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AN
Experimental Enquiry

CONCERNING

The causes which have been
generally faid to produce

PUTRID DISEASE S,
N RN N RN R e A 0 R N K R R R

INARODLULGTEFO N,

WI—IEN we take a view of the
various and numerous difcafes
which from the earlieft ages of the

world have afflicted and deftroyed the

‘human race, we find that thefe of the
putrid kind, whether endemic or epi-
demic, have always been the moft
dreadful, and made the greateft car-
nage: while others have, in a long
revolution of years, thinned families,

thefe have at one blow depopulated
B cities
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citiecs and kingdoms: while others
have here and there marked out fingle
victims, thefe have indifcriminately
mowed down whole armies, and laid
the vi¢tors and the vanquifthel toge-
ther peaceably in the duit.

From confidering putrid difeafes in
this light, as the moft dreadful, the
moft deftructive of all others; an en-
quiry into their caufes, into their na-
ture, and the methods of preventing
them, will appear the more important,
and deferve our more ferious atten-
tion ; not becaufe fuch enquiries have
not frequently been made, but be-
caufe they have always, fo far as I
know, been conducted upon theoreti-
cal reafoning, and not upon experi-
ments and facts, which are the only
fure foundations of knowledge con-
. cerning the operations of nature.

All dead bodies naturally run into
a putrid ftate, unlefs preferved from it
‘by fome antifeptic; but had putrefac-
tion never attacked animals till after
death, its nature would not have be-

come {fo much an object of univerfal
enquiry.
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enquiry.' As it appears, however, fre-
quently in living animals, where it
gives rife to one of the moft dreadful
and fatal difeafes that ever afflicted the
human race, this naturally roufes
the attention, and produces a general
defirc to inveftigate its nature and
caufes; and accordingly a variety of
ingenious hypothefes have from time
to time been introduced to account
for at.- Earth, fea; and air, and a va-
riety of other caufes, have been con-
fidered as productive of it. I will not
deny but fome of thefe, at particular
times, may be the caufe of putrid dif-
cafes ; butat the fametime fufpe&t the
caufe will be more commonly found
exifting in our own bodies, as a confe-
quence of the follies and irregularities
of our lives.

There is a kind of uniform fimpli-
city obferved by Nature in perform-
ing all her operations. Thofe em-
ployed in the fcience of phyfics feem
to have kept this conftantly in their
view, and to have made fo much ufe
of it, that whoever has been able to

B2 give
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give the moft fimple account of the
caufe of any natural phenomenon,
has generdlly been fuppofed to have
given the moft elegant and agreeable
one.

~ Led by this principle, the philofo-
phers and phyfiologifts of former ages,
obferving that animal fubftances pu-
trefied {ooneft when kept in a warm
moift place, from thence concluded
that the fole caufe of putrefadtion
was certain degrees of heat and
moifture which were not yet fully
. afcertained, and various In ‘various
" fubftances. Others, fomething more
complex in their ideas, have added to
this account the putrid effluvia ari-
fing either from animal or vegetable
fubftances, while refolving into their
firft principles.

There have been fome alfo who, not
fatisfied with any of thefe methods
of accounting for putrefation, and
obferving that a great number of ani-
malcula are difcovered in almoft all
putrid fubftances, have from thence
concluded that the ova of thefe ani-

malcula,
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malcula, being every where diffemi-
nated, and hatched upon {uch bodies
as afforded them a proper nidus, by
gnawiig and deftroying the texture of
thefe bodies, were the {ole caufe of
their running into a putrid ftate.

A late ingenious author* fuppofes
he has difcovered a more natural and
eafy folution of the modus of putre-
faction, by confidering it as arifing
from the lofs of a cementing prin-
ciple, by which the various parts of !
any- body adhere together, and by
which adhefion, he imagines, they are
preferved in their natural ftate, and
defended from putrefaction.

As failors in long voyages have
frequently been attacked with that
{pecies of putrid diftemper called the
~ {ea {curvy, the {alted, and perhaps da-
maged and mouldy provifions upon
which they are obliged to {ubfift, have
likewife been much blamed as the
cauies of putrefaction. And fo much
have philofophers in all ages been

* Dr., Mac Bride.

B3 puzzled



g wd
puzzled in accounting for putrid ma-
lignant diforders, that feveral have
deduced them from earthquakes, the
poifon emitted from ferpent§, and
other caufes ftill more ridiculous*.

As we are conftantly furrounded
with the air, as it 1s conftantly enter-
ing into our lungs, has fuch a variety
of particles floating about in it, and is
{ubject to fo many fudden mutations,
many have fuppofed that, from the
nature of thofe particles and muta-
~tions, putrid difeafes have frequently
had their origin .

I thall examine thefe caufes fepa-
rately, with a view to difcover by ex-
periments, whether any one of them
1s of itfelf able to produce any of thofe
difeafes that are generally denomi-
nated putrid and malignant, or whe-
ther fuch difeafes do not rather com-
monly depend on a concourfe of

* Kircher de caus. peft.
+ Plin. Hift. Nat.

feveral
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feveral of them®*, and perhaps on
fome others alfo which have not hi-
therto attra¢ted fo much the attention
of ma#kind, nor been fo much the
fubject of their enquiry.

* By putrid malignant diftempers, as often as they
occur through this work, the author means fuch as
are attended with black, livid, or purple fpots; {pungy
bleeding gums; bloody feetid ftools; or any of the
other fymptoms which generally indicate a diffolved
ftate of the blood and juices.
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| e
Of Heat, whether it is neceffary in order to
bring on Putrefaclion.

EAT may not improperly be

confidered as an immenfe chain,
with both the extremities of which
we are as yet, and perhaps ever fhall
be, entirely unacquainted; and as we
can neither difcover the greateft de-
gree of pofiible heat, nor of pofiible
cold*, we muft confider ourfelves as
having only fome imperfet know-
ledge of a few of the intermediate
links of this great chain ; and even of
this intermediate part which falls
within the compafs of our knowledge,
there are but a few points or degrees,
which {feem to favour the procefs of
putrefaction; and it is certain that
there are two points, both within this

* Cold, according to many philofophers, is only rec-
koned a privation of heat, and not produced by the
pofitive agency of frigorific particles.

{pace,
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fpace, at or beyond either of which
there is an abfolute ftop put to it;
thofe are the freezing point, and that
other, at®&hatever part of the {cale it
may exift, where the moifture necef-
fary to putrefaction is exhaled fo faft
as to prevent any fubftance from hav.
ing time to run ‘into that particular
ftate, -

It 1s a fact, long eftablifhed by ex-
Perience, that all fubftances, whether
animal or vggeta.ble remain frefh
while they continue in a frozen ftate;
for the northern nations, according to
the accounts given us by the hiftories
of Greenland, and of feveral other
places near the arctic circle, preferve
their winter provifions by burying
them in the fnow, as effectually as we
do by the means of falt. It is‘no lefs
certain that there are degrees of heat,
which, in dire¢t oppofition to this
method, preferves the fame {ubftances,
by exhaling their radical moifture fo
faft that they have not time to run
into the putrid ferment: of this, Na-
ture is pregnant every where with

examples ;
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exareples; but I {fhall only mention
the great quantities of fith that are
every year cured without f{alt upon
the banks of Newfoundland, and
other places where fitheries are efta-
blithed. It 1s between the freezing
point therefore, and that which is
neceffary to exhale this moifture be-
fore a fermentation can come on, that
we muft enquire for the degree of
heat requifite to bring on putrefac-
tion.

The freezing point has long ago
been exactly determined, but hitherto
we do not know that point or degree
of heat at which the moifture of bo-
dies begins to exhale, far lefs do we
know that degree at which it exhales
{o faft as to hinder the putrefactive
ferment from taking ‘place. This,
indeed, may perhaps be relatively, but
it never can be pofitively determined;
for a piece of meat cut very thin will
foon be deprived of its natural moi-
fture by any of the degrees of heat
between 70 and 8o ; whereas a whole
joint will only be a little dried upon

the
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the f{urface, and generally become
putrid 1n 48 hours, in any of thefe de-
grees of heat by which the other was
intirely h®ndered from becoming pu-
trid. But in order to convey a more
diftin¢t idea of this matter, I {hall lay
before the reader {fome experiments
made concerning it.

EXPERIMENT L

A piece of beef, of about a quarter
of an inch thick, was laid on a china
plate, and fet in a clofet where Faren-
heit’'s thermometer ftood at 72 de-
grees ; in fixteen hours it became al-
moft perfectly dry, and had not ac-
quired any perceptibly putrid {fmell.

Another piece, of about half aninch
thick, became nearly as dry as the
former in about 38 hours, and had
acquired fome degree of feetor, though
little more than juft enough to be
perceptible.

A third piece, of about an inch

thick, became nearly as dryas the ﬁ1:ﬂ:
in
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in four days, and had got a fmell
fomething more feetid than the laft.

A fourth piece, two inches thick,
in two days fmelled prefy much;
the third day it fmeclled {o exceedingly
ill that I was obliged to throw it
away. During all this time the
mercury in the thermometer was
never bencath 7o, nor above 74.

The {ame experiments were tried ina
cooler place, where the mercury in the
thermometer commonly {tood between
64 and 68. Here the piece of a quarter
of an inch thick took almoft two days
to become as dry as a piece of the
fame thicknefs had done in 16 hours
at the heat of 72 degrees: it had like-
wife . acquired a perceptibly putrid
{mell.

A piece of half an inch thick, in
this degree of hecat, {feemed only to
have fuffered fome little exficcation on
its furface in the fpace of three days;
on cutting into its internal parts, it
had loft its ¢olour, and {melled difa-
greeably.
‘ A third

A
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A third piece, of an inch thick, at
the end of two days had become ra-
ther more putrid than the piece of
half an ingh thick had done in three
days. The mercury in the thermo-
meter, gredteft part of the time that
this piece was upon trial, had ftood at
67 and 68.  From what had happened
to thefe pieces, I thought it would be
needlefs to try what would happen to
a piece of two inches thick in this
degree of heat, and therefore proceed-
ed to try what would happen in a
{fuperior degree.

A piece of beef, of a quarter of an
inch thick, being laid in the fame
manner-on a plate in a clofet where
the mercury generally ftood from 86
to 9o degrees®, was become almoft
dry in about 12 hours, and had ne
difagreable fmell.

* This clofet, in which feveral of the fubfequent
experiments were made, was divided by a fh}ne wall
from the Kitchen fire; the heat of which fire, which
was never fuffered to goout at night, generally kept the
¢lofet of the témperature | have mentioned above.

6 Another
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Another piéce, of halfan inch thick,
was become nearly as dry as this
laft in about 28 hours, and had
not got any ill fmell that I could
difcover.

A third piece, of an inch thick,was
become not quite {o dryas the laft two
in three days, and had juft a pErcep-
tible degree of ill {mell.

A fourth piece, of two inches thick,
could not be dried faft enough by this
degree of heat, to hinder it from be-
coming putrid, which it did in one
night.

The whole of thefe trials taken to-
gether plainly point out to us, that
the degree of heat necceflary to dry
bodies fo faft as to hinder them from
running into the putrid ferment, de-
pends intirely upon the thicknefs, and
quantity of moifture of thefe bodies.
But as this fubject 1s rather a matter
of curiofity than of utility, T {hall pro-
ceed to fome experiments, inflituted
with a view to difcover what degree

of
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of heat is moft favourable to putre-
faction.

Boerhaave has afligned the degrec
of 70 as the propereft for generating
-putrefa&mn in animal fubftances ;
and Shebbeare, the only other author
I know of who has mentioned this
fubjedt, fays, that by repcated experi-
ments he had found a heat from 70

to 75 and 8o, the true heat for pro-
ducing putrefaction.

EXPERIMENT 1L

I filled two four-ounce phials up to
their narrow neckswith human blood,
freth drawn from a pretty healthful
perfon; one of thefe phials I fetin a
heat which varied between 70 and 74;
the other I {fet in the above mentioned
clofet, where the heat varied.between
86 and go. The blood in the firft
phial did not begin to emit any putrid
{mell till it had ftood about 52 hours.
That in the fecond fmelled percep-
tibly feetid in 36 hours.

As
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As the event of this experiment was
fo different from what is mentioned
by Boerhaave, I repeated it again with
freth drawn bullocks blood not being
able, juft at that time, to procure any
human blood. The blood in the phial
which ftood in a heat between 70 and
74 was become perceptibly feetid in
48 hours; that.in the phial which
flood in a heat between 86 and go
was perceptibly feetid in 33. Hence
it would feem that bullocks blood
becomes fooner putrid than human
blood, which may happen becaufe
bullocks blood abounds more with
craflamentum, which is the moft pu-
trefcible part of that fluid. -

EXPERIMENT IIL

I next refolved to try what would
happen to folid animal fubftances in
the {ame degrees of heat in which the
blood had been tried. Accordingly,
two pieces of beef, each two inches
thick, were laid upon two faucers, and
placed the one in the heat that varied

between
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between 70 and 74, and the other in
the heat that varied between 86 and
go. The piece in the loweft degree
of heat fmelled very perceptibly fcetid
W40 hours . (The other an  the
greater degree of heat fmelled feetid
in about 23 hours. This laft piece
being kept feveral days in the {fame
place, at laft became almoft perfeltly
dry ; when I obferved that the feetor
which it had once acquired was much
diminithed, by which it would appear
that its moft fluid parts, which were
now diflipated by the heat, were the
parts that had been moft affeted by
the putrefaction.

EXPERIMENT IV,

As I had now {atisfied myfelf that
both animal fluids and folids became
fooner putrid in a degree of heat far
above thataffigned as the propereft for
bringing on putrefaction by Boer-
haave, than they did in 1t, I now re-
{olved to fee whether {lill greater de-
grees of heat would not fill more

accelerate the putrefadtive procefs 1n
C human
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human blood; dand for this purpofe
put four ounces of it frefh drawn into
a phial with a narrow neck as before,
to prevent the evaporation thatgwould"
have happened by expofing a larger
furface to the air. 'This phial I placed
in a fand heat of 100 degrees; the
blood in it foon after began a fort
of inteftine or fermentative motion,
never f{eparated into craflamentum
and fer um, and began to emit a feetid
fmell in about 18 hours. |

Another phial, containing the {fame
quantity of frefh drawn blood, was
placed in the fame fand heat, and
the degree of heat raifed to 110. The
appearances in this blood were nearly
the fame as in the laft, and the foetid
{mell began to arife from it in about
17 hours. A piece of beef, weighing
ziv. was laid at the: fame time upon
the {urface of the fand; in about 24
hours it was become almoft as hard
as a piece of horn, and had no putrid
{mell. Another piece of the {ame
weight, placed at thefame time on the
fand heat in a bowl of water, began to

| have

-
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have a putrid fmell rather fooner than
the blood.

This experiment is a proof of what
I took pprice of before, viz. that the
degree of heat which will ‘{fooneit
of all others bring on putrefaction,
cannot be pofitively determined, but
mutft vary according to the magnitude,
moifture, and qualities of the f{ub-
ftance made trial of.

EXPERFMENT 'V

The fand heat being raifed to 130
degrees, another phial containing four
ounces of frefh drawn blood was
placed in 1t. The appearances in this
phial were different from what they
had been in the laft; for in this a
kind of inteftine motion foon began,
and continued always nearly the
fame. The craffamentum and ferum
fometimes {eemed to have {eparated
imperfe&ly from each other, and
again to have united into one mafs ;.
fometimes a fort of coagulum {feemed

to be forming on the furface of the
: C2 blood,
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blood, and then it would difappeaf
again. After about 16 hours a {fmell,
different from that of frefh blood, be-
gan to arife from it; but it was not
perfectly that putrid fmell that had
arofe from the others, but fomething
between a volatile, urinous, and pu-
trid {fmell.

A piece of beef weighing ziv.
which had been placed in a bowl of
water on the fand heat at the {fame
time, inftead of becoming putrid,
turned hard, and contrated into lefs
than its original magnitude, and
fcarcely gave any bloody tinge to the
water in which it was infufed.

Another phial of blood being tried
in 140 degrees of the fame fand heat,
exhibited nearly the fame appearances
as the laft, and had alfo a volatile dif-
agrecable fmell, nearly of the fame
kind.

A bowl of water placed at the fame
time in this degree of heat, with Ziv.
of beef in it, exhibited alfo nearly the
fame appearances as the laft, only the
beef was a little harder, and the wa-

ter
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ter had ftill lefs of the bloody co-
lour.

From all thefe experiments taken
together, it appears that the degree of
heat which fooneft brings putrefac-
tion upon animal fubftances is much
above 70. But here we only mean
dead animal fubftances; for we have
hitherto made little or no progrefs in
difcovering that degree which proves
mofit favourable to the putrefaction of
living ones. Boerhaave, in his at- @
tempt to difcover this by fhutting a
dog, a cat, and a {parrow 1n an oven,
has made it much greater than that
which he thought would {fooneft bring
it upon dead animals; but the con-

clufions he has drawn from this ex-

periment appear from later difcove-
ries to have been founded upon falfe
principles.

Although it appears from what has
been already faid, that putrefaction
cannot poflibly happen but at one of
thefe degrees of heat that are berwecen
the freezing and the boiling points of
Fahrenheit’s fcale ; and although, in

C3 folids,
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- folids, 1t will probably happen fooneft
between 9o and 100, and in fluids be-
tween 100 and 110 of that fcale, yet
none of thefe degrees n&ceffarily
bring it on; and a living animal may
be kept in any one of them that it is
able to bear, and part of a deadone in
any one of them, without having any
tendency to putrefaction, provided
none of the other caufes of purrefac-
tion befides heat are prefent. - There-
fore though it appears from a variety
of falts, that certain degrees of heat
are abfolutely neceflary toward in-
ducing and carrying on the procefs
of putrefaction. It feems plain alfo,
that no degree of heat can be the fole
caufe of it.
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G HeAn Prio L

Of Moygure ; whether it is abfolutely necef-
Jary to Putrefaltion?

'HAT moifture is a 'neceffary
agent 1n the procefs of putre-
faction, is a fact that has been fo long
eftablithed, and appears fo obvious,
that it {tands in need of no experi-
‘ments to confirm it. The doctrine of
heat and moifture being productive of
putrid difeafes®, is as old as Hippo-
crates, and has been corroborated al-
mofl by every {fubfequent author who
has treated of the fubje®t. The dry-
ing of filh in the fun, which T men-
tioned before, and a variety of other
natural operations every day going on
before us, put the matter beyond all
doubt. |
In what proportion the fluid parts
of any body muft be to its folid parts,
-in order to fit-it for becoming putrid,

* Hippocrat, Epidemic.

sodgyer has
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has not hitherto been attempted to be
determined; nor indeed does it {feem
a matter of any great confequence,
either with regard to the pre#ention
or cure of putrid difeafes. It has been
thought that fome degree of fermen-
tation is always neceflary toward pro-
ducing putrefaction. Whether it is
really {o,I cannot determine; but it is
certain, that feveral fubftances, con-
taining a proportion of fluid particles
by much too {fmall to allow of any vi-
{ible fermentation, do, without any
{fuch fermentation that we can difco-
ver, though by a procefs perhaps not
truly putrefactive, lofe their uniting
principle, whatever itis, and crumble
as it were {pontaneoufly into duft.
'This every one muft be convinced of,
who has {een rotten wood taken out
of old buildings or other places,
where all the ingenuity of art has
been employed in order to fecure it
from moifture.

This fpontaneous kind of powder,
{fo far as I have hitherto obferved,
feems not to have been the work of a

ferment
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ferment and confequent putrefaction,
but of an amazing number of animal~
cula, which prey upon its {ubftance,
deftroy the texture of its parts, and {o
reduce it into a kind of duft.

This feemingly {fpontaneous refolu-
tion of dry bodies, though it has
effeCts pretty fimilar to thefe of putre-
fattion, appears neverthelefs to be
widely different from it, being gene-
rally attended with little or almofit no
{mell, nor poffefling, as far as I can
difcover, any power of accelerating
putrefaction in other bodies to which
it is applied, as will appear from the
following experiments.

EXPERIMENT VL

Three picces of freth beef were laid
upon three china faucers. One was
covered with duft of rotten wood, and
the other with duft of mouldy barley,
both of which were crowded with
animalcula; the third was covered
with faw-duft of frefh wood, in which
no animalcula could be difcovered.

They



F Eisb] ]

They were all placed together insa
warm clofet, and as near as I could
obferve, began all to: turn putrid
about .the fame time. Nqw had the
duftof rotten wood, or of the mouldy
‘barley, had any power of corrupting
animal fubftances, the ' pieces of
-beef covered with them fhould have
become {ooner putrid than that piece |,
in the frefh faw-duft. But as this did
not happen, it i1s doubtful whether
they have any power of accelerating
putrefaction in animal bodies.

EXPERIMENY VI

Having tried whether this vege-
table matter that had fuffered a {fpon-
taneous refolution, would communi-
cate putrefaction to animal {ubftances,
and found it did not, I refolved next
to try whether it would affet vege-
table fubftances. Accordingly having
got three fmall turnips, all taken out
of the ground at the fame time, I laid
" them upon three {faucers, covered

“them as in the laft experiment, and
: fet
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fet them in a damp warm place, but
could not difcover the fymptoms of
putrefaction. any {fooner in thefe that
were co®ered with the duft of rotten
“wood and of barley, than in that
which was covered with the frefh
faw-duft; and hence I concluded that
this refolution of dry bodies is a refo-
folution fu: generis, fomeway differing =
from the true putrefactive refolution,
which does not appear to happen
without as much moifture as 1s necef-
fary for fermentation,

But though moifture, or in other
words, fome degree of fluidity, is ab-
folutely neceflary in order to fit either
animal or vegetable fubftances for
running into.the putrid ferment, yet
we know not what kind of moifture
gives the greateft proclivity for this
ferment. Water, in its pure elemen-
tary ftate, is, perhaps, not fufceptible
of putrefaction,as appears by diftilled
_waters keeping very long fweet and
tranfparent ; and, perhaps, could they
be intirely freed from any heteroge-

nous bodies, they would keep fo rever.
P : But
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But though water in its pure elemen-
tary ftate be, perhaps, not fufceptible
of putrefation, yet when certain
proportions of it are added, to other
{fubftances, it greatly accelerates their
running into that ftate, and in other
proportions hinders their running in-
to it. Thus, wood upon which water
is frequently fprinkled will {foon rot,
whereas wood always kept under
water will remain frefth a great num-
ber of years. But as it is of no great
confequence to know what fort of
moifture it is that fooneft difpofes ani-
mal bodies to become putrid, I fhall
proceed to confider the proportion of
moifture that fooneft difpofes them to
become fo.

It is almoft impoflible to determine
the exatt quantity of folids and fluids
in the compofition of any body ; in
order however to attempt to difcover
what quantity of fluids was neceflary
in order to keep a piece of meat in a
ftate fit for becoming putrid, I took
four ounces of beef, and having by
heat evaporated an ounce of its moif-

g ture,
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ture, I wrapped it in a piece of oiled
ox-bladder, to prevent any further
evaporation: Itbecame putrid in about
50 hours., Another piece of beef of
the {ame weight, was dried till it had
lIoft an ounce and a half, and being
wrapped in a bladder as before, it
began to turn putrid in about 6o
hours : Another, being dried till it
had loft about an ounce of its weight,
hardly ever acquired any putrid {mell.
This evaporation to one half was al-
moft the greateft length I could go,
without making the beef almoit as
hard as wood. o

Four ounces of frefh beef was put
into a ftrong rag, and fqueezed pretty
hard i a fcrew-prefs; when taken
out, it weighed 3%in. zi. gr. iii. and
being wrapped in a bladder it became
putrid in about two days.

From this it would feem that, in
proportion to the quantity of moif-
ture contained in any animal or ve-
getable body, fo much the f{ooner
does that body putrefy. At leaft this
fcems to take place in fuch bodies as

are
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arc ' called folids, which is illuflrated
by the common operation of {mok-
ing hams, tongues, &c. which, I have
been told, will not keep neag fo long
unlefs they have acquired a certain
degree of drynefs. But fordifcovering
this degree the ‘dealers in thofe com--
modities have as yet no certain rule:
perhaps a rule might be difcovered
by trying their-original weight, and
how much of that weight they have
loft when they are in the moft proper
ftate for keeping. TItis further illuf-
trated by the preparation of vege-
tables for forming a bortus fuccus,
which will not keep unlels they be
thoroughly dried.

Since it appears that a part of a dead"
animal putrefies the {ooner the more
mottture it contains, it would be cu-
rious to obferve, whether a redun-
dancy of moifture has the fame effect
upon living animals; and whether
“tlufty corpulent people, who are
~ feemingly full of juices, are more
- liable to be attacked with putrid dif-
eafes than thin meagre ones. I have,
ipe for
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for fome years paft, paid a little atten-
tion to this matter, but cannot as vet
determine any thing concerning it.
Though if would feem to me, that
from the quantity of the juices of any
animal we can hardly form any idea
of its greater or lefs proclivity towards
putrefaction; as every living animal,
even in its moft exhaufted ftate, muit
{till be poflefled of as much as is fuf-
ficient for fermentation, which 1s all
that is neceflary towards keeping it
fic for putrefaction: we muft rather
judge from the quality of thofe juices,
fo far as we can difcover their quali-
ties ; and, in forming this judgment,
the more crude, watery, and indi- -

gefted, and the lefs animalized thef¢ .~

juices are, it will, ceteris paribus, be pre-" :
fumable to fuppofe the animal the more
liable to putrid difeafes; and this
coincides with the obfervations of fe-
veral of the beft practical authors,
who have generally agreed that fuch
people as were debilitated either by
former difeafes, low poor living, &c.
were the moft fubje&t to putrid dif-

3 cales,
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eafes, and the fooneft overcome by
them.

From the whole of thefe obferva-
tions we may conclude, that moifture
i1s, in fome degree, abfolutely necef-
fary to putrefaction both in animals
and vegetables ; but from the method
of preferving dead animals and ve-
getables by exficcation ; no inference
can be drawn of any utility to the
living ones, as no attempt can be
made to preferve theminthat manner,
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CH AR IV.

Of the E_f &s of putrid Efffuvia on the Pro-
cefs of Putrefaction.

FFLUVIA may not improperly

be divided into four different
kinds, viz. the animal, vegetable, mi-

neral, and mixed, which comprehend |

all thefe that can poflibly affe our

atmofphere.
Animal effluvia may again be fub-

divided into that kind which arifes
from a number of dead bodies of any
fort putrefying in the open air, as
happens fometimes on a field of battle
where there has been a great flaugh-
ter ; or from the accidental deftruétion
of locufts, or other animals which
multiply in prodigious numbers;
that which arifes from the bodies
of difeafed animals by perfpiration,
fweat, breath, &c. and that which
arifes from their excrements, whether

they be difeafed or in health,
That the efiluvia arifing from a ficld
of battle where there has been great
D flaughter,
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flaughter, or from a number of any
other animals putrefying together in
a hot country is contagious, although
iome have denied it, feems peverthe-

~ lefs to have been confirmed by the

“‘experience of all ages*.  Dr. Lind
obferves,that, at Bencoolen,thedifeafes
that always rage violently during the
month of October, are occafioned by
dead fith and other animals left by
the Ganges ; and that the unhealth-
fulnefs of Gambroon arifes from vaft
quantities of little fifhes left upon the
thore, which {foon become highly pu-
trid and contaminate the air . Livy
mentions a plague that arofe from the
effluvia of dead carcafes putrefying
on a field of battlef. And Kircher
takes notice of feveral inftances of the
fame kind having arifen from locuits,
and other animals fuddenly deftroyed,
and lying till they became putrid in
the open air §.

# Lind’s Obfervations.

+ Lind’s Effays on the Difeafes incident to Europeans
in hot Climates.

1 Liv. Hift. Rom.

i Kircher de cauf. et effect. peftis. & Ludolf. Hiftor.
ZEihiop.
Although
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Although it is a poflfible cafe, that
this kind of animal effluvia may
fometimes produce putrid epidemic
difeafes, yet if we ferioufly examine
the matter, they will perhaps be
found to happen much feldomer in
this manner than 1s generally fup-
pofed, and then too, only in the
warmer and lefs ventilated parts of
the world : For it feems evident from
the nature of amountainous, and con-
fequently well ventilated country, that
hardly any quantity even of the moft
putrid effluvia, can hurt the health of
the inhabitants, as it never can hang
long enough in the air to be exalted
into a proper degree of wvirulence,
but is generally foon difperfed by
fome fudden guft of wind *.

This obfervation feems exactly to

 quadrate with the experience of all
the northern nations, and more par-
ticularly with that of Britain, where
we deftroy more animals to feed our
laxury than any other nation, and yet

* But no kind of putrefaétion is ever heightened in
thefe European countries, to a degree capable of pro-

ducing the true plague. Mead on Pyfi,
D2 never
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never find any putrid epidemic taking
its origin from the fteams arifing from
their blood, inteftines, and other offal ;
though were it to lie expofed near the
torid zone in the fame manfier as it
does with us, it-would perhaps prove
the fource of numberlefs calamities.

But though the northern countries,
both on account of their coldnefs and
of the wviolent winds which often
{weep fo impetuoufly over them, be
pretty much exempted from the
effets of contagious effluvia arifing
from putrid animal matter, we are
not from thence to infer that no part
of the world can fuffer by this efflu-
via. For we who inhabit the colder
and more fterile climes, can hardly
form any adequate i1dea of the amaz-
ing feecundity of earth, fea, and air,
in fome of the warmer ones, where
reptiles, infects, and a variety of orher
animals, multiply, die, and putrefy in.
fuch furprizing numbers.

When, therefore, thefe amazing
multiplications happen, as is fre-
quently the cafe, to be acmdentally

3 deftroyed
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deftroyed in a warm climate, almoft
wholly overgrown with wood, and
extended for many leagues into a
level, where an uninterrupted calm
almoft perpetually reigns, the efflu-
via arifing from fuch carnage and de-
ftru&ion remains undifturbed in the
atmofphere till 1t is exalted by the! .
heat of the fun into a proper degree
of virulency for contaminating the
furrounding objets, from one of
which it is propagated to another, till
at laft it fpreads to a confiderable
diftance; and hence the infalubrity
of the air in the proximity of putrid
animal matter in hot countries ap-
pears to arife *,

Though we have no inftance of any
quantity of putrid matter ever having
contaminated our mnorthern atmo-
fphere, yet we are too well aflured
that it has often contaminated parti-
cular bodies, which have either come
into altual contat with, or approach-
ed too near it. 'We are likewife con-
vinced, by many experiments, that a

% Vid. |. Leo. Hift. Afric. .
D 3 | . ‘pece
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piece of meat fufpended over a piece
of putrid animal fleth will fooner {poil
than another that is {fufpended in the
open air. On thefe accounts, there-
fore, though we have no great reafon
to dread a putrid contagion being
univerfally difleminated through the
atmofphere of our country, yet we
ought cautioufly to beware of parti-
cular ones, which have often proved
deftructive, not only toinattention and
temerity, but fometimes alfo to the
greateft caution and prudence.

But leaving this fubject, let us pro-
ceed to the perfpirable matter, which,
that it has a feptic power, will appear
from the following experiments,

EXPERIMENT VIIL

Two pieces of beef of an equal
weight were wrapped, one of them
in a piece of linen rag thoroughly
moiftened with the {weat of a healthy
perfon, the other in a piece of rag
wet with pure water: They were
then both laid in the above-mentioned

clofet,
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clofet. The piece that was wrapped -
in the fweaty rag began to putrefy
three or four hours fooner than the
other. e

I have not hitherto had conve-

nience for making any trial of this
kind with the {weat of a difeafed per-
fon; but if the fweat of one in good
health have a feptic power, as feems
to appear from this experiment, that
of a perfon even in the {lighteft dif-
temper will have, perhaps, a {hll
greater one. What muft we then ex-
pect from the fweat of one already
labouring under a difeafe, where the
whole mafs of humours have run in-
to a diflolved and putrid ftate’

That the breath of healthful people
has a confiderable feptic power I have
already endeavoured to prove in ano-
ther place*, and therefore fhall not
repeat any thing concerning it here ;
but only remark, that fince even the
breath of healthful people has a feptic
power, what have we not to fear

* Experimental Effays,

D4 from
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from that of {fuch as are afflited with
purrid difeafes. 1 would therefore
caution all people againft expofing
themfelves to the fteam or hreath of
- a difeafed animal bedy, and particu-

\/ | larly if the difeafe be of the putrid

' 'kind. Againft fhutting themfelves
too clofely up in a room with fuch
an one, for in this cafe the whole air
of the room is foon filled with the
morbific particles continually flying
off from that body, by which any
perfon in it runs the greateft rifk
of being attacked with the difeafe of
the patient he 1s attending.

Several, both ancient and modern
writers, in enumerating the various
caufes of the putrid dyfentery and
fever, which {o frequently attacks
armies that are encamped in rainy
feafons,and towards the beginning of
winter, have reckoned the effluvia
arifing from the pnmes as one of the
moft active and virulent.

Do¢trines that have been handed
down to us from our anceftors
| thmugh a long fucceflion of genera~
tions,
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tions, deferve at leaft a ferious confi-
deration, and ought not to be explod-
ed till we are convinced of their
falfity by obfervations and experi-
ments. The following experiments
therefore were tried with a view to
difcover whether the feecal matter
had any {eptic or contagious power.

EXPERIMENT IX,

A piece of frefth mutton was fuf-
pended in the fteam arifing from a
neceflary-houfe, and another piece of
the fame weight hung over a bafon of
pure water, which ftood on the floor
of the fame neceflary-houfe. The
piece fufpended in the fteam of the
neceflary-houfe remained {weet two
days after the piece over the pure
water had begun to putrefy. It was
then loft by accident.

EXPERIMENT X.

A frefh raddifh was let down by a
pack-thread into the fame feecal mat-
ter, and remainced there all night; on

| being
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being taken up in the morning it was
changed into a dark green colour.
From thefe experiments, as well as
from the {mell of putrid ex:rement,
it feems pretty evident that it contains
a confiderable quantity of volatile
alkali, which the learned Sir John
' Pringle has in feveral of his intereft-
‘ing experiments plainly proved to be
an antifeptic*. And this being the
cafe, I cannot fee how excrement can
be reckoned one of the caufes of {fuch
1 difeafes as are of a putrid nature, and
-~ which muft confequently derive their
. origin from a putrid caufe.
- But fhould we allow that the feecal
matter has fome degree of feptic
power, we cannot even then with any
appearance of reafon conclude from
thence that it {hould be more pro-
duttive of putrid difeafes in camps
than in crowded cities, efpecially
when we confider that it is always at
fome diftance from the lines, and re-
gularly covered up with earth every
two or three days; whereas in feveral
* Experiment iii, Appendix.
crowded
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crowded cities it 1s fhamefully thrown
out into the open ftreets.

After a putrid dyfentery has once
broke dht in a camp, it is pofiible
that the effluvia of the privies may
contribute to {pread the contagion;
but how it thould firft produce the
difeafe before any dyfenteric excre-
ment be lodged in the privies, is
neither agreeable to reafon nor the
experiments juft now related; and
more efpecially in a northern climate,
where, as I have already obferved, the
atmofphere is not eafily contaminated |
on account of the conftant ventila- |
tion.

What has been already obferved
concerning putrid excrement, intirely
fuperfedes the neceflity of adding
much with regard to putrid urine, as
they are much of the fame nature.
The fteam however arifing from the
latter feems to be confiderably more,
antifeptic than that arifing from the /'
former, according to {feveral trials'
which I have made, and which would
be fuperfluous to mention in this

2 place,
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place, efpecially as the fame thing
was obferved by Sir John Pringle *,
who in his fecond experiment fays,
that upon finding in urine 2 much
greater quantity of volatile falt, and
that more eafily {feparable than in any
other humour; and that ftale urine is
the leaft noxious of putrid animal
fubftances, fo far from dreading the
volatile alkali as the deleterious part
of corrupted bodies from this inftance,
we may rather infer it to be a fort of
corrector of putrefaction.

From the whole, therefore, of what
has now been obferved concern-
ing animal effluvia, this conclufion
will naturally follow: That while a
number of carcafes of any kind are
putrefying together, they may conta-
minate an atmofphere that is calm,
warm, and moift ; that this contagion
. may be propagated from one body or
perfon to amother by contad, breath,
- fweat, putrid dyfenteric flools, &c.
but that in an atmoiphere without

* Appendix to the Oblervations, &c.

thefe



[ 45 ]

thefe requifites, a. contagious prin-
ciple diffufed in this or any other
manner, will either be foon intirely
difperfed by the winds, or meeting
with no fomes to cherifh it, will be-
come gradually weaker and weaker,
till at laft it lofe all power of doing
any harm,

COEL AT,
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Codd s AGP o Vi
Of vegetable Putrefaction ; whether con-

tagious? ¢

EVERAL authors of no {mall
credit have alleged that putrid
- vegetable effluvia was the caufe of
L. intermittent and malignant diftem-
/ pers. Dr. Lind obferves, that the
Englifh caftle at Whydaw is reckoned
more unhealthful than the neigh-
bouring places, as the fea breezes in
coming to it always pafs over an in-
confiderable brook of water which
produces fome aquatic plants always
covered with a putrid flime*, And
Lancifus, in {everal parts of his
works, blames the effluvia arifing
from fteeped flax and hemp for being
productive of what he calls a camp

fever .

* Eflay on the Difeafes incidentto Europeans, &c.

+ Nihilominus propter cannabis prazcipue macera-
tionem qua multis abhinc annis propius iilam urbem,
quam olim, fierf, coepta fuit. Ab Augufli principio ad
exactum ufque Septembrem adeo infeftus evafit, ut per
ea tempora multos cives et leferit et perdiderit, Lancif.

de nox. palud, effiuv,
It
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It is not my bufinefs here to ena
quire how far putrid vegetable efflu-
via may be hurtful to animal life;
either, perhaps, by rendering the air
unfit for the purpofes of refpiration,
or by other methods which we are
poflibly ftill lefs acquainted with. All
that I propofe is an attempt to thew
whether this effluvia be a feptic or an
antifeptic; which I thall do by a few
fimple experiments. But before I
proceed to thefe I muft beg leave to
obferve, that it has been much liti-
gated whether putrefaction be the
{fame in the living and the dead ani-
mal; and after all, the matter remains
ftill doubtful, and what I am by no
means fit to determine ; tho’ I cannot
help thinking, that at leaft they muit
be pretty nearly allied to each other;
for we are aflured by fadlts, that a
putrefying dead animal, ora partof it,
can communicate. a putrid difeafe to

a living one *.
* Sir John Pringle, Obfervat. Journal de Ia con-
tagion 3 Marfeilles. Summoate Hiftor. di Napoli.

In
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In thefe cafes then the putrid dead
fubftance is the proximate caufe of
the difeafe; but we know no fact by
which 1t 1s proved that any antipu-
trefcent fubftance has been the proxi-
mate caufe of a difeafe of the fame
nature.

But further; it would feem that the
moft learned and intelligent of our
modern phyficians have confidered
them 1n the fame light ; as they have
always combated putrid diftempers i
the living fubje&t, by {uch things asare
found moft antifeptic when applied to
the dead one, as camphire, bark, &c.

And laftly, putrefaction is not only
communicated from the dead to the
living animal, but alfo from the liv-
ing to the dead one; for a piece of
meat {ooner putrefies that has been
breathed upon by a perfon who has
difeafed lungs and a bad breath, than
another of the fame weight that has
been breathed upon for the {fame
time by a found perfon; and the
fanies of a putrid ulcer applied to a
piece of meat will make it putrefy
| fooner
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fooner than another picce of the fame
weight to which no fuch fanies has
been applied.

But be this as it will, I know no
author who has affirmed that any
thing which is not feptic can com-
municate a putrid difeafe; and there-
fore, if it fhould appear that neither
the infufion nor effluvia of putrid
vegetables 1s a {eptic, though we may
perhaps juftly accufe a putrefying
mafs of them as the caufe of a va-
riety of other diforders, yet we ought
to be cautious how we accufe it as the
caufeof putrid ones. |

EXPERIMENT XL

Six {fmall pieces of mutton, weigh-
ing two drachms each, were put into
fix tea-cups. The cups -were filled
up with pure water, and numbered
1,2, 3, &c. Into number firft was pu
onedrachm of frefh leaves of achillza
millefolium; into number fecond,
one drachm of the leaves of the prunus
{pinofa; into number third, one
drachm of hypericum; into number

E fourth,
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fourth, one drachm of taraxacum
leontodon; into number fifth, onc
drachm of lactuca; into number fixth,
one drachm of alchaza officinalis. A
feventh cup was filled witM pure wa-
ter, and two drachms of mutton put
into it, which was defigned as a
Atandard.

They were all fet together in a
warm clofet at 12 o'clock mid-day.
The day following they were ecxa-
mined at the {fame hour, when the
mutton in the pure water had fairly
got the putrid {mell, and tinged the
liquor around it with a bloody colour.
The water in all the other cups was
alfo tinged a little, but in none of
them nearly fo much as in this, and
number fixth only was juft beginning
to have a little of the putrid {fmell.

When they had {ftood 48 hours they
were againexamined. The waterin all
of them was now become more bloody.
The ftandard cup fmelled confiderably
more foetid than the day before, and
number fixth hardly {melled better

thanit. All the othersfeemed nowtobe
nearly
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nearly in the fame flate as the flan-
dard had been in at the end of 24
hours; only number {irft and number
third rather {fmelled fomewhat lefs
feetid. . But, as the whole of them
were fairly become putrid, they were
thrown out.

EXPERIMENT XIL

As it appears from the laft experi- .=~

ment, that frefh vegetables have but
a fmall degree of antifeptic power
when they are put into the water at
the fame time with the meat which
they are intended to preferve, I
made a ftrong infufion in water of
cach of the above-mentioned vege-
tables, and kept all thefe infufions a
month, by which time they were
become highly putrid, and fmelled
difagreeably.

In this flate their various antifeptic
powers were compared with that of
pure water, and found to be as fol-
lows. The infufion of achillza mil-

E2 lefolium
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lefolium preferved meat 12 days
longer than pure water.

An infufion of the leaves of the
prunus {pinofa preferved 1r: 17 days
longer than water.

An infufion of hypericum pre-
ferved it 16 days longer than water.

An infufion of taraxacum leon-
todon preferved it 20 days longer
than water.

An infufion of latuca preferved it
11 days longer than water.

And an infufion of althza officina-
lis preferved 1t 15 days longer than
water. |

Infufions of feveral other vegetables
were tried; but when the vegetables
were put into the water at the fame
time with the fleth, few of them pre-
ferved it above 24 hours longer than
water. - When the fleth was put into

n infufion already become putrid, all
of them preferved 1t much longer. Se-
veral of the laft-mentioned trials
were likewifc repeated; and though
the times which the infufions then

7 preferved
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preferved the fleth varied in fome a
few days from what I have fet them
down above, yet they all kept pretty
nearly td®what is there related, and
the difference might perhaps arife
. from the different ftrength of the laft
infufions, which were all made with-
out weight or meafure; or it might
arife from the wvariation of the
weather, and other accidental circum-
ftances.

By the foregoing experiments I
had afcertained that vegetable infu-
fions, after they had grown putrid,
were fo far from being feptic, that
they were even of a contrary nature.
I refolved next to try whether a putrid
vegetable fubftance could communi-
cate putrefaction to a freth animal,
one.

EXPERIMENT XIIL

With this intention, I reduced a
quantity of cabbage leaves to a pulp
in a mortar, and {et them in a warm
place to putrefy. A bowl of firaw-
berries was likewife fet along with

K2 them.
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théem. Wheén both thé cabbage
leaves and ftrawbeérries had wunder-
gote a fermentation, and Jow dif
covered by their fmell that thby wereé
in that ftate in which vegetables ate
{faid to be putrid, I pur a bit of mutton
into each of them, and covered it
over with the pulp. Another bit was
put into a bowl of Wwater for a ftan-
dard; and they were all fet together
in a warm clofet. The piece of muit-
ton in the water had evidently turtied
putrid and tinged the water red ifi
one night. Both that piece which
was in the pulp of theé cabbage, ind
that in the pulp of the ftrawberriés,
were kept three weeks, and rontinued
perfedly fweet, and hatd, as if they
had been falted. The bowls were
then overturned, and their conténts
loft by accident.
From thefe experiments it appears,

© that neither the putrid {ubitance,
.~ nor the watery infufion of vege-

' tables, is feptic. Let us therefore

proceed to examine putrid vegetable
cfiiuvia,
EXPE-
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P PERINMENT XIV,

Two or .Fhree handfuls of different
herbs, were put all cogether intoalarge
tindecanter fullof water. Afterthis in-
fufion had been kept about fix weeks,
was become feetid, and crowded with
animalcula, I fufpendedapieceofbeef
in the mouth of the decanter, {o as to
come asnear the {furface of the liquor
as pofiible without touching it; and
another piece in the mouth of ano-
ther decanter of pure water, in the
fame manner. This laft piece began
to putrefy in about 30 hours;  the
other was perfectly {fweet for fix days,
and then began to fmell a little; but
foon after grew fodry, that any fur-
ther progrefs which the putrefaction
might have made was thereby fltop-
ped.

This experiment was feveral times
repeated, with little variation in the
circumftances from what I have now
mentioned.

I was therefore fully fatisfied, by
what is above related, that there was

E 4 nothing
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|nothing feptic either in the infufion,
| putrid iub{’cance, or effluvia of pu-
. trid vegetables ; and on that account
thmught it would be fupewfuous to
endeavour to demonftrate it more
fully by further trials.

I did not expect that an infufion of

vegetable matter turned putrid would
have been more antifeptic than a re-
~cent one, and fufpected at firft that
fomething acid or alkaline might
have been generated during the fer-
mentation of the vegetable; but upon
trial I could difcover neither.

A ftrong vegetable infufion, which
fmelled extremely ill, and was taken
from the decanter over which the
meat in the laft experiment had been
fufpended, did not grow turbid by the
addition of corrofive fublimate.

It did not change the colour of
fyrup of violets, but only made it a
little lefs tranfparent; which I {fuppofe
was owing to the black colour of the
liquor poured into it.

It did not effervefce with the mineral
nor vegctable acids.
| Finding
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Finding this to be the cafe, I fuf-
pected that it had undergone a fort of
vinous fermentation. But, oncompar-
ing the gapid progrefs of the fermen-
tation which had taken place in this
infufion ¥, with the {flow fgrmentatian
that generally takes place in the pro-
du&ion of vinous liquors, I was
inclined to doubt of this alfo; efpe-
cially when I confidered, that in this
fermentation a feetid {mell had be-
gun to arife about the fifth or fixth
day, and that no fuch {mell arifes
neither during the time of, nor after
the vinous fermentation. But, what-
ever be the caule of this antifeptic
power in putrid vegetable infufions,
it is certain that they are poflefled
of it. Without endeavouring there-
fore to determine the caufes, it is
{ufficient for my purpofe to have af-
certained the fact, which, if I am not
much miftaken, will hold pretty uni-
verfally through the whole vegetable
‘kingdom.

* This fermentation only lafted about ten days.

G AL
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Of mineral Efffuvia; whether podultive
of putrid Diforders?

rE*HERE are a great variety of

ninerals, generated in the
bowels of the earth, and fome of
thefe are the natural producdtions of
almoft every country, infomuch that
there is hardly any kind of "earth
or flone that does not contain fome
fhare of them. But in this ftate of
mixture with other bodies there is
generally a fmall portion of them only
expofed upon the furface of the earth.
That part of them which is fhut up
'in its caverns cannot fend out any
efluvia; and that part of them which
is expofed on its furface is generally
fo blended with, and inveloped in
other matter, that it can {end out litde
or no eftluvia.

For thefe reafons, though mineral
effluvia has no great chance of prov-
ing hurtful to any great number I{}Jf

the
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the huthan race; yet there are par-
ticular employments; and even fitua-
tions, which are peculiarly obnoxious
to it. Such are miners, and others
who, though not adtually employed
in working the mineés, are fettled in
the neighbourhood of them.

It has been always obferved, that
rhiners, whatever metal they dig for,
{feldom live {o long as other people.
This may perhaps be owing to the
mephitic air they f{o often  meet
with, which, though it agree in fe-
veral properties with the air of the
atmofphere, is, neverthelefs, found
by fatal experience to be totally unfit
for the purpofes of refpiration. Or,
fuppoling that they fhould not meet
with mephitic air, yet the damp fub-
terrancous places, in which {fo much
of their time is fpent, muft inevitably
contribute to thorten the duration of
their exiftence. But, befides thefe
caufes, there are {feveral of the mine-
rals, as cobalt, and all the others that
contain arfenic or mercury, whole
effluvium is exceedingly hurtful to

the
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the conftitution. But, whether even
thefe, though the moft noxious kind
of minerals, are productive of putrid
difeafes, is much to be doubted.
Thofe people who work much
in mercury are generally lean, ema-
ciated, and often die of confump-
tions and afthmas. They have alfo
frequently rotten teeth and gums;
which laft complaint would make
one fufpect that mercury had {fome-
thing feptic in its nature. ButIdo
not recolle¢t to have met with any

account of putrid malignant difeafes
having deftroyed more miners than
other people, when they happen-
ed to attack thofe countries where
mines were fituated. Nay, Linnzus
'~ mentions a plague being ftopped in
Mufcovy by mercury *.

Fallopius obferves, that fuch as
work in quick-filver mines feldom
live above three or four years; that
they are generally affli¢ted with pal-
fies, vertigos, and other difeafes of

#* Ameenitat, Academ.

the
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the nerves; that thofe who work in
lead mines are liable to paralytic
diforders, gripes, colics, and other
complaints of the bowels ; but does
not infituate that they are more
liable to putrid diforders than other
people.

I do not chufe to dwell long upon
this- fubject, as I never had an oppor-
tunity of living in the neighbourhood
of mines, nor of obferving the difeafes
of miners. Ifhall therefore conclude
with obferving, that, though mineral

. eMluvia may be a predifpofing caufe
of putrid difeafes, by weakening
the conflitution and making it more
liable to be overcome by contagion;
yet I find no good authority to fuf-

pect that it can ever be'the proximate
one.

t Fallop. Opera.
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Of mixed Efluvia; wbether [eptic o
antifeptic? @

NDER the head of mixed ef-

fluvia, I comprehend that arif-
ing from marfhes, lakes, and ftagnat-
ing waters of all kinds, and from
every other place where a variety of
different fubftances are putrefying to-
gether.

The chief ingredients which confti-
tute putridd marfthes and lakes, are
generally either animal or vegetable
matter mixed with the water. There
is ~ feldom any thing mineral in
this compofition; but, without it, the
two former are {ufficient to give that
difagreeable {mell to thefe lakes
which always arifes from them in
warm weather, and which, as it has
always been reckoned afign of putre-
faction, gives birth to the opinion of
their being reckoned the caufe of
putrid intermittents, dy{enteries, &c.

3 PhilO-_
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Philofophers in all ages have with
no fmall eagernefs endeavoured to
difcover the caufes of every natural
phc{-:n{}mcnﬂn, and more particularly
of thofe® which happened moft com-
monly, and in which they were moft
interefted. And, as we are all deeply
interefted in any thing that affeds
health, the caufes of difeafes have in
every age been 1nveltigated with a
peculiar attention. But, as the fecret
fprings which move and altuate the
healthful body are infinitely removed
beyond the fphere of our knowledge;
fo the caufes which diforder it are
often alfo cither involved in inextri-
cable difficulty, or o P-..IPJCY.ECI and
complicated, that all the attainmients
we have hitherto made in {cience are
not able to aflift us fufficiently to un-
ravel them.

To this perhaps it is owing, that,
in endeavouring to account for epi-
demic diforders, welay hold of every
diftinguithable difference which we
can difcover in the air, or fituation of
places that are attacked, from thofe

that
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thatare free ; and fometimes, without
duly examining and confidering thefe,
conclude that we have difcovered the
caufe of a difeafe, which ig perhaps
only known to the great Author of
nature himfelf,

Thus, if an epidemic diftemper rages
in a camp or village, and this camp
or village be in the neighbourhood of
a feetid marfh, this marfth, as being
moft obvioufly different from any
thing obfervable near the place, is
immediately fixed upon as the caufe
of the diftemper. I do not mean by
this to aflert, that the effluvia of a
putrid marfh may not' be unwhole-
fome, that it may not caufe difeafes
of various kinds; butI am far from
thinking that it can be the caufe of
thofe putrid ones for which it has
been fooften accufed; and I am even
inclined to doubt of its infalubrity in
any refpet, when I confider thart,
when an army encamped in the
neighbourhood of a marth continues
healthy, no notice is ever taken of
fuch a marfh having been there:

‘Whereas,
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Whereas, when ficknefs begins to
rage, if there be any marfh near,
it is immediately fixed upon as the
caufe. gl'hat this is frequently the
cafe, appears from the relations of
feveral military gentlemen with
whom I have converfed on the fub-
ject, who, upon being defired to recol-
let the fituations of the camps in
which they had been, and the general

ftate of health they enjoyed in them,
have remembered to have lain in the
proximity of feveral marthes where
they were attacked with no epidemi-
cal diftemper; and, on the otherhand,
to have been attacked with fuch dif-

tempers when they were not near any
marih

t, left I fthould be thought to
have faid too much upon this fubject
without gwmg any reafons in fupport
of my memn, I fhall now relate a
few experiments upon the marfhes

in the neighbourhood of this city
(Edinburgh).

F EXP E-
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EXPERIMENT XV.

I caufed a bafon to be filled with
fome of the moft feetid partgof that
marth called the North-Loch *.  Over
this ftinking matter I {ufpended a
piece of beef, fo as almoft to touch
its furface, and another piece of the
fame weight over a bafon of pure
water. On the third day, the piece
over the pure water began to {mell
feetid, but that over the marthy
matter was ftill fweet. They were
both however by this time beginning
to dry, and continued to do {0 in fuch
a manner, that all further progrefs
was thereby put to that putrefactive
procefs which had already begun in .
one of them.

* The North-Loch lies in a hollow upon the north
fide of Edinburgh, and receives not only a great part of
the filth of that city, but has likewife upon its banks
the flaughter-houfes, where almoft all the cattle ufed by
the inhabitants are killed.

EXPE-
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EXPERBRIMENT . XVE

Not being able to draw any conclu-
five infarence from the laft experi-
ment, as the bits of fleth made ufe of
dried fo faft, I took fome pure water
and diluted with it as much of this
marfhymatter as filled a large tea-cup:
Into this I put two drachms of frefh
mutton,and the fame quantityinto an-
other cup of pure water for a flandard.
The cups were both placed together
in the outfide of a fouth window.
The mutton in the common water
foon began to tinge it of a bloody
colour, and in about 24 hours a feetid
fmell arofe from it. The marthy
matter at this timie was neither altered
in the leaft from its original colour
nor {mell, and the mutton contained
in 1t was perfectly {weet.

At the end of 48 hours the mut-
ton in the common water had be-
come confiderably more putrid, and
imelled more difagreeably than it
had done the day before. That in
the marfhy matter only {melled of

EF2 e
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the marfh, and, when 1t was wathed
off, fmelled perfectly {weet.

The third day I took the mutton
out of both the cups, wafhed cach
piccewell with pure water, and found
the piece that had lain in the marihy
matter ftill {weet; the other, though
lefs feetid after the wathing, {till had
an 1ll fmell, and had loft much of its
folidity.

After fix days more they were taken
out again, and wathed as before. The
piece that had lain in the marfhy
matter was {till {olid, but began now
to have a fmall degree of the putrid
fmell. The other piece was highly
putrid and almoft reduced to ajelly.

That which had lain in the marthy
-matter from this time began alfo to
diffolve, but much more {lowly than
the other, and never acquired a ftrong
putrid {fmell, nor ever altered the li-
quor in which 1t was infufed from its
original colour,

E X P E-
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EXPERIMENT XVIL

As the®laft experiment had fhewn
that the marfhy water had a confi-
derable antifeptic power, I determined
to try once more the effects of the
effluvia arifing from it ; and for this
purpofe two pieces of beef of an equal
weight were again {ufpended, one
over a bafon of marfhy matter diluted
as in the laft experiment, and the
other over a bafon of pure water,
Both the bafons were now fet in a
damp place, to prevent the bits of
meat from drying before the putre-
faltive procefs could come on. The
piece over the marfhy matter did not
begin to putrefy till five days after
the other.

EXPERIMENT XVIIL

Having by thefe trials fatisfied my-
{elf concerning the antifeptic power
of this marfh, z. ¢. the North-Loch,

F 3 and
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and the effluvia arifing from it¥, I
next got fome of the putrid water
from a ditch in the Meadow 1: hav-
ing filled a tea-cup with itend ano-
ther with pure water, I put a bit of
mutton into each cup, and fet them
together in the open air. The mut-
ton in the pure water began to putre-
fy in about 36 hours. At the end of
three days, that in the marfh water
was quite {weet. On the fifth day it
was taken out, wathed carefully with
pure water, and found perfectly
{fweet. That in the pure water was
now become intolerably feetid, and on
that account it was thrown away.

* As there is a large tannery upon the banks of the
North-Loch, and large quantities of oak bark thrown
outiuto it, it was objected tothe above-mentioned expe-
riments by an ingenious gentleman, that the antifeptic
power of its water might proceed from this bark. To
fee whether this was the cale, I repeated the experi-
ments, and tried feveral more, with the water of this
loch taken from a ditch on a higher ground than where
the bark lay, and to which no part of its virtues could
ever come, and found that this water was as antifeptic
as the former.

+ The Meadow is a piece of low ground on the
fouth fide of Edinburgh, drained by ditches, which in
the fummer centain in fome places an extremely patrid

ftagnating water.
The
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The feventh day the mutton in the
marfh water was wafhed again, and
found as frefh as before. When
it had I®in in it about fix weeks, 1t ftill
continued perfeétly fweer, and the
liguor around 1t of the fame {mell
and colour as at firft. After two
months, things wereexaétly thefame.
The mutton was then thrown out.

EXPERIMENT XIX.

Some water was taken out of a
gravel pit in which feveral dead dogs
and other animals and vegetables
were putrefying. This water, while
in the pit, was over-grown with
a green cruft, and crowded with
animalcula, many of which were
obfervable by the naked eye, and
myriads which efcaped the naked eye
were eafily detected by the micro-
fcope. It had, however, little or no
putrid fmell. '

A piece of frefh mutton was put
into a gallypot, and fome of this water
poured over it; and another into a

¥ 4 gally-
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gallypot which contained only pure
water. They were both expofed to the
fun. The piece in the pure water
began to putrefy the fecond day:
that in the gravel-pit water did not
begin to putrefy till the fifth.

On repeating this experiment, the
piece of mutton in the gravel-pit
water did not begin to putrefy till the
cighth day; that in the pure water
began to do fo towards the clofe of
the fecond.

EXPERIMENT XX.

A piece of frefh mutton was put
into fome water taken from a marfh
between the Abbey of Holyroodhoufe
and Salifbury rocks*, and another into
pure water: They were both {feton the
outfide of awindow,as before. Towards
the end of the {fecond day, the mutton
in the pure water began to grow

# This marfh is in {fome parts extremely feetid, being
a refervoir for the flth that runs from the fouth fide of
the Canongate and feveral other parts of the fub-
urbs of Edinburgh. LG

foetid ;
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feerid 3 on the {ixth, that in the marfh
water, {feeming perfectly {weet, was
taken out and carefully wathed,to
prevent agy deception; when it was
found not only intirely free from any
11l fmell, but likewife as folid as if it
had been in falt brine; although it
was now warm and {fometimes moiift
weather, being the latter end of July
and beginning of Auguft.

This piece did not begin to lofe its
folidity till it had {tood near fix weeks,
and even then, when it was thrown
away, had {carcely any feetid fmell.

EXPERIMENT XXI

Having now tried the water of all
the marfhes in the neighbourhood
of Edinburgh, I next procured {fome
from a marfth in the country, into
which no dead animals were thrown,
and which neverthelefs fmelled ex-
tremely ill. A piece of freth beefwas
put into fome of this, and another into
pure water. That in the pure water
began to turn putrid on the third day.
That in this marfth water did not be-

gin
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gin to do fo till it had lain there near
two months®,

The marfh miafmata, or eflluvia
arifing from marfhes, as I lave hinted
before, has always been confidered as
one of the moft common and invete-
rate caufes of the putrid intermittents
and dyfenteries, that {o frequently
attack armies in long encampments.
The above experiments plainly (hew,
that not only the marfh waters them-
felves, but alfo the effluvia arifing
from them,are antifeptic. 'This then
being proved, I think it will be ex-
tremely difficult to thew how they
can be productive of difeafes which
are evidently of a feptic nature.

It is far from being an eafly matter,
nay it is often an impofiible one, to
account for fome of the phenomena
that from time to time prefent them-
{elves to us. This of marfth water

preferving meat fo long, though no

¥ Since T bave been in London, I have likewife tried
water from the canal in St. James’s Park, from Fleet
Ditch, and found that they preferved meat much longer
than pure water.

perfon
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perfon would have deduced it from
reafoning a priori, feems neverthelefs,
when the fact is known, to admit of a
pretty nasural explication. Thecaufes
then of its becoming antifeptic may
be thefe three: Firft, the great quan-
tity of vegetable matter infufed in
almoft every marfh, which is a ftrong
antifeptic, as has been already abun-
dantly proved in the preceding ex-
periments upon vegetables. Second-
ly, from the volatile falt generated
in all putrid fubftances, which f{alt,
though not eafily dete¢ted in marth
water, may neverthelefs exift there
in {fmall quantitues. And thirdly,
becaufe putrid marfh water has al-
ready undergone that fpecies of fer-
mentation which is previoufly ne-
ceflary to, and the immediate fore-
runner of, putrefaction; and there-
fore, by-an uniform law of nature,can
never undergo 1t again. '
Among the more rude and barba-
rous nations we frequently meet with
cuftoms which at firft view {feem to-

tally repugnant and irreconcilable to
| reafon ;
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reafon; and yet, upon confidering
them more attentively, we generally
find that they have fome foundation
in Nature, and have taken®heir rife
from experience and obfervation.
‘Thus we are told by Alexander Be-
nedictus, that a phyfician among the
Tartars, in the time of a fevere
plague, ordered all the dogs to be
killed and thrown into the moft
public fireets and roads, that the
atmofphere might be filled with a
putrid fmell; by which means, he
fays, the people werereftored to health,
and that they continue {tll the fame
pratice in the like cafes*.  And,
fimilar to this, we are alfo informed
by Gregorius Pictorius, that he had
heard fome perfon affirm, that, in the
time of an cpidemic infetion, no-
thing was better or more falutary,
than for every one to fmell three
times a day, either a neceflary-houfe
or a fheep-houfe . Is it poflible that

3 * Alexand. Benedi®, de Pefte, cap. 6.
+ Gregor. Pictor. Dialog. 2. de bon,Valetudin.
thefe
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thefe cuftoms, feemingly fo contra-
di¢tory to reafon, could arife from
chance; werethey not rather deduced
from olfervations fimilar to thofe
above related concerning excrement
and marfh water?

Whether a praétice of this kind
would be attended with advantage or
difadvantage in time of general infec-
tion, I thall not pretend to determine,
The former, however, is at leaft pof-
fible; and therefore, as wehave but {a
limited 2 knowledge of the adticn
and effe¢t of bodies on the human
conftitution, thefe relations feem not
to deferve that ridicule which Lan-
cifis has thrown out againft them?
which, I fuppofe, he did becaufe
they thwarted his hypothefis concern-
ing the noxious qualities of the marfh
miafmata.

I do not mean here to plead the
innocence of marfh miafmata, or to
affirm that marfhes are {alutary, be-
caufe I have found the water of them
to be antifeptic. 1 am not ignorant

that

L
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that almoft all the authors who have
treated on this fubje, and efpecially
Lancifis, have agreed that it was
hurtful, and adduced manyg inftances
of cities and armies having been at-
tacked with putrid malignant difeafes
when expofed to it. Neverthelefs, it
has likewife been obferved, that ar-
mies have fometimes efcaped health-
ful from the neighbourhood of a
marfh; which, together with the ex-
periments I have above related, are, I
imagine, fuflicient to render its
noxious qualities a little doubtful, at
leaft till the matter 1s bettercleared up
by further experiments, and the ob-
fervations of fuch people as are well
acquainted both with marfhy and dry
fituations, and the confequences of
living 1n them.

But, though we fhould even allow
that the exhalations arifing from
marfhes are not feptic; they may
neverthelefs be unfalutory, as they
abound with humidity arifing from
the marth, with which the atmo-
fphere in tbe neighbourhocd of it

muft
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muft be loaded, and by which the
perfpiration muft be diminifthed, and
thereby a variety of difeafes pro-
duced ; and this 1s no more than what
would haﬁpen from a lake of pure
water, efpecially if it were fhallow,
as that is the condition of all others
the moft favourable to evaporation.
Whoever reads the obfervations of
Lancifis with attention, will, I ima-
gine, be convinced of what I have
here faid; for the greateft part of the
putrid epidemics which he mentions,
always followed remarkable inunda-
tions of the Tyber, and {feveral of
‘them {ooner than the water left
by thofe inundations could have
become putrid; fo that all, or the
greater part of the putrid difeafes
afcribed by Lancifis to marfh miaf-
mata, may be fairly attributed to the
effet of moifture alone, independent
of any mixture of putrid effluvia.
Lancifis feems in feveral places to
have hinted, that the infalubrity of
marfhes might be owing to that vaft
‘number and variety of animalcula

which
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whichare bred in them, and of infets
which are floating upon and flying
about them ; but it will appear after-
wards, that neither animglcula nor
infects have any power to bring on pu-
trefaction, or to accelerate its progrefs
afteritis brought on. So that,fromthe
whole of what has been obferved con-
cerning ftagnating marthes, it {feems
hardly to be credited that they can
be the caufe of all thofe diftempers
which have generally been attributed
to them*; at leaft, a further enquiry
mto their nature and effeéts, in order to
fet this matter in a clearer light, will
be neceflary, before we can finally de-
cide either with regard to their noxious
or innoxious qualities.

* If the effuvia arifing from putrid marfhes has fuch
a power of bringing intermittents, dyfenteries, &c. upon
thole people who live,or are encamped in their neighbour-
hood, why are not the labourers who are employed in
draining of bogs and marfhes alfo affeéted with thefe
diltempers? And why were not fome of the people who
have been this fummer employed in cleaning the canal
in St. James's Park affe€ted > which has not happened;
for, upon enquiry, I find that they all were in good

health during the time they were employed in that
work.

I would
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I would therefore recommend to
thofe gentlemen who are, or may be,
ficuated near marfhes, which are fup-
pofed togfpread infection in their
neighbourhood, to obférve,and endea-
vour to difcover, whether fuch infec-
tion be owing to thefe marfhes, or to
other caufes. If it be not owing to
them, the world will thereby be ex-
tricated from a vulgar error of long
ftanding: if it be owing to them, we
thall become more able to guard
againft the danger, by knowing cer-
tainly from whence it arifes.

G | CHAP,
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C B P VHE

Of ammalcula : whether the caey& or effect.
of putrefaction? .

S putrid epidemic difeafes have

generally been obferved to rage
with the greateft violence, in thofe fea-
fons which have been remarkably,
productive of animalcula and infects,
the ingenious Kircher, from thence,
firft formed the hypothefis of animal-
cula being the caufe of putrefac-
tion* ; in which he was followed by
the celebrated Linnzus f, by Marc.
Antonin. Plenciz}, and by {everal
other authors of reputation.

As this hypothefis therefore has
been adopted, and defended by fo
eminent a naturalift as Linnaus; as
it has attracted the attention of feveral
others, who have been peculiarly at-

% Kircher de caul. et effeét. peﬁis

+ Ex allatis, quas pafim afferunt aultores, caufis, ea
nobis videtur proxima, qua ftatuitur contagium ex vivis
animalculis provenire.  Ameenitat. Academ,

+ Marc, Antonin. Plenciz, opera med. pbyfic.
tentive
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fentive to the minutiz of nature *; T
fhall examine it the more carefully:
neither thall T draw any conclufions
from thgs examination, but fuch as
refult naturally from the experiments
to be mentioned in the courfe of it.

As Kircher and his followers have
aflerted, that animalcula are the caufe
of putrefaction ; {o, on the other hand,
many others had fufpected, that the
animalcula we generally meet-with
in putrid fubftances, were rather the
cffe¢t than the caufe of putrefaction ;
and that putrefying matter only af-
forded a proper nidus for the evolu-
tionof the ova of animalculat, after
thefe ova were depofited in it, either by
the parent animals, or by the air f: I
therefore determined to {atisfy myfelf
concerning the truth of what had
been aflerted by Redi and Arezzo;
viz. whether animal and vegetable
matter could become putrid without
producing animalcula, when flies, and

* Needham and Buffon.
+ Redi degli animali viventi, negli animali viventi.
1 Arezzo.

G 2 other
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other infelts, were prohibited from
laying their eggs in it? But, previous
to this, I thought it would not be
amifs to try if a piece of flefh could
putrefy when clofely thut up, without
the air having any accefs to it; and
what phznomena it would exhibit in
thefe circumf{tances.

EXPERIMENT XXIL

I cut a fmall piece out of the mid-
dle of a large loin of beef, that I might
have it without any of the feeds of
animalcula in it. This I crammed, as
hard as I could, into a {fmall phial
glafs : when it was quite full, I cork-
ed it hard, fecured the cork with a
packthread, and {fealed it with wax.
Thus prepared, it was fet in a warm
clofet, about the latter end of April.
On the {eventh of the following July,
having cut the packthread, with a de-
{fign to open the phial, the cork im-
mediately burft out with fome force;
and part of the meat, with a little fix-
ed air, iffued out after it, with fuch an
intolerably putrid fmell as {lruck me

| almofl
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almoft inftantancoufly with a head-
ach, and obliged me to run and de-
pofite the phial under the chimney,
that th@ putrid fmell might efcape.
This being done, I opened the win-
dows; and, having thereby cleared
the room a little of the fmell, I took
a fmall bit of the beef out of the phi-
al, and put it into fome pure water,
which had been examined, and found
to contain no animalcula. Having
mixed this putrid pulp of beef and the
water together, and allowed them to
ftand a few minutes, that the pulp
might fubfide, I examined feveral
quantities of the water with all the
different glaffes of Wilfon’s micro-
{cope *, but could difcover no animal-
cula init. Some of this water was put
into a phial; the phial was clofely
corked, and the water kept three days :
being then examined, no animalcula
could be difcovered in it. The phial

* Wilfon’s microfcope was what I ufed in all the fol-
lowing experiments, In order to fit it for examining
aquatic objedts, I had a fmall watch-glafs ground
down, fo as to go into it; and into this I poured the
water which I wanted to examine,

G 3 was



Er8gp 1
was then opened, and {et in the out-
{ide of a window, where it remained
{feveral days, and the water in it was
cxamined from time to time,%but no
animalcula were ever difcovered in it.
Some of the water was likewife
keptin a tea-cup in the open air, and
never contained any animalcula.
Though the fmell emitted from this
phial was almoft intolerable, yet the
beef had hardly loft any thing of its
original freth colour, and feveral pie-
ces of it even retained {fomething of
their original firmnefs.

EXPERIMENT XXIIIL

A piece of frefh beef was put into a
gallypot full of water, and a piece of
thin {ilk tied over it, as mentioned by
Redi. Whether any infeéts, or their
ova, got through this, I know not ; but
in five or {ix days it was crouded with
a variety of amimalcula.

ERPE RTME B N

The {ame experiment was repeated,
with a piece of thicker filk fticd over

the
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the gallypot Several animalcula were

obferved in this, though not near fo
many as in the other.

EXPERIMENT XXV,

The fame experiment was repeated,
with a piece of theep’s fkin tied over
the mouth of the gallypot. In thisno
animalcula could be difcovered: by
which it appears, that the ova of ani-
malcula are extremely minute, and
not eafily prevented from finding en-
trance into a proper nidus for their
future evolution.

Thefe experiments led me one fin-
gle ftep forward, in what I had ap-
prehended to be the origin of the
animalcula found in putrid matter:
they had fhewn me, that a part
of an animal fubftance, in which
there were none of the ova of ani-
malcula, when excluded from any
communication with the open air,
could putrefy without producing any
of thefe creatures.

EXPERIMENT XXVIL
But, as animalcula feem to be more
‘numerous in putrefying vegetable,
G 4 than
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than in putrefying animal matter, I
refolved to {ee what phznomena a
piece of vegetable matter would exhi-
bit when treated as in the 2ed experi-
ment ; and therefore cut two fmall
pieces out of the heart of a folid tur-
nip, divided them into two equal
parts, put each of thefe parts into
a phial glafs ; filled up both the glafles
with water that had been boiled abnut
an hour before. One of them I cork-
ed and fealed; the other I left un-
corked. When they had both ftood
about eight days in the outfide of a
window, the infufion in the uncork-
ed glafs was crouded with animalcu-
la. On opening the other, and exa-
mining its contents, non¢ could be
difcovered in it; though both thefe
and the former had exadtly that fmell
which 1s peculiar to putrid vege-
tables. This experiment led me one
ftep farther, and thewed me, that ve-
gemble fubfances, when they con-
tained none of the feeds of animalcula,
and were excluded from all communi-
cation with the atmofphere, likewifg
g | putrefied
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putrefied without praducing any li-
ving creature.

But as we, perhaps, neither know
the utma#t poflible limits of the great-
nefs or littlenefs of animals, it has
been objetted by fome, that our not
being able, even with the beft glaf-
fes, to difcover animalcula in any
thing putrid, is no pofitive proof that
they d@ not exift there*. In anfwer
to this, I thall only obferve, that, as
animalcula are generally eafily difco-
vered, even with a glafs which magni-
fies but little, and often by the naked
eye, in almoft all fubftances that have
putrefied in the open air, I cannot fee
any reafon to fufpe&, that, in thofe
things which putrefy while they are
excluded from all communication
with the air, they fhould be fo ex-
tremely minute, as to elude our keen-

* Sed hoc adverfariis noftris concedere non poflu-
mus, quod putredo abfque tali materia animata effe
poflit, quz materia animata faltem armatis oculis dete-
g' poteft. Interim, quamvis fele&liffimis etiam microfco-
piis, talis aliquando non detegeretur, exinde tamen ejuf-
dem abfentia inferri non potelt. Marc, Anton. Plenciz,

opera mﬁ*ﬁ';fﬁ- phyfica.
eft
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eft endeavours. to deteét them even
with the beft glaffes.

EXPERIMENT X)&VII.

Having now fucceeded fo far as to
have fausfied myfelf, that a par,
either of an animal, or -a vegetable,
that did not contain any of the ova of
animalcula, could, when clofely thut
up, put on all the appearances of pu-
trefaltion, without producing any
thing. living, I now refolved to try
Likewife, whether in a vegetable,
which I was certain did contain
thefe ova, they could be hatched
without the afliftance of any other air
than that contained in the water in
which the vegetable was infufed; and
whether they could be hatched, when
the infufion had a communication
with a fmall quantity of air, but not
with the whole atmofphere.

For this purpofe, an ounce of the
Leontodon Taraxacum was cut {fmall,
divided into three equal parts, and
“each of thefe parts put into a fix ounce

phial. One of the phials was filled up
I with
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with pure water, and clofely corked;
fo that no vacuity was left between
the cork and the furface of the water.
The other®hial had juit as much wa-
ter put into it as covered the herb,
and was clofely corked alfo. The
third was filled with pure water only,
and was left uncorked, as a ftandard.
I did not examine any of them till they
had ftood five days in a warm clofet.
In the firft and fecond phial I could
difcover no animalcula; but in the
third, or ftandard one, they were
fwarming in prodigious numbers.
The firft and {econd phials were then
corked again as before, and {et in the
{fame place, where they remained five
days more; but ftill no animalcula
were generated in them. They were
then left uncorked, and fet in the open
air, where they remained {everal days;
and were examined almoft every day,
without ever difcovering the {malleft
appearance of any thing living. Af-
terwards, fome freth leaves of the
Leontodon were put into each phial:

' but,
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but, even by this addition, no animal-
cula were ever produced in them.

This experiment was repeated feve-
ral times, with different herbs; but no
animalcula were ever produced, when
the infufions were clofely thut up:
nor ever but once or twice in the infu-
fions that had once been fthut up for
fome days, though again expofed to
the open air, and tried with additions
of frefth vegetables, in which I was
certain that the ova of animalcula
were contained ; {fo that it would {feem,
that though animalcula, after they are
hatched, can live in a vegetable infu-
fion that has undergone a kind of fer-
mentation, yet fuch an infufion is
unfavourable for hatching or evolv-
ing them from their ova.

Though {o many trials of this kind
afforded almoft a convincing proof,
that the animalcula contained in pu-
trid {fubftances were generated from
their ova, either depofited there by the
parent animals, or the circulating air ;
yet I refolved, if poflible, to have ftill
further fatisfaction on that head: not

that
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that I believed the poflibility of a {pon-
tancous generation, already fo long
and juftly exploded ; but that, by in-
veftigating the manner how animal-
cula are bred in putrid matter, I
might thereby the better underftand,
whether they are accidental or ef-
fential to1t. Accordingly, during the
frofty weather in winter, I made a va-
riety of infufions, both of animal and
vegetable fubftances. The animal fub-
{tances all at length diflolved, though
more flowly than in {fummer, and
had every one of the ufual appearan-
ces of putrefaction, exceptr animalcula.
The vegetable fubftances too, had all
the {ymptoms of vegetable putrefac-
tion ; but noanimalcula were ever pro-
duced in them when the weather was
frofty, and feldom even in the mildeft
months of winter.

By all thefe trials, I was now fully
confirmed in the opinion, that the ani-
malcula found in putrid matter were
only generated there from their ova,
depofited ab extra, and not from any
living organic parts, according to Buf-

fon;
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fon * ; nor from their ftamina or rudi-
ments neceflarily preexifting in every
animal and vegetable fubftance, ac-
cording to Marc. Anton. Plengizf. This
opinion ! was glad to find corrobora-
ted by feveral gentlemen of learning,
and knowledge of natural hiftory,
and particularly by the celebrated
Redi, one of whofe experiments I can-
not help here taking notice of. Il
giorno 4 di marzo peftato nel mortajo
di marmo con peftello di legno: una
buona quantita di Giacenti Turchini,
la divifi in quattro parti; due part
ne ripofi in due vafi di vétro, e li
lafciai aperti fenza coprirli con cofa
veruna : 1’ altre due parti le diftribui
in due caraffe, e col catone turata la
bocca- del loro callo la rifcoperci con
carta, e la fermai con buona legatura;
e tutti a quattro quefti vafi gli collo-
cai infieme in una ftefla ftanza voltata
a mezzo giorno {opra una ftefla tavo-
la. Dentro le due caraffe ferrate non

* Buffon Hiffsire Naturelle.

+ Marc. Anton. Plenciz. opera med. phyfic.
ho
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ho mai vedutonafcere alcun verme, ne
alcuna farfalla, ne altro animalletto
volante, per non averea rinovarlo a vol-
ta per volig in tutte, I’ altre fequenti ef-
perienze di quefto diario, dicodi nuovo,
che lo fteflo, conftantementé e {fempre
avenuto in tutd gli alteri fiori pefti,
che ho tenuti in vafi di vetro ferrati,
ed ogni prova, che ho fatta I’ ho fatta
fempre ugualmente a doppio, € in vafi
{errati, e in vali apert1*.”

By fome of the experiments now re-
lated, as well as by this of Redi, and
by what will appear afterward, it
would feem that there are {everal
other things neceflary towards the
evolution of animalcula, befides the
mere exiftence of their ova depofit-
ed in a proper nidus. The agency of
the circulating air, or at leaft of {fome
part of it, is requifite, in order to hatch
and communicate a vivifying prin-
ciple to them. And a {mall, or even
pretty large, quantity of the air, that
does not communicate with the at-
mofphere, feems infufficient for this

* Redi degli animali viventi, negli animali viventi.

purpofe,
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purpofe * ; for one of the phials, witli
the infufion of Leontodon, had only
about a fifth part of its fpace filled by
the water and plant, and y¢t no ani=
malcula were produced in it. Heat
too muil be joined to this circulating
air, otherwife the ova cannot become
living creatures; but this heat muft
be various, for the generation of the
various fpecies of beings to be evol-
ved.

When we ferioufly confider théfe
things, we cannot help concluding;
that, if animalcula were the caufe of
putrefaction, then putrefaction could
only happen in places where the ova
of animalcula had accefs to the body
that was to become putrid ; whereas it
has been proved to happen more eafily
in an air pump nearly exhaufted, into
which hardly any ova could find en-
trance, than in the open air, where

¥ Perhaps no quantity of air, if it does not communi-
cate with the atmofphere, will anfwer the purpofe of
hatching animalcula. I have fince infufed an ounce of
Leontodon with two ounces of water, in a bottle that
held four gallons, which being clofely thut up, no ani-
malcula were produced.

myriads
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myriads of them might be depofited
at once *. It could not thenhappen in
confined air; for we have feen that
animalcyja cannot be hatched there.
But, by an experiment already men-
tioned, it happened in a phial full of
beef, moft carefully fthut up, where
any particles of air that were left
muft have been in an extremely con-
fined ftate. Nor could it then hap-
pen in very cold weather; for it
has already been demonftrated, that
no animalcula are hatched in the
colder months of winter; whereas
it is well known, that meat, without
falt, will in time become putrid, even
in the coldeft of them ; and that it will
putrefy nearly as foon in 98 degrees of
artificial heat in winter, as in the {fame
degree of natural heat 1n the fummer,
though in the latter cafe it will pro-
duce animalcula, and not in the for-
mer ; which furely can beowing to no
other caufe than that, in the fummaer,
the ova of animalcula are depofited al-
moft every where by the parent ani-
* Macbride Exper. 18, 19, 20.
mals,
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mals,-arid by the air; and that, in the
winter, thefe animals are either dead
or afleep, and confequently no ova are
any where to be met with. This opi-
nion I am the more confirmed in,
when I reflect, that, in making experi-
ments with putrid fuftances, which I
have been engaged in thefe feveral
years, I have always found that fewer
animalcula were produced, and with
greater difficulty, in the beginning of
the fummer, before the air was croud-
ed with infects, than in the latter end
of it, when they had multiplied ama-
zingly, though the degrees of heat
happened to be nearly equal at both
thefe times of the year.

But further; the do&rine of animal-
cula being the caufe of putrefaction,
“will, unavoidably, run the fupporters
of it into the abfurdities of equivo-
cal or {pontaneous generation, which
fome of them indeed have made no
{cruple of aflerting *: For we have
already thewn, that a part of an ani
mal or vegetable, which contained

* Omne animal ex putredine nafcitur. Kircher de

canf. pefl,
nomnc
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none of the feeds of animalcula, grew
putrid, when it was fo clofely thut up_
that none of thefe feeds ¢ould poflibly
find admigance toit. Now, if animal-
cula exifted here, they muft have been
generated {pontaneoufly; but fuch a
method of generation has been de-
montftrated, by the ableft philofophers,
to derogate from the power of the
Deity, and be incompatible with his
perfections. |
Thofe who maintain, that animalcu-
la are the caufe of putrefattion, fay,
that the feetid fmell, arifing from pu-
trid matter, 1s an effe& of the excre-
ment of thefe animalcula *. Butthis I
much fufpect, for feveral reafons: Firft,
becaufe it has been already proved,
that putrefaction really exifts, and is
attended with a feetid fmell, without
any animalcula ; which could not pof-
fibly happen, if this feetor depended

* Vid. Lewenh. arcan. natur. deteli. & Plenciz
Traciat. de contagis, cujus hec funtverba, Quare eadem
ratione qua obviis noftris fenfibus videmus aquas paludo-
fas ab his turbidas et male olentes rcdd:, admittere pari-
ter debemus, alia liquida, fi putrefcant ab infenfibilibus
ammalcuhs, eorum excrementis, et ovulis, turbida et
feetida evenire.

H 2 upon
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upon their excrement. Secondly, be-
caufe, even 1n thofe fluids where ani-
malcula exifted, I have never obferved
the fmell to be any way proportioned
to their number. And, thirdly, be-
caufe I have {feen water that had been
long kept in cifterns amazingly full
of animalcula, though it was tranfpa-
rent, and {melled perfeétly {weet.

EXPERIMENT XXVIIL

Though the proofs I had already
obtained would, perhaps, have con-
vinced any one lefs {fceptic in philofo-
phical enquiries, that animalcula were
only an effect, and not the caufe of
putrefaction, I refolved to profecute
my experiments ftill farther, and try
every thing which I thought had the
{malleft tendency either to prove or
difprove this doctrine. Therefore, in
order to fee whether putrefaction
would take place fooner in a piece of
meat immerfed into a liquid which
was crouded with animalcula, than
in another liquid which contained
none, I divided an ounce of freth

mutton



| 3ot ]

mutton into two equal parts. One of
thefe parts was put into a gallypot,
and fome pure water poured over it;
the othem was alfo put into a gallypot
along with fome of an infufion of
Leontodon, which had been kept about
a month, and was amazingly full of
animalcula. Both the gallypots were
then {et in a clofe warm room, where
they remained 48 hours. On examin-
ing them, the piece of mutton in the
fountain water was become confider-
ably putrid, fmelled difagreeably, and
had tinged the water about it with
a dirty blood-colour, fomething like
the wathings of meat ; but no animal-
cula could be difcovered in it.

The other piece of mutton, that was
covered with the infufion of Leonto-
don, feemed hardly to have fuffered
any change; neither was the li-
quor around it in the leaft bloody, or
altered from its original colour; and
the whole {melled exaétly as the in-
fufion had done before the mutton
was put into it. On examining {ome
of this liquor with the microfcope, not

H 3 one
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one of all that amazing number of
animalcula, which had formerly exift-
ed in it, could now be obferved.

As 1 had not fufpected that the ani-
malcula would have been deftroyed
in this experiment, that I might f{atis-
fy myfelf whether the mutton had
been the caufe of their deftruétion, I
let fall a few drops of a putrid infu-
{ion, much crouded with animalcula,
into the liquor, then in the concave
glafs of the microfcope, which was
that in which I fuppofed the mutton
had deftroyed the animalcula. On
viewing this mixture,as foon asI could
bring a glafs to a proper focus, a large
quantity of animalcula were moving
brifkly about in it. On obferving
them attentively, their motion foon
became more languid, and, gradually
decreafing, entirely ceafed in about
three minutes. I then mixed half an
ounce of the fimple infufion of the
Leontodon, with the fame quantity of
that infufion of mutton which had
been made in pure water. On exa-

mining
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mining a part of this mixture as faft
as I could, it was crouded with lively
animalcula. On examining a little
more of %, about half an hour after,
- not one could be difcovered in it.
Both the gallypots, with their con-
tents, were now fet on the outfide
of a fouth window. After they had
remained there about a week, a few
animalcula were difcovered in each;
but they feemed to be of a different
kind, and not near {fo brifk as thofe
which exifted in the fimple infufion of
the Leontodon, before it was poured on
the mutton.

- On examining now the two pieces
of mutton, that in the infufion of the
herb ftill continued perfeltly fweet
and folid; the other, in the pure
water, was almoft totally difiolved into
a naufeous putrid mafs.

This antifeptic power of the infufion
of Leontodon, though amazingly full
of animalcula, put me upon trying in-
fufions of feveral other green vege-
tables; all of which, withoutany excep-
tion, produced more or fewer animal-

H 4 cula,
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cula, and all were more or lefs anti-
{eptic, though this antifeptic power
feemed to be no way regulated by
the number of animalcula exifting
in the infufion; for I feveral times
found, that an infufion, crouded with
thefe animalcula, was a much ftrong-
er antifeptic than another, which con-
tained but few of them ; et vice verfa,

EXPERIMENT XXIX,

By the laft experiment, I had found,
that even a number of animalcula, as
large as could well be conceived,
when exifting in a vegetable infufion,
had not in the leaft accelerated putre-
faction ; but that, on the contrary, the
infufion, whether owing to them, or
to fome other caufe, had powerfully
refifted it. Irefolved, therefore, in or-
der to fatisfy myfelf further concern-
ing their agency in the procefs of pu-
trefaction, to fee if I could produce
them in a liquid, without making it
- undergo this procefs.

With this intention, I infufed fome
of the frefh leaves of Leontodon in

pure
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pure water, which had been boil-
ed a’ little before. When they had
lain in it one night, I rubbed them
all caref%lly againft each other, with
a view to brufh off from them into
the water the eggs of the animalcu-
la, which might be adhering to them.,
This done,. the water was {trained
through a thin cloth, put into an open
phial glafs, and expofed to the fun.
After it had ftood two days in this
fitnation, a confiderable number of
animalcula were obferved in it. They
increafed daily, and in ten days were
become almoft as numerous as I had
ever obferved them in any vegetable
infufion. The water, during this time,
had depofited an exceeding {fmall quan-
tity of a kind of filamentary fediment,
but continued always perfectly trani-
parent, nor ever had the leaft difagree-
able {mell.

By the 28th experiment it appeared,
that thefe animalcula, which were
produced in a vegetable infufion, had
no power to communicate putrefaction
to an animal fubftance; and by this

it
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it feemed plain, that thefe creatures
could be generated eafily in warter,
when their ova were depofited in it,
without the neceflity of the gvater go-
ing through any previous fermenta-
tion. It may, therefore, I think, {fafe-
ly be inferred from this, that the ani-
malcula produced by vegetable putre-
fa&ion, are not the caufe of animal
putrefaction ; and that, as they can be
evolved from their ova, without any
putrefaction, they are, therefore, not
effential, but accidental to it.

EXPERIMENT XXX,

As I had now found that putrid ve-
getable matter did not contaminate
frefh animal matter, I alfo refolved
to try whether putrid animal matter
would affet frefh vegetable matter.
~ For this purpofe, I put fome pieces
of frefh Leontodon into a cup of pure
water, and fome other pieces, taken
from the {fame plant, into another cup
of putrid infufion of mutton. After
they had ftood together about ten

days, I took the pieces of Leontodon
out
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out of the putrid animal infufion, and,
having wafhed them carefully wich
water, found that they looked as frefh,
and fmellgd as fweet, as the firft day
they were put into the infufion. The
other pieces, likewife, in the water,
were, as yet, perfectly {fweet; but, by
long keeping, began, at laft, to dif-
folve; as did alfo thofe in the putrid’
animal liquor, both, as nearly as I
could difcover, about the fame time.

EXPERIMENT XXXI.

I refolved next to try, whether pu-
trid vegetables had any power to ac-
celerate the putrefaction of frefh
ones. Accordingly, a piece of lactuca
virofa, newly taken from the ground,
was covered over with putrid ftraw-
berries. After twenty days, being ta-
ken out and wathed, it was as frefth as
at firft. It was then put again into
the fame putrid math, where, after it
had lain a month more, it was ftill
frefh, and the texture of its parts no-
thing injured. Another piece of the
fame plant was put into a putrid infu-

{ion



{ 208 1,

fion of Leontodon, and was taken out
nearly as green and {olid as when put
in, after having remained there about
fix weeks ; while a third piege, which
had been put, at the fame time, into
pure water, was now found much dif-
coloured, and almoft totally diflolved.

Notwithftanding that the lattuca
continued {o long frefh, when coven
ed with putrid vegetable matter, a
cabbage leaf, put into a parcel of fer-
menting garden weeds, began, in a
few days, to lofe its colour, and run
into the fame ftate; but, perhaps, if
thefe weeds had then gone through
their fermentative ftate, and been in

. a ftate of real putrefaction, the cab-

" bage leaf might have been longer pre-
ferved by them.

EXPERIMENT XXXII.

That putrid animal {fubftances, when
they come into contact with frefh
ones, accelerate their putrefaction, is a
fact already well known ; but I did not
know, whether the animalcula gene-

rated
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rated in thefe putrid animal {ubftan-
ces would have the {fame effect. 1
therefore colleted a parcel of maggots,
from a piece of putrid mutton, and
put them into a thin cloth; by pour-
ing frefh water repeatedly upon them,
I, at laft, got them intirely cleared of
all their fordes, and even of their
putrid {fmell. I then put a piece of
frefh mutton into a pill box, which I
had bored in the lid to admit the air,
and put the maggots to it. Another
piece of mutton, alone, was put into
another box of the fame kind, to {erve
as a ftandard. Onexamining the box
with the maggots, about twelve hours
after, fome of them feemed to be
dead, and others to be preying upon
the mutton ; but no ill fmell arofe
from them. About 18 hours after this
examination, I firft obferved a feetor
begin to iflue from the box with the
mutton and animalcula; and, on
opening it, found nearly one half of
them feemingly dead, and the reft
crawling about britkkly upon the
mutton, The piece of mutton in

the
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the other box did not begin to emit 2
feetid fmell, till about 15 hours after;
but the weather, during this ex-
periment, was rather cold, ¢hough it
was in the beginning of Auguft.

I do not chufe to draw any conclu-~
fion from this experiment, as it was
never repeated on account of its difa-
greeable nature.

EXPERIMENT XXXIIIL

As T had found, by the preceding
experiments, that animalcula could
not be produced without fome com-
munication with the external air, I
now proceeded to try, if thofe which
were already generated could conti-
. nue their exiftence without any com-
munication with it. For this purpofe, I
took fome of an infufion of rumexaceto-
{a, which was crouded with animalcu-
la; and, having filled a fmall phial with
it, corked it up hard, leaving no empty
{pace betwceen the cork and the infu-
fion, This done, it was fet in the out-
fide of a window, in the evening,
and examined next morning, about

ol ten
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ten o’clock ; but, after feveral repeated
trials, nothing living could be difco-
vered in it; though the dead bodies
of the ansmalcula, which had former-
ly exifted there, were plainly tobe feen.

EXPERIMENT XXXIV.

Another {fmall phial was now filled
with an infufion of mutton, and cork-
ed as the laft, being alfo fet in the
outfide of a window : it was examiin-
ed, after having ftood there two hours,
and found as full of lively animalcu-
la as before it was put into the phial.
I had not leifure to examine it again,
till about ten hours more had clapfed,
when they were all dead. This laft
examination was made with candle-
light. Left Ifhould have been deceived
by this method, it was repeated again
next morning; but {till nothing living
could be difcovered.

EXPERIMENT XXXV.

As I had not been able to hatch ani-
malcula in a clofely corked phial,
W though
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though it was more than two-thirds
full of air, I refolved to try, whether
thofe, already alive, could continue
their exiftence in a phial ofe&his kind.
Accordingly, I putabout two drachms
of the infufion of mutton, made ufe
of in the laft experiment, into an
ounce phial, and corked the phial as
clofely as I could. This was done
about mid-day, and the contents of the
phial were examined in the evening,
when the animalcula were all as live-
ly as betore they were put into the
phial. The next morning they conti-
nued ftill lively. 1 then filled the phi-
al quite full, and corked it. In the
evening the liquor was examined a-
gain, when the motion of the animal-
cula appeared fomething more lan-
guid than at the preceding examina-
tions, The following morning, they
feemed as brifk again as ever. 1then
corked and fealed the mouth of the
phial, and allowed it to ftand two days ;
after which, I found them {till alive
and brifk. The phial was then cork-

edagain, but not fealed, and examined
after



[ #5 ]

after about fixteen hours, when they
were all dead. Whether this was ac-
cidental, or whether the natural pe-
riod of - tlgeir exiftence was arrived, I
thall not pofitively determine ; though
I think the latter could hardly be the
cafe, as they continued ftill alive in
the infufion of mutton, from whence
that which filled this phial was
taken *.

Notwithftanding what I ‘have now
related, as it is afferted both by
Buffon and Needham, that animal-
cula, or living organized bodies, as
Buffon calls them, were generated
in almoft every animal and vegetable
fubftance, though inclofed in phials,
and excluded, in the exateft manner,

from the air }. 1 refolved to puth
thefe experiments a little further,

which was done as follows :
E X-

* It is poflible there may have been a rent in this
phial, by which air was admitted into it, for 1 have
feveral times fince tried this experiment, and the animal-
cula never lived above 24 hours.

t J'etois donc affuré par les experiences que je viens de
rapporter, que les femelles ont, comme le males, une
liqueur feminale qui contient des corps en mouvement :

Je
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EXPERIMENT XXXVL

An infufion of pepper in water being
mentioned by Buffon, ang {everal
others, as one of thofe things that are
moft fruitfully productive of animal-
cula, I put a little of it into a fix ounce
phial, and having filled the phial up
with pure water, corked it as firmly
as I could. This infufion was care-

Je m’etois confirmé de plus en plus dans 'opinion, que
ces corps en mouvement ne font pas de vrais ammaux,
mais feulement des parties organiquesvivantes: Je m’etois
convaincu que ces parties exiftent non feulement dans les
liqueures feminales des deux fexes, mais dans la chair
meme des animaux, & dans les germes des vegetaux ; &
pour reconnoitre fi toutes les parties des animaux, &
toutes les germes desvegetaux contenoient aufli des parties
organiques vivantes, je fis faire des infufions de la chair
de differens animaux, & de plus de vingt efpeces de graines
de differens plantes. Je mis cette chair & ces graines
dans de petites bouteilles exaétement bouchées, dans lef-
quelles je mettois aficz d’eau pour recouvrir d’une de-
mipouce environ les chairs, ou les grames & les ayant
enfuite obfervées quatre ou cinque jours aprés les avoir
mifes en infufion, j’ eus la {atisfaction de trouver dans
toutes, ces memes parties organiques en mouvement ; les
unes paroifloient plus tot, les autres plus tard, quelques
unes confervoient leur mouvement pendant des mois en-
tieres, d’autres cefloient plus t6t; les unes produifoient
d’abord de gros globules en mouvement, qu’on auroit pris-
pour des animaux, & qui changeoient de figure, fe fepa-
roient, & devenolent fucceflivement plus petits,
Bufton-Fifisire Naturclle, tom, i1, p. 255. 4to.

fully
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fully examined every day, for the
{pace of eight days, with all the differ-
ent glafles I had ; but no animalcula,
nor any ®hing refembling the living
organized bodies of Buffon, could ever
be obferved in it. It was then ex-
pofed uncorked to the open air, and
examined every two or three days, for
the {pace of a month; but no living
thing was ever generated in it

FEXPFPERIMENT XXXVIL

As 1 could hardly believe that fo
expert a naturalift as Buflon could be
miftaken in what he aflerts to have
{feen fuch a repeated number of times,
that I might fatisfy myfelf ftill fur-
ther, I infufed feveral fmall quanti-
ties of pepper into feveral phials of
water, fome of which were full,
others half full, and fome again one
third full; yet no animalcula could
ever be difcovered in any of them, nor
any thing that had any motion, but
what was imprefled upon it abextra.

Thefe phials were kept clofely cork-
ed two months: on opening them,

I 2 and
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and keeping them a week longer,

fome animalcula were generated in
them. .
¢
EXPERIMENT XXXVIIL

I next tried the jelly which came
from {everal forts of roafted meat,
which, when I left it in the open air,
never failed to be crowded, in a few
days, with animalcula; but, when-
ever it was clofely fhut up in phials,
whether they were full, half full, or
in any degree from that downwards,
none could ever be obferved 1n it, by
the fevereft fcrutiny, though fome of
the phials were kept feveral months.

In this fruitlefs enquiry, as I had
never been able to detet thefe felf-
moving particles, or corps orgamiques
wvivantes, 10 frequently ifeen both by
Buffon * and Needham t, I fhould
have f{ufpected the goodnefs of my
glafles, had I not compared them with
{everal others, and found them among

* Buffon Hiffoire Naturelle.

+ Needham Gbfervat, aver le Microfeape.
the
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the beft; and had I not alfo been al-
ways able eafily to difcover the ani-
malcula in every one of thofe mix=.
tures that were expofed to the air,
even with the fmalleft magnifier I
had.

For thefe reafons, though I am not
willing to differ from fo expert obfer-
vators as Buffon and Needham, yetI
cannot help thinking, that there muft
have been either {fome deceptio vifus, or
inaccuracy in the experiments them-
felves. If, for inftance, the bottles
made ufe of were not {o exactly cork-
ed, as that nc poflible communication
could exift between their contents and
the atmofphere, either the ova of ani-
malcula, which in the fummer are
every where floating about, might get
into .them and {fo be hatched, or, if
thefe ova were previoufly contained in
the ingredients before they were put
into the bottles, they would in this
cafe alfo be hatched, provided any in-
tercourfe was left between the con-
tents of the bottles and the circulat-
ing air, either by their not being fuf-
23 Iz ficiently
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ficiently corked, or by {mall rents ex-
ifting in them.

Needham, in order to obviate, as
he thought, the poflibility &f animal-
cula or their ova exifting in the li-
quors upon which he experimented,
took the droppings of feveral {orts of
roafted meat, in which he was fure
that the fire had deftroyed all the feeds
of life, and infufed them for {ome
days in water, clofely thut up in fmall
phials, and yet found animalcula ge-
nerated in all of them. But even this
experiment is far from being conclu-
five; for it appears from his own
words ¥, that he did not make ufe of
thefe droppings till after they had
turned to a jelly, which muft necef-
farily have been in a place removed
from the fire, and probably in the
open air. Now, as I have obferved
above, it fcems almoft evident that
in the fummer the feeds of animal-
cula are every where floating about in

* Ayant donc pris de la gelée de veau & d’autres
viandes grillces & roties,  Need, Obfervat, avec le

J&ﬁc ﬂy?.".‘ﬂpf |
the
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the air, and continually depofited
upon all things around us, though
they are never hatched but when they
happen & alight upon a proper nidus:
it is therefore highly probable that
thefe jellies, before they were fhut up
by Needham, had received a number
of the ova of animalcula in this man-

ner, during the time that they were
cooling ; which ova might, by an ex-
tremely {mall communication with
the circulating air, be afterwards
hatched into animalcula; or, if the
phials into which thefe jellies were
put, were not carefully and immedi-
ately wafhed with boiling water, be-
fore the liquors intended to be experi-
mented upon were put into them,
then the bottles them{felves would con-
tain the feeds of animalcula. But,
even allowing any of thefe to have
been the cafe, fome fmall intercourfe
with the external air appears, from
feveral of the above experiments, to
have been eflfentially neceffary, not
only to the receiving at firft, but alfo

I 4 to
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to the continuation of the lwmg prin-
ciple.

It may be Db_]ﬁ&ﬂd hme, that the
animalcula i femine mafculith &> femi-
numo *, {eem not to be generated from
the ova of animalcula taken in with
our food, and are alfo {o clofely thut
up in the weficule feminales, that they
can hardly receive any air, and yet
their exiftence has never been denied.
Whether the original {eeds of thefe
animalcula enter into our bodies from
without, or are generated within us,
i1s, what we are as yet, and perhaps
ever will remain ignorant of. But it
appears from experiments, that there
is a confiderable quantity of claftic air
in every part of a living animal };
and it does not {feem inconfiftent with
reafon, that the animal fluids, in
which animalcula are generated,
thould communicate fome of their air
to thefe animalcula as a kind of pa-

* Both Buffon and Needham fuppofe a female as well

as a mgle femen, becaufe they found the {ame animal-
gula exifting in each of them.

t Hale’s Stat. exper,
bulum
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bulum to their exiftence; at leaft, I
think we may {fuppofe, that a circulat-
ing or moving fluid can communicate
this air fore effe@ually to its inhabit-
ants, than a ftagnating one, whofe
motion 1s almoift entirely ftopped by
being thut up in a phial, and which,
perhaps too, contains lefs of this elaftic
aIr 1n its compofition.

Having by the preceding experi-
ments fully proved, that animalcula
cannot be generated, nor exift without
fome communication with the open
air, I now went on, to make {fome
trials, with a view to difcover by what
things thofe already exifting were
moit eafily deftroyed. But, before I
relate thefe trials, I think it neceflary
to obferve, that any thing which kil-
led the animalcula generated in one
animal or vegetable infufion, killed
thofe alfo generated in any other with
the {fame eafe; and any thing which
did not kill thofe generated in any one
animal or vegetable infufion, never
killed thofe generated in any other:
fo that it would appear, though

thefe
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thefeanimalcula feem tobe of different
genera and {pecies, that the fame
things are noxious or falutary to the
whole of them *, ¥

EXPERIMENT  XXXIEX.

I filled the concave glafs of my mi-
crofcope, which held about a tea-
{poonful, with an infufion of feveral
different plants, crouded with animal-
cula, and put into it one grain of the
powder of Peruvian bark. As {foon as
the bark fubfided, I faw the animal-
cula, very diftinétly, running about
as brifkly as before ; in about ten mi-
nutes their motion became more lan-
guid, and in lefs than a quarter of an
hour they wereall dead. I then putfive
grains of bark into two ounces of this
infufion. FiveminutesafterIexamined
fome of it, and found the animalcula
moving about flowly: twenty minutes

* The author does not mean here to affirm, that any
thing which does not kill the animalcula generated in one
animal or vegetable fubftance, cannot poflibly kill thofe
generated in another, but only that it happened fo in
all the trials he made.

after,
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after, they were all dead. This li-
quor was then fet in the open air,
and, after having ftood aboutr three
weeks, ®as again examined, and 2
numerous brood of animalcula again
found in it, though not quite {o many
as before,

EXPERINMENT XL

The concave glafs of the microfcope
was again filled with an infufion of
the fame plants: an almoft impercep-
tible bit of corrofive fublimate was
dropped into it; but, though the focus
of the glafs had previouifly been ad-
jufted to the animalcula, before I
could bring my eye to a proper diftance,
fo as to fee through it, they were all
dead.

Calomel was tried next, and gene-
rally killed the animalcula in about
feven or eight minutes; but crude

mercury never had the fmalleft effect
upon them.
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EXPERIMENT XLIL

Camphor, being tried fevezal times,
always killed them in lefs than five
minutes, though an extremely {mall
portion of it can only be difiolved in
any watery menftruum.

EXPERIMENT XLIL

Common {ea falt, in the quantity of
a grain, to 'the full of my concave
glafs of the infufion, killed them in
lefs than two minutes; if the pro-
portion of the falt was greater, it
killed them almoft inftantaneoufly *.
All the other faline {fubftances which
I tried, deftroyed them fooner or later,
according to the different ftrength of

thefe fubftances. -

EXPERIMENT :XLIIIL

Sulphur killed them, but {flowly, and
fometimes not in lefs than a quarter
of an hour., This I fufpelted was

¥ Needham alfo found that fea falt deitroyed animal-

cula, :
| owing
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owing to its being almoft indiffoluble
in cold water, while in its pure and
‘unmixed ftate; and I was confirmed
in this ofinion, by making trial of a
folution of hepar fulphuris, which
generally killed them in two or three
minutes.

EXPERIMENT XLIV.

A few drops of oil being put into
a phial of water, which conrtained a
number of animalcula, and the phial
agitated a little, {fo as to mix the oil
and water imperfeétly together; on
examining it the animalcula were all
dead. A fmall phial being alfo filled
nearly full of water, which was
crowded with animalcula, and a little
oil poured on the top of this water;
after it had ftood a night, the animal-
cula were all dead. 1In this cafe, the
oil appears to have operated by ex-
cluding the circulating air, in the
fame manner as a cork would have
“done.

E X-
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EXPERIMENT XLV.

Solutions of Irifh and Caftile foap
were next tried.  All of thert deftroy-
ed the animalcula in times propor-
tioned to their different ftrengths.

EXPERIMENT XLVIL

Of all the different things which I
tried for the deftru®ion of thefe ani-

malcula,lime-water{eemed tohave the
moft inftantaneous effet. One fingle
drop of it let fall, by the help of an
affiftant, into the concave glafs, while
I beheld them moving brifkly about,
transfixed them in a moment, and
made them fall motionlefs to the bot-
tom; and this always happened as
often as I tried the experiment.

EXPERIMENT XLVIL

I put about a fcruple of Rappee
fnuff into a fmall gallyport, along with
an infufion which was crowded with
animalcula : after it had ftood a night,
it was examined, and the animalcula
found as brifk and lively as before.

6 From
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From this time, it was examined
“every day, for about a week ; but no
change could be obferved to have hap-
pened to ghem. A drachm of tobacco
was then cut down, and put into an-
other infufion which was full of
animalcula ; in this mixture alfo they
lived, and feemed brilk till it was al-
moft wholly evaporated.

Tobacco has generally been fup*
pofed to deftroy all infets; it would
therefore feem that animalcula are
not of the fame nature with infe&s,
as they can live in it with impuniry.

There are, doubtlefs, a variety of
other things, befides thefe I have
mentioned, which would deftroy the
animalcula bred in putrid infufions ;
but as the deftroying them in this
manner can hardly lead to any ufeful
inference in the healing art, I fhall
not profecute it any further; nor
thould I have faid {fo much concerning
it, had not curiofity drawn me on
from one trial to another, till I had
made all thofe I have now related.

I thould

!
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T {hiould now proceed to draw a few
of the inferences which more obvi-
oufly refult from an examination of
the above experiments. Bug before I
enter upon that fubjedt, it will, I
hope, not be deemed foreign to my
purpofe, to make a few obfervations
upon fome of the arguments and
proofs employed by thofe gentlemen
who make animalcula the caufe of
putrefaction.

Here 1 fhould naturally begin with
Kircher, the founder of this dorine ;
but, as his arguments and proofs,
though ingenious at the time they ap-
peared in the world, have moft of
them been already exploded in thefe
Iatter times, when we have become
more intimately acquainted with na-
tural hiftory, and have a f{yftem of
philofophy better eftablifhed by expe-
riments. I {fhall only mention a few of
them; and am perfuaded, that to
mention them, will be fully fufficient
to fhew that they are not of confe-

quence
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quence enough to deferve any {erious
examination. : A0

His firlt reafon, why he thinks ani-
malcula age the caufe of putrid dif-
eafes, is, becaufe he had feen not only
all kinds of infes, but likewife va-
rious morifters of the venamous kind, .
generated in the interior parts of the
earth: 2d, Becaufe water inclofed in
a veflel, and expofed to the fun, was
found to have bred animalcula; and
becaufe worms - are generated in the
human ftomach and bowels: 3d, Be-
caufe, according to him, there is no
fpecies of plant which does not gene-
rate a worm peculiar to itfelf, when
it becomes mouldy: 4th, Becaufe the
dead carcafles of animals have a won-
derful power of producing worms *;
5£0, %ﬁiﬂ agqua per vaporem eiawam, aer,
grando, mix, vermibus [featent: 6to, Quig
aullum vivens ali poteft nife ex s rebus, que

quandoque

* Here I'beg leave to obferve, that this happens only
in certain degrees of heat and moifture, and when fuch
fubftances have fome communication with the atmo-
fphere, as appears by the 27th experiment, and fome

K other
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quandoque wita wmbute fuerint; ita nullum
quoque corrumpi poteft, mift ex us rebus que
quandoque vitam babuermt.

I thall now juft mention one or two.
of his experiments, by Wwhich the
reader will fee, how a perfon, fond of
an hypothefis, will often torture faéts,
in order to make them quadrate with
it. In his firft experiment, he fays,
that if you leave a piece of flefh, expo-
fed for a night to the moifture of the
moon, and examine it with a micro-
fcope next morning, you will find. it
to have degenerated, by the influence
of that planet, into an innumerable
quantity of putrid worms.

In his fecond experiment, he fays, if
a ferpent be cut into fmall parts, put
into rain water, expofed for {ome
days to the fun, and then buried 24

other trials of a fimilar nature which I have fince made,
one of which is as follows : I buried a pound of frefh beef
in a pot of earth, which I crammed as hard around it as
I couid 5 when it had lain three weeks, I took it out,
and found its texture almoft totally difficlved, its fmell
extremely offenfive, but could difcover no animalcula
upon it, though it was in the middle. of fummer.

hours
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hours in the earth, a great number of
little ferpents will be difcovered in it
by the microfcope. I muit beg leave
here to gbferve, that this experiment
proves no more, than that every ani-
mal fubftance, macerated in water,
produces animalcula when expofed to
the air; but that thofe have any re-
femblance to that animal from whofe
fleth, they were generated, feems
rather fabulous ; though not long ago
it was an opinion, that not only ani-
mal infufions produced animals like
thofe whofe fleth was infufed, but
that vegetable infufions alfo often pro-
duced falts which fhot into chryftals
refembling the plants from which
thefe falts were obtained *. Several
animals indeed have a power of re-
producing certain parts of their bodies
when taken away, and, being divided
into various parts, they have a power
alfo of producing intire and perfect
animals from thefe fections of their
bodies ; but, in fuch cafes, the life of

; ;ﬁ m-dl BQF}E: :
K 2 none
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none of thefe fetions muft be de
ftroyed *. |

The. reft of his experiments I fhall
not take the trouble to examne: they
are all nearly of the fame nature with
thofe I have already related, and tend
to prove nothing more, than that ani-
malcula are frequently generated in
almoft all putrid fubftances; which is
a falt, although well eftablithed, yet
widely different from their being the
caufe of putrefaction ; for, whatever
is the caufe of any effeét, muft necef-
farily 'and indifpenfibly exift before
that effet can be’ produced.. Now I
Irave fhewn above, that putrefaétion
can exift, withall its ufual phenomena
and effeéts, ~without —animalcula;
therefore they cannot reafonably be
fuppofed to be the caufe of it. _'

The eclebrated Linnaeus;, who; by
his ingenuity and labour, has not
only methodifed natural hiftory, but
alfo enriched 1t with obfervations, has
likewife favoured the doctrine of ani-

# Spallenzani on animal reproductions, :
malcula
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malcula being the caufe of putrid
difeafes. It is with deference that I
oppofe my opinion,to that of a perfon
fo defergedly famous over all the
learned world ; which indeed 1 {hould
not have done, had I not been doubt-
ful, whether all the arguments and
facts which he has advanced in fa-
vour of his hypothefis are fufficient
to put it beyond doubt. Although
animalcula be difcovered lurking
near the fides of the puftules in the
itch ; although the itch be generally
cured by fuch things as are deftruc-
tive to animalcula; does it from
thence naturally follow, that animal-
cula are the caufe of the itch?

The following reafons, I prefume,
make it extremely doubtful. Firft,
Qil, fo far as I have hitherto tried it
myfelf, or can depend on the teftimo-
ny of others, kills all kinds of ani-
malcula ; but oil rather feems to ex-
afperate than alleviate the {ymptoms
of the itch, which it ought not to do
by the hypothefis, feeing it is noxious
to animalcula.

K'3 Second,
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Second, Solutions of Irifh orCaftile
foap deftroy all kinds of animalcula,
either bred in putrid fluids or folids :
thefe fthould therefore be a, cure for
the itch ; but experience teaches that
they have no fuch power.

Third, As all the exanthematous
difeafes are fuppofed by Linnaecus to
arife from animalcula, and as muifk
is reckoned by him an effectual pre-
fervative againft thefe difeafes, it
thould therefore follow, that muik
thould be deftruétive to thefe animal-
cula, or, ‘at leaft, hinder their gene-
ration ; but it neither does the one
nor the other: for I mixed mufk, in
various quantities, with feveral fluids
which contained animalcula, but
never could obferve that it deftroyed
any of them; and fmall quantities of
it put into water always generated an
amazing number of them in a few
days. '

This reafoning will extend equally
to all ‘the putrid, exanthematous, and
other cutancous diforders. For, if they
all depend on the fame caufe, viz.

ani-
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animalcula, they muft all neceflarily
yield to the fame method of cure:
and therefore, 1n fuch cafes, whatever
kills ‘animalcula muft be a {pecific,
fuch as !nercur}r * lime-water, {ul-
phur, oil, foap, and a variety of other
things ; but this does not happen in
practice; therefore the hypothefis can-
not be right.

But further: though Linnaeus {up-
pofes this hypothefis to be the moft
probable of all thofe that have hither-
to appeared, yet he does not {ay, that
he himfelf has feen the animalcula
which are the caufe of, and exift in
putrid exanthematous eruptions 7:
and indeed, if we were moft indubi-
tably certain, that the gentlemen,
whom he has quoted as the difcover-
ers of them, had made their obferva-
tions without any pofiibility of being
deceived, which I am far from think-
ing to have been the cafe; yet, if they

* See the foregoing experiments,

+ Viditilla (fcil. animalcula) in morbillis Langius; in
pefte Kircherus; in {yphilitide (limacum fimilia) Haupt-
mannus ; in petechiis Siglerius ; in variolis Lufitanus &
Procellus. Ameznitat. Academ. tom. v, p. 94.

K 4 | were
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were only {een in a few extrdordinary
cafes, thefe will make but little to-
wards afcertaining the hypothefis; for,
before we can fix upon any thing as
the efficient caufe of an eﬂ’e%zt-, it muft
not be occafionally, but conftantly
prefent whenever that effect 1s pro-
duced. But I think I am pretty cer-
tain, that, although animalcula'may
{fometimes be found in exanthema-
tous eruptions, and dyfenteric ftools,
they are far from being common in
either; and therefore, all that can be
fairly inferred from their prefence, is,
that they are fometimes an accidental
fymptom in thefe diforders.

In looking over the hiftory of dif
eafes, one will find a great number of
extraordinary and uncommon {ymp-
toms, which have now and then at-
tended them. But [ know no attempt
that has hitherto been made, in order
to perfuade mankind that the caufes
which have once produced thefe
{fymptoms muft always neceflarily
exift in every difeafe where they have
once been obferved. It would there-
' fore
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fore f{eem, that the fame identical
caufe, which, on fome extraordinary.
occafions, has produced worms in dy-
{fenteric f‘@als, 1s by no means always
neceflary to produce the dyfentery it-
felf, as it can evidently exift either
with or without this {fymptom.

I thall not pretend here to ‘confider
every thing particularly which Lin-
naeus has alledged in {upport of his
hypothefis. All that I have furcher to
obferve 1s, that he feems to think the
long prefervation of contagion in fkins,
linen, and other cloaths, and its bein g
in this manner tranfported from the
moft diftant regions, may be better
explained by fuppofing this contagion
to be the ova of animalcula, than by
confidering it as any other kind of
matter. That the ova of animalcula
may be kept long frefh, and ina ftate
fit for being hatched, not only feems
poilible, but is alfo confiftent with the
experience of feveral authors *: but I
can hardly think that even this affords

* Mead or the plague, Marc. Anton. Plenciz.
Baker’s microfcope made eafy,

any
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any proof of their being the caufe of
contagion, as we have many other
things in nature which will alfo keep
long, and ftill continue in fpich a ftate
that they will act almoft in the fame
manner as when recent. Of this kind
is yeft, and many more which might
be mentioned. But I fhall finith what
I have further to obferve concerning
the arguments which have been ufed
in fupport of the animalcular hypo-
thefis, with a few firiGtures on fome
parts of the Tralfatus de Contagio of
Marc. Anton. Plenciz.

This author has carried his ideasof
contagion, by means of animalcula,
and their ova, much farther than any
other that T know of; and has even
gone the length of affirming, that
every animal and vegetable {fubftance,
in every part of its compofition, ne-
ceflarily ‘contains either animalcula
or their ova ; and that either of them,
when they meet with a proper nidus
and pabulum, are multiplied almoft
ad infinitum, and {fo produce putrefac-
tive exanthematous diforders.

As
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As a corroborating proof of this
aflertion, he cites the authority of
Buffon, who I {fuppofe was led into
that opinion by {ome of his experi-
riments, % hich I have already men-
tioned; and alfo an experiment of
Lancifis, where he fays, that ani-
malcula were plentifully generated in
a phial that was filled with nut water,
and hermetically fealed. I have al-
ready obferved, that I doubted fome
inaccuracy had taken place in the ex-
periments of Buffon, and muft do the
fame with regard to this of Lancifis,
as 1 am pretty well convinced, from
repeated trials of the fame nature,
that no animalcula are generated in a
phial that is well corked, whether it
contain nut water, or any other mix-
ture ; and far lefs will they be gene-
rated in one that is hermetically feal-
ed.

He thinks he i1s certain alfo, that
animalcula exift in all kinds of pus ex-
creted from the human body, though
he does not {fay that he has examined
this matter, and {feen them there him-

felf.
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felf. ButI cannot help doubting of
the truth of this likewife, as I have
repeatedly examined pus from various
{ores, and {eldom found gnimalcula
in it; but, when I did find them, they
were always large enough to be vifible
by one of the middling fort of magni-
fiers; {o that I can hardly doubt, if
they had exifted in every quantity of
pus which I examined, but I muft
have detected them ecither by one of
thefe glaffes, or by the finer ones.

He allows, that animalcula may ex-
ift without putrefaction; but denies
that putrefaction can exift without
animalcula ¥, This laft affertion is,
however, proved to be erroneous, by
{everal of the preceding experiments ;
and this proof is one of the ftrongeft
arguments which can poffibly be
brought againft the animalcular hy-
pothefls.

His method of accounting for the
fmell of putrid fubftances is, by fup-

# Sed hoc adverfariis noftris concedere non pofflumus,
quod putredo abfque tali materia animata efle poffit.
Trall. de Contagio.

poling
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poﬁng_it to arife from the excrement
of animalcula *. This feetid {mell,
he fays, takes place in all putrid bo-
dies, excegt wood. But wood, by his
own confeflion, as well as by the te-
ftimony of feveral others, is fully as
much' crouded with animalcula, when
putrid, as any other {ubftance .
Therefore, by the hypothefis, putrid
wood ought to fmell as feetid as any
other putrid body; but it does not;
therefore the hypothefis muft be
wrong, or the wood animalcula muft
void no excrement, or their excre-
ment muft have no fmell. That they
{hould void none, is hardly confiftent
with the laws of animal life, {o far as
we are acquainted with them; that it
thould not fmell feetid, if that of
other animals in putrid fubftances
{mell fo, is hardly to be credited or
accounted tor.

Our author {feems much at a lofs
how to extricate himfelf when he

* Et quod ab his experimentis, fluida quz putrefcunt,
turbida feetida reddantur,  Idem 77aé?. de Contagia,

- 4+ Lewenh. in epift. ii. ad Domin. Herman. Van
Zogle. Ray’s Wifdom of God in the Creation.

COIIIES



ool e

comes to confider the objedtion by
which it is alledged, that animalcula
are the eflect, and not the caufe of
putrefaction. Af qui pertinagiter contra=
rie (inquit) adberent fententie, aliud in bis
Jom adductis argumentis non invemmunt effu-
grum quam quod dicant, vermculos tllos, qui
wn rebus. putridis obfervantur, effe effeltum
putredmis, non wero ipfam putredinem,
adeoque putredo debeat effe aliguid aliud, <
ab alio principio dependere.  Verum quale
diud  prancipium: fit, wm quo wvero putredo
confifiat, non determunatur, neque determs-
nart poffit s nam fuperius jam oftendimus, in
illis que adverfaru afferunt, veram naturam
putredims conflitur nom. poffe; igitur mibnl
Supereft mify materia quedam ammata, per
quam putredo conflituitur. 'This paflage
affords a view of an argument of the
{trangeft nature I ever met with. To
fay, that becaufe putrefaction, or be-
caufe any one thing you pleafe, does
not conit of this, or of that, there is
therefore nothing elfe in the creation
left for it to confift of, is by no means
talking like a philofopher; who,
if he has made any proficiency in that

{cience,
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{cience, muft be confcious how fmall
a portion of the works of the greatau-
thor of nature fall within the limited
{pan of his knowledge.

Upon the whole, this author feems
to have been a little too fond of his
hypothefis ; and, in order to prove it,
has laid hold of, and adapted to his
purpofe, every thing he could meet
with, that had the {fmalleft relation to
the exiftence of animalcula in putrid
fubftances, but has not advanced one
fingle experiment of his own ; relying
wholly on the obfervations and rela-
tions of others, with regard to which
he has been abundantly credulous.

Having now, I flatter myfelf, {hewn
the infufficiency of fome of the lead-
ing arguments made ufe of by thofe
gentlemen who favour the opinion
of animalcula being the caufe of pu-
trefattion, I fhall proceed to draw a
few more conclufions from the above
experiments, and to give a fummary
view of what has already been faid i
th-iS: Ch&ptﬂr.a

By
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By the 22d and 25th experiments it
appears plain, that putrefaction can
take place, either in an animal or vege-
table body, without produging any
animalcula *. Whence it follows, that
if, in any fingle cafe or circumftance,
it can exift without them, they are not
the efficient caufe of it; but they are
{o far from being the efficient caufe
of putrefaction, that a piece of filk,
or cloth, tied over the putrefying
{fubftance, 1s only required to keep
them from being generated in it.

By the 27th experiment it appears,
that though the ova of animalcula ex-
ift in any folid or fluid, yet they can-
not be hatched without the affiftance
of the external air; and that even a
pretty large quantity of inclofed air is
infufficient for this purpofe, farther
appears, from fubfequent trials, as
mentioned in the {fame experiment,

It would feem, however, that an
exceeding fmall quantity of freth cir-

# Moarc. Anton. Plenciz. in his Trac?atus de Cintagis,

exprefsly denies this.
+ Spectacle de la Nature, tom. i. p. 15.

culating
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culating air is fufficient to allow a vi-
vifying principle to be communicated
to thefe ova; for animalcula were
plentifully generated in a {mall quan-
tity of Le8ntodon and water, in the
fame large bottle with which I had
experimented before, when, inftead
of being clofely corked, a piece of to-
bacco-pipe-ftopper was introduced
through the middle of the cork, fo
as to open a {mall communication
with the external air: from which
I think we may fafely infer, that
wherever animalcula exift, whether
in folids or fluids, their exiftence is a
proof that there is circulating air in
the place where they are found.

Nothing can be more natural than
to conclude, that, if animalcula are
the caufe of putrefaction, this procefs
will be accelerated by bringing a
number of them into contact with any
putrefcible fubftance ; but by feveral
of the preceding experiments the di-
re¢t contrary happened; therefore
they have no fuch power.

L ‘But
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But further: if they are the caufé
of putrefaction, as the caufe and the
effe¢ muft neceflarily co-exift to-
gether ; therefore we muit conclude,
that wherever putrefaction exifts, ani-
malcula muft exift alfo. This we
have already found not to be the
cafe; but it will follow from this
propofition, that, wherever animalcula
exift, putrefaction muft exift alfo. This
too does not happen; for we have
found, by the 2¢9th experiment, that
they were generated as plentifully
where no figns of putrefacion could
be difcovered, as where 1t took place
in the moft obvious manner.

Nor thould animalcula only be co-
exiftent with putrefaction, but pre-
vious to 1t, if they are the caufe of it:
which however feems not to be the
cafe ; for, after the moft careful exa-
mination, I have always found the pu-
trid fmell at leaft {feveral hours
before I could obferve any animal-
cula, unlefs where they exifted in the
ingredients previous to their running
into a putrid flate,

| We
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We have already feen that putrid
vegetable matter ftrongly preferves
animal fubftances from putrefaction.
By the 28th experiment we have alfo
feen that putrid vegetables, when
they have finifhed their fermentative
procefs, do not haften the putrefac-
tion of frefh vegetables. Neverthelefs
it would feem, by the 32d experiment;
that the maggots generated in putrid
animal matter haftened the putrefac-
tion of freth animal matter. Buit,
though the maggots then made ufe of
were carcfully wafhed, they might
ftill retain {fomething of the putrid
colluvies from which they were
taken; or poflibly thofe of them
which feemed dead might have run
into the putrid ftate, and been the oc-
cafion of the fmell which was fup-
pofed to have arifen from the mutton.
But, thould we even allow that thefe
maggots were the caufe of this piece
of mutton becoming putrid {ooner
than the other, even then it is not a
fufficient proof that animalcula are
the caufe of putrefaction, as the mag-
L 2 &ots
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gots made ufe of were a much larger
{pecies of creatures, and of a nature
different from thofe almoft invifible
ones upon which putrefactign is faid
to depend by the gentlemen who fa-
vour this hypothefis.

The greateft part of authors who
have wrote concerning the animal-
cula generated in putrid animal and
vegetable matter, feem always to
have confidered them as neceflarily
exifting there, independent of circum-
ftances. Were this really the cafe, it
would be a ftrong argument in favour
of the animalcular hypothefis; but,
as we have already feen, that, befides
the animal or vegetable matter itfelf,
the circumftances of heat, moifture,
and feafon are alfo neceflary towards
their generation, their exiftence proves
nothing. But, left what 1 mean by
feafon being neceflary towards the
generation of animalcula fthould not
be underftood, I fhall explain it by re-
peating an obfervation already men-
tioned, viz. that, at any of thofe de-
grees of mnatural heat which we
| generally
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generally have during the fummer,
animalcula will be plentifully gene-
rated from animal or vegetable matter
during tlgt feafon ; but in the win-
ter, let any of thefe degrees of heat
be artificially raifed, let animal or
vegetable matter be placed in them,
and no animalcula will be generated *.
And indeed, from all the trials I have
hitherto made, no animalcula have
been generated during this month (De-
cember 1768) in the {fame mixtures in
which they were plentifully generated
laft fummer, though I have tried
every degree of heat from 5o to 8o of
Farhenheit’s {cale: hence it appears,
that animalcula are only an attendant
on putrefaction for one part of the
year in our northern climate; and

* Infufions of pepper, of Leontodon, and of animal
matter, from all of which I never failed to obtain ani-
malcula laft fummer, being repeatedly tried this winter, in
various degrees of heat, never once produced any. Since
thefe experiments were made, I have been told by a gentle-
man, that he has produced them in hay in the winter; and
Mr. Ellis, in the Philofophical Tranfaétions for the
year 1770, fays, that he produced them from infufions of
potatoes. As I made my experiments with all the accu-
racy I could, the matter with me is ftill doubtful.

L 3 therefore
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therefore cannot be the caufe of it, as
it attacks the living fubje& indif-
criminately at all times of the year,
and the dead one alfo, though in the
winter it comes on more ﬂévly_ than
in the fummer. S

CHAP,
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CHAP, IX

Some attempds to difecover whether the lofs of
the fixed air contained in bodies, be the
caufe of thewr decompofition and putrefac-

HE illuftrious Sir Ifaac Newton

was the firft who, among many
other important difcoveries, demon-
ftrated, that fixed air was an ingre-
dient in the compaofition of almoft all
bodies.

But the hints given by Sir Ifaac on
this fubjeét {feem to have been but
little attended to, till the learned Dr.
Hales further elucidated them, not
only by fhewing that fixed air was a
part of the compofition of almoft every
animal, vegetable, and mineral, but
that it could likewife be obtained
from them in various manners ; that,
with regard to gravity and elafticity, it
had {fome affinity to the common air
of the atmofphere, but differed from
”' | L 4 it
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it in being totally unfit for refpira-
tion *, .

From the hints of thefe great men,
Dr. Macbride, in his late ingenious
eflays, has endeavoured to illuftrate
the nature of this fluid fill farther,
by a variety of curious and judicious
experiments ; by which he endeavours
to prove, that it is the cementing
principle, or bond of union, which
connets the u/tima corpufcula of bodies
to one another, and preferves them
from running into a ftate of decom-
pofition and putrefaction, to which
all animal and vegetable fubftances -
have a natural tendency, and to
which, according to him, they arrive
with more eafe when divefted of this
principle,

The experiments and arguments
made ufe of by this gentleman in
fupport of his hypothefis feem fo con-
¢lufive, that, fo far as they regard
fixed air, 1{hould have refted on their

¥ Veselable Statiesy e
validity,
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validity, had not fome experiments
that I had made on the {fame {ubjed,
previous to the reading of his book,
induced me to think the matter at
lealt doubtful. Afeer I had read his
book, I became doubtful of my former
experiments, therefore determined to
repeat fome of them, and add a few
more, for my own fatisfation, on a
fubjeét that {till appeared dark to me,
Thefe I now lay before the public for
their candid examination, without
having drawn any other inferences
than fuch as I think naturally refule
from them; nothing being farther
from my intention than to cavil, nor
any thing more difagreeable than to
canvafs the fentiments of other people,
into which nothing could poflibly
have led me but the connection of
that plan which I am obliged to pro-
fecute,

E X«
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EXPERIMENT XLVIIL

On the 24th of June 176g having
put a fmall Seville orange into a
theep’s bladder, and {queezed out as
much of the air as I could, fo as to
bring the bladder into contat with
the orange all around its furface, I
tied the mouth of it clofe to the
orange, and fecured the fection with
fealing wax. A fmall turnip was put
into another bladder, and fealed up
in the fame manner. The bladders,
with their contents, were then laid
together in a warm clofet. The
orange in about three weeks was con-
tracted to nearly one half of its ori-
ginal fize, and had emitted nearly
about as much fixed air as it had loft
in magnitude. The turnip contracted
{o faft, that in about fix or feven days
it was reduced nearly to one-fifth part
of its former bulk; but no air had
blown up any part of the bladder
around it. The orange, when taken
' | out



B ass ]
out of the bladder, though reduced
to a kind of pulp, had acquired no of-
fenfive fmell ; the turnip was become
almoft as hard as a piece of horn, and
had no fitell at all.

Though no vifible hole could be dif-
covered in any of the bladders, yet I
fufpefted the tightnefs of that one
which contained the turnip : In order
therefore to put it to the trial, I poured
into it three ounces of water, tied and
{fealed it as before, and having laid it
in the {fame clofet, when it had re-
mained there eight days, the bladder
and water together only weighed
three drachms. I then poured the
water out, blew up the bladder, fealed
it and laid 1t again in the fame clofet;
after eight days more it did not {feem
to have loft any of this air, nor could
I force any of it through the bladder,

though I {queezed fo hard that I was
afraid of burfting i,

X
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EXPERIMENT XLIX.

Having refolved to repeat,this expe-
riment, I put a larger turnip, of five
inches diameter, into a ftrong ox blad-
der, which I tied and fealed as before.
It was then laid in a moift warm
place, where it remained feveral days
without parting with any fixed air:
being afterwards removed into a dry
place, and kept there about a month,
the turnip was found fhrivelled up
nearly to the fize of a walnut, and the
bladder adhering clofely every where
to its furface. On opening the blad-
der, the turnip had acquired nearly
the confiftence of horn, but had no

{fmell.

EXPERIMENT L.

A {mall apple was next inclofed in a
theep’s bladder, which was laid in the
fame clofet. After it had lain there

about a month, the apple was become
{oft,
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foft, and had emitted a little fixed air:
when it had lain fix weeks, the whole
was put into a bafon of warm water,
which foog rarifying this air, made it
burft the bladder. When a part of
the apple came out, I at firft thought
that it fmelled putrid ; but, on a more
narrow examination, it appeared that
this fmell arofe from the bladder,
which had been macerated in the
warm water. |

An experiment of this kind was alfo
attempted by inclofing a piece of beef
in a bladder ; but in this manner it
did not {ucceed ; for thefe two animal
fubftances putrifying nearly about the
{fame time, the ftructure of the bladder
was thereby deftroyed ; fo that it, to-
gether with the beef, fell down into
one putrid mafs.

The intention of thefe experiments
was, to difcover whether fixed air could
be feparated from bodies without thefe
bodies running into a putrid flate,
which I conjetured might poffibly
happen, and which was juftified by the
event ; for, though the texture both of

3 the
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tliec orange and the apple was broke
down and deftroyed; neither of them
were putrid.

The texture of the turnips was not
deftroyed : I therefore fufpected that
the fixed air contained in them, 1in
their expanded ftate, hdd alfo been
thrivelled up and condenfed along
with them; and actordingly, upon
trial, I obtained nearly the f{fame
quantity of fixed air by diftillation
from that f{hrivelled one which had
formerly been five inches in diameter;,
as I could from a frefh one of the
fame dimenfions; from which it
would {eem, that the fixed air of the
turnips had not exhaled along with
their aqueous parts, as I imagined, but
had remained fiill with them, and
poflibly preferved them from being
diffolved: For I agree with Dr. Mac-
bride in thinking, that, whenever thé
fixed air is extricated from any folid
body, that body muft cither neceflarily
be diflolved, or {uffer fome change in
the internal ftructure of its parts;
though I am far from being of opi=

138L3)3.
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nion that this change muft inducé
putrefaction: for, if the vinculum of
bodies, or, in other words, that which
preferves them from putrefaction, be
fixed air,ethen it will naturally follow,
that thofe bodies which contain the

reateft quantities of this fixed air,
ﬁmuld not only be the longeft of turn-
ing putrid themfelves, if they retain
thisvinculum,butlikewife the ftrongeit
prefervatives againft the putrefaction
of other bodies when they part with
it, provided thefe other bodies have
the power of abforbing fixed air.

The experience of people who have
made long fea-voyages, as well as
that of the beft medical authors, has
long eftablithed this fact, that le-
mons, oranges; and other fucculent
vegetables, are amongft the moft
powerful antidotes againft that {pe-
cies of putrefaction called the f{fea-
fcurvy; on the principles there-
fore of Dr. Macbride, they ought to
contain greater quantities of fixed air
than other vegetable {ubftances, and

8 art
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part with it more eafily in the fio-
mach, in order to fupply it to the
animal, which, in thefe circumftances,
ftands in need of 1it.

"

EXPERIMENT 1L

With a view to throw fome light
upon this matter, I took an orange
and a turnip of equal weight, and
diftilled each of them in a fmall appa-
ratus for bringing over fixed air: by
this procefs I obtained rather more air
from the turnip than from the orange;
therefore, by the hypothefis, turnips
thould be a ftronger antifeptic than
oranges. -

The {fame thmg was tried With a
lemon, and a turnip of equal weight.
The fixed air obtained from the tur-
nip was necarly the fame as before ;
but that obtained from the lemon was
lefs than what had come from the

orange.

E X
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EXPERIMENT LIL

With a view to difcover whethet
lemons and oranges would part with
their fixed air in the ftomach eafier
than other vegetables, I put into one
eight ounce phial an ounceand a half
of bread, half an ounce of the juice
of lemons, and half an ounce of fa-
liva. Into another phial of the fame
fize, one ounce and a half of bread,
half an ounce of the juice of oranges,
and the fame quantity of {aliva. Into
a third, an ounce and a half of bread,
and half an ounce of faliva. The
phials being thus prepared, were all
filled up with water. Bladders were
faftened to the mouths of cach of
them, and they were placed all to-
getherin a heat as near to that of the
-human ftomach as could be kept up.
The two phials which contained the
acid began to be in motion in a few
minutes, and foon after to throw up
fome of their folid parts to the top;
and in half an hour from the time

M that
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that they were fet down, they had
completed the throwing up of all
their {folid parts, and an excceding
{fmall quantity of air hadcome over
into the bladders from each of them.
After the ftandard phial with the
bread, water, and {faliva had ftood
about ten minutes, the motion in it
was alfo become perceptible: when
it had finithed its fermentation, which
it did before the other two, a quan-
tity of air of the fize of a fmall wal-
nut had come over into the bladder.
The two acid mixtures never fer-
mented Dbrifkly.. When they had
finithed that procefs, a quantity of
air, nearly of the magnitude of a fil-
bert nut, had come over from that one
with the orange-juice, and about half
as much from theother.

Here the circumitances were as
fimilar to thofe of digeftion in the fto-
mach as I could make them ; but the
lemon and orange-juice, inftead of fa-
cilitating the extricationof the fixed
air, rather hindered it: fhould the
fame thing take place in the ftomach,

as
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as we have reafon to believe it will,
then lemons and oranges are not anti-
{eptic by the hypothefis, but they are
antifepticgby experience; and every
hypotheits that does not quadrate
with facts that are eftablithed by ex-
perience muft be faulty.

PR PTERIMENT LIIL

I took five eight ounce phials, and
marked them 1, 2, 3, 4, 5. Number
1, was filled with wort; number 2, was
the acid mixture, with the juice of
lemons, as in the laft experiment;
number 3, was that with the orange-
juice ; number 4, contained half an
ounce of exceeding falt beef, made
into a mafh with pure water, and
half an ounce of faliva, and was filied
up with water; number §, contained
halfan ounce of boiled cabbage leaves,
and as much faliva, and was likewife
filled up with water. Bladders were
faftened to the mouths of all the phi-
als as before, and they were fet in
the fame degree of heat. The fer-

M 2 meniation
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mentation began {ooneft in number 1,
and continued about two hours; at
the end of which, a quantity of air,
nearly an inch in diameterchad come
over into the bladder. Number 2, and
3, began their fermentation foon after
number 1, and finithed it fome time
before it : but in this experiment the
greateft quantity of air came over
from the mixture with the lemon
juice ; whereas in the laft, that with
the orange juice had yielded the
oreateft; the quantity from each,
however, feemed rather lefs than in
the laft trial. Number 4, began to
ferment in about 20 minutes, and
continued to do fo for feveral hours.
The quantity of air that came over
from 1t was confiderably larger than
what had come from both the acid
mixtures. Number g, with the {alt
beef, was longer of beginning to fer-
ment than any of the others, and con-
tinued alfo longer in that ftate. The
quantity of air that came over from
it was about the fame as had come

from the wort.
The
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The phxnomena arifing from
fome of thefe mixtures, feem tq
favour the theory of Dr. Macbride;
and thofe arifing from the others,
feem to invalidate it, particularly the
air arifing from the falt beef: for, if
the cementing principle of bodies be
fixed air, and this fixed air be the
principle by which they become anti-
feptic; and if falt. beef contain a
greater quantity of it than lemons
and . oranges, or at leaft part with a
greater quantity of it during fermen-
tation, then it muft neceflarily follow,
that falt beef is a ftronger antifeptic ;
and if {o, why do fcurvies attack
failors with fo much violence, when
this antifeptic beef is a principal part
of their food?

But further: if falt beef contain
more fixed air than lemons and
oranges, part. with it eafier, and be
thereby a ftronger antifeptic, whence
arifes the abfurdity, that failors fo
often contrat putrid fcurvies while
they are conftantly ufing the ftronger
antifeptic, falt beef; and are after-

| M 3 ward
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ward certainly cured of it by ufing
the weaker one, lemons or oranges ?

P
EXPERIMENT: LIV,

Dr. Macbrice 1s of opinion, that
the antifeptic power of the bark, 1s
owing to the fixed air extricated
from it while fermenting in the fto-
mach. On reading this, I fufpected
that there might be many other ve-
getable fubftances which would yield
as much fixed air in fermenting as
the bark, and yet be greatly inferior
to it in antifeptic power. In order to
try this, I took fix eight ounce phials,
.and having marked thém 1, 2, 3, 4,
5, 6. Into number 1, I put half an
ounce of powdered bark, and the
fame quantity of bread and faliva:
into number 2, I put half an ounce of
liced turnip, and as much bread and
faliva: into number 3, I put half an
ounce of cabbage leaves, and the
fame quantity of bread and {aliva:
into number 4, I put half an ounce of
{liced carrot, and the fame quantity of

. bread
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bread and {faliva : into number 3, I put
half an ounce of dried peas, and the
fame quantity of bread and f{aliva:
and, intoenumber 6, half an ounce of
potatoe, and as much bread and fa-
liva. Bladders were now faftened to
the mouths of all thefe phials, after
filling them up with water, and they
were placed as before, in a heat near

to that of the human ftomach. It
would be needlefs to relate the various

times at which they began their fer-
mentation, and different {paces
which they continued in it; thefe are
foreign to our purpofe: fuilice it
therefore to fay, that after the whole
of them had finifhed this procefs,
number 1, 2, and 3, had all of them
vielded nearly equal quantities of air,
viz. about the bignefs of a large wal-
nut; number 4, had yielded fomething
lefs ; number 5, had yielded nearly
twice as much as the bark ; and num-
ber 6, had given confiderably lefs than

any of them.
Bladders that are ufed in this man-
ner, for the reception of fixed air,
M 4 , muft
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muit be previoufly fteeped in oil ; but
even then they are fometimes apt to
contract fo with the heat, during the
experiment, as to render it fomewhat
uncertain. As much, in my opinion,
depended on the certainty of this laft
experiment, I refolved torepeatit again
in a manner which would enable me
to meafure the quantity of air extri-
cated from each mixture: this was by
a bended tube and a phm.l, in a veflel
of water, fufpended upon'the end of
it, as defcribed by the honourable
Mr. Cavendifh, in the Philofophical
Tranfactions for the year 1756 *.

The {ix mixtures, as in the laft ex-
periment, were tried wich this appa-
ratus ; and from number 1, Tobtained
by fermentation, {even drachms, by
meafure, of fixed air.

From number 2, I obtained rather
more than feven drachms.

From number 3, ezght drachms and
a half.

# Philofoph. Tran{a&, for the year 1756; Table 7.

From
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From number 4, only a little more
than half an ounce. .

From number 5, two ounces ong
drachm-. ®

From number 6, I got little more
than three drachms.

From half an ounce of apples, and
the fame quantity of bread and faliva,
put into eight ounces of water, I ob-.
tained fourteen drachms of fixed air +.

The experiments on this fubje&,
taken together, feem plainly to prove,
that {everal of thofe vegetable fub-
{tances, which are daily ufed at our
tables, contain, or at leaft part with,
more fixed air, during fermentation,
than the bark. If, then, throwing fixed
air into the blood be the natural me-
thod of preferving an animal from
putrefaction, and likewife the method
of reftoring it to foundnefs, when al-
ready putrid, peafe, apples, cabbages,
turnips, ought all to anfwer this in-
tention more powerfully than the

+ The air being infufed into lime-water precipitated

the lime,
bark:
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bark: But, if any of them had fuch a
power, it isreafonable to prefume thaﬁt
their conftant ufe muift have difco-
vered it, even though mankind had
been lefs attentive than they are.

That bark, when taken into the
ftomach, has a power of ftopping par-
tial mortifications, is a fa¢t already
well eftablifhed t; but, though the
thing has not been much taken notice
of, it further alfo poffefles a power of
contributing greatly to check thefe
mortifications, when applied to them
cither alone, or along with other in-
grédients, in form of a poultice.
Should we allow, that, when taken
into the flomach, it checks them
{olely by throwing fixed air into the
blood, yet we will find, that it has
not {o good a chance to throw this
air into the blood, when applied as a
poultice ; forit can neither ferment fo
properly in this form, as when inclo-
{fed in the ftomach; nor, if it could,
the fixed air extricated from it would

+ Medical Effays, vol. i.
not
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not find fo eafy a paflage into the
blood ; the extremities of the inhalent
veflels ig mortifying parts being al-
ways covered over either with a kind
of cichar, or a quantity of inert mat-
ter.

But, thould we allow that the bark,
even when applied as a poultice, fer-
ments, throws out its fixed air into
the gangrened part, and thereby faves
it from a total mortification, this
would hint to us a procefs, by which
the fame thing might be accom-
plithed much more fully and {peedily,
viz. by throwing this fixed air into it
from a fermenting or effervefcent
mixture. I know not that this has
ever been tried; it is, however, a
fafe, curious, and eafy experiment,
and, as fuch, I would recommend it
to furgeons of hofpitals, where fuch
kind of gangrenes moft frequently
occur, |

From what has already been ob-
ferved, I think we have reafon to
fufpect,” that there are other prin-
ciples in bodies, befides their fixed

air,
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air, which contribute perhaps more
than the fixed air itfelf to render
them antifeptic. This {fuppofition
feems to be much fupportedeby fome
of the experiments of Sir John
Pringle, and particularly by that one
where two grains of camphor proved
a much ftronger antifeptic than fixty
grains of {ea-falt. Now, let us fuppofe
thefe two grains of camphor to have
contained any quantity of fixed air,
that can peflibly be conceived as re-
fiding in fo fmall a body ; let it like-
wifc have quitted the camphor, and
been abforbed by the meat; yet it
will {ill appear too diminutive to have
been the fole agent by which this
meat was preferved. But camphor,
as has been proved by Dr. Hales,
contains almoft no fixed air; and
thercfore it certainly did not aét by
throwing it into the body which it
preferved *.

Should we fuppofe the antifeptic
power of the camphor not to have
been owing to the fixed air inherent

% Vide Vegetable Statics,
S 1
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in, and communicated by it to the
body which it preferved, but to fome
peculiar power that it has of hinder-
ing the {gparation and efcape of fixed
air from other bodies to which it is
applied, this would, in fome meafure,
explain its antifeptic power : But this
is not the cafe ; forit will appear from
fome experiments, juft now to be
mentioned, that fermenting mix-
tures, with {mall quantities of cam-
phor, throw out equal guantities of
fixed air, with the f{fame mixtures
which contain none.

EXPERIMENT LV,

Halt an ounce of raw beef, the
{fame quantity of bread and of faliva,
with four grains of camphor, were
put into eight ounces of water, and
fet to ferment as before. The fermen-
tation was feveral hours later of be-
ginning in this mixture, than in thofe
of the fame nature without camphor :
when 1t had begun, it continued
longer alfo in this ftate, during which,
five ounces and feven drachms of

fixed
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fixed air had come over from it. This
fixed air had no {mell of camphor.
The mixture, during its fermenta-
tion, never acquired a blood}r colour,
which all the others, when made
with raw meat, had done; and
whereas the others generally became
putrid in 24 hours after they had
finifhed their fermentation, this was
kept eight days after it, and found
perfectly {weet.

EXPERIMENT LVI

Another mixture, containing the
fame quantity of raw beef, bread, and
faliva, with two drachms of nitre,
was fet to ferment in the {fame man-
ner. It was long of beginning to fer-
ment, like that with the camphor,
continued about the fame time in that
procefs, and yielded not quite five
ounces of fixed air; it never acquired
the bloody colour; and was likewife
kept eight days after the fermentation
without becoming putrid.

From the two laft experiments it ap-

pears, that though fome, and perhaps
all
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all antifeptics have a power of retard-
ing the fermentative procefs of ali-
mentary mixtures, they have no power
of hindgring it altogether; nor does
it feem that they have any power of
hindering the {eparation of fixed air
from bodies while they are ferment-
ing ; for as much air was extricated
from the two laft mixtures, when
they had the camphor and nitre, as
when they had none of them. This,
perhaps, is a rule that will hold good
with regard to all antifeptics what-
ever; therefore antifeptics, at leaft
camphor and nitre, cannot be faid .to
preferve bodies, by reftraining their
fixed air from flying off, but by {fome
other principle, with which we are

as yet unacquainted.
1t may poflibly be alledged, that the
reafon why thefe two laft mixtures
did not become putrid during the
eight days that they were kept after
they had finithed this fermentation,
was, becaufe they then abforbed a
frelh quantity of fixed air. Had
this really been the cafe, why was
3 1t
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it not the cafe alfo with the other
alimentary mixtures, as they had the
{ame chance to have abforbed this
fixed air, and the fame negeflity for
it ? But it would feem that neither
thofe mixtures with the antifeptics,
nor thofe without them, abforbed any
fixed air; at leaft, if they did, it
neither had a power of exciting a new
fermentation in them, nor was extri-
cable by diftillation.

I flatter myfelf I have now proved
that antifeptics do not preferve thofe
bodies, to which they are applied, by
communicating fixed air from the an-
tifeptics themfelves, to the bodies
which they preferve, nor by reftrain-
ing the efcape of fixed air from them.
I {hall therefore go on to confider how
far fixed air, when feparated from one
body, 1s an antifeptic when applied to
another,

EXPERIMENT LVIIL

Having obtained about four ounces

of fixed air from fermenting wort,
about
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about the fame quantity from wort
with a piece of frefh mutton in it, and
about half the quantity from a mix-
ture of bgead, water, mutton, and {a-
liva, I refolved to try what the effect
of each would be upon a {lice of meat
which had juft begun to putrify.

This air had come over into blad-
ders, fixed upon the mouths of phials,
which contained the fermenting mix-
tures. That I might introduce the
putrid meat into it, without allowing
it to efcape, I fqueezed it into the
bottom of each bladder, and {ecured
it there by a tight ligature: having
then dried the bladders, I introduced
into the mouth of each of them two
drachms of mutton, a little putrid,
{queezed all the air I could from
about them, and then having tied the
mouths of the bladders with another
ligature, removed thefe I had made
before, by which means the pieces of
mutton 1n the bladders were now
{furrounded only with fixed air. They
were left in this manner four hours,
at the expiration of which, none of

N the
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the fixed air feemed to be abforbed,
nor was the mutton in the {malleft
degree {weetened.

The fame experiment bmrig repeat-
ed, the pieces of mutton were allowed
to lie 24 hours in the fixed air, but
even then they did not {feem to be 1
the leaft fweetened.

EXPERIMENT LVHL

I cut a thin flice of beef from a
larger piece that had fairly begun to
have the putrid fmell, and brought
over a fiream of air upon it from an
effervefcent mixture of diftilled vine-
gar and falt of wormwood; but by
this the beef did not lofe any thing
of its putrid fmell. I then fufpended
it in the neck of a wide-mouthed
bottle, while four ounces of diftilled
vinegar was made into /pirit. Minderer.
with the fame falt. When the effer-
vefcence was finifhed, the beef had
acquired a fmell fomething between
that of putrefaction and the {pirit. E

then put the fame piece into diftilled
Y vinegar,
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vinegar, and added as much {falt as
neutralized it. By this procefs, the
beef feemed to have intirely loft its
putrid f®ell, and to have acquired
that of the {pirit in which it had been
immerfed. 1 fufpected, however, that
this change was owing to the fmell of
the {pirit having only overpowered,
thoughnot deftroyed, that of the putre-
faction ; I therefore wathed the piece of
beef in water, by which it loft in-
tirely the finell of the {pirit, and
again recovered its putrid fmell. [
then immerfed it again into the {pirit,
and, on taking it out, it had again
loft its putrid {fmell, and acquired that
of the {pirit: on wafhing it again in
water, it loft the fmell of the {pirit,
and recovered its putrid one. This me-
thod of treating it, I repeated feveral
times, and found that it always had
precifely the fame effeét; fo that the
beef was not really fweetened, its
putrid fmell only being'loft in that of
the neutral {pirit.

N 2 E X-
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EXPERIMENT LIX.

A thin flice of beef, juft becomé
putrid, was put into a four olince phi-
al, which was afterwards filled up
with water. Air was then brought
over, from a bottle of brifk {mall beer,
by the apparatus formerly defcribed,
into the phial, {o as to force all the
water out of it: it was then corked, and
kept 24 hours; at the end of which
time, the beef was found rather more
putrid than before the experiment.

Another {lice of the {fame beef was,
at the fame time, put into the neck
of a bottle of britk fmall beer, while
it fermented before a fire; after half
an hour, the beef was not in the leaft
degree {weetened.

EXPERIMENT LX,

A thin {lice of beef, juft become
perceptibly putrid, was put into an
eight ounce phial, and the phial filled

with air from an eflerve{cent mixture
of
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of common vinegar and falt of hart{-
horn. After remaining one night in
the phial, it did not feem in the leaft
fweetenasl.

The {fame piece of beef, however,
after lying one night in vinegar,
ftrongly farurated with falt of hart{-
horn, had become perfectly fweet.

Fixed air was afterwards brought
over from f{feveral other fermenting
and cfferve{cent mixtures, upon pieces
of meat juft beginning to putrify;
fome of which were rendered a little
{weeter by the procefs, but none of
them' were ever {o much {weetened
by it, as to lofe intirely their putrid
{mell.

EXPERIMENT LXY

Having already proved, that feveral
{fubftances can part with their fixed
air without becoming putrid, and
that fubftances already become pu-
trid, are but little altered from that
ftate, when fixed air, arifing from the
moft antifeptic bodies, is applied to

N 3 ~ them,
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them, and nothing altered from it by
the application of fixed air from {ub-
ftances that are not antifeptic, I re-
folved to try whether it wag pofliblée
for a piece of meat to turn purid
without parting with any fixed air.
For this purpofe, 1 took ‘about a
drachm of putrid beef, and about an
ounce of frefh beef, and minced them
fmall together. This mixture I cram-
med as hard as I could into a {mall
phial 'glafs: when it was full, I
corked and {fealed it, having faftened
a piece of packthread into the cork,
by which I'might pull it out. After
the phial, thus prepared, had flood
about a month in the air, in winter, I
put it into a bowl of water, kept it
down' with one of my hands, and,
with the other, pulled out the cork
by means of the packthread. None
of the beef iflued out at the mouth of
the phial; and only a few bubbles of
air arofe to the top of the water;
which, 1 think, would not have been
the cafe, if much fixed air had been
feparated from the beef, as it would
LTy SRR “then

ol
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fhen have ruthed out of the phial
where it was confined, with violence:
the whole of the contents of the phial
were now equally putrid.

EXPERIMENT LXIL

Some beef prepared, as in the lait
experiment, was {crewed hard into a
{fmall ivory box. The box being kept
about 2 month, was put into a bowl
of water, and a {fmall hole drilled
through it with a fteel inftrument:
only two or three bubbles of air
iffued from this hole to the {urface of
the water, which, T {uppofe, would
have happened, if the box had been
pierced immediately after the beef
was put into it, as it was impofiible to
fill it fo exa&ly with the beef, but
fome air muft have lurked in it. As
I could not meafure the quantity of
air which arofe to the furface of the
water in.the two laft experiments, it
is impoflible to {fay whether any of it
was feparated from the beef; but, if
any was feparated, it muft have been

£ N 4 extremely
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extremely little: and therefore I ima-
gine, that when an exciting: fomes of
meat, already putrid, is applied to
meat that is {till frefth, the ‘Whﬁlﬁ may
be thereby changed into a putnd ftate,
without undergm_ng that {pecies of
fermentation which would otherwife
be" nc.cehary before it could pGﬂibly
arrive at that ftate.

In order to finith the cxperlments
upon fixed air, I now determined to
try whether I could extricate as much
of it from a body, by any other me-
- thod more {peedy than fermentation,

nd what would be the efleéts of fuch
an extrication; |

EXPERIMENT LXIIL

For this purpofe, I prepared the
mixture number 1, experiment 354,
and by boiling it about a quarter of
an hour over a brifk fire, I brought
over, by means of a long flexible tube,
into another phial, nearly about the
fame quantity of air as had come

- fank e from
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from it by fermentation. The mix-
" ture number 2, experiment 54, was
next tried : fomething lefs of the fixed
air cameover from it by the boiling,
than had come ovér by the fermenta-
tion. Number 3, being tried, yielded
confiderably more than it had done by
fermentatmn.

EXPERIMENT LXIV

As the mixtures juft now expcri-
mented upon, were compounds, I
could not poflibly determine from
what part or parts of their compofition
the fixed air had been extracted: I
therefore took two ounces of freth
beef, put it inte eight ounces of water,
in a phial, and fixed to the mouth of
the phial, the apparatus for receiving
the fixed air. This mixture hardly
ever fermented, and did not part with
above a dmchm of fixed air: on open-
ing the phial, it was, however, ex-
tremely putrid. The fame mixture,
by bmlmg, yielded near an ounce of
ﬁxed air, and was not putrid. This

EKP(‘.-
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experiment was repeated feveral
times, and the effelts were always
nearly the {fame.

The common procefs of roafling
and boiling meat, is a qmcker method
of extraéting the fixed air from it than
fermentation; but neither of thefe
procefles haften putrefaction; nay, it
is a fact univerfally known, that they
yetard it; for it is common to drefs
meat in the fummer feafon to keep it
from fpoiling ; and, even after it has
begun to {poil, it will, by this me-
thod, keep feveral days longer than
it would otherwife have done: this
fac, therefore, does not correfpond
with the hypothefis which fuppofes
the lofs of fixed air to be one of the
principal caufes of putrefaction *.
~ The following experiment likewife
appears a ﬂrong pronf agamﬁ the hy-
Potheﬁs.‘

# Tt is not all fixed air that comes from meat while
roafting or bmlmg, as it takes more of it to caufe a pre-
c;pttatmn in l1m.n:i-’.i'i"ﬁtf:r_.l than of any other fixed aic

whlch | tl‘iﬂd
E X»
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EXPERIMENT LXV.

A fmall turnip was put into an ox
bladder, othe mouth of the bladder
was firmly tied, to prevent the air
from efcaping : being put into boiling
water, in a féw minutes the bladder
was blown up all around the turnip,
by a quafttity of air which feemed
neaﬂ}* of an equal bulk with the tur-
nip itfelf. The turnip being taken
out of the bladder, was put into a
bowl of water. Another raw turnip,
nearly of the fame magnitude, was
put into another bowl of water, and
they were both fet together in a warm
place : the contents of the two bowls,
being examined from time to time,
began, as nearly asI could obferve, to
turn putrid together ; whereas, if the
lofs of fixed air operated fo ftrongly in
pmducmg putrefaction, the turmp
which was boiled, having thereby loft
a confiderable quantity of its fixed air,
ought to have putnﬁed long before
the other.

: | Dr.
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Dr. Macbride mentions boiling
among the methods which he has
enumerated for preferving {ubftances
from putrefaction; and, fpeaking of
meat, accounts for its having that ef-
fect, by thickening the external coat
of it, {o as to prevent the efcape of the
fixed air: But it appears by the expe-
riments now recited, that meat, and
other fubftances, lofe more of their
fixed air by a few minutes boiling,
than they would do by feveral days
keeping; and thercfore, by the hypo-
thefis, they fhould advance more to-
wards a ftate of putrefaction by being
boiled a few minutes, than by being
kept a few days.

Upon a review of the whole of the
experiments on this {ubject, I am in-
clined to think, that the lofs of fixed air
is rather a circumftance attending the
putrefaction of bodies, than the caufe
of the putrefaction itfelf; and this I
believe the more readily, when I con-
{fider that the greateft quantities of
fixed air are given, by the author of
nature, to bodies that are not putref~
i | cible,
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cible, as the calcareous earths, and a
variety of other things that might be
mentioned. Now, if the intention of
the fixed 3.11 in other bodies, is to pre-
ferve them from putrefaction, to what

purpofe 1s it given to bodies that are
not putrefcible ?

CHAP



[ 190 ]

CHAP X

Of the :feé'zr'.f of damazed and ‘ﬁmufdiy prio
viftons on the buman body.

HERE are a variety of circum-

ftances in life, which often
oblige numbers of men, and other ani-
mals, to live long upon damaged and
mouldy provifions, befides others com-
monly reckoned of an unwholefome
nature. In order therefore to afcer-
tain the eflects of fuch provifions, we
muft confult the hiftories of thofe cir-
cumfitances which have reduced man=
kind to the neceflity of ufing them,
as experiments cannot here avail us:
for, to endeavour an elucidation of
thefe effe¢ts by experiments on men;
though poflible, would be unhuman ;
to do it upon the other animals, would
be tedious and uncertain.

Of all other hiftories; thofe of long
fieges, and tedious {fea-voyages, feem
the moft likely to afford us infor-
mation concerning this {fubje&, as it

1S
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is chiefly in thefe circumftances, that
people are often obliged, by ne-
ceffity, to fubfift upon fuch things as
they woulg otherwife abhor. But, as
hiftories of this kind are feldom wrote
by phyficians, and often too by people
unacquainted with philofophy, we
cannot help deploring, that the infor-
mation to be gained from them is
far lefs than might otherwife be ex-
pected, and not at all adequate to
what would be neceflary toward clear-
ing up this important point: for, in
long fieges, we {feldom meet with any
other relation, than that the provifions
were damaged ; that, in confequence
of this, a general mortality prevailed ;
while the more leading circumftances
are ufually left untouched, w:z. what
thefe provifions originally were, what
changes they had f{uffered, and what
proofs there were that, from thefe
changes, the difeafes themfelves had
arifen. In {ea-voyages, when the
crews of fhips are attacked with the
fcurvy, the ftale and falt provifions
are immediately blamed: but it has

appeared,
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appemed ftom what Has beén fid
concerning this diltemper by the
learned Dr. Lind, that it has often
raged as feverely among faglors plen-
t1fu11y {fupplied with frefh and whole-
fome provifions, as among thofe who
fed on falted and mouldy ones *.

During the long and tedious fiege
of Jerufalem by Vefpafian, though
the befieged were reduced to the ut-
moft extremity, though they ufed the
moft  unnatural food, and though
much of their natural food muft, no
doubt, have been damaged, yet we
have no account of a plague, or any
other putrid difeafe, appearing in the
city . |

Among the great number of fieges
related by Diodorus Siculus, I do not
find that he mentions any city having
been thereby affeted with a plague,
or putrid diftemper; though he takes
notice of a plague fometimes attack-
ing the armies of the befiegers, as

* Lind on the Scurvy.
+ Jofephus’ Wars of the Jews.

happened
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happened to the Athenians, when be-
{ieging Syracufe, in the Decelian
war *.

At the famous and memorable fiege
of Rhndes, when that city was de-
fended fo obftinately by the knights
of Malta, againft the numerous army
of Solyman, there is no mention of
any ficknefs among the befieged,
though a mortality among the befie-
gers is frequently taken notice of .

The allied army, under the com-
mand of the duke of Marlborough,
in the war during the reign of Queen
Anne, befieged and took feveral cities;
but, inall thefe fieges, I findnoaccount
of any plague, or putrid difeafe, among
the befieged ; though it 1s reafonable
to prefume, that they were not alwavs
provided with frefh provifions .

- Among the Hottentots, at the Cape
of Good Hope, where cleanlinefs and
decency are hardly known, the moft
rancid and putrid provifions are fre-
* Diodorus Siculus’ Hifterical Library.

1 Hiftory of the Knights of Malta,
1 Life of the Duke of Marlborough,

O quently
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quently made ufe of ; and yet they are
faid to be as healthful a people as are
any where to be found in the world *.
- The Efkimaux Indians, who live in
the neighbourhood of Hud{bn’s Bay,
when other provifions fail, often live
upon the fkins which they had pro-
vided for trade, after having finged
the fur off them. Thefe, as they are.
not tanned, when either macerated in
water, or in the ftomach, muft prove
extremely rancid; but, even in this
ftate, they have no ill effect upon the
inhabitants, whom we would, per-
haps, call . wretched, becaufe their
fterile foil, and ignorance of culture,
expofe them to the neceflity of ufing
fuch food .

The inhabitants about Joar in Afri-
ca live chiefly upon fith, which they
lay up as winter-provifion in their
dwelling-houfes ; and thefe, being not
thoroughly dricd, generally ftink fo
abominably, that an European can

* Ropgewein’s Voyage to the Cape.
+ Ellie Voyage for the Difcovery of a North-welt
Paflage.

hardly
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hardly enter the houfe where they
are. Another part of their food is
oftrich eggs, which they relith moft
when {o ar hatched, that the chick is
three or four inches in length *.
There is, perhaps, no animal fub®
ftance more offenfively difagreeable,
when become putrid, than eggs ; and
yet this inclination of the Africans
feems probable enough, when we con-
fider that feveral of the hiftorians who
have wrote concerning the inhabi-
tants of the Northern nations, have
taken notice, that thofe of them who
live much upon the eggs of the fea-
towls which frequent their coaft, like-
wife prefer fuch as are half-rotten to
fuch as are perfectly frefh.

In fome parts of the Highlands of
Scotland, where the farmers rent
large tracts of uncultivated moun-
tains, a fheep that happens to die,
either of difeafe or fitrefs of wea-
ther, often lies till it 1s intirely roten
before 1t be difcovered by the fhep-

* More’s Voyage to the inland Parts of Africa.

- 02 herd ;



[ 195 ]

herd ; but, if he happens to find it be-
fore it be in its laft ftage of putrefac-
tion, he carxries /it ‘home ' on ' his -
thoulders, fkins it, and deliwers it to
the landlady, who makes it into
broth, and thefe broth, and the flefh,
arc ufed by the family, though
both generally fimell fo much, that a
perfon of any delicacy cannot enter
the houfe where they are ; nay, fome-
times, when the flefh of the fheep is
judged rather too putrid for imme-
diate pfe, they cut the body into four
quarters, lay thefe in a rivulet, and
faften them with cords or ftones for a
day or two, then take them out and
drefs them as before: and yet, though
this food is frequently ufed by them
during the winter and {pring feafons,
they are a more healthful people than
the inhabitants of better cultivated
countries, who live in a more decent
and cleanly manner.

After all thefe inftances, one would
almoft be tempted to think that there
is no difference in aliment, and that

the ftomach i1s endowed with a power
6 of



[ 197 ]

of extrating good and wholefome
chyle from every kind of it, in every
ftate in which it can exift. But, on the
other h®nd, when we coniider the
number of difeafes which have from
time to time been afcribed to damaged
and unwholefome diet, though many
of them, perhaps, tock theirrife from
other caufes, yet we cannot help be-
lieving that fome of them arofe from
this only; and therefore we muft give
up the opinion, thatevery kind of food
is equally nourithing and falubrious:
and indeed, a tenet of this kind, were
it upon no other account than that of
decency and cleanlinefs, ought to be
difcouraged by every perfon of the
{fmalleft delicacy.

The foregoing account of the un-
wholefome food that is ufed, without
producing any mifchief, might eafily
be contrafted with numerous in-
ftances of the difeafes and maladies it
has brought upon mankind; but, as
thefe are to be met with almoft every
where, I thall not take the trouble of
tranfcribing them. We all know that

Oz cuftom,
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cuftom, with regard to the human
body, becomes a kind of fecond na-
ture ; it 1s to cuftom therefore alone,
that I can attribute the inn®cence of
fome of the kinds of food above-men-
tioned ; nor can it be doubted, that
they would be produdtive of a variety
of difeafes, were they to be adopted
by people who haye been brought yp
in a more clean and elegant manner.
For thefe reafons, though 1 would
condemn damaged grain, and fleth al-
ready begun to putrify; yetlam far
from thinking that falted meat ought
to be condemned along with them, or
that it is the caufe of that putrid di-
{temper called the {curvy, fo often at-
tributed to it; for we know that fea-
falt is a ftrong antifeptic; and I am al-
moft iaclined to think, that, were it
not for the falt provifions, the failor
who is attacked with a flow putrid
fcurvy, would fall a victim to the
more rapid progrefs of a putrid ma-
lignant féver. To this it may be ob-
jected, that the fcurvy is always cured
by frefh provifions ; but, let it be con-
' fidered,
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{idered, that thefe muft be of the ve-
getable kind ; for I know of no inftance
where frefh animal provifions alone
ever had®this happy effe&.

Upon the whole, though I think
neceflity is the only reafon that can be
urged for the making ule of damaged
and putrid provifions; yet I will not
take upon me to determine, whether
they are the immediate caufe of what
we call putrid difeafes; but if, either
through a want of alimentary particles,
or through aftubbornnefs and intracta-
bility in thefe particles to be aflimilated
to an animal nature, the body, by
ufing them, be defrauded of its pro-
per nourithment, or nourifhed in an
improper manner; in all thefe -cafes,
it will become a more eafy prey both
to putrid and other difeafes; and,
on this account, the choice of proper
food 1s 2 very material article in’ the
prefervation of healdh.

0 4 CH AP
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CHA&P XL

Of earthquakes, and other extFaordinary
caufesy, which bave been faid to be pro-
ductive of putrid difeafes.

§ T {cems to be an indifputable fadt,

that putrid diftempers, anciently
denominated by the appellation of
plague or peflilence, have frequently
followed foon after earthquakes.
Earthquakes, therefore, in the times
of {uperftition and ignorance, have,
by many authors, been reckoned the
caufe of thofe difeafes. |

Trebellius, among feveral other
caufes, mentions earthquakes as one
of thofe which produced a plague that
infefted the whole Roman empire in
the year 263 *; and Eufebius fays,
that it reached even to Alexandria in
Egypt, but attributes it to another
cauie T,

% Trebelliys, + Eulebius,
Kircher
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Kircher relates, that, in the year
746, a plague arofe in Calabria and
Sicilia, from an earthquake and an
immodefate heat of the air; that the
infeftion reached as far as Conftanti-
nople, which it almoft depopulated:
and he mentions another in Italy,
which, he fays, arofe from an earth-
quake and eclipfe of the fun*.

In the 16th century, an earthquake
happened at Conftantinople, by which
the fea retreated fuddenly about 2000
paces from the fhore, and left a great
number of fith upen dry land, which,
{foon after becoming putrid, are f{aid
to have brought a plague upon the
city and country {. Another drcadful
plagueis alfo {aid to have immediately
followed an earthquake rhat happened
in Auflria. ; £

I could give many more inftances,
both from ancient and modern authors,
notonly of plagues having fucceeded
carthquakes, but of their having alfo
been reckoned the mnatural confe-

# Kircher Chronologia Peftium.
+ Marc, Anton. Plenc, Traftat. de Terre Mot,

quences
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quences of thefe alarming pha-:n‘o-
mena ; but this would be foreign to
my purpofe : Ifhall therefore proceed
to confider how far it feems probable
that an earthguake may be concerned
in the production of a peftilence.

If we confider an earthquake merely
as a fubterraneous power, which
thakes nations, overturns mountains
and cities, either by explofive fires, or
confined air recovering its elaftic force,
we cannot fee how it can be produc-
tive of a putrid contagion. The mere
force by which the earth is thaken;
can have no effec of this kind. Should
its minerals and various other flrata
be laid bare, we know no mineral,
nor other flratum, which has at any
time emitted effluvia produétive of a
plague, though it may otherwife be
detrimental to and deftructive of
health. Should marfhes and ftagnat-
ing lakes be thook and turned up from
their loweft beds, it has already ap-
peared, from experiments, that they
are antifeptic, and would rather cor-
rect than promote putrefaction. Sheuld

fulphureous
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fulphureous or nitrous vapours, or
flames, be vomited from the gaping
carth, they would probably a& as cor-
rectors of contagion: And thould me-
phitic air be exploded, it muft either
kill inftantaneoufily, or be difperfed in
the atmofphere, and lofe its deftruc-
tive power. If an earthquake there-
fore have any power to produce a
plague, it muft act as a remote caufe,
and we mutft look for the proximate
one in the effe¢ts produced by it.

When a violent fhock of an earth-

quake happens in cities and towns
crowded with inhabitants, as has fre-

quently been the cafe, it is then pro-
ductive of the moft dreadful flaughter
and devaftation ; not only deftroying
great quantities of land animals of all
forts, but fometimes alfo throwing
out, and leaving upon the fhore,
numbers of the inhabitants of the
deep. Thefe putrefying together with
the other animals, and that part of
the human fpecies which, in times of
fuch general calamity, often lie unbu-
rted, may certainly, in a warm climate,

% o where
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where there is little circulation of air,
produce a local contagion, which may
afterward be carried from one place
to another by the infefte4, and at
length become a general evil.

But this contagion, though it may
perhaps of itfelf be fitrong and viru-
lent enough to deftroy mankind with-
out any alliftance, has generally
feveral auxiliaries which help to faci-
litate its operations; thefe are, terror,
idlenefs, and fometimes famifie: for
one thock of an earthquake being fre-
quently a forerunner of more, after
one has been felt, a terror is ftruck
into the human mind, which hardly
any one can conceive but he who
dreads the ftability of the ground
upon which he treads, or that the
houfe which he has reared for the
convenience of his life, fhall tumble
down upon him and be his tomb.
How terror'of mind may facilitate the
attack of contagion upon the body, I
{hall not endeavour to explain here, as
I hope it will appear abundantly plain
ro every philofophical reader, .

X ' Partly
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Partly from this terror, and partly
from the lofs of labouring utenfils,
and general confufion of property,
which hasppens after an earthquake,
almoft all kind of labour is laid afide.
A little attention to what happens
every day [around us, will teach us
that perfons who have been long ac-
cuftomed to labour, become a prey to
many diftempers, and are always
among the firft who fall victims to
epidemical ones, when they fuddenly
defift from it. But this i1s not all ; la-
bouring pcople feldom have power,
and not often inclination, to provide
any thing for contingencies; hence a
public calamity always attacks them
unprovided, and, which adds to their
misfortune, famine now lends her
afiiftance to the other caufes I have al-
ready mentioned; by all which, the
body 1s {foon debilitated, and becomes
unable to refift a contagion, which for-
merly it would eafily have conquered.

When we confider all thefe circum-
ftances as the natural confequences of
an earthquake, we need not be fur-

prized
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prized that a plague, and various
othér diftempers, fhould follow it.
We may therefore eafily account for
the fac¢t fo frequently mentioned by
authors, without having redourfe to
any thing fupernatural, or {fuppofing
that the earthquake itfelf is fraught
with the feeds of contagion, which it
" diffeminates abroad for the deftruc-
tion of mankind.

Befides the caufes of putrid difeafes,
which have been already examined in
the preceding part of this work, there
arc a variety of others, which arofe
cither from the prevailing philofophy
of the times, from {uperitition, or
from prieftcraft ; but they are moft of
them fo whimfical, that they hardly
deferve any f{erious attention: We
{hall juft mention a few of them.

It has already been obferved, that
mankind, in every age of the world,
have had a ftrong propenfity to dif-
cover the caufe of any thing thatap:
peared firange and wonderful: fiimu-
lated by this propenfity, they have gene-
rally fixed a caufe for every phanome-

non
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non that fell within their obfervation,
thoughunhappily they have oftenftum-
bled upon a very uncouth and unphilo-
{ophical one. Of this kind is that of
Kircher, %ho, at a lofs to difcover the
real caufe of a peftilence, fixed it
upon the venom emitted from fer-
pents ; not confidering that ferpents do
not throw out their venom but either
in their own defence, or to deftroy
their prey. But, even allowing that
theydid throw itoutatother times, the
quantity would always be too fmall

to contaminate the atmofphere.
This, perhaps, was only the foible
of a fingle perfon; but by much the
moft common of thele whimfical
opinions arofe from judicial aftro-
logy, without the ftudy of which,
no man could formerly be a philofo-
pher, and far lefs a phyfician. As no
difeafe then, from a peftilential fever
to a pimple on the nofe, could attack
a perfon, but by the malign influence
of a planet or planets; fo, far lefs
could any difeafe be cured, without
removing
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removing this malign influence by the
{fuperior power of other planets that
were more aufpicious in their nature.
This, however rifible it may, feem to
us at prefent, about two centuries ago
was reckoned {o ferious an aflair, that
he who had the greateft knowledge
of the ftars had likewife the greateft
knowledge of the human body: and
if a phyfician, or even an empyric,
fucceeded in curing a patient, where
others had failed before him, his fuc-
cefs was attributed to his fuperior
{kill in aftrology ; which {fkill, at that
time, was artfully employed to per-
{fuade mankind, that the fltars were
the caufe of every public and private
calamity that happened.

The doftrine of demons poflefling a
delegated pbwer of contaminating the
air, and producing peftilental dif-
eafes, was likewife often fuccefsfully
inculcated upon the reft of mankind
by the cunning prieft ; and {o far was
this ridiculous opinion of demons in-
terfering with the affairs of the ai(xi

an
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and of mankind carried, that an
author of reputation feriouily relates
a ftory of a woman, who met a de-
mon whilg the was travelling, guz mor=
bum pudfndz dedit er in concubitu, de quo
poftea moritur mulier. But 1 have already
faid eriough concerning fiich whimfi-
cal notions, and fhall now proceed to
give my own opinion relative to the
caufes of putrid difeafes, and their
mode of alting on the animal body,

P EHAB
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C H A 'Pa XII.

Of particular flates of the atmofphere;
whether productive of putrid diforders.

F all thofe things which tend

to {fupport animal life, air is

the moft conftantly and indifpen-
fibly neceflary. It is a fluid, not
only always in contact with the
whole {furface of our bodies, and
abforbed by the cuticular pores, but
alfo continually entering into our
lungs, from thence pafling into our
blood, and conftituting an ingredient
in every part of our compofition.—
Our food, drink, and whatever elfe
we make ufe of, are only neceffary
for us at fome particular times ; but
the air is neceflary for us every mo-
ment. It becomes, therefore, natural
for us to look upon a pure air as one
of the greateft fources of health, and
an impure one as one of the greateft
fources of difeafes; and to attribute
5 t0
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to 1ts various changes, from hot to
cold, from moift to dry, and to the
various particles which are continual-
ly floating in it, many of thofe difor-
ders whefe origin we cannot other-
wife account for.

Formerly, when the plague vifited
Europe more frequently than it has
done of late, when the minds of men
were more clouded with fuperftition,
and lefs acquainted with philofophy,
that diftemper was always reckoned
the immediate effet of Divine ven-
geance. When philofophy began to
emerge out of that Gothic darknefs
in which it had long been funk, and
natural caufes confequently to be
inquired into, the atmofphere was
one of the firft that attracted our atten-
tion; and whenever putrid difeafes
became epidemic, and no vifible caufe
could be afligned, they were faid to
derive their origin from certain oc-
cult qualities of this atmofphere.
Thefe occult, or, as they were fome-
times called, malignant qualities,
were often attempted to be rec-

Pz tified
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tified by large fires of aromatic
woods, refins, gums, &c.; but thefe
having never done any good, it be-
came at laft doubtful with fome,
whether fuch malignant ®qualities
really exifted; and as they could not
detect them, they pofitively infifted
that no ftate of the atmofphere had
any influence on the difeafes of the
human body.—Others, willing to ad-
here to the old do¢trine, ftill infifted
on the malignancy of the atmofphere
being the caufe of every difeafe for
which no other caufe could be aflign-
ed. Butas this atmofphere is fo fleet-
ing and volatile a body, and on thefe
accounts cannot be properly examined,
the difpute, in a great meafure, re-
mains as yet undetermined.

Some few attempts have indeed
“from time to time been made, in
order to difcover the qualities of the
atmofphere, by expofing pieces of
meat and other putrefcible fubftances
at different heights; but thefe trials
have hardly ever led to any ufeful
inference ; and for this plain reafon,

becaufe
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becaufe there was no  ftandard to
compare them by; and without a
ftandard, experiments of this kind
can prove nothing; for, fuppofe a
piece of meat to have purrified when
expoled at any given height in an
eptdemical {eafon, in the {pace of
12 or 14 hours, when the weather was
of fuch a degree of heat and moifture,
unlefs we could be certain that it
would not puwrify in {o fhort a time
in the fame height, when the wea-
ther was o the fame degree of heat
and moiflure, and no epidemical fick-
nefs exuting, our experiment would
prove nothing. For want of {uch a
ftandard therefore, the only method of
forming any idea of the confequences
of experiments of this nature, would
be to try the fame putrefcible {ub-
ftances,in the famealtitudes, inhealth-
fulfeafons, when the atmofphere, with
regard to heat and moifture, exactly
correfponded with its heat and moif-
ture in {uch feafons as epidemic and
contagious difeafes, {uppofed to arife
from the atmofphere, were prevalent.

P3 This,
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This, I believe, was never attempted,
owing, perhaps, to the difficulties that
occur in the execution of it; for it is
rare that our variable clinfate conti-

nues the fame any length of time
together, or is found the fame any
two different days, at different or
at the fame times of the year,

I have made two or three at-
tempts of this nature of late, with a
view to compare the qualities of the
air at one time, with its qualities at
another ; but, from the whole, I can
hardly fay I have been able to draw
any other inference, than that I have
always found that pieces of meat
which were pretty large -putrified
more or lefs quickly, according to
the different degrees of the heat of
the air; pieces that were fmall putri-
fied in proportion to the degrees of
its heat and moifture; but none of
thofe trials were ever made in ftates
of the air {fuppofed to be epidemic or
contagious. '

Under the head of putrid effluvia, I
have already delivered my fentiments

cons
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concerning the poflibility of the air
being contaminated in our northern
climates ; and though I have there
given it #& my opinion, that it never
can be fo contaminated as to infet
people with putrid difeafes, without’
the affiftance of fome particular con-
tagion; yet I will not pretend to fay
that there may not be fome ftates of
it, which may predifpofe’ the body
both to thefe;, and to a' number of
other epidemics. I am'the more dif*
pofed to be of this' opinion when I
confider, that thofe gentlemen who
have paid a more than ordinary atten-
tion to epidemics, have found them
of {uch wvarious natures, even when
the climate and weather feemed to be-
exactly the fame, that, not finding
any other caufe to deduce them
from, they concluded, that they de-
pended upon fomething. in the at-
mofphere, which we have notyet, and
perhaps never will have the {malleft
knowledge' of *. But though we:

may

*Varii funt nempe annorum conflitutiones, qua neque
calori, neque frigori, non fucco humidove, ortum fuum

P4 debent,
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fay not have it in our power to dif~
cover all, or even any of the hidden
qualities of the atmofphere ; yet, as far
as its {fenfible qualities and mautations -
fall under our obfervation, we may
endeavour to inveftigate them, and the
effects arifing from them.

We have already found in the expe-
riments made upon heat and moi-
{ture, that they are both neceflary ta
produce putrefadtion; and, agreeable
to this, it has always been obferved,
that a warm humid atmofphere has
been followed with putrid epidemics ;
as plagues, fo called in the fouthern
regions, .and malignant fevers, inter-
mittents, and dyfenteries in the
northern, of which I could give many
inftances from authors, but fthall con-
tent myfelf with only mentioning,
that this is the peftilential ftate of air
defcribed by Hippocrates*, by Mer-

debent. Sed ab occultu potius, et inexplicabili quadam
alteratione in ipfa terree vifceribus pendent, unde aer
ejufmodi effluviis contaminatur. Sydenham de Morb.
Epidem. |

¥ Hippocrat, Epidem, lib, iii.

curialis,
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curialis t, in the plague which hap-
pened in his time at Padua; and that
atSmyrna, the plague, whichis yearly
carried there by fhips, conftantly
" ceafes about the 24th of June, by the
dry and clear weather they always
have at that time, the unwholfome
damps being then diffipated *.

As a continuation of warmth and
humidity in the atmofphere has ge-
nerally been obferved to precede epi-
demics of the putrid kind, {0 in a low
damp country, the fame kind of dif-
eafes are generally endemic. Thefe
two facts being comparedtogether,and
found agreeable to the foregoing ex-
periments, afford a ftrong proof of
heat and moifture being favourable to
putrid difeafes, though Iam inclined to
believe that they cannot produce them
without the affiftance of fome other
caufes; all therefore that they appear
to do, is to predifpofe the body for
the reception of a putrid infection,

+ Mercurialis przlect. de peftilent.
# Mead on the Plague, sl
Wthhy
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which, when applied, will produce a
putrid difeafe in fuch a ftate of the
atmofphere ; whereas in a dry warm,
or in a dry cold ftate of it, ét would
perhaps not have been able to have
produced any morbid affetion at
all; and this opinion feems confirm-
ed by the hiftory of plagues, which,
in all countries, have generally been
obferved to abate fomething of
their feverity in warm dry weather,
and generally almoft intirely to
ceafc in cold; dry, and frofty wea-
ther.

Let us now confider by what means
a moift foggy atmofphere is produc-
tive of thefe effects.

In the firft place, it may produce
them by diminifhing, or almoft en-
tirely ftopping the perfpiration, by
which a fuperfluous load of noxious
humours being confined in the body,
it will become more liable either to
fall into a {pontaneous difeafe, or to
receive the infection of a putrid one.
Secondly, by weakening and relax-
ing the fpring of the animal fyftem,

and
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and thereby diminifhing its power
of refiftingany morbid contagion that
may be applied to it. And thirdly,
perhaps Py introducing into the {yf-
tem a fuperfluous quantity of aque-
ous moifture, which has been found
by fome preceding experiments to
accelerate the putrefation of animal
fubftances.

The learned Dr, Mead, in account-
ing for the origin of the plague,
agrees with what I have here deli-
vered, and fays, that it is generated
in KEthiopia during the rainy feafons;
and, as he fuppofes it likewife to take
its rife often in Cairo*, he imagines
the caufe of it to be the putrid effluvia
arifing from the canals in the city, as
he could not derive it from the {fame
caufe as in J/Ethiopia, there being
hardly ever any rain at Cairot: But
the do¢tor has here been in a miftake
concerning the origin of the plague

* Mead on the Plague,
+ Halflelquift’s Travels,
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in that city ; for we are informed by
Profper Alpinus, that it is very rarely,
if ever, generated there, but com-
monly imported by trading Yeflels in
the fame manner as it 1s into Europe*:
but were it really a native of Cairo,
from what I have already obferved
with regard to putrid effluvia, I am
of opinion that it could not be gene-
rated there by moifture.

Next to the warm humid ftate of
the aimolphere, the cold humid {tate
of it feems the moft favourable to the
putrefation of the living animal. It
is to be obferved, that this laft ftate is
not {o favourable to the putrefaction
of the dead animal, becaufe heat,
as well as moifture, is neceflary; buta
living animal, having an innate prin-
ciple of heat, which is almoft always
{ufficient for this procefs, and which
feems to {uffer little or no alteration
from the heat of the {urrounding
medium, is therefore in a ftate fit for

* * Profper Alpin. de Medicin, Egyptiore
3 becoming
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becoming putrid, independent of
any auxiliary heat. It becomes there-
fore a diflicult queftion to deter=
mine, whether a warm humid at-
mof{pheré} or a cold humid one, is
the moft favourable to the growth
and increafe of putrid difeafes in
living animals.

Dr. Lind feems to be of opinion that
heat and moifture in the atmofphere
are moft favourable to the rife and
progrefs of acute putrid difeafes, as
peftilential and malignant fevers of
all kinds ; and that cold and moifture
are moft favourable to {low chro-
nic ones, as the fcurvy, &c. This
doctrine he has illuftrated with great
propriety, from feveral inftances of
failors having been attacked with the
fcurvy in cold damp channel cruifes ;
and from the fame difeafe being en-
demic among fome of the northern
nations, particularly fuch as live in
damp unwholefome houfes, and have
{carcely any green vegetables dur-
ing three-fourths of the year *,

* Lind on the Scurvy, g
ut,



|0 s28 1}

But, as the natural heat of living
animals feems to be but little, if at all,
affe¢ted by the heat of the furround-
ing medium in which they live, it
would from thence appear, that
they thould be equally fubjeét to
putrid difeafes in a moift warm at-
mof{phere, as in a moift cold one;
and the hiftory of moft peftilential
diforders feems to confirm this opi-
nion.

It has been obferved, that fome
fubftances, and particularly wood,
is more liable to rot and decay,
when expofed to many fucceflions of
drought and moifture, than when
kept regularly dry or wet. This ob-
{ervation, however, as far as I can
difcover from the hiftory of epide-
mics, 1s not transferable to animal
fubftances; for I do not find that {fud-
den § tranfitions from wet to dry, and
vice verfa, have been reckoned fo
hurtful to the health, as wet foggy

+ Raulin des Maladies occafionées per les promptes
et fréquentes Variations de 'Air,

weather
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weather long continued: Nor do f
recolle&, among all the difeafes men-
tioned by Raulin, as arifing from
fudden changes of the air, that he has
mentiongl putrid ones, though it
would feem that fuch fudden
changes may in fome meafure oc-
cafion them, by ftopping the perfpi-
ration, bringing on a plethora, and
afterward an inflammatory fever;
which inflammatory fever may,
and often does, end in a putrid
one, particularly if it be improperly
treated.

From the whole of the obfervations
that have ever been made upon the
atmofphere of this country, we have
no great reafon to dread its being the
proximate caufe of any putrid diftem-
per; but as diftempers of any kind
are fo apt to change their nature,
and to be transformed into others
quite different from what they were
criginally ; and as the atmofphere of
this country has frequently been
the caufe of difeafes of divers kinds,
when thefe have changed into pu-

trid
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trid ones, the air has often been faid
to be the caufe of them, when it
is proba.ble they depended more
upon improper management, or a
variety of other clrcumﬁances.

CHAP,
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CHAP XII

An attempl, to explain how putrefaction
alls upon the hving animal,

T YR OM what has been faid in the
preceding chapters, as well as
from daily obfervation, it appears
. evident, that all animal, and the
greateft part of vegetable fubftances
have a natural tendency towards a
{tate of putrefaction, were they not
perpetually reftrained from that flate,
by the agency of fome powerful
caufe or caufes; fo that, when we
confider them with this tendency
impofed upon them by the author of
nature, we have more reafon to won-
der that they do not always run inrto
a putrid ftate, than that they thould
only fometimes do fo.
As in this enquiry we have found
- that ‘heat and moifture, when ap-
plied to putrefcible fubitances, uni-
verfally difpofe to putrefation; and as
the human fpecies have always been
Q found
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found to poflefs a degree of heat
and moifture highly favourable to
putrefa@tion, let us firft endeavour
to inveftigate the reafonscwhy that
{pecies, though it has the two moft
powerful caufes of this evil inter-
woven with 1ts exiftence, fuffers fo
feldom by .it; and perhaps this
inveftigation may throw fome light
upon the reafons why 1t fometimes
does fuffer by it.

In this inveftigation, the firft, and
perhaps the moft powerful caufe
that prefents itfelf to us, is motion.
Before we attempt to explain the
caufe why motion is fo ftrong and
univerfal an antifeptic, let us firft
eftablith the faét*. This; I think,
cannot be very diflicult, for almoft
the whole of the works of Nature
point it out to us. When we look
around, and view the fabric of this
material world, we hardly find any

* Quamdiu ®quabili motu per vafa circumducuntur
bumores, nulla nafcitur in corpore putredo, omne illud,
quod inciperet difponi ad putredinem, folitis corporis
viis eliminatur. Vans-Wieten Commentar.

thing
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thing at reft. In the deepeft recefles
of the earth, the different ftrata are
perpetually concreting into new com-
‘binations, and forming gems, metals,
{pars, &c. On its furface it is con-
ftantly producing vegetable, animal,
and other fubftances ; from all which
it appears, that its ultimate particles
are in continual motion, independent
of its annual and diurnal revolu-

tions, by which the whole of it is
moved.

The fea alfo, that huge body of
water, which furrounds this earth,
has the motion of a perpctual_ﬂux and
reflux imprefled upon it. The rivers
are continually running from their
{ources towdrds the fea, and are by
that motion preferved freth; as it is
only in fome ftagnating lakes and
marfhes that water is ever found pu-
trid, according to the common phirafe;
though, in reality, neither water nor
earth, confidered as pure elementary
fubftances, are putrefcible; and it is
only by being mixed with, and par-

€ 2 taking
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taking of the fmell of other putrid
matter, that they have been reckoned
putrid.

But, befidesthe earth and water, the
air alfo which furrounds us is in per-
petual motion, and conftantly  agi-
tated by a variety of different caufes.
Though we do not know all the dif-
ferent particles which exift in the
atmofphere, we are, Ithink, pretty cer-
tain that air itfclt is a non-putrefcible
fubftance; though at the fame time
we muft alfo take notice, that there
are always a great many putreicible
bodies floating about in it, and thefe
bodies, when they are accumulated
together 1n large quantities, conftitute
what we call a putrid or unwholefome
atmoiphere.

All the various fluids contained in
the animal {yftem are in perpetual
motion, and meft of them, together
with the greateft part of the {folids,
are concerned in thofe motions called
vital or involuntary, which go on in
a conftant and uniform manner, whe-
ther the animal be fleeping or waking.

4 Bur,
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But, befides this, the whole body of
every living animal is {ubje& to the
power of the mind, and by her di-
rections frequently performing mo-
tions of the voluntary kind, though
thefe do not feem to oppofe pu-
trefaction {o much as the involun-
tary ; for, when the vital or circu-
latory motion of the blood is ftopped,
in a leg for inftance, and all the parts
of that leg perfetly at reft among
themf{elves, it foon begins to mortify,
though the power of moving it by the
diredtion of the mind may remain.

But not only the various parts of
animals, but even thofe of vegetables
alfo, are in perpetual motion among
themfelves. The circulation of thew
fap, is a fact that has been long efta-
blithed ; nor, when we confider their
daily growth, the formation of bark,
flowers, and fruits, can it well be
doubted that their folid parts have a
{pecies of motion alfo.

Thefe few obfervations, out of a
great many more that might be
added, are, I prefume, f{ufficient to

€. 3 eftablith
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eftablith the certainty of all kinds of
matter being in a perpetual motion ;
and, whoever has attended diligently
to nature, muft, I flatter myfelf, have
been convinced, that it is one of the
principal agents by which bodies are
preferved from a ftate of putref-
cency; and the reafon of its alting
in this manner will likewife ap-
pear from a little attention to the
phznomena that attend putrefying
bodies,

A great variety of repeated obfer-
vations have taught us, that it 1s an
invariable law of nature, that a fer-
mentative motion muft neceflarily
precede a ftate of putrefadtion, in
all dead animal and vegetable bo-
dies. Now, in order to allow this
fermentative motion to take place, it
is neceflary that the parts of the body
upon which it 1s to operate, be at reft
among themfelves; for, if they are
urged by any wvis a tergo, in the man-
ner of living animal fluids or vege-
'él'ablc juices, they will be much lefs
{ufceptible of motion from any othey
AN | caufe,
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caufe, which, before it can operate
upon them, muft deftroy this force or
power by which they are already
impelledyforward. Daily obfervatio:
confirms the truth of this; for ruc
ning water cannot be rendered putric
by adding a putrid ferment to it ; nor
will the limbs of animals, or branches
of vegetables, become putrid, while
they are properly fupplied with juices
from the parent ftock.

A fecond caufe, why mankind,
though fo {ufceptible of putrefaction,
are {o feldom attacked with it, ap-
pears to be the antifeptic nature of the
food which they daily make ufe of.
Though the human ftomach has {fuch
an amazing power of converting al-
moft all kinds of aliment i1nto proper
nourifhment, that fome have con-
cluded it poflefled of a power of de-
ftroying the {pecific difference of eve-
ry thing taken 1nto it*; yet experience
teaches us, that the nourithment ex-
tracted from fome kinds of food, has

¥ Arbuthnot on Aliment,

Q4 a much
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a much ftronger antifeptic power
than that extracted from others; ac-
cording to which, it has been obferv~
ed, that fince fugar and the eafce{cent
vegetables became a part of the dietof
the people in this country, putrid dif-
cafes have been much lefs frequent
than formerly, when our forefathers
lived upon grain and fleth, without a
proper mixture of acids to correct
their tendency towards putrefaction.
There may be, and undoubtedly are,
a number of other fubordinate caufes,
which co-operate with thefe two alrea-
dy mentioned, in retarding the ten-
dency of animals towardsa putrid ftate.
But as their power 1s, I prefume, much
more limited, I thall pafs over them in
{ilence, and only at prefent take notice
of the effe¢ts of want of motion, and
of antifeptic food, which, I am per-
fuaded, will be found of themfelves
adequate to the produdtion of putre-
faction, without the exiftence of pu-
trid miafimata, or any other caufe
whatever exifting out of the body.
Neither
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Neither the whole, nor any part of

a living animal, 1s ever attacked with
putrefaction, unlefs previoufly dif-
pofed tlsereto by the exiftence of fome
caufe, though that caufe may be not
difcoverable. On the other hand, the
dead animal 1s always attacked with,
and runs {pontancoufly into it, unlefs
prevented by fome evident caufe. But
the living and the dead animal are ex-
altly of the fame materials, and exadtly
of the fame conftrution. That the
living animal does not putrefy as rea-
dily as the dead one, muft therefore be
owing to fomething which it enjoys
while living, and 1s deprived of when
dead. We donot knowin whatlife con-
fifts, nor the powers of which it is pof-
{feffed ; let us, therefore,inftead of in-
dulging ourfelves in ideal conjetures
concerningthings which we do not un-
derfiand, confider the difference be-
tween the living and the dead animal,
as faras this difference falls within the
compafs of our knowledge, and try
whether this will lead us to difcover
why
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why the one feldom putrefies, and
the other conftantly does fo.

Here the firft and moft obvious
difference that ftrikes us, issmotion;
for, independent of the loco-motive
faculty of aliving animal, its various
parts are all in conftant motion
among themfelves, Now, as we have
already feen above, that a ftate of reft
is favourable to putrefaction, and a
ftate of motion unfavourable to it*,
we may, I think, from thence reafon-
ably conclude, that motion is one of
the caufes of the prefervation of the
living animal, and the want of mo-
tion is one of the caufes of the deftruc-
tion or putrefaction of the dead one.

This conclufion admitsof the ftrong-
eft proofs, both from what happens to
animals themfelves, and from their
analogy to vegetables. I fhall begin
with the former,

* The author here only means relative reft and mo-
tion ; for it will appear afterward, that abfolute reft, or
immobility of the parts of any body, preferve it in the
firongelt manner; and that, on the other hand, violent
motion in a living animal will deftroy it, by inducing
putrefaction,

Any
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Any part or member of an animal
may eafily be made to putrefy, by
depriving it of the circulatory motion
of its bdood and other juices. If a
ligature be tied around a leg or an
arm, fo tight as to ftop the circu-
lation, a mortification {foon fol-
lows ; when the influent blood is
denied admiflion into any member
from an internal obftruction, the
fame thing happens, if the obftruction
be long enough continued; and in
both thefe cafes, the moft obvious
caufe which we can difcover, is the
lofs of motion.

Nor is it from animals only that
proofs in fupport of this doétrine may
be drawn: It will admit of further
proof from the analogy of vegetabies;
for the fame thing that happens to
the member of an animal when tied
with a tight ligature, happens alfo in
the {fame circumftances to the branch
of a vegetable: And indeed, all the
fucculent putrefcible vegetables feem
to depend more immediately upon
the circulation of the fap for their

pIrc-
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prefervation, as this circulation is no
fooner cut off from a branch than that
branch begins to putrefy, and refolve
into its elementary principées, pro-
vided that its moifture be not too fud-
denly exhaled, fo as to prevent this
refolution from taking place, which
a heat not very great will do even to
the largeft vegetables, and to large
animals alfo, as 1s mentioned by
the learned Dr. Shaw, who, in his
journey from Egypt to the Holy
Land, {faw in the defert the bodies of
fome dead camels, which had belong-
ed to a former caravan, exficcated by
the heat of the climate, {o as to pre-
vent that putrefaction which nartural-
ly confumes dead animals.

But, though the vital motion of ani-
mals and vegetables, when properly
regulated, appears evidently to have
a power of preventing putrefaction; yet
this motion {eems only to pofiefs {uch
a power, in confequence of its hin-
dering the fermentative motion
from taking place. Now this fer-
mentative motion 1is abfolutely ne-

ceflary
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ceflary towards producing putrefac-
tion in the dead animal, as will ap-
pear from confidering that a ftate of
abfolutes reft or fixednefs of the /-
tima corpufcula of matter, i1s fill a
more powerful prefervative than vital
motion itfelf ; for a piece of flefh, or of
any other matter, whofe parts are al-
together fixed among themfelves by
froft, may be preferved perhaps for
ever from putrefaction; and this, by
the way, is one of the many fa&s
that teach us how little we know of
nature, and of the various and even
contrary methods fometimes taken by
her great Author to accomplith the
fame ends.

The next caufe I mentioned, by
which the living animal was preferv-
ed from putrefaction, was the conftant
{fupply of frefth and antifeptic mate-
rials, taken by way of food ; let us
therefore endeavour to inveftigate the
manner in which food produces thefe
effects.

I hope it will not be thought necef-

fary here, that I fhould explain the
theory
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theory of digeflion, unlefs it be al-
ledged that, by digeftion, the aliment
undergoes fuch a change in the fto-
mach, that an antifeptic may be en-
tirely divefted of that quality, and
acquire fome other in its ftead. But,
were this the cafe, to what purpofe do
we prefcribe antifeptics in putrid
difeafes? or, how fhould the internal
ufe of the bark cure a partial or ge-
neral tendency to mortification? Let
us then take it for granted, that an
antifeptic {till continues to be an anti-
{eptic, even after it has undergone the
procefs of digeftion; and, if fo, the
diet of moft people will afford us
ftrong reafons to believe, that they
are in {fome meafure preferved from
putrefaction by its influence.

But it may be objected here, that,
according to fome of the beft theories
of digeftion, the food itfelf under-
goes a {pecics of putrefaction before
it is converted into proper nourifh-
ment. At firft fight this objettion
feems to have fome confiderable
weight ; but, when we reflect, that

not-
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notwithftanding this putrefaction, if
it can be called fuch, the digeftive
powers extra¢t a wholefome chyle
from feod fit for nourithing the
body, it begins to be of lefs confe-
quence; and it is of lefs flill, when we
further confider, that the product of a
putrefactive mixture becomes an
antifeptic, as has abundantly appeared
from feveral of the foregoing expe-
riments.

It may further be objelted, that
the food of many nations, as well as
that of all carnivorous animals, 1s:
fuch as, having a flrong tendency
towards putrefaction itfelf, muft ne-
ceflarily augment that fame tendency
in the animals which live upon it.
What has juft been obferved above
concerning the product of a putrid
ferment, will much diminith the
force of this objection; and further,
we muft confider, that almoft all car-
nivorous animals, whether of the
human or any other {pecies, are under
a perpetual neceflity of ufing exercife,
in order to obtain their food, and this

neceflarily
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neceflarily preferving the vital mo-
tions from becoming languid and
fluggith, may poflibly preferve the
body, by counterbalancing that ten-
dency which would otherwife arife
from the nature of the food made ufe
of.

On a former occafion, I have proved
by experiment, that {al nitre, a firong
antifeptic, retains its nature and pro-
perties after it has gone through the
circulation, and been excreted by
urine*. May we not from this inftance
conclude, that many, if not all the
other antifeptics, continue to be fuch
after they have gone through the
fame procefs? And, if this be allowed,
it affords an cafy folution of the rea-
fon why antifeptic food preferves the
animal that ufes it from putrefaction.
But, fuppofing the food of animals to
have nothing antifeptic in its nature,
yet the continual approximation of
new and freth parts to the body, in
confequence of the ufe of it, muft be
a powerful prefervative againft putre-
faction; agreeable to which, it has

® Vide Experimental Effays.
been
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been found that people who have
died of famine, have been in a highly
putrid ftate before their death *,

An animal that is denied meat and
drink, dies in a few days; but this
death, I 1magine, does not happenfole-
ly from inanition, but from a putref-
cency of the humours; as a proof of
this, any watery liquor givento it, will
keep it much longer from ftarving.
Now, we can hardly fuppofe that the
water does this by affording nourith-
ment, as it is deftitute of thefe mucila-
ginous particles which at prefent
feem to be reckoned the nurritive
part of our food; it muft therefore do
it by diluting the fluids, and confe-
quently keeping them from this pu-
trefcent ftate. And this feems confirm-
ed by experience; for people have
lived upwards of twenty days upon
nothing but watert; and the flories

* The blood of thofe that die of famine becomes
highly acrimonious, which begets fever, phrenzy, and
fuch a degree of putrefaétion, as is highly deftruive of
the vital principle. Huxham on the Ulcerous Sore

T hroat.
+ Philofophical Tranfact,

R of
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of much longer abftinence, where
water has been allowed, are not alto-

gether incredible.
Hitherto I have infifted upon mo-

tion and antifeptic food being prefer-
vatives againft the putrefcency of the
animal body; the motion which 1
have always had in view, is that call-
ed vital, or involuntary, which muit
be carefully diftinguithed from that
called fermentative; the former tend-
ing to the prefervation, and the latter
to the deftruction of the animal. But
though vital motion, when rightly
regulated, tends to the prefervation
of the animal, when it runs to either
extreme, it ats in a contrary manner.
1f it is too flow, it allows the fermen-
tative motion to take place, and bring
on putrefaction; if it is too rapid, it
deftroys the animal by bringing on
this putrefaction itfelf*,

It

* Longe autem citius in putredinem abeunt humores
animalium, fi valide moveantur, fi valido curfu, vel alio
labore, quis corpus exercuerit. Quam olidus fudor,

quam acris et fcetida redditur urina, dum febris acuta
: lactantem
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It is perhaps not eafy to determine
how a too rapid motion of the fluids
thould induce putrefaction; it is pre-
{fumable, huwevcr that 1t does {o, by
deﬁroylng their texture, and depriv-
ing them of their cohefive principle
or bond of union, by the pofieflion of
which they are kept in a found {flate,
and by the lofs of which they run
into a morbid one. But, however this
change 1s brought on, it certainly
does happen frequently in confe-
quence of rapid febrile motion, which
has many a time changed the hu-
mours into a putrefcent ftate in the
{pace of a few days+.

What has been obferved above con-
cerning the effects of motion and reft,
when applied to animal bodies, will,
I flatter myfelf, enable us to aflign a

laGantem prehendit mulierem ? Nifi plufimum potet, in-
tra paucas horas lac fiet tenue, fubflavefcens, falfum,
odoris fuburinofi. Van-Swieten. Commentar,

+ Nimia agitatio longe adhuc celerius putredinem
inducit. Acutiflima febris intra 24 horas fic poteft
corrumpere omnia, ut urina foetida, faeces alvinz cada-
verofz penitus, halitus oris putridiffimus, interna omnia
jam corrupta teftentur. Van-Swieten. Commentar.
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rcafon why thefe bodies are fome-
times attacked with putrid difeafes,
without having recourfe to cua®eux
warpda, or any of the ogher caufes
which attack the animal ab extra, as
they point out to us, that animal
matter has a conftant tendency to,
and is poflefled of all the neceflary
requifites for running into a putrid
{late.

In order to illuftrate this dodtrine,
let us take a view of the moit fimple
methods by which a putrefaction is
induced, and from thence proceed to
the more complex.

The moft {imple method then of
producing putrefaction is what I have
already mentioned, viz. by tying a
ligature upon a member, {o tight as to
cut off all communication with the
vital parts, by which means it {foon
becomes putrid, without the affiftance
of any contagion, or internal difeafe
of the body. This {pecies of putre-
faction feems to arife folely from the
lofs of motion.

The
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The next method by which we fee
partial or wuniverfal putrefactions
produced, 1s, when they happen in
confequegce of an inflammation.
The manner in which an inflamma-
tion itfelf 1s produced has been much
difputed, nor fhall I at prefent enter
into a difcuffion of that point; for
my purpofe, it is fufficient that in an
inflammation there be a ftriture on
the parts, or an extravafation of
humour, by ecither of which the
regular influx of the blood is hin-
dered: And that one or both of thefe
always happen, I think, will hardly
be denied; if the former, it will a&
in the fame manner as a ligature, and
by depriving the humours of motion,
make them become putrid; if the
latter, the extravafated humour, be-
ing without the reach of the moving
powers, muft ftagnate; and, if this
ftagnation belong enough continued, it
muit putrefy alfo. Here, likewife, the
putrefying caufe is lofs of motion*,

Such

* Though I have faid above, that putrid difeafes may
arife without the afliftance of contagion, I do not thereby
R 3 mean
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Such putrid difeafes as attack the
whole {yftem, may arife either from
putrid miafmata being received into
it, from the perfpiration bging ftop-
ped, from the circulation being ren-
clered too flow, or toorapid. When the
firft is the cafe, the learned Dr. Hux-
ham fuppofes that the miafmata are
{wallowed along with the {aliva,
where they act as a ferment on the
contents of the ftomach. Now, it is a
well known fadt, that fermentation
is, of all things, the moit favourable
to putrefaction. Thefe putrid miaf-
mata then being received into, and
~mixed with the contents of the flo-
mach, already fermenting, will
change the produdét of that ferment,
from a mild nutritive liquor, to an
acrid and putrid one; in confequence
of this, the chyle and blood muft
receive fome of this produét into
their compofition, which, aéting as a
{timulus upon the heart and arteries,
will excite them to more fitrong and

mean to preclude its agency, as they may no doubt allo
pe cauled by it, ;

frequent
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frequent contractions; hence a too
rapid motion of the blood will enfue,
its texture will be deftroyed, and hav-
ing loft ghat, it will be eafily afflimi-
lated to the nature of thefe putrid
particles that were mixed with it
This is one of the putrid difeafes
caufed by too much motion.

In fevers of this kind, when nature
1s tolerably ftrong, and the extre-
mities of the excretory veflels at the
fame time fhut up, the endeavours
to propel thefe putrid particles to-
wards the furface, where, meeting
with an abfolute refiftance, they
can proceed no farther; and thus
being lodged between the cutis and
cuticula, form what are called pe-
techiz, livid {pots, &c. The matter
of thefe petechiz being thus ex-
travafated, generally become more
and more putrid, as they are foment-
ed with heat and left in a ftate of
reft; when nature, finding that in this
ftate they would produce turther
mifchief by contaminating the parts
around them, makes another effort

R 4 to
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to get clear of them, which is done
by abforbing them again into the
{yftem, with a view to throw them
out fome other way; in whieh, if {he
fucceeds, the patient recovers; if not,
death puts an end to the conflict.

That putrid contagion makes its
firft attack in the manner I have now
related, feems bighly probable, from
a diligent attention to nature; as one
of the firft {fymptoms, after having
been infeted, is generally a naufea,
and inclination to vomit, which, if
timely encouraged, and a gentle
diaphorefis brought on afterward,
feldom fails to avert the impending
danger; many inftances of which
have been related to me, by gentle-
men who have been abroad in the
warm climates, and feveral I have
{een 1n this country.

It may be alked here, why this
putrid contagion fhould produce fo
much mifchief when taken into the
{tomach, when it has already appear-
ed from feveral fads, that putrid ali-

ment
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ment has been frequently made ufe
of for a long time together, without
having any bad effeét? To anfwer
this, weemuft confider that this kind
of contagion, taken in along with the
air of an infected place, i1s already
become highly fubtilized and viru-
lent, before it is fit to float in the air;
whereas the other i1s generally but in
the firft, or at fartheft in the fecond
ftage of putrefaction, and may there-
fore be thrown out of the ftomach,
or even out of the blood, if it thould
have got in there, before it has ac-
quired a fufficient degree of viru-
lence to enable it to act as the for-
mer.

The fecond method I mentioned,
in which putrid difeafes attack the
human f{pecies, is in confequence of
the perfpiration being ftopped. AndI
am inclined to think that they more
frequently happen in this way than
by any putrid ferment, or other
caufe ab extra. 'When they do happen
in this way, then the perfpirable mat-

ter,
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ter, by being retained, becomes highly
acrimonious: Nature, finding it en-
dowed with this quality, raifes a fever
to throw it out; but, if thew fkin is
impervious, inftead of being thrown
out, it is abforbed into the mafs of
blood, in confequence of this fever,
where, by its ftimulus, it hurries on
the circulation in {fuch a manner, that
a decompofition and putrefcency of
all the humours enfue.

From one of thefe two caufes laft
mentioned, I imagine the greateft
part of putrid fevers, of whatever de-
nomination, arife. But as there 1s,be-
fides fevers, another putrid difeafe,
viz. the {curvy, which advances in
a much flower manner, and is hardly
attended with any febrile {fymptoms,
let us examine it alfo.

Though the {curvy has been
known to attack mankind in a va-
riety of different circumfitances of
life, thefe attacks have always been
irregular and inconftant. But there
are two caufes, which, when they

= meeg



( 251 )

meet together, and are long enough
continued, feldom fail to produce it
in a regular and conftant manner.
Thefe gre cold and moifture, which
may therefore be denominated the
real caufes of {curvy; and that they
act in concert by diminifhing the force
of the moving powers, I thall endea-
vour to prove.

The momentum of the circulating -
fluids feems todepend intirely up-
on the fitrength and elafticity of the
{olids. But it is a faét eftablifhed by
experience, that nothing tends more
to deftroy the firmnefs and elafticity
of the folids than too much moifture:
every one muft have felt languor and
debility after having been long ex-
pofed to a moift foggy atmofphere;
and the debilitating effets of large
quantities of watery liquors are well
known. Moifture then, acting long
upon the body, muit weaken the mov-
ing powers, and thereby thecirculating
fluids, or parts moved, muft creep on
more {lowly, and thence a fermenta-

five
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tative motion be more apt to arife in
them ; for 1t feemsto bealaw of nature,
that all animal and vegetable matter
muft either be fubjected to a @ital or
fermentative motion ; and, as foon as
the former fails, the latter neceflarily
begins, unlefs the wultima corpufiula of
the matter be fixed by fome powerful
caufe, as froft, exficcation, &c.

But, befides this debility of the
moving powers, which arifes from
too much moifture, cold likewife
co-operates with 1t 1n producing the
fame effeét; but then we are only to
underftand this of the feverer degrees
of cold, when joined with moifture,
and continued for fome confiderable
time; for a moderate degree of cold,
on the contrary,braces and ftrengthens
the {folids; but, when it i1s {evere,
when it 1s long continued, almoft
every one knows 1ts effet to be
numbnefs, lofs of feeling, and inabi-
lity of the muifcles to a¢t in their
unfual manner; by which, and by the
relaxing power of moifture, the circu-
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lation mult become {low, when, by
that law of nature which I mentioned
above, a fermentative motion muft
begingand increafe, as the vital motion
decreafes, till at laft a putrid diathefis
1s generated, which will take place
firft in the extremities of the exhalent
arteries, where the circulation 15
floweft; and hence the livid {pots
and blotches which {o often appear in
{curvies.

If I have fucceeded in defcribing the
manner in which putrefation attacks
animal bodies, the conclufion thatwill
naturally follow is, that the living
animal can only become putrid by a
defect or excefs of the vital motions;
and therefore, whatever caufes this
defelt, or excefs, will bring on a pu-
trid ftate of the humours. This be-
ing the cafe, we need not look out
with fo much folicitude to difcover
the caufes of putrid difeafes in efflu-
via, animalcula, &c. as we will find
that they can eafily arife without any

thing being externally applied to the
dey;
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body; for animal matter, being of all
others the moft difpofed to putrefy,
will fpontaneouily run into that ftate,
whenever the caufes that perpgtually
hinder this difpofition are taken
away or {ufpended.

After this attempt to examine the
caufes that have generally been af-
figned for putrid difeafes, and to ex-
plain their manner of operating on
the body, it may be expected that I
{hould fay fomething concerning the
method of curing them. Should I do
_this, I could hardly add any thing
new upon the fubject; as it has al-
ready been treated in a learned and
judicious manner by Sir John Pringle,
Dr.Huxham,and feveral others, whofe
names will be a perpetual honour to
the healing art.
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