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To the RIGHT WORSHIPFUL

Francis Forfler, Efy;, Mayor,
To the WORSHIPFUL
TheRECORDER and ALDERME&,

And to the -

SHERIFF and Common-CouNciL

Of the TOWN and COUNTY .of

Nezcaftle upon Tyne.

GENTLEMEN,

S in chearful obedience to your
commands, I went through moft
of the experiments, which are faith-

fully



DEDEFGATION.
fully 1 related in che following treatife ; I
beg leave to fuhrpn; it to your candid
judgement, and to lay it under your
progection. . -

§ SRR -~ (b |

Allow me at the fame time.to ac-
knmﬂ&dge my grateful {enfe of the di-
ﬁmgmﬂwd honour, which I have re-
ceived, in . being appointed to any in-
ftrumental fhareiin your watchful con-
cern for the true interefts of chis place.

How I have acquitted myfelf 1n this
honourable employment, my private
lecters have already thewn. to you; and
the following {heets will declare to the

public,who are molt materially concern-
el in the refult.

f

I can hﬂwever with. oreat confidence
afﬁ:n, that dwcf*ed of. Pre_]udlce and

Rl Rl

: un-
vilot
W



DEDICATION.
unbiaffed by intereft, my fole aim has
been the inveftigation of truth; and

that I have not intentonally either
concealed or mifreprefented any thing.

Some people indeed, who would cir-
cumicribe the truth by their own nar-
row underftandings, fubject it to their
private views and interefts, or pervert
it according to the fuggeftions of ma-
lice or envy, I may have offended :
The cenfures of fuch I fhall ever glory
in; and fhall efteem it an honour to be
found diretly oppofite to thofe men,
who have publickly infulted the wor-
thy chief magiitrate of Newcaftle; and
falfely afcribed his benevolent care for
the public to ignoble motives.

Convinced, Gentlemen, that, in your
defence of the public welfare, you will
ever



DEDICATION.

ever triumph over all oppofition ; if my
endeavours, which have already been
honoured by the fanétion of your ap-
pointment, fhould finally meet with
your approbation, I fhall be gratfied
in the higheft ambition of,

GENTLEMEN,
Your moft obedient,

And moft faithful Servant,

]. ROTHERAM.
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INTRODUCTION.

e S
A

PuirosorHicaL INQUIRY, &rec.

e 3’%'{"%'HE properties and effe@ts of Water
"i" ¥ °1‘° are matters of great and general im-
PRt portance. Whether we confider this
fubje in a philofophical, a medical, or cecono-
mical view, we find ourfelves deeply interefted
in the inquiry.

That very able phyfician and philofopher
Hoffman, {ays, * « That as Water is pro-
perly reckoned by philofophers amongft the
elements ; {o its exten{ive ufe appears through
all the works of nature. For, Water is that
univerfal folvent which divides and tears in
pieces the folid parts of every kind ; imbibes
and carrics them away with itfelf. From

A * hence
* Oblervat. Phyfico. Chemic. lib. II. obf 7,
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hence we are furnithed with a caufe for the va-
rious’ changes in nature; for without Water,
no fertility, nutrition, nor increafe can take place
in the regions of nature. Without Water, no
animal lives, no circulation of the blood and
humours in the veflels, no fecretion, nor ex-
cretion of what is ufelefs can be effeded.-
{olid bodies, as metals, minerals, or ftones, are
to be diffolved, . the help of Water is neceffary.
We feeno putrcfa&ioln, nor corruption, without
moifture; nor can remedies operate upon human
bedies; nor fluids a& upon folids, but by means
of Water: Qurdryand {olid food, without fluids,
would be deprived of all its ufe and benefit.”

‘- The part which this fluid bears in every pur-
pofe or em;:_ul(;yment of our lives; not only in:
the; feveral trades and manufa&ures, - but in the
drefling our food, - in the cloaths we wear, in
the air we breathe, and in all our animal operati-
ons, renders it of common, of univerfal im-
pd'r-t:mf.:{: ; anld' eflentially neceflary to our: eafe
and convenience, to our health and our lives.
_Intending to confine this inquiry chiefly to
tlmf‘eﬂ aters which are. moft commonly in ufe ;

and to fuch as are moft fit for fupplying largc
towns ;
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towns ; 1 fhall enter no farcher into the genetal
or particular properties of fluids, than this part
of the fubjed naturally leads me to. Nordo I
mean to addrefs it to philofophers and phyfi-
cians ondy ; but hope to render it of more ge-
neral ufe, by adapting it to every capacity, and
conduéting my experiments andyobfervations in
fuch a manner, that every perfon of common
underftanding may be cnabled to judge of their
propricty, and determine for himfelf ; without
the neceflity of having recoutfe to the many
large volumes which have been written upon
the fubje&, by the greateft men of almolt every
age; {everal of which are but in the hands of a
few, and in languages which arc not univerfally
underftood. I hope likewife to' relate the ex-
periments in fuch a manner, that any gentle-
man, who has leifure or inclination, may try
all or any of them for his own fatisfa&ion :
Indeed fome of them are rather tedious ; but
others, which will often fhew what Water
is fit for general ufe, may be tried without trou-
ble, expence, orinconvenicnce. And yei I;I-:.'DP{:
that even my learned reader will meet with fome

few
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few improvements which will not be difagree-
able to him.

My experiments are chiefly confined to the
Waters in this neighbourhood, of which we have
a great variety; and as feveral of them are fimilar
to thofe in other places, thele experiments may
be of more than local vtility ; and therefore I
fhall relate fome of them very fully, with the
particular circumftances attending them.

UOF WATER IN GENERAL.

HAT Water is the fitteft for general ule,

~ which is the pureft, and moft free from

all heterogeneous particles, or unmixed with any
foreign fubftance, whether of the animal, ve-
getable, or mineral kind. An abfolutely pure
and unmixed elementary Water we can indeed
{carcely procure ; for whatever bodies it meets
with,itwill generally carry fome particlesof them
alongwith it ; and more efpecially if it comeinto
conta&t with any of thofe falts, which are
plentifully difperfed through the animal, ve-
getable, and mineral kingdoms; even in pal-
| fing
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fing through the air, it will attra fome par-
ticles which change its property; and what-
ever veflels we keep it in, we generally find a
fenfible change.  'We muft therefore be con-
ent with that which contains the fewelt of
thefe heterogeneous parts, and thofe of the moft
inoffenfive kind, 7. e. fuch as give the lealt hin-
derance or difturbance to its natural operations ;
more efpecially fuch as may be injurious to the
animal body, or work any change in the hu-
man conftitution. This, in fupplymg large
towns, is a confideration of great importance ;
for thefe fubftances are often fo fmall in quan-
tity, that they operate by flow and impercepti-
ble degrees,™ and their effeéts; by this means,
may often efcape the niceft obiervation ; yert,
by long and conftant perfcverance,they may be-
come very prejudicial, if not deftru@ive,
Non vi fed [zpe cadendo
Gutta cavat lapidem.

That great Philofopher and friend to man-
kind, the excellent Mr Boyle, found {uch a va-
riety of different minerals, and fome of them
very mifchjevous ones, to lurk imperceptibly

in
* See, Dr Percival op the Waters of Manchefler.
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in different Waters ; that he fays, itis only by
Jong experience and obfervation that we can be

fatisfied of their falubrity : And thofe who are
lefs acquainted with the works of nature, than
he was, will readily allow that there are minu-
tiz which elude our ftricteft fearch, and fhould
teach us not tobetoo hafty, nor too peremptory
in our conclufions. ~ Even poifons, of the moft
pernicious kind, have been known by experience
to be contained in mineral Waters, which were
yet {o fubtile, that the niceft chemical analyfis
could not difcover them ;* we ought therefore
to have fomething more to depend upon, before
we pronounce any particular Water falutary,

But there are feveral Waterswhich thew their
properties by manifeft figns ; there are likewife
criteria by which we can often form a tolera-
ble judgment of their comparati#‘e purity ; and
feveral good rules are laid down by naturalifts,
to form this judgment, with as much certainty
and precifion, as the nature of the fubje& and
- our limited comprehenfions will allow.

The firft and one of the moit obvious proper-
tiesis itsfluidity ; that its partsmay be feparated

. with
* vid. f;r?_f.ﬂ.m'r.! de venenis,
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with the leaft known force, and eafily move
amongit one another.  Itis needlefs here to en-.
ter upon a philofophical difquifition on fluidity,
or to confider upon what form, fitvation, or
difpofition of particles this property depends.
We know that the pureft Waters yield to the
leaft force, and allow folid bodies to move in
them with the leaft refiftance, And from hences
if we obferve any tenacity or clamminefs, we
judge that its parts are held together by fome
intervening fubftance, and that fomething be-
fides Water is contained in it. This tenacity
may often be difeevered by moving the hand
or any other body in it; by pouring it out of
one veflel into another, or by obferving the
drops whether they are round and {mall, or large
and pointed. !

It is a long eftablithed ob{'ervatmn that the
beft Waters boil and cool again the fooneft ; and
that they evaporate in the leaft time, and with
the leaft degree of heat, ~ Thefe effeéts are un-
doubtedly owing, in fome meafure, to their more
perfe@ fluidity, by which their parts are more
eafily feparated and carried off.

Another appearance in the beft Waters may
pﬂfti;
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partly arife from the fame caufe ; and that is the'r
{parkling in a glafs, and forming a numbcr of air
bubbles on the fides of the veflels which contain
them. AllWatercontains z large quantity of air, -
or fome fubtile elaftic fluid ; and when the pref-
{ure of the atmofphere is taken off from the fur-
face, or confiderably diminifhed, {o as to deftroy
the equilibrium, this finid will expand, and come
out in very great quantities; rifing in bubbles
from the bottom of the glafs, and from every
part of theWater, and increafing in their afcent ;
as appears very evidently and beautifully, by
putting a tall glals of water under a recciver, on
the air pump; and by placihg two or more
glafles of different Water, at the fame time, we
often fec a different cffe@, and compare one
with another.* If the parts of thec Water ad-
here together with any perceptible tenacity,
they will not {o eafily give way for the expan-
fion of this fluid ; and confequently when fuch
Water is under an exhaufted recciver, the bub-
bles will neither be fo many nor fo large. And
make the Water a little ropy with linfeed,

marfhmallow root, gum arabic, or any other

mnu-
* Hoffman de element, aq. min. reéte dijudic.
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mucilage, and we fhall fcarce fee one bubble,
though we exhauft the receiver as perfe@ly as
we can. '

I would not be underftood to affert that thefe
appearances depend wholly upon the degrees of
fluidity or tenacity ; for Hoffman,* Mr Boyle
and many others have maintained, that there is
a {ubtile ®therial {pirit in Water, which mani-
fefts itfclf in thefe bubbles: Be it fo, ftill our
reafoning holds good ; for any vifcidity or ftrong
adhefion of parts, will ftill prevent the rifing and
{eparating of this fpirit. Some Waters do in-
deed contain a very large quantity of fuch a
fpirit; the pyrmont particularly will {parkle in
the glafs,and fly like champaign ; but this can-
not be a mark of its purity, but is rather a proof
of a large mixture of fome particular body in
it; and accordingly we find from the propor-
tion of its contents, that it is very far from a fim-
ple Water; for, upon evaporation, it leaves
{ometimes near twenty grains of refiduum to a
pint.T But there are {everal Waters, as will be
fcen in the fequel, which leave fcarcely a twen-
tieth part of this quantity, and confequently

approach much nearer to a flate of purity.
B An-

® loc,. citat. + Rutty’s Synopf. p. 315,
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Another circumftance which greatly varies
this appearance is the warmth or coldnefs of
the Water. All elaftic fluids which we know
are condenfed by cold, and rarefied by heat ;
confequently if Water taken directly out of
a well, or brought from a cool cellar, be cold-
- er than the circumambient air, the fuperior
warmth of the air will expand thefe elafticparts,
which were before in a comprefled ftate, and
they will form into numbers of thefe little round
bubbles. And when they are urged by a boil-
ing heat, the whole body of the Water is turn-
ed into an elaftic fteam and flies off, excepting
a fmall proportion of earth or falts that remain
in the refiduum.

Upon an attentive perufal of what Hoffman
writes upon this point, I am afraid. that great
man made his conclufion a little too general ;
for though feveral of the beft waters, and ef-
pecially the medicated ones, contain a large
fhare of this elaftic fpirit, it will by no means
follow that all Waters which abound with it are
therefore wholefome ; for there may be, for
any thing we know, as greata variety in the
qualitieé of thefe fpirits, as in thofe of the fix-

ed
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ed parts ; the efluvia or volatile parts of fome
Watersare found to beextremely noxious, and a
firong poifon may fparkle in the glafs, However
we may fafely conclude that the Water, which
exhibits nothing of this appearance, is either
originally foul, or has been ill kept, and will
never be agreeable to the tafte ; which leads
me to another obvious teft of the purity of
Water, viz.

That it be entirely free from any particular
talte or fmell, that it be perfe@tly infipid, other-
wife we may fafely conclude that it is impure.

It ought likewife to be perfedly limpid, bright
and tranfparent. Indeed feveral good Waters,
and efpecially the river ones, will be muddy
and opake, as will be obferved afterwards; but
this can fcarcely be called an imperfedion, if
they fubfide and become clear upon ftanding ;

but whatever Water (hewsany particular colour
is certainly impure,

Or
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Or THE sPECIFIC GRAVITY oF WATER.

NOTHER teft of the purity of Water,

much infifted on, both by the ancients and
moderns, isitslightnefs.  But though the pureft
Waters may very often be, and perhapsgenerally
are, the lighteft; yet the {pecific gravity is not al-
ways a certain rule tojudge by ; forthe contents
of impure Waters differ much, in fpecific gra-
vity, amongft themlelves. Several of the ve-
getable fubftances will fcarcely increafe the
weight of the Water in which they are infufed ;
the mineral ones indeed generally do, but not
all in the fame proportion ; for fome of the falts
differ from one another, infpecific gravity, more
than one third ; and therefore the fame quanti-
ty of each cannot make an equal alteration in
the {pecific gravity of Water. For inftance,
take an ounce of good alcaline falt, and the
fame quantity of purified nitre, and diffolve
them in equal quantities of diftilled Water ;
you'll find the two Waters of very different
{pecific gravities, though the quantity of the con-

tents be the fame in each®*. Many of the mi-
neral

# Tt is evident from hence, that a late Author either knew

or confidered very little of thedoctrine of fpecific gravity,whf,n
e
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neral fubftances do indeed add confidera-
bly to the weight of thofe Waters which
are highly impregnated with them; but in
general the difference of fpecific gravity in the
Waters in common ufe is not {o much as many
people imagine.  Herodotus indeed tells us of
Water that was fo light that neither wood,
nor even lighter bodies, would fwim in it.
Though Boerhaave accounts for this from the
weight of the wood, as lignum vitz and
{everal of the heavier woods will fink in our
common Waters; yet FHeroaotus evidently
means to prove from this, that the Erhiopian
Waters were much lighter than common ; and
reprefents to us that fome of the lighteft bodies
would fink in them ; which feems fcarcely cre-
dible, as a piece of dry oak will fwim in proof
{pirit. :

Mr Boyle tells us™ that he had heard of
the Water of the G{‘Ih’{:g'f.f being lighter than ours
by a fifth part; but in this report he muft have

| been

he fays in general, that that Water is fpecifically the lighteft

which when evaporated, leaves the fmalleft quantity of refi-

duum Experiments made on the Waters in Newcaltle. p. 2.
* Medicina Hydroftatica, chap, 14
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been impofed upon ; for he fays immediately
after, that “having had, upon feveral occafions,
the opportunity as well as curiofity to examine
the weight of divers Waters, fome of them
taken up in places very diftant from one ano-
ther, I found the difference between their fpeci-
fic gravities far lefs than almoft any body would
expe&. And if I be not much deccived by
my memory (which I muft have recourfe to, -
becaufe I have not by me the notes I took of
thofe trials) the difference between Waters,
where one would expe a notable difparity was
but about the thoufandth part (and fometimes
perchance very far lefs) of the weight of cither.
Nor did I find any difference confiderable, in
reference to our queftion, between the weight
of divers Waters of different kinds, as Spring
Water, River Water, Rain Water, and Snow
Water; though this laft were fomewhat lighter
than the reft. And having had the curiofity
to procure fome Water brought into England,
if I much mifremember not, from the river
Ganges itlelf ; T found it very little if at all

lighter than our common Water.”
Profeflor Mufchenbroet, who has publifhed
the
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the moft copious table of {pecific gravities that
I have feen, makes a difference of s between
rain and river Water. But he candidly owns
that, in conftrucing his table, he did not al-
ways attend very accurately to the degrees of
heat, which will in a great meafure account for
this difference®.  And I am afraid that many
of our tables of {pecific gravities labour under
defedt. '

It is much tobe lamented that the learned
and ingenious Dr Rusty has but feldom filled
up the column of fpecific gravities, in his very
uieful tables ; and, where he bhas done it, he has
ufed the graduated hydrometer ; which does not
determine the difference in proportion to the
whole weight.

Though the fpecific gravity alone will not
determine either the quantity or quality of the
contents in Water ; yet it is often a good col-
lateral proof, and a confideration worthy the
attention of the curions naturalift. And as my
method is, fo far asI know, entirely new,
moreaccurate than any I have feen, and cafily
putin pra&ice; I fhall here give a particular

- del-

* Iatroduét. ad Philofoph, vol. II. p. 536.
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defcriptionof it ; that any gentleman who chufes
to try it, may fit up the whole apparatus with
very little trouble, and at the expence of only a
few {hillings.

I take an oval glafs bubble, the
body of which (&) is about feven
inches deep, and four in diameter. I load itwith
fhot till it fink in Water to the neck at (&)
Then taking it out of the Water and drying it,
I cement a brafs cap tight upon the neck, fo
that no Water can poflibly get in. The cap is
about an inch and a quarter in diameter, is
made rather concave at the top; and has a
pointed brafs wire of about an inch long fol-
dered into the center of it. The whole, thus
fitted up, weighs exadtly twenty eight ounces
troy ; and is light enough to {wim in the light-
eft Waters.

Immerfing this in a jarr of diftilled Water
I find that a weight of about 46 grains will
fink it till the point of the wire (¢) comes
down juft to the furface of the Water; after
which lefs than ;% of a grain added will fink it
to the bottom of the jarr; or +'s taken off will
let the point rife very fenfibly above the fur-

face

T 1.
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face of the Water.. For, when fo fmall a part
of the wire only emerges, if there be no fenfible
vifcidity in the Water, the {malleft additional
weight will carry it down.

Now a quantity of Water, equal in bulk to
the whole inftrument and the weights lying upon
it, weighing 13487 grains ; I can with'cértainty
determine the comparative gravity of any other
Water to lefs than =7 of the whole ; which
is much nearer than we can come either by the
hydroftatical balance, or the common hydro-
meters. And it has this advantage, in common
with the hydroftatical balance, that it fhews
the fpecific difference in aliquot parts of the
whole weight, which the common graduated
hydrometer cannot do.

But {till a confiderable difficulty occurs from
the expanfion of the Water by heat, a fmall de-
gree of which will very fenfibly alter the ¥pe-
cific gravity as fhewn by this inftrument; I
have often found adifference of fome grains in
lefs than an hour ; and no thermometer, whichI
ever faw, is carried into divifions {mall enough
to regulate this inftrument. © Under this diffi-
culty I had no other refource, than to fix my

C ftan-
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ftandard from diftilled Water, every time I try
the experiment, I therefore take a couple of
jars, and putting the Water I want to try into
one, and diftilled Water into the other; I let
them ftand together for an hour or more upon
the fame table, till I can pretty reafonably
conclude that they are both of the fame warmth ;
then, after balancing the hydrometer exactly
in the diftilled Water, I take it out and imme-
diately put it into the other, by which I find the
difference to a very great nicety, and with very
little trouble. Asby repeated trials' I have fcarce
found any difference betwixt the Ipecific gra-
vity of diftilled Water and filtered rain Water,
I now generally ufe the latter.

Another precaution is yet neceflary; and that
is to confider the fpecific gravity of the ad-
ditional weights in the heavier Water, to find
the weight-of a quantity of Water equal in bulk
to them, and fubtra& this from the difference.
1 make allmy grain weights, for thefe experi-
ments, of brafs wire, of a proper thicknefs, and
regulate themby anaflay beam; thefe being more

commediouily taken up with a pair of forceps,
| and
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and lying in lefs room than the thin flat
weights.

I have never ufed this inftrument in trying
fpirits, or any fluid but water ; though it
might be cafily enough adapted to any of
them, by ufing large fliding weights to re-
move at pleafure. But, if it be ufed in fpirits,
the cap muft not be cemented on with any thing
refinous, as the {pirits would diffolve the cement.

Some of the Waters in common ufe will be
about twenty grains heavier than rain Water,
by this intrument; but moft of them differ
only from one or two, to fix or feven grains,
and generally come within a thoufandth part
of the whole weight, as will in part appear by
the annexed table.

Or Harp AND SorT WATER.

NOTHER mark of  the purity of Water

is its foftnefs. This is a property of Wa-

ter which claims one of our firft and princi-
pal regards ; as without it the Water would be
unfit for moft purpofes of life. This quality,
as
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asit isdiftinguifhed from what we call hardnefs
in Water, is difcoverable by the touch, if we
only wafh our hands in it; and the diftinéion
between hard and foft Water generally arifes
from its difficult or eafy union with oily
fubftances. The foft Waters, for this rea-
fon, diffolve foap more readily, and unite
more cqually with it; whereas the hard Wa-
ters will either not diffolve it at all, or very
imperfectly, and do not mix equally, but
curdle. Therefore the foft Waters are moft
proper for the wafhing of linen, or any other
purpofe where foap is ufed ; they will require a
lefs quantity of it, and perform their work foon-
er. 'They mix more uniformly with milk, and
do not curdle it, as the hard Waters frequently
do. They boil peafe and all legumes foft, and
mix better with all farinaceous fubftances, as
rice, flower, oatmeal, &ec.

As moft of our hard Waters contain a mine-
ral falt, and a large quantity of earthy or ftony
particles which are united to it, and thus diflri-
buted through the Water, and mixed moft in-
timately with it: Quere, Is there not a natural

Fo-
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repulfion between thefe mineral fubftances and
the animal and vegetable oils? Or do they not
rather deftroy or counteraé thofe fubftances
which are the medium of attra&ion, or band of
union betwixt the water and thefe oils ; thereby
preventing the {mall particles of Water from in-
finuating themfelves into the pores of thefe
oleaginous fubftances? And is it not from fuch
infinuation and ready attraction of its particles,
that foft Water {wells and foftens all kinds
of pulfe in the boiling ?

The foft Waters are, for the reafons above
afligned, generally efteemed the beft for mak-
ing of bread ; for bleaching of linen ; the mak-
ing of paper ; and for moft medicinal purpofes.
Likewife they are found to be the beft for
boiling of meat, by giving it a more agreeable
colour than the hard Waters, which often boil
it red. But I fpeak here only of fuch Waters
as are effentially {foft from their purity ; not of
thofe which are accidentally fo from the mix-
ture of an alcali or any other adventitious fub-
ftance. Mot of the alcalious Waters are found
to redden flefh in the boiling; and, what is 3
ftill worfe, to give it a very difagreeable foftncfs.

There
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There arc notwithftanding fome purpofes, to
which the hard Waters are adapted ; as in feve-
ral kinds of dying ; inthe boiling of greens, to
which they give a better colour; in the rinfing
of foap out of linen, afterithas been wafhed,
theyare obferved to give the linen a better colour,
and an agreeable firmnefs or crifpnefs ; but the
linen thus treated requires more foap when it
comes to be wathed again.  Hard Water is like-
wife faid to be neceflary in the making of ftarch ;
and every cook-maid knows itsufe in the dref-
fing of fith, efpecially cod, which it makes firm
and curdles. It has been fometimes recon-
mended for brewing. The Burton, Notting-
ham, Liverpool, and feveral other kinds of ale
which are much admired, are faid to be brewed
with hard Water. But Dr Mead and others
condemn the ufe of thefe liqours as produétive
of various diforders, and particularly the colic ;
of which the Dr gives a {trong inftance in the
cafe of alady who was entirely cured of an habi-
tual colic, only by refraining from the ufe of
beer brewed with well Water ; and whenever
fhe negleted this precaution, her diforder re-
turncd. Indeed fram what has been faid above,

| we
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we cannot reafonably fuppofe that hard Water
fhould fo well anfwer the purpofes of diluting
and digefting our food ; as it will not fo readily
mix and unite with the different parts of it, nor
allimilate and digeft them properly. Befides
the large quantities of acid and nitrous falts,
with the loads of felenite and calcareous earth,
which thefeWaters generally contain, will natu-
rally difpofe them to form obfiructions, when
by the courfe of the circulation thefe folid parti-
cles come into the minuteft veflels; more efpe-
cially thofc of the glands. Hence they are of=
ten blamed as laying the foundation of fcrophu-
lous, firumous, and other glandular {wellings:
and obftruétions. |

The Piedmontefe, and otherinhabitants about
the 4/ps, have long been obferved to be peculiar~
ly fubje& to thefe kind of complaints; they are
taken notice of by Fwvenal* and Pliny ; and -
are attributed to the ufe of bad Water.
Mr Sharp fays, that thefe tumors arefo common
about Mount Ceuis, that very few, efpecially of
the women, arc cxempt from them.{ It is like-

wile
® Gat. IX'w. $62.

t Sharp’s Letters, p. 298, and Percival’s Obl. p. 4.
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wife from the latge quantity of ftony mattef
which the hard Waters generally contain, that
moft of them leave large incruftations upon thé
fides of veflels in which they ate boiled ; and
they have by fome been blamed, for this rez-
fon, as caufing the ftone. But the calculous
concretions in the bladder and kidneys are of a
very different nature from thefe incruftations ;
and, as Dr Heberden juftly obferves, ¢ they to-
tally differ from all foflil ftones in every thing,
except the name ; and the pretended experience
of the effeds of certain ftony Waters, in breed-
ing the ftone, which is often appealed to, may
upon the beft authorities be rejected as falfe.”*
Though the ftony incruftations upon the
fides of veflels and pipes may be more frequent
in the hard Waters; yet, I cannot think this.
effe& wholly peculiar to them, forit is remark-
ably produced in the boilers of fome of our fire
engines, where the Water is not at all hard, as

I fhall have occafion to mention more particu-
larly afterwards.

And the Waters at Carolsbadt in Bobemia,
which are known to be ftrongly alcaline, pre-
fently

* Medical Trans. by the Col. of Phyf, vol. 1. p. 7.
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fently form a remarkable ftony cruft ﬁpoﬁ any
folid body that is put into them.*

METHOD OF INVESTIGATING THE Pro-
PERTIES oF WATER.

Y “HE celebrated Mr Boyle, and, after him,

many learned and judicious authors upon
this fubje&, have laid down a multiplicity of
rules for judging of the properties and contents
of Water ; a few of which I have mentioned
already, and fhall now lay down fuch other
methods and precautions as I have obferved in
making the following experiments.

Afrer obferving what appearances are made
at thefpring head, and in the channel through
which the water flows ; as whether any ochre-
ous or chalky fediment be left upon the ftones;
whether the Water has any film or fcum at the
top : I take upa fufficient quantity of it into
clean well corked glafs bottles, and fubjeét it
to as many of the following trials as are judged
neceflary.

1. One of the moft common and eaficlt me-
thods of judging whether Water contains any

D con-
* Phil. Tranl, vol, g1.
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confiderable mixture of faline matter, is to put
a little of it into a clean thin glafs ; and having,
ready prepared, a faturated folution of _the fac-
charum faturni, or fugar of lead, in clear Water
let two or three drops fall into the glafs: if it
make no cloud, milkinefs, nor precipitation, we
may be pretty furc that the Water contains no
quantity of mineral falt, that we need much re=
gard ; for one grain of falt, of almoftany kind,
put into a pint of pure diftilled Water, will dif-
cover a cloud or wheyifhnefs upon dropping in
a little of this folution,and upon flanding a few
hours will form a thin cruft upon the {ides of the
glafs. If there be any very confiderable quan-
fity of acid, alcaline or neutral falt, three drops
of this folution will inftantly turn a wine-glafs-
full quite turbid and milky ; and in proportion to
the quantity of the contents, thefe effects will of-
ten vary, {o as toafford an opportunity of form-
ing fome probable conjeture about them. -
This trial is fo very eafy and at the fame time
determines {o quickly the comparative purity of
moft Waters, that it is recommended by almoft
every gc}od'authoi' I have read upon the fubjeét.

2. Anether method frequently practifed is
. by
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by dropping into it a little folution of pure filver
in good aqua-fortis. This trial is faid by Dr
Rutty, to be more touchy than the former one,
where it meets with marine falt; though Mr
Boyle feems to be of a contrary opinion; for
he thinks the {olution of fugar of lead is af-
fected with lefs degrees of impurity than the
{olution of filver, But the filver has undoubt-
edly this advantage that it will, in {fome mea-
fure, by the colour of the precipitated fedi-
ment, thew the nature of the contents; as this
fediment, is always of a brown or black colour
in the fulphurecous Waters, and generally white
and grumousin thefc which contain any quantity
of marine falt. The opacity of the Water in
both of thefe experiments is generally propor-
tionable to the quantity of carth it contains;
for thefe metallic folutions attra&ing the faline
parts, which are the band of union between
the earth and Water, disjoin the earthy par-
ticles precipitate them. And from all the
experiments which I have feen or heard re-
lated, thefe two methods are fo very fimilar
that, excepting in the cafe of fulphur, the
effe@t will generally be the fame; and as the
folution of fugar of lead is more eafily pre-

pared,
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pared, and we may, in moft cafes, depend upon
it; I do not always ufe the other. I would
not here be underftood to aflert that all Water
which fhews itfelf turbid with one or both of
thefe folutions is unfit for common ufe ; feve-
ral Waters may contain a {ufficient quantity of
mineral to occafion thefe appearances, and yet
be pleafant and wholefome; but whenever
thefe effe@ts are obferved, we may be fure of
fome mixture, and fubjeét the Water to farther
experiments. But if Water which is defigned
for common ufe do ftand thefe tefts, and betrays
no foulnefs by its tafte, fmell, or colour, we may
be tolerably fatisfied with it.

3. Another trial commonly made is by drop-
ping in a little lixivium of tartar; ufually
though improperly called the oil of tartar; or
a folution of any of the alcaline falts. If
there be any carth fufpended by an acid, this
will precipitate it ; and by this means will gene-
rally thew a very fmall degree of hardnefs.

4. But the more ufual and indeed the belt
way of determining the, hardnefs or foftnefls of
Water is by fcraping any certain quantity of
'fc)a,p into it, and obferving how it diffolves or

lathers. I generally ufe the Caftile foap for
| this



THE PROPERTIES of WATER! 29

this purpofe ; if Water be perfeéily foft, the
foap will diffelve quickly, uniformly and with-
out curdling ; and, upon fhaking the glafs brifk-
ly, will raife a ftrong froth or lather at the top;
but the fmallelt degree of hardnefs will fhew
itlelf, either by the {oap not diffolving fo readi-
ly, by its turning curdly and uneven, or by lefs
froth remaining after it is agitated ; and the dif-
ferent degrees of hardnels may hereby be very
well determined.  Thisis tried the beft with a
{mall quantity of foap, as about a grain toan
ounce of Water.

5. Another cxamination of Wateris by mix-
ing the mineral or vegetable acids, and obferv-
ing whether it ferments or turns opake. If
thefe effe@s be obferved, we conclude that the
Water contains either an alcaline falt, or abfor-
Il:uenl: or calcarcous carth ; the latter of which
will more frequently appear to be the cafe ; and
Dr Rutty fays that the {pirit of fult is found to

be a more fenfible telt of either than oil of
vitriol,

6.  Obferve whether they change the colour
of fyrup of violets, the blue tinéure of the
cyanus, or almoft any other blue flower. An
alcaline falt inftantly turns all thefe tinétures to

d



25 METHOD OF INVESTIGATING

a full and beautiful green, the abforbent carths
and calcareous nitre likewife give them a green-
ifh caft, but not fo ftrong, nor fo quickly ; and
the colour will vary in its brightnefs or intenfi-
ty according to the nature and proportion of
thefe ingredients. The mineral acids fuddenly
turn the fyrup of violets to a bright red ; and
if the {yrup be frefh and good it turns red with
alum ; but Dr Ratty obferves that, when old
fyrap is ufed, it will turm green.

7. Obferve what tinéture the Water extraés
from galls, jefuits.bark, or any other vegetable
aftringent.” 1f it ftrike red or purple, it is a
fire mark of iron; if blue, it fhews vitriol.

8. By dropping in a little folution of quick-
filver 1n aquﬁ-fortis or {pirit of nitre ; orafolu-
rion of fublimate inWater ; if anyof thefe meet
with an alcaline falt. they drop an orange cox
loured, yellow, or white precipitage, as the alcals
anproaches to the lixivial or urinous kind.

9. Mr Boyle was very curious in obferving
the different tinges made from the lignum ne-
phriticum ; but as I could not -::01weni-:*:ntijr
procure that article here, I ufed Dr Rurty’s fuc-
cedaneum for it, the afh bark ; which I have

foun to anfwer very wdl and by the different
blue
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bluc or green tinétures to fhew the nitrous or
alcaline falts.

Mr Boyle has mentioned a great many more
trials of this kind, as may be feen in his me-
moirs for a natural hiftory of mineral Waters.
But by making thefe mentioned above upon
the Waters themfclves, efpecially when they
arc tried in concert and compared with one a-
nother, we may form a tolerable guefs of the
purity or impurity of Water. ~ And indeed, if
Water will ftand the firft and fourth tefts, it can
fcarcely be deemed unfit for common ufe.

Yet the curious inveftigator will not reft fa-
tisfied here; but, by diftilling or evaporating
the Water, will feparate the volatile from the
fixed parts; and thus be more fully fatisfied
both of the quantity and quality of the con-
tents. Thefe experiments are indeed, when
duly perfoermed, very tedious, and require much
accuracy and patience ; but in the end will
amply reward all our labour, in their utility
- and final fadsfaction.

Dr Rutty, to whofe learning and affiduity in
this fubje& the world is much indebted, has
given us a large collection of thefe experiments

l which
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which he has performed with great judgement,
and related with great perfpicuity. The quan-
tity of Water from which he takes his propor-
tion is the Irifh gallon, which he tells us
is 2178 cubical inches, and 62 lefs than
the Englith wine-gallon.

Great exa&tnefs is neceffary in fixing the
quantity of Water which is fet to evaporate;
tor, without this be accurately determined, we
can never know the proportional quantity of the
contents ; and, as Waters differ in their fpeci-
fic gravity, we fhall fettle thefe proportions
with more precifion by meafuring, than by
weighing, But the common veflels by which
liquids are meafured, from their width at the
top, are not quite fo exa& as we could with : -
I therefore ule the following method, wiz. I
take a common quart bottle with an “even
neck ; and, having exad&ly weighed it, I fill
it with' diftiled Water, and weigh it again
when thus filled; by which means I can
know, to lefs than a grain, the weight of di-
ftilled Water in the bottle. The bottle, which
I commonly ufe, holds 260z. 11pwt. 12 gr.
or 12756 gr. Troy. 1 then mark the bottle,

and
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and preferve it carefully, for mealuring the
Water which I fet to evaporate.

I then go upon the fuppofition, that an Eng-
li/h wine pint of Water weighs a pound Aver-
dupoife,' or 7000 gr. Troy ; if this fuppofition
be right, it gives the proportion between the.
folid content of our bottle and the wine gal-
lon : But if this fuppofition be wrong, it docs
not affet us; as we {till keep to a certain and
definite meafure, which may therefore be re«
duced to a known meafure of any other deno-
mination. And when itis found by how much
7ooo grains of diftilled or rain Water are more -
or lefs than a wine pint, it will foon be deter-
mined how far the gallon mentioned in the
fublequent experiments exceeds, or falls {l:ort
of, the ftandard wine gallon.

I fill this bottle twice, thrice, or oftener as,
it is convenient, and put the Water into a wide
glafs, made for the purpofe, or fometimes into
a-glafed earthen bafon, and fet it in a gentle
heat, cither in a fand furnace, or, which I
find anfwers equally well, ina copper plate-
warmer before the fire ; covering the top of the
veflel with elean paper, and never allowing the

ey heat
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heat to be more than I can conveniently bear
with my hand. - I have found this a neceflary
precaution, for a boiling heat will fometimes
throw off more than half of the refiduum ; and
Dr Rutty obferves the fame in feveral of his
trials. I find that, by my method, three bottles
will generally evaporate in about {ix days.
As in many cafes the quantity of refiduum is
very {mall ; the greateft care and nicety are
requifite, both in collecting and weighing it.
For, as I have fometimes had but three or four
grains from three bottles of Water ; if any be
loft, or even a {mall miftake be made in the
weighing, it throws our proportions wrong ;
and when thefe proportions are extended to
larger quantities, the error will fwell confide-
rably, and become of confequence.  There-
fore, when I have but a {mall quantity, after I
have got it well fcraped and collected together,
I weigh it in a pair of well regulated aflay
fcales, the beam of which will turn, upon oc-

cafion, with the thoufandth part of agrain.*
But

* I have never attempted to weigh to greater exactnefs;
though fome beams have been made to turn with a much

lefs weight; particularly that of JMerfennus mentioned by
Mujf-
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But here a difficulty frequently occurs which
is not cafily guarded againft. For moft of the
refidua, efpecially fuch as contain an alcaline or
marine falt, attra& moiftute from the air fo
faft, that even during the time ‘of weighing
they become fenfibly heavier. In damp wea-
ther, though I have had a fire in the room, 1
have fometimes found them increafe near a fifth
part in a few minutes. And this increafe of

weight will ever be in proportion to the dry-
nefs or moifture of the air, and the attraétive

pow-

Fuffchenbroek (introdud. vol. I1. p. §36.) which loft its equi-
librium by adding only ... of a grain to either fcale. And
fome trials of this kind were made afew years ago in Eng-
land, (as I bave been informed by a very learned and inge-
nious friend) which ran to {maller parts of a grain. But
thefe cxtreme niceties are fcarcely praticable in a feries of
experiments, from the trouble and difficulty of adjulting
the fcales every time they are ufed, For, when the {lide of
of the glafs cafe is lifted up, we cannot always prevent a little
moifture or {inall particles of duft from getting to the Rrings
or other parts ; which though imperceptible to the eye, will
make a fenfible difference, and often oblige us to regulate
the fcales, before we can pretend to weigh with great nicety.
Neither have I found it neceffary to hang my beam upon
diamonds, as fome are done, and which undoubtedly leflens
the fri¢tion; butl take care to have both the axis of the
beam and the holes in which it hangs brought to an exqui-
fitely fine polith ; which I repair, from time to time, when
I-find them any way injured,.
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power of the refiduum; both which vary
greatly in different feafons, and different refi-
dua. I can forma tolerable judgment of the
velocity of this increment, if, after I have
‘brought thé beam to an equilibrium, I puta half
grain or a grain weight into the feale oppofite
to the refiduum, and obferve by a ftop watch
how long it will be in fetching it up.

Bur this, though a pleafing experiment, does
not determine the quantity of moifture which
had been attracted previous to the weighing.
Thercfore, after the refiduum has imbibed all
its moifture, and grows no heavier, . I weigh
five grains of it ; and put it upon a clean thick
picce of iron made juft red hot; obferving
whether it crackles and flies, or melts and blif-
ters, likewife whether it flames or fmokes and
what kind of fumecs it emits, or whether it has
any particular {mell, or other diftinguifking ap- .
pearance. .

After it has remajned a fow minutes upon
the hot iron, or till it undergoes no farther
change ; Ireturn it, whilfl hot, and as nimbly
as I can into the aflay fcales; and, weighing it
again,' I find what moifture or other volatile

g parts
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parts ithas loft. And then wathing it well
through two or three glaffes of diftilled Water,
which [ pour off as carefullyas I am able, with-
out dilturbing the fediment at the bottom, I
find the exa& proportion of calcined carth in
five grains of the refiduum.

I then evaporate the Water which I had
poured off, and which I fuppofe contains all
the falt or foluble parts ; (for if any remain in.
the fediment after thefe repeated wathings,
they will be fo very minute as fcarcely to de-
{erve notice) and, when it is brought into a
{mall compafs, I put it into the hollow of a
watch glafs, and let it fhoot into cryftals,
which are ready to compare with thofe produ-
ced from the uncalcined refiduum.*

By thefe means I apprehend that I form g
pretty accurate judgement of the proportion
between the fixed and volatile parts. But as
fo {mall a quantity of the refiduum, from be-
ing expofed to a ftrong heat, muft undergo a

con-

* In {eparating the earth from the falts, I prefer the de-

canting or pouring very gently off, to filtering, if the earth
has perfectly fubfided and left the Water clear ; for fome

r

parts of the earth adhere to the paper in filtering, which it
1s almoft impoflible to get clean off.

u
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confiderable change ; we cannot depend either
upon the falt or carth being the fame as they
were before calcination; indeed they will
fometimes be very different, as feveral of the
carths will calcine into lime, and fome of the
fales will change both their figure and other
properties.

The figurc of the cryftals cannot well be
cen by the naked cye, and thercfore I take
the following method: Having preferved both
the ealcined and uncalcined ones, in feparate
waich glafies, I can view fome of them diftiné-
Iy enough with a common magnifier, fuch as
the watchmakers ufe, held in my hand ; but
the belt and molt entertaining method is._tn
put a drop or two of diftilled Water into the -
watch-glals ; and when it is pretty well fatu-
rated with the falt, I take a little of it up with
a pointed clean piece of wood, and put it up-
on the {lide of my microfcope; and, if there be
gccafion, add a little more diftiled Water,
till it be perfe@ly tranfparent: Then, fcrewing
on 2 pretty large magnifier, and keeping the
¢ve fixed, a beautiful fcene quickly prefents
itllelf; for this fmall quantity of Water {foon
cvaporating, we {ce the cryftals, from their

bﬂ-.
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beginning to fhoot, till their perfe@ formation,
which in- warm weather will generally be com-
pleated in eight or ten minutes.

The figures of the cryftals here reprefent-
ted, as they appeared in the microfcope, were
drawn and engraven by my ingenious friends
the two Meflrs Bejibys ; and I think they
~ have done them great juftice in the reprefen-

tation. |

Though we cannot judge of the nature of
afalt, by the figure of its cryftals alone, yet
thefe obfervations are both neceflary and high-
ly entertaining ; and without them no analyfis
of Water can be completed.

Having referved one parcel of the refidunm
entire, and {eparated the carth and faits of ano-
ther parcel, we can now fubje@ each of them
to farther inquiries and trials; moft of which
are particularly laid down by Mr Boyle, Dr
Rurty and others, and will be exemplified in
the fubfequent part of this treatife. I fhall
therefore, not trouble my reader with a parti-
cular relation of them here, but would recom-
mend it to the diligent and impartial inquirer,
to try as. many of ‘them in concert as he has

op-
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opportunity ; and not precipitately to conclude;
or reft his determination upon fewer trials,when
he can have more to build upon. For Waters
will agree in fome refpets, and differ widely
in others: And, in an affair of fo great confe-
quence, as determining the good or bad quali-
ties of Waters which are defigned for common
ufe, efpecially fuch as we have had no previous
experience of, all our diligence and circum-
fpeion is little enough, as fome properties
may {till elude our niceft refearches,

THE ADVANTAGES OF A LARGE SDPPLY
oF WATER.

N the {upplying of large towns, we have yet

. fomething more than the quality of the Water
to attend to. 'We fhould take care to provide a
fufficien tquantity, notonly for domeftic purpo-
{es, and the different trades and manufaures, but
always to have plenty of Water in ftore and readi-
nefs, in cafe of fire: And not only fo, but there
ought to bea fuperfluity, to run conftantly down
the channels in the ftreets ; which contributes to
carry



A LARGE SuerLY oF WATER., 4t

earry away the dirt and filth, prevents any {tag-
nating Water from becoming offenfive; and
what is of ftill greater importance, efpecially in
the hot fummer months, the exhalations from
thefe currents cool and refrefh the air ; giving
not only a very pleafing {enfation, but prevent-
ing the rife and fpreading of malignant and in-
fectious diforders.* What an agreeable change
do we find, when, in a hot fultry day, we come
near the fide of a brook or rivulet? How in-
ftantly do we find ourfelves refrefhed,upon the
falling of a fummer fhower ! The air requires a
conftant fupply and circulation of aqueous par-
ticles, to fit it for refpiration ; and in crouded
places, where the air is, conflantly vitiated by
the breath of the multitude, and other noxious
exhalations, the offenfive particles are attraéted
by, and carried off with, the circulating moi-
fture, For the fame reafon, we find a great
advantage from f{etting greens or flowers in

pots of Water, and placing them in our cham-
F bers .

* Ia the town of Salisbury, they have large currents of
‘Water running down the {trzcts ; and in hot weather people
are emrloyed to throw it out with Tcoops, and wet the pave-
ment from time to time. And I am told, that the fame me-
thod is practifed in the Rreets of Mantua, to the great refrefh-
ment of the inhabitants,
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bers ; the water, which they fuck up and ex«
hale almoft at every pore, accompanied with
the fragrance of the flowers, produces a moft
agreeable effe®.  More efpecially in the cham-
bersof the fick, or where a perfon is lying in a
malignant or any high fever, they are not only
of great advantage to the patient, but a fecu-
rity to his attendants.

That this fupply of frefh moifture in the air,
has a beneficial effect in curing and ftopping the
progrefs of putrid, malignant and peftilential
diforders, we have a {trong inftance in the me-
dical hiftory of Egypt, as delivered to us by the
learned and elegant Profper Alpinus, who
lived and prac&ifed fome time at Grand Cairo.
He tells us,* that epidemical fevers, of the
putrid and peflilential kind, rage annually in
this country, from the autumnal feafon till
about the middle of Fuwe: That the plague
vifits them about once in feven years, making
very great havock ; that in'the year 1580,when
he firlt went into Egypt, 500,000 perfons died
of the plague in Cairo, within the fpace of fix
or feven months. He farther acquaints us,

that

* De medicina Egyptiorum. lib, I,
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that the inhabitants of Cairo are attacked in the
winter feafon with ophthalmias, or inflamma-
tions of the eyes, which increafe till the be-
ginning of fummer, when you'll fee at leaft
fifty out of an hundred labouring under this
complaint. About the fame time the putrid
malignant fevers rage much; and particularly
that dreadful one, which in the Arabian language
is called Dem el muia, and which he tells us,
from the etymology of the word, fignifics a
colliquated ftate of the blood, and often proves
fatal in a very few hours. Thefe, and the pelti-
lential fevers fo frequent in thofe hot and dry
countries, are all fuppofed to be primarily cau-
fed by the blood being in too thin and diffolved
a flate, and tending to putrefadtion ; which is
forwarded and heightened by the heat of the
air, and the want of frefh humid particles: For
in this country, they feldom or never have any
rain. And during the months of March, April
* and May, they are burnt up by the hot {corch-
ing winds, which traverfe the vaft continent of
Africa; at which time the putrid, peftilential
diforders rage with the greateft fury. But as
foon as the etefiz, or periodical northern winds,

fet
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fet in, which we are aflured is always about tlie
time of the fummer folftice, a great number
of black watry clouds fly over every day, from
fun-rifing «ill about noon; which clouds are
{fuppofed to fall upon the mountains of Lybia
and Ethiopia, and to occafion the increafe of
the Nile: Then the air is cooled and refrethed
by a large quantity of humid particles, brought
from the northern {eas, and all thefe diforders
immediately ceafe; and thofe who labour un-
der them generally recover upon the Nile's be-
ginning to rife.

Though rain is fcarcely ever known in this
country, yet it is impoffible that fuch a num-
ber of clouds can pafs through their atmofphere
without dittributing a copious moifture to every
part of it; that they do fo, is evident from the
experiment,by which, as®Profper Alpinus tells us,
the Egyptians judge of the approaching rife of
the Nile, viz. They take a litile of the mud
which was left by the overflowing of the Ni/e
the preceding year ; and, having carefully dri-
ed it, they weigh it, and leave it in the {cales,
inan inclofed dry place; obferving from day
to day how much it increafes in its weight;

and by this increafe they prognofticate the
| height
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height of the future inundation. This earth, or
mud, being impregnated with the Egyptian
nitre, will attra& moifture very powerfully,
and therefore makes not a bad hygrometer,
which fhews undeniably the increafed humidity
of the air at this time.

The overflowing of the Nile, which, as the
fame author tells us, happens always about the
fame time, muft farther increafe this moifture,
and carry away whatever was ftagnated and
corrupted.  For other authors of undoubted
credit inform us, that at Caire they have ma-
ny large common fewers, which cannot be
cleaned out till the Nilz overflows, before
which they become extremely offenfive. -

I hope my reader will excule this digreffion,
as it is a ftrong proof of the great effe&t which
a fupply of freth moifture has upon the air ;
and of the dreadful calamities which attend the
wantofit. Indeed, without this renovation of
moifture, both animals and vegetables would
foon perifh ; it is, if I may be allowed the ex-
preffion, the grand circulation of nature; and
when it is impeded or deftroyed, the frame of
nature becomes difordered, |

OF
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[) AIN Water is, properly fpeaking, diftilled
by nature; and though, for reafons
which I fhall affign prefently, it fallsa little
fhort of common diftilled Water in purity;
yet, when properly colle@ted and well preferv-
ed, it is of excellent ufe, and fcarcely inferior
to any natural Water which we know. Boer-
haave calls rain Water the lixivium of the air ;
and fays, that in pafling through the atmo-
fphere, it colleds, and incorporates with various
bodics, which fall in its way, as fales, {pirits, oils,
foaps, earths, and metals themfelves ; all which
may be raifed, by different exhalations, into
the air, and unite with the aqueous particles, in
different proportions according to the {oil, cli-
mate, or various {eafons in which they are ob-
ferved. Hence the different degrees of heat
and cold, the different winds, meteors, thunder,
the {moke of furnaces and culinary fires, {eve-
rally contribute to change the properties of
rain Water: In fummer time particularly it brings
along with it the feeds and embryos of vegeta-
bles and animalcula, which render it difagreca-
ble to the talte, and promote its putre‘f‘a&ion**

If

* Vid. Boerbaave’s Chemy, tom. I. p. 597.
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If it be kept in wooden veffels it will foon
flink and become unfit for ufe; and then
if it be viewed with a microfcope, it is
found to contain an amazing number of vari-
ous animalcules, and particularly thofe which,
from their form and motion, are called the wheel
animals.* Thefe animalcula are fuppofed to
be the chicf caufe of the Water’s putrefattion,
and therefore Boerhaave and others recom-
mend the boiling of it, which will inftantly
deftroy thefe animals, whether they be perfe&-
ly formed, or only in embryo. A fmall quan-
tity of {pirit of vitriol added to the Water will
likewife preferve it longer from putrefadtion.

Rain Water is likewife obferved to be a lit-
tle hard when it firft falls ;1 and T have fre-
quently obferved it to curdle with foap, and
turn rather milky with fugar of lead, when it
is newly fallen; but in two or three days it
becomes perfectly {foft.

The rain which falls through the {moke of
large towns is rendered foul and black ; more
efpecially if it be colledted, asit generally is,

from

* Baker’s microfcope made ealy, p. 83, and employment
for the microfcope, p. 295.

+ Ratty’s Synopf. p. 28.
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from the roofs of houfes, when it brings with
it a great many particles of foot, which give it a
very difagrecable taite and colour: And hence
it is that in fome parts of this town and neigh=
bourhood, where the tiles are conftantly black-
ened by the fmoke of glafs-houfes, &c. the
Water which falls from them is unfit for al-
moft any domeftic purpofes.

Notwithftanding all this, I have known rain
Water,when properly treated, to be exceeding-
ly pure and good ; for, when it fubfides and is
well filtered, it lofes all fenfible impurity; and
in tafte, colour and fluidity, is {carcely inferior
to any other Water. One of the readieft and
beft methods of filtering it, ‘is to let it run
througha bed of clean fand, which is prefer-
able to the filtering-ftone, as it performs its
work much {ooner ; and the grains of fand are
of fo many different figures, that they are
pretty fure to ftop the progrefs of any bodies, of
{enfible bulk, in pafling through them.*

A friend of minein this town has a leaden
ciftern for colle@ing rain Water, {o confiructed,

that

* If you view a million grains of fand through amicre-
bcope, you'll fcarcely find twoof the fame fize and fhape,
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that it both allows the Water to fubfide, and
the upper parts of it to run through a bed of
fand, which is raifed by a partition above the
bottom of the ciftern ; by which means the
Water becomes perfecly clear and bright, and
is preferred, by moft who have tafted it, to any:
other Water in this town.

When Water of any kind is kept in wooden
veflels, it contras a particular {mell, tafte and
colour from the wood; and our veflels for this
purpofe being generally made of oak, they may
when new, give the Water fome degree of
aftringency : Therefore clean earthen veflelsare
the beft ; though Iapprehend leaden ones may,
be ufed with tolerable fafety, if they be kept
clear from vegetableacids, all of which are found
to corrode lead, and to produce a very noxious
fal. 'The veflels in which Water is kept,
fhould likewife be covered, to prevent any duft
or filth from getting in ; and the Water will be
more agreeable if it be kept in a cellar or cool
place.

If thefe precautions be obferved, many fami-
lies may find great convenience and advantage
in colle®ting and preferving rain Water, as it

G will
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will anfwer very well for moft purpofes of life,
in every refpect, but the uncertainty of its
fupply. '

I have not yet made any particular analyfis
of rain Water ; as it has, long fince, been fo
well done to our hands. Dr Rutty obferves,
that rain Water, upon ftanding, depofites a fe-
diment nearly the fame, both in quantity and
quality, with that which is obtained by the
gentleft evaporation.* A convincing argument
this, ofits purity, after fubfiding and filtering.
. For, as this fagacious naturalift very juitly ob-
ferves, the contents are more loofely adherent,
or lefs intimately diffolved in rain Water, than
divers others. This obfervation is perfectly
confiftent with what I have faid before of its
fpecific gravity ;T for, after repeated trials, I
have not found it to differ from that of diftilled
‘Water more than one hundred thoufandth part
of the whole; thotigh I diftilled the water,
which I ufed, in large glafs veffels, and with a
“very gentle heat.

From fix different fpecimens of rain Water

Dr Rutty produced from 6 to 12 grains of re-
fiduum

* Synopf. pp. 33. 34. 35-
T P+ 17-
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fiduum to a gallon; for the moft part of a dark
brown colour, with fome particles of white in~
terfperfed ; of a bitter, brackifh, and fometimes
lixivial tafte, and difagreeable fmell.  From fe-
veral experiments he concludes, that this refi-
duum is compofed of calcareous nitre, marine
falt, fulphur, and abforbent ecarth; each of
which ingredients muft be contained in very
fmall quantities: And when we confider that
the Water thus analyfed, was not previoufly
depurated by fubfiding and filtering; we may
reft pretty well fatisfied, that rain Water, ma-
naged as above diretted, will approach as
near to a perfe& unmixed element, as we can
reafonably defire; and will fcarcely be exceed-
ed by any which we can procure, excepting
perhaps thofe from fnow and hail’; which, as
they commonly fall in the colder climates and
colder feafons, may be lefs affe@ed with thofe
impurities which are occafioned by heat,

Some of the greateft philofophers and phyfi-
cians have differed much in their opinion of
fnow Water. Hippocrates condemns all Water
which comes from fnow and ice, becaufe, he
fays, its fineft parts are feparated and difperfed

by
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by congealng, and only the grofler ones left.*
Hoffman, who quotes this paflfage, entirely
approves the reafoning, and fays, that when
Water is frozen, its crafis and mixture are evi-
dently deftroyed: For thofe conftituent parts,
which are more fubtile, recede from the coarfer
ones, and are driven to the centre, from whence
large bubbles are feen within any piece of ice, |
arifing from the colle@ed air, and caufing the
Water to occupy more {pace than it did before
congelation. And hence, fays he, it appears
manifeftly, that the fine liquid element being
withdrawn, and only the coarfe, grofs and-
heavy vparts left; the Water is by ' thele
means depraved and corrupted, and cannot but
be unwholefome. T |

- 1f this reafoning be juft, we fhould naturally
conclude, that fnow Water muft be fpecifically -
heavier than rain, river, or almoft any other
Water; as Celfus indeed aflerts ; and Dr Rutty’s
experiments makeit a little heavier ; but I have
not been able to find this difference.

- Hoffuan likewife blames fnow Water for

bring-

* De aerib. aq. et loc.
 + De Element. aq. § 23. - "1lib. 2. cap. 18,
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bringing on thofe glandular tumors and fwel-
lings of the throat, amongft the people who
live near the feet. of mountains covered with -
fhow ; and inftances in the inhabitants about
the Pyrences and Alps, and likewife in thofe of
the Black-foreft, Switzerland, and Tirol. But

other authors, with a good deal of reafon, rejeét
this opinion, and attribute thefe diforders .to

another caufe. They may indeed more probably

be owing to the hardnefs and impurity, which

the Water acquires in its defcent from the hills,

than to any original bad quality in it.* :

~ Boerbaave on the other hand is lavith in his

encomiums on {how Water, which he prefers -
to all others: But he advifes it to be colleéted -
carefully from the tops of high fandy moun-
tains, at a diftance from any towns or houfes,
that it may not be tainted with any {fmoke or
other impurities. He likewife prefers f{uch as
has fallen after a long and fharp froft, in calm
weather, and takes only the top of it. He fup-
pofes this fnow to produce the pureft Water,
that art or nature can furnith us with ; that
fcarcely any falt, air, oil, or other mixture will
be

* See p. 23.
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be found in it: That it really differs from all
other Water ; that it is the pureft of all, quite
immutable, may be kept for years, and is a
fingular remedy for inflammations of the eyes.*
This is agreeable to Dr Rut#y’s account, who
colleéted the fnow Water which he analyfed in
February, after the great froft in 1739, and
followed Boerbaave’s precautions as nearly as
his fituation would permit him to do A gallon
of this Water left, upon evaporation, only four
grains of a licht brown fediment, confifting of
marine falt, abforbent earth, and a pittance of
fulphur. '
Thefe contentsappear to be of fo innocent a
nature, and fo very fmall in quantity, that we °
can fcarce conceive them to have any confidet-
able effe@, and yet fome difficulties ocecur,
Whence arifes the efficacy of fnow Water in
inflammations of the eyes, and in burns? How
does it operate in fertilizing the ground ? Or
whence comes that cruft or #ratum, which is
formed upon the furface of grounds that are
frequently covered with fnow ? Thefe are ¢ffeéts

told

* Boerhaave’s chem. vol, 1. p. o1,
1 Synopl. p. 40 and Table [E E.]
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told us from the beft authority, and confirmed
by long experience. Can thefe effeés be produc-
ed, or mechanically accounted for, by the priva-
tion of heat, or the a&ion of cold ? Or can there
be any concentrated fubtile fpirit, of the nitrous,
or any other kind, which we are totally un-
acquainted with, and which may have eluded
any experimental inquiry? One effe& of fnow,
which I can affure my reader of, and which I
donot remember any where to have read, is,
that a certain quantity of it taken up, frefh from
“the ground, and mixed ina flour pudding, will
fupply the place of eggs, and make it equally
light : The quaniity allotted is two table fpoon-
fulls, inftead of one egg; and if this propor-
tion be much exceeded, the pudding will not
adhere together, but will fall to pieces in boil-
ing. ILaffert this from the expetience of my
own family ; and any one, who chufes to try it,
~will find it to be fa&. I hope my good natur-
_ed reader will make allowance for mentioning
what, to fome, may appear trivial ; though no
appearance in nature 1s below the notice, or
unworthy the attention of philofophers.

How thefe effeéts of faow can be accounted
' for
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for, upon the fuppofition that it contains little
or nothing but pure elementary water, I can-
not tell ; nor, till I can, will I pretend to de-
- cide betwixt fo great authorities as //ppocrates,
moftof the ancients, and Hoffman on one fide ;
and Boerhaave, with moft of the learned mo-
derns on the other.

OFr SrrRi1ING WATER.

S all our fprings are originally fupplied by

rain, or melted fnow and hail, ftrained
~ through the pores and cavities of the earth, their
Waters will vary, according to the different
foils or ftrata through which they pafs: If
Waters mect with nothing in their {fubterrane-
ous paflages, which will unite with them or
diffolve in them, they iflue out in their greateft
purity.  The {prings which come from gravel,
fand, or fome light and porous ftones are gene-
rally the pureft and beft ; for the Water being
filtered through their fmall pores, is cleared
from almoft every foreign fubftance or impu-
rity which it had contracted in theair ; acquires
an agreeable coolnefs, and becomes limpid,
bright and fparkling. But
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Butasthere are few {oils, which donot contain
fome kinds of falt, or other mineral fubftances,

which are foluble in Water ; ‘moft of our
fprings are found to partake in fome: meafure
of the natare of the foil through which they .
pafs. Sarthar,amdngﬂ the almoft endlefs variety |
of {pring Waters, which have undergone the
cxamination ‘of curious naturalifts, none have
been found perfe@ly pure; but are innocent,
falutary, or noxious, in proportion to the quan-
tity, kind, or mixture ‘of the various ingre-
dients of which they are compofed, and the
conftitution of the perfon who ufes them; and
fome of them are found by long expericnce to
be of great medicinal efficacy.

Many of the {pring Waters in this neighbour-
hood are affected by the great number of “coal-
mines, from which an immenfe qua-nﬂty‘-'cﬁF-
Water flows; and fome of itis highly impregna-~
ted with the various fubftances it meets with in
paffing through them: The chief and moft fre-
quent of which is the pyrites, or what cur work-
men herecall braffes.  Prodigious quantities of
this are found in moft of “our coal-mines. and
employed in fome very confiderable copperis

H ' works.
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works. Moft of it anfwers to Dr Hills de-
fcription of the Gymnopyris varius virefcens*
-In many of our old workings, where theair
has been admitted, a large quantity of vitriol
iswafhedaway from the pyrites, and mixes with..
the water ; which corrodes all the iron pump
rods of the fire-engines, and greatly damages
the boilers, or any iron which comes in its
way.- But when a colliery is newly opened,
the water is feldom fo much impregnated with
the vitriolic falts; the admiflion of air being

neceffary to their feparation from the pyrites.
Indeed this falt often feems to be  interfper-
fed through the whole fiibftance of our coals.
I have fome fpecimens of our beft coal by me
which, out of curiofity, I have kept three or
four years in a. damp clofet; between the fepa
rating lamine . of which the vitriolic falts ap-
pear in very 'beautiful, tranfparent chryftals;
{ome'of them white, and others of an clegant
golden colour, " of an auftere fubacid tafte, and
totally-foluble in Water;which they tinge witha .
beautiful yellow. Thefc falts appear in {peci-
mens of coal which have no other vifible parts
g of

* Hilt, of follils. p. 614.
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of the pyrites about- them; and it is probably
from hence, that the dealers in coals judge of
their quality by the tafte, and fay that all good
couls taflte of fait: But'l cannot look upon this
to beany criterion of the quantity of bitumen.
I have been informed that large quantities of
thefe falts frequently hang down from the
roofs of the workings; fromall which it ap-
pears evidently, that they are not confined to
“the pyrites alone, but are, ‘in fome meafure,
difperfed through the whole ftratum.

As both the coal and pyrites contain a large
quantity of {ulphur; it is no wonder that fome
of our Waters {hould be a little impregnated
with it. I have {cen fome. {pecimens of the
pyrites, in the middle of which, when they
were broken, aquantity of {ulphurappeared uni-
ted to fome other fubflance more friable than
the pyrites, and not unlike the coarfelt kind of
auripigmentum: But as I have no {pecimen of
it by me, I have not fubjected it to any expe-
riments. However there are but a few of our
Waters which fhew any marks of fulphur,
which are difcoverable by the tafte or {mell, and
when they do, it is generally in a fmall degree,

Se-
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Several of our coal Waters are ftrongly im-
pregnated wiili‘iron, and depofite a thick o-
chreous cruft on the bottom, and fides' of the
channels through which they run. But the
iron is contained in very different proportions,
and combined with Vt:rj; different falts ; as ap-
péars from the 'various colours which -the
“Waters exhibitj when galls areinfufed in them;
fome of them being almott red, others purple,
a 'deep blue, black, orgreen, which laftiis, I be-
lieve, generally a mark of the calearcous nitre.
We have a. fountain in Gallowgate of an evi-
dent chalybeate taiie; which with  galls turns
firft to a faint purple, and after flanding twelve
hours to a beautiful green. |

The fclenitical, calcareous and abforbent
carths, appear in large quantities, in feveral of
our coal Waters, {o as greatly to obftruét the
“working of the fire-engines; for they form
~wvery  thick incruftations in the large boilers,
which are ufed in thefe engines, fo'that in a lit-
gle time they would be rendered ufelefs ; and
thercfore when the incruftation is formed to
about the thicknefs of half an inch, our peo-

ple are obliged to put out the fire, and fet men

11
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into the boiler, to clear itout with picks ; and in
{ome engines they are forced to do this once
in a week or ten days ; whilft others will goa
month or longer withoutit. But, what is wor-
thy of obfervation here, is that the tops of the
boilers, and the fteam-pipes, or apertures by
which the fteam rifes into the cylinders, nay
the infide of the cylinders themfelves are all
lined by thefe tony incruftations. Thofe which
line the cylinders are indeed an advantage to
the working of the engine, for they fill up the
little cavities or inequaiitiés; and the conftant
motion of the pifton gives them a polifh, al-
moft as fine as that of glafs ; by which means
the pifton is both air-tight, and moves cafily.
I have picked off fome of this matter from an
old cylinder that was nearly as hard as flint.
But I mention thishere. as a full demonftration
that the earthy or ftony parts of Water are car-
ried off in great quantities with the {team ; and
therefore, in our analyfes of Water, we thould
be very cautious of ufing too great a degree

of heat.*
Lead is found in moft parts of this neigh-
bourhood,

* See page 34.
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bourhood, though it has not yet been taken up
in fuch large quantties near this town, as at
fome diftance from'it; yeta few years ago, as
I am informed, upwards of {ix tons of lcad ore
and fpar were found in the collicry of ‘Byker,
about two miles from this town : At Raven/-
worth, Throckley, and ‘other places round us,
there have been very fair appearances of it;
and it is moftly found in thofe breaks or inter-
ruptions of the feams of coal, which, are very
frequent all through this country, and by our
workmen are called dykes. The f{trata of coal
lic nearly horizontal, but generally inclining or
dipping towards the fouth eaft. But the veins of
lcad ‘generally run nearly perpendicular, as do
the dykes; which leaves greatroom to conjec-
ture that moft of thefe dykes may be, if not ap-
parent, yet latent veins of lead, which by crof-
fing the lighteft firata of the coal, will throw
one part of them feveral fathoms above the o-
ther; and fometimes cut them entirely away,
to the no {mall mortification of our adven-
turers. |

Spars and marcaflites of various kinds are
found both amongft our coal and lead ore;

but more frequently, and in greater variety,
a_
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amongft the latter; and fome of thefe fubftan-

ces are found, by long experience, to be of a
very poifonous nature. Whether they contain

arfenic, as Mr Boyle* and others have fufpeét-
ed, I pietend not to fay ; but we know well

that {everal of them, efpecially when expofed

to the air, are equally noxious with arfenic it-
{elf, their modus operandi equally obfcure, and
their effects equally dreadful, though fometimes

more variable. In Alffon-moor, Allen-heads,
Hexham-fhire, Darwent, and other places, it

is well known that no poultry can live near the
wafhings of the lead ore; and this is generally
fuppofed to ‘be owing to the fpars,-cryftals, or
marcafites which are wathed away fromthe ore,
and cither picked up by the fowls in fubftance,

or taken in by means of the Water impregnated
withthem. This Water is known toinjure orde-
{troy horfes or other cattle which are unwarily

allowed to drink it ; and though experience has
taught the inhabitants to keep their cattle pretty.
much from it, yet misfortunes fometimes hap-
pen, {ufficient to keep thefe effeéts within obfer-

vation and memory.

From

* Experimental Hift. of Mineral Waters, S AV, ants 13,
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That thefe cryftals and fpars have been ina-
fluid ftate is evident even from their fhape and .
firucture; and from their daily formation in
the roofs of old mines, where they are found -
*to hang down like icicles: And by ‘the experi-
ments of Dr Hi// itis unexcepticnably proved
that Spring Water generally contains a much
greater quantity of fpar, than has been imagin-
ed ; and that a body 'which has all the proper-
ties of true cryftal will rife by heat in the com-
mon method of diftillation.*

It does not at all affe@ our prefent argu-
ment, whether thefe fubftances be difiolved in
Water or only fulpended in it; it is natural to

fup-

* This ingenious and indefatigable naturalit took fome
Water from various {prings, and diftilled it by a glafs cucur-
bite of three feet in length with a f{low fire in a fand heat ;
and he fays it afforded fuch different quantities of this ftony
matter, as were {carce to be conceived ; in d:rﬂil[in_g the Wa-
ter of the fame fpring alfo at different times, and with very
different degrees of fire, he procured very different quantities
of this flony matter, and that exadly according to the de-
gree of fire, the ftrongeftalways affording the fmallelt quan.
tity of fediment, the floweft fire the greateft,

Upon diftilling fome Water from the fpring in Hyde: Paré,
after this manner, three times over, he procured a fmall
quantity of white fediment from the {econd diftiflation, but

none from the third ; and this fediment appeared, upon re-
peated experiments to have all the properties of true cryftal.

Hill's Hill, of follils, p. 156.
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fuppofe that the Water from which thefe fpars
and cryftals are originally formed, and in which
the fubftance is contained, will probably partake
of their properties.

From the difficulty which fome have found
in making-a perfeét {olution of arfenic in fim-
ple Water, it has been queftioned whether any
natural {prings can contain this fubftance; nay
fome have faid that it is almoft. impoflible they
{hould. :

It is true that Mr Boyle did not procure a
folution of arfenic in fimple cold Water; the
reafon of which was that he did not purfue
his experiments upon it; and, with his ufual
goodnefs and candor, he tells us that he was in
hafte, and not at all fond of having to do with
arfenic ; for which reafon he caufed that which
he had mixed to be prefently thrown out, to
prevent dangerous miftakes; but ftill thought
it a fubject worthy of further enquiry.*

Dr Mead fays that white arfenic is entirely
{oluble in Water ; and if one partof it be fuf-
ficiently boiled in fifteen parts of diftilled or
rain Water, it gives, by evaporation, falts of

[ tri-

* Experimental Hiftory of Mineral Waters, § IV, art.13
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triangular planes, which unite into octoédral

cryltals.

Mr Baker fuppofes, from comparing fome
of his experiments with this affertion of Dr
Mead’s, that there may bea difference in arfe-
nic ; for that he could never procure fuch a
folution; and though he boiled {mall quasti-
ties, for a long while together, in much lar-
ger proportions of Water, to the confumption
of the greateft part, he always found moft of
the arfenic at the bottom undiffolved: Yet he
gives an undeniable inftance of its folubility,
from the experiments of Dr _Addington, as re-
lated in the trial of the unhappy Mifs Blandy.
This gentleman boiled ten grains of powdered
arfenic in four ounces of Water, which he fil-
tered, divided into five equal parts, and put in-
to as many glaffes. On pouring into the firft
glafsa few drops of fpirit of fal ammoniac, it
threw down a few particles of a pale fediment.
Some lixivium of tartar poured in to the fecond
produced a white cloud, hanging a little above
the middle of the glafs. Strong fpirit of vitri-
ol poured into the third, made a confiderable

pre-
+ Effay on Poifons.
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precipitation of a lightith coloured fubftance,
which hardened into glittering cryftals, fticking
to the fides and bottom of the glafs.  Spirit of
of falt poured into the fourth, precipitated a
lightith coloured fubftance.  Syrup of violets
in the fifth, produced a beautiful pale green
colour.*

The great Linneus gives it as a principal cha-
rateriftic of arfenic, that it is Solubile in aqua
calida et aliis liguoribus.t Hoffman and feve-
ral others agree in the fame thing; but it is
needlefs to produce more authorities ; as it is
now univerfally known that arfenic will dif-
folve, and that with very little difficulty in
boiling Water., That which T have tried
comes very near to Dr Mead’s proportion ; for
the Water fufpended abouta fifteenth part of
its weight by boiling: Indeed, after it was fil-
tered and cooled, a confiderable part was form-
cd into o&toédral chryftals, which adhered ve-
ry firmly to the fides and bottom of the phial ;
but the water appeared ftill to be very firongly
impregnated with them; it made a quick and

large

_.* Baker’s employment for the microfcope, p. 136.
-t Syfltema Natur, tom. IIIL p. 117,
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large precipitation which fugar of lead; and

 when evaporated, formed into a great number

of cryftals, which appeared through the mi-
crofcope to be moftly; of the o@oédral kind
with triangular fides, but not quite equal nor
regular ; nor had they all the fame number of
fides, and fome of them were quadrilateral
prifms terminating in pyramids at cach end; as
(a). Others were hexangular, and
others appeared like two pyramids
with triangular {ides joined together at the bafe;
as (¢ );,and when colleted together by the
drying of the Watcr, they appeared cxaétly like
a picce of the common white cryflal in our
lcad mines; as (6 ).

This thews that Water will not fpontanc-
oufly precipitate the arfenical falts, but remain
ftrongly faturated with them, though Mr Ba-
ker {eems inclined towards a contrary opinion.

As there feemed to be much doubt whether
arfenic would diffolve in cold Water, I put an
ounce of arfenic into a phial,and poured upon it
fix ounces of diftilled Water, perfe@ly cold, and
lc:tihg it {tand twodays in my window, it ap-
peared rather thick and turbid ; part of the
: arfe-

P16 X
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arfenic laid like a fcum on the top, but the
greateft part funk to the bottom ; upon fhak-
ing the phial and fetting it down again, {fome
parts of the arfenic feemed to afcend, and o-
thers to defcend. 1 then Gltered it through
four folds of ftrong cap-paper, and it appeared
perfectly bright and limpid ; and did not, like
the decoction of arfenic, depofite any cryftals.
I then filled a2 watch-glafs with this infufion,
and fet it before the fire to evaporate;. as the
Water exhaled, the glafs was covered over with
white {emi-tranfparent cryftals which, when
viewed through the microfcope, appeared of
the fame fhape with the others, but lefs; and
rather more in number, and fome of them,
which, as I apprehend, prefented their ends to
the cye, as at (4 ), appeared with little black
{pots in the middle. T was the more particular
in this obfervation, as I do not remember to
have feen any defcription or reprefentation of
cryltals from a cold infufion of arfenic before.
Whether there may not be a difference in
arfenic I cannot fay : That which I ufed, was
procured from a worthy honeft druggift in this
town; it was not perfedly white, but in the

lump, had a yellowith caft, though nothing
: ' like
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like what we call yellow arfenic, and when
powdered it was nearly white,

Upon mixing one penny-weight of arfenic,
and two of falt of wormwood, the mixture to-
tally diffolved in about two ounces of Water,
in a very little time, when fet before the fire,
in little more than a blood heat: This folution
was not near fo bright when filtered as either
the deco&ion or infufion ; and a little of it e-
vaporated in a watch-glafs left a dark brown
fediment, which feemed totally to diffolve,
when I put a lictle of it into the microfcope
with adrop of diftilled Water. The cryftals
of this folution were different from either of
the other, being compounded of the two falts,
though ftill {fome few of the arfenical ones ap-
pc;ircd detached, whilft the reft appeared
{pongy and ramified, as in F1c. xii.

From all this it appears, that arfenic unites
more eafily and readily with Water by the in-
tervention of an alcaline faft: That heat facili-
tates its folution : But that a confiderable quan-
tity of it will diffolve in pure Water, without
any other heat, than that of the common air.
May we not then be allowed! to fufped, that it

may
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may be contained in mineral Waters. - Farther,
as this poifon is commonly found amongft mi-
nerals, and if we know that Water comes
from grounds abounding in metals, marcafires,
and {pars ; ought we not to be particularly. fuf-
picious and doubtful ? left, upon a few injudi-
cious, imperfect experiments, and inconclufive
reafoning, we build fuch a falfe, fuch a dange-
rous {ccurity, as may too late bring us to re-
pentance, ‘
Who can pretend to explain, or who knows
all the a&ions of fluids upon mineral fubftances?
The vitrum antimonii does not diffolve in white
wine, at lealt no experiment has yet, thewn
that it does; yet a very fmall quantity of it
infufed inany of the fharper fermented liquors
will diffufe a firongly medicated, and in. fome
cafes a poifonous, quality through the whole ;
and yet it lofes no fenfible part of its weight :
If you pour freth white wine upon thefame re-
gulus or glafs of antimony for a thoufand
times, if you pleafe, the laft fhall be equally
{trong with the firlt. Pour onan ounce, a pint,
or a gallon, they fhall all be of 'the fame
firength and efficacy : An ounce, or-an-ounce

and
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and half, of this infufion will be ftrongly eme-
tic; and, in all probability, halfa pint of it
would endanger the life of the ftoutelt man :
Yet if we attempt to explain how this is done,
by what kind of folution, by what difpofiti-
on of parts, or by what mechanical operati-
on, we are loft in an inextricable labyrinth.
Neither can we reafon any better about the
changes which Water may undergo, in pafling
through the ftrata of different minerals ; or
what parts it may take either from fpars, mar-
cafites, or arfenical ores : Neither can we always
determine with precifion, which of thefe par-
ticles, or how many of them, may not imme-
diately injure the conflitution; or what quan-
tity may not, like a flow poifon, a& impercep-
tibly and unfufpe@ed. Yet we may furely be
fenfible of fa&s, and be allowed to reafon
from analogy ; and when efle@s are the fame,
we naturally affign the fame caufe: Upon
our perception of the agreement or difagree-
ment, the fimilarity or diffimilarity, of thefe
cffe@ts, depends all our phyfical knowledge.
And whatever conclufions are fairly drawn
from experiment, muft be admitted as trueand

juft
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juft, or nearly fo, till other appearances occur,
by which they may be confirmed or rendered
exceptionable. Thefe rules of philofophifing
are taken from the great Sir Ifaac Newton ;
and by following them with patience and affi-
duity, we may have daily opportunities of in-
veftigating truths of importance. If they be
negleéted, and our conclufions built upﬂn the
{lippery foundation of aflunied hypothefes, we
are foon bewildered in error, or loft in blind
fecurity.

I have been the more particular upon this
fubje&, becaufe I apprchend that the exiftence
of arfenic in mineral Waters has been by fome
rather too peremptorily’ denied ; becaufe that
even the leaft ground of fufpicion, in an affair
of fuch confequence, deferves our ferious at-
tention and diligent inquiry. That thisor other
mincrals fimilar to it have exifted in Waters
we have ftrong hiftorical evidence ;¥ that,

K  from

* About two leagues from Paderborn, in Germany, is a
-treble Ipring called Methorn which has three ftreams; ona
of which holds much orpiment, &c. and all the birds ob-
Aerved to drink of it die. And fome of this Water, being
carricd home, was given to hens, after they had eaten oats,
barley and bread crumbs, and foon after they had drank of
1t
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from feveral circumftances in the mineral hif-
tory of this neighbourhood, and from vari-
ous appearances in the Watérs themfelves, we
have juft caufe to fufpeét fome of our {prings,
I fhall fhew prefently ; and fhall, without
either hopes of favour or fear of refentment, lay
before the public, my impartial, though perhaps
defe@ive, inquiry. The benevolent friends of
mankind can never be injured by the inveftiga-
tion of truth; the infolent menaces of thofe
who prefer their own private concerns to the
welfare of mankind I fhall treat with fcorn, and

the illiterate jargon of the ignorant with con-
tempt. The candid reader will excufe this lit-
tle fally of warmth, when I inform him that
my experiments and conclufions have been
publicly cenfured before they were known,
and, my propofitions charged with falfehood
before they were delivered : But I beg leave to

affure him farther, that the bafe and ungene-
rous

it, they became giddy, reeled and tumbled upon their backs,
with convulfion fits; and died with a grear extenfion of
their legs. Giving them common falt after they had drank,
they died not fo foon ; giving them vinegar they died not at
all, butin feven or eight davs after were troubled with the
pipp. Leowthorp's abridgmentof the philofoph, tranf. vol. 11,

P- 331,
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rous treatment which I have received fhall not
make the leaft alteration, either in my fubfe-
quent trials, or the relation of them: Philofo-
phy knows no fuch influence; I fhall therfore
immediately proceed to the examination of fe-
veral particular {prings in this neighbourhood ;
and, as many of them are impregnated with
vitriol from the coal-mines, T fhall begin with
one of the worft.

VitRrioLic CoaL-WATER.

N the neighbourhood of Fefmond near this
town, a quantity of wafte Water* iflues
out; which prefently depofites a very large
ochreous fediment, changes the colour of
the brook into which it runs for a confide-

rable way, and covers its fides and bottom with
a thick reddifh cruft.

It

# By the term walles, in this country, is generally meant
thofe large fubterrancous cavities which are left after the
working of a colliery is finilhed, a proper number of pillars
being left to fupport the roof; thefe cavities are fometimes of
prodigious extent, and of a confiderable height. The en-
gines being removed, thefe cavities are generally filled with
Water, for the {pace of a great many acres ; which Water
will make its way at the firlt outlet, and is generally called

walle-water,
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It has a thick, fhining party coloured film
at the top.,

It taftes very ftrongly of vitriol and fteel.

With powdered galls it turned inftantly to a
fine deep blue, and upon ftanding a little, to a
fine black ; and upon increafing the quantity of
galls, and bringing them to a due proportion,
I doubt not but that it would make teolerable
good ink. |

With folution of fugar of lead it madea large
white precipitation.

With folution of quick-filver no change.

With lixivium of tartar a ftrong green f.:-re!:if
pitation, ' '

It curdles with foap but don’t lather.

Its fpecific gravity was to that of rain Water
as 135145 to-134720 ; the difference 425 or
about 7 part of the whole. |

It left upon evaporation a large orange co-
loured fediment, in-the proportion of 240
grains to a gallon.
~ Five grains of this refiduum put upon the hot
jron melted and crackled a little, then lefta
brown fubftance, which weighed 3% grains.

After the falt was well wathed out, therere-

mained
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mained a {cdiment of a dark brown colour
which weighed & of a grain,

"The {alt feparatéd from the rcﬁdﬁum, had ra-
ther a greenifh calt ; tafted highly vitriolic; when
it began firft to cryftallize, the fmalleft parts of it
appeared through the microfcopeasat :
(a a a.) but afterwards, as thefe parts Fi6, s
of it collected together, by the Water’s dry-
ing, they formed into larger cryftals, fome of
which were flatten’d parallelopipeds with rhom-
boidal fides, and a feabrous furface as (bb.)and
others were héxangular prifmswithunequalfides
generally appeating broken and jagged at one
end, and terminating in an unequal pyramid at
the other as (¢ ¢.) and when a number of thefe
were colle&ted together they formed into rows,
mal{ing angleg about the edge of the drop, fome-
thing fimilar to thofe of an irregular fortifi-
cation-

I did not fubje& this Water to any farther
trials, as I judged thofe abovementioned fuffi-
cient, to thew it improper for almoft any ufe
in life ; nor have I yet tried any other of the
fame kind, though we have a number of them
in this neighbourhood, and perhaps fome of

them
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them fitronger of vitriol than this, which
do not ftill come up to the vitriolic Wa-
ters at Shadwell, Kilbrew, the copper {pring in
Penfylvania,and others mentioned by Dr Rut-
1y ; fome of which produced from 1320 to
3200 grains of refiduum in a gallon.

e B T B e . 588 S e

Cox-LobpGcE WATER.

N attempt was made fometime ago, to o-

pen a colliery near the village of Cox-
Lodge, between three and four miles to the
northward of this town : But after they had
bored a confiderable depth to examine the
{lrata, they came to a pretty large quantity of
‘Water; which, finding vent by the bore hole,
and beingin alow fituation, iffued out ina pretty
large quantity, viz. at the rate of about fifty hog-
fheads an hour,and was farmed bya company for
fupplying this town ; but it remains yet to be de-.
termined how faritisfit orunfit for that purpofe.
This Water as it comes out appears pretty
bright and limpid, fparkles in the glafs, and
fhews a good many bubbles under an exhauft-
ed receiver, Its
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Its fpecific gravity upon one trial was to that
of rain Water as 1349460 to 1348650 the dif-
ference 810 being %5 of the whole ; but upon -
another trial, which I believe was rather more
accurate, it was as 1348959 to 1348145 the
difference 814, making 45+ of the whole.

When frefh taken it {mells and taftes very
{enfibly of fulphur; and if it be kept in bottles
clofe corked, it retains this fmell and tafte for a
long time, but if it be expofed to the air it
foon lofes it.

With fpirit of vitriol it makesa fenfible ebul-
lition but no precipitation.

With powder of galls a bright amber.

With {yrup of violets a bright ftrong green

With afh bark a blue inclining to a deep
pea green.

With lixivium of tartar no change,

With a folution of fugar of lead it became
immediately white and turbid, and made a
large precipitation.

Lt diffolved Caftile foap readily and fmooth,
without curdling, and lathered well.

I evaporated three fpecimens of it, taken at
different times, viz. the firft upon the fourth of

Oc-
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Qétober 1769, the fecond on.the twentieth fol-
lowing, and the third on the fifteenth of June
1770. . The refidua being weighedand part of
them calcined upon a hot iron, after the man-
ner directed in page 36. a gallon of each produ-

ced as follows, viz.
Calcined fale.

Wholerefidu. | C:lcined do. Earth.
O&. 4. | 58.800gr. | 27,000gr. | 8,320¢r. | 18,680¢r.
ditto 20. | 49:594 27:504 B 192w 19082

Tune 15. | 36,872 | 24,000 ° 76,563 " | 19,840
By which experiments it appears that not-
withflanding the refidua, chiefly from the dif-
ferent degrees of moifture, when they had
been a little expofed to the air, were in diffe-
rent proportions; yet the quantity of fixed falt
in each was very near the fame. The firft indeed
contains a little lefs proportion of this falt than

the fecond ; and the fecond a little more than /-

the third : It is to be obferved, farther, that a
gallon of the Water, ufed in the firft experi-
ment, contained almoft two grains more earth
than that in the laft ; to which I afcribe the
different colour and appearance of the refidua ;
for the firft had a pretty full brown hue, the
fccond was {fomething lighter, and the third al-
molft.white, but they all produced the fame
- effe@s upon the following trials:

They

L

!
|



Cox-LopGE WARER., 81

They effcrvefced very ftrongly with fpirit of
vitriol, vinegar and lemon juice.
 They turned. fyrup of violets to a ftrong
bright green. |

When rubbed with crude fal ammoniac, they
emitted a pungent {mell.

With folution of quickfilver a large orange
coloured precipitation.

With oil of vitriol great heat and efferve-
{cence, plentiful light coloured acid fumes, and
a pungent acrid {fmell, but very different from
that of the ftrong {pirit of nitre, aqua-fortis, or
fpirit of falt.

Alittle of the grofs refiduum rubbed on
frefh mutton and beef turned them to an in-
tenfe dark red upon boiling, and upon com-
paring it, in different trials, it reddened meat
more than the calcarcous refidua from {ome of
our hardeft Waters.

The firft refiduum which was procured
O&- 4. melted and  rather bliftered upon the
hot iron, but Idid not obferve this appearance
in the other two.

Upon feparating the falts from the carth
they bore the proportion of about 2:: to one,

L in
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in the firft cafe, 27 to one in the fecond, ‘and
3 to one in the third. | .

o+ 'The earthy, parts in each were of a brown
colour, but thofe of the firft were the darkeft,
upon calcination they were mixed with white,
effervefced pretty evidently with {pirit of vitriol,
and appeared to confift of about equal parts of
abforbent and calcareous earth.

“The falts, as they appeared through the mi-
erofcope, when-they firft beganto cryftallize,
formed into little fpicule, which attra&ing one
another, fome ran-into irregular little Fic 'II-I.
figures as thofe at (2) and (4). O- LUy
thers of ‘them were colleted i into “fafciculi, as
at (¢). Others were beautifully ramified, as at
(d), but fome of thefe branches extended
much farther than is reprefented in ‘this part of
thefigure; and upon the drop of Water cva-
porating, the greateft part of the falt formed in-
to ‘a {pongy ‘porous fubftance, fimilar to that
deferibed in Dr Hill's account of the natrum¥,
and which is well reprefented inthe figure (‘ee ).

Upon neutralifing this falt with weak fpirit
of vitriol, it formed into cryftals, notunlike thofe

of

A

* Hiftory of Follils, p.287.
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of the Glauber falt; and, for fome time after
dropping in the fpirit of vitriol, it emitted an a-
greeable fmell, fomething refembling that of
dulcified {pirits of nitre, or rather that of frefh
currant-jelly.

The refiduum of this Water corroded the
polithed brafs difh of the fcales in which it was
weighed, leaving a number of little black fpots
uponit: And upon boiling a quantity of it in
a brafs pan, it produced the famc-cﬂ‘ﬂ&, but in
a greater degree, leaving a thick ruft upon the
{ides and bottom of the pan, -

- As this Water flows in a mineral country,
and'through ftrata which are yet unknown, but
which probably contain large quantities of the
cryftal, marcafites, and {pars abovementionéd ;
as thefe bodics are either originally’ formed
from the Water, or frequently found ' to be
fufpended in it, and to convey a poifonous qua-
lity to it; and as this' Water-particularly cons
tains a falt, by the means of which, arfenic and:
fubftances fimiliar to it, are more «afily fufpend-
ed in Water, and more intimately mixed with
it; and "as it ‘fhewed fome ‘marks of a cor-
rofive quality ; I thought it neceflary to re-

move



84 Cox-LopGE WATER;

movethefe objeions, and uncertainties as far as
I well could. I therefore took thirty graing
£ the refiduum, and mixing it into balls with
oatmeal, I put it down the throat of a young
chicken, which Ikeptin my room the whole
day ; but it was not apparently. difordered : I
fed it repﬁgtedly that day with oats, which it
cat as ufual, and fhewed no fign of injury, ex-
cepting that its excrements were {oftencd more
than common, and of a darker colour. It was
afterwards fed, for a fortnight or three weeks,
along with other chickens of the fame hatch-
ing, was killed at the fame time with them, and
appeared upon the table to be equally fat and

in good condition. vifl
This experimentmay convince us, that there
was no confiderable quantity, of any thing im-
mediately pernicious, in the refiduum ; for, if
therc had, we might reafonably fuppofe, that it
would have injured fo young and tender an
animal. But yet we muft not, from hence,
tarry our conclufions too far; nor can we, I
aﬁptﬂhcnd? juftly infer, frem' a fingle experi-,
ment of this kind, that the Water contains no-
thing in it which may be prejudicial to the hu-
' | - man
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man conftitution. For, the ftomachs of fowls
and their manner of digeflion are widely diffe-
rent from ours; and that which may produce
little or no vifible effcé upon one trial, may, by
frequent repetition and conftant perfeverance
be found to be of confiderable and confpicu-
ous efficacy. Befides, it does not appear, nor
can it appear fatisfactorily, by any of our expe-
riments; what parts may be thrown off by eva-
poration, or how far the moft a&tive particles of
mineral poifens may be volatile: We know
that fome of the vegetable ones are, nay we
know that arfenic itfelf is fo in {onie dfgfcc;
though indeed upon evaporating a folution of"
arfenic, we find a confiderable quantity of cryf-
tals left, yet we cannot pofitively affert, that
none fly off in vapour; and. our experiments
and reafonings are hitherto found inadequate
to the comprehenfion of all the properties of
mineral poifons, their manner of operation,
or even their mode of exiftence. DBut by long
cxperience and obfervation, difcoveries may be
made, which may either confirm or remove
our doubts and fufpicions ; and afford us a bet-
ter fecurity than can be expeéted froma few
hafty trials and uncertain conjectures. ‘

2 ‘ Le
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The f{alt contained in this Water, both from
the figure of its cryftals, and the experiments
made upon it, agrees, in moft refpedts, with the
natron of theancients. It is manifeftly alca~
Iine, though it differs very widely from the ar-
tificial alcali, and from the calcareous nitre;
It will not, when mixed in any proportion
which I have tried, coagulate milk, which both
the others are known to do; nor could I find:
by, tafling it, that nitrous coolnefs upon-the
tongue, which is remarked of the natron. The
pungent {mell which it acquires, upon its being'
rubbed with fal ammoniac is as ftrgng, in'my
opinion, as that procured by the artificial al-
cali ;* though T think it 'does not effervelce fo
‘firongly with acids; nor have I ever yet ob-
ferved it torun per deliquium, as the artificial
alcalies do, rthough it does attra® a good deal
of moifture. However, it will appear from all
the experiments above recited, that moft of its
p-mpfrtiés are fimiliar to thofe of the common
fixed alcalies, from whence we may fafely con-
clude, that it will have the following effeés, in'
the common ufes of life:

r. Tewill boil peafe and other grain foft, c-

ven



Cox-LobcE WaATER. 87

ven more fo, and in lefs time than rain or river
Water.

2. Ivwill boil greens, fuch as cale, brocoli,
&c.. tender and of a_good colour.

3. Iewill makea firong and good coloured
infufion of green tea; but will be attended
with - this inconvenience, that it will extra&
moft of the firength of the tea upﬂn the firft
drawing.

4. It will anfwer very well for the waﬁung
of linen, and will require lefs foap than moft o-
ther Waters in this ncighbourhood ; but it will
not do for rinfing the foap out of them, nor
for ftarching, as the linen thus rinfed and
ftarched will contra® damp, and becomc difa-
greeably’ foft. |

5. It will probably make '&'&r'olng infufion
of malt, but how'it will anfwer in fermentati-
on, I dare not pnﬁtwel}' fay, having never tri-
ed it

5. It will'be apt to boil meat red and foft,
and to ‘take away the hardnefs and curd of fith.

But, as it is propofcd to {upply many thou-
fand people with this Water, the moft impor-
tant inquiry is what influences it will probably

have
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have upon. their hecalth and conftitution ; or
what effe@ts or changes the daily and indifcri-
minate ufe of thefe fales will produee in the a-
nimal fluids ;. And as the learned Beerbaave
has given us a full and concife account of "the
medicinal cffeéts of the alcaline fales; I fhall
make no apology for giving it, as nearly as I am
able, in the fenfe and meaning of an author of
fuch undoubted knowledge and authority*.
The firft effect which, he fays, the alcaline
falts have upon the human body is, that they
‘deftroy the acids, which are few, ‘except in-the
prime vie, and of the mild vegetable kind.
2+ If they meet with an acid in the human
body, they effervefce, excite bubbles of air,
flatulencies and eru&ations ; they return into -
a neutral falt, which being harmlefs; penetra-
ting, aperient, diaphoretic, . diuretic and anti-
{eptic, produces new effedts, arifing from this
newly formed falt, and not fo properly afcribed
to the alcalies, though fubfcquent upon their
ufe. & : _
3. By the a®ion of this effervefcence they
ftimulate the nerves, put the animal fpirits in

metion, and change the former motions of the
| ' | nerves
% Chem. vol. i. p. s8.
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nerves and {pirits: Hence they often cure hy-
pochondriacal and hyfterical fpafms, and the
diforders depending upon them; as we learn
.fli'ﬂnl the famous anti-emetic of Riverius ; whilft
the alcali, drank in the a& of effervelcence with
lemon-juice, removes the cholera and the moft
_obftinate vomitings, incurable by any other
method. |
4. They attenuate whatever is conneéted
with the acid: Therefore, when prudently
given ; they produce a fine effe@® upon coagu-
lums of milk, and happily refolve other tenas
_cious fubtiances.

¥

5. Theyattenuate whatever is glutinous, oily
or fat, and commodioufly mix it with Water,
from henee they are deterfive: And hence,
{pots of greafc are cleared away by the lixiviam
of thefe falts, as is well known to fullers,
-wafhersand dyers: Thercfore, by their mode-
rate ufe, they clear the chylopoietic laboratory
from its glutinous foulnefs.

6. They refolve the coagulums of the bile,
lymph, blood and ferum ; being admitted into
the veflels, -and there agitated by the vis vitz.

7. By their acrid flimulus they put in'mo-

M tion
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tion what is inert; hence they promote the
urine {weat and faliva, and move the belly.

8. Therefore wherever there isan inert, tough,
mucous pitnity ; a confequent acidity of the ve-
getable aliment in the prime vie ; the {ubftance
or effect of an auftere acid, manifeflted in coa-
gulums ; an abounding colluvies of watery
ferum ; tenacious pinguious concretions ; and
the diforders often arifing from thefe, the
dropfy, jaundicc, leucophlegmatia, gout, rheu-
matifm, and fcurvy ; thefe falts are of very great
fervice; 1f they be adminiftered prudently,
well diluted, in fmall dofes and at proper times.
That fpecies of gout, which arifes from too
much acidity, can fcarce be more happily cured
than by the fparing and long continued ufe of
alcaline falt: But yet it ought not rafhly to
be recommended as an univerfal remedy againft
the gout, becaufe it is prejudicial to fuch gouty
perfons, as are of a bilious conftitution, and
whofe humors already fpontaneoufly tend to-
wards a putrid aleali.

9. Their ufe is pernicious in all cafes where
the native falts begin to degenerate into the
acrid, alcalefcent, putrid kind ; and where the

natue-
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natural oils of our body incline towards an
acrid, ' feetid, putrid, rancid, volatile difpefi-
tion ; manifefted by their offenfive exhalations
and the high colour of the urine: They are
more efpecially deftruétive when the bile ap-
pears to be in this ftate, and when the humours
are too much diffolved, fluid and tending to
putrefcency ; hence in the plague they are 1m-
mediate poifon ; and in' inflammations, fuppu-
rations, gangrenes, mortifications, continued
putrid fevers, and diforders depending upon
too great a velocity (Tof the blood’) their inter-
nal ufe muft be entirely prohibited.

Dr Lewis gives a correfpondent account of
the operation of alcalies ; and very juftly an-
{wersan obje&ion which arifes from fome late
experiments; in which they were found to re-
{i(t putrefaction in the fluids and folids of dead
animals ; by fhowing, that their a&tion upon
living animals muft be very different, as they

apparently increafe the colliquation, with which
all putrid difeafes are accompanied.™ -

Dr Huxham likewife gives us {fome inftances
of the fatal effects of thefe falts upon thofe

who

* Mater. Med. p. 481.
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who have for a long time together taken the
foap-lees, or thealcalious faponaceous hotch-
potch of Mrs Stephens ; and fays, it evidently
appears that the blood by thefe means is diffol-
ved and becomes putrefcent, and that the urine
becomes alcalious,*

A great many more authorities might be pro-
duced, were it neceflary ; but I apprehend
enough has been faid, to convince any rational
and unprejudiced perfon, that Water abound-
ing with alcaline falts can: never be propet
for common ufe.

Itis of noavail to fay, as it has bﬂen fald pub-

Jicly and repeatedly of Cox-Lodge Water, that
in fome cafes it may be beneficial ; thisis furely
acknowledging its efficacy as analcali ; and if it
has efficacy to do good, by deftroying the acids
or attenuating the vifcid humours ; furely it
muft have efficacy to do harm, where thefe
acids are too few, or thefe humours aiready t00
thin. Farther. when ufed by perfons in perfé@
health, which health moft certainly depends, in
fome meafure, rupon the due proportion of
acids, and the proper texture or confiftence of

the

* Effay on Fevers, p. 48.
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the animal fluids, it muft deftroy the equili-
brium, and therefore moft inevitably bring on
diforders. Nor will it be allowed that the quan-
tity of alcali in Cox-Lodze Water is too fmall to
produce effects of this kind ; for, it will ap-
pear that, by conftant ufe, it muft and will ope-
rate powerfully as an attenuant. The Waters
of Aix-la-chapell> do not appear to contain a
largér proportion of  alcali than thofe of Cox-
Lodge 5 and yet they are found, by long tak-
ing, to render the urine alcaline, as do thole of
Carolsbad: in Bﬁffmm * If'there be a fufﬁm-
ent quantity of alcali to ‘pafs through the
coutle of the circulation, to be ficreted by the
the kidneys, and pradwe this effeét upon the
urine; ‘who fhall fay that it will not, in fome
degree, attenuate? That it will not diflolve the
bloed, difpofe it to putrefaction, and bring on
or heighten thofe putrid fevers,  dyfenteries,
alaalcﬁfnt {curvies, and other diforders, to
which the numerous l&bummﬂ people in this
town, from their diet and manner of living,
are pchh]laﬂy f‘ubjf:&;

Itvcr}f one knows the frequent neceffity of
plen-

‘# Philofoph. Tranf. vol. 51. No. 28.
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plentiful : diluting in ardent fevers ; and if an
alcali be indifcriminately mixed with the necef-
fary diluent; what rational phyfician can an-
fwer for the event? In cales of internal hemorr-
hages, where large draughts of cold Water have
been found of fignal fervice, the mixture of
thefe falts would often defeat the intention.
Upon all thefe accounts, and for other ob-
jections which might flill be made, I appréhcnd
that no intelligent and unprejudiced phyfician
will recommend . this Water for the common
uﬁ: of this town, where the health of upwards
of forty thoufand people is at ftake; more
cfpecially as Water which is much more fimple
and pure, better in every refpe, and much
more in quantity can eafily be obtained. Nor
can I believe that a gentleman of Dr Lewis’s
known learning, great abilities and ftri¢t inte-
grity, could ever have been induced publicly to
join in fuch recommendation, had he been fully
and impartially informed of feveral partwularg
which, upon account of his diftance from this

place, he could not well be acquainted with.
THE
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THE FouNTAINS IN NEWCASTLE.

f WUR public fountains, or pants, as theyare

ufually called here, are fupplicd from va-
rious {prings in this neighbourhood, the beft
and moft approved of which come from fome
rifing grounds to the weftward of this town.
I have not as yet had the opportunity to try
them all, and they vary fo much in different
fcafons, that experiments upon them might be
almoft endlefs ; for fome of them afford tole-
rably good Water at one time, and in a few
days the Water which comes from them will
be fo hard, and loaded with nitre and vitriol,
that it is fit for nothing but the wafhing of
rooms or other fuch purpofes. This difference,
I apprchend, arifes chiefly from the different
quantities of rain Water, which happens to be
in the ground ; for in wet feafons the Water
from thefe fountains is generally foft, the pro-
portion of nitrous and vitriolic falts being lefs;
though at all times there is an evident mixture of
them: However fome of them are, in general,
tolerably good, as will appear from the follow-
ing {pecimen, which is taken from a fountain
or pant near to Sir Walter Blackett's houfe in

Pl
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Pilgrim-fireet ; and I am informed that many
families in the upper parts of the town, and a-
nother public fountain or two are fupplied
~ from the fame fpring.

I examined this Water the 12th of laft ]uly,
in a wet feafon. It was limpid and well tafted.

Its fpecific gravity was juft the fame with
filtered rain Water. |

It made a {mall white cloud with folution of
fugar of lead.
 With lixivium of tartar no change.

It diffolved foap uniformly, and lathered well.

It did not change the colour of fyrup of
violets.

A gallon of it, upon evaporation, left 185
grains of refiduum, of a light brown colour,
rather of a brackifh tafte, and attracted moif-
ture very faft.

The refiduum effervefced ftrongly with the
vitriolic acid, raifed ‘white fumes, in {mell re-
fembling, though not quite the fame, with thofe
of fpirit of falt.

Five grains upen a hot iron crackled; and
run nto a light grey lomp, very friable; and
whilit warm, weighed 3% grains, but increafed
very faft, The
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The earth in this part weighed 1&%, -was
of a dark brown colour, and neither effrrvefced
nor diffolved in fpirit of vittiol.

The cryftals, when viewed thmugh the mi-
erofcope, were, fome of them, almoft equilate-
ral, hexagonal prifms, with fome litcle irregular
protuberances as (‘@ ); others were
rhomboidal of diflerent fizes as (4 ) ;
others flattened cuibes, with a fcabrous furface
as (¢ ) ; and fome fivall fpicule, part of which
were feparate as at (), and othets colleéted
into little branches as at (¢). |

Thefe cryftals are evidently a mixture of the
nitrous and muriatic kind, though noneof them,
which I have yet feen, anfwer perfedtly to ci-
ther Lifler’s or Short’s defcription of the cal-
careous nitre, the cryftals of which they repre=
fent as coﬂﬁﬂiﬂg of four, five, or fix unequal
parallelogram fides, terminating at one end in
a pyramidal form by plain triangles, and having
the other end more obtufe and cuneiform, and
formed by two Plane {quares as rep-
refented in (¢¢). But the whole con-
tents of this Water are fo fmall. and confifting of
{o many different parts, that if we confider the
effe@ of the perfedly inert earth, or each of

N the
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the feparate falts, we can fearcely imagine it to
hurt this Water. -

The other fountains in this town are, in wet
feafons, nearly equal to this ; but they vary fo
greatly, that it is almoft impoflible to afcertain
their properties; therefore, under fuch diffe-
rence and uncertainty, I fhall not trouble my
reader with the many analyfes which I have
made of them.

FELoN WATER.

BOUT two or three miles from this town,

L on the fouth fide of the river, alarge
fpring of fine bright Water rifes at the foot of
an hill, juft by Felon-Hall, belonging to Charles
Brandling, Bfq; This Water is much admired
for its tafte and colour; and is daily brought
to this town upon horfes, where it is ufed
chiefly for drinking. and making of tea, a-
mongft fome of the politer families.

Its fpecific gravity isto that of rain Water as
134760 to 137421, the difference making +s»
of the whole.:

It fparkled much in the glafs, was very clear,

and exceedingly pleafant to drink. ;
t
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It diffolved foap flowly and without curd-
ling, but does not lather well.

With lixivium of tartar it made no change at
firlt; but, after four hours ftanding, a fmall
‘cloud, and next morning a very little white
precipitation.

With fugar of lead a large white cloud and
precipitation.

With afh bark a blue colour, when held be-
twixt the eye and the light, when held oppo-
fite to the light, a green.

A gallon of this Water upon evaporation left
22755 grains of a dufky coloured refiduum,
which attracted moifture very faft and almoft
run per deliquium.

The refiduum tafted aluminous and rather
fweet.

It turned fyrup of violets to a light green.

With lixiviom of tartar no change.

‘With the vitriolic acid a ftrong ebullition,
white fumes, and a peculiar {mell, though
fomething refembling the nitrous kind.

Five grains of this refiduum upon the hot
iron melted and bliftered ; afterwards calcined
to a white powder, which weighed whilft
warm 2% grains.

The
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The calcined earth in this parf of the refi~
duum was large in proportion, Welghmg 235
grains, of a light grey colour.

The cryftals when viewed through thr: mi-
crofcope, both before and after calcination,
were very irregular ; that marked () Fr6. VL.
app{:aif:d in two or three obferva-
tions of the uncalcined falt, but I faw no-
thing fimilar to it after calcination; all the reft
were feen both in the calcined and uncalcined
falt ; and appear to me to be a mixture of the
caleareous nitre and fome aluminous kind of
falt; but the fna!lnefs of the quantity prevent”
ed me from making any feparation, which could
be fatisfaétory.

Though this Water is remarkably pleafant to
the tafte, and has been found by long experi-
ence to anfwer very well in the brewing of

malt liquor ; yet it is evident, from the above
E’pr‘l'lmfnl,'s, that it hqs fﬂme fmall degree of
hardnefs ; but the quantity of fqlrs are {o ex-
Ceeding I'*nall thatlt is almo& impoflible they
fhould betray themfelves to the tafte, and of fuch
a kind as we can ﬁidl’Cﬁl}’ {ufpcé of injuring the
conflitution ; ; and even in waﬂnng, though

fome-
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fomewhat more foap may be requifite, it
will be but a fmall inconvenience. It is there-
fore of greatufe to the neighbourhood through
which it runs ; but, from the fituation of the
place, and want of a proper defcent, it cannot
conveniently be brought in pipes to this town,

WesTtGaTE-HILL WATERS,

MYOME very fine fprings of Water come
from a hill-fide, at the Weft-end of this
town, on each fide of the military road leading
to Carlifle, in the grounds of Mr Anderfon ;
which are very well fituated, as to level, and
would anfwer exccedingly well for fupplying this
town, in every refpec but one, and that indeed
a very material one, the quantity, which would
fcarcely be fufficient for the whole town.

But a good deal of it is brought in carts to
thofe houfes which are neareft to it, and it is
found to be very good for brewing and all
domiftic purpofes; though as this Water
breaks out at three or four different places, it
ts notall of the fame/ degree of purity. That
which I have amalyfed, is not, asI have .reafon
to believe, the beft of them ; for another, up-

on



102 WEsTGgaTE-HiLrn WATERS.

on the oppofite fide of the road, was more
tran{parent upon the very touchy tryal of mix»
ing it with fugar of lead

The fpecimen which 1 tried fparkled well
in the glafs, left no ochreous or other fediment
in its channel, was very clear and bright ; taft-
ed cool, pleafant and foft.

Its fpecific gravity exceeded that of rain
Water only by <45 of the whole.

It diffolved foap uniformly, and readily,with-
eut any cloud or curdling and lathered well.

With lixivium of tartar it made no change.

With fugar of lead a very {mall cloud, bare-
ly perceptible.

With powdered galls a bright amber.

With {yrup of violets a dufky blue; but the
next morning I imagined it rather altered to-
wards a greenifh caft.

With afh-bark a bright amber, with a green
circle about the edge of the glafs, when held
betwixt the eye and the light ; when oppofite
to the light, a very deep pea-green bordering
upon a blue.

A gallon of it yiclded, upon evaporation
28,52 grains of fediment, of a light colour, and

a cool nitrous tafte. :
This
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This refiduum made mo fenfible ebullition
with [pirit of vitriol ; nor with lixivium of tar-
tar ; nor no pungent imell when rubbed cither
with crude {al ammoniac or fixed alcali.

Upon the hot iron it ncither melted nor
crackled, nor could 1 perceive any fumes or
{mell : Five grains of it calcined to a white pow=
der, which weighed. whillt warm, 3¢ grains.
The earth wafhed from this weighed 2% of a
grain., :

The cryftals were moftly long, with four
uncqual fides, and appeared jagged Fro.IV.
or broken at the ends, but fome of
them were irregular rhomboids, as (a).

The earth was evidently calcareous.

Puomr WATER:

T YHE Pump Waters in this town are moft
of them hard and unfit for feveral pur-
poles; fome of them indeed, whichT have tried,
are a lictle better than others ; but, as the dif-
ference is not great, I fhall only inflance in one

of the beftand molt in ufe, fituated in #'¢figate-

Sireet, near the vicarage.

The
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This Water when frefh taken is tolerably
bright, and not very difagrecable to the tafte.
Several of the inhabitants in the nmahbﬂurhond
think that it draws tea well, and gives it its
full and agreeable flavour; but it leaves a very
thick cruft upon the infide of a tea-kettle in
which it is conftantly ufed.

Its {pecific grawty is to that of rain Water as
135023 to 134826, the difference 197 being
nearly =45 of the whole.

It reddens mutton and beef; but boils fifk

and greens well.
It crudles with foap, and makes no lather.
With lixivium of tartar, a white precipitate.
With folutfon Df fugar of lead, a ftrong whité

PFEEIPH'HE
With fyrup of voilets, a faint green.

With galls, a deep amber.

With afh bark, a light greenifh blue at the
furface ; and after ftanding fome time, it ap-
appeared blue all through.

A gallon. of it upon evaporation left 88
grains of a light-coloured refiduum, which is
more by eight grains than Dr Heberden ever
found inthe pump Waters in Loundon * ; but as

it

* Medicial Tranfact, vni. L. pia.



AgT AW gavifl o Cofed
f)UMP WATER. /) 105
;‘Jnﬁf.ﬂ '{_kL 1smot bodotods HA - {a) 26 2ming

‘tgﬁﬁ}rijmﬁﬁﬂﬁf?u }?{c}};fﬁﬁauﬁ‘hﬁm%ﬁif@m
i "]fgﬁ % Fﬂﬂnﬂﬁzﬁa 4 amod g abimeryq ol
mﬁ iy 1,- lé“ E,E““fg‘%!“ and, nitrays;and ;yas
%!‘ g I?Ct"(??ﬁ!:be ;F?rpﬁi:u’i!ﬁ} Las EJH sl
" rnj f!’ ”!'qm Etﬁ t‘?aﬂ#kﬂrﬁm
cf fﬁade‘ a verx f‘” EQL&EFEQW E)h {pirit,

UF v1trml‘*- bu; ma

rfaf”{j F6iLY (01D nﬁ?g ll P‘ t]%ﬁ“l*ﬁsﬁfm

IH-: L i 3 414 PilL SIS h;*” i

1 Five giaity'of i upan Q}L? hcft !if'l11‘1¥>hrfhmﬁl'iqu
a ﬁtdﬂ, tflfﬁn r{irnﬁd to a %!3["}[ 3£h G}Ul? ’ Igﬂd'i

W ‘W&” 0 L} wgiééeé t %r a5 3, 40, that it
mllfjr’ 16t 4535 of a grain i ca clmin& e

:!EH eals 30

THE C&]Clnﬂd eartH éFpﬁa,re very, vyh,uieﬂq,x}:%j
WEgHY gr. 2, bing ncarly ol of s whole
ref' i, Jand WS e entl}(y burned into lime.
But upon ¢ examini
Urprie nd, that thofe in the natural ftate

differed, very ligtle,if agall, frmnfthﬂ{@whmh were

calcined a]-:m w1th the other part_lsrnf; ‘}}bﬁﬁﬁﬁd
uft’ 11&3*1& él’}énﬂccr %:hgt Il éca;} {r 1-:::-n }é\

eiEr'hfé 4 d”xézﬂdal)cbﬂé ' rgp into fl og }‘?Hd\
haﬁé‘b?t;&d&?cda‘ﬁ W 1{ nd ‘of faﬂidx e:\;t n?ﬁgi
tHé“étﬂdi:‘L”b‘uf all Ehc mrﬁ{&'!} .“I§,
wﬂ#?&ﬁﬂﬂ oty 0 “e%iééte[‘t partglfiithemh
were fliteed parallelopipeds and cubes as (a),

and (&) and fome:werys perfe& ‘hexangular
0 prlfms




106 Or RivEr WATER.

prifms, as (¢). All thefe had remarkably fmooth
furfaces, but I found none of them terminating
in pyramids. Some of the {maller ones, at
their firft formation, appeared of a different
kind, and colleted into fafciculi, like bundles
of fmall rods tied at the middle as (), and
others were irregularly difperfed as (&)

From all which it is evident, that this Water
is loaden with nitre, fome muriatic falt, and
a large qumn-.til:‘j'r of felenitical and calcareous
carth. And we muft from hence conclude, that
the conftant and long-continued ufe of it muft
be prejudicial to health, as it will have a direct
tendency to form obftructions, &:¢.* and will
be found very unfit for moft domeftic purpofes.

Or RivErR WATER.

A S Rivers are chiefly compofed of Waters
from different {prings, they might be ex-
peéted, in fome meafure, to partake of the pro-
pertics of thofe {prings and rivulets which run
into them: : The diflerent foils or beds through
-which

* Seepage 22.
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which they run may likewife communicate fome
part of their contents to the Water ; and hence
we find that theWaters of fome rivers have dif-
ferent properties ; thofe of the Seiue, at Paris,
for inftance, are purgative, efpecially to ftrangers;
the fame is obferved of the Nile at Cairo. Add
to this the number of fifhes and other animals,
the leaves, bark and roots of trees, with a variety
of vegetable fubftances which are found in moft
rivers ; and near large and populous towns the
quantities of filth and heterogeneous fubftances
which are mixed with them ; when we confi-
der all this;, we are naturally led to imagine,
that river Water would generally be very im-

pure: T |
Yet nature generally provides a remedy a-

gainft all thefe inconveniences; and it is a great
inftance of the goodnefs of providence, that
thofe Waters, which are meft in quantity,
the eafielt obtained, and moft generally ufed,
are rendered, by the courfe of nature, the moft
beneficial, and are beft adapted to our health
and convenience. F¥or river Waters do. in
2 wonderful manner. very {oon free them-
felves from mofit of their impuritics ; they are

n this refpe&, fimiliar to rain Water, which
in-
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of many othersty which deads, me ta/a fecond
Q'Pl?ﬁd;?l'%‘}l?ﬁnﬁﬂﬂ;thﬁtﬁn ’}jIH'ﬂ'IiHsn *{l,ﬂl; 11;"_;;1@
o113 ;Exh? ﬂbﬁ?}?tﬁ‘ﬂihﬁ the bedior, channel of
the riyer, whether, thissbe:fandy fiarle; i gravels
clay, gr.almot.any other foilsis wilkatstad mas
E24t ,f;l:l]& fﬁ'sfﬁfi&wgl gther mincrgl, animal, ‘and
vegerable fublignces, and difunite theni from the
Vater, ;1 The fioes diimud s, she fmaller the
pasticles ase,, inig which, ic s divided, and the.
more intimatelyand uniformly.if.is diftibuted
throngh the; Waters it will smore effeciiallyl
fﬂﬁfﬁ#ﬁ cvery, passiof itxcatsh bold! f, whatcier
comes in its way, and carry it toi the  fides md
bottony:: And, hencethe; Waters. of/ the- mud-
di@@ rivers, ﬂ.fEﬂMhﬂ,y have properly fubfided in:
mﬂ'ﬁ;ﬂﬂ ar. referyoirs, arc often:the: purﬂﬂjandﬁ
bj}ﬁ]‘ltﬁﬂ:”} I oy of  aip bos aol ude o2 ol
%411!»1 the, CP’JfIﬁ ‘Pf{: Wﬁtﬂ; ﬁhfbwg'h tHe«cl'En-; J
b]ﬁ cﬂ'ﬁé]: n ;et;dgrmg ;t mqrﬁ puret gl
IF Water be a little hard,itis, w:ell knﬁmm to
become: fofter; by being expofed to the funand:
air:, By what n!f-ﬂhanlcal operation thIS’ is.ef-
fﬂ&fdv@f how, it can, be. accounted for, may |
31 0 af-
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afford. matter of fome difpute; perhaps the
heat may contribute not a little towards it ; for
we fec fome Waters which are foaden with con-
tents, that will depofite a great part of them,
efpecially of the earthy ones, upon being mode-
rately warmed:  And it is probably upon this
account that fome Waters become fofter, mil-
der, and more ‘agreéable upon " boiling, by
dropping thofe earthy or calareous parts, which
were rather fufpended than diffolved in them®,
But fuch Waters as are loaden with fixed falts,
will generally be found more ftrongly impreg-
rated after boiling. | |
- Upon this account thofe rivers which take
the longelt courfe are thought to afford the
beft Water, as they are more and longer expo-
fed to the fun and air. So the Water of the
Ganges has, by fome, been reputed the beft in
the world; and upon this account, T think [
have fomewhere heard, that the eaftern mo-
narchs have been at the expence of carrying it
to a very great diftance. To this caufe Pro/<
per Alpinus attributes, in a great meafure, the
{uperior excellence and purity of the Nilet ;
w hich

¥ Percival's Exper. and Obferva, p. 27. |

1+ Med, Egypt. lib. I. cap. 1c.
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which river takes its rife nearly under the 7ro-
pic of Capricorn, and running through the
whole breadth of the torrid zone, empties itfelf
into the Mediterranean, in the latitude of about
32 deg. north; during which long and hot
coutle, it is almoft boiled by the fun, precipi-
tates its contents, is attenuated and cleared of
all its- impurities. .

The particular colour and tafte which river
Waters contra& from vegetable fubflances, are
indeed more permanent ; fome of the 'inhabi-
tants of London have complained of the new
river Water in this refped, efpecially in the au-
tumnal {eafon,when a great many leaves of trees
are blown into it; but I do not remember to
have obferved this particular tafte in it, though
I have ufed it conftantly for fome time.

TaamMEs WaTER.

T T HE Waters of fome rivers are very apt
to putrefy, efpecially in the fummer time.

That of the Thames is faid to become offenfive
in feven or cight days, or fometimes fooner, e-
{pecially when it is kept in unfeafoned cafks ;
i
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“tiade 4 thick white cloud and precipitation

“with a folution of fugar of lead; and a very

faint cloud with lixivium of tartar. |
difTolved foap readily, and lathered well.

With ‘galls it turned a bright amber colour,
and with afh bark a fudden ftrong greén.

A gallon of it upon evaporation yiclded gr.
31:4% of 4 brown fediment ; the tafte of which
was faline, and rather auftere. .

It effervefced very ﬂrongly with fpirit of vi-
triol, and emiited white fumes. .

Five grains of it crackled and melted a little
~upon the hot iron ; and afterwards burned toa
grey powder which weighed gr. 34 ; and the
“ealcined earth- feparated fromi this wergh&‘d ar.
2 22, it effervefced and partly diffolved in very
ftrong fpirit of vitriol.

Somec of the cryftals when ue,wcd thrﬂuﬁh
the micmﬁ:oph, appeared like bro- Pra VIIL
ken pieces of glauber falt, as (‘a)
and (8); others werc colle@ed into. LIrEgular
Tumps, one of whichis exadtly rcpr..,ﬂ.nt-:,d in the
ﬁgurc at (e ); and a good many cubical cryftals,
of the muriatic kind, feparate, and diftin&
from the reft, appeared precilely in the fame
manner with thofe in the feventh figure.

e P From
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From which it appears, that a gallon of the
Water contains gr. 22+5s of refiduum,in the ftate
in which it came off from the hot iron; of
which about fifteen grains and an half were ab-
forbent and calcareous earth ; and only about
fix grains and a half of muriatic and nitrous
fal.

As this Water is fo well known, I thought
it unneceflary to make any farther experiments
or obfervations upon it, and thefe above men-
tioned will help any one, who has the curiofity
-to compare them, to bring the other Waters to

the fame ftandard.

TYNE WaTER:

S the Waters in moft of our navigable ri-
vers are affeCted by the tides, and other
circumftances, it may not be Improper to give
a fhort fketch of {fome particulars relating to the
natural hiftory of this river, which may be fup-
pofed to alter the property of its Waters at dif-
ferent times, before we proceed to relate our
experiments upon it.
The river Tyne rifes from different fources ;

fome
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fome of them about fixty miles to the north
weft, and others about fifty to the weft and
fouth weft from this town; and from hence
to its entrance into the fea at Tynemouth, is a-
bout ten miles; but if we meafure by the
windings of the river it will be more in both
cafes: So that its {everal branches fpread over
a very large tract of country, the greateft part
of which abounds with collieries and lead
mines,* from the numerous levels and en-
ginés of which, immenfe quantities of Water
are conftantly flowing in: That we fhall be
much within compafs if we aflert, that above
half of the Water which runs by Newcaftle
comes from the mines ; and fometimes the wafte
Waters above mentioned,t will be fuddenly
let off in very large quantities, or what the
workmen call huthes, and will apparently dif-
colour the river, for a confiderable {pace. Yet
fo readily and entirely does the river clear itfelf
from any impurities, which it might be fup-
pofed to contra@ from hence, that I have never
been able to difcover the leaft particle of any
vitriolic or other fubftances, which are to be

found

e 7 "+ See note, in p, 75,
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found in the coal Waters; though I have re=
peatedly and very carefully examined; it at dif-
ferent feafons of the year, and dxﬁ'ercnt times
of the tide: Indeed I apprehend that we afe
much indebted to the tides for rendering the
river Water fo pure and-good, as it unqueftion-
ably, is in this neighbourhood;and the particu-
lar courfe and channel of the river contribute,
nota little, to this effeét. : -

. The channel, betwixt  Newcaffle and Tyne-
moiith, ‘isof a very different width and depth ;
{o that the tide is morerapid in fome places than
in others. The entrance into the harbour at
the Low-Lights is very narrow ; but the chan-
nel forms into a fine large bafon, for the whele
length of Shieids, capable of helding above
two thoufand il of large fhips; above which
the tide {preads over the extenfive flats of Far-
row-Slake ; and then, for a great length, forms
2 remakably fine, broad and decp pool, called
the Long-Reach, all which contain an immenfe
quantity of Water. After this the tide is ob-
{truéted by feveral windings and narrow places
in the channel, till it comes within about a
mile of Newecaftle; where it runsin an open

and
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and_wider pool, till it flows about two miles
above this town, when it is a good deal inter-
rupted in its courfe by a large ifland, confiliing
of many acres, called the King's Meadows:
After lowing round this ifland by two narrow
channels, and through feveral beauti'ul. wind-
ings, it rifesa little above the village of New-
burn ; 1 all about feven or eight miles above
Neweafile. |

The tides commenly flow about four hours
and an half, and ebb about feven hours and an
half, at Newcaflle-bridge : And’ the perpendi-
cular rife of the viver here, in a fpring tide, will
fometimes be about eleven or twelve feet, and
at Tynemouth “bar, about cighteen fect; but
both thefe circumflances vary greatly from the
different winds, and the different quantities of
frefh water in the river : In a north-wefterly
wind they will fometimes rife three feet higher
than T have mentioned; and, in a fouth-eafterly
one, fometimes fearcely half fo high: And, in
fome of our great land-floods, the tide has not |
fufficient {orce to ftem and turn the current,

which will fet downwards during the whole

{well of the tide.
From
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From this fhort account we may judge, in
fome meafure, of the natural effe& of the tides
upon the water in thisriver. For, by the con-
ftant and contrary motions which are given to
the Waters, by the flux and reflux of the tide,
the mud is ftirred up, the falts and other im-
purities mixed with part of it, and carried into
the the fea; whilft that which fubfides in the
channel is left unfaturated with falts, cleaner
from impurities, and readier to attra& and ab-
forb any frefh ones that may come in,

The mud thus ftirred up, is indeed fome-
times long in fubfiding; as, upon land floods
efpecially, it chiefly confifts of a fine light clay,
divided into fuch minute particles, that a great
deal of it will pafs througha common filtering
paper, and make the Water a little wheyith ;
but this will in time feparate and leave the Wa-
ter remarkably bright and pure ; and this very
inconvenience is, for the reafons afligned above,

attended with a foperior advantage.®
An-

% We are told thac the Water of the Nile mult ftand for
fome days, before it become perfeétly bright; and that it
wis a cultom at Caire, to rub the fides of the veflels in which
it was contained with a f{ew bruifed almonds, by which
mezans it {ubfided [ooner.
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Another effe& of the tides is, that they may
fometimes bring up a little fale Water. In
fummer time, when the ' river is low, and the
influx of the tide meets with lefs refiffance, the
Water will be a little brackifh at  Newcaftle;
but that is only about the time of high water ;
for at half ebb, or half flood, it has {carce any
fenfible proportion of falt in its refiduum ; and
in winter time, or indeed in the neap tides in
fummer, we can {cldom find the lealt brackifh-
nefs by the tafle.  'When we confider, from the
above account, the immenfe quantity of frefh
Water that muft be driven back, before the tide
can rife to Newcaftle, it will appear firange that
any falt Water fhould ever reach above our
bridge. I have often found a fenfible diffe-
rence in the tafte of the Water which was ta-
ken up below the bridge, from what was taken
up above ; the force of the tide being a good
deal broken by the pillars. I have not indeed
analyfed it in the drieft {eafons ; but the day in
which I am writing this, I tried the fpecific
gravity of fome of it which I took up at high
water, in the laft fpring tide, after a long
droughty feafon, and found it confiderably hea-
vier than any which I bad tried before; for it

dit-
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differed from - rain Water by . 'paﬁ of the
whole: whereas in winter i¢ rarely differs by
sho  Llikewife, at the fanie time, tried f{ome
which I had taken up’at Shields. and found it fo
differ from rain Water by above the 28th parts
which is heavier than moft of our tables make
fea Water to be. Indeed, from the frefh Wa-
ter which is driven back, the faltnefs mu# de-
creafe all the way, as the' tide comes up the
-channel’; tll, a little’ above this town, it be-
“comes quite evanefcent ; and, for foven hours
out of every twelve we have fearce any falt at

all, as will appear more fully prefently.
Another effe& of the tide upon this, and in-
deed upon moft navigable rivers, is, the immenfe
fhoals of very fmall fifhes which are driven up
i the later fummer months. It has been fre-
quently obferved here, that ‘a piat of Water
cannot be taken up near the' fhore, iany where
within the compafs of thetide, but it will con-
tain feveral hundreds: of them ; nay - they will
frequently lie fo thick, - that we cannot, even
in very fhallow places, fec the bottom “of the
river for them.  The Water which is raken up
fé filled widly theft little animals; is indeed ‘unfit
.for drefling of viétuals, brewing, or almoft -ahny
otncr
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otlier purpofe; forit has from the firft afifhy
d_ifggrcﬂbiﬁ tafte, and very foon putrefies : But
all thefe little animals are within two or three
vards of the fhore, and moftly in f:ll water ;
for a {mall current {weeps them all away ; and,
upona frefh flood coming down the river, not
one of them is to be {een: Confequently they
can be no objedion to the fupplying this town
with Water from theriver, as the Water might
cafily be brought to the pumps of an engine
without conveying any of them along with it.

1 fhall not trouble my reader with a tedicus
relation of all the diffierent experiments, which
I have made upon this Water ; but fhall fele@ two
trials, one of which wasmade of the Water taken
up at half ebb, and the other at high water,
when the river was in its moft ufual ffate: In
the fitlt of them indced, which was taken up
on the 24th of Jamuary, 1770, the river was
rather more muddy than ufial, and T allow-
ed the Water to ftand two days before 1
weighed it.

Its fpecifie gravity was to that of rain W'ater

as 134845+ to 1348145 & the difference being
336, or nearly 3% of the whole, |
fts tafte was mild, ‘cool and agrecable, -

K : It
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It made no change with the lixivium of tar-
tar, or folution of fugar of lead ; nor yet with
galls, {yrup of violets, or acids.

A gallon of it left upon evaporation only
gr- 4% of a light brown fediment ; which tafted
cvidently, though flightly, falt; and felt gritty
betwixt the teeth.

The quantity of this refiduum was fo very
{mall, that it fcarcely afforded an opportunity
of feparating the falt from the earth, or of try-
ing any other experiments; and upon fome
other evaporations of the Water, taken up at
half flood and half ebb, the refiduum was ftill
lefs ; fo that I looked upon any minute exami-
nation of them as trifling and infignificant.

On the 29th of Famuary 1770, 1 tooka
quantity of Water from the river, at the weft
end of the town, juft at the time of high Wa-
ter, in a {pring tide. The weather was thendry
and remarkably warm for the {eafon, and the
Water much brighter than that which I ufed in
the laft experiment ; and I think had no brack-
ifhnefs difcoverable by the tafte : Butit turned
quite milky and precipitated, upon dropping in
a litle folution of fugar of lead.

A gallon of itleft, upon evaporation, gr. 1 9-.—'??
O
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of a light “brown refiduum, which tafted
very falt, crackled upon the hot iron; made
an ebullition and white fumes with {pirit' of
vitriol; but no apparent change in fyrup of
violets, and attracted moifture very faft.

Five grains of it were, by the hot iron, re-
duced to 4-%5, but increafed again in weight fo
faft, that I could not be fo exa& as I couid
have wifhed.

After it was well wathed in diftilled Water,
it left a dark grey infipid powder of calcareous
and abforbent earth, which weighed gr. 1352,

The falt was entirely muriatic ; and the cry-
{tals when viewed through the microfcope ap-
peared as in Frg. VIL

The falt was in proportion to the earth as
3638 to 1562; {o thateach gallon of this Water
contained 14 774 grainsoffalt, and 552 of earth.

Obf. Though this Water was manifeftly
brighter than that which was ufed in the pre-
ceeding analyfis, yet the earthy parts of it were
more than the whole refiduum of the other .
and I am fure that they were both colle@ed and
weighed with equal care: Which fhews that
the tides im_pregnate the Water in this river with

fome-
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{omething more than fali; or the falt may pro-
‘bably be a means of uniting more earth with
the Water; but thefe fubftances are, in a very
-little time, cither moftly carried away or {pon-
tancoufly precipitated. | |

- Upon analyfing fome Water, t*LLen up in
another {pring tide, I only obuined gr. 12 255
from a gallon; but in very dry weather, when
perhaps not one third part of the frefh Water
comes down the-river, an high tide may bring
‘upalarger pmpc}rtmn of falt; as indeed is evi-
dent from the f{pecific gravity of the Tyze
Water taken this day.  But in general, or at
eaft for above cight months in the year, it con-
rains no falt, even at high Water, that can b;,
‘any way prejudicial: And when we ;Dnﬁdbr,
that from half ebb until half flcod, or for up-
wards of feven hours out of twelve, there is
fcarcely | any perceptible falt in it, no reafon-
able objedtion can be made, vpon this account,
agdinf} fupplymcr the town withit; as an en-
gine might work, very well, above fifteen
hours in the day ; and in that time, with the
grfnteﬁ cafe, it might raife four or five thou-

fand hogtheads to the higheft part of the town.

The contents of thls ‘Water are {o fmall in
quan-
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quantity, and in theitnature {o very inoffenfive,
that they are by no means worthy of confidera-
don: And the other objections, which have
been made to it; are equally trifling and infigni-
ficant: It has been faid that it gives both meat
and linen a bad colour; fo wiil the Thames
Water, orthat of almoft.any river in England,
if it be ufed before it has fubfided ; but feveral
families in this town who keep it in proper ci-
fterns make no {uch complaint, and {fome of it
which I have now by me, and which was tiken
up quite muddy, is as clear and bright as any
Water which I know. The force of the pumps,
the conveyance through pipes, and the refting
in largerefervoirs, willallundoubtedly contribute
to render it bright and pure. It is known to
keep exceedingly good and {weet through long
voyages, as it has been frequently carried to
North- America: And what is flill a farther ar-
gument for the fupplying of this town wich i,
it isa fource which can néver fail, and indeed
the only one which can fafely be depended on:
For the opening of new collieries, and the ex-

tending of old ones, often make ftrange alter-

ations, in the courfes of feveral fprings in this
neighbourhood.
Or
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“YHE ftagnant Waters in lakes, ponds and
ditches, are generally efteemed the worft;

and by the experiments of Hoffnan, Boerhaave,
‘and others, they appear to be fpecifically the
heavieft : But we muft be cautious of drawing
too general inferences, even from the reports of
thefe two great men; for Hoffinan tried the
fpecific gravity of the marfh Water taken out
of thetown ditch at Hal/, by an hydrometer,
which he tells us exceeded the common ones ;*
and Poerhaave draws his conclufions from the
lake of Harlem:t Both thefe Waters are very
impure ; for that at Hall was full of infe&sand
contained a quantity of alealine falt; and Boer-
haave tells us, that all the dirt and filth from
the populous city of Leyden, befides the my-
riads of pounds of dying ftuff, alum, tartar,
vitriol, &¢c. which are mixed with Water,
and thrown out in whole floods from the
dyers veflels, are all emptied into the lake at
Harlem ; and the perfeion to which feveral
colours arc brought at Leyden, he afcribes to

this

# Obfervat. phylico. chymic. lib. II. Obf, 4.
.+ Element. <hem. vol. L. p. 612,
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this particular Water ; becaufe he fays, that the
dying of thofe colours hasbeen in vain attempt-
ed in other places, though by the fame work-
men, and after the fame manner. Itis evident,
from thefe accounts, that both thefe Waters
have fomething peculiar in them, and that. from
their fpecific gravity, no general conclufion can
fairly be drawn.

The Water in fome of our lakes in this ifland
is, I apprehend, as pure and good as moft of
what we fhall find elfewhere. I pretend not
indeed to have analyfed many of them, nor even
to have tiied their {pecific gravity; but I re-
member well to have drank of the Waters in
Winander-mere. Uls-water, and others of our
large lakes in Weflmoreland and Cumberland,
and have found them very {oft and good: And
I look upon it to bea ftrong proof of their fa~
lubrity, that fifhes, of various kinds, are caught
in as high perfe@ion, in the two lakes above-
mentioned, as any where in the world For
befides the numbers of that beautiful and ele-
gant fifh the charr, which are annually taken
out of them, and almoft peculiar to them; I

believe they may challenge the world to pro-
duce finer trout, perch, or any other fith which
tha}}'
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they contain: And the purity of Water will be
allowed to be as neceflary to the health of thefe
animals, as that of the air is to ours.

But ftill thefe are but particular inftances, nor
indeed can thofe larger lakes come fo properly
under the denomination of ftagnant Waters ;
for, as fome of them extend to the fpace-of
perhaps ten fquare miles, the wind keeps them
in almoft conftant and perpetual agitation ; and
though we find no fenfible current, efpecially
in the broader parts of them, yet they are fup-
plied by {mall rills, which trickle down the ad-
jacent mountains, and have a {mall outlet at the
bottom. But where the ftagnant Water is con-
fined to a narrower compafs, and the furface
confequently lefs agitated by the wind ;. where
thereis no renovation of the Water, or where
the fupply is only from the drains of towns, or
the brown, and fometimes almoft black Water
from moraffes, the cafe is widely different:
Such Waters as thefe muft neccflarily contain a
great quantity of heterogencous matter, and,
will foon putrefy. So that 1 doubt not but
Hoffman and Boerhaave were prefetly right in
their obfervation ; all T contend for is, thag
there may be as great, or perhaps a greater va-

I'if:t}'
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riety in the Waters of lakes, ponds and lictle -
ftanding pools, than we find in fprings or ri
vers; and that this increafed fpecific gravity is
by no means a general chara@eriftic of thems
as I fhall thew in the inftance of the laft Wa-
ter, which I intend to examine at prefent.

= o ¥ T - — — -

GATEsHEAD FELL WATER.

PON the top of Gatefhead fell, nedr the
road from hence to Durham, is a pretty
large colle&ion of ftagnant Water, from which
a part of this town has been fupplied for fome
years: As this is moftly rain Water falling up-
on the flat, or rathet hollow, top of the hill,
in wet feafons it is generally very good ; for a
great part of its impurities are depofited in the
ponds, refervoirs, and pipes, and it comes into
fome private houfes; almoft as pure, though
not fo well tafted, as filtered rain Water: Bu,
in dry feafons, it is ofteni entirely loft, or its
place fupplied with fome coal Waters from the
neighbotrhood ; fo that it is feldom of equal
purity for any long time together: And, what
1s ftill a greater inconvenience, the refetvoirs are
fixed fo low, that the Water will not rife into
the higher ftreets ; upon which account, half
the town is not fupplied witch it.
The part of it upc}n which I made the fol-
lowing
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lowing trials, was taken from a ciftern in a pri-
vate houfe, on the 25th of July laft, after 2
wet feafon. -

It ‘was not very bright, nor quite agreeable
to the tafte, but foft and fmooth.

Its fpecific gravity was to that of rain Wa-
ter as 134826 to 134765, the difference 61 be-
ing about .- of the whole.

It diffolved foap very even, and lathered well.

With folution of f{ugar of lead, and with lix-
vium of tartar, no change. |

With powder of galls, it made a pale amber
colour ; and with afh bark, a deep amber,
when held betwixt the eye and the light, but
when oppofite to the light, a blue circle at the
top.
F;i- gallon of it, upon evaporation, yielded
gr. 8728 of an afh coloured fediment, which
tafted auftere and vitriolic, and attraéted moilture

- very faft.

Upon the hot iron, it melted and fmoaked,
but without any fenfible {mell. Five grains of
it burned into a hard lump which weighed,
whilft warm, 335, The earth wafthed from the
falt, was- perfectly infipid of the argillaccous
kind, and weighed 24 of a grain.

The cryftals were unequal parallelopipeds,
with fcabrous furfaces; and all of them which

I {faw appeared broken at the ends: They are

exactly reprefented in F1g. X, From



CoNCLUSION, 13T

From the whole it appears that a gallon of
this Water produced of the entire refiduum
gr. 82755 of which 2,28, were moifture, or vo-
latile parts, 4,228 fixed falts, and 144 infipid
earth ; the quantity of each being fo fmall as
to render it almolt infignificant.

g i ol oo ol e
b e r T

Co-N-G'L UsIaqin

HAD once determined to have fibjoined fy-
noptic tables to this treatife, after the man-
ner of Dr Rutty, by which the different ap-
pearances might have been exhibited at one

view: But as I found that it would have in-
crealed the book by at leaft a fheet and an half,

and would only have been a recapitulation of
what is faid before, and what the reader may
eafily turn to, if he want to comparc one ana-
lyfis with another, I judged it unneceffary.

As this defign was originally undertaken
for the fatisfaction of the magifiracy and in-
habitants of this town, upon fome late pro-
pofals for furnithing them with Water; it
may be expected, that I fhould fhéw which
Water is the beft and fitteft for that purpofe ;
but 1 fhall trouble my reader very little farther
with thofe comparifons: If what is faid above be
allowed, The Tyne Water is undoubtedly the
beft and fitteft in all refpets; and next toit the

fprings
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Aprings in #eflgate-IHill, and thofe fiom whicl
the fountain near Sit Waltzr Blacketr's is fup-
plied. There are feveral other Waters in this
ncighbourhood, which are well deferving of
the naturalift’s attention ; but I have not as yet
had leifure - or opportunity to try them all:
What attempts I may hereafter make towards a
more complete natural hiftory of the minerals
and Waters in this neighbourhood, I cannot at
prefent fay. The great variety of very. diffe-
rent minerals which we have in this country,
and their influence upon the Waters are fubjects
which, from their great importance, cannot
be too minutely attended to. That fome of
thefe minerals are firong and adtive pmfons,
have already fhewn ; and, before I part with
my reader, I fhall fo far antlupatc what I had
defigned for the fubjec of a future treatifes as
to inform him that there are, in many parts of
this country, great varicties of true and genuine
arfenical ores ; that we have the real cobalt i
large quantities, that this mineral abounds with
arfenic, and that even in its natural ftate it is
poifonous. In fuch fituations the examination
of new and unknown Waters is no light nor
trivial matter ; for the experience of a whole
age is fcarcely adequatp to fo important a de-
cifion.
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