[Pure air, and its influence upon health].

Contributors

Manchester and Salford Sanitary Association.
University of Glasgow. Library

Publication/Creation
[Place of publication not identified] : [s.n], [between 1800 and 18997]

Persistent URL

https://wellcomecollection.org/works/bgxfpmeu

Provider

University of Glasgow

License and attribution

This material has been provided by This material has been provided by The
University of Glasgow Library. The original may be consulted at The
University of Glasgow Library. where the originals may be consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

i PURE AIR,

AND ITS INFLUENCE UPON HEALTH.

i _—

—

‘My Lorp, LADIES, AND GENTLEMEN,—I am here to-night to
‘deliver the first of a series of six Health Lectures for the
‘People” to be given this winter by the lecturers of the Man-
hester and Salford Sanitary Association. But before 1 pass to
{'r immediate subject of my lecture it may, perhaps, be well to
ask why it is that we have thus associated ourselves in the

“For all flesh to die
Is Nature's due ; nor is there any one
Of mortals with assurance he shall last

The coming MOITow."

Why, then, should we try to postpone the inevitable fate of
‘mankind? The efforts made, especially by members of my own
profession, to prevent disease and to postpone death must appear
‘something extraordinary to those who regard our vocation merely
as a mode of earning a living.

~ The attempt seems to be, and is, so directly contrary to our own
interests that it could only be accounted for either by crediting
s with a soldier-like desire to grapple with the foes that we have
- been trained to encounter—to a life-saving instinct—or else to some
 ignoble terror of death both for ourselves or for other people. But
' none of these would represent the true origin of the impulse to

| save life that actuates most medical men and the members of this
. association.
~ Death has for the medical man fewer terrors, probably, than for
Most men. He knows well how seldom it comes in any terrible
form as the result of disease ; how frequently the end is peaceful
or mercifully passed in unconsciousness ; how often it proves a
welcome release from suffering, fatigue, or sorrow.
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No! our fear of death—I say it with reverence—is also in
one sense the fear of the Lord. We see in its premature form,
and in preventible disease, simply some physical wrong-doing,
Nature’s penalties for sins committed against her laws; and I
cannot but think that it would be well if the significance of {§}
disease, as it appears to medical men, could be fully grasped
by the public mind—if the first thought in every case were given
to the true source from which the disease has sprung, and if thes
first effort made were for the radical removal of the cause. Ours
true aim is to arouse men from the apathy with which they now
regard this subject, and to bring home to them the truth, thatt
much of the disease from which they suffer is simply due to
their own wrong-doing, or to the neglect of those to whom theyy
have intrusted their government,

I will now turn to the subject chosen for to-night's lecture. It
is often made a reproach to sanitary science that it deals chiefly
with very repulsive subjects ; that when it is not entangling itselff
in a maze of figures, such as go under the name of vital statistics,,
it for the most part busies itself with foul smells, impurities, and*
nuisances of all kinds.

When our present Prime Minister announced his intention o
devoting a large part of the attention of his Government to)
sanitary matters, his policy was supposed to be correctlyy
designated as a “policy of sewage.” Now these are nott
attractive subjects; and in casting about for something more:
likely to interest a general audience, it seemed possible that ai
discourse on “Pure Air” would, at the present time, be ass
acceptable as any. The title would, at any rate, carry us f?rr
enough away from all sources of impurity, and might lead us, I
imagination, to the chief haunts of pure air—to the seaside, or toa
the breezy uplands—to forests of pine trees, or to the mountaim
top.

If we chose, we might concern ourselves with some of thes
mighty operations of nature—the processes by which the selfs
purification of the atmosphere is accomplished. We could watch
its watery vapour, gathering in mists in the valleys or over the
ocean, rising into clouds, swept along by the winds, and descend+
ing in purifying streams in the form of rain. We might try to
learn something of the work that goes on in the vast laboratory of
the sky—the destruction of organic matter by oxidation—and hows
this is assisted by the whirlwind and the storm, by the stirring ups
ol the depths of the aerial sea by cyclones, and by the electricall



47

ischarges, of which we have such mighty evidence in the lightning
d in the thunder. _

And yet, from a sanitary point of view, what would all this be
ut an insight 1nto a very perfect and very elaborate system of

Air and water, the wind and the storm, are for us, as sanitarians,
he great purifiers of the universe ; and the phrase © air sewage”’ 18
_customary description of the results of their work. We find
en that we cannot long remain 1n the pleasant regions to which
we are tempted to turn in the first instance, and we have to come
back to the unpleasant details from which we recoiled at the onset.
‘But there may be another objection to the subject of our dis-
cussion to-night. It may appear that we are all sufficiently fond
of pure air, and that there need not be much said about its
virtues at the present time. I only hope that it is so, and that
what I have to say will fall upon ears already well prepared to
accept my doctrine. But, in truth, the fact that air, pure in quality
and large in quantity, is absolutely needful to keep people in good
health is comparatively a very recent discovery, and it has really
‘been forced upon our attention by a very grievous amount of
suffering and loss of life in past times—nay, I may say that even
‘now the lesson is very imperfectly taught, and that at the present
‘time many thousands of lives are lost for want of fresh air.
| In earlytimes, when the English were much thinner on the ground
than they are now, they lived for the most part in ill-constructed,
-araught;.r houses, often, as we are told by Erasmus, mere shelters
{bnned of wattles, plastered with clay. . In those days the evils of
anically impure air were probably much less felt than they
became later on. In the large towns, doubtless, there was sufficient
_crowding together to do harm, Thus the desolating plagues of the
middle ages would be intensified in their virulence by the mode
in which the people lived. But very little notice appears to have
?en taken of the subject until the beginning of the last century.*
The Houses of Parliament then began to bestir themselves in
order to bring a sufficient supply of air into their chambers.
About the same time one of the engineers, Désaguliers, who had
been employed in the House of Commons, was also requested to
advise respecting some transport vessels lying at Spithead. An
| expedition was then being organised against the Spaniards.
Troops had even been embarked, but “numbers of them were
obliged to be relanded and sent to hospital, for the ships stunk to

3
I
'.

* « Public Health” Dr, Guy, p. 131
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such a degree that they infected one another.” This engineers
advice was not then taken, but shortly afterwards a brewer named
Samuel Sutton also took the matter up. In the discussions which
then took place the subject was well ventilated, even if the said |
ships were not, and the result was, as Dr. Guy tells us, “that
ventilators and schemes of ventilation came into fashion : and |
when the managers of public establishments found their buildings
offensive, and deemed them dangerous, there was always some s
ingenious person to assist them in the work of improvement,
Hence it happened that, in 1784, St. Thomas's Hospital was:
ventilated by a Mr. Whitehurst, of Derby; and that, the year:
following, a contrivance borrowed from a French frigate began tos
be used in English vessels of war.” It was mainly owing to these:
and other sanitary measures that a great improvement at once:
took place in the health of the navy; Sir Gilbert Blane states that:
In 1779. out of 70,000 men voted for the service of the navy, |
28,592 were sent sick to the hospital, and 1,658 died; but i,
1813, out of just twice the number (140,000) only 13,000 were:§f
sent to hospital, and 977 died. In the former year, therefore, the :|§|
sick were more than 2 in every 5, and the deaths 1 in every 42,
whilst in 1813 the sick were about 2 in 21, and the deaths 1 1a°
143—the sickness reduced to one-fourth, the deaths to little more §
than a third. v

Dr. Guy gives also the following numbers of the sick during
years when the number of marines and seamen voted was the
same, namely, 120,000. They form, as he shows, a dﬂscending I
series: 20,544, in 1797; 715,713, in 1798; 14,608, in 1799;%
8,083, in 1805; 7,662, in 1806; or taking a similiar comparison
where the number voted was in each year 1oo,000—the years 1782,
1795, and 1804—the figures for the sick are 22,909, 20,579, and
7,050. '

“Is it possible,” asks our author, *to imagine a more conclu=
sive demonstration than these facts afford of the reality and
importance of the science and art of hygiene ?” ‘

It was about the same period to which we have been referring
that Dr. Joseph Clarke, in 1783, then master of the Rotunda
Hospital in Dublin, turned his attention to the ventilation qf that
institution. For twenty-five years there 1ad been a most frightful
mortality amongst the infants born in the hospital. In this period,
in round numbers, out of 18,000 children born, no fewer than.
3,000, Or one in every six, had died, mostly within the first Eort--
night after birth, of what was commonly called “ nine-day fits.
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This disease was a peculiar form of convulsion, affecting first
the muscles of the lower jaw and then passing on to other parts of
‘the body, until it destroyed life by a general spasm of the muscles
of breathing.

After a thorough ventilation of the wards had been carried out
the number of these cases diminished at once in a surprising
manner, and in the next twenty-eight years, out of 15,072 children
born, only 550, or I in every 104, died in the hospital. T am

informed also by Dr. McClintock, of Dubhn, that during his
mastership, ending in 1861, further improvements in the ventilation
. took place, and since then the occurrence of this disease is almost
unknown.
. One might have supposed that these lessons would have been
‘sufficient to teach the vast importance of pure air where people
~are massed together in ships or in buildings on land ; but just as
‘we have recently seen in the case of the last Arctic Expedition—
~which suffered so frightfully from scurvy, in conSequence of the
neglect of medical teaching—so it has been over and over again
" both in the naval and military forces of the country and in public
institutions throughout the land.

- I will give one or two instances of the truth of this state-
“ment, only premising that they might be multiplied many-fold if
we had time to go fully into the history of the need of pure air.

1. In the Mawy, as late as 1861, a fearful lung disease broke out
m some of the ships of the Mediterranean Squadron, and the cause
was found to be the crowding of the men on the lower deck. “In
one ship, the St. Jean d’Acre,” says Dr. Bryson, * only fourteen
inches space were allowed to each hammock ; and so thoroughly
was fresh air excluded that the temperature of the air above the
hammocks was 8° or 10° hotter than the air below, and nausea was
caused 1n anyone going between-decks from the open air.”

2. In the Ar»my similar histories are to be found. Thus, in the
West Indies, about fifty years ago, Sir A. Tulloch tells us that the
men slept in hammocks which touched each other, in barracks
without ventilation, and every year, in consequence, in that most
‘equable of climates, a large number of deaths took place from
~consumption.

The records of deaths from this disease in the army afford a
remarkable proof of the waste of valuable life from the want of
‘pure air, and of the immediate good effects of its plentiful supply.
In the report of the Commission on the Sanitary State of the Army,
‘published in 1858, numerous instances of this kind are given,
*aken from almost every branch of the service. Perhaps the
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most striking is that of Her Majesty’s Foot Guards. I
must be remembered that the Guards are physically the ver
select out of the population. Any impediment or disease i
enough to prevent a man being taken for military service, and none
but the strongest and best-looking recruits are accepted by the
Guards. The young Guardsman’s is in every sense a picked life
and would be considered as a first-class life by any insurance office
As soon as the recruit enters the service he is placed under the
entire control of educated officers. His diet, cleanliness, ané
personal habits are strictly attended to. He is lodged in barracks
that have cost the country far more than was the relative cost of
the house in which he was brought up. He never leaves the
country in time of peace, but passes from his town quarters in
London to his country quarters at Windsor or at Chichester ; and
whenever he suffers from the slightest ailment his medical adviser
1s instantly beside him—he has hospital accommodation, medicine,
attendance, and every necessary comfort immediately. One would
say that of all men a soldier in Her Majesty’s Guards was the most
likely to enjoy perfect health and long life. And yet look at the
result! At every age the mortality of the Guards 1s twice that of
the ordinary civil population of England, although the latter is
exposed to all the hazards of life arising from poverty, hunger,
and dirt, from imperfect shelter from the elements, and from
neglect of all kinds, and the chief cause of this excessive mortality
was consumption. How was this strange circumstance to be.
explained? Mainly by the want of fresh air—defective ventilation
of the barracks. As Dr. Farr says, in his evidence, “ If our army
consisted of roo,ooo Guards we should save 1,500 of them every"
year by proper sanitary arrangements, who, from all experence,
are as certainly killed by neglect as if they were drawn out and
shot.”

In the treatment of the sick and wounded, also, it is quite a .
recent discovery that pure air is the medicament more urgently
and more largely needed than any other. In the Hospital of
Lariboisiere, in Paris—the most perfect of its kind when built
thirty years ago—there was a very elaborate system of ventilation.
by means of fans in one pavilion, and by extraction in another ;.
but the total quantity of pure air that was supplied per head per
hour was only 700 cubic feet—not one quarter of the amount that
is now thought necessary, for an ordinary dwelling-house inhabited .
by healthy people. ; :

j”Ii: 1s th?:r Fecugnitinn of the paramount necessity of keeping the:
air of hospital wards almost absolutely pure that has caused mauny
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surgeons to prefer to treat the wounded in tents or in well-ventilated
wooden sheds, that can with trifling expense be taken down, burnt,
and rebuilt with fresh uncontaminated material.

In the American Civil War, between the Northern and Southern
States, it was found that nothing was better for the sick and
wounded, winter and summer, than a tent or a ridge ventilated
hut. EI}FSIPEIEE and hospital gangrene were almost unknown ;

wounds healed more rapidly ; and even in fractures the heneﬁmal
effects of the fresh air were to be remarked.

The same fact comes out strongly in the records of the Austrian
army. In 1854, at some of the stations of the Austrian army in
Hungary, the plan was commenced of treating a portion of the
patients in tents instead of in the permanent hospitals, The
results were very satisfactory.  The most severe maladies ran
their course” much more mildly in the free air, and the patients
recovered more quickly and more perfectly than in the confined
spaces of hospitals. Typhoid fever, smallpox, wounds, and other
inflammations, did much better in the tents; and in no single case
could it be made out that gangrene originated in a tent.

One of the largest of the Continental hospitals, that of Leipsic,
is now being constructed chiefly of wooden wards; and I believe
that the further stipulation is made that all the corners of the wards
shall be rounded off so as to leave no lurking places in which any
enemy of a pure atmosphere can by any possibility remain.

I have brought forward these instances of the extreme need of
fresh air, not only because I think they are interesting in them-
selves, and because they are lessons of Nature's teaching that
should never be lost sight of, but also to impress the truth more
forcibly upon your minds ; for the same processes are constantly
going on around us at the present day. We are apt to be startled
when we read in the newspapers of the poisoning of a whole
family, or the slow starvation of some person, either by design or
neglect ; but we do not realise the fact that at the present time
there are many thousands dying every year from slow poisoning of
the air, or from deprivation of that fluid food which nature has
everywhere provided so bountifully for us. To prove that this is
no mere figure of speech, it is sufficient to look at the enormous
.~ deathrate from diseases of the respiratory organs in England and
Wales, and then to note the variations in the pementag& of those
complaints in different parts of the country. Yet these deaths are
only a small portion of those traceable to impure air. I have
elsewhere* given some strong evidence, proving that the large class

* Lecture on * Foul Air and Lung Disease.
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of diseases called strumous or scrofulous, which carry oft so many
young children, are mainly caused by the impure atmosphere in
which so many of them are obliged to live. The variations of
these diseases also shows the local character of the causes by
which they have been produced.

I trust, then, that with these proofs of recent misdoing in
relation to the supply of air you will not think that I am insisting
too much upon its importance.

But we have next to inquire what is meant by pure air.
Atmospheric air, as most of you will probably be aware, is a
mixture of certain gases or vapours. It is usually said to be
made up of three gases—nitrogen, oxygen, carbonic acid, and
of aqueous vapour. About 21 per cent consists of the fire-making
yas, oxygen, with 79 per cent of a neutral gas, nitrogen—1 part
if oxygen to 4 parts of nitrogen. The latter gas, when uncom-
pined, chiefly rejoices in negative properties. It will not burn,
will not support combustion, nor yet life; it is colourless,
odourless, insoluble in water, and without taste; and yet, in
combination, it forms some of the most powerful, most explosive,
most polsonous substances in nature.

Oxygen, on the other hand, is the great supporter of combustion,
and this fact is easily shown by some often-repeated, but always
beautiful, experiments. Oxygen is also usually present in pure air,
in minute quantities, in the form of ozone, which is a kind of com-
bination of oxygen with itself—an oxide of oxygen, O,0—* three
single gentlemen rolled into one.” This substance is formed in the
great laboratory of nature by the operation of various electrical and
physical agencies. It i1s produced during thunderstorms by the
dashing of the waves on the sea-shore, or in the downward rush
of the waterfall. It is the most determined foe of all organic
matter, seizing upon it and destroying it wherever it meets with
it. Unfortunately, its own existence is sacrificed in the process ;
and hence we never meet with this substance where people are
crowded together in towns, or in rooms where they live. Itis
entirely absent in the air of towns, and even in the best ventilated
bedrooms.

The other substances always present in atmospheric air are
carbonic anhydride (CO,), orf carbonic acid gas, as it is called,
in the proportion of about 4 parts in 10,000, and aqueous vapour
in varying proportions—according to the temperature and other
meteorological cornditions of the atmosphere. The CO, 1s
the fearful choke-damp gas of the coal-mine, .sten suffocating
those whom the fire-damp has spared- It oozes out of the ground
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in the notorious Grotto del Cane, which has received its evil
‘mame from the number of dogs that have been cruelly cast into it
to show its poisonous effects. Its presence and properties are also
easily shown by experiments, such as Expnguishing a lighted taper
immersed in a jar of the gas, and forming a precipitate with lime
water or baryta water. The presence of watery vapour in the air
of Manchester is usually sufficiently evident, especially at this
time of the year, in the form of fogs, &e. Its presence in a room
may also easily be shown by placing a mixture of ice and common
salt in a flask in any room. Vapour soon condenses outside
the glass, and may be scraped off in large quantities. But these
‘are far from being all the things that are found even In pure air.
The atmosphere is the natural receptacle for myriads of
emanations that are continually arising from the face of the
earth, from plants and animals, and {rom results of their various
operations, “As the earth receives all things falling down upon
it from the air, so, in return, does the universal air receive many
things back from the earth.” (Boerhaave.) There is thus in the air
an infinite variety of composition. There are also in it many kinds
of floating bodies.

Since, then, we may find even in the purest atmosphere traces of
numberless ingredients that must be considered natural to it, it
follows that, in estimating the purity of the atmosphere, we have
to regard the quantity in which its several ingredients occur rather
than their quality, and the proportion in which each exists rather
than their actual presence. We have seen that the quantity of
oxygen varies very slightly ; but very small variations in the pro-
portion, even of this ingredient, may be of vast importance to
the animal economy. The probability of this being so will be
readily seen when we consider the large quantities of air that we
take into our bodies in the course of a day or of a week. Every
day, as Dr. Angus Smith tells us, we imbibe one or two thousand
gailons of air; and if we follow this air in its course through the
body we shall cease to be astonished at the effects of any small
proportion of impurity that it may contain.

There are indeed many lessons that may be thus learnt, and they
will afford a striking commentary upon the phrase of the Psalmist
that we are “fearfully and wonderfully made.” The problem that
has to be solved is that air must be brought into the body at all
temperatures, from the 50° below zero of the arctic regions to the
200° to 300° of heat of the glass-blowing or iron-smelting works—
and this air must not only enter the lungs but, at least a portion of
it, must penetrate into the vital fluid, the blo~d, whose temperature,
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if health is to be maintained, must never vary more than a very few
degrees—s5° or 6° perhaps, at the most. This would seem to be:
a sufficiently difficult task, but it is accomplished by a series of
very wonderful provisions. First, the air is received either into
a warm chamber, the mouth, partly filled with warm air, or ity
passes through the nostrils, in which is a kind of warm waters
apparatus—convoluted passages, in which a certain degree off
warming of the air necessarily takes place. Thence it is carried
along the air passages; and these are always partially filled withy
already warm air. Even by the deepest effort at expiration theyy
are never emptied, but are kept from collapsing by hard rings off
elastic gristle.  These tubes are also furnished with a self-"
acting regulating apparatus in the shape of muscles which, tos
a certain extent, control the passage of the air along them. Ims
ordinary breathing only about twenty cubic inches (about twg
thirds of a pint) of air enter the lungs at once, and as this iss
gradually mixed with about 300 cubic inches, or above two quarts,,
of already warmed air, no great amount of cooling of the wholes
takes place. Again, another safeguard against cooling the blood
is found in the rapid rate at which it courses through the littles
capillaries. It is only exposed for a moment to the air and them
dives down again into the well-warmed recesses of the frame.
The final result of all these provisions is that the blood in thes
lungs is seldom cooled down more than.two or three degrees ini§f
- temperature.

That there is real danger, however, from this source is sufficiently
shown in the great increase of deaths from bronchitis and others
lung diseases in the winter months—a mortality that takes place:§
chiefly amongst the very young and the very old—in persons, inify
fact, whose circulation is feeble, and whose vital heat 1s small.

But a very large number of the diseases of the respiratory
organs are due far more to imperfect protection of the generall
surface of the body, and to impurities in the air breathed, rathei
than to the direct influence of cold air in the air passages of thes
lungs. What are commonly called “colds” are often caught froms
inhaling the vitiated atmosphere of crowded rooms, or are thes
result of some derangement of the circulation of the blood, eithe
from feebleness of its current in some part of the body, or froms
cold being umequally applied to the surface. When people ares
well clothed, and when, by active exercise, the blood 1s sent
vigorously through the frame, and the air !Jreathed is the pure air
of the open country, it is very seldom indeed that any harm
results from breathing it.
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But, again, the question may be asked, with some not unreason-
able fear, how can the blood be exposed to the air and yet not
pour out of the blood-vessels? The first glance at the structure
of the lungs does not tend to remove this fear. The branching
tubes along which the air is conveyed end at last in minute twigs,
on which are placed, like leaflets, a number of lttle soft flexible
bags called air cells, formed of a membrane 4357 of an inch in
thickness—not much thicker than the film of a soap-bubble.
It has been calculated that * the lungs of a full-grown man
contain 6oo,000,000 of them; and if the membranes of which
. they are composed were spread out flat they would cover
21,000 square inches of surface—a space thirty times larger
than the external skin.” Lavishly spread over the surfaces of
this membrane are fine hair-like blood-vessels, twisted and coiled
about so as to offer as much surface as possible, and at the
same time permit the distension of the air cells without stretching
or breaking any one of them,

Some people take pleasure in looking at other persons risking
‘their lives in feats of dangerous hardihood—trapeze jumping,
tight-rope dancing, &c. ; but these very people are, of all others,
the least likely to take pleasurein their own danger ; and yet they
and we, every one of us, are only separated from death by a thin
film of membrane 4% of an inch in thickness. This is truly a
sufficiently fearful thought. But how wonderfully is the danger
provided against; how seldom does fatal coughing up of blood
‘occur, except in cases of disease. How, then, is it prevented P
I cannot stay now to dwell on all the precautions that are taken,
but in the first place the texture of the lungs themselves guards
against it ; it 1s tough and elastic in the highest degree. Next,
the lungs are hung in such a way as to obviate all jar, all undue
strain on any part. They are f stened to no bone, but hang from
the soft parts, and from elastic bands of gristle, and the air tubes
in their downward branching break all shock. Lastly, the air
1s drawn into the lungs by the intervention of atmospheric pressure.
If the bony walls of the chest were fastened to the tender lungs,
when they were drawn upon, as they would be when a deep
breath was taken, they would soon be torn in pieces by the strain;
therefore there is in health no direct connection between them.
The lungs are left loose in the cavity of the chest, and are
kept closely applied to its walls by means of a closed sac, called
the pleura, which only contains a soft lubricating fluid, and which
transmits to the lung, in the gentlest possible manner, the
expanding force of the ribs when acted upon by the inspiratory
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muscles. Making its way past all these possible dangers, then, let
‘LIEf suppose that the air at length reaches the blood-vessels in
safety.

We have already seen that one or two thousand gallons of air
are thus brought daily in contact with the blood; and on the other
hand I may tell you that the whole of the blood in the body is
thus presented to the air in the course of less than a minute of
time—about a thousand times every day.

This abundant exposure of the blood to the air may be some
proof of the urgent need for air that is felt by the animal
economy ; and at the same time it shows the immense import-
ance of purity in the air so exposed to that which is the very life
of the body.

This truth will become still more clear if we follow the aira
little further on its course through the frame, and if we briefly note
the work 1t has to do. When it enters the blood the oxygen is at .
once embarked in a number of little vessels—the blood cells or
red corpuscles as they are called. These little bodies, 5554 of an
inch in diameter, are found in myriads in the blood (about three
millions of them in a single drop), and they are now known to be
the chief carriers of oxygen through the body. The hzmoglovir
that they contain—a substance of a purple colour—takes up the:
oxygen, and changes at once to the bright scarlet colour of arterial .
blood ; but it holds the oxygen by so loose a grasp that, directly "
it reaches the tissues that require it, it gives it up at once.

We hardly know even yet what takes place in each of the:
myriad workshops, the tissue-cells, of which the body is composed..
In only a few cases has the action of the oxygen thus conveyed!
been ascertained ; but in nearly all the operations of the animall
body the intervention of this powerful agent seems to be indis--
pensable. It is in fact the means by which the force stored up ini
the tissues is set free. Owing to 1its intensely active affinities itt
becomes the liberator of the energy contained in the food that has;
been eaten, and hence it is for animals the paramount necessity..
No muscle or nerve can work, and all vital action is arrested, 1ni
its absence. ,

But we have not yet done with the work accomplished by the:
air in the lungs. It is true that life has been quickened by itss
presence ; but what is the result of the activity thus excited? The:
result is ultimately, and in a very short period, the death of the:
parts that have been thus visited. Dk,

In a physical as well as in a far higher sense, sacrifice 1s
necessary to lite. In order that the body, as a whole, may live,,
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myriads of its parts die every hour. As Jeremy Taylor said
(“Holy Living and Dying,” p. 3671), with a depth of meaning that
even he could scarcely fathom, * Every day’s necessity calls for a
reparation of that portion which Death fed on all night, when we
lay in his lap and slept in his outer chambers. The very spirits of
a man prey upon the daily portion of bread and flesh ; and every
meal is a rescue from one death, and lays up for another. And
while we think a thought we die—and the clock strikes, and reckons
n our portion of eternity.. We form our words with the breath
of our nostrils—we have the less to live upon for every word we
speak.”

" The truth of this statement will appear clearer in the light of the
following facts: Carbonic acid gas is one of the final products of
j destruction of organic matter by oxygen. When the animal
body is placed after death in a cremation furnace, it is resolved 1n
?L course of an hour or two into carbonic acid, aqueous vapours,
and scme nitrogenous, sulphuretted, and phosphuretted vapours*
which pass into the air, leaving, as you know, only a handful of
ashes behind. But precisely the same process is continually going
on during life. A species of cremation is being performed every
moment in every part of our bodies, and the results of this
destruction are deposited in the blood—in the impure blood of
the veins—to be by it passed on to the various organs by which
the refuse matter is at length expelled from the body. The
nitrogenous parts of this refuse and the ashes of the furnace are
chiefly excreted by the kidneys and the skin—certain heavy carbon
compounds by the liver ; but the great final result of the combus-
tion of carbon (CO,) has to be got rid of in the lungs.

. It is not difficult to prove that this removal of carbonic acid gas
1S effected by the lungs. By breathing for a short time into a
vessel originally containing pure air it is soon largely impreg-
nated with carbonic acid, and its oxygen is diminished in pro-
portion. The product extinguishes a light, as we have seen the
former gas do, and gives the same reaction with either lime or
Daryta water.

If‘? ‘The air, on entering the chest, contains, as we have seen, 21
[Per cent of oxygen and 4 parts in 10,000 of carbonic acid gas;
‘€xpired air, on the other hand, contains only 13 per cent of oxygen
/and 500 parts in 10,000 of carbonic acid gas.

- And now we are at once introduced to a new branch of our
;@b]ect-—the sources of variation in the ingredients of the air we
breathe—and must face the inquiry as to the point at which it
Ceases to be pure health-giving air. This is far too wide a subject

£
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to be dealt with now in its entirety ; but with regard to one
ingredient—the carbonic acid—you have already seen the tw
chief sources of its variation—first, in the oxidation of carbon, such i
as ‘goes on in ordinary combustion of fuel ; and, secondly, in he |
respiration of animals and plants. An enormous amount of CO, i
thus poured into the air every day. It has been calculated bys
Dr .Angus Smith that 15,000 tons of this gas every day pass int
the air from the combustion of coal in Manchester alone, and th
respiration of its inhabitants would also produce many hundreds ¢
tons of the same fluid. It is not surprising, therefore, to fin
from the following table that Dr. Angus Smith obtained mot
carbonic acid in Manchester than on the sea-shore, and that it wa
especially abundant in days of fog and mist. The marvel rathe
is that the proportion of CO, is not larger—that our large towns
in fact, are not like so many Grottoes del Cane, or brewers’ vats
suffocating the inhabitants in their own fumes :— !

AIR.
OXYGEN. CaArBONIC ACID:
(Volume per cent.)

Sea-shore, Hills, &c..c..c. coveecsaserronnn 20093 uveeress '0332
Manchester Suburbs (inrain) ... ...e.... 20980 iieeen. —

. L (ANE) .eeevvevnnnncas 200047  weeennnne 0403

5 o (fOR) <eovevrsnnnsnns 207910 ceoeenen ‘0679
Close Sitting-room.........icomeeeeaaeanaes . 2018007 ..b.oh '0970

£ i (with lamp) . v 20840 .ipeesss 1177

Pit of Theatre ......c.ccoisrrrecersionasrsas 207740 .eaeasess 32000
Backs of Houses .. ..ococcoviersnranscins 2000 esnvenne 0774 .
Lna NINe oot ioiieg S Ses b T e DO'T4E [ilonenies | 17850 1

e (badly ventilated) .......cccc 18270 ..evev... 275000 L
When Candles go out .....o.ceies srnvenen i o N B — +

The reason for our immunity is to be found in the self-purifying@
power of the atmosphere, and in the action of plants. The&
vegetable kingdom finds its nourishment in that very substances
that is the bane of animals. Thanks to the power conferred npoBiE:
them by the light of the sun, they are able to decompose "E )
CO,, to divorce the carbon from its mate, to build up the formes:
into their tissues, and to set free the oxygen to be again thof
succourer of the animal creation. Thus the balance betweerig
animal and vegetable life 1s kept even, and we may to-night takes
the practical lesson from it, that in our crowded towns and cItieSi
where so much of this noxious gas is produced, it is well to haves
as many open spaces and as much green vegetation as possiDIEs
The Metropolis sets us a good example in its numerous parks ants
squares and other green 0ases interspersed throughout 1ts Crowdess
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streets, and it probably owes its proud position as the healthiest
ity in the world not a little to the morsels of country greenery
hat are thus brought into the town.

But the beneficent action of plants would have been almost un-
availing to purify the air unless a further power had existed to aid
t. This is the power possessed by the air of at once drawing into
its depths the gaseous poison as soon as 1t 1s formed. This work
s accomplished by means of a property of gases, discovered by our
great townsman John Dalton—the power of diffusion of gases—.
@ power by which the carbonic acid particles pass into the inter-
stices between the particles of common air as if they were being
sucked away with all the force of a powerful air-pump, This power
of diffusion is of vast importance in preventing the accumulation of
poisonous gas, but I need hardly say that it will not do to over-
weight it. If you glance again at the table you will see that in spite
of 1ts operations, considerable variations in the quantity of carbonic
icid do occur in the air of rooms or crowded courts, and still more
n badly ventilated mines. Remember then the sources from
vhich the vapour may arise ; and in these days of gas-stoves be
especially on your guard against the products of combustion of
he gas. It has been calculated that a single gas-jet with an
prdinary burner produces in the course of an hour as much car-
ponic acid as seven adult human beings. To warm yourselves,
herefore, by means of burning gas, without providing an effectual
neans of escape for the invisible smoke that it produces, i1s to
xpose yourselves to great risk of gradual deterioration of health,
nd often of immediate headache, from the noxious fumes that you
ake into your bodies.

But having noted the sources of variation of carbonic acid,
d the means by which its quantity is in great measure con-
rolled, it may fairly be asked, What proportion of the gas must
e regarded as constituting an impurity injurious to health ?
ere we come upon what at first seems to be a serious discre-
ancy in the teaching of our doctors of sanitary science. It
as been shown, on the one hand, by different observers, that as
uch as 17 to 23 per cent of pure carbonic acid, if mixed with
Xygen, may be breathed for somec time without much bodily
njury ; and yet, on the other hand, the whole school of sanitarians
gree that an addition of anything more than 2 parts per 10,000
£ CO, (or half as much again as there was at first), is likely to
roduce serious harm to the constitution. How are we to reconcile
hese contradictions? The explanation is really simple enough.
t1s not so much the <arbonic acid that has to be guarded against
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as the company that it usually keeps—it is shunned for the ¢
of its bad companions. ’
1. Carbonic acid, when it is produced in ordinary combustio
1s not pure—it is a,ccompamed by a still more deadly gas, carbonig
oxide—by certain sulphur compounds, and as we know to ot
cost in Manchester, it is often accompanied by soot and tar
matters, which together make up that enemy of all purity, Blagk
Smoke. 1 cannot stay now to reckon up all the evil that has beenl
wrought by this grievous compound, whose presence in the air @
our towns 1s the more to be regretted, because it has been proveg
over and over again by practical men to be quite unnecessary aug
easily to be prevented. Floating over our great centres @
industry like a dense cloud, it shuts off the genial light of the sun
and deprives the inhabitants of one great stimulus to vital action
It also passes with the air into their tender delicate lungs, and b)
its constant irritation, leads to the large class of diseases of the
respiratory organs that forms so large an item in the Registra
General's returns from this part of the country. It not onl
descends upon our public buildings, erected at great cost, and
destroys their delicate tracing and artistic decoration, and makes
our statues of public men into ludicrous caricatures, but it like= _
wise penetrates into the homes of our industrial population. It
makes cleanliness almost an impossibility, and thus takes awa
the inducement to that important element of social happiness u i
health ; and what is still more detrimental from our point of view
it causes all who do make any effort at cleanliness to close theé
doors and windows, and thus prevents fresh air of any kind fm
Ieachmg the interior of the dwellmg r.‘.:
"The second source of CO, is still more certainly the origini
of dangemus poisonous emanations. The aqueous vapour arising
from the breath, and from the general surface of the body, containss
a minute proportion of animal refuse matter which has been pmve
by actual experiment, to be a deadly poison. I have, in a number
of instances, estimated chemically the proportion uf this ::-rgau L
matter, and have shown that it contains ammoniacal compoundsg
such as urea, resulting from the decomposition of the animal bodys
Dr. Hammond an American, has also shown its poisonous
properties. He kept a small animal under a bell glass we |
supplied with air and free from the influence of carbonic acid gas;
but in the space of forty minutes it died, poisoned by
organic emanations from its own body. It is this substances
that gives the peculiar, close, unpleasant smell which is perceived:
on leaving the fresh air and entering a confined space occupigdigy
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by human beings or other animals, and it is really this material
that is aimed at by sanitarians when they tell us to avoid air con-
ining more than 6 parts per 10,000 of carbonic acid gas. Experi-
ments have proved that when air is contaminated to this extent
by respiration it contains sufficient organic matter to make it
distinctly appreciable by the senses, and any excess beyond this
is likely to be decidedly injurious to health. Air thus charged
has been fully proved to be the great cause of scrofulous or
tubercular diseases, and it is the home and nourisher of those
subtle microscopic forms of life that have lately become so well
known under the title of germs of disease, or microzyms. It
1s probably the source of a large part of that increase of
mortality that seems inevitably to follow the crowding together
of the inhabitants of towns. Dr. Farr has shown that as the
density of a population increases, as the people get thicker
on the ground, in that proportion also does the general mortality
increase. We learn, on further inquiry, that the increase takes
place not only in fevers and chest disorders, but also in complaints
of the nervous system, in gastric affections, and in infant mortality.
Organic matter is almost the only ingredient that can be said to
be truly foreign to atmospheric air, Ifresh air naturally never
contains the smallest particle of the kind. The oxygen contained
in air is so entirely hostile to it that if it can be swept away for
a short time into the depths of the atmosphere it is completely
burnt up and changed into innocent gaseous substances, And
here it is that we come upon the chief reason for the insistance
of sanitarians for plentiful currents of air wherever living beings
are living under shelter from the elements. Most of the other
impurities of air are diffusible, and make their escape through any
hole or cranny they can find, but the substances we are now
dealing with are not diffusible—they are not of so active a nature
as vapours and gases, and therefore they are much more difficult
to get rid of. Organic impurity, however it may be formed, if
left to itself floats for a time in the atmosphere, just as we see in
the motes that fleck the sunbeam, and then, instead of passing
away like a gas, it settles quietly down, and only very slowly
\changes through the operation of ordinary putrefactive forces.
It needs, in truth, the agency of the wind to move it on;
and hence the word ventilation, in the full sense of its derivation
(from wentus, the wind), expresses most accurately the only mode
n which it can be swept away, and its noxious properties burnt
out of it by the oxygen or ozone of the atmosphere.

And now we find ourselves on the borders of a subject of great
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difficulty. 'Who is there that has not heard of the various systems
of ventilation that have been tried at different times, and of the
many failures that have resulted from these trials? It would be
presumptuous in me if I were to attempt to deal thoroughly with
so difficult a subject, and yet there are certain -consideration:
concerning it that may afford serviceable hints for each one's’
guidance. Almost any system of ventilation is, in truth, bette
than none, '
An enormous supply of fresh air is needed in order to preserve
the degree of purity that I have mentioned, namely, freedom from
perceptible smell, and an increase of only six parts per ten
thousand of carbonic acid gas. Even in rooms that are quite
clean to begin with, three thousand cubic feet, or about ten}
thousand gallons, of fresh air have to be supplied per head per®
hour. It is this necessity that causes the great difficulty of thes
subject. This quantity cannot possibly be supplied without muchy

that action of wind—which we have already seen to be necessary,
But nobody likes a draught. Thomas Hood retorts upon the poet
Thomson, when he speaks of the “ethereal mildness” of spring, .
that he *“‘finds her breath a bitter blighter, and feels her blows as
though they came from Spring the fighter.” And so I suspect it :
1s with most of us. If the air that we have seen to be needfull
comes in upon us in the form of a thin fine current directed upon.
one small portion of our bodies, we try to move out of its way, and |
very often we proceed to stop up the chink through which it comes. .
Patent ventilators, after no very long lapse of time, are often found|
closed or stopped up with any handy stop-gap that people cani
readily find. But are ventilation and draughts really synonymous:
terms? Can we not in some way circumvent them ? I believe:
that in most cases we certainly can. .

Our power of perceiving currents of air depends upon (1) their:
velocity, (2) their size, and (3) on the warmth or coldness withy
reference to the sensitive parts of cur body.

1. Now the hand is especially the seat of the sense of touch, and|
can best appreciate changes of tempcrature; and yet if the hand is5
moved through the air at ordinary temperatures at the rate of 134
feet per second, it wili not detect the impact of the particles of air:
upon the skin. Any current, therefore, flowing into a room ataless
rate than ninety feet in a minute will not be felt by the inhabitants..
To cure a draught, then, the velocity must be diminished, or 1ts:
temperature must be increased. But in order to introduce a.
given quantity of air inta a chamber in a certain tima.a slower!
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te of movement will be required in exact proportion as the
pening througn which it flows is larger. Hence we learn the
esson always to make the ventilating openings large enough, and
f they let in draughts to make them larger still, but to shut out
y outer wind by external shutters that break its force.

2. When you have obtained a sufficient column of air for the
urpose of ventilation, you may break its force by making it pass
hrough a number of fine openings, such as there are in perforated
inc, or by passing it through thin layers of cotton wool ; and this
lan has the further advantage of filtering 1t from the soot and
other foreign particles, in which the air of towns abound.

3. A draft may often be prevented by directing the air current
so that it may pass first into parts of the room where our bodies
are not likely to be. It may thus be made to strike against other
air in the room, or against the ceiling or walls, until its force is
broken, and it will mix gently with the general atmosphere. Air
is a fluid, like water, only more subtle in its character, and thus
its currents will usually flow in straight courses, unless they are
turned aside by obstacles in their way. You can, therefore, guide
them in any direction you please, and it is thus that the
Sheringham valves act. These are shutters placed inside a room,
opposite an opening in the wall, so as to direct the current
upwards. The upright tubes advocated by Mr. Tobin and
others work in a similar manner. The sashes of an ordinary
window-frame, as Dr. H. Bird shows, may be made to answer the
same purpose, by partially opening the top sash of the window,
and filling up the upper vacant space by finely-perforated zinc, or
a gauze frame partly filled with cotton-wool. In this way two
openings are left—an inlet formed by the space between the
sashes, and an outlet above—and from neither of these ventilators
need any draft flow. The air will be directed upwards or obliquely
inwards by the shape of the lower opening, and its force may
turther be broken by putting cotton-wool, loosely packed, into the
crevice between the sashes.

4. The sensation of a draft may be diminished by warming the
air. This is partially accomplished by the means just described,
by which the cold current is made to mix with the already warm
air of the room before it reaches our bodies ; but it is still better
when the air can be warmed by other means before it is introduced
at all. There are many methods of accomplishing this. Various
grates and stoves, with chambers in which the air is heated before
1t enters the room, and some of those that are heated with gas,
are a very simple and economical mode of heating and ventilating
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a bedroom; only be very careful (r) that the air entering
room comes from the outside, and that it is from a pure source, ©
not near any source of impurity ; and (2) that all the products of
combustion are safely conveyed to the outside—if possible along '
a flue—and be very sure that there is no down-draft to carry the
vapours back into the room. |
r

By one or other of these means I am quite sure, from actual
experience, that you may obtain the required enormous quantity’
of air, without draughts, but with sufficient power to sweep all’
noxious non-diffusible materials out of your rooms. Only one"
further caution will I give, and that is to take good care that your:
supply of air does not come from your drains. |

I have said but little in this lecture as to the nature of the®
external supply of air. This is not so much within your ownj
control. We cannot all rush away into the country when thes
day’s work is done. But bad as a town atmosphere generally is,}
it is far better than indoor air. It is every man’s duty to sees
that the manufacture of black smoke is controlled as much as

possible, that no nuisances should be allowed to exist, and, most#
important of all, that space should be given throughout a to .
for the free circulation of the beneficent winds of Heaven. Butt
in these things you must work by the intermediation of yours
town authorities, whereas all else that I have told you has any
immediate and direct personal application. 1

This indeed is the conclusion of the whole matter. We haves
heard some of the fatal results of breathing impure air. We have:
seen the properties of the constituents of the atmosphere, and the:
readiness with which they are altered, and some of them mades
poisonous. We have traced the course of respired air throughs
the body, and have seen some of the delicate textures that 1t hass
to traverse, and how readily these may be injured by impurities.:
The sources of some of these impurities have been examined,,
especially those from combustion and respiration. Lastly, wes
have seen the very large quantity of fresh air that 1s required by
every living being. Let the result of all this teaching be, that wes
resolve strongly to breathe air as pure as it can possibly be go
and in fully as large a quantity as is necessary. Remember thatd
every breath of impure air endangers health and takes away
energy from the body—that we cannot breathe any portion of thes
air that has already passed through the lungs without danger off
harbouring the seeds of that fearful disease, consumption—alt
that a close unozonised atmosphere necessarily weakens outs

powers and debilitates our systems.




