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The Utilization of Lethal Gases in Hygiene
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THE use of lethal gases in preventive medicinie can be traced to remote times, and
the burning of sulphur to purify the air is mentioned by Homer, whilst Hippocrates
refers to the process as an antidote to plague.
In the time available it is impossible to present an exhaustive account of the
increasing number of lethal gases or the various uses to which they are put on health
or economic grounds, and it is hardly necessary to point out that the two do not
always go hand-in-hand. It may, therefore, be more convenient to summarize the
uses for which lethal gases, are employed, then briefly to consider the application of
various gases to the end in view, and illustrate some of the details by lantern slides.
The uses for which lethal gases are emploved may be grouped conveniently under
the following heads:
(1) The destruction of pathogenic organisms, in the process which is commonlv
spoken of as disinfection.
(2) The disinfection of water, or the partial disinfection of sewage effluents.
(3) The destruction of rodents, both as an antiplague measure on ships and in t lie
field, and to reduce the number of vermin.
(4) The destruction of insects concerned with the spread of disease, such as lice,
fleas, and mosquitoes.
(5) The destruction of insect pests such as cockroaches, moths, and bed-bugs.
(6) Mainly on economic grounds, for the destruction of insects which sometimes
infest or are found in connexion with the storage of certain foodstuffs suclh
as dried fruits, cocoa, and grain. It will be well to emphasize, however, that
the fumigation of foodstuffs as an economic measure is by no means alway,s
devoid of risk to health.
(7) For the destruction of various kinds of agricultural pests, such as the tobacco
moth, &c., the best-known example perhaps being the scale insect of citrus
trees.
The use of a lethal gas for executing criminals, a,s sometimes carried out in the
United States, is a social rather than a public-health measure.
It is unnecessary to dwell on the use of gases for disinfection, as the processes are
well known. Moreover, the practice of terminal disinfection is gradually being
abandoned, but when gaseous disinfectants are used, probably sulphur, in some form,
after centuries of use, still holds pride of place in spite of its modern rival formaldehyde
gas.

The sterilization, or partial sterilization, of -ater and sewage effluent is a subject
in itself, and outside the scope of this paper. Chlorine or chlorine and ammonia are
MAR.-EPiM. 1.
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being increasingly used, and one of the largest firms in the country supplies over
1,200 tons of liquid chlorine per annum for the treatment of water and sewage.
To consider briefly the various methods of application: It is obvious that the
greatest effect will be obtained with a given quantity of fumigant if the space to be
dealt with is made as gas-tight as possible. The methods of rendering vessels or
buildings gas-tight and the preparatory opening-up of closed spaces in order to provide
easier access thereto for the gas need not be described beyond noting that when rendering spaces gas-tight the question of subsequent ventilation should be borne in mind.
For fumigation purposes gases are commonly generated by combustion, by
chemical action, or by releasing the liquefied gas which may be either (a) stored under
pressure in metal cylinders, or in stout glass containers, or (b) absorbed in a porous
medium. Each of these methods of generation is employed in practical fumigations,
and much thought and ingenuity have been devoted to increasing the measures for
safety, efficiency, and easier handling.
In practice the only gases generated by combustion are the oxides of sulphur, with
which may be associated carbon dioxide, and the mixture of carbon monoxide and
carbon dioxide produced in the Nocht-Giemsa process.
The methods of burning sulphur in shallow trays or buckets with due precautions
against fire are well known, and as far back as 1891 Clayton at New Orleans devised
his well-known apparatus for the fumigation of ships with the oxides of sulphur in
connexion with the control of yellow fever.
A more recent innovation has been the use of " Salforkose ", a patent liquid
preparation which is occasionally used at ports in Germany and this country. Salforkose
consists of a mixture of carbon bisulphide and alcohol which is burnt in a special
form of iron pot protected with " baffle " plates to damp down the flame and minimize
risk of fire. On the addition of water to the mixture an aqueous solution of alcohol
rises to the surface of the carbon bisulphide which, when ignited, generates sufficient
heat to vaporize the underlying carbon bisulphide at a steady rate. The vapour of
the carbon bisulphide then rises through the layer of alcohol and water and burns
with the alcohol, though apparently the actual flame does not reach down to the
surface of the carbon bisulphide. Small quantities of formaldehyde and other irritant
compounds are found in the mixture, but the method really resolves itself into a
rapid generation of sulphur dioxide plus some carbon dioxide.
The mixture of carbon monoxide and carbon dioxide utilized in the Nocht-Giemsa
method has to be generated in a special furnace which is difficult to transport, and the
method is now used only in a few ports for the destruction of rats. It is claimed that
the gas is highly penetrating, but on the other hand it does not kill fleas, and the
Commission on the Fumigation of Ships, when reporting in 1932, expressed the opinion
that the process would be entirely replaced by newer methods of fumigating. It is
interesting to recall, however, that when suspicion first attached to ship-borne rats as
likely agents in the diffusion of plague, carbonic acid was one of the first fumigants
considered [1].
The common method of generating hydrogen cyanide, when it first came into use
as a fumigant, was to add sodium cyanide to a mixture of sulphuric acid and water
contained in earthenware crocks or wooden barrels [2]. The number and placing
of the containers throughout the space to be fumigated had to be carefully organized
if the fumigation was to be successful and the risks attending the operation eliminated.
Much ingenuity was displayed in devising methods for avoiding the risks associated
with hand-dumping, such as wrapping the sodium cyanide in paper bags, and in ship
fumigation the bags were lowered by a string from an upper hatchway into the container on a lower deck. Other arrangements were to have a tipper attached to the
wooden barrel operated by a cord which could be pulled from the open air or by a
timed water balance or even a clockwork device. Another was to provide a length
of rubber tubing, one end of which discharged into the barrel, the other being carried
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into the open air and fitted with a funnel down which a solution of sodium cyanide was
poured.
Other developments were the use of portable machines to generate the gas outside
the space that had to be fumigated and to lead the gas by a pipe to where it was
required (fig. 1).
Several machines of this nature were devised, one of the earliest being the Young
"cyanofumer ", which was designed for the fumigation of citrus trees. Others are
the generator designed by Dr. Grubbs of New York; the " Grima " machine used in
Spanish ports; and the " Sanos " apparatus used at Havre. In these types of
machine the gas is generated in a strong metal container by allowing a measured

FIG. 1.-Type of generator used on a United Fruit Company boat (New York Harbouir).

quantity of cyanide (either as a solid or in solution) to fall from an upper compartment
into a lower chamber containing a mixture of acid and water. The pressure evolved
or compressed air then drives the gas alorig a flexible pipe into the space to be fumigated. A much more accurate machine (fig. 2) was devised by Colonel Glen Liston [3] in
which the hydrogen cyanide is produced by running measured quantities of a solution
of sodium cyanide and a mixture of acid and water into a generating-box connected by
pipes with the compartment to be fumigated. Air is drawn from the compartment
and through the machine by a fan which dilutes the gas and forces it along an outlet
pipe back into the compartment. As more gas is generated, more air is drawn from
the compartment into the machine. The mixture of air and gas in the compartment
is thus continuously circulated through the machine, more gas being added until the

430

Proceedings of the Royal Society of Medicine

20

desired concentration is obtained. One of the objects of the Glen Liston machine
was to avoid the high and dangerous concentrations which develop under the ordinary
dumping methods. Most of these machines-owing to their weight, the difficulties in
handling the piping, and the problem of safe disposal of the residues-have been
superseded by newer methods. Calcium cyanide is also used for generating hydrogen
cyanide. In the presence of damp air calcium hydroxide is formed and hydrogen
cyanide is liberated as a gas. To a certain extent the reaction is reversible, which
must be borne in mind when disposing of residues. The material can be obtained
in the form of briquettes (when it must be ground to a powder).or as a fine dust, which
is distributed by some form of blower. The use of the dust is advocated in the
United States for injection into rat harbourages on vessels, as the danger from the
gas being held in these harbourages, and later escaping into the ships' holds after they
have been ventilated, is considered to be negligible. Risks during application can be
entirely obviated if the operator wears a suitable mask. Apparatus is also on the
market wherein the hydrogen cyanide is extracted by air in a large bag, and the gas-

,U
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FIG. 2.-Glen Liston apparatus in use for fumigating a ship (London Docks).

laden air, free from dust, is delivered through a hose, which obviates the cleaning

problem.
The only other gas produced by chemical action which is commonly used is
cyanogen chloride gas mixture; this is generated in a similar way to hydrogen
cyanide, but sodium cyanide, sodium chlorate, talc, and hydrochloric acid, are used in
place of sodium cyanide and sulphuric acid, the talc being for the purpose of moderating the reaction. It is claimed that the resulting gas consists of cyanogen chloride
and hydrogen cyanide in molecular combination, and as the former is highly lacrymatory, the presence of a dangerous gas is readily detected. Cyanogen chloride gas
mixture is used in Scottish ports, some 130 vessels being fumigated by this method
during 1936.
Many of the difficulties inherent in the older methods of applying lethal gases
have been overcome by utilizing the liquefied gas-which may be sprayed, poured into
trays and allowed to evaporate, or, in the case of hydrogen cyanide, absorbed in a
porous medium, such as Kieselguhr or wood pulp. A small percentage of an irritant
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aind lacrymatory gas may also be added as a warning and safeguard against accidents.
When Kieselguhrl is the medium the finished product is a granular earthy substance
not unlike coarse sand, which is sold under the trade name of " Zyklon ". If wood
pulp or papier m'ache is used the medium is cut into round discs which are commonly
known as " Discs " or " Discoids ". Both preparations are put up in hermetically sealed
tins, the net hydrogen cyanide content printed on the labels being taken as the basis
for dosage. When a fumigation is to be carried out the tins are opened with due
precautions and the contents distributed on trays or sheets of paper which facilitates
subsequent removal of the residue. In cold weather, raising the temperature hastens
the evolution of the gas.
The advantages of spraying the liquefied gas are that the dosage is easily measured,
the fumigant is applied in the most favourable form for rapid vaporization, and there

FIG. 3.-Delayed-action sprinkler for reinforcing the dose of heavy naphtha.

residues. Moreover, the gas can be applied from the outside of a building and
the operator need not enter the space to be fumigated when the gas is applied.
Much ingenuity has been expended in designing suitable sprays for the object in
view and types vary from a simple " Flit " spray, which is worked by hand, to elaborate
apparatus worked by compressed air supplied by an air-compressing machine similar
to those used in painting plants. Only a few types will1 be mentioned here. The
air-jet sprayer for liquid hydrogen cyanide used by the United States Quarantine
Service is an adaptation of the ordinary oxy-acetylene blowpipe, a modification being
the " air-jet gun " for projecting the fumigant directly into rat harbourages.
Another type of machine (fig. 3) is the delayed-action sprinkler described by
Ashmore and McKenny Hughes in their reports on the use of heavy naphtha for the
are no

1The process is similar to the Nobel process for the manufacture of dynamite which is prepared by
the absorption of nitro-glycerine in granular, silicious earth, mostly " Diatomit ".
2 omel known as Zyklon B. Originally
Cyklon or Zyklon A was cyanogen carbonic methyl ester
and the lacrymatory gas was chloro-carbonic methyl or ethyl ester, a liqiud said to have been prepared
by the Germaus for gas warfare but not to have been uised, owing to the termination of hostilities.
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destruction of bed-bugs. When using heavy naphtha (for house fumigations) w,it as
found that in the unfavourable conditions presentedby a leaky house, the requisite
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starts the sprayer and the revolving jets automatically distribute the liquid in the
reservoir and so reinforce the falling saturation.
The technique of application of atomized sprays is by no means fully developed,
wrill
but there is a machine operated by compressed air now on the marketwhich
disseminate into the atmosphere a liquid in the form of suchan extremely tenuous
mist that it remains in suspension without condensing on ornetting the walls, &c.,
of the atmosphere. One of the latest devices is the Larmuth
up to the saturation point
for the disinsectization of aircraft. It consists ofa,
in
Durban
apparatus
designed
small steel tube containing the dose of insecticide and an exit pipe connected bv a,
of copper piping with one or t-o fine atomizers. The power for
varying length
the
is obtained from an ordinary sparklet bulb, w-hich has only to be
spray
opera,ting
inserteda.nd screwed down until it is punctured when the rush of the compressed
earbondioxide, which issues at a pressure of about 90 lb. to the square inch, is sufficient
to discharge and atomize the dose of insecticide.
Lethal gases in liquid form are supplied in heavy steel cylinders-to withstand
the pressure and rough usage in carriage. To overcome the difficulties in handling
the large cylinders, the contents, before a fumigation, are frequently transferred into
smaller containers. The containers should be fitted with a tubeleading from the
outlet valve to the periphery of the container, so that the contents can be drawn off
as a, gas or a liquid. If the container is placed upright that is, with the valve
either
at the top and the valve opened, the accumulated gas under pressure will be blown
off and can be led by a tube into the space to be fumigated.
On the other hand, if the container is inverted or tilted so that the valve is at the
lowest point before being opened, the contents will be forced out as a liquid which, if
In carrying out a fumigation the pressure may be
sprayed. evaporates rapidly.
in air and the outlet is connected -ith the delivery tube, ending
by
pumping
increa.se(l
in a suitable form of sprayer.
The first procedure is quite limited in its application, due to the fact that as sooni
as the accumulated gas in the top of the cylinder has been blown off the rate of
delivery is markedly reduced. C. L. Williams, vworking at the Quarantine Station,
dioxide about

percentage of saturation
need was felt for a

New York [41, found that from a 150 lb.-cylinder of liquid sulphur
20 lb. of gas can be obtained at
temperatures in the first half-hour, but
amount then falls until the rate of deliverv is onlv about 3 lb. per hour. The
for this is that sulphur dioxide has a high latent heat of vaporization, so that evaporation results in marked chilling, which, in turn, slow-s down the rate of evaporation,
and the only way to hasten evaporation of the liquid is to heat it. In the Marot
the liquid is passed through a copper coil heated, in one form of the apparatus,
process
the exhaust from a gasoline motor. On the other hand, bV inverting the cylinder
by
a sprayer, the contents can be
and forcing the contents out as a liquid
introduced into any compartment, as the gas pressure in a 150-lb. cylinder of sulphuir
dioxide is sufficient to empty completelv an inverted cylinder in from ten to twenty

ordinary

through

reasonthe

rapidly

minutes.

It is absolutely essential, how-ever, that the spraver and the inside of the delivery
tube should be free from w\Aater. If even comparatively smiiall amounts of w-ater are
present the chilling caused by evaporation of the sullphuir (lioxi(le will freeze the
w\vater in the narrowN outlet of the sprayer and block it.

drv, how ever, it will fiunction perfectly.

lf the tube anid sprayer are
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It is essential, of course, that the application of a lethal gas should be properly
controlled, and one method of doing this is to measure the gas concentrations achieved
in the space under fumigation. This can be accomplished by aspirating and testing
samples of the atmosphere, or by the vacuum-bottle method. If a number of tests
have to be carried out, e.g. in a large ship, the aspiration method becomes impracticable, and in the earlier investigations carried out in this country by Monier-Williams
and the writer, vacuum-bottles were used, opened from the dock side by an electric
current [2]. The original apparatus has been greatly improved on by Page, who has
devised a 1-litre round-bottomed flask which admits the sample of air through a
capillary tube in the cork when a glass septum is fractured by electromagnetic action
[5]. The flask is enclosed in a lined metal container and the whole apparatus is
compact, portable, easily manipulated, and suitable for use in places difficult of access.
There are other methods of ascertaining whether a sufficient quantity of gas has
penetrated the spaces dealt with. A common method in house and furniture fumigations is to leave insects in some form of container in the deeper recesses and to observe
the result when the house or van is opened up. As far back as 1894 Tilghmann took
out a patent for a hot-wire type of combustible gas indicator, the principle being that
the burning of a combustible gas on the surface of an electrically heated metallic
filament increases its electrical resistance which can be measured on a galvanometer.
When the spraying of orthodichlorbenzene was being tried for the destruction of
bed-bugs, Ashmore and Buchan, of the Government Laboratory, developed a rapid
and approximately quantitative test for orthodichlorbenzene vapour in air. A
specially designed lamp, as used for the detection of leaks in refrigerating systems
using chlorinated hydrocarbon as refrigerants, was adapted for the purpose. The
lamp burns pure methyl alcohol and the flame impinges on a ring of metallic copper.
In pure air the flame has a pale blue colour which at once changes to green in the
presence of small amounts of orthodichlorbenzene vapour. The test is made roughly
quantitative by fitting to the pure air supply pipe a T-piece and valve which allows
admixture of such a volume of the air under test that the flame just ceases to show a
green coloration.
Heerdt has also described what he terms the mousephone. A mouse in a box.
connected with earphones, is placed in the space to be dealt with, and by listening
to the movements the time can be fixed when the animal is overcome with a lethal
concentration.
It is naturally of paramount importance to ensure that spaces or articles which
have been fumigated are free from the lethal gas before they are handed back to the
owners. The precautions can only be summarized here. The main consideration is
to ensure adequate ventilation for a sufficient time to remove the gas not only from the
free air space but also from hidden spaces and from materials which may have absorbed
it. Unless this is ensured a dangerous concentration may slowly build up, if any
space which is being ventilated after fumigation is closed up too soon. Lethal
gases may be absorbed on to the surface of materials and fabrics and during a fumigation the gas will slowly penetrate into the interior of absorbent materials and enter
hidden spaces (such as the interior of floors, walls, &c.). The process of absorption
will continue as long as there is gas in a closed space, the rate of removal depending
largely on the ease with which gas being given off is removed by airing. Natural
ventilation largely depends on the atmospheric conditions outside and ventilation mav
take longer in cold weather and certain other conditions of the atmosphere.
Various systems of artificial ventilation have been suggested for shortening the
time of airing-such as the Grubbs aerothrust, canvas, wind-chutes, &c. The
objections are usually the difficulties involved in handling the plant but where the
saving of time is of importance much may be accomplished by the use of compressed
air. In cold weather particularly, ventilation is slow and as the temperature rises,
gas may be liberated from materials which have retained it. Under such circum-
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stances it may be necessary to reclose and heat compartments and retest them before
they are passed as free from gas. In Spanish Ports, after fumigations with hydrogen
cyanide, if the ventilation is delayed, the space to be dealt with is occasionally sprayed
with some aldehyde to neutralize the gas, but the method has not been generally
a.dopted [6].
With some gases such as sulphur dioxide there is no difficulty- in deciding whether
the ventilation has been sufficient. With others, such as hydrogen cyanide, much
greater care must be taken, and it is highly dangerous to rely on the sense of smell
for detecting the presence of this gas even if a small amount of a lacrymator has been

added.
C. L. Williams has pointed out [7] that there are two distinct dangers connected
with the use of warning gases. One is, that when present in sufficient quantity to be
actually intolerable they constitute a menace to the fumigators, who mav be rendered
helpless by the effects of the warning gas. Tear gases, for example, may get inside
a gas mask in sufficient amount to blind the fumigator. The other danger is that the
w-arning gas, if used for instance with hydrogen cyanide, may disappear before the
hvdrogen cyanide does, so that fumigators, misled by the absence of warning gas,
may declare a place safe when it is not. Williams goes on to say that two cases of
this nature have occurred on ships in his own experience, and he attributes the failure
to the fact that hydrogen cvanide is absorbed by porous materials w-hile the warning
g,as, not being absorbed, is blown away by air currents. Upon its disappearance the
compartment may be declared safe and closed, but the absorbed hydrogen cyanide
is slowAly liberated and passes into the now confined area in w-hich it produces an
unsuspected dangerous concentration. Birds, wAhich are particularly susceptible to
hydrogen cyanide, or small animals exposed in cages, may be used for determining
the condition of the atmosphere and various chemical tests have been devised which
depend on a colour change in the presence of the gas.
The common test for the presence of hydrogen cyanide is to expose strips of filter
paper which have been wetted with a, solution of copper benzidine acetate. The paper
turns blue in the presence of hvdrogen cyanide, but the solution must be freshly prepared and other precautions must be observed. Investigations are now being carried
out on behalf of the Bug Infestation Committee of the Medical Research Council as to
the best technique for the test, but it may be well to emphasize that the most essential
general precaution is to ensure that fumigations Mwith lethal gases are only carried out
by trained and responsible persons who have full knowledge of the gas they are
handling and of the precautions which must be taken.
To return now to the third group of uses for lethal gases, namely. the destruction
of rodents. Ever since the recognition of the faet that the plague is propagated more
by rats than by man, the efforts of sanitarians all over the world have been directed
to the prevention of rodent-borne infection. The principle was recognized in the
International Sanitary Convention of 1903, extended in the Convention of 1911, and
under the Convention of 1926 all foreign-going ships have to be periodically deratized
(every six months) or be permanently so maintained that anv rat population is
kept down to the minimum. These provisions ha.ve led to a great. increase in the
number of vessels fumigated w%ith lethal gases for the destruction of rats. The first
vessel to be deratized with sulphur dioxide at an English port was the S.S. Royal Dane
on December 22, 1899, which was fumigated with cvlinders of liquid sulphur dioxide
at the River Tyne. Hydrogen cyanide was first authorized as a fumigant in the
United States Quarantine Regulations in 1910, and the first vessel fumigated with
this ga,s at an English port was the S.S. Scythia (19,730 tons gross register) at Liverpool
on March 17, 1922.
Since that date the number of vessels fumigated with hydrogen cyanide at Ports
in Grea.t Brita.in which are authorized to issue the international form of certificate
has increased greatly. Thus in 1936 some 345 vessels were fumigated with hydrogen
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cyanide, 128 with cyanogen chloride (all at Scottish Ports), 653 with sulphur, 7 with
Salforkose, and 6 with hydrogen cyanide and sulphur. Incidentally, it may be of
interest to mention that the greatest number of rodents destroyed on a vessel as the
result of fumigation, that the writer can recall, was 1,879 mice on a grain-carrying
vessel that arrived at Naples in 1932, mhile 535 rats were destroved in the Port of
London, in July 1937 on the S.S. Somali, which was suspected to be plague-infected.
Nowadays, such figures are most exceptional, and during 1936 about 80%0 of the
vessels examined at the " Approved " Ports in Great Britain were granted certificates
exempting them from deratization.
The increase in the number of vessels that had to be fumigated to comply with the
requirement of the International Sanitary Convention of 1926 naturally gave rise
to a good many problems, and it soon became apparent that a good deal of investigation was necessary if fumigations were to be really effective, without which of course
they are merely a waste of time and money and only bring Port health measures into
disrepute. An International Commission on the Fumigation of Ships was therefore
set up in 1928 by the Health Committee of the League of Nations, in consultation
with the Permanent Committee of the Office International d'Hygiene publique.
Amongst other questions the Commission investigated the efficiency of fuimigation of
loaded ships, which may present particular difficulties, as absorption of gas by cargo
may occur, with consequent rapid reduction of concentration. The report [8] of the
Commission was published in 1932, but some work had still be to done in regard to the
efficiency of sulphur as a fumigant, w-hich w-as being queried by the advocates of
cyanide.
There had been little research since the classical investigation by Haldane and
Wade which had proved that rats and fleas could be destroyed in less than two hours
by the uniform diffusion of at most 0.50 0of sulphur dioxide. A series of experiments
was therefore planned and carried out in the Port of London [9], the fuilnigations being
strictly on the lines which would have been followed if they had been (lone w-ith the
object of granting an international deratization certificate. The main object was to
ascertain definitely whether the amount of gas present at various points was such
as wouldl support the considered opinion of Port Medical Officers of Health in this
country that the fumigation of empty ships by burning sulphur was quite sufficieint
for the destruction of rats. As a check, and for the purpose of comparison, the
experiments were repeated with hydrogen cyanide. Contrary to expectation the
fumes from burning sulphur appea.r to enter ' pipe-casings " more readily than those
of hydrogen cyanide, the explanation probably being that burning sulphur in openi
pans sets up convection currents which improve the distribution of the gas. The
results were submitted to the Permanent Committee of the Office International
d'Hygiene publique [10] and provisional standards for international adoption have
been issued in regard to the quantities and periods of exposure which should be
given when vessels are fuimigated with hydrogen cyanide or sulphur dioxide for the
destruction of rodents.
Only one other substance need be mentioned in connexion with the fumigation of
ships for the destruction of rats, namelv, the vapour of chloropicrin (trichloronitro-methane) CHC13 NO2, which has been advocated by Sequy, Bertrand, Marshall
Balfour [11], Piedallu [12], and others either as an insecticide or for the destruction
of rats on ships. The eggs and larvae of most insects, including white ants, can be
destroyed, and chloropicrin is largely used in the French Army [13] for the destrulction
of bed-bugs. It is also probably one of the constituents of some secret insecticides.
The liquid has a boiling point of about 112° C. and as it is only slightly soluble in
water the concentration is little affected by the presence of moistlure. When vaporized
it is a strong lacrymator. Unfortunatelv, it is hig,hly lethal and as the vapour is
heavy, the subsequent ventilation, particularly of a ship, may be very prolonged.
The difficulties and delays in ventilation, and the fact that chloropierin (lecolnposes

436

Proceedings of the Royal Society of Medicine

26

into phosgene in the presence of water vapour, are considered by many authorities
to render it unsuitable for use.
Rodents may also have to be destroyed in the field as an anti-plague measure and
for this purpose resort is often made to " gassing ". Carbon bisulphide and the
various forms of slow-burning cartridges have their use, but in South Africa, where
extensive epizootics of plague have occurred amongst the wild rodents, the use of
calcium cyanide (cyanogas) has been found the most satisfactory method. The dust
is pumped into the holes and burrows-preferably at night-and the hydrogen
cyanide that is liberated kills the rodents and their fleas.
Lately a good deal of attention has been given to the extermination of rabbits with
hydrogen cyanide, generated by blowing calcium cyanide or a new preparation,
"Cymag" into the burrows. Fears have been expressed that the process would
render the flesh of the rabbits toxic, but inquiries seem to indicate that little danger
is to be anticipated.
The practice is increasing of using fumigants for the destruction of insects concerned with the spread of disease. When typhus fever was particularly prevalent in
parts of Europe shortly after the Great War, delousing stations were established on
the Polish-Russian border where clothing, baggage, and railway carriages were
fumigated with hydrogen cyanide [14]. Similar measures were taken at frontier
stations in Holland; Cyklon A was used and was found to be particularly effective
in destroying the eggs as well as the lice themselves. About the same time some steam
disinfectors at the Quarantine Station, New York, were converted for use as vacuum
chambers for delousing with hydrogen cyanide the baggage of immigrants from
Europe. The vacuum method is mainly used to secure better and quicker penetration of a fumigant, but it is also claimed that the creation of a vacuum results in
de-oxidation, which lowers the resistance of insects to poisonous gases. For instance,
it is stated that weevils are killed much more readily in a vacuum with ethylene chloride
or ethylene oxide. Special vacuum chambers for use with lethal gases are now on the
market.
Fumigations solely for the destruction of fleas are seldom necessary, but when
vessels are fumigated as an anti-plague measure the aim, of course, is to destroy both
rats and their fleas. In connexion with the outbreaks of plague in Ceylon, L. F.
Hirst [15] has stressed the part played by fleas and how grain traffic facilitates their
transport. In his report he suggests a mechanical fumigating conveyor for exposing
bags of grain to a dose of cyanide adequate to ensure complete pulicidal penetration.
The fumigation of grain cargoes from plague-infected ports is now practised in Ceylon,
where this measure is considered " to constitute the first line of defence against a
danger which is ever present " [16].
It is only occasionally that vessels have to be fumigated for the destruction of
mosquitoes, which are readily killed, and high concentrations of any gas are unnecessary. The practice of spraying habitations for the destruction of adult mosquitoes,
however, is growing, and as an anti-malarial measure [17] has met with marked
success in Natal and Zululand (fig. 4). The insecticide commonly used when spraying
is some preparation of pyrethrum-which can hardly be classed as a lethal vapourbut occasionally mixtures containing carbon tetrachloride and oil of wintergreen
are also used. It seems possible that some of the newer forms of thiocyanates will
prove reliable insecticides, but it is too soon to say whether the claims that they are
non-lethal to human beings will be upheld on further investigation.
The problem of the disinsectization of aeroplanes, however, particularly as a
precautionary measure against the spread of yellow fever, is now under consideration
by the Office International d'Hygiene publique, but it may be well to point out that
no fumigant should be used which will leave traces that may affect the pilots in the air.
When lethal gases are used for the destruction of insects, special problems frequently arise-partly owing to the variability of resistance of different types. Thus,
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turning to the fifth group of uses, it is found that the cockroach and the ordinary
clothes-moth display an unexpected degree of resistance to certain fumigants. The
destruction of cockroaches [18] on shipboard is not a recognized quarantine procedure, although there is some evidence that thev may contaminate foodstuffs. From
the point of view of the officers and crew of a vessel, however, the destruction of insect
pests, particularly cockroaches, is the criterion by w-hich the effectiveness of a fumigation is judged, and little consideration is given to what is usually its specific purpose,
namely, to kill rats. Much stronger concentrations of hydrogen cyanide are required
to kill cockroaches than to destroy rats, and this must be allowed for in the compartments infested if extermination is to be accomplished.

FIG. 4. -Spraying a native hut (Zululand).

The fumigation of houses for the destruction of clothes-moths is seldom done.
The fumigation of two houses in London with a mixture of ethylene oxide and carbon
dioxide, -which has come under review, appears to have been singularly ineffective.
The writer, however, recalls an occasion in the early summer of 1925 when with
Monier-Williams he was present at the fumigation of a large house in Kent, which was
alive with moths. It wNas impossible to open a drawer or turn up a mat wiithout
disturbing swarms. Over 85 kilos of hydrogen cyanide were used, which gave an
estimated concentration of 2% by volume-this high concentration being aimed at
owing to the difficulty in destroying the eggs.
Passenger-coaches on the railways sometimes become infested with moths, fleas,
and other insects, and may then have to be dealt with. One method in this country
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is either to spray the interior of the coaches with tetrachlorethane or to inject the
liquid into the upholstery by means of a powerful hand-pump fitted with a needle
nozzle. The operators wear a mask fitted -ith a tube carried out of the compartment
into the open air.
A good deal of work has been done recently on fumigation problems arising in
connexion with t,he work of disinfestation. Following the publication by the Ministry
of Health of a report, on the bed-bug w-hich also dealt with methods of extermination
the Medical Research Council set up a. Committee to carry out fuirther investigations.
Generally speaking, the problem of disinfestation is being attacked along two main
channels. Firstly, the disinfestation of the belongings of families in transit between
infested dwellings and clean houses; and secondly, the disinfestation of houses
already verminous in which the tenants have to remain. When furniture has to be
dealt, with it is collected in vans and commonly fumigated with hydrogen cyanide,
either by generating the gas in the van itself or by running the van into a special
fiumigating chamber.
Investigations bearing on van fumigations have been carried out by the research
(department at Billingham, to which I am permitted to refer, thanks to the kindness
of Imperial Chemical Industries, Limited. Furniture materials were fumigated with
hydrogen cyanide in an experimental steel container, and one of the interesting
points notice(d was that even a small quantity of rust in the chamber caused rapid
(lecomposition of some of the hydrogen cyanide, and it -was necessary to ' pickle"
the chamber periodically.3 It was also found that the wooden flooring of a steel vain
absorbed some of the hydrogen cyanide, and an unexpected difficulty in cleaning
one van was traced to the presence of water underneath the floor-boards, indicating
the need for suitable precautions when working in wet weather.
Considerable absorption by furniture occurs, and on occasions it has been found
that a. steel van loaded with treated furniture may be aired until the van is apparently
free fronm hydrogen cyanide, but that if the van were sealed up dangerous concentrations could build up overnight. As the contents of the van w%Nould, however, be
uinloaded into a number of rooms the hydrogen cyanide concentrations could not,
possibly build up to the extent which it may do in a closed van overnight.
Stuffing material for furniture-such as flock, wool, and horsehair offers little
or no mechanical resistance to the rapid diffusion of hydrogen cyanide, but an appreciable time is required to develop a lethal concentration in the interstices of such material,
owing to their absorptive powers. At a depth of three inches in stuffing material
(which is regarded as the greatest thickness likely to be encountered in ordinary
upholstered furniture) about half an hour is required to develop a hydrogen cyanide
concentration equal to 80% of the external concentration. From such materials
the rate of removal of absorbed hydrogen cyanide is determined solely by the rate of
desorption, so that provided the air rate of ventilation is sufficient to maintain a
negligible hydrogen cyanide concentration in the free air space, any increase in the
air rate is without effect.
In a summarv of the work it is stated that an efficient and safe procedure for
van fumigations with hydrogen cyanide is to fumigate for two hours with a dosage of
1-2% vol/vol of the van space followed by airing for four hours, using an air rate of
200 M31 hour. This permits the complete cycle of operations, including loading and
unloading the furniture, to be carried through in a shift of eight hours.
The behaviour of hydrogen eyanide with various building materials was also
investigated in connexion with the construction of fumigating chambers. It was
found that the extent of absorption varies widely for different materials [19], but the
subject is outside the scope of this paper.
The fumigation of houses, and especially furnished houses, presents problems of
The necessity for " pickling " did not arise in the case of the steel furnituire van. Two coats of good
oil paint would of course get over this difficulty.
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its own, and progress in the use of hydrogen cyanide has been marred by some unfortunate accidents. On one occasion the bedding, as well as the other contents, w7ere
fumigated. The following morning when the inmates returned, some smell was
noticed but the premises were slept in. During the night two fatalities occurred,
and it seems clear that sufficient hydrogen cyanide had been retained in the bedding
gradually to build up a. lethal atmosphere. Some carefullv controlled investigations
on house fumigations (fig. 5) under summer and winter conditions, have since been
carried out under the auspices of the Medical Research Council and a report is
shortly to be published.

FIG. 5.-Battery of sampling flasks outside a house uinder fumigation with hydrogen cyanide.

It is well recognized that fumigations with hydrogen cyanide are not always
practicable, and as the evidence as to the efficacy of sulphur dioxide for destroying
bed-bugs was conflicting, investigations were also carried out on behalf of the Medical
Research Council by Mr. H. C. Gough, working under Professor J. W. Munro, of the
Imperial College of Science. A preliminary note on the results published in Nature
1938, 141. 164, confirms the general view that sulphur dioxide is a good insecticide
but a poor ovicide. Mr. Gough found that a concentration of from 016% to 023%
by volume, is sufficient to kill the adult and nymphal stages of the bed-bug in two and
a half hours at 23' C. and 60% relative humidity, but it requires from 0-34% to
0.63% (vol/vol) to kill the eggs. Eggs just after being laid are considerably more
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resistant than those about to hatch, and-curiously-the adult insect, when starved,
shows an increased resistance.
The spraying of undiluted orthodichlorbenzene has also been tried and has given
very satisfactory results as far as the destruction of bed-bugs is concerned. Unfortunately, there is reason to think that the fumes from certain concentrations may be
toxic to human beings [20], and the use of orthodichlorbenzene for occupied houses
has been discontinued.
Ashmore and McKenny Hughes then suggested the use of heavy naphtha [21],
and a good deal of experimental work was carried out, with the collaboration of
Dr. Macmillan of Woolwich, and Dr. Cameron of University College Hospital Medical
School, whose investigations [21a] into toxicity of the preparation offer considerable
assurance that there will be no danger to human beings from an atmosphere saturated
with a vapour of heavy naphtha. Very promising results have been obtained
in Woolwich, Liverpool, Kensington, and elsewhere. The requisite technique
includes raising the temperature, if below 60' F., and reinforcing the concentration.
A van or chamber process of disinfestation with heavy naphtha has also been
developed, and promises well. Details of the technique, however, and the
excellent results obtained in Liverpool have recently been described by Ashmore,
Macmillan, and Glover (of Liverpool) at a sessional meeting of the Royal Sanitary
Institute.
Ethylene oxide is also sometimes employed for the destruction of bed-bugs, but
the gas is intensely inflammable, and when used is mixed with varying proportions of
carbon dioxide. Etox, or T. gas, consists of 90% ethylene oxide and 10% carbon
dioxide and is supplied in large steel cylinders, but in practical fumigations small
glass syphons are commonly used which are first filled from the large cylinders, and
additional carbon dioxide subsequently added. Using Etox, De Bruyne [22] concluded
that in houses which are suitable for gassing, a concentration of about 21% by volume
and an exposure of from eight to ten hours gave satisfactory results. Unless the
building can be made gas-tight, however, fumigation is useless whilst low temperatures
and moisture increase the difficulties of ventilation. A mixture of one part of ethylene
oxide and nine parts of carbon dioxide is marketed in the United States under the
trade name of " Carboxide ", and has been used for the fumigation of ships [23].
Cotton and Roark considered [24] that the vapour of ethylene oxide was not highly
toxic to man, but Walker and Greeson [25] consider that the precautions to be taken
should be as thorough against this substance as against any other dangerous gas.
The fumigation of foodstuffs with lethal gases is done on economic grounds as a
remedy for insect infestation and to prevent loss of trade, as purchasers will not
continue to buy brands of products in which they have found evidence of insect
infestation. In drawing attention to the growing practice, Williams estimated [26]
that during the year 1931 in the United States alone 700,000,000 cu. ft. of building
space (mostly warehouses, flour mills, &c. containing foods), 500,000,000 lb. of commodities (mostly foods, in fumigation chambers), 4,000 ships (many of them loaded),
and 7,000 railway freight cars (loaded and empty) were fumigated. He considered
that the practice was growing, and that similar figures for 1932 would show a 10 to 25%
increase.
Most health officers no doubt will deprecate the treatment of foodstuffs with toxic
gases and will prefer that insect infestation should be controlled by improving the
conditions under which foodstuffs are handled, transported, and stored, rather than
trusting to the potency of chemical agents to destroy the visible manifestations of
insect activity.
Various fumigants have been used, such as carbon bisulphide, hydrogen cyanide,
and ethylene oxide, and no doubt new fumigants will appear from time to time. For
the effect on foods of fumigation with hydrogen cyanide the reader is referred to the
report by Monier-Williams [27]. The operations may be carried out in specially
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designed buildings, in vacuum chambers, and even in railway vans. In this country
dried fruits have been fumigated in the barges into which they have been. unloaded
from an incoming vessel [28]. At one time the efficiency of this barge fumigation
does not appear to have been very high, and it is suggested that insects survived and
were carried into warehouses which, in turn, became infested [29]. A good deal of
investigation has, however, been carried out under the direction of Prof. J. W. Munro
of the Imperial College of Science, and an efficient system of barge fumigation has
been worked out, but the complete elimination of insects from infested warehouses
is a much more difficult problem.
The fumigation of grain is sometimes carried out as an anti-plague measure, but
is mainly done for the destruction of weevils. It is a problem which has already
arisen in France [30] and may arise in this country if larger stores of grain are held
for longer periods. The fumigations may be done with hydrogen cyanide, chloropicrin, or ethylene oxide. If ethylene oxide is used, for the fumigation of grain in
bulk, it may be applied by pouring it over crushed solid carbon dioxide at the rate
of 1 lb. to 10 lb. of "dry ice ", and the mixture is then shovelled into the stream of
grain on the bin floor of an elevator.
According to Schwarz and Deckert, 90%0 of ethylene oxide is removed by twentyfour hours' aeration, and whilst the amount retained in foods may be small it may be
well to mention that in the presence of water at ordinary temperatures a limited
amount of ethylene glycol may be formed. The fate of ethylene glycol in the body is
not known, but there is a possibility that it may be oxidized to oxalic acid.
The fumigation of flour mills is carried out for a slightly different purpose. If the
flour moth (Ephestia kiihniella Zeller) once gets established in a mill the cocoons and
debris may accumulate to such an extent in elevators, "worms " conveyors, and
other machinery, as even to lead to clogging of feed rolls and frequent stoppages.
As far as the writer is aware, the first time that a mill was fumigated in this
country was in March 1925 when liquid hydrogen cyanide was used with most satisfactory results. To be successful the operations should be carefully organized by
experienced fumigators, and preferably should be carried out when stocks are low and
there is ample time for the subsequent ventilation.
The fumigation of orchards, tobacco sheds, greenhouses, &c., and the use of substances such as chlorinated hydrocarbons [31] in fire extinguishers or as refrigerants
in refrigerating systems, the vapour of which may be toxic if leakage occurs, are
outside the scope of this paper.
With the increasing use of lethal gases, however, it is perhaps not surprising that
accidents have occurred. In most cases they can be ascribed to failure to observe
the well-recognized and necessary precautions. Time does not permit of any summary
being given, but in July last an Act was passed (Hydrogen Cyanide (Fumigation)
Act, 1937) to regulate the fumigation of premises and articles with hydrogen cyanide,
and draft regulations have just been gazetted. Whilst the Act at present deals only
with the use of hydrogen cyanide, its provisions can, if necessary, be extended, by
Order in Council, to regulate fumigations with any substance.
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