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COCCULUS INDICUS. 51

Archipelago. It is sometimes called the Levant nut, or the
Bacca orientalis. Fig. 62,

It has some re-
semblancé to the
bay berry, and in
1850 was imported
into this country to
the extent of 2,359
bags, of one hun-
dredweight  each.
Itis chiefly used for
adulterating cheap
beer, and it is really
wonderful in how
many ways this sin-
gular substance is
fitted to aid the
dishonest brewer in
saving both malt

and hops. I men-
. . i h 1 i
tion three of its Anamirta cocculus—The Cocenlus indicus plant.

properties which offer temptations too strong to be resisted
by many unscrupulous people.

If the bruised seeds are digested in water, they yield an
extract which, when added to beer, produces the following
effects . —

Flirst. 1t imparts to it an intensely bitter taste, and can
thus be substituted cheaply for about one-third of the usual
quantity of hops, without materially affecting the flavour of
the beer.

Second. 1t gives a fulness and richness in the mouth,
and a darkness of colour, to weak and inferior liquors. In
these respects, a pound of Cocculus indicus is said to be
equivalent to a sack (four bushels) of malt. Or to a thin





























































































82 THE NARCOTICS WE INDULGE IN.

ness and a vivid exaltation to the contempts ard the admi
rations, the loves and the hatreds, of the drinker; opium,
on the contrary, communicates serenity and equipoise to all
the faculties, active or passive; and with respect to the
temper and moral feelings in general, it gives'simply that
sort of vital warmth which is approved by the judgment,
and which would probably always accompany a bodily con-
stitution of primeval or antediluvian health. . . . To sum
up all in one word, a man who is incbriated, or tending to
inebriation, is, and feels that he is, in a condition which
calls up into supremacy the merely human—too often the
brutal—part of his nature; but the opium-eater (I speak of
him who is not suffering from any disease, or other remote
effects of opium) feels that the diviner part of his nature is
paramount; that is, the moral affections are in a state of
cloudless serenity; and over all is the great light of the
majestic intellect.”

This language of the Opium-Eater must be read with
that amount of allowance which we naturally concede to po-
etical writers, who aim at effect in the language they select,
and are not afraid of the startling and uncommon.

9°, Is Oprium NECESSARILY DELETERIOUS >—We have
been in the habit, in this country, of regarding the use of
opium in the way of indulgence as an unmitigated evil.
And although to accede to the highly-coloured eulogium of
Mr. De Quincey would be to rush to the opposite extreme,
yet it may perhaps be conceded that our attention has been
generally too much directed to the most dismal features of
the practice, and that we may have judged too hastily as to
its more general effects. Thus Dr. Burnes, long resident in
Cutch and at the court of Scinde, says, that “ in general the
natives do not suffer much from the use of opium ;” and
that it  does not seem to destroy the powers of the bcdy,
nor to enervate the mind, to the degree that might be





































94 THE NARCOTICS WE INDULGE IN.

have been a knowledge of the qualities of hemp. Under
the name of beng it is also mentioned in the Arabian
Nights, translated by Lane, as the narcotic used by Ha-
roun al Raschid and other heroes of the tales.

It is curious how common and familiar words sometimes
connect themselves with things and customs of which we
know absolutely nothing. The word assassin—a foreign
importation now long naturalized among us—is of this kind.
M. Sylvester de Sacy, the well-known orientalist, says that
this word was derived from the Arabic name of hemp. It
was originally used in Syria to designate the followers of
““ the old man of the mountain,” who were called Haschis-
c¢hins, because among them the haschisch was in frequent
use, especially during the performance of certain of their
mysterious rites. Others say that, during the wars of the
Crusaders, certain of the Saracen army, intoxicated with
the drug, were in the habit of rushing into the camps of the
Christians and committing great havoe, being themselves
totally regardless of death; that these men were known by
the name of hashasheens, and that thence came our word
“assassin.” The oriental term was probably in use long
before the time of the Crusades, though the English form
and use of the word may have been introduced into Europe
at that period.

Nor is the use of hemp less extended than it is ancient,
In the plains of India it is consumed in every form, and on
the slopes of the Himalayas, it is cultivated for smoking, as
high up as the valleys of Sikkim. In Persia, in the east
of Europe, and in Mahommedan countries, it is in extensive
use. In Northern Africa it is largely employed by the
Moors. In central and tropical Africa it is almost every-
where known as a powerful medicine and a desired indul-
genee. In Southern Africa the Hottentots use it under the
name of dacha, for purposes of intoxication; and when the



















100 THE NARCOTICE WE INDULGE IN.

that remarkable cataleptic state, described in a previous
page as having been observed in India even from a compara-
tively small dose of the hemp extract ; nor, so far as I am
aware, has it ever obtained a footing in any part of Europe
as a narcotic indulgence.

It requires, indeed, a long and gradual training to its
use before its boasted effects can be fully experienced, and
this fortunately is not attempted yet in Europe. 'While in
Jerusalem, M. de Sauley, with the view of passing pleas-
antly a tedious evening, indulged himself in a dose of
haschisch, which, upon his uninitiated constitution, produced
only unpleasant results. He thus speaks of it—

“The experiment to which we had recourse for passing
our time, turned out so utterly disagreeable, that I may
safely say not one of us will ever be tempted to try it again.
The haschisch is an abominable poison, which the dregs of
the population alone drink and smoke in the East, and
which we were silly enough to take in too large a dose on
the eve of new-year's day. We fancied we were going to
have an evening of enjoyment, but we nearly died through
our imprudence. As I had taken a larger dose of this per
nicious drug than my companions, I remained almost insen
sible for more than twenty-four hours; after which I found
myself completely broken down, with nervous spasms, and
incoherent dreams, which seemed to have endured a hundred
years at least.”*

59 CueMicAL coNsTITUENTS oF THE Inpiaxn Hemp.—
Of the chemistry of the Indian hemp comparatively little
is yet known. Had it been as long familiar to Europeans,
or used as extensively by them, as it is in the East, it would
probably, like opium, have already been the subject of re-
peated chemical investigations. The volatile oil and the

* Journey round the Dead Sea, By ¥. pe Savicr. Vol i. p. 140,
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112 THE NARCOTICS WE INDULGE IN.

the leaves, which are chewed along with the betel-nut
stead of those of the betel-pepper.

The roots and thickest parts of the stems of long pep-
per, cut into small pieces and dried, form a considerable
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Macropiper methysticum—The Ava Pepper shrub.
Scale, 1 inch to 3 feet.

Leaf, 1 inch to 2 inches. Outline of leaf, natural size.

Part of stem and root, showing section, natural size.

article of commerce all over India, under the name of

Pipula moola ;* but I am not aware if they are used for

narcotic or intoxicating purposes.

Of the chemistry of the pepperworts we as yet know
comparatively little. They all yield, when distilled with
water, a volatile oil, which has the taste and smell of pepper.
This oil is colourless, and is usually of the same chemical

¥ Peeriea, Materia Medica, p. 1200
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THE COCA OF COMMERCE. 117

eastern slope of the Andes, in Bolivia and Peru, and it
still grows wild in many parts of these countries. That

Erythroxylon coca—The Coea-leaf plant.
Scale, 1 inch to 3 feet.

Coca leaf, natural size, showing the upper and under sides of the lesf
The under side exhibits the remarkable arched line on each side of
the midrib by which this leaf is distinguished.

which is used by the people, however, is chiefly the produce
of cultivation. In the inhabited parts of the above valleys









120 THE NARCOTICS WE INDULGE IN.

looks upon his little bag when it is nearly empty—these lit
tle things prove that to the Indian the custom is a source
of real happiness, and not the mere consequence of a want—
(WeppeLr). Always three, and sometimes four times a day,
he rests from his mining or other labour, or pauses in his
journey, and lays down his burden, to chew in quiet the
beloved leaf.

When riding, or walking, or labouring, the leaves have
little effect. As with opium and hemp, stillness and repose
are indispensable to his full enjoyment of the luxury it pro-
duces. In the shade of a tree he stretches himself at ease,
and from time to time puts into his mouth a few leaves
rolled into a ball (an acullico), and after each new supply a
little unslacked lime on the end of a slip of wood"moistened
and dipped into his lime-flask. This brings out the frue
taste of the leaf, and causes a copious flow of greenish-
coloured saliva, which is partly rejected and partly swal-
lowed. When the ball ceases to emit juice it is thrown
away, and a new supply is taken,

The interval of enjoyment conceded to the labouring In-
dian lasts from fifteen minutes to half an hour, and is gene-
rally wound up by the smoking of a paper cigar. Repeated
three or four times a-day, his average consumption of coca
is an ounce or an ounce and a half in the twenty-four hours,
and on holidays double that quantity. The owners of mines
and plantations have long found it for their interest to allow
a suspension of labour three times a-day for the chaccar, as
it is called ; and the Indian speedily quits an employer who
endeavours to stint or deprive him of these periods of in-
dulgence. During these periods his phlegm is something
marvellous. No degree of urgency or entreaty on the part
of his master or employer will move him; while the con-
firmed coguero, when under the influence of the leaf, is heed-
less of the thunderstorm which threatens to drown him



































































142 THE NARCOTICS WE INDULGE IN.

gathered. The latter are more narcotic than those which
are artificially dried.

When steeped in the expressed juice of the native whor-
tleberry ( Vaccinium wuliginosum), this fungus imparts to it
the intoxicating properties of strong wine. Eaten fresh in
soups and sauces, it exhibits a less powerful intoxicating
quality. But the most common way of using it is to roll it
up like a bolus, and to swallow it whole without chewing.
If chewed, it is said to disorder the stomach.

Fig. T4. One large or two small fungi
are a common dose to produce a
pleasant intoxication for a whole
day. If water be drank after it,
the narcotic action is increased.
The desired effect comes on in
the course of au hour or two after
the dose is taken. Cheerfulness
is first produced, then the face
becomes flushed, giddiness and
drunkenness follow in the same
" way as from wine or spirits, in-
| | voluntary words and actions sue-
A 77 ceed, and sometimes the final ef-
Amanita Musearia—Siberian o f€Ct is an entire loss of conscious-
ARRng Fing ness. In some it provokes to
remarkable activity, and stimulates to bodily exertion. In
too large doses it induces violent spasms. Upon some indi-
viduals it produces effects which are very ludicrous. A
talkative person cannot keep silence or secrets. One fond
of music is perpetually singing ; and if a person under its
influence wishes to step over a straw or small stick, he takes
a stride or a jump sufficient to clear the trunk of a tree.

The haschisch produces similar erroneous impressions as

to size and distance as the one last mentioned. And it is
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144 THE NARCOTICS WE INDULGE IN,

analogy, therefore, as to the nature of the active substance
it contains.

We have no experience as yet in this part of Europe of
any effects so remarkable as these being produced by any
species of fungus. The qualities of this class of plants seem
to vary with the climate in which they are grown ; but it is
probable that some of our poisonous fungi, when tried in the
same way, will be found to possess properties analogous to
those of the amanita of Siberia. This is rendered more
likely by the fact that our common puff-ball, the Lycoperdon
proteus, which is not poisonous, emits fumes when burned
which possess narcotic properties in a high degree.

It has long been observed, indeed, that poisonous fungi
in general, when eaten, produce narcotic among their other
effects. It has also been popularly known in this country |
that the smoke of the burning puff-ball, though in itself
wholesome and eatable, has the property of stupefying bees,
and it has frequently been used for that purpose when a
hive was to be robbed. But it has recently been tried upon
higher orders of animals, and similar effects have been found
to be produced upon them also. When the fumes of the
burning fungus are slowly inhaled, all the ordinary symp-
toms of intoxication gradually appear. These are followed
first by drowsiness, and then by perfect insensibility to pain,
like that which follows the use of chloroform ; and if the }
inhalation be continued, this is succeeded by cﬂnvulsmns %
occasionally by vomiting, and after some time by death.
While recovering from its action, an animal is aomet:mes i
perfectly conscious, while it 1s still insensible to pain.*

The chemistry of this tribe of plants is still very obscure.
Two active principles, however, have been recognised in such
of the fungi as are possessed of poisonous properties. When
distilled with water, they yield a volatile acrid prineiple

L

* Medical Times, June 11, 1853, and Chemist, July 1853, ™
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146 THE NARCOTICS WE INDULGE IN.

creases the perspiration. Taken more largely, it moves the
bowels and causes vomiting. Used in the proper manner, it
also induces a state of excitement and frenzy, so that among
the Seminoles it serves the same purposes as opium does 1n
the East. How it is administered to produce these more
purely narcotic effects, I have not found described by any
author to whom I have had access.

The chemical history of this plant is quite unknown. As
a holly, however, (Ilex), it is botanically related to the plant
which yields the Paraguay tea.* It probably contains an
active principle, therefore, which has an analogy tc the
theine of the tea leaf. ;

2°, Tue peapLYy NicursHapeE.—The black berries of
the deadly nightshade or dwale (Atropa belladonna), by
their beautiful brightness sometimes tempt the young to eat
them by mistake. They are powerfully narcotic, and among
their earliest symptoms induce the-appearance of the most
besotted drunkenness. The dried leaves, or an infusion of
the leaves, acts in a similar manner. Even a small dose
causes an extravagant delirium, which is usually of an agree-
able kind. This is sometimes accompanied by excessive and
uncontrollable laughter, sometimes by incessant talking, but
occasionally by a complete loss of voice. The state of mind
sometimes resembles somnambulism, as in the case of a
tailor who for fifteen hours was speechless and insensible to
external objects, and yet went through all the operations of
his trade with great vivacity, and moved his lips as if in
conversation—(CHRISTISON).

This narcotic is never now used among us except as a
medicine. It possesses an historical interest, however, from
the circumstance, related on the authority of Buchanan the
historian, “ That the destruction of the Danish army, com-
manded by Sweno, king of Norway, when he invaded Scot-

* Boa Toe BEVERAGES WE INFUSE
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148 THE NARCOTICS WE INDULGE IN.

impart their intoxieating quality to the beer, and render it
unusually and even dangerously heady. When ground up
with wheat and made into bread, they produce a similar
ceffect, especially if the bread be eaten hot. Many instances
are on record in which effects of this kind, sometimes amus-
ing and sometimes alarming, have been produced by the un-
intentional consumption of darmeled bread or beer.

A recent case occurred on Christmas-day (1853) at Ros-
crea, in Ireland, where several families, containing not less
than thirty persons, were poisoned by eating darnel flour in
their whole-meal bread. They were attacked by giddiness,
staggering, violent tremors similar to those experienced in
the delirium tremens produced by intoxicating liquors, im-
paired vision, coldness of the skin and extremities, partial
paralysis, and in some cases vomiting. By the use of
emetics and stimulants all were recovered, though greatly
prostrated in strength.

The narcotic principle in these seeds has not yet been
discovered. When distilled with water they yield a light
and a heavy volatile oil; but that the narcotic virtue resides
in these oils, has not yet been shown. No volatile alkali,
like the nicotin of tobacco (p. 316), has been detected in the
water and oils which distil over.

5°. Sweer GaLe.—Though now, I believe, out of use in
this country, the sweet gale (Myrica gale) is another native
narcotie, of which the qualities appear to have been familiar
to the ancient inhabitants of our islands. All the northern
nations are said to have used this plant in former times to
give bitterncss and apparent strength to their fermented
liquors. In Sweden this practice still prevails; and, as far
back as 1440, King Christopher of Sweden confirmed an o/d
law, which inflicted a fine upon those who collected this plant
before the proper season, or from another person’s land.*

* Broxwrtn's History of Inventions (Bohn's edition), vol. Ii. p. 885,






150 THE NARCOTICS WE INDULGE IN.

hangs out its tempting flowers in the season of honey-mak-
ing, is said to be the source of the narcotic quality for which
the Trebizond honey is famous. The effects of the Euxine
honey, according to Pallas, resemble those produced by the
bearded darnel, and occur where no true rhododendrons
grow. The natives, he adds,
are well aware of the poisonous
qualities of this azalea. Goats,
which browse on its leaves be-
fore the pastures become green,
feel its influence, and both cattle
and sheep are sometimes killed
by it. The extraordinary effects
which the honey, extracted from
the flowers of this azalea pro-
duced upon the soldiers of Xen-
ophon,* bear ample testimony to
their narcotic qualities.

I might notice many other
plants which, though not em-
ployed as indulgences, have yet
been frequently observed in eom-
mon life to exhibit narcotie ef-
Azalea pontica—The Armenian  fects. Thus, among heath-plants,

Azalea,

Beale for plant in flower, with the the Andromeda polifolia, a small
leaves unexpanded, 1 inch to 5 feet. - .
—Seale for leaves and cluster of Shrub found wild in the bogs of

EOAcE S A 1) Tne, northern Europe and America,
is an acrid narcotie, and proves fatal to sheep. Similar
properties have been observed, in the United States, in the.
Andromeda mariana, which is there called kill-lamb, or stag-
ger-bush, because it is supposed to be poisonous to lambs
and calves, producing a disease called the staggers.

In the same country the leaves of the Kalmia latifolia

* Bpg THE SWEETS WE EXTRACT.












154 THE NARCOTICS WE INDULGE IN.

growing customs of a people, while the instincts and habita
themselves arc only strengthened and confirmed.

While he laments, therefore, the excesses to which some
are led in the use of narcotic substances, the enlightened
philanthropist will look to moral rather than to physical or
fiscal means as most likely to repress them. The minds of
the people who use them must be enlightened. They must
be taught to understand what will promote in the greatest
degree both their bodily health and their permanent mental
comfort. And what will operate more than all, they must
be trained up to self-control and self restraint, and to the
habit of reining in their natural desires for this or that form
of gratification. This, unhappily, mere intellectual culture
will never do.

It is, indeed, not less melancholy than it is remarkable,
that some of the most striking known instances—of the abuse
of opium, for example—have occurred among men of great
mental powers, and of more than ordinary intellectual at-
tainments. The reader of the preceding pages will recollect
the total paralysis of the bodily and mental energies which
befell our great Coleridge while he was a slave to opium;
and how the English Opium-eater, as well as many others,
- found mere intellectual power unable to contend with the
excited instinctive cravings of their bodily constitutions,
when by long indulgence they had become diseased. KExam-
ples like these ought to impress upon every one a Christian
sense of his own weakness, and incline him voluntarily to
turn aside from the temptations which such men were unable
to resist.* ; _

2°, THEIR AGRICULTURAL AND COMMERCIAL IMPORTANCE.

* It is comparatively easy to avoid aequiring habits, but it is very difficult to
overcome such as are already formed, It was stated the other day at a temperance
meeting in London, that of six bundred thousand persons in the United States who
had taken the pledge, four hundred and fifty thousand had broken fit!













158 THE NARCOTICS WE INDULGE IN.

tities of aralogous substances possessing similar virtues ¢
And, if so produced, will our future chemistry teach us to
remove the mental disease, by preventing the production of
the cause, or by constantly neutralising its effects ?

And these are not merely ends to be aimed it. Even
now they appear to be not beyond the pale of hope. For
what are so like to each other as the natural and artificial
states of mental derangement, and how much light do they
throw upon each other ? A monomaniae, in apparently per-
fect bodily health, takes the strangest fancies into his brain,
and talks of and reasons upon them as if they were real. A
person labouring under delirium tremens sees sights which
are invisible to others, and speaks of them to his attendant,
as real and preseut. The second-sighted seer, in his gifted
moments, receives strange warnings from shadowy ghosts,
and with full faith believes in and reveals them. A strong
man, under the influence of haschisch, or the Siberian fun-
gus, sees a huge tree in a tiny straw, and persists in his ina-
bility to step over it, as if the tree were rcally there. A
child swallows common thorn-apple seeds, and forthwith
speetral illusions dance before it, which the child regards as -
real. A decoction of a similar plant calls up to the presence
of the Indian of Peru the spirits of his ancestors; he con-
verses with them; and when the effects of the drug have
disappeared, he relates these imaginary conversations to his
neighbours, believing them to be real, and, what is stranger
still, they are listened to with an equal faith in their reality.
An excited, nervously susceptible, or epileptic female sees
lights streaming from human graves, and will-o’the-wisps
ﬂancing around the poles of a magnet, or issuing in flicker-
ing mistiness from the finger-tops of an operator; she
believes and describes them as real, and, like the eredulous
Indians, hundreds around her believe the odylic* moonshine

* Relcnenbach ascribes these appearances to an imaginary power, which he calls the
0d {rrce, and hence the term Odylic applied to the phenomena themselves,
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the mind in sleep. It seems as if, all the bodily organs
being at rest, the thoughts and images floated over o1
through the quiescent brain without fatiguing or wasting it,
as cloud and sunshine flit over a fair landscape without stir
ring or physically changing it. With hemp it is otherwise.
It occasions hunger along with the mental activity. Pro-
longed thought in the waking man makes the head smoke, as
it were. Like physical exertion, it exhansts the body, and
brings on a hunger which can only be stayed by ordinary
food. And so the mental activity occasioned by hemp re-
sembles more that of the waking than of the sleeping man.
This agrees with another observed difference between the
two. Opium lessens the susceptibility to external impres-
sions, while haschisch inereases and quieke&s it in a high
degree. The one shuts up the mind, as it were, within
itself, while the other throws it open to the most lively in-
fluence of every bodily sense. It is also in agreement with
all these differences, that the action of opium is interrupted =
and lessened by disturbance and bodily motion, while that of
hemp is diminished by stillness and repose. In this latter
quality bemp agrees with ardent spirits.

Coca and opium, again, agree in sustaining the strength,
in certain circumstances, in a marvellous manner; yet they
differ in two important qualities. The former never induces
sleep as opium does, and even when taken in great excess, it
moves the bowels, while opium usually makes them torpid
and costive. Betel rouses from the effects of opium, as tea
does from that of ardent spirits. The Siberian fungus opens
and shows the heart as good wine is said to do. Secrets
drop out spontaneously under its influence, and either the
will or the ability to retain them has for the time gone to
sleep.

Such specialties are curious and interesting in them-
selves; but they are so also in showing that the several nar-
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162 THE NARCOTICS WE INDULGE IN.

bly also tobacco, are used more largely in the south than in
the north of our island—that the German and Swede smoke
more than the Frenchman—that opium and haschisch, so
loved in the East, have made such slow progress in our
European affections. And so the different forms in which
the same substance is used are probably, in part at least,
constitutional. France, the North of Scotland, Iceland, and
Northern Scandinavia, are great consumers of snuff. Eng-
land, Germany (high and low), Southern Scandinavia, and
Russia, prefer to burn their tobacco and inhale its smoke.
Souff is much used also by the African races who live be-
tween the Red Sea and the Upper Nile, while the Mograbins
are great chewers, and the Turks and Arabs as constant
smokers—(WEerNE). It may be said that differences such
as these are mere matters of taste ; but national taste, though
sometimes the child of habit, is more frequently the offspring
of constitution and bodily temperament.

But does the use of the peculiar narcotic not again react
upon the constitution, and gradually change the disposition
and temperament ? It probably does. The soothers and
exciters we indulge in to excess are seen gradually to affect
the constitution, and sensibly to modify the temper and con-
stitution of individuals. Let the use of these become gene- *
ral, and similar changes will in time affect the whole people.
We cannot tell how far such constitutional alterations may
proceed. But it is a problem of interest to the legislator,
not less than to the physiologist and psychologist, to ascer-
tain how far and in what direction such changes may go—
how much of the actual tastes, habits, and character of ex-
isting nations has been created by the prolonged consump-
tion and prevailing forms of the narcoties in daily use—how
far tastes and habits have been modified by the changes in

these forms which have been adopted within historie times
—and what influence their continued use is likely to exer-
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168 THE POISONS WE SELECT.

gives the following case as having occurred in his own medi-
cal practice: “ A healthy, but pale and thin milkmaid, re-
- siding in the parish of H , had a lover whom she wished
to attach to her by a more agreeable exterior ; she, there-
fore, had recourse to the well-known beautifier, and took ar-
senic several times a-week. The desired effect was not long
in showing itself; for in a few months she became stout,
rosy-cheeked, and all that her lover could desire. In order,
however, to increase the effect, she incautiously increased
the doses of arsenic, and fell a victim to her vanity. She
died poisoned, a very painful death.” The number of such
fatal cases, especially among young persons, is deseribed as
by no means inconsiderable.

For the second purpose—that of rendering the breathing
easier when going uphill—a small fragment of arsenic is put
into the mouth, and allowed to dissolve, which it does very
slowly. The effect is deseribed as astonishing. Heizhts
are easily and rapidly ascended, which could not otherwise
be surmounted without great difficulty of breathing.

* The quantity of arsenic taken by those who are begin-
ning the practice varies with the age, sex, and constitution,
but it never exceeds half a grain. This dose is taken two
or three times a-week, in the morning fasting, till the pa-
tient becomes accustomed to it. The dose is then cautious-
ly increased as the quantity prenuus[y taken diminishes in
its effect. “ The peasant R——," says Dr. Von Tschud:,
“a hale man of sixty, who enjoys capital health at present,
takes for every dose a piece about two grains in weight.
For the last forty years he has continued the habit, whluh!
he inherited from his father, and which he will transmit to,
his children.” :

No symptoms of illness or of chronic poisoning are ob-
servable in any of these arsenic-eaters, when the dose is
carefully adapted to the constitution and habit of body of
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.86 . THE ODOURS WE ENJOY.

by the name of Isomeric bodies. The difference of proper-
ties they exhibit is believed to be a consequence of the unlike
ways in which the minute molecules or atoms of the carbon
and hydrogen are arranged and grouped together in the
different compounds,

Another class of these volatile odoriferous oils contains
a small proportion of oxygen combined with the carbon and
hydrogen of which they chiefly consist. "To this class belongs
the volatile oil which bitter almonds (fig. 77) yield when
distilled with water. This fragrant oil is very different
from the fixed oil which almonds, both sweet and bitter,
yield when submitted to pressure, and 18 much used by the
confectioner and cook.

Fig. 7.

Amygdalus communis, var. amard— Cinnamonium zeylanicum—The
The Bitter Almond. Cinnamon Laurel,
Beale, 1 inch to 20 feot, Beale, 1 inch to 20 feet.
Beale for flowers, leaf, fruit, stone, and Scale for leaf, 1 inch to 4 inches
kernel, 1 inch to 3 inches, Fruit, natural size,

Of the same kind is the oil of cinnamon, which the young
bark of the cinnamon laurel (fig. 78) yields when dlstllled
with water ; and also the oil which is obtained from anise
seed by a Elt‘Hll:l.I' process. But in this class, the proportions

o R

iFT

Pl

bt

el e s il

"I"'J.'," Wr e e DR

Pl iy WG

1
|
o |

11












190 THE ODOURS WE ENJOY.

Laurus camphora—The Camphor Lanrel,
or Camphire tree.

Beale, 1 inch to 20 feet
Beale for flower and leaf, 1 inch to 4 inches.

The odour of the camphors is powerful, very character-
istie, and to many persons very agreeable.

volatile oils become chang
ed into resins.

a. The Camphors.—
There are several known
varieties of camphor. The
two most familiar in coms-
merce, are the camphor
of Japan, called also
Dutch camphor, because
it is usually brought to
Europe by the Dutch,
and the China or Formo-
sa camphor. Every part
of the camphor tree ( Lau-
rus camphora), fig. 80, is
impregnated with the per-
fume. It is extracted by
chopping the branches and

L . -
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FATE

boiling them in water; the

camphor rises to the sur-

|

face, and becomes solid,
when the water is afterwards allowed to cool.

& !
It 1s used for

scenting soaps, tooth-powders, and numerous other prepara- §

tions for the toilet.

What is called Borneo camphor is obtained from a
different tree (Dryobalanops), but by the action of nitriec

acid is converted into common eamphor.

An artificial cam-

phor also is prepared from oil of turpentine ; but it does not
possess the composition or fragrance of the laurel camphor, "
and cannot be used as a substitute for it.

b. The Balsams are thick, more or less fragrant, fluids,
which, like the common turpentines, are obtained by mak
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194 THE ODOURS WE ENJOY.

Fig. 82.

Dipterie odorata—The Tonka Bean tree,

Seale, 1 inch to 40 feet.
Leaves and raceme of flowers, 1 inch to
4 inches,
a. flower; b. kernel or bean; e. pod or froit.
1 inch to 2 inches

gystem. Like some other
odours—those of camphor
and patchouli, for example
—that of wvanilla some-
times exhibits narcotic ef-
fects upon those who are
much exposed to it.

Five or six hundred
weight of vanilla are year-
ly imported into this coun-
try.

e. Coumarin.—Near-
ly allied to the fragrant
resins is an interesting and
widely diffused natural
perfume, to which chemists
have given the name of
coumarin. A fragrant
bean, the Tonka or Tonga
bean (fig. 82), the fruit of
the Dipteriz odorata, for-
merly well known in this
country, and much em-
ployed for perfuming snuff,
contains this substance

coumarin. Alecohol readily extracts it from the bean; and
by evaporating the aleoholic solution, we obtain the substance
in a solid state. It forms white brilliant needles, possessed

of an agreeable aromatic odour.

When heated, it rises in

vapour; and this vapour, when inhaled, acts powerfully upen
the brain. It consists of carbon, hydrogen, and oxygen in

the following proportions :—
Carbon, . a
Hydrogen, o
Oxygen,

o w1397

411
21.92

100
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AMBERGRIS AND ITS USES. 211

Castoreum, yielded by the beaver, is a natural secretion,
similar in its origin and its properties to musk and civet,
Like these substances, it has, when fresh, a powerful pene-
trating odour, and a bitter acrid taste. The odour, however,
is fetid and disagreeable : it is only used in medicine, there-
fore, and never as a perfume.

Hyraceum is a similar substance obtained from the moun.
tain badger (Hyraz capensis). Tt resembles castoreum in

smell, and is sometimes used medicinally in its stead.

3° AMBERGRIS is an odoriferous substance which is found
floating on the sea near the Molucca Islands, in other parts
of the Indian Ocean, and off the coast of South America.
It is believed to be rejected by the spermaceti whale (Phay-
seter macrocephalus), in which it has sometimes been found.

Plyseter macrocephalus—Spermaceti Whale.

- When fresh, ambergris is solid, greyish, sireaked or
marbled, and somewhat soft. It has a strong agreeable
-ﬁaur, resembling that of musk, and a fatty taste. It con-
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brought together in the present chapter. Want of space
forbids me to indulge in more than one or two.

Furst. One circumstance which presses very strongly
upon our attention, is the extremely minute state of diffusion
in which the odoriferous substances of animal origin still
make themselves perceptible to our senses. A fragment of
musk not only gives off a strong smell when it is first expos-
ed to the air, but it continues to do so for an almost in- |
definite period of time. Yet the odour must be caused by
particles of matter which are continuously escaping from the
musk, so long as it continues exposed to the air. How
inconceivably small in weight, how infinitely minute in size,
the molecules must be of which this constantly-flowing stream
of matter consists !

And to vegetable perfumes the same observations almost
equally apply. A morsel of camphor will for days fill a
large room with its scent without suffering any material
diminution in weight. A single leaf of melilot will for
years preserve and manifest its sweet odour, and yet the
quantity of coumarin it contains would probably be inap-
preciable by the most delicate balance. We know in this
country how a stalk of mignonette, placed in an open win-
dow, will scent the air that enters, through the whole of a
long summer’s day. But in hot climates, especially during
the morning and evening hours, this diffusiveness of per-
fumes is still more striking. “ The odour of the balsam-
yielding Humeriads has been perceived at a distance of
three miles from the shores of South America—a species
of Tetracera sends its perfume as far from the island
of Cuba—and the aroma of the Spice Islands is wafted oub
to sea.”* : 1

The quantity of ethereal oil which gives its peculiar
aroma to grape wine has been estimated at ﬂne-furty-f

il Bt 8

* Mgs, SowerviLir's Physical Geography, ii. 122,
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larger quantities. From fissures and openings in the solfa
taras of Italy, for example, as in that of Puzzuoli, it rushes
out, mixed with steam and other gases, and diffuses its fetid
odour sometimes to great distances. In such localities the
smell of this substance becomes a serious annoyance and
source of dislike.

The iron pyrites of our coal mines, when thrown wup in
heaps in the open air, undergoes decomposition through the
action of the moisture of the atmosphere. One of the result.
of this decomposition is the evolution of sulphuretted hy-
drogen gas, sometimes in sufficient quantity to be both
offensive and unwholesome to the immediate neighbourhood.

This gas consists, as I have said, of sulphur and hydro-
gen only, in the proportions, in a hundred parts, of—

Hydrogen, . . ol s = « B3
Sulphur, R T ™ L A T T

100
So that a comparatively small proportion of hydrogen causes
sulphur to assume the gaseous form, and to exhibit the
fetid odour and remarkably poisonous properties possessed
by this gas.
2°. Sulphurous Acid.—When sulphur is kindled in the
air, it burns with a pale blue flame, and is converted into a
heavy acid vapour or gas, which is distinguished by a pe-
culiar suffocating smell. This is well known as the smell of
burning sulphur. It is formed by the union of the sulphur
with its own weight of the oxygen of the atmosphere, and
is called by chemists sulphurous acid gas. It is two and a
fifth times heavier than common air; and when inhaled, it
first provokes cough, and if continued, causes suffocation. -
This gas is given off from the mouth of active voleanoes,
from vents and fissures in the earth in voleanie countries,
and from the solfataras which often exist where volcanie
action is going on. It is not less disliked for its smell than
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the skin of the garlic-eater, giving its smell to the perspira
tion ; while, like the narcotic principles of opium,* it passes;
probably unchanged, into the milk of the animals which
swallow it. And both the intensity and adhesiveness of
its odour are shown by the well-known fact that a knife which
has been used to cut an onion retains for a long time, and com-
municates to other substances, the smell and taste of this oil.

It is not unworthy, also, of the attention of the reader,
that, as the most fetid mineral smells I have deseribed are
compounds of sulphur, so this fetid vegetable oil of garlic is
also a compound of sulphur (sulphuret of allyle). We shall
have occasion to remark a similar connection of sulphur
with other evil smells both natural and artificial. -

29, Assafetida is the concrete juice of the Ferula assa-
fetida. It is collected by cutting the stalk of the plant
across immediately above the root—as represented in the
woodecut (fig. 93) — leaving
the root in the ground, and
scraping off the sap as it flows
upwards, and dries on the cut
surface. It possesses an odour
g similar to that of garlie, but
still stronger, more fetid, and
generally much more disagree-
able to Europeans. On the
borders of Asia, however, the
concrete juice is not consider
ed unpleasant. On the con-
trary, it is extensively collect-

ed, sold, and used as a condi-

Ferula assafotida—The Assafetida plant, ment f{:ur food.
a, Root, with the crown cut off, to al- .
low the gum to exude; b, Crown, withroot-  When this resinous sub
loaves ; ::,FIowerinfr stem, . s o .
Beale, 1 inch to a foot and a half. stance 18 distilled with water

¥ See Tug NARCOTIOS WE INDULGE 1IN,
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232 THE SMELLS WE DISLIKE.

this country, the skunk in North America, the beautifully
striped viverrae of the South American plains, and the great
ant-cater from the same country, now to be seen in the
zoological gardens, are each characterised by peculiar and
unpleasant smells. Some of them, as they pass along, even
sensibly infect the air with their pestilential odour.

In the case of the goat it 1s probably the perspiration
from the skin in which the bad smelling substance resides.
In the skunk it is lodged in a peculiar receptacle, from
which the animal has the power
of ejecting it at will—probably
as a means of self-defence. The
intensity and durability of the
odour of the skunk remind us
2\ of the same properties in the
S__ more agreeable musk and civet,
N which are also of animal origin.

A ;:E The purpose of defence supposed
i to be served by the smell of the
Mephitis Americana— skunk, would seem to imply that

Fig. 95.

The Skunk.

it is maturally offensive to the

senses, altogether independent of early association.

Many other animals emit unpleasant odours from their
skin, especially in the rutting season; but of the chemical
nature or composition of the substances to which all these
animal stinks belong, we are as yet entirely ignorant. One
known chemical fact in regard to the smells themselves,
however, is sufficiently remarkable. This is, that the entire
efluvia given off by an animal is often affected not only by
the general nature of the whole food that it eats, but by the
introduction of most minute quantities of foreign substances
into the stomach. Thus the swallowing of a little pellet
of finely powdered sulphur frequently gives a decided and
disagreeable smell to the whole skin, and for many days
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have described sulphuretted hydrogen as one which both
occurs in nature, and can be easily produced by chemical
art.

Selenium is an elementary body which, though less abun-
dant in nature than sulphur, resembles it very much in
sensible and chemical properties. Like sulphur, it also
combines with hydrogen, and forms a poisonous gas—the
seleniuretted hydrogen. But this gas greatly exceeds the
sulphuretted hydrogen, both in its evil smell, and in its
noxious qualities. A single bubble of it allowed to escape
into the air of a room, produces on those who breathe it all
the usual symptoms of a severe cold and affection of the
throat, and these symptoms do not pass off for several days.
The singular virulence of this substance illustrates in a very
striking manner the injurious influence which may be exer-
cised over the health of the people by the presence of very
minute portions of foreign bodies in the air we breathe.

2°, Phosphuretted Hydrogen is a gas in which phosphorus
takes the place of the sulphur and selenium contained in the
two gases above mentioned. It is easily prepared in the la-
boratory, and is possessed of a peculiarly fetid smell. It is
one of the compounds of phosphorus also, which is naturally
produced, along with other disagreeable substances, during
the decay of animal bodies, and contributes to the repulsive
character of the smells which decaying animal matter gives
off.

The two metals, arsenic and tellurium, also combine with
hydrogen, and form gaseous compounds—the arsenietted and
telluretted hydrogens. These gases are of so fetid a kind
that chemists rarely venture to prepare them ; and when they
do so, it is only after taking careful grecautions against their
escape into the air of the room in which the experiments are
made.

It is a common character, also, of all the five gases I
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I there alluded to were simply disgusting smells, not acting
upon the system as inevitable poisons. These kakodyles
and their cyanides might certainly be employed still more
efficiently in warlike operations; but how far the use of
vulgar poisons in honourable warfare is consistent with the
refinements of modern civilisation, is open to much doubt.
There may not be much real difference between causing
death by a bullet, and by the fumes of deadly poison; and
yet, to condemn a man “to die like a dog,” does array death
to bim in more fearful colours.

Among the deadly chemical combinations which have
recently been spoken of as ingredients in the proposed as-
phyziating shells, the kakodyles and their compounds have
held a prominent place. Whether the proposers of such
asphyxiating projectiles have considered this metaphysical
distinetion between different modes of compassing death, or
whether it has weighed at all with those whose office it is to
decide as to their adoption, we have no means of knowing.
According to the received form of retribution, however, in
all such cases, the chemist who first suggested the use of
such poisons to manufacturers of ammunition, is destined to
perish by his own new weapon of destruction.*®

7°. Compounds of Tellurium.—1I have already spoken
of the metal tellurium as capable of producing compounds
possessed of a most offensive odour. Almost the only ex-
perience we have as yet, however, of such compounds, is
from the effects of certain odourless preparations of tellurium
administered, by way of experiment, to persons in good
health., Within the body of the patient it forms compound

* One of the most recent announcements on this subject in the newspapers of the
present month (September 1554), is as follows: ¥ The Committes of Ordnanece hava
had their attention drawn to a new projectile. It is a shell charged with a liquid
which, when released by the concussion of the ball, becomes a sheet of liquid 1ire,
consuming all within its influence, the smoke emitted also destroying human life.”
The properties of the lignid here described are those of kakodyle.
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bas been rendered both more easy and more perfect by the
discoveries of modern chemistry.

I. Tue PrEveEnTION OF SMELLS. — The smells which
usually arise from the decay or decomposition of the bodies
and droppings of animals can often be either arrested or al-
together prevented. KExtreme cold, for example, such as is
sufficient to freeze and harden the dead body of an animal,
will preserve it in a state of absolute freshness, even for thou-
sands of years. In northern winters the freezing of flesh
and fish is the common way of preserving it; and in the ice
cliffs on the banks of the Siberian rivers, the entire body of
an extinct species of elephant has been met with, so little
decayed as to be still greedily devoured by dogs. KEven
moderate cold, if accompained by a drying wind, will prevent
decomposition, the former retarding the decay till the latter
removes the moisture which is necessary to its continuance.
Or the total exclusion of air will have the same effect, as is
seen in the preserved meat, now so useful in long voyages
and in remote parts of the earth.

These modes of preventing decay illustrate what has been
said of the agency of heat, air, and moisture (p. 523), in
promoting the putrescent fermentation of animal and vege-
table substances. When we freeze them, we arrest de-
cay by removing the necessary heat; when we dry them,
by removing the necessary moisture; and when we shut
them up in sealed vessels, by excluding the necessary
air.

But decay can also be prevented by the direct application
of chemical substances. Such is done when flesh meat is
immersed in sugar, or when it is impregnated with common
salt, or with a mixture of common salt and nitre. These
substances fill the pores of the flesh, and thus preserve it by
excluding the air. They form also, and especially the two
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immediately, and it produces a like effect upon almost every
variety of decaying animal and vegetable matter. Spread
to a depth of two or three inches over a festering grave-yard,
or even over a decaying dead body, if is said to prevent any
evil odours from rising into the air, or becoming sensible to
the smell.

Animal charcoal—such as is produced by the charring
of animal substances—peat charcoal, and the black powder
obtained by charring together a mixture of earth and vege-
table matter, are more efficient in this removal of smells than
common wood-charcoal, however finely it may be powdered.
It is this power of absorbing evil odours which has recently
recommended peat charcoal so strongly to the sanitarian
for removing the smells of grave-yards, cesspools, drains,
and other places where filth has been permitted to accumu-
late, and has induced the farmer in many places to employ
it in absorbing the valuable liquids which escape from his
stables and fold-yards.

This remarkable action of charcoal is the result of three
properties, the influence of each of which it is important to
distinguish. These are—

a. Its remarkable porosity. “In consequence of this, it
absorbs gaseous substances in large quantity, and condenses
them in its pores. A cubic inch of light wood-charcoal will
absorb nearly 100 cubie inches of gaseous ammonia, between
50 and 60 of sulphuretted hydrogen, nearly 10 of oxygen,
and lesser proportions of other gases. This property is for
the most part physical, and is possessed in a considerable de- -
gree by other porous substances.

5. The special affinity which charcoal exhibits for certain
strong-smelling and colouring substances. So powerful is this
affinity, that if a table-spoonful of finely-powdered animal
charcoal—or twice as much of newly-burned wood-charcoal
—be shaken up with a pint of stinking ditch-water, and the
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animal bodies. This may well be, but decisive experiments
are still wanting.

Dr. Stenhouse has recently availed himself of the absor-
bent property of charcoal in the construction of a respirator,
which, as a remover of noxious vapours and unwholesome
smells from the air we breathe, promises to become a sani-
tary instrument of great value. This respirator (figs. 96
and 97) consists essentially of a hollow ecase made of fine

flexible wire-gauze. Internally it is about half an inch wide,
and of sufficient length and breath, when folded over the
lower part of the face, to cover closely either the mouth
aloge or both the mouth and the lower part of the nose.
The hollow space is filled with coarsely powdered chareoal,
and the instrument, like the common metallic respirator, is
fitted to the face, and fastened over the head by attachments
of ribbon. Through this powdered charcoal the breathing
is effected. All the air that enters the lungs must pass
through this charcoal sieve, and in so passing is deprived of
the noxious vapours or gases it may contain. Whether, as
in the case of cesspools, laboratories, hospitals, dissecting:
rooms, and the holds of ships, these vapours be perceptible
and offensive to the smell; or whether, like the miasms and
malaria which marshes and festering ponds exhale, they be
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it may often be used with advantage. Hence the very com.
mon practice of fumigating with burning sulphur.

The first effect of this gas, when diffused througn the
air, is to overpower all other smells, and thus to make them
imperceptible : it acts as a smell-disguiser. Its next effect
is chemically to decompose or destroy such offensive substan-
ces as the sulphuretted and phosphuretted hydrogens of
which mention has been so frequently made ; and as it is of
a strongly acid nature, it as speedily combines with alkaline
vapours—such as those which contain ammponia, or the evil-
smelling body which gives its odour to stinking fish (p. 517)
and removes their smells. It exercises also a special action
upon many organic substances. This may be seen by hold-
ing a burning sulphur match beneath a.red rose, which it
generally whitens, and by the change of colour it produces
upon many other flowers. It is also seen in the common use
of the fumes of burning sulphur for bleaching silk and wool-
len goods, and for whitening the straw employed for ladies’
bonnets. It is believed, therefore, to be capable also of
destroying any noxious substances of organic origin which
may happen to be present in the air with which it mingles,

On the whole, sulphurous acid has much to recommend
tt. It is also cheap and universally accessible. The objee-
tions to the use of the gas are, that it is itself unpleasant
and repulsive—that when employed for disinfecting purposes,
the inhabitants of a house must be excluded till the oper-
ation is concluded and the apartments fully ventilated—that
it corrodes metallic surfaces, and leaves behind it for some
time traces of its own disagreeable smell.

3°. Muriatic Acid Gasis produced when the oil of
vitriol of the shops (sulphurie acid) is poured upon common
salt. It unites with the moisture of the air the moment it
is disengaged, and forms white, strongly acid fumes, which
provoke cough and cannot be breathed. These acid vapours
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this way are much less sensible than those of any of the
other gases already mentioned.

The use of these gaseous substances is restricted almost
entirely to the removal from the air of evil-smelling and
noxious substances which are already mixed with it. But a
service often demanded of disinfectants, and one not less
important for sanitary objects, is, to prevent the emission
of these substances into the air altogether—to arrest, confine,
and fix them down among the festering substances which
produce them. This service can only be rendered by bodies
which are in the solid or liquid state, and can therefore be
mixed or spread over the decaying matters from which the
hurtful emanations proceed.

A satisfactory disinfectant of this kind must also possess
at least two well-marked chemical properties. These are
distinetly pointed out by the general chemical characters
of the evil-smelling sabstances to be acted upon.

These substances, as they arise from decaying vegetable
and animal bodies, are, for the most part, of two chemical
kinds. They are either alkaline substances, like ammonia
and trimethylamine (p. 517), or they are acid substances,
like the sulphuretted and phosphuretted hydrogens. An
effective disinfectant must be able either to decompose or to
combine with dot/i of these classes of compound bodies.
And economically, its value will be further inereased, if|
while it effects these chemical purposes, it at the same time
produces a new substance which is not offensive in any way ;
and still more if it produces one that is positively useful.

59, Chloride of Lime possesses the chemical qualities of
an efficient disinfectant in a high degree. It consists of lime
and chlorine: of these, the lime combines with all the aeid
bodies represented by the sulphuretted hydrogen, while the
chlorine either combines with or decomposes the alkaline
compounds represented by ammonia. It is therefore gener-
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ly see advertised under the name of “ Burnet's Disinfect-
ing Fluid.” It has the property of not only deodorising and
disinfecting, but of actually preventing decay, especially in
vegetable substances. Hence, like corrosive sublimate and
pyrolignite of iron, it has been extensively used for saturat-
ing timber, especially such as is to be used in circumstances
in which timber is liable to rot.

7°. Sulphate of Iron, or common green vitriol, is equal
in efficacy to the chloride of iron, but, except that it does
not run to a liquid, is liable to the same objections. It is
much used in parts of Switzerland and other countries, for
removing the smell and fixing the volatile ingredients of
fermenting dung-heaps and liquid-manure tanks.

8°. Pyrolignite of Iron, prepared by dissolving iron in
impure wood-vinegar, is equal in immediate efficiency to
sither of the preparations of iron above mentioned. To
some, however, the smell which this solution occasionally
possesses is an additional objection to the use of it.

99, Jodine, and one of its compounds known to chemists
by the name of iodoform, have recently been recommended
as smell-removers and disinfectants; but however efficient,
their expense must always exclude them from anything like
extensive use.

10°. Quickiime, though so abundantly used during the
cleansings to which the cholera-visitations have given rise,
is less efficacious either asaremover or a destroyer of smells
than any of the substances above mentioned. It is usually
employed in the state of newly-slaked lime. In this state
its action on animal and vegetable substances is twofold.

a. If the substance be fresh, it retards and partially pre-
vents its decay. This is its effect upon flesh, blood, recent
animal droppings, nightsoil, urine, &e. And as decay after-
wards slowly comes on, it modifies the nature of the chemical
substances produced, so that ammoniacal and other strong-
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unpleasant. When used in such circumstances, it should bs
strewed on lightly, or after the heap has been spread over
with straw, peat, sawdust, or other similar substance ; and
the mass should, if possible, be entirely covered over with
it, and left afterwards undisturbed.

On the whole, when the air onfy is to be sweetened and
rendered wholesome, the safest, cheapest, and most effectual
destroyers of smells, are chlorine gas and chloride of lime.
A simple way of applying this gas for individual use is to
moisten a linen cloth with vinegar, and sprinkle over it
finely-powdered chloride of lime. Air breathed through
this will enter the mouth charged with a minute quantity
of chlorine, which will effectually destroy any noxious va-
pours and miasms that escape from diseased bodies, or from
decaying animal and vegetable substances. These prepared
layers of cloth may be introduced in place of the charcoal
into Dr. Stenhouse’s respirator, and worn over the mouth.
The healthy man so protected may without fear visit the
chambers of the sick, and the sanitary officer without risk
venture into the most dangerous receptacles of filth. . Breath-
ing in by the mouth; and breathing out by the nose, the air
in his lungs would be always pure and wholesome.

‘Where water-closets, ecesspools, or heaps of fermenting
matter are to be freed from smell, chloride of lime is pro-
bably still the best agent. But chloride of zine and sulphate
of iron are both perfectly efficient, and both to be bought in
the shops. Any of the three, therefore, may be used indif:
ferently, according to the taste and convenience of the user

But when large operations are to be carried on, as in the
sanitary cleansing of towns, charcoal powder, the smother-
burned mixture of clay and vegetable matter, and quicklime,
are the cheapest and most available. The two former are
excellent and unexceptionable ; the latter has the disadvan-
tage, that from substances already fermenting it drives out
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teme the water will remain bright and transparent. A
very large volume of air must be drawn through before the

Fig. 101, clearness of the water sensibly diminishes,
and still more before it becomes perceptibly
milky. This shows that though ecarbonic
acid is present in the air, it is so only in
very small proportions.

But if, instead of drawing atmospherie
air through the lime-water, we blow through
it the air which comes from the lungs, as in
figure 102, we shall see the bright clearness
of the liquor disappear almost immediate-
ly. In a very few minutes it will have
become opaque and milky. The air, as
it comes from the lungs, contains, there-
fore, more carbonic acid than as it went
in. This is the second change.

In like manner, if any part of the
naked body be surrounded for a while
~ by a close vessel, and the air within
the vessel be subsequently examined, a larger proportion
of carbonic acid will be found in it than is usually present in
an equal bulk of the surrounding atmosphere. Thus, from
our lungs and from our skin we are continually, though in-
gensibly, breathing out carbonic acid, and adding to the pro-
portion of this gas which naturally exists in the air in which
we live.

Third. If either the air which comes from our lungs, or
that in which a naked limb has been for some time closely
confined, be chemically examined, it will be found to contain
a smaller per-centage of oxygen than is present in common at-
mospheric air. The lungs and skin, therefore, are continually
drinking in oxygen from the air. This is the third change.

Thus the three chemical alterations which atmospheria
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Like that of watery vapour, this quantity varies with
many circumstances., Size, age, sex, food, climate, constitu-
tion, health, exercise, all modify it. In a full-grown man
the weight of carbonic acid given off varies from one to
three pounds in twenty-four hours.

This gas contains in every hundred pounds twenty-eight
pounds of carbon (pure charcoal) and seventy-two pounds of
oxygen. Hence the wcight of carbon which escapes in this
form from the lungs of a full-.grown man varies from five to
fifteen ounces in the twenty-four hours.

The quantity given off from the skin varies from a thir-
“tieth to a ninetieth of that which escapes from the lungs.
In man it probably averages about one-sixtieth. .This is
equal to fifty or sixty grains of carbon in the twenty-four
hours. Bodily exercise greatly inereases this quantity, as
it does that of watery vapour. The human skin, when a
person is in motion, perspires three times as much as when
he is at rest. The skin of a horse, when put to the trot,
gives off one hundred and seventy times as much as when
it is at rest—(GErLACH).

c. The proportion of oxygen gas which atmospheric air
contains is very ncarly twenty-one gallons in every hundred.
After it has visited the human lungs, however, this propor-
tion is reduced to sixteen or eighteen in a hundred, and
sometimes lower. The lungs extract from one-seventh to
one-fifth of its oxygen. The absolute weight of the oxygen
thus taken up in a day also varies with many eircumstances.
It is generally equal to about one-fourth of the weight of
the whole food, solid and liquid, which an animal consumes.
But whatever increases the quantity of carbonic acid given
off, generally increases, and nearly in an equal degree, that
of the oxygen absorbed.

As regards this absorption of oxygen gas, the skin acts
gomewhat differently from the lungs. Both absorb oxygen,
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absorbed by the minute vessels which spread over the ecell
walls. Within these vessels it combines directly with cer-
tain constituents of the flowing blood, and proceeds with it
in its ceaseless current through the arteries and veins.

The first purpose or duty of the blood is to build up the
substance of the body,—to form or enlarge the muscles, the
skin, the cartilages, &e. I have stated elsewhere that the
gluten of the vegetable food is very similar in properties and
composition to the fibre of the animal muscle, and to the
skin of the body. Still, chemical investigation has shown
that it requires to be combined with a certain proportion of
oxygen before it can actually be, or is fitted to be, built into
the substance of the body. This oxygen is supplied by the
lungs, and is worked up as above described.

The first good function, therefore, which the oxygen ab-
stracted from the air discharges within the breathing animal
is, that it helps to build up the solid substance of the mus-
cles, cartilages, and skin. It forms part of the material of
which they are necessarily composed ; and it is in this sense
that oxygen, as I have elsewhere expressed it, is a real food
—that we actunally live to a certain extent upon, and are fed
by, the air which surrounds us. '

But only part of the oxygen taken in is used thus di-
rectly, and for restorative purposes. The greater proportion
of it is employed for very opposite, though equal necessary
and useful ends. Thus—

Second. The body thus built up is not a permanent
structure. It is constantly undergoing repair and renewal.
The functions which the several parts of the body perform
wear it away, as the tools we use in our daily operations are
worn away by the uses to which we put them. The muscles,
and liver, and brain, and bones, all waste, and the substance
rubbed off, so to speak, is removed from the body, and re-
placed by new matter from the food.
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supply of heat the body would soon become cold and stiff
The formation of earbonic acid and water, therefore, contin-
ually goes on; and when the food ceases to supply the ma
terials, the Body of the animal itself is burned away, so to
speak, that the heat may still be kept up.

The good purpose served by the production of carbonie
acid and water within the body is now apparent : it keeps the
body warm.

But the other functions performed by oxygen within the
breathing animal are also minor sources of heat.

It is reccived as universally true, that whenever a body
unites chemically with oxygen gas, some heat is gwen off, or
becomes sensible. Now, we have seen—

a. That the oxygen absorbed by the blood-vessels unites
in part with the gluten of the food to produce the proper
chemical substance of the tissues. By this chemieal change,
therefore, a certain amount of heat must be imparted to the
body of the animal.

b. That, again, to render the waste matter of the tissues
easily removable, oxygen combines with it. The phosphorus
becomes phosphoric acid, and the sulphur sulphuric acid.
The nitrogen and carbon assume the forms of urea and urie
acid, and so on. Every part of the substance of the body, in
the course of removal, combines with more oxygen, and
at every new change causes the disengagement of more heat.

Generally speaking, indeed, we may say that all the
leading chemical changes that take place within the body are
processes of oxidation. Each of them sets free its quota
of heat; but that particular process which yields the car-
bonic acid and water that escape from the lungs and skin, is
the main source of warmth to the breathing animal. All
the other sources, so far as we know, may for a limited time
be stopped without serious inconvenience to the animal ; but
stop this one for a single minute, and the heart ceases to beat.
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are too little familiar, also, with the substances we daily use
or occasionally indulge in, or with which, in external nature,
we cannot avoid coming into contact. And with this igno-
rance of the things themselves, is necessarily associated a
similar ignorance of the effects they are likely to produce
upon the system.

This want of knowledge is by no means surprising, see-
ing that the whole grown-up man—the body and its habits
together—may be deseribed as an assemblage of chemical
wonders. Besides the main features in his chemical history
which have been already illustrated, there are a thousand
others of a less general kind, the study of which-is not only
rich in the discovery of wise contrivances, so to speak, but
1s pregnant also with practical instruction. To some of
these minor points I propose to devote the present chapter.

We have already seen how many curious circumstances
attend the food in its progress from the mouth to the blood-
vessels. The teeth grind it fine, and the tongue mixes it
with the saliva. The saliva, on the watch to be useful,
rushes out and makes the mouth water whenever savoury
food is spoken or even thought of. It flows most copiously,
however, while we chew and while we are digesting. In do-
ing so, the saliva not only moistens and seasons the food, but
mixes up with it the substance ptyalin, which eonverts its
starch into sugar, and is essential to the healthy progress of
digestion Then from the coats of the stomach exudes the
gastric juice—also most copiously when there is most work
to do. This fluid brings with it the peculiar substance
pepsin, which renders soluble the gluten and flesh of the
food. When this solution is accomplished, the gastric juice
ceasesy to flow, and the liquid food moves forward to the
smaller intestines. Here the sour chyme is mixed with three
fluids which are waiting its approach. A valve opens, and
the bile comes out to meet the food—a juice flows forward
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to the creaming tankard, to the tempting champagne, and to
the more innocent soda water. This gas, as I have already
explained, consists of carbon and oxygen only, and is an
essential constituent of our atmosphere. It exists, it is
true, only in small proportion in the air. Every two thou-
sand five hundred gallons of the air at the level of the sea
contain only one gallon of the gas; yet upon the constant
presence of this small proportion, the continuance of all
vegetable life depends.

This dependence appears more striking to us, however,
the more precise our ideas become as to the absolute quan-
tity of this substance which the entire air contains. The
whole weight of the atmosphere is about 15 1b. to the square
inch, and of this the carbonic forms somewhat less than 120
grains, containing abont 33 grains of earbon. Now, living
plants are continually sucking in this gas by their leaves;
and the operation goes on so rapidly, that were the entire
surface of the earth dry land and under cultivation, crops
such as we generally reap from it would extract and fix the
whole of the carbon in the form of vegetable matter, in the
short-space of twenty-two years!* Were this to happen,
vegetation would cease. But such a catastrophe is pre-
vented by the constant restoration of carbonic acid to the
air through the increasing operation of preservative causes.
Thus—

19, The trees of the forest yearly shed their leaves, or
in Australia their bark. Through the influence of the
weather these waste portions decay and disappear, restoring
again to the atmosphere a portion of the same carbon which

the living tree had previously extracted from it during the.

* In my published Lectures on Agricultural Chemistry and Geology, second
edit., p. 262, I have calculated this perimd at fourtevn years It has recenily becn
discovered, however, that at great heights the proportion of carbonic acid in the air
18 very much larger than at the sea level. A new calculation, therefore, has led me
to extend the period to at least twenty-two years, as given in the text.
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4°. Again, within the bosom of the great seas, tiny in
sects are at work, upon which nature has imposed, in ad
dition to the search for food and the care of their offspring,
the perpetual labour of building new houses. The common
shell-fish of our coasts toil continually for defence as well
as for shelter, repairing, enlarging, and renewing their own
dwelling-places ; and as they die, each drops its shell as a
feeble contribution to the beds of shelly limestone which are
every where forming at the bottom of our deep seas.

In more southern waters again, still humbler insects build
up massive coral walls thousands of miles in extent, which
now, skirting long coast-lines; and now encircling solitary
islands, bid defiance to the angriest storms. And- these,
too, as they die, generation after generation, leave, in rocky
beds of coralline limestone, an imperishable memorial of
their exhaustless labours. These rocks contamn, chained
down in a seemingly everlasting imprisonment, two-fifths of
their weight of carbonic acid. This has been all withdrawn
either directly or indirectly from the atmosphere ; and thus,
through the rock-forming living things it contains, the sea
must ever be drinking in, and storing up the carbonic acid
of the air.

And the same process has been going on almost con-
tinuously since the world began. Vast coral reefs lie buried
beneath our beds of coal, and mountains of thick-ribbed
shelly limestone have been lifted from ancient seas hefore
these older reefs were formed. The labours of marine ani-
malg, therefore, like the burying of vegetable matter, must
throughout all time have been causing a daily lessening of

the absolute quantity of carbonic acid in the atmosphere,— -

unless some other natural operation has meanwhile been
making compensation for this constant removal.

But the earth herself breathes for this purpose. From
eracks and fissures, which occur in vast numbers over the
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4

IIT. CrcvratioN oF Nirrocen.—We advance now to
a circulation a little more complicated in its character, but,
if possible, still more interesting to us, because it is more
closely connected with our own personal history, both phy-
siological and domestie.

I have already described how, if a portion cf wheaten

Fig. 118, - flour be made into
dough, and this
dough be washed
with water upon a
sieve, or on a piece
of muslin, as long as
the water passes
through milky, there
will remain upon the
gleve a tenacious ad-
hesive substance like
bird-lime, which is
known by the name
of gluten; and how,
_ again, if the milky
water be allowed to scttle, a white powder collects at the
bottom, which is common wheaten starch.

By this process the flour of wheat is separated into two
very different chemical substances,—starch and gluten. Of
these two it chiefly consists, and in this respect it is the type
of all other vegetable productions which are used as food.
They all contain, as their principal constituents, two classes
of substances, which are represented respectively by the
starch and gluten of wheat. In tracing the circulation of

carbon, we have already seen what becomes of the starch of

plants when consumed by animals; we are now to follow the
ehanges in which their gluten takes a part.
Gluten is distinguished from starch and fat by containing
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348 THE CIRCULATION OF MATTER.

of the plant, has attained to its highest dignity as a part of
the body of breathing and intellectual man.

But having attained this most perfect form, the restless
elements soon grow weary, so to speak, of their new dig-
nity. Not only is the living body in constant movement as
a whole, but all its parts, even the minutest, are in perpe-
tual motion. They are like the population of a great city,
moving to and fro, coming and going continually, weeded out
and removed hour after hour by deaths and departures, yet
as unceasingly kept up in numbers by new incomers ;—
changing from day to day so insensibly as to escape observa-
tion, yet so evidently, that after the lapse of a few years,
scarcely a known face can be discovered among congregated
thousands. And so rapid is the tear and wear of the animal
machine, to change our figure, in consequence of this inces-

sant movement, that the repairs which are constantly called -

for are said to renovate the whole frame-work in less than a
month. Every wheel in that short space is renewed. New
materials are brought in for the purpose, while the old are
thrown away and rejected.* Scarcely has the gluten of the
plant been comfortably fitted into its place in the muscle,
the skin, or the hair of the animal, when it begins forthwith
to be dissolved out again—to be decomposed and removed
from the body. Restlessness, beyond our eontrol, is thus in-
herent in the very matter of which we are formed.

A brief summary will show how and in what forms this
taking down and removal of the bedily substance is so rap-
idly effected.

The living animal absorbs much oxygen from the air by

its lungs. One portion of this oxygen is employed to con-

vert the carbon of a certain part of its food into carbonioe
acid ; another portion is built into the substance of the body
itself (p. 565) ; but a large proportion also is employed in

* Bee WaaT, How, Axp Way we DicesT.
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and certain kinds of saline matter, of which we may take
common salt as the representative, are the most important
of these substances. Generally speaking, these ingredients
exist but sparingly in the soil. The productiveness of a
tract of land, therefore, in so far as it depends upon their
presence, 1s kept up either by a constant natural circulation
of the same quantity of these matters, or by the addition of
periodical supplies from some other source, equal in kind
and amount to those which the yearly herbage carries away.

In uncultivated regions the natural circulation is short
and simple. In natural forests, for example, where the leaves
or bark are annually shed, and the trees periodically die, the
mineral matter quits the soil for the plant as it grows, and
again, when the plant decays, returns to the soil. It thus
makes but a short stage from the earth to the plant, and
from the plant back to the earth again. It is so also in
natural meadows. Yearly, in autumn, the grass ripens,
withers, and returns its mineral matter to the soil, and yearly,
again, in spring, the young herbage grows up and feeds on
the relics of the previous year.

The circulation, though less direct, is not much more
protracted when the vegetable produce, as in cultivated re-
gions, is almost entirely consumed by animals. It then en-
ters into their stomachs, is dissolved or digested, and convert-
ed into blood. From this blood its several mineral constituents
are taken up by vessels provided for the purpose, to be eonvey-
ed to the parts of the body where their serviees are required.
The saline portion is retained by the blood and the tissues.
The phosphoric acid in combination with lime, forming
phosphate of lime, is chiefly deposited in the bones, and in-
combination with potash, as phosphate of potash, in the
muscles,

The importance of the former of these compounds—the
phosphate of lime—to the animal economy, becomes appar-
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places, beneath high altars, a new reign shall dig them ug
and mingle them again with the common earth. Or, more
careful still, conceal your last resting-place where local his-
tory keeps no record, and even tradition cannot betray you,
then accident shall stumble at length upon your unknown
tomb and liberate your still remaining ashes.

How touching to behold the vain result of even the most
successful attempts at preserving apart, and in their relative
places, the solid materials of the individual form! The
tomb, after a lapse of time, is found and opened. The
ghastly tenant reclines, it may be, in full form and*stature.
The very features are preserved—impressed, and impressing
the spectator with the calm dignity of their long -repose.
But some curious hand touches the seemingly solid form, or
a breath of air disturbs the sleeping air around the full pro-
portioned body—when, lo ! it crumbles instantly away, into
an almost insensible quantity of impalpable dust !

‘Who has not read with mingled wonder and awe of the
opening, in our own day, of the almost magical sepulchre of
an ancient Etrurian king. The antiquarian dilettanti, in
their  underground researches, unexpectedly stumbled upon
the unknown vault. Undisturbed through Roman and bar-
barie times, accident revealed it to modern eyes. A small
aperture, made by chance in the outer wall, showed to the
astonished gazers a crowned king within, sitting on his chair
of state, with robes and sceptre all entire, and golden orna-
ments of ancient device bestowed here and there around his
person. Eager to secure the precious spoil, a way is forced
with hammer and mattock into the mysterious chamber.
But the long spell is now broken—the magical image is now:
gone. Slowly, as the vault first shook beneath the blows,
the whole pageant crumbled away, A light smoky dust filled
the air; and, where the image so lately sat, only the tinselly
fragments of thin gold remained, to show that the vision and
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we see another long eycle through which certain ingredients
of the solid earth are ever slowly moving.

Thus all the varieties of matter which are essential to
the existence of living forms are in a constant state of eir-
culation. Kach has its appointed round of duty, at one
point or other of which it is sure to be found. And while
the motions of all the wheels are prescribed, and a restless
activity imposed on every particle of matter, all contingen-
cies are guarded against which might interfere with the final
accomplishment of the one simple design.

How profound, yet how interesting and intelligible, is
all this! How instruetive the lessons it reads us! Thus—

1°. On how small a quantity of matter, for example, does
it show us that all life depends. Over and over again, as
the modeller fashions his clay, plant and animal are formed
out of the same material. Over and over again it is trans-
formed in the earth and in the air, as soon as it has been
liberated for a time from the domain and dominion of life.
In the face of this clear knowledge, how erude, how untrue
to nature, how irrational, how misleading are the views which
some have promulgated with regard to the final resurrection
of man! As if the same matter which forms our body, when
we are laid in the grave, and which, after a brief residence
there, makes its way, through some nutritive plant, into the
body of another man, and forms part of his body still when
he is buried—as if this matter, which is neither his nor mine,
has already * been slave to thousands,” and may be buried
with ten thousand bodies more, before the resurrection comes

—as if this very matter were meant to form the clothing of -

the disembodied spirit, when, in visible form and sensible
identity, it shall be raised on the day when “small and
great "’ appear before the dread tribunal !

The words of the passage, “ It is sown a natural body, it
is raised a spiritual body ;" and of this one, “ The dead shall
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has done—re-converting the starch and fat again into car.

bonic acid and water—an unseen effect is being produced at
the same time, which is indispensably necessary to the con-
tinuance of animal life, as it is now constituted. The change
which the starch and fat undergo in the animal body—as
well as the final change which the gluten consumed by the
animal undergoes—is a kind of burning. The heat pro-
duced by this burning is imparted to the body and keeps it
warm ; and the necessity of such internal warmth to the
maintenance of animal life is familiar to every one. This
wise purpose, therefore, is served, by the way as it were,
while the little wheel is turning by which carbonic acid and
water alternately disappear in starch and fat, and alternately
appear again in their gaseous and liquid forms. And so,
were we curiously to inquire what physiological or other ef-
fects are produced during the turning of any other of our
wheels, either great or small, we should see good coming out
of each—a beneficent provision for the comfort of living ani-
mals, or for the healthy growth of vegetable forms, accom-
panying the sensible and chemical results of each revolution
In this the chemist reads the lesson that his ever-moving ac-
tivity should have reference to a definite and good end.

49, It is especially beautiful, as well as interesting, to
see how clearly the consideration above presented exhibits
the plant as the servant of the animal. Man placed upon
the earth, without the previous existence of the plant, were
utterly helpless. He could not live either upon the earth
or upon the air, and yet his body requires a constant supply
of the elements contained in both. It is the plant which
selects, collects, and binds together these indigestible ma-
terials, manufacturing them into food for man and other ani-
mals. And these only throw back again to their toiling slaves
the waste or dead materials which they cannof further use,
to be worked up by them anew into palatable and nutritious
food. In this aspect, the plant appears only as the appoint-
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