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INTRODUCTION,

A great chemist, J. B. Dumas, once said that living organisms are
nothing but * condensed air.”  He thus expressed, in terse terms, the
result of the investizations pursued by himself and others into the
relations of the atmosphere to living beings.

My purpose, in the following pages, is to show how closely Dumas’s
statement agrees with ascertained facts, even more closely than he
himself supposed. 1t is also desirable to briefly instance and illustrate
the varied ways in which air influences the general life of the globe,
If the ordinary definition of the word were not an impediment to its
use in the present case, I would say that I purpose making a general
sketeh of the “ biology ” of the atmosphere.  More exactly and appro-
priately 1 may use a quite similar term, and say that the subject-
matter of this essay is the * natural history” of the air—taking the
term in the sense given to it by Geoffroy St. Hilaire—an essay npon
the properties of’ air considered in its relations to living beings, upon
its composition, its eontents, its origin, its varied modes of’ action.

While I shall especially and particularly consider air in its relations
to life, 1 shall also refer briefly to its relations to other subjects, point-
ing out those which it would be useful to investigate further in order
to inerease the scope of our knowledge.

The study of the atmosphere is truly one of great magnitude; its
relations to the remainder of the universe are so varied and impor-
tant, the subjects which it suggests are so numerous and take us through
so many fields of inquiry, that a comparison suggests itself’ forcibly—
Just as the atmosphere surrounds our whole planet and forces itself
into the elefts and fissures between its elements and rocks to the depths
of the soil, in the same manner does the study of air pertain to all
departments of science, to geology as well as astronomy, to physics no
less than to chemistry, and to biology in the largest sense of the term,

While it would be a hazardouns enterprise to undertake a complete
review of so important a subject, it may prove useful to give a rapid
gketeh of some features, and that I shall endeavor to do, by showing
what air is, physically and chemically considered, what is its origin,
what it contains, and of what use it is to life. Doubtless this is but
a small part of the subject, but this sketech may eontribute to show
how vast and varied is that chapter of science that goes under the

name of the “study of the atmosphere,”
: b
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I.—AIR CONSIDERED FROM THE PHYSICAL PoINT OF VIEW.

Vast as are the proportions of the atmosphere it is none the less invis-
ible. It surrounds us on every side; we are bathed in it, and we do
not see it; when it is not in motion we do not feel it. Although having
miterial existence and creating material effects, for evil or for good, it
is immaterial to our senses. This flnid, this gas, may, however, be
weighed. Jean Rey! and Otto von Guericke?® were the first who gave
positive proof of thiz, and showed that a glass receiver in which a
vacuum had been made—even imperfectly—weighed less than the same
receiver in normal and free connection with the surrounding atmos-
phere—that is, full of air—and, on the other hand, a receiver into which
air is forced and maintained under pressure weighs more than the
same receiver full of air at the normal pressure pro loco et tempore.
One liter of air, pure and dry, under the pressure of 760 millimeters,
at 0° temperature, and at the latitude of Paris, weighs 1.293 grams
(Regnault). It weighs more if the pressure is higher, less if it is
lower; and hence a liter of air has more weight at the bottom of a
shaft in a mine than at sea level, and less on top of a hill or moun-
tain. The higher the altitude at which air is weighed the less it
weighs, becanse it expands, the same weight of air oceupying a larger
space or volume. Air is more dense at low stations, less denge in the
higher strata of the atmosphere, so that when the weight of air is men-
tioned it is always given with reference to a certain altitude, to a cer-
tain pressure, and also to a certain temperature and hygrometrie state,
becanse these different conditions exert a eonsiderable influence upon
the matter.

As in the case of other gases, air is made up of molecules, and these
are considered as being in a state of perpetnal motion. It has been
reckoned that the number of impacts or eollisions to which each mole-
cole is subjected during each second. in the tremendous turmoil which
tales place in the air, amonnts to something like 4,700,000,000! These
molecules are exceedingly small, and Sir William Thomson (Lord
Kelvin), Clerk Maxwell, and Van de Waals give their dimensions as
being less than a fraction of one-millionth of a millimeter, 1 enbic cen-
timeter of air, at 0° and 760 millimeters pressure, containing, in ronnd
numbers, some 21,000,000,000,000,000,000 of these molecules.

I have referred to the fact that the weight of the air is not the same
in all localities. It also varies in the same locality. The sum total of

‘Jean Rey, French physician and physicist, said, in 1630, that if tin is burnt in
contact with air, it increases in weight, and this increase is due to air which has
heen absorbed by the metal during the combustion.

¢ Otto von Guericke, born 1602, died 1686. He also demonstrated atmospheric pres.
sure by means of the instrnment called the Magdeburg h emispheres—two hollow
hemispherical cups which it is very diffienlt to separate when a vaenum has been
created in the interior,
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the weight of the atmosphere, wherever considered, varies every day
more or less, often appreciably within the limits of a few hours and
even minutes, This could not happen, of course, if the weight of the
strata of air did not vary also, The weight of the whole atmosphere
increases or decreases because the weight of the air, considered at
any region vertically above the point where the observation is made,
increases or decreases. These variations of weight, or pressure, are
indicated by the barometer—devised in 1643 by Torricelli, pupil and
friend of Galileo—and the osecillations of that instrument are only indi-
gations of the differences of the weight or pressure of the air,

Now, as the pressure is increazed at low stations, and diminished at
high ones, and,as there is a very definite and regular connection between
differences of altitude and barometrical indications, it is conceivable
that the barometer may, to some extent, and with certain limitations,
vield information as to the altitude at which an observer finds himself.
It is sufficient to mention the fact; the methods by which it is estab-
lished would require too long an exposition,

Since air is material and has a weight of its own, however varia-
ble, it mnst press upon all organisms. It is not diflicult to estimate
with some precision the weight of the superinenmbent air., For each
square centimeter of our skin, the pressure exerted is exactly that
of a vertical colnmn of merenry 1 square centimeter in section, and
of the same height as the barometrical column at that moment. If
the barometer stands at 760 millimeters, the pressure is exactly that
of 76 enbic centimeters of mercury, and as each cubic centimeter
weighs 15.6 grams, the sum total, per square centimeter, is 1 kilo-
gram 33 grams, or about 15 pounds per square inch, Taking the skin
surface of the average adunlt to be something like 1} square meters
(13,000 square centimeters), the weight with which the atmosphere
presses on each of us amounts to 15,450 kilograms; but nunder ordi-
nary circumstances we do not feel this enormous load, becaunse the
pressure is exerted in all directions: from within ontward as well
as from without inward, from below npward as well as from above
downward. To perceive this pressure, it must be removed from one
side, as when the hand is placed over the open end of a eylinder in
which a vacuum is being formed; then one feels the strong pressure
pushing the hand toward the opposite end of the eylinder. Of course
the pressure exerted upon the body and all objects, is lessened as
the altitude increases, or the barometer falls; and, reciprocally, if the
barometer rises, or if the body be at a low station—in a mine for
instance—the pressure is higher. The total weight of the atmosphere,
at sea level, under normal circnmstances, averages some 5,000,000,
000,000,000,000 kilograms—that is, the millionth of the weight of our
planet itself; or, to use other terms, the weight of a econtinuons
stratum of mercury 76 centimeters high, and covering the entire sur-
face of the globe, both sea and land. This is a fairly high figure for a




3 AIR AND  LIFE.

substance so nearly immaterial that it escapes our vision. However,
air is not always invisible; it may be seen very elearly; it may also be
touched and handled, although no one wonld undertake to do so, or to
recommend the feat. Whilst it is gaseous under normal pressure and
cirenmstances, it may be made to assume the liguid form when subjected
simultaneously to the influence of' considerable cold and very high pres-
sure. High pressure alone is not suflicient.  Under a pressure of 3,000
atmospheres, 3,000 times that of ordinary sea-level pressure, oxygen
and nitrogen remain gases (Natterer); but if at the same time the
temperatare is lowered, they immediately assume the liguid condition.,
MM. Cailletet and Pictet have obtained liguid air by means of pressures
of 300, 500, or 1,000 atmospheres cooperating with intense cold, with the
cold corresponding to 100% or 200° below zero (Celsing or centigrade),
Under such cirenmstances air may even assume the solid form: the
liguid air freezes into a solid block,'

No one conld venture to toneh this liguid or solid with the bare skin,
for two reasons; one being that, of course, air can be kept liguid or
solid only under the circumstances of its produoction, and instantly
becomes a gas under normal pressure or temperature; the other, that,
even it the transformation were not instantaneons, the intense absorp-
tion of heat (production of cold) which accompanies the passage from
the liguid or solid to the gaseous state would be more than suflicient
to kill instantly all living tissues in the vicinity,

1t is enough for our present purpose to simply mention the impor-
tance of air as an elastic fluid, and the part played by this gas in
lnminous, thermie, acoustic, and electriec phenomena, where it is an all-
important medinm. It is also suflicient to remind the reader of the
temperature of the atmosphere and its varvied movements, from the
light breeze that cools the hot summer days to the cyelones and
tornadoes which destroy buildings and tear up the strongest giants
of the forests. Lastly, the atmosphere iz very far from being unlimited.
It ceases at some distance from our planet, becoming very thin and rare
even at altitudes that are not exceedingly great, such as 5,000 meters
(Mont Blane, 4,513 meters: Gaurisankar 3,540 meters), and while we
are not prepared to state the exact distance from the earth at which
all traces of air disappear, it is generally admitted that above 320 or
350 kilometers (1 kilometer=1,000 meters) height, vertically, there is
no atmosphere worth mentioning. Of course, at such altitudes, the air
must be exceedingly thin and ravefied, asit is in the exhausted receiver
of the air pump.

[t is commonly said that air is tasteless and odorless. Pure air

The gas is first eooled down to 307 below zero, and then compressed under 200 or
300 atmospheres, It remains fluid; bot if a small amonnt of it s then allowed to
escape, the sudden expansion—which is accompanied by a production of eold, while
compression canses heat to be evolved—cools down the remainder of the air, the
temperature falls to 200¢ below zero, and the air immediately assumes the liguid con-
dition. Lower down it freczes and becomes a solid block.
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may be nnable to affect the olfactory membrane: but this is not the case
with the atmosphere generally, The air that surrounds us is full of
scents and odors, but we are so acenstomed to them that we take no
notice thereof. But after we have spent some time in an atmosphere
where most ordinary odors can not conveniently gain aceess, and then
return to our ordinary surronndings, the case is altered, and we perceive
a very powerful odor. This has been noticed by different observers
after a considerable sojourn in deep caves, such as the Mammoth Cave
in Kentucky., The air in these caves is nearly odorless, and when,
after u few hours spent in this scentless environment, the visitor
emerges again into the open, the atmosphere seems powerfully, even
violently, scented or odoriferous, and some persons may even be tempo-
rarily affected by the intensity of the sensation, During the sojourn
in the unscented air the olfactory cells have rested, but the renewal
of their activity, generally unconscions, is accompanied by a very strong
sensation which however soon fades,

The atmosphere does not stop at the surface of the seas, nor does it
cease at the surface of the soil. 1t penetrates both, the former espe-
cially. In the latter the access of air is very soon arrvested by the
compactness of the rocks or strata, and, generally speaking, the pro-
portion of air in the soil is very small in all cases where there are no
¢lefts, fissures, or deep undergronnd galleries.  In the superficial layer,
however, the case is different; airis always present in appreciable pro-
portions in the less compact parts where plants push their roots and
seek their nutriment; and in the deepest shafts, caverns, caves, and
other natural or artificial exeavations of the soil, air exists, 1t should
not be expected to find there as pure a gas as that which surrounds the
exterior of the planet. In the soil many slow but continuous chemieal
reactions are going on between the air and the solid constituents, and
the result is an alteration of both sets of elements: some chemicals of
the earth and rocks are transformed, and while the air loses some part
of its constituents new elements are added to it, and thus its normal
composition is soon altered. This is the reason why great care should
always be exercised to ascertain the condition of air in all deep eavi-
ties, and even in normal exeavations if they are rather seeluded. The
air may have been so much altered in its composition as to have be-
come unfit for the maintenance of life, and cases are on record where
it consisted almost entirely of earbonie acid. Among the investigators
who have specially concerned themselves with the chemical eomposi-
tion of “ ground” air, Boussinganlt has obtained interesting results,
showing that while 1 cubic meter of normal atmosphere contains
about 4 deciliters (or 0.216 gram) of carbon, 1 cubic meter of ground
alr contains 9 liters (or nearly 5 grams), which is twenty-two or twenty-
three times more. In recently manured soil the proportion is much
more considerable, and the amount of carbonie acid may be twenty-
four times as great as in atmospheric air. This considerable amount
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of carbouic acid in ground air fuily explains a number of accidents,
inasmuch as while the proportion of this gas is considerably increased
that of oxygen is greatly diminished,

Air penetrates to a great depth in water, whether fresh or salt, This
is shown by the number of living forms fonud, not only at the surface
or in its neighborhood, but at the greatest depths to which man has
yet been able to lower his nets, dredges, and sonnding apparatus.
Since living organisms exist in the depths of the ocean, and since
they are physiologically, in their most important features, constructed
on the same principles as those which live near the surface, it is obyi-
ous that in the waters of the deep, air must be dissolved of which they
take advantage for their respiratory functions, Direct and precise
observation fully eonfirms this inductive reasoning. Many instruments
have been devised for the purpose of obtaining water from different
depths. One of the first was the bottle, which was used by the Kiel
committee. This bottle, firmly stopped and empty, was lowered to the
required depth, and a sudden pull was enongh to eause it to open, the
surrounding water filling it in a few seconds. Many similar imple-
ments have been since invented by Bunsen, Meyer. Mill, Buchanan
(Challenger), Ellman, Sigsbee (Blake), Richard, Villegente, and Paul
Regnard. The description of these instruments is given at length in
many works—for instance, in T, Thoualet’s Océanographie (Vol. 1), Paris,
1390, and I'. Regnard’s La vie dans les eanx, Paris, 1391 —where the
reader who desires full information on the matter may find it, and it
will saffice for our purpose to give a general summary of the results
obtained, without detailing the methods by which water is brought to
the surface from different depths, or those, familiar to all. by which
the gases contained in water are extracted and sabmitted to ¢hemical
analysis. In short, the results of these experiments fully and com-
pletely confirm the opinion above expressed, that even at the greatest
depths water does contain air; that the atmosphere extends down to
the nearly unfathomable abysses of the ocean.

As to rivers and lakes, or other shallow waters, the demonstration is
most easy, Their water contains oxygen, nitrogen, and carbonic acid.
But it is a noteworthy fact that these gases are not to be found in the
proportions in which they exist in the atmosphere, Strictly speaking,
one can not say that there is any air in water. What we find are the
elements of air, the latter being all present, but their proportions
being different from those in the normal atmosphere. For instance, 1
liter of river water contains from 4 to 8 eubic centimeters of oxygen;
from 12 to 18 cubic centimeters of nitrogen, and from 2 to 20 or 25 enbie
centimeters of carbonie acid. These proportions differ greatly from
those which these three constituents have in normal air, and it must be
noted that the variations are different in different rivers or even in
the same river when examined in different places, Take the Seine
River, for instance. Each liter of water contains 32.1 cubie centimeters
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of gas, of which 3.9 are oxygen, 12 nitrogen, and 1.2 are carbonic acid.
Take the Rhone River, on the other hand, and you find 34.8 enbie centi-
meters of gas, of which 8,4 are oxygen, 18.4 nitrogen, and 8 carbonie acid.
These differences are less surprising after reflection. Each river may
and does differ in chemieal constitution from other rivers, and even
from itself, at ditferent times and places, becanse of the difference in
the nature and guantity of the chemical operations going on in the
water. The chemieal composition of the banks varies, and the activity
of living organisms within the waters also varies, Such differences
must exert their influence upon the chemical composition of the latter,
and we have abundant proof that they do so. If the water of the same
river, taken at different places at the same moment, is tested ehemieally,
differences are observed which are sometimes considerable. For in-
stance, the Thames, above London, contains 7.4 oxygen, at Hammer-
smith 4.7, at Somerset House 1.5, at Woolwich 0.25. Whence arise
these considerable variations? They are easily explained by the fact
that the river receives a large quantity of’ organic débris, vegetables,
dead animals, and a large number of dead or dying snbstances or
organisms; the débris combines with oxygen, and thus the amount of
thiz gas is greatly diminished. The consequence is that the fish often
perish through asphyxia, the amount of oxygen being inadeqguate.  The
same oceurs in Paris.  After its passage throngh the city, the Seine
is generally quite unfit to support the life of most agquatic animals,
Many species are not to be seen in the river at Paris, nor helow it for
some distance, althongh found above, where the water is sufliciently
pure and aerated, and some 10 or 20 miles below, where aeration has
been safficient to make up for the loss, the water having absorbed
enough fresh oxygen from the atmosphere.

So much for one series of differences in aeration, But another series
exists which is even of greater interest. The aeration of waters, or
the absorption of gases by water, varies according to general external
conditions, among which temperature and pressure rank highest—not
only general pressure, but, so to speak, individnal pressure, or, to put
it in other terms, the proportion of any given gas in a mixture, Under
identical conditions, each gas, moreover, has its own special coeflicient
of solubility, While nitrogen is feebly soluble, ammonia is highly so,
This fact helps us to understand why it is that the gases which
spontaneously dissolve in water in contact with the atmosphere do not,
when extracted from the water, yield a mixture even distantly compa-
rable to air: how it is that the elements of air are not found in water
under the proportions they bear to each other in the atmosphere.
While water contains the constituents of air, it eontains such propor-
tions of these constituents as are peculiar to it. However, the latter
are provided in sufficient quantity, and normal river water is quite
adequate to maintain the life of aquatic animals. Thisapplies to fresh

waters generally, for ponds and lakes have the same conditions as
TiVers,
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Some special points arve to be noted concerning salt water,  Of course
the constitnents of atmospherie air are met with in sea water. DBut,
generally speaking, the variations in the proportions of these constit-
uents are less numerous and of less importance. The seas, generally
considered, make up a more homogeneous whole than any river of large
dimensions. Between the sonth Atlantic and the north Atlantic less
differences are to be expected, and less found, than in the Thames or
the Seine, below and above London or Paris. A priori it is obvions that
there are less canses of difference in aeration in the two parts of the
Atlantie than there are in any of the two rivers in two points, not 10
miles apart, It is quite obvious also that local differences, such as
exist at the mouth of a great river that has just passed through a
large town, as is the case with the Hudson, the Thames, or the Gironde,
must be very soon dissipated in the enormous mass of the ocean
through the agency of tides, currents, and winds. Upon the whole,
generally speaking, none of those local differences are of any real
importance. There are, however, differences which should be noticed,
but their canses are guite different from those whieh obtain in the pre-
ceding case, The most important are observed when we compare speci-
mens of water obtained from different depths. Carpenter noticed the
fact and comparing specimens of water obtained in the same vertical
line, at depths of 730, 800, and 862 fathoms, he observed the following
composition of the air extracted :

750 fatloms. 500 fathoms. 362 fathoms,

R e S el e e e e SO S L 15. 8 17. 8 17. 2
D N T e et Lo i e It S ) - e oo e 49, 3 45, 5 . 5
O B R e e e e = e e e e i 4.0 3.7 18, 3

While the proportion of oxygen decreases with inereasing depth, that
of carbonie aecid increases in a marked manner. No very satifactory
explanation of this fact has been yet provided.

We have now sufticiently dwelt npon this topie, and none will doubt
that air—that is, the constitnents of air, to put it in exaet terms—inti-
mately mingles with the waters that cover three-fourths of our planet.
While waters do not contain atmospheric air as snch, and while the
oases dissolved in them do not make up normal air, they contain the
elements of the latter, and the proportions are saflicient to maintain
aquatic life,  We may consider that these elements are found in water,
even at the most considerable depths, although we have no positive
proof of it,

Now, it is quite clear that since the mass of the waters contains
organisms that breathe and live, and sinee life goes on nofwithstand-
ing the unceasing prodnction of carbonie acid and the destruction of
oxygen, both necessary consequences of their life and respiration, there
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must exist some uneeasing agency by means of which new oxvgen is
added and earbonie acid carried away. Otherwise aquatic life would
soon cease. In other terms, there mnst exist a perpetual exchange
between the gases dissolved in the waters and those which make up
the atmosphere, just as there goes on a perpetnal exchange between
the air of any place where the atmosphere is vitiated—a town, a manu-
factory, a room—and the air of the streets or surrounding country.
And the exchanges which go on between air and water, and between the
general atmosphere and those multitndinons centers, great or small,
where the normal proportions of the gases of air are being constantly
altered, must indeed be most nicely adjusted, since by no method have
we vet been able to detect any alteration in the composition of the
atmosphere. The equilibrinm must be unceasingly maintained. That
equilibrinm is a very interesting matter. Interesting in two senses—
practically, since life depends upon it, and from the seientific point of
view, as it is the consequence of a general established law.

How, then, is that exchange effected between air and water, without
which life wonld soon extinguish all life, without which the hving
organisms of water would soon render life impossible to themselves and
to their congeners? By means of what may be termed “the breathing
of the waters.” The waters breathe—that is, expire obnoxions gases
and inspire those that are useful; they expel carbonie acid and collect
oxveen, Diffnsion is the main agency of this grand function of waters,
and it is enongh that both air and water be in presence and contact to
msnre the operation. Buat difinsion 18 not alone at work; another
agency cooperates. It does not at first seem that dost would have
any influence, and few would suppose that it plays any part here. It
does, however, and the enormous quantity of it which, imperceptibly in
most eases, is carried from the land over the seas, where it falls and
slowly sinks to settle at the bottom as a soft red or gray mud—the first
stage of new strata of rocks—is a great help toward the respiration of
the seas. As .J. Thoulet has shown, every particle, however small and
minute, carries some air which adheres to it and does not escape when
submerged: this air slowly dissolves in the surronunding water. The
experimental proof is easy. Bring some water to the boiling point, in
order to expel the gases dissolved in it, and then add some potash and
pyrogalliec acid.  This mixture turns black when in presence of oxygen
hy reason of the action of the latter on the acid. Under ordinary con-
ditions, the experiment being thus prepared, what one witnesses is
this: The surface of the water blackens and the black color extends
slowly toward the bottom, according to the ratio of diffusion of atmos-
pherie oxygen in the mixture. The rapidity, or rather slowness, of the
change of color is the measure of the slowness of diffusion. Now, throw
some fine dust into the vessel containing the water so prepared. What
happens then is that each grain or particle, while falling through the
liquid, leaves behind it a black line which marks its path exactly, and
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there are as many vertical streaks in the colorless solution as there
were particles of dust thrown into it. Each particle’s atmosphere of
air acts upon the pyrogallic acid, and instantly causes the change of
color. The experiment is a very elegant one, and provides a very con-
vineing demonstration, and when one thinks of the number of dust
particles (either of terrestrial origin or coming from the interplanetary
spaces under the form of microscopical meteorites) which uninterrupt-
edly pour down on the oceans like some paradoxical dry rain, it is
conceivable that the importance of these infinitesimal particles to all
aquatic organisms is great. From this peint of view, a catastrophe
like that of Krakatoa becomes a blessing, and each voleanic outbreak
with its concomitant cloud of dust and cinders, which often spreads
over hundreds of square miles, and gives forth a soft slow rain of solid
particles which fall through the air to the water and thence to the
underlying abysses, is doubtless a benefit to aquatic organisms. It
may seem absurd to speak of the beneficial influence of voleanic eatas-
trophes npon the denizens of the ocean; the fact is nevertheless incon-
testable. Nature abounds in such curious and nunexpected interactions,
Most of these, as yet, escape us, but some now and then become apparent,
and go to show how difficult and complex is the study of life or biology,
in its real sense, and how essential is the knowledge of cirenmstances
and surroundings,

The experiment which has just been referred to suggested to Paul
Reguard the means of measuring, so to speak, the rapidity of the ocean’s
respiration, the rapidity of diffusion of the aerial gases in water, and
especially that of oxygen, which is the most important for organisms.
The method is very simple.  All that is required is a large glass tube,
some 3 yards long, closed at the lower end, placed vertically, and filled
with water holding Counpier blue in solution, saturated with hydrosul-
phide of soda. This solution, a pale yellow in color, turns blue under
the inflnence of oxygen. The tube thus filled is left to itself and each
day an observation is made of the point to which the blue layer has
extended, The first day the mere surface only is blue, but by degrees
the underlying strata also turn bloe, according to the rapidity with
which atmospheric oxygen diffuses and is absorbed. Under such cir-
cnmstances, I, Regnard noted that in the course of three months oxy gen
diffused no farther than about a yard from the surface, and the rate of
propagation is hardly a centimeter per day. If such is the normal
ratio, air penetrates water at the rate of 4 meters per year, and if, at
the beginning”—aof which so mneh is said, and so little known or know-
able—the sea was entirely devoid of oxygen, no less than a thousand
vears were required to allow atmospheric oxygen to penetrate to the
depth of 4,000 meters, a depth which we all know is not uncommon in
the ocean.

It is thus seen that the respiration of waters is very slow—at least it
is very slow so far as diffusion alone is concerned. But, as already
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noticed, diffusion is not the sole ageney, and it is quite clear that the
white erested waves, all foam and sparkling with air bubbles, that the
winds, the currents, the tides, and lastly the dust particles have done
and are doing much to hasten the process, and accelerate the exeeun-
tion of the great respiratory function of the deep. No method, unfortu-
nately, has yet been devised for measuring the rapidity of this process;
and before it can be done, some manner by which the approximate
number of dust particles falling into the seas can be ascertained should
of course be discovered. The problem is a diffienlt one, truly.

I[.—AIR FROM THE CHEMICAL PoinT 0or VIEW,

Considered by the ancients, and even by modern philosophers till
a very recent period, as one of the four initial elements (earth, air,
water, and fire), air was unable to keep this position after the birth of
modern chemistry, Like most other substances it has had to redunce
considerably its pretensions. They were of no avail in presence of
the methods of chemistry. Instead of being, as formerly supposed, an
element, a homogeneons matter out of which no known method of
reduection can obtain two or more differing substances, air has shown
itself to be nothing more than a mixtare of different elements, A mix-
ture, a mechanical mixture; not a compound.  Air is not like water, in
which two gases, oxygen and hydrogen, are combined and make up a
third body exceedingly different in properties from those out of which
1t 18 made, nor like the enovmous number of compounds known to
chemistry in whieh two or more elementary substances are combined
in definite proportions and form new substances more or less pecul-
iar, but invariable, and possessing properties which neither of the
elements possesses; it is a mixture only, This may be demonstrated
in varions ways.  When nitrogen and oxygen, the fundamental elements
of the air, are mixed together, no heat is evolved, no heat is absorbed,
as is the case in the preparation of most compounds, Again, the
refringency of air is equal to the mean of the refringency of oxygen
and nitrogen when experimentally mixed in the proportions in which
they occur in the atmosphere; and the ratio of oxygen to nitrogen is
not a simple one: lastly, when in presence of air, water dissolves differ-
ent proportions of the different constituents of the former; it dissolves
each gas according to its own proper coeflicient of solubility.

These four proofs are considered as more than sufficient to show that
air is a mixture, not a compound. It may be added, moreover, that
while the I_'.‘UIII|HI:-;iliI}II of the E]llllll:‘ﬂllli_‘l'ﬁ is |_||||1|,r nniform as a whole,
it is not absolutely so; the one or the other eonstituent is more or less
abundant according to cireumstances. No chemical compound offers
such V#ll"hlllilft&" in Ul!lll|]ll):'~'uitjtl|1; its constituents are constant. ,-,llw;]:,'g
the same, and in the same ratios, while in a mixture every variation is
possible, and may be expected.
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And now, what are the constituents of this mixture? Our knowl-
edee of these elements, as well as that of air itself, considered as a
whole, is of recent date.  While it would require more space than we
can spare to give a full historical account of the chemistry of air, the
principal facts may be briefly summarized. i

As has been previously stated, a French physician, Jean Hey, was |
the first who proved the materiality of air, and Ins experiment was
repeated and confirmed by Galileo in 1640, aud by Otto von Guericke
in 1650, Jean Mayow, in 1669, was the first to prove that air is not an
element, a homogencous substance, He suspected fthe fact that air
contains two different gases, of which the one, which he called * nitro-
aerial,” maintains combustion or fire and respiration, while the other
does nothing of the sort. In short, he suspected the presence ot the
two different gases whieh are now named oxygen and nitrogen. Had
he lived longer, Mayow might have discovered the facts which are the
hasis of Lavoisier's fame. T

In 1774 Priestly! made a great step in the right direction when he
succeeeded in obtaining the separation of the two principal gases which |
make up air, and on the same date Scheele® did the same, going some-
what further, as he discovered the ratio of what he called “dephlo- |
aisticated air” (or oxygen) to “ phlogisticated air™ (or nitrogen). Both,
however, fell into the same error. Both considered the two gases as.
identical, but possessing different properties. No doubt the properties:
are different, but the differences are inherent to the gases themselves;::
the one is not a form of the other and can not be transformed into the:
other, and the differences are much more numerons than these two.
pioneers of chemistry perceived.

To Lavoisier was reserved the honor of providing precise and unas-.
sailable knowledge concerning the nature and composition of air. Toy
prove that air, as already demonstrated, is made up of two elements,,
the one adequate the other inadeguate to maintain combustion and!
respiration, was no diffienlt task. But he went farther on his road by
means of the following experiment, one that is fundamental in the
history of chemistry : He placed a known amount of mercary, carefnlly
weighed, in a retort whose long curved neck opened into an inverted|
glass tube placed on a mercury trou gh. By means of a curved pipette:
he sucked out part of the air in the tube, and consequently the mercury’
rose within it to some height. The point to which the mercury rose:
was carefully marked, and then the retort was submitted to the influ-
ence of heat. The temperature was 360° C., and on the second day
he perceived that small red pellicles were forming at the surface of the
mercury. During a week, the heating being continued, the pellicles:
kept forming, and then no more appeared. He kept up his fire during:
four days more and then put it out. When the apparatus was cooled!

! Born in England in 1733 died in Pennsylvania, 18(4.
tBorn in Sweden in 1742; died 1786,
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down. he saw that in the glass tube the mercory rose higher than
before the experiment, and he observed that the remaining gas was
unable to maintain respiration and combustion. In it small animals
died and a light went ont. He then collected the red pellicles, weighed
them. put them in a retort whose neck opened under a glass tube
filled with mercury, and heated the retort to 4009 C. The pellicles
melted away; they yielded a certain amount of mercury which was
deposited in the neck of the retort, while in the glass tube some eubic
inches of a peenliar gas had acenmulated at the top. The velume of
this gas corresponded exactly with the volume of air which had dis-
appeared in the preceding experiment, and this gas was fully able to
maintain combustion.

Thus was performed the first avalysis of air, and Lavoisier came to
the conclusion that that fluid contains two gases—one which forms
one sixth of the whole volume and is favorable to combustion and
respiration, while the other, amounting to five-sixths of the whole
volume, is favorable to neither. The first was oxygen; the last azote,
or nitrogen.'

It is now more than a eentury since these facts were diseovered, and
became the corner stones of modern chemistry. Up to that time it was
mere empirical alchemy, and a fabrie of erroneous notions, A number
of methods, mueh superior as far as precision is concerned, have been
devised for the purpose of air analysis, and of gas analysis generally.

The endiometriec method, propounded by Gay-Lussae and Humboldt,
is - one of the best known. It is based upon the fact that if hydro-
gen is added to air, and the electric spark passed through the mix-
ture, the oxygen of the air and the hydrogen added to the mixture
combine in definite and constant ratio and form water. A very simple
caleulation gives the amount of oxygen contained in the mixture, The
weighing method of J, B, Dumas and Boussingault, invented in 1841,
I8 quite different. It is based upon the faet that when air, deprived
of agueons vapor and carbon dioxide, is made to pass through a tube
containing metallic copper reduced by means of hydrogen, and heated
to redness, it yields its oxygen to the copper, and if the copper is
weighed before and after, the amount or weight of oxygen contained in
the volume of air experimented upon is at once known, If the remain-
der of the gas, that portion which has not combined with the copper,
be collected in an empty receiver weighed before and after the experi-
ment, the inerease in weight of the receiver shows the quantity of
nitrogen contained in the original volume of air. Twenty other meth-
ods, more or less similar to the preceding one, have been devised by
Brunner, Regnault and Reiset, Doyire, Bunsen, Williamson. Russell,

'These names were given by Lavoisier. Oxygen is derived from 621¢, acid, and
Y Evvdw, to produce, hecanse one of the properties of oxygen is to form acids when
Ej]!lll)'i'lll‘ll with many other substances. Azote is derived from privative a and Zw),
life, hm-':m:m azote is not snitable for living animals, and ecan not maintain life,
3 9

-Jn-u.l J‘II—-
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etc., but this is not the place to describe them, and all text-books of
chemistry give a full account of them.

It is enongh for our purpose to know that it is fully established that
atmospheric air is a mixture; that this mixture is principally made up
of oxygen and nitrogen, and that we are provided with methods and
implements by means of which air may be avalyzed, and the least
traces of its constitnent elements detected,!

These elements are numerous, but they differ greatly in importanee.

Fundamentally, air comprises 20,31 volumes of oxygen, 79.19 volumes
of nitrogen, and some ten-thousandths of ecarbon dioxide. In some
localities or under certain circnmstances a few other?® gases may also
be found in air, in very small quantities,

We must now consider in turn each of these elements.

Oxygen comes first.  Not that it is present in the greatest abundance,
but from many points of view it is a most important part of the
atmosphere.

This gas i3 heavier than air as a whole (while nitrogen is lighter),
and in 1,000 liters of air there are 208 liters of oxygen against 792 of
nitrogen. This ratio seems to be constant, althongh Dalton and Babi-
net, argning theoretically, supposed that oxygen is less abundant in
the air at high altitudes, and that the proportion of this gas decreases
as the distance from the sea level is inereased—oxygen being rather
more abundant in low regions, and near the surface. Of course, if such
were the ease, the reverse would obtain for nitrogen. This gas shounld
be more abundant at high levels, and less near the sea level. Accord-
ing to the views of Dalton and Babinet, at 10,000 meters above the sea
level, 1,000 liters of air should contain only 184 liters of oxygen against
816 of nitrogen. These speculations may be interesting, but as they

In view of recent facts this is too positive a sentence. Great was the sarprise of
the chemists when they heard that Lord Rayleigh and Professor Ramsay had discov-
ered a new element in atmospheric air. This shonld inspire them with some cantion,
and induece them not to pnt so much faith in the infallibility of their methods.
Morve of this hereafter. [Wote added to proofs in 1806].

#To the normal constitnents of atmosphere one remains to be added, and that is
argon, discovered in the wear 1834 by Lord Rayleigh and Professor Ramsay, to
whom, on this acconnt, the $10,000 Thomas Hodgkins prize has been most deservedly
awarded.

Argon, thus called because it seemed to be an inert and inactive gas, slow to
combine with other snbstances, was certainly contained in Cavendish’'s test tubes,
but Cavendish considered it as nitrogen, and thus failed to add this snbstance to

the list of chemival elements. Argon is present in the atmosphere in the proportion

of somewhat less than 1 per eent; M. Th. Schloesing obtains 0.935 argon for 1040
air, in volumes, MM, MacDonald and Kellar have in vain endeavored to detect
argon in the chemical constitution of animals and plants (mice and pease), but Mr,
Ramsay has found it in meteorie iron. Argon liquefies at —1258° under 38 atmos-
pheres pressure, and freezes at — 1809, [t is not as inactive as at first snpposed,
as Berthelot has been able to combine it with benzine under the influence of the
electric discharge. This gas does not seem to play any active part in respiration; it
is inert and useless, like nitrogen. [Note added to proofs, 155 ]
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are in direct contradiction with positive facts and observations we may
dismiss them as * children of fancy.,” The chemist Theénard analyzed
air collected at 7,000 meters height by Gay-Lussac, and found no trace
of such difference, Similar observations, due to Dumas and Boussin-
ganlt. prove that these theories are not sustained by stern reality, and,
in brief, chemists ave agreed that, as far as oxygen and nitrogen are
concerned, the composition of atmospheric air is uniform and constant,
with very slight exceptions. This is the result of numerons observa-
tions made in different and distant places, at different heights, at dis-
tant epochs, and Dumas and Boussingault, who have devoted much
work and time to the matter, have always obtained similar ratios, or at
least ratios so nearly identical that the differenees are not more con-
siderable than may ocenr in tht best conducted experiments—they keep
within the limits of unavoidable errors. So we may consider air as
being as perfectly uniform in composition, as it might be expected to
be in view of the cireumstances,

Now, where did this oxygen origivate? Whence does it come? From
what source is it supplied? A complete answer to this question can
only be given by those who know Low things stood in the beginning,
and who understand the origin of matter, foree, life, and some other of
those tronblesome and perplexing problems. Oxygen must be a very
anciently establizshed inhabitant of our planet, and its origin, like that
of the “old” families, is lost in obscure mystery. At all events there
it is, and wherever it comes from, howsoever it has been evolved, one
thing seems positive, and that is the fact that there are at present,
as far as we know, no important sources whenee a considerable amount
of this gas may be derived and added to the current stock., In view
of this, the stability of its normal ratio in the air, notwithstanding the
enormous quantity of it consumed by living beings and in eombustion,
becomes a riddle well worthy of some attention,

We know that the entire atmosphere contains over one million billions
of kilograms of oxygen; that nearly one-half of the weight of the
minerals of our globe is oxygen; that eight-ninths of the weight of
water consists of this same gas, which is, moreover, abundantly present
in the tissues of all living organisms, On the other hand, we know
at present of but one source of oxygen, discovered by Priestley, and
further investigated by Perceval and Senebier. I refer to plants. It
is a fact familiar to all that plants are endowed with the faculty—
ascribed to the chlorophyll contained in their tissues'—of breaking up
carbon dioxide into its elements; that is to say, into ecarbon which goes
to the repair or increase of the tissues, and oxygen, which, on being
freed, diffuses itself throunghout the surrounding atmosphere. There
certainly is one source of oxygen. Are there any others? Their
existence is donbtful. Of course we know that a number of chemical

*Thie fact is probable but not certain, for chlorophyll has not yet been satisfactorily
separated from the tissues in order to investigate its chemical powers,
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reactions effect the liberation of oxygen, water electrolysis, the decom-
position of ehlorate of potassium, or of sulpliurie acid under the influ-
ence of heat, for instance; but do any of these chemical processes, or
any others similar in result if not in method, oceur in nature on any
important scale? We donot know, but it seems doubtful, At all events,
sinee the composition of the atmosphere remains fairly constant, there
must be some ageney by means of which the enormous mass of oxygen
which is daily, hourly, at every moment, absorbed in consequence of
the organic and inorganic combustions oceurring over the whole globe,
is, sooner or later, returned to the atmosphere. Plants are the only
agenecy at present known by which this process is effected. At all
events they effect part of it. But are they equal to the task of effect
ing the whole? The question has not been yet answered in quite
satisfactory terms. Mr, T. L. Phipson has recently endeavored to fill
this gap, and to show that plants are even a more important souree
of oxygen than is commonly admitted. He ealtivated a convolvulus
plant in an artificial atmosphere, entirely devoid of oxygen, but con-
taining some proportion of carbon dioxide, with the result that a part
of the latter gas disappeared, its place being taken by oxygen, which
can only have been evolved by the plant. Mr. G. Meyer had previously
expressed the opinion that oxygen is thus generated, but Mr. Phipson’s
experiment is of great interest. The whole matter is very important,
for, if the oxygen countained in the atmosphere has been evolved by
plants, one may ask whether there has not been some time when the
atmosphere was very poor in oxygen and very rich in earbon dioxide,
and whether some time may not arrive when, conversely, the atmos-
phere will be well provided with oxygen and very deficient in carbon
dioxide. If such were to be the case, the equilibrinm and homogeneity
of air, as far as its composition is econcerned, would be very unstable
and temporary matters. But no answer of a satisfactory character can
yet be given to such questions,

It may be added that, according to less recent data, 1 hectare (a
little over 2 acres) of forest exhansts each year the atmosphere of some
11,000 kilograms, or 5,596 cubic meters, of carbon dioxide, while in
return it yields nearly as muoch (5,594 cnbic meters) oxygen. A field
of vats, similarly, returns about as much oxygen as it absorbs carbon
dioxide. Perhaps other agencies are at work and make up for the enor-
mous consumption of oxygen effected by human, animal, and plant res-
piration, and by inorganic combustions generally, and it does not seem
to us that adequate proof has yvet been furnished that plants alone are
able to return to the atmosphere the oxygen which they, with all other
living beings, take from it. Leaving out of the question the subject of
the origin of oxygen, it is very difficult to ascertain the methods by
which, notwithstanding an enormous consumption, the ratio of this
gas remains fairly constant at the present time.

While the proportion of oxygen in air is constant, or tolerably
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uniform, it must not be forgotten that certain local conditions may
tend to increase or decrease its normal ratio. Nor could it be other-
wise, However rapid the diffusion of gases, it is reasonable to suppose
that when one of the constituents of the atmosphere is being rapidly
subtracted or added in great quantities, the normal ratio in that vicin-
ity must be more or less altered.  In a crowded room where ventilation
is inadequate the ratio of oxygen déereases, and the same happens in
places where intense combustion is going on—in mine shafts, where
slow oxidization of materials is a nearly constant phenomenon. In
brief, where the destruction of oxygen is not compensated by rapid
ventilation, the proportion of this gas to the remainder of the air must
decrease. Under the same cenditions, of course, the ratio of carbon
dioxide must and does increase, as repeated observations have shown,
But such loeal accidents, such limited alterations of the composition
of the air, have no inflnence on the general atmosphere; they arve
temporary. very slight, and therefore rapidly obliterated. Even the
respiration of some two, three, or four million inhabitants, as in a large
eity, does not aftect the composition of the air of the streets; and
London, Chicago, or Paris exert no more influence on the surrounding
atmosphere, into which they pour torrents of carbon dioxide, than any
forest, for mstance, where the case is reversed, and where oxygen 18
produced in abundance.  Diffusion takes place immediately, and no
appreciable alteration ean be detected, save in very limited spaces and
for a short period. And while the one gas is being removed in one
place it is being added in another, and thus a compensation is rapidly
effected.

Little need be said concerning nitrogen.  This gas, as alveady stated,
was discovered by Priestley, and Lavoisier showed that it is one of the
elements of air.  Its weight is lighter than that of air as a whole, and
in 100 liters of air there are 79 of nitrogen. It neither burns nor main-
tains combustion; it plays no part in respiration; it can not help to
maintain life.  Not that it has any toxic properties, assnredly; but it
is inert, indifferent, inactive. Little is known concerning its origin,
We know that some mineral springs, sulpharous springs particularly,
yield a certain amonnt of nitrogen, and the air ejected from the lungs
of animals eontains about as much as the same air when inspired.  As
is the case with oxygen, nitrogen seems to oceur in the atmosphere in
the same ratio everywhere,

The two gases, oxygen and nitrogen, are the main constituents of
air, and compose the greater part thereof, They are the essentials, the
other components, which must now be noticed, ocenrring ouly in very
limited quantities, some in variable and small proportions.  We might
almost say that they are accessory compouents, judging from their quan-
?;Et;r, il not experience shown that one of them at least plays a very
important part in biology, one no less essential, in fact, than that of
oxygen, for instance, This latter component is carbonie acid or carbon
dioxide. It oceurs only in very small quantity, 4 or 5 liters in 10,000
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liters of air. This gas is comparatively heavy, and Priestley was cog-
nizant of the fact that it is nnable to support combustion or respiration,
The proportions in air are not uniform and constant ; they vary according
to cirenmstances and places mueh more than is the case with the other
gases. As early as 1827 DeSaussurediscovered very marked differences,
obtaining as extreme figures 3.15 and 5.74 per 10,000, More recently,
Boussingault and Lévy, comparing the proportion of carbonie acid in
the air of Paris with that in the air of Andilly (a small village some
12 miles from Paris, near Montmoreney), found also a notable ditference
between the two, there being 3.19 (per 10,000) in Paris and 2,99 in
Andilly,  Again, a somewhat smaller difference has been noticed by
Roscoe and MeDougall between the air in Manchester and that of the
surrounding country; but at Clermont-Ferrand, in central France,
Truchot found 5.15 per 10,000 and but 2.03 at the top of the Puy-de-
Idimme, a neighboring mountain, and 1.72 at Pie de Sancy, another peak
of the same group.

These instances are enough, we presume, to show that the ratio of car-
bonic aeid to the total volume of the air varies considerably. much more
than that of the two previously mentioned gases, and that this com-
ponent is more abundant in cities than in the country.!  This should not
oceasion wonder, as the amount of earbonie acid varies aceording to
varions circnmstances of time and place. [For instance, De Saussure
noted that it increased during the night and duaring clondy weather;
its ratio changes with the season, from one year, and even from one
month, to another, irregularly, and, in fact, from day today. Above the
ocean the variations are less, and in mid ocean the air is purer than
over the continents. The same obtains on high mountains.

If, instead of considering the composition of air collected in the
streets, in the conntry, or on wonntains, we compare rather that which
we breathe in dwellings and in all confined spaces where ventilation
is more or less deficient, and where organic and inorganic combustions
take place, with that whieh obtains in the open, the differences are still
greater. Of course, it should be so. We mnst not forget that the air
which each one of us expels throngh mounth or nose, at this very
moment, contains nearly a hundred times more earbonie acid than was
contained in the same air when we inhaled it a few seconds ago.  This
being the case, it is suflicient to imagine a confined room where one or
many persons are sitting; there most certainly, provided the experiment
lasts long enough, we shall find many different and increasing propor-
tions of carbonic acid, That is, we might were the experiment not
self-limited. For though, as Pettenkofer has observed, the 0,40 or (.50

1In Austria, the amonnt of earbonie acid is about 34.3 liters per 100 eubic meters of
air; in Germany it varies between 32 and 315 in the desert of Lybia, Von Pettenkofer
fonnd from 44 to 49, These are rather high figures. During the expedition for the
observation of the transit of Venus, analyses made in diffevent countries gave the
following results: Florida, 29.2; Mexico, 27.3; Martinique, 28; Haiti, 27.8; Santa
Cruz, 26.6. At Cape Horn, Hyades observed 23,1 and 2Z8.5 as extreme figures.
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per 1,000, which is the normal proportion of carbonie acid, mway rise in
a tilll}l‘ilhIF well-ventilated room to 0.54 anil H.TU? or to 2.4 in an ill-ven-
tilated sick room, and reach to 3.2 in a leeture room, 7.2 in a school-
room. and even 21 in a stable in the Alps where men and beasts are
huddled together in winter, the chinks being stopped against the cold,
there occurs a limit which can not be passed; if the ratio increases, men
and animals must soon die, and the experiment is over, the production
of earbonie acid having come to an end. When the composition of the
surronnding atmosphere is the same as that of the air which each of ns
expires (over 4 per cent carbonic acid, and less than 16 per cent oxygen),
death must soon result, becanse there is too much carbonie acid in the
air to allow that in the system to escape, and not enough oxygen for
the needs of the body., More will be said on this point later on. It is
enough here to show how considerable the ratio of carbonic acid may
become in confined space, and how much greater are the variations in
earbonie acid than in oxyvgen or nitrogen. :

The canse of these variations is obvious. They are in ¢lose relation
to the variations in the produetion of the gas nnder consideration, and
upon this matter information is abundant.

Carbonie acid is produced in many ways; it has wmany sources, One
of them has been referred to—animals and mankind. Bipeds and
quadrupeds, in fact all animals, indeed, all living organisms, are sonrces
of earbonie acid. All beings, from mere yeast cells to the lords of
creation, breathe; all or nearly all take oxygen from the air and return
carbonic acid to it. It is a familiar fact that fermentation in most
cases—in the case of sweet substances partienlarly—is accompanied by
a considerable production of carbonic acid. In wine-producing conntries
cases of asphyxia often ocenr in the cellars where fermentation is going
on, owing to the amount of earbonic acid produced. All higher organ-
isms, plants, and animals have the respiratory funetion, and one of the
acts of respiration is the elimination of carbonic acid through the lungs,
This unceasing production of carbonie acid by living organisms, whether
plants or animals, is very variable in its activity, even within the limits
of the same species and of the same individual. It is well known that
the male produces more than.the female, the adult more than the very
young or the very old individual, the strong more than the weak, ete. It
is well known. also, that this production of carbonie acid is inereased by
exercise, wovement, light, and food, while it is decreased by rest, dark-
ness, inanition.  On the average each man exhales 20 liters of this gas
per hour, and nearly 1 kilogram per diem (of twenty-four honrs). The
production is more considerable in sheep, and a bull exhales between
T and 5 kilograms during the same lapse of time. However, in order
to well appreciate the ratio of earbon dioxide exhalation, instead of
considering the whole amount produced by any individoal, it is better
to refer this amount to the weight of the individual animal or person,
to ascertain the quantity evolved per kilogram of weight. Viewing the
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matter in this light, we perceive that birds are the animals that give
out the greatest quantity of carbonie acid. While 1 kilogram of ox
excretes from 3 to 7 grams of carbon per twenty-four hours, 1 kilogram
of fowl or turkey excretes 20 grams on an average, 1 kilogram of young
chickens 56 grams, and 1 Kilogram of sparrow nearly 60 grams.  These
facts quite agree with the exceedingly active respiratory function of
birds, especially small birds.

Boussingault many years ago established the fact that the town of
Paris alone, taking into consideration men and horses ouly, exhales
nearly halt a million enbiec meters of carbonic acid per twenty-tfour
hours (at present three guarters of a million would be nearer the
marlk, but still even below it), and estimating the whole population of
the globe as being one billion and a half, we find that mankind alone
pours into the atmosphere one hillion and @ halt’ kilograms of carbonie
acid per diem (1,500,000,000 kilograms); that is to say, 720,000,000 ¢ubic
meters. " Per annum the grand total is. in round numbers, 547,500,
000,000 kilograms, or 262,500,000,000 ¢cubi¢ meters,  So mueh for man-
kind only. It we wish to take into account the produetion of carbonic
acid by animals, the difliculties are certainly great, and we can only
proceed inferentiaily, and with less certainty. Girardin puts the pro-
duction of carbonic acid by animals at something like double that of
mankind, if not treble—Ilet us say double, which means 1,005,000,000,000
kilograms per annum, Dt there remain other sonrees of carbonic acid :
all plants which, although decomposing carbon dioxide as part of their
method of nutrition, breathe in the same manner as animals, and exhale
carbonic acid; all the combustions going on in our houses—tives, lights—
in our factories and works, ete. (in Enrope alone 530,000,000 tons of coal
are burned each year, which means 50,000,000,08 enbic meters of carbon
dioxide); the slow but uninterrupted production ot the gas which 1s
eoing on over the whole globe through the graflual combustion of
decaying vegetable matter; the mineral springs—those of Auvergne
only in France, giving off, according to Lecoq, some 7,000,000,000 cubie
meters of gas; voleanoes and their snrronndings—Cotopaxi alone being
considered by Donssingault as giving off more carbonie acid than a
whole eity like Paris; the natural sources pf gas, such as the Grotta del
Cane' near Naples, ete.  Under snch cirenmstances, it is very diflicult
to form any idea of the total amount of carbonic acid discharged into
the atmosphere.  Armand Gautier, however, comes to the very probable
conclusion that this amount can not be very far from Z,500,000,000,000

I'The air in this erotto containg more than half its volume in earbonie acid. It
derives its name from the fact that, in order to illustrate the noxions effects of the
inferior stratum of air ( where carbon dioxide, heavier, acenmulates), it is the enstom to
introduce n dog into it, which soon falls, atfected by asphyxia, while the visitors, owing
to their higher stature, breathe the normal air, and feel nothing unusnal, The dog,
it must be added, is at onee taken ont into pure air, and soon revives, going th rongh
the experiment several times a day. 1ts health is very good, but its temper becomes
unpleasant when a visitor appears.  The animal knows what is coming.
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enbic meters per annum, which means over 5,000,000,000,000 kilograms,
the weight of the total atmosphere being 5,000,000, 000,000,000, 000—that
is, one hundred thonsand times greater. At all events, this is certainly
below the mark.

Such being the enormouns rate of produetion of earbonic acid. one
may well wonder that the ratio of this gas in the total atmosphere
remains as small as it is, it being easy enough to reckon what the ratio
would become in the course of ten, twenty, or a hnndred years, it there
were not some agency at work by means of which it is destroyed or com-
bined, and without which life wounld soon become extinet.  That such
agencies do exist and ave in operation is a positive fact, and though we
may not be acguainted with all of them, there are three at least which
deserve notice, These agencies are plants, animals, and oceans,

Plants oceupy the first place ; for, while produocing earbonic acid which
they breathe, they absorb it in the course of the process of nutrition,
taking its carbon into their tissnes and yielding its oxygen to the
atmosphere.’

Animals should be considered next:; not all, to be sare, but all those
which have a ealeareons skeleton, internal or external,  Sueh are corals,
such are shellfish generally, and all aquatie and terrestrial animals,
which, having a caleareous skeleton, must necessarily contain some
amount of carbonie acid combined with lime, This compound seems
to hold good. for a long time, and if there are cases where the skeleton
after death slowly decomposes, so that the carbonic acid has some
chances of getting free again, there are a great many more in which it
is preserved, and we know of considerable geological strata which are
nothing else than enormous acenmulations of the remains of animals that
died centuries and hundreds of centuries ago.  This process, by means
of which a considerable amount of earbounie acid becomes fixed and
imprisoned, so to say, was exceedingly active in earlier times; it is also
very active at the present period, and the great space taken up by coral
reefs in the mid Pacific and other oceans is but a gigantie laboratory of
nature where carbonie acid is being, if not destroyed, at least hoarded
and put by under a compact form, and. for a time at least, withdrawn
from the general eirenlation of matter. To appreciate the importance
of the storing process, it is only necessary to measure the thickness

'A writer in the Helgiqne Horticole, Vol. XXXV, 1885, p. 227, zives the following
evaluation: One hectare of forest (1 hectare equals 2,471 acres) produces vearly
3,000 kilograms of carbon—1,600 kilograms under the form of wood and 1,400 under
the form of leaves (weighed dry and execlusive of other substances). During one
hundred and fifiy days (on the average) of active veretation, the trees mnust draw
from tle atmosphere 5,506 cubie meters (11,000 kilograms) of carbon dioxide. In
exchange they give nearly as much oxygen (5,504 cubie meters). With a field of
oats the same proportion obtains—as much oxygen is given off as carbonie aecid
is taken in. Thirty-two persons give offt as much carbonic acid as is taken in by 1
heetare of oats or of forest, and they burn as much oxygen as the said surface of
field or forest produces.
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and extent of such masses of organic remains. All know that in every
geological formation calcareous strata of great thickness are found,
which are merely agglomerations of skeletons, and Van Dechen has
endeavored to form some idea of the quantity of carbenic acid which
may be contained in suchstrata, The result is very striking. He comes
to the conclusion that in thelime strata of the Carboniferous epoch alone
there is an amount of ¢arbonie acid imprisoned which is six times more
considerable than that at present contained in the whole atmosphere,
The problem has been earried further by Sterry Hunt. Taking this
result into consideration, and forming an estimate of the whole quantity
of carbonic acid combined with lime in the whole geological series, he
finds that the amount of carbonic acid thus imprisoned in the caleareons
rocks would, if entively liberated, form an atmosphere two hundred times
more considerable than that which at present surrounds the planet. In
such a case the pressure would be so much increased that the gas would
necessarily become liquid, The inference which he draws (Brit. Asso-
ciation for the Adv. of Science, 1878) is that the enormous amount of
carbonie acid at present stored in the depths of geological strata has
never been simultaneously, even for a short time, present in the atmos-
phere, but that it must have reached the latter in small quantities and
gradually. Mr. Sterry Hunt is of opinion that all this carbonie acid
has come to our planet from celestial regions in the course of hundreds
of centuries. Whatever may be thought of this interpretation as to the
origin of the gas, one fact remains unassailable, and thatis the enormons
quantity of the latter stored up in the earth’s erust; andif in the conrse
of time organisms have been able to accumulate such a provision and
are still operating as they undoubtedly are under our very eyes, we cer-
tainly can not help coming to the conclusion that we have here one of
the most important agencies by means of which the atmosphere is being
unceasingly kept sufficiently pure for maintaining life.

Lastly, come the oceans, Few are aware that the salt waters play a
most interesting and important part in the general regulation of the
atmosphere, and are one of the agencies which by absorbing carbonic
acid prevent it from overaccumulating in the air. Mpr. Schloesing’s
remarkable investigations have shown that the seas contain a large
amount of dissolved carbonie acid, a mueh larger amount, in faet, than
is to be found in the whole atmosphere. The equilibrinm is preserved
as follows: When earbon dioxide becomes more abundant than usnal in
air, in consequence of an increased produetion of this gas, and no com-
pensatory destruetion or withdrawal is effected by plants or animals,”
part of it dissolves in the salt waters, and combines with the insolnble
and neutral carbonate of lime, always present there, producing a solable
bicarbonate of lime which dissolves immediately, and, itl\'t‘l‘ﬂiﬂ}'. if the
amount of earbonic acid in the atmosphere decreases, the soluble bicar-
bonate is decomposed into carbonic acid, which is set free and diffuses
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thronghout the atmosphere, and neutral earbonate, which remains in
the water. DBriefly, so long as the tension of earbonie acid in the waters
and that of earbonic acid in the atmosphere is the same, nothing is pro-
duced, but as soon as this equilibrium of tension is destroyed the sea
restores it by the very simple process junst described. This chemical
adjustment works automatically at the moment it is needed, and to the
extent and in the direction required. It must he added that this equi-
librating function is possible mainly through the ecircumstance that
the ocean contains a much larger amount of carbon dioxide than the
atmosphere; according to Mr, Schiloesing, about ten times as much,
However great, then, the produetion of carbonic acid may be on the
surface of the globe by all the agents we have enumerated, it would
seem that the proportions of this gas in the atmosphere as a whole
can vary but slightly, owing to the power of the sea to absorb it and
maintain the equilibrinm.

We have now exhausted the list of the agencies through which the
amount of earbon dioxide in the air may be and is redueced when
necessary, and they ave important and powerful enough, as we have
seen, to be equal to probable emergencies. Without them the globe
would soon become nninhabitable. Poggendorf, in fact, has found that
if all earbon dioxide produced conld acenmulate in the air the propor-
tion would be doubled in eighty-six years. A few centuries wonld see
the last of life as far as superior organisms are concerned.

Oxygen, nitrogen, carbonic acid, such are the main constitnents of
air. Those which follow are of less importance, but deserve a passing
notice,

We may begin with ozone. This gas, discovered in 1840 by Schoen-
bein, has been made the subject-matter of many investigations by
De Marignac, De la Rive, Becquerel, Frémy, Andrews, Tait, ete.
Ozone is oxygen under a peculiar form—condensed oxygen, so to say,
oxygen of high potency. It possesses strong oxidizing properties,
and the amount which is found in the atmosphere varies considerably
according to circumstances and places. This amount is on the average
of 1 milligram per 100 enbic meters of air; 34 milligrams are a maxi-
mum. This gas is generally wholly absent from the atmosphere of
cities, and in the air which has passed throngh large centers of popula-
tion. Paris offers good opportunities for illustrating this fact, When
the wind is northerly, no ozone is found in the air at the Montsonris
Observatory, situated in the south of Paris, while, when the wind is
southerly and comes over the ecountry withont having vet crossed the
town, ozone is found in the air. Generally speaking, then, the healthi-
est part of all towns is that which lies in the direction from which the
prevailing wind comes; the air is purer and fresher and contains more
ozone, In western Euarope, where the prevailing winds are westerly
and northerly, the northwestern and western parts arve the most eligible,

The cause of the difference in the amount of atmospheric ozone is
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to be sought in the fact that cities contain a muech larger quantity of
oxidizable organic material than is the case with the country and
small villages, and the result is that more ozone is absorbed from the
atmosphere over and around eities than from the atmosphere over the
country, over the fields, and especially over the oceans. Generally
speaking, ozone is more abundant near forests and the sea; the atmos.
phere in mid ocean is particnlarly rieh in it. May we not attribute the
cause of the beneficial effeets of lite 1 the open air, of a residence in
the conntry, near the sea or in the monntains, and of long sea voyages
to the larger proportions of this gas found in those regions!  Schoen-
bein thought so, and after him many have adopted the same view—
among them an English phy=sician, Cook, according to whom a definite
relationship prevails in India between cholera and other zymotic dis-
eases and the proportion of ozoue in the air, the diseases increasing
when ozone decreases, and decreasing when the latter becomes more
abundant. In consequence of the greater abundauce of ozone in the
atmosphere over the country and in proximity to living plants, it might
secm advisable to advocate the presence of plants in apartments,
instead of exclueding them as some feel inclined to do, argning that
plants are living beings, that they breathe, and that, accordingly, they
increase the ratio of carbonic acid. The view in favor of plants has
been strongly advocated by T. M, Anders (House Plants as Sanitary
Agents, 18387, Lippincott); but the most important point which shonld
be established in relation to this matter, the fact that plants do really
produce ozone, does not seem placed on a satisfactory basis.  Proof is
still wanting,  And this brings us to face the fact that very little is
known concerning the origin of ozone, We do not know whether any
agencies are at work now in nature evolving ozone to any important
extent. In the laboratory ozone may be produced by the electrie spark,
and when so evolved caunses the partieular smell perceived in the vicinity
of electrieal machinery: ozone is also evolved during the electrolysis
of water. Are we then to assume that in natare ozone is produced by
thunderstorms, those gigantic counterparts of’ onr electrical discharge,
and nunder the influence of the eleetrie eurrents so frequently in opera-
tion in the atmosphere? Many chemists think so, and if this is the
case it should be easily shown that the ratio of ozone to air is in fairly
exact relationship to the proportion of thunderstorms, or to their recent
oceurrence,  Ozone should be most abundant under the Tropies, should
decrease in high latitudes, where thunderstorms arve least frequent,
and should be more abundant just after a thunderstorm than before.
But none of these points have been satisfactorily established.
Withont attempting to solve the riddle and to ascertain the origin
of ozone. a French chemist, M. Hauntefenille, who aseribes the blue
color of the heavens, or of the atmosphere, to ozone, asserts that this
oas is more abundant in the higher than in the lower strata of our
atmosphere. 1t may be so; at all events we are not much the wiser for
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the assertion. While we know that ozone is nothing more than oxygen
in an altered and allotropic condition, we are quite in the dark as to the
methods by which this alteration is effected. We know that the ratio
of ozone is very variable; that it is more abundant in May than in any
other month: more abundant in the morning, from October to June,
and in the evening, in July, August, and September, so that, npon the
whole, it seems to follow fair weather and heat; but this hardly helps
to solve the question, and much remains to be discovered.

Concerning ammonia, our information extends somewhat further than
in the case of ozone. Ammonia is constantly present in the atmosphere,
In 1557 Boussingault and, later, Schloesing, did good work in reference
to this subject. They have shown that ammonia generally exists in
combination with earbonic or nitric acid; only a small proportion is free.
Its origin is easily ascertained, for ammonia is one of the by-products
of organic putrefaction. Considering the amount of putrefaction which
must take place on our planet, it is elear that this sonree is a froitful one:
amd it must be added also that ammonia could not exist in an atmos-
phere where life was absent, nor in one where putrefaction was impos-
sible, nor in an entirely aseptic atmosphere, the organisms themselves
being aseptic.  Although ammonia is a constant component, it is a very
small one; air does not contain more than a few millionths of it; but
water of atmospheric origin, rain, vapor, fog, ete., holds a larger propor-
tion. M. Bchloesing has devised ingenions apparatus and methods for
ascertaining the proportions of ammonia in air and in rain water, as the
matter is one of importance, particularly to agriculture, in view of the
interchange of ammonia that ocenrs between air, rain, and ground water,
Oune of the results has been to show that each hectare in Franee (some-
thing over 2 acres) receives yearly through rainfall, or from the atmos-
phere, 9.5301 Kilograms of nitrogen under the form of ammonia. This
will be again referred to further on, when we come to consider the nses
of this compound and its rile in nature.

Other nitrogen compounds are also present in air—nitrous and nitrie
acids, for instance, both in very small quantities, It may be that they
are formed under the influence of atmospheric electricity, as some experi-
ments by Cavendish seem to show, and as indicated by some observa-
tions of Liebig, who detected nitrate of ammonia in the rain that falls
during thunderstorms, It may be also, as Schoenbein sugpests, that
nitrous acid is formed by the action of nitrogen on water during the
different oxidizations or combustions which go on rapidly in onr works,
factories, and so forth, and slowly in the field of nature. Nitric nitrogen
i more abundant in and during winter, and it is more especially in rain
water that its proportions have been ascertained. Generally some 0,73
milligram are present in each liter of rain water, and in France each
hectare receives about 3.986 kilograms of this nitrogen through the
rainfall.  Added to the nitrogen received under form of ammaonia, this
gives us a total of 13.787 kilograms of nitrogen received by the soil.
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Much of it is borrowed by plants. It has been observed in England -
and in France that rain water collected in eities or in their immediate
vicinity contains more nitrogen (especially under the form of ammonia)
than that collected in the country some distance away. Towns where
industrial pursuits are thriving and active, where factories and furnaces
keep their chimneys constantly at work, produce a large quantity of
ammonia. London, Glasgow, and Manchester are specially noted for
this. Some amount of carbureted hydrogen exists in the atmosphere
(one ten-thonsandth), and its name, marsh gas, gives a clue to its origin.
Sulphureted hydrogen, also present in very small quantities, has its origin
in some voleanoes and in the disintegrative processes going on in dead
bodies or other lifeless organie materials, 1t is therefore often found in
the vicinity of graveyards and of fecal matter, It is enough to merely
mention the presence of a very slight proportion of borie acid, which is
gjected into the atmosphere by voleanoes—by some at least.

Iodine has been detected in small gquantities by Chatin, who is of the
opinion that its presence or absence in the air and waters bears some
relation to the oceurrence of goiter in the human species. Very little
can be said in support of this view. The atmosphere undoubtedly eon-
tains saline particles, and all observers who use the spectroscope have
been more or less annoyed by the fact. But these particles are present
under the solid form. They are positively in suspension in the air, and
not under the form of vapor nor of gas. No very considerable mental
effort is required to ascertain the origin of such particles, Dust per-
vades the whole atmosphere—that is, the lower strata at least—dust
which has been torn from the soil in all ecountries of the world, in the
deserts of Sahara, Kalahari, Gobi, or Atacama, in the lowlands, fromn
the tlanks of the mountain ranges, dust that has been pounred out from
the bowels of the earth by Cotopaxi and Kilanea, Vesuvius and Colima,
Erebus, and Terror, and all this dust contains a large number of saline
particles. The seas also contribute their share. The wind sweeps oft
the erest of the waves, blows the foam and brine inshore, often to
considerable distances, with the result that the atmosphere contains a
proportion of the salts of the sea, which often cover with a perceptible
coating plants fairly distant from the shore. Farther inland the pro-
portion of sea salts is decreased, but while not themselves apparent
they exert apparent effects upon plants.! Another curious influence
is exerted by these particles in quite a different direction. It is well
known that aqueous solutions of salts may, under peculiar cirenm-
stances, be supersaturated; that is, may contain a larger proportion of
dissolved salt than is consistent with theory. If air is allowed to come
in contact with the surface, such a solution often suddenly crystallizes,
M. Gernez, who has thoroughly investigated these phenomena, comes
to the conclusion that the sudden crystallization is dune to the presence

1(f. P. Lesage: Influence du bord de la mer sur la structure des plantes.
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in the atmosphere of a few particles of the corresponding salt, for it is
a familiar fact that if the very smallest amount of a salt is dropped
into a supersaturated solution of the same salt, the latter instantly
erystallizes, just as a loaded gun goes off when the trigger is pulled.
If this interpretation be correct, certainly air contains a large amount
of sulphate of sodium, for supersaturated solutions of the latter crystal-
lize very easily when not protected from contact with the general
atmosphere, A fact that favors this explanation is that when the air
in contact with a supersaturated solution is caretully filtered through
a plug of asbestos or cotton it has no longer the power of indocing
erystallization. It has been deprived by the plug of those particles
which, by their conformity to the composition of the solution are able to
induce the phenomenon referred to. If this explanation of M. Gernez
is correct, the constant refusal of a supersaturated solution to erystallize
when in contact with the general atmosphere would prove that the salt
which it contains is not to be found free in the air. At all events, the
interpretation is quite plausible and the fact is of interest,

Before dismissing this brief review of the main chemieal constituents
of the atmosphere, a word must be said concerning the volatile organie
matters which Brown-Séguard and d’Arsonval thought they had found
in expired air a few years ago. These two physiologists, collecting air
expired by men or animals, and condensing, by means of cold, the
aqueous vapor always present in such air, obtained a liquid to which
they aseribed toxic properties. If such liguid is injected nnder the skin
of an animal, it kills more or less rapidly, the results varying according
to dose, the species experimented npon, and other circumstances, The
inference was that expired air contains certain volatile substances
excreted or exhaled by the lung sarface and dissolved in the water
derived from the condensation of pulmonary agueous vapor, and from
which they may be isolated by analysis. A very tempting inference,
to be sure, for it seems elear that confined air vitiated by respiration,
even after it is deprived of carbon dioxide, remains heavy, nnpleasant,
unhealthy, and even injurious, and if it has an unpleasant smell, the
reason is probably becanse it contains peculiar organic matters. Do
these matters—whose existence is suspected, not proven—aceumulate
in the liquid condensed by Brown-Séquard and d’Arsonval, and impart
to it its toxic properties? The one great diffieulty in answering this
question is the fact that the different physiologists who have endeay-
ored to repeat and confirm the above experiments in France, Ger-
many, and Italy, have been unable to obtain the same results. They
have not sncceeded in obtaining from the breath any condensed
liquid which had a toxic influence, and the most probable explanation is
that some mistake was made by the original observers. When care is
taken to exclude all elements except those derived from the breath no
ill effects are observed on animals, It may very well have happened
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that Brown-Séquard and d’Arsonval did not take pains enongh to pre
veut the contamination of the liquid, either by solid, and probably
living, particles of nasal or buceal origin, or by impurities belonging
to the apparatus and receiver in which condensation was effected. We
can not, therefore, accept their original statement although there is a
probability in favor of its truth. Further experiments are required
to settle the matter. -

[II.—BiroroGicAanl ROLE oF THE CHEMICAL CONSTITUENTS OF THE
ATMOSPHERE.

Having now considered the constituents of the atmosphere, their
relative proportions in the aerial mixture, their mode of prodoetion and
distribution—that is, their mode of equilibration—and taking it as an
established fact that the composition of air varies but slightly, remain-
ing constant within the limits previously mentioned ; having also briefly
reviewed the part played by animate life in maintaining the composi-
tion of the atmosphere, we may now proceed to consider the chemical
and physical influence of the atmosphere on the life of organisms,

For the sake of eonvenience and clearness, we shall begin with the
chemical influence, and review in turn the influence of each separate
eonstituent.

The life-maintaining gas of atmosphere, par ercellence, is, to all
appearances, oxygen—and we shall deal first with this element.

That its presence in air is indispensable for the proper execution of
the respiratory functions is a faet familiar to all.  Physiology has most
clearly demonstrated, for a century past, the great importance and nse-
fulness of this gas. It is essential to respiration. Man consumes large
quantities of it.'

Inspired air, containing on the average 20 or 21 per cent of oxygen
by volume—expired air containing only 16 per cent—4 per cent have, in
consequence, been absorbed by the organism, and in twenty-four hours

1Tt shonld be notised that neither men nor animals ever breathe pure air, nor
can they do so nnder normal and natural cirenmstances, The reason is obvious.
The langs are never totally emptied. Even after the decpest expiration, there
remains in the Iungs and airv passages a residue of air that can not be expelled
(owing to the anatomical impossibility of total pnlmonary contraction), and
sueh air is vitinted and unfit for respiratory purposes. The next inspiration brings
a certain amount of pure air, but, as a matter of course, it mixes with the impure
residual air, and therefore becomes vitiated to some extent. The only parts
which receive strietly pure air are the superior air passages. At the end of expira-
tion they are full of impure air; but the very first result of inspiration is to return
all this impure air to the lungs, and to fill the air passages with pure air. A part of
this goes to the lungs, and all that remains in the nose, trachea, ete., is pure. All
muecons membranes have some respiratory functions, so that a proportion of this
pure air is used; but the most important of the respiratory organs is bathed in
a vitiated atmosplere, and one may truly say that neither men nor animals ever
breathe really pure atmospheric air. A very simple and ingenious experiment has
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an average adult retains over 740 grams, or 516,500 eubie centimeters, a
total amount of 500,000,000 cubic meters per day for the whoele of man-
kind. The amount of oxygen required varies somewhat according to
sex and age within the limits of the same species. During childhood
and old age less is needed than during the prime of life. An adunlt may
require 910 grams in twenty-four hours: an S-year old child is content
with 375. Various cirenmstances, such as vigor, health, temperature,
rest, exercise, and so on, increase or diminish oxygen consumption.
This oxygen is absorbed in our tissnes, which it reaches ehiefly throngh
the ageney of the lungs and blood; a small proportion, however (one-
eightieth of the amount absorbed by the langs), is absorbed by our
gkin, which has, therefore, some respiratory importance.! All our
tissnes need oxygen; all breathe. For it must not be forgotten that the
lung is nothing more than an instrument in the respiratory process; the
chemical operation whieh is the essential part of this function takes
place elsewhere, in the tissnes themselves. The lung is only the door
by which oxygen enters the system. Physiologists held quite different
views a century ago, and Lavoisier himself supposed that the main
act of respiration takes place in the lung. What really happens is
that oxygen, introdnced into the lung, filters through the very thin
walls of the pulmonary capillaries, where it finds in the red blood cor-
puscles a substance called hemoglobin, with which it nnites to form a
compound which bears the name of oxyhemoglobin. A very unstable
eomponnd it is, for thronghout the tissnes, in the capillary vessels of
the whole body, oxygen is allowed to escape and eftect its work among
the cells. Numerous and complex reactions take place, and one set
of them results in the formation of carbonic acid. The blood, therefore,
is nothing more than a vehicle; it carries oxygen to the tissues and
brings back to the lungs carbonie acid, which, if not allowed to escape,
would soon canse death. The “organic combustions” do not oceur in
the lungs, as was thought a century ago; their seat is in the tissues,
throughont the whole body.

While respiration is common to all animals, it is not equally active

been devised by Prof. Charles Richet in order to give an experimental proof of the
soundness of this inference. All that is required is an india-rubber tube, some
2 or 5 yards in length, of rather wide ore. This tube is so adapted to the respira-
tory apparatns of a dog or rabbit, that by some means or other he is made to
breathe throngh it. Under such conditions death from asphyxia soon resnlis.
This experiment merely exaggerates the normal conditions; adding the tube
amounts to nothing more than lengthening the air passages, and putting a greater
distance between the lung and the atmosphere. The result is not a matter of sur-
prise—external air can not reach the lungs. Inspiration is not sufficient to draw to
the lung the whole of the air contained in the tube, plus a sufficient amount of pure
air. Each inspiration introduces some fresh air in the end of the tube, each expi-
ration expels it, and none reaches the animal, which is nnceasingly breathing the
Bauie air over again and perishes from asphyxia, althongh in appearance breathing
a8 freely as possible,

‘Cutancons respiration is quite sufficient, in winter, to maintain life in some
animals: the frog, for instance,

229A——3
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in all; it is more intense in birds than in wammals; more intense in
mammals than in reptiles and mollusks, Amn active animal will consume
more oxygen than one that is slothful, sleeping, lethargie, or hibernat-
ing. Yet all animals breathe; none can dispense with oxygen, and if
that gas fails them they die.

It is the same with plants. While for their nutrition they exhala
oxygen (chlorophyllian funetion) during the day, under the influence
of light, they breathe at all times, absorbing oxyzen and exhaling ear-
bonic acid, as Priestley has shown, Here, also, the intensity of the
function may vary. Plants need a great amount of oxygen during
germination, and this explains why many seeds can not germinate
under water, where the access of oxyvgen is retarded and inadequate, or
in compact soil, where air—oxygen—is also deficient, One =ort of seed
requires the hundredth of its weight in oxygen, another is quite satis-
fied with ten or twenty times less; buat all need oxygen, as De Sauns-
sure proved nearly a century ago.

Plants also need oxygen for their growth, and at the flowering period
they use a large amount of it, chemical operations being then so very
rapid and intense that a quite perceptible heat is given out. During
all moments of their life, from birth to death, plants breathe. Sepa-
rate parts, such as leaves, twigs, flowers, fruits, need and use oxygen
also—they are not dead; and a nosegay in a room plays its part in
the withdrawal of oxygen as well as the person sitting at the table, the
cat sleeping near the hearth, the lamps, the fire. A fruit or a leaf]
in any closed receiver full of air, alters the composition of the latter,
withdrawing oxygen and giving earbonie acid in its place.

In brief, withont oxygen there wounld be no life, no animals, no
plants; the whole planet would be one desolate landscape of rocks and
sand, from which the solar heat would in vain strive to elicit the merest
blade of grass, the smallest insect,

Such being the case, some might ineline toward the opinion that life
is abundant and intense in proportion to the amonnt of oxygen, while,
where air is deficient, life also is wanting. Logical extremes are, how-.
ever, almost invariably absurd, and the researches condneted during the:
last twenty years, by Paul Bert and Pasteur especially, go to show’
conclusively that both opinions are equally erroneous.

Living beings, as they are at present, are adapted to life in an atmos..
phere containing one-fourth oxygen and three-fourths nitrogen. Expe--
rience shows us that if the ratio of oxygen is decreased even by
one-fourth, life can no longer be maintained. The adaptation of organ-
isms to the atmosphere is thus very close, and this suggests the idea
that perhaps a change in reverse direction might also be injurions;;
that an increase in the ratio of oxygen might prove harmful. Paunl Bert!
has thrown much light on this question, and his experiments have:
amply proven a fact which at first sight seems most improbable, but
is less surprising to those who always keep in mind the fact that living:
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beings are adapted to their environment, and that the adaptation is
often very strict. He has shown that oxygen—the vivifying gas par
excellence, that which is essential to life—is also a violent poison; a
poison for plants as well as for animals, for the cells and the whole
organism. All that is requnired is for oxygen to aequire a certain ten-
gion in the atmosphere or—what amounts to the same—Dbe present in
a certain ratio above the normal, and it becomes an agent of death.
This ean be demonstrated in two ways., Animals or plants may be
made to live in a normal atmosphere, but under higher pressure than
the average; or, again, they may be placed in artificial air where the
ratio of oxygen has been increased. In both cases the phenomena are
similar: in both, death is the result. While a satisfactory explanation
has not yvet been proposed in the case of plants, Paul Bert has been
able to show that animals die in a superoxygenated atmosphere as
goon as their blood contains one-third more than the normal ratio of
oxygen, becanse, in such an atmosphere, the hemoglobin of the red
blood corpuscles is saturated with oxygen—a fact which never ocenrs
under normal conditions—and a proportion of this gas then dissolves
in the serum of the blood itself. The oxygen dissolved in the serum
does all the harm, The tissues can not withstand the presence of free
uncombined oxygen; they are killed. This is the quo modo of the
phenomenon, The quare is yet wanting: Why do the tissnes require
combined oxygen, and why does free oxygen kill them? Here is a
riddle for phy=iologists; it is one worth their pains and tronble,

Now, it must be said that while a eertain increase in the ratio of
oxygen results in death, lesser inereases of a temporary character may
be beneficial. Ewvery poison kills, doubtless, but there are doses which
not only do not kill, but even confer benefit and improve health., This
toxicity of saperabundant oxygen is undoubtedly one of the most
curions facts that recent years have brought to light, and it is a very
positive and demonstrable one,

On the other hand, to say that without free oxygen there can be no life
would be incorrect, Pastenr’s investizations have shown that if some
micro-organisms ¢an live only where air and oxygen are present, others,
which have been termed anaerobic, much prefer an environment where
air is wanting. Such is the case with those which cause fermentation,
They induce fermentation only when in a medinm devoid of oxygen,
and, as Pasteur put it, fermentation is a consequence of life without
air, What then ocenrs in a fermenting medinm? A particnlar kind
of microbe—each fermentation is due to a particular sort or species of
microbe—is conveyed, by air, by water, or is purposely introdnced, into
that medinm. During a time it lives there upon the oxygen which it
finds. At last oxygen fails; all the provision has been expended, and
diffusion has not taken place rapidly enongh to meet the needs of the
micro-organism. The latter has then to shift for itself in some manner.
Free oxygen is wanting, to be sure, but nevertheless there is OXyZen
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to be had—oxygen in combination with one or the other of the sub-
stances dissolved in the liquid under consideration. This the micro-
organism uses for its wants. It withdraws this oxygen and releases it
from its fetters—not for the benefit of oxygen certainly, but for its own
advantage., As this release can not be effected without releasing also
at least one and often many other constituents which were combined
with the oxygen, they also are freed, and their escape is one of the
characteristic phenomena of fermentation. Let us take an instance,
that of aleoholic fermentation. This requires water in which ecane or
grape sugar is dissolved (cane juice or grape juice). The microbe
removes from the sugar a portion of its component oxygen, thus decom-
posing it into free carbonie acid and aleohol. This is one instance
among a hundred.  In all the process is fundamentally the same, In
all processes of fermentation a microbe is present which, unable to
otherwise obtain its requisite supply of oxygen, takes it by decompos-
ing the surrounding substances, changing them into new compounils,
containing in part the same elements as the original but differently
united. So we see that, upon the whole, anaerobic micro-organisms,
which seem more or less to shun free oxygen and air, do really breathe
oxygen, as other organisms are wont to do. Thus, so far as some
organisms are concerned, life is not impossible where free oxygen is
wanting; and, on the other hand, wherever life is present, some method
exists by which oxygen may be secured. While anaerobic miero-organ-
isms seem to be exceptions, they fall under the general law that living
organisms must have oxygen.

Between such anaerobic organisms and those which need free oxy-
gen many transition forms exist., It will be suflicient to recall the fact
that vegetable cells are aerobic and anaerobic simultanconsly, since
they can produece alcoholic fermentation. *Let ns place a beet root
in earbonic acid,” says Duclaux, “we shall see it produce alcohol.
Cherries, plums, apples, all fruits containing sugar, entire saccharif-
erous plants, under the same circumstances do the same. Their sugar
is in part broken up into alcohol and carbon dioxide. The only differ-
ence between these cells and those of yeast is that the former are less
snited for anaerobic life, and the fermentation which they etfect is
less complete than that effected by yeast, and they stop or die before
all the sangar has been transformed. But such differences are only
differences in degree.” If we now turn to animal eells, we find that
they are also, in fact, anaerobic. THave we not seen that free oxygen
dissolved in the serum of the blood is toxie, amd that it Kills? That
the tissues do not breathe pure or free oxygen, but require to have it
offered to them combined with hemoglobin? And what is this, if not
true anaerobiosis?! Hence we must draw the inference that while all

1 The notion that animal eells are annerobie was propounded by Pasteur. A,
Gautier, in 1893, took it up with some valuable arguments and experiments. These
experiments have shown that quite a number of well-known disassimilation products
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living organizms requirs oxygen, and must have it, a large number at
all events require to have it offered to them in a combined form. All
animals seem to prefer combined oxygen., As to plants, we are in the
dark. Certainly free oxygen enters the stomata; but is the oxygen
used as such by ecells, or does it previously form some componnd with
some ligquid in the plant? We do not know. What we do know, how-
ever, 18 that on our planet and under the present laws of orgamzation
and life where oxygen is wanting life is also wanting, and that where
oxygen is in excess of the normal ratio life ix impaired and after a
time destroyed.  Sueh is the main conelusion to be kept in mind,

We will now consider nitrogen, or azote. The name is significant. It
means that this gas is not adequate to maintain life, for we all know
that if an animal or plant be placed in an atmosphere containing nitro-
gen only, death ensues in a very short time. It shonld not be inferred
that nitrogen is toxic. Wae inhale a large proportion of it withont the
slightest inconvenience; but it is inert, and neither burns nor maintains
combustion. Its only function in respiration seems to be that of a dilu-
ent or moderator. Pure oxygen would be eertain death, while, diluted
with some amount of nitrogen, it is absorbed only in the requisite pro-
portion. Nitrogen here plays the part of water added to wine—a useful
part, most certainly, since we could not do withont this dilnent—but a
negative one. But what more could be expected of an inert gas?

There is, however, a much more important part played by nitrogen
in the economy of nature. It is abundant in organisms. It forms a

large proportion of our frame and tissues and is most abundant in the
catmosphere.  Lastly, as shown by Magendie, when animals are deprived
rof food containing nitrogen, they die. Let us start from this well-
restablished fact, that nitrogenous food is necessary to maintain life in
Fanimals—in higher animals at least. This nitrogenous food is, in the
long run, provided by plants. While a few plants—lentils, for instance—
yield fruits containing a large proportion of nitrogen, the greater nom-
ber furnish nitrogenous food only by undergoing the transformations
(which animal digestion effects upon vegetable food—grass, hay, leaves,
fete.  Some animals require nitrogen in the form of meat, while a greater
nnmber are content with that contained in plants; but, upon the whole,
nitrogen is always primarily provided by plants. Now, as nitrogen is
lessential to all animals, how do the plants which provide it manage to
incorporate it?  Where do they get it?

The soil contains some amount of nitrates, a proportion of which
it is quite certain that plants absorb, for eultivation always impov-
erishes the soil, deprives it more or less of nitrogen, as chemistry shows,
and in order to restore its fertility nitrogen must be added to it under

fwhich are found in the blood, in the urine, ete., are prodneced by the cells of
the tissues after circulation has entirely ceased, when air and OXYIeN are no mors
bronght to them. The inference is that animal cells are, according to circum-
stances, aerobic or anaerobie.
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the form of nitrogenons manures. But notice must be taken of the fol-
lowing facts. In the first place, forests—whose age is often very great—
goon growing, although for centuries no manure has been added to the
soil on which they grow, and the same is true of pasture land. Again,
it is a well-known fact that if soil is manured with any nitrogenons
nanure, it yields more nitrogen in the crop than was given to it in the
fertilizer. These facts, ascertained by Boussingault many years ago,
suggested the idea that atmospherie nitrogen might play some part in
the nutrition of plants, and that in some way or other they might borrow
nitrogen from the atmosphere which contains such an amount of this
substance,

To be sure, the atmosphere contains some ammonia (nitrogen and
hydrogen combined), but the amount is very small, Mayer, of Heidel-
berg, while enltivating in the open air plants whose roots were immersed
in nutrient solations from which nitrogenous compounds were excluded,
and protecting them against rain so as to exclude the influence of such
nitrogenous compounds as exist in rain water, obtained a crop contain-
ing exactly the same amount of nitrogen as the seeds from which the
plants grew—not a milligram more. This shows that the amount of
ammonia, or other nitrogenous compounds, which may be borrowed
from the atmosphere by plants in a direet manner is quite insignificant.
But while plants may obtain very little or nothing from the atmosphere
by direct process, the caze is entirely altered when indirect processes
are allowed to operate. Under sncheirenmstances atmospheric ammonia
when combined with the elements of the soil, plays an important part,
as shown by Berthelot. Instead of remaining useless, as when con-
tained in the atmosphere, it then becomes nseful, and is utilized by
plants. This process by which atmospheric ammonia combines with
goil elements is not a spontaneous one such as that by which hydrogen
burning in oxygen forms water—there is no nnavoidable ehemical reac-
tion—it is effected by the agency of definite micro-organisms.  While a
specimen of soil left to itsell’ under normal circumstances acquires more
nitrogen, the same specimen remains unaltered (neither loses nor
acquires nitrogen) when it has been previously sterilized by subjecting
it to a heat above 1052 or 1102 C., by which all micro-organisms are
killed. Again, M. Sehloesing and Muntz have shown that it is by dif:
ferent micro-organisms that the mnitrogen contained in nitrogenouns
organic matters of arable land is made to combine with other matters,
and to form nitrates, One generates ammonia: another transforms
ammonia into nitrous acid, which forms nitrates by combining with
basie elements, and lastly a third micro-organism transforms the nitrites
into nitrates; and this triple process is what is called nitrification—an
operation fully investigated by Munro, Winogradsky, and Frankland.

Thus, by one means or another, atmospheric ammonia may be put
within reach of plants and be used by them, DBut ammonia is however
a very small proportion of the nitrogenous contents of the atmosphere.

Y -




AIR AND LIFE. 39

1s there no other supply, and especially, is there no method by which
pure atmospheric nitrogen may be also utilized by plants? In view of
the considerable amount of nitrogen contained in atmosphere, the mat-
ter is one of great importance to plants.

The question has been answered by Hellriegel.!  After twenty-five
years' investigation, the learned director of the agricultural station of
Bemberg has finally proved conclusively that certain plants at least
have the power of assimilating atmospherie nitrogen. These plants
belong to the leguminous family, While cereals, for instance, need to
be provided with nitrogen under the form of nitrogenous compounds
mingled with the soil, or under the form of nitrates or ammonia salts,
Inpines, pease, clover and such plants do very well without such com-
pounds. And yet they contain nitrogen; moreover, agriculturists know
that they not only do not require nitrogenous manure, but that after
they have been grown on a soil they contain more nitrogen than the
soil eonld possibly have furnished: hence the name of “bettering
plants.” If they are buried in the soil, they not only restore the
amount of nitrogen which they may have derived from it, they add to
it an excess which they have obtained elsewhere; that is to say, from
the atmosphere, Plants grown i a soil totally deficient in nitrogen
contain much more of it than the seeds from which they spring—pro-
vided, however, one condition is folfilled. This eondition is that the
roots possess certain peenliar outgrowths or small tumors—nodules, as
they are commonly called—in which a special sort of bacteria is found.
If the bacteria are wanting, the plant does not grow well; it remains
puny and deficient in nitrogen, but if watered with water to whieh has
been added a culture of the requisite species of bacteria it becomes
thrifty and yields an amount of nitrogen amounting to a hundredfold
the weight contained in the seed.

It seems that in different species of leguminons plants the active
and important species of bacteria are different. That which is adapted
to acacia, for instance, although it does not snit pease, works well
with beans, and vice versa. Are we to draw the inference that each
species of this family has its own special bacterium? Nobbe is not of
this opinion; he fhinks there is only one species, which he calls Bac-
terium radicola; but that within this species a nomber of races or
varieties has been evolved, each one specially adapted to a sort of
communalism with a particular species of plant, For instance, if one
individual of this bacterium lives in the nodosities of one particular
plant, its progeny becomes specially adapted to life on the same species,
and does not thrive on another species, Such is Nobbe's view briefly
summarized, and it wonld explain many curious facts noticed by

‘Hermann Hellriegel, born 1831, died September, 1895. This important work was
accomplished with the cooperation of Mr, Wilfarth, and was made known in 1886 at
the Naturforscher-Versammlung in Berlin, Varro and the old Roman farmers had
noticed that beans, Inpines, and vetches render the soil more fruitful, but Hellriegel
and Wilfarth discovered the reason.
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agricnlturists and horticulturists concerning sympathies and antipa-
thies between plants, and like matters.

The quantity of nitrogen which legnminous plants can obtain from
the atmosphere by means of the bacteria which live on their roots may
be very considerable; it may amount to 100 or 150 kilograms per hee-
tare (24 acres). Hence, it is an excellent plan with soils deficient in
nitrogen to grow and turn under leguminous plants. It follows also
that if a given soil seems unfit for the culture of a particular legnmin-
ous plant, this may be beeanse it does not contain the necessary bac-
teria, and under such cirenmstances all that is required is to inoculate
it. A culture is not required; it is enough to sprinkle some earth
taken from a field in which leguminous plants of the same species have
grown and thriven. The bacteria abound in that earth, and at once
multiply in the field. This is no matter of mere laboratory experiment;
the process has been tested on a large scale at Meppen in Germany,
by M. Salfeld, with the best results, the crop having been then doubled
and trebled.

This inoeulation may be performed in another manner. M. Bréal,
of the Paris Museum of Natural History, grows two lupines in sepa-
rate pots, filled with sterilized earth. He inoculates the roots of the
one with a needle dipped previously in a culture of the appropriate
bacterinm, while the other iz not imoecunlated. The result is that the
former thrives, while the latter remains puny and perishes,

Besides, Sehloesing and Laurent have shown that if different lega-
minons plants are cultivated in a confined atmosphere the amount of
nitrogen in the air decreases,

The general result of the very important labors of Hellriegel and
Wilfarth, of Nobbe, of Sir John Lawes and Sir Henry Gilbert is, then,
the discovery that different plants of the leguminons family—belonging
in particular to the papilionaceous division—are endowed with a very
special mode of nutrition, quite ditferent from that of other phanero-
gams., By means of the cooperation of a few micro-organisms which
dwell in and on their roots, they are enabled to draw free nitrogen from
the air; not ammonia, nor any other form of combined nitrogen, but free
nitrogen, which is used as a nutriment. And thusit happens that that
enormons quantity of nitrogen which goes to make a large propor-
tion of the atmosphere, instead of being useless as it seemed at first,
is of very great importance to plant life. The probabilities are that it
is even greater than it now appears. We feel it difticult to conceive
that only a small proportion of plants are able to avail themselves of
this source of nitrogen, and physiology teaches us that so far as the
prineipal functions of life are concerned there reigns great similitude
in the processes by which they are effected. That papilionaceous
plants only, of the whole host of the vegetable world, shounld be able
to acquire nitrogen in the manner described seems unlikely, and thence
the opinion that a similar process and a similar funetion must obtain
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among other families of plants. This is but an hypothesis, however,
and no definite statement can yet be made concerning this attempted
generalization, Some facts, indeed, go against it, and show that cer-
tainly not all plants have the functions which we have noted in the
papilionaceons family, Messrs, Schloesing and Laurent infer from
experiment that some species at least are unable to make use of
atmospheric nitrogen, and require to have it provided to them under
the form of different compounds contained in the fragments and débris
of other plants, which thus play the part of manure and food. While
the lion and tiger eat the sheep and deer, some plants eat, so to say,
their congeners, and exhibit a form of eannibalism. The latter obtain
nitrozen from the atmosphere, and after death their remains serve as
food for other plants. Such is the case with mosses and many erypto- .
gams. 5o, observe the gradation: Inferior plants' draw nitrogen from
the atmosphere; superior plants feed npon the remains of the lower;*
and, lastly, animals feed on other animals or plants, Man eats both
animals and plants, and crowns the edifice of life, as he supposes; but
the solid substructure upon which all the building rests is merely an
agglomeration of humble unnoticed forms, often invisible to the naked
eye, whose functions are to provide the animal and vegetable king-
doms with an essential part of their food. Whether there is here a
plan is not for me to decide, but most assuredly the connections and
interactions are of interest.

This exposition may seem somewhat long, but it was necessary. It
shows that certain plants, at least, can either directly or indirectly fix
atmospherie nitrogen without having recourse to the nitrates of nitrog-
enous manures. Here again it is shown that air is indispensable to
life. A gas that at first seems inert and nseless is found, after eareful
investigation, to play a most important part in the nutrition of living
organisms, Without nitrogen there would be no plants, no food,
no animals, no mankind, in brief, no life at all. And if atmospheric
nitrogen were to disappear, life would soon be extingnished. Who,
then, will consider this element of the air as nseless?

We now come to carbonie acid.

We all know that it is an essentially noxious compound, and doubt-
less there is little in its history to redeem its reputation. One-half of
onr respiratory funetion is concerned especially with the task of ridding

—— -

~ 'And some superior plants also, such as those of the papilionaceous gronp; but
even with them the process is indirect, as it is through very low organisms (bacteria)
that nitrogen is brounght to them.

*When Melchior Treub visited Krakatoa after the disaster of 1884, in orvder to
investigate the floral repopulation of the island—seeds being bronght by currents
and winds from the surrounding parts in abundance—he noted that the first plants
to appear were algm and lichens, And it was only some time after the latter had
taken a foothold, and, so to say, prepared a suitable soil, that higher plants were seen,

and lastly phanerogams. This progression is quite in accordance with physiological
facts. 1
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our body of this substance, which is unceasingly generated in our
tissues, It is not fit for breathing purposes, and all animals and plants
perish in a confined atmosphere when the proportion of this gas rises
above a very limited ratio. An atmosphere which contains one per cent
sarbon dioxide has evil effects npon most organisms, and when the
ratio is ten per cent,life is endangered and death only a matter of time,
Carbonie aeid is of no use at all to the tissnes, and when we breathe
in an atmosphere where this gas is abundant, the blood corpuscles are
not able, in the lungs, to get rid of the carbon dioxide they have eol-
lected in the body; so they keep it, and, keeping it, they can not take
with them the amount of oxygen necessary for the cells and tissues.
It may be asked why they keep the former. The reason is that gas
exchanges between the blood and the atmosphere depend upon the
amount or tension of the gas in both media. As soon as the tension of
carbonic acid in the atmozphere is greater than that of the =ame gas
in the blood, the blood corpuscles retain their carbonie acid. If the
amount of carbonic acid in the atmosphere is inereased, its tension
becomes at some point superior to that of the same gas in the blood
corpuscles. These, then, retain the noxious gas which takes the place
which should be abandoned to oxygen. The result is death by
asphyxia. Before death supervenes a condition of anmethesia is indneed,
which Bichat specially investigated by means of an ingenious experi-
ment, through which the venous blood—well provided with carbonie
acid, of course—of one animal was made to pass into the carotid and cer-
ebral arteries of another, so that the latter had its brain irrigated with
asphyxic blood, and was brought to a condition of angesthesia. Ewven
when applied locally to the surface of the skin, carbon dioxide induces
a state of local and temporary insensibility, a fact which seems to have
been Tong known and frequently ntilized. Pliny relates in his Natural
History that marble (carbonate of lime), when mixed with vinegar and
placed upon the skin, puts the latter to sleep, i. e., renders it insensible,
g0 that it may be cut and burned without inducing pain, In this case
the anmesthetic agent is carbon dioxide, which is set free by the action
of the acetic acid of the vinegar npon the carbonate of lime.

When carbon dioxide acts upon the entire organism, as when it is
inhaled by the lungs, it induces general anmesthesia. This has been
investigated by a number of physiologists, and one among them, M,
Ozanam, has found it so satisfactory that he feels no hesitation in
commending it as a substitute for ether or chloroform. His advice has
never, to my knowledge, been followed by surgeons or physiologists,
and some doubt may be expressed as to the expediency of using for
surgical or other purposes so dangerous an agent. Some cases are
known in which man has been deeply under the inflnence of carbon
dioxide without fatal results. In such cirenumstances, anesthesia has
been complete. The patients relate, at least some of them, that before
becoming unconscious there oecurs a delightful condition during which
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they seem to be surrounded by a host of very brilliant lights, while
exquisite music is played by some invisible orchestra. But this state
is of short duration, and total unconsciousness soon occurs, which, it
the toxie gas keeps on acenmulating in the blood, is rapidly converted
into eternal sleep, Cases of death by carbounie acid are notinfrequent;
they are met with particularly in the vicinity of fermenting liguids,
such as brewers’ vats or wine cellars; in places where carbon dioxide is
naturally exhaled by ¢ gas springs;” by thermal springs in some caves
or grottoes, and in all ill-ventilated rooms where a proportionately large
number of men or animals are gathered. In lecture and assembly
rooms, which are often crowded, air vitiates rapidly; i theaters, in
schools, in lecture halls, as much as 10 parts per thousand of carbonic
acid has been observed, and in Alpine stables, as before referred to,
where animals and men were crowded together, each seeking some
warmth in the close vicinity of his neighbor, the ratio of 21 parts per
thousand has been recorded.!  Such atmosphere is toxic,” and proofs
thereol are not wanting.

M. G. H. Richards, of the Massachusetts Institute of Technology, has, during
nine years past, made some 5,000 analyses of the air of lecture rooms, The nor-
mwal average proportion of carbonie acid in external air is between 3.7 and 4.2 per
10,000, In buildings, the wroportion inereases according to cirenmstances. For
instanee, in empty rooms it is Lhigher by 0.5 on the average in consequence of the
decomposition of organic matter, which always remains after the passage of any
number of human beings, in the cracks of the floor, on the walls, ete. In the parts
of the building where people come and go, without stopping for any considerable
time, the ratio is a little higher, and becomes 5 per 10,000, In lecture rooms things
are at the worst, as might be expected, and the ratio is 6 or 8 and oceasionally 10
or 12 volumes of earbonie acid per 10,000 of air. If such proportions are exceeded,
work becomes difficnlt and nnprofitable. Tach adnlt exhales, on an averase, accord-
ing to Andral and Gavarret, some 22 liters of carbon dioxide per hour, so that a
man breathing in a confined space 3 meters long, 2 meters high, and 2 meters wide
wonid in twenty-fonr hours transform the whole of the air of this space into an
air having exactly the composition of that exhaled from the lungs. It must not
be forgotten that each gaslight, on an average, produces 128 liters of earbon dioxide
per honr, and 10 grams of candle produce 14 liters. Under such eirenmstances no
one can wonder that the atmosphere becomes so soon vitiated in rooms where any
considerable nnmber of persons are assembled,

It is toxic in its natural condition, by which is meant, if oxygen is present in it
only in the usual proportion. Baf, experimentally, such atmosphere may be pre-
vented from becoming dangerouns if its composition is altered by an addition of
oxygen. Regnanlt and Reiset have seen dogs and rabbits live in an atmosphere con-
taining 25 per cent earbon dioxide, 30 to 40 per eent oxygzen, and about 40 per cent
nitrogen. Even without inereasing the ratio of oxvgen, animals may live a short
time in an atmosphere containing a large proportion of carbon dioxide—30 per cent,
for instance, oxygen being 16 per cent (Le Blane); and Snow has seen birds withstand
some time the effects of an atmosphere containing 21 per cent oxygen, 59 nitrogen
and 20 carbonic acid. But these experiments ean not have any eonsiderable dura-
tion, and the average limit of respirable atmosphere is set by the composition of
expired air. An atmosphere containing 4 per cent carbon dioxide, 16 per cent
oxygen, and 80 per cent nitrogen is inadequate to long maintain life. A lamp is
goon extinguished in such an atmosphere, but man may live in it for a short time,

To avoid any danger of the vitiation of air, hygienists are agreed that more is
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For instance, during the wars in India, 146 prisoners were one even-
ing at 8 o’clock shut up in a small room. Out of the number only 50
were still living at 2 o’clock next morning, and at daybreak only 23, all
dying. Again, after the battle of Austerlitz, out of 300 prisoners con-
fined in an ill-ventilated cellar, 260 died in a few hours through
asphyxia, induced by an excessive proportion of earbon dioxide, And
at the celebrated Oxford assizes (the *“ fatal” or “black " assizes in 1557),
the high sheriff and 300 other persons died suddenly in court from
asphyxia induced by the same means, [t may be that in these cases
some other influence was also at work, and that some exhaled substanee
similar to that which Brown-Séquard and d’Arsonval thought they had
detected, added its influence to that of ecarbonic acid; buat the existence
of this substance has not yet been proved, althongh it seems probable.

Other cases of poisoning by earbonie acid are met with in natural con-
ditions. Men and animals are occasionally killed by sueh gas, exhaled
by neighboring springs and acenmulated in hollows or small valleys.
Such “death valleys” have been described by many travelers, No
plant is seen, not a blade of grass, not a shrub or tree. The soil is
bare, stony, and as i’ strueck with death, Here and there a skeleton is
perceived bleaching in the sun—a skeleton of bird, mammal, or even
man. Ignorant of the fatal properties of the valley, animals or men

required than the 16 to 20 eubie meters of air per individoal per hour, that was
formerly considered as sufficient. In the best ventilated hospitals of Paris 100 enbic
meters are provided, but nnder normal conditions 60 are quite enough for persons in
good health., As a role, the atmosphere of a room may be considered as vitiated as
aoon as it begins to amell elose. When this happens, however, it must not be con-
gidered as done to the smell of carbonic aecid itself, which is scentless, The smell of
close air is due to organie substances—hitherto undetined, or only partly known—
which are exhaled by men and animals, and probably more by the skin and its
impurities than by the lungs themselves, and generally the amonnt of these sub-
stances is considersd as ronghly proportional to the amount of carbon dioxide met
in the air. Smell is considered as indieating approximately the nnhealthiness of the
atmosphere as regards respiratory purposes, and is a safe enongh eriterion. When
a room becomes cloge, it should be thoroughly ventilated, and in such case a draft
ghonld always be established, two doors or windows, on different sides of the room,
being opened. One is not enongh; both are required in order to completely expel
the close air and replaee it by pure. Generally servants—and masters as well—are
content with imperfect ventilation. Such is especially the case in winter, when air
is often vitiated by the presence of a gas, carbon monoxide, which is given off in very
small quantities by different heating apparatus, stoves especially.  Although this gas
is mever present in any great quantity, it is a source of considerable danger; and in
conntries where slow-combustion stoves are nsed, it is each year the canse of many
deaths. Carbon monoxide has even greater affinities for hemoglobin than has oxygen,
it therefore combines with it and thns there’is no place left in the blood corpnscles for
oxyeen, and the blood then earries no more of the latter gas to the cells and tissues
n["[.[;“.g. body., This gas is also found in the air of mines, ot in the open air is not
met with, or exists in such small guantities that it can not be detected by present
miethoids,
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have wandered there while in pursuit of food, and in the lower part,
where the influence of wind is the least and where the heavy gas nat-
nrally aceumulates, asphyxia rapidly ensues. None who enter come
out alive, and the bird of prey soaring in the heights, whose keen eye
perceives the vietim in the death struggle, amnd who pounces down
upon this welcome opportunity, is vanquished in turn and rises no
more,

Fatal to animals as well as plants, expelled by both from the organ-
ism as soon as it is produced, carbonic acid appears to all under the
feature of a death-dealing agent, as a gas whose toxicity is unquestion-
able., The only word that ean be said in its bebalf is that at the
moment of death it may act a kindly part. Death in the majority of
cases, as a consequence of disease, is induced by asphyxia. During
the death struggle respiration fails gradually, becomes slower and more
superficial, with the inevitable result that carbonic acid acenmulates
in the blood. It is probable that when man is about to fall into his
last slamber, when the body is on the point of entering that final stage
of dissolution and disintegration which we call death, carbonie acid
intervenes and plays its parct, slowly drawing the eurtain, gently put-
ting intelligence to sleep, rendering it unconscions, deaf to sound,
insensible to pain, and by beneficial and kind anmesthesia easing the
final act of physical life. This may well be so, and this gas which
some physiologists conzider one of the agents by which each of us is
brought into the world by stimulating the contractions of the mater-
nal womb, thus also assists us out of it.

This funetion, however, is not the only beneficial one which carbonie
acid fulfills, and conecerning that very nnwholesome and toxic constitu-
ent of the atmosphere much remains to be said, The unfavorable fea-
tures have been put in full light; it is but fair to do the same for the
redeeming traits, and this shall proceed to do.

All animals directly or indirectly feed upon plants, and plants draw
from the soil the greater part of their mineral constituents. Nitrogen
and oxygen they borrow from the atmosphere. But what about car-
bon? The matter is important, as their frame and tissnes contain a
large quantity of this substance. Two sources are available. Carbonie
acid—carbon combined with oxygen—is present in the soil, where it is
to be found combined with different substances in the form of earbon-
ates, and in humus, the superficial layer of the soil, made up of frag-
ments of leaves, of branches, of roots dead and decomposed, of mosses,
dead ferns, ete. But we ean not take into account the earbon which
exists in hunmus, as the first plants which appeared could not have made
use of it. There remain the carbonates of the soil, and it would seem
to follow that this must be where plants obtain the larger amount of
the carbon they use, as Mathien de Dombasle and many other agricnl-
turists after him supposed. A number of experiments by Sprengel,
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De Sanssure and others, have shown, however, that the part played by
carbonates is less important. than was thought, and more recently Liebig
has established the fact that plants grow and thrive quite well in a soil
whence all earbonates have been expelled. Where then do they get
their carbon? We know now that they take it from the atmosphere,
1t is their privilege to decompose the carbonie acid contained in air
and to liberate its elements; that is, oxygen which is exhaled and carbon
which is retained in their tissues. And the cultivated area of Franee
some 41L000.000 hectares—absorbs by this means some 60,000,000 tons
of carbon each year. This important operation can, however, be per-
formed only under three conditions. As only green parts are eapable
of taking earbon from the air, the plant munst be provided with ehloro-
phyll—that green substance, which is the eanse of the eolor of leaves, and
must be exposed to the rays of the sun and to a favorable temperatare.
Chlorophyll ean decompose carbonic acid only nnder the influence of
light and moderate heat; in darkness and under too great or too low
heat it no longer aets, and the resunlt is that plants suffer and die,
vietims of inanition. For it must be clearly understood that the ¢hloro-
phyllian function is one of nutrition, quite distinet from the respiratory
function.  In the latter function plants, like animals, absorb oxygen
and exhale earbonie acid; in the former the reverse obtains, The one
goes on doring mght and day, the other is in operation by daytime only,
and the funetion of nutrition lasting less time must necessarily be more
active than the respiratory process: otherwise the equilibrinm would
be destroyed and the plant would lose more than it acquires and con-
sequently suffer.

It iz by the leaves mainly, and by the roots in a lesser degree, that
atmospherie carbon dioxide is absorbed; butin both cases the gas must
be bronght to the leaves, to the parts containing chlorophyll, becanse
these parts only can use it—ean take the carbon and expel the oxygen,

Henee it follows that this violent poison, this gas which is harmful
for all organisms, and which kills them as soon as it accumnlates in
the atmosphere even in small proportions, is essential to all terrestrial
life. 1f it were to be destroyed, if air were to contain no more of
it, all plants on the surface of the earth would die within a short
period—some weeks at most. After this, as a matter of course, herbiv-
orons animals wounld die, and this would not require more than a month.
Carnivorous animals would hold ount a little longer, as the stronger
would feed upon the weak, but after a few weeks they also wonld
go in turn, and only a few mizerable, half-starved specimens of mankind
would be seen feebly struggling from one rotting carcass to another,
amidst as barren scenery as can be observed by looking at the moon
through a telescope, and they, too, would have to die soon after, notwith-
standing cannibalism or snch other extreme methods which dire neces-
sity might snggest. In a few months all nature would be dead.

While earbonic aeid is a poison, a substance which endangers life
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greatly, it is also a necessity for life, and in the proportions in which 1t
exists in the atmosphere it is just as much a necessity as it wonld
become a fatal danger if it were to be present in larger quantity.

Such are the relations between air considered from the chemical
standpoint and life as it exists on earth; between air in its normal,
unvitiated, average constitution and life as it manifests itselfunder the
present circumstances.

IV.—BIOLOGICAL INFLUENCE OF THE ATMOSPHERE CONSIDERED
FROM THE PHYSICAL PoINT or VIEW.

We must now disenss another side of this eomplex question, we must
deal with air considered as a physical substance, and especially as a
substance having weight which presses upon all living organisms.  This
point of view is not less important than the preceding, and deserves
some attention, by reason of the relations which exist between life and
atimospheric pressure.

The atmosphere, as previously noticed, being a physical sabstance,
possesses weight, and exerts a pressure upon the earth and all beings
that inhabit it.!

As long as men or animals keep near sea level, or do not celimb to
exceedingly high altitudes, the normal average variations of pressure,
as indicated by the barometer, are of small influence, and the much
more considerable variations which are encountered when one ascends
mountains or goes up in a balloon are not harmful as long as they do

"The average pressure of the atmosphere varies, as before stated, aecording to the
altitnde of the locality, and also in the same locality at different times. At the sea
level this average pressure amonnts to a little over a kilogram per square centi-
meter, hence the total weight supported by an average man is about 18,000 kilograms.
At Mexico the average weight per sqnare centimeter goes down to 793 grams; at
Guito, to 752; at Antisana, to 639; and it is no difficolt matter to obtain the figure
which represents the weight supported by man in such localities, when one knows
that the skin surface of an average adult is somewhere between 1,400 and 1,500
gquare centimeters, The physicist Haiiy, explaining and commenting upon the eal-
culations by means of which the average pressure exerted npon the body is ascer-
tained, remarks: ‘““And that is the weight which those philosophers of old had to
bear and resist who denied weight to the atmosphere.”

This weight or pressure is considerable, but we do not feel it, as all the interior
parts of our body exert the smoe pressure and therefore resist successfully that from
the ontside. It does not erush us any more than it ernshes the soap bubbles, how-
ever thin they may be, because in both cases the resistance of internal air or tissues
exactly counteracts that of external air. There are very few places in the body
where the pressure from within ontward does not exaetly counteranet the opposito
pressure, in order to leave all movements perfectly free. Two exceptions, however,
must be referred to—that of the plenrs, between which no connter pressure exists, so
that they are compelled by atmospheric pressure to keep strictly in contact, and that
?f certain articulations, where the head of a bone so exactly fits into a corresponil-
Ing cavity that there is place for no air between, with the result that the atmospherie
pressure forces the former into the latter and keeps it there with sufficient foree to
resist the counteracting weight of the limb,
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not exceed certain limits. But beyond these limits danger exists for
both animals and man, and while the effects are not exactly the same
for all species, and do not occur at exactly the same altitude with all
species, or even individuals of the same species, the general fact remains
that at high altitudes, or under very low pressures, life is more or less
endangered from different causes, In order to ascertain these causes
it is not eonvenient to take men or animals into high altitudes, as the
experimenter wonld be apt to be also influenced by the diminution of
pressure, in consequence of which the value of his observations might
be considerably reduced. A better method, easily available, is that
used in laboratories, of providing large or small air-proof chambers in
which the pressure may be inereased or diminished at will, so that,
without going out of the laboratory, the same patient or animal may
be subjected by turn to the pressure which reigns at the bottom of the
deepest mine, or even to far higher pressure, amounting to 800 or 1,000
atmospheres, and to that met on the top of the highest peak of the
Himalayas, or at twice or three times that height in the lightest of
balloons.  With such instruments observation becomes easy, and is
effected under the most favorable cirenmstances, as the operator is able
to obtain at a few moments’ notice exactly the amount of pressure he
wishes to have,

The influence of those extreme pressures, high or low, where life
becomes endangered, was very fully investigated by Jourdanet, and
afterwards by Panl Bert, and those investigations have taught us by
what means they become dangerous. The limits of pressure within
which no harm occurs are variable according to species. All terres-
trial and aguatie animals may and do resist certain variations in pres-
sure. whether above or below the average., Man, for instance, can
work at a kilometer below the sea level withont any injury, and he ean
travel to the height of 5 or 6 kilometers in the atmosphere without being
necessarily affected by the decrease of pressure. It is the same with
birds and mammals, and surface or shore fishes may go pretty deep in
the seas withont experiencing any unpleasant effects, while deep-sea
fish may travel upward for some time before reaching the danger line,
so to speak. But for all organisms there are limits in the variation of
pressure which ean not be transgressed with impunity; there are limits
beyond whieh life is destroyed.

How is death induced in such cases? We must consider the two
different cases in turn, and shall begin with the effects of diminished
]}TEHHIII'{_‘..

Four hundred years have now elapsed since a Jesuit missionary,
Acosta, left us an excellent deseription of the accidents which attend
ascensions in high mountains, or important diminution of pressure.
“While ascending a mountain in Pern,” writes Acosta, 1 was sndd-
denly affected by so strange and so mortal an evil that | nearly dropped
from my horse to the ground. * * * 1 was alone with an Indian, and
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asked him to help me to keep on my animal, and 1 was taken with such
pain, sobbing, and vomiting, that 1 thought 1 should die, and, moreover
after having vomited food, phlegm (mucous matter), and bile, yellow
first amd afterwards green, I even threw up blood, such pains had I in
my stomach; and I am sure that if it had lasted longer 1 would cer-
tainly have died. As it was it lasted only three or four hours, till we
had reached a much lower region.  And not only men, but animals also
were atfeeted.”  And further on, 1 feel confident that the substance of
the air in such places is so subtle and thin that it is unsuitable for human
respiration, which requires it thicker and better adapted.” This was
written three hundred yvears before the time of Priestley and Lavoisier,
and yet the expressions used by Acosta are really most happy., Atmos-
pherie air in the altitudes is too thin, too rarefied, too subtle for the
respivation of superior organisms, The evil described by Acosta is
that which, in different countries and places, is named puia, soroche,
veta, mal des moniagnes, mowitain sickiness, balloon sickness. 1t has been
more recently and fully deseribed and investigated by Tschudi, Lortet,
and many others; each has noticed the vertigo, vomiting, anxiety, and
fainting which characterize it; and exact experiments—ihose of Lortet
and Chanveau, among others—have shown that respiration is dimin-
ished and av the same time aceelerated; intense muscular pains have
been noticed, and also cirealatory and nervous symptoms, which end
in paralysis and death if the perturbations continue, as in case of the
Zenith catastrophe.

While it would be guite supertluous for our present purpose to re-
view the opinions which have at different times been entertained con-
cerning the cause of these dangerons pertnrbations, we may briefly
summarize the explanation thereot recently given by 'anl Bert and
others.

This is quite simple. The symptoms and death are due to a diminno-
tion in the tension of oxygen, which is itself’ due to the rarefaction of
that gas, As everyone will understand, if the same volume contains
in high altitudes less weight of air than in low altitudes or at the sea
level, it follows that in the former condition there is less air avail-
able, less of cach constitnent, less oxygen. In the heights of the
atmosphere air is made up of the same elements as below, but they are
less in quantity although the proportions are the same; air is dilated,

‘rarefied, thinner, less dense, and of the essential element—oxygen—
@ smaller quantity is inhaled at each vespiratory movement, although
the volume of inspired air is the same. Under such cireumstances, as
Paul Bert's investigations go to show, decrease of pressure kills, not
‘mechanically, but by a chemical process, High altitudes kill because
‘they induce a state of anoxyliemia, a state in which the blood is
¢ deficient in oxygen. The animal—or man—in ravefied air, dies for the
s same reason that one dies in a confined atmosphere; in both cases
' there is an insufficiency of oxygen.

2294 ——4
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Another eanse also operates, in the case of fishes or other aquatie
animals that live at great depths, when they happen to rise too near
the surface, thus coming from high to low pressure, The gases of the
body, dissolved in the liguids (blood, ete.), have a higher tension than
the outside pressure, and the result is that these gases expand and
burst the tissues within which they are contained when the exterior
pressure becomes less than that which reigns in the interior. The case
is exactly that of a bladder inflated with air placed in the receiver of
an air pnmp; if the air of the eylinder is gradually exhausted, the blad-
der swells until it explodes, This is an extreme case, which hardly
occeurs under natural conditions, but other aceidents of a similar
nature, which are explained by the same mechanism, often do ocear
in man or animals, as we shall show further on.

We ean not leave this subject without adding a few words coneern-
ing mountain sickness, It is a well-known fact that at the same alti-
tude different aeronants or tonrists are not equally affected. Of course
this statement refers only to moderate altitudes, between 5,000 and
4,000 meters, At the very same place, on the same day, one person is
a vietim to mountain sickness and another is not.  As only individnals
of the same species are compared, the reazon of the difference can only
lie in personal or individual peculiarities; no specific physiological
differences can exist sneh as those met with when one compares the
inflnence of one and the same agency or poison, ete., upon individuals
of different species; there is no evident and tangible canse such as
that which one detects when comparing the resistanee of the duck and
of the common fowl to submersion, when the greater resistance of the
former is dne to its greater amount of blood, and consequently more
considerable provision of oxygen., There are donbtless physiological
differences of real importance between different individnals belonging
to the same species, and between  different varieties of the same spe-
cies; considered in foto those differences are more importani and more
frequent, than coinmonly supposed, and probably more important than
those external morphological characters which are the bases of classi-
fication at present. DBut such important differences can not obtain
between two individuals belonging to the same species, and the fact
that they may oceur one day and be wanting a week later, shows that
they are merely accidental and temporary.

Mountain sickness is due to a condition of asphyxia, as already
noticed, and this fact explains the differences referred to, as an ingen-
ious experiment performed by M. Panl Regnard amply shows.,  This
experiment was suggested by the proposal, made by a company, to
build a lift by which to reach the top of the Jungfran, the well known
Alpine peak. Before setting to work, it was desirable to ascertain
whether the passage from low to high altitude wounld not produce
nnpleasant symptoms in the tourists using the Tift,' and to show that

UThe 1ift was to he established in vertieal shafts from o horizontal tunnel at the
base of the monntain to the top.
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under the ecircumstances attending the excursion, mountain sickness
was not to be feared. M. Regnard’s experiment answers this question.
As far as physiologists are concerned, the tlllﬂﬂfillll was =ettled, but the
general publie required to be satisfied upon this point. The experi-
ment is easily repeated in any laboratory, and it is quite unnecessary
to ascend Mont Blane or the Himalayas for the purpose. All that is
required is a glass bell jar, an exhausting pump, and a pair of guinea
pigs. The bell jar must be rather wide, and it is placed—inverted—
upon a smooth and even surface, sueh as that which can be afforded by
a thick pane of glass.

The edge of the jar is smeared with tallow, so that when placed upon
the pane the access of air is entirely prevented. Under it are the two
guinea pigs. One is free and does as he cliooses; the other is placed
in a small treadmill where he is compelled to exert himsell somewhat
in order to preserve his equilibrinm, as the treadmill is made to turn
round by means of electricity. The two animals represent, the first,
an aeronant, or 4 person quietly sitting in a lift where no exertion is
required; the other, a mountain climber, who has to expend energy,
and to work if he wants to get to the top; and now both must be
placed in a condition similar to those which obtain in high altitudes. A
few strokes of the air pump connected with the bell are enongh to bring
the pressure to correspond exactly with that which exists at 2,000, at
S,000, at 4,000 meters height, and a manometer shows the pressure pro-
duced. So this experiment begins, and the atmosphere within the bell
is slowly rarefied, as would happen in the case of a slowly ascending
lift or mountain climber, and becanse, also, rapid decrease of pressure
would be most dangerons. Up to the decrease of pressure which cor-
responds to a 3,000 meters altitude both animals remain quite well,
the one who works his way up, so to =say, as well as the other who
keeps guiet or only walks a few paces to the right or left.  The process
is continned and the rarefaction increased. Before the pressure corre-
sponding to 4,000 meters altitude is attained, however, the “working”
gninea pig manifests evidence of physiological discontent. Now and
then he stumbles, and does not exaetly keep pace with the treadmill;
he even rolls over and is clearly ont of breath. When the manomet er
shows the pressure to be that which corresponds to a 4,600 meters alti-
tude (210 meters less than the altitnde of Mont Blane), this guinea pig
i8 entirely disabled. He can walk no more; rolls on his back, and is
rolled by the treadmill; he moves no longer. In fact, he seems quite
dead. Life is not extinet, thongh, and the animal moves when air is
again let into the jar. The other animal is in an excellent state of
health, At no moment has he presented the slightest symptoms; he
nibbles at cabbage, and seems quite unconcerned with the experiment.
It does not affect him in the least,

1t may then be considered as settled that the quantity and quality of
the air contained in the jar are quite sufficient; that they are adequate
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to maintain life. And if one of the guinea pigs exhibits BVmptoms
of asphyxia, these are not aseribable to the nature of the atmosphere,
It the experiment is pursued and air further rarvefied, it is not until
the decrease of pressure corresponds to that which obtains at the tog
of some peaks of the Himalayas (3,000 meters, the altitude attained
by Glaisher, but in a state of unconsciousness) that the hitherto
unaffected guinea pig shows symptoms of asphyxia. Such symptoms
were certain to oceur, sinee the quantity of air was decreasing all the
time and must at some moment become insufficient. And now the
experiment has proceeded far enougl, as there is no necessity at all for
killing the animals, and death must surely be the result it the experi-
ment is allowed to continue; air is now let in slowly. Both animals
recover entirely, the latter in shorter time than the former.

Now, what does the experiment show? It shows that in itself alti-
tude or the decrease of pressure corresponding to altitude within the
limits of" 3,000, 4,000, 5,000 weters or even more (under 8,000 meters)
is not suaflicient to induce asphyxia and the symproms of monntain
sickness. The proof thereof lies in the fact that the inactive guinea
pig exhibited no asphyxic symptoms at such altitudes. At 3,000 meters
these made their appearance. They were unavoidable, They might
have begun a little earlier, they might begin a little later—that is, at
rather lower or rather higher pressure—according to the species and
individual; but 1t 1s certain that for all organisms there is a limit in the
heights of the atmosphere above which air is too rare and tennous to
maintain life, and asphyxia must ensue. This first fact, however, was
already known, and M. P, Regnard’s experiment proves nothing new in
that line. What it shows is that muscular effort hastens the produe-
tion of asphyxia or mountain sickness, and of this the active guinea
pig provides an excellent demonstration.  Now, muscular effort hastens
asphyxia or mountain sickness because it is itselt a canse of relative
asphyxia. The organizm that works and expends energy uses more
oxyeen, and therefore needs more than that which keeps quiet. The
panting which follows running, or is the consequence of rapid mus-
cular work with the arms, legs, or whole body, of violent exercise,
proves that the body requires more oxygen, and il the expired gases
are analyzed it is shown that carbonie acid exhalation is inereased, and
it is eclear, therefore, that more oxygen is required, since the oxyvgen
contained in carbonie acid is borrowed from the inhaled air.

M. . Regnard’s guinea pigs are exact representations, the one of the
aeronaut or of the person in the lift, the other of the Alpine elimber;
and since muscnlar exertion alone induces a state of incipient asphyxia
it is to be expected that in rarefied aiv, which itself tends to the same
end, that condition should ocear guicker in the organism which by its
activity goes, as one may say, to meet it.

I'ractical conelusions are easily drawn from this demonstration, There
is no reason for the persons who may be carried up the Jungfrau in the
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projected lift to fear the effects of altitude, The example of the inac-
tive guinea pig assures them of immunity, and except in some almost
impossible cases of anwmia or weakness they will experience no dis-
comfort. On the other hand, incipient alpinists must pereeive that
the adviee commonly given by guides has a solid foundation. The
example of the active gninea pig shows them that ascensions must
be performed slowly, without haste, without great exertion, withont
cetting out of breath. To be out of breath means ineipient asphyxia,
and asphyxia means monntain sickness. So the excursionist mnst
learn to elimb slowly. with earveful and measured step,

In brief, high altitudes must unavoidably bring on asphyxia and
mountain sickness, but at moderate altitudes both are avoidable by
reducing the exertion; they may be brought on by inereasing one’s
efforts, and it is only by assuming the nearly perfect immobility of the
aeronaut that one can hope to attain without discomfort the highest
altitudes, since it is during such immobility that the organism needs
least air.

Having considered the case where an animal or man passes gradn-
ally from a low to a high level, we must now turn to another, that in
whichthe change is sudden or extremely rapid.  This is not exeeptional,
but does not occur in the conrse of mountain elimbing, for obvious
reasons; and in the case of balloon ascents, where it wonld seem to
be of common ocenrrence. we rarely hear of anv serions inconvenience
experienced, although the balloon often seems to rise very rapidly.
The truth is that it rises rapidly to a moderate altitnde only, and
that it gets into really high altitudes only after a lapse of time quite
sufficient for adaptation. To encounter eases of rapid decrease of
pressure, we must torn in another direction, and we find examples
where men work under high pressure, for instance, in diving bells,
under the surface of the sea or of a river, to explore a wreck or buoild
the foundations of a pier or bridge. Here, in orider to connteract the
great pressure overhead, that of the water added to the normal sea-
level pressure—amnd every ten meters in depth of water adds the pres.
sure of one atmosphere—air must be forced into the bell or diving appa-
ratus, and the men are snbjected to a total pressure amounting to three
or four atmospheres. As it sometimes accidentally happens that the
passage from this high pressure to the normal air is very rapid, the study
of the resnlts is instructive for the present purpose. These are often
most unfavorable and death not uncommonly ensues.  The same ocemrs
when an animal in a bell jar is rapidly subjected to a decrease of pres-
sure, or when, in a bell jar, where an animal has been placed and the
pressure gradually inereased by foreing air into it, the pressure is suil-
denly decreased merely by allowing the air to escape into the atmos-
phere. In both eases, and in fact in all cases where the passage from
relatively high to comparatively low pressure is rapid or gnite sudden,
symptoms arise which are generally fatal, The animal falls on its side
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anud dies, even if' the final pressure is one which, if bronght on slowly,
would not be injurious to life. The danger lies only in the rapidity of
the change.

Post-mortem examination of the vietim affords a clue to the canse of
death, and makes all symptoms clear and intelligible, We find gas or
air in free condition under the skin,in the tissues, in the blood vessels;
this we never observe under normal conditions. These gases are the
canse of death. All tissoes, and the blood, of course. contain at all
times gaseous matters—oxyvgen, nitrogen, carbonic acid—either dis-
solved in the liguids or combined with hemoglobin in the blood, and
the amount of these gases varies aceording to external pressare,
according to the tension of atmosphere. Now, if the atmospherie
pressure deereases graduoally, the tension of the gases of the organism
decreases accordingly; and they escape gradually into the atmosphere
without making any trouble. But if the deerease is sudden, this grad-
ual escape can not be effected; the liberated gazes have no time to
escape; the result 18 that they acenmulate in all parts of the body,
and in the cirenlatory system they obstroet small vessels and paralyze
the heart.! BSueh accidents are not nncommon among the workmen
referred to, and this is the reason why they are always advised to
come up slowly to the surface, and the deeper they have been the
slower the change should be. They have little to fear from working in
compressed air at 2, 3, or 4 atmospheres: the danger lies i the
decrease of pressure, which, if sudden, is generally fatal. As they say
in their own language, “ Yon have to pay only when yon come ont.”

So much for decrease of pressure, rapid or slow, In the one ecase
it injures by a deficiency of oxygen, by anoxyhiemia, and the only
way to counteract its effeets is to be provided with a supply of oxygen
of which small amounts may be inhaled now and then. Aeronauts
intending to attain very high altitudes ean not do without such a pro-
vision, and it is their enstom now to always take with them a supply
of oxygen. In the other, the injury is the result of a quite different
process, purely mechanical, the sudden liberation of gases in the tis-
sues and especially in the blood, where they immediately interfere with
the eireulation, and stop the heart’s action. When moderate pressure
suddenly follows high pressure, anoxyhemia plays no part, and only
the mechanical effects oceur; if low pressure follows moderate and
sufficient pressure, anoxyliemia alone occurs if the passage is slow:
anoxyhmemia and the mechanical liberation of gases ensne if the pas-
sage is rapid and sudden. In both eases, decrease of pressure inter-
feres with life.

Let us now consider the reverse case, that of an inerease of pressure.

Under normal cirenmstances such inerease is always unimportant.

iJnst as air, even in very small quantity, drawn in the cirenlatory system throngh

some lesion of the venons system near the heart indnces death in a few seconds, as
all physiologists know,
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Even at the bottom of the deepest mines, althongh pressure is appreci-
ably increased, this increase can not be considered as exerting the
slightest evil influence, and its physiological effects are practically nil.
The inerease of pressure is much more important in the ease of diving
bells, and it is among workmen who are engaged in the building of
piers and wharves, or in the exploration of wrecks, that we must search
for information concerning the effects of high atmospheric pressure,
unless we turn to animals experimentally subjected to such condition
in bell jars conneeted with foreing pumps. When the increase is
slight, the effects are also slight. Some buzzing in the ears, some
bleeding at the nose, and a slight numbness in the limbs are those
which are most appreciable.  But, at the same time, the respiration
and eirenlation are slower. In some cases there ocenrs an abmormal ex-
eitation of the nervous system similar to that observed during acute
alcoholism.  Such accidents are quite naturally aseribed to an inerease
in the tension of carbonic acid, which acenmulates in the system and
determines incipient asphyxia. This interpretation is eorrect as long
as the inerease of pressure is moderate. But when the increase of
pressure is considerable, when we have to deal with pressure of six or
more atmospheres, the case is altered, and the canse of the symptoms
is different. This is shown by Paul Bert’s various experiments, In
orvder to delay the effects of inerease of pressure, he added pure oxygen
to the atmosphere inspired by the animals experimented upon, expect-
ing by this means to prevent the toxic influence of carbonic acid, e
was, therefore, considerably surprised when he perceived that this
had no other result than to hasten the fatal issue. He then proceeded
to a caretul analysis of the symptoms and phenomena, and perceived
that when the pressure is over 6 atmospheres the oxygen contained
in the atmosphere, acquiring a high tension, becomes a poison. And
none can wonder at this. An inerease of the proportion of oxygen
under normal pressure is attended by toxic symptoins: an inerease
in the pressure of oxygen, which amounts to the same thing, must
eéxert the same influence. And the proof that oxygen is the only cul-
prit lies in the fact that an animal can perfectly well endure a pres-
sure of Z0 atmospheres if the air is poor in oxygen, it oxygen,
being less in guantity, has, in the mixture, a tension whieh does not
exceed that which the normal amount of oxygen, in normal air, pos-
sesses under normal pressure.  Under inereased tension, as well as in
inereased proportion—for both conditions are identical as far as physi-
ology is concerned—oxygen is a poison, and a very dangerous one, and
this is the reason why man and animals die in a normal atmosphere,
when the pressure exceeds certain limits. Be it vapid or slow, consid-
erable increase of pressure kills through the agency of oxygen and of
its toxic properties, by reason of oxygen being dissolved in the blood
serum.  If we leave out of consideration those cases where the varia-
tions of pressnre are rapid, and where, as is the case with rapid decrease
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of pressure, a purely mechanical element comes into play, one sees
that gradual variations operate, not physically nor mechanically. but
in a purely chemical manner, by putting the organism nnder the inflo-
ence of an atmosphere too rich or too poor in oxygen,

[t must be added that in this case, as well as in many others, adapt-
ive phenomena ocenr.  The Indians and animals of the South American
Cordilleras are unaffected by mountain sickness which attacks the
unaccustomed traveler, and animals of the abysses of the sea live and
thrive nnder pressores which no terrestrial or shore animal eould endure,

This fact of adaptation to altitnde, which is confirmed by the other
fact that there are villages or cities permanently inhabited by man at
3,000 and 4,000 meters above sea level, has long been well known.
1t has especially attracted the attention of a French physiologist, Dr.
Jourdanet, who discovered most of the facts which Panl Bert investi-
gated later, but the mechanism of the phenomena has been only
recently explained. Jourdanet supposed that the inhabitants of low
levels, when transferred to high levels, meeting with low pressure and
consequently a smail proportion of oxygen, became affected by anoxy-
h@emia, a state characterized by the inability of the red blood cor-
puscles to absorb a sufficient proportion of oxygen—in brief, incipient
asphyxia.

In that he was right; he also thought that adaptation is effected in
the following manner: If the evil is not unbearable, the syvstem hegins
to produce a larger supply of blood corpuscles: these can absorb only
a small proportion of oxygen to be sare, but then they are more numer-
ons and by this means the balance is restored, and the system may
absorh a sufficient quantity of oxygen. Here, again, he was right, but
he did not sneceed in establishing his hypothesis on a firm basis, The
latter task was achieved by Panl Bert, who examined specimens of
the blood of Peranvian Hamas and vieunas, and proved that the blood of
such of these animals as live on the highlands contains a larger pro-
portion of hemoglobin and of oxygen than that of those of the same
species living on the plains at lower levels. For instance, 100 cubie
centimeters of blood of llamas or vieunas living on the highlands con-
tain between 19 and 21 cubie eentimeters of oxyzen, while the same
amonnt of blood in animals of the same species living on the lowlands
contains only 12 to 15 eubie centimeters.

These results have been very positively confirmed by the investiga-
tions of MM. Viault, Muntz, and Regnard. M. Mantz has shown that
in common domestic rabbits allowed to go wild upon the heights of
the Pie du Midi, in France, the blood, after ten months’ sojourn in the
mountain, contains much more hemoglobin than that of rabbits belong-
ing to the same breeds released for the same length of time in the plains
at Barneres de Bigorre, But it may be objected that this experiment
is not as conelusive as it seems to be, owing to the fact that the rab-
bits of the Pie du Midi may have been surrounded there by different
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environmental conditions other than those of altitude which may have
produced the observed effects.  In order to wmeet this argument M. Paul
Regnard has devised an experiment which affords a very precise and
unassailable demonstration, In this experiment the only difference is
a difference in pressurve, If the increase in the respiratory capacity of
the blood that oceurs in consequence of life at high altitudes is ocea-
sioned solely by dimination of pressure, it is elear that sueh dimination
ought to produce the same effect af any altitude whatever. So M. Paul
Regnard took two guninea pigs belonging to the same litter, placed one
in a bell jar, where a special apparatus not only provideéd the necessary
decrease of pressure (by exhausting the atmosphere to the requisite
degree), but effected the necessary ventilation, while the other lived in
the same laboratory under normal pressure, The decrease of pressure
in the bell jar and the density of the atmosphere corresponded exactly
to those which obtain at Santa Fe de DBogoia, at 3,000 meters above
geqa level, Both animals were killed after a month, and the result was
that the blood of the guinea pig under decreased pressure absorbed
21 enbie eentimeters of oxygen (per 100 cubie centimeters blood), while
that of the other animal living under normal pressure absorbed only
14 to 15 enbie centimeters of oxygen at the most. The fact is quite
¢lear; the experiment most convineing, By some means not yet ascer-
tained the blood of ereatures living at high altitudes, and able to with-
stand the first unpleasant sensations, acquires the power of accmmulat-
ing a large proportion of oxygen, and thus their systems are enabled
to resist that incipient asphyxia which is the resnlt of a smaller pro-
portion of oxygen in the atmosphere.

This 1= an important point, from the practieal side. It explains the
beneficent influence of high-level stations (snch as St. Moriz, in Switz-
erland) upon anwemic or tuberenlons patients. It shows that in cases
where the organism is weakened and physiologically impoverished, and
particnlarly where the blood has lost some of its vitality, the patient
will be benefited by living for some time in mountain resorts, even
at comparatively high altitndes, his blood will acquire new life, and
become more apt to fulfill its functions, owing to the increase of
respiratory capacity that results from decrease of pressure,

[t is evident, however, that the patient should begin with moderate
altitundes, 1,500 meters, for instance: with altitndes which do not over-
task the system, which do not palpably increase the physiological ten-
dency toward asphyxia, and one should not forget that decrease of
pressure which, if moderate, is beneficent, becomes invariably fatal if
it exceeds certain limits.,  Man does not seem to be adapted to live per-
manently at altitudes over 4,000 or 5,000 meters, and if other animals
are able to do so, it is quite certain that éven for these also there is a
limit upon which they can not trespass without dangerous results, The
differences are only of degree, and upon the whole they are of small
amonnt,
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MOVEMENTS OF THE ATMOSPHERE.

We must now eonsider another side of the general topic of the phys-
ics of air, I refer to the movements which unceasingly occur in the
vast ocean of gas which surrounds our planet. They are familiar to
all. 1t is these that swell the sails of vessels and earry them across the
oceans, that give the impulse to the old-fashioned windmill, that lift
the waves and send them rolling from continent to continent: these,
also, that, with eyelones and tornadoes, uproot trees, blow down hounses,
destroy crops, snap the giants of the forests like mere twigs, raise
clouds of dust, and spread ruin and death on every side. Breeze or
tempest, it always is air in motion, and in this case as well as in others
air is both beneficent and maleficent. Coneerning the canse of this
motion, be it gentle or be it violent, it is enough to remind the reader
that the main it not exelusive canse is in difference of ealefaction, and
that the wind blows from cool areas to warm ones.

What part can these movements of the atmosphere play in the life of
our planet? What is their influence? A superficial glance is enongh
to show that this 15 manifold.

In the first place, they help to intermingle the constituents of the
atmosphere. To be sure, the general constitution of air is the
same everywhere, no considerable difference existing., Dot we have
referred more than once to the numerous local eanses of alteration.
Consider, for instanee, a large industrial town or a voleano. DBoth
exhale an enormons amount of obnoxions gaszes which are poured
into the atmosphere—ecarbon dioxide, earbon monoxide, and a hundred
other substances, toxic or inert; at all events undesirable for breath-
ing. A few figures have been given above concerning the amount
of such gases produced by mankind, by combustion, ete., and we all
know that in cities the composition of air is less pure than in the
country; that Manchester, Birmingham, Chicago, 'ittsburgh, ete., are
less healthy than their surronndings., If there were no winds, most
certainly things would be mueh worse than they are, and, the very fact
that city air is inferior to country air, substantiates this assertion.
Withont winds all these gases would acenmulate about the place
where they orviginated, Of course some diffusion would take place,
but the process would be a slow one, and a much too great proportion
of unhealthy gases wonld at all times be found in the air of snch places,
which would thus be more insalubrious than they now are. Without
winds locally vitiated air would remain such, just as is the case with
the atmosphere in a closed room where men or animals are assembled
wind is the cleanser of the atmosphere, the great purifier, which mixes
and purifies it, which chases it over lands and seas, over fields and
forests, from pole to equator, and from equator to pole, thus dissipating
in the whole mass those elements which, for one reason or another, are
produced in greater abundance at some points; it maintains the purity
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of the atmosphere, or at least its homogeneity. If the atmosphere
were motionless, the air in cities wonld be perpetually vitiated, and all
the carbonic acid which originates there would be delayed in its travel
toward the country, the fields, and the forests, in whose biology it plays
so important a part; the vicinity of voleanoes, and even of cities, would
be uninhabitable, and life in cities impossible,

Again, from a biological standpoint, the movements of the atmos-
phere are usefnl in another way. They prevent the air from remain-
ing excessively dry in some regions and inordinately damp in others,
The air which has acenmulated a large amounnt of humidity while above
an ocean, a lake, a river, a forest, does not remain there. It travels
farther, and carries the agueous vapor it contains inland, up moun-
tains, and over plains, 1t transports the clouds, and carries the water
drawn from the Pacific Ocean to fall in rain on the American con-
tinent; through the same agency the water drawn from the Atlantic
falls on Europe, and the water of oceans is carried through the atmos-
phere to enormous distances to provide the continents with the rain
essential to plants, animals, and man, both that immediately used and
that which, sinking through the soil, comes to light again, sometimes at
considerable distanees, under the form of springs, which help te make
the streams and rivers, If winds did not ocenr as they do, if the aerial
ocean were motionless, the vapors which arise above the oceans and
masses of water would not travel so fast, so far, nor in such quantity,
and a great part of our globe would be condemned to drought and
sterility. The other part would hardly be pleasanter; in an atmosphere
saturated with vapor, as that would be, perspiration evaporates most
slowly, and if the temperature were even moderately high, man would
lead a sluggish life, shunning effort as inducing an uncomfortable con-
dition, and living in a laziness and far wiente which have never conduced
to moral, mental, or physical advancement. Truly wind is no unimport-
ant agency in eivilization and in the general evolution of mankind.

Again, the movements of the atmosphere play an important part in
the regulation of temperature, as they do in the regulation of humidity.
It they did not oceur, air wonld be perpetually warm in some places
and perpetually cold in others, the radiation and diffusion of heat acting
but slowly. The wind is benefieent in that it carries warm air to cold
regions and cold air to warm ones, tempering the climate of each.

To end this chapter, a word must be said of the part which wind
plays in the biology of many species of plants, by providing them with
important means of dispersion,  Many plants possess light seeds, which
are, moreover, provided with appendages in the form of wings, or of
feathery hairs, and such sceds are very easily carried to considerable
distances over plains, over rivers, and even over narrow sea channels.
Through the wind’s ageney, these speeies are transported to new habi-
tats, where they may settle and thrive, spreading gradually over large
tracts. Numbers of insects and birds are thus carried to great distances
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by storms, and are thus enabled to obtain a foothold upon islands or con-
tinents to which their own forces could not have brought them, And
micro-organisms, last but by no means least, as far as importance, not
size, is conecerned, make great nse of atmospheric movements. They
possess no means of locomotion, and have no limbs to carry them to a
distance; but the wind makes good this deficiency, and takes good
care to scatter them far and wide. There are many epidemies prop-
agated from city to city, from conntry to conntry; there are death-
working as well as beneficent microbes scattered over the whole face
of the earth, and thus air is again an agent of death and of life
by its contents, no less than by its essential constituents. Bat air
contains also a large proportion of non-living matter, of dead dust
as contrasted with the living dust just referred to. Suoeh dust also
is scattered far and wide, and there is no doubt but that it may be
carried from China to North Ameriea, and from the New World to
Europe or Africa.  This dispersal of dost may be of some importance
in agricalture; at all events it plays no insignificant part in geology,
and all bhave heard of the influence of winds in the formation and
migration of dunes on the seacoasts. This influence is often important.
In Franece, in the region at the south of Bordeaux and in ecertain parts
of Brittany, the wind has brought so much sand from the dry shores
at low tide that man has been compelled to retreat and to desert his
villages. These, gradually covered by the particles earried by the
winds, have finally been entirely engulfed and buried, as were Heren-
lanenm and Pompeii of old under the cinders of Vesnvins, and the only
remnant of a once inhabited and prosperous hamlet is a spire which
sticks out of the plain of sand. Analogons phenomena are to be
observed in all eountries, In 1880, according to Mr. George I'. Mer-
rill, a storm ocenrred in Dakota during which the soil was torn up
to the depth of 4 or 5 inches, and the particles accumulated easily in
recognizable sand dunes, In the western plains of North Ameriea,
also, the same event oceurs, and these dunes, when once formed, travel
and migrate from place to place. Some miles north of Lake Winne-
mucea (Nevada), Mr, Russell found a series of such dunes, 40 miles
long, 8 miles wide, some of which were 75 feet high. Near Alkali Lake
other dunes are 200 and 300 feet high, and on the eastern shore of Lake
Michigan similar dunes have advaneed upon forests, which they have
invaded, smothered, and destroyed, and the tops only of the trees, dead
as a matter of course, emerge above the hilloeks of sand.

1t should be observed that partieles of sand driven by the wind exert
an erosive influence. They act as files, and gradually wear away the
rocks which they uneceasingly batter, and thus the wind works in two
ways toward the leveling of the globe; indirectly cooperating with
water and with frost it helps to disintegrate the elements of rocks;
and when they arve broken down it earries the particles, which arve the
ultimate result of such disintegration, to the plains and to the sea.
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If one observes that besides this work wind is capable of tremen-
dons effort; that it wrenches from the soil the strongest trees; that it
scatters to the ground in crumbling ruins the most solid monuments or
buildings: if one considers that it could also effect a much greater
amount of work than that which is at present effeeted. by driving sail-
ing vessels or windmills, one ean not forego the conalusion that in wind
we have an enormous source of energy which is harvdly utilized from
the industrial point of view.

This iz nndoubtedly true.  Wind is a most powerful force, whose limits
can not possibly be estimated : that it could be utilized for man’s benefit
conld hardly fail to snggest itsell.  Many centuries have passed since
the first endeavor, and althoungh some progress has been made, and
has been satistactory enongh during a long period, no one will venture
to assert that nothing more ean be done.

Wind has been used on land and on sea; windmills have been
invented in most lands, and few savage tribes have failed to become
aware of the great help sails are to navigation. FFor centuries civilized
nations were content with sailing vessels, and some of the latter were
truly splendid achievements, able, it must be remembered, to eross the
Atlantic—under favorable circumstances—in eleven days, which is still
the duration of the trip for average steamships.  But for three guarters
of a century steam has been used and defeated sails for long distances,
The best steamers of the transatlantic lines are able to run from Queens-
town to New York in five days and a bhalf, and from New York to
Havre in six days and a fraction. Wind has been defeated by steam
on land also, and eoal has taken the first place as a source of energy.
But coal supplies are not inexhaunstible, and thonghtful minds are
concerned with the important problem of drawing upon those other
resources which the movements of the atmosphere still provide, and
which are by no means used as mnch as they might be. Coal is decreas-
ing, and no fresh strata of the precious store are in process of forma-
tion as far as we are aware. 1t is burned at the rate of millions of tons
each year, and mines are being steadily emptied of their contents.
Forethought demands that future generations be not canght unawares,
and that even now the problem of providing fresh sources of energy
be considered. These are not wanting, The application of electricity
to general uses has developed important possibilities, and provided us
with a method by means of which energy may be obtained, transformed,
and carried to a distance with the result that with proper apparatus
the energy of rivers, of winds, of tides, of solar heat, may be utilized.
Some important steps have been made in the reqguired direction, and
muech has been done to utilize the energy contained in rivers under the
form of falls, in Eunrope as well as in the United States, where the
Niagara I'alls are the best known instance. But concerning the power
contained in wind, little has been done to take advantage of it. Sail-
ing vessels are always numerouns, to be sure, but windmills are, on the

Ll
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contrary, on the deerease, and no new method has been devised of late
to increase the qnantity of force derived from this sounrce. M. Maxi-
milian P'lessner, however, has done good work in trying to eall public
attention to the matter.! Wind is doubtless very irregular, by turns
strong or even violent, and a short time afterwards very gentle, and
even ceasing, DBuf a great deal depends unpon localities. There are
Maces and large regions where the wind is quite regular enongh, as
far as strength and constaney are concerned, and near the seashore it
seldom fails. In the subtropical regions, also, trade winds are very
constant, amd in most parts of the globe the regularity of the wind
increases with the altitude., The latter fact has been well shown by
a continnous series of observations made at the Eiffel Tower, in Paris,
since 1889, This amounts to asserting that, upon the whole, a consid-
erable part of the globe is perfectly snited for investigations upon the
best methods of deriving power from the winds, M, Plessner has cal-
culated that a wall or eurtain 1,000 meters high placed upon the fifty-
fourth parallel between the twenty-fourth and thirty-eighth degrees of
longitude, would receive, through the impact of the wind, a total
sum of 100,000,000 horsepower, and 130 such walls would provide
15,000,000,000 horsepower, which means the power of 1,000 Niagaras.
Of course no such apparatus could be erected and used, as the first
storm would destroy the whole fabric: but this helps us to realize the
tremendous amonnt of energy which speeds over our heads,  The first
requisite is some sort of motor driven by the wind, and an acenmulator
to store the energy and yield it at the required moment. M. Plessner
has no admiration for the old windmill; he does not find therein the
motor which engrosses his thonghts or dreams. The wolian wheel
woulidl be more snitable, but this also is below his requirements, and ‘
he is rather inclined to look npon sails as affording a possible solation |
of the problem. #The utilization of the power of winds,” he writes,
“and its transformation into mechanical work, are possible only by
means of sailing vehicles, driven by wind upon a cirenlar railway, the
power zenerated by such rotation being transmitted to an axle, and
thence to machinery.” He therefore proposes a cirenlar railway, at
gronnd level, or, better still, elevated upon trestles. On this railway
a cireular or annular train, made of small cars coupled together, each
carrying a mast and two sails at right angles with each other, is driven
by the wind. These sails are automatically trimmed, and antomatically,
also, they expand or eontract, or rather take in the wind or withdraw
from it. Aslong as the wind blows, the train continues rotating, and if
it is connected with a central axle, the latter may work dynamos and
charge electric accumulators, A similar apparatus might be arranged
in water, boats taking the place of the cars, and since the wind power

1 8¢p his book: Ein Blick anf die grossen Erfindongen des zwanzigsten Jahrhou-
derts—Die Dienstbarmachung der Windkraft fiiv den elektrischen Motoren-Betrieb,
Berlin, 1893,
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is transformed into eleetricity the latter may be stored and kept in
reserve, or transferred to a distance to perform 10, 20, 50 miles away
any work that may be required.

Sueh is, in its main features, M. Plessner’s project. Whether it be
this or some other which is accepted, there is no doubt as to the neces-
sity of trying to utilize a small fraction of the tremendons energy that
produces the movements of the atmosphere, and is one of the results of
the action of solar heat on our planet, There are certainly many ways
in which the problem may be solved. For instance, a very simple
method wonld be the using of wind power to force water into a reser-
voir at some height from which it might, at will, be let out to work tur-
bines. In mountainous regions, and near the sea, in all places where
water and wind are available, this system might be of service, however
imperfect it may seem. At all events a great field i1s open to inven-
tors, and a great harvest may be reaped by those who will work it
with patience and skill. M. Plessner's investigations will prove very
suggestive, and they may also find much that is useful in Mr. S, P.
Langley’s memoir on The Internal Work of the Wind. The facts re-
ferred to by Professor Langley are perhaps of more importance for the
problem of aviation, or flight. and for the explanation of the soaring of
the larger birds, which all have oftentimes seen sustaining themselves
during whole honrs, without apparent fatigue, or effort, but they are
certainly very suggestive in the realm of aerodynamics. Mr. S, I,
Langley has sueceeded in proving that the foree of the wind is not by
any means as constant and uniform as iz commonly supposed. It does
not impart an approximately uniform movement, but a succession of
short, rapid waves or pulsations of varying intensity, and flnetuating
in direetion on either side of the general course of the wind, He con-
siders it as certain that an inclined or suitably eurved surface, heavier
than air, and free from all attachments whatsoever, may be uplifted and
indefinitely supported in the air by means of **internal work,” without
any further expense of energy than that which is demanded for chang-
ing the inclinations of the plane according to the pulsations. It seems
quite certain that under special conditions such a plane might advanee
against_the wind, not only comparatively, but in the absolute sense.
These data are very valnable, and may prove most useful for practieal
purposes.

" - ® * E L E

Having considered the general relationship between living organ-
1=ms and the elements, pressure, and movements of the :||'||:|(|,~;l|h|}|~(-,, we.
must now proceed to illustrate the relationship between the physieal
contents of the air and living beings,

Air contains many elements that are accidental, temporary, and of
minor importance. Some are gases:; snch as, for instance, carbon
monoxide, carbureted hydrogen, and many others, for the most part
obnoxions and toxie. Of these substances we shall say nothing here,
beeause of their scarcity and irregular occarrence, They are not normal
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constituents of the atmosphere, and we may say that every substance
known to chemistry may at some time or place be accidently present in
the air.  Ounly such bodies deserve notice as are normally present in
the whole atmosphere, although they may be of minor importance,
Under this head must be mentioned aqueons vapor and different solid
materials, inanimate or animate, exeluding those which are of voleanie
origin, and dust, natural or artificial,

Aqueons vapor is always present in the atmosphere under the form
of fog or clouds, and also in an invisible form. We will especially
refer to the latter. It has a duoal origin. The one part comes from
evaporation, under the influence of heat, of the water of oceans, rivers,
lakes, and moist soil. The amount of vapor produced depends upon
the amount of heat, and also upon the amount of vapor already con-
tained in the air. Foreach degree of temperatare air ¢an only contain
a quite definite amount of vapor. The other part comes from living
organisms, by transpiration through the skin and pulmonary surfaces
of animals, by the evaporation which ocenrs from the leaves of plauts,
This production of anueons vapor by living beings is very vaviable,
and eirenmstances atfect it greatly. Amn animal or man in dry air pro-
duces a large amount, sinee the expired air 1s quite satarated with it,
but in moist air hardly any is produced, and that which is expired
hardly does more than restore to the atmosphere the moisture taken
from it. The whole of wmankind pours into the atmosphere a total
amount of =ome 15,000,000,000 kilograms of water per twenty-four
hours, but a large proportion of this is merely returned; it has not
been generated by man.  Similarly, plants yield but a small amount of
moisture if' the air is already nearly saturated; they yield a very large
amount if it is dry. It has been calculated, for example, that a wood
of 300 adult and vigorons trees yields nearly 4,000 tons of agueous
vapor during the twelve hours of daylight. By night the amount is
less considerable, and is only about one-fifth of the diurnal evapora-
tion. This instance is enough to show that plants are most important
producers of vapor. And if one only considers that in the United
States, as an example, the total surface of plant leaves 1s at least four
times that of the seil surface, one perceives how important must be
the part of plants in the function we refer to. Physicists have esti-
mated the total quantity of agqueous vapor in the atmosphere at
72,000,000,000,000 tons or enbic meters of water.

This vapor, which is very unequally diffused (since the maximum
amount depends upon the temperature of air),and which varies in quan-
tity according to the time, locality, and other eircumstances, plays an
important biological part. Air, when too dry irritates the respiratory
organs; when too moist it impedes transpiration and its benelicent
effects: in medio virtus, and the best condition is that in which air is
neither very dry nor very moist,

Another more important part is played by this aqueous vapor in that
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it forms a sort of protecting sereen, that, by day, tempers the solar
heat by absorbing a portion of it and preventing it from scorching the
vegetation and the soil, and at night, conversely, prevents excessive
cooling of the earth’s surface by radiation. 1t does not prevent the
p;msn#u of lnminous ealorifiec rays, but absorbs a large amount of the
dark thermic rays—whatever their source—and experiments by Tym-
dall, and especially Pounillet, and others, have shown that the atmos-
phere, by reason of the vapor it contains, absorbs about a quarter of
the sun's heat, so that only three-quarters reach the earth proper. If
this sereen did not exist, our summer days would be mueh hotter and
also mueh cooler. In the full glare of the sun the thermometer wonld
stand higher than it does, and in the shade the temperature wounld
be lower. We have an exact illustration of what would happen in
what occurs on high mountains, or in balloons at great height. The
higher we ascend the thinner becomes the layer of vapor interposed
between the sun and ourselves. Under such cirenmstances the sun is
scorching; its rays, nearly unopposed, exert a stronger influence upon
persons and things and heat them highly, while the surrounding air is
cold, as there is hardly any vapor to absorb solar heat, This fact has
been well observed by Professor Langley during his ascent of Mount
Whitney, and all alpinists have had experiences more or less similar,
If, then, there were no vapor in the atmosphere, our summer days would,
as 1s the case in high altitudes, be torrid and frigid at the same time—
torrid in the sun, frigid in the shade, where the thermometer would
certainly fall very low.

At night atmospheric vapor moderates radiation. During the night
the earth gives off part of the heat it has received during the day,
and this heat radiates into interplanetary space. When the sky is
very clear and dry, radiation is considerable, and at all seasons a clear
night is colder than a elondy one, and night is colder in high altitudes
where the overlying sheet of air and vapor is thin and rare, than in the
lowlands, with a thicker atmospheric layer overhead. Radiation is
unavoidable, beeanse the temperature of celestial space is exceedingly
low, probably inferior to 1002 below zero (centigrade); but it is more
rapid, and offers greater intensity when the air is dry and contains but
a small quantity of vapor, becanse then the absorption by the atmos-
phere (by vapor, to be precise) of dark ealorific rays radiated from the
earth’s surface is very slight. If there were no aqueons vapor in the air,
a considerable cooling would begin as scon as the sun set, and such
cooling does occur on high mountains and at high levels—in Thibet,
for instance, whieh is both high and dry, and also in deserts, where the
atmosphere is generally dry, In Sabara, after the hottest days under
a scorching sun, the nights are generally very cool, and the thermom-
eter runs down some 302 or 40° in a few houts. Such radiation and
cooling must be very harmful, and most animals and plants could

certainly not endure it. Vapor thus exerts a most beneficial influence,
2204 ——5
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as it moderates the heat of day and the eold of night, and acts as a
sort of regulator, by means of which some uniformity is established
under antagonistie and conflicting conditions, and in spite of contrary
influences, Quite certainly, if vapor did not exist, the physiology of
the animals and plants of the lowlands wounld be different, or they
would perish.

The parts played by the numerous solid particles found in the atmos-
phere are as varied as is their nature., Physieally pure air is a myth
and can only be obtained artificially, in laboratories, and when great
care is exercised. Fven at the greatest heights, where micro-organisms
as well as vegetable or animal fragments are few and often totally want-
ing, mineral dust is always found. These particles are very small, to
be sure, and their origin varies; some are of voleanie origin, and after
important eruptions, such as that of Krakatoa, voleanic particles are
very abundant in the atmosphere and may be years in settling or fall-
ing on land or sea; others are merely dust which the wind has swept
oftf the surface of the planet, and a large proportion consists of minute
fragments of aerolites which have fallen into the earth’s sphere of
atfraction from interplanetary space.

Professor Newton has attempted to form some estimation of the
number of such aerolites, and he comes to the conclusion that our
atmosphere receives the enormons total of some 20,000,000 meteorites
per twenty-fonr hours, each of which is large enough to produce the
phenomenon known under the name of * shooting star.,” However
small these fragments may be—and yet in order to become visible
becanse of the heat evolved by friction against the atmosphere they can
not be so very minnte—they certainly bring to our planet a consider-
able amount of foreign matter, a large proportion of which remains
some time suspended in the atmosphere before falling. In all places
where the requisite observations have been made, and where instru-
ments have been placed for collecting the mineral contents of the air,
there has been obtained an abundant harvest of meteorie particles,
easily recognizable by their form and structure, and the mud which
slowly accumulates at the bottom of the sea econtains a large number of
these extra terrestrial bodies. As a matter of fact, mineral particles
of foreign source are constantly pouring through our atmosphere in
the form of a dry and invisible rain. A large amonnt of terrestrial dust
is also found in this rain. Von Richthofen speaks of the partienlar
aspect of the atmosphere in a part of China, where the sky is yellow
and opaque. When the wind comes from the direction of Central
Asia, all things are covered with a yellow dust which is brought
by the wind from vast regions whose soil is covered with a layer of
ochreous dust, which is driven to great distaneces over the Pacific. In
Australia, rains of a sort of red mud have been observed—rain made
into mud by the admixtare of dust, the latter having been transported
by the wind and storm from considerable distances. Such a rain has
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been noticed to fall over an area of 2,500 square miles. In the United
States, a similar phenomenon has been observed. Prof. S, P. Langley,
during the ascent of Mount Whitney, noticed that the middle strata of
the atmosphere contained a large amount of red dust which was visible
from above the level of these strata, while below, from the plains, no
trace of it was detected by the eye. This dust had, perhaps, its source
in China. The Krakatoa voleanic dust remained many years in the
atmosphere and traveled many times entirely aronnd our planet.

All this dust becomes easily perceptible to the naked eye, when we
look at a ray of light in a dark room., But in order to well ascertain
its origin, to know exactly what it is, microscope and aeroscope are
wanted. By means of these instruments a very interesting microcosm
is revealed. All sorts of particles are to be found in the air—small
desiceated animals, such as worms, rotifers, vibrios, infusoria, frag-
ments of insects, of wool, scales from the wings of butterflies, particles
of hair, feathers, vegetable fibers, spores of fungi, pollen grains, flour,
dust from the =oil, and microbes. From our present standpoint many
of these particles are of but slight interest to us, although it is a enri-
ous fact that voleanie dust may remain for years in the atmosphere at
- considerable altitudes, and travel around the earth with the winds,
indueing those curions phenomena of light and color at sanrise and
gsunset which physicists and the public at large observed after the
Krakatoa eruption. It 1s also a very curious fact, well illustrated by
T. Aitken’s investigations, that these particles are favorable to the pro-
duction of rain. Under certain circnmstances they play the part of a
nuelens around which the vapor of the atmosphere condenses, and each
particle becomes then the central part of a drop of rain.! What is of
interest to us, from the biologieal point of view, is the presence of pollen
grains, which explains how an isolated female plant may bear fruit even
at a great distance from male plants of the same species; the presence
of spores of fungi, which favors the dispersal of species; the presence of
light seeds, which may be carried very far, and then fall to the ground,
and develop an individual in a region where the species was never seen
before.  Again, the presence of microbes, to which we have previously
referred; and which explains how many diseases are carried far and wide
by the ageney of the winds, such microbes being specially abundant in
cities and in the vicinity of dwellings. At the Montsouris Observatory in
Paris, M. Miquel finds between 30 and 770 microbes per cubic meter of
air, according to winds, seasons, ete.; in the center of the town, Rue de
Rivoli, the air contains 5,500 per cubic meter; in hospital wards, between

'Snch being the ease, in order to indnee artificial rain, instead of trying to change
the state of the atmosphere by means of explosions it wounld seem more rational to
send dust into the heights. Butat all events, the essential requisite is the presence
of vapor, and this feature seems to have been sadly neglected in recent experiments.
Nature provides rain by means of vapor and ehanges in temperature, not by explo-
gions which can hardly have any influence,
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40,000 and 50,000, while at 7,000 meters altitnde, and above the sea at
some distance from the shore, none at all are found. These figures are
enough to show how the air under certain circumstances is a dangerous
agent, and serves as a vehicle of death.

As we have seen, air is franght with life as well as with death. Eaeh
of its constituents is essential to life, and each is also a canse of death,
The one that appears to be the most vivifving of them all, becomes under
certain conditions and doses, a fatal poison: the most nseless, the most
harmfiul iz, when carefully investigated, an essential basis of the whole
strneture of life.  And the general conclusion is that none conld disap-
pear, none conld exist under a different form or in markedly different
proportions, without soon altering the features of our planet and chang-
g it into a naked and barren globe on whose surface no living being,
of the present type, could be found.

If we study the subject more attentively we become aware of another

act. We perceive, to use again J. B. Dumas’s very happy phrase,
that all living beings are, at last analysis, nothing but condensed air,
Plants exist mainly by reason of the existence of air, and animals and
man can not exist without plants. The elements of plants are air,
and animals live upon plants; the connection is direct and intimate,
and man, therefore, is also only condensed air, And as this air, since
the centuries during which mankind has existed, has been unceasingly
migrating from generation to generation, from individual to individual,
now part of some of our human ancestors, later returning to the atmos-
phere, and thus perpetually pursning its eyele, onr present organism is
made of the same elements as that of our ancestors. Their snbstance
is also ours., Amnd this substance, which is also that of pastanimals and
plants, goes on throngh space as an untiring wave. To-day or to-mor-
row a flower or a fruit, it will unite at one time to form a portion of a
gslnggish mollusk, at another to help build the brain of a Descartes, a
Newton, a Pascal, a Shakespeare, a Helmholtz, a Joan of Are. The
cycle is never interrupted. No homan eye witnessed its beginning:
none will witness its end. It seems to be infinite and eternal—
although, doubtless, it is neither—and alternating from life to death, as
old as the world and yet as young as the newborn; if consciousness
were among its attributes it would have gone throngh all that life
may give—the highest joys, the deepest sorrows, and all emotions, the
noblest as well as the basest.

The breeze which gently moves the leaves, the wind which moans
throngh the high forests, is the snm total of all life that has been. It
is the material of all that has had existence, of those that came before
us, of those that are no more and for whom we weep. Now it becomes
part of ourselves and to-morrow, perhaps, it will go on, pursuing its
way, unceasingly metamorphosed from organism to organism without
choice or favor, according to law, till the time comes when our globe,
no longer heated by the cooling sun, shall slowly die. Then all the
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substance of pastliving organisms will rest and return to earth; mortal
cold and darkness will reign; the curtain will drop upon the tragedy
of life, and that which remains will be a frozen and gigantic tomb,
rolling silent and desolate throngh the unfathomable depths of the
darkened heavens,

I will encounter darkness as a bride

And hug it in my arma.
( Measure for Meaaure.)
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