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"The difcoveries which have within thefe few
years been made, chiefly by our own cuuntry"méﬁi
refpe@ing the nature and properties of fix’d air,
have render’d this matter much eafier to com-
prehend, than it was to former writers, When
we find (with the Hon. Mr. Cavendifh*) that
fix’d air diffolves calcareous earth, and metals
(with Mr. Lane®) ; that it gives a fubtile fpirit
or gas, and a very acidulous tafte to water,
without impregnating it with any acid (as ap-
pears from Mr. Henry’s Experiments), and
when we fee this air readily efcapes and depofits
the earth or metal with which it was combin’d,
we fhall foon be convinc’d that this is what for-
mer writers miftook for a volatile vitriolic acid.
Thefe properties of fix’d air will clear up at
once all the difficulties they labour’d under, ac-
count for the feeming inconfiftencies they firive
to reconcile, and, probably, afford to future
writers a much clearer and more eligible method
of clafling mineral waters, particularly if it
fhould appear, as has been before hinted, that
the medical virtues of many of thefe (as well
faline as metallic) depend, chiefly, if not to-
tally, on this principle.

* Philofophical Tranfa&. 1765.
* Philofophical Tranfact, 1769,

But
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But .leaving this to thofe, who, ex profeffa,
may hereafter take up the fubjeét of mineral
waters, I fhall proceed with the combinations
of the vitriolic and marine acid found therein 3
the moft frequent of which is the latter.

The waters of the fea, and of falt fprings,
contain chiefly the marine acid, united with a
mineral alcali, forming common falt, the ufes
of which, both demeftic and medicinal, are con-
fiderable. Authors account for this impregna-
tion from the immenfe rocks of fofiil falt found
in various parts of the globe, of which we have
no inconfiderable fpecimens in our own neigh-
bourhood.

The waters of this: clafs are known by their
falt tafte. Seme of the falt fprings are nearly
pure, and contain little elfe but pure falt, as the
upper pit at Droitwich, Others are not free
from earthy, and even metallic, mixtures, as
thofe of Northwich in Chefhire, which contain
fome portion of Magnefia, Calcareous earth,
and iron, The brine pits at Droitwich yield
little earth and no bittern; the reft do, and

from this bittern a bitter purging falt is obtain-
ed, to which we have given the name of Epfom

falr, and which is Magnefia combin’d with vi-

triolic acid. ’Tis this falt (refembling Glau-
ber’s
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of the vifcera, or acrid juices; and hence in
fcurvy, ftrangury, dropfy, convulfive afthma,
or afthma from water in the cheft.

Great good effelts are alfo experienc’d from
their ufe externally So much has been wrote
in praife of fea bathing, that I fhall fay little on
that head, as its efficacy in preferving health and
ftrength is generally known and confefs’d. It
will be found to coincide, in its effedts, with
thofe of our Spa Water.

Nor is its efficacy only to be deduced, as be-
ing a cold bath, The falt, befides adding to its
‘gravity, has been thought to be beneficial as a
topical application. Hippocrates thought it in
many cafes more efficacious warm, as in contrac-
tions, indolent tumors, paralytic and dropfical
affe@tions. Fortunately we dre {o fitnated, as to
enjoy very defirable conveniences for fea bathing
both cold and hot, * and it is to be hoped, that
fuch facility will by no means caufe us to defpife

= — a -

® A bot falt water Bath is ar any time prepartd at our baths, on
giving an hours notice ; an advantage this, which fhould niot be con-
Bned to cafes in which falt water may be thought fitviceable, as it is
certain great good effeéts may be expefted in many complaints from
th= ule of a warm bath——1I am entirely of opinion with the inge-
nious Dr. Percival, that we do not, in England, corfider warm bath-
lng as highly, or nfe it as frequently, as it deferves. Abroad, much
benefit is both expefled and experienced, from its more frequent ufe
io difeafes, :
and
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the air, and when calcin’d, is of a red colour.
There are {everal fprings in this quarry, though
fituated very high, but none fo much impreg-
nated as the one reforted to.* The water
trickles ilowly into an irregular bafon (which
might be much enlarged) containing about four
gallons. It is naturally limpid, tho’ frequently
found otherwife, owing to the ochre, which it
depofits on the efcape of the fix’d air, and as it
is expofd to the air and weather exhibits diffe-
rent appearances, and different proportions of
mineral contents, at different times. Its tafte is
at firft cool and refrefhing, afterwards auftere
and inky, and it does not lofe the irony tafte by
long keeping in open vefiels, though it foon

depofits a quantity of ochre. Some time after

it has been drank, it is found by many to warm
the ftomach, and fome think they experience
from it, both a cordial, and lightly inebrieting,
fenfation. It has no {fmell, and will keep a long
time without putrefying. It is one of thofe cha-
lybeates which lofe leaft by keeping, and that
part of the iron which fubfides is fo minutely
divided, that, if {wallowed, it is readily re-dif-
folved in the ftomach. To inveftigate more
fully the nature and contents of this water, 1
fubmitted it to the following Experiments.

m—

* A faller one nearit s uled for external applications, to walh

the eyes, ulcers, &c, and containg iron, but in fmaller proportion.

EXPL- -
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was fuffer’d to remain in open veflels, till it had
depofited its ochre, which, when feparated by
filtering, weigh’d four grains: It was then eva-
porated in a glafs veflel with a gentle fire, and
when reduced to a fourth part, was filter’d a-
gain ; four grains of ochre remain’d in the filtre,
yet the clear liquor proved, on the addition of
galls, &c. that it ftill retain’d a portion of iron.,

EXPERIMENT V.

The fame water, evaporated to half a pint
and hltred, was of a reddifh colour, and ftruck
black with galls. The remaining part of the
evaporation was made in a water bath, and as it
proceeded, a quantity of falc kept rifing to the
furface, forming a fhining pellicle, and fubfiding.
When reduced to about two ounces and cool, it
was examined in the microfcope, and * chryftals,
refembling needles, were obferved ranging them-
felves into a ftar-like form. The laft drop of
fluid remaining, examin’d in like manner, gave
cubical chryftals. The whole had, towards
the end of the evaporation, a greenifh colour,
and vitriolic fmell, and fome of the chryftals

which had form’d on the fides of the wveffel

* Nice Microfcopical Obfervations on the different forms of chryfs
tallizing falts, might probably contribute not a little to the readily
diflinguilhing the different kinds, and thus aflilt both analyzation and
metallargy : at leaft, this fubjeét offers a feope for highly curious and
entertaining experiments,

deliquefced
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bin’d firflt with iron, (deliquefcing ) and fecondly;

with magnefia, or calcareous earth,

EXPERIMENT VHL

The Syrup of violets added to this water
produced no immediate change of colour, * no
more than the red juice of the rind of radifhes, .
a proof that neither an acid nor an alcali un-
combin’d, is'contain’d in it, fince a drop of di-
lute vitriolic acid caufed the mixture immediate-
ly to turn a bright red, and a fmall portion of
alcali rendered it green, Boil’d with milk, it
does not coagulate it, but encreafes its fweet
tafte : it lathers alfo with foap ; further proofs of
its containing no uncombined acid. 1 thin;k,
however, 1 have obferved, on mixing the red
juice of radithes with the water which had un-
dergone a long evaporation in glafs v’tIIEIS, and
depofited much ochre, that the red colour was
heightened, as if an acid then predominated.

* After ftanding fome time it became of a fea green; but we
‘muft obferve that this change of the blue juices to a green, is effet-
ed, not only by a predominant aleali, but alfo by the folutions of
Iron, in the fix’d or volatile vitriolic acid, or in fix’d air.—May nog
the want of attention to this circomftance have given rife te confa~
$on and miftake on the fubjeét?

EXPERI-
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diffolving iron, Betore that time, as no other
folvent, of a fugitive nature, was known, ex-
cept volatile vitriolic acid, authors attributed

to ##, the folution of iron in fuch chalybeate wa-
ters, as, on ftanding a fhort time expofed to the

air, depofite their metallic contents, and lofe
their confequent virtues: and even later au-
thors on this fubject have been fo far influ-
enced by the authority, and prevailing opinion,
of their predecefiors, as to adopt this conclufion
without fufficient examination, or the fhadow
of proof. For, in reality, the exiftence of this
volatile acid in chalybeate waters has never yet

been fairly proved by experiment, and perhaps
will be found to be, the child of invention, a-

dopted by necefiity, and foftered by ignorance
of the truth.

The inconveniences and- abfurdities derived

" from {upporting this theory are apparent in
moft works on the fubje¢t. 'We need look, for

an inftance of it, no farther back, than in that
elaborate author, Rutty, p. 325, on the waters
‘of Spa, he writes thus: ¢“they contain a good
deal of air, and a volatile acid, difcoverable by
the tafte,--and at the fame time,--an alcaline falt
predominating over the acid, as is evident from
the appearances exhibited, &c.”

But



( 35 )

But a later very learned and ingenious writer,
who, is well acquainted both with chemiftry in
general, and with the dotrines relative to fix’d
air, Dr. Falconer of Bath, though he proves
the prefence of * fix’d air, in confiderable pro-

portion,” in the Bath waters, yet attributes the
~folution ef iron therein, rather to volatile vitri-
olic acid, than to it. In his Effay on Bath
Waters, p. 220. 24 Edition, he gives an eafy
method of afcertaining the prefence of the vola-
tile acid, viz. by adding Magnefia, with which
it effervefces. But this will by no means deter-
mine whether the iron be diffolved by volatile,
or fixed vitriolic acid, as, in the preceding para-
graph, we find this effervefcence propofed as a
teft of the latter alfo.* Yet by his 16th. Ex-
periment, it appears that Bath Waters did not
thus effervefce. This then cannot amount to a
certain proof of the volatile acid being the fol«
vent; no more can the partial decompofition,
and depofition of ochre on ftanding, as the fame
thing happens alfo from a dilute folution of iron,
in the fixed vitriolic acid.t A remark made by

* [ apprehend here is fome miltake, With refpeét to the volatile
vitriolic acid, there certainly is, as the combination of that with
Iron, however concentrated, caufes no fuch effervefcence. Neither

does our Spa Water, nor a folution ef martial vitriol in water.

4+ Obe grain of martlal vitriol, diffolved in half a pint of water
had a confiderable depofition on ftanding,

E 2 the
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but in this no fuch detention is to be apprehend-
ed. We fee then clearly, that volatile vitriolic
acid, when diluted, and expofed fome time to the
air, inftead of flying off, as was fuppofed, be-
comes fixed. How is it probable then, it fhould
fo foon diffipate in mineral waters, wherein, be-
fides being in a like ftate of dilution,. it is com=
bined with, and retained by iron ?

But the following experiment proves beyond
a doubt, that the volatile vitriolic acid is sef the
folvent, in fuch chalybeates, as readily lofe, on
expofure to the air, their metallic principles.

EXPERTME N ISSSIE

To a pint of fpring water were added, terr
drops of the volatile vitriolic acid, which had
remained twenty hours on frefh filings of irony
and which feemed fully faturated with the mie~
tal. The mixture ftruck a fine purple with®
galls, One half of it was immediately boiled:
on an open fire, in a Florence flafk, for a quar-
ter of an hour and filtered, it then ftruck a deep- .
er purple with galls than before, and continued
fo to do when evaporated almoft to drynefs, af-
ter ftanding in a bafon twenty one days. A
piece of paper dyed blue, and put in the neck
of the flafk, had lcft its colour, which did not

happen on the evaporation of our Spa Water,
The
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n the water impregnated as above, was depriv-
ed of its colour, without communicating any.
tinge to the water.

Dr. Falconer, in his Effay, p. 314, admits
that ¢ fix’d air changes to a red colour the blue
juices, and that it is not improbable, that an
acid is always either united with, or makes part
of, the compofition of fix’d air.” But does
not his experiment, p. 143, of fix'd air diffolv-
ing iron diffufed through a folution of mild alca-
1i, prove the contrary.

Having, I lope, proved, that volatile vitrio-
Yic acid can not be the folvent, in fugitive cha-
lybeates, and offered reafons, and experiments
in fupport of fix’d air being the folvent, we
thould now, apply this to our Liverpool Spa,
and, if poffible, bring proof of the exiftence
of this principle therein. But it may perhaps,
not be fo eafy to collect pofirive proofs of it ;
firft, becaufe, from the nature of its fituation,
the greateft part of its fix’d air muft ef-
cape, whillt the water trickles down the
fide of the rock, which is, hence, cover'd
thick with the ochre depofited, and whilft it re-
mains quite open to the air : fecondly, becaufe
it is naturally contained therein, in very {mall

proportion united with the iron, We found
by
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by experiment 1 3th, how very fmall a proportion:
of iron diffolv’d by fix’d air, was fufficient to
imitate a chalybeate water of the fugitive kind.
A ftill lefs proportion may be expected in waters,
which are befides impregnated with martial vi-
triol. Thefe circumftances render it difficultto
colle the fix’d air in fufficient quantity, fo as
to prove indubitably its exiftence by any experi-
ment.—Let us fee how far analogy and proba-
bility will affift in fupporting this pofition.

Mr. Worthington, in his experiments on thé
Liverpool Spa, publifh’d during the printing of
¢hefe fheets (by which I find we were both em-.
ployed on the fame fubject, unknown to eack o-
ther) gives. up, feemingly with relutance, th®
opinion of fix’d air, being thefolvent of a part
of the iron in this water,  Yet the following
paffages, in his work, feem to corroborate the
truth of it.  P. 14, he makes this ingenious re-
" mark # the colour of the water is altered, from
the greater or lefler degree of elafticity in the
air ; the more elaftic, the brighter, and from
the want of elafticity, the more opaque.” Itis
certain, that when the air is moft elaftic, it wil
moft powerfully counteract and impede the d1
fipation of the fix’d air, which keeps partof't’
iron in a ftate of folution; on the contrai
when the air is lefs elaftic, the fix'd air, be

Fa m
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e P K'I'MENT '« XV

A phial containing five grains of the bright
“filings of iron, was filled with four ounces of
the frelheft Liverpool Spa Water, clofe corked,
and kept with the mouth downwards, two days.
The iron vifibly attratted bubbles of air, and
with them, particles of it were carried up to the
furface. The water was then filtered and ftruck
with galls, a much d&per purple than the frefh
Spa Water did; the iron remaining in the filtre,
- did not feem to be at all diminifhed in weight,

when accurately examined ; in this refpect re-
fembling Antimony which gives a ftrong im-

pregnation to wine, in which it is infufed, with-
out fuffering any fenfible diminution.

We have already feen that this water contains
no acid uncombined, and hence we can only
attribute the folution and additional impregnati-
on, to the action of that {mall portion of fix’d
air uncombined, which remains in the warter,
upon the iron. Is not this then a ftronger pre-
fumptive proof in favour of fix’d air, than any
which has been advanced in favour of volatile

~vitriolic acid ?

EXPERIMENT XVI.
In a former experiment, [13] fix’d air combin’d
“ith iron, was found to produce a burgundy co-
lour,
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Mifs Knowles, daughter of Mr. Knowles, in
Caftle Ditch, had a fifter, who three years ago
died of a confumption at the age of fixteen, A-
bout a year afterwards, fhe herfelf, then twenty
years old, was obferved to be in a decline. She
complained of a bad cough, and great pain in
her fide. She loft her flefh and her appetite en-
- tirely, and was defpaired of by the phyficians,
whofe advice fhe followed long, but without be-
nefit. Her father, tho’ he believed there were
no hopes remaining, yet recollecting that he had
heard fome favourable accounts of our Liver-
pool Spa Water, determin’d fhe fhould try that.
He carried her up to it every morning, at firfk
with greatdifficulty. Within three days, howe-
ver, fhe perceived good effects from its ufe, and
by a continuance of it, her appetite return’d, her
digeftion was rendered good, fhe recovered her
fleth, and firength, and is now perfeétly well; yet
till continues to drink the Spa Water occalion-
ally, and attributing the prefervation of her life,
and the recovery of her health folely to its ufe,
has recommended it to numbers of people, who
- have alfo ufed it with confiderable benefit.

G i R TR
Mifs Mofs of Middlewich, now Mrs. Eaton
of Chefter, when about twenty, was thought to
be in a comfumptive ftate. For two winters

fhe.
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fon troubled with indigeftion and frequent ve-
miting, who, tho’ he is {o fituated as to have the
water brought to him, finds great benefit from
its ufe. But furely, enough has been faid, to
juftity a trial, and to prove, that ’tis no inconfis
derable remedy in many cales.

Thus have I endeavoured to explain clearly
and intelligibly, 1. the component parts, or che-
mical principles of the Liverpool Spa water, 2.
the medical virtues and good effeéts to be expec;_
ed and derived from its ufe; and after pointing
out the cafes in which it may be of fervice, 3.
colleéted inftances in which it has.—I make no
doubt, but thefe might have been confiderably '
augmented, and abundantly confirmed, by wait-
ing to obferve the fuccefs attending frefh trials of
it, and that thus, this work might have appcarcd _
1efs incompleat and incorrect; but, as the feafon
for making ufe of it is now prefent, 1 chofe ra-
ther to fubmit thefe obfervations to the public,
crude and imperfect as they are, than to defer
exciting them to make trial of a remedy, inevery
ones power, highly ufeful, and at once un;x- _
penfive and agreeable; happy if this attempt
may prove, in any degree, ferviceable to fociety.

Da veniam fcriptis, quorum non gloria nobis
Caufa, fed utilitas, officiumque fuit.
Ovid. 3. de Pont. Elcg '
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ciple nothing can be more improper than fuch
veflels, as are in general ufe amongft uvs, for
fermenting [mall wines, as ginger wine, and treacle
drink. Thefe large drink-pots, as they are
called, are glazed on the infide with the com-
.mon black glaze, and, as the fmall wines fer-
menting in them are, both from their weak
nature, and the hot {eafon in which they are
.chiefly ufed, particularly difpofed to become
-acid, this prevﬁiling cuftom fhould be expofed
as highly dangerous : and though it may not
‘have been productive of confequences immedi-
ately alarming, yet it may have frequently given
rife to weaknefles of the digeftive faculty, lofs
-of appetite, and complaints of the ftomach and
rbnwéls, which were never fufpected to arife from
this caufe. Altho’ fome conftitutions may, per-
‘haps, not be injured by fuch repeated fmall do-
{es of this poifon, yet in delicate ones it may
exert all its baneful influence: hence no one
fhould expofe himfelf to it unneceflarily, and
humanity requires our cautioning thofe ignorant
of the danger, againft it, Nor are the common
glazed platters proper for baking or {alting meat,
as the lead is foluble in greafy {ubftances, and
may be corroded by the falt. Glafs, ftone, and
ffint ware, being void of danger, thould be fub-
fticuted inftead of glazed veflels for the above

purpofes. .
1 It






























