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PREFACE.

Having no pretensions as a writer, I ask the indul-
gence of my readers in offering this result of my
thoughts and observations, which I have divided into

twelve cha,pi;érs, as will be seen hereafter.

The first eleven chapters of this pamphlet were
prepared for publication on the fifteenth of August,
1870. By unforeseen circumstances, however, its ap-
pearance was delayed, but the delay in 1ts publication
has not caused me to alter anything advanced therein.
The facts observed during the sinking of the caisson
for the East abutment pier, and which are contained 1n
Chapter XII, on the 'contralry, have confirmed me in my
conclusions, as to the truth of the cause or causes of

the physiological and pathological phenomena observed
on the men working in an over-condensed atmosphere.

A. JAMINET, M. D.

ST. Louis, Mo., 16th August, 1871.
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CHAPTER I.—PRELIMINARIES.

In any great undertaking, and in engineering and
architectural structures, especially on a large scale,
there are difficulties which are only met with as the
work 1s progressing ; even the projector himself cannot
devise means to overcome those difficulties but when he .
meets them.

In the prosecution of a vast engineering, undertaking,
stupendous, even 1n 1its conception, as 1is the con-
struction of a bridge over the Mississippl river, at St.
Louis, Mo.. to connect the Illinois shore with the State
of Missouri, great difficulties had to be overcome, and
among them the one of which we will speak hereafter.

To Mr. J. B. EAps, of this city, was reserved the
honor to be the foremost who conceived and dared to
undertake such an immense work—work replete with
difficulties to overcome, to project and mature all the
plans, devices and appliances necessary for the execu-
tion, accomplishment and success of such an unprece-
dented undertaking.

The first thing to be done, and which was a severe
test on his engineering skill, was to devise the mechani-
cal means to sink the piers in the river until the rock
shall be reached, so as to insure permanent and solid
foundations for the immense spans which are to rest on
the piers, the bridge being an arched bridge, (not a
suspension one,) but composed of three spans or arches,
constructed entirely of steel.

It was found mnecessary by the projector, to build
four piers to support the three spans of five hun-
dred and twelve feet each; one pier on the western
shore, and three piers in the Mississippi river; said
piers to be built on calssons made of very thick
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iron, with an air-chamber wnderneath, being nine feet
high inside, and of the same area of the piers, which
for ‘the west pier in the river is 2,600 feet, for the east
pier 3,600 feet, and for the east abutment pier 4,800
feet. KEach calsson divided into three compartments by
longitudinal timber partitions to support the deck or
ceiling of the caissons, and at the same time the masonry
work, which was to be built over the air-chambers during
the progress of the sinking of the caissons.

The caissons reaching the bed of the river, the
water to be excluded completely from the air-chambers
under each pier, by means of air-pumps forcing com-
pressed air info the air-chambers, to enable men to work
at the excavating and removal of the sand, eighty feet
deep, o reach the rock at the placc where the piers had
to be sunk; the excavating of the sand and 1ts removal
from the bed of the river to be made by means of sand-
pumps until the caissons and piers built over them will

rest upon the rock.

The working men in order to reach the air-chamber
or interior of the caissons under the piers had to go
down by circular stairs in a shaft, in the centre of the
piers, the stairs leading to the bottom of which were the
air-lock or intermedtate chamber and the atr-chambers,

are situated.

The air-lock is a cylinder, made of very thick iron,
six feet in diameter and six feet high, and having two
doors large enough to admit easily the passage of a
man; one door on the north side of the shaft to go from
the shaft into the air-lock, and another door on the east
side of the air-lock to go from the air-lock into the air-
chambers. The first door closing inside the air-lock when
the compressed air is admitted by opening a valve to
equalize the pressure in the air-lock with the air-
chambers, and to allow the door between the air-lock
and the air-chambers to open when the pressure is

equalized in both.
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The door between the air-lock and the air-chambers
closing inside the air-chambers, so that the compressed
" air, forced by the air-pumps into the air-chambers, keep
the door perfectly closed, while the compressed air is
left to escape by another valve in the air-lock, and
which the men have to open, after closing the door from
the air-chambers to the air-lock, when leaving their
work, and return to the normal atmosphere.

From the project to the subsequent commencement
of the work, and its successful continuance without
interruption, we know the result. The work progressed
so far that the east pier, with its caisson, was sunk,
and the rock was reached on the 28th of February,
1870. '

To perform such a work at the depth of ninety-five
feet below the surface of the river— which depth
increased in the east pier to one hundred and ten feet
five inches on April 12th, by the rise of water, and
this, without any interruption of the work—was more
than was anticipated.

Once the rock reached and the caissons with the piers
built over them and resting on the rock, and all the
sand in the air-chambers or caissons removed, the
filling of the caissons with concrete had to be done to
let the piers rest on the rock on solid masonry, to insure
permanent solidity and success of the work.

Of the sinking of the two first piers, and filling up of
the air-chambers with concrete, the result surpassed all
expectations of its projector. 1t was only when,
arrived at the bed of the river, and under the water,
which had to be excluded entirely from the air-chambers
or caissons by the compressed alr forced by the air-
pumps, that the air had to 1ncrease 1n density to
equalise by 1its pressure the outside pressure caused by
the water in the river. '
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The atmospheric pressure had, consequently, to in-
crease also in the aér-chambers or caissons as the work
of excavation, removal of sand, and sinking of the piers
progressed, and when the caisson at the east pier
touched the bed of the river, the pressure was seventeen

pounds to the square inch exclusive of the fifteen pounds
of our ambient atmosphere.

The pressure increased gradually, and rose on the
28th February, 1870, when the east caisson touched the
rock, to forty-five pounds to the square inch, and by the
rise of the water in the river, during the months of
March and April, increased still more, so that on April
12th the pressure was fifty (50) pounds to the square
inch. The air belng compressed to such an extent, and
men being obliged to work in it, it was supposed that 1t
might become injurious if their remaining in the air-
chambers was too prolonged. In consequence, the men at
work were directed to remain in the air-chambers only
two hours at a time, with two hours rest between each.
two hours work, three times a day, making six hours in
all for a day’s work.

The sinking of the caissons and the building of the
plers over them progressed, but, notwithstanding all the
precautions taken, the pressure increasing every day in
the air-chambers,and having reached twenty-four pounds
to the square inch, the caisson being then fifteen feet in
the sand at the east pier, and fifty feet under the surface
of the river where the men were working, then, some
of those at the east pier, @fter coming out of the air-
chambers, and when in the air-lock, or dfter leaving the
air-lock, and returning 1nto the normal atmosphere, com-
menced to suffer and complain of very severe palus
in the arms and legs, and sometimes of shooting pains
in the back. None were affected when in the air cham-
bers or caisson, butl always after returning into the

air-lock, or going out of the air-lock and returning to
the normal atmosphere.
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The sinking of the piers becoming deeper, the pres-
sure also increased, and when it had reached thirty-four
pounds to the square inch, the men became more
seriously affected; some of them with violent epigastric
pains, and others with paresis, and some with slight
paraplegia, of which they generally recovered in from -
twenty-four to forty-eight hours. Sometimes the para-
plegia was more severe, and some were taken with still -
more serious symptoms, as paraplegia, involving the
bladder gand rectum. Notwithstanding the existing
paralysis, some of those affected complained of violent
pains about the middle of the spine, and radiating in
every direction of the lower ha,lf of the body.

AS 500D a8 cases ha,ppened means were devised at the
bridge to relieve the sufferers if possible, even tempo-
rarily, and afterwards they were sent to the City
Hospital. (The first case sent to the Hospital was on
the 156th February, 1870.) Some died shortly after their
arrival at the Hospital, and some after a sojourn there.

Inquests were held by the Coroner of the County on the
bodies of those who died.

After the recurrence of such facts and accidents, phy-
sicians were called at the bridge to see the men at work,
and when taken sick, which was generally the case
when coming owt of the air-lock, or after returning tnto
the normal atmosphere. None, and we repeat it from
official authority,. were taken Sick in the air-chambers,
and the sufferers Were generally taken, in from a feW
minutes to one hour after they returned into the normal
atmosphere, and in two cases only did it occur in the air-
lock as soon as the door opened into the normal atmos-
pvhere, and not in the air-chambers or caisson.

At the inquests held by the Coroner, and after the

post mortem examinations on the bodies of the men
who died at the City Hospital, the opinions about such
cases, given by two medical gentlemen of this city, were
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sustained, and their descriptions of the pathological
changes given, were published in newspapers and
medical journals.

We admit the correctness of their pathological obser-
vations on the patients, which they have called bridge
cases, as also their -description of the pathological
changes observed during the post mortem examinations,
but we differ on the cause or causes which produce or
have produced those pathological symptoms, as also
the pathological changes, and even death of the patients,
which have come under their observation, and we will -
relate our own experience, and the observations made
by us in the caissons, at the bridge, and on the men
engaged at work in the air-chambers.

Having been for over six years Mr. J. B. EApg’
physician, and meeting him frequently, we had the
opportunity of becoming initiated in the furtherance of
his great project to bulld an arched bridge across the
Mississippt river at St. Louwis; and with the means and
devices of engineering which he intended to employ for
prosecuting the work, and sinking of the piers, we became
30 interested 1n the matter, that from the time the project
became a reality by the commencement of the work,
we thought that questions of great 1mportance to sci-
entlific men would be met with, and that the use of
compressed air to exclude entirely the water from the
air-chambers or calssons, sunk at the depth of one hun-
dred and fifteen feel, and perhaps more, below the
surface of the river, (work never performed before al such
a depth, the deepest ever before reached being stxty-
five feet ;) that the air used at such a depth would have
to be condensed to a pressure as high, may be, as
fitty-five pounds to the square inch, and would certainly
require close observations in its use as 1t might pro-
duce on the men therein engaged pathological phe-
nomenas, with more or less serious effects on health

and life.
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Hence, from the first day of the sinking of the caisson
for the east pier, in November, 1869, we commenced ob-
servations and experiments, which we will have under
consideration, the perusal of which may, at first, seem
uuinteresting, but the reader will find them necessary

to a full understanding of the subject we have under-
taken.

Al



CHAPTER 11

PHYLOSOPHICAL OBSERVATIONS ON THE INFLUENCE OF
COMPRESSED AIR AND ITS PHYSIOLOGICAL EFFECTS ON

MAN.

The ambient atmosphere in which we live, is of all
things to man, the most necessary to life and to the
preservation of health ; and 1f, by circumstances depen-
dent or independent of his will, the respirable air in
which he has to live, even.for a short time, is undergoing
some changes 1n its normal condition, his organism may
be effected by it, his health ‘impaired, even severely
compromised, and in some cases death may be the
result, if° its remaining in certain abnormal atmosphere

has been too prolonged.

The air may vary 1n its coustituents according to
temperature and barometrical changes, having more
water at one time than at another, but is always in such
normal condition as to sustain life, that man can live
in it and be in good health, but if the condition of the
atmosphere is changed, not in proportion of 1its con-
stituents, but in its density, as in a compressed atmos-
phere to a high pressure, as it is in the air-chambers at
the bridge, the men to live ¢n such abnormal atmosphere,
to work and to sustain life, may stand it well for a
certaln length of time, but this verylimited, and only by
taking the necessary precautions fo avoid a too sudden
transilton from the normal atmosphere to an over-
condensed one in which they are temporarily at work,
and then return again, all at once, into the normal atmos-
phere where human beings can live in good health.

In the normal atmosphere, which surrounds us, the
pressure 18 fifteen pounds to the square inch on every



15

part of our body, but still we do not feel this pressure
when we move or during severe muscular exertions, as
in hard work. Consequently, for the sake of con-
venience and clearness on the subject we have under
consideration, we will count only the atmospheric pres-
sure resulting from the height of water above the air-
chambers or caissons under the piers, exclusive of the
fifteen pounds of our ambient atmosphere.

The first time we were in the calssons, the pressure
was only five (5) pounds to the square inch. We were
not affected in any way ; we remained in them twenty
minutes, and afterwards we went twice a week, when
the pressure was increasing about one pound per day.
Still we did not feel any inconvenience, and it was only
when the cailssons had touched the bed of the river, the
pressure having increased to sixteen pounds to the
square inch, that for the first time, in going through the
alr-lock, we felt a pressure upon both tympanis—pres-
sure of which we relieved ourselves by swallowing some
of the air to produce contrepressure; our breathing was
20 per minute and free ; our pulse, from 81 per minute
when normal, rose to 89. Three minutes after we were
in the air-lock or intermediate chamber, we felt a pain
in the frontal region which lasted about two minutes;
we were six minutes going through the air-lock, that is
to say, passing from the normal atmosphere to a pres-
sure of sixteen pounds to the square inch, existing in
the caisson or air-chambers. Omnce in the air-chambers
we felt as well as In the normal atmosphere. After
fifteen minutes sojourn in the caisson, our pulse fell
agaln to 81 per minute, being the same as in the normal
atmosphere. We remained half an hour longer in the
caisson, going round examining the works, and before
returning into the air-lock, our pulse was only 75 per
minute, but from which we felt no inconvenience.

When in the air-lock in order to return to the normal
atmosphere, our stay was only four minutes, our pulse
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remained the same, 70 per minute only. We felt cold
after being two minutes 1n the air-lock, the temperature
decreasing rapidly, the cause being the too rapid escape
of the compressed air through a valve which was open for
the purpose of equalizing the pressure with the normal
atmosphere in the shaft, and to allow the door to open
to return 1into the open air.

We successively visited the air-chambers every four
or five days without any inconvenience, and until the
caisson had sunk to sixty-nine feet below the surface
of the river, and the atmospheric pressure had increased
to thirty-two and one half pounds to the square inch.
On the two last visits we were longer in going through
the air-lock and felt more inconvenience from the frontal
pain. Our pulse rose to 100 per minute during our
stay in the air-lock; our breathing remained free,
but was 21 per minute and continued the same while
remalning in the air-chambers.

We remalned in the air-chambers thirty minutes,
after which time our pulse was only 72 per minute; and
during our sojourn in the air-lock, to return to the
normal atmosphere, we felt the same inconvenience of
cold, by the too rapid escape of the compressed air, the
temperature decreasing still more rapidly ; we remained
only six minutes in the air-lock on our return to the
normal atmosphere, and after opening the door leading
to the shaft and in ascending the stairs we kad to
rest two or three times, being exhausted and breathing
heavily. From that day we were perfectly satisfied
that the men having to work every day in such an
ambient atmosphere, and with the prospect of increas-
Ing pressure, might at any time sutler and even become
affected with very serious symptoms. Then we con-
tinued our visits at the piers and at the

LASL PIKR, FeBrUARY 10TH, 187611 o’clock, A. M.
Barometer 29° 40/, the thermometer'53°,; weather clear.
The calsson being sixty-nine feet under the surface of



17

the river, the pressure being thirty-two and one half
pounds to the square inch in the air-chambers, we com-
menced to make systematic and regular observations,
as follows:

(For our observations and experiments we used ther-
mometers of Farenheit, made by Greener, from Berlin.)

There were six of us to go down 1n the caisson or air-
chambers: I, forty-six years old, and the other five
averaging twenty-nine years.

Our pulse were respectively, 81—78—78—79—79—80
per minute, regular and healthy. The measures of our
chest were, after inspiration, 40 inches—373—37—37}—
37—354, and after ‘expiration, 38—36—35—353—35—34.
The complexion and general appearance of each was
healthy.

After descending the circular stairs, which lead to the
alr-lock at the bottom of the shaft, the thermometer
was\p6% There were in the air-lock at the time we
reached the bottom of the shaft, eight persons just
coming out of the air-chambers. We entered the air-
lock, being seven persons, six of us and the lock-tender.
The door was closed, the valve Jrom the air-chambers
opened to let the compressed air enter the air-lock and
equalize the pressure as in the air-chambers or caisson.
We were ten (10) minutes in the air-lock to equalize the
pressure with the air-chambers. Four of our number felt
no inconvenience except complaining of a pain of their
tympanis, of which they relieved themselves by swal-
lowing some of the air, the lock-tender at the same time
relenting the ingress of the compressed air in the air-
lock. The thermometer was ghe we entered the

air-lock and rose in seven minutes to(62°,/

Our pulse before entering the air-lock were respect-
ively 81—78—78—70—79—80 per minute, and six min-
utes after rose to 100—88—98—86—95—90 per minute.

As the equalization of pressure took place in the air-
lock a8 in the air-chambers, and by opening the door
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from the air-lock to the air-chambers we entered them,
the pressure being at the time ‘thirty-two and one half
pounds to the square 1nch, and the thermometer indi-
cating 48°. After remaining twenty minutes in the air-
chambers, we felt a marked exhilaration through all
our system. We remained two hours in the air-
chambers, during which time we made observations, as
follows:

After two hours sojourn in the cailsson, our pulse
from.81—78—78—79—79—80 when normal, fell to 68—
70—71—69—70—72 per minute.

In the measure of our chests there was no change for
inspiration or expiration with the normal atmosphere.

It will be observed that during the time we re-
mained in the cailsson we used no muscular exertions
by any forced labor. We observed, also, during our
sojourn, that all of us, and the men working in the
air-chamber, were covered with profuse perspiration,
and this with the thermometer at only 48" Farenheit.

During the time we were in the calsson, we made
experiments and observations to ascertain the tempera-
ture of ebulition of different liquids at such a pressure.
The temperature of ebulition of water, sulphuric ether
and alcohol under atmospheric pressure had been ascer-
talned before, but by experiments made in the laboratory
only, and until this day it was not supposed possible
that experiments and observations on the influence of
pressure on the temperature of ebulition could be made
under the pressure of three or four atmospheres, or
forty-five pounds pressure to the square inch, exclusive
of the fifteen pounds of our ambient atmosphere, and
the observer to be exposed to such pressure himself
during his observations.

We therefore claim priority for the following observa-
tions made in such an ambient atmosphere.

We had a platform made supported by four columns
three feet high, and insulated in their’ continuity with
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~ the soil by glass rods resting on the sand at the bottom
of the air-chambers. The platform upon which the
- experiments were to be made was insulated, and if there
was a current or an accumulation of electricity in the
air-chambers, the result of the experiments would be
influenced as’little as possible by it.

We heated one pint and a half of distilled water in a
red copper capsule offering thirty-seven square inches
of heating surface to a large alcohol lamp fitted with
three cotton wicks and containing six ounces of alcohol.
During the experiments two thermometers graduated
to five hundred degrees Farenheit, made by Greener
of Berlin, were used so as to compare the accuracy of
each and ascerfain if -there was any difference in the
result. Both thermometers marked 270 ° Farenheit
during the ebulition of distilled water. Werepeated the
same experiment three fimes with the same result.

We experimented afterwards with a glass capsule of
the same capacity as the red copper one, and found that
the thermometer rose to 274" before ebulition.

We do not present this fact as a new one. 7%e differ-
ence of temperature of ebulition in different kinds of
vessels, was observed béfore by GAY Lussac, a French

At -

perature rose from 212° Farenheit to 2161°: but we were
desirous to compare if the difference was proportionately
the same, between a metalic vessel and a glass one,
under a pressure of thirty-two and one half pounds to
the square inch, besides the fifteen pounds of the normal
atmosphere.

We repeated the same experiments with filtered Mis-
S1SS1ppl river water, the thermometer indicating 268°
during ebulition in a red copper vessel and 272° in a
glass one.

We noticed an interesting fact, but which we will
leave our readers to solve, and which was repeated
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three times in successoin. It was that when the distilled
water was 1n ebulition in the red copper vessel, and the
thermometer indicating 270°, if we touched the platform
with our hand, the platform ceasing to be insulated,
by ourselves being in communication with the soil, the
thermometer fell three degrees in the course of a few
seconds and ebulition ceased temporarily, and recom-
menced when the thermometer rose to 270°, but only
after the platform became reinsulated from the soil by
the withdrawal of our hand from the platform.

After our experiments, and having remained two
hours in the caisson, the thermometer from 48° when
we entered rose to 50°. Wethen returned into the air-lock,
and after closing the door from the air-chamber, the
compressed air was left to escape in the shaft by the
escape valve, and thus equalize the pressure to open
the door to return into the normal atmosphere.

After leaving the air-chambers and during our stay
in the air-lock, we felt cold as in our subsequent visits,
even more S0, The temperature decreased very rapidly
by the too rapid escape of the compressed air, and
after four minutes sojourn in the air-lock, the ther-
mometer, from 50° at our entrance, fell to 37°. We
were only five minutes and a half returning to the
normal atmosphere at the bottom of tbe shaft, where, on
examining the thermometer, we found the temperature

to be 50°, and before ascending the stairs our pulse was
69—70—69—71-—68—72 per minute.

In returning to the normal atmosphere we had to
ascend the stairs, as we have sald before; in ascending
them some of us had to rest two or three times, breathing
heavily, and after returning to the surface of the pier our
pulse was 106 —104—92—94—102—99, and rather feeble,
the appearance of five of us was pallid and sallow, oune
had no notable change. This concluded the first regular
observation.



21

In order to avoid useless repetitions we will epitomise
the results of subsequent observations.

EASYT PIER, FeBRUARY 12th, 187011 o’clock, A. M.

Barometer 29° 80'. Thermometer _28°. Weather clear
and cold. Caisson seventy-one feet below the surface
of the water. Pressure thirty-three and one half pounds
to the square inch.

We were four persons only. I, forty-six years old,
one, thirty-four, one twenty-nine, and one thirty-two.
Before descending the stairs our pulse was resectively
81—81—74—74 per minute. The measure of our chests
were, after inspiration, 40—38—38 and 39 inches. After
expiration it was 38—36—35% and 36 inches. Our
general appearance and complexion healthy.

When we arrived at the bottom of the shaft, the tem-
perature was 46°. We entered the air-lock, four persons
beside the lock-tender, who was directed to let the com-
pressed air wn very gradually, so as to stay eleven (11)
minutes in the air.lock before the pressure should be
equalized with the air-chambers. On entering the air-
lock the temperature was 47°, but increased to 62°
during our stay there. Before entering the air-cham-
bers our pulse was 98—97—84—88 per minute; our
breathing free but 21 respirations per minute. None of
us felt any pain in their tympanis, neither any other in-
convenience during the equalization of pressure with the
air-chambers in which the temperature was 46" when we
entered them. After being twenty minutes in the air-
chambers we felt that same exhilaration all through our
system observed before.

Then we repeated the experiments on the temperature
of ebulition on distilled water, Mississippl water,
Alcohol, sulphuric ether and chloroform, with the fol-
lowing results.

For the distilled water the thermometer marked 271°
in a red copper vessel and 2744° in a glass one.
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For Mississippi river filtered water the thermometer
marked 269° in a red copper vessel and 2722° in a glass
one

The experiment of laying the hand on the platform,
to suspend 1its insulation wasrepeated ; the thermometer,
at each time insulation ceased, successively fell three
degrees, after a few seconds ebulition ceasing also, but
commenced agaln as soon as the thermometer rose to
the figure before observed, and by the reinsulation of
the platform by withdrawing the hand from it.

We proceeded afterwards to experiment on alcohlol,
sulphuric ether and chloroform, for which a water bath
was used, and with the following results:

Alcohol in ebulition, 224°. (Alcohol fortius.)

Sulphuric ether in ebulition, 122°. (Ether fortior.)

Chloroform in ebulition, 179°. (Chloroform purifi-
catum.)

The experiments with alcohol, sulphuric ether and
chloroform were repeated three times with the same

results.

After our experiments were over, and having remained
two hours in the caisson, the temperature was 50°. Our
pulse from 81—81—78—78 when 1n the normal atmos-
phere fell to 66 —68—66—69 after our sojourn in the air-
chambers. The measure of our chests were unchanged.
It was observed that during the time we were in the air-
chambers, we, as also all the working men, .were
perspiring profusely. During our sojourn in the air-
chambers our speech seemed changed, but after re-
peated observations of this phenomena we explained
it. According to the laws of acoustics, the air being
compressed at the pressure of thirty-three pounds
to the square inch above the normal atmosphere, the
undulations of sound or waves cannot be transmitted to
the ear through a condensed atmosphere at such a pres-
sure with the same facility as through the normal one,
the pressure also affecting at the same time the sensi-
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bility of the auditif nerve, but temporarily, as did the
pain on the tympanis, after being a few minutes in the
air-lock. We say temporarily, because after some time
sojourn in the air-chambers this phenomena almost
ceased.

After leaving the air-chambers or caisson and re-
turning into the air-lock, in which we remained six
minutes, during this time the temperature from 45° in
entering 1t, fell to 34°; as the compressed ailr escaped
and the equalization 0f pressure taking place with the
normal atmosphere in the shaft, which we reached, and
after ascending the circular stalrs we returned to the
surface of the pier.

We experienced, as before, the same hard breathing
and exhaustion, three or four times, in coming up ;
our pulse after returning to the normal atmosphere was
92—88—90—95 per minute ; the appearance of the en-
tire party was very sallow.

Ten minutes after returning to the normal atmos-
phere, the author commenced to feel a severe epigastric
pain, which was relieved by taking a table-spoonful of
a cordial; on going home the pain left him completely,
but there was a general feeling of great fatigue, which
lasted about three hours, during which his pulse, from
92 per minute, fell to 81, its normal condition.

This concludes the second regular observation.

EAST PIER, pEgpuagpy 19th, 1870—11 o’clock, A. M.
Barometer 29°,36'. Thermometer 33°. Weather cloudy.

Pressure thirty-seven and one half pounds to the square
inch. Caisson eighty-one feet below the surface of the
water.

There were six persons to go down 1n the caisson.
The writer, three stranger visitors, and two working-
men. Our ages were one forty-six, two thirty-two, and
three from twenty-eight to thirty years old. The appear-
ance of all was healthy, the complexion tolerably fair.

Our pulse respectively was 81—75—76—80—76—82 per
A2
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minute. No measure of chest was taken having pre-
viously indicated no marked change in the several

preceding observations.

After descending to the bottom of the shaft, seven of
us, including the lock-tender, entered the air-lock, where
we remained twelve minutes and a half for the equali-
zation of pressure with the air-chambers. None of us
felt any inconvenience during that time. When entering
the air-chambers the temperature was 45°. Our pulses
were 97—77—77—92—88 —90 per minute. Qur respiration
was 21 per minute. The phenomena of alteration of the
sounds 1n our speech was observed to a greater degree
than on our preceding visit. We refer for the explana-
tion of this phenomena to our last observation. (Page
22.)

After experimenting again on the temperature of
ebulition, we obtained the following results:

For distilled water when in ebulition, in a red copper

vessel, the thermometer was - - - 280°
When in ebulition in a glass one, - - - 2841°
For Mississippl river filtered water, in a red

copper vessel, - - - - - - 27T
When in ebulition in a glass one, -~ - - 280°

The same falling of the thermometer was observed
when the insulation of the platform ceased, by putting
our hand on it, but rose again in a few seconds after
withdrawing it. After remaining two hours in the
air-chambers our pulse was 64—70—67—69—68—68 per
minute.

Thinking that it was necessary to ascertailn if there
was any appreciable quantity of carbonic acid in the air-
chambers, we experimented by shaking a large mouth
glass jar containing about two pints of fresh slackened
lime water, at different places and height in the caisson,
but without noticing any effervesence or milky appear-
ance in the lime water, which was, for the present,
sufficient proof that if there was any carbonic acid pre-
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sent it must be a very small quantity. But what
became of the carbonic acid evolved by the respiration
of the workingmen, or from any other cause, we will
examine 1t hereafter.

-Qur experiments concluded, the thermometer was
45°. We then entered the air-lock to return into the
normal atmosphere, and directed the lock-tender Zo lef
the compressed air escape very slowly so as to enable us
to remain at least seven minutes, to return in the shaft
_or normal atmosphere.

During the seven minutes we were in the air- lock
while returning to the normal atmosphere, Z/e ther-
mometer, which was 45° when we entered it, fell to 32°,
giving us an uncomfortable sensation of cold, which
was only relieved by entering the shaft or normal
atmosphere, where the temperature was 569°. Our pulse
then was the same as in the air-chambers. After leaving
the air-lock and during the time we were ascending the
stalrs in the shaft, we had to rest at different times,
breathing heavily, our pulse quickening, thouwgh not
losing its strength. Arrived at the surface of the pier,
our pulse was respectively 104—90—90—100—94—96 per
minute. Our appearance was very sallow and we felt
much fatigued.

Ten minutes after reaching the surface of the pier,
Ifelt a very severe epigastric pain, which increased
while crossing the river to the shore. 1 then drank two
tea-spoonsful of old Jamaica Rum which relieved
me in a very few minutes, but the feeling of great
fatigue and depression of the system, which I expe-
rienced on my preceding visit, remained during four

and a half hours, compelling me to lie down until
evening.

This concluded the third regular observation.

I intended to continue my experiments and observations on the 22d February,
but since my last visit to the caisson, I was so feeble that I thought best to

postpone them until I felt better and stronger, and that I would wait untll the
caisson had touehed the rock.
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EAST PIER, FeBRUARY 28th, 1870~—11 o’clock, A. M.
Barometer 29° 60'. Thermometer 34°. Weather clear.

Caisson touching the rock ninety-five feet below the
surface of the river. Pressure forty-five pounds to the
square inch. |

Four of us went down, one forty-six, one thirty-four,
one thirty-two, and one twenty-nine years old. Before
descending the shaft our pulses were respectively 82—
78—79—8b6 per minute. Our complexion was healthy
and fair. Arrived at the bottom of-the shaft the ther-
mometer was 48".

Four of us and the lock-tender entered the air-lock,
the compressed air was let in very slowly, still slower
than on our preceding visit. It took fifteen minutes
to equalize the pressure with the air-chambers. Our
pulses, after ten minutes in the air-lock, rose to 102
—95—97—97. The thermometer, from 53° when we
entered, rose to 68°. Our respiratlon was 21 per minute.
On entering the air-chambers twenty minutes after, the
thermometer was 45°; our pulses were respectively as
before descending the shaft, 82—78—79—85. Our
respiration continued 21 per minute. During our con-
versation the sonority of the voice was more affected
than on our preceding visit. The calsson touching the
rock, and being the deepest point to be reached, where
it would be possible to experiment, I continued my ob-
servations on the temperature of ebulition under high
pressure, with the following results.

Distilled water when in ebulition in a red copper vessel,

thermometer, - - - - - - 294°
When in a glass one, - - - - - - 207
Mississippl filtered water, in a red copper vessel, 291°
When in a glass one, - - - - - 294°

After having terminated our experiments, which
lasted two hours in the air-chambers, the temperature
was 45°; we felt well and were ready to return to the
normal atmosphere, when MR. J. B. KADS, happening
lo be in the air-lock with a party of visitors, coming
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down in the air-chambers,. then I remained with them
three-quarters of an hour longer, and going around 1n
the several places where the caisson touched the rock,
and I wailted until they returned into the air-lock 1in
order o go with them.

There were ten persons in the air-lock when the door
of the air-chambers was closed; the equalizing valve
opening tnto the shaft or open air was fréely opened,
the comipressed air escaping very rapidly. I felt the
same decrease of temperature as in my preceding visit,
and I was taken with a violent pain in the head, in the
region of the superior longitudinal sinus,— pain so

violent at a time Zthal I asked that the escape of com-
pressed air might be lessened.

|

We were only three minules and a half in the air-
lock, to return into the shalt or mormal atmosphere.
I was the last to leave the air-lock, not feeling very
well: and affer resting four times in ascending the
stairs, I arrived at the surface of the pier, almost ex-
hausted, my pulse at 110 per minute. 1 sat down a few
minutes, but did not feel any better. I was taken
agaln with the same epigastric paln as in my former
visit. I was dizzy, so that no sooner was I on board
the boat which crossed us to shore than I had to sit
down on the stairs of the cabin to prevent myself from
falling ; my pulse grew weaker, and after reaching the
shore, I had to use great exertions to reach my buggy,
only half a square distant. 1 succeeded 1n getting 1in.
During that time the epigastric pain increased, having
nothing to take to relieve me, an accident in the caisson
having deprived me of my flask containing the cordial
which I intended to use in case of necessity, if suffering
as before from the same pain.

In the course of a few minutes I drove home, which I
reached at half-past two o’clock P.M., three-quarters of
an hour after leaving the air-chambers or caisson. The
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last effort brought me to my office, where in a few
minutes I became paralysed.

This concluded the fourth systematic regular obser-
vation.

Before proceeding farther, we must say that these
successive experiments on ebulition of water under in-
creased atmospheric pressure, which we-made during
our preceding visits In the air-chambers of the east
calsson at the bridge, seem to have no relative interest
with the subject we have undertaken; but when our
readers find that a liquid like water can be influenced
in its physical change from a liquid form to a gaseous
one or steam, by the increased atmospheric pressure,
and that then water is an inert body — if we found that
increased atmospheric pressure exerts such influence
on its physical transformation from a liquid form to a
gaseous one, is 1t not rational to infer the influence of
increased atmospheric pressure to a much greater de-
gree on an organized body as the human system ?

Therefore it was the reason we continued our re-
searches by experiments on the ebulition of water
under increased atmospheric pressure, and made also
our observations on the physiological effects and on the
pathological symptoms on the men working in the air-
chambers in the cailssons at the bridge.



CHAPTER IIL.

PERSONAL EXPERIENCE BY THE WRITER—TAKEN SICK
AND PARALYSED AFTER COMING OUT OF THE CAISSON
—HIS OWN PATHOLOGICAL OBSERVATIONS, TREATMENT,

AND RECOVERY.

Being in my office paralysed and unable to speak
for a few minutes, but conscious of what was passing
around, I made signs to my wife and persons with her
at the time not to move me at all, but to lower my head
and to raise my feet as high as possible. In the course
of a few minutes, I was able to articulate a few words,
but with great effort, and to say what should be done
to me. I was to be &/t perfectly quiet on my back or
my Tight side, my head on a level with my body, my
legs stretched, and my Jeet elevated two feet above my
head.

Then I took a tea-spoonful of old Jamaica rum every
five minutes three times 1n succession, and kept a small
plece of ice In my mouth to quench my thirst. A few
minutes after I commenced taking two large table-
spoonsful of beef tea every five minutes. I was suffer-
ing from profuse cold perspiration, every effort to speak
caused great suffering and fainting, my pulse was 106
per minute, both legs and my left arm were paralysed,
still I was suffering in both with excruciating pains
which I can only compare to pains felt after a fracture
of the left leg, which I experienced some years ago.
During the palns in my limbs, which increased at
intervals, my pulse was 115 per minute.

I knew well that in my situation, as I said to my
wife, that after doing all I directed to be done, if I was
no better by half-past five o’clock that same evening

that nothing more could be done.
A3
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About half an hour after reaching home, three o’clock
P.M., my pulse was 100 per minute, but a little stronger ;
the pains were not so frequent, but as severe; it was
impossible for me to move my legs and my left arm.
Any attempt to remove my clothing occasioned fainting.

I directed that I should be left perfectly quiet, but
from time to time to be turned only from my back on
my right side, but with the greatest care, the least
deviation of my body or any part of it increasing the
intensity of my sufferings.

At half-past three o’clock pr.Mm., I felt some better ; my
pulse was 100 per minute, but a little stronger. 1 was
still taking beef tea every ten minutes, and kept using
ice. The palns were not so frequent but as strong,
in the legs and left arm.

At forty-five minutes past three o’clock ».M., I felt
sleepy, and dozed about ten minutes, after which I felt
much better and stronger, but was still paralysed. The
perspiration was still very profuse, but not so.cold, and
being very thirsty, 1 continued the ice. 1 commenced
" to berelieved of the pains in my limbs, and felt that T
was gaining strength, my pulse being 96 per minute,
and stronger. 1 slept about twenty minutes; and at
half-past five o’clock P.M., three hours after reaching
home, I was undressed a,nd put to bed.

I had use only of my right arm, and noticed tha,t
alter being removed to my bed the paralysis had in-
creased, but this increase remained temporarily. Some
time after I was in bed I felt more comfortable; my
head was kept very low, my legs and feet were raised
by pillows a foot above my head, and lying on my
back or on my right side.

At six o’clock P.M., the profuse perspiration ceased ;
my pulse remained 96 per minute, but full, with symp-
toms of fever, which gradually increased until half-past
seven o’clock p.M., at which time [ considered myself
out of immediate danger. The palns in the left arm
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and both legs were less frequent. I had intervals of
comparative ease. At half-past nine o’clock p.M., 1
commenced to move my legs a little, as also my left
arm.

I had no disposition to sleep. At half-past eleven
P.M., the paln had left my left arm, and 1 was able to
move 1t ; but the pains had located in both knees, and
was so intense as to cause me to groan. My pulse was
still 96 per minute and full ; my skin hot but moist.

At half-past two o’clock A.M. 1 slept, but was
awakened from time to time by the suffering when
trying to move; after half-past three o’clock A.M. I
commenced to move my legs. Shortly after four
o’clock A.M. I slept,-and did not awake until after
. seven o’clock A.M., when 1 was able to sit up in my
bed, but felt very weak, my pulse being 92 per minute,
and my skin warm and moist.

I had not any micturition since the preceding morn-
ing at ten o’clock, and in order to do so, it was only
after trying four different times, that I succeeded 1in
passing some very dark-colored urine, but not bloody.

After dressing I tried to walk. I succeeded, but it
was only on a smooth floor. For more than two hours
after, I could not raise my feet higher than four inches
from the floor ; for a week I was rather feeble, but after
that time I recovered my strength rapidly.

This recital of my experience as a patient may seem
to be lengthy. It 1s nothing else but what I ex-
perienced, and it was full of suggestions of what I
would have to do if I was professionally called to
attend similar cases.



CHAPTER IV.

PATHOLOGICAL SYMPTOMS OBSERVED AMONG THE MEN
WORKING IN THE AIR-CHAMBERS—THE REMEDIES USED
AS CURATIVE AND PREVENTIVE ARE INEFFICIENT,

During my preceding visits at the bridge before I
was taken sick, and when the caisson at the east pier
was fifty feet (60) below the surface of the river and
fifteen (15) feet in the sand, the pressure 24 pounds to
the square inch, the men were working in the air-
chambers six hours per day, two hours at a time, with
two hours rest between each time of work, when some
of them commenced to complain of epigastric pain and
cramps in the arms and legs, but principally in the
legs. In most cases, after a few hours of rest, the pains
disappeared, and the men returned to work. Some
were taken agaln, and with increased violence; some
were suffering with parepsis of both legs, which ob-
liged the men so attacked to discontinue work for a
day or more; and some were suffering from complete
paraplegia, involving the bladder and rectum, which
disabled them from any further work in the air-
chambers.

By the advice of somebody, the men were ordered to
wear a voltale belt around the body, or a voltaic sole to
be worn in each shoe or boot, between the sole and the
foot, or two voltaic bracelets to be worn around each
wrist,— the voltaic element being composed of a ‘series
of zinc and silver plates overlapping each other about
one-eighth of one inch, said voltaic apparatus tntended
as a preventive and cure for the pains the men who were
working in the caissons complained of.

During our visits to the bridge, we saw many of the
men wearing these voltaic apparatus, and by caréful
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enquiry, we did not hear that much benefit had been
derived Jrom their use; for we saw men taken with
very severe pains, wko had been and were still wearing
soles, belts, and bracelets, and were taken sick adfter
coming out ; and among them some became paralysed
while wearing the apparatus, and some even died wear-
ing them.

Again, some claimed that the ¢ Magic Oil,” a kind of
patent liniment, was a sure cure for those pains and
crampPs caused by working in the air-chambers. It was
used freely in frictions on the men as soon as they were
complaining, but without any marked benefit.

Then another preparation called “ King of Pains,”
claiming to operate wonderful cures on the pier patients
(as the sellers of this nostrum were pleased to call the
suffering men who had worked in the air-chambers)
was also used—internally in small doses, and exter-
nally in large quantities—but without any more suc-
cess than attended the voltaic plates or magic oil or
liniment.

Magneto-Electricity, produced by a magneto-electric
machine, was also tried on the men as soon as they
complained, but no favorable or permanent result was
obtained by its use in the cases which were subjected
to 1ft. ,

Warm baths and even hol baths were resorted to to
relieve the sufferers, but with no marked benefit, except
to stop for a-while their palns; but as soon as they
were removed from the bath, the pains returned ; and
some were paralysed while in the bath, or itmmediately
afier.

Notwithstanding all the attempts to prevent, cure, or
relieve the sufferers, the number of cases increased
daily. Cases of paraplegia occurred frequently, so
that on February 156th, some of the men were actually
sent to the city hospital.



CHAPTER V.

DEATH OF SOME OF THE MEN—INQUESTS BY THE CORONER
—POST MORTEM EXAMINATIONS, AND OPINIONS OF SOME
OF THE PHYSICIANS PRESENT AT THE INQUESTS.

The work of sinking the piers progressed, but the
pressure increasing also in the air-chambers, the num-
ber of cases became more frequent, and as soon as a
man was taken sick he was sent to the city hospital.

On the 21st March, 1870, twenty cases had been sent
to the hospital ; five died—two within a few hours after
their admittance.

Inquests were held by the coroner, and post mortem
examinations made.

Of those five post mortem examinations, thiree are
copied Jrom the reports given by the coroner, and the

two others from reports printed in the daily papers
and medical journals, which we here reproduce.

FIRST POST MORTEM EXAMINATION.

JAMES MoRAN, 35 years old, freland, admitted in the
hospital on the 10th March, 1870, died on the 19th of
the same month, nine days after his admittance.

When sent to the hospital he had never been but two
hours in the calssons.

The spinal column was first opened, in dissecting
down to the dorsal muscles; the veins were found to be
very numerous and distended, with dark and tarry
blood. The vascularity signally increased with the
approach to the spine.

On removing the vertebral arches, and exposing the
dura mater, the cellular tissue exhibited great vascu-
larity and reddish gelatinous infiltration. The dura
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mater was separated from the spinal cord by a copious
collection of serum, fluctuating on pressure, and chang-
ing 1ts level in altering the position of the body.

The serum was not collected and measured, but was
estimated at about two ounces. Leaving the spinal
cord and its membranes in situ, we proceeded to the

cranial cavity, and removed brain and spinal "cord
together.

The arachnoide membrane of both brain and cord
was Intensely vascular; its vessels of larger calibre;
the structure succulent, and at various places of the
brain changed in thickness and transparency, and
covered with inflammatory products of a whitish-grey
hue, besides being raised .off by subarachnoide serous
infiltration. The consistency of the, substance of both
organs was on that occasion but superficially inquired

into, Inasmuch as a microscopic examination 1s pur-
posed. |

In pressing on the spinal cord, some elastic resistance
was observed, which proved to be serum in its canal, so
much accumulated in that space that, being pressed
from two opposite directions, 1t would distend the cord
cylindrically. Near the cauda a moderately-sized vein

was completely trombosed. ( ?)

The right side of the heart was filled with coagulated
fibrine, which extended into the pulmonary artery;

whereas-the left side contained some blood of a dark
appearance, not coagulated. The lungs were well in-
flated ; anteriorly they were of normal color, but
posteriorly darkened from hypostasis. The Kkidneys,
slig[htly enlarged, showed venous congestion. There

was hemorrhagic infiltration about the junection of the
- cortical and medullary substance. Ureters normal.
About the bladder, and extending below the perito-
neum backward and upward, there was extravasion
of blood without any mechanical lesion. The bladder
itself, although¢bip. containing,a small quantity of

. PIRISRCIPS
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urine mixed with blood, was collapsed, and from pre-
vious distension far larger than usual. The mucous
membranes thickened, softened, and discolored.

Intestines, liver, and spleen were marked by hypos-
tatic conditions, with extravasion of blood.

SECOND POST MORTEM EXAMINATION.

G. S. ALT, 22 years ; nativity, Germany ; admitted in
the hospital March 10th, 1870, after working two hours
in the caissons; died, March 22d.

The brain and spinal cord were found highly con-
gested, the latter being softened in many places to
pulpy consistency. There was evident subarachnoid
effusion, and probably more that that a normal quan-
tity of fluid in the dura mater of the cord. Small clots
of extravasated blood were found at different points on
the external surface of the latter membrane. All the
abdominal visceras were surcharged with blood, the
lungs suffering less in this respect than any of the other
organs. There were clots of blood found in both kid-
neys; one of the ureters was very much enlarged.

THIRD POST MORTEM EXAMINATION.

HENRY KRAUSMAN, 27 years; nativity, Germany

admitted in the hospital, March 22d; died 23d same
month.

The whole contents of the cranium were found highly
congested, with effusion beneath the arachnoid, the
vessels of the latter membrane being highly injected.
Blood oozed freely from the substance of the brain on
section. The spinal cord presented pathological con-
ditions precisely like those of the brain, with the addi-
tion of the existence of clots of extravased blood at
different points inside of the dura mater; there was
also a congested condition of the thoracic content, less’
marked probably in the lungs than in the other organs.
The abdominal visceras were very highly congested,



37

- with extravasion of blood in the kidneys. The mucous
membranes of the bladder was healthy, and a small
quantity of bloody urine was in the bladder.

FOURTH POST MORTEM EXAMINATION.

THEODORE LovUuis BAUM, 21 years; nativity, Ger-
mnny , admitted in the hospital, 22d March, 1870;
died, 23d same month. :

On examining the content§of the cranium, the sub-
stance of the brain was found overcharged with blood,
oozing freely from minute points on section. .The
meninges were also highly congested, and consider-
able serous effusion between them, most markKed under
the arachnoid. The spinal canal was also opened and
examined, and about the same condition existed here
as in the brain. The effusion under the dura mater
was well marked. There was also found in the inside
of the dura mater at several points small clots of extra-
vased blood. In examining the thorax, the small
capillaries of the pleura and pericardium were found
highly injected. The lungs very highly congested, but
much less than the other organs. All the abdominal
visceras were intensely congested; clots of extrava-
sed blood were found in the kidneys, and small dark
patches on the mucous membrane of the bladder, re-
sembling ecchymosis.

FIFTH POST MORTEM EXAMINATION.

GEORGE BARROWS, 22 years; nativity, United States ,
admitted to the hospital the 1st of April; died the
12th. o

The brain and spinal cord and its meninges were
found - congested, and with slight sub-arachnoid effu-
sion. The thoracic visceras were found normal, except
some slight adhesions of the pleura.

On opening the abdomen, the intestines and the peri-

- (e e 1 SRS Sttty

toneum were found highly inflamed, with extensive
adhesions between them. The bladder and rectum



38

were found gangrenous, the former having been per-
forated by ulcerations, discharging its contents of
bloody urine into the peritoneum.

The opinions given on those cases by two medical
gentlemen of this city, and who were present at the
post mortem examinations, are literally copied as
follows. |

The first opinion given was that the affection by
which the laborers in the air-chambers are atltacked is
chiefly atiributed to the change from a very condensed
to a comparatively rarified atmosphere.

Second Opinion.—* In fact, I believe the gTeatest
danger to persons entering the caissons is that they
enter too rapidly ; that if they would admit the pres-
sure more moderately, so that the heart and internal
organs accommodate themselves more gradually to this
process of congestion. And as to-the manner of coming
out of the air-lock, 1 should think it advisable to come
out as rapidly as possible; for in every case, whether
they suffer or not, there must take place a certain
degree of reaction to the surface of the body, which
18 only accomplished by the removal of the atmospheric
pressure in entering the open air.”

We will refer hereafter in our analysis to the oplnlons
enunciated by those two medical gentlemen.



CHAPTER VI

NUMBER OF CASES STILL INCREASE AMONG THE MEN—
DEATHS AT THE PIERS—THE WRITER TAKES CHARGE
OF THE MEN WORKING IN THE AIR-CHAMBERS—MODI-

FICATIONS IN THE DURATION OF TIME OF WORK PER

DAY—SYSTEMATIC DIRECTION GIVEN FOR REMAINING
IN THE AIR-LOCK. '

No precise or even proximate cause of the patho-
logical phenomena, based on facts, could be adduced,
-nor. was any prophylactic means advised in order to
avoid the recurrence of such cases.

In taking charge of the men, we found them as
follows : |<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>