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ON THE THEORY OF INFECTIOUS DISEASE.

(Nov. 26th, 18758. Bailie Scott in the Chair. )

LADIES AND GENTLEMEN,

When I was asked to give a few lectures on
some subject connected with public health, T decided that
that subject should be “The Theory and General Prevention
and Control of Infectious Diseases,” for various reasons. In
the first place, Infectious Diseases contribute very largely to
the total amount of disease and death in all communities,
but especially in large cities. I cannot find words better
fitted to impress you with their importance than those of
Dr. Farr, who says:i—*“Diseases of this class distinguish one
country from another—one year from another; they have
formed epochs in chronology; and, as Niebuhr has shown,
have influenced not only the fate of cities, such as Athens
and Florence, but of empires; they decimate armies, disable
fleets; they take the lives of criminals that justice has not
condemned; they redouble the dangers of crowded hospitals;
they infest the habitations of the poor, and strike the artizan
in his strength down from comfort into helpless poverty; they
. carry away the infant from its mother’s breast, and the old
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infection flourishes or is prevented just in proportion as these
laws of nature are observed or violated, and that consequently
in the broadest and most practical sense, the conditions which
ordinarily promote general health are precisely those which
limit the risk of infectious disease attacking the individual
and becoming epidemic in the community.

In supporting this thesis I do not intend to trouble you
with refinements about infection and contagion, because
these are of no practical significance—it is questionable if
they exist at all as real distinetions. Nor in speaking of the
theory of infectious disease do I propose to enter upon dis-
cussions as to germ theories or glandular theories, or any
other theories the correctness or incorrectness of which do
not affect the soundness of the purely practical principles of
sanitary work. Happily they have, by universal consent, a
common basis of fact upon which we can work without
troubling ourselves with the merits of their details. Nor yet
shall I raise the question of the origin of these diseases, which
is really but a subdivision of the great quésticm of spontaneous
generation. As we now find them, they breed true, and like
the origin of Animals and Vegetables, in these latter days the
beginning of Small-pox, Typhus, and other like diseases has
only a remote historic interest. Their precise parentage and
pedigree may not be guife so easily traced ; but it none the
less certainly exists, and spontaneous generation is only a
bridge hastily thrown over the gaps left by our own ignorance,
My aims are purely practical. If we did not make a firm
resolve to follow this clue, we might in the study of infectious
diseases wander over all creation, and dip into every science,
Thus to expatiate would be very interesting and not altosether
uninstructive, but tell me of what use for the guidance of a |
- medical officer of health or a sanitary inspector face to face

-
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because we must not attempt too mueb in this short series of
lectures, I shall confine my special observations to those
infectious diseases which are most common and fatal n
Glasgow, viz.: the fevers, small-pox, scarlet fever, measles,
hooping-cough, diphtheria, and also cholera, although for-
tunately the present generation of the inhabitants has seen
little or nothing of it. To give precision to our impressions
of the gravity of these diseases to us as a community, I may
tell you that in the 10 years 1861-1870, they caused 26,398
deaths, or a fifth part of the total death-rate (6 out of 30 per
1000 living) ; in the 5 years 1871-1875, they caused 12,987
deaths, or a sixth part of the total death-rate (5 out of 30 per
1000 living); and in the last 2 years 1876-7, they caused 3005
deaths, or rather more than one-ninth of the total death-rate
(27 out of 25 per 1000 living). This is a total of 42,390
deaths in 17 years, or an average of nearly 2500 per annum.
An infectious disease is one whose general habit and
constant tendency it is to attack, or prevail among, great
numbers of the people. Such a disease is said to be sporadic
when as yet it exists only here and there in scattered,
1solated cases, and epidemic when it has actually attacked a
large proportion of the population, But there are diseases
which may affect many individuals at the same time, and
may even arise from one widely acting cause, and which yet
are not, properly speaking, epidemic. The dry, cold winds
of March may prostrate a number of individuals with
bronchitis, pneumonia and pleurisy, yet these diseases are not
then epidemic in the strict technical sense, though they are so
etymologically, There is involved in the term, besides the
idea of general prevalence, that of lateral transmissibility,
the power of propagation from one person who is diseased to
another, side by side, who is healthy. This property is
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We have seen that particles of yeast, which are living
vegetable cells, dropped into a solution of sugar and water,
very soon produce changes in that solution which is the
medium in which they live. Particles of sand dropped into
the solution would simply sink to the bottom of the vessel,
agitating the fluid for a few moments but leaving it in
composition unchanged. In like manner, if I removed a
stone from the street and set it down in this room, it would,
being colder than the air of this room, establish round about
it little eddies and currents of air, until, by exchange of heat,
the stone and the air had attained the same temperature, and
no alteration, excepting such as was required to maintain this
equilibrium, would be effected either in the stone or in the
air. But the relations between each individual among
my audience and the air of this room are very ditferent.
From the instant when the first person entered this room,
a series of changes in the constitution and component
parts of the swrrounding atmosphere was set agoing, and
the combined products of certain of your vital functions
are accumulating within the space bounded by the walls
of this apartment. Nor are these products mere theoretical
figments. They could be demonstrated to your eyes by
chemical processes, and by the aid of the microscope, and
are so real, so material, and so characteristic that after you
leave it would be easy, by those means, to prove that
you had been present. The yeast plant and the man are
illustrations derived from the simplest form of vegetable
and the most complex form of animal life, of a power
which is the common -characteristic of all life—that of
changing the constitution and component parts of the dead,
inorganic media which surround and abut upon it.

Having answered my first question—Do living ﬂ1ings
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next fortnight the healthy individuals who sat next to the
hypothetical unhealthy individual would be stricken with
typhus or scarlet fever, Here then we have two kinds of
relationship between, and mutual influence exercised upon,
the units of life, comprising a company of men living for a
short space of time in one medium—the atmosphere of
an apartment. The question is, What established the mor-
bific relationship between the healthy and the unhealthy ?
It is not the creation, the calling into being, of a relation-
ship which does not exist between persons in proximity
and in health, nor is it even a relationship begotten of
disease in general. It must be the introduction into this
relationship of some new element, something which does
not belong to the state of health nor yet to the state of
disease in .gemeral. I say “must be,” because we have
got beyond the stage of belief in an “evil eye,” and I
apprehend . that even the resources of spiritualism are not
potent enough to produce typhus or scarlet fever by any
immaterial “force!”

Let us now enquire in more detail, although still in a very
general way, into the nature of the changes produced by man
upon the media in and upon which he lives, while in a state
of health, and the paths of influence of one man upon another
opened up by these changes. Having obtained some certain
knowledge of the relationships belonging essentially to healthy
life, we shall be able to answer the further and most interest-
ing and practically important question—Are these in their
nature such as will suffice to account for the phenomena of
transmissible disease?

Here let me observe that it is not my intention to give you
an elaborate physiological disquisition upon the organs and
functions of the human body, to distinguish and describe the
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take a glass vessel, fill it with ice, and catch the drops of
moisture condensed from the air of a crowded room, the
microscope will disclose organic particles carried out from
our mouths with the breath, and from our skin with the
invisible vapour of perspiration. In the discharges from our
bowels and bladder particles may in like manner be discovered,
many of which can be readily recognized as peculiar to those
parts of the internal organs and surfaces from which those
discharges come,

Such being the method of our vital processes, you will at
once admit that wide as the world is, it is a mere question of
the degree of proximity of one buman being to another,
whether, and to what extent, there shall be a mutual inter-
change, not merely of the definitely constituted and analyzable
products of those processes, but of actual, solid and substantial
fragments of their bodies. It is impossible for me, in the
short time at my command, to give you even the shortest
summary of the evidence which has in recent years been
accumulated by observation and experiment, and which
points, in my opinion, with perfect certainty to this con-
clusion, that the infecting element in all specific and trans-
missible diseases is an organized solid, something having
weight and dimensions. There is diversity of opinion as to
whether those particles are independent existences, belonging
to the lowest and most rudimentary forms of animal or vege-
table life, or perhaps wavering in an intermediate state; or
even whether they are mnot, at any rate in certain forms of
disease, originally fragments of the animal body which have
somehow or other acquired a poisonous property which in
health they do not possess. But passing by all those un-
determined and debateable questions, there remains the
important practical conclusion, which for sanitary and pre-
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the blood, of a communicable disease. The infecting ma-
terial is the lymph, To the eye it is a limpid fluid, but
under the microscope it is seen that in this fluid granules
are suspended.

In the virus of Small-pox, of Sheep-pox, and of Glanders
or Farcy, a disease of horses, similar particles exist, that is to
say alike in outward form, though so vastly different in their
physiological effects. In all these cases experiments have
been made by which part of the fluid was isolated or ab-
stracted from the granules and found to be harmless, while
the remainder containing the granules was found to be
virulent.

In another diagram you have an example of a particulate
organism, one of the lowest forms of the vegetable kingdom,
which is called the Bacillus Amthracis, or the rod-like
fungus of Anthrax, a dreadful disease which chiefly infests
animals of the horse and ox species, but which veadily invades
human beings, and in fact all warm-blooded animals, These
infecting particles are motionless, straight, minute rods which
may be discovered in every part of the body, in the tissues as
well as in the blood. They grow into fibres or filaments, and
finally fructify, the life of the individual bacillus terminating
with the production of a number of spores, which are the
oval bodies shown in the diagram. This is the life of the
fungus, and it is the disease in the animal whose flesh and
blood are the media of its existence. Experiments of the
most conclusive kind have proved that this bacillus really is
the infecting element of Anthrax. Filter out from the blood
those rods and spores, and you have a harmless fluid, Mingle
the filtrate, containing those rods and spores, with pure water,

and the water acquires the virulent properties of the original
blood,
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In another diagram you have the Spirilla of relapsing
fever, a minute cork-serew-like organism which is found in
the blood in this fever, which you may remember prevailed
so severely in Glasgow in 1870-71. This disease is active in

il

il

i

Fig. 3—8pirochaete Obermeieri in Blood of man, aged 22 years, 28 hours
affer beginning of first relapse of Relapsing Fever. The dark bodies are
blood-corpuscles. After microscopic photograph by Koch, magnified 700

diams. (Op. Cit.)
the patient for a week, then it suddenly disappears for a
week, and then as suddenly reappears. Hence the distinetive
name. The spirilla is found when the fever begins, goes
when it goes, returns with 1t, and finally disappears with it.

Fig.4—Section of deeper layers of Skin in Erysipelas, showing
spaces and lymph vessels full of Micrococei :
After Lukomsky, (Virchow's Areliv, Bd, 1x.)

lymph
magnified 650 diams.

Dr. Coats has also given us a drawing of a section of the skin
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in Erysipelas or “Rose,” an infectious constitutional disease,
accompanied by great redness and inflammatory swelling of
the skin and subjacent tissues,

The dotted portions are lymph vessels and lymph spaces,
and the dots represent myriads of micrococei, another form
of fungus development. Similar minute organisms are ob-
served in diphtheria, and in other communicable diseases;
but as you will readily understand it is impossible by
experiment in the case of diseases to which only man is
susceptible, to do that which has undoubtedly been done
with the Bacillus Anthracis and in other diseases of the

lower animals—to prove that in those organisms we see.

the very infecting particles. Therefore some of them may
be, not the cause of the disease, but merely an accompani-
ment, But, however this may be, what I say is this, that
in all infectious diseases, the vehicle of infection is a solid
particle of some sort, organized, however simply, and that
in their entrance into and exit from our bodies, they depend
upon the activity of our ordinary functions, and as we
encounter them in nature they are associated with the
components of the normal excretions, Therefore, the first
line of our defence against their specific infecting invasion
is to be sought in the laws of nature for the reduction
and redistribution of those normal excretions into their
original elements, and in the aggregate, those diseases find
us open to, or more or less protected from their invasions, in
proportion as we are living in harmony with, or flagrantly
violating those laws, |

What then are the natural forces which we can summon to
our aid, and with which we may form a friendly alliance in
this struggle with disease? What are the arrangements and
laws of nature with which we must endeavour to co-operate,

il e Sl e
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and which, above all things, we must endeavour nufi to
obstruct or to thwart?

«The animal,” says Mr. Huxley,® “destroys living matter
and the products of its activity, and gives back to the
" earth the elements of which such matter is composed, in the
form of carbonic acid, ammoniacal and mineral salts. The
plant, on the contrary, builds up living matter, and raises
the lifoless into the world of life. There is a continual
cireulation of the matter of the surface of the globe from life-
lessness to life, and from life back again to lifelessness.” Our
excretions are therefore dismissed from our bodies, not with a
malignant, but with a benignant purpose. Even within our
bodies they tend towards simplicity, and once outside our
bodies, they are or ought to be immediately committed to the
simplifying, reducing power of earth, air, and water. All we
have to do is to give these simplifying activities facility for
their operations, and the most obstinate of these complex
products will ultimately be reduced to the simplicity and
harmlessness of inorganic matter, The carbonic acid given
off from our lungs is noxious, just as the carbonic acid evolved
by soda-water, or from the decomposition of chalk in an acid,
is noxious, neither more nor less, The nitrates and nitrites,
the ammonia and phosphates, which indicate the previous
sewage contamination of water, possess merely the properties
of these salts as they are produced in the laboratory of the
chemist. The sulphuretted hydrogen formed in our bowels,
or from the matters evacuated through that channel, has the
same physiological effects as the sulphuretted hydrogen manu-
factured in the chemical retort. And so with all the definite:
chemical products of the physiological laboratory which

* Physiography, p. 228.
B
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must be explained, however, that although in equal volumes
the oxygen in water may be chemically more active than the
oxygen of the air; as we find if in operation around us, from
the more frequent renewal, and the greater quantity thus
brought into action, air is much the most destructive agent,
and soil and water are destructive in proportion to the air
which they contain., It has been conclusively proved by
experiment that the cleansing power of soil depends on its
porosity rather than its chemical composition; in other words,
upon the proportion of air which it contains. Hence a wet
soil possesses but feeble oxidizing power, and the first step
towards the restoration of this power is to remove the water
by drainage and allow it to be replaced with atmospheric air.
The best illustration of the relative activity of air, earth, and
water, as decomposing agents, as well as of the conditions most
favourable to the speedy completion of the process by each of
those agents, is afforded by their action upon dead bodies.
The organism to be destroyed is visible, but these microscopic
particles of organized matter which constitute the most
dangerous portions of our excreta are destroyed in those media
under exactly the same laws. A carcase laid in the open air
upon a hill-side is swept by the free air, whose activities are
also stimulated by the sun’s rays, and the tissues which clothe
the skeleton soon disappear, If laid in a shallow, running
stream, or moored near the surface of a deep river, the same
result follows; and if buried in a porous, dry soil, after a time
nothing but the bones and the denser parts, such as hairs,
nails, or claws, &c, can be discovered. Under all these
conditions there is more or less rapid renewal of the active
agent. But if we enclose the carcase in a box, or plunge it in
stagnant water, or bury it in soil which is saturated with
water; instead of a clean and harmless skeleton, we get a
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water is the water which fills up these pores beneath. The
level of the ground-water in any locality is that at which the
water in surface wells, which are not mere holes made
artificially water-tight, will stand. All the soil above that is
filled with the ground-air, As every one knows, the level of
surface wells rises and falls with the seasons, and with a
areater range according as the seasons are wet or dry, With
this variation in the level of the ground-water which we can
see, there is a corresponding variation in the depth of the
ground-air which rests upon the water, and which we cannot
see. In this way the earth breathes, and that, even to the
extent of producing in its pores averitable process of combustion
of organic matter, and complex organic gases, The ground-
water has not only a vertical but a lateral motion, It flows
under the influence of gravitation, and guided by the degree
of permeability of the different strata. The whole tendency
of this circulation of fluid, which resembles the passage of the
blood through the fine blood-vessels of the lungs, 1s to subject
the dissolved gases and suspended particles to the disin-
tegrating, decomposing action of ground-air. -+ As the water
subsides it leaves the solid particles entangled in the wrated
meshes of the porous soil, there to be consumed; as the water
rises it expels the partially deoxygenated air, to be replaced
by fresh air when it again falls, At the same time; by the
law of diffusion of gases, and the motion of the winds, a
constant renewal of the ground-air is effected independent of
this mechanical displacement.

In this description of the respiration of the soil, and the
co-operation of air and water in removing offensive matter,
and keeping the upper air and the soil clean, I have kept the
idea of destruction in the fore-front: But economy of
material is always uppermost in the arrangements of Nature.
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that three-fourths of those human beings live in houses of
one and two apartments, that those houses are built in tall
tenements, so arranged on the earth’s surface as to exclude
the sunlight and impede the circulation of the air; more
- especially that a large proportion of those tenements are
arranged in hollow squares, which are boxes of stagnant air.
It means that inside those boxes there are ashpits and privies,
the superficial area of which, at a moderate computation, is
4} acres; that planted among those ashpits we have hundreds
of “back lands,” along with stables, byres, bakehouses, work-
shops, washing-houses, and other smoke and effluvia-producing
erections; that the stairs are often close and badly ventilated;
that they are at best vertical streets, with lanes and alleys
branching off at the several landings; that houses in flats
planned for occupation by one family are occupied by several
families, each renting one or two rooms, and the lobbies dark
and tortuous by which they reach the stair. It means that a
large proportion of the inhabitants are dirty in their persons,
dirty in their clothing, bedding, and houses; that the atmos-
phere of their houses is foul, and the air in their lobbies and
stairs is common to everybody living in the houses and using
the stairs; that the courts and back-areas are full of impurities,
animal and vegetable, and are only kept tolerably decent by
the daily services of the public scavengers. It means that
hundreds of factory chimneys and thousands of domestic vents
maintain over all this devoted area a dense canopy of smoke,
which in summer cuts off a large proportion of the sun’s rays,
an extra supply of whose decomposing energy ought if
possible to be secured to aid in the destruction of the organic
particles which are so rife in the air of cities, and which in
the winter descends upon us with the watery vapour of our
fogs. It means that the mass of our excretions is 8o enormous
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modern city life, the responsibility would be more secure, and
the observation of the law more easily enforced if the medical
attendant were required to write in a preseribed form, to be
handed to the householder and by him lodged with the
authorities, a certificate of the nature of the case. There
can be no doubt it is a mere question of time when some such
enactment shall become the law of the land. Meanwhile 1t
is satisfactory to find that in this, as in all intelligent measures
for the promotion of the public health, our towns are leading the
way. In our own neighbourhood, Greenock and Dundee, and
in England, Nottingham, Bolton, Burton-on-Trent, and Jarrow
have voluntarily imposed upon themselves this duty. There
will, therefore, be no lack of precedent or of experience to guide
us in details, if Glasgow should at an early date determine to
follow their example. Should this be attempted, I claim from
you your concurrence and support; and what is good for the
town cannot be bad for the country. Indeed, we townspeople
must insist on this, among many other protective provisions,
being introduced in a new Public Health Act for Scotland.

But you may wish to know how at present the Sanitary
Authorities obtain their information of cases of infectious

disease. ~Here again we have been anticipated by our
ancestors. I have known discussions as to where and when
the practice of house-to-house visitation was introduced, the
credit being claimed for different localities as a thing of
-modern date. In Glasgow, as you may have observed from
the above quotation, there were, 300 years ago, public officers
appointed called “Searchers,” to each of whom a special
district was allotted, within' which they went from house to
house searching for the sick. This is precisely the work done
by the Sanitary Officers in Glasgow at the present day. I
find from a return furnished by Mr, Macleod, your Sanitary



| [ Ihel ]
Ll ] L - e ; I




3L -
] e = T A -
L 3 & . ¥ © b=
i . L - . | b
E ; : " |
- 115 Tl
: . : 1 Tl
. " - " ;
J . =l ] > : : ;
- 1 B I = - ;
" 4 1 - -
- . g 1 = b I = ; P 3 .
: : | | |
. ") . " L - a! - 2 . ; :
” Lh v g - . .










fl - 1 f .
L1
1 ¥ J .. = | <
[ I




A T
I U
LF










: . | AT "
1 w T ! J
> L I I " - k -t L |
r TE nie : J




= i »
. an
- i -
f
I
]
4 = ]
o
s
X
i
il

J AF
o ay
i

P

. red
= g
2B i
an

7 -

n
)

uy

(1 ]

un

v - -
o
un |
-
¥ - -
» ; -
]
-
i — "







- . - |
w ' It I = . AL Fi L, 3 L
1 1 x a7 4 q
. - - - . ey 5 L | 1l L el I
¥ 2 ATl B
I x PO DL LG 1 1§
- 4= + a1 1 = Az |0 P i)
] & B Li ) ol L U L
L 4 - 7Y [ x | & = . s
- =l Y y I A il ©
2 & = 1 ~ I8 = T | 1] : .
.
- t y y 3 7 1 & - ¥ = -
[ L r A L L - -
. = - 1L Hs | I =11 T 1 I i 2 L gl BHE
- s | =1 -




ALLE
¥ A L J :
8 a U -1 1 T - 1 ’ : f
: . . o o bt tre T e g
. : : . - T
_ o
| 11 ¥ = ;
| [ L} 1 ) ¥ I : i) . :
L 1} 2 T . -. y J -2 .
- i - . : . : .
- i - - - U ' : ; ik : :
L T | ! : .










3 =l g = i 1 > ] 1=
. 1 3 1 L d I
4 i > T : 2 E -
i AAcL L 1 . 3 L







_ 1 &, n
it §
n % L




.. n
SHAS L Wl K + & -
o Y N 7 | & E . L
— - - R h o 4 c - 3
L. U . . uE . L L h = - E
: | 3 . 1aT= ()] L L
e 1 11 ] - 3 s . e X - -
i | L
: . -
1 a T - 2 . ] i | N t . = . -
L 3 - 5 :




L J 1
. I I, s
o . L= = A . 1 I 5 "
a T ¥




: . I : J 2
FUNE J I} = - 1 - ;
- . I 3 {7 - | L . : . .
ik I L - E ! D st — =
P i I LL ek - L - e 5 :
] i . L | . | -




! £ f L Lo L L / - -t
= . =, ¥ 3T .
L




=
















1 ] i
- =,
15 | Tl [ I B Ew .
- . 1 ] ALY i L |
- i L b =d i 1 (] 1 L
r L LLL L £ : .
E I | FIRES 1 I} .
1 . : =3 § |










1










: I i) n
| J
= 4 ]
| ], 5 Al . 1 J I
- } J L4 - :




114

‘top row agrees is this—that all were well vaccinated in their
infancy.  The only quality or property in which every group
of one hundred persons in the middle row agrees is this—that
all were badly vaccinated in their infancy. The only quality
or property in which every group of one hundred persons
in the bottom row agrees is this—that none of these persons
were vaccinated in their infancy. T put it to the reasoning
faculty of each one of you—Can you see any way out of
this inference from these facts ?—that the vaccination is the
cause of the mildness and comparative harmlessness of the
attack of small-pox in the wpper growps of persons, and
that the want of 4t is the comse of the severity and
comparative fotality of the attack of small-pox in the
lower growps of persons? If an agent is asserted to] be
the cause of certain phenomena, then, if you impair in any
way the efficiency of the agent, there ought to be a corres-
ponding impairment in the character and completeness of the
phenomena. This crucial test is supplied by the middle row
of groups as compared with the upper. The vaccination was
imperfectly performed in the middle row, and the effect
which I attribute to it is impenrfectly developed—the attack
of small-pox-was more severe than in those who were perfectly
vaccinated, and yet much less severe than in those who were
mot vaccinated at all.

But there is more in these facts than this—that vaccina-
tion modifies or diminishes the severity of small-pox, even
when it has so far failed of its effect as not absolutely to
prevent the infection. As in the groups of well vaceinated,
badlyvaccinated,and unvaccinated persons, you passirom group
to group across the diagram, rising in age from the youngest
to the oldest, you must at once observe this—that the well
vaccinated as they become older take the disease in a slightly
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puddling, for water may come from a distance and appear ab
the bottom as a spring, and yet the water may be impure,
It is only in very bad cases that we find in wells the presence
of recent sewage contamination, for, in percolating through the
soil the animal matter is oxidized, and the nitrogen appears
in the form of nitrous and nitric acids combined with lime or
magnesia. Such_waters may not be immediately hurtful,
and are often used for many years without sensibly affecting
the health; but they are at all times dangerous, and especially
during the occurrence of epidemics, when they become the
active means of disseminating the germs of disease. In some
cases the sewage matter passes direct into the wells without
undergoing oxidation, or at least without being completely
oxidized, and such wells give rise to enteric fevers, and per-
haps other forms of disease, even when there is no epidemic
raging in the locality; in other words, the disease originates
with these wells, particularly when polluted by communicating
through the soil with a drain or cesspool connected with
water-closets.  Of all the well waters I have analysed,
amounting to a good many hundreds, fully a half have been
contaminated with sewage to such an extent as to render it
extremely doubtful whether they should be used at all. And
yet such water, unless containing fresh or recent sewage, is
usually colourless, bright, cool, and fresh to the taste; and it :
is not, therefore, surprising that country folks, who probably
have used such water all their lives, and whose systems have
become habituated to the nitrates, sulphates, chlorides, and
saline matters held in solution, should be unwilling to give
up the use of their wells, especially when they are called
upon to pay for a supply by gravitation. It is therefore
necessary, in many cases, for the local authority of a village
or country district to use sharp, coercive measures, and to
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miles of land, and, including the suburbs, nearly 12 square
miles. The grea,tei' part of the sewage would require to be
pumped to a considerable height, the land (supposing it were
possible to obtain it) would require to be held by the Cor-
poration; and, as experience has shown in the case of the
Barking farm, large quantities of certain crops would be
obtained, which it would be impossible to dispose of to
advantage. Again, it is quite certain that the land occupied
could never become residential, or be occupied otherwise than
by the labourers engaged on the farm. This is even the case
at Croydon; although, as already mentioned, the circumstances
are there peculiarly favourable to sewage farming.
Purification by chemical treatment has been much mis-
understood, and consequently - discredited. Because 1t has
not done all that has been claimed for if, some have been
inclined to regard it as a failure, and unworthy of considera-
tion. Several processes have been advocated for purifying
se.ﬁra,ge by precipitation, and at the same time manufacturing
from the sludge obtained a manure which will be saleable at
a considerable price, under the name of native guano, or some
other high-sounding title. The purification of the sewage 1s
possible, and has been carried out successfully at Bradford, -
Leeds, Coventry, Birmingham, and other towns; but so far
as T have been able to ascertain, the sale of the so-called
manure, except in insignificant quantities, appears to have
failed of accomplishment. And this is not to be wondered
at; for the precipitant, whatever it may be, while 1t removes
the solid matter of the sewage, together with the phosphoric
acid, leaves in the effluent water all or nearly all the ammonia,
and all the potash salts, these constituting by far the most
valuable part of the sewage. All hope of making anything
of the precipitate or sludge should, therefore, be abandoned;
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that this has been attained, he dexterously with one hand
cools the top of the canister with a wet sponge, while with
the other he places a drop of solder on the orifice, where-
by it becomes hermetically sealed. The canisters are mow
placed in the proving-room, where they remain two or three
weeks, at a temperature the most favourable for putrafs-mtion,
70° to 80°. If, while in this room, they become plump, and
acquire a rather swollen appearance, there is good reason to
suspect that the air has not been completely expelled, and
that putrefaction is going on, while if there is an evident
contraction, the cans are considered good and fit for sale.
Canisters have been opened after being kept for many years,
and found to be quite fresh,

Fryer's patented process is a striking illustration of the
correctness of the germ theory of putrefaction. In Apert’s
method the sole aim is to get rid of every trace of oxygen,
but in this the object to be attained is to destroy the germs
~in the tins or attached to the meat. The tins are simply
filled with the raw meat and the lids soldered on, and they
are then exposed to heat in a chloride of caleium bath until
the meat is thoroughly coocked, the germs being at the same
time destroyed. I have opened a tin prepared in this way
three years previously, and found the meat to be perfectly
preserved,

It only remains for me now to speak of the system now
so much in vogue for importing meat from North America,
that which secures immunity from decay or putrefaction by
cooling to a temperature a little above freezing. A great
many years ago a traveller in Siberia, while ascending one of
the rivers, found the carcase of an extinct species of elephant
(in other words, the mammoth) in a state of perfect preserva-
tion. It was probably at least a thousand years old; at all
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