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CHAPTER 1.

INTRODUCTORY.

DisINFECTION 1s primarily a tool, which is placed in the
hands of those following a special calling—the care and
treatment of the sick—and in those of the world at
large. It is, moreover, a complicated tool, 1ts apphca-
tion necessitating not only practice but also intelli-
gence, that 1s to say, a knowledge of the causes and
methods of dissemination of infectious diseases; and
also familiarity with the method and sphere of action
of the several kinds of disinfection.

Although 1t is true that, for practical use, instruc-
tions for the performance of disinfection, which give
full details and are intended to preclude all risk of
error, have been issued by more or less competent
authorities, experience nevertheless shows that, even in
the simple kinds of disinfection errors are committed
which may prejudice the entire results. The natural
consequence 1s that the causes of the non-success of
the method—which in itself may be a very suitable
one—are concealed. Expert supervision or inspection
is, however, indispensable in practice.

As a collection of fundamental facts, disinfection is
also a not unimportant branch of hygienic science;
and an exhaustive course of study is necessary in order
to become an expert in the subject. Tiike the science
of hygiene, that of disinfection only partially possesses

i



9 DISINFECTION

methods of its own, both chemical, physical and bac-
teriological methods. of investigation having to render
assistance ; but the adaptation or development of these
methods in association with the special biological
methods 1s specific in character. The description of
the methods of investigation is, however, reserved to
the scientific publications dealing with the subject, the
present work being concerned solely with the results
obtained.

Disinfection is the prevention of infection. Infec-
tious diseases are set up by micro-organisms belonging
to the lowest orders of the vegetable (protophytes,
bacteria, budding fungi and mould fungi) and anunal
(protozoa) kingdoms. These organisms act partly by
the production of poisonous substances, either inside
or outside the body; partly by destroying individual
portions of the body, and also by inundating the whole
body and producing functional disturbance of samne.
Except in the case of certain toxic micro-organisms-——
such as those causing allontiasis—which do not in
themselves give rise to symptoms of disease, the n-
fectious diseases always have as their starting-point the
infected human or animal organism; but the path trav-
ersed by the pathogenic germ from its original habitat
to a new organism differs, not only in different diseases,
but also in one and the same complaint. Such diseases
as those of the genital organs, wound infection, leprosy,
plague, anthrax and rabies are communicafed by the
direct contact between diseased and healthy bodies,
and also occasionally through the hands, body-linen,
brushes, sponges, instruments (catheters), etc. Dry
atmospheric dust forms the means of transmitting the
germs of measles, scarlet fever, smallpox, chickenpox
and tuberculosis. The drops of fluid produced in cough-
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ing, sneezing, singing, talking and laughing, frequently
contain the germs of tuberculosis, epidemic spotted
fever, influenza, phthisis, diphtheria, whooping-cough
and glanders; and on account of their high power of
remaining in suspension, are carried by currents of air
into the respiratory tracts of men or animals in the
vicinity. The disease germs, such as those of typhoid,
dysentery and cholera occurring in the feces or urine,
may also be disseminated into the environment
through the 1mpact of a stream of liquid against a solid
substratum or the surface of a liquid—for example,
during urination or defecation, the emptying of uten-
sils, the splashing of bath water, etc. The soil fre-
quently harbours the resting forms of tetanus, anthrax
and malignant cedema ; whilst water may carry the
germs of cholera, typhoid fever and .dysentery. The
former (soil) occasionally finds its way into skin
wounds, and the latter (water) is taken as a beverage ;
and in this way the germs find an opportunity of
causing disease. Foodstuffs in general are also excel-
lent nutrient media for all kinds of pathogenic germs,
which develop luxuriantly therein when once they have
gained access. This explains why the germs of tuber-
culosis, diphtheria, influenza, cholera, typhoid and
dysentery, and the micro-organisms producing ptomaine
poisons and allontiasis are frequently discovered in
foods. Finally, insects are transmitters of disease.
Flies carry, on their legs and internally, the germs of
infectious diseases which are localized in the intestines,
which germs they take up along with particles of ex-
crementitious matters and deposit them on foodstuffs.
Mosquitoes, gnats, bugs, fleas and lice suck the blood
of persons suffering from cleeping sickness, malaria,
yellow fever, relapsing fever, plague and spotted fever,
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and reinoculate the germs into healthy organisms. It
must also be borne in mind that the transmission of
disease frequently proceeds in a very complicated
manner. A germ excreted in fmcal matter may be
carried for some distance on a boot, then transferred
farther by insects, and still farther from hand to hand
—sometimes through a very long chain. Moreover, it
must not be forgotten that, in many diseases, the dis-
semination of the germs does not cease with the cessa-
tion of the clinical symptoms, but may continue for
weeks and even months; that there are light forms of
disease, in which the general well-being of the patient
is only slightly affected, if at all, although he may give
off pathogenic germs that exhibit undiminished viru-
lence (healthy germ carriers).

When 1t 1s alsp remembered that the disease germs
differ considerably in their capacity for existence outside
the body, it will be evident that special methods re-
quire to be adopted for disinfection in each disease,
such methods being based on the special circumstances,
if success 1s to be commensurate with the trouble en-
tailed. The elaboration of these methods forms the
task of disinfection as a specialized subject, whilst the
present work 1s restricted to general disinfection, that
is to say, the preparation of disinfectants, their mode of
action and scope of efficiency.

Attempts at disinfection are nearly as old as the human
race itself. We read of the effects of Boreas in the
plague-stricken quarters of Babylon ; and Homer wrote
about wood smoke and sulphur fumes. The cult of the
bath in the later periods of antiquity was a semi-conscious
attempt at disinfection ; and in the Middle Ages, the
fear of devastating plagues gave rise to the strangest
notions regarding the prevention of infection. The re-
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ports on the burning of witches, penning goats in pest-
houses, and so forth, testify the confusion occasioned 1n
the human mind by the superstition of the age. It
was not until about a hundred years ago that any ac-
curate perception of the possibility of preventing m-
fection began to dywn among the enlightened. At the
turn of the eighteenth century, Peter Frank, Pleuciz,
Count Rumford, and above all the celebrated chemist
Lavoisier held generally accurate views on the nature
of infection and made what were in part really practical
proposals for preventing same. Iavoisier, for instance,
instigated a regulation, in virtue of which all persons
received into prisons and hospitals were bathed and
made to don clothing provided by the State, their own
garments being disinfected in hot-air cupboards. Half
a century ago, Lister inaugurated the antiseptic treat-
ment of wounds; and shortly afterwards Pasteur came
on the scene with his highly important researches on
the causes of fermentation, etc. It was not, however,
until the epoch-making discovery of Robert Koch in con-
nection with the causes of disease, and his method of
pure culture of the disease germs, that the subject of
disinfection was opened up to scientific treatment ; and
it is only from that date—in the early eighties of the
last century—that the science of disinfection came into
existence. During the last three decades this science
has attained extensive development,



CHAPTER 1I.

PHYSICAL DISINFECTION.

THE ferm ** disinfeetion " means freeing articles from
adherent disease germs. This result can be achieved
either by removing these germs in an unaltered condi-
tion, or else by destroying their pathological activity
(1.e. their vitality) on the spot.

In the former event the disease germs are got rid by
mechanical agencies. Thus germs are eliminated from
drinking water by means of compact filters. 1In the
case of walls, the topmost layer (dust, etec.), accom-
panied by the germs adhering thereto, is removed by
rubbing 1t with bread; and finally, one may regard
as mechanical disinfection the practice of covering over
with a coat of paint (and thus rendering harmless) the
germs adhering to the surface of sold objects. All such
precautions belong undoubtedly to the sphere of disinfec-
tion, though in the narrower sense the term 1s restricted
to the second category, in which the disease germs are
destroyed.

The annihilation of all the micro-organisms in and
upon an object is the final aim of sterilization, an opera-
tion originally based on a different course of ideas. Only
a small proportion of the germs found on the earth’s
surface are pathogenic, the majority being putrefactive,
that is to say having the property of decomposing dead
organic matter. In order to preserve from decompo-

(6)



PHYSICAT, DISINFECTION i
sition readily decomposable foodstuffs and other organic
objects, attempts were made to free the same, and
everything coming in contact therewith, from adherent
micro-organisms, that is to say, to sterilize them.
Since disease germs are included n this category, and
form only a small body in comparison with the putre-
factive organisms, the term sterilization covers a wider
field than *‘* disinfection’ and always includes the
latter, though the converse does not apply. Never-
theless, in practice, the two expressions are frequently
used as synonymous—and for the most part correctly
80.

It should be taken as an axiom that the processes of
disinfection must always be regarded from two points
of view, the biological and the physical, the former
treating of the action of the disinfecting medium on the
micro-organisms, and the latter dealing with its be-
haviour towards the articles to which those organisms
adhere. One may also speak of two stages of disin-
fection : the first consisting in the penetration of the
disinfectant on the outside or inside an object as far as
the hiding-places of the germs, whilst the second stage
1s concerned with the destruction of caid germs. The
physical side of the operation may in many cases be
so msignificant as to be negligible ; but it 1s always
desirable to ascertain this definitely, in order that nothing
may be omitted.

It 1s therefore the task of the science of disinfection
to examine the individual disinfecting agents on both
sides; and 1t may be taken for granted that specific
properties in one direction or the other will occasion-
ally be discovered. On the biological side the micro-
organisms constitute the point of attack. In general
their power of resistance to disinfecting agents varies
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considerably, so that in this respect a graduated scale
could be drawn up. The graduations, however, will
not exactly coincide for the different disinfectants, and
furthermore, the individual species do mnot behave
dentically throughout the whole of their races and
stocks ; on the contrary they sometimes exhibit re-
markable divergencies. In testing disinfectants it has
therefore become the practice to determine a limit
value up to which the agent is effectual, and by com-
paring this limit value with that of a thoroughly in-
vestigated known agent (for example steam at 212" F.)
obtain a basis for juilging its efficacy.

Disinfecting agents are very numerous; in fact,
everything capable of injuring the vitality of micro-
organisms is a disinfectant, provided, of course, that
vitality is understood to mean propagative capacity.
Agents which are able to restrict propagation merely
during the time they continue to act, but do not injure
the propagative capacity, so that after their imfluence
1s removed reproduction goes on once more without
hindrance, are mostly grouped under the name of pre-
servatives. In the nature of things, moreover, a sub-
stance may be a disinfectant when more highly
concentrated, and a preservative when in a more dilute
condition,

In order to systematize this wide subject, a distinc-
tion is drawn between physical and chemical disinfec-
tants. Any closer definition of the two is superfluous,
the explanation being self-evident.

I. HEAT.

The most powerful factor of disinfection known is
heat.
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(w) Dry Heat,

The existence of the disease germ 1s adapted to the
temperature of 1ts animal habitat, namely about 85° F.
on the surface of the human body and that of warm-
blooded animals, and about 96° K. within the body it-
self, the figures being somewhat higher in the case of
birds, and 18° to 26° lower 1n cold-blooded amimals—that
1s to say, the vital processes of the germ go on most
actively at these temperatures. Now, whereas the
higher animals are very sensitive to cold, those lower
in the scale do not freeze so readily, though even the
lowest animals, the protozoa, will not always survive
freezing temperature unconditionally. Plants, on the
other hand, have greater powers of resisting cold; for
though the higher plants also suffer from the effects of
frost, the lowest forms, the monocellular organisms,
appear to be totally unaffected by even extreme de-
arees of cold. Even such delicate forms as the cholera
bacillus will remain alive in ice for months, and are not
killed by the temperature of hiquid air (- 191° C.).

Micro-organisms have a minimum, maximum, and
optimum temperature of development, the values of
which vary considerably in different species. In some
species of disease germs the mmimum temperature lies
just below the temperature of the body. These are the
organisms which have become so habituated to para-
sitic existence that they are no longer able to survive
outside their host (obligate parasites), for example, the
tubercle bacillus.  Other species, such as the bacilli of
cholera, typhoid and dysentery, are facultatively or
semi-parasitic, i.e. can also reproduce themselves out-
side the body, and are therefore not dependent for
their existence on a very narrow range of temperature,
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the mmimum being in such cases about 60° to 68° F,
like that of the other semi-parasites. At the minimum
temperature, reproduction is only very slight and barely
detectable.

The maximum temperature plays a different part
with regard to bacteria. When the temperature of an
otherwise suitable nutrient medium is raised above the
optimum, the reproductive tendency of the bacteria
quickly retrogresses. There ensues a warm zone in
which reproduction proceeds very sparsely, and this is
followed by the maximum temperature, at which growth
ceases altogether. In the case of most pathogenic germs
this temperature i1s between 106 and 122° F., and they
cannot stand it for more than a comparatively short
time without injury. At the end of a few hours their
vitality 1s so exhausted that they are unable to recover.
The more this maximum temperature 1s exceeded, the
more rapidly do the bacteria perish. At 140° F. patho-
genic germs generally die within an hour, and at 158°
F. they succumb in a few minutes. IEven the very
few non-pathogenic bacteria able to stand higher tem-
peratures than the disease germs are quickly destroyed
at and above 158° F.

Hence nothing would be easier than to sterihze ob-
jects by the aid of heat, were it not that a number of
bacteria are endowed with a peculiar property, dis-
covered by Robert Koch at an early period of the bac-
teriological era, namely that these bacteria, under
certain well-defined conditions-—and especially when
the nutrient medium or the temperature has become
unsuitable—are able to produce resting forms or
spores.  These bodies are highly refractive globules
which make their appearance in the interior of the
bacterial cell, and survive when the remainder of the
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organism at length undergoes decomposition. They
will also remain unchanged for years when the condi-
tions of existence are unfavourable: cold, scarcity of
water or of food ; and offer strong resistance to all forms
of injury, including any kind of disinfection. In them-
selves they do not possess any reproductive faculty ;
but, when brought into a favourable environment, they
will germinate again into the true bacterial form, the
reproductive powers of which are unimpaired. In
contrast to the spore form, the true bacterial form 1s
known as the vegetative form.

The fundamental difference between spores and vege-
tative forms in respect of the fatal influence of heat
was also 1dentified by Robert Koch and his colleagues,

According to their description of the case, the spores
are not affected in the least by temperatures exceeding
212° F., but will germinate again in normal fashion on
being introduced into a nutrient medium. In fact the
latent vitality of the spore is not destroyed until a tem-
perature is attained at which the entire organic sub-
stance begins to char—or turn brown from superficial
carbonization, as in the case of cotton—namely above
280" F. An explanation for this was subsequently af-
forded by Rubner, namely that white of egg, which,
when dissolved, coagulates at 158° F. and is then no
longer soluble, may be heated in the dry state to 248° F.
and over without its solubility in water being impaired.
As 18 shown by their high power of refracting light,
bacterial spores consist of a highly concentrated pro-
tein ; and their behaviour toward heat proves them to
be nearly anhydrous in the ripe condition. On the
other hand, as will be*seen later on, they also hehave
trj'.mfa.rd moist heat in a manner analogous to dried
white of egg, namely are readily destroyed.
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The condition of affairs is therefore as follows: vege-
tative forms are easily killed by temperatures of 158
to 212¢ F., resting forms only at temperatures above
280° F. This latter temperature, however, is so high
that very few articles in general use can be exposed
to 1t without injury. It wounld rapidly evaporate all
liquids, and even water of erystalhization or hygroscopie-
ally combined moisture, thus producing extreme desic-
cation of the articles in which they are contained ; and
all organic matter, vegetable or animal fibres, would be
charred, etec.

Hence the only articles which can be subjected to a
temperature high enough to destroy the spores as well
are those which are already dry and capable of with-
standing heat. Sterilization by heat is extensively
employed in practice, even the heating of metallic in-
struments, needles, scalpels, etc., in a flame constituting
a kind of heat sterilization. Since the temperature of
any flame 1s far higher than that needed to destroy
spores, the germs with which the flame comes in con-
tact are annihilated at once. In so far as the article
1s heated above the said requisite temperature, rehable
- sterilization is attained, and since the heat supply from
a flame 1s exceedingly large, only a short time 1s needed
in any case to sterilize even the interior of large hollow
articles.

It will also be clearly evident that when articles are
burned, as is universally prescribed in the regulations
for the disinfection of mattress straw, rags and other
worthless objects, the disease germs also will be de-
stroyed.

In addition to this somewhat rough and ready
method, dry heat is also used n specially constructed
forms of apparatus, such as are chiefly used in bacterio-
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logical laboratories. These appliances for dry steriliza-
tion consist of jacketed boxes, the interior of which is
intended for the reception of glass dishes, tubes, porce-
lain utensils and heavy metallic instruments. The a
in the jacket spaces is heated by means of powerful
Bunsen burners or other source of heat; and in this

Fic. 1.—Dry Sterilizer
ABCE, Perforated gaspipes. Z, Gas cock. H, Articles to be
disinfected. S, Flue for the hot gases issuing from the jacket space.

way the walls of the box are raised to a high tempera-
ture (Fig. 1). Whereas, under the practical condition
hitherto discussed, the physical side of the application
of heat plays a merely subordinate part, the manner in
which the heat reaches to and penetrates into the
articles to be disinfected in these apparatus is a matter
of some importance. In dry sterilization the whole of
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the mner walls of the apparatus form the source of
heat. They are usually made of dark-coloured metal,
in order to accelerate the heating of the disinfecting
chamber, since dark surfaces transmit a somewhat
large proportion of their heat by radiation. In this
manner the surfaces facing the walls are verv quickly
heated, the articles being then heated through by con-
duction, both from the walls to the surface of the
articles and between and through the articles them-
selves. -The collaboration of heat conduction, which is
a relatively slow method of transmission, would unduly
prolong the time required for disinfection were it not
that the internal dimensions of the apparatus are so
chosen that, even with low conductivity, the internal
space 18 certain to become heated above the desired
limit of temperature within twenty to thirty minutes.

Latterly attention has again been directed to the
question of the possibility of obtaining relhable and
protective disinfection by the use of hot air at a tem-
perature below the boiling point of water. The first to
carry on experiments in this direction was Schumburg,
who found that military clothing and equipment—es-
pecially leather-trimmed riding breeches, knapsacks,
etc.—could be reliably disinfected without mjury i a
hot-air chamber at about 212° F. and with a relative
humidity of about 55 per cent. For disinfecting books
Ballner proposed to employ a temperature of 203" F.,
a relative humidity of 40 to 60 per cent and an exposure
of four to six hours ; but Mosebach and Findel obtained
successful results with a still lower temperature, viz.
165°-175° F.  The apparatus required for such disin-
fective treatment is very simple, and may consist of a
sheet-iron vessel carefully heated from the outside,
though it is better to use a box of the kind employed
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for dry sterilizing, the jacket space being, however,
filled with water, because this alters in temperature less
quickly than air. In order to avoid the necessity for
continuous observation the heating 1s regulated by an
automatic device (see p. 37). The desired degree of
humidity is obtained by placing a larger or smaller
water tray in the bottom of the apparatus.

It 1s clear, ab initio, that spores can never be killed
by this means, though it has been reliably proved that
all vegetative forms are destroyed. As will be evident
from the foregoing, the treatment relates solely to
articles of use. Except in rare instances, the only
sporogenic bacteria that are pathologic in man are an-
thrax and tetanus bacilli. Of the other disease germs,
two in particular present great difficulty im the matter
of disinfection : the tubercle bacillus and staphylo-
coccus. The first named, a slender rod and the cause
of tuberculosis, has a compact epidermis, which contains
a fatty or waxy substance. This affords the bacillus
extensive protection against desiccation and various
chemical agents, though the power of resisting heat is
not much greater than in other bacteria, the wax-like
Inass apparently melting between 60° and 70° C. The
staphylococcus, which 1s the cause of pus 1 wounds,
blood poisoning and puerperal fever, is a small globular
bacterium, the individuals forming aggregations similar
to bunches of grapes. There are numerous races and
stocks of staphylococcus—including  non-pathogenic
kinds—differing considerably in their power of with-
standing external influences, some of them being almost
equal to many kinds of spores in this respect. Though,
tor scientific investigations, it is necessary to ascertain
the resisting properties of each stock of staphylococcus,
It 18 quite correct to assume, in general, that the
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staphylococel are among the most highly resistant of
disease germs attacking the human subject.

Both these bacterial species can be effectually de-
stroyed by exposure to a temperature of 75° to 80° C.
for several minutes; and this treatment will also kill
all other vegetative forms. The question now arises
as to the articles that can best be treated by this means.

The sporogenic germs: tetanus and anthrax, trans-
mit infection through skin wounds. Consequently,
such articles of clothing—shoes, riding breeches, gloves,
fur caps, etc.—which come, or might come, into direct
contact with the skin, cannot be reliably disinfected at
75" to 80" C., since this treatment does not destroy the
spores. The danger threatened by these spores should
not be held in such light esteem as 1s usually the case;
and experience shows that furs are often infested with
the spores of anthrax, and that tetanus spores are not
infrequently detected in boots. For outer garments,
on the other hand, this method of disinfeetion is more
suitable; and 1t would be most advantageous in the
case of books, were it not for a practical obstacle.

It 1s true that books also may come in contact with
the skin, when taken into the hands; but never i such
a way as to cause a wound by pressure or rubbing.
Consequently, the risk of infection by the sporogenic
germs in question 1s reduced to a minimum. On the
other hand, books are feared as transmitters of diseases
which spread through the air, and especially by means
of atmospheric dust: scarlet fever, measles, smallpox,
tuberculosis, diphtheria, whooping-cough and mfluenza.
At present the germs of the three first-named complaints
are still unidentified, but it is certam that, hike the
other disease germs, they do not produce resting forms
of the spore type., Consequently, all these germs are
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inevitably killed by a temperature of 75° to 80° C., pro-
vided they are actually exposed to such temperature for
a certain time, not less than half an hour.

The last proviso is not superfluous, the physical con-
ditions playing an important part in this connexion.
Books are infected not merely on the outside, but inside
as well; and in order to make sure that they are really
disinfected, one must be able to rely on the necessary
temperature having prevailed in all parts.

The manner in which the books get warmed right
through 1s as follows: The internal spaces of the hot-
air chamber (box) having been filled with the books,
the jacket space i1s heated, and the heat passes from
the inner walls to the books themselves, by radiation
and conduction. The darker the colour of the surfaces,
the more important the part played by radiation; but
this merely transmits the heat to the surfaces hearest
the source of heat. Conduction takes place through
the intervening stratum of air to the nearest surface,
and since air 18 a bad conductor of heat, the amount
conducted depends entirely on the thickness of that
stratumn. The closer the books are to the wall, the
more quickly will that side which faces the wall be-
come heated. In these circumstances the surfaces
farthest away from the walls remain cool at first.

Hence a technical advantage is secured by taking
measures to ensure that all the surfaces are bathed
with hot air, and thus heated uniformly; since in such
case the heat penetrates into the interior of the book
from both sides at once, and the book is warmed
through twice as quickly. This object can be achieved
by placing the books, singly or in small bundles, in a
cupboard through which an adequate supply of properly
heated air is passed.

2



18 DISINFECTION

It may be objected that the rate at which the warm-
ing through is effected makes no practical difference ;
but it does. Thus, if a heating chamber measuring 20
inches each way inside be packed full of books, it will
take quite forty-eight hours to warm the lot right
through, the transmission of heat through the mass of
books proceeding at an exceedingly slow rate because
effected solely by conduction. This method of trans-
mission, already slow in 1itself, is rendered still more so
by the material of which the books are composed,
namely vegetable (and partly also animal) fibres, which
transmit heat only about yi5v as fast as iron or <iys
as fast as silver. The air is a still poorer conductor
than the fibres, and the more porous the texture of the
books, the greater the relative difficulty in warming
them through.

According to Findel, the presence of 30 per cent of
humidity (produced by trays of water) in the disinfect-
mg chamber, 1s more favourable to the operation than
a lower degree of humidity. The reason for this has
not yet been elucidated, and 1t must be left an open
question whether the more favourable results are not
due to some other cause.

Although the theoretical and practical basis for the
prophylactic disinfection of books, leather goods, ete.,
has now been established in the manner deseribed, this
method of disinfection has not yet succeeded in gaining
any adherents in practice. The reason for this is
the comparatively long time required for disinfection,
amounting to twenty-four to forty-eight hours for even
small apparatus, and the considerable quantity of heat-
ing power needed in consequence. Added to this are
the not inconsiderable technical difficulties in the supply
of heat to the larger apparatus, such as would be needed
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for large libraries and other institutions in which books,
leather, and furs are used.

by Moist Heat (Steam).
1. Ordinary Steam.

Disinfecting by steam heat i§ a very convenient
method of procedure. At the ordinary atmospheric
pressure, the temperature of steam that has not been
mnfluenced mm any way is 100*C.; and all that 1s neces-
sary to heat an article of moderate size to that tem-
perature 1s to place 1t in the steam zone of a pan which
can be easily covered up in the usual way and in which
water is maintained in a constant state of ebullition.
This 1s the principle of the old. Koch steamer (Fig. 2),
the only special feature of which, apart from its high
shape, 1s that 1t 1s covered with felt to prevent loss
of heat.

The use of steam, however, possesses certain special
and very important advantages. In his original work,
Robert Koch already showed that bacterial spores be-
haved very differently in presence of steam-—or, as he
termed it, ¢ moist heat "—than towards dry heat. Most
spores, and among them those of tetanus and anthrax,
are killed by steam at 100° C. in a few minutes, either
by the material of the spores swelling up in the satu-
rated steam, or merely by the fact that, under these
conditions, the rapid drying which takes place in dry
heat is retarded. This case also is analogous to the
behaviour of dried albumin, which is coagulated by
direct contact with steam, and is thus rendered insol-
uble. It is true that many spores—and chief among
them the potato bacilli found in the soil—cannot be
killed by a brief exposure to steam, but require treat-
ment for several hours, These are quite exceptionally
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resistant spores, which require to be dealt with another
way.

It may be interpolated here that the so-called frac-
tional process of sterilization is re-
quired for sterilizing nutrient media
for bacteriological purposes—a pro-
cess which, of course, may also be
employed in sterilizing foodstuffs.
The vessels containing the nutrient
media or food are placed for a quarter
to half an hour in the steamer, this
treatment killing the vegetative
forms, but leaving the resistant
spores intact. The vessels are then
left for twenty-four hours at room
temperature, to give the spores an
. opportunity of germinating into

Fic. 2.—Koch's vegetative forms, This done, the
steamer. vessels are put into the steamer a
second time, which kills the new vegetative growth.
As a rule, this will complete the sterilization, though
generally the steaming 1s repeated once more after
another interval of twenty-four hours, to provide against
the contingency of any resting forms having survived
the previous treatment.

The biological advantages of steam disinfection —
namely the powerful destructive action on the spores—
is accompanied by others of a physical character, con-
sisting mainly in the comparatively short time required
for the disinfection. Directly the water reaches boil-
ing point, steam is given off i large quantities, and
warms all the articles in the steam zone through very
quickly, provided the same are permeable to steam.

According to Rubner, a distinction can be drawn
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between impervious, porous and semi-porous bodies.
Now, steam can only penetrate where open pores (1.e.
interstitial air spaces) exist. The class of porous sub-
stances includes all textile fabrics: silk, wool, cotton,
linen, jute, hemp (but not leather), or other goods made
of fibres, strips, or hair. These are in general easily
penetrable by steam; but they may resist penetration
when their pores are not open. This 1s the case when
the air spaces are restricted by the goods being pressed
into large bales, or when these spaces are obstructed
by drops of water. The practical consequence 1s that
one cannot expect large bales of goods to be disinfected
right throngh to the centre by steam. As a matter of
fact, even after prolonged steaming, the temperature in
the middle of the bales is only raised very slightly, and
therefore no germs there are killed. Hence, only
articles that are dry (in the ordinary sense) should be
subjected to steam disinfection, and the deposition of
steam on the surface of the articles must be prevented.
This prevention is secured by warming up the contents
of the steaming chamber beforehand by dry heat, since,
at the most, only small quantities of steam can con-
dense on warm surfaces.

The manner in which the steam penetratesinto the air
spaces 1s also important. In the first place it should
be mentioned that steam at 100° C. is only about
one-half the weight of air at 20° C. (68° F.) and only
two-thirds that of air at 100° C. Consequently, when
steam 15 introduced into a closed chamber, it rises to
the top and collects above the air in all cases. If the
cover were provided with an exhaust pipe, the steam
would escape through it, as being the gas in nearest
proximity. In order to expel the air from the
chamber, the exhaust pipe must be situated in the
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bottom of the latter, in which event the air will be
driven out by the overlying steam. It is therefore ad-
visable to admit the steam into the top of the sterilizer,
as 1t does not, in that case, mix with the air so much
as 1if it had to flow through the latter, this mixing with
the air having, as will be seen later, an adverse in-
fluence on the efficiency of the process. The provision
of an outlet for the air, in the bottom of the apparatus,
1s equally essential, since otherwise only a small quan-
tity of steam can be admitted into the apparatus,
any further amount either escaping through leaks, or
else damming back the supply by the pressure set up.
In such event the gaseous contents of the apparatus
will be chiefly composed of air.

The steam penetrates into the pores of the articles in
the same way as it enters the total space, namely from
above, a fact that can be easily demonstrated. In this
case also the driving force is, of course, the difference
in the specific gravity of steam and air, On the other
hand, 1t i1s again essential that the air should be able
to escape downwards ; for if this be impossible, owing
to the pores being choked or constricted, no steam can
enter them.

The penetration of steam into the pores is facilitated
by the circumstance that most materials are hygro-
scopic (i.e. absorb moisture). Deposition of water also
invariably occurs in the pores, because at first the in-
terstitial spaces are not as hot as the steam. This
water, however, is at once re-evaporated by the on-
coming steam. The condensation—even though shght
—in the pores, always caused a reduction m pressure,
which favours the penetration of steam—a circumstance
which may help to account for the rapidity with which
porous articles are permeated by steam.
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In any case, steam disinfection 1s a quick process,
the air being expelled from the apparatus and pores m
a few minutes when the apparatus 1s properly con-
structed. The rate at which this 1s effected depends
on the quantity of steam admitted per unit of space mn
unit time. A large apparatus naturally requires more
steam. In the case of large articles with comphicated
internal spaces—articles of clothing and bedding—the
expulsion of the air is retarded to some extent; but 1
may be taken for granted that unless the steam has
thoroughly penetrated within half an hour, 1t will not
do so at all owing to one or other of the causes men-
tioned above.

Such cases do occur in practice, the bundles of goods
under treatment being too large, or damp, or excessive
surface condensation having ocewrred in the apparatus
from some cause or other. It is therefore easy to
understand the desire for possessing some means of
ascertaining whether the interior of the articles under
treatment has been effectually disinfected. Wherever
the steam comes into action a temperature of 100° C.
must necessarily prevail, whereas the parts untouched
by the steam are only slightly warmed (owing to the
slow conduction). If one can be certain that the
steam temperature has actually been attained in the
portions most difficult of access, it will be equally cer-
tain that the bacteria have been destroyed. In order
to check the temperature, various proposals have been
advanced ; but only two have found practical application.
The first of these consists of a small cylindrical vessel,
partially filled (to about %) with a substance of known
melting point —phenandrene, with a melting point of
98" C. being used in the case of saturated steam, and
pyrocatechin (m.p. 105" C.) for high-pressure steam,
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The mass naturally solidifies in the bottom of the
cylindrical vessel which, for the purpose of checking
the temperature, is placed vertically (but upside down)
in the centre of the material under treatment. If, at
the close of the disinfecting process, the mass is found
to have run down to the bottom of the cylinder, its
melting point has evidently been exceeded in the centre
of the material, and therefore the latter has been hot
enough for the purpose in view,

Unfortunately, this simple method is attended with
the drawback that the repeated meltings alter the melt-
ing point of the mass to such an extent that it soon
becomes unreliable as a thermometer. For this reason,
the alternative and more reliable method is now fre-
quently used. This consists in embedding a maximum
thermometer in the middle of the articles under treat-
ment, the temperature attained being either read off
direct, or, better still, by the aid of a signalling de-
vice, consisting of an electric bell thermometer, the con-
tact of which 1s set to operate at 100 C. (or any other
- desired temperature). The wires are led externally to
a bell and are connected with a battery. When the
steam penetrates to the thermometer, the mercury
column rises and, on reaching 100" C., touches the
contact, the circuit being thus completed and the bell
rung. All that is then necessary, therefore, 1s to wait
a sufficient time for the destruction of the spores.

This method of disinfecting with ordinary steam at
100° C., based on the principles enunciated above, has
attained considerable practical importance, owing to its
rapidity, effectiveness and harmlessness for most arti-
cles of use, bandages, bedding, clothing, coverlets, etc.,
being chiefly sterilized in this manner. On the other
hand it cannot be used for leather, furs, delicate fabries,
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fine colours, ladies’ hats, sized and other susceptible
materials. Apparatus of all sizes can be met with 1n
use, two patterns being worthy of special mention as
the most popular and typical. One of them, a small
apparatus, 1s suitable for sterihzing bandages, operating
overalls, etc., and consists of a, generally cylindrical,
jacketed box, fitted with a cover.

The materials to be disinfected are piled up loosely

Fic. 3. Apparatus for Steam Disinfection.

\, Boiler. B, Disinfecting chamber C, Rack for articles
to be disinfected. D, Condenser.

imnm the internal space, which 1s provided underneath
with an exhaust pipe. The lower part of the jacket
space 1s filled with water, and when this is heated. the

resulting steam ascends through the Jacket space, heat-
mg the inner walls and []14'}':-11.\' the whole of the
chamber (warmino up stage).

This steam then enters the chamber throuch per-

torations 1n the ]'J'FIHI- the i]]iu-r‘ 1n.'l,.';|||_ and drives the
alr downward.
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The second pattern (Figs. 3, 4, and 5) is for disin-
fection on the large scale in hospitals and disinfecting
stations. The disinfection chamber is generally large
enough to accommodate a whole bed. It is built in a
partition wall and 1s provided with two openings into
two different rooms, one for the dirty articles and the
other for their reception after disinfection. The
articles are taken out of the chamber into this second
room by a different attendant from the one who puts

Fic. 4.—Apparatus for Steam Disinfection (closed).

them mto the chamber. This arrangement 1s intended
to prevent re-infection of the disinfected articles. In
addition to the exhaust pipe, the bottom of the chamber
1s provided with radiators, which can be heated to
100" C. by steam, for the purpose of warming up the
chamber and 1ts contents, and also for drying the damp
articles when air is admitted to the chamber after the
operation 1s completed. The steam, which can be sup.
plied from any boiler, quite as well as from a special
cenerator, 18 used for dry heating in the radiators, and 1s
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admitted into the top of the chamber for disinfecting.
When properly worked, these apparatus act quite satis-
factorily. |

The properties of water vapour are due to1ts temper-
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Fii. 5.— Lautenschliger Apparatus for Steam Disinfection, with
Steam Generator.

a, Disinfection chamber. b, Steam generator. ¢, Feed tank,
d, Air heater. ¢, Steam injector for evacuating the chamber.
f, Mercury safety gauge. ¢, Thermometer,

ature and humidity. This explains both 1ts advantages
and drawbacks, not only in the case of ordinary water
vapour, given off at the normal atmospheric pressure, but
also in the case of all kinds of artificially generated steam,

A distinetion must be drawn between pure steam
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and such as is admixed with air, the first named again
being divided into ordinary, high-pressure, superheated
and attenuated (sub-normal pressure) steam. The de-
cisive advantage of the steaming process is undoubtedly
its power of destroying spores; and in this respect the
different kinds of steam must be compared.

2. Impure Steam.

The temperature of the steam is not reduced to any
great extent by its contamination with air, the latter
(itself already warmed) mixing so intimately with the
steam that 1t soon attains the same temperature. On
the other hand, the presence of this air lowers the
~ humidity of the mixture, since the steam only brings
with 1t sufficient moisture to saturate the space it occu-
pies itself. This assumption also corresponds with
Rubner’s observation that when steam contains S-4
per cent of air the time required to kill the spores of
anthrax i1s prolonged from one to three minutes,
whereas with 20 per cent of air the spores are not de-
stroved at the end of three hours. This proves that
whilst the presence of up to 10 per cent of air in the
steam considerably weakens its disinfectant action, 1t
still remains effective:; but that, on the other hand, a
higher percentage of air renders the steam inoperative.
One still occasionally comes across apparatus in which
the steam 1s liberated over an extensive surface at the
bottom, and in ascending—frequently retarded by the
piled up articles under treatment—is obliged to become
mixed with a large proportion of air. In such cases a
careful examination would always reveal the inefficiency
of the process. In the case of modern types of ap-
paratus, in which the steam is admitted from above,
this defect is precluded.
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3. Superheated Steam.

When steamn is allowed to flow through or over a
heated pipe, it becomes superheated, that is to say, 1its
temperature is raised, its proportion of moisture, how-
ever, remaining unchanged. However, since a larger
number of particles of water are needed to produce
saturation at the higher temperature, this heating desatu-
rates the steam and thus deprives 1t of an effective weapon
of attack on the life of bacterial spores. In this condition
1t can merely act as a dry gas; and every experiment
shows that superheated steam has only just the same
disinfecting power as air at the same temperature, i.e.
it does not begin to destroy spores until above 140°C.
(254 F.). Hence, for practical purposes, superheated
steam 1s out of the running, since 1t offers no advantages
over the more easily prepared hot air.

4. Steam under Pressure.

The conditions are different with the steam produced
when water 1s boiled under a pressure exceeding that
of the atmosphere. Whereas at mean atmospheric
pressure (760 mm. mercury gauge), water boils at
100" C., the boiling point increases with the pressure,
so that when the latter reaches two atmospheres (291 1b.
per square inch), the water does not begin to boil below
121" C., and with a pressure of three atmospheres, at
1357 C. Anincreased (or diminished) pressure can only
be set up in a hermetically closed vessel, since other-
wise the normal atmosphericpressure wounid be automatic-
ally restored. Such increased or diminished pressure
can be obtained in such a closed vessel by forcing in
(or drawing out) air into (or from) the space above the
water by means of an air pump.  The most convenient
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way, however, of increasing the pressure is by allowing
the disengaged steam to accumulate, all that is neces-
sary being to heat the boiler and see that it is properly
closed. As soon as the boiling point of water (at first
100° C.) is reached, steam is generated in large quan-
tities, and when this steam is prevented from escaping
1t 1s bound to become compressed in proportion as the
amount of water converted into steam by the heat of the
boiler increases. Thiscompression of the steam increases
the steam pressure, which in. turn raises the boiling
point of the water and therefore the temperature of the
steam itself. The question whether the water becomes
progressively heated above the constantly increasing boil-
ing point will depend on the way the boiler 1s fired. If
a very hot fire 1s maintained the pressure might rise to
such a degree as to burst the boiler were it not that all
such boilers are obliged to be fitted with a safety valve,
and must also be tested for their strength.

The two properties, saturation and temperature, also
come I question for the disinfecting action of steam
under pressure. This steam, being saturated, 1s there-
fore not inferior to ordinary steam in this respect ; and,
being hotter than the last named, must therefore be
superior to 1t on the whole. The hotter the steam, the
greater its power of killing spores. For example, the
spores of the most highly resistant hay or potato
bacilli, which are not destroyed by steam at 100" C. in
an hour, are killed by steam at a pressure of two at-
mospheres (temperature 121° C.) in about twenty
minutes, and in a still shorter time when the steam
pressure 1s higher.

A large number -of modern apparatus for disinfecting
and sterilizing are arranged on this principle, though
mostly for working at only 105° to 110" C., which
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correspond to pressures of 3 to 74 Ib. per square mch.
Some apparatus, however, the so-called antoclaves (Fig.
), are constructed to work at steam
pressures up to three atmospheres.
They are generally arranged on the
lines of the steamers already de-
seribed (p. 25), that is to say, with
a jacket space for generating the
steam ; but they must meet the con-
ditions exacted of boilers constructed
to work at the corresponding pres-
sure, namely pass official tests and
be fitted with safety valves. It must
be clearly remembered that the same
remarks apply to all these steamers
as to the ordinary forms, namely that
provision must be made for the escape

F1i:. 6.—Autoclave.
A, Casing. B, Cover.

of air from the interior, if the action
15 to be effective, that is to say, the
vessel must not be hermetically sealed
until the steam begins to i1ssue from
the bottom, thus denoting that all the
air has been expelled.

5. Low-temperature Steam.

Until recently, this class of steam
was of merely theoretical interest;
but, in combination with chenical

D, Wing nuts for
closing the vessel
hermetically. C,
Set screw for ad-
Jjusting to the
desired maximum
pressure with the
aid of a special
pointer on  the
sange dial, K,
Pressure  gauge.
F, Gas pipe. H,
Safety valve.
& J, Pressure
minge tube,

disinfectants, it has latterly attained considerable im-

portance,

(For this combination see p. 89.)

rm E i
I'here 1s only one way to obtain saturated low-tem-
perature steam, namely by lowering the pressure over

the water to he evaporated,

As 1ncreased

|:Il'l..‘:-iHI 1re

raises the boiling point of water, so reduced pressure
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lowers it.  On high mountains, where the atmospheric
pressure 1s below the normal, water no longer requires
heating to 100° C. to cause it to boil, ebullition taking
place at a lower temperature. 1If one half the air in a
hermetically closed boiler be evacuated by pumping,
saturated steam at 90° C. can be generated by the ap-
plication of heat. In such case, however, the liberated
steam will replace the evacuated air, and soon bring
the pressure up to the normal agam, and the boiling-
point and steam temperature will rise to 100° C., and
even higher in a hermetically closed vessel. Conse-
quently, to continue working at diminmshed pressure
for any length of time, 1t 1s necessary to keep the air
pump running continuously and drawing off the steam
as generated. The method of firing the boiler must
also be harmonized with the working of the air pump,
their action being mutually opposed. The heat gener-
ates steam and thus tends to equalize the pressure,
whilst the pump endeavours to reduce the pressure still
lower; and consequently these two opposing forces
must be brought into equilibrium.

In order to obtain some idea of the relation between
the boiling point of water and the natural or artificial
increase or decrease in pressure, the following extract
from the tables compiled in this connection is now
given (see opposite).

With regard to the efficiency of steam under reduced
pressure as a disinfectant, Rubner's investigations have
shown that saturated steam at a temperature a few
degrees below 100° C. has almost the same effect on
spores as steam at 100° C. Between 90 and 95° C.
this action diminishes appreciably and at about 80 C.
the steam entirely loses its power of destroying spores.
Steam under these conditions has the same effect on vege-
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| |
Boiling point. Pressure. | Boiling poiunt. Pressure.
°C. i | ] mi.
0 46 Yo G0
10 9-2 100 , 7600
' 2(0) 174 105 | 964
| S0 316 110 10754
40 550 115 12694
50 922 , 120 L 14910
60 149-2 | 125 : 17440
7 2338 | 130 20300
50 3556°D I 155 ! 22860 :
85 4338 , 140 | 27180 |
. 90 0260 _ 145 | 31250
' 150 i 35810

tative forms as hot air at corresponding temperatures—
but this point does not come into consideration at present.
Consequently no effective disinfection can be produced by
low-temperature steam 1if the temperature is reduced to
any considerable extent.

Varied as are the applications of steam disinfection
in the case of porous articles, it is unsuitable in many
cases. In the first place, it must be applied in some
form of apparatus, so that, in general, articles of very
large size cannot be treated ; and secondly, its high tem-
perature—which 1s essential to success—is not always
free from the risk of injuring the articles treated.

Leather, for instance, in particular, will not stand
high temperatures. Some kinds of leather shrink up even
at 140" F. (65° C.) to about one-third their original size
and become stiffly elastic, for instance the tanned skins
of wild animals, usnally employed for making gloves.
Other kinds of leather are also damaged by slightly
higher temperatures, so that boots, gloves and other
leather goods come out of the steam disinfecting appa-

3
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ratus in a completely shrunken condition and unfit for
further use. The same remarks, as will be readily
evident, also apply to furs.

Fine fabrics are also destroyed by steaming; and
many dyes that will not properly stand washing are
dissolved, even fast-washing colours being extracted.
Sized articles lose their stiffness ; documents are warped
and the ink caused to “run”; books suffer damage in
several respects, the leather bindings shrinking, the
size being extracted, the leaves warped and the letter-
press faded, and for the most part they fall to pieces
after the operation of steaming. Blood stains on linen
and clothing are burnt in so effectually as to be no
longer eradicable. It should also be mentioned that
flowers and leaves are completely destroyed by steam-
ing, as i1t has occasionally been proposed to disinfect
wreaths or the like by this means.

It 18 of no little importance that the effects of steam
at boiling-point, and also at slightly higher and lower
temperatures, should be known, since this knowledge
will enable considerable losses to be avoided in practice.

(¢) Hot Liquids.

After what has been stated with regard to steam,
the disinfecting action of these liquids will easily be
comprehended.

1. Water.

To begin with the means most frequently employed
in daily life, namely hot water, its efficiency may be
briefly described by the statement that it has exactly
the same disinfecting power as steam, the same pre-
liminary conditions—same temperature and complete
humidity—being present. This identity of action is

e "
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not restricted to water boiling at ordinary atmospheric
pressure (212° F.), but extends also to all conditions
whether induced by natural or artificial means. When
water is boiled under high pressure, as in the Papin
digester, its disinfecting properties are intensified 1n
precisely the same way as those of the resulting steam ;
and when boiled under diminished pressure, at high al-
titudes, the effect of the hot water 1s reduced like that
of steam.

Under normal conditions, i1.e. a barometric pressure
of 760 mm., the vegetative forms of bacteria are killed
almost instantly, and most spores perish In a few
minutes. In any event the chief sporogenic organisms
that are pathogenic to the human subject (the bacilli of
anthrax and tetanus) can be counted upon with cer-
tainty to be killed in two to three minutes, as a general
thing, or at latest in fifteen minutes. Consequently the
prescription of boiling for half an hour, in practical
work, will certainly be ample to ensure complete dis-
infection.

Boiling water is chiefly used in practical disinfection,
for sterilizing instruments and ordinary body linen, for
two reasons: in the first place, the apparatus required
1s simple, any ordinary tub being sufficient, since the
water expels all the air out of the pores from below,
and not, like steam, entering the articles from above :
secondly, because the boiling water wets the articles
right through, dissolving and washing out all dirt and
other contaminating substances.

The vessels used for sterilizing surgical instruments
are merely boiling pans adapted to the special require-
ments of the instruments under treatment; that is to
say, they are of elongated shape (Fig. 7), like fish
kettles, in order to accommodate long instruments, and
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usually narrow, so as to economize space, water, and
therefore heating material. A small quantity of car-
bonate of soda is usu-
ally added to the water,
but merely for the
purpose of preventing
metal parts from rust-
ing.

Boiling water 1s also
Fi1a. 7.—Apparatus for Sterilizing employed for sterilizing

Instruments. foodstuffs.  For this
purpose, however, the water does not exert any direct
germicide action, but serves merely as the source of
heat, the actual disinfection being effected by the
liquids contained in the foodstuffs themselves, which
ligmids are heated to the temperature of the hoiling
water. The method 1s a very convenient one, since
1t guarantees the attainment of a well-defined and in-
variable temperature, viz. 212° F. The best known
example of this method is that of Soxhlet for steriliz-
ing milk, the full bottles of milk being placed m boiling
water, where the milk 1s quickly raised to nearly 212" F.
and freed almost entirely from germs.’

Other foodstuffs can be rendered free from germs in
the same way. The method is very useful for protect-
ing the contents of vessels from subsequent contamina-
tion and for preventing the germination of residual
spores.

These remarks will show clearly how far the use of
hot water, below 212° F. is advisable for disinfection.

1The only spores remaining alive in the milk are those of highly
resistant hay and potato bacilli, and frequently those of a butyric
bacillus, which germinate between 60° and 96° F. (16°-37° C.) and
are capable of spoiling the milk.
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For the destruction of the vegetative forms, a tempera-
ture of 158" F. (70° C.) is sufficient, and in some cases
less, with an exposure of about fifteen minutes. In
order to destroy spores, however, the heat in any case
must attain or exceed 203° F. (95° C.).

The simplest way of maintaining water at these
temperatures is by regulating the source of heat, for
which purpose an auntomatic thermoregulator can be
employed when gas is used.

This thermoregulator consists of a tubular vessel,
half filled with mercury, and having a narrow tube in-
serted into it from the top. This narrow tube i1s open
at the lower end and can be lowered to any desired
depth. The gas flows through a connection into the
outer tube above the mercury, but can only escape to
the burner through the open lower end of the inner
tube, the regulator being hermetically closed in every
other part. The regulator i1s placed in the water, and
as the temperature of the latter increases, the mercury
expands and rises in the outer tube. When the de-
sired temperature 1s attained, the inner tube is adjusted
so that its open lower end nearly touches the surface
of the mercury, whereupon any further rise in the tem-
perature of the water will cause the mercury to ascend
and shut off the gas supply, so that no further applica-
tion of heat takes place until the water has cooled
down again and the mercury has sunk far enough to
re-admit the gas to the burner. This play is soon
reduced to such narrow limits that the temperature of
the water becomes practically constant. This is, briefly,
the principle of the thermoregulator. In the usual
forms, certain slight technical improvements arve pro-
vided, such as a slotted opening at the bottom of the
iner tube, so that the gas supply may be shut off
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gradually and the adjustment to a given temperature
facilitated.

Theoretically, at least, it seems feasible to control
the temperature of the water by lowering the pressure
and thus ensuring a lower boiling-point which cannot
of course be exceeded so long as the partial vacuum is
maintained. This arrangement would have the ad-
vantage that, as the result of ebullition, the liquids
would become uniformly heated all through in a very
short time. Another advantage, and by no means the
smallest from the practical standpoint, is that the vege-
tative forms of bacteria are destroyed more rapidly in
a boiling liquid than in a quiescent liquid of the same
temperature. The reason for this difference 1s still
obscure, and would take up too much space to be gone
into here. In the case of water boiling under ordinary
pressure, at 212° F., such difference cannot be detected,
the destruction of the vegetative forms taking place too
quickly to permit the time required being measured ;
and since there is no difficulty in killing the vegetative
forms, no one would ever think of resorting to such a
clumsy and difficult device as employing a partial
vacuum.

2. Pasteurization.

In addition to boiling water, water that has been heated
to any other temperature may be used as the source of
heat for disinfecting substances containing moisture,
especially foodstuffs. Such a method is largely used
in the home and in factories for sterilizing preserves in
tins or glasses, in the case of foodstuffs which cannot
stand heating to 212" K.

This method is most frequently used for milk, and
is generally known as pasteurization, after Liouis Pasteur
who invented it for improving the keeping properties
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of milk and beer. It is true that the term is not re-
stricted to the use of a water-bath at a temperature
below 212° F. for the treatment of milk, but is gener-
ally applied to warming the liquid up to between 140°
and 203° F., for the purpose of sterilization. In most
cases, however, the water-bath is used as being the
simplest means of producing a constant temperature.

As compared with “scalding” milk, the object of
pasteurization is to prevent the changes set up in milk
by boiling, and especially the appearance of the ** boiled
taste,” and the formation of the skin consisting of co-
agulated lactalbumin. These changes occur at the co-
agulation temperature of albumin, 156° to 158" F.,
and therefore any method in which these changes are
to be prevented, must work at a lower temperature.
The question 1s now, what is pasteurization to effect?
From the consumer’s standpoint, the elimination of
disease germs is the prime consideration. In this con-
nection, experiment has shown that milk must be ex-
posed to a temperature of 153° F. for half an hour in
order that the disease germs present therein may be
killed with certainty. These germs are mainly those
of tuberculosis and of the diseases localized in the
digestive tract: typhus, dysentery, and ptomaine poison-
ing. All other germs contained in milk are either
more easlly destroyed by heat, or else are harmless to
the human subject. Any staphylococei, spores of an-
thrax or tetanus, that may be accidentally present do
not act through the digestive tract ; and 1t is also prob-
able that the diarrheea so frequently observed in in-
fants during the summer time is not due to the action of
bacteria which have survived the pasteurization process,
but to some other cause.

[nereasing the keeping properties of milk is a matter



40 DISINFECTION

that chiefly concerns milk dealers, the main point being
to keep the milk from turning sour. This tendency
1s produced by a lactic bacterium, which is easily killed
by warmth; and therefore turning sour, which is the
preliminary to curdling, can be retarded by a short
process of pasteurization, which enables this important
foodstuff to be kept for some time in an apparently
undecomposed state. This stability, however, is only
apparent, since the putrefactive spores, including those
of the hay and potato bacilli, which are not killed by
pasteurization, germinate as soon as the conditions of
temperature are at all favourable (about 59° F.), re-
producing very rapidly and soon setting up putrefaction
in the milk, the first indication of this condition being
the development of an irritant flavour. The drawback
from the purchaser’s point of view is that he can no
longer detect incipient putrefaction by the appearance
of curdling, since the cause of this preliminary stage
has been destroyed by pasteurization.

To make milk really stable by pasteurization it must
either be strongly cooled at once after warming, and
then kept at a temperature (ice box) which does not
permit the germination of the spores; or else the heat-
ing must be repeated twice at intervals of twenty-four
hours to give the spores time to germinate in the mean-
while (fractional sterilization). A rapid nrethod of
pasteurizing, in which the milk is heated to 203" F.
for a short time, is also occasionally used; but it is not
clear what advantages are obtained in comparison with
scalding, since the milk both skins over and develops
the “boiled” taste. Moreover, in all methods where
heat is employed, the butter fat collects on the surface,
and apparatus, often of a cumbrous character, is neces-
sary in order to restore the normal emulsion.
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3. Oil and Paraffin.

Of all the liquids employed in a heated condition for
purposes of disinfection, those exerting a chemical action
must be left out of consideration here. Among the re-
mawnder, only those of high boiling-point are suitable,
since it will be evident that success in the destruction
of spores can only be attained—in the case of anhy-
drous media—when a temperature of over 284° F. can
be applied. Baths of oil and paraffin have found ap-
plication in practice, their- boiling-points being high
enough to enable one to obtain temperatures up to 392°
F. Of course they can only be uszd for articles that
are free from water, since otherwise the water present
would be violently converted into steam and ruin the
arficles. Materials unable to stand the great heat and
direct contact with oil or paraffin cannot be subjected
to this method of treatment. This excludes practically
everything except metallic instruments, for which, in-
deed, the method—at least that employing oil—s ex-
cellently adapted for rapid disinfection. Tt is lmgely
used for sterilizing the cannule of m]ectmg syringes in
polychinical establishments where there is no time for
boiling the instruments. In boiling oil, the whole of
the germs are destroyed in a few seconds, so that a very
effective and extremely rapid disinfection takes place.
The only drawback of the method is the liberation of
malodorous and acrid vapours, whose chief constituent,
acrolein, is the cause of the smell of an extinguished

candle.
II. LicaT AND OTHER RAYS.

Sunlight constitutes a disinfecting agent which is
undoubtedly of extreme activity in Nature. Innumer-
able bacteria and protozoa are destroyed every day by
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diffused, as well as direct, sunlight. This effect is due,
not to the desiccating influence of the sun’s -ays—action
of heat—but to that of the vibratory light rays.

It 1s well known that white sunlight is composed of
a number of different kinds of light, which differ amorg
themselves by their wave length and are exhibited in-
dividually to the eye in the colours of the rainbow.
There 1s, however, in sunlight, another kind of light
which is invisible to the human eye, but is capable of
acting on a sensitized phofographic plate, namely the
so-called ultra-violet rays, which have the shortest wave-
length of any, and are frequently known as the actinic
rays. 'These rays are the chief germicide agents in
light.

As a rule, only the superficially located bacteria are
encountered by light rays; but these bacteria are also
exposed In most cases to desiccation, and it is therefore
difficult to decide what proportion of the success at-
tained 1s due to either cause. If, however, desiceation
be prevented by suitable means, it is found that spores
are not affected by light rays at all, and that vegetative
forms are influenced 1n different ways. For the per-
formance of this experiment 1t 1s necessary to allow the
light to impinge directly on the bacteria, whilst a closed
vessel must be employed to prevent desiccation. Now
a glass vessel prevents the transmission of the principal
active components of the light, namely the ultra-violet
rays; but plates of quartz, on the other hand, are per-
meable to these rays. In water, too, the light rays
cannot act to any depth, the ultra-violet rays being
absorbed in the upper strata of the liqmid. Neverthe-
less, provided the water is perfectly clear, the action of
light goes on to a depth of 1} mm. below the surface
of the water, though in rapidly diminishing proportion.
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Moreover, experience shows that, in Nature, bacteria
reproduce only in dark places; and the hygienic pro-
perties of hight and air have been recognized for ages.
Sunlight has been employed, and not unsuccessfully,
for therapeutic purposes, especially in the treatment of
superficial disease processes, lupus and the like; though
it is doubtful whether the stimulation of the tissues
does not contribute to the curative effect in greater
proportion than the germicide action. Still greater suc-
cess has been obtained by the Finsen light treatment ;
but even in this case i1t has not been proved that the
action 1s one of sterilization.

The Rontgen rays seem to have practically no effect
on bacteria ; and it i1s only in rare instances that they
have been found to retard the growth of cultures. In
any event, the curative results obtained in the case of
superficial infectious processes must be ascribed to some
other cause than sterilization. ;

The emanations from radium greatly retard the de-
velopment of bacteria; and an exposure extending over
several days will even kill the spores of anthrax bacillus.
However, since this bactericidal action is confined to
the readily absorbed rays, the effect does not penetrate
far, and therefore the employment of radium offers no
advantages over that of sunlight.

III. ELeEcTRIiIC CURRENTS AND MECHANICAL
INFLUENCES.

The other physical agencies suitable for application
in the destruction of bacteria can only be briefly men-
tioned here, their practical importance being nil. The
electric current—both continuous and alternating —is
sald to have a slight retarding effect on development,
but not sufficient to kill bacteria when the auxiliary in-
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fluences, heat, electrolysis and the production of ozone,
are disregarded. -Increased pressure again has but
little effect on the growth of bacteria, these being still
able to germinate in ordinary air when the pressure is
raised to 800 to 1000 atmospheres. On the other
hand, 1in the case of certain gases other than the ordin-
ary atmosphere, increased pressure has a decided effect
on bacteria. Apart from the adverse influence on
growth exerted by gases like carbon dioxide or hydrogen
on aerobic (air-loving) bacteria, some of the germs are
destroyed in these circumstances, since they will no
longer germinate when subsequently exposed to favour-
able conditions, Typhus, dysentery, and coli bacilli for
example are killed by twenty-four hours’ exposure to
carbon dioxide under a pressure of one and a half to two
atmospheres. On the other hand, hydrogen is power-
less to injure in the slightest degree the most delicate
germs, such as those of cholera, even with an exposure
of twenty-four hours under a pressure of seventy-five
atmospheres. In an atmosphere of oxygen, cholera
bacilli perish in twenty-four hours under a pressure of half
an atmosphere ; typhus bacilli at thirty-five atmospheres,
and coli bacilli at seventy-five atmospheres. It 1s thus
apparent that the increase of pressure does not act per
se, but only in consequence of the resulting increased
chemical action (oxidation) on the substance of the
bacteria. The method proposed by Berghaus for im-
proving the keeping properties of milk by the action of
carbon dioxide under heavy pressure has not found any
practical application.

Whilst, experimentally, vigorous mechanical agita-
tion is found to arrest bacterial growth, gentle agitation
has a stimulating influence ; but all these observations
possess nothing more than a certain theoretical interest.




CHAPTER IIL

CHEMICAL DISINFECTION.

CuemicAL disinfection implies poisoning the germs of
disease. The poisons acting upon bacteria and pro-
tozoa penetrate through the envelope of the organism
and destroy its life in consequence of their specific toxic
action which consists in effecting a change of condition
(coagulation) of the protein, or exerting some other in-
fluence on vitally important substances. These poisons
act solely in the liquid condition, even when employed
in the solid or gaseous form; and it is only such por-
tions as are in solution, either in the immediate en-
vironment of the bacteria or within the bodies of the
latter themselves, that can be credited with disinfect-
ant action.

Since the corpus of the micro-organism i1s a cell,
analogous in many respects to the corporeal cells of
higher organisms, it will be evident at once that chem-
ical disinfectants are capable of producing poisonous
effects on the higher organisms as well. It is true that
these toxic effects on corporeal cells differ, often very
considerably, from the disinfecting action, since each
cell has its own specific chemical affinities. Thus, for
instance, serious corporeal poisons, such as strychnine,
atropine, ete., have not the slightest effect on bacteria,
whereas hyfrogen peroxide kills bacterial cells very
quickly, but leaves corporeal cells almost unaffected.

(45)
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The physiological action of the various disinfecting
agents i1s a matter that is immaterial from the stand-
point of disinfection. We shall rest content with as-
certaining the effect of the chemical treatment, and
draw up regulations for practical application accord-
ingly. It is naturally impossible to test the action of
every disinfectant on all species, races, and stocks of
bacteria; but it is sufficient to make definite typical
tests, in the presumption that the disinfecting action
on all other disease germs can be deduced therefrom.
This standpoint is quite justified, for in treating a large
series of micro-organisms with various disinfectants it
18 found that certain well-defined species are killed in
a relatively short time, and others in a relatively longer
time, by all disinfecting agents. Some species, there-
fore, are very sensitive to disinfectants, others compara-
tively so, and others again have a high power of
resistance. It 1s true that accurate investigation will
reveal occasional specific powers of resistance towards
certain disinfectants—such instances standing out prom-
inently from the general run; but no practical im-
portance attaches tosuch cases as yet. Certain bacteria,
the resistance of which toward the usual disinfectants
has been the subject of numerous investigations, afford
a means of testing the action of a disinfecting agent;
but, as already mentioned, it is always essential, n
precise investigations, to make a comparison by means
of a known method of uniform action. When a more
powerful disinfection, involving the killing of spores, 1S
in question, steam at 212° F. is preferably taken as a
standard. This effect can be accurately determined,
owing to the constancy of the temperature, rapidity of
penetration of the article under treatment, and accuracy
of timing the test. The apparatus devised by Ohlmiiller
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for this purpose consists of a glass flask, in which steam
is generated, surmounted by a T-tube, into one end of
which is inserted a thermometer, whilst a stopper at-
tached to a chamber for holding the articles under
treatment, and fitted
with an exhaust pipe
for the steam, 1s pushed
into the other end
(Fig. 8).

For less drastic dis-
infection, it is usual to
employ as the standard
of comparison a disin-
fectant of known and
constant action, e.g. F1c. 8.—Ohlmiiller Spore Tester.
carbolic acid, this affording the advantage that the
standard can be modified by dilution.

There 1s no uniform method for testing a disinfect-
ant, the operation being usually performed 1n scientific
laboratories, and the details left to the choice of the
operator. However, in order to afford an approximate
idea we will quote the conditions of the first experi-
ments given by Koch in his work published in 1881.
A suspension was prepared from a culture of anthrax
bacillus several days old, and consisting almost entirely
of ripe spores, thin silk threads, 1 to 2 cm. long, being
dipped into this suspension until thoroughly saturated,
and then dried. These test specimens, carrying nu-
merous anthrax spores in the dried state, were first
tested for their power of resistance, by steaming them
at 212" F., some of them being exposed thereto'for half
a minute, others for one minute, etc., and then trans-
ferred to a nutrient medium. f’!ksaﬂu.lr_ullfh that the test
specimens steamed for two minutes still germinated to
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colonies, whereas those exposed for two and a half min-
utes remained sterile, the resistance of all the test speci-
mens of the same race would be two minutes : and the
test specimens could be employed for testing the action
of disinfectants. In this manner, however, spores
alone could be treated; and in order to test vegetative
growths, which will not stand desiccation, these must
either be suspended in the disinfecting liquid direct, or
else caused to adhere on linen rags in a semi-moist
state. Such, broadly, are the methods of preparing the
test specimens, though, in practice, numerous modifica-
tions have to be adopted.

With regard to the testing of chemical disinfectants,
1t must be premised that an erroneous idea may be
formed 1n many cases unless the disinfecting liguid has
been thoroughly eliminated from the test specimens
before transferring these latter to the nutrient medium.
Without exception all chemical disinfectants have the
property that even in a very dilute condition they
retard the growth of bacteria, without killing the latter
entirely. If, however, the traces of disinfectant ac-
companying the test specimens into the nutrient medium
be afterwards eliminated, the micro-organisms still sur-
viving will be able to germinate.

Apart from the question of concentration, the action
of a disinfectant depends, biologically, on the resistance
of the micro-organisms and on the temperature; and
physically, on the capacity of the articles under ex-
amination to absorb moisture. The concentration of
the disinfectant stands in direct relation to its action,
within certain limits, but if the concentration be very
high, the action is only slightly increased, whilst
conversely, extreme dilution weakens the effect but
slowly—though this is not always true, the effect alter-
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ing rapidly, up or down, when the concentration is
modified. The resisting power of the micro-organisms
has already been discussed ; and so far as the tempera-
ture is concerned, its influence is based on the physio-
logical wvital processes of the micro-organisms. An
organism which is cooled below its optimum temperature,
gradually passes into a state of coma, in which the
processes of nutrition and reproduction are almost or
entirely suspended, according to the degree of cooling
given. In this condition the bacterial cell has a corre-
spondingly low tendency to undergo chemical changes,
and the disinfecting effect diminishes in intensity. On
the other hand, the cell 1s far more open to chemical
attack at 1ts optimum temperature, at which all the
vital processes, and therefore also the chemical reac-
tions, go on best; whilst, as the temperature 1s raised
above this point, the tendency of the cell to decompose
increases and 1t falls an easier prey to the destructive
action of poison. Hence the action of disinfectants is
facihitated by every rise in temperature. The physical
dependence on the hygroscopic capacity is self-evident.
For instance, the spores of mould fangi will float on the
surface of any disinfectant liquid, because they cannot
be wetted by water unless they have been previously
treated with alcohol.

The number of chemical disinfectants i1s extremely
large, and nearly every group of chemical substances
includes members capable of injuring micro-organisms.
In practice, however, only a relatively small number of
chemicals come under consideration, it being necessary
to exclude all that act only in a high state of concentra-
tion, as well as those which unduly corrode the materials
to be disinfected, or which are too expensive. To de-
scribe, or even mention, all the various chemical disin-

4
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fectants would take up too much space; and it is,
moreover, quite sufficient to treat of the most import-
ant members of each group.

I. Liguip DISINFECTANTS.

The only possible way of classifying chemical disin-
fectants is to adopt the same grouping as is employed
in chemical science.  These groups will be given seri-
atim, without going into their chemical properties; and,
in addition, a few disinfectants from different groups will

be classified together in accordance with their method
of action,

(@) Native Metals.

Although native metals are only very slightly soluble
in water—the amounts being imperceptible even with
very refined methods of examination — nevertheless,
certain of them are endowed with the power of destroy-
ing animal and vegetable cells. If fragments of certain
metals be introduced into cultures of bacteria in nutri-
ent media, there will be formed around each fragment
of the metal a more or less wide zone in which no
bacterial growth can proceed, this zone remaining sterile
even after the metal has been removed. Hence the
effect must be ascribed to dissolved particles of the
metal. When this passing into solution 1s facilitated
by any means, for instance by establishing electrical
conduction with another metal of opposite electrical
activity, the disinfectant action is considerably increased.
In addition to this (normal) poisonous action of metals,
another method of action has been observed, which
possesses a high scientific interest, and will perhaps
attain practical importance at some future time. This
action, which was first discovered by C. von Nagel,
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differs essentially from simple toxicity, since the symp-
toms of approaching dissolution exhibited by the algae
examined by that worker differ from those appearing
when any other method of destruction 1s employed.
This so-called oligodynamic effect occurs in cases of
extreme dilution, for example, when a piece of copper
the size of a farthing i1s left for a few minutes in a .
quart of water containing vegetable cells. Similar
action 1s exerted by metallic salts, such as corrosive
sublimate, in a state of extreme dilution (1:1,000,000).
Another point which distinguishes this from ordinary
toxic action is its great susceptibility to external in-
fluences, any addition of common salt, organic matter,
or even the presence of a large number of vegetable
cells, preventing 1t completely.

In the case of pathogenic germs, experiments on this
point have furnished the following results:—

Resting forms are not affected at all by the oligo-
dynamic action of metals; though vegetative forms are
killed in one to three hours if fragments of active metal
be immersed for a short time in the pure water used
for the suspension. The most powerful metals in this
respect are copper and 1its alloys (brass), next in order
coming zinc and iron, whilst lead and nickel do not
produce the slightest effect. American workers (ac-
cording to Krimer) have proposed to disinfect filtered
drinking water by mmmersing copper plates; and since
only the easily destroyed vegetative forms of bacteria
are here in question, and the extremely minute quan-
tities of copper passing into solution do not appear
capable of having any toxic effect on the human sub-
ject, the suggestion is worthy of attention.

The ordinary toxic action of metals —which, accord-
ing to Thiele and Wolff, is confined to copper, mercury,
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and silver, all the other metals examined (magnesium,
a.lumlmum iron, zine, lead, selenium, palladium, pla-
tinum and gmld} being quite inert—is, however, also
capable of practical application. Experrments with
intestinal germs in the environment of men and animals
have shown that such bacteria are to be found on all
- objects with which the hands are lable to come in
contact, except such as are made of copper or brass.
Therefore, since it has been demonstrated that infec-
tious diseases are frequently communicated through the
hands, the exclusive use of a powerfully antiseptic
metal, such as copper or brass, for making all handles,
door latches, stair balusters, ete., is a hygienic precau-
tion which can be relied on to be successful in the pre-
vention of infectious diseases.

. (b) Acids and Alkalis.

Since the nutrition and reproduction of micro-organ-
isms are dependent on certain chemical reactions, vary-
ing between somewhat narrow limits, all strong acids
and alkalis adversely affect the vital processes. This
effect of increased acidity or alkalinity is, however, far
surpassed by the specific antiseptic power possessed by
many acids and alkalis, especially those of an inorganic
character, by reason of the active atoms they contain.

Among the acids, hydrochloric acid in particular,
then oxalic acid, and also sulphuric and nitric acids,
will kill all germs in a very short time, whereas the
antiseptic properties of other acids, such as acetic and
citric acids, are only slight. Their highly destructive
action on most objects, however, stands in the way of
their employment in practice, and consequently the
cheapest of the strong acids—hydrochloric acid and
sulphuric acid—are rarely used. The employment of
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acetic acid or citric acid for disinfecting drinking water
suspected of infection by the germs of cholera, typhus,
or dysentery may have to be considered occasionally m
uncultivated districts, but i1s attended with the draw-
_ back that it takes at least one to two hours. Broadly

speaking, the action of alkalis is less powerful. Caustic
potash is the strangest, carbonate of scda being a very
poor agent, and ammonia almost entirely devoid of
action. In practice, the strong alkalis will only oc-
casionally come under consideration for use as disinfec-
tants, since they corrode most articles that require
treatment. An exception is affirded in the case of
slaked lime, which 1s extensively used in practical dis-
infection. Milk of lime is prepared by treating burned
lime with about its own weight of water, which causes
1t to crumble down to a dry powder, which can then be
dissolved 1n a fourlold quantity of water. The first
stage of the process is accompanied by a consider-
able disengagement of heat. The resulting milky fluid,
which 1s renowned for its caustic action, contains 20
per cent of calcium hydroxide, and is diluted, as re-
quired, for nse. Fwmcal matter is disinfected by mixing
with an excess of a 2 to 10 per cent solution and leaving
it to stand foran hour. The diluted liquid is also used
for disinfecting sewage liquor, as a wash for infected
walls and utensils ; and one may be quite certain that,
provided a large excess of the caustic lime be used, the
cholera, typhus, and dysentery germs in question will
be completely destroyed in less than an hour.

Among the weaker alkalis, the alkaline soaps should
be mentioned. These really serve merely for dissolving
and removing the superficial layers of the epithelium
together with the adherent germs—mechanical disin-
fection—but in addition the soaps at the same time
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possess slight germicide properties, which are sufficient
to destroy the majority of vegetative forms.

(¢) Metallic Salts.

The group of metallic salts is of considerable import-
ance, and comprises the most powerful disinfectants
known. The chiel representatives of this group are
the compounds of mercury and those of silver.

Corrosive sublimate (mercury dichloride, HgCL) de-
stroys the vegetative forms of bacteria in a few min-
utes, even when diluted down to 1 part in 10,000; and
the spores of bacteria possessing medium powers of
resistance, such as anthrax spores, are killed within
two hours by a 1:1000 solution. A similar action is
exerted by silver nitrate (lunar caustic, AgNO,). How-
ever, ke many other disinfectants, all metallic salts
depend greatly on the other substances present in the
solution, and also on the solvent, because their disin-
fectant power is influenced by their degree of electro-
lytic dissociation. For this reason they act much less
powerfully in an alcoholic solution, and not at all in a
fatty or oilly medium. The dissociation 1s also modified
by additions of other reagents. For instance, the dis-
sociation of mercury dichloride is lessened by sodium
chloride—both of them containing chlorine atoms—
whereas the power of the originally much weaker salt,
mercury oxycyanate, can be so far imcreased by the
addition of sodium chloride as to approximate closely to
that of sublimate. The oxycyanate, as also another
preparation of mercury, sublamine (mercury ethylene-
diamine sulphate) which has analogous properties, were
therefore introduced into practice some years ago as
substitutes for sublimate, owing to their lower cor-
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rosive action, though they have never succeeded in
ousting it completely. Even at the present day, all
three retain their spheres of usefulness, and are ap-
preciated for washing doors, windows, flooring, etc.,
on account of their lack of smell. They have never
been adopted for metallic articles, being precluded by
their corrosive action, although it was formerly claimed
that the two substitute preparations did not corrode
metal. On the other hand, they have almost gone out
of use for disinfecting the performer or the subject of
an operation, in which sphere they predominated for
nearly twenty years. Although it has long been known
that mercury compounds are almost inactive in presence
of protein—which occurs 1n all corporeal elements—and
that they also roughen and crack the epidermis, so that
1t became 1ncreasingly difficult to disinfect the hands of
the surgeon, mercury preparations have even been in-
troduced into the disinfection recipes of the midwife
and doctor’s assistant. This is the more to be re-
gretted in view of the facts that, on the one hand, the
action of mercury salts for disinfecting the hands is
imperfect, for the reasons already given, and that, on
the other hand, the highly poisonous properties of the
pastilles may lead to considerable danger through care-
lessness or 1ll intention.  One or two sublimate pastilles
will destroy human life, producing symptoms of acute
intestinal inflammation and cramp, or chronic renal in-
flammation and intestinal ulcers.

Notwithstanding their powerful disinfectant pro-
perties, the silver salts have not made headway in
practice, their chief representative, silver nitrate, being
hable to decompose in contact with air, whilst they are
too expensive for general use. The salts of gold,
copper, and iron are far less effectual than those men-
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tioned before, and therefore do not come under con-
sideration for practical purposes.

(d) Phenols,

This generic term includes all the chemicals allied
to true phenol (carbolic acid), which form a very im-
portant group of disinfectants. Carbolic acid has
gained 1ts prominent position in practical disinfection
through its very stable chemical constitution, and from
the fact that the few compounds it is capable of forming
are equally powerful as disinfectants. Although its
action 1s not so strong as that of sublimate, it scores
by the circumstance that it remains uninfluenced by
the presence of salts, acids, alkalis, and even pro-
tein. Alcohol alone has an adverse effect on the action
of carbolic acid; and in fact so much so that solutions
in absolute alecohol are completely inert. Carbolic acid,
which 1s soluble to the extent of 7 per cent in water,
kills vegetative forms in a few minutes at room tem-
perature, though even when used in its most concen-
trated form 1t takes several hours to destroy the
vitality of spores, even the pure acid having no greater
effect in this respect. On the other hand, its action
can be increased in a very important degree by raising
the temperature; so that spores can be killed n five to
twenty hours with a 3 to 5 per cent solution of carbolic
acid at 86° to 104° F. This acid is unsuitable for disin-
fecting the hands, or the seat of an operation, owing to
its powerful corrosive action and paralysing effect on the
dermal nerves. Its toxic action consists in the forma-
tion of a whitish scurf (with the attendant conse-
quences) and also, mainly, an acute form of intestinal
inflammation, renal inflammation, loss of consciousness,
twitching of the muscles, ete. For inanimate objects 1t
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is rather expensive, and is mostly replaced by 1ts ana-
logues, the cresols and their compounds. The three
cresols, meta-, para- and orthocresol, are in themselves
too sparingly soluble (0-5, 1-8 and 2-5 per cent re-
spectively) to exert any powerlul disinfectant action;
but their solubility can be largely increased by the ad-
dition of strong acids or of alkaline soaps, which raise
them to the category of the strongest disinfectants.
The compound of crude cresol with sulphuric acid—
commercially known as ¢ Sanatol " or “Automors”—and
other compounds (e.g. bacillol) of the same class, are
powerful, but are attended with the drawback of being
poisonous and of destroying colours, varnishes, ete., in
consequence of the large amount of acid they contain.
Far greater popularity is enjoyed by the cresols which
have been dissociated by means of soap solutions,
namely “Creolin” and ‘“ILiysol,” which are very much
alike. The last named especially—which furnishes clear
solutions in pure water—is very widely used, dissolving
very readily and having a lubricating effect on the skin
without making it insensitive. Its disinfectant power is
superior to that of carbolic acid, evenin a 1 to 2 per cent
solution, and consequently this preparation has retained
a prominent position for many purposes, for example
for disinfecting catheters in gynscological practice.
Unfortunately, it has also acquired considerable popu-
larity among would-be suicides. The toxic symptoms
resemble those of carbolic acid poisoning.

(e) Alcohols.

The alcohols—of which methyl, ethyl, and propyl
alcohols come under consideration here—are still the
subject of scientific discussion so far as their disinfec-
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tant properties are concerned. That they are endowed
with a by no means small power of disinfection is
indubitable, but the scientific experiments performed
in this connection have furnished widely different re-
sults in point of detail. On the whole it has been
ascertained that solutions above 10 per cent in strength
kill all vegetative forms; and that this action in-
creases in power up to solutions of 40 to 50 per cent
strength, beyond which limits it again declines. Boil-
ing alcoholic mixtures exhibit increased efficiency within
the same limits, but also fall off considerably in concen-
tration between 50 and 100 per cent (methyl aleohol
above 50 per cent, ethyl alechol above 80 per cent,and
propyl alcohol above 90 per cent). Hence, the absolute
alcohols act less powerfully than solutions in equal parts,
a circumstance which is attributed to the precipitating
influence of the concentrated alcohols on protein. The
1dea 1s that a stratum of coagulated protein 1s formed
on the surface of the micro-organisms and prevents the
penetration of the alcohol; and, as a matter of fact, the
disinfecting power of absolute alcohol can be consider-
ably increased if the formation of the stratum of
protein be prevented by powerfully agitating the disin-
fecting liquid. This, at least, is the case with test-tube
experiments. In practical disinfection, absolute alcohol
and the officinal spiritus rectificatus have enjoyed con-
siderable popularity, both alone and in various combina-
tions, such as alcoholic solutions of soap, tincture of
iodine, ete. Nevertheless, alcohol was formerly em-
ployed merely as an intermediate stage in the disin-
fection of the hands, being credited with only a moderate
power of disinfection in consequence of the experiments
referred to above. It is only within the last few years
that treating the hands with concentrated alcohol for a

o s
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few minutes, without any previous washing with soap
and water, furnishes much better results than the
older methods of disinfecting in preparation for opera-
tions, for which purpose scrubbing with soap and hot
water, removal of fat with ether, and washing with
strong solutions of chemical disinfectants (sublimate) for
twenty to twenty-five minutes, were formerly employed.
The effect of disinfection with alcohol alone has been ex-
plained by the observation that absolute alcohol causes
micro-organisms to adhere so firmly to the skin that
they cannot be detached even by immersion in water
for several hours. No doubt this adhesion is accom-
panied by a certain degree of disinfection, since practi-
cally no bacterial development can be detected when
the epidermal scales scraped off the skin with a knife
after the use of alcohol are transferred to nutrient
media. This observation also explains the action of
alecoholic soap solutions, iodine tincture and other al-
coholic combinations, though it should be noted that
the effect of the alcohol 1s lessened by the presence of
soap and other adjuncts, 1odine forming, however, an
exception. The ordinary form in which aleohol is
used 1s that of rectified 95 per cent spirit. Satisfac-
tory results can also be obtained with 80 to 90 per
cent spirit denatured with pyridin bases so as to unfit
it for mternal consumption. The employment of al-
cohol vapour will be dealt with later (p. 92).

(f) Hydrogen Peroxide and other Owxidizing Agents.

All substances which readily part with oxygen have
an oxidizing effect on organic materials, and therefore
on micro-organisms. Among the most powerful of these
substances are the so-called per-compounds, which are
surcharged with oxygen. Since they usually act solely
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by oxidation, they are innocuous to the human organism,
unless they contain some other poisonous constituent,
- Hydrogen peroxide (H,0,) possesses very powerful bac-
tericidal properties. When diluted to 0-05 per cent it
destroys all vegetative forms in a few minutes. Spores
are less readily attacked, but even in respect of these,
solutions of 1 to 3 per cent strength are quite as effec-
tive as the better-known disinfecting agents, such as
carbolic acid. The only pure hydrogen peroxide is
Merck’s 30 per cent solution (perhydrol) in paraffined
flasks. This is very expensive; but there is a cheap
commercial 3 per cent solution which is treated with
some mineral acid (usually sulphuric acid) to render it
stable; it has the advantage of not only disinfecting,
but also cleansing and deodorizing (by the oxidation of
organic particles), as well as bleaching, on which ac-
count it is beneficially used by hairdressers for cleans-
ing brushes and combs. It may also be apphed to ad-
vantage—in a dilute condition, down to 1:10,000—
for disinfecting drinking water; only one must wait
for half an hour until the disinfecting action is com-
pleted and the hydrogen peroxide has decomposed into
water and oxygen. True it is not in itself poisonous,
but 1t sometimes has an wrritant effect and a somewhat
disagreeable taste. The latter generally remains be-
hind to some extent, in which case 1t 1s due to the
mineral acid, the small quantity present being, however,
harmless. Hydrogen peroxide solutions of 1 to 3 per
cent strength have latterly become very popular as a
mouth wash, and, so far as their disinfectant properties
are concerned, are preferable to most other hquids of
this class. Certain metallic peroxides too possess an
undoubtedly similar disinfecting power, and are oc-
casionally sold for disinfecting drinking water (e.g. cal-
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cium peroxide, magnesium peroxide). Their oxidizing
action 1s, however, inferior to that of hydrogen per-
oxide, though, in the case of the lime compound, it 1s
assisted by the calcium hydroxide formed. Magnesium
peroxide also furnishes good results, but its use must
be deprecated, since it introduces objectionable quan-
tities of magnesium into the drinking water.

Potassium permanganate has a powerful disinfecting
action even on spores, anthrax spores of average powers
of resistance being killed in fifteen minutes by a 4 per
cent solution, and in forty minutes by one of 2 per cent
strength. Owing to its cheapness this admirable dis-
infectant, which 1s also renowned as a deodorizer, 1s
suitable not only for disinfecting inanimate objects, but
also for treating wounds, corporeal cavities, and, when
smitably diluted, as a mouth wash.

There are, in addition, a whole series of per-com-
pounds, some of which (persulphates and peroxides) are
very powerful disinfectants, but as these have not yet
met with any important practical application, they need
not be gone into here. Ozone will be dealt with under
gaseous disinfectants (q.v.).

(g) Antiforman.

A highly interesting and recently discovered disin-
fectant 18 Antiformin. This is the well-known Eau de
Javelle (potassium hypochlorite) dissolved in an excess
of caustic potash. Formerly employed only in brew-
eries for cleansing fermentation vessels and beer pipes,
its disinfectant properties were discovered by Uhlenhut
and Xylander. These properties consist in the faculty
of dissolving bacteria in a few minutes. All pathogenic
germs, with the exception of the tubercle bacillus and
ripe anthrax spores, are dissolved in two and a hall to



62 DISINFECTION

five minutes by a 2 to 5 per cent solution of Antiformin,
Unripe anthrax spores, i.e. those in twenty-four hour
cultures on agar-agar, dissolve at the end of seven
hours, whereas the ripe spores remain undissolved after
twelve hours. The tubercle bacilli, and the allied ac:d
resisting bacilli, are protected by the already mentioned
waxy constituent of their envelopes against numerous
injurious influences, as also against the action of Anti-
formin, remaining capable of reproduction, though in
an enfeebled state, alter treatment with that agent for
several hours. On this account, Antiformin is well
adapted for the isolation of tubercle bacilli from the
numerous bacteria with which it 1s always accompanied
in sputnm, with a view to the preparation of pure cul-
tures of the organism. Apart from the two exceptions
mentioned, Antiformin constitutes an excellent disinfee-
tant, the usual strength being a 5 per cent solution.
Its chief advantage 1s that it i1s able to dissolve (not
coagulate) protein and mucus present in liquids; and
it is therefore primarily adapted for the disinfection of
dejecta in cases where the annihilation of tubercle bacilh
is not regarded as essential.

There are numerous other substances exhibiting a
certain power of dissolving bacteria, for example sodium
taurocholate, but these are of no practical importance.

(h) Chlorine, Bromine and lodine.

These three halogens form an interesting, if not
very highly important, group of disinfectants. Chlorine
and bromine, which are gaseous at the ordinary tem-
perature, and give off a very penetrating smell, belong
mainly to the series of gaseous disinfectants ; but their
solutions must be dealt with now in connection with
jodine. Chlorine is the most powerful disinfectant
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known, a 0-01 per cent solution being able to destroy
the most obstinate spores in a few seconds. Bromine
is only slightly inferior to chlorine; but both have an
extremely destructive effect on all organic matter.
Clothing and body linen, for instance, fall to pieces
after very short treatment, all colours are destroyed,
and both elements are extremely poisonous to man.
Hence neither chlorine nor bromine solutions are used
in a pure state, though the action of the * Bleaching
powder” (or * chloride of lime ”) frequently used for
disinfecting closets, is based on the liberation of free
chlorine. This powder, which consists of calcium
chloride and calcium hypochlorite, when acted upon by
an acid—even the small quantities of carbonic acid pre-
sent 1n the air—decomposes with formation of hypo-
chlorous acid, which in turn gives off free chlorine,
Iodine, which attacks organic matter less powerfully,
and 1s almost non-poisonous, i1s also inferior i1n disin-
fecting power, though for practical purposes it is effec-
tive enough. In the form of iodine tincture, it is now
largely employed for disinfecting the skin previous to
operation, and for sterilizing catgut, though the action
of the iodine i1s probably exceeded by that of the al-
cohol. Todine disso.ved in potassium iodide has also
been used for the same purpose, though with less effect.
The deep brown stain 1s also a drawback. The action
of free 1odine 1s also the basis of the surgical applica-
tion of iodoform, from which iodine is liberated by the
action of corporeal ferments since this iodine alone pos-
sesses bactericidal properties, iodoform per se being in-
operative. It is on this account that the known activity
of 1odoform 1s equalled by only few of the numerous
medicaments which have been proposed as substitutes
for this malodorous substance—in fact only by such ag
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also contain iodine, liberated in approximately the same
manner.

(z) Formalin.

Formalin is the 40 per cent solution of a gas, for-
maldehyde, which has a highly penetrating smell, but
1s relatively innocuous. Its real importance is as a
gaseous disinfectant, its use in which condition is de-
scribed fully later on (see p. 74). As an aqueous solu-
tion, the chief action of formaldehyde is to restrict the
growth of bacteria, which are prevented from germin-
ating by solutions as weak as 1 : 20,000. Much stronger
solutions of the gas, however, are required to actually
kill bacteria, though 4 per cent is a sufficient strength
to destroy all vegetative forms and the majority of
resting forms in less than half an hour. The disin-
fectant properties are heightened considerably by raising
the temperature. Formalin has been used as a food
preservative ; but its employment for this purpose
is prohibited in Germany, on account of its tanning
action on corporeal cells when taken internally. Even
in a state of extreme dilution, its presence can be
identified by the characteristic penetrating smell. For
disinfecting the skin and hands it is also unsuitable, its
tanning action rendering the skin hard and dry. At-
tempts have been made to obviate this drawback by in-
corporating formaldehyde with concentrated alcoholic
solutions of soap; and a preparation of this kind (Liyso-
form) is largely used as a disinfectant, for which purpose
it is equivalent to 3 to 5 per cent carbolic acid. The
tanning action on the skin is almost entirely prevented.
Another preparation, Morbicid, acts in a similar

manner,
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(k) Preservatives.

Owing to the keen struggle carried on by the Legisla-
ture of nearly every country against the use of injurious
chemicals for preserving foodstuffs, certain branches of
industry are continually bringing new ‘ preservatives”
on the market. The action of these new preparations 1s
hardly distinguishable from the old, prohibited preserva-
tives, snch as sulphurous acid, boric acid, salicylic acid,
benzoic acid and compounds of same. When used n
the quantities prescribed, all of them have a certain re-
tarding influence on the growth of bacteria, but never
to such an extent as to prevent putrefaction from setting
in a little later than usual. The danger of preservatives
lies, on the one hand, in the fact that they mask putre-
faction phenomena which would otherwise be detected
by the eye and nose, and on the other in that the
cumulative consumption of foodstuffs preserved in this
manner injures the organism. The true disinfecting
power of these preservatives 1s very slight, so that
even the germs of lactic bacteria, which have a very
low power of resistance, will reproduce actively after
initial retardation in milk heavily dosed with preser-
vatives.

() Volatile Disinfectants.

This category comprises a number of substances be-
longing to a variety of chemical groups, and having in
common the property of being only sparingly soluble
in water and remaining solid or liquid at ordinary tem-
perature, but volatilizing readily. The chief substances
of this class are: chloroform, thymol, toluol, o1l of tur-
pentine, and a few ethereal oils,

J
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Chloroform acts chiefly as a preservative, and is often
used in the laboratory to preserve blood serum and other
nutrient media, the proportion added being about 1 to
2 per cent. The chloroform settles down to the bottom,
and the amount of volatile constituents which it cedes
to the supernatant liquid 1s, though small, sufficient to
prevent any bacterial growth. This effect is not de-
stroyed by the large protein content of the liqud. Be-
fore the hquid 1s used, the chloroform can be readily
expelled by warming at 50° to 60° C. for an hour. A
similar liquid i1s toluol, which is, however, a far more
powerful bactericide, and is in turn surpassed by thymol,
which does not melt below 51° C. The addition of a
crystal weighing less than 1 gramme to 1 litre of a liguid
hable to putrefaction, will ensure it keeping for weeks,
or even months. At the same time the weight of the
crystal hardly diminishes at all, thymol being very
sparingly soluble in water. In alcoholic solution its
action 1s not so powerful; but when the concentrated
vapour of thymol is used in conjunction with steam,
say in vacuo, the disinfectant power is approximately
equal to that of formaldehyde. Oil of turpentine, the
ethereal oils of mustard and origanum oil, possess not
inconsiderable disinfectant properties. Oil of turpen-
tine now finds practical application for disinfecting and
deodorizing, and also for internal disinfection—inhala-
tion by sufferers from pulmonary complaints attended
with malodorous sputum, e.g. inflammation of the lungs.
On the other hand the disinfecting properties of other
volatile substances, such as camphor, menthol, naph-
thalene, are very small, though they are of some 1m-
portance as preservatives.

Finally, mention should here be made of several tar
products: aniline, creozote, ichthyol and guaacol.
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TABLETS.

A description of the various members of different
groups of disinfectants which are now marketed in
tablet form 1is justified on the grounds that tablets con-
stitute the most 1mportant form for many practical
purposes, the actual composition of the tablets being
a secondary consideration. This form is superior to
powders and liquids because the proportions can be
accurately weighed out in the process of manufacture,
so that solutions of a certain percentage strength can
then be prepared even by entirely unskilled persons.
Convenience in packing and transport are also ad-
vantages of the tablet form. An essential condition,
however, 1s that the tablets shall be stable. Of late,
manufacturers have endeavoured, with more or less
success, to send out all kinds of disinfectants in tablet
form; and the advantages of these have been utilized,
not only in clinics and disinfecting installations, but
also by private persons who use disinfectants more
rarely.

i. Sublimate and Sublimate Tablets.

Angerer’s sublimate pastilles are the oldest form of
disinfectant 1 weighed out guantities, and consist of
4-6 per cent of corrosive sublimate, together with
common salt and an addition of eosine to colour the
solution and thus prevent accidental poisoning. The
common salt 1s added to prevent the decomposition of
the sublimate ; but, according to Kroenig and Paul,
the amount used might be reduced one-half without
loss of utility. Since the pastilles contain the disin-
fectant in an unaltered condition, they are just as
effective as the corresponding solution of the salt. The
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tablets, weighing 1 or } gramme, are sold in a black
wrapper bearing the imprint of a skull 1n white, and
© must be protected from moisture, being very hygro-
scopic.

Sublamine, which, as already mentioned, is prefer-
able to sublimate for some purposes, can be pressed
mnto durable pastilles without any added matter except
eosine for colouring. Its action has already been
described.

2. Phenol and Cresol Tablets.

The oldest form of carbolic acid tablets was prepared
by mixing pure carbolic acid—liquefied by heat—with
40 per cent of hard soap, the mass being formed into
tablets when cold. These tablets did not keep well
and had to be stored in glass tubes. They melted at
107° F. and gave a cloudy, but complete, solution in
water, the disinfecting properties being apparently un-
affected by the adjunct. Though they served their
purposes for many requirements, they never succeeded
in finding general application.

Carbolic acid ‘ Phenostal” tablets are a combina-
tion of carbolic acid and oxalic acid (diphenyloxalate),
two parts of the former to one of the latter. Owing
to the powerful disinfectant properties of the oxahe
acid, these tablets are one and a half to four times as
effective as carbolic acid of equal concentration. This
phenostal has the further advantage over carbolic acid
that it is less poisonous, has not such a caustic action,
and does not precipitate protein on absorption. The
tablets are coloured with a little fuchsine, and cost
about twice as much as carbolic acid of equal effici-
ency. The new carbolic acid tablets of the German
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makers of * Phenostal” consist of phenol and potas-
sinm phenolate, and thus contain 90 per cent of
phenol. The mass is a white powder which does
not melt below 224" to 226° F., and 1s therefore
suitable for use in the tropics. The tablets them-
selves are stable and readily soluble. The solution
is not corrosive, and the bactericidal effect 1s shghtly
below that of carbolic acid. The price 1s still very
high.

The same makers also vend lysol tablets, containing
paracresol 75 per cent, hard soap 15 per cent, talec and
bole 5 to 7-5 per cent.

The tablets have an evil smell, which 1s only parti-
ally masked by perfumes (cumarin). The action cor-
responds to that of a solution contaiming the same
amount of paracresol ; but since paracresol has a lower
disinfecting power than its isomers, the effect of lysol
tablets can in general merely be designated as ade-
quate. Cresol tablets, made by the same German
firm, are a compound of potash and metacresol
(metakaliny which melts at 178" F., and consists of
70 per cent of metacresol, together with a little
talec and bole. These two additions improve the
keeping properties of the tablets; but as the latter
are still hable to deliquesce, owing to their hygro-
scopicity, they have to be protected from moisture.
This latter property at the same time ensures ready
solubility.  Their disinfectant properties are higher
than those of lysol tablets, metacresol being superior
in this respect to paracresol.

The “ Segerin " tablets are also compounds of cresol
and soap. The brown tablets consist of 50 to 55 per
cent of metacresol and have very good keeping pro-
perties, for though they are rather soft when newly
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made, they harden in storage. Nevertheless, they dis-
solve readily and are claimed to be superior to Liqu.
cresol. sapon. of equal concentration. The black tablets,
which are made of a mixture of the three crude eresols,
are said to be equally powerful with the brown, since
they contain at least 30 per cent of metacresol and
over 20 per cent of the other two lorms.

TI. GAsEoUS DISINFECTANTS.

The 1deal disinfectant is a gas of great antiseptic
power and capable of uniform distribution in space.
This latter result is opposed by the considerable diffi-
culty that all spaces are filled with a gas—atmospheric
air—which has to be displaced in some way or other,
or else mixed with the disinfecting gas. Of these
latter there is no scarcity, but their practical employ-
ment is opposed by difficulties which, for the most part,
are insuperable. Chlorine and bromine are the most
powerful gases of this kind, but they enter too quickly
into combination in the air to allow themselves to be
distributed in anything like an efficient manner. More-
over their destructive action on colours and fabries puts
them out of court for practical use; and since hydrogen,
oxygen, and carbon dioxide are too ineflicient, the
number of gases suitable to act as disinfectants is very
small.

() Sulphurous Acid and Carbon Monoxide.

Sulphurous acid (sulphur dioxide) which is formed
by the combustion of sulphur, is well known from 1its
penetrating smell, and has been used from time mm-
memorial for disinfecting (fumigating) casks and vats.
For this purpose the physical properties of the gas are
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comparatively favourable, its composition being so stable
that 1t mixes with air without change. In course of
time it penetrates deeply into the pores of the articles
under treatment, and, in presence of a high proportion
of humidity, 1s a capable bactericide. Its poisonous
properties, however, restrict its use considerably ; and
many articles suffer damage by its bleaching effect on

Fic, 9.—Clayton Apparatus.

colours, and the ineradicable stains caused by deposition
of sulphur,

The only process in which fumigation with sulphur
has attained any great importance is in disinfecting
plague ships by means of the Clayton apparatus (Fig,
9). The gas 18 generated in this apparatus by burn-
ing sticks of sulphur, and is blown into the cabins,
etc., of the ship suspected of being infected with plague.
Owing to its content of anhydride, Clayton gas is
superior in disinfecting power to pure sulphur dioxide ;
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and when mixed, in the proportion of 5 to 8 per cent,
with the air of a room, will infallibly destroy the vege-
tative forms of typhus, cholera, dysentery, and above
all, plague, provided the germs rest on surfaces to which
the air can gain access. As already mentioned, the
gas penetrates for a certain depth into cavities and
pores, but this property must not be confounded with
the effect resulting from the actual displacement of the
air in the pores by the disinfecting gas. In the case
of tubercle bacilli and resistant staphylococci, the dis-
infecting action of Clayton gas in the above proportions
1s uncertain.

The main purpose, however, of the Clayton apparatus
1s the destruction of rats, which are very dangerous
transmitters of plague. Five per cent of Clayton gas
in air will infallibly kill rats, mice, cockroaches, bugs,
fleas, gnats, etc., in a few seconds ; and even when only
1 per cent of the gas 1s present, the rats are no longer
able to reach their hiding places. As the Clayton ap-
paratus blows an ample supply of gas into the rooms
in a very short space of time, all the rodents which
happen to be at large are usunally killed at once, though
the gas is not always able to penetrate into the remotest
recesses in the preseribed time of four to five hours.

It may also be mentioned that sulphur fumes have
been successfully used for killing the yellow-fever fly
in districts where that disease is prevalent.

The dark side of disinfecting with sulphur fumes 1s,
as already hinted, that many articles are damaged by
sulphur (fabrics are stained, and foodstuffs absorb the
sulphur) ; also that the hiding places of rats are not
penetrated by the fumes. To overcome this defect,
Nocht and Giemsa have proposed to use a gas contain-
ing about 5 per cent of carbon monoxide, generated
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very cheaply and in a manner not liable to give rise to
explosions, by burning coke in a special apparatus.

The gas bas no real disinfectant power, and the
plague bacilli must be destroyed by other means; but
when added, even in very small quantities, to the air,
carbon monoxide ensures the death of the rats even
when concealed in their holes. One danger attends the
use of this gas, namely, that it cannot be detected by
smell, and, therefore, any person accidentally entering
a vessel undergoing this fumigation may meet with a
fatal accident.

(h) Ozone.

Ozone, which 1s formed whenever electrical discharges
take place and has a penetrating smell, 1s a powerful
oxidizing agent. In presence of organic matter it
readily parts with one atom of oxygen, out of the three
atoms of which 1ts molecule 1s composed, and in so
domng produces deodorization and disinfection. It 1s
only since electric currents of very high tension could
be generated by means of transformers that the pre-
paration of ozone on a large scale has become practic-
able, this gas being produced by the non-luminous
discharges of these currents. Concentrated mixtures
of ozone and air form very energetic bactericides, but
they also destroy organic materials in a manner anal-
ogous to the action of chlorine. When the proportion
of ozone in the mixture is low, no bactericidal effect is
produced, but the air is deodorized in a noticeable de-
gree; and on this account, small quantities of ozone
are now generated in small high-tension electrical ap-
paratus 1 crowded rooms, theatres, concert halls, and
the like, in order to freshen the atmosphere. TLarger
quantities of ozone are employed for sterilizing water
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for municipal purposes, the town water-supply of
Paderborn, for instance, being sterilized by this means.
The method adopted is the following: The water is
allowed to trickle down in thin streams through a tower
filled with coke, and in descending meets a strong up-
ward current of highly ozonized air. In consequence
of the largely increased surface presented by the water
under these conditions, the ozone is enabled to pene-
trate, and destroys all the bacteria present, heing itself
reduced to ordinary oxygen in the process. The water
must, of course, be freed beforehand from the coarser
impurities by a rapid process of filtration.

(¢) Formaldehyde.

Formaldehyde is undoubtedly the most important of
all gaseous disinfectants. At the ordinary tempera-
ture this gas—which has a penetrating smell—is un-
stable in the pure state, three molecules condensing to
one (polymerization) and forming a white powdery
substance, ‘‘ paraform,” which is placed on the market,
m a compressed condition, as * formalin pastilles ™.
From this polymerized form the gas can be generated
again by heating at 150° C., but on_a slight fall
in the temperature, polymerization sets i once more.
This explains the extremely low disinfecting power of
the dry vapours when disseminated in the air, the
solid body immediately formed being inert. On this
account the old Schering lamp. which produced dry
vaporization of the formalin pastilles, was soon found
to be useless; and it was only when the vapours of
formaldehyde and water were generated side by side
(in the Schering “ Asculap” lamp) or together that
any extensive disinfecting action could be obtained.
For this purpose use was made of the previously men-
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tioned 40 per cent solution of the gas, ‘ formalin,”
which is cheaper, commercially, than the solid para-
form. The action obtained in this way, however, can-
not be regarded as due to the gaseous condition, though,
as the vapours undergo distribution in a manner anal-
ogous to gases, it is usmal to class formalin vapour
along with gaseous disinfectants. As a matter of fact,
the formalin gas and water vapour are disengaged
simultaneously, the gas dissolving at once in the vapour
and forming mmute drops of formaldehyde solution,
the vapour having condensed to the form of mist owing
to the fall in temperature on dissemination in the air.
At the outset the warm mist, being specifically lighter
than the surrounding air, rises to the ceiling, where it
cools and descends again depositing on all objects with
which it comes in contact a thin film of liquid formalin
which destroys the bacteria. It follows, therefore,
that uniform distribution of the formalin vapour in a
room 1s not obtained unconditionally; and also that
the formalin can only act in places where the vapours
are able to undergo deposition. In any event, uniform
distribution depends on the action of forces by which
the mixing of air and vapour 1s produced by motion.
This mixing always takes time, and in no case is the
operation or movement shared by the air contained in
the pores of the articles under treatment, such air re-
maining stationary in the pores and unmixed with for-
malin, even when the general air movement is very
active. On this aceount, formalin vapours cannot dis-
infect by penetration. Moreover, successful disinfec-
tion with formalin requires some time to accomplish.
For instance in the case of warm objects, such as a
lighted stove, the formalin deposit re-vaporizes almost
at once even 1if formed at all, and consequently the
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bactericidal action is a negative one in such places—
always provided that the bacteria are not destroyed by
the heat. On the other hand, if the operation be
carried out properly, all micro-organisms floating about
m the air, on particles of dust or drops of liquid, are
destroyed, since all the true vapour issuing from the
apparatus needs, to be able to condense, is to en-
counter surfaces cooler than itself; and it utilizes the
first opportunity of condensing that is presented, namely
the particles floating in the air. Each of these par-
ticles 1s thereby surrounded by a minute drop of water ;
and any other floating particles still remaining in the
air will finally be caught by the mist which soon fills the
room.

I. DisiNnrEcTING RooMS WITH FORMALIN APPARATUS.

These briefly recorded results of scientific observation
form the basis of a process now largely employed for
the disinfection of rooms, the principle of which pro-
cess has been adopted in many special forms of appa-
ratus and modified methods. They all have in common
the discharge of formalin and water vapour into the
air of the room, but differ in respect of the apparatus
for generating the vapours. Since the effect depends
on the aforesaid circumstances, it i1s not the same in
all methods. The following are well-known forms of
apparatus : Crarplewsky’'s ‘ Colonia,” Proskauer’s
‘“ Berolina,” Fliigge’'s * Breslau,” and the Lingner
apparatus (Figs. 10 to 13). In the first of these,
water is evaporated and the steam blows out of a
narrow orifice over a nozzle from which the formaln
issues, and mixes with the water, the action re-
sembling that of a spraying device (Fig. 10). In
the Proskauer apparatus (Fig. 11) and also that of
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‘Lingner (Fig. 13), steam is blown through pre-heated
formalin and this becomes impregnated with formalde-

Fic. 10.—* Colonia” Formalin Fic. 11. — * Bero-
Sprayer. lina” Formalin

K, Water pan. C, Lower end of Apparatus.
steam pipe. D, Steam pipe. A, Water pan. C,
H, Gr, Co, Casing. L, Burner. Formalin recep-
T, Platform for the formalin tacle. D, Tubes
bottle, G, _-'L'-i:lil';li.u'l' ]1i|u_~. for conve }'illg the
the formalin. =, Position of steam into the for-
spray. LThe force of the steam malin receptacle.
wsuing from the end of the (!, Coiled steam
horizontal pipe D draws the pipe for heating
formalin out of the vertical the formalin. 8,
pipre anid carries it away. =section L|I|l‘Hl15ﬂI
coill. T, Feed

opening.

hyde gas. The simplest apparatus 1s that of Fliigge
(Fi1g. 12) in which a solution of formaldehyde (about
8 per cent strength) i1s vaporized in a wide pan, 1t
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being found that the vapour from this solution also
contains about 8 per cent of formaldehyde.

In the case of weaker or stronger solutions the con-
centration either diminishes or increases continuously,
so that the no longer soluble formaldehyde separates
out 1n the insoluble. and therefore inactive, condition
of paraform, in the one case from the vapours issuing

Fic. 12. — *‘ Bres- Fii. 13.—Lingner Apparatus.

lau™ Formalin A, Casing. B, Heating burner.
Apparatus. C, Annular water pan. D,

A, Casing. B, For- Formalin pan. «, Steam pipe,
malin pan. C, b, b, Discharge pipes. P,
Burner. D, Dis- Stand.

charge pipe.
from the apparatus, and in the other case from the
original solution. Kach apparatus must be operated
in accordance with the instructions provided, which
also state the amount of spirit to be used for heating.
The vapours issue fromone or more orifices—four in the
Lingner apparatus (Fig. 13)—for about an hm!r. T]}E
ascent and subsequent descent of the formalin mist,
coupled with the continuous discharge of powerful
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currents of vapour, impart to the air of the room the
movement necessary for the mixing process, and thus
generally ensure an efficient disinfection, which 1s even
able to destroy spores of low resisting power, though
the effect 1s merely superficial. Hence articles that are
infested internally, such as bed linen in particular, re-
quire different treatment—steaming or boiling; and
all other infected articles must be arranged so as to
offer an extensive surface for the deposition of the con-
densing formalin. Thus pockets must be pulled out,
cupboard doors and drawers opened wide, clothes spread
out, and so forth.

It i1s found that in general, about { oz. of formal-
dehyde and 1 oz. of water must be vaporized per cubic
vard of room space in order to ensure the requisite
supersaturation of the air with a sufficiently concen-
trated solution of formalin to afford certainty of ade-
quate disinfection, and that the operation must be
continued for at least three and a half hours. During
this period the slight film of formaldehyde deposited
on all the surfaces under treatment must remain un-
disturbed, this being the only way to ensure success.
The removal of any large proportion of the active
vapour by ventilation would cause premature evapora-
tion of the deposited formalin. The mere diffusion of
air through the brickwork of the walls, ete., 1s too
slight to produce more than an inappreciable loss of
formalin vapour during the continuance of the opera-
tion; but badly fitting windows and doors, or the
presence of cracks or holes would lead to such an
abundant interchange of gas with the external air as
to allow a large proportion of the formalin mist to
escape, whilst at the same time the deposited film
would quickly evaporate again in consequence of the
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rapid drying of the air of the room. The instructions
therefore usually specify that all doors, windows and
cracks, must be carefully sealed up beforehand by means
of damp cotton wool or strips of paper.

One very important item, however, is omitted from
most of these instructions for use. The action of
formalin depends on the temperature to a greater ex-
tent than most other chemical disinfectants. Now,
the quantity of formalin needed to produce effectnal
disinfection is calculated on the basis of a mean room
temperature of 59° to 68° F.; but if, as is often done,
the room to be disinfected is well aired for several days
before the operation, and if the latter be performed in
cold weather without the room having been warmed,
the whole effect may be nullified in consequence of the
low temperature. It must be borne in mind that the
disinfective action gradually diminishes below 59° F.
and ceases almost entirely below 46° T,

In skilled hands disinfection with formalin yields
perfectly satisfactory results, and has proved especially
useful as a final process of disinfecting sick rooms. At
first 1ts introduction was nnpeded by a difficulty which,
however, was soon overcome, namely that the pene-
trating smell of the formalin remained in the walls and
other articles so persistently as to make the room un-
inhabitable for several weeks, A remedy for this draw-
back was soon discovered, however, in the use of ammonia.

When disinfection i1s complete, ammonia vapour is
introduced into the room, preferably by blowing it in
through the keyhole by the aid of a long tube (Fig. 14).
This vapour deposits on all surfaces inside the room
and combines with the formaldehyde to form the
inodorous compound hexamethyvlenetetramimne. This
result can be achieved completely with about 45 grains
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of ammonia per cubic yard of room space; and the
superfluous ammonia vapour is dissipated in a few hours,

Special mention should be made of the fact that no
injury is caused to any articles, colours or varnishes, by
either the formalin vapour or the ammonia.

Fic. 14.—Fliigge's Ammonia Vaporizer.

B, Ammonia pan. L, Burner. T, Casing. R, Discharge pipe.
S, Feed opening for ammonia. D, Vapour pipe. V, Sleeve for
catching condensed liquid.

The following approximate quantities needed for dis-
mfecting rooms relate to the Fliigge apparatus as being
the one most largely used :—

CHARGE FOR ‘‘ BRESLAU " APPARATUS (TO GENERATE

1 P
Y 0%Z. OF
FormarperypE PER Cusic YARD oF Room Sreack).

| Cubieal content of room. Formalin (40 per cent). | Water. Spirit (86 per cent).

cub, yds, OZ., 0Z, OZ. .
b |
10 124 20 3%
20 17 20 8
30 ' 20) S0 10
40) 264 40 124 |
| 50 30 45 | 17 |
' G 30 ol | 20 !
70 37 b 213
80 42 65 2b
1) 464 70 S0 5
100) o0 o ol
110 b3 el 3b
120 6l 90 38
150 62 b 41)
1410) 67 100 43
150 70 105 464

£
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The ammonia vaporizer should be charged with -—

Cubical capacity of room, | Ammonia (25 per cent). Spirit (%6 per cent).
cub, yds. 02, ' O,
10 B 4
gﬂ 10 1
0 123 13
40 18 2
ol 20 2
60 25 23
70 a0 3
80 35 33
90 38 -« 4
100 44 41
110 45 43
120 ol )
130 o3 o}
140 o8 53
150 60 6

2, DIsINFECcTING ROOMS WITHOUT APPARATUS.

(a) The Authan Method.

The difficulty of transporting disinfection apparatus
and the liquids for use with same, especially in cam-
paigns and manceuvres, coupled with the cost of for-
malin apparatus for occasional use, and finally with the
high fire risk incurred by using spirits for heating, has
led to the problem of vaporizing formalin being solved
by means of chemical agencies. The first method of
this kind was the Authan method, introduced by Eis-
chengriin. Authan (F. Bayer & Co., Elberfeld)—a
mixture of paraform (29 per cent) and metallic peroxide
(71 per cent) —is suffused with a specified quantity of
water and stirred, whereupon an energetic chemical re-
action 1s set up. The mixture effervesces and boils
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after a short time, a dense cloud of steam and formal-
dehyde being given off. With the original preparation
the reaction was complete in one to two minutes but
the result was very imperfect. In the improved form
the two ingredients, the amount of which has been
increased by 50 per cent per umt of room space, are
packed in separate receptacles, so as to prevent gradual
decomposition through the absorption of moisture dur-
ing storage. Moreover bicarbonate of soda has been
added to the ingredients in order to delay the com-
mencement ol the reaction and prolong the stage of
ebullition. This enables the authan powder to be very
carefully stirred up in the water—the operator can
safely leave the room as soon as the mixture com-
mences to effervesce—and, in consequence of the more
protracted liberation of vapour, a more effectual mixing
with the air of the room 1s attammed. This method,
however, differs from those in which apparatus is used
by the fact that the amounts of formaldehyde and
water vaporized are smaller and that the liberation of
the vapours continues for only a relatively short time.
Consequently the vapours are distributed less uni-
formly, with the result that the upper parts of the
room are more effectually disinfected than the lower
levels, whilst one or more of the corners may escape
altogether. To prevent loss of the heat disengaged by
the reaction and playing an important part in the
success of the method, wooden pails or pans should be
used for mixing the ingredients, metals conducting the
heat away too quickly.

The improved method at any rate succeeds in de-
stroying most of the pathogenic germs present, and is
therefore capable of doing good service when no ap-
paratus 18 availlable. The cost of the method has now
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been reduced to a fraction over 1d. per cubic yard of
room space, so that it is but little more expensive than
with the Fligge apparatus, whilst the prime cost of
the latter is saved. ~ Authan is sold in tins —bearing
printed instructions—sufficient for rooms of various
sizes, siX, eight, ten, etc. cubic yards. The tins are
provided with two gauge marks, so that when emptied
they can be used for measuring the water for the
authan and ammonia reactions respectively. For this
latter reaction a mixture of ammonium chloride and cal-
cium oxide is supplied with each tin, which mixture
when suffused with water effervesces with liberation of
ammonia and steam.

(b) Potassium Permanganate Method.

An efficient method based on the same principle,
is the potassium permanganate method invented by
Evans and Russell, and elaborated by Dérr and Rau-
bitschek. According to this method crystalline potas-
sium permanganate (the powdered form 1s useless) is
suffused with a certain quantity of formalin which sets
up a reaction similar to that of the Authan methed.

This reaction, which consists in oxidizing a portion
of the formaldehyde to formic acid, with considerable
generation of heat which vaporizes the formaldehyde
and water, depends for its intensity on the relative
proportions of the reagents (permanganate and formal-
dehyde) and the water. According to Dorr and Rau-
bitschek the most suitable ratio per cubic yard of room
space 1s, permanganates } oz ; 40 per cent formalin,
§ pint; water § pint; but Lockemann and Croner
state that better results are obtained with, permangan-
ate I oz.; formalin § pint; water } pint. This latter
recipe gives a mean vaporization of } oz. of formalde-



CHEMICAL DISINFECTION 85

hyde and 3 oz. of water per cubic yard of room space,
which experience has found to be ample for disinfection.
The reaction is more thorough than in the case of
authan, about 56 per cent of the formaldehyde used
being vaporized in comparison with only 13-7 per cent
of that in authan. As the result of this, the practical
trials made in disinfecting a variety of articles have
demonstrated the superiority of the permanganate
method in thoroughness and rehability. Moreover,
the comparative cheapness of the ingredients and the
fact that the method 1s not patented are both points
in 1ts favour. _
On the other hand the necessity for conveying the
liqmd formalin in bottles 1s a drawback for military
purposes. This has been remedied by the use of solid
polymerized formaldehyde, which, though it will not
react in presence of permanganate and water alone,
can be made to do so by various additions, notably
alkali. Consequently, the necessary ingredients: per-
manganate, paraform and adjunct, can be packed in
small compass in the dry state, and only need to be
mixed in the prescribed proportions and suffused with
water, to effect disinfection indoors. In this case also,
success depends on the proper mixing of the ingredients
and the water. Careful investigations by Liockemann
and Croner have led them to recommend the following
method: A mixture is prepared consisting of about
y oz. of paraform, I oz. of permanganate crystals, 4
grain of bicarbonate of soda per cubic yard of room
space, and on to this is poured about 1 oz. of water per
unit of space. These must be stirred up carefully with
a wooden paddle about four inches wide for about half
a minute ; and in about three-quarters of a minute from
the start the mixture will begin to .froth up gradually.
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The time required for disinfection is four hours. Aec-
cording to this recipe at least 36 per cent of the crude
paraform and 46 per cent of the water are vaporized.
The quantities are rather smaller than in the formalin-
permanganate method; but are reported to have fur-
nished satisfactory results in practice. The subsequent
appheation of ammonia is carried out by any of the
known methods.

It was at first thought unnecessary to take any
special precaution for making the room air-tight in
working without apparatus, the idea being that the
rapid liberation of the total quantity of vapour precluded
~any loss of active material through ventilation. Since,
however, the efficiency of the disinfection depends to
a large extent on the length of the action of the de-
posited formalin on the surfaces treated, and the de-
posit is liable to be prematurely re-evaporated by an
abundant ventilation, the practice of making the room
air-tight, in the manner described above, 1s now gener-
ally adopted.

3. JAPANESE METHOD.

An endeavour to improve the action of formaldehyde,
especially in respect of penetrative disinfection, was
made by the Japanese military authorities during the
campaign in Manchuria; and this attempt led to the
introduction of a method which was largely used during
the war and proved successful within the scope of its
limitations. As history teaches, the conditions pre-
vailing in war are such as always predispose to the
spreading of serious diseases, and necessitate a system
of disinfection that can be practised, without any
special difficulty, in all sorts of places, and does not
take up very much time. In the Japanese method,
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readily portable appliances are used consisting of a
wooden disinfecting shed, a boiler constructed to stand
a steam pressure of six atmospheres, and a formalin
receptacle. The articles regarded as likely to spread
infection : uniforms, equipment, body linen, bed linen,
boots, gloves, ete., are hung or piled up loosely in
the air-tight chamber, into which steam 1s blown,
under high pressure and mixed with formalin, through
a spraying device mounted in the upper part of the
front wall. This device disperses the current of steam
and directs it against the rear wall, from which it is
thrown back on all sides. A portion of the air of the
chamber is expelled through an aperture at the bottom,
the remainder of the air becoming intimately mixed
with the vapour owing to the snitable arrangement of
the spraying device. At first sight the method ap-
pears very similar to the ordinary system of room dis-
mmfection ; ‘but really differs therefrom considerably
immasmuch as so much formalin vapour is admitted to
the chamber that the temperature of the air and vapour
mixture rises to as high as 140° F., whereupon the
steam 1s shut off.

The formalin-vapour mist produced in this way acts
much more energetically than in the ordinary method
of room disinfection, so that the duration of the opera-
tion can be shortened to one or two hours without
impairing the results; in fact, it 1s sometimes abbrevi-
ated to half an hour. In the latter case, steam i1s admit-
ted to raise the temperature of the chamber to 140° F.,
and a large quantity of formalin is then sprayed in
during one minute. It has been calculated that the
amount of formalin needed per cubic yard of room
space 15 ¢ oz, of 40 per cent formalin, equivalent to
Y oz of formaldehyde. The Japanese method is



88 DISINFECTION

imperfect in so far as the disinfection achieved is for
the most part merely superficial. The vapours flowing
into the chamber are condensed at once, owing to the
extensive cooling, and mix with the air of the chamber
to form mist. Hence they are in no wise suitable for
displacing the air in the pores of the articles treated,
being obliged to condense on coming in contact with
any surface. In practice the method suffers from the
further drawback that the large consumption of formalin
renders it extremely expensive—though the Japanese
regard this defect as counterbalanced by the rapidity
of the method and the low cost of the apparatus; and
1t 1s also troublesome to carry out, by reason of the
escape of formalin vapour through unavoidable leaks.
On the other hand, 1t must be admitted that the sur-
face disinfection obtained by the method is exceedingly
thorough, and that a penetrative effect i1s sometimes
achieved 1n consequence of the wetting of the articles
by the copious fog, whilst there is no risk of injuring
them, especially leather and furs. At all events the
majority of the disease germs present are killed, pro-
vided the operation 1s conducted with skill, and there-
fore the method does admirable work.



CHAPTER 1V.

COMBINED SYSTEMS OF DISINFECTION.

UxpEer this heading will be described, not any special
systems consisting in the simultaneous or successive
use of different disinfectants for the attainment of a
particular purpose, but rather mutually complementary
combinations of physical and chemical disinfection pro-
cesses. Strictly speaking, any increase in the tempera-
ture of a disinfecting liquid forms a combination of
physical and chemical disinfection, since the action of
the chemical process is supplemented by the heat, and
vice versa. Such conditions, however, need no further
discussion. For the combination of steam and chemical
disinfectants the biological considerations are compara-
tively simple, and the chief advantage of such combined
methods resides on the physical side.

From the biological standpoint, the following con-
siderations apply : Water at boiling temperature has a
very powerful destructive action on spores. Steam
being a gas, its use in combination with other agents
1s restricted to those which are either already gaseous
or at least volatile; and among these, formaldehyde
occupies the highest position. It is now ascertained
beyond any doubt that the disinfecting power of steam
at 212° F. can be further augmented by admixture
with volatile disinfectants. This can easily be demon-
strated in the case of highly resistant spores. * In prac-

(89)
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tice, however, this is of no special immportance, the
disinfectant properties of steam at the above tempera-
ture being already so great as to exceed the needs of
most practical instances. Now the great advantage of
disinfecting with steam is that, in closed apparatus, it
displaces the air completely, even in the pores of the
articles treated, and thus quickly achieves a maximum
penetrative effect—provided the pores are not choked
up—without softening the articles themselves. The
reason why steam disinfection i1s not applicable in all
cases 1s that the high temperature of the steam de-
stroys many articles, especially those of leather or fur.
In these circumstances the idea naturally suggests it-
self to combine volatile or gaseous disinfectants with
water vapour generated at low temperature by the aid
of a vacuum, and which under ordinary conditions has
practically no disinfectant power below 176" F.

The vapour, inert per se, which rapidly penetrates
through porous articles, will act as a carrier of a power-
ful disinfectant and enable the latter to act inside the
articles. The experiments carried on by Rubner to
ascartain how this could be done, showed the possibility
of combining saturated water vapour of low tempera-
ture with a whole series of disinfectants, seemingly
adapted to furnish suitable results. He found that
carbolic acid, sulphur dioxide, hydrogen peroxide, and,
more especially, formaldehyde, will mix in sufficient
quantity with water vapour when exposed to boiling
water or the vapour itself i1s blown through their solu-
tions. On the other hand the percentage of disinfec-
tant in the combined vapours differs considerably from
that of the boiling liquid; and the ratio of these con-
centrations varies considerably, in turn, with the altera-
tion effected in the boiling temperature by altering the
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pressure of the air. To bring this state of affairs mto
a clear light the following table, relating only to form-
aldehyde, is given, showing the boiling points of the
formaldehyde mixture at different pressures, and the
percentage of formaldehyde in the resulting vapours : —

160 mm

pressure, 360 mm. 260 mm. 113 mm. 100 mim. 16 .
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This demonstrates that, at ordinary atmospheric
pressure, the vapours contain more formaldehyde than
the boiling liquid; but that when the pressure 1s
artificially reduced the concentration of the vapours
diminishes considerably in proportion to the liqud as
this reduction proceeds. Rubner also found that the
penetrative power of attenuated vapours into porous
articles 1s not inferior to that of steam at 212° F,
The biological action of saturated water vapour at low
temperatures, in combination with a series of volatile
disinfectants, was investigated by Christian. The re-
sults, as might be expected, showed the superiority of
formaldehyde over all others as an adjunct to water
vapour at 112" to 140° F. However, in order to
utilize the activity of formaldehyde to the full, an
approxunately 8 per cent solution of that substance
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must be used, at the temperatures in question, the re-
sulting vapour containing about 3 per cent of formalde-
hyde. The destructive effect of this vapour on spores
1s equal to that of steam at 212" F.

Very favourable results were also obtained with
thymol, though only at temperatures above its melting-
point (1784° F.). Apparently the vaporization of
thymol from the liquid proceeds far more energetically
than from the crystalline substance. @ Remarkably
enough the best results were obtained from solutions
or emulsions of 2 to 5 per cent strength, which also
act more powerfully than those of higher concentra-
tion. No certain explanation of this fact has yet been
adduced. Among the other volatile substances, car-
bolic acid, carvacrol, and acrolein rank about equally
but are not capable of practical application; whilst
hydrogen peroxide, oil of turpentine, iodoform, naphtha-
lene, and the other substances examined have no
bactericidal properties at all under these conditions.

I. GARTNER'S METHOD OF DISINFECTING BOOKS.

The disinfectant properties of aleohol in combina-
tion with water vapour and diminished pressure have
been utilized by Giértner in devising a method which
has been patented by A. Scherl, Berlin, and 1s adapted
to the disinfection of books. The apparatus for this
method is constructed by Wegelin & Hiibner, Halle-on-
Saale. The method i1s based on the principle of ad-
mitting alcohol vapour into a pre-heated vacuum
chamber, the vapour condensing on the surface of all
the articles therein and thus destroying any disease
germs present. The apparatus consists of the disin-
fecting chamber, heater, and auxiliary appliances. The
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bo.ks are raised to a temperature of 125° F. in the
heater, which takes the form of an ordinary hot cup-
board in four parts, the walls and partitions forming
water jackets. The heating of the books proceeds from
the outward surfaces by conduction alone, and thus it
takes at least several hours to warm them through when
the volumes exceed a moderate thickness. From the
heater the books are transferred on four shides to the
disinfecting chamber, and are arranged on end with
the covers opened out. The disinfection chamber 1s
provided with a water jacket 3} inches thick, which 1s
heated to 140° F. before the books are introduced, so
that this temperature prevails approximately through-
out the chamber. The chamber being hermetically
closed, the internal air i1s pumped out until the pressure
gauge marks only 60 mm. of mercury, equivalent to
a vacuum of 700 mm. According to Girtner, under
these conditions the leaves of the books separate and
stand apart. In the meantime a disinfectant flud,
consisting of water and alcohol in equal parts (about
3 gallons per 1000 books), is heated to 176° F. in a
copper vessel on the water bath, this temperature corre-
sponding approximately to the boiling point of alcohol
under ordinary pressure. The copper vessel is her-
metically closed and connected with the disinfection
chamber by opening the intervening tap, whereupon
the disinfecting liquid boils immediately owing to the
diminished pressure. The vapours thus liberated are
conducted into the chamber through eight uniformly
distributed perforated pipes, which, in order to prevent
condensation, are mounted alongside corresponding
steam pipes. At the same time the said pipes are
arranged in covered trays, which collect any liquid
condensing at the perforations, and thus prevent the
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spurting of such liquid into the chamber. The admis-
sion of vapour is continued for fifteen to twenty min-
utes, by which time the vacuumn has receded to 400 mm.
The books in the chamber being several degrees cooler
than the internal space and the aleohol vapours, the
latter condense as a thin film on the surface of the
books, which are thereby gradually warmed to 140° F.
whereupon the alcohol vaporizes anew. At the end
of one to one and a half hours, the vapour atmosphere
is expelled from the chamber by the admission of air,
an operation which takes ten to fifteen minutes; and
after half an hour longer, to enable the final traces of
disinfectant to be eliminated by evaporation in the
warm air, the process is complete.

When the chamber is opened, a little over half a pint
of condensed liquid (containing about 30 per cent of
alcohol) will be found at the bottom. According to
Giértner all pathogenic germs, except sporulating an-
thrax and tetanus bacilli, are destroyed with certainty
by this treatment, especially tubercle bacilli, staphy-
lococei, and the bacilli of diphtheria, typhus, dysentery,
ete.

The method 1s chiefly one of surface disinfection,
though, by reason of the technical arrangements em-
ployed, 1t approaches very closely to a true penetrative
process.  Whilst the prearranged vacuum generates
true vapours from the already boiling hot disinfecting
liquid, these vapours destroy the vacuum and set up
a gas pressure which induces condensation. The re-
sulting fall in pressure does not, perhaps, play any im-
portant part in relation to the subsequently admitted
vapour. Condensation naturally takes place on the
cooler surfaces, i.e. on the leaves of the books; and if
it be really the fact that the evacuation of the air mn
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the chamber causes the leaves to stand apart, then
practically all portions of the books that are accessible
to disease germs will be exposed to the disinfecting
liquid, which—as there seems no reason to doubt-—1s
capable, from its composition and temperature, of de-
stroying the vegetative {forms of pathogenic germs in
the time allowed for the operation. A few remote
hiding places, such as where the leaves are fastened,
and into which the mixture of air, vapour, and mist
cannot penetrate, will always escape treatment; but
since by reason of their small dimensions these places
will also very soon attain the temperature of 140" F.,
the majority of the concealed germs will probably be
destroyed. On account of this last named circumstance,
the method 1s not a perfect one; but, provided the tech-
nical arrangements, especially the isolation of the leaves
and the distribution of the vapour, act properly, that
circumstance 1s practically negligible. On the other
band, the method 1s very expensive, the prolonged
heating up of the books and chamber (the latter taking.
over two hours), the heating of the disinfecting liquid
in the water bath, and the heating of the steam pipes
in the chamber, entailing a large consumption of fuel.
The attainment of the vacuum necessitates the pro-
vision of an air pump, and the chamber must be
strongly built and air tight. Finally, the disinfectant
used, aleohol, is one of the dearest of all.

II. ForMALIN VaAarour METHOD.

On the basis of experiment Von Esmarch, in 1902,
proposed to employ water vapour, formalin, and a partial
vacumin for protective disinfection. He, however, did
not fully recognize the true importance of the vacuum
in the production of unconfined water vapour of low
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temperature, but merely operated with an initial vacuum,

which soon disappeared in consequence of the liberation
of steam.

(@) Weimar Apparatus.

Von Esmarch's ideas found application in a number
of disinfection apparatus, only one of which, however,
the Weimar apparatus (Gebr. Schmidt, Weimar) ap-
pears to be still on the market. In this apparatus
the disinfection vessel, after being charged with the
material under treatment and hermetically closed, is
evacuated, by means of an air pump, to a pressure of
about 160 mm. mercury gauge (equivalent to a 600
mm. vacuum), whereupon steam laden with formalde-
hyde i1s admitted through a number of distributed
nozzles. The steam under slight pressure (tem-
perature 216° to 231° F.) 1s charged with formaldehyde
from a drop apparatus in the feed pipe (Fig. 15). In
consequence of the admission of steam into the chamber
the vacuum 1s diminished, and at the same time the
temperature rises to about 158° F., at which point the
supply of steam 1s shut off until the internal tempera-
ture has receded. The steam cock i1s then reopened,
and again closed, so as to maintain the temperature at
158° F. for about an hour. By the time the process
is completed, the vacuum has fallen to 200 mm. or
thereabouts, so that the chamber contains air at a
tension of 160 mm. and steam at a tension of 400
mm., that is to say, charged with about one-third of
air. Moreover a large portion of the admitted steam
is obliged to condense on the surfaces of the matenals,
and is liable to choke up the pores in same. Even
as'suming, from the nozzle arrangement, that the air
and steam are perfectly mixed, this mixing cannot
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extend to the interior of the pores. The forces cap-
able of driving the air out of the pores are not present
to more than a slight extent, and rest exclusively on
the partial elimination of the original vacuwm, the

Fie., 15. —Weimar Apparatus.

a, Disinfection chamber. B, Steam boiler. C, Drop apparatus
tor formalin. D, Air pump.
force of gravitation which acts in ordinary steam dis-
infection being excluded by the whole arrangement of
the method. It therefore follows that disinfection of
this kind must be imperfect, especially as regards pene-
trative ettect.

l'rla hl"” frrn‘l}H ri ,"I 'leui! ralus.

Kister and Trautmann, who originally worked on
the above lines, afterwards recognized the true import
of the vacuum, namely in the production of unconfined

i
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water vapour at low temperature, so as to bring about
the same physical conditions as with ordinary steam
under atmospheric pressure. However, to maintain
these conditions at constant value, it is necessary to
continue to evacuate the vessel during the operation of
disinfection, so that, despite the liberation of the vapour,
a constant pressure is obtained. The original, unim-
proved Hamburg apparatus (Boy & Rath, Duisburg)
comprised a disinfection vessel, in the bottom of which
stood a pan, charged with a 1 per cent solution of
formalin and adapted to be heated, and an exhausting
device operated by a steam injector. This apparatus
was attended with the same defects as those first used
for steam disinfection. The vapour liberated from
the heated liqud after the evacuation of the air in the
chamber was obliged to ascend through the air to the
top of the chamber, to then expel the air from above,
and consequently became so charged with air during
its upward course as to imperil any regular action. In
the newer form of apparatus (Fig. 16) constructed by
R. Hartmann, Berlin, the vapour liberated from a 2 per
cent solution of formaldehyde 1s admitted into the
top of the disinfection vessel, and consequently the
apparatus would be perfect, from the scienfific point of
view, were it not that the method of working exhibits
certain technical defects. For example, the steam
injector is not capable of continuously maintaining a
sufficient vacuum to keep the vapour temperature be-
low 149° F., which is the highest permissible tempera-
ture for the disinfection of leather. On this account
the prescribed working temperature (158" F.) of the
Hamburg apparatus renders it unsuitable for that
purpose. Moreover the initial solution contains only
2 per cent of formaldehyde, which liberates a vapour
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containing only 1-1 per cent of that substance and
therefore not capable by a long way of exerting the
maximum disinfectant power of the agent. Again,

Fii. 16.—Hamburg Apparatus.

A. Disinfection chamber. B, Formalin vessel. O, Steam boiler.
D, Steam mjector.

the consumption of formalin in this method 1s so large
that the use of the most suitable formaldehyde solution
(6 to 8 per cent strength) would be too expensive.’

'The Hamburg apparvatus can now, if desired, be supplied with
an air pump and formalin trap, and thus aequires the character of
the Rubner apparatus.
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(¢) Rubmner Apparatus.

The Rubner apparatus (F. & M. Lautenschliger,
Berlin) consists of a disinfection chamber, recipro-
cating alr pump, formalin generator and formalin
trap; and in cases where there is no available con-
nection with a steam main, it is also fitted with a
steam boiler (Fig. 17). The apparatus is universal
in its action, being capable of operating with steam
under pressure and in vacuo, with or without com-
bination with chemical disinfectants. The steam
generator serves a variety of purposes: (1) For ordin-
ary steam disinfection with or without pressure; (2)
for heating the radiators supplying heat to the dis-
infection chamber before and after the operation: (3)
for working the air pump; (4) for heating the
formalin liquid by means of a coil. The disinfection
is carried on in the following manner: After the
chamber has been charged with the material under
treatment and has been moderately pre-heated, all the
vessels constituting the apparatus being hermetically
closed, a vacuum of 600 mm. is produced throughout
the apparatus by means of the air pump, and the
formalin liquid is heated to boiling by the steam coil,
the boiling-point under the prevailing pressure being
140° F. The vapours enter the disinfection chamber
from above, and, as in the ordinary steam disinfection
apparatus, expel the air by degrees from above down-
wards, so that this air escapes at the lowest point of
the chamber, traverses the formalin trap and air pump,
and is discharged through the boiler fire into the at-
mosphere. When the chamber is filled with formalin
vapour, which is the case when the thermometer in
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the escape pipe registers 140° F., the formahn vapour
escaping from the chamber is condensed in the water-
cooled formalin trap and retained there. The air pump
and formalin generator are 1'eguln,t.ud so that, whilst
maintaining the vacuum, the flow of vapour through

the apparatus is reduced to a mimimum. Given efficient
cooling of the formalin trap none of the disinfection
vapour is lost, so that the condensed liqmid can be

Fia. 17.—Rubner Apparatus.
A, Steam boiler. B, Air pump. C, Formalin generator. D,
Formalin trap. E, Disinfection chamber. F, Shelves for material
under treatment. G, Chamber door.

nsed over again after being pumped into the formalin
generator, This arrangement ensures, on the one
hand, the advantage that the original concentration of
the formalin liquid can be maintained without difficulty,
thus preventing the deposition of paraform which would
occur if the concentration mcreased as a result of boil-
ing, since the vapour from the 8 per cent liquid contains
only 3 per cent of formaldehyde. The chief advantage,
however, resides in the cheapness of the operation, the
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same charge of liquid sufficing for a number of disin-
fections,

These technical improvements fill a wide gap in prac-
tical disinfection. Whereas, formerly, leather goods
and furs could only be disinfected in an imperfect
manner by washing with disinfectant solutions, and
never without risk of damage, these materials, which
are very susceptible to the effect of heat, can now be
disinfected thoroughly without the least danger of in-
jury.

An interesting modification of the Rubner apparatus
1s the portable form illustrated in Fig. 18. The disin-
fection chamber 1s charged from the side, and the rear-
wardly mounted steam boiler is fired from the back,
whilst the formalin generator, formalin trap, and air
pump, are mounted under the driver’'s seat. Since the
walls of the apparatus have to withstand considerable
external pressure, they would, if constructed in the
ordinary manner, have to be very heavy to ensure
strength. To obviate this a special form of construc-
tion has been devised by the makers, both for the port-
able apparatus and a number of the stationary
patterns, namely by building the walls in segment of
a sphere, with the convexity partially directed inward,
the edges being rounded off. In this way the pressure,
which otherwise would tend to force the middle por-
tion of the flat walls inward, is distributed uniformly
over the whole surface. The barrel form of chamber
which would achieve the same purpose leads to diffi-
culties in charging the apparatus.

The new method of disinfection has also a less in-
jurious action on other sensitive materials, fine fabrics,
colours, ete. than is the case with steam at 212" F.
It has also afforded the first satisfactory solution of the
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difficult and much discussed problem of book disinfec-
tion. If the books be piled up loosely in a properly
working vacuum apparatus, they will all be thoroughly
disinfected without the slightest injury to the leaves,
text, or binding. Consequently the method has the
following points of superiority over the Girtner method
made public in 1909: (1) Uniform penetrative action,
even the smallest air spaces being traversed by the
vapour; (2) increased bactericidal properties, which
extend even to the spores of anthrax and tetanus

Fic. 18.—Portable Rubner Apparatus.

A, Steam boiler. B. Chimney. C, Disinfection chamber, D,
Air pump. E, Formalin generator. F. Formalin trap.

bacilli, whereas vegetative forms alone are killed by
aleohol vapour ; (3) the duration of treatment is re-
duced to one hour at most, as compared with the four
to five hours of the Girtner method ; (4) cheapness, the
first charge of formalin for a chamber with a cubical
capacity of 3 cubic yards costing 12s. Since the same
charge of formalin can be used repeatedly, the cost per
operation—apart from the fuel consumed—is only 74d.
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if the charge 1s used twenty times, and of course less if
the same charge be employed longer.

It may be expected that the labours of science and
technics will yield additional fruit in connection with
remedying existing small defects, and introducing
further improvements. Taking all things into con-
sideration, however, sufficiently powerful weapons are
already available against all possible dangers of infec-
tion; and the successful application of these weapons
resolves itself into the suitable training of experts, the
edueation of the public, and efficient supervision.

THE END.
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—Colliery Books—Concrete—Condensing Apparatus—Dental Metallurgy— Drainage—
Drugs—Dyeing—Earthenware—Electrical Books—Enamelling—Enamels—Engineer-
ing Handbooks—Evaporating Apparatus—Flint Glass-making—Foods—Food Preserv-
ing—Fruit Preserving—Gas Engines—Gas Firing — Gearing — Glassware (Painting ,
Riveting)—Hops—Iron (Construction, Science)}—Japanning—Lead—NMeat Preserving
—Mines (Haulage, Electrical Equipment, Ventilation, Recovery Work from)—Pilants
{Diseases, Fungicides, Insecticides)—Plumbing Books—Pottery (Architectural. Clays
Decorating, Manufacture, Marks on)— Reinforced Concrete — Riveting {China
Earthenware, Glassware}—Sanitary Engineering—Steam Turbines—Steel (Hardening
Tempering)—Sugar—Sweetmeats—Toothed Gaaring—Vegetable Preserving — Wood
Dyeing—X-Ray Work.

COPIES OF ANY OF THESE LISTS WILL BE SENT
POST FREE ON APPLICATION.
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(Paints, Colours, Pigments and
Printing Inks.)

THE CHEMISTRY OF PIGMENTS, By Ernest J.
Parry, B.Sc. (Lond.), F.I.C.; F.C.S,, and J. H. CostE, F.LC,,
F.C.S. Demy 8vo. Five Illustrations. 285 pp. Price 10s. 6d.
net. (Post free, 10s. 10d. home ; 11s. 3d. abroad.)

THE MANUFACTURE OF PAINT, A Practical
Handbook for Paint Manufacturers, Merchants and Painters.
By J. CrUICKSHANK SMITH, B.Sc. Demy 8vo.

[New Edition in Preparation.

DICTIONARY OF CHEMICALS AND RAW
PRODUCTS USED IN THE MANUFACTURE
OF PAINTS, COLOURS, VARNISHES AND

ALLIED PREPARATIONS, By Georce H. Hursr,

F.C.S. Demy 8vo. 380 pp. Price 7s, 6d. net. (Post free, 8s.
home ; 8s. 6d. abroad.)

THE MANUFACTURE OF LAKE PIGMENTS

FROM ARTIFICIAL COLOURS. By Francis H.

Jenxison, F.ILC., F.C.S. S8ixteen Coloured Plates, showing
Specimens of Eighty-nine Colours, specially prepared from
the Recipes given in the Book. 136 pp. Demy 8vo. Price
7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

THE MANUFACTURE OF MINERAL AND LAKE
PIGMENTS. Containing Directions for the Manu-

facture of all Artificial, Artists and Painters' Colours, Enamel,
Soot and Metallic Pigments. A text-book for Manufacturers,
Merchants, Artists and Painters. By Dr. Joser BERSCH.
Translated by A. C. WriGHT, M.A. (Oxon.), B.Sc. (Lond.). Forty-
three Illustrations. 476 pp. Demy 8vo. Price 12s. 6d. net.
(Post free, 13s. home ; 13s. 6d, abroad.)

RECIPES FOR THE COLOUR, PAINT, VARNISH,
OIL, SOAP AND DRYSALTERY TRADES.
Compiled by Ax AnaLyTicaL CHEmisT. 330 pp. Second Revised
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. (Post
free, 11s. home ; 11s. 3d. abroad.)

OILMEN'S SUNDRIES ANDHOW TO MAKE THEM.

Being a Collection of Practical Recipes for Boot Polishes, Blues,
Metal Polishes, Disinfectants, etc., compiled from * Qils, Col-
ours and Drysalteries". Crown 8vo. 130 pages. Price 2s. 6d.
net. (Post free, 2s. 9d. home ; 2s. 10d. abroad.)

OIL COLOURS AND PRINTERS' INKS. By Lous

Epcar Axpis. Translated from the German. 215 pp. Crown

Bvo. 56 lllustrations. Price 5s. net. (Post free, 5s5. 4d. home ;
5a. 6d. abroad.)
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MODERN PRINTING INKS. A Practical Handbook

for Printing Ink Manufacturers and Printers. By ALPreEp Sey-
MOUR. Demy Bvo. Six Illlustrations. 90 pages. Price 5s. net.
(Post free, 5s. 4d. home ; 5s. 6d. abroad.)

THREE HUNDRED SHADES AND HOW TO MIX
THEM. For Architects, Painters and Decorators. By

A. DEsSAINT, Artistic Interior Decorator of Paris. The book con-
tains 100 folio Plates, measuring 12 in. by 7 in., each Plate con-
taining specimens of three artistic shades. These shades are all
numbered, and their composition and particulars for mixing are
fully given at the beginning of the book. Each Plate is inter-
leaved with grease-proof paper, and the volume is very artistic-
ally bound in art and linen with the Shield of the Painters’ Guild
impressed on the cover in gold and silver. Price 21s. net. (Post
free, 21s. 6d. home ; 22s. 6d. abroad.)

HOUSE DECORATING AND PAINTING. By W.

NormaN Brown. Eighty-eight Illustrations. 150 pp. Crown
8vo. Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.)

A HISTORY OF DECORATIVE ART. By W. Noruax

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price
1s. net. (Post free, 1s. 3d. home and abroad.)

WCREKSHOP WRINEKLES for Decorators, Painters,

Paperhangers, and Others. By W. N. Browx. Crown Svo.
128 pp. Second Edition. Price 2s. 6d. net. (Post free, 2s. 8d.
home ; 2s, 10d. abroad.)

CASEIN. By Roeerr ScHerer. Translated from the

German by CHas. SALTER. Demy 8vo. Illustrated. Second
Revised English Edition. 160 pp. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

SIMPLE METHODS FOR TESTING PAINTERS

MATERIALS. By A. C. Wright, M.A. (Oxon.),
B.Sc. (Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free,
5s. 3d. home; 5s. 6d. abroad.)

IRON_-CORROSION, ANTI-FOULING AND ANTI-
CORROSIVE PAINTS. Translated from the German

of Louis EpcAr AnDEs. Sixty-two Illustrations. 275 pp
Demy 8vo. Price 10s. 6d. net. (Post free, 10s. 10d. home;

11s. 3d. abroad.)

THE TESTING AND VALUATION OF RAW
MATERIALS USED IN PAINT AND COLOUR
MANUFACTURE. By M. W. Jonss, F.CS. A

Book for the Laboratories of Colour Works, 88 pp. Crown Svo.
Price 5s. net. (Post free, 5s. 3d. home and abroad.)

For mulﬂ_r!s of these books, see Lust I.
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THE MANUFACTURE AND COMPARATIVE
MERITS OF WHITE LEAD AND ZINC WHITE
PAINTS. By G. Pemr, Civil Engineer, etc. Trans-
lated from the French. Crown 8vo. 100 pp. Price 4s. net.
(Post free, 4s. 3d. home ; 4s. 4d. abroad.)

STUDENTS HANDBOOK OF PAINTS, COLOURS,
OILS AND VARNISHES. By Joux FURNELL

Crown 8vo. 12 Illustrations. 96 pp. Price 2s, 6d. net. (Post
free, 2s. 9d. home and abroad.)

PREPARATION AND USES OF WHITE ZINC

PAINTS. Translated from the French of P. FLEURY.
Crown Bvo. 280 pages. Price 6s. net. (Post free, 6s. 4d. hlome :
6s. 6d. abroad.) [Fust published.

(Varnishes and Drying Oils.)

THE MANUFACTURE OF VARNISHES AND
EKINDRED INDUSTRIES. By J. Geppes MclnTosH.

Second, greatly enlarged, English Edition, in three Volumes,
based on and including the work of Ach. Livache.

Vorume [.—OIL CRUSHING, REFINING AND
BOILING, THE MANUFACTURE OF LINO-
LEUM, PRINTING AND LITHOGRAPHIC
INKS, AND INDIA-RUBBER SUBSTITUTES.

Demy 8vo. 150 pp. 29 Illustrations. Price 7s. 6d. net.
(Post free, 7s. 10d. home ; 8s. abroad.)

VoLrume II.—-VARNISH MATERIALS AND OIL-
VARNISH MAKING. Demy 8vo. 70 Illustrations.

220 pp. Price 10s. 61. net. (Post free, 10s. 10d. home ;
11s. 3d. abroad.)

Vorume I1I.—SPIRIT VARNISHES AND SPIRIT
VARNISH MATERIALS. Demy 8vo. Illustrated.

464 pp. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d.
abroad.)

DRYING OILS, BOILED OIL AND SOLID AND
LIQUID DRIERS. By L. E. Anpés. Expressly

Written for this Series of Special Technical Books, and the
Publishers hold the Copyright for English and Foreign Editions.
Forty-two Illustrations. 342 pp. Demy 8vo. Price 12s. 6d.
net.  (Post free, 13s. home ; 13s. 3d. abroad.)

(Analysis of Resins, see page 9.)
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(Oils, Fats, Waxes, Greases, Petroleum.)

LUBRICATING OILS, FATS AND GREASES :

Their Origin, Preparation, Properties, Uses and Analyses. A
Handbook for Oil Manufacturers, Refiners and Merchants, and
the Oil and Fat Industry in General. By Georce H. Hugsr,
F.C.S. Third Revised and Enlarged Edition. Seventy-four

Illustrations. 384 pp. Demy 8vo, Price 10s. 6d. net. (Post
free, 11s. home ; 11s. 3d. abroad.)

TECHNOLOGY OF PETROLEUM : Oil Fields of the
World—Their History, Geography and Geology—Annual Pro-
duction and Development—Oil-well Drilling—Transport. By
HeNrRY NEUBERGER and HENRY NoALHAT. Translated from the
French by J. G. McInTosH. 550 pp. 153 lllustrations. 26 Plates.

Super Royal 8vo. Price 21s. net. (Post free, 21s. 8d. home:
23s. 6d. abroad.)

MINERAL WAXES: Their Preparation and Uses. By

RupoLF GREGORIUS. Translated from the German. Crown 8vo.
250 pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d.
home ; 6s. 6d. abroad.)

THE PRACTICAL COMPOUNDING OF OILS,
TALLOW AND GREASE FOR LUBRICA-

TION, ETC. By An Expert OiL RerFINER, Second

Edition. 100 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

THE MANUFACTURE OF LUBRICANTS, SHOE
POLISHES AND LEATHER DRESSINGS. By

RicHarDp BrunNeER. Translated from the Sixth German Edition
by CHAs. SALTER. 10 Illustrations. Crown 8vo. 170pp. Price
7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

THE OIL MERCHANTS MANUAL AND OIL
TRADE READY RECEKONER. Compiled by

FraNK F. SHERRIFF. Second Edition Revised and Enlarged.
Demy 8vo. 214 pp. With Two Sheets of Tables. Price 7s. 6d.
net. (Post free, 7s. 10d. home ; 8s. 3d. abroad.)

ANIMAIL FATS AND OILS: Their Practical Pro-

duction, Purification and Uses for a great Variety of Purposes.
Their Properties, Falsification and Examination. Translated
from the German of Louis Epcar ANDES. Sixty-two Illustrations.
240 pp. Second Edition, Revised and Enlarged. Demy S8vo.
Price 10s. 6d. net. (Post free, 10s. 10d. home ; 11s, 3d. abroad.)

F;r contents of these bn;:a-&s, see List I,
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VEGETABLE FATS AND OILS: Their Practical

Preparation, Purification and Employment for Various Purposes,
their Properties, Adulteration and Examination. Translated
from the German of Louis Epcar Anpis. Ninety-four Illus-
trations. 340 pp. Second Edition. Demy Svo. Price 10s. £d.
net. (Post free, 11s. home; 1l1s. 6d. abroad.)

EDIBLE FATS AND OILS : Their Composition, Manu-

facture and Analysis. By W. H. Simmons, B.Sc. (Lond.), and
C. A. MircHELL, B.A. (hﬂxun,}, Demy 8vo. 150 pp. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.)

(Essential Oils and Perfumes.)

THE CHEMISTRY OF ESSENTIAL OILS AND
ARTIFICIAL PERFUMES. By Ernest J. Parry,
B.Sc. (Lond.), F.I.C., F.C.S. Second Edition, Revised and
Enlarged. 552 pp. 20 Illustrations. Demy 8vo. Price 1Zs. 6d.
net. (Post free, 13s. home; 13s. 6d. abroad.)

(Soap Manufacture.)

SOAPS. A Practical Manual of the Manufacture of
Domestic, Toilet and other Soaps. By GeorGe H. HursT, F.C.S.
2nd edition. 390 pp. 6 lllustrations. Demy 8vo. Price 12s. 6d.
net. (Post free, 13s. home ; 13s. 6d. abroad.)

TEXTILE SOAPS AND OILS. Handbook on the

Preparation, Properties and Analysis of the Soaps and Oils used
in Textile Manufacturing, Dyeing and Printing. By GEORGE
H. Hugrst, F.C.S. Crown 8vo. 195 pp. Price 5s. net. (Post
free, 5s. 4d. home ; 5s. 6d. abroad.)

THE HANDBOOEK OF SOAP MANUFACTURE
By Wum. H. Simmoxs, B,Sc. (Lond.), F.C.5. and H. A. APPLETON.
Demy 8vo. 160 pp. 27 lllustrations. Price 8s. 6d. net. (Post
free, 8s. 10d. home ; 9s. abroad.)

MANUAL OF TOILET SOAPMAEKING, including

Medicated Soaps Stain-removing Soaps, Metal Polishing Soaps,
Soap Powders and Detergents. Translated from the German
of Dr. C. Deite. Demy quarto. 180 pages. 79 Illustrations.
Price 12s. 6d. net. (Post free, 13s. home; 13s. 6. abroad )

(Cosmetical Preparations.)

COSMETICS: MANUFACTURE, EMPLOYMENT
AND TESTING OF ALL COSMETIC
MATERIALS AND COSMETIC SPECIALITIES.

Translated from the German of Dr. THEoDOR KoLLEr. Crown
8vo. 202 pp. Price 5s. net. (Post free, 5s5. 4d. home; 5s. 6d.
abroad.)
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(Glue, Bone Products and Manures.)

GLUE AND GLUE TESTING. By Samuer Ripeac,

D.Sc. (Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy
Svo. Price 10s.6d. net, (Post free, 10s. 10d. home ; 115, abroad’)

BONE PRODUCTS AND MANURES: An Account
of the most recent Improvements in the Manulacture of Fat,
Glue, Animal Charcoal, Size, Gelatine and Manures. By THoOMAS
LamBERT, Technical and Consulting Chemist. Second Revised
Edition. Demy 8vo. 172 pages. 17 Illustrations. Price 7s. d.
net. (Post free, 7s. 10d. home ; 8s. abroad.)

(See also Chemical Manures, p. 9.)

(Chemicals, Waste Products, etc.)

REISSUE OF CHEMICAL ESSAYS OF C. W.
SCHEELE. First Published in English in 1786.

Translated from the Academy of Sciences at Stockholm, with
Additions. 300 pp. Demy 8vo. Price 5s. net. (Post free, 5s. €d.
home ; 5s. 9d. abroad.)

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OF ALUMINA
AND IRON. Their Usesand Applications as Mordants

in Dyeing and Calico Printing. and their other Applications in
the Arts Manufactures, Sanitary Engineering, Agriculture and
Horticulture. Translated from the French of Luciexn GEscH-
winp. 195 Illustrations. 400 pp. Royal 8vo. Price 12s. &d.
net. (Post free, 13s. home ; 13s. €d. abroad.)

AMMONIA AND ITS COMPOUNDS: Their Manu-
facture and Uses. By CamiLLE VINCENT, Professor at the
Central School of Arts and Manufactures, Paris. Translated
from the French by M. J. SALTER. Royal &vo. 114 pp. Thirty-
two lllustrations. Price 5s. net. (Post free, 5s. 4d. home:

cs. bd. abroad.)

CHEMICAL WORKS: Their Design, Erection, and
Equipment. By S. S. Dvson and S. S. CLARKSON. Royal 8vo.
220 pp. With 9 Folding Plates and : 0 lllustrations. Price 21s.
net. (Post free, 21s. 6d. home; 22s. abroad.)

MANUAL OF CHEMICAL ANALYSIS, as applied to
the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral
Products. By E. Prost, D.Sc. Translated by J. CRUICKSHANK
SmiTH, B.Sc. Royal 8vo. 300 pages. 44 lllustrations. Price
12s. 6d. net. (Post free, 133, home; 13s. 6d. abroad.)

TESTING OF CHEMICAL REAGENTS FOR

PURITY. Translated from the German of Dr. C
KravcH. Royal 8vo. 350 pages. Price 12s, 6d. net. (Post free
13s. home ; 13s. 6d. abroad.)

For contents of these books, see List I.
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SHALE OILS AND TARS and their Products. By

Dr. W. ScHelTHAUER. Translated from the German. Demy 8vo.
190 pages. 70 lllustrations and 4 Diagrams. Price 8s. 6d. net.
(Post free, 8s. 10d. home ; 9s. abroad). [ Fust published.

INDUSTRIAL ALCOHOL. A Practical Manual on the
Production and Use of Alcohol for Industrial Purposes and for
Use as a Heating Agent, as an Illuminant and as a Source of
Motive Power. By J. G. MclntosH, Lecturer on Manufacture
and Applications of Industrial Alcohol at The Polytechnic,
Regent Street, London. Demy 8vo. 1907. 250 pp. With 75
Illustrations and 25 Tables. Price 7s. 6d. net. (Post free, 7s. 9d.
home; 8s. abroad.)

THE UTILISATION OF WASTE PRODUCTS. A
Treatise on the Rational Utilisation, Recovery and Treatment of
Waste Products of all kinds. By Dr. THEoDOR KoOLLER. Trans-
lated from the Second Revised German Edition. Twenty-two
[llustrations. Demy Svo. 280 pp. Price7s 6d. net. (Post free,

7s. 10d. home ; 8s. 3d. abroad.)
ANALYSIS OF RESINS AND BALSAMS. Trans-

lated from the German of Dr. Karr DiETERICH. Demy 8vo.
340 pp. Price 7s. 6d. net. (Post free, 7s. 10d. home; 8s. 3d.
abroad.)

DISTILLATION OF RESINS, RESINATE LAKES
AND PIGMENTS, CARBON PIGMENTS AND
PIGMENTS FOR TYPEWRITING MACHINES,
MANIFOLDERS, ETC. By Vicror ScHWEIZER.
Demy 8vo. 185 pages. 68 Illustrations. Price 7s. 6d. net. (Post
free, 8s. home ; 8s. 3d. abroad.)

DISINFECTION AND DISINFECTANTS. By Dr.

M. CHrisTiAN. Crown 8vo. [In the press.

(Agricultural Chemistry and Manures.)
MANUAL OF AGRICULTURAL CHEMISTRY. By

HErBERT INGLE, F.1.C,, Late Lecturer on Agricultural Chemistry,

the Leeds University; Lecturer in the Victoria University.
Third and Revised Edition. 400 pp. 16 Illustrations. Demy
8vo. Price 7s. 6d. net. (Post free, 8s. home; 8s. 6d. abroad.)
[Fust published.

CHEMICAL MANURES. Translated from the French

of J. FritscH. Demy 8vo. Illustrated. 340 pp. Price 10s. 6d.
net. (Post free, 11s. home; 11s. 6d. abroad.)

(See also Bone Products and Manures, p. 8.)

(Writing Inks and Sealing Waxes.)

INK MANUFACTURE: Including Writing, Copying,
Lithographic, Marking, Stamping, and Laundry Inks. By
Sicmunp LedNer. Three lllustrations. Crown 8vo. 162 pp.
Translated from the German of the Fifth Edition. Price 5s. net,
(Post free, 5s. 3d. home ; 5s. 6d. abroad.)
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SEALING - WAXES, WAFERS AND OTHER
ADHESIVES FOR THE HOUSEHOLD, OFFICE,
WOREKSHOP AND FACTORY. By H. C STAL.DAGF

Crown Bvo. 96 pp. Price 5s. net. (Post fn:l: 5s. 3d. hom
5s. 4d. abroad.) { 7

(Lead Ores and Lead Compounds.)

LEAD AND ITS COMPOUNDS. By Thos. LamperT,
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty

Illustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home:
8s. 3d. abroad.)

NOTES ON LEAD ORES: Their Distribution and Pro-

perties. By Jas. Farig, F.G.S. Crown 8vo. 64 pages. Price
1s. net. (Post free, Is. ad. home ; 1s. 4d. abroad.)

(White Lead and Zinc White Paints, see p. 5.)

(Industrial Hygiene.)

THE RISKS AND DANGERS TO HEALTH OF
VARIOUS OCCUPATIONS AND THEIR PRE-

VENTION. By Leonvarp A. Parry, M.D. B.Sc.
(Lond.). 196 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s, abroad.)

(Industrial Uses of Air, Steam and
Water.)
DRYING BY MEANS OF AIR AND STEAM. Ex-

planations, Formulz, and Tables for Use in Practice. Trans-
lated from the German of E. HausBranD. Two folding Diagrams
and Thirteen Tables. Crown 8vo. 72 pp. Price 5s. net. (Post
free, 5s. 3d. home; 5s. 6d. abroad.)

(See also ** Evaporating, Condensing and Cooling Apparatus,” p. 19.)
PURE AIR, OZONE AND WATER. A Practical

Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint,
Glue and other Industries. By W. B. CoweLL. Twelve Illus-
trations. Crown 8vo. 85 pp. Price 5s, net, (Post free, 5s. 3d.
home ; 5s. 6d. abroad.)

THE INDUSTRIAL USES OF WATER. COMPOSI-
TION - EFFECTS  TROUBLES—REMEDIES —
RESIDUARY WATERS — PURIFICATION —AN-

ALYSIS. By H. pE LA Coux. Royal 8vo. Trans-
lated from the French and Revised by ARTHUR MorRris. 364 pp.
135 Illustrations. Price 10s. 6d. net. (Post free, 1!s. home;
11s. 6d. abroad.)

(See Books on Smoke Prevention, Engineering and Metallurgy, p. 19, eic.)

ar———

For contents of these books, see List 11,
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(X Rays.)

PRACTICAL X RAY WORK. By Frank T. AbDyman,
B.Sc. (Lond.), F.1.C,, Member of the Roentgen Society of London;
Radiographer to St. George's Hospital; Demonstrator of Physics
and Chemistry, and Teacher of Radiography in St. George's
Hospital Medical School. Demy 8vo. Twelve Plates from
Photographs of X Ray Work. Filty-two Illustrations. 200 pp.
Price 10s. 6d. net. (Post free, 10s. 10d. home ; 1ls. 3d. abroad.)

(India=Rubber and Gutta Percha.)

INDIA-RUBBER AND GUTTA PERCHA. Second

English Edition, Revised and Enlarged. Based on thc French
work of T. SEELIGMANN, G. Lamy TorriLHON and H. FALCONNET
by Jou~x GeEppeEs McIntosH. Royal 8vo. 100 Illustrations. 400
pages. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d.
abroad.)

(Leather Trades.)
THE LEATHER WORKER'S MANUAL. Being a

Compendium of Practical Recipes and Working Formulz for
Curriers, Bootmakers, Leather Dressers, Blacking Manufac-
turers, Saddlers, Fancy Leather Workers. By H. C. STANDAGE.
Demy 8vo. 165 pp. Price 7s. 6d. net. (Post free, 7s. 10d. home;
8s. abroad.)

(See also Manufacture of Shoe Polishes, Leather Dressings, efc., p. 6.)

(Pottery, Bricks, Tiles, Glass, etc.)

MODERN BRICKMAEKING. By ALrFrep B. SEARLE,

Royal 8vo. 440 pages. 260 I[llustrations. Price 12s. 6d. net.
(Post free, 13s. home; 13s. 6d. abroad.)

THE MANUAL OF PRACTICAL POTTING. Com-

piled by Experts, and Edited by Cuas. F. Binns. Third Edition,
Revised and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net.
(Post free, 17s. 10d. home ; 18s. 3d. abroad.)

POTTERY DECORATING. A Description of all the Pro-

cesses for Decorating Pottery and Porcelain. By R. HAiNBACH.
Translated from the German. Crown 8vo. 250 pp. Twenty-

two lllustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home ;
8s. abroad.)

A TREATISE ON CERAMIC INDUSTRIES. A
Complete Manual for Pottery, Tile, and Brick Manufacturers. By
EmiLe Bourry. A Revised Translation from the French, with
some Critical Notes by ALFrep B. SearrLe. Demy 8vo. 308

Hlustrations. 460 pp. Price 128, 6d. net. (Post free, 13s, home;
13s. 6d. abroad.)
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes,

Enamelled Terra-cottas, Ordinary and Incrusted Quarries, Stone-
ware Mosaics, Faiences and Architectural Stoneware. By Leox
LerfvRE. Translated from the French by K, H. Birp, M.A.,
and W. Moorg Binns., With Five Plates. 950 Illustrations in
the Text, and numerous estimates. 500 pp. Royal 8vo. Price
15s. net. (Post free, 15s. 6d. home: 16s. 6d. ahru::d.j

CERAMIC TECHNOLOGY: Being some Aspects of

Technical Science as Applied to Pottery Manufacture. Edited
by CHARLES F. Binns. 100 pp. Demy 8vo. Price 12s. 6d. net.
(Post free, 12s. 10d. home ; 18s. abroad.)

THE ART OF RIVETING GLASS, CHINA AND

EARTHENWARE., By J. Howorth. Second
Edi;idu;l. Paper Cover. Price 1s. net. (By post, home or abroad,
is. 1d.

NOTES ON POTTERY CLAYS. The Distribution,
Properties, Uses and Analyses of Ball Clays, China Clays and
China Stone. By dJas. Fairig, F.G.S. 132 pp. Crown S8vo.
Price 3s. 6d. net. (Post free, 3s. 9d. home; 3s. 10d. abroad.)

HOW TO ANALYSE CLAY. By H. M. Ashby. Demy

8vo. 72 Pages. 20 lllustrations. Price 3s. 6d. net. (Post free,
ds. 9d. home ; 3s. 10d. abroad.)

A Reissue of

THE HISTORY OF THE STAFFORDSHIRE POT-
TERIES; AND THE RISE AND PROGRESS
OF THE MANUFACTURE OF POTTERY AND
PORCELAIN. With References to Genuine Specimens,

and Notices of Eminent Potters. By Simeox SHAW. (Originally
published in 1820.) 265 pp. Demy 8vo. Price 5s. net. (Post
free, 5s. 4d. home; 5s. 9d. abroad.)

A Reissue of

THE CHEMISTRY OF THE SEVERAL NATURAL
AND ARTIFICIAL HETEROGENEOUS COM-
POUNDS USED IN MANUFACTURING POR-
CELAIN, GLASS AND POTTERY. By SimEON
SHAw. (Originally published in 1837.) 750 pp. Royal 8vo.
Price 10s. net. (Post free, 10s. 6d. home; 12s. abroad.)

BRITISH POTTERY MARKS. By G. WooLLisCROFT
RHEAD. Demy 8vo. 310 pp. With over Twelve-hundred Illus-
trations of Marks. Price 7s. 6d. net. (Post free, 8s. home;
8s. 3d. abroad.)

For contents of these books, see List I11.

i e — e —
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(Glassware, Glass Staining and Painting.)
RECIPES FOR FLINT GLASS MAKING. By a

British Glass Master and Mixer. Sixty Recipes. Being Leaves
from the Mixing Book of several experts in the Flint Glass Trade,
containing up-to-date recipes and valuable information as to
Crystal, Demi-crystal and Coloured Glass in its many varieties,
It contains the recipes for cheap metal suited to pressing, blow-
ing, etc., as well as the most costly crystal and ruby. Second
Edition. Crown 8vo. Price 10s. 6d. net. (Post free, 10s. 9d.
home ; 10s. 10d. abroad.)

A TREATISE ON THE ART OF GLASS PAINT-
ING. Prefaced with a Review of Ancient Glass. By

ErnesT R. SurrLiNG. With One Coloured Plate and Thirty-
seven lllustrations. Demy 8vo. 140 pp. Price 7s. 6d. net.
(Post free, 7s. 10d. home ; 8s. abroad.)

(Paper Making, Paper Dyeing, and
Testing.)
THE DYEING OF PAPER PULP. A Practical

Treatise for the use of Papermakers, Paperstainers, Students
and others. By Jurius ErrurTt, Manager of a Paper Mill.
Translated into English and Edited with Additions by JuLius
HUBNER, F.C.S,, Lecturer on Papermaking at the Manchester
Municipal Technical School. With illustrations and 1567 patterns
of paper dyed in the pulp. Royal 8vo, 180 pp. Price 15s. net.
(Post free, 15s. 6d. home ; 16s. 6d. abroad).

THE PAPER MILL CHEMIST. By Henry P. STEVENS,
M.A, Ph.D, F.I.C. Royal 1Zmo. 60 illustrations. 300 pp.
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 7s. 10d. abroad.)

THE TREATMENT OF PAPER FOR SPECIAL
PURPOSES. By L. E. Axpgés. Translated from the

German. Crown 8vo. 48 Illustrations. 250 pp. = Price 6s. net.
(Post free, 6s. 4d. home : 6s. 6d. abroad.)

(Enamelling on Metal.)
ENAMELS AND ENAMELLING. For Enamel

Makers, Workers in Gold and Silver, and Manufacturers of
Objects of Art. By PauL Ranpau., Second and Revised
Edition. Translated from the German. With 16 lllustrations.
Demy 8vo. 200 pp. Price 10s. 6d. net. (Post free, 10s. 10d.
home; 11s. ﬂhrnad_} [Fust fm.";ffs.-'r.-u.l’,

THE ART OF ENAMELLING ON METAL. By

W. Norman Brown. Twenty-eight Illustrations. Crown 8vo,
60 pp. Price 2s, 6d. net. (Post free, 2s. 9d. home and abroad.)
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(Textile and Dyeing Subjects.)
THE FINISHING OF TEXTILE FABRICS (Woollen,

Worsted, Union and other Cloths). By RoBerts Beausost,
M.Sc., M.1. Mech.E., Professor of Textile Industries, the Univer-
sity of Leeds; Author of * Colour in Woven Design"; “ Woollen
and Worsted Cloth Manufacture”: “Woven Fabrics at the
World's Fair"” ; Vice-President of the Jury of Award at the Paris
Exhibition, 1900; Inspector of Textile Institutes ; Society of
Arts Silver Medallist ; Honorary Medallist of the City and Guilds
of London Institute. With 150 Illustrations of Fibres. Yarns
and Fabrics, also Sectional and other Drawings of Finishing
Machinery Demy 8vo. 260 pp. Price 10s. 6d. net. (Post free,
10s. 10d. home ; 11s. 3d. abroad.)

FIBRES USED IN TEXTILE AND ALLIED IN.

DUSTRIES. By C. AinswortH MircHeELL, B.A.

(Oxon.), F.I.C., and R. M. PripEaux, F.I.C. With 66 Illustra-
tions specially drawn direct from the Fibres. Demy S8vo.
200 pp. Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

DRESSINGS AND FINISHINGS FOR TEXTILE
FABRICS AND THEIR APPLICATION. De-

scription of all the Materials used in Dressing Textiles: Their
Special Properties, the preparation of Dressings and their em-
ployment in Finishing Linen, Cotton, Woollen and Silk Fabrics.
Fireproof and Waterproof Dressings, together with the principal
machinery employed. Translated from the Third German
Edition of FriepricH PoLLEYN. Demy 8vo. 280 pp. Sixty
Illustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home ;
8s, abroad.)

THE CHEMICAL TECHNOLOGY OF TEXTILE

FIBRES : Their Origin, Structure, Preparation, Wash-
ing, Bleaching, Dyeing, Printing and Dressing. By Dr. GeEorc
voN GEorGIEVICS. Translated from the German by CHARLES
SALTER. 320 pp. Forty-seven lllustrations. Royal 8vo. Price
10s. 6d. net. (Post free, 11s. home ; 11s. 3d. abroad.)

POWER-LOOM WEAVING AND YARN NUMBER-

ING, According to Various Systems, with Conversion
Tables. Translated from the German of ANTHON GRUNER. With

Twenty-six Diagrams in Colours. 150 pp. Crown Svo. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.)

TEXTILE RAW MATERIALS AND THEIR CON.

VERSION INTO YARNS. (The Study of the Raw

Materials and the Technology of the Spinning Process.) By
JurLius Zipser. Translated from German b%' HARLES SALTER.
302 IMustrations. 500 pp. Demy 8vo. Price 10s. 6d. net.
(Post free, 11s. home; 11s. 6d. abroad.)

For contents of these books, see List I1.
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GRAMMAR OF TEXTILE DESIGN. By H. Niseer,

Weaving and Designing Master, Bolton Municipal Technical
School. Demy 8vo. 280 pp. 490 Illustrations and Diagrams.
Price 6s. net. (Post free, 6s. 4d. home; 6s. 6d. abroad.)

ART NEEDLEWORK AND DESIGN. POINT
LACE. A Manual of Applied Art for Secondary Schools

and Continuation Classes. By M. E. WiLkinsoN. Oblong
quarto. With 22 Plates. Bound in Art Linen. Price 3s. 6d.
net. (Post free, 3s. 10d. home ; 4s. abroad.)

HOME LACE-MAEKING. A Handbook for Teachers and
Pupils. By M. E. W. MiLroy. Crown 8vo. 64 pp. With 3
Plates and 9 Diagrams. Price 1s. net. (Post free, 1s. 3d. home ;
1s. 4d. abroad.)

THE CHEMISTRY OF HAT MANUFACTURING.

Lectures delivered before the Hat Manufacturers’ Association.
By Warson SmutH, F.C.S., F.I.C. Revised and Edited by
ALBERT SHONK. Crown 8vo. 132 pp. 16 lllustrations. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. 10d. abroad.)

THE TECHNICAL TESTING OF YARNS AND
TEXTILE FABRICS. With Reference to Official

Specifications. Translated from the German of Dr. J. HERZFELD.
Second Edition. Sixty-nine Illustrations. 200 pp. Demy B8vo.
Price 10s. 6d net. (Post free, 10s. 10d. home; 11s. abroad.)

DECORATIVE AND FANCY TEXTILE FABRICS.
By R. T. Lorp. For Manufacturers and Designers of Carpets,
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo.

132 Deslgns and Illustrations. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad )

THEORY AND PRACTICE OF DAMASK WEAYV-
ING. By H. Kinzer and K. WaLter. Royal 8vo,

Eighteen Folding Plates. Six Illustrations. Translated from
the German. 110 pp. Prlce 8s. 6d. net. (Post free, 9s. home:
9s. 6d. abroad.)

FAULTS IN THE MANUFACTURE OF WOOLLEN
GOODS AND THEIR PREVENTION. By

Nicoras Reiser. Translated from the Second German Edition.
Crown 8vo. Sixty-three Illustrations. 170 pp. Price 5s. net.
(Post free, 5s. 4d. home ; 5s. 6d. abroad.)

SPINNING AND WEAVING CALCULATIONS,

especially relating to Woollens, From the German of N.
Reiser. Thirty-four Illustrations. Tables. 160 pp. Dem.

8vo. 1904. Price 10s. 6d. net. (Post free, 10s. 10d. home; 11s.
abroad.)
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ANALYSIS OF WOVEN FABRICS. By A. F. Baruer
and E. MipGLEY. Demy 8vo, About 200 pngcﬂ (In the press.

WATERPROOFING OF FABRICS. By Dr. S Mizr-

ZINSKI. Crown 8vo. 104 pp. 29 [llus. I"r:ce 5s. net. (Post
free, 5s. 3d. home ; 5s. 4d. abroad.)

HOW TO MAKE A WOOLLEN MILL PAY. By

JOHN Mackie. Crown 8vo. 76 pp. Price ds. 6d. net. (Post
free, 3s. 9d. home; 3s. 10d. abroad.)

YARN AND WARP SIZING IN ALL ITS

BRANCHES. Translated from the German of CarL
KrRETSCHMAR. Royal 8vo. 123 Illustrations. 150 pp. Price
10s. 6d. net. (Post free, 10s. 10d. home ; 11s. abroad.)

(For ** Textile Soaps and Oils™ see p. 7.)

(Dyeing, Colour Printing, Matching
and Dye-=stuffs.)

THE COLOUR PRINTING OF CARPET YARNS.

Manual for Colour Chemists and Textile Printers. By Davip
PatersoN, F.C.5. Seventeen Illustrations. 136 pp. Demy
8vo. Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

THE SCIENCE OF COLOUR MIXING, A Manual

intended for the use of Dyers, Calico Printers and Colour
Chemists. By Davip Paterson, F.C.S. Forty-one [llustrations.
Five Coloured Plates, and Four Plates showing Eleven Dyed
Specimens of Fabrics. 132 pp. Demy Svo. Price 7s. 6d. net.
(Post free, 7s. 10d. home ; 8s. abroad.)

DYERS MATERIALS : An Introduction to the Examina-
tion, Evaluation and Application of the most important Sub-
stances used in Dyeing, Printing, Bleaching and Finishing. By
Paur HEgermaN, Ph.D. Translated from the German by A. C.
WRIGHT, M.A. (Oxon)., B.Sc. (Lond.). Twenty-four lllustrations.
Crown 8vo. 150 pp. Price 5s. net. (Post free, 5s. 4d. home;
5s. 6d. abroad.)

COLOUR MATCHING ON TEXTILES. A Manual
intended for the use of Students of Colour Chemistry, Dyeing and
Textile Printing. By Davip Paterson, F.C.S. Coloured Frontis-
piece. Twenty-nine Illustrations and Fourteen Specimens of
Dyed Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post
free, 7s. 10d home ; 8s. abroad.)

COLOUR: A HANDBOOK OF THE THEORY OF
COLOUR. By Georce H. Hurst, F.C.S. With Ten

Coloured Plates and Seventy-two Illustrations. 160 pp Demy
8vo. Price 7s. €d. net. {Pu*-zt free, 7s. 10d. home ; 8s. abroad.)

For contents ﬂ,r" ﬁ:rsc books, see Lur 11,
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Reissue of

THE ART OF DYEING WOOL, SILK AND
COTTON. Translated from the French of M. HeLLoT,

M. Macpuer and M. LE PiLeur D'ApLigyy. First Published in
English in 1789. Six Plates. Demy 8vo. 446 pp. Price 5s. net.
{Post free, 5s. 6d. home; 6s. abroad.)

THE CHEMISTRY OF DYE-STUFFS. By Dr. Geore

Vox Georcievics. . Translated from the Second German Edition.
412 pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home;
11s. 6d. abroad.)

THE DYEING OF COTTON FABRICS : A Practical
Handbook for the Dyer and Student. By FrankLiN BEECH,
Practical Colourist and Chemist. 272 pp. Forty-four Illus-
trations of Bleaching and Dyeing Machinery. Demy 8vo. Price
7s. 6d. net. (Post free, 7s5. 10d. home; 8s. abroad.)

THE DYEING OF WOOLLEN FABRICS. By

Fraxkrin BeecH, Practical Colourist and Chemist. Thirty-
three Illustrations. Demy 8vo. 228 pp. Price 7s. 6d. net.
(Post free, 7s. 10d. home ; 8s. abroad.)

(Silk Manufacture.)

SILK THROWING AND WASTE SILK SPIN-
NING. By Horuins Ravyser. Demy 8vo. 170 pp.

117 lllus. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d. abroad.)

(Bleaching and Bleaching Agents.)

A PRACTICAL TREATISE ON THE BLEACHING
OF LINEN AND COTTON YARN AND FABRICS.

By L. TaiLrer, Chemical and Mechanical Engineer. Trans-
lated from the French by JoHN GEDDES McInTOSH. Demy 8vo.
303 pp. Twenty Illus. Price 125, 6d. net. (Post free, 13s.
home; 13s. 6d. abroad.)

MODERN BLEACHING AGENTS AND DETER-
GENTS. By Professor Max BotrLer. Translated

from the German. Crown 8vo. 16 lllustrations. 160 pages.
Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. abroad.)

(Cotton Spinning, Cotton Waste and
Cotton Combing.)
COTTON SPINNING (First Year). By ThHomas

THORNLEY, Spinning Master, Bolton Technical School. 160 pp.
Eighty-four Illustrations. Crown 8vo. Second Impression,
Price 3s. net. (Post free, 3s. 4d. home; 3s. 6d. abroad.)

COTTON SPINNING (Intermediate, or Second Year).

By THomas THORSLEY. Second Impression. 180 pp. Seventy
lllustrations. Crown 8vo. Price 5s. net. (Post free, 5s. 4d.
home ; 5s. 6d. abroad.)
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COTTON SPINNING (Honours, or Third Year). By

THomas THORNLEY. 216 pp Seventy-four [llustrations.
Crown 8vo. Second Edition. Price 5s. net. (Post free, 5s, 4d.
home; 5s. 6d. abroad.)

COTTON COMBING MACHINES. By Tuos. THorx-

LEY, Spinning Master, Technical School, Boltor. Demy B8vo.

117 Illustrations. 300 pp. Price 7s. 6d. net. (Post free, 8s.
home ; 8s. 6d. abroad.)

COTTON WASTE: Its Production, Characteristics
Regulation, Opening, Carding, Spinning and Weaving. By THomas
THORNLEY. Demy 8Bvo. 286 pages. 60 Illustrations. Price 7s 6d.
net. {Post free, 7s. 10d. home; 8s. abroad.) - [¥ust published.

THE RING SPINNING FRAME: GUIDE FOR

OVERLOOEKERS AND STUDENTS. By N. Booth.

Crown 8vo. 76 pages. Price 3s. net. (Post free, 3s. 3d. home;
3s. 6d. abroad.)

(Flax, Hemp and Jute Spinning.)

MODERN FLAX, HEMP AND JUTE SPINNING

AND TWISTING. A Practical Handbook for the use

of Flax, Hemp and Jute Spinners, Thread, Twine and Rope
Makers. By HErRBERT R. CARTER, Mill Manager, Textile Expert
and Engineer, Examiner in Flax Spinning to the City and Guilds
of London Institute. Demy 8vo. 1907. With 92 lllustrations.
200 pp. Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.)

(Collieries and Mines.)
RECOVERY WORK AFTER PIT FIRES. By Rosert

LamprecHT, Mining Engineer and Manager. Translated from
the German. Illustrated by Six large Plates, containing Seventy-
six [llustrations. 175 pp. Demy 8vo. Price 10s. 6d. net. (Post
free. 10s. 10d. home; 1ls. abroad.)

VENTILATION IN MINES. By Rosert WAaBNER,

Mining Engineer. Translated from the German. Royal Svo.
Thirty Plates and Twenty-two Illustrations. 240 pp. Price
10s. 6d. net. (Post free, 11s. home; 11s. 3d. abroad.)

HAULAGE AND WINDING APPLIANCES USED
IN MINES. By CarrL Vork. Translated from the

German. Royal 8vo. With Six Plates and 148 [llustrations.
150 pp. Price 8s. 6d. net. (Post free, 9s. home; 9s. 3d. abroad.)

THE ELECTRICAL EQUIPMENT OF COLLIERIES.

By W. GaLLoway Duncan, Electrical and Mechanical Engineer,
Member of the Institution of Mining Engineers, Head of the
Government School of Engineering, Dacca, India; and Davip
PeEnMAN, Certificated Colliery Manager, Lecturer in Mining to
Fife County Committee. Demy 8vo. 310 pp. 155 Illustrations
and Diagrams. Price 10s. 6d. net. (Post free, 11s. home: 11s. 3d.

abroad.)
* For contents of these books, sec Lists 1T and I11,
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(Dental Metallurgy.)

DENTAL METALLURGY: MANUAL FOR STU-

DENTS AND DENTISTS. By A. B. GrirriTHs,
Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp. Price
7s. 6d. net, (Post free, 7s. 10d, home; 8s. abroad )

(Engineering, Smoke Prevention and
Metallurgy.)
THE PREVENTION OF SMOEKE. Combined with

the Economical Combustion of Fuel. By W. C. PorPPLEWELL,
M.Sc., A.M. Inst.,, C.E., Consulting Engineer. Forty-six Illus-
trations. 190 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. 3d. abroad.)

GAS AND COAL DUST FIRING. A Critical Review
of the Various Appliances Patented in Germany for this purpose
since 1885. By ALBERT PUtscuH. 130 pp. Demy 8vo. Trans-
lated from the German. With 103 Illustrations. Price 3s. net.
(Post free, 5s. 4d. home; 5s. 6d. abroad.)

THE HARDENING AND TEMPERING OF STEEL
IN THEORY AND PRACTICE. By FripoLN

Reisgr. Translated from the German of the Third Edition.
Crown 8vo. 120 pp. Price 5s. net. (Post free, 5s. 3d. home;
5s. 4d. abroad.)

SIDEROLOGY: THE SCIENCE OF IRON (The
Constitution of Iron Alloys and Slags). Translated from
German of Haxns FretHERR v. JUPTNER. 350 pp. Demy 8vo.
Eleven Plates and Ten lllustrations. Price 10s. 6d. net. (Post
free, 11s. home; lls. 6d. abroad.)

EVAPORATING, CONDENSING AND COOLING
APPARATUS. Explanations, Formule and Tables
for Use in Practice. By E. HausBranp, Engineer. Translated
by A. C. WriGHT, M.A. (Oxon.), B.Sc., (Lond.). With Twenty-
one lllustrations and Seventy-six Tables. 400 pp Demy 8vo.
Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.)

(The ‘‘Broadway’’ Series of Engineering
Handbooks.)

One Uniform Size: Narrow Crown 8vo. (Pocket Size.)

VoLume .— ELEMENTARY PRINCIPLES OF RE-

INFORCED CONCRETE CONSTRUCTION. By
Ewart S. ANorEws, B.Sc. Eng. (Lond.). 200 pages. With 57
Ilustrations. Numerous Tables and Worked Examples, Price
3s. net. (Post free, 3s. 3d. home; 3s. 6d. abroad.)

Vorume |I.—GAS AND OIL ENGINES. By A.
KirscHke. Translated and Revised from the German, and
adapted to Engish practice. 160 pages, 55 Illustrations,
Price 3s. net. (Post free, 3s. 3d. home; 3s. 6d. abroad.)
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Vorume IlIl, — IRON AND STEEL CONSTRUC.-
TIONAL WORK. By K. Scuisprer. Translated
and Revised from the German, and adapted to English practice,
140 pages. 115 Illustrations, Price 3s. 6d. net. (Post {ree
3s. 9d. home ; 4s. abroad,) :

VoLume IV.—TOOTHED GEARING. ByG.T. Waire,
B.Sc. (Lond.). 220 pages. 136 lllustrations. Price 3s. 6d. net.,
(Post free, 3s. 9d. home ; 4s. abroad.)

Vorumg V.—STEAM TURBINES: Their Theory and
Construction. By H. WiLpa. Translated and Revised from the
German, and adapted to English practice. 200 pages. 104 Illus-
trations. Price 3s. 6d. net. (Post free, 3s. 9d. home; 4s. abroad.)

. [ Fust published.

Vorume VI.— CRANES AND HOISTS. By H.

WiLDa, [In the press
VoLume VI —FOUNDRY MACHINERY. By E
TREIBER. {In the press.

VoLume VIII.—-THE CALCULUS FOR ENGINEERS,
By Ewarr S. ANDREWS, B.Sc. Eng. (Lond.), and H. Bryox

Heywoob, B.Se. (Lond.). [In preparation.
Vorume IX.—ILLUMINATION AND LIGHTING.
By A. Brok, B.Sc. [In preparation,
Vorume X, — MOTOR CAR MECHANISM. By
W. E. DomMETT. [In preparation.,

(Sanitary Plumbing, Electric Wiring,
Metal Work, etc.)

EXTERNAL PLUMBING WORK. A Treatise on
Lead Work for Roofs. By Joux W. Hart, R.P.C. 180 Illustra-
tions. 272 pp. Deniy 8.0. Second Edition Revised. Price
7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad.)

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected, By Joun W. Hart, R.P.C. 184 Illus-
trations. 313 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
8s. home; 8s. td. abroad.)

SANITARY PLUMBING AND DRAINAGE. By

JoHN W. Hart. Demy 8vo. With 208 Illustrations. 250 pp.
1904, Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

ELECTRIC WIRING AND FITTING. By Svpxey F.
WaLker, R.N., M.LE.E., M.I.Min.E., A.M.Inst.C.E., etc., etc.
Crown 8vo. 150 pp. With Illustrations and Tables. Price 3s.
net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.)

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZ-
ING BRASS WARE. By W. Norman Brown. 48

Crown 8vo. Price 3s. net. (Post free, 3s. 3d. home and
abroad.)

For contents of these books, see List I11.
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THE DEVELOPMENT OF THE INCANDESCENT

ELECTRIC LAMP. By G. BasiL Baruam, A M.LE.E.

Demy 8vo. 200 pages. 2 Plates 25 Illustrations and 10 Tables.
Price 5s. net. (Post free, 5s. 4d. home ; 3s. 6d. abroad.)

[Fust published.

WIRING CALCULATIONS FOR ELECTRIC

LIGHT AND POWER INSTALLATIONS. A

Practical Handbook containing Wiring Tables, Rules, and
Formulz for the Use of Architects, Engineers, Mining Engineers,
and Electricians, Wiring Contractors and Wiremen, etc. By G.
W. Lummis Paterson. Crown 8vo. 96 pages. 35 Tables.
Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.)

Fust published.
A HANDBOOK ON JAPANNING. For Ilronware,
Tinware, and Wood, etc. By WiLLiam Norman Browx,

Second Edition. 70 pages. 13 Illustrations. Crown 8vo. Price
3s. 6d. net. (Post free, 3s. 9d. home : 4s. abroad.)
[Fust published.
THE PRINCIPLES OF HOT WATER SUPPLY. By
Joun W. Hart, R.P.C. With 129 lllustrations. 177 pp. Demy
8vo. Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

(Brewing and Botanical.)
HOPS IN THEIR BOTANICAL, AGRICULTURAL
AND TECHNICAL ASPECT AND AS AN
ARTICLE OF COMMERCE. By Emmanvir Gross,

Professor at the Higher Agricultural College, Tetschen-Liebwerd.
Translated from the German. Seventy-eicht Illustrations. 340
pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home ;
11s. 6d. abroad.)

INSECTICIDES, FUNGICIDES AND WEED-

KILLERS. By E. Bourcart, D.Sc. Translated from
the French. Revised and Adapted to British Standards and
Practice. Demy Bvo. 450 pages, 83 Tables, and 12 Illustrations,
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.)

(For Agricultural Chemistry, see p. g) [Fust published.

(Wood Products, Timber and Wood

Waste.)
WOOD PRODUCTS: DISTILLATES AND EX.
TRACTS. By P. Dumesxy, Chemical Engineer,

Expert before the lﬂ. ons Commercial Tribunal, Member of the
International Association of Leather Lhunmh and J. NOYER.
Translated from the French by DowaLp GRANT. Royal 8vo.
420 pp. 103 Nlustrations and Numerous Tables. Price 10s. 6d.
net. (Post free, 11s. home; 11s. 6d. abroad.)

TIMBER: A Lr_:mplt.hl:nw.a, Study of Wood in all its

Aspects (Commercial and Botanical), showing the different
Applications and Uses of Timber in Various Trades, etc. Trans-
lated from the French of PavuL CHARPENTIER. Royal Svo. 437
pp. 178 lllustrations. Price 12s. 6d, net. (Post free, 13s.
home, 14s. abroad.)
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THE UTILISATION OF WOOD WASTE. Trans-

lated from the German of Ernst HusBarDp. Crown 8vo. 192
. Fifty Illustrations. Price 5s. net. (Post free, 5s. 4d home ;
5s. 6d. abroad.)

(See also Utilisation of Waste Products, p. 9.)

(Building and Architecture.)
ORNAMENTAL CEMENT WORK. By Ouver

WHEATLEY. Demy 8vo. 83 Illustrations. 128 pp. Price 5s.
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

THE PREVENTION OF DAMPNESS IN BUILD-

INGS:; with Remarks on the Causes, Nature and
Effects of Saline, Efflorescences and Dry-rot, for Architects,
Builders, Overseers, Plasterers, Painters and House Owners.
By ApoLr WILHELM KEIM. Translated from the German of the
second revised Edition by M. J. Savter, F.I.C., F.C.S. Eight
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115
pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.)

HANDBOOK OF TECHNICAL TERMS USED IN
ARCHITECTURE AND BUILDING, AND THEIR

ALLIED TRADES AND SUBJECTS. By Aucus-

TINE C. PASSMORE. Demy 8vo. 380 pp. Price 7s. 6d. net.
(Post free, 8s. home ; 8s. 6d. abroad.)

(Foods, Drugs and Sweetmeats.)

FOOD ANDDRUGS. ByE.J. Parry,B.Sc.,F.I1.C.,F.C.S,
Volume |. The Analysis. of Food and Drugs (Chemical and
Microscopical). Royal 8vo. 724 pp. Price 21s. net. (Post
free, 21s. 6d. home ; 22s. 6d. British Colonies; 23s. 3d. other
Foreign Countries.) N
Volume Il. The Sale of Food and Drugs Acts, 1875-1907.
Royal 8vo. 184 pp. Price 7s. 6d. net. (Post free, 7s. 10d.
home ; 8s, abroad.)

THE MANUFACTURE OF PRESERVED FOODS
AND SWEETMEATS. By A. Hausxer. With

Twenty-eight Illustrations. Translated from the German of the
third enlarged Edition. Second English Edition. Fm“’n 8vo. 225
pp. Price 7s. 6d. net. (Post free, 7s. 9d. home; 7s. 10d. abroad.)

RECIPES FOR THE PRESERVING OF FRUIT,

VEGETABLES AND MEAT. By E. Wacxner,

Translated from the German. Crown 8vo. 125 pp. With 14
Illustrations. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d.

abroad.)

For contents of these books. see List I11.
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(Dyeing Fancy Goods.)

THE ART OF DYEING AND STAINING MARBLE,
ARTIFICIAL STONE, BONE, HORN, IVORY
AND WOOD, AND OF IMITATING ALL SORTS
OF WOOD. A Practical Handbook for the Use of

Joiners, Turners, Manufacturers of Fancy Goods, Stick and
Umbrella Makers, Comb Makers, etc. Translated from the
German of D. H. SoxHLET, Technical Chemist. Crown 8vo.
168 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.)

(Celluloid.)
CELLULOID : Its Raw Material, Manufacture, Properties

and Uses. A Handbook for Manufacturers of Celluloid and
Celluloid Articles, and all Industries using Celluloid ; also for
Dentists and Teeth Specialists. By Dr. Fr. Bockmann, Tech-
nical Chemist. Translated from the Third Revised German
Edition. Crown 8vo. 120 pp. With 49 [llustrations. Price 5s.
net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.)

(Lithography, Printing and
Engraving.)

PRACTICAL LITHOGRAPHY. By ALFRED SEVYMOUR.
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price 5s.
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

PRINTERS AND STATIONERS READY

RECEKONER AND COMPENDIUM. Compiled by

VicTor GrRaHAM. Crown 8vo. 112 pp. 1904. Price 3s. 6d. net.
(Post free, 3s. 9d. home ; 3s. 10d. abroad.)

ENGRAVING FOR ILLUSTRATION. HISTORIL
CAL AND PRACTICAL NOTES. By J. KirkBRIDE.

72 pp. Two Plates and 6 Illustrations. Crown 8vo. Price
2s. 6d. net. (Post free, 2s. 9d. home : 2s. 10d. abroad )

(For Printing Inks, see p. 4.)

(Bookbinding.)
PRACTICAL BOOKBINDING. By PauL Abpam,

Translated from the German. Crown 8vo. 180 pp. 127 Illus-
trations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.

(Sugar Refining.)

THE TECHNOLOGY OF SUGAR: Practical Treatise
on the Modern Methods of Manufacture of Sugar from the Sugar
Cane and Sugar Beet. By JouN Geppes McInTosH. Second
Revised and Enlarged Edition. Demy 8vo. Fully lllustrated.
436 pp. Seventy-six Tables. 1906. Price 10s. 6d. net (Post
free, 11s. home; 1l1s, 6d. abroad.)

(See ** Evaporating, Condensing, efc., Apparatus” p. 19.)
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(Emery.)
EMERY AND THE EMERY INDUSTRY. Trans-

lated from the German of A. HAENIG. Crown 8vo. 45 [llustra-

tions. 104 pp. Price 5s. net. (Post free, 5. 3d. home : 5s. 6d.
abroad.)

(Libraries and Bibliography.)

CLASSIFIED GUIDE TO TECHNICAL AND COM-

MERCIAL BOOKS. Compiled by Epcar Grees-
woop. Demy 8vo. 224 pp. 1904. Being a Subject-list of the
Principal British and American Books in Print; giving Title,
Author, Size, Date, Publisher and Price. Price 5s. net. (Post
free, 5s. 4d. home ; 5s. 6d. abroad.)

HANDBOOK TO THE TECHNICAL AND ART
SCHOOLS AND COLLEGES OF THE UNITED
KINGDOM. Containing particulars of nearly 1,000

Technical, Commercial and Art Schools throughout the United
Kingdom. With full particulars of the courses of instruction,
names of principals, secretaries, etc. Demy 8vo. 150pp. Price
3s. 6d. net. (Post free, 3s. 10d. home; 4s. abroad.)

THE LIBRARIES, MUSEUMS AND ART GAL-
LERIES YEAR BOOK, 1910-11. Being the Third

Edition of Greenwood’s ** British Library Year Book”. Edited
by ALEX. J. PHIL1P. Demy 8vo. 286 pp. Price 3s. net. (Post
free, 5s. 4d. home ; 5s. 6d. abroad.)

THE PLUMBING, HEATING AND LIGHTING

ANNUAL FOR 1911. The Trade Reference Book
for Plumbers, Sanitary, Heating and Lighting Engineers,
Builders' Merchants, Contractors and Architects. Including
the translation of Hermann Recknagel’s ** Kalender fir Gesund-
heits - Techniker,”” Handbook for Heating, Ventilating, and
Domestic Engineers, of which Scott, Greenwood & Son have
purchased the sole right for the English Language. Quarto.
Bound in cloth and gilt lettered. Price 3s. net. (Post free,
3s. 4d. home ; 3s 8d. abroad.)

SCOTT, CREENWOOD & SON,

Tecbnical MBook and Trade Fournal Publisbers,
8 BROADWAY, LUDGATE, LONDON, E.C.

Telegraphic Address, ** Printeries, Cent.-London "'. April, 1913,












i
. .
-
r ]
#
F r 4
i
i
-
" .
"
. 2
i~ s
i
.
o ;
.
.
w
B b 3
o =
i " 2 E
L
.
% . .
Tyt %
- . -
.
. %
-
. .
. » -
%
. .
ak . . .
.
% oh
) IR ; " "
}""-.-. S e "
atad Bibhas map x "




