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ADVERTISEMENT.

Tais pamphlet originated in the
following circumftance. By the di-
rection of the Proprietor of the me-
dicinal waters at Tunbridge Wells, a
cover had been placed over one of the
{prings, with a view to defend it from
any foreign matter, which either wan-
tonnefs or accident might introduce.

In confequence of this, a queftion
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arofe, whether or not the {pring, thus
covered, might be fuppofed to be, in
any refped, altered in its qualities.
In order to decide this queftion, the
Author inftituted a comparative Ana-
lyfis of the two {prings, and proved,
by the moft fatisfattory experiments,
that the only advantage, that can be
derived to the {pring by a cover, is
cleanlinefs ; and, that the water is not
alterable by its being ecither expofed,
or covered, fo long as fuch covering
does not entirely exclude.the external
Air.

The Proprictor, in compliance with
the general opinion, removed the co-

ver, and the original object of the
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prefent publication was thus {uper-
feded. The Author however, finding
himfelf under fome fort of engage-
ment to fatisfy the curiofity of friends,
and refle@ing, that no accurate Ana-
lyfis of the Tunbridge waters had
hitherto been given, now offers to the
public thefe pages as the refult of
careful experiments; wifhing at the
fame time not to appear to have been
inattentive to this particular {ubjec :
fince it is not unreafonable to fuppofe,
that a {cientific enquiry into the com-
ponent parts of thefe {prings may, in
fome meafure, aflift us with refpe& to
the right application of them in me-

dicine.






INTRODUCTION.

It may not be amifs, previous to our
{tatement of the analyf{is of thefe waters,
to mention, for the information of thofe
who have not the opportunity of vifiting
them, or of confulting the authors that
have written on the fubjelt, that the
{prings from whence they flow are fitu-
ated in a village about thirty-five miles
fouthward of London, in a valley fur-
rounded by a number of hills, which,
though formerly wild and barren, are
now, for the moft part, cultivated, and
many of them richly inhabited.

Thefe hills feem to be chiefly com-
pofed of a crumbling, ferruginous {fand-
{ftone; and, for {everal miles around,
iron has been difcovered in great abun-
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dance. Upon the original difcovery of
the fprings (which is fuppofed to have
been about the year 1607) we are told
they were numerous. At prefent, how-
ever, there are only two in ufe, which
rife within a few yards of each other in
the centre of the valley, and yield each
about a gallon of water in a minute.

For many years the water was col-
lected in two open ftone bafons, perfo-
rated at the bottom, and placed in {uch
a manner over the {prings, that, as the
water rofe, it flowed into the bafons
from below, whilft the wafte water pafied
off by means of notches made in the
edges of the bafons for that purpofe.
But very lately ome of thefe has been
changed for a bafon of marble, over
which 1s fitted a marble dome, {o as to
inclofe it completely, except at the mar-
ginal notch, or opening, which gives exit
to the water nearly as ufual. This altera-
tion, inconfiderable as it may appear,
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has given rife, it {eems, to a difference of
opinion; forze conceiving that by thus
excluding the contact of the atmoiphere,
the water was not likely to lofe fo much
either of the elaftic fluids it contained,
or of its properties as a chalybeate ; ozbers,
that by being deprived of the cuftom of
dipping their veflels into the {pring (as
Jformerly) they have not the water {fo near
the fountain-head, and confequently not
{o frefh and efhicacious.

How far thefe opinions may be recon-
ciled, will be feen by the analyfis here
{ubmitted ; which, it is hoped, will alfo
determine two other material pofitions,
much difputed byauthors ; namely, whe-
ther there be any eflential difference be-
tween the waters of the 7wo {prings, as
they originally ftood; and what is the
true nature of their mpregnation.

For the more concife and per{picuous
relation of the experiments which have
been made on this {ubject, let the in-
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clofed {pring be exprefied by the letter
A the open, by B; and the 7nc/ofed one
(after having been wuncovered about
twelve hours) by C: and let it be un-
derftood, that by a mea/ure of any liquor
employed, is meant a quantity exactly
afcertained in a cylindrical glafs-jar, gra-
duated and kept for that purpofe.
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OF . THE ANALYSIES.

I~ the procefs of this analyfis, the firft
thing attended to was the {enfible pro-
perties of the waters. In this refpect
no difference whatever could be obferved
between A and B. The water of bozb
was equally clear and tranquil; they
had bozbh a diftinét chalybeate {mell and
tafte, and were bozbh found, by an ac-
curate thermometer, to be at a tempe-
rature of 50°. There was alfo obfervable
an equal ochry depofit on the channels
leading from the refpetive bafons, as
well as on the fides and bottoms of the
bafons themf{elves. This fimilarity be-
ing noticed, the following experiments
were made on A and B, nearly, though

not exactly, in the order in which they
are here related.
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EXPERIMENT THE FIRST.

EuaL meafures of the water, taken
immediately from the wells, were ex-
pofed in open glafles about ten hours, in
a room at a temperature of 55°; at the
end of which time the internal furfaces
of the glaffes were univerfally {tudded
with air-bubbles, and the water in both
was covered with a purplifh fhining
pellicle. The air-bubbles were {maller,
but more numerous, in B than in A;
and the pellicle was feemingly more
copious.

EXPERIMENT THE SECOND.

EquaL meafures of an infufion of
galls being added to equal meafures of
the waters, a beautiful purple-colour
was produced, after a few feconds; In
both {0 very fimilar in fhade, that it was
impoflible to {fay which of the two was
the deeper.



L Wad

EXPERIMENT THE THIRD.

A soruTioN of Pruffian lime, em-
ployed in the fame way, changed them
both to a light blue, of no apparent dif-
ference.

EXPERIMENT THE FOURTH.

INFUsiON of litmus was equally and
almoft inftantly changed, by 2ozh, to a
light red or garnet colour.

EXPERIMENT THE FIFTH.

WitH {yrup of violets no {enfible
alteration could be perceived at firft ; but,
on leaving them to ftand fome time, the
blue colour of the violet was altered to

a green.
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EXPERIMENT THE S51XTH.

By a folution of acid of fugar no vifible
effect was produced in eizher.

EXPERIMENT THE SEVENTH.

O~ the addition of a folution of mu-
riated barytes, a cloudinefs immediately
took place, not however to a greater de-
gree in oze than in the ozber.

EXPERIMENT THE EIGHTH.

Nitrous folution of filver occafioned
at once an evident precipitation. The
precipitate was at firft of a pearl-colour,
but, on remaining expofed to the light
for a few hours, it became of a muddy
blue. In neither of thefe refpeéts was
there any diftinction to be obferved.
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EXPERIMENT THE NINTH.

By a folution of {oap in {pirit of wine
both the waters were rendered wheyifh.

P T —
EXPERIMENT THE TENTH.

THE {ame appearance was effected by
a folution of fugar of lead.

-

EXPERIMENT THE ELEVENTH.

By volatile tincture of fulphur they
were immediately changed to a deep
bottle-green.

EXPERIMENT THE TWELFTH.

Lime-wATER rendered lozh {lightly
turbid, and produced a light yellowifh
brown colour; as did alfo the mild
alkaline folutions.
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EXPERIMENT THE THIRTEENTH.

THERE was neither precipitation nor
effervefcence difcernible in either from
concentrated vitriolic acid, nor any vi-
fible effe¢t from arfenic or corrofive
{ublimate.

EXPERIMENT THE FOURTEENTH.

Ox trial of the waters, after expofure
(experiment 1ft) with the tincture of
galls, Pruffian lime, and infufion of
litmus, the fame changes took place as
in experiments 2d, 3d, and 4th, though
not in fo great a degree; the fhades
of colour. appearing now cﬂnﬁderably
weaker. Thefe experiments having
been made on A and B, were all (except
the firft) repeated on B and C, with pre-
cifely the fame refult. In no inftance

could the {lighteft wvariation be per-
ceived.



EXPERIMENT THE FIFTEENTH.

Two great decanters, filled under the
furface of B and C, and inverted into two
bafons, were fet in this fituation before
an open fire, where they continued be-
tween three and four hours. Here it
was obferved, that as the water grew hot,
there was extricated from it a quantity
of air, which colleted itfelf in the {upe-
rior part of the decanters; and, in pro-
portion as the air was {eparated, the
water became turbid, and at lait, when it
had acquired nearly a boiling heat, it was
found to be altogether ochry. Whilethe
decanters were hot, the air occupied a
{pace of feveral cubic inches in each,
but being cooled down to the tempe-
rature of the atmofphere, there did not
appear to remain above two cubic
inches in both.



EXPERIMENT THE SIXTEENTH.

A caLLoN of the water of A, boiled
for a few minutes in an open veflel,
became ochry throughout, as in the
laft experiment. Being filtered, it was
found incapable of producing any alte-
ration in the infufion of litmus, or of
thewing any effe¢t whatever with the
tincture of galls, or Pruffian lime. The
whole ochre collected by the filter prov-
ed, when dried, to be ftrongly magnetic.

EXPERIMENT THE SEVENTEENTH.

Two quarts of the above filtered wa-
ter were evaporated down to four ounces,
without yielding a further depofition of
any kind, the liquor, even when cooled,
remaining perfectly tranfparent. The
nitrous folution of filver and muriated
barytes both now produced a copious
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precipitation, but {till the acid of {fugar
feemed to have little or no effect.

EXPERIMENT THE EIGHTEENTH.

To afcertain the proportion of folid
contents to a given quantity of the
water of A, two gallons of it boiled
and filtered, as in experiment the 16th,
were carefully evaporated to drynefs,
and yielded exactly eight grains of refi-
duary matter; the ochre colle¢ted by the
filtre, when dried, weighed only two
grains.

EXPERIMENT THE NINETEENTH.

THE refiduary matter of the laft ex-
periment, digefted for twelve hours in
four ounces of alcohol, was found fo-
luble in this menftruum, in the propor-
tion of three grains and a half to four
grains and a half. What the {pirit left
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undiflfolved being afterwards digefted,
for the {fame length of time, in two
ounces of diftilled water, there was left
but one grain of infoluble matter, which
was perfetly infipid to the tafte, and
infoluble in diluted marine acid.

EXPERIMENT THE TWENTIETH.

O~ the evaporation of the alcohol of
the preceding experiment, the refiduum
was found to be deliquefcent, and of a
bitter {aline tafte; it gave out abun-
dance of white elaftic pungent fumes
on the application of vitriolic acid;
produced an inftant precipitation on a
particle of it being dropped into the fo-
lution of nitrous filver; and, when dif-
folved in water, yielded, on the addition
of a little vegetable alkali, a light white
earthy precipitate, which, diluted vitrio-
lic acid readily rediffolved.



EXPERIMENT THE TWENTY-FIRST.

THE evaporation of the water (expe-
riment 19th) afforded a very different
refult; when it was reduced to about
two drachms, there appeared upon the
furface a thin faline pellicle, which, from
its difficult folubility and infipidity, and
more efpecially from its affording a pre-
cipitate as well on the addition of acid of
fugar as muriated barytes, proved to be
Jfelenite. This continued to {feparate from
the liquor till the whole was evaporated
to drynefs, when it was found that, be-
fides the felenite, there remained a {fmall
proportion of common {alt, too {mall to
be eftimated by the balance, but per-
fectly dithin¢t to the tafte, and appearing
in well defined cubes when a drop of
the folution was placed under the mi-
crofcope.
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EXPERIMENT THE TWENTY~-SECOND,

A sMALL matrafs, containing four
ounces by meafure, and having a glafs
fyphon accurately fitted to it, was filled
under the furface of the water of C, and,
whilft perfectly full, the extremity of
the {yphon was pafled under a glafs
jar, filled in the fame manner under
water, and inverted into a {mall bafon.
The veflels being thus connected, the
water in the matrafs was afterwards
made to boil, by means of a lamp, for
about five minutes, when there was
found collected in the jar half a cubic
inch of air, the water having undergone
the fame change, as mentioned in ex-
periments 15th and 16th. This air, upon
being pafled through lime water, was
diminifhed two thirds in its bulk, and
occafioned an inftant precipitation of the
lime; the remaining part of the air was
found incapable of fupporting flame,
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but {uffered a fmall diminution of bulk
on mixture with nitrous air. In thefe

refpects the water of B, upon trial, ap-
peared the fame.

R =

EXPERIMENT THE TWENTY-THIRD.

ON comparing the {pecific gravity of
B with C, they were found to correfpond
exactly, and to exceed that of diftilled
water in the proportion of 713" to 712°%

Having thus finithed the account of
the experiments made on thefe waters,
let us now {ee to what conclufions they
will lead.

In the firft place then it is proved,
agreeable to the received opinion, (ex-
periment 1ft, 2d, 3d, sth, 11th, 12th,
15th, and 16th), that they contain 7rox,
and this in an derated f{tate, that is,
held in folution by union with gerig/

D
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acid, (experiments 1ft, 1s5th, 16th, and
22d); though itappears from a variety of
circumftances, that the quantity con-
tained is not very confiderable. Only
two grains of the calx of iron could be
obtained from two gallons of the water,
(experiment 18th), which correfponds
not only with the purple colour pro-
duced by the tinéture of galls, (experi-
ment 2d), but alfo with the manner in
which this colour took place; as likewife
with the tafte of the water, which, though
diftinctly chalybeate, 1s not by any means
ftrongly {fo, when compared with many
other waters of this kind. All vegetable
aftringents, as has been long known,
change {olutions of iron to a dark co-
lour, and the galls, as the ftrongeft of
thefe, do this the moit readily and per-
fec¢tly, But it is not only for afcer-
taining the prefence of this metal, that
we employ this teft; we may alfo
form by it a pretty accurate judgment



[ 19 ]

with regard to proportion. When this
is large, the colour changes immediately,
and 1s always black ; but when it is in-
confiderable, it turns out, more or lefs, of
a purple; and if the acid be in excefs,
as we {uppofe the ierial acid in thefe
waters, fome time will be required be-
fore the colour makes its appearance.
To this may be added, the {light pre-
cipitation produced by lime water, or
the alkaline {olution (éxperiment 12th);
and more efpecially the light blue co-
lour, which appeared on the addition of
Pruflian lime (experiment 3d): a teft {o
delicate with regard to iron, that one
quarter of a grain may be detected by
it in a gallon of water.—The colouring
matter combined with lime in this teit,
or, as it 1s often prepared, with alkali, is
what conftitutes the Pruflian blue of the
{fhops, when united with calx of iron.

It appears equally clear that there is
alfo contained in thefe waters a quantity

D 2
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of muriatic acid (experimeént 8th) partly
combined with magnefia (experiment
2oth), and partly with fofil alkali (ex-
periment 21ft): in other words, #2u%-
riated magnefia and common falt; for
we know that the prefence of muria-
tic acid in folution is concealed with
great difficulty, there being few bodies
in nature which combine more readily,
or more minutely, than this and calx of
filver, while the properties of the com-
pound which they form are {o remark-
able, that it is next to impoflible to mif-
take them. One of the moft charac-
teriftic of thefe, viz. the change of co-
lour upon expofure to light, the preci-
pitate (experiment 8th) was found to
pofiefs; which, when conneted with
the decompofition refulting from the
application of the vitriolic acid to the
refiduum left by the alcohol (experi-
ment 20oth) puts the matter beyond all
kind of doubt. Neither can there be any
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uncertainty with regard to the nature
of the bafis to which the muriatic acid
1s here united; fince there is no other
earth, befides magnefia, which forms
with this acid a bitter deliquefcent {alt,
and is at the fame time {oluble in
vitriolic acid; nor any other body which
refembles common {alt in the properties
above-mentioned, except the digeftive
{alt of Sylvius; which however, in the
analyfis of mineral waters, has feldom
been met with.

If any one fhould wifh to be {atisfied
of the degree of minutenefs to which
chymical inveftigation may be carried,
he need not {eek for a clearer illuftra-
tion than that to which we have juft
referred. Let him take the {fmalleft vi-
fible particle of any of the foluble com-
pounds of muriatic acid, fuch as com-
mon {alt, common ammoniac, digeftive
falt of Sylvius, or any other; and, put-
ting it into a tumbler of diftilled water,
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let him add but a fingle drop of {olution
of nitrated filver, and he will prefently be
convinced how far chymical divifion goes
beyond the power of any other means
the art of man has ever yet devifed.

The next thing our experiments teach
uis, 1s the prefence of a quantity of wz-
triolated lime or felenite. This appears
on the fimple evaporation of the water
(experiment 21it), and explains very
fatisfatorily the refult of expcriment
the 7th; feeing it is the property of
heavy earth, or barytes, as it is called,
to unite with vitriolic acid, whenever it
meets it, and to form therewith a very
heavy and infoluble compound.

Should it be afked why the acid of
fugar, as delicate a teft of lime as ba-
rytes is of vitriolic acid, did not deteét
the lime of the {elenite, in experiment
the 6th and I'fth; the anfwer is, that it
was not allowed {ufficient time to pro-
duce its eftets. Had the lime been in
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union with any other acid than the vi-
triolic, a precipitation would in all pro-
bability have taken place immediately;
but between this and the acid of fugar,
the attraction of lime is fo nicely ba-
lanced, that we are obliged to wait
longer than in moift other cafes of de-
compofition before the f{uperiority of
the latter becomes apparent. The truth
of this opinion was confirmed by a fub-
fequent experiment.

WE come now to {peak of the elaftic
fluids or airs. Thefe, as extricated from
the waters (experiment 22d), appeared
to be of three kinds.

Firit, derial acid, or fixed air, that
which was abforbed by the lime water.

Secondly, pblogiflicated air, or, as the
French call it, smofezte, the refiduum left
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by the lime water, or rather that part
of the refiduum which the water could
not abforb (experiments 1sth and 22d);
and which was found incapable of {fup-
porting flame, or of being diminifhed
in bulk by mixture with nitrous air.

Thirdly, comnon air, or that part of
the refiduum which nitrous air did di-
minifh.

When, for example, we find the in-
fufion of litmus changed red (experi-
ment 4th), we fay it is becaufe the
derial acid is in excefs, or that the wa-
ter contains more of it than the calx
of iron can combine with. We fay alfo
that the ferruginous pellicle, obfervable
on the {urface of thefe waters, after
expofure (experiment 1it), and the di-
minution of their effects in experiment
14th, muft depend upon the f{fepa-
ration of the derial acid from its union
with the calx of iron, in confequence
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of the alteration of temperature, and the
ftrong propenfity of this acid to affume
an elaftic form.

But, however diftin¢t thefe may ap-
pear upon examination, we muift not be
too hafty in inferring that they exiit fo
in the compofition of the water; on
the contrary, we have reafon to fufpect
that both the phlogifticated and com-
mon air were here produced from the
decompofition of ierial acid: for it 1s
found by experiment, that where this
{ubftance has been imbibed by water,
and afterwards {eparated by the appli-
cation of heat, it always leaves a refi-
duum,on being agitated with lime-water,
correfponding very exaltly in its pro-
perties with that above referred to. Be
that as it may, it is this volatile acid
which beyond all difpute gives folubi-
lity to the calx of iron, with which thefe
waters are impregnated ; a circumitance -
which beft accounts for many other im-

E
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portant phenomena occurring in their
chemical hiftory. Hence certainly the
reafon why fuch waters cannot be car-
ried in perfe&iﬂn,' to a diftance; and
why it has been propofed, with a view
to preferve their virtues, that a {mall
quantity of elixir, or acid of wvitriol,
thould be added to them at the time
of bottling; which, however, though
it render their chalybeate properties
more permanent, occafions a material
alteration in the nature of the com-
pound, from which thefe properties
arife. In the fame manner we explain,
why it was neceflary that a certain time
fhould elapfe before the colour of fyrup
of violets was altered in experiment sth,
and why the boiling was fo effectual in
producing the ochry depofit (experi-
ments 1s5th, 16th, and 22d). Had the
iron, in thefe experiments, been com-
bined with any other than a volatile
menftruum, it certainly could not have
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been either fo readily or fo completely
feparated.

Upon collecting then the different
fubitances, the exiftence of which feems
to be demonftrated by thefe experi-
ments, and eftimating their propor-
tions as minutely as the nature of fuch
an inveftigation will admit, we may
ftate that a wine gallon of thefe waters

contains,
Cubic Inches.
Of derial acid £ Pl 10
Phlogifticated air - S
Common air - - I %
16
Calx of iron . - - 1 grain.
Common falt - - o
Muriated magnefia - - 2 3%
- Selenite - - I 5%
5

But further; if the experiments be
juft upoﬁ which this analyfis is found-
ed, does it not follow that, whatever be
the virtues of thefe waters, they are

E 2
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equal in bozh the {prings, and, that not-
withftanding what fome may think to the
contrary, the alteration made in one of
them, in the manner already mentioned,
has had no effet whatever, either in
giving to the water properties which it
did not before poflefs, or in ftrengthen-
ing or diminifhing thofe, for which it
has fo long been remarkable. We find
this {pring, both open and inclofed,
compared with the other, under various
circumitances; but no difference what-
ever could be difcovered. Their {en-
fible properties were the fame; they
produced the fame changes on a great
variety of the moft delicate {fubftances;
were affected in the /fame way by heat
and expoiure; evolved the /asze kinds of
air, and yielded the /ame kind of {olid
contents. In fhort,they were found alike
in every point of view in which they
could poilibly be taken.

It would indeed be difficult to con-
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ceive how this fhould be otherwiie;
for the derial acid, which every body will
acknowledge to be the principal agent
here, is heavier than common air, and
there is a free communication with the
atmoi{phere 1mmediately over the fur-
face of the water: what then can pre-
vent this acid from efcaping ? Muit it
not, in confequence of its weight, make
its way to the outlet, or aperture, as the
water does, and be continually diffi-
pated? There is no doubt it muift; and
were it not, that the water contained in
the bafon, being {mall in quantity, is
undergoing a perpetual change, we
have reafon to believe, that in the fupe-
rior part of it the effects of expofure
would be fenfible.

With regard to the manner in which
thefe waters may be fuppofed to receive
their impregnation; it is probable, that
the {pring from which they originate is
at a confiderable depth, within the



[ 30 ]
bowels of the earth, and that the iron
which they contain is taken up in their
paffage to the f{urface. We fuppofe
them, in the firft inftance, to be a com-
mon water, containing {clenite, muriated
magnefia, and common falt, in the {fmall
proportions juft {tated, together with
a quantity of iderial acid, as yet in
an uncombined ftate. After this we
fuppofe them to pafs through a {tra-
tum of iron-ftone, with which (as al-
ready obferved) this country abounds.
In this ftage, and not before, they be-
come chalybeate; and from this time,
till they reach the {urface, the only
{fubftance they meet with, is {and, which
being itfelf ftrongly impregnated with
iron, is rather calculated to improve
than impair them. That the fource
is deep, and not fubject to the changes
which are conftantly going on in the
fuperior {trata of the earth, appears
from hence, that thefe waters, though









