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Report on the Causes of Death in Colliery Explosions and
Underground Fires; with special reference to the Tylors-
town, Brancepeth, and Mickleficld Explosiins. By John
Haldane, M.D., Lecturer in Physiology, University of
Oxford, and Grocers’ Company Research Scholar.

Physiologieal Laboratory, Oxford,
Sim, March 24th, 1896,

I mave the hononr to submit to vou the following report as to the more
immediate canses of the loss of life in the explosion at Tylorstown Colliery on
Jannary 27th; also in other colliery explosions and underground fires.

I went to Tylorstown Colliery on ihe day after the aceident, and was afforded, both
by the Management and by Her Majesty's Inspector and Assistant Inspectors for the
South Wales District, much assistance in condueting the inguiry. I beg especially to
mention the help I received from De. Morris, Medical Officer to the Colliery, without
whose untiring co-operation it would have been quite impossible for me to make a
gomplete inspection of the bodies.

T{:l} explozion happened about 5.30 a.m., and was evidently propagated through the
three pits by coal-dust. Fortunately only 90 men were in the pits at the time. Of
these 57 were killed, while 33 were brought out alive. Of the latter three were
suffering from the effects of after-damp or burns.  An account of the explosion appears
m Mr. Robson’s Official Report.

Along with Dr. Morris I examined 45 of the bodies. He had already examined the
other 12, and his notes as to their appearances are incorporated with the notes which
we made jointly in examining the rest (Appendix A.). T also examined the bodies of
about 30 horses, most of which had died in the stables, while a few were found in the
haulage roads. In the short space of time available before the funerals, it was
impossible to make complete examinations of the bodies of the men. but in several
cases we asked for, and were willingly afforded, permission to examine a sample of
the blood. The budies of 15 of the horses were very completely examined. The
places where the bodies ecorresponding to each number wers found will be shown in
the plan contained in Mr. Robson's Official Report.

Examination of the Bodies of the Men.

The bodies may be divided into two classes: (1) Those of men who had been
killed by after-damp: (2) those of men who had been killed instantaneonsly by
violence. The former class comprised 52 cases, /e, 91 per cent. of the whole. A
complete list of the bodies, with notes of the appearances and the causes of death, will
be found in Appendix A,

L. Men killed by after-damp.—The external appearances of the men killed by after-
damp varied very much. In 35 per cent. of the cases there were no marks of burning
or mechanical violence. In many of the remaining cases the face, hands, and other
exposed parts of the skin, were more or less covered by a thin layer of adherent coal-
dust, giving in extreme cases the appearance sometimes described as that of
“ gharring.” In no case, however, was there real charring of any part of the bodies.
On rubbing off the coal-dust we found that the skin was essentially intaect, exeept for
loosening of the outer layer of the epidermis, and congestion of the underlying dermis
in many parts. The blackening was evidently produced by the skin being covered
during or immediately after the explosion with a layer of coal-dust, which had
adbered firmly. This had been partly washed or serabbed off some of the bodies after
death, when it could be seen that the muarks of burning or sealding (congestion, in the
midst of which was still adherent cosl-dust) associated with the layer of dust were
often distributed more or less in blotches. almost as if some hot liquid had been
projected in drops against the skin. Offen the adhsrent coal-dust was only present
on one side of the face or body—probably the side which had been exposed to the
blast of the explosion. On mieroscopical examination, the adkerent dust taken from
one of the bodies (No. 43), was found to consist of both angular. and rounded (fused)
particles, the former greatly predominating. In many cases the outer layer of epidermis
covering the baeks of the hands was completely loosened, so that it could be peeled off
in the same way as when a poultice or moist dressing has been applied for some time.
" On removing pieces of the loosened epidermis, we noticed that as a rule the underlying
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skin on the back of the hands and fingers was guite white and free from congestion.
Tt was omly towards the palmar surface, where the blood supply is mormally more
abundant, that a red colour could be seem. The most constant sign of burning was
singeing of the hair, mousiache, or whiskers. In some cases most of the hair was
singed off.  There was no lymph beneath the loosened epidermis, showing that it had
not been separated by ordinary blistering. In some cases the superficial burning or
scalding scemed sufficient from its extent to have ultimately caused death apart from
the effects of after-damp, but it was difficult to form any very reliable judgment on
this point. Besides that associated with coal-dust there was in some cases burning
which had apparently been caused by flame or heated air alome. This was indicated
by singeing of the hair, congestion of the skin (and sometimes loosening of the
epidermis) in parts which had in all probability been facing a blast of heated air or
after-damp.

Freguently the imside surfaces of the mouth and noze were covered with coal-dust.
This suggests the possibility that some of the men might have been killed by suffocation
from mechanical obstruction of the air passages by dust. Ie no case, however, was
death due to this eause. Had it been so, the blood eould not have had time to become
Lighly saturated with carbonic oxide, as was invariably the case when much dust was
found in the mouth. Moreover an examination of the air passages of the dead horses
ghowed that only a trifling amount of dust had E,-utern:-.:}j the trachea and bronchial
tubes, and that there was no obstruetion of any kind. 'We noticed no definite signs of
sealding inside the mouth.

A small proportion of those who died from after-damp had received meechanical
injuries, such as bruises, fracture of the limbs, dislocations, fracture of the jaw, or
iracture of the skull. The latter was in one or two cases evident, and in others
probable from the existence of ocozing of blood from the ears. The nature of
these injuries is noted in Appendix A. In two cases injuries of this kind would
undoubtedly have caused death even if the men had survived the after-damp.

[ now come to the characteristic appearances which indicate beyond doubt the
actual cause of death. In nearly every case of death from after-damp the parts of
the skin or mucous membrane, throngh which the colour of the blood ecould be
ohserved, had a red or pink colour, instead of being leaden-blue or pale, as is the case
in death from any other canse. This reddening, as seen in the face, hands, &e., often
gave the bodies an extraordinary appearance of life. In the congested parts the
colour sometimes appeared pink, sometimes of a red resembling sealing wax, and
sometimes of a more coppery red. These varieties seemed to depend on differences
in the natural pigmentation of the skin, and not on differences in the colour of the
plood. In some cases the face was pale, so that the red colouring was not very
evident. On the lips the pink or carmine was usually well marked, though sometimes
they also weve pale. Often it was necessary to rub away the coal-dust from the inside
of the lips in order to see the colour. On the neck, chest, and shoulders, it was
often present in irregular patches, and one or two red coloured veins could ulzo some-
timmes be distinguished. The nails were pink, but the characteristic colour could be
distinguished best of all in the cases where the epidermis could be peeled off the hands ;
in such cases the deep skin of the back parts of the hands and fingers was usually pale,
but on the palmar surface ithe bright carmine red colour of the blood was exceedingly
striking. A single glance at this part was suflicient to determine the cause of death.

There seemed to be only one cause which could account for the carmine red colour
of the blood, namely, the presence of carbon monoxide. To make certain, we examined
the blood on the spot with the spectroscope in the first two houses which we visited
together. One of the bodies from which blood was taken was singed and much
blackened by dust, while the other showed no signs of burning, and had been found
heside a lighted Jamp. The blood was obtained by opening the external jugular vein,
ard was of a dark earmine-red colour. A drop was diluted with water until the two
abzorption bands came out sharply on examining the solution in a test tube. Ammo-
nium gulphide solution was then added to absorb the oxygen present, and the solution
slightly warmed. The bands remained almost as sharp as before, which indicated not
only that carbon monoxide was present, but that the heemoglobin was nearly saturated
with it. Had the blood been normal. or had only a moderate quantity of ecarbon-
monoxide been present the two bands would have been replaced by the single band of
reduced heemoglobin, Next morning I determined by daylight the percentage satura-
tion of the hiemoglobin with carbon-monoxide. The method employed was the coloro-
metric one which I recently described in the Journal of Physielogy (Vol. XVIIL,
p. 450). The hwemoglobin in both cases was 79 per cent. saturated (see Appendix A.
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for analytical data). This result is of special interest, as showing, I believe for the
first time, the percentage saturation of the blood at the moment of death from carbon
monoxide poisoning. The inferences to be drawn from the analysis will be discussed
more fully below (pp. 16 and 22).

It might be suspected that in some cases the red colour of the axﬂused surfaces wis
produced after death by absorption of carben monoxide through the skin or muecous
membrane, and that death was due to other causes, such as burning or shock. The
blood of the jugular vein, from which the specimens of blood were taken in the two
cases just referred to could net, however, have been affected by post-mortem
absorption of carbon momoxide; and the colour was just as well marked in less
exposed parts, such as the inside of the lips, or beneath the thickened epidermis on
the front of the hands, as in more exposed paris, such as the skin of the face. In one
case 1 man had sustained a bruise on the face during the blast of the explosion, and
there was a small swelling containing blood underneath the mucous membrane of the
lip. This blood, which had evidently been effused at onee, was dark blue, while the
rest of the lip, through which the blood had circulated freely until death, was earmine -
red. Had diffusion of carbonic oxide through the skin or mucous membrane been
capable of reddening the underlying blood, this effused blood would have been red like
that of the rest of the lip. Further evidence on this point was presemted by the
appearance of the bodies of men who had evidently been killed at once. In these
cases the colour of the blood in the bodies was blue, whenever it could be distinguished
(Appendix A., 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, it seems clear that there
was no considerable absorption of carbonic oxide through the skin after death.

In two cases (Nos. 19 and 21) of suffocation, the &E]]lunmnces differed somewhat
from those just deseribed. The colour of the face and lips was reddish blue, instead
of bright red or pink. The face was intensely congested. The veins on the front of
the face, neck, and upper part of the chest were distended and vizible, a network of blue
veins being particularly prominent on the upper part of the chest. It seems probable
that in these cases death was due to acute sullocation, produced ecither by complete or
nearly complete absence of oxygen in the air, combined with the presence of carbon
monoexide, or by the presence of so large a percentage of carbon monoxide that death
took place before there was time for the venous blood to become more than partially
saturated with carbon monoxide (see p. 22),

In two cases there was no marked reddening of the blood. A sample of blood
taken from one of these bodies (No. 42) showed no trace of carbon monoxide bands
when examined with the spectroscope, and no carbon monoxide was found on analysis.
As no marks of burns or violence sufficient to caunse immediate death were present, it
seems probable that these men had died in fresh air some hours after the explosion
(without recovering ccnsciousness) from the after eflfects of poisoning by carbon
monoxide, and that sufficient time had elapsed before death for the blood to free itzelf
{wholly or 'lml't-]'l.'} from carbon monoxide. The body of one of these men was
found. about ten hours after the explosion, close to a man who was still alive, and who
recovered under treatment by Dr. Morris. As to the time required for the blood to
free itself in fresh air, after being about three-fourths saturated with carbon monoxide,
I believe that about six hours would suffice. This opinion is based on the results
of the experiments on myself recently deseribed in the Journal of Physiology
(Vol. XVIIIL., p. 447.)

In most of the bodies decomposition was already far advanced, even within
48 hours of death. The fact of the bodies having lain for about a day in the warm
air of the pit seemed to have greatly hastened decomposition.

Men Eilled by violence,

In the five cases in which death was instantaneous the injuries inflicted gave
evidence of great violence. In one case (No. 36) the head, legs, and arms were torn
from the body. In another (No. 36) the mutilation was nearly as great. In No. 6
most of the skull and brain were smashed away. In No. 43 there was fracture of
both arms, dislocation of one hip joint, and apparvent fracture of the skull. In
No. 35 there was dislocation of the spinal column and one shoulder, and fracture of
the gkull and one arm.

Appearances of the Bodies of the Horses.
1 first exammned the bodies of a number of horses which were lying in one of the
stables near the No. 7 pit, and which could not be removed at ouce on account of very
A3



G

Leavy falls which had blocked the road. Most of these horses were lying wich the
fore leg and hind leg of one side in the air, and in many eases one or more shoes had
been lkicked off.  The coats and tails of some of those nearest the enfrance had been
sineed more or less by the explosion, but the burning did not seem to be at all sericus.
At places where the skin was exposed the carmine red colovr of the blood could in
some cases be plainly distinguished. Decomposition was already far advanced,
53 hours baving elapsed sinee the explosion, and the warm air of the pit being very
favourable to rapid putrefaction. It was with =zome difficulty that I obiained
specimens of blood from the veins in the neck. At first nothing but gas issued from
the incisions. Samples from a mule and a horse (No. 1) were analysed. The
heemoglobin cf the mule was 539 per cent. saturated with carbon monoxide. That of
the horse, which was lying further in, and was not even ginged, was only 20°5 per cent.
saturated. With the speetroscope test, which is much less delicate than the colour
test {see p. 20) I could not detect any trace of the earbon monoxide bands.

The horse had alnost certainly died in the fresh air after its bload had been freed
of most of the carbon monoxide absorbed. The mule had also, in all probability,
not died until some of the carbon monoxide lhad been eliminated. The stable was
near the down-cast shaft (No. 7), and would be reached by more or less fresh air very
goon after the explosien. Horses, which afterwards died, were observed still alive in
the pit by rescuers.

The next horse examined was one which had apparently been killed by the effects
of after-damp, but whieh had lived for about 15 hours afier the explosion. Its coat
was singed behind. When the body was cut up, 36 hours after death, the muscles and
other parts did not present a pink appearance, but had the ordinary bluish colour
when first eut into. The air passages were free from coal dust, and were not
congested, but the inside of the trachea was covered by a thin layer of a greenish oily
looking fluid, consisting apparently of mueus stained with coal-dust or tarry material.
A sample of blood from the right side of the heart had the usual dark eoleur, and
was found on analysis to contain no trace of carbon monoxide. As the burns seemed
isufficient to account for death, this horse had apparently died from the after effects
of carbon monoxide poisoning. A man who escaped alive from the same stable
suffered considerably from the after effects of his exposure to the poizenous air.
During the 15 hours that had elapsed previous to death the blood of the horse must
have completely cleared itself of carbon monoxide. This observation is important as
showing that even in the case of so large an animal as a horse, with a congiderably
slower rate of cirenlation and respiratory exchange than a man, less than 15 hours
may suffice for the blood to elear itself after partial poisoning by carbon monoxide.

Fourteen other horses from No. 8 Pit (both east and west sides) were alse examined
ag they were being cut up, three days after the explosion. The coats of most of
them were more or less singed. In only one case was a fracture discovered. One
or more shoes had in several cases been kicked off. In every one of the bodies the
colour of the muscles, skin, and subeutaneous tissue wag bright carmine red, so that
a gingle elance was sufficient to determine the eause of death. So far as [ could
judge, the vint of the congested parts of the museles was about the same in all these
bodies.  Samples of the blood from the right and left sides of the heart were taken
from two typical ecases (sce p. 37). The appearance of the stomach and intestines
varied much according to the amount of congestion. In some cases the red or pink
colour was very evident at parts, in others the intestines were guite pale. The
peritoneal surface was, in most cases, apparently roughened, so that at fivst I thought
there had been commencing peritonitis. There was, however. no corresponding
injection of the blood vessels, and on eloser examination the roughening turned out to
be due to countless small bubbles of gas, which were enclosed beneath the peritorinm.
The same appearance waz often seen on the inner surface of the trachea. The zas
had, of course, been formed after death. I bave noted this appearance, because it is
probably not infrequent in decomposing bodies, and I have not seen any account of
it before. It seems not improbable that loosening of the cuter layer of the epidermis,
observed in the bodies of men who have lain long in n pit, may sometimes be due to
gas produced in a similar manner. The liver was not congested, and on ineision had
almost invariably a markedly pink tint. The kidneys when examined had a similar
colour.  The spleen seemed in no case unusually distended, and was sometimes red,
but usually so dark in colour that 1 thought the contained blood must be nearly free
of carbon monoxide. Two samples were ﬁ]emf:}m taken of the dark coloured bloody
flnid which exuded on ineision. It turned out, however, that this bleod contained
only a litile less carbon monoxide than the blood of the heart. The dark ecolour
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seemed to be due partly to pigmentaiion, partly to the fact that the organ contains
such a large proportion of blood. In a few cases, where there seemed to be less blood
present, the pink colour was very distinct. The blood itself, when undiluted and
looked at in bulk, had a dark purplish red colour, about the shade of ripe Morella
cherries. On examining it mieroscopically two or three days later, T found that the
corpuseles had disselved, and that it was full of pink erystals of carboxyhsemoglobin.

The lungs were pink to carmine red, mottled with the black duve to the constant
inhalation of coal-dust in the mine. In no case was there any excessive congestion,
or edema. The bronchi were free from coal-dust or fluid, and their inner surtace
looked perfectly normal. The trachea sometimes contained a little coal-dust, but only
a very trifline amount. As a rule the inmer surface was bright pink, and seemed a
little congested, owing perhaps to the inhalation of irritating wapour or gas. There
was never, Lowever, any sign of mucous discharge or swelling. The outside of the
mouth was usually black with coal-dust, but in other respeets looked fairly normal.
The heart eavities, when examined, contained only a little partially elotted blood,
and it was not possible to obtain more than about 50 to 100 cc., even from the right
gide, which contained most.

After T had left Tylorstown a number of other dead horses were brought up from
gtables and roads and examived by Mr. David Rees, veterinary surgeon, who assisted
me in examining the horses already referred to. He reported that the carmine red
colour of the organs was present in every case. It thus appears that all the horses
examined had been killed by carbon monoxide poisoning. L1 N0 cAse Were appear-
ancer met with (signs of blocking of the eirculation) suggestive of acute suffocation
by deprivation of oxygen.

Sumptoms produeed in Resewers by After-damngp.

After-damp was encountered by Mr. Hannah, the General Manager, who, by
descending as far as possible in the cage, and then sliding down a guide rope among
the débris encumbering the bottom of the shaft, entered the No. 7 pit soon after the
explosion. Accompanied by a fireman, he proeeeded with great daring to explore the
pits in seareh of men still living., He told me that after getting some distance along
one of the main roads, he began to feel weak, and was unable to walk steadily. He
also felt drowsy, had frequently to stop and sit down, and had mmech diffienlty in
climbing over the falls. His lamp was not extingmshed by the after-damp.

Still more serious symptoms were experienced by a party who endeavoured to
enter from one of the Ferndale pits communicating with the Tylorstown workings.
Mr. Thomas, Manager of Nos. 1 and 5 pits, who was leading this party, and a com-

sanion were rendered unconscious for a short time, and were themselves rescued with

gifficulty. They entered the No. 6 Tylorstown pit through the separation doors. and
at the first attempu had penetrated neariy as far as the place where a number of men
were afterwards found dead with their Jamps burning. Feeling affected, they went
back into the fresh air behind the doors, and after a short time made another :-l‘Itmupl
to pemetrate along a road leading towards the shaft. After walking some distance
they began to feel weak, and endeavoured to return to the doors, but, before they
reached them, first one and then another of the party dropped and became unconscions.
Fortunately the precaution had been taken of leaving several men behind in the
fresh air, and they at once came to the rescue, and succeeded, though with great
difficulty, in dragging the disabled men out.

Mr. Thomas told me that even when the air was most poisonous his lamp burned
perfecily, and he himself was nnder the impression, just before he fell, that he was
getting into fresher air. On getting into the ofter-damp he had felt smarting of the
eyes, but the first definite symprom was loss of power over the legs. He and his
companions sank helpless to the ground with very little previous warning. They
were brought baek to the shaft lyving . unconscious on trucks. On recovering
conscipusness those affected had severe headache, and nausea or vomiting, accompanied
by shivering.

A member of the party, who wus not so seriously affected, told me that when he got
into the after-damp he felt smarting of the eyes and dryness of the throat, though
these symptoms caused no serions inconvenience. At the same time he felt his legs
becoming more and more unsteady, and he could make no extra exertion. At this
time he thought his lamp was burning somewhat dimly.

The only gas which could, under the cireumstances, cause such symptoms as those
«deseribed, is carbonie oxide. The same symptoms are caused by greas deficiency of
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oxygen in the air, but from the faet that the ilamps still burned fairly weli, there
musk have been at least 15 per cent. of oxygen in the air, and with that percenta
there eould be no symptoms due to deficieney of oxygen. The symptoms caused
excess of carbonie acid are quite different in character, as also are those caused b
sulphumus. acid, sulphuretted hydrogen, or any other gas which might possibly be
present. The r:ran symptom not due to carbon monoxide is the smarting of the eyes
and slight irvitation of the air passages. These symptoms, as shown below, were
very probably due to the presence of a very small amount of sulphureus acid.

The Composition of After-dawnp.

'he after-damp of a colliery explosion has not yet been satisfactorily analysed. I
had hoped to obtain a sample at Tylorstewn, but when I reached the pit I was assured
that none was present in any part of the workings. In the absence of direct evidence,
hosrever, it is possible, from various data, to obtain a rough idea of its composition.

It 18 evident, in the first place, that the composition of undiluted after-damp,* may
vary firstly, according as the explosion is one of dust, or of fire-damp alone, and
recondly, as the proportion of oxygen present in the track of the explosion is
gufficient or not to consnme the whole of the combustible material (gas or dust)
prezent in the air.

The simplest case is that of an explogion of fire-damp in presence of excess of pure
air, and this may be considered first. The fire-damp, or explozive gas, met with
under o {i]n:n_j. m]‘gumgts.,nm;. in the coal mines of this country, appearz to be nearly
alw ﬂ{E. simply methane or marsh gus (CH,).

ien marsh gas explodes in presence of excess of air, the reaction is as follows—

CH, + 20, = CO, + 2H.0,

The nitrogen of the air takes no part in the explosion, but for every two volumes
of oxygen consumed, or for every volume of carbonie acid found. nearly eight volumes
of nitrogen (and argon) will be left Lehind. Hence a simple caleulationt will show
that after the agueous vapour has eondensed the undiluted after-damp will consist of—

Nitrosen - - -  BT-23 .

Al'g{:rl? : - - - - 1-05 8828

Carbonie acid - - = AR
10000

* By undiluted after-domp is meant the residual mixtore of gas after deducting the air present.  The latter
i= cstimated from the oxymen percentuge.

T The caleolation i3 az follows.,  Pure dry air consista of—

{)xfg&n - - - = Eﬂ" 93
Nitrogen . - = e
Argon = - - - . 084 (mecording to analyses recently
published by Kellas, )
Carbonie aeid - - CHRLL
10000

To just consume the whele of the exygen it would be necessary to add to every 100 volumes of air
I v 6
2095 _ 109-465 volumes of fire-damp or methane,

a

This mizture wonld amonnt to 110-465 volumes, and wonld consist of—

(Dxygen = - - - = 1894
Milromen - - - - = FO=7 o
Argon - - - S
Carbonie acid = - E - 0
Fire-damp {f.e., Mﬁth:um) - = - 9-47
10:r =00
After the explosion, the hot after-damp would consist of—
Nitrozen - - - =R et
AR 1y o= - “ - 0+ 45 } faies
Carbonic acid - - - - =50
Anueons Vipour = - d - =  18°85
HLCTRT]

Werlectine the agueons vapour, which would soon nearly all condense in a pit, the composition of the
sfter-damp wonld be that ztated nbove.

i

=
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This mixture will, under the pre-supposed conditions, be diluted with more or less
of air. As it requires the presence of from 5 to G per cent. of fire-damp to render the
air inflammable, there will not be more than 10-5 of oxygen, or 50 per cent. of pure
air left in the residual gas. On the other hand, if the explosive mixture containedl as
much as 947 per cent. of fire-damp, there will be no oxygen left in the track of the
explosion,

if:‘['he undiluted after-damp from an explosion with exeess of air would have a
gpecific gravity of 1037. This is not much higher than that of air (1-000) so long as
tEia after-damp remained more than about 9° C. or 16° F. warmer than the (pure) air
in the intake roads, and correspondingly more saturated with agueous vapour, which
is lighter than air, it would tend to keep along the roof. The cooled affer-damp, on
the other hand, would iie along the floor, forming a layer similar to that usually
observed in the case of black-damp, which has about the same specifie gravity.

In an actual pit explosion, it will, of eourse, never occur that the mixture of fire-damp
and air is everywhere equable. As a rule there will be more fire-damp along the roof
and less towards the floor. Moreover the air which is mixed with the exploding
fire-damp will not be pure, but will contain more or less black-damp.® To illustrate
this latter point, we may suppose the explosion to occur in a rveturn airway, and that
the return air has become explozive through the fan or furnace being out of order, or
insufficient to cope with the gas driven out from unventilated cavities, &e., by a
gudden fall of atmospherie pressure. Now, besides fire-damp, the return air of a
coal mine contains a variable proportion of black-damp. In support of this statement
I may csuﬂtra the following analyses of return air from pits in different distriets in
England and Scotland.{ To render the analyses more readily intelligible, they are
expressed in terms of air. black-damp, and fire-damp, as well as in terms of oxygen,
nitrogen, &e. By “nitrogen ” is meant nitrogen -+ argon, the latter gas not having
been determined separately.

1
Mzin Retorn, c - West Hull- . - ! l_,'!w_n-l: Shaft
Minnie Pit, M;_ITI- ]:?,I-:E'I' hiiest Retura, | P?-;:mlh Hll" " Shaft of | Barghlee
| Podmere Hall | oot "o, | Talk o'th8ill | =00t NS0 | No. 6 Fit, | and Ramsuy
| Colliery, North | ﬂfL'mirIlFL - Colliery, North | '{.'“ﬂ:; _;: l::—r" Tylorstown. 1"its, M=
i SEalls, el Bl 3 T 25,296, lotkian.
19, 1384, Rk 11400 el 0.10.95.
ﬂ:ma s N 203 AR t 14955 | o ] | . L -
Nitragen - . - TE A0S vErTAS | rE 43 | TE5% il 4] 922
[ 0= &0 -3 S| I =27 Jo=zn 0 27
Carbonie acid - {,_,. jo* {,_,. g+ | } 28 T 00300 [ LO 21* 02
Firedamp - - 1-10 0 53 1-33 -i":;_;;, [ I-&7 00
L
0000 =0 T00e ik 100 =k 10n0= (W1 100 00 1= 00

Oxyzen = 030 081 19=77 031 Hivay afye 50
Ajr =< Mitrogen: - | TEA0 L9713 | T6CE4L 9718 | FA070 294059 76°44 pO7-18 | T0-60 L0B-0D | 7756 p06-00
Carbonic acid -3 LA H L EH] - g LRI ] 03
Black- | ¥itzogen - 1605 = LBEEE mam A4 : iy ] D 0 45y . |11 - 3 [
Gaimp, | Cubomie acid| ovrssf V77| ouzsf 2371 giiaf 498 | oS3} ver | QAL v | LR 1a
. e |
Fire-damp 2 - 1-10 0-G5 1-35 0-B5 | 187 =0
L+ (D LH) <8 | 1= 04 1060+ G I 10 00 100 = (3

|
 —

* Duplieate determinntions.

From these analyses it is evident that, in the event of the return air of a pit
becoming 8o foul that more than 6 per cent. of fire-damp was present, and the air was
inflammable or explosive, the after-damp formed from an explosion would be mixed
with from about 10 per cent. to 30 per cent. of black-damp. This black-damp consists
of about 87 per cent. of * mitrogen”, and 13 per cent. of carbonic acid, so that its
composition is nearly the same as that of the pure after-damp from a fire-damp
explosion with excess of air.

# As recently shown in a paper by Mr. W. N. Atkineon aml myself, black-dump i= med earbonie seid, bot
i mixture of about 37 per cent, of nitrozen and 13 per eent. of earbonie acid. This mixture seoms to he, ag”
o rule; nothing but the residunl gas left in the slow oxidation of conl by air,

T The frst two of these analyses are quoted from the paper just refersed to on the composition and
properies of black-damp.  (Trans. Fed. Insi of Mining Eogineers, Yol. VLI, 1555, p. 340.)  The rest have
net hitherto been published.

1 D685 B
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In the case of many fiery pits, the foul air of the main return would become.
extinetive to lamps or candles before becoming explosive,” and when more than 61
arts of black-damp were present to one of fire-damp, the return air could never
gﬁ(:ﬂmt‘. explosive, although 1t might show a slight cap on a lamp, 5
The next case is that of pure fire-damp expiosions, in which an excess of fire-damp.
is present in some portions of the explosive air, .., more fire-damp than would suffice
to consume the whole of the oxygen present. Such explosions are doubtless far more
common than the first kind, because the distribution of fire-damp and oxygen in a pit
is very irregular. This is partly due to the specific gravity of fire-damp being so low
that it tends to accumulate in any high place, and partly to the fact that large spaces
(oaves, stopped-off workings, &e.), are often charged with mixtures, varying from air
containing a little black-damp, or fire-damp, or both, to almost pure fire-damp or
black-damp. In illustration of this laiter statement I may quote the following
analyses.

No. 1. SBample of gas isswing violently from a boring into the main intake airway
of Moss Pit, Harecastle, North Staffordshire. In consequence of a gobfire, followed
at intervals by iwo small gas explosions, and by one large one, carried through the
whole pit by dust, the bottom of the shafts had been filled up to stop all ventilation,
and the pit lei't for some months to aliow the leated air to cool. When a bore-hole
wag cautiously made into the main imtake rvoad, the accumulated gas issued at great
pressure. A sample of this gas wae colleeted and sent to me by Mr. W. N, Atkinson,
Her Majesty’s Inspector for North Stafiordshive. (An account of the accident is given
in hiz Annual Report for 1804) :—

Fire-tamp - - o - 9101
 Nitrogen ™ - = - 2 ' T Eon
Carbonic acid - = E - =08
Carbonie oxide - e - - 00

R

This analysis illustrates well the result of completely stopping off a large area of
workings in a fiery pit. The small percentage of nitrogen found was probably due to
the small residue of black-damp left in the pit, and not yet completely displaced by
the rapidly accumulating five-damp. The carbonic acid seems mostly to have come
oft from the coal along with the fire-damp, as only about a third of the carbonic acid
would be accounted for by the presence of the nitrogen. counting the latter as a
constituent of black-damp.

No. 2. Gas obtained from behind a stopping in the same pit, after the main roads.
had heen reached, and the ventilation partly re-established.

= Oxygen - 180 ;
Air 4 < Nitrogen” - 781 1 S
“ Nitrogen” - 3147 o
Black-damp {Gm‘hcmic acid - 319 e
Fire-damp - - - - - 5673
100-00

Thiz gas would form inflammable mixtures with air almost as readily as would pure
fire-damp. The black-damp had apparently been formed by air getting in behind the
stoppings.

Tﬁa znmp]u was very carefully examined to asecertain whether the fire-damp was
absolutely pure methane. That thizs wa< the case follows almost certainly from the
fact that in two suecessive determinations the contraction on explosion was exactly
double the volume of carbonic acid formed.

No. 3. Gas obtained through a pipe from behind a stopping in Podmore Hall
Colliery, No. 4 pit. Behind the stopping were old workings. A constant slow stream
of oas was issuing at all times from this stopping, into a return air-way, so evidently
a little air was getting from the intake air-ways into the old workings, where its

* Tt was shown, in the paper just reforred to, tlat a mixiure of Elnel-damp and five-damp, when added in
increasing proportions to air, may first produce an atmosphere extinctive to open lights and lamps, and then an
explosive sumesphere,  The sonie s cerfainly true for mixtares of after-damp, fre-damp, audiair, sueh as ocour
in o pit after an cxplosion.
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oxygen was consumed and carbonic acid and moisture formed, so that it issued as
black-damp.

Nitrogen - 7506 ;
B“"“'k'd*"“‘f’{nmbunic acid - 1103 gl el
. fOxygen - 072 .
Air 1 Nitrogen - 272 [ ; b
Fire-damp - - - - 747

10000

]
When diluted with ordinary return air in the most favourable proportions, this gas
might show a cap, but it could never become inflammable.

No. 4. (tas from an abandoned read, Talk o' th' Hill Colliery, 11th April, 1395,

Oxygen - 1193 L
Air 4 “Nitrogen” - 4513 }- - L 5708
Carbonie acid - 002 .
(* Nitrogen” - 3529 ol
Slack Hamp {. Carbonic acid - 911~ - 4840
Fil’e—dﬂmp - - - -
10000

When teated with an ordinary lamp at the entrance to the road, this gas extingnished
the flame without previously showing any noticeable cap. The gas had thus the
distingunishing property of hluc'rt-da.mll:, but was lighter than air, the lamp being
extinguished when it was raised towards the roof. The sample was collected (by the
light of an electric lamp) at a point along the road, where even a Clowes hydrogen
lamp was extinguizhed. Previously to extinetion the hydrogen flame showed a very
long (3 per cent.) cap. ‘

No. 5. (Gas obtained as it issuerd from an opening eommunicating with old workings
in Burghlee Pit, lLoanhead, Midlothian, 11th October 1895, g

[Oxygen - - 1375
Air 4 “Nitrogen” - 5202 b- 2L e
Carbonie acid - (02
[« Nitrogen"” 29-78 L&
Fire-damp - - - - - 000
1000

That excess of fire-damp tends to accumulate in any high place is a faet familiar to
all connected with collieries. There may be a thin layer of fire-damp, or of air con-
waining five-damp, running for considerable distances along the roof of a level airway.
It 18 surprising how difficult it is to cause this gas to mix with the fresh air below, ar
to dislodge fire-damp from corners in a roof. The following is an illustrative case.
A heading with a slight rise was being driven, and fire-damp counld be heard coming
off pretty rapidly from the face, though there were no blowers. To eope with this gas
a wide ventilating pipe had been carried in from the intake airway, and an abundant
gtream of air was playing just over the heads of the men at the face. A lamp held at
the ordinary level showed no trace of a eap, and from the direetion in which the air-
current was playing I could hardly believe that any appreciable amount of fire-damp
could be present in the roof. Nevertheless, when the Manager. who was with me,
slowly raised his lamp to test for gas, it was suddenly, and witiout the slightest
previous indication of a eap, filled with flame and extinguished. The gas in this case

was said to be very “sharp.” A sample obtained from a pipe inserted into the eoal at
the same place was found to consist of—

Fire-damp - - . - 8585
Nitrogen - - - - 993
Carbonic aeid - - - - 407
Oxygen - - - - - 15

10000

E 2
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When fire-damp is said to be ** sharp,” this seems usually to signify nothing else
than that the line of demarcation between the fresh air and fire-damp is very sharp.
Under favonrable conditions this line will be far sharper than that between a layer of
pure «ir and black-damp, since the difference in speeifie gravity (about 80 per cent.)
between pure fire-damp and air is far greater than that between air and pure black-
damp (about 4'5 per cent.). In many eases the line of demarcation is so sharp that
there can be only a very thin intermediate explosive layer. The gas above this layer
will be inexplosive, on account of the presence of more than 11 or 12 per cent. fire-
damp. This upper layer will burn guietly when it is in contact with fresh air below.

The facts just referred to make it evident that in mest fire-damp explosions there
must be, in parts of the explosion, not sufficient oxygen for complete combustion. In
such a cage the chemical reaction is complicated, and without further experimental
data it would be diffieult to say exactly what the gquantities would be of the various
produets formed under the conditions which prevail in a pit. Instead of ecarben
ﬁinxirlu and aqueons vapour, a variable mixture of carbon dioxide, carbon monoxide,
aqueons vapour, and probably hydrogen, will be formed, and these. when mized with
about 30 per ecent. of nitrogen, and any undecompeosed fire-damp, will constitute the
after-damp. 'The latter will evidently always contain less than 12 per cent. of carbonic
acid, but what is of more interest in connexion with the present inquiry, is the propor-
tion of carbon monoxide liable to be formed. There are reasons for believing that this
proportion is by no means high. It is well known that in ordinary laboratory experi-
ments it is impossible to explode, either by introducing a flame or by means of the
spark yielded by the common induction eoll, mixtures of air and fire-damp containing
more than a very slight excess of the latter gas. The excess of fire-damp in some way
prevents the explosion. A similar excess of an indifferent gas, such as nitrogen, does
not exercise this influence. As the result of a recent investigation, Professor Clowes
findz that mixtures containing more than 11 o 13 per cent. of methane will not
explode. In experiments with natural fire-damp,* I have myself found that an
ordinary spark would not inflame a mixture containing 11-1 per cent. of fire-damp in
air, althongh with 10-0 per cent. a violent explosion occurred. With the latter propor-
tion 934 per cent. of carbonic acid, and (according to a calenlation), about 27 per eent.
of earbon monoxide were present in the residual gas or after-damp. Henee it would
seem probable that in an explosion with an excess of fire-damp, and without dust, nos
more than about 3 or 4 per cent. of earbom monoxide will be formed in any part
of the track of the explosion, The matter, however, certainly requiries further experi-
menial investigation, under conditions such as oceur in an actual pit explosion.

The case of the after-damp from a dust explosion is, of course, by far the most impor-
tant. In all the great colliery explosions the flame seems to be propagated by dust,
althongh in some cases the fiving of a small colleetion of fire-damp has oviginated the
explosion.t Since the explosion usnally passes along the intake air-ways, which are
free from fire-damp, it may alzo be assumed that the after-damp is practically due to
the explosion of dust and air alone, and not of a mixture of dust, fire-damp, and air.

The physical and chemieal conditions which prevail along the track of an explosion
as it sweeps along the roads of a pit are as yet by no means clear. [t seems probable,
however, that there is not a complete combustion of the particles of coal dust, and
that what burns in the explosion is gas distilled off by these particles. After an
explosion the bodies of the men (see above, p. 3) and the timbers (especially in
places where little force lhas been developed) are often found enerusted with melted,
or partially coked dust. The half melted particles of dusi have evidently lost part
of the gas which they yield on dry distillation; and, doubtless, this gas feeds the
flame.  Bach partiele will be protected against complete combusiion by the al tion
of heat which must occur in the process of heating and dry distillation, and the
congequent impossibility of the occurrence of a sufficient rise of temperature in the
paviicle to render complete combustion possible before the surrounding oxygen is
consiumed.

As to the products of combustion, there must, in the absence of experimental data
(obtained under the conditions prevailing in a pit), be much uncertainty. The gag
given off by the coal dust will probably somewhat resemble erude (unpurified} coal
gas; most of this will probably be burnt, hut an unburnt excess may remain behind
to swell the volume of after-damp. Ordinary crode coal gas is a variable mixture,

e - - — - . : o
* Aniflcinlly prepared fire-damp usoally eontains hydrogen. The pil s emplovad contained B8 18 percant.
af firc-dnmp,
T Aceonding to Mr. Robzon's evidence, the Trlorstown explosion was probably originated by the Same from o
Llinsting shot in the roof of nstall ignitiog o small collection ot fire-illamp, which in 15 inen ignited the dust,
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consisting chiefly of hydrogen and methane (fire-damp), together with about 5 per
cent. of carbon monoxide, 5 per cent. of higher hydro-carbons, about 2 per cent. of
sulphuretted hydrogen or ammonium sulphide, and a little carbonie acid and nitrogen.
The first portion of gas which comes off on distillation is said to consist, however,
chiefly of methane; and the ras which burns in the explosion will probably be this
first portion. If burnt in a sufficiency of air for complete oxidation, such gas would
yield an after-damp containing when undiluted about 57 per cent. of nitrogen, 12 per
cent. of carbonie acid, and -2 per cent. of sulphurous acid. If diluted with half its
volume of air, the mixture thus formed would still contain sufficient sulphurous acid
to cause danger to life (see below),® although apart from the sulphurous acid the
mixture would cause no great distress. If burnt in an insufficienv supply of air (as
ig certainly the case in many purts of a dust explosion), the supposed mixture of gas
would yield an after-damp eontaining, besides about 80 to 85 per cent. of nitrogen, a
mixture of carbon dioxide, carbon monoxide, hydrogen, and a little sulphurous aecid
or sulphuretted hydrogen, and, doubtless, other gaseous or volatile products in small
quantities. This mixture might, moreover, be diluted with additional gas distilled
off from the coal dust by the action of the intensely hot air left behind in the moment
following the explosion, and would probably be very slightly, if at all, heavier than air.

Now, it was proved both by the results of the examination of the bodies found in

all parts of the pit, and from the symptoms of the rescuers, that, whatever poisonous
ases or vapours existed in the coal dust after-damp at Tylorstown, the gas present
in the most poisonous proportions was carbon monoxide. Hence, in many if not all
parts, of the exploding mixture there must have been an insufficiency of oxygen for
complete combustion. The presence of carbon monoxide in the Tylorstown aftér-damp
wae certainly not an exceptional faet. Such evidence as I have been able to collect
from records of previous explosions, and from those who have themselves been in
after-damp, seems to poiut istinetly towards carbon monoxide being present in
dangerous amount in the after-damp of all great colliery explosions. Speaking of the
after-damp met with in explosions in Durham, the Messrs. Atkinson record the fact
that they have themselves seen rescuers fall over while the lamps were burning
brightly and giving no indieations of the presence of any kind of gas.t They also
mention that some of the bodies were found beside lamps in which the oil was
exhansted, as 1f it had burned itself out after the men were dead. These observations
lead them to conclude that earbon monoxide was present. An analysis made for ono
of them by Profeszor Bedson showed the presence of 25 per cent. of carbon monoxids
in a sample of gas collected a few days after the Usworth explosion from behind
a stopping near a fire caused by the explosion. This gas might, however, as
they remark, have been due to the fire. In his report on the explosion at the
Hyde Colliery (near Manchester), Mr. W. N. Atkinson also records evidence of the
bable presence of carbon moroxide. In Mr. Martin's report on the explo-
gion in 1891 at Malago Vale Colliery {Bristol district), the evidence is recorded
(pp. 22 and 18) of Charles Foultney, night oversman, who was overcome by after-
dl;m , and was found by the rescuers unconscious and severely burnt by his lamy.
which was still in his hands. In Mr. Martin’s report (p. 8) on the Camerton explosion
(Radstock distriet), it i8 recorded that Messrs. Brathwaite and Moon, the Manager
and Under-manager, were overcome by after-damp, while the naked lights which they
carried were unaffected. After the explosion at the Albion Colliery in 1594 several
of the rescuers told me that they became weak and hardly able to stand, although
their lamps were burning (see p. 39).7 There are also very many other cases recorded
in which rescuers have been overcome or killed by after-damp ; and the faet of after-
damp being so exceedingly dangerous points strongly to the constant presence of
carbon monoxide. A man carrying a lamp could never go unsuspectingly into air
dangerous from deficiency of oxygen; and danger from carbonie acid, apart from
deficiency of oxygen, is quite out of the question (se p. 13).

With a view to ascertaining whether more direct evidence was not obtainable as
to the presence or absence of carbon monoxide, and the actual causes of death in
colliery explosions, I have searched the medical evidence presented at a number of
inquests. As a rule, however, no very serious attempt seems to have been made to
ageertain the actual causes of death, beyond the evident facts that the men had

# [ found that crude coal gas, burnt cxperimentally in the laboratory, yielded o product which, even when
mmch diluted, produced zreat ivritation of the eves ol respirmtory pusanmes,
1 % Explosions in Coal Mines,” p. 112
1 I examined tha bleod of oue of the horsee killed ot this explosion, and could find with the spectroscope no
Blgns of the presence of enrbon monoxide. Probably it hiad been killed imstanianeonsly, or else died in frualh
air, like the herses referred to on page 6.
B3
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somehow been killed by the explosion, and that some showed no marks attributable
to burning or violence. In one caze, however,—that of the Elemore explosion,—the
hodies were more carefully examined (by Dr. Adamson) at the request of the Coroner.
The examination disclosed the fact that in a number of cases the skin and sub-
cutaneous tissues had a pink colour, which was rightly attributed to carbon menoxide.
poisoning, although no spectroscopie or chemical examination seems to have been
made of the blood. I am indebted to Mr. W. N. Atkinson for an account of
Dr. Adamson’s observations, which were published in the “Transactions of the
Northumberland and Durham Medical Society, 1887."  On inquiry of colliery managers
and others who have assisted in recovering the bodies after explosions, I have several
times been told of the pinkness of the lips and general life-like appearance of the
bodies.

As there seems to be little doubt that in grear colliery explosions the immediate
cause of nearly all the deaths is carbon monoxide poisoning, it iz of great importance
to obtain some rough ideas as to the percentage which may be present in the undiluted
after-damp.

In an explosion of coal gas (by this I mean, not fire-damp (CH,). but the gas
yielded on dry distillation of coal) a mueh higher percentage of ecarbon monoxide
may be formed than in an explosion of fire-damp. This is shown by the analysis
made by Smithells* of the prodacts of combustion of methane and ordinary coal gas
respectively, when these gases ave burnt with a proportion of air insufficient for
complete combustion, but just sufficient to render the mixture inflaimmable. He
found that, in the combustion of artificially prepared methane under these conditions
not more than 4% per cent. carbon monexide is found in the residual gas (after-damp),
while in the combustion of coal gas 10 per cent. may be present. The zns bumnt in
a tust explosion probably resembles five-damp more nearly than ordinary coal zas,
but may, nevertheless, be eapable of giving more earbon monoxide than fire-damp.

An explosion of coal gas with very low percentages of air, could not. however, so
far as one can jndge, propagate itself as a dust explosion through a pit. The rate of
propagation would be far too slow to produce the necessary disturbance of the dust
and at any rate it is clear that a dust explesion is actnally accompanied with such
violence 28 can only be explained on the supposition that the proportion of gas
distilled from the dust is not very much more than the most favourable proportion
possible in mixtures of coal gag and air. If this reasoning be correct, one would
expect to find much less than 11 per cent.—probably less than 5 per cent.—of carbon
monoxide in the pure atter-damp.

From other data we can with great probability assign a minimum percentege to
the carbon monoxide. A lamp or candle will not continue to burn unless at least
17-3 per cent. of oxygen be present in the air (see p. ). Hence the presence of about
one-zixth part of pure after-damp would render the air just extinctive. Not more
thun a sixth of after-damp ean thus be present in the air which is fatal to the men
in cases where lamps are found still burning beside the bodies (see Appendix A.).
Now there must, appavently, be at least 03 per cent. of carbon monoxide in this air
(#e¢ p. 17).  Hemee there must be at least -3 X 6 = 1'8 per cent. of carbon monoxide
in the vndiluted after-damp. It does not geem likely that there is very much more,
otherwise aceidents to rescuers (who have no certain guide but their lamps) would
probably be mueh more frequent than is actually the case, and men would more often
be found dead with cheir lamps bueningt On the whole it seems probable that
undiluted after-damp contains about 3 per cent. of carbon monoxide on an average.
Undoubtedly, however, there may be either a higher or a lower percentage, according
as the conditions vary in different parts of the explosion.

Tue Acmiox on Mex and Lames of the (ASEs PRESEST IF, or MIXED WITH,
AprER-Davre.

To understand the dangers to life after a colliery explosion, and the possibilities
ol ezcaping these dangers, it is necessary to have a clear idea of the action both on
men and lamps of the gases which are likely to be present in the air of the mine.
These gases, so far as is known, are carbon dioxide, carbon monoxide, nitrogen,
fire-damp, and sulphurous acid. Oxygen may be deficient or absent.

* < Trnanctions, Chemical aninl.;,"m"'ful. LET., 1352, p. 211,
T Even in Sonth Wales, where explosions are velatively frequeant, it does nof scem to be at all generslly
known that air mixed with after-damp may be poisonous, although a lamp still burns in it.
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1. Cartion Dioxide.

Carhon dioxide (cr carbonic acid) when present in great excess, is a distinctly
poisonous gas. It dees not act, as sometimes stated, by merely diluting the oxyeen
of the air. Air mixed with 50 per cent. of carbon dioxide causes rapid death, while
air mixed with an equal proportion of nitrogen has very little effect. As shown above.
however, there can never be more than about 12 per cent. of carbon dioxide in
after-damp, and in practice it can seldom or never occur that even this moderate
percentage ig present. In breathing air containing increasing proportions of earbon
dioxide, the first distinet effects ave felt with about 3 or 4 per cent. The respirations
become somewhat deeper, but nothing further is expevienced. Animals may be kept
for weeks in such an atmosphere without apparvently suffering inconvenience.® TE:-
respirations increase with the percentage, both in frequency and depth, unul with
about 6 per cent. there is distinet panting. At the same time slight frontal headache
may be felt, which often increases for a short time when fresh air is again breathed.
At 7 or 8 per cent. the panting is very distressing, espeeially at first, and with
10 or 11 per cent. the respiratory distress is extreme. With a somewhat hisrher
percentage an nnmesthetie action seems o occor, 50 that consciousuess is bennmbed or
entirely lost, although life may not be endaugered, at least for many hours, judging
from experiments on animals.

The action of air containing carbon dioxide on lights (candles, lamps, &c.) seems to
depend almost entirely on the reduction of the oxygen percentage which accompanies
the dilution of the air with carbon dioxide. According to Professor (lowes} an
atmosphere containing about 15 per cent. of carbon dioxide extinguishes lights. Air
diluted with 17 per cent. of nitrogen has the same effect (se¢ below). I have myself
found that a lig]l:: (candle) will burn in a mixture containing 75 per cent. of carbon
dioxide if 25 per cent. of oxygen be present at the same time. L‘Uﬂﬁ'&l‘}' to what is
often stated, carbon dioxide has thus very little specific action in extingnishing
flames.

2, Nitrogen ( Deficiency of Oxygen).

Nitrogen] has no specific action on men or animals. When added to air it only
acts indirectly by diminishing the oxyzen percentage. Other physiologically indifferent
gases (such as hydrogen) have the same indirect action. When the oxygen percentage
of air 12 gradually reduced by abzorption of the oxygen, or (what is exactly the same
thing) by addition of nitrogen, very little may be felt before the occurrence of
impairment of the senses and loss of power over the limbs. If the reduetion is
grudltn.l, and the symptoms be carefully watched, it will be noticed that at about

2 per cent. of oxygen (i.e., with a reduction of 9 per cent.) the respirations become
just perceptibly l;fe-cper. At 10 per cent. the respirations are distinetly deeper and
more frequent, and the lips become slightly bluish. At 8 per cent. the face begins o
agsume & leaden colour, though the distress is still not great. With 5 or 6 per cent.
there is marked panting, and this is accompanied by clouding of the senses and loss
of power over the limbs, which would probably end soomer or later in death. It is
probable that any sudden exertion made in air markedly deficient in oxygen may lead
to temporary loss of consciousness, so that sudden efforts should be avoided in all cases
where, through accident or necessity, a man iz in an atmosphere which will noi
support a light, and in such a position that he might fall into worse air or otherwise
injure himself. When air containing less than 1 or 2 per cent. of oxygen is breathed,
loss of consciousness, without any distinet previous warning eyinptom, oceurs within
about 40 or 50 second:. Loss of consciousness in air deprived of oxygen is more
rapid than in drowning or strangling, since in the former case not only is the supply
of fresh oxygen cut off, but the oxygen previously in the lungs in rapidly washed out.
lioss of consciousness is quickly succeeded by convulsions, which are followed by
cessation of the respirations. The heart still continues to beat, in the case of cats and
dogs, for from two to eight minutes; in man this period is probably longer, for it
seems to be a general rule that the larger an animal iz the longer it will resiat
asphyxiation. 1 have myself breathed for half a minute without loss of eonsciousness
an atmosphere (containing 0r7 per ecent. of oxygen) which, within 15 seconds, produced

[

# An acconnt of experiments on the setion of earbonie seid and want of oxygen on men, animaly, and lighrs,
iz given by Dr. Lormin Smith and myself in e “ Journal of FPathology and Bacteriolozy,” Vol, L (1592),
p- 168, : ) vy o
t * Transactions, Federated Institution of Mining Engineers,” Vel. VIL, p. 420.
i Including argon.
B 4
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in & mouse not merely loss of consciousness, but convulsions, followed by almost
complete cessation of the respiratory movements. So long as the heart is'beabing,
however feebly, animation may be restored by artificial respiration. This may require
to he continued for a considerable period, as the after effects of deprivation of oxygen
are very serious, and the respiratory centre may not recover for some time. After the
breathing has been re-established comsciousness may not return for many hours, and
very earcful treatment may be required to avert death at a later stage.

Candles or safety lamps are extinguished when the pereentage of oxygen falls to
from 176 per cent. to 17-1 per eent™ An upright tallow dip zoes out at about
176 per cent. of oxygen, but by holding it horizontally and spreading out the wick it
may be made to burn until the percentage is reduced to 17-1 per cent.

3. Black-Damp.

As already mentioned, black-damp iz not a pure gas, but a mixture containing about
87 per cent. of nitrogen and 13 per cent. of carbon dioxide. The action on men and
lights of air contaminated with black-damp follows from what has been already said.
The dangers to life arising from black-damp evidently depend on the reduction which
it causes in the oxygen percentage of the air. On the other hand, a simple caleulation
will show that before any real danger can oecur the earbonic acid will, by causing
severe panting, have given distinet warning of the impending danger.t It should be
diztinetly understood that excess of carbonic acid produces panting far more rapidly
than does a corresponding deficiency of oxyvgen; and that with earbonic aecid the
panting begins long before there is serious danger, while panting from deficiency
of oxygen hardly occurs until danger is imminent. The presence of the carbonic acid
in black-damp thus gives a valuable and timely warning of approaching danger.

It follows from what has been said above that an atmosphere which has been
renaered just extinetive to lamps from admixture with nitrogen or black-damp is
harmless to men. In case of urgent necessity a man may penetrate without harm
into an atmosphere contaiming four times as much black-damp as would extinguish
a lamp. Any such attempts should, however, be made with the utmost caution, as a
man who falls in air containing black-damp will almost certainly fall into worse air.
The flame of a Clowes hydrogen lamp, when adjusted for testing for fire-damp, is
extinguished in air containing about 10 per cent. of oxygen or 52 per cent. of
black-damp. If fire-damp be present extinetion oceurs earlier.

4. Fire-Damp.

The action on man of methane, or fire-damp, is exactly the same as that of nitrogen.
In other words fire damnp only acts by diluting the oxygen of the airf It follows
from this that air contaiming ag much az 50 or 60 per cent. of fire-damp may
be breathed for a time without harm, although about 5 per cent. will extinguish a
safety lamp. Nevertheless much caution is required in going into air containing much
fire-damp ; for instance, in ascending an incline for the purpose of restoring the
ventilation in workings charged with fire-damp. The danger lies in the fact that
the percentage of fire-damp is apt to increase very rapidly up an incline, and before he
falls, a man may have got into an atmosphere which, even on the floor of the incline,
contains not enough oxygen to support life. This danger may pe avoided by going
very slowly, and with a eompanion a few feet behind. It occasionally happens that
fire-damp 12 mixed with traces of sulphuretted hydrogen. This is easily recognised
by the smell of rotten eggs. Sulphuretted hydrogen is excessively poisonous; as little
as 0r1 per cent. will cause rapid loss of consciousness and death. Smarting of the
eyes and catching of the breath are signs of imminent danger from this gas.

5. Carbon Monozide.

This gas is present in after-damp, smoke, and “ gobstink ™ (i.c., the mixture of pases
given off from coal which has spontaneously heated). It differs from other poisonous
gages in its particularly slow and insidions action, and to render this action intelligible

* Some very careful experiments on this point were made by Mr. W, N, Atkinson and myself at Lilleshall
Collicry (* Teansactions, Federated Institution of Mining Engineers,” Vol. VLI, 1505, p. 538), and I have'
sinee then freguently verifiod the date thers oltained.  More extended observations on the same subjoct have
been carried out by Professor Clowes (*° Proceedings, Toyal Society,” Vol. LV 1., 15884, p. 4).

t Direct experiments on these points are deseribed in a paper by myself in the © Proceedings of the Royal
Society,” Vol. 57, p. 249,
1 See “ Transactions, Federated Institution of Mining Engineers,” Vol VIIL, p. 536.
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some explanation is necessary. The oxygen absorbed from the ait in the lungs
is normally taken up by the blood in the form of a loose chemical combination with
the red colouring matter (hmmoglobin) of the corpusecles; and so carried by the
circulation to the tissues, where it is used up. The hmmoglobin not only combines
with oxygen, but also forms a much more stable compound with earbon monoxide,
and, as was shown by Clande Bernard, hwemoglobin which is saturated with earbon
monoxide cannot take up oxygen. Hence, when the blood of a living animal is
saturated with carbon monoxide no oxygen can be conveyed by the heemoglobin from
the lungs to the fissues. and death must occur from want of oxygen. Carbon
monoxide has no other effects than those caused by interference with the oxygen
Emppli to the tissues.” Apart from its property of combining with the hmmoglobin it
i a physiologically indifferent gas like nitrogen. The symptoms produced by it are
therefore essentially the same as those described above as due to partial or complete
absence of oxygen in the air breathed.

The key to the peculiarly insidious action of carbon monoxide is afforded by the
following two facts. (1.) The affinity of carbon monoxide for hmmoglobin is a very
powerful one, go that even when a very small percentage of it is present in the air,
absorption by the blood may go on, steadily, though slowly, until finally the oxygen
carrying power of the hamoglobin is reduced fo a dangerous extent. (2.) The
symptoms produced by deficiency in the oxygen supply to the tissues ave, as alveady
remarked, very slight up to the point at which there 18 loss of power over the limbs.
When the ]imga completely fail, it is, of course, impossible for a man to get out of the
poisonous atmosphere.

The affinity of carbon monoxide for heemoglobin is about 250 times as great as that
of oxygen. Tn other words, the hamoglobin of blood brought into eontact with air
gontaining about ("1 per cent. of earbon monoxide will ﬁl!:ﬁl_}' become about equally
saturated with carbon monoxide and oxygen. If the same blood be afterwards
brought into contact with pure air, constantly remewed, the carbon monoxide is
gradually driven out. This process of driving out oecurs about five times as fast in
pure oxygen (which contains about five times as much oxygen as air). When the
blood of the living body has become about 50 per cent. saturated with earbon
monoxide there is loss of power over the legs.

These facts make it Quasihle to understand the process of gradual poisoning, or of
recovery in fresh air. With less than O'1 per cent. of the gas in the air the blood
does nmot become more than 50 ]iEr cent. saturated, so that even a prolonged
gxposure does not cause complete helplessness. With 02 per cent. the blood will
become about 67 per cent. saturated, and complete helplessness, with loss of
consciousness, would doubtless oceur. Probably this percentage would finally cause
death, from the gradual damage produced by the diminished supply of oxygen to the
tissues. 0-30 per cent. would certainly cause death in time.

It is of great practical importance to kmow the times required for dangerous
symptoms to develope in atmospheres containing carbon momoxide, as the necessity
often arises of going temporarily, for reseue or other purposes, into such atmospheres,
The times required may be roughly caleulated as follows. The blood of a man will
take up about two pints (1-1 litres) of carbon monoxide or oxygen. Ience about one

int of earbom monoxide must be absorbed to produce half saturation of the blood.
ﬁ'uw a man at rest breathes about 10 or 12 pints of air in a minute, and experiment
shows that of the earbon monoxide inhaled about 60 per cent. is abzorbed. Supposing,
therefore, that the air contained O'1 per ecent. of carbon monoxide, he would absorb
about- 5 the of a pint per minute. It would thus take him nearly 2! hours to
absorb a whole pint. A man who is walking breathes, however, about three times as
much air as a man at rest. Hence he might perhaps absorb a pint within an hour.
With 0-2 per cent. of carbon monoxide the time would be half as long, with 03 per
cent. a third as leng, &e. For a man who had already been in the poisonous
atmosphere, and whose b]Fucl had not recovered, the interval of safety would be
.correspondingly less than in the case of a perfectly fresh man. Hence, in any case
where it iz necessary to work in an atmosphere suspected of carbon monoxide, men
should, so far as possible, be kept in rveserve in fresh air. It was through the
adoption of this precaution that the lives of bMr. Thomas and his fellow rescuers were
not sacrified after the Tylorstown explosion (p. 7.) Had the whole party advanced
together, none might have escaped.

- -— -

# The experimental evidence on which this and many of the other statements made below are based, is
contained in papers by myself in the * Journal of Physiology."” Vol. XVIIL (1895), pp. 200, 430, and 463,
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The danger of advancing far along passages containing after-damp, smoke,
gobstink, &ec., is very evident, since a man may go a long way before he feels the
effects of the carbon monoxide, and when he does feel them he may be quite unable to
escape.

C«irmin gymptoms occur before the stage of complete helpleseness is reached, and
these symptoms should be carefully noted. The first and most important signs of the
accumulation of carbon monoxide in the blood are dizziness, weakness in the legs,
dimness of sight, and palpitation following any extra exertion, such as lifting a heavy
welght, ascending a steep incline, or rununing. These symptoms become quite
digtinet when the blood is about 25 to 30 per cent. saturated. As the saturation
increases, the symptoms become more and more marked, until finally, at about 50 per
cent. saturation, the limbs are so weak that any effort to walk canses them to give
way entirely.

Very little actual distress accompanies the action of carbon monoxide. After
paralysis of the limbe the senses are gradually more and more benumbed, as by a
oentle anmsthetie. If the percentage of carbon monoxide is large (more than 1 or
2 per cent.) loss of consciousness is followed by convulsions, &e., as in suffocation
from rapid deprivation of oxygen. Ii there iz less than 1 per cent. of carbon
monoxide death is very gradual and peaceful. The positions in which bodies are
often found after an explosion show clearly that this is actually the case.

Men who have been for some time uneonscious from carbon monoxide poisoning, or,
what is essentially the same thing, want of oxygen, but who have been afterwards
rescued, may suffer for many days or weeks from after symptoms of a most formidable
character. Appendixz II. contains a report, drawn up by Dr. Shaw Lyttle, Medical
Officer to the Albion Colliery, of the after symptoms of men rescued after the
explosion at that colliery in 1894, T myself went to the colliery four days after the
explosion, and saw many of the men referred to in thizs Report. A man who has been
only partially disabled by carbon monoxide, or who has only been helpless or
unconscions for a short time, will usually recover eompletely within a few hours.
Recovery is accompanied by very severe headache, and often by nansea and vomiting.
The headache and nansea seem to be more severe the longer the exposure. T have
myself found that an exposure of several hours to as little as ‘07 per cent. of carbon
monoxide will cause not merely dizziness, &c., on exertion at the time, but a headachs
afterwards, lasting for about 12 heurs.

From experiments on myself I caleulated that about six hours are required for the
carbon monoxide to disappear entirely from the blood in severe cases of poisoning.
In the case of one of the men rescued at Tylorstown, I examined the blood about
24 hours after his removal from the pit, while he was still absolutely helpless and
almost uneonscious. No carbon monoxide could be detected with the spectroscope. He
was found still alive beside the bodies of several other men {Nos. 33, 34, 35, and 38). who
had died of earbon monoxide poigoning. It seems probabie that after an hour or two
in fresh air so much of the carbon monoxide will have left the blood that the normal
oxygen supply to the tissues will be re-established. The mistake is often made of
attributing what are really after effects to the continued presence of earbon monoxide
in the blood. ;

In more severe cases recovery is much less certain, is very gradual at the best, and
is accompanied by symptoms indicative of serious damage which the nervous system
has sustsined during the period of deprivation of oxygen. Consciousness is for long
absent. The breathing may be ghallow and irregular, or deep and stertorous. The
pulse may be almost imperceptible at times. The temperature frequently rises after
# time to 103° or higher. There are usually signs of very abnormally increased
reflex excitability of the trunk and limbs, the least attempt to move the arms, legs
or body giving rise to violent contractions of the museles, or even to epileptiform
seizures. The latter may even oceur spontaneously. These symptoms resemble
closely the effect of strychmine poisoning, end are fully deseribed in Dr. Lyttle’s
Report. In the case of the man referred to above, the same inereased reflex
excitability was observed by Dr. Morris, who found it very difficult to carry out
artificial respiration under the circumstances. Similar symptoms have been observed
by Bohm* in the case of animals which had been partially asphyxiated by hydrogen
or by oeelusion of the trachea ; also in poisoning by sulphuretted hydrogen in a case
which 1 recently deseribed.f The symptoms in question are thus not peculiar to
carbon menoxide poizoning.

¥ Arvchiv fur experimentelle Pathologie, Vol VITL, p. 68,
f “ Poisoning by sewer gas" ¥ Lancet,” Januavy 20th, 1806, p. 220.
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As recovery progresses, clear consciousness and power over the limbs are very
gradually restored. Partial paralysis of some parts of the body may remain for a
time. At first there is great slowness in understanding questions, or carrying out
any movement. All memory of the explosion or exposure to the poisonous atmosphere
may at first be loat, and it is only after many days, or weeks, that the normal vigour of
mind and body return.

A few remarks may be of use as regards the treatment of carbon menoxide or
after-damp poisoning. There 13 no doubt that just at first the administration of
oXygen wnulpd be of service in rapidly clearing the bleod of carbon monoxide.* Ina

it, however, oxygen will not be available unless special apparatus has been provided
or rescue purposes, and by the time a man has been brought to the surface, oxygen
will probably be of little use. If the air be not free of after-damp, the man should be
removed at once to a safe position. Artificial respiration should be employed as long
a8 the breathing is at all shallow or irregular. If the pulse is feeble, stimulants should
be given. Hypodermic injections of ether were found by Dr. Morris to be of great
gervice. The first effect of cool fresh air seems, for some reason or other, to be
somewhat dangerons. After the Albion Pit explosion it was noticed that some of the
rescued men seemed to lose consciousness on being brought to the fresh air (see p. 37).
Mr. Chrystle, Manager at the Oldfield Colliery, North Staffordshire, informs me that
in dealing with a gobfire he observed that men who were affected by the gas from the
heated coal immediately got worse, or even lost consciousness, if they went into an
intake air-way to rest. From the symptoms which he described there could be no
doubt that the poisonous gas was carbon monoxide. He himself lay unconsecious for
a long time in the air-way, the temperature of which was about 10° Fah. lower
than that of the level on which the men were working. The explanation of the bad
effects of the current of cool air is not altogether clear. Possibly the cold in some
way diminishes the blood supply to the brain, or perhaps the temperature of the body
18 reduced owing to impairment of the heat-producing or heat-regulating functions.
In the case of amall animals poisoned by carbon monoxide, heat production is much
diminished, the body becomes very cold, and recovery in fresh air is very much
hastened by artificial warmth. The application of artificial warmth is probably often
a matter of much importance at first in the treatment of carbon monoxide poisoning.
Dr. Morris employed hot water bottles and blankets in bringing out the man referred
to above, and this seemed tc be of great service.

The treatment in their own houses of the men who have been got out of the pit alive
after an explosion is often very difficult on account of the absence of skilful nursing.
Their chances of recovery are certainly much diminished from this cause. It is of
great importance that everything should be done to meet every symptom (such as rise
or fall of temperature) as it arises, and to promote rest; and thus give the injured
nervous system the best chance of recovery. Any burns or injuries should be attended
to with speeial eare, and every source of disturbance or discomfort carefully avoided
or removed. It is to be feared that many men who have been rescued from explosions
have afterwards died from want of proper nursing, and this matter deserves eareful
consideration.

The recognition of carbon monoxide in the air of mines is a matter of much practical
importance, and many lives have been lost through ignorance of the fact that the
lamps, to which miners trust for the recognition of other gases, give no direct
indication of carbon monoxide. Like other explosive gases, it shows a cap on an
ordinary flame if present in a higher proportion than about 1 per cent; but in after-
damp and gobstink carbon monoxide always occurs in combination with such an
excess of nitrogen that the lamp iz extinguished before it can show a cap. As shown
above (p. 16), when more thar 16 per cent. of after-damp, or about 005 per cent. of carbon
monoxide 1s present, a lamp will be extinguished. Hence the mdications of a lamp
will, at least, prevent a man from going info an atmosphere which is very rapidly
poisonous from carbon monoxide. Nevertheless it is clear that some better indicator 1s
required. When daylight is available as little as "01 per cent. of carbon monoxide in
air may be detected, and roughly estimated by the eye by means of the colour-test,
which I have recently described. This test would not, however, be available on the
spot in the pit, on account of the bad light. There, is, however, another method,
which would, I feel confident, be practically suceessful. In small animals the rate at
which the biood becgmes saturated with carbon monoxide is far more rapid than
in man; hence a small animal, such as a mouse, shows the effects of the gas far more

= Journal of Physiology, Vol. XVIIL, (1895), pp. 201 and 457,
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rapidly than a man, although a given percentage of it seems not to be, in the long run,
more poisonous to a mouse than to a man.®™ Practically speaking, the condition of a
mouse which has been for a wvery short time in a poisonous percentage of carbon
monoxide, indicates what will be the condition of a man carrying it after a much mors
prolonged stay in the same atmosphere. With a man at rest it takes about 20 times as
long for the man as for the mouse to be distinetly affected by the gas. Thus, to take
an example, 1 found that with 4 per cent. a mouse was distinetly affected in one and
a half minutes, and quite helpless in three minutes, while 1 myself was not distinetly
affected until after half an hour. The air T was breathing contained about the same
percentage as is g0 often fatal to rescners. These experiments show distinctly how
valuable the indications given by a mouse, or other small animal, would be to men
exposed to danger from after-damp.  The mouse may be carried in a small eage, or a
lamp chimney closed at the ends with wire gauze. When dangerous percentages of
earbon monoxide are encountered the mouse will begin to pant, and show sigms
of weakness in the legs: should the mouse suddenly become unconscious, danger is
imminent. A few white mice might easily be kept in the engine room of the winding
engine, or in stables or other places in the pit.

The post mortem appearances actually found in cases of carbon monoxide poisoni
are deseribed in Appendix A. The recognition of the cause of death depends om
examination of the Ii'J'EDm]. and a few details on this subject may be of service to
medical men. The blood is diluted with water in a test-tube until the two absorption
bands (of oxy- or carboxy-hiemoglobin) are most clearly visible. A drop or two
of ammoninm sulphide are now added, and the solution slightly warmed. Tf the
two bands are not now replaced in the usual way by the single band of reduced
haemoglobin, carbon monoxide is present. This test is not a very delicate one, and for
the fcﬁlﬂwing reagong.  In the first place, the two bands of carboxy-hemoglobin.
although they ocenpy nearly the same position as those of oxy-hmmoglobin, are not
nearly so well-defined. Secondly, the bands are in such a position that the luminous
space between them becomes filled by the single absorption band of reduced
hmemoglobin when the latter is present. Hence, when the blood is less than about 40
per cent. saturated with carbon monoxide, the test becomes useless, since the double
bands are no longer, even dimly, visible in the reduced blood.

The colovimetrie test employed in the analysis described in Appendix A., may be
employed in a simple form as follows: A drop of the blood is diluted with about 100
times 1tz volome of water: For purposes of comparison, a solution of about the same
depil of colour is prepared from normal blood (obtained from a priek of the finger, or
from the butcher). }I’m‘t of this solution is saturated with coal gas, which will alter
the tint from yellow to pink. The three solutions are then poured into the narrow
test-tubes of equal diameter, and compared. If the depth of colour of the first solution
now appears to be preater than, or less than, that of the other two solutions, water or
blood must be added (to the first solutions) until equality is established. The tints
of the three solutions are now compared. According to the percentage saturation
of the sample of bleed under examination, the tint of the first solution will approach to
that of the normal blood, or the blood saturated with coal-gas (.2, with earbon mon-
oxide), and a rough estimate may be made of the percentage saturations. This test is
both simpler and much more delicate than that with the spectroscope, but cannot be
carried out in artificial light.

The ¢oloured plate is a representation of the tints actually observed. A.is a solution
of normal blood; B. of the same blood well shaken with coal-gas, and . of blood
from body No. 12,4

In undiluted blood examined in bulk, the peculiar tint, due to the presence of carbon
monoxide, can hardly be recognised. Blood saturated with carbon monoxide is bright
searlet, like arterial blood. The blood from the body of a man direetly killed by
carbon monoxide has a dark purplish red colour, like that of ripe Morella cherries.
The darkness of colour is due to admixturs of reduced hemoglobin with the carboxy-
hmmoglobin.,  If the corpuscles have been dissolved by putrefactive changes, the dark
colour will be much more acecentuated. The characteristic appearances are in the
tissues and organs, which are pink or red when examined the moment they are cut into.
A rved colour seen after exposure to the air might be due to the formation of
oxy-hsemoglobin,  Further details as to the percentage saturation of the blood will be
found on page 23.
* Jourmal of Physiolozy, Vol XVIIL (1895), p. 447,
1 The original sketch was kindly made for me by Mr. E. W, Filcher.
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Sulphurous Aesid.

As it scems probable that sulphurous acid is present in after-damp, and causes
the well-known irritation of the eves and air passapes, some acount of its action
is desirable. According to Lehmann® as little as ‘00l per cent. produces slight
irritation of the respiratory passages. With 003 per cent., the symploms of
irritation are very marked. Ogalat found that ‘0% per cent of the gas caused dyspeen
and signs of inflammation in the eyes and air-passages in rabbits and other animals.
About (-1 per cent. was suflicient to cause death after some time. Sulphurous acid is
thug an exceedingly poisoncus gas; but the symptoms of irritation caused by it seem
to occur long before there could be any danger to life. Its presence in after-damp,
therefore, affords a valuable indication of danger.

Sulphurous acid, when breathed in poisonous proportions, eauses decomposition of
the hmmoglobin, so that the two absorption bands shown by the spectroscope in
diluted biood become finally much less visible than usual. Bearing in mind the
possibility that poisonous proportions of sulphurous acid might be present in after—
damp, I carefully examined the blood for evidences of decomposition of the
hemoglobin (see Appendix A., p. 37).  Although the hwmoglobin seems to be
slightly decomposed, this condition could not have materially contributed towards
death. There was also no distinet indication of irritation of the air-passages in the
dead horses; and a survivor, whose lungs I carefuliy examined about 30 hours
after the explosion, had no symptoms of bronchitis or pneumonia, although he was still
almost unconscious, and must have been exposed for long to the after-damp.

For purpuses of convenience I have drawn up the following tables, showing the
effects of different gases on men and lights. Except in the case of the fizures
for oxygen, the percentages indicated are percentages by volume in a mixture of the
gas and pure air. The figures for oxygen represent the percentages of oxygen present
in a mixture of air and pure nitrogen) or air partly deprived of its oxygen).

Taee 1.
Oxygen. Carhon Dioxide. Carbon Mognxile,
er- | Pier- | Peg- |
[=E Effect | Meats |
eEntage | FE;T[: i | hlﬁl::'“ centages | Fﬁiﬂ: m FE?E:;:’” IR Effects on Man,
Frecont, M | J Presint, | 5 | T Present.
Ll 1 s (gl ¥ 7l il | el lici i Lagny 4w 0
178 | Hil, Eixtimgii=hed 35 Breathing Seill burng, 03 | After balfun-lier or mere
dewper, giddiness on exertion,
| [ | Muarked i -1 After half-an-hour or more
12 Bremhing | i | panting, inability to walk.
b slightly i |
| davpur. 10 | Hevere distress, " -2 Afler  balf-an-heur or morn
| AT loss of eonseionsness ; and,
4 Breanhing i 15 Partinl loss of Extinguisled | perhaps, final death.
dﬂ&pnr nnd more ComSEn AN s,
frequent. Face T 1 After a few munates oz of
Bluish. 25 | Final death. B cons¢ionsness ; and  final
death.
& Lioss of oons T
seiousness sl :
finul denth. |
0 | Dreath, with "
eonvilsions IE
r— . I. Sl - ' = ! e o e S e - e e
Tasee II.
Black-daimp (contamiag 87 cenl, Nilsagen Alter-damp foontainin i
l.l:ll‘.l?: por ceab. ;".!:ITB'DDIHE. Fire-damp (or Methane). Ck?rb-o-n “m"h‘ﬂa‘i_ﬁ"m =
= : . — __l - . L
Tare Effects on Béfocts Par- - Pee |
on Bifeeds on Effects on Effects on Efferts
meﬁu.:“t:. 4 Man. Lights. P“"!'f:f_ Man. Lights. m:’ﬁ'. i. Man, L;Fm';:L
16 | il Extinguished. i il First indica- 1 After halfanshour il
| 1 tion of & eap, ar mone akizht ,
-] | Breathing slighily " giddineas on
levper, | | a Well formed | aTertbon.
| cag,
50 Bevere fanling. | W ¥’ 35 | Inability to walk, |
| | [ T u Lamp fres |
&4 { Life onidsngered. | | and o5 k. T | Lessof pon- | o
BERMIATIN S,
1 | 45 | Dreathing slightly . |
+ I | deaper, 19 Iheath, H:n:;p Eq.rlmn
: T | Life emilanpered. | - , Tl
| { pL | - | Extimgudsbt,

# Archiv. fiir Hygiene, Vol. XVIIL (1893), p. 180.
B



22

Acrioy of Arrer-mamr, Hear, and Viorexce, along the Track of an Exprosiox.
[.—dfter-damp.

From the data given above it is evident that after-damp might cause death, either
from deficiency of oxygen or from the presence of earbon monoxide. If the after-
damp were quite free from air or oxygen, it could make no difference whether carbon
monoxide were present or not, since carbon monoxide has the same action as deficiency
of oxygen. Itz thus theoretically quite conceivable that the blood might become
saturated with earbon monoxide, and that yet the presence of this gas should have no
influence in hastening death.

Practically, however, there can be no doubt that in the Tylorstown explosion the
cauge of death was in nearly every case carbon monoxide poisoning, and not want of
oxygen. When death occurs from absence of oxygen in the air the appearances met
with are marked blueness of the face, lips. longue, &e., with distention of the veins of
the neck and part of the chest. If mrgou monoxide be also present in the suffocative
atmosphere the blue colour is nevertheless not replaced by a distinet red. Death
occurs before the venous blood has time to become saturated with carbon monoxide.
This, at least, is the case with animals. The following are the notes of the appearances
presented by the body of a mouse killed by sudden immersion in pure coal gas (which
contains about 5 per cent, of carbon monoxide, and practically no oxygen):—

Legs pale, but bluish, Tongue bloe, nese and lips dusky pink, Skin about anus blue. Skin at
root of ears blue.  On section, eolour of blood in intestines reddish blue. Lurge veing of abpdomen
digtended with blue bloed. Liver u&ﬂgcu-laﬁl with pinkish blue blood, Luﬁ%a bright pink. On

examination of the blood in dilute selution, haemoglobin of liver, kidneys, and of bloed from inferior
vena civa found to be sbout one-third saturated with carbon movexide. Hemmoglobin from spleen
free from carbon monoxide. Himoglobin from longs apparently fully sa , but a satisfantory

specimen could not be obtained,

The blood in the veins and most of the organs thus becomes only very partially
saturated in cases of suffocation by gas containing earbon monoxide but no oxygen.

This fact 18 probably the explanation of the extraordinarily rapid recoveries some-
times observed in cases of acute poisoming by coal gas. Assoon as the ecal gasis
removed from the lungs, and a plentiful supply of oxygen or air substituted for it, the
unsaturated venous blood still slowly entering the lungs takes up oxygen abundantly,
and so cauges rapid recovery as soon as it reaches the tissues. A striking ease of this
kind wag recorded by Colonel Elsdale in the Ninefesnth Century, Vol. 29 ﬁﬂﬂl}, p. 719.

Except Nos. 19 and 21, none of the bodiez of men killed by after-damp at the
Tylorstown explosion showed the appearances just deseribed. Hence it follows that
oxygen sufficient to support life must have been left in the air-ways all along the
track of the explosion At the very least & per cent. of oxygen or 25 per cent. of pure
air must have been present. This discovery came to me as an entire surprise. 1 had
previously thought that as carbon monoxide 18 present in the after-damp, all the
oxvgen of the air must cortainly have been used up, and that men in the track of the
explosion must be killed by the abgence of oxygen, if not by other canses. On further
inguiry, other evidence was obtained of the presence of oxygen, even immediately after
the passage of the flame. After the explosion a small fire was discovered near the
face in a part of the No. 8 pit, traversed by the explosion. The fire had evidently been
caused by the ignition by the explosion of a small blower at the face, and consequent
secondary ignition of the coal. Now, according to Professor Clowes' observations, a
fire-damp flame is extinguished at about the same oxygen percentage ag a candle or
lamp. Henece there must apparently have been, even just after the passage of the flame,
about 17 per cent. of oxygen at this place. At other places in the same pit there was
evidence of timber and brattice cloths having been burning for a time after the
explosion, and in one place a man's cap was found burnt. None of these objects could
have burned without the presence of a large amount of pure air—probably not less
than 80 per cent.—immediately after the explosion. In other explosions evidence of
the same kind is constantly presented. Fires or signs of burning along parts traversed
by the flame seem to be met with frequently by explorers, and the fires are a source of
danger, from the risk of their cansing explosions when fire-damp accumulates in parts
beyond them. These fires would, perhaps, be much more frequent were they not
blown out by the blast of after-damp, or drowned out by the shower of coal dust,
small coal, &e., following the explosion. It would probably be safe to assume from
the above evidence that at least 50 per cent. of air 18 on an average contained in the
after-damp along the traversed air-ways just after the explosion, and that at places
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there is 80 per cent. or more of pure air., The presence of so much air may be
accounted for in several ways. It seems probable that in the dust-cloud, which is
raised in the front of the explosion wave, there is in parts more dust present than can
be heated to the ignition point (see p. 23). In other places, perhaps, not enough dust
may be present to give gas sufficient for the complete consumption of the oxygen.
The oxygen left unconsumed from these causes will soon be augmented by air carried
in by convection currents from adjoining air-spaces, or sucked in as the after-damp
cools, and its moisture condenses.

If the pure after-damp is diluted with from 50 to 80 per cent. of air, the mixture
thus formed will not eontain more than about 15 to -6 per eent. of earbon monoxide.
The distribution of the saturated blood in the blood vessels seems to correspond
well to this comelusion. Heger has shown that in rapid death from poisoning by
relatively large percentages of carbon monoxide the blood of the spleen does not show
the presence of carbon monoxide when examined with the spectroscope. Death

duced in this way is thus so rapid that, as in suffocation by coal gas. the venous
lood has not time to become saturated with carbon monoxide. The sudden depriva-
tion of oxygen, caused by the earbon monoxide poisoning, leads to reflex blocking of
the eirculation, just as in suffocation caused by simple deprivation of oxygen ; and
this blocking keeps the venous blood from becoming highly saturated with carbon
monoxide before death.
~ Now, in the samples of venous blood from bodies Nos. 12 and 44, the saturation of
the hiemoglobin was in each case 79 per cent. This is a very high saturation, such as
one could only expect to find in cases where a very low percentage of carbon monoxide
had caused death. In the case of No. 12, death was known to have occurred in very
dilute after-damp, since the body was not scorched, and was lying beside a lighted
lamp. Not more than a sixth of after-damp can thus have been present. No. 44, on
the other hand, was covered with coal-dust, and scorched all over, and had the mouth
coated with coal-dust. Henece, in this case, there had evidently been exposure to the
full blast of the explosion. As, however, the saturation reached by the blood was
exactly the same as in No. 12, the percentage of carbon monoxide in the air can bardly
have been very different in the track of the explosion and in the place where the lamps
still burned in the poisonous air. The high saturation of the blood in No. 44 was not
exceptional. It seemed to be the general rule that in all cases where there was much
evidence of burning the earmine-red colour of the blood was exeeedingly marked.

In the case of the horees examined, the saturation of the hemoglobin with earbon
monoxide was very high, and exactly the same in the right and lett ventricles. This
fact seems to afford strong evidence that death took place in air containing a very
low percentage of carbon monoxide. The same inference seems to follow from the
fact that the blood of the spleen, although it looked dark in many cases, turned out
on analysis to be nearly as highly saturated as the blood elsewhere. This is shown in
the case of horse No. 6, where the blood of the zpleen looked very dark, and was
therefore specially examined.

As the percentage of carbon monoxide in air along the direct track of an explosion
is a matter of mifeh practical importance, I have made several observations on the
bodies of animals killed in air containing varying percentages of carbon monoxide,
with a view to ascertaining the post mortem appearances corresponding to each
percantage.

I. Mouse introduced into air containing 36 per cent. of earbon monoxide.

Animal became unzonscious amd fell over in about 15 secondz. Consulsions in 20 seconds.
All movements had ceased in 11 minutes,

On post mortem examination, skin of legs, kc. pale, but reddish-blue when any colour visible.
Tongue and lips congested and dusky reddish-blue. Liver and kidueys reddish-blue and congested.
Blood from liver and from abdominal veins about GO per cent. saturated with carbon monoxide,
With SpeCiToscopeE, carbon monoxide bands mﬂ}' Llim.Ljr visible, after reduetion of the bleod zolution
with ammoninm aulphide. On comparing the solution in water with one of corresponding density
of colour from the blood of body No. 12, the latter solution is seen to be very markedly more pink.

Blood from kidoeys about 50 per cent. saturated with carbon mongade. Blood frem spleen shows
no trace of carbon monoxide bands with spectroscope.

To judge from this experiment there must have been a good deal less than 3-6 per
cent. of carbon monoxide in the air which caused death after the Tylorstown
explosion.

[I. Mouze introduced into air containing 1'8 per cent. of carbon monoxide. Convulsions in
40 seconds. Al movements had ceased in 3 minutes.

On t mortem examination, skin pale, liver red and congested, tongue pink. Upper part of
small intestine pink. Venous bleod from axillary vein 30 per cent. saturated. Solution looks

C 4
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uxactly the same tink as that from body No. 12, and gives a very distinet double band afier raduction.
Spleen, dark red, but did not give enough blocd for examination,

11 Arvother experiment gave the same results as to saturation of the blood, but sigens of lifo
contined for Eu]!gm‘.

With air containing lower percentages of carbon monoxide down to about '3 per
cent., death is correspondingly less rapid, but the final saturation of the blood is about
the same.

In an airway in a mine, after an explosion, the oxygen percentage in the air is much
diminished, and this affects the action of the carbon monoxide. Another experiment
was therefore made with air diluted 50 per cent. with an indifferent gas representing
the nitrogen of the after-damp.

IV. Mouse introduced into air contzining 1'8 per cent. of carbon monoxide, and 50 per cent. of
h].r:lﬂ-;:erlr. Amnimal fell over in about 20 seconds.  Convuolsionz in about 30 zeconds, tion of
all movements in 2 minutes

On post mortem examination, skin pale. Lips and tongue reddish-blue. Liver red and congested.
Blood from axillary vein and from liver about 80 per cent. saturated. 'I'int on dilution swme as that
from boay Ne. 12, Spleen congested. Blood of spleen gives no trace of double bands on reduetion
with ammonium sulphide, theretore not more than 30 per cent. saturated with carbon monoxide.

Judging by this experiment, there was less than 2 per cent. of carbon monoxide in
the awr along the track of the explosion, or at least in the air which killed the horses
examined, since in the latter the blood of even the spleen was highly saturated with
carbon monoxide, and gave a fairly distinet double absorption band after reduction
with ammonium sulphide.

Smarting of the eyes and irritation of the air passages seem to be symptoms
constantly met with in air containing after-damp. The cause is probably sulphurous
acid.  After-damp is often referred to in Wales as * sulphur,” and its smell is said to
be “ sulphury.” It is difficolt, however, to make sure whether these expressions have
any reference to the smeli of burning sulphur; and when I have myself smelt what
L was told was after-damp the smell did not remind me of sulphurous acid, or of any
other single gas or vapour. The smell of sulphurcus acid would however easily be
masked by that of other substances; and ag sulphuretted hydrogen is known to be a
constituent of cozl gag, and to form sulphurous acid on combustion, it seems likely
that the symptoms just rveferred to are actually due to sulphurous acid. The
symptoms deseribed by the Ferndale rescuers (p. 7) were such as might be pro-
duced by about 005 per cent. of sulphurous acid at the most, in which case not more
than about “025 per cent. would be present even along the track of tlie explosion.
This percentage is not a poisonous one, and corresponds with the fact that the
hiemoglobin was not to any extent decomposed in the bodies examined, and that the
respiratory passages of the horses were not inflamed.

1t seems probable, to judge from all the available data, that the mixture of gases
left along the track of the explosion contained on an average about 1 o 1§ per cent.
of carbon monoxide, 50 to 70 per cent. of air. 4 to 6 per cent. of carbonic acid, and
the rest chielly nitroger. This estimate is of course very rough,#but for praetical
purposes even a rongh estimate is of importance, and may serve as a basis for obtain-
ing some idea as to the effect of the after-damp, and the time probably available for
carrying fresh air to the men lying along the track of an explosion.

The effects of the deficiency of oxygen and excess of carbonic acid may be referred
to first. The presence of 4 to 6 per cent. of carbonic acid would cause slight panting,
but nothing more. Along with so much earbonic acid the deficiency of oxygen would
have practically no effect, since the panting caused by the carbonic acid would inerease
the oxygen supply to the lungs, and thus compensate for the deficiency of oxygen in
the ar,

The percentage of carbon monoxide present would be far more than sufficient to cause
death, bui the interval before death would certainly be considerable. To judge from the
experiments on mice, descriped above, and from the fact that the respiratory exchange
of a mouse is about 20 times as rapid as that of a man (see p. 20), the interval
would amount to about 40 minutes or an hour. This, then, would be the interval
available for rescue. Loss of consciousness woold ocenr much earlier, probably
within 8 to 12 minutes, according to an estimate based on the data given on p. 17.

I1.— Heat.

In the abzence of direet experimental data as to the physical and chemical conditions
along the track of an explosion, it is only possible to form somewhat rough ideas as to
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how the burning of the bodies is produced. In the Tylorstown explosion none of the
deaths were actually caused by burning, but in many ecases, especially when the
upper part of the body had not been protected by clothes, it seemed as if a sufficiently
large area of skin had been affected to have imperilled life, apart from the effects
of after-damp. On this latter point, however, conclugions must be drawn with great
caution. At the Park Slip explosion only four out of 110 deaths were, according to
the medical evidence given at the inquest, due to after-damp alone, while 100
were due to ““ burns and shock.” Now the Official Heport by Messrs. Robson and
Atkinson affords the clearest evidence that most of the men killed were nowhere near
the flame of the explosion, and that some were actually going about in the workings,
and not complaining of burns, for hours after the explosion, before they finally went
too far into the after-damp and were killed. It would thus seem that the appearance
of the bodies may give rise to quite erroneous opinions as to the severity, or even the
existence, of burns. .

The heat of combustion of methane (or the gas probably given off from the coal
dust) is about 12,000, after deduction of the latent heat of the steam formed. In other
words, one unit weight of methane produces in complete combustion heat enough to
raise 12,000 unit weight of water 1° C., But for its combustion one volume of
methane requires nearly ten volumes of air.  Hence the temperature of the exploding
mixture does not rise higher than about 2,000° C* DProbably this temperature will
not be even momentarily reached, since much heat will have been absorbed in
heating, liquefying, and distilling the coal dust already suspended in the air.{

Just behind the flame there must come a perfect whirlwind of dust, small coal, &e.,
and this must exercise an enormous and very rapid cooling effect on the hot after-damp.
Tlere is commonly about an inch or more of dusi on the floor of a haulage road in a
mine, and besides this there iz much dust on the timbers and rough walls. All of this
dust, fine and coarse, will be suddenly swept up by the blast. Assuming that the
dust would suffice to form a solid layer an inch thick on the floor, and that a road was
G feet high, there would be about 1} per cent. by volume of dust suspended in the hot
after-damp. Now the heat absorbed in heating a given volume of coal dust to a given
temperature is about 1,000 times the heat absorbed by the same volume of awr or
after-damp. Hence the addition to the after-damp of 1§ per cent. of coal dust would
rapidly cool down the whole mixture to a temperature of about 1507 C. A further
cooling would, moreover, be brought about by the mixing of the pure after-damp with
unburnt air. It was shown above that there is probably 50 per cent. or more
of unburnt air in an air-way just after an explosion. The average temperature would
therefore, be further reduced to 70° C. or less. Contact of the rushing air with the
gides, roof, and floor of the road would cause a further rapid fall of temperature,
80 that after a very short interval the temperature could hardly be more than
60° C., or 140° Fah. BSuch a temperature in dry air would be by no means
formidable, but in the diluted after-damp there would be about 10 per cent. of
moisture, so that the hot air at 1407 Fah. would be about half saturated, and the
dew-point would be at about 115° Fah. In such an atmosphere breathing would be
painful, and tlie body temperature would soon rise. On the other hand, further cooling
of the air would soon oceur, &nd the coolest and driest of the air would pass to the

floor, so that a man lying there would have the best chance of surviving the effects
of the hot air,

It is probable that the excess of dust would not merely act by rapidly taking up the
energy of the explosion, but also by condensing and absorbing some of the noxious

* Mallard and L Clutelior, Annales des Mines, Vol, TV., 1353 p, 5009, ]

t The dust from the Albion Colliery, which is close o Tylorstown, yields, according to Mr. Orsman's
unul:,rﬁig{puh!'ls.hmi in Ar. Henry Hall's Report to the Recent Commission, p, 15}, 141 per cont. of volatila
mattar.  If, a3 seems Inidy proloble, about half of this volatile matter was given off as coal gas during the
explosion, then each volome of dust woald give off about one-fourteenth of itz weight, or 150 times its vilume,
of conlgas. Hence, iF 0*1 per eent. by volume of fine cosl dust were suspended in the air, the gos given off by
the dust would prodece abont the mixtore required to yield an undiluted after-damp, such 18 was metually

resent at Tylorsiown. The presence of very much more than -1 per cent. of fine dust would seem 1o imply
'51.0. absorption by the dust of s0 much heut, and the production of o much gas, as would stop the propagation
of an explosion. On the other hand, with much less than -1 per eenr. not enough zas would be produced to
earry on the explosion, or at least to yickl an after<laomp contsining carbon monoxide. We may therefore take
about 0 1 per cent. a2 being on the whole a probable proportion by volume for the duse sispended in the
exploding atmesphere. The practical importance of obuaining velinkle experimental data on these and other
conditions connected with the propasstion or non-propagation of dust explosions must Le very evident.
It seemz not unbkely, for instance, that such mensores as the removal of exeess of dust, and the moderate op
partial watering so elaborately carried outb in many mines may increase, rather than diminish, the chances of 3
duzt explosion,
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volatile or gaseous distillation products. Tt iz well known that eoal dust has a marked
power of absorbing gases, so that any gas or vapour found in small proportions may
easily be taken up by the suspended dust. Even after fresh air has been passing for
gsome time the air of the intake air-wayg after an explosion seems to have uaglight
irritation action on the eyes. as if substances which had been condensed in the dust
were being gradually given off again to the fresh air.

The loosening of the epidermis observed in cases of burning (see p. 3) is
probably caused by the sudden liberation of gas or aqueous vapour between the layers
of the epidermis through the temporary action of a blast of exceedingly hot gas,
It would seem that this loosening of the epidermis need not imply serious injury. %he
layer of vapour and gas probably prevents the penetration of heat inwards, except
by radiation, just as occurs in the case of any lignid which has assumed the
¢ sphercidal state” by being suddenly brought into contact with a very hot surface.
Even the very delicate skin of a frog receives no injury when the animal is plunged for
a moment into molten lead.

A colliery official who had been burned in a small explosion in a mine told me
that the separation of the outer layer of epidermis on his hands, &e. had been produced
at once, and that blistering at certain places had oecurred later. The skin from which
the epidermis had separated was not cicatrised, but seemed to have a tendency to
dryness.

Much doubt must still exist as to the real extent to which life is imperilled by the
burns inflicted in dust explosions, but it seems evident that the mere burns are not
so dangerous as is generally believed, and that they are seldom if ever of such
severity as to be capable of causing the deformities which so frequently follow burns
inflicted in other ways.

On reviewing the available evidence and the probabilities, I think that there are
at present, at any rate, no sufficient reasons for believing that of the men who
have aectually died of carbon monoxide poizoning in colliery explosions, any very large

proportion have also been burnt in such a manner as would have independently
caused death.

IT1. Violence.

Death from mechanical violence alone oceurred in the cases of five men, .., 9 per
cent. of those killed in the Tylorstown explosion. Moreover, of those who died from
carbon monoxide poisoning, two or three had (before death?) received injuries which
would certainly have proved fatal. Others were donbtless stunmed and rendered
unconscious by violence. The injuries produced (fractures of the skull, dislocations,
and fractures of the limbs, &e.) are such as might be caused by a considerable volume
of air, travelling at a very high rate—not less than 100 miles an hour. The effects
produced by the momentum of rushing air are familiar above ground. Thus, in a
hurricane, when the difference of lateral, or up and down, pressure between two neigh-
bouring points in the line of direction of the wind, may be so small that no ordinary
measuring instrument will indicate it, the foree exerted may be such as to blow down
walls, trees, &e., and to hurl men and animals against neighbouring vbjectsin the most
violent manner. For the production of such effects no very great actual driving
pressure behind the advaneing blast of air would seem to be required. When a length
of sewer or any similar underground passage is connected with the outgide air by
ventilators at two or more points at some distance from one another, and the wind is
blowing in the direction of the sewer, there is a very rapad current of air, so that naked
lights may be extinguished at once. Yet in this case the difference of pressure (which
drives the air) is too small to be capable of measurement. A driving pressure amount-
ing to a foot of water pressure between two points not far from one another in the
air-way of a mine, would give rise toa most violent blast of air, sufficient to cause very
formidable effects. Considering that waggons, timbers, cages, &c., along the track of
an explosion seem rather to be carried bodily along than simply blown to pieces by the
blast of air, it does not seem probable that the actually developed driving pressure
(due chiefly to expansion by heating), behind the flash is a large one. Men eclose to
the track of an explosion sometimes notice a sudden rush of air and hissing in their
ears. The effect on the ears would be produced by any sudden, but slight, alteration
in pressure. The hissing sound would be caused by a little air suddenly passing into
or out of the middle ear through the Eustachian tnbe. Any considerable sudden
merease of the pressure of the air would burst the drum of the ear, and cause deafness.
Even the relatively gentle and slight increase of pressure which takes place in
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descending the shaft of a mine may cause unpleasant temsion of the tympanum
if the Hustachian tubes are blocked by catarrh.

For these reasons I think that the injuries may be set down to the blast of air
earrying the men along and bringing their bodies into violent contact with surrounding
objects. The raetical conclusion to be drawn from this is, that a man who hears the
blast approaching should never attempt to run, but should instantly fall flat, if possible
in a aheﬁm-ad position, and out of the way of any waggons which might be blown over
him.

Tpe DisTRIBUTION OF AFTER-DAMP AND OTHER GAses 18 A Mixe Aptee Ay Exriosiox,
Ok DURING AN UwDERGROTSD FIRE

In order that the most efficient means practicabie be taken for the reseue of men
left in a pit after an explosion, it is absolutely essential to understand, not only the
composition and properties of after-damp, but also its distribution in the workings.
The data contained in a number of special reports on colliery explosions, Ly Iler
Majesty's Inspectors of Mines, fortunately furnish the material required for this part
of the investigation. =

Thanks to the work of Mr. William Galloway and others, I think it may now be
taken as proved beyond all doubt, that in great colliery explosions the flame, whatever
may have been its original starting point, is propagated along the roads of the mine by
coal dust, and, in nearly every case, by coal dust alone. Not only has it been proved
experimentally that coal-dust, without admixture of fire-damp, will propagate an
explosion, but the evidence obtained from the state of the roads, &e., after an explosion,
ghows that the flames travels along the dusty haulage roads (where there is usnally no
trace of fire-damp), and those only.¥ Whatever be the conditions necessary for the
propagation of a dust explosion, these conditions are as a rule fulfilled along a dry or
moderately dry haulage road, provided the dust is sufficiently sensitive. The after-
damp left after an explosion iz therefore formed, as a general rule, along the haulage
roads. In the great majority of cases these haulage roads are the main intake airways,
besides being the paths used for access to the workings, and it is along them that men
in the workings during an explosion naturally endeavour to escape. This latter fact,
as I believe, contributes very largely to the logs of life after explozions.

When an explosion passes in the usunl way along the main intake roads of a mine,
doors, stoppings, and air-crossings arve destroyed. In consequence of this the ventila-
tion is short-cirenited, go that the air from the down-east shaft, instead of passing
inward towards the workings, passes more or less directly to the up-cast shaft. The
intake roads further in thus remain eharged with after-damp’ until the injured doors,
&c., have been t-uln!:m'aril_\' repaired by rescuers, who gradually work their way in,
carrying the air with them along the intake roads as each short-ciremiting opening
towards the return air-way is repaired. Any slight ventilation which may have existed
before the reseuners have passed in will usually tend to earry the after-damp directly
into the returns through the blown-out doors. Moreover, much after-damp will usually
have been forced directly into the returns during the explosion itself, so that men who
may be alive in the workings beyond the limits of the explosion, will at first be
effectually shut off by the presence of after-damp in both the intake and return air-
Ways.

Meanwhile, with the cessation of ventilation, fire-damp will have begun to aceumulate
at the face, so that the imprisoned men will have fire-damp behind, as well as after-
damp in front of them. The fire-damp, however, will have the good effect of tending
to drive the far more dangerous after-damp back towards the shaft, and thus open a
way infront. The effect of aceumulating fire-damp in elearing out after-damp may be
very considerable. In the upecast shaft of the Tylorstown Colliery, there was 1-87 per
cent. of fire-damp, with an air current of 260,000 ¢ubic¢ feet per minute. The accumu-
lating fire-damp over the whole pit would thus be eapable of digplacing 5,000 cubic fect
of after-damp per minute.

After a sufficient time, the after-damp in the intake air-ways will have either Been
driven out, or at least become very much diluted by admixture with the air of the

EESPE -— —

® Seein particular the monograph on Colliery Explosions, by Messre, W, K. and J. B. Aikinson, Her Majestys
Inspeciors of Mines, Longmans, 1556,
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numerons communicating spaces filled with fresh air. This mixing will be favoured
by the difference in specific grswit._',r between the after-damp and the air (see p. 13).
‘When a eertain stage of dilution (probably about a tenth to a twentieth of the undi-
luted after-damp) has been reached, it will be just possible for a man to get from the
workings to the shaft without being overcome. In cases where the flame has passed
inwards to the face or close to it, there may not be sufficient air available beyond the
roads affected to dilute the after-damp to a non-poisoncus percentage. In many cases,
however, there will be, beyond the limits of the axplosion, abundanece of air to effect
the dilution, so that a man who waits for the rescuers, or long enough for the after-damp
to disperse, will be able to escape, either by the intake, or, if this is blocked by falls,
by the return air-ways, which, not having been traversed by the explosion, are nearly
always free rom fallg,

In the Tylorstown No. 8 pit, the flame had evidently reached the working face at
various points, and all the men in the piv were dead when found. Yet mice were seen
running about uninjured at several points in this pit when the explorers got in.
There must therefore have been places where the after-damp, if present at all, was so
dilute as to be non-poisonous.

When men are prevented from escaping from a district by after-damp or falls, the
air enclosed with them may last for days, but will gradually be replaced by ﬁ]'c-nﬂ.amp
and black-damp. It the mine is a fiery one, the best air will probably be at the lowest

laces, since the fire-damp, with admixed black-damp, will rise, If the mine is not a
Ecr;r one, only black-damp will be formed, and the freshest air will be at the highest
places. Any earbon monoxide present will, unfortunately, tend to become more and
more poisonous® the more the air becomes vitiated by either fire-dam p or black-damp.
On the other hand the coal dust, and coal lying il.l:_'mg the roads, at the face, &e., will
probably absorb some of the carbon monoxide.

istrievrion of Saoke in Uxpererovsp Frres.,

Some of the most disastrous colliery accidents in recent yearst have been due, not
to explosions, but to fires. In these cases the smoke and gases from a fire in or about
the downeast shaft or main intake airways, have been carried all over the workings
by the ventilation current, killing every man on their path. The chief cause of death
is probably carbon monoxide poisoning, although there is no direct medical evidence
that this is the case.; Apart from the existence of some such poisonous gas in the
smoke, it does not seem possible to account for the terrible effect produced on the
men. 'The gases would be too much diluted for their effectz to be atiributable to
absence of oxygen; and there would not in any case be sufficient carbomic acid
present to cause death. The more perfect the ventilation of the pit the more certainly
will the fan carry the deadly gas into every airway aud working place.

The Posrrioxs at which the Bopies are found after an Exrrosiox.

By a carcful study of the distribution of the bodies found after an explosion, and
of the men found alive, much may be learned as to the causes of death and the
chances which the men would have had of escaping had they possessed the requisite
knowledge and coolness.

On studying the plans and deseriptions showing the condition of things after a
great explosion, it is in the first place evident that the bodies are, as a general rule,
found along, or close to, the track of the explosion. When the explosion has not
reached the workings, bodies are not found there, but only on the haulage roads, or,

# Lee Journal of DPhysiology, Vol. XVIIL, p. 201.

t For instance, at the Mauricewood Colliery, 1850 (63 lives lost), at the Great Western Colliery, 1893
(63 lives lost), and at Thornhill Colliery, 1883 (130 lives lost).

1 From personal inguiries of an official who led a resenc pacty during an underground fire, T satisfied
rysell that the symptoms felt by him (in an stmosphere in which Lanps still buroed) ecrvesponded to these
of carbon monoxide poisoning.  On the other hand, symptoms which seem to point to irritunt poisoning have
alsg bean described as caused by smoke,
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in some cages, in return air-ways adjoining the track of the explosion.® If an explosion
does penetrate from the hauﬂlgﬁ roads into the workings, or if it has originated in
the latter, some of the bodies are found in the workings and others on the haulage
roads which lead to the workings. Wherever after-damp has been formed by the
explosion, or has been afterwards earried, there the bodies are found.

Another fact 18 also very evident, namely, that a large proportion of the bodies are
found close together on the haulage roads, just about where the after-damp would be
met by the men making their way out towards the shaft. It is only too obvious that
these men have from want of knowledge gone straight to their deaths in endeavouring
to escape. As soon as they had been long enough in the dilute after-damp to abszorb
a certain volume of carbon monoxide they had simply fallen powerless, so that they
could mot return, and they must soon have lost all consciousness. This matter is
of so much practical importance that I have reproduced in illustration of it plans
showing the effects of the Seaham and Park Slip explosions. The first plan iz taken
with slight modifications from the Messrs. Atkinson's book on * Explosions in Coal
Mines,” and the second and third from the Report of Messrs. Robson and Atkinson
on the Park Slip explosion. These plans serve at the same time to illustrate the course
taken by colliery explosions, and to enforce the lesson so often repeated as to dust
being the means of propagation.

The plans show not only the positions of the bodies, but also the extent of the
explosions. It will be noticed that in the Seaham explosion nearly all the bodies
were found in groups at just about the points where the men who had been working
at the face would meet the afrer-damp while on their way to the shaft. At the
Park Slip explosion the flame at one or two places (No. 8 Range) reached right np to
the face, so that the men had not been able to go any considerable distance before
they fell. At other places the flame only reached the entrance of the main roads
leading towards the face, so that some of the men had gome a quarter of a mile or
more %afu-re reaching the after-damp. _Mﬂ.uj of the men in the No. 7 Range and
North Fawr workings escaped by remaining for about 24 hours near the face, but
unfortunately the majority walked into the after-damp and perished.

Tt 15 exceedingly difficult to estimate how many of the men who have been lost
in recent explosions might have been saved had they taken the means available of
avoiding the after-damp, or, indeed, had they simply stayed in their working places.
In some cases, for instance, in the Pantddu distriet (in' which there were 37 men)
after the Albion explosion, or in the North Fawr workings (in which there were
56 men) after Park Slip explosion (Plan No. 3) it seems clear that all the men in the
district might have been saved had they waited till the after-damp in the roads had
dispersed.

The following table summarises the situation in which bodies were found after a
number of recent explosions :—

|:U? ﬂnl'ﬂ::i At the Worki InE
1 Rbage of me u T the (a] 4 4] elarn
i Il!rﬂﬂE:{th'; Freo. i Ajr-ways. S
g .
Seaham, 1880 - - - 11 1 44 [H
Trimdon Grange, 1882 - - a7 27 3 67
Tadhoe, 1582 z : : 3l | Il 2 37
Usworih, 1585 - - - 30 i 2 Liy 4
Udsron, 1857 - . - 31 kT —- 67
Brynmally, 1580 - - - 13 5 - 20
Hyde, 1550 - . - 17 i = 23
Linnerch, 1850 - - - 1316 2 11 174
Morfa, 1890 - - - 42 — 1 43
Mossiields, 1500 - g 36 L i a6
Park Slip, 1802 - . - ad 6 203 ()]
Albion, 1595 - . - 194 Th i 270
Tylorstown, 1806 - - = 42 15 —_ 57
! 783 205 | 108 1088

* The well-known colliery “ Viewer,” John Buddle, in a paper written in 1813, estimated the proportion
of deaths by suffocation after an explosion ss at least 75 per cent, of the whole deaths. From an uunmis af
the plans published in one or two recent explosions, | arrived at o very similar estimate { British Assceiation
Report, 18t4),  The couges of death assigned at the inquests seemed to be mostly incorrect. From the facts
ascertained at the Tylorstown explosion, it would seem that 90 per cent. of the deaths in colliery explosions are
in reality due to after-damp, i
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From this table it will be seen that meore than 80 per cent. of the bodies are found
on the haulage roads or adjoining air-ways. Of these men a certain proportion were
actually employed, at the moment of the explosion, on roads traversed by the flame.
When all due allowance is made for this fact, however, it is still quite clear that
most of those killed met their deaith from after-damp while endeavouring to reach
the downcast shafl by the haulage roads in the ordinary way. Not only are these
men stopped throngh being overpowered by earbon monoxide, they are also stopped
by the fallg, which oceur along the track of the explosion in consequence of the
displacement of timbering. Even though a road may not be altogether blocked by
falls, it is usually almost impassable for a man without a light. The chances of
hurrying out through the after-damp arve thus exeeedingly small. Apart from after-
damp there is, moreover, great danger at first from the faet that new portions of the
roof are constantly coming down, and the least touch may bring down more.

After underground fires the bodies are alzo found, as a rule, along the intake roads,
where the men have dropped while hurrying out towards the downeast shaft. In
their anxiety to escape they have run straight into the poisonous air. This is clearly
shown in the plans accompanying the official reports by Mr. Robson on the Great
Western Colliery fire, and by Messrs. Wardell and Hall on the fire at Thornhill
Colliery.

e ———————

SueeEsTioN: as to the Savike of Lare after Corniery Exroosions and Figes.

It seems probable from the facts detailed above that mueh can be done towards
limiting the loss of life in ecolliery explosions, and a few suggestions on this subject
may, I hope, be of practieal service.

Nearly everything that can be recommended must depend for its snecess on previous
preparation and organisation. The first matter to attend to, on the part of those
above ground, is to get fresh air into the pit as rapidly as possible. The facts
brought to light by the present investigations show eclearly that a very small
proportion of those who perish in an explosion are killed instantaneously. According
to the calculation on page 24 an interval of as much as an hour probably elapses in
most cases before even the men lying along the track of the explosion are dead. It is
thus evident that anything, which ean be done within this interval towards clearing
away the after-damp may be the means of saving many lives,

* As a rule, the fan itself escapes injury in an explosion, but the timbering of the
pamsuiire connecting the fan-drift with the fan is blown out, so that the air passes
directly to the fan from the outside, instead of from the upeast shaft. Sometimes
algo the covering of the upeast shaft is displaced or injured. 1t is usually possible
to repair the damage within an hour or two, but meanwhile little or no air is entering
the pit, and many of the men must already have succumbed to the carbon monoxide.
This delay would apparently be obviated by the provision between the fan-drift and
the fan of a sufficient number of light movable flaps opening outwards, and so made
as to close antomatically as soon as the pressure from the explosion had relieved itself.
The cover to the top of the upeast shaft should also be so arranged as not to be easily
injured, or, failing this, there should be some supplementary arrangement for quickly
closing the top of the shaft in the event of an explosion ocenrring.

Ag doors, air-crossings. and stoppings will have been destroyed along the track of the
explosion, the air which passes down the downeast shaft usually goes, at first, almost
directly into main return air-ways, and so into the upeast shaft. To obviate this it
seems desirable that, as far as possible, the communications between intakes and
returns in the immediate neighbourhood of the shafts should be narrow, and provided
with doors of sufficient strength to vesist the pressure of an explosion ; also that
air-crossings in this neighbourhood should be in the solid, and that all stoppings
should be solidly stowed. Were these precantions suecessful, it would be possible to
clear without delay the main roads all round the shafits. lLet us suppose that the
downeast shaft was 1,500 feet deep, and 16 feet in diameter, and that the fan gave
a ventilation of 150,000 eubic feet per minute. The eapacity of the shaft would be
abent 300,000 cubie feet. The fan would therefore be capable of clearing it within
two minutes. A similar caleulation will show that the after-dampin a mile of the
main roadways round the shaft might be displaced within other two minutes. The
men within tie area eleared would thus be placed out of danger of suffocation, as even
allowing for a delay of ten minutes before the air current could be re-established,
fresh air would reach them before they could have absorbed sufficient earbon
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monoxide to cause death. A way of escape would aleo probably be opened at once
for men in districts not affected by the exrlﬂsion, and all immediate danger to
rescuers descending at once into the pit would be obviated. A further advantage of
etting air speedily into the main roads would be that this air would not be impeded
falls to such a serious extent as is the case at a later stage. The falls after an
explosion seem to come down for the most part gradually from the displacement of
timbering, and not from the direct action of the explosive force. As long as the
after-damp continued warm, the fresh air, being heavier, would probably also run
along the floor for considerable distances beyond the first blown-out door and
air-crossings, and a corresponding volume of after-damp would pass out along the
roof. For all these reasons 1t seems of great importance that the attention of mining
engineers should be directed to devising arrangements by which fresh air could be got
down the shafts, and as far as possible along the main roads, with the least avoidable
delay after an explosion.

T’?Thﬂm there is more than one down-cast shaft, as at Tylorstown, the effect of the
explosion will be to throw one of the shafts entirely out of action. To meet this
contingeney it would be necessary to arrange for partially blocking off the air eurrent
down the downeast shaft nearest to the upcast.

The next point to consider is the best means of getting reseue parties down a pit
as soon as possible. Very frequently the shaft and cages are damaged, and this
cauges much delay. To obviate damage to the shaft, it seems of great importance
that the main roads for at least 100 yards on each side of the shaft should be so
arranged that the floor conld always be kept thoroughly wet, and that the sides and
roof should either be smooth, and enfirely free from coal dust, or else kept thoroughly
wet like the floor. Were this done, not only would the shaft be protected, but an
explosion coming from one side of the pit would, judging from past experience, be
stopped at the shaft. The shaft itzelf should also be kept wet if it is not so naturally.
Corresponding precautions are equally desirable in mines worked by means of a main
incline.

The steps to be teken as regards the organisation and direction of rescue parties
should be arranged beforehand by the Manager, and made known to all the officers
of the mine, so that no unnecessary delay should oceur. The dangers to rescuers who
trust to warning given by their lamps, when going into air containing after-damp,
should also be clearly explained, as well as the danger from falls of the roof where
timbering has been blown ont. As shown above (p. 20) the presence of a dangerous
proportion of after-damp or other suffocative gas may be detected easily and
aufficiently quickly by observing the symptoms of & mouse, or other equally small warm-
blooded animal. A few white mice might easily be kept for this purpose in the
engine room at the top of the downcast shaft, and be taken down in small ecages by
the vescuers. With the help of the indications afforded by the mice it would be
possible for the rescuers to keep within the limits of safety, and yet to go forward
with rapidity and confidence as far as they could.

The main point for the rescuers is, evidently, to push forward with the necessary
apparatus, and restore the broken doors &e., with a view to getting fresh air to the
huﬂc of the imprizoned or disabled men, who will mostly be near the face. If is not
only dangerous, but in most cases practically useless for the rescuers to go into the
workings unless they take fresh air with them. The care of the injured should be left
to men instructed in ambulance work. When it is impracticable or unsafe to elimb at
onee over a fall an air-current may nevertheless in many cases be directed thremngh
it, and may suffice to clear the return air-way up to the next blown out door, and
thus enable rescuers to get round into the intake again. The danger of going into
a return air-way without any means of detecting a poisonous proportion of after-damp
must be evident.

After a time the air-ways near the face will become charged with fire-damp and
black-damp, and the presence of these gases will cause additional diffieulties, which
will increase the delay in getting in. About 5 per cent. of fire-damp, or 15 per cent
of black-damp, will extinguish a lamp (see p. 21), but about 50 per cent. of either of
these gases would be required fo cause any formidable symptoms in a man. Hence
a man may safely go for rescus purposes into air containing either of these gases for
a considerable distance beyond the point where an ordinary lamp is extinguished.
With the precautions referred fto at p. 16, electric lamps may {m used for penetrating
auch atmospheres.  Any immediate danger would be indizated by the symptoms of a
mouse carried by the rescuers. It is probably often the case, after an explosion, that
men near, the face have lain for long unconscious, but still alive, in air containing

much fire.damp or black-damp, 5
4
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Where it 15 desirable to go temperarily into air which is quite irrespirable from the
presence of after-damp, fire-damp, or black-damp, an oxygen apparatus, of the kind
referred to below, would be of service. Apparatus of this deseription should, 1 think,
bie at hand, but need only be used in special cases.

The saving of life after an explosion depends, not merely on the action of reseuers,
but still more on that of the men in the pit themselves. At the least warning of
approaching flame or disturbance a man should at once fall flat. In this way both
Lurning and vielence may be partly or completely avoided. Moreover the air along
the floor will be eooler and contain less after-damp, and when fresh air comes 1t will
come first along the floor. Any exertion will (by causing the respiratione to become
quicker and deeper) hasten the action of the ufmr—f]am?.

For a man near the shaft, the best plan would probably be to lie still. For a man
in a voad, far in, the most hopeful way of escape, it consciousness remained, would be
towards a return air-way, or towards the face.

Those at the face, or en roads not traversed by the explosion, should on no account
hurry towards the shaft by the haulage roads. To do so will entail almost certain
death if the explosion has traversed any part of the road towards the shaft, and even,
if thiz has not been the case, after-damp may have been blown by the force of the
explosion into some part of this road. Any attempts to reach the shaft should,
therefore, be made with the utmost caution, and when after-damp is met the only
safe course is to retire again into fresh air. The after-damp can be detected by its
smell and its irritating effect upon the eyes, and any mistiness or unusual Warmt:il in
the air should be regarded as a sign of its presence. It should be remembered that
the more time can be gained by retiring before the after-damp, the greater chance
there will be of its clearing away, or becoming so dilute as to be harmless. There is
no doubt that hundreds of men have lost their livez by hurrying blindly towards the
shaft, or by not retiring towards the face when they met the after-damp.

What may be done by coolness and resource was strikingly shown in the case of
Roderick Williams, a fireman, who was alone in one of the districts of the Tylorstown
Colliery at the time of the explosion. Finding the ordinary road to the No. 7 shaft
blocked by after-damp, he retired before it, and went round by the refurn air-way.
Again méeting after-damp before resching the shaft, he retired into some old workings
and waited for an hour or two, after which he found that the after-damp had eleared
sufficiently to enable him to pass through the doors into the main road, where he met
the rescuers on their way in and helped them to explore the rest of the pit. He had

reviougly escaped in a similar mamner from two disastrous explosions, at one of which
Ec saved the lives of a large number of men by foreibly preventing them from getting
past him towards the shaft. One man whom he could not stop was afterwards found
dead nearer the shaft.

When the after-damp not merely ents off the way of escape, but threatens to pass
inwards towards the face, much may be done by erecting curtainz or stoppings, and
retiring behind them, also by opening doors into the returns, so that when the
ventilation is restored by rescuers the after-damp may not be carried further inwards.”
The men who escaped after 30 hours imprizonment from the workings in the No. 7
range at Park Slip explosion (Plan No. 2) had erected a stopping to keep back
the after-damp.

After a few hours eseape will generally be possible either by the main road or
by the return air-way. The latter path will have the advantage of bemng clear of falls,
If the blast of air. or the acewmulation of fire-damp at the face has extinguished the
lamps of those shut up in the workings, their chance of escape will be very much
diminished. For this reason I should suggest that electric lamps be kept at certain
places near the face in each district, for use in any emergency. For the detection
of after-damp. or dangerous proportions of fire-damp, a few mice might be kept in
cages near them. The light of an electric lamp, and the indications afforded by a
mouse, would enable a party to take the best means of eseape, and to avoid the dangers
which have caused the deaths of 20 many men.

There can be no doubt that an explosion frequently comes too near the face for the
men working there to escape by the means just recommended, although a considerable
interval may elapse before the after-damp eloses in, or causes loss of consciousness.
In such cases escape wouid still be quite possible were the men provided at their
working places with apparatus for maintaining life in irrespirable atmospheres, and
were electric lamps available for lighting parties of men on their way out.

® A number of valuable suggestions in this direction are contained in paper contributed by Mr. Simon Tate
he * Transactions of the Federated Institution of Mining Engineers” Vol. VIIL, 1804, p. 153,



34

It would require about 120 litres, or 4 enbic feef, of oxygen to keep a man alive for two
hours while making his escape to the shaft, or for six hours while remaining at rest.
At the commonly emploved pressure of 120 atmospheres, this volume of oxygen ean
be compressed into a steel cylinder of the capacity of 1 litre, or 1 pints. The
apparatus required for aeunu;uiual}y breathing this oxygen must ].'IF :::m.strlwt_&d on
the principle known to physiologists as that of Regnault and Reiset's Respiration
Apparatus. In a paper on Colliery Explosions, read before the British Association
mepting in 1894, I described two simple models of apparatus of this kind; and many
years ago Mr. Fleuss devised a more elaborate one on the same general limes. But for
the fortunate circumstances that colliery explosions are of such rare oeccurrence
appliances of this kind would doubtless have already come into use. Compressed air
would not be mearly 2o available as pure oxygen, since at least ten times as much
of it would be required. No respirator would be of any use against after-damp, as
there is no known absorbent which could be practically applied to arrest carbon
monoxide. .

It has been proposed to construct air-tight refuge chambers, with narrow and strong
double doors. At the face they might be of great service. 100 cubic feet of air
would euffice to keep a man alive for ten hours. A chamber 20 feet square by 6 feet
high might thus preserve the lives of 24 men for ten hours. It would, however

robably be difficult in practice to make such refuge chambers even approximately
air-tight, and the trouble and expense would be considerable.

In the case of a fire occurring in or near a main air-way in a mine, any hesitation or
mistake on the part of the officers of the pit may have terrible consequences. It is
therefore of great importance that the danger be thoroughly realised, and such orders
issued beforeband by the Manager that the promptest action may be taken by those on
the spot.

The main points arve to keep the smoke and gases from the fire from entering the
workings until the men are withdrawn, and to prevent men from running into
the smoke in their efforts to get out. The wventilation 1o the seat of the fire should,
therefore, be cut off as soon as possible, so that smoke may not be carried inwards,
If the fire is in or near the downeast shaft, the fan should be stopped at once, and the
top of the upeast shaft opened, so that the smoke may pass up the downeast.
Meanwhile the men in the pit should be withdrawn past the seat of the fire by the
return air-way, & man being also stationed, if possible, at some point on the intake
bevond the fire to prevent others from running into the smoke.”

Should the smoke get far into the workings. the men cut off by it ought not to
attempt to reach the shaft through the smoke by the intake.. In many caszes they will
be able to reach the upcast shaft in time by hurrying out along return air-ways if they
know the way. Failing this their wisest course will be to go at the first warning
as far as seems =afe along the intakes, and there to open a door into the return
air-way, 80 as to short cireuit the smoke. They should then erect curtains to keep the
smoke back, and direct it all into the return air-ways.t In this manmer time will be
gained ; and, even if the fire cannot be got under, those on the surface may be able
to stop, or partly reverse, the ventilation, and thus remder ezeape by the return
alr-ways possible.

I am, Sir,
Your obedient servant,

The Right Hon. the Secretary of State JOHN HALDANE.

for the Home Department.

® Az an expmple of what ein be done in this way I would instames the ease of the wnderground fire at
Bamforlong Colliery in 1582, where, by the prompt actien of Mr. Foster, the Under-manager, what might
atherwize have been o much more seriouz disaster was avoided.

T By taking this conrse, Thomas Hosser, fireman, succeeded in saving the lives of the 75 men in his distriet
at the Grest Western Colliery fire.  Befuwre the party could ba resmued the aconmulating fire-damnp was closing
in on thew From Gebind. In anotber distriet of the same pit the fireman, David Davies, had colleeted and sent

out by the return as many men as possible. He himszell Jost Lis life while trying to help a collicr who
wis lame,

1 16 E
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+ APPENDIX A

Post MorteEn Arrearancies and Cavses of Deatn of those Kinpen at
TyrorsTows EXpLosion,

Mumier. l Theseription. | Canse of Death,
1 | Engine-driver. Body and hands burat. Hair and whiskers singed - = | Carbon monoxide
. |  polsoning ¢
2 | Ostler. Back of head and right side of face covered with coal dust and singed. | Violence, 4

{ Lips aml nails lluish (oot pink). Extensive sealp wound behind, and
| probable fracture of skull. Spinal eolumn dislocated in dorsal region.
| Fracture of left humerns, and dislocation of right shoulder. [Found in |
stuble, beside o number of living horses and & companion who eseaped.
Injuries prabably doe to viclent contact with the timbering of the atalls, and |
to the kicking of the horses. [
|

3 | Qollier.t Rody pale. Lips, tongue, and pails pink. No borns or injuries. - | Carbon monoxide

g ey o J poisoning.

4 | Ostler. No injuries or burns.  Skin pale.  Lips, tongue, and nails pink - | Carbon monoxide

| | ) sl LI : |  poisoning.

4 | Collier. No burns or injuries, Nails pink. Lips, &ec. pale pink - g | Carbon monoxide

0TI,

i Collier. Ko burns or injuries. Skin pale. Lips, tongue, and nails pale pink | C.uirhml mEnn-xida

is0ning.

P L‘-u]]_ial'. No burns or injuries. Skin puale, Lips pale pink, tongue and nails I{,."ﬂ.iﬂpuu mfmida
pink. ;ST | Doisoning.

b Collier. No burns or injurics.  Some patehes of pink on chest, Lips carmine- | Carbon monoxide
red. Nails pink. poisoning.

% | Labourer. Mo burne or injuries. Pink flosh on chest and neck. Lips pink - | Carbon monoxide

(R TR
1 | Cellier. No burns or injories.  Skin pale.  Lips, tongue, and nails pale pink - ﬂuﬁmn ;-...f—."m;.xmg
Poisoning.
11 | Labeursr. XNop burns or injuries. Tongue and lips pink - - - | Carbion moenoxide
i paisoning,

12 | Collier. No burns or injuries. Skin pale. Lips and tongue pink.  Hiemo- | Carbion monoxide
globin of blood from left external jugular vein found to be 79 per cent. | poisoning.
suturated with carbon menexide.

13 | Collicr. No buens or injuries. Skin pale, Lips, tongue, and nails pink = | Carbon monoxide

| ! Poizoning.

14 | Labourcr. No burns or injuries.  Tongue, lips, and nails, pink - = | Uarbon monoxide

: | peisoning,

15 | Collicr. Body covered with o layer of adberant coal dost, and scorched super- | Carbon monoxide
ficially. Lower jaw fractured. Lips bright red. Jruizoning,

Wi | Collier.  Body coversd with sdlierent coal dusi snd superficially seorched, | Carbon monoxide

|  Tongune and lips coated with coal dust.  Lips red beneath the dust. poisoning.

17 | Firemon, Morks of superficinl buros on face, foreacms, and hands.  Super- | Carkon monoxide
ficial layer of epidermiz on liand lueseped.  Under locsened epidermis poisoning.
enrmine red colour seen very distinetly, |

¥ Ostler. Hair singed.  Sealp wouwnd,  Lips and nails pink - = | Carbon monoxide

poisoning.

iH Hanlier. No burnsor injories, Faee and neck nneh congested.  Lips reddish- | Carbon monoxida
Blue., Tongue protended and Buish. A network of distended reddisl-Tlse poizoning  sand
veing prominent on upper part of clest, [ Neo. 21, who was found in the same | deficieney ol
stalile, also presented these appearances, which might e eaused either by | oxygen,
poisoning with & higher percentage of carbion menoxide than was uzually |
present, or by asphyxia from deficiency of oxysen aloug with carbon |

| oo e pni:;u_uﬁng,] I
20 Lobourer.  Fracture of hnmeras in both arme.  Dhiziocation of nght hip-joint. | Violence.

Blecding from car, and probable fmetare of base of skull,
brows singed,  Nails, &e, blue [nof pink).
Ostler. No burns or injuries. Maorked eyanesis of face and chest. Face

|
Hair and eye- |
! Carbon monoxide

dusky red. Wails Wluish pink. Network of distended reddish-hlue veine on poizoning  and

| upper part of chest, want of oxygen.

22 ¢ Ogtler. Faee and Lands somewhat seorehed, Noinjury, Face pink all over | Carbon mopoxide
| poisoning,

2% | Collier, Slight singeing of side of fage, hair, and whiskers. Lips pale pink - ‘ Carlon monoxide
| 11-ni-=m3ing

* The numbers correspond with thore morked en the plan peodisced ot the inguest (see Ble, Hobzon's In]!-l:l[!i-i] repoTd). The
TENTE0E are ]ltl:rpu-.r'l_r ol mibiled, Wik dhe ;m:n,—]ﬁinn of Nos, 1, 4, 6, 7, 10, 11; 14, 26, 36, 47, 47, 48, which lad proTHas been
examined by e Mortie alone, the bodies wero examined by both I, Morsis sndl myself, To two or three cases whers the
oojorr of the Ilopd was not noted the most probalile cange of death has been assigned.

T Hes 3, 11, 12, 13, and 14 were found Iying desd together, with twa famps borning beside them.

4 Wos 5.6, 7, B, 0, and 10 were foumd dend m-gef‘l:u:'r. with a lump barning Deside thom.
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3

11
42

43

41

| Mauvlier. Skin superfieially seorched on exposed parts,

| Master hanlier.

¢\ Hanlier,

R e —

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

Tahourer, Brain and aldominal cavity exposed.  Both legs and arms smashed.
Body scorched, and clothes torn off.

Master Haulier. Face and hands scorched superficially. Face very pink,
Pink colour alze very marked under loosened epidermis of front of fingers,

Fireman. Hair singed. Superticial burn of face, which is brick-red. Epider-
mis loosened over hands, and beight red colour visible under epidermis of
front of fingers.

Collier. Superficinl lwrns of face, hands, chest, and back. Pink inside lips,
and where epidermis 1I_}l'.'d_'h'_‘1l off on front of fngers.

Ttedl colour visible
beneath dennded epidermis.  No injuries,

Collier. Hamds and face saperficially seorched. Hair snd whiskers singed.
Ecchymosis of blue colour of lower lip. Lips otherwiss red.  Blewding from
enr, and probable feacture of base of skull.

Clollier. Hair singed. Epidermis of Bands loosened.  Lips pink.

Rl ilush
on chest,  Under epidermis on front of hands carmine-red colour.

(ollier. Superfieinl lmrns of face, forearms, and hands,  Hair and eyebrows
singed. grmine-ml on lips and umder epidermis on front of fingers. !
Labourer, Face pink. Lips pole.  Teath closed on tongue. Noils pink.

Mo burns or injurics,

Lahourer. No borns or injuries.  Skin pate,

-

Lips sind nails pale pink

Collier. Ko burns or injuries.
pinl.
Haulier.

Pink fluzsh on skin. Face lifielike.

JJi]lh

Superficially scorched all over above legs, No injuries - -

Fitter.

Baody superficially scorched above lexs -

Hanlier, Skin pale. Hardly any pink tinge visible anywhere, Blood secms
only pariially saturated with earbon monoxide, and had probably been parctially
Fromd by the astion of fresh air before death.  (See Note Mo, 33.)

Face covered with eaked conlddust. Epidermis peclad off

in parts. Parts of skin have eolour of red sealing-wax, Lips bright rved. |
Teeth closed on tongue.

Hanlier. Superficial scorching of hands and fire,
million-red.  Lips pink,

Labource. Hands, faee, body, amd legs superficially scorelhed.
Face carmine-red colour.

Labourer. Scorched a gowd deal on right side of chest, face, and handz.  Hair and
eyelirows singed. Mo pink or red colour visible. No carbon monoxide found
in sample of blood taken from external jugular vein. May probably have
died in fresh air, after blood had beon Ereeid of carbon monoxids,

Oollier. Face and body coversd with eaked dust. Unrecognisable.
with no clothes, amd only one shoe on.  Disloeation of left shoulder.
bright pink benenth the conl dust.

Scorched all over superficially. Inside of mouth eoated with coal
dust, Hair and moustache singed. Red colowred vein visible on shoulder
where protected from burning,  Face enrmine-rel.  Lipsand tongne very pink
Eenenth the dust. Nails pink. Hmmoslobin of Moosd from exteormal jumular
vein found to be 79 per cent. saturated. No injuries.

Labourer. Scorched all over body and hands.  Hair siugeid.
epidermis of front of fngers carmine red colour,

Hair singed. Faee ver-
=

Hair singed.

Found
Lips |

Under loosened

Canze of Death.

.

| Carbon monoxida

poizoning.
Violence.

Carbion monoxids
poisoning.,

Carbon monoxide
CHETTTS

Corbion monoexeds
[rOi=Oning.

Carbon monoxiile
proisoming.

Unrbon monoxide
poisoning.

Cavbion monoexide
[roisoEingT,
Carbon monoxide
poisoning,
Carbon monoxide
[CULOHTTTES
Carbon monoxido
poisoning,
Carbion monoxide
proisoning.
Carbon monoxide
puisoning ?
Carbon monoxide
Prisoning ?
Carbon monoxide
[eois0aning.

Clarbou monoxide
CUERTTTE

Carbon monoxida
(i soning,

Carlion monoxidae
polsening.

Clirbon 1I||rmu.titla
prsaning ?

Carbon monoxides
poisoning.

Carbon monoxide
TS e g,

Carhon monoexide
poisoming.

| Collier. Superficially scorched ovoer exposed parts, IHair singed. Epidermiz | Carbon monoxide

of hands loosened, and on stripping it off earminé-réd colour visible on front poisoning,
of fingers. Foee very red.  Lips pink. |

Rider. Upper part of skull and brain nearly all removed. Face and hands i"\'iulenm.
burnel.  Both arms fractored, ,

istler.  Slight meneral scorching of exposed skin and hair, Pink patches on | Carbon monoxide
body., Lips and tongue pink. poisoning.

Haunlier,

| Elaulicr,

| Fireman.

| Uollier,

® Nos. 3, 34, 3%, and 32 were found Iying together abeat 10 hours after the explosion, along with
apd who metovired undéer treatmsnt,

Hair singed, and face superficially scorched, and bright sealing-wax

rod colour in patches.  Cloal dust had heen washed off. No injory.

Skull fepetuesd.  Generally scorched on exposed parts.  Hair singed.

Lips red.

Collicr, Exposed parts of skin scorched. Hair and evebrows singed.
of lips pink, nlso under epidirmis of front of hands,

Collier. Face, hawlz, and arms, badly scorched on surface.  Epidermis coversd |
with coal duzt. Carmine-red coloor visible on front of fingers on peeling off
epidermis.

Superficinlly seorched over exposed parts.

under loosened epidermis on front of fingers,

Skull fractured.  Body scorched on exposed parts.  Inside of mouth

conted with conl dost.  Wound of fingar. Lips red beneath the dusr,

Inside

FPink inside lips, and

E 2

aman who was a4l alive,

Carbon mopoxide
poisoning.
Carlion monoxide
poizoning.
Carlion monoxide
proiRouing,
Carbon monoxide
poizomineT.

Carlion monoxide
poisoning.

Carbon  monoexide

poisoning.



1".'111|'|1'||rr..i Iimﬁpﬁnu. | Caunse of Death.

35 | Fireman. Covered with caked dust, and genesally ssorched.  Inside uf! Carbon moooxide
wmounth bright red beneath the dust poisoning.
a6 Fireman, Body moeh mutilated. Neck severed,  Chest coversd with caked  Vielence.
conl dust. ight leg froctured amd twisted. Left leg torn off below the
knee. Right 5!0LL1|!|1' torn away, also holf of left arm. No red colonr
vigible,
aF Fireman., Neck fractured. Severs injury of nose. Hair, chest, and arme | Carbon monoxide
scorehed.  Lips bright pink. Under epidermis of hands also bright pink. |  poisoning.
Body was found under a fall, and the fracture of neck, &e., evidently occurred
after death. |

—

The following are the appearance observed in the case of two of the horses examined. It appears
unnecessary to give details of all the cases, as they mosaly resembled one another closely.

'h.‘u.ll:lln-r..i Deseription. | Cunse of Death

i From stalile on west side of Mo, & |ri.t. No borns. Severnl alight bruizes, | Carbon monoxide
Tail slightly singed.  Muscles and subeotancous fissue bright carminesred. poisuning.
Stomauch and intestines pink er carmine-red in parts where blood wos visible, |
Liver light pink. Spleen very dark. Luongs mottled Llack, and brighe |
carmine-red, not abnormally congested ; and on section no liquid exoded. |
Windpipe earmine-red on internal surince, amd containing a few grm'_n_q. of
ooal dust, but quite clear. Blood of hearc dark cherry.red. Samples taken |
Erom right and left venteieles, and from spleen.

10 | From stable on enst side of No, 5 pit. Coat muech singed.  Muscles and sub- | Carbon monoxide
cutaneons tissue bright carmine-red.  Intestines pink, with Muoish-pink veins. | poisaning.
Liver pink. Medulla of spleen pink. Cortex black. Spleen econtains
little blogd. Tungs mottled carminesred and black ; not congested.  Bronchi
quite free of liguid o dest,

ANALYSIS OF THE BLOOD OF THE MEXN AND HORSES.

In the ::,1|;|',||_|1135 of blond examined, the method of ﬂnﬂl}'&ie e:mp]n_rnd was a modification of that
which I recently deseribed in connection with experiments on the action of carbon monoxide on
man.® A carmine solution was first prepared of such strength (about 01 %) that when it was added
in & certain proportion fabout 21 of carmine to 2 of blood) to a @ per cent. zolotion of normal human
blood (prepared with a capillary pipette from 2 drop of my own blood) the pink tmt of 1 per cent.
human blood saturated with earbon monoxide (or coal gas) was exactly re ueed in both depth
and quality. The blood to be examined was now diluted with water antil s Ja.'qarh {not quality) of
tint was equal to that of 1 per cent. human blood saturated with ecarbon monoxide, 20 ec. of this
diluted blood were now mcasured off from a burette into o narrow test-tube, A tube of exactly
equal width was |::u't|_',’ filled with the saturated 1 per cent. human blood, and carmine solution wag
added from a burctte to the first tube until the tiniz of the two tobes wens e::m:ljr equal. Tt is
evilent that the less the l111;_-:|¥urtil:m of carmine solution which required to be added the IiiEhH‘ st
L the saturation of the hwemoglobin of the blood under examination. For an aceount of the method
of calenlating the exnct percentage saturations, I must refer to the paper just mentioned. Afier a
little practice there is no difficulty in carrying out the determinations, which may be rgpgamd as often
as necessary where there is any doubt.

In examining the samples from Tylerstown explosion I found that the blood had, to a slight extent,
lost s power of i;]mnging colour when saturated with canrbon monoxide.  The saturated solution had
a slizht yellowish tinge az compared with that of normal buman or horse’s blood solution saturated
in the same way. Ei’iduutl}’ the hmnmgiuhin had been to o slighl, extent decomposed, o derivative
possessing u vellowish eolour (in dilute solution) being formed. This partial decomposition might be
due either to ]mtn-lhr:tive {‘.i:m:ges, or to the inhalation of !1L1P|il.1m1.15 acid prezent in the uﬂu‘-dump
(see po 21 To test the former hypothesis, I repeated the analyses of the human blood some days
later, when putrefaction was still further advanced, The results were, however, exactly the same,
s0 that it does not seem likely that the change was due to putl‘ﬁl‘ur:tiun. .:‘Lm.‘.l:l-rlﬁnglj a5 the standard
for comparison is 1 per cent. normal human blood saturated with carbon monoxide or a similarly
saturated =olution, of equal depth of colour of the blood under examination, the result of each
analysis varies somewhat,  The results caleulated for the latter standard of comparison are therefore
given in parentheses along with those for the former standard, Future investigation must determine
which of the two results is the more eorrect as expressing the actual percentage saturation of the
hemoglobin with earbon monexide,

= e e e e S
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PERCENTAGE SiTrraTION oF THE HEuwocrnoers with Carrow Moxoxipe.

| | Extornal s !
| —_ Jugmlar —— ——| Bploen.
L | Might Side. | Left Side.

e — ! | | |
e 2 | |
| Body No, 12 - - | 79 (86) .= _— - I
R T - T (86) — — = _

an i 4z ‘v = | a e = — |
Horse ,. 1 - = | 5 (26) — e — |
| Muole ,. 1 - /0 (BE) - o =
. Hore , 2 - _ 1] - s |
g — 77 (B4) 1T (84 —
T B e - —_ 62 (73} 62 (75) 54 (08) |
TN = - — - - 43

The appearances of the internal organs in the case of horses Noz. 3, 6, and 7 were very much alike.
In horse No. 2 (p. 6 no pink colour was anywhere visible.

APPENDIX B.

e ————

Norss on the Eprrors: of APTER-DAME at the Avpios Conniery Exrrostox, by
J. Buaw Lyrrie, M.D.

The explosion oceuered on Saturday, 24th June 1894, shortly before 4 o'eloek in the afternoon.
Exploting parties were zoon formed, and I went down in the third cage, about 6 o'clock. I pro-
ceeded first along Cilfynydd level, where some much burned and mmtilated bodies were found, and
where the larzest fall of roof had taken place. The first person seen alive was Thomas Howells,
who was found partly conseions in a man-hole, or vecess, on the level near the head of Pamtddu Dip.
On turninz to the left into the dip, one of the next seen alive was a boy named Dobbs, and about
a0 rg_rd-g forther n’cong was Griftith Bumford, who was 5t::n|:|:i.ng up :Lg:iinﬁL the side, and seemed
lf[tﬁbﬁ dozed, He knew no one, gould mot artigulate, and when some stimuiant was held to his lipg.
he did not -numpmhc‘m] what it was for. | =aw some men I_'u.'ing on the eround who had the appearance
of being in an ordinary epileptic attack, and were frothing at the mouth.  One man was togsing from
gide to side, and striking hiz head against the ground ; another was in a sitting posture, and groaning
terribly. At this pot, about 200 yards from the head of the dip, a number of the living were close
together, and their groanz could be heard from some way off. Owing to the dim light, and the men
bemg covered with coal {|'|:|:1t= 1 was upabie, with the above Ex:‘-c]:timl.‘, to digtinguish the different
individuals in the list which follows. Only two or three of them were able to swallow the stimulants
offered to them. _«\.lq:mg this {]i]l abowt 30 dead bodies were found, most of them 'trt-ing of men who
had been ‘n‘urking further inwards, and had been able to ret 50 {ar on their way to the shaft before
the]r WEeTe OVEICOome. Gmups of li'ril:lg amdl dead were diztributed almost nitmnatuijt Further
inwards, at the working places, two living horses were found that were in no way affected either
by the explosion or the results of it

Mr. I C. Wilhams, my pasistant, who dezseended in the zame care with me, went ;1|m:g {rrover'a
level on the other side of the cshaft. When about 100 yards from the pit bottom he found two men
gitting together who were burned about the hands and face. They drank greedily the water offered
to them, and continually asked for more. At Dudson’s heading he found another man, sitting
between the rails.  He did not answer qm:::‘-'l:iunri, but seemed to suffer from ereat thirst.  Abount
tweo vards further on waz another man with both armz under hiz horse, and fractored. He scemed
ponscious, and cried out inceszantly for water. Another man, who was with the twe last-mentioned,
between two falis, died almoest immediately. Speech was considerably affected in all cases.
Mr. Wiiliams was much struck by the fact that all these men, when taken out of the pit, teemed to
lase counsciousness,

Stretchers were sent down the pit, and the Jiving sent vp with the least possible delsy, the first
reaching the top by 7.30, and the last by 10 o'clock. Thoze who were identified were sent imme-
diately to their own hgmea, and the others were taken to an iui}i:‘mi:;i-.-d ]m::lz;.tul on the Eﬂﬂigr&'

misee,

Owing to the terrible situation of affairs, and the maltiplicity of my own duties, it was, of course,
impossible at first 1o make any record of observations; and I regret that in so many instances the
following clinical notes are very incomplete.

No. 1, aged about 50.—When ssen in hozpital on Saturday night he was unconscious; hm;q.thi:ng
steriorous, and profuse perspiration, At 1 am. he was carvied home, a digtance of two miles. Al
11 a.me. he was sull unconscious, fnee pqﬂl'.:, p:‘ofuaf: p&n-pimtinn, and stertorous hreut'l;iug. He disd
about 3 o'cloclk.

No. 2, aged about 45.—Symptoms the same as in No. 1, and death oceorred about the same time,
Shortly betore death the temperature was 104°, and the pulse 120,

E 3
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No. 3, aged 27.--Taken home unconscious. When seen at 5 am. next moming he was still
unconscious, and had the appearance of apoplexy. Face flushed, eves injected, copious perspirati
stertorons breathing, Died about 12 p.m. i g

No. 4, aged 40.—Taken home unconscious. Symptoms as in No. 1. Died ahout mid-day
on 28th.

No. 5.—Brought up ureconscions. Ipileptiform seizores occurred almost eontinuously, and four
PETEONR wWere }Imﬂiing him during the night. On the morning of the 25th he recognised his brother,
and could answer to his name all n‘l:;l.:.-, On the morning of the 26th he was worse, but seemed atill
partly conscious. Twnperature, 105°. On the 27th he waz much worse, and totally unconzcions,
In the morning, temperature 104°, pulse 130, respiration 34, and epleptiform twi{ghings of the
limbe. When I saw him in the evening, with Dr, Haldane, he was totally unconscions ; pulse 130
and wenk, temperature 104%5, respivations 30. Clonic contructions of the limbs were occurrin
almost constantly : eyes divected to une side; much perspiration. Blood examined spectroseopically
by Dr. Haldane, who found no trace of carbon monoxide. Died about 1 pm. on the 28&1h,

No. 6, aged 21.—DBrought up unconsciovs; no epileptiform seizures Began to recover
consciousness on night of 24th,.  Partly comscious next day, but wvery restless ar night. On 26th
nearly unconseious ; }"I.Iiat' only 38, and easily compressinle.  Next day pulse and general eondition
about the same.  When seen I!j..' De. Haldane in the Munlng, ||.u|:-'.e 38, respirations 17, almost
comatese,  Blood showed no trace of carbon monexide on spectrozcopic examination. On 28th l*ﬂl't-].?
conscious, pulse 6 to 58. On 29th pulse 56 to 90: temperature, 10075 to 100°+9; unconscious.
On 50th continued still unconscions.  When spoon put between his teeth he clenches them and holds
it fast; spasws of muscles of face and limbs ; opisthotomus also observed. At 12 pm. pulse 104°;
temperature 102°  On July 2nd looks a little better; pulse, 1227 temperature, 100°-2 to 100°-5 :
respirations 26 and shallow, Lies quite motionless: winees when light held to face. Opisthotonus
again observed during night. Next day seemed worse.  Skin over sacrum sangrenous. éﬂnlllmﬁcd
OX¥gen administereld without effect ; gmdll:l.i!y sanl, and died om July 4th, 11 days after the
explosion.

No. 7 (Griffith Bumford . —Found standing in a dazed condition, as described above. He soon
recovered, and was able, with assistance, to walk home. Next day his mind was still confused, but
he gradually improved. He suffered for some time from headache and riddinezs, and had, for a
few days, no reeolleetion of the events of the explosion. By the time of the inquest, however,
he was able to recollect much of what had happened.  He was working on Mordecai's level, about
#00 yards From where he was found, and gave the following account of what oceurred :—

2 T heard a sound like thunder, the !ﬁgg&sl T ever heard. T heard two sounds, with searcely any
interval, each just the same noise. T thought it was an explosion, and stood where I wae. 1 heard
the door between us and the Ellgiﬂﬂ dip '|N|1'Iii1g open and =hat with a bnug; the level I:Iimllj‘ sftor
{less than a minute) was filled up with dust, and our Jamps went out. There were four of us
tozether, and Lwo more inside. T think T saw o shade of fame in the dust of a blueish colonr. Tt
was coming along above us, near the roof. T was standing up; the plrme was about T feet high.
We started off then to walk to Pantddu dip.  The flames and dust passed over us, and we came out.
Tn Pantddu dip the after-damp was strong, and I reeollect no more till 1 came to myself, when
D, Lyttle and Marry Watking were with me at the air-bridge.”

No, & (Jenkinsp—Very slightly affected from the beginning, He wos found near the head of
Pantddu dip, ]uh'ing made his way mmko o man-hole,

No. 9 {Dobbg, aged 16).—When the explosion took place he had followed Jenkins to the head of
the dip, when he fell down. Ile had no epileptiform seizures, but was brought up quite comatose,
and remained unconseions 41l the night of the 25th, when consciousness began to return.  He was
vecasionally dslirious, On the 26th he was able to zo out, but was comatose again at night, and
remained so till the afternoon of the 28th, when he appeared like a persen suffering from opium poisoning,
T rouzed him by ﬁa.ge“utiur:, gave him some strons coffee, and had himtaken out.  When seen outside
afterwards he looked stupid, but understood more or less what was said to him,  On July 15t he was
stiil drowsy, and in a state of melancholic stupor. e had still ne recollection of what had taken
place, and was not aware of the death of his father, whoese body was also found in Pantddu dip.
The funeral which he had zeen had made no impression on his mind. From thiz date 2 constant and
gmﬂuul improvement occurred, but on Angust let he had still no vecollection whatever of the
explosion.

No. 10—When T saw him on Pantddu dip he secemed not unconscious, and was erying out, and
making n great deal of noize.  Next day (the 24th) he was quite sensible, and was out on the 2ich,
For some days he seemed somewhat moroze in temper.  On the 30th I observed well marked choreic
movements,  On August 1st he seemed very much betier, and said he could work, but that when he
attempted to rend he saw double.

Neo, 11, aged about 18,—Was bronght up wnconscious.  While in the temporary hospital he coulid
not be got to answer questions.  On account of violent muscular movements he required to be held
by two persons. O the morning of the 25th he was able to answer questions slowly, and ually
improved. On the 28th he was walking about the room, but still very stupid. On the 29th he was
worse, untl yery drowsy, but conld still be roused. Pulse 66. On the 30th he eould not be got to
answer questions, and when a spoon was put into his mouth, clenched hiz teeth. On July lst same
condition, Pulze 52. Respirationz 14. Next day he looked better, and answered indistinctly when
gpoken to. On July 3rd much brighter, but continued to be drowsy, and to go off to sleep when
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left alone.  Slight choreic movements. After this b= improved continuowsly, and left for home on
the Tth.

No. 12 (Thomas Howells). Found Enrﬂy conecious in a refuge place on Cilfynydd level.
Slightly burned and braised on side of head and face, and on arms.  He was very sick, and was
vomiting in the when brousht up, but otherwise was wvery slightly affested, and remembered
seeing the ﬂnmec:ﬁlm explosion.

In addition to the above, who were found, with the exception of No. 12, on Pantddu dip, four
other men were brought out alive from Grover's level. They had all received extensive burns, and
none of them survived beyond the fifth day. Their symptoms (delirium, &e.) were probably due to
burns and not merely to alter-damp,.

The following accounts were given by rescuers of the symptoms which they experienced :—William
Grarnett, who went down in the first eare, described the smell :|.|r|:.tt'|.;,Ir Cirover's level as =.I41:L|In||1.lrjr o
his eyes were smarting very much. The further in he went, the more faint and dizzy did he become,
and he felt as if he would like to sleep. At one time he had to sit down, and was helped to a safe
place.

John Jenkins went first to Bodwenarth ineline, off Cilfynydd level. He felt hizs eyes smarting very
much, and along the incline he felt so weak that he was almost overcome, and required assistance to
be brovght back. Another man with him was also affected.

Several others experienced similar symptoms. 1 myzelf noticed some smarting of the eyes, and
suffered considerably from thirst, as also did Mr, Williams, and others.

ADDENDUTU M.

BRANCEPETH EXFPLOSION.

April 30th, 1596,
An ex nln:l.-gion, invnlving the loss of 20 lives, occurred ot Bran::n;mlh L'ulliﬂr}' {menr ]:'Ltl'll:'ll'l.l:l an
the morning of April 20th. With a view of ascertaining whether the causes of death were similar
to those at the Tylorstown explosion, I visited the colliery two davs after the explosion.  The colliery
i2 not a fiery one, but the dust in some partz of it appears to be very sensitive (see Mr. Henry Hall’s
Report to the Commission on Coal-dust Exploesions, p. 5; also the Minutes of Evidence relating
to an explosion in a hopper at Brancepeth).

Along with Mr. R. E. Brown, Medical Officer to the colliery, I examined the bodies which has
been recovered at the time of my ¥izit. In one case death had been due ta vielence ; in the other
eight to carbon monoxide poisoning. The sppearances were on the whole very much the same as in
the Tylorstown explosion, In two eases there were no marks of burning; in the other six the
exposed pavts were superficially scorched. The borning was, on the whole, not s0 sovere az in the
Tylorstawn axlllr:sim:u the men ]lm’ing been much more protected by clothes. In one ense, however,
the backs of the legs had been slightly burnt theongh woollen stockings, and the stockings themselves
were scorched and easily torn.  One case presented the appenrance of dusky-red venons eongestion

of the face and distention of the superficial veins of the chest, noted in bodies No, 19 and 21, at
Tylorstown.

The eleven bodies, when they were recovered, were examined by Mr. Brown, who kindly furnished
me with very complete notes of theiv appearances. In one case there were marks of great violence
(inflicted after death by falls ¥) and severe burning, although the actual eausc of death, as shown by
the colour of the bload, was appavently carbon monoxide poisoning. In the other 10 bodies there
were no marks of burns or injuries, and al:lmugh putrefaction was alremdy far advanced, as shown by
greenizh discoloration, &e., Mr. Brown was in every case able to recognise the charvacteristic pink
colour of the lips, skin, &2, A scarf was found tied round the mouth in two of the bodies.

1t thus appears that of the 20 men killed in this explosion, 19 had been poisoned by carbon mon-
oxide, and one had been killed il‘lit:tntm:mus[y h}' violenece, OF thoze killed '|.|:|' earbon monoxide one

had (before death ?) received fatal injuries, while six had been superficially burnt, chiefly about the
hands and face.

The following are notes of the appearances in threc of the cases:—

No. 1. Hair of head Lurat short, but Leard only slightly singed. Much coal-dust on face ; lips
red ; ﬁ]'ighi: eut on right side of head. Body not burnt, but clothes seem somewhat singed.
E[!iﬂ'l!l'mii loosened on backs of Ilﬂ]]{l.-i_', skin white and ::p[r:tl'en.l.]_'l.‘ H'n[ujm‘f—ﬂ underneath.
Nails pink.

Neo. 2. E}'E]JTM‘H, most of lair, and most of q:}'l-]u:g!md :g.in:;q:ti off. Face washed from coal-dusi,
and is pale on the whele, but mottled with patelies of red, apparently due to burning. Lips pale
pink. Tongue afso pale. Body not burnt, and clothes intact. Epidermis of hands and lower
pﬂ]tﬁf arms loosened, but still adherent on palmar surface, Unider epidermis skin pale, but
bright pink colour scen towards palmar surface. Blood from external jugular vein found to
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be 53 per cent. saturated with carbon menoxide (two analyses gave exactly the sume result).
On complete saturation the blood gave exactly the same tint as normal blood similarly treated.

Mo 3. Face ]:Il.'l.l:ill anmld quite life-like, with slight red flush, Lips of a natural red colour. sl-ght.
contusion on forehead, Hair not singed, and no warks of burning anywhere. Chest slightly
Mlushied with pink. Handz of a lifz-like reddish ecolour. Nails pink.

MNo. 4 {Rﬂﬂﬂ?ﬁ!‘el.l on =1xth q]:l:;' after explo&ian.j- Face and liead VEry mueh gwn.]lg.;‘ and dark
green in colour. Tongue 11m:rud'mg, and b‘l'ig‘ht pink. Internal surfice of lipz pink. B;lght
pink beneath clﬁtlcrmi:L of hands, Putrefaction over chest and abdomen. No singeing or
meghanicl injuries.

MICKLEFIELD EXPLOSION,

HH:F Jrd.
On April 30th an explosion ocemrred at Micklefield Colliery, and resulted in the lose of about

G0 lives. The pit iz not a fiery one, but is dey and rather dusty. The dust appears to be very
sppsitlve [T My, ]|¢m']: Hall's ]’.‘.upurt, I~ i B

I examined 'the bodies, 46 in number, recovercd up to the alterncon of May 2al.  Carbew
monoxide poisoning had apparently been the actval cause of death in every caze. In 67 per eent
of the bodies there were no burns or injuries.  In 9 per cent. there were slizght burns, which did net
geem of such a nature as to endanger life. The remaming 24 per cent. were severely burnt, and
neatly all of these men wonld have died apart from the effects of ecarbon menoxide. The burns
were in four cases much deeper and more severe than any of those obzerved at Tylorstown or Branee-
peth. The t].[‘.{!l] gkin had a lkn'chment-like eonsistence at parts, so that it was evidently more or lesa
destroyed.  In two of these cases there were also mechanical injuries sufficient to have caused rapid
death. In 15 per eent. of the bodies the appearances were those of acute poisoning by air containing
about 2 or 3 per cent. of earbon monoxide, as in Dodies No, 19 and 21 at Tylorstown., In one of
these cases the Mood of the externnl jugnlar vein was fonnd to be 63 per cent. sntursted with earbon
monoxide (sev poge 23)%  In o nomber of cases the lips and skin were very pale, and the
appearances seemed to suggest that death had ocenrred very slowly, and in air containing a very
slight amount of earbon monoxide.  In one of these case= the venous blood was only 52:5 per cent.,
and in two others 70 per cent. saturated.

Many of the rescuers were seriously affected by the after-damp. Their symptoms were simply
those of corbon monoxide poisoning.  Smarting of the eyes was nof observed at all by those who
CAVE e information on the subject. The !:111.11]:1 of the rescuers zeem naver to have bheen extin-
guiih-?{i h_\' the :t'rtl'r-l:l:L:IH]J. From both the svmpioms of the rezeners and the appear of tha
bodies, I am inelined to think that in this explosion the undiluted after-damp must have cantained
about 5 per cent. of earbon manogide.

On the occurrence of the explosion, Dr. Grieshach, Medieal Officer to the Colliery, ac onee
obtained a supply of oxygen in eylinders, and this was of great service in treating the rescuers. It
was Obsarved, aeain and again, that the latter became much worse, and even lost eonscionsnéss on
eetting into ¢ooler and fresher air, or coming to the surfice (2o page 19). The administration of
oxvgen produecd very rapid improvement in these cases

Three of the resened were severely burnt about the face and hands, the epidermis being covered .
with adlierent coal-dust and Joozened in the manner desoribed on page 3. Two of these men were
also rendered unconscious by after-damp.  They were all removed to Leeds Infirmary, where they
appeared to be progressing very favourably. {

Oiie man was foond alive 36 hours after the explosion.  He waz beside several eompanions wha
were dead. A little way further in a pony was found alive and quite well I was in the pit at
the time when the Iiving man was found, and proceeded to the place with a c.j']im'lea: of oxyzen,
Hix pulse and breathing weve fairly good, but he was quite unconscions and his extremities were
cold.  After covering him up as warmly as possible I administered oxygen for about 20 minutes
with a view to rapidly clearing the blood of most of the carbon monexide. The oxygen was given
by Eimpﬁr allowing a pood stream of oxygen to pass through o tube into the mouth, anﬁemmpmmi.ng
the nostrils duringe each inspiration. He was then brought on a streicher az quickly ss possible to
the <haft and up to the surface, where be was placed with warm bottles beside him in front of a
good fire until the extremities were warm. On examination his blood was found to be 20 cent.
saturated with carbon monoxide about kalf an hour after he had been got out of the pit.  The
temperature in the axilla was then normal and hiz condition seemed to have improved, thongh he was
guite ungonscious. As soon as his extremities were warm he was romoved to Leeds Infirmary,
wliere, however, he died next day, in pitg -ufe‘rerf care, )










