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XXVI. An Experimensal Enguiry into the
Mineral Elaflic Spirit, or Airy contained
in Spa Water 5 as well as into the Mephitic
Qualities of this Spirit. By William
Brownrigg, M. D. F. R. §.

Read Juse 13, ¥ T is now twenty-four years fince I

1765 prefented to the Royal Society feveral
Eflays on Damps, which were read at the meetings,
and are preferved among the ‘papers of that moft
learned body. Thofe eflays contained a few of the
obfervations and experiments which I had colle¢ted,
for a larger work, on that fubject ; and for which, as
opportunity offered, I have fince collected materials.
And being defirous that fome of my obfervations
thould be further verified, and more fully afcertained
before they were made public, I therefore declined
the honour of having thofe eflays publithed among
the Tranfaltions of the Royal Society ; efteeming it
fufficient, at that time, to have excited feveral of my
friends, and among thefe, Sir Hans Sloane, and the
Rev. Doctor Hales, to communicate to me their {fen-
timents on this fubje&. .

In one of thofe effays I had occafion to remark,
¢« that a more intimate acquaintance with Damps
< and other mineral Exhalations might lead to a
¢« difcovery of the nature and origin of thofe fubtile
<« and volatile principles, which enter the compofition
<t of various mineral waters, and are fliled their {pi-

“ rit;
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« rit; on which their chief virtues are found to de~
« pend: and that fome of thofe waters feem to be
< impregnated with exhalations that nearly refemble
« the fulminating-damp ; which, by its explofions,
¢ is found f{o deftruive in coal-mines: while other
¢« waters are more evidently faturated with that moft
¢« fubtile and active exhalation, which, in many
¢ places, perfpires from fprings and lakes, and other
¢ openings of the earth.; or arifes in pits and mines,
‘¢ where it is difcovered by extinguifhing flame; and,
« from its pernicious effects, in killing all animals that
¢« breathe therein, is known to our miners by the
« pame of choak-damp.”

This mephitic exhalation I, long ago, difcovered
to be a particular kind of air, or permanently elaftic
fluid ; and, from various obfervations and experiments:
related in the above-mentioned * effays, had reafon
to conclude,. that it enters the compofition of the wa-
ters of Pyrmont and Spa, and of all others which,
from their (harp and pungent tafte,.are ftiled acidule ;
and that it conftitutes the volatile principle of thofe
waters, called their fpirit, on which their prime ver-
tues chiefly depend ; altho’ it hath, hitherto, evaded
the enquiries of the moft fkilful chemifts, who have
not been able to retain it in their veflels ; neither have
they difcovered any method of imitating it by their
art. '

In order the more fully to afcertaina fat of fuch:
importance, and to obtain a clearer knowledge of the
nature of this fpirit, I took the opportunity, while
lately at Spa, to make a few experiments-on thofe

* See Extra& from Effay the fourth, which is publithed after.

thefe experiments,
Ffz2 celebrated
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celebrated waters ; fuch as my engagements, and the
apparatus that I could readily there procure, would
admit of : The refult of which experiments I now
beg leave to lay before the Society.

ExpPerRIMENT I

Having filled a common quart bottle with Spa
water at the fountain Pouhon, I took a dried calf’s
bladder, made limber with oil, from which I care-
fully prefled out the air, by twifting it round, then
drawing its orifice over the neck of the bottle, there
tied it clofe, {o as to leave an open communication
between the water in the bottle and the empty cavity
of the bladder, while the external air was excluded
from both. I filled two other quart bottles with the
Pouhon water, and fitted to them bladders in like
manner. Thefe bottles ftood fourteen days, during
the month of July, in a warm room; where I often
examined them, expeting to have feen the bladders
diftended with air arifing from the water. But in this
was difappointed. For, during thofe fourteen days,
I never could difcover any air-bubbles adhering to the
infides of the bottles ; neither, from other figns, did
it appear that any elaftic fubftance was feparated from
the water ; the bladders, all that time, remaining as
empty as when firft tied on. Some of the water, be-
ing then poured from each of the bottles, was found
to fparkle more than when taken freth fremn the
fountain, and fooner to emit bubbles on the fides of
the glaffes into which it was poured : it was perfectly
clear, and flill retained its brifk and pungent tafte, to
which was added a tafte from the bladders: but, in

all
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all other refpedts, it feemed as little altered as it
would have been, had the bottles, which contained
it, been all the while well clofed with corks.

§ 2. In order more fully to afcertain the facts above
mentioned, I filled two of thofe long vials, in which
Frontiniac wine is ufually kept, and two common
quart bottles, with the Pouhon water, and fitted to
them bladders in manner before related ; excepting
that the necks of the bladders were foaked in water,
‘in order that they might better adhere to the glafs than
they did when moiftened with oil. 'The water, thus
~excluded from any communication with the external
air, ftood feven days in a room, where it was conti-
nually kept lukewarm ; the weather at that time be-
ing exceflively hot, the mercury then ufually ftand-
ing from 8o to 85 degrees in Fahrenheit’s Thermo-
meter. During all that time, the bladders were not
diftended by any elattic fubftance arifing from the
water thus heated, but remained as empty as when
tied to the veflels. The water in the two quart bot-
tles, being examined after it had thus ftood feven days,
was clear, retained its brifk and fharp tafte, and
feemed in no wife decompounded; but, when
poured into a glafs, fparkled much, like. wine on the
fret. After a third part of the water was poured
from one of thofe bottles, it was immediately clofed
with the hand, and fhaken brifkly about for half a
minute ; and being then fuddenly opened, the air
rufhed out of it with an explofive noife, and more
than ordinary violence, driving the water with great
force, and difperfing it over the floor in a thower of
feven yards in diameter,

It
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It hath been fthewn by Monf. Mariotte, that air is
imbibed, in confiderable quantities, by common wa-
ter, and may again be feparated from it, either by
heat, or elfe by cold, as in congelation ; or by re-
moving from 1t the preflure of the atmofphere, as in.
the exhaufted receiver of an air-pump. And Doctor
Shaw relates *, that, without any of thefe aids, air
feparates fpontaneoufly from the mineral water of
Scarborough, and that, in a few minutes, he col-
le¢ted into bladders large quantities of air, from bottles
of that water, after the manner attempted in the fore-
going experiments ; he alfo relates, that the air feemed
to arife from the water with fome degree of force,
and continued long in an elaftic ftate. The fame
experiment was fince tried, by Dottor Home, on the
Chalybeate waters of Dunfe in Scotland 4-; who af-
fures us, that hethus collected confiderable quantities
of true permanent air from thofe waters ; which, with
Do&or Shaw, he conjectures in no refpet to differ
from the common air of the atmofphere. And as I
had no doubt of the accuracy and fidelity of thofe
gentlemen in their experiments; and had entertained
“an opinion that the moft {pirituous acidulz contained
the moft air, which, it was reafonable to fuppofe,
might be feparated from them in the fame manner
that it was feparable from thofe that were lefs {piritu-
ous ; I therefore was greatly difappointed in my ex-
pe&tations, when I could not obtain any air from the
Pouhon water after the manner above related. I did

* See his Inquiry into the Contents, Virtues, and Ufes of
the Scarborough Spaw waters. Part II.. Seét-IV.
+ Effay on the Contents and Virtues of Dunfe Spaw, Edin~
burgh, 1751, page 99, &c.
not,
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not, however, conclude, till after repeated trials, that
air does not fpontaneoufly feparate from the Pouhon
water, in fuch manner, and in fo thort a time, as it
is faid to feparate from the Dunfe, and Scarborough
waters; and that, when excluded from the common
air, it will, for feveral days, bear the greateft heats of
the fummer, ufually found in the thade, at Spa,
without parting with any of the air, or other princi-
ples of which it is compofed. It is, however, mani-
feft, that, by the heat applied in the above experi-
ments, the Pouhon water was difpofed more readily
to part with its air, or fome other elaftic fubftance,
than it is when taken cool from the {pring : feeing
that, when poured into a glafs, after it had been thus
heated, it {parkled more than when frefh drawn from
the fountain, and flew with more violence when
thaken in a bottle.

We may alfo hence learn, that when bottles filled
with the acidule are broken, in hot, fultry weather,
accompanied with thunder, as Hoffman and others
have obferved them, this accident muft rather pro-
ceed from other caufes, than from the expanfion of
their {ubtile mineral {pirit, to which it is ufually attri-
buted. That flatks filled with the Pouhon waters,
are liable to fuch accidents when unikilfully clofed
up, thofe, who fill them for exportation, have learned
from experience. To prevent which, they fuffer the
flafks, after they are filled, to remain feveral hours
in a warm air before they cork them up. And I
found, that one of thofe flatks being filled to the neck,
at the Pouhon {pring, when Fahrenheit’s thermometer
ftood therein at 53 degrees, the water had arifen
near three quarters of an inch in the flender neck of

the
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the flafk, after it had ftood, thus filled, for three
hours, in a heat of 76 degrees: which rarefattion of
the water, by the common heat of the air in fummer,
was more than fufficient to have broken the flafk, had
it been filled quite full with the water, and immedi-
ately clofed at the fountain.

ExreriMmenT I

I took one of the long Frontiniac vials, which
might contain about 21 ounces avoirdupoife weight
of Spa water, and which had ftood feven days, in
exceflive hot weather, filled with Pouhon water, with
a bladder fitted to it, as related in the foregoing ex-
periments. ‘The vial thus filled was placed in a
copper veflel, {fo as to be immerfed in water to two
thirds of its height; and to the neck of the vial was
fitted a kind of truncated cone, of fpiral wire, to keep
the bladder in an ere& pofition. (See Tas.VIL Fig.1.)
"The copper veflel was fet over a flow fire, and the water
therein heated to as great a degree as I could well
endure with my hand; which 1 found to be about
110 degrees, according to Fahrenheit’s fcale. In
this degree of heat, large bubbles of air foon began
to arife to the top of the vial, forcing up with them
{mall particles of water, which bedewed the fides of
the bladder two inches, or more, in height. The vial
being taken for a few moments out of the bath, the
more exaltly to view this kind of ebullition; very
minute bubbles were obferved to be formed, in the
middle of the water, near the bottom of the vial;
and from thence afcending with a rapid motion, and

in continued ftreams, gradually to enlarge, until %hey
ew
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flew off, with a boiling motion, and confiderable force,
from the furface of the water; which, by its dilata-
tion, arofe into the bladder. The vial was kept, in
this moderate heat, two hours; during which time,
the bladder became more and more diftended with
the air, or cther claftic fubftance, expelled from the
water ; which was obferved to acquire a muddy
whitenels in proportion as the elaftic fubftance was
expelled from it. The bubbles, after about an hour
and half, gradually leffened in number and fize ; and,
at the end of two hours, almoft difappeared. The
heat was then gradually increafed for another hour ;
at the end of which time the water in the copper
veflel began to boil. And in this boiling heat the
vial remained another hour; when it being judged
that all the elaftic fubftance contained in the water
was expelled from it, the vial was removed from the
fire, after it had continued in the water bath four
hours. From the time that the heat of the bath was
increafed, the water in the vial grew more and more
turbid ; the earthy particles were formed into fmall
mafles, which were driven about by the heat. To-
wards the end of the operation, thefe earthy maffes
cohered into larger flocculi; and from white became
of a yellowith colour. Thefe flocculi grew larger as
the water cooled, and flowly fubfided to the bottom
of the vial. While the water in the vial was yet
warm, the elaftic fubftance that had been expelled
from it was tied up clofe in the bladder, and then
removed from the vial. The water in the vial, be-
ing corked up, was fuffered to ftand till perfe@ly
cool, Being then examined, it was found to have
got a tafte from the bladder; but was quite vapid,

Vor. LV. Gg having
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having entirely loft its diftinguithing brifk, fharp, fer-
ruginous tafte, asalfo its power of ftriking a purple
colour with galls, The elaftic fubftance contained in
the bladder, when taken from the fire, appeared
equal in bulk to half a pint of water. It leflened
confiderably in the cool air, for fome days after it had
been thus extratted, but did not afterwards feem to
diminith much in bulk, tho’ kept for a month in the
bladder.

§ 2. I had feveral times occafion to repeat the
above operation ; and found that all the elaftic fub-
ftance could fcarce be expelled from freth Pouhon
water, by the above degrees of heat, in a much
fhorter time than that employed in the foregoing ex-
periment. For a common quart flafk of this water,
having been kept three hours in a water bath, heated
to as great a degree as I could well endure with my
hand (which might be about 130 degrees, accord-
ing to Fahrenheit’s fcale), and having afterwards
ftood twenty-four hours before the bladder was re-
moved from it; when opened, was found turbid, but
had not depofited all its earthy particles, and ftill re-
tained a little of its brifk tafte. Another flafk of the
fame water, fitted in like manner with a bladder, was
kept two hours in a fcalding heat (of about 160 or
170 degrees of the fame thermometer), {o that moft
of its elaftic fubftance feemed forced from it; yet,
when the flafk was opened the next day, the water
ftruck a purple colour with galls, and had not quite
loft its tharp fubaftringent tafte; and after about a
third part of this water was poured out, and the reft

thaken brifkly in the clofe flafk, and then {uddenly
opened,
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opened, an elaftic fubftance was flill difcharged from
it, with a confiderable explofion.

From thefe experiments we learn, ¢ that the Pou-
hon water contains a large quantity of a very fubtile,
light, and permanently elaftic fluid, or of true mi-
neral air ; and that this agrial fluid is clofely united
to the other principles of which this water is com-
pofed.” For, from Experiment the Ift, it appears,
that when this water is excluded from all communi-
cation with common air, and at the fame time liberty
is given to the aérial fluid contained therein to ex-
pand, and to fly from it, with the fame facility as
from the water in an open veflel ; yet, under thefe
circumftances, this elaftic fluid does not exert its
power of expanfion, but remains fo firmly united to
the other principles of this water, that it does not
feparate’ from them when agitated, for feveral days,
with a heat of eighty degrees of Fahrenheit’s ther-
mometer. While, therefore, this water is in its na-
tural ftate, and is pot afted on by any other body,
the a€rial principle’ remains quiet ; and, with the
other principles, feems equally diffolved in the watery
element. It is not, therefore, then confined by any
external force, like theair of beer, cyder, champaign,
and other huffy liquors, which, while they are clofed
in bottles or other vefiels, by their fermentatory mo--
tion, generate more air than they can imbibe and
keep diffolved ; fo that much of the air, fo generated,
is pent up in a confined ftate, and continually prefles
on every fide, until a vent is given it, and then it
rufhes out with violence.

But, from the foregoing experiments, it appears,
that this fubtile elaftic fluid, while it is affociated with

Gg:2 the
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the other principles of the Pouhon water, and is kept
from conta& of common air, and of fuch other bo-
dies as are found to decompofe this water, it remains
in a quiet diffolved ftate, intimately mixed with the
other principles of which this water is compofed,
and fo clofely joined to them, that it is not readily
feparated from them by a lefs heat than that of 100
degrees of Fahrenheit’s thermometer; which heat it
endures for {everal hours, before it is entirely detached
from its union with them. It alfo appears, from the
above experiment, that in proportion as this mineral
air is feparated by heat, in the fame proportion the
more grofs earthy parts of the water {feem alfo to fe-
parate from it; and that as the mineral air is thus
entirely expelled, the water is then wholly decom-
pofed, its metalline and earthy particles having fub-
fided, its more volatile and elaftic principles being
exhaled, and nothing remaining in the water, fave
only the fmall portion of alkaline and neutral falt,
which is found diffolved therein.

It may here be noted, that the numerous analyfes
of thefe waters, which have been attempted in re-
torts and receivers *, where the water was expofed
with a large furface to the common air, the elaftic
fubftance feems to have been extra&ted from the wa-
ter more readily, and with lefs heat than in the pre-
ceding experiment; and pellicles have fometimes
been obferved < on the water in the retort, as on the
fame water expofed to the open air; the caufes of
which phznomena will be explained hereafter.

* See De Prefleux, Chrouet, Le Dran, Limbourg, Lucas, &c.
+ See De Prefleux.
EXPERIMENT
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ExrerimenT III

In order to afcertain the quaatity of air contained
in the Pouhon water, a Frontiniac vial was there-
with filled at the fountain, on a clear morning, when
the wind was eafterly, and a ftrong {wine’s bladder,
well freed from air, was immediately fitted thereto ;
all the air was then carefully expelled from this water
by the heat of the bath, after the manner related in
the foregoing experiment. The vial, with its con-
tents, as foon as cold, was placed, in an inverted po-
fition, over a ciftern of common water (as in Fig. 2.)
fo that the air, which had been expelled from the
water, afcended to the upper part of the vial, while
an equal bulk of the water contained in the vial
defcended into the bladder. When all the air had
afcended into the vial, the height at which the water
ftood therein was marked with a diamond. The
bladder being then removed, the vial was carefully
clofed with a cork, and then taken from the ciftern ;
and the air which it contained was kept therein, until
it was wanted for the ufe which will be mentioned
hereafter.

As foon as the vial was emptied of the air and
water which it contained, and had been exaély
weighed, it wasfilled a fecond time with the Pouhon
water, which was found to weigh twenty ounces, fe-
ven drachms, and fourteen grains, apothecaries weight.
The vial was then emptied to the marks at which the
water had ftood therein, when in an inverted pofition ;
and the water remaining in the vial (which now
filled the fpace that had before been occupied by the

air



[ 230 ]

air extraGed in the above-mentioned procefs) was
found to weigh eight ounces, two drachms, fifty
grains. So that the bulk of the air extratted from
the Pouhon water was to the bulk of the water from
which it had been extracted, nearly as 8% to 207.
Or, if we choofe to reduce the above quantities into
cubic inches, and allow a cubic inch of water to
weigh 265 grains, we fhall find, that in this procefs
1542 cubic inches of air were extraCted from
37222 cubic inches of the Pouhon water.

From the above experiment it appears, that a very
large quantity of air is contained in the Pouhon wa-
ter: and a way is pointed out whereby the propor-
tion of the bulk of air to that of a certain quantity
of water, from which it had been extracted, may be
exaltly determined. Altho’ this proportion muft vary
confiderably in many waters, according to the weight
and heat of the atmofphere, or the drynefs or moi-
fture of the feafon, at the time that they are taken
from the fountain ; and will alfo vary with the dif-
ferent degrees of expanfion of the atmofphere, at the
times that the different quantities of air are meafured ;
I do not, therefore, give the above proportions for
fuch as always hold; neither do I affert that they
moft commonly take place. I rather fufpect the
contrary ; and, from other trials, am apt to believe,
that a larger proportion of air is ufually contained in
the Pouhon water, than that which I obtained in
the above experiment. For, when a boiling heat
was ufed, the necks of the bladders were apt to fhri-
vel, and became liable to crack on the lealt motion;
fo that it was difficult to confine the air in them.
Had I had an opportunity at Spa of profecuting this

experiment

3
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experiment further, I fhould have attempted to have
extracted all the air by a milder heat of about 110
degrees, in vials inverted in the water bath; fo as
that, while the air arofe into the vials, an equal por-
tion in bulk of the water might have been received
into bladders fitted to them; or fhould have made
ufe of other methods, which I fhall have occafion

hereafter to defcribe.

ExperiMENT 1V,

I took a glafs receiver, of a cylindric form, near
¢ inches high, and 32 inches in diameter, which

2z

contained 25 oz. 150 grains of water, Troy weight ;
or in meafure 45227 cubic inches, according to the
above calculation of 265 grains of water to the cubic
‘inch. This receiver being immerfed in a ciftern of
water, was there turned, with its mouth downwards,
and then raifed, thro’ a hole in a board fitted to the
top of the ciftern, as in Fig. 3. The receiver
was there firmly fecured with wedges, in fuch man-
ner as to continue full of water, the lower part of it
remaining immerfed in the water of the ciftern.
I then took a Frontiniac vial, which contained nine-
teen ounces five drachms of water: this was filled
with frefh pure air, by emptying it of the water in
a cool open place, and then ftopping it with a cork.
The vial, thus filled with air, was placed, in an erect:
pofition, under the receiver; and the cork being ta-
ken out, the air afcended into the receiver, as it was
forced out of the vial by the water rufhing into it.
Into this air a moufe was conveyed, by placing it on
a round piece of cork, and plunging it quickly thro’

the-
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the water into the receiver, in which it floated on
the cork. In this air it lived for an hour in great
eafe, breathing with freedom, and diverting 1tfelf,
while wet, with drying its face and head with its
paws, like a cat. After having thus lived an hour
in this clofe prifon, it was taken out of it, thro’ the
water, by the fame way that it had been conveyed in,
and did not feem to have received any harm by this
confinement, and by paffing thro’ the water ; as after
twenty-four hours, by the help of proper food, it
was found as lively and active as it was before it had
been thus treated.

§ 2. A fmall bird, viz. a green wagtail, being
treated in the fame manner, continued for an hour
in the receiver in the fame quantity of freth air. It
breathed three quarters of that time with great eafe,
but, towards the end of the hour, quicker, and with
fome ftruggle. Soon after it was taken out, it grew
lively, and again breathed with the fame freedom as
before the experiment.

Our countryman Mayow afferts, that a fourteenth
part of the air, in which thefe fmall animals are con-
fined, is confumed by them before they expire. His
experiments merit to be further verified. The ex-

eriments here related, which differ in feveral refpects
from thofe of Do&or Mayow, feemed neceflary, in
order to fhew that thefe fmall animals can live com-
modioufly, for a confiderable -time, clofely confined
in the above-mentioned quantity of pure air; and
that they fuffer no harm in paffing into and out
of the receiver.

By the way, I beg leave to remark, that by filling
vials with dry fand, inftead of water, here ufed, and

emptying
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emptying them in the Grotto di cani, or other deadly
caverns, thofe mephitic exhalations (of which fo many
of theantients,as well as the moderns, have fo muchand
fo varioufly written) may be collected, and conveyed
to a great diftance ; and, when duly examined, will,
doubtlefs, be found true, permanent, mineral air, of
that kind known to our miners by the name of
Choak-damp. Of which fort the air of the mi-
neral water of Spa appears alfo to be, from the fol-
lowing experiment.

ExPerIMENT V.

I teok the air which, two days before, I had ex-
tracted from the Pouhon water, as related in Expe-
riment III.  This air I emptied out of the vial into
the receiver fixed in the ciftern, in the manner de-
fcribed in the foregoing experiment.. Into the fame
receiver I alfo emptied a bladder of air, extracted
from the Pouhon water four days before. Which
two parcels of mineral air filled as much of the re-
ceiver as had before been filled with common air, in
the laft-mentioned experiment. Into this mineral
air, thus included in the receiver, the moufe was
conveyed, which had been employed on the pre-
ceding day in the foregoing experiment. On pafiing
into this air, it immediately held up its head very high,
and turned it on every fide; and, in four or five {e~
conds, without any difficulty of breathing, or other
ftruggle, fell down on one fide, and remained with-
out motion. Half a minute after, it was taken out
of the receiver, and placed on a table before a win-

dow in' the open air, where it lay four hours with-
Vor. LV. H.h. out
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out fhewing any fign of life, being quite ftiff and
dead.

Two other lively mice were fucceffively treated
in the fame manner. The appearances in thefe were
exa@ly the fame as in the firft. Both of them, after
they had been in the mephitic air a few moments,
fell down motionlefs, and were taken out dead. And
tho’ the laft of the three was taken out of the receiver
as foon as pofiible after it ceafed to move, yet it never
after {hewed the leaft fign of life. The fame ex-
periment was, fome days after, tried in air frefh
extratted from the Pouhon water, on two of the
fmall birds mentioned in the foregoing experiment ;
in which air they, in like manner, alfo foon expired.

By way of Scholia to the laft experiments, I beg
leave to refer to what I have written concerning the
mineral elaftic {pirit of the acidule, in my fourth
Effay on Damps, and other Mineral Exhalations,
which is in the poffeflion of the Royal Society.

I thall not now detain the Society any longer with
more of my experiments; but, if thefe fhould be
thought worthy of its notice, fhall, hereafter, com-
municate other methods of extricating the air from
the Pouhon water, as well by heat, as by other me-
diums; and, from proper obfervations and experi-
ments, fhall endeavour to explain the modus of the
union of this fubtile elaftic fluid and the other prin-
ciples with which it is combined in thefe waters, to-
gether with the relation that it bears to common air,
and to feveral other bodies. Which obfervations and
experiments may, perhaps, be thought worthy the
attention of thofe who hereafter may make enquiries

2 concerning
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eoncerning the nature and virtues of thefe, and fe-
veral other mineral waters.

W. Brownrigg:
Whitehaven, 18 May, 1765,

Explanation of Tas. VII.

Fig. 1. A Frontiniac vial filled with Pouhon water,
with a bladder and f{piral wire fitted there-
to, as defcribed Exp. ii..

Fig. 2. Another of the fame vials placed in a ciftern,
in.an inverted pofition, as related Exp. iii.

Fig:.3. A glafs receiver, of a cylindric form, fixed
over the ciftern (AA) in an inverted fitua-
tion, {o as to remain full of water, until
air is transferred into it, from the vial (B),
or from other veflels, for the ufes men-
tioned in Exp. iv. and v.

Fig. 4. A board; of a femicircular form, fitted to
the top of the ciftern (AA), with circu-
lar holes, and niches, for the vials, and
receivers ufed in the laft-mentioned expe.
riments,

Ih 2 Extract
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Extrait from an Effay, entituled, On the Ufes of a
Knowledge of Mineral Exhalations when applied
to difcover the Principles and Properties of Mineral
Waters, the Nature of Burning Fountains, and
of thofe poifonous Lakes, which the Ancients called
Averni; which was read before the Royal Society in
April 17471, and to which the Author refers in the
Joregoing Experiments.

tions would alfo further contribute towards the
improvement of the Medical art, by leading us to a
more perfe@ knowledge of the genuine principles of
feveral kinds of mineral waters; and by teaching us
how to apply them rightly, and how to account, in
a rational manner, for their operations and effects
upon the human body.

For it hath long been obferved (1), that the chief
energy and virtue of feveral mineral waters doth not
refide in the more grofs, faline, earthy, or metalline
particles, which they imbibe in their fubterraneous
paffages, but in a far more fubtile and volatile prin-
ciple wherewith they long remain imbued when
clofed in bottles ; but when they are expofed in open
veflels, this volatile principle foon takes its flight,
leaving the waters dead and inert, and deprived of
their former falutary qualities.

This fubtile and fugitive principle is, therefore,
fitly called the Spirit of mineral fountains. To ex-
tra& which fpirit in the form of a liquid, many have

A More accurate Hiftory of fubterraneal Exhala-

(1) Vide Becheri Phyfica Subterranca, fe&t. ii. cap. iv.
employed
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employed much time and ftudy, and others have
alfo endeavoured to feparate it from the aérial element
of mineral waters ; but all thefe attempts have proved
vain and fruitlefs, fince it is plainly incoercible, and
can fcarce be condenfed into a vifible body.

We, therefors, readily fubmit to the opinion of
Dr. Fred. Hoffman, who, by many folid arguments
and judicious obfervations, hath fhewn (2), that this
fpirituous principle of mineral waters is an exceeding
rare and fubtile body, endowed with an expanfive
quality, or a kind of elaftic a€rial fluid ; and there-
fore cannot be rightly diftinguithed from the air of
mineral waters, as if they were two different principles.

This moft delicate and fubtile arial {pirit of foun-
tains, the fame judicious author obferves, is as it
were the life of feveral minerals, preferving them
from corruption, animating them with a lively fpark-
ling and brifknefs, and infpiring them with wonder-
ful and excellent virtues, which they exert in re-
moving many obftinate diforders; and hath hitherto
remained inimitable by art.

Neither is there any reafon to doubt that bodies fo
extremely rare and fubtile, as are the fpirits of foun-
tains, are capable of imparting fuch remarkable qua-
lities to mineral waters. ‘'The great power and force
of altion, wherewith many kinds of mineral expira-
tions are endowed, fufficiently appears from the ob-
fervations (3) before related. And thofe who are
unacquainted with the wonderful efficacy of exhala-

(2) Fred. Hoffman, de aquis mineralib. indagandis, § 16. &
Id. De Convenientia Elementor. & Virium, &c. § xix.

(3) Helmont, Complexionum atque Miftionum Elementalium
figmentum, § 43.

tions,
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tions, and their manner of operating upon the hu-
man body, may receive ample fatisfaction from Boyle
in his treatife of Effluvia. The fagacious Helmont,
therefore, very judicioufly recommends a more fre-
quent ufe of thofe furious incoercible fpirits, and vo-.
latile fumes, in the practice of phyfic; juftly obferving
that ‘no other medicines operate {o fuddenly and fo
powerfully upon the human body (4).

Neither ought we, becaufe thofe fpirits of fountains
are flatulent and elaflic, from thence to infer, that
they agree with common air in every other refpect,
as many arc apt to imagine. For corpufcles, which
differ extremely in magnitude, denfity, and figure;
may all be endowed with one common repulfive
quality. And it is highly probable that the elaftic
particles, which are emitted from various kinds of
denfe bodies, do thus vary one from ancther; and
that they oft-times compofe elaftic fluids, which differ
as much from each other, as thofe bodies differ from
which they are produced. Thus the air of peafe,
which is inflammable, feems to differ as much from
the mephitical air of oak, which extinguithes flame,
as thofe two vegetable fubftances differ between
themfelves. So that two elaftic fluids, altho’ they
both poffefs a repulfive quality, may yet in their other
qualities differ as much as inelaftic fluids are found
to differ ; as water, for example, differs from oil of
vitriol. The particles, therefore, of denfe bodies,
when they are feparated from each other, and affume
a repulfive quality, are not always reduced to com-
mon air, but to different kinds of elaftic fluids,

(4) In the preceding Effays on the Fulminating-damp, and
the Choak-damp- )
which



[ 239 ]

which frequently retain the qualities of the denfe bo-
dies from which they were generated ; and which,
by being reduced to an elattic ftate, become more
ative and penetrating, and operate much more fud-
denly and violently upon the human body; as the
fumes of quickfilver, and the vapour of water, by
their effetts, do fufficiently prove.

Now, as thefe f{ubtile and elaftic fpirits do fre-
quently exert very fudden and violent effets upon
the human body; and entering the compofition of
mineral waters, often endow them with excellent
virtues; it may, therefore, be ufeful to examine the
origin of thofe {pirits which are found in fountains,
and to confider in what manner water becomes im-
pregnated with them as it paffes through the bowels
of the earth. To determine which queftions, thofe
obfervations will greatly contribute, which we have
already given concerning the generation of the fire-
damp, and its lodgment in the cavities of earth, For
as the fire-damp is generated from fulphureous and
ferruginous fubftances, and is often clofely pent up
with water,ant intimately (5) blended therewith inthe
{ubterraneous cavities ; its particles, therefore, being
impelled by their own elaftic preflure into the pores
of the water, will be diflolved therein, after the fame
manner as 1 have before thewn they may be diffolved
therein by art.  And in like manner, water will be-
come impregnated with thofe other kinds of air and
mineral exhalations, which are lodged in the fubter-
raneous cavities thro’ which it pafles. The fubter-
rancal damps and mineral {pirit of fountains feem,

(5) Sce Effay on the Fuluﬁnating-éanip. :
theretore,
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therefore, exaltly to refemble each other both in
 their nature and origin. And of this opinion is the
above-cited Fred. Hoffman, who feems in every
refpe qualified to have advanced the knowledge of
mineral waters to its higheft perfetion, had he been
furnithed with a more accurate hiftory of mineral
exhalations. By means of fuch an hiftory, he would
probably have been enabled to diftinguith the fpirits
of mineral fountains into their different kinds, which
he now feems to confound together, as if they were
alike in every refpect. Altho’ ’tis not improbable,
that as there is a great variety of fubterraneal exha-
lations, fo alfo there may be various kinds of mineral
fpirits ; and that water may be capable of imbibing
feveral kinds of thofe exhalations which it meets
with in the bowels of the earth, The Rev. Doctor
Hales, in his Statical Effays, and Doétor Shaw, in
his Inquiries into the Nature of the Scarborough Wa-
ters, have fiewn various ways whereby thefe aérial
{pirits may be extraCted. If, therefore, the fpirits
extraced from different mineral waters, by the ways
which they dire@, were carefully examined, and
were compared with each other, and with the differ-
ent forts of mineral exhalations which are found in
the earth, we might, perhaps, more eafily diftinguith
their feveral kinds, and more exaétly difcover their
refemblance to the feveral forts of mineral exhalations,
than by any other method which could be put in
practice.

But, without having recourfe to experiments of
this kind, we may from other obfervations conclude,
that the fpirit of thofe waters which are called Aci-

dulz is nearly related to the choak-damp, or flith,
: found
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found in the coal-mines, and in various other parts
of the earth,

For, fubtile mephitic fpirits have frequently
been obferved to expire from the earth in parts ad-
jacent to many of the acidul®, and to produce the
fame effeCts upon animals and other bodies as the
ftith or choak-damps, or as the fpirits of the Grozso
di Cant in Italy, of which, and others of the like na-
ture, Leonardo di Capoa hath largely treated. Thus
the learned Dr. John Philip Siep hath cominunicated
to the Royal Society (6) a very accurate account of
a grotto of this kind, which he difcovered near the
fountains of Pyrmont. Another grotto of the fame
fort Pechlinus takes notice of, nigh the- acidulz at
Swalb in Germany (7). And the learned. Hoffman
was informed by a perfon of credit, that a fountain
in the Black Foreft, in the dutchy of Waurtemburgh,
which had flowed a long time, was fuddenly deprived
of all its tafte and virtue, by reafon that in the neigh-
bouring parts a mineral and fulphureous vapour im-
petuouily burft out of a chafm which was made in
the rock ; but this chafm being clofely ftopt up, the
fountain again obtained its former virtues (8).

And that the acidule. are really impregnated with
a. mephitic exhalation refembling the choak-damp,
fome of thefe fprings (as thofe at Pyrmont) do
plainly difcover by their deadly effe@s upon ducks.
{wimming upon their furface (¢).

(6) Philofoph. Tranfaltions, N° 448. pag. 266,

(7) Pechlinus, lib. iii, Obf. 44.

(8) Hoffinan, De Principiis & Virtutib. praecipuor, Germaniz:
Medicator. Fontium, § xxxv..

(9) Dr. Philippus Siep, Ibid.

Vor. LV, Ii - To
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To the fame fpirits may alfo be attributed the
power which the acidule poffefs, of caufing a giddi-
nefs of the head, heavinefs, and drowfinefs, as from
intoxicating liquors.

The brifk and pungent tafte of the acidule is alfo
a further evidence that the mineral air which they
contain is nearly related to the choak-damp. For
from this brifk pungency: of tafte, thefe fpirits appear
to refemble the air which is generated from beer and
other liquors by fermentation. But the air of fer-
menting liquors is by numerous experiments difco-
vered to be a deadly poifon when applied to the lungs,
and the external parts of the body, atting chiefly
upon the nervous {yftem, and inftantly killing thofe
animals which breathe it, exaély in the manner of
the choak-damp. Yet -neverthelefs this air, when
taken inwardly in a ceavenient quantity of a liquid
vehicle, is found to have wonderfully exciting and
reviving qualities, of which the cafe of Cornaro affords
us a remarkable inftance (10).

In like manner, the elaftic fpirit of the acidule
feems to have a great fhare in the admirable effets
which thofe waters exert upon the human body. For
being exceedingly fubtile, penetrating, and ative, it
feems fitted to pervade the whole body, and to force
a paffage through the minuteft veflels; by its mild
and gentle ftimulus, to corrugate the fibres, inereafe
their elafticity, and excite them to motion; by its
expanfive quality, to rarify and as it were fpiritualize
the blood, and dilate the veflels, By thefe feveral

(10) See Difcorfo terzo della Vita fobria di Sig. Luigi Core
naro, pag. 87, '

ways,



[ 243 ]

ways, therefore, it may greatly contribute to
ftrengthen the folids, to accelerate the motion and
circulation of the fluids, and to warm and invigorate
the whole animal frame. So that to thefe {pirits
feem in a great meafure owing the virtues which the
acidule poflefs, of attenuating the humours, break-
ing their unnatural concretions, and powerfully open-
ing obftructions ; of provoking the appetite, affifting
the digeftion and concoion of the aliment, and

facilitating all the natural fecretions and excretions
of the body.

I 2 XXVIIIL Ex-



