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CARBONIC OXIDE POTSONTIIG in MINES

-with special reference to the

TYLORSTOWN  EXPIOSION.

The occurrence of an explosion at the Tylorstown coll-
ieries (of which I am the medicel officer) on Janvary 27
1896 drew ny special attention to this svogect,

The explosion occurred about 5 30 2eMe 8nd was pro—
pagated through the three pits by coal dust. Fortunate~
ly, it occurred whexn most of the night shift he.dvfinish-
ed, and before the day-men had gone down, or there would
heave been & much greater loss‘ of life'. As it happened,
o:n.l& 90 men were in the pits at the time, of these, 57
were killed, and 33 were brought out alive, Three of
the latter were suffering from the effects of burrs, amd
a.fterda.mp, But before entering into an analysis of the
cause of death, as shown by an examination of the bod-
ies, some description should be given of the compositioa
aad action of the air founld in mines, before, and after
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an explosion,

The Alr of Mines;- The air of mines, whether coal,lead
or ﬁrha.tever mine it may be is extremely liable to be
vitiated, and the amouxnt of vitiation produced, is of
cbnsidera.ble importa.zice in relation to the health and
safety of those working in the mine‘. The different
impurities that are met with are called by miners under
such names as, Black-damp, Fire-damp, White-damp, Gob-
stink, After-damp.

To ventilate a8ll mines a current of air is pro-~
duced and thisis guided into every part of the nine,
and is managed by means of one shaft which is known as
the downcast, which serves for the supply of fresh air,
which is distributed to the different working places by
zﬁea.us of "intake” roads’. The more or less impure air
ther_x Passes along a system of ®"return® roads to tre up-
cast shé.ft, by which it passes ouﬁ. In the South Wales
coalfield, where the ventiletion hes to be done on a
large scale’, the current is maintained by mezns of 2
centrifugel fen placed 2t the upcast shafﬁ. So that if
the composition of the air in a mine is required,we can
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obtain it by eanalysing the air coming through the up-
cast shaft, while, if wve'tes‘t the air at different parts
of the mine, we find the change in the air due to local
conditionéo

Black-domp, This impurity is met with in all mines

to a greater or lesser degree, It is Trecognised by
the fact that it extinguishes & candle or 1am§. When
pres*eﬁt in small quantities, it causes & lamp or coandle
to .b'ui'n dinly, without producing any noticeable effect
on men; in larger amounts it extinguishes a candle, or
lam'p‘," end in still larger amounts, it causes death by
su:‘f'focation'.' It is never éxplosive when present by it-.
self, and is almost always heavier than air, unless, as
very frequeatly occurs in coel mines it is found mixed

‘ witii fire—-damb.

Black-damp was until lately believed to issue from
coai and other stra.ta,‘ and was commonly supposed to be
Cé.f‘bonic Acid, Investigations by Dr'. Haldene and Lﬁ.
W..”. l\f. Atkinsoz;'éhave shown that this is a mistake and

- * ppransactions of the Institute of Mining Engineers Voioviii
Pe549, Vol Xi,pe.265.
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thet black-damp is nothing else but the Tesidusl gas
produced by the &sction of air on oxidisable materieal
preéént in coal and other materials'.

Pure black-domp is a mixture conteining about 87 %
of nitrogen and 13 4 éf Garbon dioxide. The black-damp
met with in coal mines is formed from the oxidation of
Iron Pyrites (FeSg) which is present in coal, as a Te-
Sult of this oxidation process, Sulphate of Iron and
Sﬁlphuric Acid, eare formed, and this coming into con~
tact with Carbonate of Lime whiéh is also present in
coal, evolves Carbonic Acici. You may represent the
whole process by the following equatio.ﬁ.

4 Fe Sg + 15 Og + 8 Ca COgw= 8 COg + 8 CaSOy + 2Feg0g

The red oxide of iron resulting from this reaction
can be frequently seen on vieces of coal which have heen
exposed for some time to air and moisturé. Crystals qf
Sulphate of iron will be found on other pieces where
there is no Carbonate of Lime, in the position previous-
ly occupied by Iron pyrites, while the coal itself will
be uncha.nged. The oxygen of the air left in contact
with co/al gradué.lly disappears; so that any part of‘ the
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mine, such as old workings end spaces of every kind,
Which have been left unventilated soon become filled
with‘. black—-damx;. Should the barometer show & fall in
pressure, the vlack-damp from these spaces issues out,
The return air of coal. mines always contains black-damp
aboﬁt 2 4 being commonly present in the air of the up-
cast s:klaf't‘;° As the air current passing through a coal-
mine is enormous, there is a consideraple amount of
black-damp formed in a pit, usually amounting to over
2000 cubic feet per minute in a large pit‘.

Black-damp is ordinerily recognised by its action
in extinguishing a candle or lamp. The amount required
to e;;ttinguish a tallow candle has been carefully deter-
mined by Df. Halda:ae;.'L He found that a candle held ver-
tically will not continue to burn if more than 15..8 %4
of black-damp is present (corresponding to an oxygen
percentage of 17‘.6 %) tnat 17‘.7 % of black-demp extin-
guished an ordinery safety lamp, and that 18‘.6 % ex-
tinguished a candle held horizont&lly‘. The extinction
is due practically speaking to the reduction in the oxy-
gen percentage of the air and not to the presence of

+
Hygiene of Occupations edited by Prof Oliver,
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Carbonic Acid, although dilution of air with Carbonic Acid
extinguishes a light somewhet sooner than dilution with Ni-
trogen. A light will still burn in & mixture of 75 4 of
Carbonic Acid and 25 # of Oxygen. The presence of black-danp
affects the light given by é candle some time bhefore the
point of extinction is reached".' The flame becomes smaller
and the rate of combustion is diminished. Angus Smi’cltzH found
that when a candle was allowed to burn in air increasingly
viti‘a.ted by its own combustion and by respirations,the light
diminished to 22 % of its original value when the oxygen per- ,
centage falls to 18’.5 (coi‘responding to 8/.9 % of black-damp)
The effects of black-damp on men are due vartly to the
Carbonie Acid and partly to the diminished Oxygen percentage
accompanying the admixture of black~-dsmp with airl. It is
therefore necessary to describe the influence of excess of
Carbonic Acid and of the deficiency of Oxygen sepamatelj,
Until 3 % of Carbonic Acid is added to air mno noticeable ef-

. + .
fect is produced, then the breathing begins to be distinctly

: : + . )
Air and rain Pp.l167 Heléene & Lorrain Smith. Journal of

Pathology Vole.i, p.l168,
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deeper and slightly more frequent, even after a long ex-
posure no other unpleasant effects are produced and the
healtn of animals kept in air containing 3 % of Carbonic
Acid is not za.f:‘fec*l:ed'° The breathing becomes more and
more affected as the }Serc‘entage of Carbonic Acid in-
‘ereases, until et ebout 6 or 7 # there is severe pant-
ing, the pulse being also more frequent and vigorous,axnd
the sensation experienced is similar to that accompany-
ing hard muscular Wor‘.e{. A long stay in air of this com
position is followed by frontal headache; with 10 % of
Carbonic Acid the respiratory distress is very great,
but with a still higher percentage a narcotic effect is
produced, and the mind becomes confuseds Animals some-
times die from long exposure to air containing about

25 % of Carbonic Acid, but even 50 % may not prove fatsl
for some timé. Diminution in the oxygen percentage of
gir causes usually no noticeable effect until the pexr-
centage falls to about 12, when the respiration becomes
slightly deeper and the lips become slightly bluisﬁ., At
8 4 tne lips and face become a leaden-blue colour,and
usually the breathing is deeper and more frequent, but.
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in some cases no change is felt Ly the person breathing
the vitiated air, althouph to a bystander his face ap-
pears alamning'e At 5 or 6 Z there is clouding of the
senées and loss of power over the lirbs end after, com-
plete loss of conscioﬁsnev’ss which, judging from expéri-—
ments on animals, would probably scon end in death eith
elr from gradual failure of the respiretory centre, or
from stoppage of the heart'. These symptoms are those
observed when the breathing of the vitiated air is not
accompanied by muscular exertion, when any muscular ex-
ertioﬁ is made, such as climbing or even walking, the
point of denger is reached much so’one@ When there is
15 Z of Oxygen, dizziness on exertion, and shortness of
breath are often felt, and fainting is very apt to occur
if there is a much further fall of Oxygen percentage,ard
this is probably the cause of many accidents where men
are fatelly injured by falling off ladders in vitiated
aif. When the percentage of oxygen falls below 8 or 10,
death may occur as & result of rmuscular exertion., In
the case of air which is vitiated simply by the diminu
tion of the percentagze of oxygen present there is a great
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deal of bdanger, because there are hardly any warning
symptoms before there is denper to life, and if it was
not f.hat a light is generally carried in such air, ac-
cidénts would be much more frequent, but the extinction
of the light which occurs in air with about 17 Z of
oxygen gives timely wxming,

If the composition of black-damp is noticed the
effects produced by it are seen to be due, at least, in
m§st ‘cases both to the Cerbonic Aeid as well as to the
diminished amount of oxyge@ When a candle is just put
out by the amount of black-damp present, there'is,as a
Trule no noticeable effect, since it then conteains 17 /4
of oxygen and @bout 2 % of Carbonic Aeid, but when the
amount of black-damp present is increased, panting will
become more noticeable, due to the increased Carbonic
Acid. Thus with 50 % of black-demp, there is ususlly
about 6% of Corbonic Acid snd 10 % of Oxygen, so that
the panting due to Carbonic Acid will therefqre be very
considerablel, When the percentage of black-demp is
greatly increased, the symptoﬁ.s from want of Oxygen will
ghow more and more‘, so that life cannot be supported
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when there is 75 %, thet is 5 % of Oxygen. Death is
not due to the poiscnous action of Carbonic Acid,but to
the Wa.nt of Oxygen, in fact the danger is ‘diminished by
the presence of Carbonic Acid as its presence proiuces
pa.nting'and so0 gives _*Jral‘niﬁg, and besides more oxygen is
supplied to the lungs on account of the panting and thus
the effects of the deficiency of oxygen &re warded off
fo::v a,time'.

Fire-damd. Thi’s gas is kaown to miners by the fact that
it forms explosive mixtures with air, and from experi-
ments made in dif:f_‘erent collieries in South Wales, it is
always practically pure Methane ( 011’4) The miners. de-
tect its presende by the produ‘ction‘ when 1t is preseant
of 3 pale, non-luminous "cap” over the ordinary flame
of & lamp, It appears simila.r to the non-luminous flame
of é.Bunsen burner though much paler unless the air is
ne&rly explosivé, To test for it the,flazﬁe should be
lowered until only a small blue flame is left; the per-
ecentage of fire-cCamp rrecent can be nearly deterrmined
from the size, and distinctness of LLl.LS "cap". With
very careful observetions ebout 1 % of fire-damp in the
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air can be detected; With a hydrogen flame, as in the
Clowes lamp, it is possible to detect as little as
0;2 %*and 25 the percentage amount of fire-damp in-
creases, the "cap" becomes more distinet ard longer,
and when the air is very nearly explosive it passes
-right up the chimney. Air cornntaining between 5 and
18 4 of fire-damp is explosive; ;
Fire-damp is contained in coal in a high state of
compraession. Some sesms give off more fire-damp than
others. Those which give 2 large amourt are called
"fiery" as for example, the Albion colliery at Ponty-
pridd, where ar explosion occurred ir June 1894; Ac~-
cording as the parts above the coal are gas-tight, the
amount of fire-damp in the coal increases but if there
is 8 way'in'which it can escape upwards, it escapes
from the cozl. The fire-damp met with in mines is of-
ten mixed with a large proportion of black-dsmp so that
the fire-damp is not suspected to bhe present unless it
is carefully looked for, as the lamp is put out bhefore
2 clear "cap" is visible, though still capable of forming

an explosive mixture. Fire-damp as such, has no action

4 on meh, it acts by diluting the oxygen of the air, go
"Clowes detection of Inflammable gas 1898,
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that as long as there is a sufficiency of oxygen pres-
ent, fire-damp is neutral in its effects, for example,
-vanimals may be kept for long periods in 8 mixture of
?9 % of fire-damp and 21 % of 0xy,geﬁ. So long as a lamp
burns in air cont aining fire-damp no harm results from
breathing the air, as fire-damp is lighter than air,

a man who has been affected by it falls dowr: and so
gets into better air; if it were not for this there
/wou]‘.d be more frequent cases of suffocation from fire-
dampv. Much caution is required in going into air con-
taining fire-damp especially in ascending an incline,
as the percentage of fire-damp is apt to increase very
rapidly up an incline, and before he falls s man may

be in an atmosphere of fire-damp which does not even
contain on the floor of the ircline enough Oxygen to
support life. This can be avoided by going slowly

'and with a companion a few feet hehindb. Sometimes fire-
damp is mixed with traces ~f Sulphuretted Hydrogen;
this is easily recognised by its smell and if there is
smarting of the eyes and catching of the breath, these

are signs of great danger from this gas., I have often
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heard the miners relate incidents of fellow-workmen
putting their heads through a hoie in a 7211 to see the
effects of the fall and seeing them long in withdrawing
their heads, have been obliged to pull theﬁ'away by
their legs, just in time to prevent their being poisoned
by fire—damp; If the fire-damp contains little or no
air, loss of consciousness occurs suddernly and withbut
Trevious warnihg.

White-damp and Gob-stink, By these miners mean the

’

Poisonous gas given off from coal which has heated by

spontaneous igrition.

"Gob-stink" is so called from the fact that the
heating occurs in the waste cosl of a gob (that is the
waste coal which has been left after ali the workable
coal has been'removed) These gases have the same prop-
erty as after-damp and the poison is Carbonic Oxide,.
and the other gases evolved would be Carbonic Acid and
Hydrocarbons of the paraffin series, especially the
latter, when it is the shales of the seam that have been
‘bnatod.
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After-}dm:-. The gés which is left in & mine after an
explosion is known to miners by the name of after-
damp‘ar_ld this is dreaded by the miners on account of
its poisonous properties. The cornstituent which has
the most dileterious action in this is Carbonic Oxide
(CO) and this Carbonic Oxide is practieally the cause
of 5,11 the deaths in explosions, at least in the
South Wales Coalfield, as will be s'een later on when
the examination of the di fferert bodies recovered is
described‘.

Carboniec Oxide or Carbon Monoxide(CO) is a2 com-
‘pound of one atom of Carbon with one atom of Oxygen., It
is ,round‘ along with Carbonic Aeid (COg) wherever coﬁb-
ustion occurs in the presence of an émount of Oxygen
insufficiemt to consume the whole of the Carbon and Hy-
drogen, which are actually undergoing- combustiorn, where
sufficient Oxypgen is present only Carbon Dioxide is
formedv. It has only a very slight odour which is not
perceptibie when the gas is much diluted.. Its specific
- gravity is nearly the same 3s that of air. When inhaled

it produces symptoms identical in character with those
14,



produced by want of Oxygen,.. The phenomena observed
vary considerably ho;rrever, according to the percentace
inhaled, and the period during which the inhalation
is continuedl. it di ffers frém other poisonous gases
iﬁ its speéially slow and insidious action, and the
reason‘is thi.s'. The natural process is for the blood
to take up the oxygen from the air in the 'lu.ngs form-
ing a ioose chemical combination with the haemoglobin
of the corpuscles, and s0 by means of the cireculstion
it is carried to the tissues whers it is used up, but
haemoglobin has a greater affinity for Carbonic Oxide

.and forms with it a ruch more stable comround, and it

hzs been shown by Claude Bernard that haemoclobin which
is saturated wi t]; Carboniec Oxide cannot take up Oxygen
so that in a living animal whose blood has been saturat-
6d with Carboric Oxide, the haemoglobin cannot convey

the oxygen from the lungs to the tissues and death there-
fore must occur from want of oxygen. Carboric Oxide

has no other effect than that caused by interference

with the oxygen supply to the tissues. Apart from its

[

Haldsne in Journal of Physiology Vol.xviii (1895) pp.200,
‘430, 468.
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property of combining with the haemoglobin, it is a
physiologically indifferent gas, like nitrogen; and

it has vno action on lower animals which do not possess
haemogrlobin‘. This can easily be demonstrated by putt-
ing 2 cockroach into a jér containing 20 volumes of
Oxygen and 80 of Carbonie Oxide, and putting another
cockroach in a jar containing 20 volumes of Oxysmen

and 80 of Carbonic Acid. In the Carbonic Oxide mix-
ture the animal is nét sensibly affected even after a
wook“. In the Carbonic Acid mixture or. the other hand,
the cockroach almost instantly exhibits convulsive move-
ments, ani becomes quite motionless. at the end of from
20 to 30 seconds. It appears to be dead, but neverthe-
less recovers after a time if taken out before too long.
This experiment shows clearly the contrast between an
indifferent gas, Carbonic Oxide,and the poisonous g2s3,
Carbonic Acid. The symptoms produced by Carbonic Oxide
are practically the same as those due to deficiency of
Oxygen in the air breathedl. No noticeable symptoms are
Produced until the haemoglobin is about a third satura-
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ted with Carbonic Oxide and death does rot usually occur
until about 70 or 80 % saturation has been reached.

Iﬁ might be supnosed that the presence of any pro—'
,portién however small, of Carboniec Oxide in air mi ght
ultimately prove ratal f%om‘aradual absorption of the
gas by the blood. Actually however, there is a maximum
limit to absorption with any given percertage of Carbon-
ic Oxide in air; for although the affinity of haemoclo-
bin for Carbonic Oxide is much rreater than for Oxygen,
yet, if both gases are present, the haemociobin is shared
between them in proportior. not only to the relative
strengths of their affinities for haémoalobin but also
to the‘relative rercentages present of the twe gases
since although tle affinity of Carbonic Oxide for haemo-
globin is so much greater than that of Oxygen, yet, if
the percentage of Carbénic‘Oxide is very minute as com-
pared with the percertage of Oxycen, only a little of
the haemoglobin will combine with the Carbonic Oxide
and consequently no symptoms of Poisoning will be>produc~
ed, however long the exposure may be; Thus with less
ihah about .08 % of Carbornic Oxide in the air, the blood
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will never absorb enough of tha/gés to produce dis-
tinct symptoms, and with less than ;2 % life will hard-
1y be endangered élthough'va:y severe symptoms mgy be pro-
duced.

In.racovery from Carbonic Oxide poisoning, the
gas is driven out from the blood through the lungs, in
consequence of the greatly increased influence of the
Qxygen of ths air, and in the course of several hours
the blood will be again practically free from Carbonic
Oxide; An hour of breathing fresh air will usually
suffice to remove any dancerous excess of Carboniec Oxide,
but if, as it often happens in persons who have heen
renderedvunconscious, the breathing is shall&w, a much
longer time may be needed unless artificial respiration
has been employed; Carbonic Oxide is not oxidised with-
in the body so that the only way in which it can be got
rid of, is through the lungsfe The blood from which the
Carbonic Oxide has been expelled is in no way injured.
The expulsion of Carbonic Oxide during recovery from poi-

soning can be grestly hastened by the inhalation of pure

%%The supfosed oxidation of Carbonic Oxide in the living
body .By Dr.Haldane in Journal of Physiology Vol.xxv,Yo.3
18. Feb.1900.



Oxygen, since its influenece in driving out Carbonic
Oxide from the blood is about five times as creat as
that of air, which only contains 20.9 %4 of Oxygen.

There are two facts which explain the peculiarly
insidious action of Carbdni ¢ 0xi de.

(1) Curbonic Oxide has a very strong affinity for
haemoglobin so that when it is present in air only in a
very small percentage absorption by the blood may go
on steadily, though slowly wuntil in the end the haémo-
globin's power of carrying the Oxygen is reduced to a
dangerous extent. |

(2) The‘symptoms produced by deficiency in the Ox-
ygen supply to the tiséues sre veary slight up to fhe
point at which there is loss of power over the limbs.
When the limbs completely fail, it is impossible for a
man to get out of the poisorous atmosphere. Carbonic
Oxide has 250 times as pgreat an affinity for haemogclobin
as Oxygen, that is, if air containing 0.1 % of Carbonic
Oxide is breathed, the haemoglobin of the blood will
become finally about equally saturated with Carboniec Ox-

ide and Oxygen. If this blood was now brought into
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gontact with .a steady current of pure air, the Carbonic
Oxide would in time be driveén out'. So thet with less
than O.,1 % of the gas in the air, the blood becomes
satui‘ated not more tha 50 %; g0 that complete help—~
lessness does not occu.f even after a long exposu:ré,
With 04.2 % thet is about 67 % saturation, complete help-
lessness with loss of consciousness would occur and this
rercentage would most likely cause death finally.

It is useful to have an idea of the time required
for dangerous symptoms to develop in atmospheres con~
taining Carbonic Oxide, as it is sometimes necessary to
enter into such &atmospheres for rescue or other pur-
poses., The time required nmay be rougnly calculsated
as foliows. The biood of a man will take up 2bout two
Pints of Carbonic Oxide, or Oxvgeﬁ. Hence about 1 pint
of CzTbonic Oxide must be absorbed to produce half sat-
ﬁra.tion of the blood, How & man at rest breathes zhout
10 or 12 pints of air pexr minute and experinment shows

that of the Carbonic Oxide inhaled about 60 % is ehsoTb-

kaJ'oumal of Physiology Vol.xviii p.430 &c.
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ed. Suppose, therefore, that the air contained O.. 1%
of Carbonic Oxide, he would absorb sbout 7,/1000ths of

a pint per minute.. It would thus take him about 2%
hours to sbsorb a whole pinﬁ. A man who is Wa.lkiné
however breathes about 3 times as much air as a man at
resf. Hence he might absorb o pint in an houf. With
o‘.2 % the time would be helf as long ond with 0.3 % a
third as loné. For a msn who had already been in the
poisonous atmosphere ond whose blood had not recovered,
the interval of safety would be less than in the case of
a perfectly fresh r"a.n. Hence in eny case where it is
necessary to work in an atmosphere suspected to contairn
Carboﬁc Acid, men should as far as possible be kept

in reserve in fresh aif. It was by adopting this pre-
cautifon thet the lives of the Marpgzer and his fellow
rescu’ers were not lost at the Tylorstown explosioﬁ. Had
the whole party advanced togetiner none misght have escap
eds It has practically no smell or irritating proper—
ties,by wnicii its prescice might be easily recognised
and itsvaction is peculiarly slow and insidiov.s.. The
first sympton of Carbonié¢ Oxide poisoning is usually
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dizziness, and shoTtness of breath, and palpitation,
following eny unusuzl exertion, such as lifting o heavy
weigh‘t-, running or climbiné, Sometimes there is drowsi-
nes a.nd alsc unusual excitement, similar to that prod-
uced by elcohol., As thé saturation of the blood in-
creases the symptoms become more marked until the limbs
are so weak that any effort to walk causes taem to give
way entirelj. Some of these symptoms were produced in
rescuers at Tylorstow.v.'o The general manager Wno Was
the first to go down the pit after the explosion accom
panied by a fireman, to explore the pit in search of
men still living told me that after getting some dist-
ance along one of the main roads, he began to feel weak
and was uneble to walk steadily; He also felt‘ drowsy,
had frequentiy to stop and sit down and had much giffi-
culty in climbing over the falls'. Hig lamp was not
extinguished by the after—'d.emﬁ. The mansger of one of
the other pits who had gone down with a party, experien-
ced still nmore serious symptoms. The manager and a;-:otiz—
er man who were leading this perty were rendered uncon-
scious for a short time, and were themselves Tescued
with difficulty. They had penetrated nearly as far as
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the place, where, afterwards, & number of men were
found dead wit_h their lamps bu:miné. Feeling affected,
they went back into the fresh air behind the doors
separating the two pits,} and after a short time made
another attempt to pene'trat.e along & road leading to-
wards the sha.ft‘, After walking some distance they bhe-
gan to feel weak and endeavoured to return to the doors,
but before they reacked themw, first one and then anoth~
er of the party, dropped and became unconscious'. Fort~
unately the precaution had been taken of leaving seversl
men behind in the f:esh air, and they at once came to
the rescue and succeeded though with great difficulty
in dregging the disabled men oud:'° The manager told me
+that even when the air was most poisonous, his lamp
burnt perfectly en ¢ wee vrder the impression just
before he fell that he was getting into fresher air, On
getting into the after-damp he had felt smarting of the
egyes, but the first definite symptom was loss of power
over the legs, He and his companions were brought back
t§ the shaft lying unconscious on 1;::‘0.015;5'° On recovering
consciou.snass, those affected h:d severe headache, &nd
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nausea or vomiting, accompanied by shivering. The only
ges, which could have caused such syinptoms as described
gbove, | is Carbonic O:d.dé. The seme symptoms are pro-
duced'by great deficiency of Oxygen in the air, but
from the fact that the 15mps still burned fairly well,
there must have been at leocst 18 % of Oxygen in the air
end with that percentage there could be no symptoms due
to deficiency of O:»;:y‘gen'. The syrmptoms c&used by excess
of Carbonic Ac’d gas are quite dif:i‘erent in character,
as also are those caused by Sulphurous Acid, Sulphurrett-
ed Hydrogen or any other gas which might possibly be
presenf. The only sympto: not du'e to Caxbonic Oxide is
the smarting of the eyes and slight irritation of the
air passages‘. These symptoms &s shown further on were
probebly due to the preseance of & very small amount of
Sulphurous Acid. Mern who have been unconscious for some
time from Carbonic Oxide vnoisoning, but have been Tres-—
cued, may suffer for many days or even weeks from after
symptons of a serious cherascter, Two men wko were saved
at Tylorstowa complained of headache for some weeks sub-
sequently tliough both infTormed me tnat they never pract
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ically had a headache before the explosion. A man who heas
been bn.]y partially disabled by Carbonic Oxide or who has

been only unconscious for a short time will usually

- recover completely in a few hours, but recovery is

N

o
v.l\

accompanied by very sevene' headache snd often by nausea
and vomiting, which are more severe according to the
length of the exposure'.

Dr Haldangj in experiments made on himself, found
that an exposure of several hours to as little os ',0'7 % of
Carbonic Oxide will cause not merely dizziness and short-
ness of breath . on exertion at the time,but o headache
afterwards lasting for about 12 hours,also he calculated
that agbout 6 hours are required for the Carbonic Oxide to
disappear entirely from the blood in severe cases of
poisoﬂné. In the case of one of the men rescued at Tylor
stown,we examined the blood about 24 hours after his
removal from the p.it whilst still absolutely helpless and
almost u.nconsciomizs° No Carbonic Oxide could be detected
with the spectroscopevo He was found still alive beside tie
bodies of four other men who had died of Carbonic 0xide
p‘oisoning‘. The mistake may bhe made of attributing

Journal of Physiology Vol, xvii Nos, 5.,%,6, 1895,
25,



what é:re really the after effects to the continued pres-
'enée of‘AC'e:r'bonic- Oxide in the-'blooci. Whenthe cases &are
more severe, recovery is veiy slow and uncertein and is
accompanied by symptoms showlng serious demege to the
nervous system sustainea'~ dui'izzg the deprivation of Oxy-
gen and in one of the men recovered at Tylorstown about
12 .hours from the time of the explosion after being

in the pit all day‘, the breathing was shellow and irreg-
ulaxr and he was unconscious for two days; the pulse was
almost impercepti'blev. ‘He had increased reflex excita~
bility of the tru.nk and limbs and the least a‘t‘bempt to
move ‘Ehe arms or legs gave Trise to violent contraction‘
of the musclés, so that it was almost impossible to caxr-
Ty on artificial respiration,; but these symptoms are not
peculiar to Carbonic Oxide poisoning as the seme symp-
tons éht:w themselves in poisoning by Sulphuretted Hydro-
gen and other gases'.

It is of great practical importance that the pres-
ence of Carbonic Oxide in the air of mines should be
capable of being recognised, as, undoubtedly, many lives
heve ba2ea lost on account of the fact that miners have
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trusted to their 1amps' (as they do in other gases) to
indicate the presence of Carbonic Oxide, but with re-
gard to this gas, the lamps which they use give no
Qirect indication of the presence of Carbonic Oxide., It
,sh.qws e "cap® on an ordiﬁa.r_;’r flame if present in &a high
er proportion than 1 % like other explosive gases, but
in after-domp it occurs in combination with such an ex—
cess of Nitrogen, that the lamp is extinguished before
it can show & "cap", When more than 16 % of after-demp
or about O..,5 4 of Carbonic Oxide is present, it exting-
uishes 2 1emp,;‘ 30 that this will prevent a man going
into an atmosphere which is rapidly poisoxnous ITom Car-
bonic o;:ide'_,'but o better test than this is req_ui'reda
Carpbonic Oxideb is usually ascertained by reducing
the blood and then examining it by the spectroscope in
the following wey, The blood is diluted with water in
a test-tube until thé two absorption bands (of Oxy~ or
Carboxy~-hoemoglobin) oare most clearly visible, A drop
or two of Ammonium Sulphide are now added and the sol-
ution slightly wamed. If the two bands are not now Ire
placed in the usuxl way ’by the single band of reduced
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haemoglobin, Carbonic Oxide is p:cesenf. This test is
not a vé:r*,f delicate one for two reasons,

(1) The two bawnds of Carboxy-haemoglobin although they
occupy nearly the ssme position as those of Oxy~haemo-
globin are not nearly so weil defined@

(2) The bands are i:: sucl & position that the luminous
space between them becomes filled by the single absorp-
tion band of reduced haemoglobin when the latter is
rresent, so that when the blood is less then about 40 %
saturated with Carbonic Oxide, the test becomes useless
since the double bands are no longer even dimly visible
in the reduced bloodo. But there is a more diréct and
more delicate method of testing its presence, namely,
by simply observing the colour of the diluted blood.
Undiluted hlood when saturasted with Carbonic Oxide axnd
examined in bulk caxnot be distinguished by its colour
alone, from blood saturated with air, after diluting
it sufficiently, however, there is a striking difference
The normal blood gfives o yellow, ond the Carpbonic Oxide
v'blood a pink coloui. But Df’. Haldane has made use of
this difference in tint to detemmine the relative satur-
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The coloured strips are a representation of the tints

actually observed.

A is a solution of normal blood; B of blood from
body of No.12; C of normal blood saturated with Car-

bonic Oxide.

1

To be looked at by daylight



afions of the haemoglobin with Carbonic Oxide in dirf-
Terent specimens of blood, by determining the relative
amount df their differences in tint from the tint of
normal blood. |
Dr. Haldane describes.the process in a paper writ-
ten on "The Action of Carbonic Oxide oniMan.fﬁas foll-
ows:-
"By mixing dilute carmine solution with dilute Oxy-
haemoglobin solution it is possible to reproduce exactly
the tint of dllute Carboxy-haemoglobln. Hence car-
mine solution may be employed for estimating the
- percentage saturatior of blood with Carbonic Oxide
If blood be diluted 2 hundred times and a portion
of the solution be saturated with Carbonic Oxide,
it requires somewhat more thar an equal volume of
carmine solution of about ;01 % strength to bring
the unsaturaté&d portion to the same tint and inten-
sity of colour as the saturated portion; The ex-
act relation of the carmine sqlution to the blood

solution requires of course to be determined by

* Journal of Physiology Vol. xviii,
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trial and if necessary adjusted.

In applying this method to human blood, I em-
ployod narrow test-tubes similar to those of Gower's
haemoglobinoreter and each holding about 5 or 6 c.c.
They were made from a'piece of glass tubing of even
bore and of about 3/18ths inch intermal diameterb.
2;0 c;c; of water having been measured from a narrow
buretté into one of the tubes,;oz c;c. of blood
obtainedvby pricking the finger, was measured off
in the pipette of 2 Gower's haemoglobinoneter, and
mixed with the water in the tube; A similar diluted
solution of the blood was well shaken with Carbonic
Oxide or more convenienﬁly wita cnal gas and placed
in another (shorter) tube, which was filled quite
full and corked; This latter solution was prépared
in 2 larper test-tube or small bottle, which was
filled with coal gas through 2 tube, and quickly
closed with the thumb, before the gas had time to
escape;

Standard carminé was now added from a narrow

buretteé to the blood under examination until the
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tint was the same as that of the satursated blool sol-
ution; When tﬁe.tints became nearly equal, the carm-
ine was added in quéntities of not more than .2 c.c. 2t
8 time and‘ths points were noted at which there was
Just aﬁprociably too little, and just appreciably
too much carmine, the mear‘between these points be-
ing taken as the correct result. The calculation of
the éercentage séxuration is illustrated by the foll-
oﬁing ekample;

2;1 c.c; of carmine required to be added to
evéry 2.0 c;c; of diluted normal bhlood to reproduce
the séturation tint, with a specimen_of partially
saturatel blood‘only 1.6 c.c; pf cirmine were required.
In the latter Specimen-gL%:%—lLé - E%%— = 24 %

of the haemogiobin was combined with Carbonic Oxide."

In some of the samples of blood examined at the

Tylorstown explosion, we noticed that the blood had to

a certain extent lost its power of'changing colour when

_saturated with Carbonicec Oxide. The saturated solu-

tion had a slight yellowish t inge as compared with that

of normal blood solution saturated in the same way. It
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was manifest that the haemoglobin had to a2 certain ex-
tent,decomposed,_forming - yellowiéh coloured derivative.
fhis deéomposition might be due to one of two things,

(1) Putrgractive changes, or

(2) The inhalation of Sulphurous Acid present in
the after-damp.

So we examined the blood a couple of days after-
wardé when putrifaction was still further advanced, but
the result was exactly the same so that it was most
likely due to the praesence of Sulphurous Acid.

The foregoing test is not, however, appliecable on
the spot, in the pit, on account of the bad light;
there is however, another method by which the presence
of Carbonic Oxide can be uetected, and this methol de-
pends on the difference in the rate of exchange between
air and blood in the lungs in various warm-blooded ani-
mals. Take for example 2 mouse and 2 man. The exchange
between air and bléod in the lungs of a mouse is 20
times as fast 2s in 2 man; Therefore it would be ex-

pected that a mouse would absorb a proportionsal smount

~of Cérbonic Oxide about 20 times as rapidly as a man.
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If‘a'mouse is taken into an atmqsphefe of Carbonic
Oxide,‘it will show symptoms of Carbonic Oxide poison-
ing and the mouse will be affected in about 3 twentieth
of the time required to affect a man; so that the symp-
toms of the animal may be waﬁched with safety for a few
minutes;

The mouse may be carried in a small cage or a lamp
bhimney closed at the ends with wire gauze. When danger-
ous percentages of Carbonic Oxide are encountered, the
mouse will begin to pant, and show signs of weakness in
the legs; Should the mouse suddeniy become unconscious,
danger is hmningnt; This action of Carbonic Oxide on
mice was shown to be of'value in examining the differ-
ent levels of the Snaefell Lead Mine, Isle of Man where
an underground fir;%took place in May 1897. *Then Dr,.
LeANeve Foster the inspector of mines having baen wired
for, brought 2 supply of mice with the object of employ-
ing them as indicators of the poison in cases it should
still be present,a mouse was put into an improvised re-
ceptacle and this was attached to the winding rope,
‘whilst lighted candles were placed inside the kibble.

Report on the Snzaefell Lead Mine after an underground fire

by C. Le Neve Foster,fsg., D.Sc., F.R.S. 1897,
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By means of this, they found without any dancer to
themselves that the a8ir was not bad as far as the 115
fathoms level and th:t it became poisonous at the 130
fathoms level; The mice showed precisely the same symp-
toms as human beings; for'if‘not completely dead on
~arriving at the surface, ther had lost all powor in
their legs, whilst pinkness in the srnout recalled the
rink lips of the dead bodies of the minars;

Death from Carbonic Oxide poisoning may be re-
copgnised from the fact that the colour of the blood
after death is more or less red instead of blue. The
bodies thus often present a very li’e-like appezrance.
The lips and tongue are pink and the skin has 2 1life-
like reddish appaarance; These are the appearances that
are alwars present in the case of men killed by an ex-
plosion in the South Wales Coalfield. I hav~. myself beer
present at the examination of the bodies »f men recov-~
ered after seven explosions and they invariably present
the above appearances to 2 lesser or greater degree,
and from inquiries I have madq of other medical men who
practise in this coalfield they all agree with the des-

cription I have given of their appearance.
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With regard to the treatment of Carbonic Oxide poi-
‘soning, there is no doubt that if it can be used im-
mediatély,' Oxygen is of great benefit. in rapidly clear-
ing the blood of the gas, hut Oxygen is not usually at
hand in the case of an aiplcsion in & pit, and by the
‘time a man has been brought to the surface Oxygen will
‘be probably of little use; If the air contains after-
damp the men should be removed out of it at once. If
the breathine is at all shallow, and irregulsr, arti-
Piecial respiration should be employed until it becomes
regula:, In one case at Tylorstown artificial respira-
tion was persisted in for over two hours, for as soon as
‘it was stopped, the breathing became again- shallow and
irregﬁlar; If the pulse is weak stimulants should be
given; I used hypodermic injections of ether to those
cases I came acrows in going round the pit after the
explosion and I found it to be of great benefit. The
first effect of cool fresh air seecms for some reason to
be somewhat dangerous. We noticed this in some of the
rescued men at the Albion colliery explosion at Ponty-
: pridé which occurred in 1894; For some of the men
seemea to lose consciousness on being brought to the
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fresh air. Profiting by our experience 2t the Albion
we had plenty of blankets and water bottles warmed at
the colliery office, and these seemed to be of sgreat
service; The explanation of the had effects of the
current of cool air is not altogether clear. It may
be that the cold in some way diminishel the blood
supply to the brsin, or perhaps, there is impairment 6f
the heat producing, or heat regulating function, and
thus a reduction in the tempertture of the body takes
placé;

It is very difficult to treat the men brought out
alive from the pit after an explosion,in their owr houses
on account of the absence of skiiful nursing. It is
very important to watch the teamperature as death from
pneumonia is common. Burns and injuries should be spe-
cially looked after in order to promote rest.

Sulphurous Acid. This gas is sometimes present in

after-damp and causes irritation of the eyes 2nd air
passages. According to Lehmann as little as .001 %

* Archiv. fur Hygiene Vol.xvi il (1898) p.180.
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produces slight irritation of the respiratory passages,
With ;063 per cent the symptoms of irritation are very
marked; Sulphurous Acid is thus an exceedingly poison-
ous gas, but the symptoms of irritation caused by it
seam o occur long before there could be any danger to
1ife; Its presence in afterdamp therefore, affords a
very valusble indication of danger. When Sulphurous
Acid is breathed in poisorous proportior, it causes de-
composit ion of the haemoclobin so that the two absorp-
tion bands shown by the spectroscope in dilute blood
become finally much less visible thar usual. As there
might have been a possibility of poisonous proportions
of Sulphurous Acid being present in the after-damp at
Tylorstown, we carefully examined the blood for evidence
of decomposition of the haemoglobin; Although the hae-
mogiobin seems to have been slightly decomposed, it
could not have contributed in any material way towards
death;

Carbon Dioxide and Nitrogen:- The other two gases pres-

ent in after-damp are Carbon Dioxide (Carbonic Acid)

‘and Nitrogen,
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Caibon Dioxide ﬁhen.piesent‘in great excess is a
distinctly poisonous'gas; It is sometimes stated that
'it only acts by merely diluting the Oxygen present,
but tilis is é. mista.ker. i,f Carbon Dioxide is mixed with
‘air to th§ extent of 50 4, it causes rapid death whilst
air nixed with an equal proportion of Nitrogen hss very
little effect, but there is never this proportion of
Cﬁrbonic Acid gas in the atmosphere after an explosion,
tye proportion is always under 12 %. In breathing air
containing increasing proportions of Carbon Dioxide, the
first distinect effects are felt with about 3 or 4 .

The respirations become slightly deeper but nothing
further is experienced. The respiratiorns increase

with the percentage, both in frequency and dqpth, until
with about 5 % there is distinct panting. At the smme
time slight frontal - headache may be felt which often
increases for a short time when fresh 2ir is agin
hreathed; At 7 or 8 % the panting is very distressing,'
egpecially at first; and with 10 or 11 % the respiratory
distress is extreme. With a little higher percentare
‘consciousness is bénumbed or entirely lost, although
1life may not be endangered, at least, not for many hours,
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Judging from experiments on animal;. The action of
Carbon Dioxide on lights depends entirely on the reduc-
tion of the Oxygen percentage which accompsnies the di-
lution of the air with Carbon Dioxide; |

Nitrogen:- This pgas haé no specific action on men or
animals; When added to air it acts indirectly by dimin-
ishing the Oxygen percentage; When Nitrogen is added to
air so that the Oxygen percentage is reduced, vary little
may‘be‘felt before the senses hecome impaired, and loss
of power over the limbs occurs; If the reduction takes
place gradually, and if you watch carefully the symptoms,
it will be noticed that at 12 4 of Oxysen the respira-
tions become faintly deeper. At 10 % the respirations
are distinctly deener and more frequent and the lips

| become slightly bluish. At'8 4 the face begins to
assume a leaden colour, thouch the distress is =till not
great. With 5 or 6 4 there is distinct panting and it

is accompanied by loss of power over the limbs and cloud-
ing of the senses which would prebably end in death;
Loss of conscioﬁsness is qﬁickly succeeded by convul-
-sions which are followed by cessation of the respira-

tion. The heart still continues tn heat, in the case
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of cats and dogs, for from two to eight minutes; in

man this period is probably longer roi it seems to be

a general rule that the larger an animal is, the longer
it will resist asphyxiaxion; So long as the heart is
beating, however reebly,'anﬂnationnny be restored by
artificial respiration; This may he required to be con-
tinued for a“considerable period, as the after effects
of being deprived of Oxygen sre very serious, and the
respiratory centire may not recover for some time, After
breathing has been established consciousness may not
return for many hours, and careful treatment may be re-
quired to prevent death occurring at a later stage.

- Smoke:~- Some of the most disastrous accidents in minas
have been due to the poisonous section of smoke from
underground fires; Firas mgy occur from the spontan-
eous combustion of coél,iron.pyrites, cotton waste &c.,
from the careless usa of lights, from ehgines und ersround
or as a result of gas explosion setting fire to hrattice
cloths, igniting blowers of gas; whatever be the cause
the presence of an underground fire is extremely danger-
.ous especially when it ignites the timbering. If the

fire oceurs on or spreads to an "intake" road, the
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ventilation current will carry the smoke over the mine,
killing all who are unable to escape from it. If smoke
has travelled some distance in a mine it appesars to loso
its pungert odour ﬁnd deposit the suspended particles
which ordingrily render'it‘visiblo, This greatly in-
creases the danger as there is the» nothing to give
warning of its presence. This occurred at the Snaefell
accident in 1807, when a numbar of men descended into
the shaft without ﬁheir susﬁicions being in any way
aroused until they had gone too far to be able to ré—
turﬁ.

~The poisonous constituent of smoke is Carbonic Oxidc
This was clearly established in the case of the Snaefell
accident, where the timbering had caught fire. A sample
of the poisonous sir was collected and examined and was
found to contain 1;1 %4 of Carbonic Oxide, besides, the
symptoms of the rescuers and the result of the examina-
tion of the bolies were the same as those noted at Tylors-

town.
* .
Report of the Snaefell Fire by Dr.C.Le Neve Foster,
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-Examinétion of the Bodies of the men killed at the

Tylorstown Explosion:-

The bodies may be divided into two classes:-
(1) Those who had been killed by after-damp,
(2) Those who had been killed instantaneously by vio-
lence;

The first class comprises 52 cases (i;o. 91 4 of
the whole)

(1) Men killed by after-damp;- The external appesr-

ance of the men killed by after-damp varied very much.
In 85 % of the cases there were no marks of burning or
violence. In & numher of the femaining cases, the face,
hand, and othar exposed parts of the skin, were more or
less covered by a thin layer of adherent coal dust, so
that in extreme cases, they appeared as if they had been
charfed; ~There was,however, no real charring of any pari
of the bodies, for when we rubhed off the coal dust, it
was found thal. the skin was practically intact, except,
that the outer layer of the epidermis was loocsened and
that there was congestion of the underlying dermis in
many parts; This appearance of charring was evidently

produced by a layer of cosl-dust which had covered the
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skin and had adhered firmly to it, during or immediately
after the axplosi‘on‘. In some of the bodies this had
been washed or rubbed off after desth, when it could

be seen that the marks of burning or sc3lding associat-.
ed with the layer of dust' ware often distributed in
blotches almost as if some hot liquid had been thrown
in drops af.gainst-the skin, and in many c2ses we noticed
that the adherent coal-dust was only present on one side
of the face or body and it is most probable that this
side was the one which had been exposed to the blast of
the oxplosionr. The adherent dust taken from one of the
bodies (No.48f’e was microscopically examined and was
found to consist of both founded and angulx particles,
the latter greatly predominé.ting'. The outer layer of
epidermis covering the backs of the hands in many c2ses
was completely loosened, so that it could be peeled off
in the same way as when a poultice has been applied

for. some timav. e noticed that when pieces of tie loos-
ened epidermis were removed that the underlying skin on

+ These numbers correspond to the numbers end descrip-
tions at the end.
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the back of the hands and fingers was as a rule guite
white and free from congostian; It was only on the palms
of the hﬁnds where the blood suprly is normally more 3b-
undant, that a red colour could bhe seen; The most con-
stant sign of burning was singeing of the hair, and whis-
keis; In some cases most of the hair was singed off,
There was no lymph berneath the loosened epidermis, show-
ing that it had not been separated by ordinary blister-
ing; The superficial burring or scalding in some casaes,
seemed to be sufficient from its extent to have finally
caused death, apart from the effects of the after-damp.
Besides that éssociated with coal-dust, there was in
some cases burning which had been caused by flame or
heated air alqne; This was indicated by singeing of the
hair, congesfion of the skin, and sdmetimes loosening

of the epidermis in parts which had heen most prohbably
facing a blast of heated air or after-damp. We frequert-
ly saw that a layer of coal-dust covered the inside sur-
face of ihe mouth and nose; So that it might be possible
that some of the men might have baen killed by suffoca-
tion from mechanical obstruction of the air passages,

by dust. In no case, however, was death due to this
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caﬁse'.ﬁ I that had been the case, the blood could n;)t
have had time to become highly saturated with Cerbonic
Oxide as was always the case when much dust was found
’in the ’mo.uthv. We noticed no definite signs of 'scalding
ingide the mouth.. Some of those who died from sfter-
damp had received injuries, such as, bruises, fracture
of the limbs or jaw, or skull, and dislocation. In one
or two of the cases the fracture of the skull was evident
and in others it was probable from the existence of ooz~
‘ing of blood from the ears., In two cases injuries of
this kind would undoubtedly have caused death aven if
thq men had survived the after-damp. In nearly every
case of death from after-damp, the parts of the skin or
maicous rﬁembraxue through which the colour of tae blood
could be observed, had 2 red or pink colour, instead of
being blue or pale, 2s is the case from any other cause.
So that often thisreddening seen in the face and hands
gave the bolies an extraordinary appearance of life. In
some cases the face was pale, so thét the red colouring
was not very eviient‘. The pink or carmine colour was us-
uslly well marked or the lips, though they were sometimes
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al‘so palo‘. it wés often nécessary to rub away the cosl-
dust from the inside ofv the lips in order to see the
colour..' It was often present, in irregular patches on
the neck, chest, and shoulders and one or two red col-
oured veins could also soﬁetimes be distincuished. The
ﬁails were pink, but where the epidermis could he peeled
off the hands, we could distinguish best of all the char-
aéteristic colour‘. In these cases the skin of the back
parts of the hands and fingers was usually piale, bhut

on the palmar surface, the bright caf.rnine red colour of
the blood was very striking'. A glance at this part was
su_ffiéient to determine the cause of deathv.

There secmed to be only one cause which could account
for the carmine red. colour of the blood, namely, Carbonie
Oxide’. To make sure, we examined the blood on the spot,
with the spectroscope, in thé first two houses which we
visite'dr. One of the bodies from which blood was taken,
was singed, and much blackened by dust, whilst the other
silowed no signs of burning and had been found beside a
1ighted lamp. The blood was obtained by opening the
external jugular vein, and was of a2 dark c¢xrmine-red

48,



colour; A drop was diluted with water until the two ab-
sorption bands came oufvsharply_on examining the solution
in a test.tube; Ammoriium Sulphide solution was then added
to absorb the Oxygen present and the solution slightly
warmed; The bands remained almost as sharp as béfore,
which indicated not only that Carbonic Oxide was present,
but that the haemoglobin was nesrly saturated with it. We
then determined the percentage ssturation of the haemo-
globin yith Carbonic Oxide. The method employed was the
colorﬁmetric orie, which has been described earlier. The
haemoglobin was in both cases 7?9 % saturated. This result
is of special interest as showing I believe for the first
time, the percentage saturation of the blood at the moment
of desth from Carbonic Oxiile poisoning;

It might be suspected that in some c2ses the red
colour of the exposed surfaces, was produced after death
by absorption of the Carbonic.OXide through»the skin, or
mucous membrane, and that death was due to other causes
such as, burning or shock; The blood which we exsmined
was taken from the jugular vein; this could not have
been affected by post-morteh absorption of Carbonic Ox-
ide and ‘the colour waé quite as marked in less exposed
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parts, such'as the iﬁside of the lips or the thickened
epidermis on the front of the hands, as in more exposed
parts, such as the skin of the face; One of the men

had a bruise on the face which he received during the
blast of the explosion, and there was a sméll swelling
contaiﬁing‘blood beneath the mucous membrane of the lips.
Thié bldod which had evidently been effused at once was
aark blue, while the rest of the lip, through which the
blood had circulated freely until death was carmine red,
Had it been possible for Carbonic Oxide to diffuse it-
self through the skin or mucous membrane and been capa-
ble of reddening the underlying blood, the effused
blood would have been red like that of the rest of the
lip; Further e#idence on this point was presented by the
aprearance of the bodies of men who had evidently been
killed at once; In these ceses the colowr of the blood
in the bodies was blue, whenever it could be distinguish-
ed (i;o; Nos;2,20, 56) as these bodies,all of which were
burnt, more or less, must have lain in the very midst

of the after-damp, iﬁ seems clear that thers was no con-
‘giderable absorption of Carbonic Oxide through the skin

after death.



In two cases of suffocation (Nos. 19, 21) the app-
earances differed from what has just been described.

The facé and lips were of a reddish blue colour instead
of bright red or pink. The veins on the front of the
face, neck and upper pa:rf of the chest were distended
and visible, a network of blue veins was particularly
prominent on the upper part of the chestr. The face was
greatly congested. Death was probably due in these cases
to scute suffocation brought about by complete or nearly
conmlete absence of Oxygen in the air, combined with

the presence of Carbonic Oxide or it may be, by the pres-
ence of such 2 large percantage of Carbonic Oxide that
death occurred before the venous blood had time to become
more than partially saturated with Carbonic Oxide‘.

In two cases (Nos. 38 & 42) there was no reddening
of the blood'. We examined a sample of the blood of one
of the bodies (No>.42) and there was no trace of Ca:ébonic
Oxide bands with the spectroscope;. Nor was there any
trace found on analysi s». There were no marks of burns
or violence which were sufficient to cause immedisate
© death 80 that it seems probsble that these men had died
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in fresh air some hours afieﬁ the e#plosion without re-
covering consciousness, from the éfter effecté of poison-
ing by Carbonie Oxide and that thera had elapsed a suff-
icient time before death, for the blood to free itself
from Carbonic Oiide; The hody of one of these (No;38)
was found about 10 hours after the explosion, close to

a man wﬁo was still alive and who recovered under our
treétment. Docomposition was far advanced in most of

the bodies even within 48 hours of death., Decomposi-
tion seemed to have been greatly hastened by the fact of
the boiies having lain for 2 déy in the warm air of

the pit;’ ‘

(2) Men killed by violence:- In the five cases where

death was instantaneous, the injuries inflicted gave
evidence of great violence; In one case (No;z) there
was dislocation of the spinal column, and one shoulder,
and fracture of the skul} ard one arm In Nor.2o.

thore was fracture of both arms,dislocation of one hip
joint, and fracture of the skull} In No;25 most of the
skull and brain were smashed away; In No; 47, the head,
- legs and arms were torn from the body. In No.58, the
mutilation was nearly as great;
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From what has beem written the gquestion might be
asked could not death have occurred from deficiency
of Oxyge'n and not from the prasence of Carbonic Oxide.
At the Tylorstown explosion undoubtedly the cause of
death was in nearly every case due to Carbonic Oxide
and not waﬁt of Oxyger... When death occurs from absence
of Oxygen in the air the appearances met with are markea
blueness of the face, lips, tongue &c. with dist.ention
of_ the veins of the neck and part ‘of the chest. If Car-
bonic Oxide is also present the blue colour is never-
theless not rsplaced by a distinct red. Death occurs
before the venous blood has time to become saturated with
-Carbonic Oxide. Except Nos'. 19 and 21, none of the bod-
ies or‘man killed by after-damp at the Tylorstown explo-
sion showed the appearances just mentioned. Hence it
follows that Oxygen suffici ent to support life must
have beer left in the airways all along the track of tae
explosion.. One would have thought that as Carbonic Oxide
was present in the after-damp all the Oxygen of the air
must certainly have been used up and that men in the
track of the explosion must be killed by the absence of
Oxygen ‘if not by other meansl. But there were other proofs
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that Oxygen was present immedi ately after the passage

of the flame, for afsmall fire was discovered near the
"face" in a part of the pit travgrsed by the explosion.
This fire was caused by a small blower 2t the face being
ignited by the explpsion‘.. At. éther pPlaces theré was evi-
dence of timber and brattice cloths having been bujnt

for 2 time after the explosion, and in one place 2 man's

cap was found burnt.

THE SAVING OF LIFE AFTER A COLLTERY EXPLOSION.

First of all, with regard to the men imprisoned in the
mine, at the face, or beyond the track of the explo-

si on.. The rush of air and co2l dust driven toward them
often extinpguishes their lamps, they ther try to make

2t once for the shaft along the ordinary "inta:ke" haul-
age roadsv. The men soon meet the after-damp on the roads
and drop. The best pian for those imprisorned would be

to remain where they are, and if possible to put up cur-
tains or anythinp; convenient betweer themselves and the
main roads iﬁ order to keep back the after-damp, and

the best position for these curtains would be at a point
‘beyond 2 door opened towards 2 return airway, so that
'when the ventilsat i.on was restored, the after-damp car-
ried before it, should have 2 free passage into the raturnr
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air-ways and not he driven in upon fhe menr. Any attempt
to get out should be done with caution and should after-
dsmp be met, the only safe course is to retire before
it, and, when 3 number of pearsons are endeavouring to
get ou‘f., one man only should go on before the others,

so that if he should fall the ;'est may bring him back
into safety. It is often easier to reach the shaft by
the return air-ways, than by the haulage roads. What
may be dore by being cool and collacted was shown in
the case of a fireman n2med Rodrick Williarmgwho was
alone in one of the districts of the Tylorstown colliery
at the time of the explosioﬁ. He told me, that finding
the ordinary road to the shaft blocked by after-damp,

he returned before it and went round by the return sir-
way.. Again meéting after-danp before reaching the shaft,
he retired_ into some o0ld workings, and waited for a
couple of hours, after which he found that the after-

’ dapp had cleared sufficiently to enable him to passz
through the doors into the main roadway, where he met
the rescuers on theirway in and helped them to explore
‘the rest of the pit. He had escaped in two explosions
beforo; in the same wayl.



The first thing that is thought of by those on
the surface is gettiné the air into Vthe' pit. If the fan
has beén damaged or thrown out of action by injuries
at the top of the upeast shaft, fresh air will at first
pass down the upcast shaft freely in consegquence of the
snction.proauce@ by the heating of the sides and con-
tainéd-air in thedawncést shaft, so that rescuers might
possiblyvdescend by the upcast shaft and even penetrate
a considerable distance inwards, so that the work of
restoring the doors &c; could be started upon at once,
but this work would be greatly facilitated by using mice
as indicztors of the preéence nf after-damp, as much time
might otherwise be consumed in helping disabled comrades
or from uncertainty 2s to where the after-damp is situat-
od;

For the revival of dissbled men whether they have
been burnt, and.injured as well as poisoned, or not, the
use of Oxygen cylinders would be of great service. Al-
though in severe cases, it will not restore conscious-
ness, the Oxygen wili in a few minutes drive out most
~of the Carbornic Oxide from the blood and thus give a man |
the best chance of coming roﬁnd;
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It,has’bean.proposed that airtight refuge chambers
should be constructed with narrow and strong double doors
At thé face they might be of great service, 100 cubic
feet of air wéuld keep 2 man 2alive for 10 hours, A cham-
ber 20 ft sé. by 6 ft high might thus preserve the lives
of 24 men for 10 hours; It would be probably difficult
in practice to make such refuge chambers even approxi-
mately airtight, and the trouble and expense would be
great; What would éven be hetter would be to rrovide at
the working places, some apparatus for maintaining life
in irrespirable atmpsphere and if electric lamps were
also placed there for light ing parties of mexn on their
way oﬁt; It would require about 4 cubic feet of Oxygen
to keep & man alive for two hours while making his es-
cape to the shaft, or for 6 hours, while remainins at
rest. This volume of Oxygen can be compressed into a
steel cylinder of the capacity of 1% pints. Then some
gpparatus would be required to economically breath
this Oxygen. Compressed air would not be nearly so
available as pure Oxygen since at least 10 times as much

of it would be required. No respirator would be of any
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use against after-damp, as there is no known 2bsorbent

which could be practically spplied to arrest Carbonic

Oxide.

POST MORTEM APPEARANCES AND CAUSES OF DEATH OF THOSE

KILLED AT TYLORSTOWN EXPLOSION.

No.

Cause of Death.

Description
1., Engine driver, Body & hands ‘Carbonic Oxide
burnt, Hair and Whiskers poisoning.
singed - - - - - = - -« - = -
2; Ostler. Back of head and righf Violence.

side of face covered with
081 dust and singed; Lips

and nails bluish,(not pink);
Extensive scalp wound behind
and probable fracture of skull,
gepinal colum dislocated in
dorsal regioﬁ. Fracture of
left humerus, and disléca-
tion of right shoulder, (Found
in stable heside a number of
living'horseé, and a compan-
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No.

Description

bause of Death

4.

S.

7.

8.

10.
11,

12,

ion who escaped. Injuries
Probably due to violent con-
tact with the timbering of
the stalls and to the kick-
ing of the horses.)

Collier. Body pale, Lips,tongue,
and nails pink. No burns or
injuries.

Ostler. No injuries or burns
Skin pale, Lips, tongue and
nails pink.

No burns or injuries. -

Collier,
Nails pink. Lips &ec. pale pink.
Collier. No burns or injuries.

Skin pale. Lips, tongue and
nails pale pink,

Collier. No burns or injuries

Skin pale, Lips pale pink, tongue

and nails pink

Collier. No burns or injuries
Some patches of pink on chest.
Lips carmine-red. Nails pink.

Labourer, No burns or injuries
Pink flush on chest and neck.
Lips pink, -

Collier. No burns or injuries.
Skin pale. Lips tongue and
nails pale pink. :

Labourer., No hurns or injuries.
Tongue and lips pink.

Cdllier. No burns or injuries.
Skin pale. Lips and tongue
pink. Haemoglobin of blood

57.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning

Carbonic Oxide
poisorning,

Carbonic Oxide
poisoning,

poisoning.

Carbonic Oxide
poisoning

Carbonic Oxide
poisoning,
Carbonic 0Oxide ;
poisoning
Carbonic Oxide
poisoning

Carbonic Oxide

poisoning

Carbonic Oxide



No.

Descriptiqn

Cause of Death.

18.

14,

15q

16,

1?.

18.

19,

from lert‘external jugular
vein found to be 79 % satura-
ted with Carbonic Oxide.

Collier. No burns or injuries,
Skin pale Lips,tongue and
nails pink, '

Labourer. No burns or injuries.
Tongue,lips and nails pink,

Collier. Body covered with a
layer of adherent coal dust,
and scorched superficially
Lower jaw fractured. Lips
bright red.

Collier, Body covered with ad-
herent co021 dust ard super-
ficially scorched. Tongue
and lips coated with coal dust
Lips red beneath the dust.

Fireman., Marks of superficial
burns on face, forearm and
hands., Superficial layor of
epidermis on hand loosened.
Under loosened epidermis car-
mine red colour seen very dis-
tinctly.

Ostler. Hair sinred. Scalp
wound Lips and nails pink.,

Haulier. No burns or injuries.
Face and neck much congested
Lips reddish blue. Tongue pro-
truded 2rnd bluish. A network

Carbonic Oxide
poisoning,

Carbonic Oxide
poisoning,

Carbonic Oxide
poisoning,

Carbonic Oxide
poisoning

Carbonic Oxide
roisoning,

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoningsand
deficiency of
Oxyp;en.

Nosg., 3, 11, 12, 183 & 14 found lying dead together with

two lamps burning beside them.
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No.

Description

Cause of Death.

20,

21,

22.
23,

24.

25,

of distended reddish-blue
veins prominent on upper part
of chest (No.21, who was found
in the same stable also pres-
“ented these appearances, which
might be caused either by
Poisoning with a higher per-
centage of Carbonic Oxide than
w3s usually present or by as-
phyxiation from deficiency of
Oxygen alorng with Carbonic
Oxide poisoning,)

Labourer, Fracture of humerus
in both arms.Dislocation of
right hip joint. Blesding from
ear, and probably fracture of
base of the skull. Hair and
eyebrows singed. Nails &c.
blue (not pink).

Ostler. No burns or injuries,
Marked cyanosis of face and
chest. Face dusky red. Nails
bluish pink. Network of disten-
ded reddish-blue veirs on the
upper part of the chest,

Ostler. Face and hands somewhat
scorched. - No injury. Face
pinrk all over.

Collier. Slight singeing of
face, hair and whiskers. Lips
p2ale pink,

Collier No injuries or burns.
Face red. N2ils pink.

Brain and abdominal
c2vity exposed. Both legs and
arms smashed. Body scorched,
"and clothes torn off.

Labourer.

59,

Violence

Carbonic Oxide
poisorning, and
want of Oxygen,

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning,

Carbonic Oxide
poisoning.

Violence.



"No.

Description

- Cause of Death.

28.

27.

29,

30.

81,

- 82,

Master Haulier., PFace and hands

Pireman. Halr singed. Superfi-

28.] Collier. Superficial burns of

Haulier. Skin superficially

Collier. Hands and face super-

Collier. Hair singed. Epidermis

Collier. Superficial burns of

scorched superficially. Face
very pink. Pink colour also
very marked under loosened
epidermis of front of fingers.

cial burn of face, which is brick
red. Epidermis loosened ov-
er hands, and bright red col-
our visible under epidermis
of front of fingers.,

face, hands, chest and back.
Pink inside lips, and where
epidermis peeled off on front
of fingers.,

scorched on exposed parts,
Red colour visible heneath
denuded epidermis. No injuries.

ficially scorched,Hair and
whiskers singed. Ecchymosis
of blue colour of lower 1lip.
Lips otherwise red. Bleeding
from ear, and probably frac-
ture of base of the skull,

of hands loosened. Lips pink
Red flush on chest under epi-
dermis on front of hards car-
mine red.

" face, forearms snd hsnds. Hair

60.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning

Carbonic Oxide
poisoning.

Carboniec Oxide
poisoning,.

Carbonic 0xide

roisoning

Carbonie Oxide
poisoring,

Carbonic Oxide
poisoning.



No.

Doscfiption

Cause of Death,

38.
34;
35;
36;
37;

38.

39.

i No:J

and eyebrows singed. Carmine
red colour on lips and under
epidermis on front of finpers,

Labourer. Face pink, Lips pale.
Teeth closed on tongue. Nails
pink. No burns or injuries.

Labourer. No burns or injuries
Skin pale, Lips and nails pale
pink.

Collier. No burns or injuries.
Pink flush on skin. Face life-
like. Lips pink.

Haulier. Superficially scorched
all over above legs. No injur-
ies.

Fitter. Body superficially
scorched above legs.

Haulier. Skin pale. Hardly any
pink tinge visible anywhere.
Blood seems only partially sat-
urated with Carbonic Oxide, and
had probably been partially
freed by the action of fresh
air before death.

Master Haulier. Face covered
with caked cozl-dust. Epi-
dermis peeled off in parts.
Parts of skin have colour of
red sealing wax. Lips bright
rei. Teeth closed on tongue.

61,

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonirc 0xide
poisoning,.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

. 83, 84, 35 & 38 were found lying tggether about ten
ours after the explosion along with
gtill alive, and who recovered under trestment.

ma who was



No.

Description

Cause of Death.

40.

41.

42,

44.

Haulier, Superficiai.scorching
~of hand and face. Hair singed

Face vermilion-red. Lips
pink.
Labourer. Hands, face, body and

legs superficially scorched.
Hair singed. Face carmine-red
colour,

Labourer., Scorched a cood deal
on right side of chest, face,
and hands. Hair ard eyebrows
singed. No pink or red col-
our visible. No Carbonic Oxide
found in sample of blood tak-
en from external jugular vein.
May probably have di ed in fresh
air after blood had been freed
of Carbonic Oxide.

Collier. Face ani boldy covered
with caked dust. Unrecoonisable
Found with no clothes and only
one shoe on. " Dislocation of
left shoulder. Lips bright
pink berneath the coal dqust.

Haulier. Scorched 211 over sup-
erficially., Inside of mouth
coated with co2al dust. Hair and
moustache singed. Red col-
oured vein visible on shoulder
where protected from burning
Face carmine red. Lips and

tongue very pink beneath the dust

Nails pink. Haemoglobin of
blood from external juzular
vein found to be ?9 per cent
saturated. No injuries.

62.

Carbonic Oxide
poisoning,

Carbonié Oxide
poisoning.

Carbonic 0xide
poisoning.

Carbonic Oxide
poisoning.

Carbonie Oxide
poisoning




No.

Description

Cause of Death.,

45,

47,

49,

50.

51,

Labourer. Scorched all over body
and hands. Hair singed. Un-
der loosened epidermis of front
of fingers c2rmine red colour.

Collier. Superficially scorched
over exposed partw. Hair sing-
ed. Epidermis of hands loos-
ened, and on stripping off,
carmine red colour visible
on front of fingers. Face very
red. Lips pink.

Rider. Upper part of skull and
brain nearly all removed. Face
and hands hurned. Both arms
fractured.

Ostler. Slight general scorching
of exposed skin and hair. Pink
patches on bhody. Lips and
torngue pink.

Haulier. Hair singed and face
superficially scorched, and
bright '‘sealing wax red colour
in patches. Coal dust had -
been washed off. No injury.

Haulier. Skull fractured. Gen-
erally scorched on exposed
parts. Hair singed. Lips red

Collier. Exposed parts of skin
scorched. Hair and eyebrows
singed. Inside of lips pink,
also under epidermis of front
of hands.

63.

Carbonic Oxide
poisoning,

Carbonic Oxide
poisoning.

Violence,

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning,



No.

Description

52,

58.

54.

55.

56.

57.

"Collier.

Face, hands and arms
badly scorched or. surface. Ep-
idermis covered with coal dust
Carmine red colour visible on
front of fingers on peeling
off epidermis.

Firemar., Superficially scorched
over exposed parts. Pirk in-
side lips, and under loosened
epidermis on front of fingers

Collier. Skull fractured. Body
scorched on exposed pirts. In-
side of mouth coated with cosal
dust. Wound of finger. Lips red
bereath the dust.

Fireman. Covered with caked dust,
ard generally scorched.Inside
of mouth bright red beneath
the dust.

Fireman. Body much mutilated. Neck
severed, chest covered with cak-
ed cozal dust. Right leg fractur-
ed and twisted. Left leg torn off
below the kree. Right shoulder
torn away, also half of left
arm. No red colour visible.

Fireman. Neck fractured. Severe
injury of nose. Hair, chest and
arms scorched. Lips bright pink
Under epidermis of hands also
bright pink. Body was found un-
der a fall, and the fracture of
neck &c. evidently occurred
after death.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

Carbonic Oxide
poisoning.

VYiolence.

Carbonic Oxide
poisoning.

64 .

Cause of Death.



