were not in the prevision of those who designed the gas dis-
infecting chambers at present in frequent use throughout the
country, There is not in many of them any provision for such
heroic treatment as I am advocating. In some the infected
clothing is merely hung up in a chamber travesed by a current
of hot products of gas combustion that enters at the bottom,
and passes instantly out at the top. The shirt or blanket
may be detained for a conventional period of two hours or
thereby, but any volatile matter that is disengaged, is in-
stantly swept off into the general atmosphere. The shirt
or blanket is itself disinfected and may afterwards be worn
with impunity, but where do the infective “particles™ alight?
They have not been detained for two hours nor for as many
minutes. They have not been subjected to the necessary tem-
perature during the necessary period of time, nor for any no-
table period of time. They cannot under a momentary expo-
sure to heat of 230° or 250° have been rendered inert.
They have simply been blown away to join the idle wind
that wanders where 1t listeth ; and we never ecan know
what becomes of them during the weeks, or it may be years,
that they retain their deadly properties, although we may con-
jecture when we meet epidemic and contagious disease springing
up in some locality under inexplicable conditions. Dr Henry
detained his cow-pock, scarlatina, and typhus matter within his
heated laboratory oven for hours, proving as he cautiously pro-
ceeded that time was an all important condition in disinfecting
by heat—that sometimes a duration of exposure for one hour,
sometimes for two hours was insufficient, and that where he
stopped short the contagious matter retained its potency. All
subsequent observers have followed in the same lines, and
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according as that is more or less perfect, and the variability in the
composition of coal gas, its impurities and the like, make this
surmise a point worth consideration. Dr. Dougall, whose
researches on chemical disinfectants are, in extent and original
conception, second to mnone, is of opinion with me thzﬂ_': the
influence of burned gases is not only probably, but very likely,
of the nature I have suggested. But assuming that they
have no influence either for good or for evil, so far as destruc-
tive action on germs is concerned, it still seems to me that to
avoid pure air and to make choice of an ﬂtﬂlﬂﬁ]_]h_ﬁl‘{-} cuntm'm-
nated with the products of gas combustion, 1s something
equivalent to a preference for (%‘Irty water before clean water
for washing purposes. It might be tolerated if no other method
of applying heat was available, and it is an extenuation if used in
the Eelief that exposure to the burned gases of gas coal will do
no harm. But on this latter point I have grave doubts, and if
compelled to give over my property for disinfection, I would be
very fearful of the results of exposing a piece of fine lace, a
delicate coloured silk fabric, the valued photograph of a de-
ceased friend, a precious letter, or an important law document
to be played upon for a couple of hours by a strong current
and heavy atmosphere of burned coal gas.

Setting this point aside, it is deserving of note—although
the least of probable evils belong to the use of such chambers —
that the waste of heat, and consequently of fuel is so great,
that the hot products of combustion escape in enormous quanti-
ties, carrying off heat that has been only partly utilised, and
this waste of heat is aggravated by the method of burning, in
which the rush of inflamed gas is accompanied by a practically
unlimited Bllantit-y of unnecessary cold air that mixes with the
hot gases, dilutes and cools down their temperature, and renders
one-half or two-thirds of the heat ineffective. Instead of the
gas being burned with about ten volumes of air to one of gas,
the theoretic proportion, or even twenty volumes, which is the
practical limit aimed at by all who have studied the laws of gas
and coal combustion, I have estimated that from 150 to 300
volumes of air are admitted into such chambers for each volume
of gas. But so little consciousness does there seem to be of
extravagant waste on the part of the makers, that I have seen
a letter written from one who refers to 50 or 100 cubic feet of
gas per hour as the required quantity for his apparatus, and as
a quantity “ not worth consideration.” Amnd yet a chamber of
equal capacity can be equally heated with pure air by the use
of 20 cubic feet of gas properly burned and properly applied.
Before leaving this question of pure air versus air contaminated
with burned gases, Iqmay plead that while pure air can have no
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in the line of the entering hot air. The water evaporates, and
the moisture condenses on the colder clothing, ul}:imately be-
coming steam of the elastic force, proper to a mixture of air
and moisture at 250° F. Should the temperature exceed 250
F., the valve moves precisely as in the case of dry air alone
for in all cases the sum of the elastic forces of a mixture of
moisture and of air is equal to the weight of the atmoslphﬂrm
pressure, which has ifs equivalent in the we:l_g]lted balanced
valve, the vapour taking always the force due toits temperature,
and the air making up the complement. The arrangement 1s
entirely free from the cost, difficulty of management,-and dan-
gers attendant on the great elastic force of steam generated in
and delivered from a high pressure boiler.
- In the application of moist heat it is desirable that the
watery vapour should be generated at the early part of the
disinfecting operation, and while the clothing or other infected
objects are at a relatively low temperature, so that the mois-
ture may become condensed upon them, and afterwards it is
only necessary that the temperature of the vapour does mot
descend below 212° F.. Instead of a water vessel, the object
may be very well effected by suspending a piece of woollen
blanket of about half-a-pound weight, wrung out of water, of
which it will retain about 1lb. And it may be still better
effected by simply sprinkling the infected articles pretty
liberally with water, and directing that they are not to be
removed from the chamber until quite dry. Under all circum-
stances, it will detract from the efficiency of the moisture, if
that moisture is delivered at first of a high temperature, say
220° and upwards, because at these temperatures it approaches
the condition of a perfect gas and will only act as dry heat.
After the strictures I have passed on any mode of disinfec-
tion by heat that permits the escape of volatile contagium into
the atmosphere, it is only due that I should state that disin-
fecting by heat in a chamber which confines all volatile matter
until the close of the operation, is carried out in various appa-
ratus in frequent use, Dr. Esse of Berlin, who has given
much attention to the subject, makes this the principle of
several chambers constructed under his direction at the Hospi-
tal, St. Moabit. In one arrangement the infected articles are
placed within a cylinder, which is itself contained within a
larger eylinder, the space between being filled with steam, and
thus the inner cylinder is heated. There is no communication
between the outer and inner cylinder, and the latter contains
* dry heat only. This is precisely the arrangement on a larger
scale devised by Dr. Henry in his small laboratory apparatus 50
years ago. In another fJ-:;rm Dr. Esse’s chamber is lined or
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ADDENDA.

In 1860 it was announced as a discovery by Schrider that
“the atmosphere contains an active' substance which induces
the phenomena of fermentation and putrefaction, and which is
decomposed by heat and arrested by filtration,” although why
muscle, yolk of hen's egg, and milk should occasionally putrefy
in spite of filtered air alone being permitted to come in contact
with them was a point most difficult to explain, and one which
Schréder admitted was not in perfect accord with his theory.
Pouchet about the same time cited several experiments which
he considered crucial, and which he performed with the special
object of settling the question of spontaneous generation, and
he affirmed that the results of the experiments were perfectly
conelusive of the spontaneous origin of animal organisms. To
test this doetrine Pasteur made very extensive investigations
(published 1860) which resulted in establishing the fact that
the air at all times contains microscopic organised corpuscles,
which may be collected by filtering it through gun cotton, dis-
solving the cotfon in ether, and aITuwing the ether to evaporate
spontaneously. Pursuing his investigations into the origin of
ferments and putrefaction, he in 1863 announced that his pre-
vious experiments had entirely disposed of the hypothesis that
fermentation can be effected by the influence of decomposing
albuminous substances, and affirmed conclusively that the sole
agents in the process are animaleules or their germs, termed by
him “vibries,” of which fact he adduced examples. From this
date the “ germ theory” made rapid progress, although strenn-
ously resisted up to a very recent perius by Bennett,” Bastian,
and other very able observers.

* » » * - -

Up till a comparatively recent date, the highest temperature
short of actual injury to infected clothing, &c., have been em-
ployed or thought desirable, while by tradesmen who vend dis-
infecting apparatus, a minimum standard of 230° to 250° F., or
even lli%hﬁl' has been assumed and tanght as necessary, and the
Enwer of producing temperatures of even 300° or 450° F. has

een vaunted as a claim to recommendation. It should, how-
ever, be very obvious that in all gas heated chambers the degree
of heat that can be reached above the highest heat that is
necessary, viz,, 230° F.,, is a mere matter of so many extra feet
of gas, and therefore implies no superiority in the apparatus,
because an equal degree is attainable in any gas heated chamber.,
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by heat, the only effective application for the immediate de-
struction of infective matter suspended in the air is to subject
it to the action of the flame.

L . L * * * *

I am not aware of any experiments exactly similar or so
* direct as those which Dr. Henry made with infective matter
of cow-pock, scarlatina, and typhus. Those with cow-pock
matter have been repeated, but the others have not. He dealt
with what he recognised only as infective matter in the gross,
and wit]mut-thmagit or reference to germs. Our conclusions,
therefore, regarding disease germs are drawn from a different
class of observations, and mainly from the known analogies that
link together the entire animal and vegetable kingdom. The
number of species and the number of individual varieties of
germs are very great, and a distracting multiplicity of names
have been invented, and are being continually manufactured
and applied by different observers in the field of investigation
that is covered by the germ theory. And it is perplexing, even
to a well-informed student of modern scientific literature, to
track out the intended meaning of some writers who, within
half a page, will make reference to half-a-dozen names all with
little apparent discrimination, and often with little knowledge
that they are dealing occasionally with mere synonyms. I
give here a cluster of these ingeniously varied descriptions of
minute organisms: cells, monads, germs, seeds, spores, sporules,
torula, spirilla, vibrios, bacteria, baccili, zooglea, micrococci,
microzymes, microphyptes, microbes, microzoaires, entophytes,
saprophytes, infusores, contagium corpuscles, particles, &c., &e.
* * * * * *

Washington Lyon’s disinfecting apparatus is substantially the
same as Dr. Esse’s, but the cylinders communicate through a
stop-cock. The outer cylinder is first heated by the admission
of saturated steam with the effect of heating at the same time
the inner chamber. The objects to be disinfected are then
placed ¥ithin the chamber and the cover tightly closed by a
number of serews, an operation requiring about ten minutes,
during which the imprisoned air and the infected objects are
getting heated. The stop-cock of communication is now opened
and steam of about 260° F. is admitted. If any condensation
oceurs, provision is made for that being immediately carried off
by drainage pipes. But it is stated that “the great object of the
casing [i.e., the heated outer cylinder] ds to prevent condensation
of the steam within the chamber, for if such a condition were
to arise the object would become wetted.” Nevertheless the
theory of the maker is that  the steam on coming into contact
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of the mixture. The weak points in the theoretical *principle”
of this apparatus consists in overlooking the perfectly dry gaseous
nature of steam while retaining the elastic force due to its tem-
perature, and in applying to a mixture of air and moisture the
physical laws applicable to saturated steam. 3

It must not be supposed that I am disparaging the real effici-
ency of the apparatus quantum valeat—that is as a dry heat
apparatus. I think it an improvement on those of Dr. Esse’s
and Dr. Henry, but the quality and action of the heat is pre-
cisely the same as in these or any other dry heat appliance
where dry heat alone is employed. The penetration of heat
will be quicker, because of the pressure, and that is all. But it
will l{:ﬂ& to a fallacious security if the alleged property of moist
heat is made the ground for materially shortening the process.
I say so much because I am told by an official having charge of
the erection and experience of the working of one of these
- machines, that half-an-hour was a customary period to give
to one operation, but that ten minutes would really suffice.
Against that belief, and against operations conducted under
that belief, I enter a protest and give warning. The duration
of exposure should be nearly the same as in any dry air apparatus
of the same temperature. Dr. P. Bate, of London, thinks well
of this machine after having seen it in action, admitting that
“it has the drawback of being more costly than others, together
with the necessity of requiring an able and experienced atten-
dant,” but he adds, * the 1'apiﬁit}' and certainty of a sufficient
heat are a sufficient compensation.”” With regard to the
“rapidity,” I must lodge this caveat that a furnace must be got
into action and a steam boiler be in full delivery before the
disinfecting process can be commenced. I had it in view to
make an experimentum crucis to settle beyond any cavil all
question as to the alleged moisture of the heat under which it
operates, and with that object I have on two occasions made
visits to Belvidere Hospital, in the suburbs, where one of these
machines is in course of erection, but it is not yet in readiness,
and my intended experiment is delayed.
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