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PREFACE.

i

Tris work is intended to be an introductory handbook
for the use of students, medical men, and others who
require a practical acquaintance with Bacteriology without
having at command the necessary time for a comprehen-
sive study of the mass of work which it comprises.

Our purpose is therefore to give a concise account
of the principal facts which may fairly be considered to
have practical applications, and of the methods of ex-
amination by which they can be investigated. To persons
familiar with the science it is needless to say that it has
been impossible in the space at our disposal to give more
than a small fraction of the material which would be avail-
able for a treatise having the same object. We regret this
circumstance the less because persons engaged on other
subjects of study or of professional occupation, especially
those who have little or no previous knowledge of the
subject, could not assimilate anything like the whole mass
of conflicting observations which have been published, of
which, indeed, a large number must ultimately be super-
seded. We have endeavoured, however, to include those
results which may be considered as definitely established,

or appear most likely to be definitely developed in the near
future.
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PASTEUR'S EXPERIMENTS g

they agree in way of growth as well as in structure. In
1837 the important discovery was made by Schwann that
the phenomenon of alcoholic fermentation was connected
with the presence and life of the yeast-plant, and that
putrefaction was due  to something in the air which heat
was able to destroy.’ ‘

Messrs. Sehrider and Dusceh in 1854 introduced the use
of cotton-wool for filtering air to free it from micro-organ-
isms, and for plugging apparatus. But it remained for
Pasteur to make the greatest advance in this department,
by making pure cultures of various organisms, thus render-
ing an aceurate study of them for the first time possible.

Pasteur’s first experiments were devoted to the study of
the yeasts, and the part they play in the phenomena of
fermentation. As Pasteur’s classical experiments laid the
foundations of the modern study of bacteriology, it may be
well to describe the general lines on which he worked. He
first carefully observed the nature of the organic material
in which certain fermentations took place, studying both
synthetically and analytically the best medium for the
purpose, and then by careful microscopical study deter-
mined what organisms developed most rapidly during the
fermentation process. After making a solution of the
substance to be fermented, he added a small quantity of
albuminous material and a trace of the ash of the yeast
under examination, so that there should be a sufficient
quantity of the necessary mineral constituents present,
The medium was then carefully sterilised by being boiled
in flasks to which only filtered air had access. To the
germ-free solution he added a small trace of the special
yeast which he wished to examine. By this means, after
growing the organism through two or three generations, he
obtained pure cultures. Pasteur also employed the ¢ dilu-
tion,’ or ‘ fractional,’ method of cultivation. A drop of the













TYPES OF ORGANISMS T

Fig. 1.—TypEs oF ORGANISMS.

A, sarcina ; BB, mierocoeei ; O, staphylococei ; D, diplococei ; E, strep-
tocoeei ; I, tetracoeel ; &, bacilli; H, spirilla; I, bacteria with flagella ;
K, bacteria with capsules; L, bacteria with spores; M, zooglea.
short rodlets are often known as bacteria—if fairly long,

as bacilli; very long filaments are included under the
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PATHOGENIC ORGANISMS L7

cases albuminous bodies are peptonized and gelatine is
liquefied. Many bacteria have the faculty of remlvi.ng
organic bodies into their simplest elements; others, again,
have the property of converting ammonia into nitric and
nitrous acid. Certain microbes have the power of becom-
ing phosphorescent in the dark. These phosphorescent
bacteria are often seen on decaying plants and wood ; some-
times in tropical climates the sea becomes luminous owing to
the presence of countless numbers of these organisms.
Again, they are frequently seen on the surface of dead fish,
particularly mackerel, which often become so bright as to
strongly illuminate the cupboard in which they lie.

The partieular class of parasites which produce disease
in man and the higher animals are termed ‘ pathogenic *
bacteria. These pathogenic organisms may exert their
pernicious power in several ways. They may be injurious
on account of their abstracting nourishment from the
blood or tissues, or for the purely mechanical reason of
their stopping up the minute capillaries and bloodvessels
by their excessive multiplication. But the poisonous action
of most of the pathogenic bacteria is due to the chemical
products secreted by the organisms, and it is to the cir-
culation and absorption within the body of these poisons
that must be traced the disturbances of the animal system
which characterise disease.

The various products of the metabolism of the bacteria
are known ag ‘ ptomaines,” ¢ toxalbumoses,” ¢ ferments,’ or
‘enzymes.” Many of these bodies may be elaborated by
micro-organisms when growing on artificial media or
articles of food. When meat or albuminous bodies undergo
decomposition, i.c., when the organisms of putrefaction
alight and develop on them, the result may be the pro-
duction of these intensely poisonous bodies, which are the

cause of the cases of which we frequently hear of indi-
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“ ACTION OF LIGHT 19

Agents. The resistance of miero-organisms to these in-
fluences is very high, especially in the spore stage.

(1) Light.—Messrs. Downes and Blount, in a communieca-
tion to the Royal Society in 1881, first called attention to
the fact that light had an injurious effect upon bacteria,
and that cultures may be destroyed by exposure to sunlight.
About 1885, Duclaux and others took up this subject, and
with various pure cultures of miero-organisms it was found
that by exposure to sunlight the spores of various bacteria
lose their capacity to germinate. It was also found that
cultures lost their power of reproduction in diffused light,
and that they also became ° attenuated * in their pathogenie
power. In his address before the International Medical
Congress at Berlin, in 1890, Koch stated that the tubercle
bacillus was killed by the action of sunlight in a time vary-
ing from a few minutes to several hours, depending upon
the thickness of the layer exposed. Diffused daylight
had the same effect, although a considerably longer time
was required ; when placed close to the window, about a
week was required. Similar results have been obtained by
Janowski (1891) on the typhoid bacillus.

In the experiments of Momont (1892), dry anthrax spores
were found to resist the action of light for a long time, but
moist spores freely exposed to the air failed to grow after
forty-four hours’ exposure to sunlight. In the absence of
spores, anthrax bacilli in a moist condition freely exposed
to the air failed to grow after from half an hour to two
hours’ exposure to sunlight ; but in the absence of air
these same bacilli were not destroyed at the end of fifty
hours of exposure. Buchner found that broth cultures of
typhoid, Bacillus coli communis, Bacillus pyocyaneus, and
the Vibrio cholere Asiatice yielded no growth after one
hour’s exposure to direct sunlight,

The most recent and conclusive experiments of all, how-
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fuchgine (which transmits violet rays), gentian violet, and
methyl blue, had but little more effect than colourless fluids.

The action of light on micro-organisms supports the
opinion of specialists in hygiene, that free access of light
is a great factor in relation to the health of a community.

(2) Action of Heat.—As we have already seen, the ‘ opti-
mum ' temperature for the growth of most of the bacteria is
between 20° to 40° C.; while some of them ean grow at the
freezing-point of water, and others can grow at as high
a temperature as 60° to 70° C. Generally speaking, the
pathogenic organisms require a temperature of 35° to 40° C.
In considering the influence of heat on the bacteria, we
must take into account the very great difference in the
resisting power of the vegetative cells and the spores; and
the different destructive powers of dry and moist heat, as
well as the time of exposure and other conditions. '

Dry Heat.—If bacteria, or their spores, when in a well-
dried condition, are exposed to the action of heated dry
air, the temperature required for their destruction is much
higher than when moist heat is employed.

Koch and Wollffhugel, in 1881, made a thorough investi-
gation of this subject. A large number of pathogenic and
non-pathogenic organisms were tested, with the following
results :

A temperature of 78" to 128° C. (=172° to 253" F.), main-
tained for over an hour, was found not to kill, and it was
found necessary to employ a temperature of 120° to 128° C.
(= 248" to 262" F.) for at least an hour and a half to insure
the complete destruction, in the absence of spores, of all of
the species tested. The spores of Bacillus anthracis and
:Br:z-::ﬂﬂt.-:s subtilis resisted this temperature, and required to
insure their destruction a temperature of 140° C. (=284° F.)
maintaine.d. for three hours. This temperature is injurious
to most articles requiring disinfection, such as bedding and
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With regard to the resisting power of  spores’ to moist
heat, those of most of the pathogenic bacteria are quickly
killed by a very short exposure to 100° C. (=212° E.).

On the other hand, the spores of cerfain non-pathogenic
species resist the boiling-water temperature (100° C.=
212° F.) for hours.

In the practical application of steam for disinfecting pur-
poses, it must be borne in mind that, although steam under
pressure is more effective than ordinary steam, it is not
necessary to give it the preference, in view of the fact that
all the pathogenic organisms and their spores are quickly
killed by a comparatively short exposure to the temperature
of boiling water. ‘Superheated ' steam has about the same
germicidal action as heated dry air at the same tempera-
ture. This is shown by the experiments of Esmarch, who
found that the spores of anthrax were killed by three
minutes’ exposure o ordinary steam, but were not killed
by the same time in ‘ superheated ’ steam at a temperature
of 140° C.

From the above facts it will be seen that for any object
to be rendered germ-free, i.e., sterilised by dry heat, it must
be exposed to a temperature of 160" to 180° C. (=3820" to
356" F.) for half an hour at least, if this object is to be
attained with certainty.

If sterilisation is to be secured by the agency of moist
heat, the article must be heated to 60° to 70" C. (=140" to
158° I.). As already mentioned, most spores are killed by
simple boiling; but there are, on the other hand, certain
resistant kinds which can support for a short time a
temperature of 110° fo- 115" C. (=230" to 239° F.).

In order to sterilise culture media, it is necessary to heat
them to 115° C. for fiffeen minutes under pressure, in vessels
of special construction.

Fractional Sterilisation.—This is a method of rendering
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begin to develop vigorously, the hay infusion which contains
the spores being a most favourable medium for the growth
of the hay bacillus. As the cotton-wool plug prevents the
entrance of other organisms, a pure culture of the hay
bacillus is thus obtained.

A similar method, using regulated temperatures, is em-
ployed to obtain pure cultures of the tetanus bacillus.

(8) Action of Cold.—Micro-organisms are extremely resist-
ant with regard to eold. Frosch, in 1877, exposed various
cultures to a temperature of — 87° C., which he obtained by
means of liquid carbon dioxide, and found that most of the
organisms experimented upon multiplied on being placed
again under favourable conditions. Prudden has recently
made some extended experiments on the influence of freezing.
He found that while some organisms withstood the aection
of cold for a long time, others failed to grow. The Bacillus
prodigiosus failed to grow after being frozen for fifty-one
days, as did also the Proteus vulgaris. The Staphylococcus
pyogenes aureus withstood freezing for sixty-five days, and
the typhoid bacillus for 103 days. Sub-cultures made
at intervals showed, however, a diminution in number
of the bacteria. A similar diminution in number would
perhaps have occurred in old eultures in which the material
for growth was exhausted, independent of freezing ; for the
bacteria, like the higher organisms, die in time as the result
of degenerative changes in the protoplasm of the cells, and
continued vitality in a culture depends on continued repro-
duetion.

Repeated freezing and thawing was found by Prudden to
be more destructive to the typhoid bacillus than continuous
freezing. Cadeac and Malet kept portions of a tubereulous
lung in a frozen condition for four months, and found that
at the end of this time tuberculosis was produced in guinea-
pigs by injecting a small quantity of the material.
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(4) Desiccation.—Cultures of various micro-organisms,
when kept moist, retain their vitality for a considerable
time, but this varies with the different species. Sternberg
found cultures of B. typhosus, B. prodigiosus, and others to
be alive atter being hermetically sealed for eighteen months.
Some species die quickly, but most of them retain their
vitality for months. The cholera spirillum (‘ comma ’
bacillus) will remain alive for months if kept moist ; but
Koeh and Kitasato found that a broth eulture, dried in the
form of a very thin film, was incapable of development after
three hours’ drying. Pfuhl found the typhoid bacillus, dried
under the same conditions, to retain its vitality for eight
to ten weeks. Loffler found that the diphtheria bacillus
resists desiceation for four or five months. Cadeac and
Malet produced tuberculosis in guinea-pigs by injecting
material from the lung of a tuberculous cow which had
been kept in the form of a desiceated powder for five months,
but at a later date the virulence was lost.

(5) Action of Electricity.—Many workers have made ex-
periments to determine the action of electrical currents on
various bacteria, but the results hitherto obtained are very
indefinite and discordant. It is possible, however, that in
the future this agent, the application of which increases
daily, may play an important part in the destruction of
bacteria.

(6) Action of Chemical Agents.—Chemical agents are de-
structive to bacteria by virtue of their poisonous action on
protoplasm. The haloid elements, mineral acids, alkalies,
metallic salts, and various organic compounds, all exert a
strong germicidal or retarding action on the growth and
development of micro-organisms.

The Antagonism of Micro-organisms.—The mutual an-
tagonism or influence of growth of one species upon the
growth of another has been specially studied by Freuden-
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phragm, also a triple nosepiece. , The 1€1.st., although not
absolutely necessary, is a great time-saving armngement,
which not only saves the necessity of unscrewing the
objectives to obtain variations in power, but also Pia_,
serves the objectives from much wear and tear. For

Fig., 2.—Tur MIcROSCOPE.

ordinary work the following objectives are required : 1 inch,
4 inch, and a  inch oil immersion. These objectives
combined with an ¢ A’ and ‘B’ eyepiece will give magnifica-
tions of from 50 to 1,100 diameters, which is ample for all
ordinary purposes.

It is essential to be provided with a brilliant source of
illumination for the examination of bacteria, particularly
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when in tissues. Failing bright daylight, the most satisfac-
tory source of light for microscopical work is, in our opinion,
the Welshach incandescent gas-light. This gives very
brilliant illumination combined with perfect steadiness.

Micro-organisms are somewhat difficult to observe in
liquids and tissues, being only visible through the shadows
caused by the differences in the refractive power of the
various structures. Hence but little light should be used,
and consequently the hole in the diaphragm must be as
small as possible. In the case of stained specimens, how-
ever, an open diaphragm can be used, and the preparation
examined with the full power of the Abbé condenser.

After using the oil immersion objective, the cedar-oil
used must be removed from the lens with soft filter-paper,
and then wiped with a silk handkerchief. Should the oil
have been allowed to dry on at any time, it is best re-
moved by placing on a little fresh oil and allowing to stand
a short time; this will soften the hardened oil, when the
whole may be cleaned off together.

The Hot-air Steriliser.—This is an iron box fitted with
double walls, with a door in front. The whole is supported
on four legs. It is heated by means of a rose gas-burner
from below, and the temperature of the interior is in-
dicated by means of a thermometer inserted through a
hole in the top. If necessary, a mereury gas-regulator
can be inserted through a second opening.

It must be borne in mind that the temperature in these
ovens 18 by no means uniform ; care, therefore, must be
taken that the objects exposed for sterilisation really
reach the desired temperature,

Test-tubes, dishes, plates, cotton-wool, ete., may be
thoroughly sterilised by exposure to a temperature of 150° C.
for one hour. The cotton-wool is put loosely into a
beaker, and placed with the tube or plates that are being
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sterilised ; when the cotton-wool becomes slightly browned,
it may be taken as a sign that the steriliaatiur{ of the
objects is complete. The platinum inoculating wires, for-
ceps, efc., are best sterilised by passing through the flame
of the Bunsen burner.

The Steam Steriliser. — This is a cylindrical vessel of
copper about 1 metre high by about 30 centimetres wide,
jacketed with felt or other non-condueting material, and

Fic. 3.—HoT-A1R STERILISER.

provided with a lid. The lid is also covered with felt, and is
perforated to receive a thermometer. Inside the vessel is a
diaphragm or grating about two-thirds down which divides
the interior into two portions: the upper, or ‘steam-
chamber,” and the lower, or ‘ water-chamber.” This part
18 fitted with a water-gauge to indicate the water-level.
The apparatus stands upon three legs, and is heated by
two ordinary Bunsen burners, or, better, by a large
Fletcher burner.
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The heat must be sufficient to keep the water in vigorous
ebullition, so that the steam issues freely from the top. In
this way a uniform temperature of 100° C. is maintained in
the apparatus. The steriliser is fitted with a wire basket
or metal rack for the reception of test-tubes containing
nutrient media.

This apparatus is employed for sterilising media and
apparatus which cannot be exposed to temperatures higher

Fie. 4. —STEAM STERILISER.

than that of boiling water (100" C.). Glass and other
utensils may be steamed for from one to two hours; but
gome nutrient materials are unable to withstand the
temperature of 100" C. for any length of time. Thus,
nutrient gelatine loses its power of solidifying on pro-
longed heating at the boiling temperature. Hence 1t is
advisable to expose media containing gelatine to a ecurrent
of steam for not more than fiffeen minutes on three
successive days. The heating on the first day destroys all




THE STEAM STERILISER 33

the bacteria present and most of the spores, but some of the
latter remain and develop by the next day into adult organ-
isms; these are killed on heating the gsecond time; any organ-
isms that remain are finally destroyed by the third heating.
The steam steriliser is also conveniently employed in hasten-
ing the filtration of nutrient agar, in preference to the use of
the hot-water funnel. For this purpose the flask to receive
the filtrate, together with the funnel containing the medinm
on the filter-paper, is wholly immersed in the steam.

F1s. 5.—PRESSURE STERILISER.

The High-pressure Steam Steriliser.—High-pressure steam
applied by means of an autoclave acts with greater rapidity
than ordinary steam. Owing to the costly nature of high-
pressure digesters, their employment is not to be recom-
mended for ordinary use, as no advantage accrues from
it. In certain cases, however, as in the sterilisation of
soil, the high-pressure digester may be conveniently used.
Globig (Zeitsch. f. Hygiene, iii., p. 882, 1887) found that
certain spores were able to resist ordinary steaming for

3
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sation purposes, great risk is incurred by traces of the
germicide escaping removal, and thus destroying the or-
ganisms under examination or introducing other elements
of uncertainty into the work. Great care must be taken
when using such substances; in fact, it is advisable only
to resort to their use under special circumstances. For
ordinary purposes it is best to rely upon the careful fulfil-
ment of all the details required in the sterilisation by the
usual methods.

Probably the most ready means of sterilising plates,
tubes, instruments, ete., wherever possible, is prolonged
boiling in water, taking care to proteet from dust when
cooling.

Sterilisation by Filtration.—Air and other gases are
readily freed from micro- organisms by drawing them
through a tube containing a plug of dry sterile cotton-
wool, or packed with sugar or sand. The application of
this principle is seen in the plugging of culture fubes and
flasks with cottonwool to protect the contents from aerial
organisms.

In order to deprive water or other liquid, which is not too
viseid, of bacteria, it is forced through eylinders made of un-
glazed porcelain (Pasteur-Chamberland filter) or baked
infusorial earth (Berkefeld filter). When it is necessary to
free water from organisms without chemical change, or for
the purposes of concentration, as in the testing of water for
the typhoid bacillus, or the separation of bacteria from the
products of their vital activity (in the preparation of toxines,
etc.), the use of these filters is invariably resorted to.
Not only will these filters keep back the bacillus of mouse
septicemia, one of the smallest known micro-organisms,
but putrid blood serum can be filtered, and the filtrate

is rendered not only perfectly clear, but quite free from
Organisms.
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Milk may not only be deprived of its fat by means of
these cylinders, but a clear sterile serum is obtained.

For experimental purposes these filters must be sterilised
and cleaned before being used. This operation does not
affect the Pasteur filter, but tends to disintegrate the
Berkfeld, which after a time loses its sterilising power.

i'Hr =
Fic. 6.—FrEEZING MICROTOME.

The application of air, compressed under a pressure of
10 1b. per square inch, to Pasteur tubes steeped in water
is a trustworthy test of their bacterial soundness, as bubbles
escape from any fault.

The Microtome.—A large number of machines for the
cutting of sections of tissues have been introduced by
various makers.
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type. These regulators depend upon the rise and fall of
mercury upon the application of heat and cold , thrus, w.han
the temperature falls the gas-flame increases in slze, sice
by the contraction of the mercury in the tharmcr-re!gulatnr
more gas passes; again, when the temperature rises too
much of the gas is partially cut off by the expansion of the
mereury. In case the main gas opening should become
quite closed by the expansion of the mercury, the thern.:m-
regulators are fitted with a small by-pass pipe, which
allows so much gas to pass as to maintain a small pilot
light to prevent the flame becoming extinet. In addi-
tion to the mercury gas-regulators, of which so many
types are in use, various other ingenious devices are em-
ployed to regulate the temperature of the incubators,
among which may be mentioned those depending upon
the differential expansion of metals, electric alarms, and
the most recent invention, which is known as the Excelsior
gas-valve, in which the pressure of ether and other vapours
is employed, contained in a flexible envelope ; this, acting
upon a lever, controls the gas-supply.

The best form of incubator for bacteriological purposes
is a modification of the Champion egg-incubator devised by
Messrs, Hearson and Co., of 235, Regent Street, W., which
is fitted with the Excelsior gas-valve. The following is a
deseription of the Hearson incubator :

The tank which forms the water-jacket is made of stout
copper, the junctions in which are effected by a means
which the experience of many years has proved effectual
in avoiding the local galvanic action so prejudicial to
ordinary solder. The outer case is made of pine, and the
space between it and the water-jacket is filled with a non-
conductor of heat. The chamber is closed with an inner
olass door and an outer wooden one. In the incubator,
and immediately below the Excelsior valve, which occupies
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gas passes from A to C, through an aperture inside the
valve, the size of which aperture can be adjusted by the
serew-needle S, hence the gas-flame which burns in a little
lantern below the ineubator is never extinguished.

The reader will no doubt have grasped the fact that the
expansion of the capsule, owing to the boiling of its contents,
provides the motive force for acting upon the lever BD, and
as this expansion only takes place at a predetermined
temperature, the lever will only be acted upon when the
eritical temperature is reached, no sensible effect being pro-
duced at even one degree below that at which the capsule
is desired to act. We have thus a thermostat acting at a
nearly fixed and predetermined temperature, and without
any further additions to the apparatus already described, we
should have (were it not for slight barometrie variations) an
absolutely fixed temperature regulator.

Changes in atmospheric pressure, however, tend to make
the temperature fluctuate about a degree (F.) on either
side of the normal, if observations be taken extending over
considerable intervals of time.

To compensate for these variations, if it be desired to do
so, a sliding weight runs on the lever-rod D. But this
weight serves a yet more important function.

It gives us the opportunity of retarding within certain
limits the boiling-point of the capsule, and of thus adjusting
the temperature at which the capsule shall expand several
degrees above that at which (with the weight quite to the
left) it first commenced to act.

By this means the operator is enabled to obtain a range
of about 8” with any particular eapsule, and as these can be
made to act at any temperature from 60° to about 300° F.,
we are enabled to maintain any desived temperature in in-
cubators, sterilisers, water-baths, ete.

In actual practice it is found that the temperature can be
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6. Push the lead weight on the lever quite to the left.

7 See that the needle below the milled head-serew 1
rests in the depression in the lower end of the screw.

8. Withdraw the by-pass screw S and the milled head-
screw P three or four turns, then turn on the gas both at
the service and under the lantern, and light 1t.

9. With one hand lift the lever D as high as it will go
comfortably, but without putting any strain upon it. With
your other hand turn the screw S in again until the flame
is reduced to less than the size of an ordinary pea.

10. Release the lever, and as it falls the gas will suddenly
rige to its full height.

11. Turn the milled head-screw P in the direction to
raise the lever, and continue to do so until the flame is
reduced to the same size as it appears when you hold the
lever up with your hand.

12. Now give the milled head-serew P one half-turn back-
wards, and the gas will again rise to its full height.

18. By means of the cock below the lantern, reduce the
flame to about the size of the bowl of an ordinary egg-
spoon.

14. Shut the doors of the incubator and gently lower
the thermometer down the brass-bushed hole near the
HKxcelsior valve.

15. Put on the short glass chimney to protect the flame
from draughts.

16. The flame in the lantern will now remain constant
until the lever is pushed up by the expansion of the
capsule.

17. When this is the case, the flame will decrease auto-
matically until it is reduced to that size which shall supply
just the amount of heat required to keep the interior at the
temperature now indicated on the thermometer.

18. If after a lapse of some hours it is found that the
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due to (1) filling with water too warm ; (2) leaving the
by-pass too high; (8) giving the screw P more than ha:lf
o turn back after having serewed it down to cut the main
supply off. )

Messrs. Hearson and Son have applied the above prin-
ciple to an incubator which is heated by means of a
petroleum lamp. This form is a very convenient one for
use in places where gas 18 not obtainable.

The outer case of this apparatus is similar to the one
already deseribed, save only that the woodwork on the
right-hand side is carried lower down to form a support
for the lantern in which the lamp T burns.

The general construction of the water-jacketed chamber
is also the same ; but there is a large water-space below the
chamber to make room for a pipe L, which conveys the
heated products from the flame through the water and back
again to the lantern, the lantern being furnished with a
second chimney, which discharges into the open air a short
distance behind the one seen in the illustration.

A is the water-jacket surrounding the chamber containing
the cultures.

O is the pipe through which the water-jacket is filled
with water.

N is a cock for emptying the same.

M is the overflow.

S is the capsule contained in a case attached by a tube to
the lever plate outside.

D is a lever pivoted on the left, and carrying at its free
end a damper F, which when resting on the chimney V
effectually closes it.

P is a serew for adjusting the damper when starting the
apparatus. The end of this serew is coneave, and into this
coneavity 1s inserted the upper end of a wire, the lower end
of which rests on the capsule.
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93. Push the lead weight quite to the left.

94. Turn the milled head-serew P until the damper F
rests on the chimney V.

95. Drop the thermometer gently down the tube pre-
pared to receive if, and see that the whole of the bulb and
a little of the stem is visible inside.

96. Shut the doors of the incubator.

97. Fill the lamp with good American petroleum oil, and
{rim the wick so that when burning it shall produce a flame
without tails.

98. Refill the lamp every twenty-four hours, and trim the
wick as required.

29. Light the lamp, put on the chimney, and turn the
flame low to prevent smoke.

30. To put the lamp into the lantern, pass your fore-
finger through the looped handle, and press the thumb-
piece as far down as it will go. Slide the lamp into the
lantern, release the thumbpiece, and you will now find
that the chimney touches the horizontal plate in the
lantern, and so establishes a direet communication between
the lamp-burner and the flue. If the communication is
complete, the oil good, and the lamp properly trimmed,
there will be no smell whatever.

31. Turn the flame to about half the height at which 1t
will burn without smoking.

32. The incubator may now be left for an hour, but
before doing so the present temperature should be noted.
On your return observe whether the temperature has risen,
and if not, raise the lamp-flame a liftle.

38. The flame must always be somewhat in excess of that
required to keep up the temperature. If you exceed the
required amount considerably it is of no consequence, as

the apparatus will get rid of it; but you will be burning
more oil than is necessary.
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34. When the damper rises (which it will do when the
interior reaches the boiling-point of the capsule), you must
move the lead weight along the lever as deseribed in
paragraph 20.

1

13

[

F16. 9 —INCUBATOR HEATED BY A LAMP.

85. When the thermometer registers the desired tem-
perature, clamp the lead weight to the lever by means of
the milled head-screw which goes through it.

86. After having been once adjusted it will be found that
the heat in the interior will remain constant, notwithstand-
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ing the utmost changes of temperature oceurring in these
latitudes, nor will very great alterations in the size of the
lamp-flame seriously alter the results.

37. The milled head-screw P must not be turned, after
the first adjustment, during the whole time that the incu-
bator is in use.

Observe the temperature before opening the door; observa-
tions taken afterwards are worthless.

The Cool Ineubator.—It must be clearly understood that the
ordinary incubator with the Excelsior valve is only suitable
for temperatures at least 5° I'. above the temperature of the
room in which the incubator is used. In order to render
bacteriological investigation by means of gelatine tubes and
plates possible during hot summers and in tropical climates,
Messrs. Hearson have devised a cool chamber or incubator in
which ice is used. It consists of a water-jacketed chamber,
similar to that already described, surmounted by a vessel, B,
which contains ice, the whole apparatus being surrounded by
a thick layer of non-conducting material and wood to protect
it as far as possible from the effects of external influences.

The regulation of temperature within the chamber is
effected by a small stream of water which runs con-
tinuously through the apparatus in one of three directions,
the choice being automatically determined by a thermo-
statie capsule.

On the top of the apparatus is a lever plate and lever, M,
gimilar to the one used in the lamp incubator already
deseribed, only in this case the damper is dispensed with.
A bracket screwed to this plate supports a vertical shaft,
pivoted on centres at the top and bottom, which carries a
horizontal tube, C.

In the ineubating chamber is a eapsule in a holder, sup-
ported by a tube serewed to the lever plate.

A stiff wire communicates the motion of the capsule (as

4
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In this case the water is collected in the open vessel in
which the tubes D and E stand, and is conducted by the
pipe H H' to the waste-pipe N without producing any
effect whatever on the incubating chamber.

If the temperature of the room in which the incubator is
placed is above the boiling-point of the capsule, the
horizontal tube will continue to fravel towards the left, so
that presently the water will run down the tube E, along the
tube E’, and, passing through the ice-box, will so lower the

s
] e | e iy el
e

B
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Fig. 10.—Frax oF Coon INCUBATOR.

inside temperature that the capsule will collapse a little and
cause the flowing water to again take up a position midway
between the two tubes. |

A fraction of a degree is quite sufficient to determine
which tube the water will fall into, so that the interior of
the apparatus remains at a practically uniform tempera-
ture.

We have thus, so to speak, a reservoir of heat in the
boiler and a reservoir of cold in the ice-box, which the
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hours the thermometer will be found fo register a few
degrees below that at which you desire to work. To bring
the heat up to a proper working temperature you will now
require to move the lead weight L on the lever M (which
antil now has been quite to the left) step by step towards
the right, an inch or so at a time, and to observe the effect
on the thermometer at hourly or half-hourly intervals.
When the thermometer indicates the required temperature,
clamp the weight to the lever.

The rate of flow of water is not very important. We
have found a flow of 120 drops a minute sufficient to
correct an external difference of 10°, but a fluid ounce per
minute may be run through without ill effect, because as
soon as the temperature for which the apparatus is ad-
justed is arrived at, the water falls between the two tubes and
simply runs to waste. _

The serew valve K on the top of the apparatus is for ad-
justing the water-supply, and the cock below the boiler 1s
for emptying the apparatus.

The valve K should be permanently connected with a
constant supply of water from a tank above the level of the
apparatus. The usual house-supply will generally be found
to answer the purpose perfectly, but it must be clearly
understood that if the water ceases to flow there will be no
regulation of temperature. The waste-pipe N should also
be carried to a properly-trapped drain.

In climates where the external air is always above the
temperature of the incubating chamber, the ice-box must be
so frequently replenished that there is always ice in it,
without which there is of course no eooling effect.

A lamp or glass may be used for heating the boiler, but
need not be lighted unless the air is below the temperature
required in the ineubating chamber.

The Centrifugal Machine.—This machine has many useful
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both liquid and solid eulture media, which are prepared as
far as possible similar to the natural soil on which they
first grew. In the following pages will be found an account
of the preparation of the culture media generally used by
bacteriologists. The preparation of these nutrient media
is not difficult, but it requires great care and attention to the
directions in order to insure success.

Nutrient media are employed in test-tubes, small tri-
angular (Erlenmeyer's) flasks, plates, or flat Petri dishes.
All test-tubes, flasks, ete., employed in the preparation of
nutrient media are thoroughly cleansed with strong nitrie
acid, after which treatment they are well rinsed with water
to remove all traces of acid. The tubes are then allowed
to drain until nearly dry, when they are finally rinsed
out with a little strong alecohol, drained, and allowed to
dry.

(1) Preparation of Beef-broth.— One pound of beef steak,
freed from fat and connective tissue, is eut
up and passed through a small mineing-
machine. The finely-minced meat is then
digested with 1,000 c.e. of water. It is
then boiled, with constant stirring, for about
twenty to thirty minutes in a tinned or
enamelled sancepan, which is kept well
covered. The broth is then strained
through muslin, and then made up with
¢ distilled water to 1,000 c.c. to replace that
. : evaporated off during the boiling. To the

F1a. 12. broth is then added 5 grammes of sodinm

BAT Toags chloride and 10 grammes of peptone. The
latter is first rubbed up with a little of the broth in a glass
mortar, after which it is added to the bulk.

The mixture is now boiled for five minutes, and then
very carefully neutralised with a solution of sodium ecar-
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bonate, making the solution very faintly alkaline to litmus-
paper. The golution is again boiled for ten minutes, with
constant agitation. The reaction is again tested with
litmus-paper, and if still faintly alkaline, the solution is
filtered into a flask through a double-pleated filter-paper.
The filtered product, which should be absolutely clear and
bright,* is then run into flasks (which are plugged with
sterile cotton-wool and covered with tinfoil), and steriliced
on three successive days in the steamer for fifteen ox twenty
minutes on each oceasion.

(2) Glycerine-broth—To every 100 e.c. of beef-broth pre-
pared as above, 5 c.c. of glycerine is added, and shaken till
thoroughly mixed. The product is run into tubes, and
sterilized in the usual manner. Glycerine-broth is used
for the cultivation of the tubercle bacillus.

(3) Grape-sugar-broth. —To each 100 c.c. of broth is
added 2 grammes of commercial glucose. When the
glucose is quite dissolved, the broth is sterilized as usual.
Grape-sugar-broth is used in the cultivation of anaerobic
bacteria.

(4) Carbolated Broth.—This fluid is generally known as
Parietti’s medium, and is used to restrain the growth of the
various putrefactive and ordinary water bacteria when it is
desired to isolate the Bacillus typhosus and Coli communis
from water. An aqueous solution is prepared, containing
5 per cent. of phenol and 4 per cent. of hydrochloric acid.
From 2 to 5 per cent. of this solution is added to ordinary
sterile nutrient broth.

(5) Nutrient Gelatine.—This well-known and useful culture
medium, on which most organisms grow, giving rise to

* If in spite of filtration the broth remains turbid, half the white of an
egpe is added to the cooled broth, well mixed, then raised and maintained

at the boiling-point for ten minutes. The precipitated albumen is then
filtered off and the filtrate sterilised as above directed.
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the filter, when the filtrate will be found generally to run
quite clear.

The gelatine thus prepared should be perfectly clear and
of an amber-yellow colour, and should not become eloudy
on heating. Nufrient gelatine should not be heated more

Fre. 18.—ApPARATUS For FILTERING MEDIA.

than necessary, since by so doing it may lose the property
of getting when cold. If the medium becomes turbid after
sterilisation, it is probably due to the mixture being too
alkaline. Dilute lactic acid should always be used to reduce
the alkalinity, and not the mineral acids, such as sulphurie
or hydrochlorie. The gelatine medium, prepared as above,
can be sterilised on three successive days in the steam
steriliser, for fifteen minutes on each occasion, or, befter,
run off into test-tubes at once. Thisis best done by melting
the gelatine at a low temperature, and pouring it into
a sterile separating-funnel; or a more convenient method
to use after a little practice is a 100 c.c. pipette. The
chemically clean test-tubes are placed in a rack, and from
5 to 15 e.c. of the media run in without soiling the edges of
the tubes. When all the tubes are filled, they are plugged
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soluble. The agar is then thoroughly washed in water to
free it from all traces of acid, after which it 15 well boiled
with a litre of nutrient broth, prepared by the method
already described, for about thirty-five to forty-five minutes,
until all the agar has become quite dissolved ; the water
lost by evaporation is replaced from time to time. Care 1s
then taken to see that the medium is faintly alkaline, after
which it is cleared with egg-albumin, as described under
the preparation of gelatine. The agar is then filtered
through a damp filter, as directed for the making of
nutrient gelatine. A very quick and good method of
filtering agar is to use a small jelly-bag, which is suspended
in the steam steriliser. Some workers prefer that the hot
agar should be allowed to stand in the steam steriliser in a
tall, eylindrical vessel till the flaky particles which cause
the turbidity sink to the bottom, when the clear agar can
be drawn off.

The agar, when filtered, is run into test-tubes, as already
directed for gelatine. During the solidification of agar-
tubes, a few drops of water, the ‘ water of condensation,’
separates out, and prevents the firm adherence of the
medinm to the tubes. Esmarch recommends the addition
of gum arabic to the medium, to prevent the slipping away
from the surface of the glass. The water of condensation
can also be got rid of by removing the india-rubber caps,
and allowing the tubes to remain for a few days in the
incubator at blood-heat.

Agar jelly has the distinetive property of remaining solid
at 40° C., and only melting completely at 90° C.; hence this
medium is well adapted for use as a culture medium for
those miero-organisms which must be grown at the higher
incubating temperatures. Nutrient agar is often quite clear

when hot, but is almost always cloudy and opaque on
cooling,.
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236 APPLIED BACTERIOLOGY

sembling the mycelial growth of a mould. The yeasts,
however, never give rise to a true mycelinum nor to a typical
fruit-bearing hyphz.
The following are the prineipal varieties of yeasts:
Saccharomyces Cerevisie.—This is the typical English

Fig, 22, —BaccHAROMYCES CEREVISLE.

brewery yeast. It grows as rounded or slightly ellipsoidal
cells, which give off small cells by budding. The cells are
from 8 to 9 x in diameter, and occur both singly and in
short chains. Spores oceur three or four together in a
mother-cell 4 to 5 x in diameter.

Fic. 28.—SAcoHAROMYCES CEREVISLE. (Stages in the develop-
ment of ascospores.)

Saccharomyces Ellipsoideus.—This yeast takes the most
important part in the fermentation of grape-juice and
other spontaneous fermentations. It is usually rounded or
ellipsoidal in shape, and it sometimes assumes & SAUSAZE
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EXAMINATION OF WATER 301

squares; an average is then taken, and the number of
organisms present thus caleulated. With a liftle pmctiﬂ‘e
very close approximations are to be obtained with this
apparatus.

In the bacteriological examination of drinking-water it
is very important to note the character of the species

Fia. 30.—WoOLFFHUGEL'S APPARATUS.

present. It is as well to know approximately the number
of organisms which liquefy the gelatine. These kinds are
almost invariably putrefaction bacteria, and can only grow
where there is plenty of organic matter, they being almost
absent from pure waters.

The time and labour involved in ascertaining the char-
acters and number of the species of micro-organisms by
means of subcultures renders this operation prohibitive
in the ordinary bacteriological examination of a drinking-
water. This generally resolves itself into the enumeration
of the bacteria present, and an examination for a specific
pathogenic organism, typhoid or cholera, as the case
may be.

With reference to the general question of the bacterio-
logical examination of drinking-water, much information
as to the character of a water is gained by incubating a
small quantity of the sample at blood-heat for twenty-four
hours. The number of organisms is then ascertained by
an ordinary gelatine plate culture. The number of organ-
isms so found is compared with the number of organisms
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APPENDIX

mainder to evaporate under the influence of the heat from
the jacketed walls of the chamber.

The Equifex Disinfector. — The Equifex disinfector for
absolute disinfection is cylindrical and has no jacket.
Qteam is admitted to coils at the bottom, and in some
cases also at the top of the disinfecting eylinder at a
pressure of about 50 1b., and serves to communicate t0 the
steam so much heat as is lost by radiation through the sides
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Fic. 82.—EqQuiFEx DMSINFECTOR.

and doors. Air is eliminated by allowing the steam on first
admission to blow off through an outlet-pipe carrying a
thermometer, which should register 95° C. before disinfec-
tion proper begins. In this way the air from the stove i8
got rid of; and by intermitting pressure for five minutes
the air in the pores of the objects is likewise driven out on
the sudden expansion of the volume of vapour condensed
in them. The working pressure of steam is 10 lb. per
square inch ; and, the steam being saturated, its pressure,
and therefore its temperature, can accordingly be recorded
on an automatic recording-gauge. Objects are dried by
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