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\".'A'l'I-JIIr_w', which flow at the supsface of the earth, are fre-
quently impregnated with foreign matter, so fur as to ac-
quire peculiar taste or odour, to be capable of exerting
specific chemical actions; or to produce changes in the
state of the living system. Such waters are denominated
Mineral, it being usually matter belonging to the mineral
kingdom which communicates these powers.

Important medicinal effects are frequently obtained from
mineral waters, arising primarily from the operation of the
substances which they hold dissolved, though this is ne
doubt aided by the state of dilution in which they are ad-
ministered, the action of the water itself as a diluent, and
by other external circumstances. The chemical analysis,
therefore, of these waters is of importance, as determining
the principles in which their active powers reside, and thus
enabling the physician to employ them with more advan-
tage and discrimination.

Mineral waters, both in a chemical classification, and
considered in relation to their medicinal use, may be ar-
x';‘tll;___gm! under four orders: CarpoNaTEp MINERAL Wa-
TERS, or those impregnated with carbonic acid gas; Suvi-
pHUREOUS MINERAL WATERS, or those impregnated with
sulphuretted hydrogen ; SaLine Minerar, WateRrs, or
those which hold certain neutral salts in solution ; and
Caavvegare Minerar Warers, or those, the properties
of which depend on an impregnation of iron. These in.

deed are not perfeetly insulated, but, in general, those of
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one division have a certain relation to those of the others,
by being likewise impregnated with one or other of the in-
gredients which these contain. But still each may be class-
ed according to its predominant ingredient; or that whick
gives it its most characteristic chemical and medicinal
powers.

It would be toreign to the object of this outline, to give
the minute details connected with the analysis of mineral
waters. This [,'ll't)l]t'!'l'\' Iii"lf'll'l,'__{:-’ toa S_\'Htvm of Chemistyv.
[t will be sufficient to point out the general modes of ana-
lysisy or rather of discovering their principles, and to add
to this chemical view, a brief account of their medicinal

applications.

[. CarBONATED MINERAL Wartns.<The waters re
terred to this class are these which contain earbonic acid
gas ; to bring them under the appellation of mineral wa-
ters, however, this must be present m such’ quantity as to
communicate certain sensible qualities. 'Waters imprego-
nated with free carbonic acid

gas; sparkle when drawn
i

from the spring, or when poured into a glass ; they have a
taste more or E:-_*-.~ ]r'.n'.;yL-nl :HHE il(']i!il]n}!i_s, }Hit hm-.—.mt-- va-
pid from exposure to the air. Along with the carbonic
acid there may be presenty and, indeed, generally arc pre-
sent, portions of saline earthy or metallic matter, chiefly
carbonates of lime, magnesia, and iron. * But the carbo-
nic aeid in eXcess still communicates the same sensible
qualities, modified, particularly with regard to medicinal
powersy by these impregnations.

Carbonie acid in excess, in a mineral witer, is discover-
ed, when pregent in any considerable proportion, by thie
qualities above enumerated; communicated to the water.

It is also easily distinguished, even when in more minufe

T, Y.
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quantity, by chemical tests. Infusion of litmus receives

from the addition of the water a red tint, which is evanes- :
cent, disappearing from.exposure to the air, and mor :
quickly when heat is applied. And lime water produces ¢
a milkiness or precipitation ; the lime, when the lime wa-

ter is added in due proportion, forming with the carbonic :
acid, carbonate of lime, which is insoluble. But the tur- \
bid appearance is removed, and the transparency restored, -
either h‘}' ﬂt{dillg an additional n.iil;mtil:,' of the 1J|inu;',':1l wi- f
ter, the excess of carbonic acid thus communicated ren- I
df'l'flig the carbonate soluble, or by adding a few drops of "'
nitric or muriatic acid, either of which decomposes the

carbonate, and dissolves the lime. By the evanescent red-

ness, carbonic acid is discriminated from any other free 1
acid that a mineral water might hold dissolved ; and by

the precipitate formed by lime dissppearing from the ad- ’
dition of a larger quantity of the mineral water, or of a

little muriatic or nitric acid, the fallacy is guarded against 1

that might arise from any precipitation produced by sul-
phates that the Water might contain. |

The quantity of carbonic acid contained in mineral wa- |
ters is very various. Under a common pressure, pure wa-
ter can absorb its own volume of the gas, but the quantity
in any mineral water is generally much inferior to this.
The guantity is discovered by expelling the gas from a
given quantity of the water, by heating it gradually in a
retort nearly filled to the neck, and receiving the elastic
fluid in a graduated jar, over quicksilver: the diminution
of volume it sustains, by the introduction of a solution of
potash, is then observed, and this gives the volume of car-
bonic acid gas.

Waters highly impregnated with carbonic acid gas are

grateful from their pungency, sit light on the stomach, and

=
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in a large dose produce a sensible degree of exhilaration ;
they increase the appetite, and generally have a diuretic
effect. They prove useful in dyspeptic affections, from the
arateful and moderate stimulus exerted by the carbonic
acid on the stomach, aided by the diluent operation of the
water, and hence the advantage derived from them in the
numerous chronic affections connected with impaired power
of the

L
sia, in hypochondriasis and gout.  They generally also con-

ligestive organs, and particularly in simple dyspep-

B

tain some saline substances, which commmunicate additional

nowers, and the operation of these is usually promoted, or
1 l .
Dy the carbonic

at least they are rendered more grateful,

weid. - Those which contain carbonate of sot

a, as Seltzer
water, prove more powerfully diuretic, and are employed
with advantage, as palliatives in urinary calculus, and in
the painful discharge of urine from other affections of the
urinary organs. Those impregnated with iron are more
particularly employed in those diseases in which that metal

1
¥
i

is beneficial. ~ Some of the most celebrated mineral waters
of Europe belong to this class, such as the Spa, Pyrmont,
and Seltzer water, The Pyrmont contains very nearly its
own volume of the gas ; the Seltzer, more than half its vo-
lume ; the Spa, rather less than half the volume : they be-
sides hold dissolved carbonates of soda, lime, and magne-
sia ; and the Spa and Pyrmont have a considerable im-
pregnation of carbonate of iron. Their more minute ana-
lesis will be found in the table at the end of this article.
None of the mineral springs of this country are much im-
i\l'u;;'::'.‘.-.wi with carbonie acid; and those which contain any
sensible quantity, as the waters of Bristol and Cheltenham,

derive move a tivity from, the !‘3':_"*-u".|‘-.'i'f‘-i.lﬂill-!_' substances
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11, SvipnureEous MineErarL Warenrs.—These wators

owe their distinguishing character to an impregnation of

sulphuretted hydrogen, and they are at once recognised by
their peculiar feetid smell. They are transparent when
drawn from the spring, but become turbid from exposure
to the air, and gradually lose their odour. When strong-
ly impregnated, they redden infusion of litmus, and even in
their weakest state they give a dark precipitate with soln-
tion of nitrate of silver, or acetate of lead, and tarnish the
metals.

To estimate the quantity of sulphuretted hydrogen gas

contained in these waters, various methods have been em-

ployed. The gas is not casily expelled entirely by heat,
nor is it easily collected, so as to measure it accurately,
water absorbing it, and quicksilver decomposing it; it may
also have an intermixture of carbonic acid gas, and the
proportion of this is not easily ascertained, both gases be-
ing absorbed by the same liquids. The mode which has
been followed is to decompose the sulphuretted hydrogen,
by adding to the water, highly fuming nitrous acid, as long
as there is any precipitation of sulphur. This precipitation
is owing to the oxygen of the acid combining with the hy-
drogen of the sulphuretted hydrogen. Instead of adding
the acid, Kirwan employed the method of filling a jar with
the water, and mixing over it inverted, nitric oxide gas with
atmospheric air, when nitrous acid is formed, and produ-
ces a similar decomposition : he supposed, that in this way
the acid acts in a more concentrated state on the water.
The manipulation, however, is difficult, and does not ap-
pear to have any advantage over the more simple mode of
adding the fuming acid. The suphur precipitated in either
mode is collected on a filter, and from its quantity, the
quantity of sulphuretted hydrogen is inferred, 30 grains of

sulphur being supposed to be contained in 100 cubic inches
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of the gas. This estimate, however, of the proportion of

1 sulphur in sulphuretted hydrogen is somewhat uncertain,
! and the method is liable to some fallacy, from the action of
) the acid becoming weak by its dilution, so as net to preci-

pitate the whole of the sulphur, or, if it be used in excess,

- from its communics umrr oxygen, and cmwcrtmlr it p'uta al-

) ly into sulphuric acid.

. The sulphureous mineral waters almost uniformly con-
tain saline substances, which modify their powers. From
the action of the sulphuretted h}‘(lrngon, they are employ-

: ed more particularly in cutaneous affections ; and from the

. combined action of this and the saline matter, which gene-

. rally has a purgative effect, they are farther used in diseases

, of the digestive organs, dyspepsia, hypochondriasis, torpor

of the intestines, visceral obstructions, and in scrofulous af-

: fections. They are also applied external y in cutaneous

- eruptions, and the warm sulphureous baths have been in

s particular celebrated for their efficacy under this form of
, application. The principal sulphureous mineral waters of
. this country are those of Harrowgate and Moffat : the for-

: mer have a large proportion of saline matter, muriates and

: carbonates. Those celebrated on the Continent are chief-
" ly the warm sulphureous springs of Aix la Chapelle, and

L Barege.

- I1I. Savine MineErar Warers.—Under this ¢lass are
comprised those waters in which, without any large pro-
portion of aérial matter, various saline compounds, gene-
rally neutral, éxist. The salts usually present are sulphates,
muriates and carbonates ; and the bases with which the
acids forming these are combined are soda, magnesia and
lime. Their analysis is accomplished, first, by detecting,

by the employment of tests, the acids present and the bases

v M T e I TA — Al e e & =g v iy,




426 MINERAL WATERS.

by which these are neutralized ; and, secondly, obtaining
the entire salts ln L'\'.i!uu';LLiuI]. ar I"'.'-‘_ the action of certain
re.agents.

In ithese waters, there is often an impregnation of elastic
fluid, particularly of carbonicacid, which would modify the
results from the application of tests. - This, alter its nature
has been determined by experiment, is expelled by heat,

he farthér analysis; and in general

in order to facilitate t
'Il]:i{J, it is of ;ui\':[]][;{‘gc to reduce the volumeé of the water
by evaporation, as the operation of tests becomes then much
more sensible than under a state of great dilution.
Sulphuric acid, in any state of combination in a mineral
water, is: discovered with great delicacy by muriate or ni-
trate of barytes, the barytes attracting it, and forming a
L‘nnlponlld not :iL'L:.-iH}‘ soluble, the i'l]'l:lliltti[‘[l of which,
therefore, gives rise to a turbid appearance, and precipita-
tion. The only fallacy that requires to be gnarded against
is, that the same apparent results may be produced by car-

bonic acid present in the mineral water, either in a free o

y discovered by the preci-

combined state ; buot this Is easi

i

pitation or turbid appearance from the action of carbonic

acid being removed, by the addition of a few drops of ni-
tric acid, or not appearing if this has been added to the

reral water previous to the addition of the muriate ol

barytes. Other tests of sulphuric acid have been employ
ed, such as superacetate of lead, and mitrate of mercursy
but ?{3(-*-'(' are h[JLi'L L-r_'\;-'. delicate '.l:'iti less aceurate.

Muriatic acid is detected by nitrate of silver, the oxide

of silver combining with the muriatic acid, and forming an

oluble compound, which gives to the water first a bluaish
white turbid appearance, and ultimately a precipitate.
his test is extrernely delicate, and detects the most mi-

ute quantity of mupratic adid, mapy state of combing
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18 tion whatever. But 1t is liable to fallacies, ;|IL-;;ii:1.~-'; which
in it is necessary to guard. The principal of these arise from
: the presenca of carbonic acid or sulphuric acid, either of
1C these :_:'i\in_-_-_' rise likewise to milkiness and 1'.1':"_‘i;-'.1;-.1iun on
he the addition of the solution of silver. The operation of
I carbonic acid is prevented by p;--—-vinu;]:; adding a little
s pure nitric acid to decompose any carbonate: thatof sul-
al phuric acid can be obviated only by removin :
ex previous addition of nitrate of barytes, as long as any pre-
ch cipitation is induced. If, on adding to the transparent
fluid, after these preliminary experiments, the nitrate of
ral silver, any milkiness 1s El."!]L]ll(.‘L‘L], this indicates the pre-
11~ sence of muriatie acid. -"\'H|i!['-i11'='-it'l] ]I}'[]K‘U;I‘.‘!l .'_-_5‘-'&'- a
precipitate with this test ; but the nature of this is, from
h, its dark colour, ~u['i']1'i-:*niJ_‘.' evident.
i- Carbonte acid, in a combined state, is detected by mu-
st riate of barytes producing a turbid appearance, and a pre-
¥ cipitation, which are removed by the addition of a few
01 drops of nitric acid.  Waters containing any considerable
21 1”-’['”"'.'—'.'l“lt-”‘]“! either of alkaline or earthy carbonates, sci-
iC sibly affect the vegetable colours, changing, when there is
11- no excess of earbonic acid, or when this is removed by ebul-
he lition, the colour of Bnazil wood, which is red, to a tint of
of blue, or restoring the blue tint of litmus which had been
redddened by the addition of a little vinegar. When the
water is considerably reduced by evaporation, a sensible ef-
fervescence is excited on the addition of an acid ; and du-
ring the evaporation, the earthy carbonates are precipitat-
ALl ed, while the alkaline carbonates remain dissolved, and are
sh discovered 11}' their power tlfL‘]J:.'llf_‘_‘ilijj,‘ the }'('”“‘-‘-' colour of
LEs turmeric to a brown.
1= These acids are usually combined with soda, lime or
L magnesia ; and to ('c’ll'n]ii-.'h' the r11}:|;'_\'5‘;-' hj, the H;t;iliu'.‘iliml

oI tests, these bases must be discriminated

g - gty T = — il o v Al G
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Lime is detected, with the greatest delicacy ol effeet,

oxalic acid, The acid indeed with which the lime is com- It i
bined in the water, when evolved by the action of the oxa- the
hic acid, is liable to re-act on the precipitate, and retain it Sver
m part dissolved ; but this may be guarded against by e
using oxalate of potash. Magnesia is precipitated by the Mg
same ::('il’l; but this can !L';:i'l_‘l_']_\' _1_:'i'\'l' rise to any EEiJ]HCl‘.', eIl
as this precipitation takes place very slowly, while that with I”‘;
lime is immediate. sepe

Magnesia is precipitated by ammonia partially, and by thei
lime water entirely ; the principal fallacy to which both Ivfi
tests are liable is, that argil is also precipitated by them, !"[w
and tlmugh this earth is not of very common ececurrence in od 1
mineral waters, it is occasionally found. The best method m-w-l
of distinguishing them is to dry the precipitate, and boil i;”;
gently a solution of potash on it, this dissolving argil, but {iw‘_
leaving magnesia undissolved.  Succinate of ammonia, it ‘&
has lately been discovered, precipitates argil, but not mag- =z a
nesia, and forms therefore a delicate test. In using lime “_‘
witer -as. the pr:':cipirmu, it 1s necessary to 5-;1:.-::1[ against "n'. l'.
the fallacy that may arise from the presence of enrbonic N'Ii“
acid free or combined, with which the lime may unite, and :w
form a precipitate : this may be avoided by removing any [m.
carbonie acid by the previous addition of a little nitric acid. t'jr:d
Any sulphuric acid also that may be present ought to be j;“-u
removed by nitrate of barytes, as it might unite with the U_‘,__‘
lime, and give rise to & precipitate of sulphate of lime. [h;,:

Soda, which is the alkaline base almost exclusively found Dt
in mineral waters, cannot be discovered by any test, such T
as that by which we discriminate the preceding ingredients e
The presence of it, therefore, is inferred, when the analysis e
discovers acids in the water, which are not uncombined, 'h:
and which, at the same time, cannot be inferred from the
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application of tests to be in combination with earthy bases.

[t is also discovered in its state of combination with any of

the usual acids by evaporation, carried so far, that its salts

are obtained crystallized. By the same method the other

compound salts, those having lime, magnesia, or argil, for
their base, are discovered, and hence evaporation is always
employed in combination with the use of tests in conduct-
ing the analysis of a mineral water. Different substances
separate at different stages of the evaporation, according to
their degrees of solubility : the earthy carbonates are usual-
Jj‘ first F':l't"i'[[ﬂl:ltt'ﬁ[, afterwards the ('.'H'Lii_‘; sll]phutcs, at least

the sulphate of lime: the clear liquor poured off and allow-

ed to cool, affords the alkaline neutral salts and sulphate of

magnesia by -;~1'+\r.-'1.:1IIi<'..-1lit.ru ; the muriates -.:»I'm:i:_g;m‘.ai;l, and
lime 1:_-:'L}:|ff",' remain dissolved in the residnal li[illm', and 1))"
these separations the analysis is facilitated.

Advantage is also taken of the powers of alkohol, both
as a solvent and as a precipitant, to sepavate these substan.
ces. WWhen the water is reduced to a concentrated state
by evaporation, the addition of alkohol throws down cer-
tain salts, while others remain dissolved ; and of those which
are precipitated, some are thrown down by a small quan-
tity of alkohaol, or when the evaporation has not been car-
ried far ; while others are separated only when the alkohol

18 added in larger proportion, or when the water is farther

evaporated. Thus, sulphate of lime is first precipitated,
then carbonate of lime and earbonate of magnesia, after-
wards sulphate of soda and sulphate of magnesia, while the
muriates in general remain dissolved. In applying the sol-
vent power of alkohol to facilitate the analysis, the water is
evaporated to dryness, and this dry matter is submitted to

the action of slkohol; the muriates which are present are

) - - EY Frl :1 . o R — . e
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in general dissolved, while the sulphates and earbonates re-
main undissolved.

By these operations, too, the quantities of the respective
silts contained in a water are determined 5 the substances
separated being either brought to a certain state of dry-
ness, or being dissolved separately in water and crystallized.
The guantities are sometimes inferred, too, by estimation
from the precipitates afforded by re-agents; the quantity
of sulphuric acid, for example, being determined from the
"'"['i'rfi'l of the ;—.r‘vc-ipit:‘.lt' of sulphate of barytes, obtained
by the addition of muriate of barytes ; that of muriatic
acid from the weight of the precipitate of muriate of silver,
obtained by the addition of nitrate of silver; and that ol
linie from the weight of the precipitate ot oxalate of lime ;
these quantities being inferred according to the composi-
tion of these L-u.n'n]u-a_]lu]n', as they have been determined by
the most accurate experiments. In eeneral, these methods
require to be combined to insure aceuracy, especially with
regard to the determination of proportions.

At the same time, it may be doubted, whether the view,
which has usually been given with regard to the state in
which these substances exist in mineral waters, is just. It
has been supposed, that they are dissolved in the water in

hose forms of binary combination in which they are ob-

lime ave obtained by these methods, the mineral water held
these salts dissolved. < Of this, however, there Is no proof,
and the 3ost correct views of chemical affinity rather lead
to the conclusion, that the different acids and different
basés’ exist: with their affinities balanced, contributing to

mutual neatralization, in simultaneous combination, and

‘hat these binary compounds are rather forme d by the pro

.ined by evaporation or precipitation 3 that if muriate of
fa ; 3

soda, for example, sulphate of magnesia, and carbonate of
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cesses by which they are obtained. If this view be _;'.'.ai', the

only conclusion that can strictly be drawn from the analy-
sis is, that certain acids and certain bases exist in the mi-
neral water, and it may appear to be superfluous to attempt
to determine the quantities of the binary compounds. Still,
as i':_-t'im'iull_{ the estimation to a standard, this is as useful
as any other mode = it (‘nl't‘:'-§1tli1u|.~; more Liii‘t‘t‘i]}.' with the
results of the experiments which have been hitherto made,
and we can, if it were of any advantage, infer from the
quantities thus determined of the secondary compounds, the

, . . . a
pl'U[?UJ'lil][!R ol the }hl'lll!:li'}' prind i:ht'::'.

Saline Mineral Waters are usnally aperient, the substan-
ces which they hold dissolved being either so far as can be
determined inert, such as the sulphate and carbonate of
lime, or being cathartic, as the greater number of the other
eompound salts. It has always been remarked; too, with
regard to them, that their cathartic power is greater than
could be supposed from the extent of their saline impreg-
nation, as determined by analysis;—a proof of the influ-
ence of dilution in the operation of mineral waters, They
are usually employed in diseases where it is of advantage to
stimulate the digestive system, the intestinal canal, and the
«:fﬁcrc;lirig Organs connected with ﬁ[, or where :1.1]\'.-1131;1;_11) is
derived from moderate and continued evacuations. ‘Hence
their celebrity in the treatment of some forms of dyspepsia
and hypoechondriasis, chlorosis, chronic hepatitis, jaundice,
and in scrofula. The most noted saline water is that of
Sedlitz : that of Seltzer, along with a portion of saline mat-
ter, has a large impregnation of carbonic acid, and that of
Cheltenham, an impregnation both of carbonic acid and
iron. Pitcaithly Spring, in this country, affords an ex-

ample of a pure saline water, its principal ingredients be-

ad - ] e 1 .




ing muriate ot lime and muriate of soda, with a slight

pl‘{"p:nu'liﬂh of carbonic acid.
When these waters are impregnated with carbonic acid
.3

which they frequently are, they become more grateful, and
y i ) . £ ;

sit easier on the stomach. When they have an impregna-

tion of iron, they acquire tonic powers, and more efficacy
as remedies in amenorrheea, and the other chronic diseases
in which this metal is employed : And the muriate of soda

and muriate of lime which some of them eontain, probably

render them more beneficial in scrofula and affections of

the glandular system.

Sea Water, in strict chemical arrangement, must be re-
garded as belonging to the glass of saline mineral waters,
as it holds dissolved merely various neutral salts, chiefly
muriate of soda and of magnesia, and sulphate of soda and
magnesia, with a little sulphate of lime. It much exceeds,
however, in the extent of impregnation, any common mi-
neral water : the proportion of saline matter varies in dif-
ferent latitudes, according to the temperature, producing
areater or less evaporation, and it is liable to be varied by

the discharge of large rivers into the ocean. But, on an

average, the quantity appears to be about %, of which,
from the experiments of Bergman and Lavoisier, 1t follows,
that about 20 are muriate of soda, 5 muriate ui']n:l-_:!u'_-i;i,

- . et
3 sulphates of magnesia and soda, and 1 sulphate of lime.

lis medicinal powers are similar to those of the saline mi-
neral waters ; from the extent of its saline impregnation, it
is more active as a cathartic, and this renders it more sti-

mulating than fresh water as a bath.

IV. Cuarveeare Mingrart WarErs.— ©Lhese owe their
characteristic properties, chemical and medicinaly to an im-

nrecnation of fron. The oxide of iron is almost uniform-
1 e
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Iy held dissolved by carbonie acid, the acid being usually
in excess; in a few mineral waters, sulphate of iron is pre-
sent ; but these are not of common occurrence, and are in
general too active to be well adapted to medicinal use.

Chalybeate waters have a pecnliar styptic taste ; they are

transparent when taken from the spring, but when exposed
J for some time to the air, a pellicle forms on the surface, and
l a quantity, generally minute, of ochry sediment subsides,

the water at the same time losing its taste ; this change is

accelerated ]‘1_1,' heat.

” [ron is discovered, with great facility, by chemical tests.

Prussiate of potash detects it by the blue colour to which
- it gives rise ; infusion of galls by the purple colour which
it strikes. The latter test is more delicate than the former,
ly and it is much more accurate ; the prussiate of l}g_ﬂ;]_\_‘,h be-
d ing always liable to fallacy, from the difficulty of obtaining
T':’ it free from iron ; hence the infusion of galls, or rather the
> tincture of galls, ought always to be preferred. The prin-
2 cipal circumstance to be remarked with regard to its ope-
s ration, is, that the purple colour which it strikes, is liable
o to be altered in its tint by the presence of other substances :
n alkaline and earthy carbonates in particular render it vio-
s let : neutral alkaline salts appear to deepen the purple co-
5 lour, and sulphate of lime renders the precipitate at first
. whitish, ana afterwards black. Carbonate of lime has a
2

singular effect : if the iron is in a low state of oxidation, it

heightens the colour ; but when the oxidation is greater, 1t

& o
3 has the opposite effect ; and if the quantity of iron be small,
- the colour may even not appear on the addition of the tes;.
This lact, discovered by Mr Phillips, gives the explanation
_ of a singular circumstance with regard to the Bath Mine-
ir ral Water,—that when newly taken from the spring, and
pe while still warm, it gives a purple colour with galls; ind;
¥ VOL, II. 21
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cating the presence of iron ; while, after exposure for a lif

tle time to the air, no colour appears, thongh no oxide of
iron has been precipitated.

By applying the test of galls before and after boiling tl

1é
mineral water, we are enabled to discover whether the iron
is held dissolved by carbonic or sulphurie acid ; the car-
bonic acid being expelled by the ebullition, and the oxide
of iron precipitated, so that after filtration of the liquor
when cold, the purple colour does not appear ; while the
sulphate, though likewise partially decomposed by the ebul-
lition, still so far remains, that a colour not much fainter
will be produced. The presence of carbonic or sulphuric

o be determined by their usual tests, and sul-

acid may
phate of iron may be obtained by evaporation.

The ¢uantity of oxide of iron may be determined from
its 1:11't‘r5.p".1ut'|m|., on exposure to the air ; the whole, or very

nearly the whole of it, when it is combined with carbonic

i
acid, being precipitated, in consequence partly of the escape
of the acid, and partly of the iron passing to a higher state

of oxidation, so that its attraction to the acid becomes weak-

er. It has also been estimated from the weight of the pre-
cipitate, formed by the addition of prussiate of potash ; or,
by a more recent and less exceptionable mode, precipita-
ting it by the addition of sucecinate of soda, and afterwards
decomposing the precipitate of succinate of iron, by expo-
sing it to a red heat with a little carbonaceous matter, 100
parts of the oxide obtained by the calcination containing
about 70 of iron. Benzoate of soda, which is a cheaper salty
may be used for the same purpose, 100 parts of the preei-

pitated benzoate of iron dried by exposure to the air con-

taining 25 of red oxide of iron.
Chalybeate mineral waters are remedies of considerable

wctivity and power. They act as tonics, increns
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strength of the system, raising the force of the circnlation,
giving tone to the digestive organs, augmentine muscular
vigour, and promoting the excretions. They are of course
employed in those discases in which iron is principally used,
amenorrheea, chlorosis, some states of menorrhagia, len-
corrheea, dyspepsia, serofala, and various forms of chronic
debility. And as iron always suceeeds best when given in
small doses, and in a state of considerable dilution, the cha-
lybeate waters afford the best form under which it can be
prescribed, that which is at once attended with least irrita~
tion, and from which the greatest benefit is obtained. The
powers of these waters, too, are often aided by the pre-
sence of other ingredients. The impregnation of carbonic
acid, when it is present in excess, gives them a orateful sti-
mulant quality, which is exerted on the stomach ; and sa-
line substances communicate to them an aperient power,
One of the purest chalybeate waters, as will be perceived
from the annexed table, is that of Tunbridge. In the ce-
lebrated Spa and Pyrmont waters, the impregnation of car-
bonie acid is so great, as very materially to modify the ac-
tion of the iron 5 and in the Cheltenham water, the quan-
tity of active saline matter is such, that it can scarcely be

regarded as a chalybeate.

Besides the substances which have been enumerated as
forming the preceding classes of mineral waters, there are
some principles common to all of them, so as to be occa-
sionally found in those of each class ; and there are some
also, which are of very rare occurrence, either of which
searcely require more than a concise enumeration,

Atmospheric air is contained in all water that flows at
the surface of the earth, and renders jt more grateful and

light as drink. It scarcely in its entire state appears to be
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contained in more than the usual proportion in any e
ral water, while in those in which other elastic fluids are
present in large quantity, it is probably deficient.  Neither
does it appear that Ozygen gas is ever present in a propor-
tion larger than that i which it exists, as a constituent of
the anvphcriu air in water. The fact, rather singular,
has been established, however, that Nitrogen gas is afford-
ed by mineral springs. It had often hun (ﬂ.l:‘éi'l'\"t'lll, that,
in the mineral -}m|1«r at Buxton, a 1111=1‘:11|I\ of elastic fluid
is discharged wit h the water, ﬂml a }am:mu escapes on ex-
posure from the water itself.  This was supposed to be car-
bonic acid ; but Dr Pearson discovere ll it to be nitrogen
aas, mixed with a little atmospheric air, the volume of air
amounting to about % of the water. The same gas was
afterwards disc m.ud by Dr Garnet in the mineral waters

{ Harrowgate, and has since been found in others. 1tis

'Ln'fah:'ml_‘.' in gener: al derived from the oxygen of the atmo-
spheric air, with which water Is ;1'1111¢n111‘m11 being ab-
stracted by other substances present in the mineral water,
particularl; ly by sulphuretted hydrogen or oxide of iron,
leaving the nitrogen 'n combination with the water.
Sulphurous acid pas has been found in some hot minera

waters in the ne ml bourhood of volcanoes, but 1s scarce ly
to be looked for in any other situation. The Mineral

have likewise, though rarely, been found uncombined, o:
at least in excess. Sulphate of Argil and Sulphate of Iron
sometimes occur, arising pruhuh!_\: from the oxygenation of
aluminous slate impregnated with sulphuret of ivon, through
which the water has }l:a:‘»&:,'ti. Muriate r;‘f' Manganese has
been detected in minunte quantity. Lastly, Silex exists in
solution, especially in hot springs. [t is deposited abun-
dantly from the water of the Geyser fountain in Ieceland.
It is g!;-;\cm.w.l in the water of the hot H]IJM"H of Carlshad,

in the Bath waters, and 1n many others, and is in general
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discovered by forming, when the water is evaporated to dry-

ness, a residunm inseluble in acids, and having, previous to

its perfect exsiccation, more or less of a gelatinous consis-

tendce.

I'ne temperature of mineral waters gives rise to a very
important distinction among them. The greater number
are at the average annual temperature of the place wher
the spring is situated : others are ('cnlbidvr“[1|’}- _c.u:u;-rim' {0
this, or are positively warm. This modifies their powers.
The warmth of the tepid waters renders them rather more
stimulating when swallowed, a glow being felt in the sto-
mach, and sometimes the head is slightly affected. When
externally applied under the form of the bath, the tempe.
rature has a more important influence on their operation,
than any impregnation they may have. In some eelebra-
ted mineral s;'n'in:_-'.-. the salutary powers appear to depend
principally or entirely on the temperature, and on the wa
ter acting as a diluent, ‘as in the warm mineral waters of
Bristol, Matlock, and Baxton, and in the cold spring of
Malvern.

In the following table is presented the results of the ana-

lysis of the most celebrated mineral waters. They are ar-
1'.-11:55_[‘::&! as 1|t-all'|'~. as ih}i?ilih!t' :Ii'i'fll"“”;_{' Lo l.i:r: }Jl't‘f‘t't“il'.:
I‘J;lr—_‘:-‘('_‘:'—, lh{m_:_fh there 1s considerable :{]”'I:'lr!l}' with !':"_;;ii'ni

to some of []Jt'!!i, “‘h]t'li, from the substances IEu-}' hold

Ji:-,m_;l\'u.-d, l,n-,_-]un:-,{ to one class as well as to another. Thnus
i the Spa and Pyrmont waters belong both to the classes of
: carbonated and chalybeate waters. I have placed them
: under the former, as the impregnation of earbonic acid is
S0 very considerable, and gives them pl‘ulJ;Li\i_\r thelr most

important properties. Cheltenham water may be placed

. * | i .
f-nhm' a5 0 :i;J.[ll'_E,' or as a {‘h;:-_'\"|:l('.'ll1' water. 1 liave &ivel
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it the former rank, as the saline matter appears to give ii
1ts principni activity. There are other mineral waters so
free from any forcign matter that their operation must be
ascribed to the fluid acting partly by its temperature, and
partly as a diluent ; or if in some of these the analysis in-
dicates a certain portion of foreign matter, the substances

are in general not different from those in common spring

water, and are in smaller quantity, and hence cannot com-
municate any great degree of active power. 'L'his is the

case, for example, with the Bath water, and the waters ol

Bristol and Buxton, in all which the im!\l‘:';;l'.;:liuil of ac-
tive matter is inconsiderable, and their operation seems
principally dependent on dilution and temperature. These

I have placed under those classes, with which, judging
both from their analysis and their operation, they are most
nearly connected. With regard to the temperature, I have
thought it sufficient to add the epithet cold, where the
temperature is not above that of the external atmosphere ;

where it exceeds this, the precise degrees are added. The

proportions of the ingredients are those contained in a

wine gallon of the water
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The practicability of imitating the mineral waters has
-'si:_:u_-__n;v:.l the attention of Chemists. With t'c‘gnrtl to the
wctive saline waters, it is easily done, by dissolving the due
proportions of the compound salts in water corresponding

to the analysis of the water designed to be imitated. We

may also impregnate the solution with carbonie acid gas,
and even with sulphuretted hydrogen ; and by the medium ~
of carbonic acid, it might receive an impregnation of iron. s1
Directions for 1'nmin(ﬁting these processes have been _-__fiv-. § te
by Bergman. But in all these cases, there will be wanting th
the confidence on the part of the patient-in the efficacy of T
the artificial watcer, ‘.'.'lljuil, it not necessary to its SLUCCEsS, in
is at least requisite to its continwed and regular use: the hi
external advantages too, attending the visit to a mineral h:
spring, may not always be obtained. Hence these artifi- W
cial waters, designed as substitutes for the natural ones, ti
bave never been established in use. 'Water, impregnated to
with carbonic acid, with the addition of an alkaline carbo-
nate, which is now in gt.'lll.‘l';lf use, may be considered as w
operating on a similar principle ; and to this super-carbo- liz
nated soda, or super-carbonated potash water, a small ot
quantity of any of the purgative salts is often added with in
advantage, communicating to the water an aperient qua- al
lity, while the taste of the salt is covered, and it is render- SU
ed more gratelul to the stomach. di
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