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No book has yet appeared in this country dealing with
the subject of Compressed Air [llness ; the only available .
publications treating on the question are foreign ones,
and of these the most recent was founded on observations
made more than a quarter of a century ago.

The London County Council, in appointing a medical
officer to take charge solely of the compressed air work
carried on at the Blackwall Tunnel, and in obtaining powers
to compensate men injured by the compressed air, has
gone out of its way to meet the dangers incurred by the
workmen, and in so doing has placed me in a somewhat
unique position so far as the opportunity of observing
the nature of these strange illnesses is concerned. I have
felt compelled, therefore, to undertake the task of recording
my observations, however imperfect those observations
may be.

The matter has been approached from a purely clinical
standpoint ; the physiological problems concerned are

better dealt with in the midst of the quiet and resource
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COMPRESSED AIR ILLNESS.

CHAPTER 1.
HISTORY.

IN subaqueous engineering works an artificially com-
pressed atmosphere is generally employed for the purpose
of keeping out the water. Indeed, were it not for such
a device, many works which are now successfully carried
out in water-bearing soils, would be quite impracticable.
A brief review, therefore, of the gradual development of
the utilisation of compressed air for such purposes will
be of interest, even if it be not absolutely essential to
the right understanding of the conditions under which the
workmen carry out these undertakings.

In the beginning of the sixteenth century the diving-
bell was invented by Sturmius. This was the first and
simplest apparatus in which compressed air was used
as an atmosphere in which men worked; by its means
works of a trivial nature could be carried on under
water. It was soon recognised, however, that the difficulty
in its application to useful purposes arose from the

lack of a supply of fresh air. If men remained in the
I



2 COMPRESSED AIR ILLNESS.

bell for more than a very short space of time symptoms
of suffocation presented themselves: these symptoms were
at first attributed to the increased heat of the air in the
bell, which was the most obvious alteration in the physical
conditions of the confined air. The increase in density
of the air did not at once attract attention, and probably
the depths reached were not then great. They after-
wards attempted to renew the supply of air by sending
down bottles full of air, which were then broken in
the bell.

Halley—an English physician—used kegs, which were
passed down to the bell, opened at will by the labourer,
and the foul air allowed to escape by a valve at the top
of the bell. He also devised the means by which the
workman could leave the interior of the bell, continuing
to breathe the air contained in it; this was effected by
. tube communicating with a sort of cow] over the head.

Spalding introduced some mechanical improvements;
he, however, met with his death in his own apparatus in
1785.

Brizé-Fradin, in whose work ! a review of the diving-
bell up to that time appears, sums Up the effects of a
sojourn in the apparatus in this way :—

1. Acute and unbearable pain in the ear, due to-the
compression of the partition of the tympanum.

5. Alteration of the air by the respiration of the
workers, whence asphyxia.

3. The majority of physicians have found a third
inconvenience : they believe that the compressed air
compresses the blood vessels and produces hamorrhages ;
this, however, says Brizé-Fradin, is opposed to the

I «La chimie pneumatique appliquée aux travaux sous l'eau,”
p. 170. Paris, 1808.
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teachings of Halley and to the experience of all the
workers in diving-bells.

Dr. Hamel, in 1820, in a letter! to Professor Pictet on
the diving-bell, describes his descent to a depth of about
30 feet in a diving-bell at Howth near Dublin. He ex-
perienced no other inconvenience than violent pains in
the ears, as if a probe were being forcibly introduced ;
this ceased on swallowing his saliva. From this fact it
occurred to Hamel that some cases of deafness due to
obstruction of the Eustachian tube might be cured by the
diving-bell.

In the same year Dr. Colladon descended in the same
bell to the same depth. He is a little more explicit*
He says: “We descended so silently that we did not
notice the movement of the bell ; but immediately that
it was plunged into the water we experienced in the
ears and on the forehead a feeling of pressure, which
continued to increase for some minutes. [ did not, how-
ever, experience the pains in the ears; but my companion
suffered so much that we were obliged to suspend the
descent for some minutes. To remedy this inconvenience
the workmen recommended us to swallow our saliva
after having firmly closed the nostrils and mouth, and
to stop breathing for some seconds, in order to allow
the compressed air to enter the Eustachian tube. My
companion was little relieved by this proceeding. When
we were again descending he suffered much; his lips
were blanched, and he looked as though he were going
to faint. His faintness was due, no doubt, to the violence
of the pain, added to a feeling of fear that he could

L Bibl. Univ, de Genéve, 1820, vol. xiii., pp. 230-234.
? ¢ Relation d'une descente en mer dans la cloche du plongeur,”

p. 8. Paris, 1826.
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not ascend when he wished. This experiment produced
on me a contrary cffect. 1 was excited, as though I
had been drinking alcohol. I did not suffer; I only
experienced a strong pressure round the head, as though
an iron band encircled it. In talking with the workmen
I could scarcely hear them, This difficulty in hearing
increased so much that for three or four minutes I could
not hear them speak. I could not hear myself, although
I spoke as loudly as possible ; and soon the noise caused
by the strength of the current against the sides of the bell
no longer reached my ears. At length we arrived at the
bottom, and then the disagreeable sensations ceased almost
entirely. We respired with great ease during the whole time
of our stay under the water; our pulses underwent no
alteration. In ascending, our sensations were very different
from those which we experienced in descending : our
heads seemed to be getting larger ; the bones of the head
felt as if they would separate,—this inconvenience was not
of long duration.”

Colladon further observes (p. 14) that “none of the
labourers become deaf : it appears, rather, that in certain
cases the action of the bell on the ears may SErve as a
remedy for deafness. One of the labourers who habitually
had a difficulty in breathing was completely cured a short
time after having undertaken work in the diving-bell.”

From the diving-bell to the modern caisson, with a
compressed air chamber in its lower portion, does not
appear to be a large step, but three hundred years elapsed
between the invention of the former and the employment
of the latter. A caisson, or caissoon, is a cylinder which
is sunk or driven vertically into a water-containing soil
with the object of forming a shaft or space which is free
from water. 1f the inrush of water at the lower end be
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not too great it may be removed by pumping as it comes
in. If pumps are unequal to the task, other means are
necessary : these now consist in the formation of an air-
ticht diaphragm somewhere in the course of the cylinder,
and the forcible introduction of air into the lower chamber
so formed, until the air pressure is sufficient to prevent the
entry of water; it is, in effect, a cylindrical diving-bell
prolonged upwards. To allow of the entry and exit of men
and materials the diaphragm must be provided with a
lock or chamber with an inner and an outer air-tight door,
both opening towards the compressed air, and cocks, by
means of which the pressure in the lock may be gradually
increased or diminished to permit descent or ascent
respectively. |

A French engineer—M. Triger—was the first to employ
this ingenious method for the boring of wells and the fixing
of piles for bridges.

The suggestion, however, of this invention seems certainly
to have been made by Denis Papin in 1691, as the follow-
ing quotation by M. Trouessart® shows:—“One could
continually inject fresh air into the diving-bell by the
aid of strong bellows. Thus, the bell remaining empty,
and resting on the ground, the bed would be always
dry, and work could be carried on as in the open air ; and
I have no doubt that that would save much expense when
it is necessary to build under water. Also, in the event of
leather bellows not proving powerful enough to force air
to great depths, this could be easily remedied by using
air pumps.”

In 1830 Cochrane (afterwards Lord Dundonald) took
out a patent for using compressed air to keep back the

“ Rapport sur les puits a4 air comprimé de M. Triger."! Bul, de la
Soc. fndusty. & Angers et due Départ. de Maine-et-Loire, 1845.
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water met with in driving shafts or tunnels. The method
was, however, first put into practical execution by M.
Triger in 1839, when a shaft was sunk at Chalonnes
through a layer of quicksand to reach an extensive bed of
coal that was known to exist there. In this undertaking
Triger was completely successful, and he then announced
numerous applications of the principle which were possible.
His complete report appears in a memoir presented by
him in 1841 to the Académie des Sciences.! The physio-
logical phenomena received very little attention from the
celebrated engineer. He refers to the pains in the ears
both on going into and coming out of the compressed
air. The only other observations of a physiological nature
that he makes are the following:—

1. The difficulty of whistling, which is absolute at 3
atmospheres.

2. The nasal tone of the voice in the compressed air.

3. A miner, deaf since the siege of Antwerp, has always
been able to hear better than the others when in the com-
pressed air.

4. The labourers mount steps easier in the compressed
than in the open air.

Professor Trouessart, appointed by the Industrial Society
of Angers to examine the practical results of Triger's
apparatus, reported his researches in an interesting memoir
in 18457 He treats little of physiological matters. His
observations are, however, worthy of notice because they
are the first that have been made on man under a

I « Mémoire sur un appareil & air comprimé pour le percement des
puits de mine, et autres travaux Sous les eaux et dans les sables
submergés.”

“ Rapport sur les puits & air comprimé de M. Triger.” Bull de
la Soe: Industr. d Angers et du Dépar. de Maine-et-Loire, 1845,
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pressure of 3 atmospheres in addition to the atmo-
spheric pressure. He says that “it is not without a
certain apprehension that one descends for the first time
into the apparatus to be submitted to a pressure of
3 atmospheres. These 32 kilogrammes, in addition to
the atmospheric pressure which one is going to support,
are sufficient to make the most robust fearful.” He
studies first the pains in the ears, He says: “ One pheno-
menon most difficult to comprehend is that deaf persons
not only hear better in the compressed air than in the
open air, but they hear better than persons with normal
ears. One of the most singular results is that under a
pressure of 2§ to 3 atmospheres the power of whistling is
lost. The functions of nutrition, respiration, and circulation
do not appear to be sensibly modified in compressed air.
From our first visit we had expected to find an accelera-
tion in the pulse beats of all persons submitted to the
experiment ; but on our second visit the result of a more
exact observation, made by a person well trained in feel-
ing the pulse, was completely negative, Respiration is
neither slower nor more rapid, . . . and, in a word—and
this is most surprising—there is very little modification in
the vital functions. The labourers ascend ladders more
easily in the compressed air than in the open air. . . . On
the other hand, they contend that they have become more
easily fatigued by working in the compressed air than is
the case in the open air. We believe that this is due to
the greater humidity of wells—a humidity which hinders
the insensible perspiration, and more rapidly provokes the
formation of sweat among those who in such a medium
have to use muscular effort. It is this humidity which
explains also perhaps the severe pains in the joints which
some labourers have experienced a few hours after coming
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out. We may conclude that there is no serious danger
in remaining several consecutive hours on succeeding days
in compressed air at a pressure of 3 atmospheres.”

This author says nothing of the duration of decom-
pression ; he appears to occupy himself rather with the
passing from a feeble to a high pressure. He says only
that the air cock is opened gradually.

In a second communication to the Académie des
Sciences M. Triger! repeats his former observations.
Speaking of the nasal voice, and the difficulty of whistling,
he relates that he took a wiolin into the compressed
air, and found that at 3 atmospheres a large part
of the intensity of the sound was lost. Then he first
refers to the serious accidents of decompression. He
says: “I ought to declare here that two workmen, after
having spent seven consecutive hours in the compressed
air, experienced severe pain in the joints half an hour
after coming out. The first complained of extremely
acute pain in the left arm, and the second of a similar
pain in the knees and left shoulder. Rubbing with spirits
of wine caused the pain to disappear in both cases ; they
did not continue their work on the following days.”

In 1846 M. de la Gournerie,” to extract some rocks from
the channel of the port of Croisic, used an apparatus
proposed in 1778, consisting of a boat carrying a metal
chamber, open below, and from which the water was forced
by means of compressed air. He only immersed it to a
depth of 3 or 4 metres. It is not surprising, therefore,
as M. Paul Bert says, that “The workers never found

|« Lettre & M. Arago.” Compies rendus de ' Académie des Sciences,

1845, vol. xx., pp- 445-449.
1 v Mémoire sur l'extraction des roches de la passe d'entrée du port

du Croisic.” Ann. des Ponts et Chaussées, 1848, vol, i., pp. 261-315.
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themselves inconvenienced. Occasionally a slight pain in
the ears, lasting a few seconds, was caused. The frequency
of the pulse was not sensibly increased.”

It was in the mines at Douchy that the method
employed by Triger was first imitated ; the first informa-
tion of this work was contained in a report of the engineer
Blavier, who was sent to examine this new invention.! He
points out first the pains in the ears, and the impossibility
of whistling. To speak, it is necessary to make a certain
effort. “It appears to us that in the diatonic scale the
voice loses a tone, or a tone and a half, in the shrill notes
without regaining them in the bass.” He found no differ-
ence between the frequency of the pulse before entering
and while in the apparatus. “ The majority of workmen,
although chosen from among the most robust and most
healthy, have frequently experienced, some hours after
coming out, either a heavy feeling in the head or pains in
the limbs ; one only of these has had an absolute power-
lessness in the arms and legs lasting twelve hours. The
director of the mines has stated to us that the effects
experienced nearly always coincided with some excess
committed in the interval of the shifts.” However, he
himself (Blavier), after having been submitted to a pressure.
of 2'6 to 3 atmospheres, was the subject of an accident as
serious as the above,

“The morning following our visit, on December sth,
severe pain came on in the left side, and we felt the pain
for several succeeding days. As a cold or some cause other
than the compressed air might have been the origin, when
we were completely free from pain—on December 28th

' " Rapport sur le procédé suivi & Douchy pour traverser des nappes
d'eau considerables.” Awun. des Mines, 1846, 4th series, vol. ix.,
PP- 349-364.
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—we again tried the experiment, and took, on leaving
the compressed air, every precaution against catching
cold. In spite of this care, on the following day, at the
same time as before—twenty hours after leaving the
compressed air—we had in the right side a pain similar
to that felt before, and which incapacitated us for four
or five days.”

The first memoir written by physicians on these
accidents was by MM. Pol and Watelle,' written in 1847,
and presented a little time after to the Society of Douchy.
During the work the pressure was raised to 44 atmo-
spheres, compression was effected in a quarter of an
hour, and decompression in half an hour. Sixty-four
workmen were engaged ; they ordinarily remained four
hours in the compressed air, and they worked two shifts
of four hours each day. The authors have described the
physiological effects as noted on themselves, and the
pathological effects as seen in the workmen.

Plysiological effects.—Pains in the tympanic mem-
branes ; a lessened frequency of respiration; and, above
all, a diminution in the amplitude of thoracic expan-
sion, which expansion becomes scarcely perceptible; a
lessened frequency of the pulse (e.g,, from 70 to 55 per
minute) ; an increase of urinary secretion. “A muscular
fecling of a resistance to be overcome, the unusual
density of the surrounding atmosphere impeding pro-
oression.” The impossibility of whistling felt above 3
atmospheres is also attributed to an unexpected resistance
experienced by the muscles of the tongue in the presence
of a condensed atmosphere. During the decompression

I 4 Mémoire sur les effets de la compression de l'air ap[.:r]iquée au
creusement des puits a houille” Ann. dHygiéne Publique el de
Médecine Légale,” 1854, 2nd series, vol. i, pp. 241-279.
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they experienced a lively sensation of cold, some short-
ness of breath, and the pulse mounted to 85 per minute.

Pathological effects—Of the 64 workmen, 47 stood the
work more or less well, 25 left the employment, and 2
died. Going more into detail concerning the illnesses,
14 experienced trivial accidents, 16 experienced more or
less grave accidents, and 2 died. On the other hand, 2
benefited by the employment : one of these suffered from
asthma, and breathed better in the compressed air; the
other—a chloro-anemic—having previously had frequent
hazmoptysis, saw his ill health disappear, and his mucous
membranes became less anamic.

The accidents, without exception, accompanied or
followed decompression. “The danger is not in going
into the compressed air. Itis not a disadvantage to stop
there a longer or shorter time. The decompression only
is to be feared. One only pays on coming out.”

They then examine the accidents, which may occur,
seriatim. First there are the pains in the ears; and
M. Pol states that these are caused to disappear more
easily by blowing the nose than by swallowing ; the other
symptoms are treated of as they occurred in different
individuals, and are divided into the following classes :—

CATEGORY [.—Workers in the compressed air from the
commencement.

I. An asthmatic, breathes better in the compressed
air. Coming out he has violent respiratory oppression,
with circulatory reaction exaggerated. Discharged.

2. Has been in the compressed air up to a pressure of
4% atmospheres. Respiratory embarrassment ; diminution
of appetite ; indigestion ; pain in the limbs; black stools.
Very ill,

3 and 4. Same effects.
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5. Above 3 atmospheres, muscular pains, cramps, and
general numbness ; vomiting of black matter on coming
out of the compressed air. One day, an hour after coming
out he felt ill ; was put to bed, and then lost consciousness ;
bronchitic rales. Bled ; purged ; and sinapised ; after four
hours regained consciousness; well in three days. Dis-
charged.

6. Worked without inconvenience until the pressure
reached 41 atmospheres. One evening, after having gone
to bed apparently well, he was seized with muscular pains,
with contractions of a tetanic character. Skin cold ; pulse
small and soft ; urine excessive, and of light specific gravity ;
respiration troubled ; auscultatory signs same as No. s.
A bath at 30° C. increased the pain, and the patient could
not remain in; friction brought on perspiration, and he
was then easier ; better next day. Resumed work.

7. Pressure 3'3 atmospheres; cerebral troubles resem-
bling drunkenness, hebetude, stammering ; respiration and
- pulse accelerated; pupils dilated. He had two similar
attacks ; from the one he recovered in nine days, from the
other in fifteen days. There remained diplopia and vertigo,
with deafness on one side. Discharged.

8. Presented to excess two common features: suppres-
sion of the functions of the skin, and increase of the urinary
secretions during compression ; increased rapidity of the
heart-beats after decompression; pulse mounted from 58
to 130.

g-17. Nothing important to note.

18. Healthy and vigorous; experienced several times
acute pains in the limbs and the chest; respiratory trouble
increased with the pressure, as well as the muscular pain,
which became very severe. Discharged. Afterwards he
descends into the compressed air without permission ; works
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there without complaining ; comes out with the rest, and
washes ; falls immediately unconscious, and dies in a quarter
of an hour. An autopsy showed congestion of the lungs,
liver, spleen, and kidneys ; brain normal, except for scattered
patches of congestion.

19. Violent respiratory oppression ; rapid pulse; skin
cold ; cough continual ; clonic contractions of the limbs ;
better after five hours of attention. At another time,
to these symptmﬁs were added dilatation of the pupils,
helplessness of the limbs, muttering delirium, and coma.
Three consecutive bleedings. Better. Discharged. The
blood from the vessels was noted to be red.

20. Same as No. 7. Remains equally deaf on one side,
with sight feeble. Discharged.

21, Vision dim and double ; hearing gone ; respiration
troubled ; cough frequent ; pulse hard and bounding. Bled.
Better.

22 and 23. Pains in the head ; vertigo; cramps. Dis-
charged.

24 and 25. Nothing important.

26. Respiration troubled, and cerebral symptoms ; better
after free perspiration was induced.

SPECIAL CATEGORY.—Men who worked only one day,
and without preparation, at a pressure of 2'8 atmospheres.
Nine men came out without complaining of anything ;
but, soon after, eight of these experienced very severe
muscular pains in the limbs, which disappeared in the
night, except in one case, where they lasted several days.

CATEGORY II.—Men who only commenced work when
the pressure reached 29 atmospheres,
1, 3, 4, and 6. No effect.
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2. Muscular pains in the left thigh, which yielded to cold
water.

. Moderate muscular pains which persisted from one
shift to the next. The recompression caused them to
disappear at once.

7. Twenty-eight years old; athletic. ~Pressure 38 at-
mospheres to commence with. After working for ten
days without complaint he lost consciousness ; had violent
trismus ; pulse rapid. Bled eight hours after ; purged and
blistered. The following day, all at once, consciousness
returned. Cured, but remained very deaf.

CATEGORY III.—Men who commenced at 4154 atmo-
spheres.

1, 2, and 8. No effect.

3. Had previously had hamoptysis. Better.

4, 5, and 6. Nothing beyond muscular pains.

7. Forty years old ; very robust ; only went into com-
pressed air once; took twenty minutes in decompression,
and died almost immediately afterwards. Autopsy thirty-
cix hours after death : general subcutaneous emphysema
(the authors note that this existed before putrefaction
commenced) ; cerebrum and cerebellum normal; con-
gestion of the lungs, with a general black colour ; fluid
and black blood in the heart ; liver, spleen, and kidneys
engorged.

9. Moderate muscular pains.

(0. Very violent muscular pains, lasting several days.
Discharged. '

11. The same.
12-19. Nothing except slight muscular pains. They

worked in a pressure of 4% atmospheres for three

months.
0. Went into compressed air only once ; came out too
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rapidly. Some minutes after coming out had the aspect of
a cadaver : face livid ; icy cold ; eyes dull ; pupils dilated ;
troubled respiration. On listening to the heart only a
vague agitation was heard; pulse imperceptible ; intelli-
gence abolished ; micturition involuntary ; black vomit;
complete muscular impotence. Hot baths; blankets;
frictions. After half an hour the pulse began to become
perceptible ; respiration more complete; a little heat
returned to the trunk; he began to talk, but incoherently.
During the night, when the temperature had returned to
the normal, severe pains came on in the muscles ; aching
pain in the head; blindness, and deafness; pulse poor,
o per minute. Completely recovered by the following
morning ; but feeble sight and enormously dilated pupils
remained.

21. Only in compressed air once ; came out too quickly ;
severe muscular pains, lasting six days.

22. Only in compressed air once; decompression too
rapid ; loss of consciousness; respiration troubled ; pulse
full, hard, 130; bled and sinapised; after four hours
consciousness returned. In the night cramps and muscular
pains of great violence. Recovered, but with considerable
feebleness of sight, and great deafness.

M. Pol himself had the following experience :—Pressure
3'48 atmospheres. At eleven o'clock he had reached
home ; he felt acute pain in the left shoulder and arm ; the
wall of the thorax was also painful. It appeared to him
that emphysema existed in these regions; he had some
shivering, followed by vomiting ; he took a cup of tea, and
slept ; soon there was profuse perspiration. The following
morning he was quite well.

The accidents related by Pol and Watelle as liable
to follow decompression may be summed up thus:
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Difficult respiration ; acceleration and hardening of the
pulse ; muscular pains, often very severe (“no one of
the effects of the decompression is so general ) ; cerebral
symptoms ; hebetude ; loss of consciousness ; deafness and
blindness very often permanent; sudden death.

The above observations show what variety of form and
intensity these accidents present even for equal pressures
among different individuals, and even in the same in-
dividuals,

MM. Pol and Watelle have remarked that young men
from 18 to 26 resist the pressure much better than older
men, Of the 25 discharged, 19 were over 40, 5 between
30 and 40, and the other 28 years. They do not mention
the ages of the men that remained at work. The
physicians of Douchy attributed the ill effects to pul-
monary, hepatic, renal, and cerebral congestions. We will
notice the theories of Pol and Watelle later.

Certain deductions appear to follow from these data :—

[. Pressures up to 44 atmospheres are not to be
feared in themselves; they are much better borne than
a proportional rarefaction much less considerable. It is
the return to the normal pressure which is dangerous, the
danger varying with the height of the pressure and the
rapidity of the decompression.

2. In the compressed air the venous blood becoines
bright-coloured.

3. One is led to hope that a means of certain and
prompt relief will be found in rapid recompression.

4. Anzmic and asthmatic people may find relief from
compressed air.

This method of sinking wells rapidly extended. Facts
analogous to those noticed by Pol and Watelle were ob-

served elsewhere—e.g:, at the mine of Strépy-Bracquegnies,
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in Belgium. A report by Bouhy ' states that all the work-
men, with one single exception, who worked in a pressure
of 37 atmospheres during four or five hours consecutively,
suffered after coming out of the compressed air from pains,
more or less acute, seated principally in the articulations
—e.g., the knees, shoulders, elbows—sometimes so severe
that the men could not sleep for forty-eight hours. Some
of the men attacked, and who returned to work while
affected, found the pain removed by the recompression,
only to return on coming out again.

Besides these effects the author notices the frequent
and troublesome formication on the surface of the body
and limbs.

The application of this method of sinking caissons to
the formation of the foundations of the piers of bridges
was first carried out in 1851 by an English engineer,
Mr. Hughes, in the construction of a bridge at Rochester
over the Medway ;* the greatest depth here was 61
feet. Afterwards (1843-51), Brunel used it for the bridge
at Chepstow over the Wye, and at Saltash 1854-50.
Hughes worked both at Chepstow and at Saltash ; and he
informed Dr. Babington?® that there were no fatal cases
at either Rochester or Chepstow, and only one at Saltash,
in a man of broken-down health, who died on leaving the
cylinder, in which he had been a very short time. At this
bridge the greatest depth attained below high water was

1 4 Creusement a4 travers les sables mouvants d'un puits de la mine de
Strépy-Bracquegnies.” Awnn, des Tvav. Publ, de Belgigne, 1848,
vol. vii.

* A detailed account of the plans adopted here is to be found in
vol. x. of the Proceedings of the Institution of Civil Enginecrs, May
1851, by Hughes: “The pneumatic method adopted in constructing
the foundation of the New Bridge over the Medway at Rochester.”

3 Dublin fournal of Medical Science, 1863, xxxvi,, pp. 312-318.
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