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P R E FA C E .

Having no pretensions as a writer
,
I ask the indul

gence of my readers in ofi
'

ering this result of my

thoughts and observations , which I have divided into

twelve chapters , 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 its publication

has not caused
\

me to alteranything advanced therein.

The facts observed during the sinking of the caisson

for the East abutment pier
,
and which are contained in

Chapter X I I , on thecontrary, 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 . "A M INE T
,
M . D .

ST . LO UIS
, M o .

,
15th August, 1871 .
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C HA P TE R I .

— P R ELIM INA R IES .

In any great undertaking
,
and in engineering and

architectural structures
,
especially on a large scale

,

there are di
“

culties which are only met with as the

work is 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 in its conception, as is the con

struction of a bridge over the Mississippi river
,
at St.

Louis
,
M o to connect the Illinois shore with the State

of Missouri , great difficulties had to be overcom’

e
,
and

among them the one of which we will speak hereafter.

To M r. J. B . E AD S
,
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, s o 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 necessary 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 caissons made of very thick
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iron
,
with an air-chamber underneath, being nine feet

high inside , and of the same area of the piers
,
which

for
‘
the west pier in the river is feet

,
for the east

pier feet
,
and for the east abutment pier

feet . Each caisson 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 p ier, by means of air-pumps forcing com
pressed air into the air-chambers to enable men to work
at the excavating and removal of the sand

,
eighty feet

deep
,
to reach the rock at the p lace where the p iers had

to be sunk the excavating of the sand and its removal
from the bed of the river to be made by means of sand
pumps until the caissons and piers built over them will

res t up on 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 ofwhich were the

air- loch or intermedtate chamber and the air-chambers
,

are Situated.

The air-lock is a cylinder, made of very thick iron
,

s ix 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-loch into the air

chambers . The first door closing inside the air-loch when
the compres sed 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-chm bers 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
ai r, 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 proj ect 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 cal s sons 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. It 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 air forced by the air

pumps
,
that the air had to increase in density to

equalise by its pressure the outside pressure caused by
the water in the river.
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The atInO Spheric pressure had, consequently, to in
crease also in the air-chambers o

‘

r caissons as the work
of excavation

,
removal of sand

,
and sinking of the pi ers

progressed
,
and when the caisson at the east pier

touched the bed of the river
,
the pressure was seventeen

pounds to the square inch exclus ive of thefifteenp ounds
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
,
s o that on Apri l

12th the pressure was fiftyw (QQ)_pw nds to the square
inch . The air being compressed to such an extent, and

men being obliged to work in it
,
it was supposed that it

might become injurious if their remaining in the air

chamberswas too prolonged . In consequence
,
the m en 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

piers over them progressed, but, notwithstanding all the

precautionS taken,
the pressure increas ing every day in

the air-chambers , and having reached twentgn-iour
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
,
after coming ou t of the air

chambers , and when in the air—loch, or after leaving the
air-lock, and returning into the normal atmosphere

,
com

menced to suffer and complain of very severe pains
in the arms and legs

,
and sometimes of shooting pains

in the back. None were afiected when in the air cham

bers or cais son
,
bu t 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 Sand 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 half of the body.

A S soon as cases happened means were devised at the

bridge to relieve the sufferers if possible
, even tempo

rarily , and afterwards they were sent to the C ity
Hospital. (The first case sent to the Hospital was on

the 15th February, Some died shortly after their
arrival at the Hospital, and some after a sojourn there .

Inquests were held by the C oroner of the C ounty on the
bodi es of those who died.

After the recurrence of such facts and accidents
, phy

s icians were called at the bridge to see the men at work
,

and when taken sick
,
which was generally the case

when coming out of the air-loch
,
or after returning into

the normal atmosphere. N one
,
and we rep eat it from

oficial authority/”were taken s ick in the air-chambers
,

and the sufferers
X
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 op ened into the normal atmos

p here, and not in the air
-chambers or caisson .

A t the inquests held by the C oroner, and after the

pos t mortem examinations on the bodies of the men

who died at the C ity 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 journal

We admit the correctness of then pathological obsera

vations on the patients , which they have called bridge
cas es , as also their d escription of the pathological
changes observed during the p os t mortem examinations ,
but we differ on the cause or causes wh ich 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 M r. J. B . E AD S
’

physician , and meeting him'

frequently, we had the

opportunity of becoming initiated in the furtherance of

his great project to build an arched bridge across the

M ississipp i river at St. Louis ; and with the means and
devices of engineering which he intended to employ for
prosecuting the work, and sinking of the piers,we became

so interested in thematter, that from the time the project
became a reality by the commencement of the work,

we thought that questions of great importance to sci

entific men would be met with
,
and that the us e of

compressed air to exclude entirely the water from the

air-chambers or caissons , su/nk at the dep th of one hun

dred and fif teen feet, and p erhap s more
,
below the

surface of the river, (worknever p erformed before at such
a dep th, the deep es t ever before reached being s ixty

fivefeet that the air used at such a depth would have
to be condensed to a pressure as high, may be, as

fifty
-five pounds to the square inch,

and would certainly
require close observations in its use as it 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

s ervations and experiments
,
which we will have under

consideration
,
the perusal of which may, at first

,
seem

uninteresting, but the reader will find them necessary‘

to a full understanding of the subj ect we have under
taken .



C HA P TE R II.

P HYLO SO P HI C A L O QSE R VA TI O N S ON THE INFLUENC E OF
CO M PR ESSED AIR AND ITS PHYSIO LO G IC AL EFFE C TS ON
M A N .

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 if, by circumstances depen
dent or independent of his will, the re spirable air in

which he has to live , evenf or a short time
,
is undergoing

some changes in 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 his remaining in certain abnormal atmosphere

has been toop rolonged .

The air may vary in its constituents 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 its con

s tituents , but in its dens ity, as in a comp ress ed atmos

phere to a high pressure, as it is in the air chambers at

the bridge , the men to live in such abnormal atmosphere,
to work and to sustain life

,
may stand it well for a

certain length of time
,
but this very limited, and only by

taking the necessary precautions to avoid a too sudden

transition from the normal atmosphere to an over

condensed one 111 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 is fifteen pounds to the square inch on every
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part of our body
,
but still we do not feel this pressure

when we move or during severe muscular exertions, as
in hard work. C ons equently, for the sake of con

venience and clearness on the subject we have under

cons ideration ,
we will count only the atmospheric pres

sure resulting from the height of water above the air

chambers or caissons under the p iers , exclusive of the

fifteen pounds of our ambient atmosphere .

The first time we were in the caissons
,
the pressure

was only fiv e (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 wa s increasing about one pound per day .

Still we did not feel any inconvenience , and it was only
when the caissons 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

air-lock
,
we felt a pressure upon both tympanis— pres

sure ofwhich we relieved ourselves by swallowing some

of the air to produce contrepres sure ; our breathing was
90 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 s ay , passing from the normal atmosphere to a pres
sure of sixteen pounds to the square inch ,

existing in
the caisson or air-chambers . Once in the air-chambers
we felt as well as in the normal atmosphere . After
fifteen minute s sojourn in the caisson,

our pulse fell
again 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 wdrks
,
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 returnto the normal

atmosp here, our stay was only four minutes , our pulse



16

remained the same
,
75 per minute only . We felt cold

after being two minutes ln the air-lock, the temperature
decreasing rapidly, the cause being the toorapid escape
of the compressed air through a valvewhich 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 into 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 .

O n the two last visits we were longer in going through
the air-lock and feltmore inconvenience from the frontal
pain . O ur pulse rose to 100 per minute during our

s tay in the air-lock ; our breathing remained free
,

but was 21 per minute and continued the same while
remaining in the air-chambers .

We remained in the air-chambers thirty minutes ,
after which time our pulse was only 72 per minute ; and
during our s ojourn 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 s ix 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 had to

res t two or three times
, being exhaus ted 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 suffer and even become

affected with very serious symptoms . Then we con

tinned our visits at the piers and at the

[GA s T l ’l lu
‘
lt
, FE B R UA RY 10TH, 1870—11 o’clock, A . M.

Barometer 29
°

the thermometer
'

Qijfl ; weather clear.

The caisson being sixty -nine feet under the surface of
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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 weused ther

mometers of Farenheit, made by
'

Greener
,
from Berlin.)

There were six of us to go down in the caisson or air

chambers I
,
forty-six years old

,
and the other five

averaging twenty-nine years .

O ur pii lse were respectively
,
81 78 78 79 79— 80

per minute, regular and healthy. The measures of our

chest were
, after inspiration,

40 inches— 37Q— 37— 37—15
37 and after expiration,

38— 36— 35— 35é— 35—34.

The complexionand general appearance of each was

healthy .

After descending the circular stairs , which lead to the
at the bottom of the shaft, the thermometer

There were in the air-lock at the time w e

the bottom of the shaft, eight persons just
coming out of the air-chambers . We entered the air

lobk
, being seven p ersons , size of us and the lock-tender .

The door was clos ed ,
the valve from the air-chambers

op ened to let the comp ressed air enter the air—lock and

equalize the p res sure as in the air-chambers or cais son .

We were ten (10)minutes in the air-lock to equalize the

p ressurewith 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 cg es sed air in the air

lock. The thermometer was (56
°

he we entered the

air-lock and rose in seven minutes tow
O ur pul se before entering the air-lock were respect

ively 81 78 78 70 79— 80 per minute, and s ix min

utes after rose to 100—88— 98— 86— 95—90 per minute .

A s the equalization of pressure took place in the air

lock as 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 inch , and the thermometer indi

cating 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 caisson ,
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 .

I t will be observed that during the time we re

mained in the cai sson 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 caisson
,
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 asoer
tained before

, but by exp eriments 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-fiv e 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

experlments 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 di stilled water in a

redi gqpper capsul e 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 s o as to compare the accuracy of

each and ascertain if there was any difference in the

result . Both thermometers marked 270 Farenheit
during the ebulition of distilled water . We repeated the
same experiment three times 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 thi s fact as a new one . The difier

ence of temp erature of ebulition in difierent kinds of
vessels , was observed before by G A Y LUSSAC

, a French
chemist

,
but in the normal atmosphere , where theE PI L

desirous to compare if the difference was proportionately
the same

, between a metalio 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 M is
sis sippi 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 succes s oin . I t was that when the distil led
water was in ebulition in the red copper vessel

, and the

thermometer indicating 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 but only
after theplatform 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 We then 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 s tay
in the air-lock

,
we felt cold as in our subsequent visits ,

even more s o. 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 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 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 said before ; in as cending

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 —99fand rather feeble

,

the appearance of five of us was pallid and sallow
,
one

had no notable change . This concluded the first regular
observation.
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In order to avoid useless repetitions we will epitomise

the results of subsequent observations .

E t S
’
l
‘PIER

,
FE BRUARY 12th, l870—11 o ’clock, A. M.

Barometer 29
° Thermometer; _2"81

’

Weather clear

and cold. C aisson 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-s ix 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 . O ur

general appearance and complexion healthy .

When we arrived at the bottom of the shaft
,
the tem

perature was We entered the air-lock
,
four persons

beside the lock-tender
,
who was directed to let the com

p res sed air in very gradually,
so as to s tay eleven (11)

minutes in the airl ock before the p ressure should be

equalized with t he air-chambers . O n entering the air

lock the temperature was but increased to 62
°

during our s tay 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 pressurewith 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

,
Mississippi 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 in a glass one .
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For Mississippi river filtered water the thermometer

marked 269
°

in a red copper vessel and 272; in a glass
one .

The experiment of laying the hand on the platform
,

to suspend its insulation was repeated ; the thermometer,

at each time insulation ceased
,
successively fell three

degrees
, after a few seconds ebulition ceasing also

,
but

commenced again 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 alcohol,
sulphuric ether and chloroform

,
for which a water bath

was used, and with the following results "

Alcohol in ebulition
, (Alcohol fortius .)

Sulphuric ether in ebulition
, (Ether fortior.)

C hloroform in ebulition
, (Chloroform purifi

catam .)
The experiments with alcohol, sulphuric ether and

chloroform were repeated three times with the same

results .

After our experiments were over
,
andhaving remained

two hours in the caisson, the temperature was O ur

pulse from 81 81 78 78 when in the normal atmos

phere fell to 66 —68— 66— 69 after our sojourn in the air

chambers . The measure of our chests were unchanged.

I t was observed that during the time we were in the air

chambers , we. as also all the working men
, w ere

p ersp iring p rofusely. 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
compre ssed 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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bili ty 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 s ix

minutes
,
during this time the temperature from 45

°

in

entering it
,
fell to as the compressed air escaped

and the equalization of pressure taking place with the
normal atmosphere in the shaft, which we reached, and
after ascending the circular stairs we returned to the

surface of the pier.

We experienced
,
as before, the s ame hard breathing

and exhaus tion
,
three or four times

,
in coming up ;

our pul se after returning to the normal atmosphere was
92 88 90 95 per minute ; the appearance of the eu

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 pul se

,
from

92 per minute, fell to 81 , its normal condition .

This concludes the second regular observation .

EAST PIER,
/FE BRUARY 19th , 1870—11 o’clock , A . M.

Barometer Thermometer 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 in the caisson .

The writer, three stranger visitors , and two working
men. O ur 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.

O ur pulse respectively was 81—75— 76— 80— 76—82 per
A 2
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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 O ur pulses
were 97— 77— 77— 92— 88— 90perminute . O ur respiration
was 21 per minute . The phenomena of alteration of the

sounds in our speech was observed to a greater degree
than on our preceding v isit . We refer for the explana
tion of this phenomena to our last observation . (Page

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
,

284i
°

For Mississippi river filtered water, in a red

copper vessel
,

277
°

When in ebulition m 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 ascertain 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 efi
'

erves ence 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 . B ut what

became of the carbonic acid evolved by the respiration

of the workingmen
,
or from any other cause , we will

examine it hereafter.

I O ur experiments concluded
,
the thermometer was

We then entered the air-lock to return into the
normal atmosphere

,
and directed the lock-tender to let

the comp res sed air escap e very s lowly s o as to enable us

to remain at leas t 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
,
the ther

mometer
,
which was 45

°

when we entered it
,
fell to

giving us an uncomfortable sensation of cold
,
which

was only relieved by entering the shaft or normal
atmosphere

,
where the temperature was O ur pulse

then was the same as in the air-chambers . After leaving
the air-lock and during the time we were ascending the
stairs in the shaft

,
we had to res t at dif erent times

,

breathing heavily, our pulse quickening, though not

losing its s trength. Arrived at the surface of the pier
,

our pulse was respectively 104— 90— 90— 100— 94— 96 per
minute . O ur appearance was very sallow and we felt
much fatigued.

Ten minutes after reaching the surface of the pier
,

I felt a very severe ep igastric p ain , which increased

while crossing the river to the shore. I then drank two
tea- spoonsful of old Jamaica R um 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 s ince 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 until the
caisson had touehed the rock.
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EAST PIER, FE BRUARY 28th , 1870—11 o’clock, A . M.

B arometer 29
° Thermometer Weather clear .

C aisson 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— 85 per minute . O ur complexion was healthy
and fair. Arrived at the bottom of -the shaft the ther

mometer was

Four of us and the lock-tender entered the air-lock
,

the com ress ed air was let in very s lowly, s till s lower

than on our p receding visit. I t tookfif teen minutes

to equalize the p res sure with the air-chambers . O ur

pulses
,
after ten minutes in the air-lock

,
rose to 102

— 95 —97— 97 . The thermometer
,
from 53

° when we

entered, rose to O ur respiratlon was 21 per minute .

O n entering the air-chambers twenty minutes after
, the

thermometer was our pulses were respectively as

before descending the shaft, 82— 78— 79— 85 . O ur

respiration continued 21 per minute . During our con

versation the sonority of the voice was more affected

than on our preceding visit . The caisson 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 , 297
°

Mississippi 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 we felt well and were ready to return to the

normal atmosphere
,
when M R . J. B . E A D s

,
happ ening

to be in the air-lock with a p arty of vis itors
,
coming



down in the air-chambers , . then I remained with them

three-quarters of an hour longer, and gcmg around
‘

in

the several places
“

where the caisson touched the rock,

and I waited until they returned into the air-lock in

order to go with them .

There were ten persons in the air-lock when the door

of the air-chambers was closed ; the equalizing valve

op ening into the shaft or op en air was freely op ened ,
the compressed 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 longitudinah sinus
,
— pain s o

violent at a time that I asked that the escape of com

pressed air might be
‘

les s ened .

I

We were only three minutes and a half in the air

lock, to return into the shaft or normal atmosphere.

I was the last to leave the air-lock
,
not feeling very

well ; and after res ting four times in ascending the

s tairs , I arrived at the surface of the p ier, almos t ex

hausted
,
my pulse at 110 per minute . I sat down a few

minutes
,
but did not feel any better. I was taken

again with the same epigastric pain as in my former

visit . I was di zzy
,
s o that no sooner was I on board

the boat which crossed us to shore than I had to s it

down on the stairs of the cabin to prevent myself from
falling; my pulse grew weaker, and after reaching the
shore, I had to us e great

“

exertions to reach my buggy,
only half a square distant. I succeeded in getting in .

During that time the epigastric pain increased
, having

nothing to take to relieve me
, an accident in the caisson

having deprived m e of my flask containing the cordial
which I intended to us e 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



28

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 ofwater under in
creased atmospheric pressure

,
which we made during

our preceding visits in the air chambers of the east
caisson at the bridge , seem to have no relative interest
with the subj ect 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— ifwe found that

increased atmospheric pressure exerts such influence
on its physical transformation from a liquid form to a

gaseous one
,
is it 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 ou 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 caissons at the bridge .



CHAPTER III .

PERSONAL EX PERI ENCE B Y THE WRITER— TAKEN SICK
AND PARALYSED AFTER COMI NG O UT O F THE CAISSON

-HIS OWN PATHOLOGICAL OBSERVATIONS
,
TREATM ENT,

A ND 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 mea t 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 left p erfectly quiet on my back or

my right side, my head on a level with my body, my
legs s tretched , and my feet elevated two feet above my
head .

Then I took a tea- spoonful of old Jamaica rum every
five minutes three times in succession

, and kept a small
piece 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, whlch I experienced some years ago.

During the pains 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.

A 3
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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 .

A ny 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 .

A t half-past three o
’
clock P .M .

,
I felt some better my

pulse was 100 per minute , but a little stronger. I was
still taking beef tea every ten minutes

,
and kept using

ice . The pains were not so frequent, but as strong
,

in the legs and left arm .

A t forty-fiv e minutes past three o
’
clock P .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 s o . cold, and

being very thirsty, I continued the ice . I commenced

to be
‘

relieved of the pains in my limbs , and felt that I
was gaining strength ,

my pulse being 96 per minute ,
and stronger. I slept about twenty minutes ; and at

half-past five o
’
clock P .M .

,
three hours after reaching

home
,
I was undressed and put to bed.

I had use only of my right arm ,
and noticed that

after being removed to my bed the p aralys is 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 .

A t s ix 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 I cons idered myself
out of immediate danger . The pains in the left arm
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and both legs were less frequent . I had intervals of

comparative ease . A t half—past nine o
’
clock P .M .

,
I

commenced to move my legs a little
, as also my left

arm .

I had no disposition to sleep . A t half-past eleven
P .M .

,
the pain had left my left arm , and I was able to

move it ; 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.

A t half-past two o
’
clock A .M . I slept

, but was

awakened from time to time by the suffering when
trying to mov e ; 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 I 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 in

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 .

Thi s recital of my experience as a patient may seem
to be lengthy . It is 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 .

PATHOLOG ICAL SYMPTOMS OBSE RVED AMONG THE M E N

WORKING IN THE AIR-CHAMB ERS THE REMEDIE S USED
AS CURATIVE AND PREVENTIVE ARE INEFFICIE NT .

During my preceding visits at the bridge before I
was taken sick, and when the caisson at the east pier
was fifty feet (50) 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 s ix hours p er day, two hours at a time
, with

two hours res t 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

di sappeared
, and the men returned to work. Some

were taken again
,
and with increased violence ; some

were suffering with parepsis of both legs
,
which ob

liged the men s o attacked to di scontinue 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 voltaic 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 intended

as a p reventive and curefor thep ains themen whowere
working in the caiss ons comp lained of .

During our visits to the bridge
,
we s aw many of the

men wearing these voltaic app aratus , and by careful
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enquiry, we did not hear that much benefit had been
derived from their us e for we saw men taken with

very severe p ains , who had been and were s till wearing
soles , belts , and bracelets , and were taken s ick after
coming out ; and among them some became p aralys ed
while wearing the app aratus , and some even died wear

ing them.

Again, some claimed that the “Magic O il
,

”
a kind of

patent linimerit
,
was a sure cure for those pains and

cramps 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 menwho 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 subj ected
to it.

Warm baths and even hot baths were resorted to to
relieve the sufferers

,
but with no marked benefit

, except
to s t0p for aw hile their pains ; but as soon as they
were removed from the bath, the pains returned ; and
some were p aralysed while in the bath

,
or immediately

Notwithstanding all the attempts to prevent
,
cure

,
or

relieve the sufferers, the number of cases increased
daily. C ases of paraplegia occurred frequentlym so

that on February 15th, some of the men were actually
sent to the city hospital.



CHAPTER V .

DE ATH OF SOME OF THE M E N — INQUESTS BY THE CORONER
-POST MORTEM EXAMINATIONS

,
A N D OPINIONS OF S OME

OF THE PHYSICIANS PRESENT AT THE IN QUESTS .

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 .
O n the 2l s t 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 , three are

cop ied from the reports given by the coroner
,
and the

two others from rep orts p rinted in the daily p ap ers

and medical journals , which we here reproduce .

FIRST POST MORTEM EXAMINATION .

JAMES MORAN
,
35 years old

,
I reland

, admitted in the

hospital on the l oth 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 caissons .

The spinal column was firs t 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 .

O n removing the vertebral arches , and exposing the
dura mater

,
the cellular tissue exhibited great vason

larity and reddish gelatinous infiltration. The dura
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mater was separated from the spinal cord by a copious

coll ection of serum ,
fluctuating on pressure

,
and chang

ing its 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 o ff 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 is 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, it would distend the cord

cylindrically . Near the cauda a moderately- s ized xein

l i mmhos fid. (9
The rig ht side of the heartwas filled with coagulated

fibrine , whicL extended into the pulmonary artery ;
whereas e left side contained some blood of a dark

appearance , not coagulated. The lungs were well in
fl ated ; anteriorly they were of normal color

, but

posteriorly darkened from hypostasis . The kidneys
,

slightly enlarged, showed venous congestion. There
was hemorrhagic infiltration about the j unction 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 le sion. The bladder
itself, althoughf@t

k
containin a small quantity of
“ W u-m
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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 di scolored.

Intestines
,
liver

,
and spleen were marked by hypos

tatic conditions , with extravas ion of blood.

SECOND POST MORTEM EX AMINATION.

G. S . A LT
,
22 years nativity, G ermany ; 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 v is ceras 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 KR A USM A N
,
27 years ; nativity

, G ermany ;
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 inj ected .

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 extravas ed 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
,
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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 EX AMI NATION .

THEODORE LOUIS BAUM
,
21 years ; nativity , G er

many ; admitted in the hospital, 22d March , 1870

died
, 23d same month .

O n examining the contentsof 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 marked 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
vas ed 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
vis ceras were intensely congested ; clots of extrava

s ed blood were found in the kidneys , and small dark
patches on the mucous membrane of the bladder, re
sembling ecchymosis .

FIFTH POST MORTEM EX AMINATION.

GEORGE B A R R ows
,
22 years ; nativity, United States

admitted to the hospital the 1st of April ; died the

12th .

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 .

O n opening the ad men
,
the intestines and the peri—_ R

toneum were found highly inflamed
,
with extensive

adhesions between them . The bladder and rectum
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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 afiection by
which the laborers in the air-chambers are attacked is

chiefl y attributed to the change from a very condens ed

to a comp aratively rarified atmosp here.

Second Opinion . I n fact, I believe the greates t

danger to p ersons entering the caissons is that they
enter too rap idly ; that if they would admit the p res

sure more moderately,
so that the heart and internal

organs accommodate themselves more gradually to this

p roces s of conges tion . A nd as to the manner of coming
out of the air-lock

,

‘

I should think it advisable to come

out as rap idly as p os sible ; for in every cas e
,
whether

they sufier or not
,
there mus t take p lace a certain

degree of reaction to the surface of the body, which

is only accomplished by the removal of the atmospheric

p res sure in entering the op en air .

”

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



CHA PTER VI.

NUM BER OF CASES STILL INCREASE AMONG THE MEN
DEATHS AT THE PIERS— THE WRITER TAKES CHARGE
OF THE MEN WORKING IN THE AIR-CHAMBERS— MODI
FI C A T I O NS IN THE DURATION OF TIME OF WORK PER
D A YH SYSTE M A TI C DIRECTION GIVEN FO R REMAINING
IN THE AIR-LO CK .

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
There were at the east pier 80 men w orking m the

air-chambers , divided into gangs from eight to ten

with a foreman for each gang.

Their appearance was generally healthy and cheerful
their pulse

.

ranged from 75 to 82 per minute .

Their nationality was nearly equally divided between
United States , Ireland, and Germany, with the excep

tion of five Frenchmen and four Englishmen . Thelr

ages averaged as follows — Five were from 17 to 20

years , fifty-three from 20 to 28
,
Sixteen from 30 to 36

,

and Six were over 40 years old. With a few excep
tions their stature was rather below the medium height .

Twelve were married. As a generality, they were in
telligent, every one of them being able to read and

write . As for their character, some were docile
,
easy

to manage ; some wilful and unruly .

Their habits were not very regular, except a few

many of them were using strong drinks rather too

freely, and the most of them chewing tobacco . As to
B
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their diet, a great part of the men were not taking a

regular dinner, but going to shore , taking a lunch with

one or two drinks , or even more
,
instead of a substan

tial but plain dinner.

When the writer took charge of the workingmen
,

there was at the east pier a \ fl at boat, which had a

cabin to receive temporarily the men taken sick.

This was immediately improved by large additions
for accommodation. so that at least fourteen patients
could be attended in the floating hospital . A room
was also provided on the same boat

,
with berths for

each man to rest during the interval allowed to them

between their time of work in the air-chambers .

The duration of work was two (2) hours three (3)
times a day,

with an interval for rest of two (2) hours
between each two (2)hours work.

Prior to the 3l s t March the men
, as soon as they

came out of the air—chambers , were allowed to go

ashore
,
provided they were ready to return with their

gang at their regular time of working in the air

chambers .

The appearance of the men when coming up into the
open air was pallid and sallow ; the pulse of some

quick,
ranging from 90 to 110 per minute ; but with

others it was the contrary— the pulse was as low as 60

per minute . All the men invariably in coming out of

the air-chambers , after ascending the shaft
, and once

in the open air
,
complained of fatigue ; but instead of

resting by sitting or lying down
,
and keeping quiet for

half an hour at least, they were running around and

going to shore to take a drink or more . The conse

quenco was
,
that when the time to return to the air

chambers approached, they hastened to the shaft to go
down,

and instead of being refreshed and to have re

covered some strength
,
they were going down to work
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in a condensed atmosphere , more exhaustive to

human organism than any kind of work performed in

the open air.

Such was the state of things when we took charge of

the men at the bridge .

Having experienced ourselve s the exhaustive power
of a condensed atmosphere, very nearly equal to the

pressure to which the men had to work—being 48 pounds
to the square inch—we thought a change between the

time of work was neces sary ,
that is to say, we sug

gested that they should work six hours per day,

divided into three watches of two hours each, but with
three hours rest,

instead of two between each two hours
of work.

We instructed also the air-lock tender (the man in

charge of the air-lock) for the duration of time that

the men had to stay in the air-lock .
when going to

work in the air-chambers or when coming out of them.

This had not been regulated, and had been left to the

option of the air-lock tender ; and it so happened. that

when the men were going to work
,
if they had with

them a new or green hand
,
as they called him

, they
enjoyed the fun of letting the compressed air to come

in very fast, and ins tead of being s ixteen (16)minutes
in the air-lock

,
when the pressure was 48 pounds to the

square inch— to equalize thep ressure with the air
-cham

bers or caissons— they were only five to six minutes
,

which time was not only too short but injurious to

some of them .

B ut it was still worse for the men them selves work
ing in the air-chambers , when , after two hours working,
and anxious to come out into the open air, they were

going through _the air-lock s tillquicker, as for ins tance,
in three or four minutes , instead of seven or eight
minutes , which time they ought to have remained.

Then we directed that every air-lock tender should
always , when taking a gang of workmen and going
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from the air-lock into the air-chambers
,
should take one

minute to every three p ounds of p res sure until the

equalization between the air-lock and the air-chambers

or cais sons
,
— that is to say, 16 minutes for 48 pounds

pressure ; and when going out through the air-lock
,

from the air-chambers to the normal atmosphere, one

minute to every s ix p ounds
,
— that is to say, eight

minutes
,
to let the compressed air in the air-lock

escape into the shaft and to return into the open air.

By my directions
,
every man work1ng in the air

chambers who should be taken sick was to be removed
immedi ately to the floating hospital at the east pier,
to receive the necessary attendance

,
and that under

“

no

circums tances should any one be removed from the p ier

to any other p lace
— having given special directions for

the treatment of those taken
'

sick during my temporary
absence— being convinced

, after the careful observation
of some cases

,
that any removal or transp ortation of

the men taken s ick aggravated their cas e
,
and might in

some cases involve life .

After increasing the time of rest between the two

hours work
,
no case occurred until the 4th of April .



C HAP TER VII .

DE CREASE OF FATAL CASES— SEVENTY-EIG HT CASES OF
OBSERVATIONS A ND TREATMENT— RECOVERY— SYSTE
MATIC EX AMINATIONS OF THE MEN WORKING IN THE
AIR-CHAMBERS— PROPHYLACTIC TREATMENT .

A t the east pier
,
the pressure being increased to fifty

(50) pounds _to the square inch by the rise of water in
the river

,
the men again commenced to suffer and com

plain ; and I then observed that symptom s of exhaus

tion prevailed always on a man
,
when he complained

of being sick after coming out of the air-chambers . I t

was evident to me that the waste on the system of

those men was going on faster when working in the

air-chambers than on any other man working in the

open atmosphere .

I observed also that when a man was taken sick
immediately after coming out of the air- chambers his
pulse was 95 to 115 per minute and feeble but that the

contrary happened on those taken sick after a lapse of

twenty minutes or longer, their pulse being generally
slow— very often as slow

,

"

as 260 per minute . Either
,

when taken sick
,
was covered with cold profuse per

spiration . The temperature of the body was not much
changed, except the legs , which in most serious cases
were cold and the Skin clammy . The pupils remained

unchanged, the face was pale and livid
,
and the lips

discolored ; but this , after from five to ten
‘

minutes
,

ceased after the patient had been lying down and at

perfect rest, and his legs more elevated than the head.

After repeated observations of similar cases
,
I pre

scribed the following treatment
,
the success of which
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will be demonstrated by the perusal of the first forty
nine cases which came under our care during a regular
attendance at the bridge from the 31s t March ,

1870
,

until the 27th M ay following .

1 directed that the working men
,
as soon as they

were coming up from the air-chambers , should rest and

keep quiet for an hour
,
and if any were taken sick the

treatment was to be as follows

The patient was to be put in bed lying on his back

or right side
,
the head low—level with the body,

the

legs stretched
,
the feet elevated at least one foot above

the head
,
and all clothing loosened.

I prescribed half an ounce of the following cordial,
which always relieved the violent epigastric pains "

‘

R . Spiritus Jamaicensis
,

viii . fluid ounces .

Syrupus Simplex
,

iv . fluid ounces .

Oleum anisi
,

ii . fluid drrchms .

A ftert aking this cordial, and from five to ten minute s
after, it was followed by two table spoonsful of beef
tea (made with Liebig

’
s extract ofmeat in the propor

tion of one drachm to Six ounces of boiling water), two

tablespoonsful was given from five to ten minute s ; and

as the patient always after a while complained of thirst,
ice was freely used, but no water or any other drink

was allowed for at least two hours .

The beef tea was continued regularly ; the position
of the patient was still adhered to ; but afterward the
legs were left in the most comfortable position

, as soon
as the pulse was getting stronger and less frequent,
that is to say ,

for the case s where the pulse was over
95 per minute and feeble , and more frequent in the

cases where the pulse had fallen as low as 60 per

minute . Then
, and not until then,

was the patient
allowed to change his position .

The necessity of placing the patient on his back,
with

the head low and the feet elevated,
was to send more

s timulus to the brain,
and prevent a return of syncope ,
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which sometimes happened
,
and which, if repeated in a

state of exhaustion ,
might have had a fatal termination .

A nd when the position was alternately changed from
the back to the right side

,
it was to relieve the spine

,

and at the same time the heart, to let it resume its

regular function ,
which was more or less disturbed at

the time the patient was taken sick . N0 bath of any

kind was giveff to any of the sufl
'

erers
,
having been

positively forbidden by me .

The first case which occurred after commencing my
regular attendance at the bridge

,
was on the fourth of

April
,
and was afterwards followed by others, as the

data of observation in each case will Show . I was
unable then to control the men and persuade them to

keep quiet and res t
f
after coming up from their work

,
as

also to prevent them from going ashore , where a great
many were drinking freely

,
and

,
it will be seen

,
that

before I got control over them
,
that is to say,

from the

fourth ofApril until the twenty-fifth of the same month
,

thirty cases occurred.

From repeated observations the variation of the tem

perature of the normal atmosphere did not seem to have

any marked influence on the men working in the air

chambers , nor did the barometrical changes
, as it was at

first supposed, and this is the reason we have thought it
necessary to note at the head of each case the state of

the barometer
,
thermometer and appearance of the

weather. as also the pressure then existing in the air

chambers .

C ASE I .
—A P B IL 4m .

East Pier. Barometer 29
°

Thermometer 50.

Weather clear . Pressure forty-eight pounds to the

square inch .

WILLIAMWILSON
,
twenty-two years ; nativity, United

States ; medium stature ; worked three weeks in the

caissons taken sick for the first time , after a two hours
’

watch ,
at eleven o

’
clock,

A . M .

,
two hours after coming

up .
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SYMPTOMS .

Face livid, pulse 66
'

per minute . C omplained of vio

lent epigastric pain, as also of shooting pains in back

and left arm . There are manifest s igns of paraplegia .

TREATMENT .

Half an ounce of cordial ; kept at perfect rest in bed,
in the position already prescribed two table -spoonsful
of beef tea every ten minutes ; when thirsty,

ice . C on

tinued the same for one hour
, after which , the pulse 70

per minute ; beef tea every twenty minutes and kept at
rest for one hour longer ; the epigastric pain and pain in
back nearly disappeared, and also the symptom s of

paraplegia ; motion has returned . Six o
’
clock P . M . ;

pulse 76 per minute ; appearance good. Asks to go

home by himself, which is granted. Rested two days ,
and recommenced work.

CASE II. —APRIL 5TH.

East pier. Barometer 59
° Thermometer 60

°

Weather clean . Pressure forty-eight pounds to the

square inch .

G . LYONS . (Foreman) Thirty years ; nativity ,
Penn

sylvania ; worked nearly five months
, and Since the

caissons were submerged ; was taken sick after the
third watch of two hours ; said himself that he did not
rest between the last two watches he worked the day
he was taken sick. I t was about twenty-five minutes
after coming out of the air-chambers that he was taken
with violent epigastric pain and parepsis of both legs .

Being myself absent at the time, a hot bath was given
to him to relieve the pains, ofwhich he was free as long

as he remained in the bath ,
but as soon as he was out

of it he was taken with paralysis of both legs and left

arm ,
and shortly after the pains returned.

He was sent home in an ambulance, within three

quarters of an hour after being taken sick. I saw the

patient one hour or so after he was removed to his

home . The patient was of medium stature
,
and well

built.
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SYMPTOMS .

Face pallid, pulse 64 per minute— paraplegia was

complete . The legs were both cold and shrunken,
and

of cyanotic color ; notwithstanding the paraplegia he
was complaining of shooting pains in both legs and

lower part of the back.

TREATMENT .

Perfect rest in bed in the position already described.

The patient not having taken any food for nearly
twelve hours

,
two ounces of beef tea was given every

half hour for three hours
, and then the same continued

every hour for four hours
,

'

after which the patient felt
better

,
the pulse being 69 per minute . He slept a little

,

but was awakened by shooting pains in the legs and

back. The bladder, being also paralysed
,
had not been

emptied of its contents since morning. After examina
tion

,
finding the bladder very distended

,
I used a cath

eter and drew two pints of urine
,
which was highly

colored
,
but limpid and not bloody .

5th April .—Patient better ; pulse 70 per minute ;
slept, but still complained of violent epigastric pain ,

which ceased as soon as the beef tea was taken . The

legs are in the same condition ; the bladder being again
full and paraplegia existing

,
he has to be catheterised

three times every twenty-four hours . 6th April — P a
tient same pulse 75 per minute ; slept well, and has no
more epigastric pain asks for something to eat, which
is granted. C atheterism is used three times a day,

during which time the quantity of urine passed is at

least half a gallon
,
and of normal appearance . 8th April

,

Same ; pulse 75 perm inute slept well ; appetite good ;
the patient commenced to us e the catheter himself to
relieve the bladder three times every twenty—four hours

,

and drew the same quantity of water as before . April
9th — Pulse 75 per minute ; good appetite ; catheterised
himself three times . loth — Same condition ; had no

stool since hewas taken sick. 1l th .
—Same continued

the us e of the catheter three times a day . loth—Same ;
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stool yet . Prescribed one enema with two pints of

tepid water . and two fluid drachms of tincture of

as s afaedita, which , after its administration
,
produced

a constipated evacuation . April 14th — Patient better ;
pulse 76 per minute skin soft and warm ; the

paraplegia partially ceased ; patient feels whenever
anybody touches his legs and feet

, and is able to

move them a little ; he can urinate
,
but with dihi

culty . From the 14th until the 3oth ,
there was no

notable change in the s tate of the patient .

'

M ay
-l s t.

— Same ; pulse 78 per minute ; commenced to s it up ;
can move his legs more freely

,
but each motion is suc

ceeded by involuntary tremor. M ay 3d.

— Still improving
until the 23d

,
when he was able to sit up in an easy

chair, butfor want of proper nursing had to be removed
to St. Luke ’s Hospital to insure the necessary nursing .

M ay 25th .

— Removed to St. Luke’s Hospital ; still im
proving ; urinates freely four or five times in twenty

i

four hours
,
but is obliged to us e an enema everyother

day to produce an evacuation from the bowels . M ay

28th .

— Still improving ; sat up two hours at a time
,
three

times a day . June 10th .

— Pulse 80 per minute and

strong ; has a daily stool without enema . Commenced

to stand
.

on his feet and walk with some assistance .

24th.

— Still improving ; pulse 80 per minute ; can walk
by himself by using a chair as a support. 28th .

—C om

menced to us e crutches and go around. July 8th .

-Left
the crutches and used two canes instead, and no longer
needed to look at his feet when walking. 18th .

— Same

intend to leave the hospital improving, but slowly, and
unable to walk without the us e of two canes .

CASE I I I—APRIL 5m .

East pier. Barometer 29
° Thermometer

Weather clear. Pressure fifty pounds to the square

inch .

H . K E LLOG , thirty years ; nativi iy , E ngland ; worked

s ix weeks ; was taken sick for the first time after the
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third watch, and from twenty to
‘
twenty-five minutes

after coming up . Patient ofmedium size
,
well built .

SYMPTOMS .

Face livid ; pulse 66 per minute complained of . vi o

lent epigastric pain
,
also pains in both legs, which were

moved with difliculty . Followed the same treatment as

in case No . 1
, and in s ix hours the patient was much

better ; pulse 78 per minute, when he was removed to
his home . April 6th — Slept well ; pulse 80 per minute ;
felt much better

,
but weak intends to rest a few days

before working again .

CASE IV.
—APRIL 5123 .

East pier. Barometer 29
° Thermometer

Weather clear. Pres sure fifty pounds to the square
inch .

JOHN YA GER
,
thirty-three years ; nativity, zG ermany

worked three weeks ; taken Sick for the
'

first time after
the third watch , and twenty-five minutes after coming
up . Patient is of medium stature and well built .

SYMPTOMS .

Face very livid
,
and covered with profuse perspira

tion ; pulse 64 p erminute violent epigastric pain ; also
pain in both legs and left arm .

TREATMENT .

Same as case No . 1 during one hour
,
after which the

pulse is 70 per minute . Continued beef tea every half
hour for s ix hours longer, when the pulse is 76 per
minute , and the pains in both legs and left arm have

ceased. Twelve hours after having been taken Sick,
he

was able to go home by himself, but he remained weak
for sometime

,
preventing him from returning to the same

work.

CASE V.
—A PnII . GTE .

East Pier. Barometer 29
° Thermometer

Weather clear . Pressure fifty pounds to the square inch .

C HARLES LOVE"OY, (foreman
,) thirty-three years ;

nativity,
United States ; worked three months in the
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caissons had suffered three times before of pains in his
legs , principally in the knees

,
of which he recovered

easily , and recommenced work the following day . This
time he was taken Sick after the third watch

,
and half

an hour after coming out of the air-chambers .

SYMPTOMS .

Suffered with ; violent epigastric pains
,
and of slight

paraplegia ; notwithstanding the marked state of par

alysis the patient was complaining of shooting pains
in both legs face palid

,
and covered wi th profuse _per

spiration pulse 66 per minute .

TREATMENT .

Same as case No . 1
,
during an hour

,
after which the

pulse was 72 per minute ; continued beef tea every half
hour for four hours longer and used I ce

,
the patient

being thirsty perfect rest for eight hours from the time

he was taken sick
,
when he was sent home . Saw him

the following morning " pulse 80 per minute ; felt well,
but weak did not think himfit to work any longer in
the caissons , and had him removed to some other work .

NOtwithstanding all the care taken ,
havinghadfiv e new

cases in the last ‘two days
,
of which case II. was a very

serious one
,
it became necessary to reduce the duration

of time of work to two watches of two hours each, with

four hours res t between each two hours work
,
making

onlyfour hours for a day
’
s work, and this only every

twenty-four hours . B ut it availed us little
, as it was

impossible to keep the men a t rest after coming up

from the air- chambers , as they would still run around
or go ashore to indulge in drinking . Immediately
after their last watch was over

,
the majority of them

,

instead of taking time to rest or wash themselves
,
were

running for the boat to go ashore
,
where

,
instead of

going home to keep quiet and rest
,
the most of them

were wasting their time of repose in bar-rooms or other
places unfit forany man employed in such exhausting
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We
.

were convinced that it was necessary for strict
regulations to be enforced to prevent among the men an

increase of new cases , and that a favorable result could
only be obtained by compelling them to take more reg
ular and systematic rest between their time of work

rest indispensable for rep airing the waste caused .on

their organism by working in the highly condens ed

atmosphere of the air-chambers— but to enforce these
rules and regulations for their own benefitwas next to
impossible . All we could do was

,
when new cases

occurred, to try our best to relieve the sufferers . O n

the following day we had

CASE VI —APRIL 7TH.

East pier. Barometer 29
° Thermometer

Weather cloudy . Pressure fifty pounds to the square

C HAS . D UFO UR NY
,
forty-four years ; nativity, France ;

worked four weeks ; was taken sick after the lastwatch
,

immediately after coming up ; tall, Slender build .

SYMPTOMS .

Face livid ; lips discolored ; skin cold and covered

with profuse perspiration pulse 110 per minute and

feeble ; complained of violent epigastric paln ; also , of
shooting pains in both legs .

TREATMENT .

Perfect rest
,
in same position as before described °

given half an ounce of cordial, l

followed
,
five minutes

after, by two ounces of beef tea
,
continued every

ten minutes for an hour, after which the pulse
was 90 per minute ; continued the beef tea every hour
during s ix hours longer, when the pulse was 85 per

minute, and the patient ~felt well
'

enough to be sent
home following morning felt well . After examination
found him unfit forworking in the air-chambers

,
and he

discharged accordingly.
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By the following case (7) it will be s een how difiicu l
it was to enforce the regulations

C A bE VI Im—A I ’B IL 8m .

East
,

pier. Barometer 29
° Thermometer 60

°

Weather cloudy . Pressure fifty pounds to the square
inch.

LOUIS BOYER
,
twenty-four years ; nativity, France .

This patient had only worked two hours for the first
time

,
on the first of April

,
when he was taken sick with

epigastric pain and pareps is of iboth legs , half an hour

after coming up from the air-chambers . After resting a

few days he intended to return to the same work,
but

before doing so , and after
’

I had examined him , I told
him not to go into the caissons any more , because he
was unfit for such work. Notwithstanding my advice,
he came with a friend the following morning to' work in
the air-chambers

, and was taken sick the same day after
the second watch , and after coming out of the air-lock.

Instead of taking him to the floating hospital to receive
proper treatment, he was removed to his boarding house
by the same friend with whom he came to work in the

morning . I s aw the patient only s ix hours after his
removal and found him as follows ; tall but very Slender.

SYMPTOMS .

Face hot ; pulse 96 per minute . Paraplegia had

supervened during his removal to ‘
his home . The

bladder was full and distended ; the catheter was

used, and over half aW urme of a dark color
but clear, and containing no blood

,
was drawn . After

the catheterism he felt much 1 elieved, and in less than
twenty minutes his pulse fell to 90 per minute . The

thirst being very great ice was kept in the mouth
, and

'

two ounces of beef tea was given every hour. C athe

terism was used againla te in the evening
,
which drew

the same quantity and quality of urine .

April 9th .

— The patient has not slept
, and suffered in

the night of shooting pains in the back and both legs
,
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which are still paralysed, cold and shrunken ; toward

morning the water had to be drawn ; the quantity had

slightly diminished ; the catheter had to be used twice in

the day ; the patient was restless , and the pul se 95 per

minute .

April loth .
—Patient more restless p

,
ulse 98 per min

ute ; no appetite ; skin hot and dry catheterism used

again . There being no suitable accommodation for a

sick person he was removed to St . Luke ’s Hospital to
remain under my care . 6 o

’
clock ,

P . M . Same ; pulse
95 per minute ; continued the us e of the catheter.

April l i th .

—Felt worse ,
had a chill in the night,

which was followed by strong feve1 ; pulse 110 per

minute and full ; paraplegia still existing ; had to be

catheterised during the night, the filling up of the blad

der causing such violent pain that from this time the

catheterism had to be used every eight hours regularly .

April 12th .

—Had fever ; pulse 100 per minute and

full ; no appetite
,
but a parching thirst ; catheterised

every eight hours and given a teaspoonful of spirit of

nitre with two tablespoonsful of water every two hours .

April 13th .

— Pulse 100 per minute ; slept be tter ;
appetite ; same thirst

,
cathetei ised three times a day

0

°

continued the spirits of nitre every two hours .

April 14th .

—Better ; slept well , pulse 85 per minute
but the urine drawn in the night contained a large
quantity of pus , which settled at the bottom of. the

vase . Bowels not evacuated Since taken sick ; prescribed
an enema with two fluid drachms of tincture as safaetida

and two pints of tepid water
,
which

, after administra
tion, produced a large evacuation . Since last night the
patient can feel and move his legs a little ; catheterism
is still necessary every eight hours .

April 15th .

— Better ; pulse 85 per minute ; appetite
returning ; thirst ceased ; had two involuntary stools "
urine is drawn three times a day ,

each time containing
a large

, quantity of pus . The quantity of urine in

twenty-four hours , has been seven pints by measure
ment

,
even more

,
since the 11th .
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April l 6th .

—Pulse 85 per minute ; Slept well ; good
appetite ; felt and moved h1s legs better ; catheterism
still used three times a day .

Apr
i

l 17th .

— Same
, but moved both legs more freely .

April 18th .

— Has been restless all night ; pulse 90 per
minute ; had two involuntary stools , and felt a desire
to urinate

,
but without success . C ontinued the cathe

terism three times every twenty-four hours . The ur1ne ,
containing a larger quantity of pus than before , has be
come very

.

foetide
,
principally immediately after being

drawn.

April 19th .

— Pulse 85 per minute ; same feeling of

urinating
,
but without any result ; catheterism still

continued ev ery eight hours ; same quantity of pus in

the urine as before
,
and urine very

'

foe
‘

tide .

April 20th .

— Patient better ; slept well ; pulse 82 per
minute ; good appetite ; the pains in the legs have

ceased, and he moved them freely ; same feeling to

urinate
,
but still oblige d to have recourse to catheter

ism every eight hours .

April 2l s t.

— Pulse 85 per minute ; has urinated him

self twice during the night .

April 22d .

— Pulse 90 per m1nute ; skin clammy
urinate freely

,
but the fmtidity of the urine has in

creased
,
and is becoming ammoniacal

,
besides still

containing a large quantity of pus . Then I prescribed
to take a teaspoonful every Six hours of the following
mixture

Spiritus camphorae,
Spiritus nitri dul.

, i each 11 . fl u1d drachms .

Lupulina, i . drachm.

Mucilage accaci 'ce
,

ii . fluid ounces .

April 23d — Pulse 84 per minute ; urinated every
three or four hours ; the bowels are regular ; appetite
good ; continued ,the mixture every s ix hours .

April 24th .
— Pulse 80 per minute ; felt better ; con

tinned the same .
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April 25th .

—Pulse 80 per minute, but urine contain

ing still more pus , and very foetide .

April 26th .
—Pulse 90 per minute ; more pus in the

urine ; emptied the bladder with a large silver catheter,

then washed the bladder with a very diluted solution

of carbolic acid, in the proportion of two fluid drachm s
of the solution of carbolic acid for half a pint of tepid
water.

April 27th — Pulse 85 per minute ; urine better, but
still containing a great deal of pus ; repeated the same

washing of the bladder morning and evening .

April 28th .
— P ulse 85 ; slept well ; urinated only

every four or five hours
, but there is still some pus

in the urine ; pumped the bladder with a great deal
of care , and washed it by inj ection of the same solution
of carbolic acid used since the 26th
April 29th .

—Pulse 85 ; less pus in the urine
,
which

is clear
,
and

,
after settling

,
does not decompose so

readily ; appetite good ; Slept well ; the legs have re

covered their regular motion .

—April 3oth .

— Pulse 85 per minute ; feels better, and
good appetite ; pumped the bladder and wa shed it again
with the same injection as used before

,
andwhich

,
when

drawn,
was qolored with a

’

small quantity of blood.

M ay l st.

— Pulse 85 per minute ; patient feels weak,

which I attributed to the successive injections of the

bladder ; had no stool for four days ; prescribed a pill
three times a day, containing one and a half grain of

quinine with one grain extract of rh
‘
ubarb .

M ay 2d.

— Pulse 82 per minute urinated about every
two hours great deal less of pus in the urine .

M ay 3d.

— Pulse 82 ; slept well ; can sit up ; urine
better

,
and pus still diminishing ; continued the pills

three times a day .

M ay 4th .

— Same ; improving, and urine without pus .

M ay 5th and 6th — Same no pus perceptible in urine
only after it had settled for some hours bowels regular.

0
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M ay 8th . Pul se 80 per minute ; slept well ; good
appetite feels stronger.

M ay 10th
— Same ; improving fast ; can stand up for

the first time since taken Sick ; no pus in the urine, even
after settling.

M ay 12th, 14th ,
16th

,
18th .

— Same ; slept well ; vora
cions appetite ; bowels regular ; urine clear and natural .

M ay 2oth .

— Same ; improving ; commenced to walk.

M ay 22d.

— Still improving pulse 82 per minute .

M ay 25th .

— Same.

M ay 28th .

— Same.

M ay 31s t
— Pulse 80 per minute ; improving ; urine

clear and normal ; bowels regular.

June 1s t— Same ; walked out doors
, a distance of

three squares, for the first time Since his admittance in
the hospital .
June 4th . Same

,
and repeated his walk.

June —Walks every day to gain
strength .

June 20th .

—Feels well pulse 81 per minute
”

; dis

charged from St. Luke’s Hospital, and will resumework
in a few days .

CASE VIII.—A P B IL STE .

West pier. Barometer 29
° Thermometer

Weather cloudy. Pressure forty pounds to the square
inch .

E . S . JO HNSON
,
thirty years ; nativity, United States

worked three weeks was taken sick about twenty
minutes after coming out of the air-chambers

,
and after

the first watch of two hours ; said he had not taken any
breakfast. The patient was of medium stature and

well built.

SYMPTOMS .

Face sallow ; complained of violent eplgastric pain,

and parapsis of both legs and left arm ; pulse 68 per
minute ; felt drowsy .
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TREATMENT .

Same as case I ; after one hour
’s rest pulse was 72 per

minute continued the beef tea every half hour for three
hours longer

, after which the pulse was 75 per minute ;
kept him at perfect rest for Six hours longer

,
when he

was sent home .

April 9th .

— Patient well , but will need a few days
res t before recommencing work .

CASE IX .
—A P R 11 . 9TH.

East pier. Barometer 29
° Thermometer 58

°

Weather cloudy . Pressure fifty pounds to
‘

the square
inch .

JOHN KELSEY,
thirty

-s ix years ; nativity
,
Ireland ;

worked three weeks ; was taken sick for the first time

after the second watch, and
°

immediately after coming
up above medium stature

,
well built.

SYMPTOMS .

Face livid ; pulse 115 per minute and feeble ; body
covered with profuse perspiration ; paresis supervened
as soon as taken sick.

TREATMENT.

Same as case I . ; after one hour pulse 90 per minute
continued the beef tea every hour for four hours longer

,

after which the patient felt better ; pulse 85 per minute
and stronger ; moved his legs kept all night at perfect
rest

, and on the morning of April loth was improving
,

but felt weak ; slept well ; pulse 85 per minute . Sent

him home and cautioned him agalns t going into the air

chambers , as he was unfit for such work .

CASE x.
-Apm . em .

West Pier. Barometer 29
° Thermometer

Weather cloudy. Pressure forty pounds to the square
inch .

GEORGE HARRIS
,
twenty-five years ; nativity, United

States worked but three days , and was taken sick half
an hour after coming up from the last watch of two

hours . Patient ofmedium stature, well built.
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SYMPTOMS.
Face livid

,
and covered with profuse perspiration ;

pulse 60 per minute ; complained of violent epigastric
pain .

TREATMENT .

Half an ounce of cordial, repeated after five minutes
and followed by two ounces of beef tea every ten min
utes ; perfect rest in the position already indicated

continued the beef tea for two hours
,
when the pulse

was 98 per minute ; continued the same treatment for

two hours longer afterwhich pulse 72 kept him at p
'

er-u

fect rest all night.

April 10th — The patient feels well
,
his pulse being 78

per minute, and he is able to go home .

CASE XL—APRIL 9m .

East pier. B arometer 29
° Thermometer 58°

Weather cloudy. Pressure fifty pounds to the square
inch .

G. M . M cO A R TE Y,
twenty-four years ; nativity , Ire

land ; worked about two weeks ; taken sick after the
second watch , and immediately after coming up . The

patient is ofmedium stature and well built.

SYMPTOMS .

Face livid, and covered with profuse perspiration °

pulse 100 per minute ; complained of violent epigastri c
pain, and paresis of both legs.

TREATMENT.

As before for one hour ; pulse then 72 per minute and

stronger ; continued the same for two hours
,
when pulse

87 per minute ; patient complaining of great thirst ice
was used ; kept him at perfect rest three hours longer,
when the paresis disappeared, and he was able to move

his legs quite freely . After remaining quiet two hours
longer, feeling well Land stronger, he was able to go

home .
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CASE XII.—7APRIL 9m .

East Pier. Barometer 29
° Thermometer

Weather cloudy. Pressure fifty pounds to the square
inch .

HA N SE P MILLER
,
twenty years ; nativity, Germany ;

worked nine weeks taken sick after the second watch ,
and immediately after coming up . The patient is of

medium stature
,
slenderly built.

SYMPTOMS
Face livid lips discolored ,

pulse 110 per minute and

feeble ; complained of violent epigastric pain
,
which

caused him to faint twice .

TREATMENT.

Half an ounce of cordi al
,
repeated after five minutes

,

and followed by two Ounces of beef tea every ten min
utes for one hour ; perfect rest

,
and after one hour

,

pulse 94 per minute and stronger ; patient being much
better

,
I left him, directing what was to be done until

my return ; but fifteen minutes after my departure , feel
ing shooting pains in

'

both legs , he demanded that a hot

bath should be given to him,
and ,

notwiths tanding, that

I had forbidden that a bath of any kind be given to

p atients , it was done. After remaining about five
minutes in the bath

,
he became paralysed in both legs

and left arm
,
in which state I found him on my return,

after an hour’s absence . is pulse was 92 per minute ,
and despite the existing paraplegia

,
he was complaining

Of shooting pains in both legs and back . e had not

passed any urine since 11 o
’
clock

,
A . M .

, and was suffer
ing from its accumulation in the bladder. C atheterism
had to be used which drew about one pint and a half of

a highly colored but clear urine . The beef tea was con
tinned every two hours during the night, as well as ice,
the patient complaining of great thirst.

April loth
,
6 o

’
clock A .M .

-Pulse 90 per minute ; slept
a little ,

~

but was awakened by epigastric pain,
returning

from time to time . Catheterism had to be used to

empty the bladder, which contained two pints of dark
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but clear urine . Seeing no prospect for this patient to
improve for the present

,
he was removed to his home .

April 1l th .

— Same state ; pulse 85 per minute ; cathe
terism morning and evening.

April 12 th .

— Pulse 84 per minute ; slept well ; same

state of the paraplegia .

April 13th — Same pulse 84 per minute ; catheterism
twice a day.

April 14th
,
15th

,
16th

,
and 17th .

— Same ; had no stool
since taken sick. Prescribed an enema with two

drachms of tincture Of assafoetida and two pints of

tepid water
,
which

,
after its administration, was fol

lowed by a large evacuation .

April 18th .

—Pulse 84 per minute ; appetite good ;
Slept well

, but no change concerning the paraplegia .

The catheterism Of the bladder had to be repeated
twice a day . From this day until the 28th there was

no change
,
but on the morning of the 29th

,
when turned

on his right side
,
the urine contained in the bladder

escaped involuntarily . I t happened also on the morn

ing of the 29th
,
before seeing him ; and to satisfy

myself that the bladder was really empty
,
I introduced

a catheter
,
but without drawing any urine .

M ay l s t.

—Pulse 80 per minute ; appetite good ; could
turn in bed by using his arms , but there was no favor

able change in the paraplegia. From the 3d M ay until
the 2l s t

,
the patient remained in the same condition .

O n the 24th
,
27th , and 30th

,
a current of magneto

electricity was used once
,
and then twice a day, but

without producing any result.

June 2d.

— Pulse 80 per minute ; same state ; the
patient asked to be removed to St. Luke ’s Hospital ,
so that he might remain under my care . From the day

of his removal until the 15th
,
there was no change .

The pulse was 85 per minute and weak ; and
’

notwith

standing the constant care taken to turn him from side

to s ide, large gangrenous sores appeared in the region
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of the sacrum, and on both trochanters . Solution of

carbolic acid was used for dres smg, and I prescribed
one grain of quinine to be taken every six hours , and

beef tea and wine to be taken every three hours
regularly.

From June 16th until the 2l s t, same ; pulse 84 per
minute ; the sloughing of the bed sores well circum
scribed ; the solution O f carbolic acid continued for

dressing ; quinine, wine, and beef tea continued.

From the 22d until the 28th "une, no change ; but
involuntary tremors are Observed in both legs if the
patient was even slightly moved.

June 29th .

— Involuntary stools commenced
, and as

often as four
‘

times a day . Fifteen drops of tincture
of Opium was given every six hours

,
but without any

result.

June 3oth.

—The tincture of opium continued ; the
pulse is 92 per minute ; patient taken with vomiting,
which. is stopped only with sparkling soda water ; the
tincture of opium discontinued.

July 1s t.
— Patient somewhat better ; vomiting ceased ;

pulse 85 per minute ; the involuntary tremor in both

legs has ceased.

July 2d.
—Pulse 84 per minute ; no appetite ; the in

continence of urine is still persisting, as also the

involuntary stools . The legs are still paralysed. From
this day until the 27th ,

the state of the patient has
remained the same . O n the 28th ,

the patient was

desirous of returning home
, and was removed on the

‘

29th .

July 29th .

—Visited the patient ; pulse 80 per minute
heathy granulations forming on all the bed sores , which
were discharging a healthy pus ; no marked ameliora

tion in the paraplegia .

July 3oth .

—Same ; the tremor in the legs has re

appeared, and there is no amelioration in the state of

the patient.

01
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CASE X fl l.—A‘PRIL 11TH

East pier. Barometer 29° Thermometer 67
°

Weather clear. Pressure 50 pounds to the square inch .

OLIVE ANDERSON
,
27 years ; nativity, United States ;

worked about two weeks was taken sick after the last
watch of two hours , about twenty minutes after coming
up ; above medium stature andwell built.

SYMPTOMS .

Face pale
,
pulse 65 per minute , complained of violent

epigastric pain
,
and feeling very weak .

TREATMENT .

Same as before for two hours
,
after which the patient

felt much better ; the epigastric pain ceased ; pulse 80

per minute ; kept him at rest for three hours longer ;
after which he was allowed to go home .

CASE l .
-AP B IL I1TH .

West Pier. Barometer 29
° Thermometer 77

°

Weather clear. Pressure 40 pounds to the square inch .

PHILIPS BRYAN
,
27 years ; nativity, Ireland ; had

never worked in the caissons before , and was taken

sick after the second watch of two hours
,
and twenty

minutes after returning to the open air ; tall, but
slenderly built.

SYMPTOMS .

Face pale
,
and covered with profuse perspiration ;

pulse 68 per minute ; complained of violent epigastric
pain

,
and paresis of both legs .

TREATMENT .

Same for two hours
,
after which the pulse was 75 per

minute , the epigastric pain nearly ceased
, and the legs

nearly free from paresis . Kept him at rest six hours
longer, after which pulse 78 per minute , and felt well
enough to go home ; but after examining him before
leaving

,
he was found unfit to work in the air-chambers

,

and is accordingly discharged.



63

CASE XV.
—APRIL 11TH .

West Pier. Barometer 29
° Thermometer

Weather clear. Pressure 40 pounds to the square inch.

WILLIAM SCHULTZ
,
32 years ; nativity, Germany ;

worked four weeks
,
and had suffered three times before

of slight epigastric pains , but after half a day’s rest
returned to work. He was taken sick this time after

the last watch, and three quarters Of an hour after
coming up

,
and having already returned home

, ,

where

I saw him ; He is Of medium stature and slenderly

SYMPTOMS .

Face pale; complained of epigastric pain, and of

parapsis of both legs and left arm ; pulse 69 per

minute.

TREATMENT.

Same ; twelve hours after the pulse was 82 per

minute
,
but weak ; the parapsis has ceased. After

examination
,
finding him unfit for working in the air

chambers
,
he was advised not to return to the same

work.

CASE XVI.—APRIL 11TH.

West Pier. Barometer 29
° Thermometer

Weather clear. Pressure 40 pounds to the square inch .

PATRICK HENLEY
,
28 years ; nativity

,
Ireland ; had

never worked in the caissons before
, and was taken

Sick after the first watch of two hours
, and about

twenty minutes after coming up . Above medium
stature, and well built.

SYMPTO MS .

Face livid
, and covered with profuse perspiration °

pulse 60 per minute ; had had, within a few minutes
,

two syncop es , from which he recovered
,
his face having

been bathed with ice water, and by lying in bed with
his legs stretched and his feet elevated above his head ;
he complained of violent epigastric pain and paresis of
both legs .
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TREATMENT
As before during one hour

, after which the patient felt
better ; pulse 70 per minute ; continued the beef tea
every half hour, and the use of ice . After three hours ’

rest
,
from the time he was taken sick

,
the pulse rose to

78 per minute, and paresis ceased ; kept him all night
at the floating hospital

,
and on the following morning

,

(April 12th ,)his pulse was 80 per minute and strong ;
he felt well enough to go home by himself.

CASE XVII.—APRIL 12m .

West pier. Barometer 29
°
85’ Thermometer

Weather clear. Pressure forty pounds to the square
inch .

JAMES ANDREWS, twenty-eight years ; nativity, D en

mark ; had never worked in the caissons before ; was
taken sick after the first watch of two hours which he

had ever worked; and immediately after comlng up ;
was carried to the hospital in an insensible condition .

The patient is ofmedium size and well built.

SYMPTOMS.

Face livid and swollen ; lips discolored ; pulse 110 per
minute and very feeble ; both legs and the left arm com

pletely paralysed ; the whole bodywas covered with a

cold and profuse perspiration .

TREATMENT.
alf an ounce of cordial

,
repeated every five minutes

for three times
, and followed by two ounces of beef tea

every ten minutes perfect rest in the same position as

before described during one hour
,
when the pulse

was 95 per minute and a little stronger ; continued the

beef tea every half hour for three hours longer ; pulse
then 85 per minute, and the patient able to speak for
the first time since he was taken sick. Upon ques
tioning him,

he said that he had been drinking very
freely for the last year

,
but was sober this day before

going into the air-chambers . During the following six
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hours there was no change in his condi tion
,
and reten

tion of urine existing
,
catheterism was used and two

pints of dark colored
, but not bloody, urine was drawn .

April 13th .

— Condition of the patient still the same

same pulse catheterised twice a day.

April 14th
,
8 A . M .

-There being no prospect of im

provement for the present in the condition of the patient
,

he was removed to St. Luke ’s hospital .

April 15th .

— Same condition ; slept a little ; very little
appetite andweak ; pulse 85 per minute but feeble ; ca
theteris ed morning and evening

,
and the quantity and

quality Of urine drawn the same prescribed as di et beef
tea, milk,

eggs and wine .

April 16th
,
17th

,

‘

18th
,
19th .

— Same pulse 85 per

minute but still feeble
‘

catheterised every six hours , the
patient complaining of violent pain as soon as the blad
der became a little distended ; had no stool since he
was taken sick ; prescribed an enema with two drachms
tincture as safaetida

"

and two pints t epid water, which,
after its administration

,
produced a large evacuation .

April 2oth
,
2l st

,
22d

,
23d

,
24th .

—Same condition ;

patient weaker ; still catheterised every six hours ; had
no stool since he had an enema, which was repeated
and followed by a large evacuation.

April 25th .
—Pulse 90 per minute and feeble ; had an

involuntary stool in the night, and incontinence of urine
supervened instead of retention patient very weak no

appetite , and very thirsty .

April 26th
, 27th, 28th ,

29th .
—Same condition .

April 30th .

—Pulse 100 per minute and very feeble °

incontinence of urine and involuntary stools became

more frequent. Large gangrenous sores have com

menced on the sacral region and on both trochanters
,

notwithstanding all the care taken to turn the patient
from side to side every two hours

,
and to keep him as

clean as possible .
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M ay l st.
— Pulse 110 per minute andweak ; the bed

sores spreading, and the general appearance indicates
that the patient is sinking .

M ay 2d, 3d, 4th, 5th , 6th .
—Same ; pulse 120 per min

ute patient sinking very fast.
M ay 7th .

-Died at 7 O’clock
,
A . M .

P ostmortem examination held ten hours after death .

C ranium. The vessels of the pia mater were full and
distended . There were extensive adhesions of old

standing
,
said adhesions between the fold of the dura

mater
,
descending in the interlobular fissure separating

the two hemispheres of the brain . The brain,
on inspec

tion
,
was found healthy and firm to the touch

,
but two

ounces of serum was found in the ventricules . The

Spinal column was not opened,
°

but two ounces of serum
was collected while escaping from the vertebral canal
when removing the brain .

The Heart. The right ventricle contained a fibrinous

clot extending to the pulmonary artery the left ventricle
contained fibrous clots and a bloody clot

, and some two

ounces Of a dark liquid. The liver was of normal size ,
but of a slight nutmeg color. The spleen was four times
as large in all proportions as in the normal state , but
of normal consistence . The lungs were normal, well
inflated

,
but there were adherences to the chest around

the base of the right one . The kidneys were both larger
than usual

,
the right one being the largest ; both were

soft
,
and the upper part of the parenchyne of each had

a gangrenous patch of the size of a silver half dollar.

The chalices contained no pus ; the urethers of both

were enlarged near their entrance to the bladder.

The bladder was contracted and contained some pus ,

and the walls were thicker than usual ; there was no

enlargement of the prostate gland. The stomach was

apparently normal
, but contained about a pint of

greenish liquid. The ileum and j ej unum were slightly
congested.
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CASE XvI lI .
—APRIL 12TH.

West pier. Barometer 29
° Thermometer 72

°

Weather clear . Pressure forty pounds to the square
inch.

HUGH DEVEL
,
twenty-eight years ; nativity, United

States worked in the caissons only from the morning ;
taken sick after the second watch

, and about twenty
minutes after coming up ; above medium stature

SYMPTOMS
Face pale

,
and covered with profuse perspiration ;

pulse 64 perminute and weak ; complained of epigastric
pain, and of paresis of both legs .

TREATMENT .

Same for one hour, pulse then 72 per minute ; con
tinned the beef tea every half hour ; kept at perfect rest
for two hours , when the pulse is 76 per minute and

stronger ; the paresis of both legs has ceased ; was
kept all night at the floating hospital, and on the fol

lowing morning was much better ; pulse 80 per minute
and good ; was able to go home without assistance .

CASE XIX.
—APRIL 12TH

East Pier. Barometer 29
° Thermometer 72

°

Weather clear. Pressure fifty-two pounds to the square
inch .

G. DONELLY
, (foreman,) thirty-two years , nativity

,

Ireland ; worked three months ; had epigastric pains
three times he recovered each time and resumed work
after a day or two’s rest. This time

,
when taken sick

was after the last watch ,
and half an hour after coming

up ofmedium stature and slenderly built .

SYMPTOMS.

Face livid complained Of violent epigastric pain and

paraplegia ; pulse 65 per minute and weak.

TREATMENT.

As before for one hour, after which
, pulse 70 per

minute and stronger ; rest for two hours when the pulse
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is 75 per minute could move his legs a little,and the
epigastric pain left him ; kept him at perfect rest until
the following morning .

April 13th .

— The patient much better ; pulse 80 per
minute ; can move his legs better but not freely .

April 14th — Pulse 80 and good ; paraplegia com

pletely ceased .

April 15th .

— Much better and sitting up . After resting
few days he had entirely recovered.

CASE XX .
-AP RIL 14TH.

West pi er. Barometer 29
° Thermometer

Weather clear. Pressure forty pounds to the square
inch .

GEORG E HAAS
,
twenty-five years ; nativity, Germany ;

had worked only three days in the caissons was taken

sick after the last watch ,
immediately after coming up .

r e is above medium stature and slenderly built .

SYMPTOMS .

B rought to the hospital in a syncopal condition
,
before

which
,
he said, he was suffering of epigastric pain .

Face livid, and covered with cold perspiration ; pulse
110 per minute and feeble paraplegia had supervened
when brought to the hospital .

Same treatment was followed for one hour ; pulse 94

per minute and a little stronger ; continued the beef tea
every half hour with rest for two hours longer

,
when

the pulse was 88 per minute and the paraplegia par

tially subsided, although he still complained of shooting
pains in both legs kept him all night at the hospital .
The following morning his pulse

'

was 84per minute ; the
paraplegia had subsided ; couldmove his legs still felt
weak

,
but was able to go home .

A t the East pier, on April 13th, about 5 o
’
clock A . M .

,

a break happened in the cotter-dam , above the caisson
,

and was caused by the rise of water in the river
,
the

water rushing in the main or central shaft leading to
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the air-lock and air-chambers the work was interrupted

and all the men working therein were transferred to the
West pier

,
where the men were not yet under our care

for prophylactic treatment
,
and were still working three

watches of two hours each
,
making s ix hours work

every twenty—four hours .

A number of cases happened at the West pier
,
where

up to April 15th
,
no reduction in the duration of time of

work had been made it being supposed that the pres
sure being less

,
the men working in the air-chambers

were able to stand it better.

B ut we were of a different opinion
,
having had some

very serious
”

cases from the West pier
,
and w

o

e sug
gested a reduction Of

‘

the time of work from two hours

three times a day to two hours twice a day, with
four hours rest between each two hours work. Not

withstanding this change, some men were taken Sick
after working one or two watches only in the air-cham

bers , but we must Say that those men had not been

examined by us before commencing to work, and not

withs tanding the p ositive directions and orders which
had been given not to allow any new man to go to

work in the air-chambers without being examined by
the physician , and to be declared in a fit condition

for such work.

To avoid useles s rep etitions hereafter, we will be as

brief as p os sible in ep itomis ing the following cases
,

and will give details only, when we think a case
requires it .

CASE XXL—APRIL 14TR .

West Pier. Barometer 29
°

Thermometer

Weather clear. Pressure 40 pounds to the square inch .

F . TA R B E A ux,
35 years ; nativity , United States ; had

worked three weeks , and suffered twice before of pains
in both legs ; but after resting a day or s o he recovered

,

and went to work again . This time he was taken sick
immediately after coming up .
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SYM PTO MS.
Epigastric pain and parapsis of both legs immedi

ately after coming up ; pulse 98 per minute and

feeble.

TREATMENT.

Similar as in other cases was followed, and after
six hours his pul se was 80 per minute and good ; the
parapsis had subsided, and he was able to be sent
home . After resting four days he returned to work.

CASE XXII.—A P B IL 14TH.

West pier. Barometer 29
° Thermometer

Weather clear. Pressure forty pounds to the square
inch .

A UGUST MILLER
, 25 years ; nativity, Germany ; had

worked only two hours in the air-chambers ; was taken
Sick after the second watch

, and immediately after
coming up ; of medium stature, slenderly built.

SYMPTO MS .

Complained of epigastric pain and parapsis of both
legs ; pulse 100 per minute .

TREATMENT.

The same treatment was followed as in similar cases
,

and after s ix hours he felt better ; pulse 88 per minute
kept all night at the floating hospital ; following morn

ing pulse 82 per minute ; parapsis subsided ; felt well
but weak and was able to go home.

CASE XXIII.—A P B IL 1GTH.

West pier. Barometer 29
° T hermometer 43

°

Weather cloudy . Pressure forty pounds to the square
inch .

AUG UST TOMPKINS, 30 years ; nativity, United States
worked two months had suffered once Of pain in both
legs ; this time he was taken sick after the last watch

,

20 minutes after coming up tall and slenderly built.
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SYMPTOMS.

Violent epigastric pain
,
and parapsis of. both legs ;

face livid ; pulse 68 per minute .

TREATMENT .

Same as in similar cases ; after s ix hours rest felt
better ; pulse 76 per minute and stronger ; is sent home .

April 17 .

—Felt well
, but weak ; pulse 78 per minute ;

parapsis of both legs disappeared.

April 18th .

-Still stronger pulse 80 per minute .

After examination finding him unfit to return to work
in the air—chambers

,
he was forbidden to go in anymore .

CASE XXIV.
—APRIL 18TH.

West Pier. Barometer 29
° Thermometer 58

°

Weather clear. Pressure 40 pounds to the square inch .

AUG UST NIEDERMEYER
,
20 years ; nativity, G er

many ; was taken sick after the second watch of two

hours which he had
_worked in the caissons ; went to

work with a friend, and
,
notwithstanding the orders ,

was not examined before was taken sick immediately
after coming up

,
and brought to the hospital in an

insensible condition ; patient of medium stature , but
very slenderly built.

SYMPTOMS .

Face livid
,
pulse 110 per minute, and paresis of

both legs"
TREATMENT.

Same as before followed for one hour
,
after which

the pulse was 94 per minute ; continued the same for

three hours longer
,
when the pulse was 89 ; kept him

all night at the floating hospital
,
and on the following

(19th) at 7 O ’clock A .M .

,
pulse 84 per minute ; the

paresis had subsided
,
but Lhe felt weak ; sent him

home, with injunction not to return in the air-cham

bers ; but notwithstanding which , he did
,
two days

after
,

and was retaken with the same symptoms
D
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after the first watch . The same treatment was fol

lowed, and he recovered
, but was for a month very

feeble .

CASE XXV.
—APRIL 18TH.

West Pier. Barometer 29
° Thermometer 58

°

Weather clear . Pressure 40 pounds to the square inch .

JAMES W . GALLOWAY (foreman). 29 years ; nativity,
United States ; worked two months and twenty days ;
had suffered before of pains in both legs

,
but after

a day’s rest returned to work. This time he was taken

sick after the last watch
,
about , half an hour after

coming up
,

and immediately after reaching home .

The patient
’

is of medium stature
,
and well built.

SYMPTOMS .

C omplained of violent epigastric pain, and as soon

as taken sick,
paraplegia also had supervened ; pulse

64 perminute ; he had not urinated for six hours , and

retention of urine existed— the bladder being very
much distended . Catheterism was used, and drew

three pints Of highly-colored but clear urine .

TREATMENT.

Same as in similar cases .

April 19th, 8 A .M .
—Found the patient restless ; pulse

85 per minute ; had been obliged to use the catheter

himself during the night ; suffering from great dis
tension O f the bladder

,
from which he drew the same

quantity Of urine as before ; the paraplegia s till ex

is ted
,
and the catheterism was used every eight hours .

April 2oth ,

— Pulse 90 per minute ; had been restless
until he had two involuntary stools in the night

,
but

did not urinate
,
and the bladder being full

,
he had to

cathe terise himself. There being no prospect Of im
mediate improvement in his case , the patient desired
to be removed to St. Luke’s Hospital

,
to remain under

my care .
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April 2l st — Patient removed to the hospital
,
and

is better ; pulse 85 per minute ; paraplegia has par-

V

tially subsided ; was able to move his legs a little ,
but still obliged to use the catheter every eight hours
—the bladder, when distended

,
causing such pain that

it was impossible for him to endure it any longer.

April 22d.
— Same.

April 23d and 24th .

— Same .

April 25th .

— Better ; pulse 80 per minute ; appetite
good ; slept well, but obliged to catheterise himself
every six hours .

April 26th
, 27th , and 28th.

-Same .

April 29th .

— Had a chill last night, which was fol

lowed by strong fever, and ceased only in the morning ;
pulse 92 per minute and full ; tongue very coated and

dry ; towards evening
,
when he catheterised himself,

some pus was detected in the urine .

April 3oth .
— Same ; pulse 95 per minute ; more pus

in the urine
,
whi ch was very foetide, and became am

moniacal very quick .

M ay l s t.

—FrOm this day the patient Showed similar
symptom s

, and his case took the same course as case
VI I . The same treatment was then followed until the
3l st of the same month

,
at which time he had nearly

recovered ; his pulse was 80 per minute, his appetite
good

,
slept well

,
urinated freely, bowels regular

,
and

he commenced to gain flesh ; contemplated returning
to his home in Indiana in a few days . From the 1st

June to the 8th
,
he took gradual out-door exercise

every day .

June 9th and loth .

—Feeling well and strong ; on the

11th left for home
,
recovered.

July 3oth .

—Had news from him,when he was in

good health and strong.
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CASE XXVI.—APRIL 19TH.

West pier. Barometer 29
° Thermometer

Weather cloudy . Pressure 40 pounds to the square
inch .

MIKE MCCOOLE
,
29 years ; nativity

,
Ireland ; had

worked three weeks ; was taken sick after the first
watch

,
commencing at 5 O ’clock A .M . and ending at 7

o
’
clock A .M . had not taken any breakfast before going

to work ; was taken sick immediately after coming
up

,
and was in a syncopal condition when brought to

the hospital . Of small Stature
, but well built .

SYMPTOMS .

Face very pale ; pulse 110 per minute and feeble ;
parapsis had supervened when brought to the hospital .

TREATMENT .

The treatment followed was the same as in similar
cases, and one hour after his pulse was 90 per minute ,
and stronger. C ontinued the same treatment for two

hours longer, after which his pulse was 85 per minute
,

and the parapsis had disappeared. Kept him at the

floating hospital until evening, when his pulse was 82

per minute and good, and he felt well enough to go

home
,
intending to rest a few days .

April 2l s t — Felt well
,
and expected to return to

work
,
if allowed.

CASE XXVII.—APRIL 19TH .

West pier. Barometer 29
° Thermometer

Weather cloudy. Pressure 40 pounds to the square
inch .

P . JOHNSON
,
24 years '

nativity
,
United States ; had

worked one week ; was taken sick after the last watch
,

immediately after coming up . e is tall
,
and slenderly

built.

SYMPTOMS .

Face livid , and covered with profuse perspiration ;
pulse 110 per minute and feeble ; complained of epi

gastric pain, and had a syncope when brought to the

hospital.
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TREATMENT .

Same was followed as in similar cases for one hour
,

after which the pulse was 94 per minute ; same treat

ment continued for two hours longer
,
when the patient

felt much better, pulse being 85
,
and stronger ; still

feeling very weak ; kept him all night at the floating
hospital

, and the following morning
,
April 2oth

,
he felt

much better ; pulse 82 per minute ; slept well, and was
well enough to go home by himself.

CASE XXVI II .
—APRIL

West Pier. Barometer 29
° Thermometer

Weather clear . Pressure 40 pounds to the square inch .

A LFR E N KOE NER
,
19 years ; nativity, Germany ; has

worked three weeks ; taken sick after the last watch
,

and immediately after coming up ; of tall and slender
build . This case was similar to case XXVII .

,
and the

treatment followed was the same . After eight hours
rest he was able to go home by himself.

CASE XXIX.
—A P B IL 24TH.

West Pier. Barometer 29
° Thermometer

Weather cloudy. Pressure 40 pounds to the square
inch .

PATRICK FE E LA N
, 22 years ; nativity, Ireland ; worked

two weeks in . the air-chambers ; was taken sick after
the last watch ,

immediately after coming up ; of

medium stature , slenderly built . This case was simi
lar to case XXVII. The same treatment was followed
with the same result . e was kept at the floating
hospital all night, and went home well the following
morning .

CASE XXX.
—APRIL 25TH.

West Pier. Barometer 29
° Thermometer

Weather cloudy . Pressure 40 pounds
‘

to the square
inch .

ROBERT ALLEN
,
29 years ; nativity, Ireland ; worked

three weeks ; was taken sick after the last watch, about
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twenty minutes after coming up ; patient Of medium
stature, and well built .

SYMPTOMS .

Face was livid and coveredwith profuse perspiration ;
pulse 64fper minute ; complained of violent epigastric
pain, and paresis had supervened in both legs .

THE TREATMENT
Used in similar cases was followed for one hour

,
when

the pulse was 70 per minute , and after two hours longer
was 74 per minute kept him all night at the floating
hospital, and saw him on the following morning

,
April

26th, at 8 O’clock A .M .

, when his pulse was 76 per

minute
,
and the paresis had ceased feels well

,
but

weak ; desired to go home
,
and left accordingly .

CASE XXXI.—APRIL 25TE .

West Pier. Barometer 29
° Thermometer

Weather cloudy . Pressure 40 pounds to the square
inch .

ANTO NY P A TO CHY
,
32 years ; nativity, Germany ;

worked nine days ; was taken sick after the last
watch , immediately after coming up ; tall

,
and of

slender bui ld. This case was similar to case XXVII.

The treatment followed was also the same
,
and eight

hours after
,
he was able toggo home without assistance .

CASE XXXII. —A.PR IL 25TE .

West Pier. Barometer 29
°

Thermometer

Weather cloudy. Pressure 40 pounds to the square
inch .

JO HN KEARNEY, 24 years ; nativity
,
Ireland ; had

worked two months and twenty days ; was taken sick
after the last watch

,
half an hour after coming up

,

and immediately after reaching home ; above medium
stature, and well built. His case was similar to case
XXVII. The treatment was the same . He recovered

and was well ,
enough to recommence work after a

week.
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CASE xxxm .
—Apm 28m .

West pier. Barometer 29
° Thermometer

Weather cloudy . Pressure thirty-eight pounds to the

square inch .

PETER PETERSON
,
twenty-four years ; nativity ,

United
States ; worked four months ; was taken Sick after the
lastwatch

,
and immediately after comingup ofmedium

stature and well built .

This case was similar to case XXI I, and was treated
accordingly. After eight hours rest he was permitted to

go home .

CASE XXXIV.
—APRIL 28TH.

West Pier.

”

Barometer 29
° Thermometer

Weather cloudy . Pressure thirty- six pounds to the

square inch .

AB O OM, twenty—one years nativity
,
Germany

worked two and one half months was taken sick after
the last watch, and Immedi ately after coming up ; of
medium stature and well built .

This case Was similar to case XXVII.
,
rather more

severe ; treatment similar ; was kept all night at the

floating hospital, and on the following morning was
able to go home .

O n the twenty-third of April it was found that the
air-pumps forcing the compressed air into the air-cham

bers , instead Of being cold were becoming heated for

want of a su
m

cient supply of cold water in the boxes

attached to them . During two days
,
the tempera

ture in the air-chambers , which previously averaged
fifty (50) degrees , increased to sixty and on the

25th rose to Sixty-eight but by keeping the air

pumps cool the temperature did not exceed sixty
s ix (66) degrees . The c ompressed air

, after passing
through the equalising valve from the air-chambers

into the air-lock
,
increased its temperature by the

D 1
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friction through it. The consequence was that the tem

p erature in the air-lock increased from 15 to 18 de

grees above the temp erature in the air-chambers while
the working men were in the air-lock and passing
from the normal atmosphere into the air-chambers .

Another cause of the still further increase of the

temperature was the heat produced by the temp orary
s tay of the workmen (ten in number) in s o small a

space as was the air-lock
,
it having only one hundred

and sixty
-two (162) cubic feet cap acity for all (ten

men being the average number) going into it at the

same time
,
allowing only a very small fraction over

s ixteen (16) cubic feet for each man . This explains
why the temperature increased so much during their
stay in the air-lock whil st going to work in the ai r

chambers .

In order to prevent further increase of the temperature
in the air—lock,

it was directed that a wooden box be
made to fit closely the side Of the wall of the air-lock in
the air-chamber, and where the opening of the equali
zing valve into the air-lock was Situated

,
the box to

contain fifty pounds of ice broken into pieces the size Of
a man

’s fist ; the side of the box opposite the one next

to the wall of the air-lock
,
bored with about thirty holes

of one—eight of an inch in diameter
,
through which the

greatest part of the compressed air, before escaping
through the equalizing valve had to pass. as also through
the ice in the box,

which was to be kep t cons tantly full
while the men were working in the air-chambers . The

compressed air
,
consequently

,
being cooled before enter

ing the air-lock
,
prevented the temperature increasing

above 68
° while the men were in the air-lock or going

to work in the air-chambers , thus avoiding
, as far as

possible, the pathological effects which certainly would
havebeen caused by the high temperature and increased
atmospheric pressure of thirty-five (35) pounds to the
square inch .
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So far we had Obtained some success by the prophy
lactic means used, as also by the treatment followed in
the numerous cases which occurred

,
since we commenced

our profes sional attendance at the bridge . Still we
were not satisfied with the results Obtained. From
repeated observations, believing that exhaustion caused
by an excess of waste on the bodies of those working in
the air-chambers- waste, which ,

going on by their re

peated exposure in an over—condensed atmosphere was
one of the principal causes of the frequency of cases .

In order to ascertain this , we thought , that if there was
an extra waste O n the system of the men working in the
air-chambers itwould manifest itself under the form and

by an excess Of urea, to be eliminated by the kidneys
dur ing the secretions of urine

, besides the quantity of

urea not accounted for and contained in the profuse
perspiration with which the men were constantly cov

ered when working in the air-chambers .

We then proceeded to make examination of the

urine of healthy men who had worked, and were still
working

,
in the air-chambers , with the following results
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The examinations were made on the urine of thirty
two men on the 28th and 3oth of April, and imme

diately after the men came out of the air-chambers
,

and before they had taken their dinner, or any food or

sp irituous drink for at leas t seven hours , and had

urinated at leas t twice during that time.

The examinations were also made on the urine of four
Sick men

,
drawn at the second time the catheter was

used
,
and about eighteen hours after they were taken

sick.

Had worked m Spec C hemical
Names . Remarks .

the ai r-chambers. G ra’y Reaction
R. Colgan
Mike M cC O O le
G eorge Hetz el
Thom as Morris .

John Dering

Taken sick case 26.

Taken sick case 39.

Taken Sick case 47.

Stenson
W. Dudley Taken sick case 37.

Thomas Connelly
WilhamWelsh Taken Sick case 43.

August Donkey .

August Meyer
James Cham .

T . R . Tafiey
Walter Sawer
John Conroy
Patri ck Ford
O

’

Keeffe , Foreman
M . M cD ermot. .

A. Wimer
W. Hogan
T . Kelsey
Donelly
G . C lency
W. B urns
E d . G reen
L. C . Thompson .

M lke Herwin
Loomis
Tucker
B rown , Foreman .

G . Murphy
P . R eynolds

O O O O O O

Taken sick case 9 .

Taken Sick case 36.
0 0 0 0 0 0

Taken sick case 42 .

Taken sick case 40.

0 0 0 0 0

0 0 0 0 0

The urine Of the four sick men was as follows

By the above statement it will be seen that, excepting
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six
, the quantity of urea found was greater than in

healthy urine of men working in the Open air
,
and

which specific gravity is from 1010 to 1020
,
whereas

among the cases above enumerated
,
the Specific gravity

of urine was over 1023
,
notwithstanding its dilution

, as

the men were drinking water freely
,
and among those

taken sick the quantity of urine
,
so far from being less

,

had increased.

Notwithstanding all the vigilance and care taken to

prevent the recurrence of cases , no satisfactory results
were obtained until the following rules were strictly
enforced

l st. The time Of work was reduced to two watches
,

instead Of three ; and as the work of filling up the air

chambers progressed— the space becoming smaller— the
number of workmen was gradually decreased, and the
time of work in each watch was reduced to one hour

,

instead of two
,
and with three hours rest between each .

2d. The men were
'

not allowed to go ashore from the

time they commenced their day’s work. They had
also to take their dinner with them to prevent any
excuse for leaving the piers ; and if a man absented
himself

,
even for one day, he had to be re-examined by

the physician before returning into the air-chambers .

3d. The men
,
when comlng up from work,

were com

pelled to remain quiet, or lie down,
for at least half an

hour ; and when taking their dinner, by my direction,

each man was provided with three quarters of a pint of
beef tea, which was made with Liebig

’
s extract ofmeat

,

in the proportion of s ix ounces of extract to a
’

gallon of

boiling water. The same was also subsequently given
to the men working in the air-chambers at the east
pier

,
after they recommenced work .

These rules were enforced from the 28th Ap ril until

the8th M ay, when the filling up of the air chambers

at the wes t p ier caisson was comp leted , and no more

cases happ ened during the las t ten days .
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After the filling up of the air-chambers at the we st
pier was completed, the men were allowed a few days
re st

,
until they Should recommence the same work,

which had been interrupted at the east pier by the

breaking of the coffer-dam over the caisson .

The work of filling up the air-chambers with concrete

was recommenced at the east pier on the 11th M ay .

The duration of time ofwork was directed to be three

hours per day, divided into three watches Of one hour
each , with three hours rest between each watch .

Notwithstanding all the care taken
,
we must say that

on the first day the work recommenced— it being im

p os sible then to enforce the rules which had been

adop ted for the wes t p ier
— some of the men came

without their dinner ; and among those who com

menced to work that day one fatal case occurred
, but

which really ought not to be taken into account among
the number of cases

,
it being the result of the im

prudence on the part of the sufferer
, and which is

case XX XV.

CASE XXXV.
-MAY 11TH.

East Pier. Barometer 29
° Thermometer 66°

Weather cloudy . Pressure 49 pounds to the square
inch .

WILLIAM SAYLER
,
30 years ; nativity, Germany ; of

medium stature
,
and well built ; worked three months

in the west pier, where the pressure was for two weeks
40 pounds to the square inch, from which he suffered
no inconvenience .

e worked from 8 to 9 O ’clock A . M . and felt well after
coming up . He had not brought his dinner with him

,

and at half past 11 he went ashore, he said, to take his
dinner, which he did not do

,
but drank without eating

anything, as will be proved hereafter. He returned
shortly before 1 O ’clock,

P . M .
,
his watch being from 1 to

2 o
’
clock

,
and resumed work.
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After his watch was over
,
and immediately after

leaving the air
-lock

, and while ascending the stairs in
the shaft, he was taken

’ sick
,
had to be carri ed up

,
and

became insensible while being carried to the hospital,
where I saw him a few minutes after. He remained

insensible until P . M .

,
when he died .

_

P os t mortem examinationwas held sixteen hours after
death , and which elicited the following facts

C ranium" All the blood vessels of the scalp , as also
all the membranes covering the brain

,
were highly con

gested
,
and about two ounces Of serum escaped from the

vertebral canal when the brain was removed . The

brain was congested and two ounces of serum found in
the ventricles .

The Heart was of normal size ; the right ventricle
,

as also the left
,
were normal. The lungs were inflated

and of normal appearance, but there were large adher

ences around the base of the right
,
and which seemed

to be of long standing. The liverwas normal as well as
the spleen . The kidneys were normal

, as was also the
bladder

,
but empty . The stomach normal and entirely

emp ty no traces of food werefound ,
which confirmed

my opinion that this man had not taken any dinner,
and probably a very light breakfast

, but had been

drinking quite freely, as it was afterwards ascertained .

We must say, moreover
,
that the gang with which

this man had been working in the air-chambers
,
after

quitting work,
and while in the air-lock on their return

into the normal atmosphere , allowed the compressed air

to escape too freely
,
so that the equalization of p res sure

with the op en air tookp lace too rap idly, and by remaining
less than four (4)minutes in the air-lock

,
whereas the

time necessary for the gradual equalizing of p res sure
with the normal atmosphere ought to have been eight
and one half minutes .



O n the 12th of M ay ,
the same regulations adopted at

the West pier were enforced
,
and it will be seen, that

notwithstanding the increase of pressure to which the

men were exposed in the air—chambers
,
the number of

cases was not only greatly diminished
,
but they were of

,
a less serious character.

CASE XXXVI —M AY 12TH.

East Pier. Barometer 29
° Thermometer

Weather cloudy . Pressure 40 pounds to ,
the square

inch .

DONELLY
, (foremen

,) 32 years nativity, Ireland had

worked four months ; had suffered from epigastric pains
before

, but recovered after a few days rest
,
and then

returned to work. A t this date he was taken sick after
the second watch .

His case was similar to XXVII. The same treatment

was followed ; he recovered
, butwas forbidden to return

to the air-chambers , and was given work elsewhere .

CASE XXXVII.—'

M AY 12TR .

East Pier. Barometer 29
° Thermometer

Weather cloudy. Pressure 49 pounds to the square
inch .

W. DUDLEY
,
17 years ; nativity, United States ;

tall and Slender build ; worked two months and a

half ; taken sick after the second watch
,
immediately

after coming up . This case was similar to case XXVII.

but less severe . The same treatment was followed,
and after eight hours rest

,
he was able to return home .

CASE XXXVIII .
—M AY 12TR .

East Pier. Barometer 29
° Thermometer

Weather cloudy. Pressure 49 pounds to the square
inch .

JAMES JENNING S
,
30 years ; nativity, United States

Of medium stature, and well built ; worked two months ;
taken sick after the second watch. This case was
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similar to case XXVII .

, but less s erious . The same

treatment was followed
,
and after six hours

'

he went
home .

CASE XXXIX .
—M AY 12TH .

East pier. Barometer 29
° Thermometer 62

°

Weather cloudy. Pressure 49 pounds to the square
inch .

THOMAS MORRIS
, 28 years ; nativity, Ireland ; of

medium stature
,
and well built ; worked three months

and three weeks ; taken sick after the second watch ,

about twenty minutes after coming up . This case was
similar to case XXX.

,
but less serious . The same

treatment was followed, and after twelve hours rest
he was able to go home .

CASE XL .
—MAY 14T R

East Pier. Barometer 29
° Thermometer

Weather clear. Pres sure 50 pounds to the square inch .

MICHAEL HERWI N
, 24 years ; nativity

,
Ireland ; of

medium size , and well built ; has worked three months
and a half ; was taken sick after the last watch ,

half an
hour after coming up

,
and immediately on reaching

home ; saw him half an hour after, and Observed a

difference in the symptoms from other cases .

SYMPTOMS .

The face was flushed ; pupils contracted ; the skin
hot ; pulse 110 per minute , but moderate . The patient
complained of parapsis of both legs

,
and of shooting

pains in the chest. A few minutes before I came
,
he

had spat some blood
,
and did the same during my visit.

The blood was very red
,
and the total quantity was

about three ounces . The auscultation revealed crepita
tation at the anterior and middle part of the right lung.

The tongue was slightly coated, and he had had no

evacuation from the bowels for two days .
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TREATM ENT .

I prescribed one
‘

enema with two fluid drachms of

tincture of assafoetida and two pints of tepid water,
which

,
a fter administration

,
produced two large evacu

ations he afterwards slept a little .

M ay 15th, 8 O
’
clock A .M .

— Pulse 90 per minute and

soft ; feeling much better ; the parapsis of both legs
had subsided ; had Spitted blood twice in the night ;
he asked to be removed to the St. Luke’s Hospital , to
remain under. my care .

M ay 16th
—Removed to the hospital ; had some fever

last night
, but is better this morning

,
and spits nomore

blood.

M ay 17th .

— Same pulse 88 per minute ; Skin moist .

M ay 18th .

—Same .

M ay 19th .
—Commenced to cough and expectorate ;

the sputum is semi-purulent
,
with a Slight tinge of

blood ; pul se 86 per minute ; the auscultation reveals
the same crepitation on the right lung ; felt better,
with some appetite .

M ay 20th
,
2l st

,
22d .

— Same ; pulse 82 per minute ;
skin good ; bowels regular ; expectoration continues

, but

without blood.

M ay 23d, 24th , 25th .

— Same .

M ay 26th, 27th .
-~The expectoration ceased ; very little

crepitation existed in the right lung ; pulse 82 per min
ute felt well

,
and left the hospital on the following day .

CASE XLI.—MAY 15TH.

East pier. Barometer 29
° Thermometer

Weather clear. Pressure 48 pounds to the square inch .

JOHNWOOD
,
24 years ; nativity, England ofmedium

stature andwell built ; worked two and one halfmonths .

This case was similar to case XXVII
, but less severe .

The treatment followed was the same
,
and after s ix

hours rest went home .
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CASE XL II.—MAY 15TH.

East Pier. Barometer 29
° Thermometer

Weather clear. Pressure 48 pounds to the square inch .

EDWARD GREEN
,
35 years ; nativity, Ireland ; tall and

slenderly built ; worked two months ; had previously
suffered with parapsis of both legs

,
from which he

recovered ; and, after a few days ’ rest
,
returned to work .

This time he was taken sick after the second watch
,
and

immediately after coming up . This case was similar to
Case XXVII. The treatment was also the same

,
and

after eight hours rest he went home . In a few days he
returned to work ; was retaken with the same symptom s
after the second watch . The same treatment was again
resorted to he recovered a second time

,
but before

returning home he was discharged from further work in
the air-chambers .

CASE XLlI I .
-M AY 1GTH .

East Pier. Barometer 29
° Thermometer

Weather clear. Pressure 47 pounds to the square inch .

WILLIAM WELSH
,
21 years ; nativity, Ireland ; above

mediumheight and well built ; worked four months ;
was taken Sick after the last watch

,
about twenty-five

minutes after coming up
,
and while on board the boat

crossing the river to the shore . He was taken home
,

where I saw him a few minutes after. This case was
similar to case XXX but less severe . The same treat

ment was followed,and on the following morning he
was much better

,
but very weak . He was advised not

to return to the same work.

CASE XLIV.
—MAY 1GTH .

East Pier. Barometer 29
°

75 ’ Thermometer

Weather clear . Pressure 47 pounds to the square Inch .

JOHN MURRAY, 19 years ; nativity
,
United States ;

above medium
'

stature and -well built ; worked four
months ; was taken sick after the last watch . Similar
to case XXVII. The same treatment was pursued

, and

on the following morning he was well, but quite weak.

E
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CASE XLV.
—M AY 15TH.

East Pier.
,
Barometer 29

° Thermometer

Weather clear. Pressure 47 pounds to the square inch .

M. O ’KEEFE; 35 years ; nativity
,
Ireland ; medium

stature and well built ; has worked four and one half
months ; taken sick after the last watch

, and about
twentyminutes after coming up . This case was Similar
to case XXX but less severe . The treatment followed
was the same ; he recovered

, but was weak for fiv e or

Six days .

CASE XLVI.—M AY 1GTH.

East Pier. Barometer 29
° Thermometer

Weather clear. Pressure 47 pounds to the square inch .

STEPHENS HENRY, 22 years ; nativity, United States ;
medium size

,
and well built ; worked four months was

taken sick after the second watch . This case was

similar to case XXX,
but less severe . The same treat

ment was followed, and after eight hours rest the

patient was allowed to return home .

CASE XLVIL—MAY 2l s 'r.

East Pier. Barometer 29
° Thermometer

Weather clear. Pressure 47 pounds to the square inch .

STEVEN DERING , 23 years nativity
,
Ireland ; above

medium stature, and well built ; worked four months

and a half ; was taken sick after the second watch
,
11

O ’clock A .M . This case was similar to case XXX
,
but

less severe. The same treatment was followed, and

after remaining in the floating hospital until the next

morning
,
he was better, but weak, and went home .

CA SE XLVIII. —MAY
East Pier. Barometer 29

° 74’ T hermometer

Weather clear. Pressure 47 pounds to the square inch.

JAMES HOWARD
,
23 years ; nativity, United States ;

medium height
, and well built ; worked one month

and a half ; taken sick after the second watch at 12
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O’clock
, M . This case was similar to case XXX ,but less

severe . T he same treatment was followed, and on the

following day he was much better, but weak.

CASE XLIX.
—MAY 27TH.

East Pier. Barometer 29
° Thermometer 75

°

Weather clear. Pressure 45 pounds to the square inch .

H . G. HARVEY
,
19 years ; nativity, England ; air—lock

tender ; of small stature , but square built ; had worked
Six months ; taken sick once before

,
on the 28th Feb

ruary, and suffered then of parapsis
,
which subsided the

following day,
and he returned to work after four days

rest. This time he was taken sick after the secondwatch
,

at 10 O ’clock A .M . This case was similar to case XXX
,

but less severe and after the treatment followed in
similar cases

,
and eight hours rest

,
he was well enough

to go home .

Besides these forty-nine cases we had under our care
at the east and west piers , there will be found twenty
eight other cas es in C hap ter X I I

, which occurred
during

'

the sinking of the east abutment caisson
,
and

to which we will refer hereafter— these cases , for the

p resent, not p rop erly belonging to the subject we now
have under c onsideration .



CHAP TER VIII.

PROG RESS O F THE WORK AFTER RECOMMENCING A T THE

EAST PIER —CHANG E O F THE ATMOSPHERIC CONDITION
IN THE A I R -LOCK A ND A I R -CHAMBERS DURING THE

FILLING U P WITH CONCRETE— CONSIDERABLE INCREASE
or TEMPERATURE IN THE A I R -LOCK .

After haVIng experienced the successive increase of

temperature in the air-chambers
,
as also a more consid

erable increase in the air-lock, at the West pier
,
it was

supposed that at the East pier
,
where the pressure was

higher
,
the temperature would certainly increase in pro

portion .

It was then deemed necessary to have the air forced
into the air-chambers by the force pumps

,
to pass

through several large coils of red copper pipes
,
the coils

fiv e feet in diameter
,
and the pipes Of the same diameter

as those of the air-pumps
,
the said coils equal in length

to 150 feet of pipes
,
and to be submerged in the river,

the temperature ofwhich being lower than the atmos

phere would cool the air before its entrance into the

air-chambers .

This was accordingly done
, but the coils not being

ready before the 12 th of M ay ,
at noon

,
the increase of

temperature in the air-chambers , we think
,
caused

four cases to occur in the middle of the day,
as will be

seen by the cases XXXVI, XXXVII, XXXVIII and

XXXIX . A s soon as the compress ed air passed through
the coils of pipes submerged in the river before entering
the air-cham bers

,
then the temperature ceased to increase

above 66 ° in the air-chambers . After a few days the
space in the air-chambers becoming smaller

, by the

filling up with concrete
,
the temperature increased again



1

by the constant mixing up of the hydraulic cement with
water

,
used to make the concrete

, as , for illustration ,

the slackening of fresh lime will do . Then the tem

perature increased, notwithstanding all the care taken

to prevent it
,
and during the remainder of the work

ranged from 66
°
to 72

° in the air-chambers , as the state
ment hereafter will exhibit.

B ut in the air-lock the temp erature was cons iderably
more every time the men had to go from the normal

atmosp here through the air
-lock into the air—chambers .

SO much s o
,
that on the 12th M ay, at 11 o

’
clock

,
A . M .

,

the thermometer indicated and this at a pressure of

49 pounds to the square Inch . A n ice box ,
like the one

used at the We st pier in the air-chambers
, and in front

of the equalizing valve with the air-lock
,
was made

,
and

used immediately in the air-chambers
,
and continued

until near the completion of the work and with the

following results

We give herein a statement of the temperature in the
Open air, in the air-chambers

, and in the air-lock
,
when

going from the normal atmosphere into the air-chambers
,

and since the 12th M ay, 4 O
’
clock P . M .

,
until the 27th

, at

noon
,
the day of the completion of the filling up Of the

air-chambers at the East pier.



92

4
7

4
7
4
6
4
6
4
6
4
5

4
5

4
5

Q0 QO IO

5
.

S
.

. s
$24

CN N H CN LQ CN H N CN CN CN
H v
—H—I H H H v

—l v—i v-I

During the last three days the temperature was

higher in the air-lock,
the ice box being taken away,

there being no room for it ; but the successive, con

stant, and alternative opening of both air-lock doors
partially supplied the difference for lowering the tem

perature , the room. in the air-chambers becoming so

small that three or four men only were allowed to

work at a time
,
and not more than half an hour

each time
,
until the filling up of the air-chambers was

completed.



CHAPTER IX .

FR E QUE NT EX AMI NATIONS , DURIN G THE TIME O F WORK
,

OF THE MEN WORKING IN THE A IR -CHAMBERS— AN

ALMOST CESSATIO N OF CASES .

The results f obtained so far
,
since my attendance at

the bridge
,
if not entirely successful

,
had at least been

encouraging
,
and not to leave anything undone which

could be done to prevent the effects of compressed air

on themen working in the air—chambers

As has been shown in the tabular statement
,
chapter

VIII
,
from the 12th M ay the temperature in the air

chambers being SO much above the temperature which
exi sted before ; the pressure being 48 pounds to the

square inch , and the work progressing day and night
,

the condition of the atmosphere in which the men had

to work
,
being changed by the increase of temperature

,

suggested to me
,
the possibility of the appearance of

other symptoms
,
which had not been observed before

among the working men . Having always examined

the time taken by a gang of workmen when coming
through the air-lock to return into the normal atmos

phere, and that
,
notwithstanding my directions and

positive orders
,
not to come out too quickly, some

times they took too short a time to do it— that is

to say,
if the pressure was 45 pounds to the square

inch
,
instead of remaining from seven to eight minutes

in the air-lock
,
to equalise the pressure with the open

air in the shaft
,
they remalned only from three to four

minutes at the longest.
E 1
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To prevent a further recurrence of this , I directed
that the equah z1ng valve between the air-lock and the

open atmosphere should be altered
,
— that is to say,

I had the area of the opening of said valve reduced
,

which change had the desired result.

Since the recommencing of the work at the east pier
,

besides the cases which are recorded in chapter VII.

some of the men working in the air-chambers. a few

minutes after coming up
,
complained of the excessive

heat in the air-lock and air-chambers
,
and also of being

very tired ; many of them complained of headache
,

principally on the frontal and temporal regions . Their
pulse was not O ver 90 per minute, but feeble ; the light
had more than its usual effect on their pupils

,
which

were in the majority of
‘
cas es abnormally contracted

,

those symptoms indicating, to a certain extent
, a dispo

sition to a certain form ofmeningitis .

We then considered necessary from the 14th of

M ay to examine the men morefrequently, top revent, if
p ossible, an increase of those symp toms . From that

day we examined every man,
after coming up from the

air-chambers , regularly every six hours
,
day and night ;

and as soon as any one of them complained
,
we made

him rest one watch . In the most of cases all the

symptoms disappeared
,
but in some they returned

,

then we Considered prudent to prevent such ones from
returning to the same work. We believe that by sys

tematic examinations of the men every s ix hours
,
when

the work progressed, as also by the strict enforcement

of the rules already referred to, we Obtained, as near as
possible for the present, all the results looked for ; and

we are able to saythat from the 12th Of M ay until the
27th , the day of the completion Of the work in the air

chambers , at the east pier, there were no more fatal
cases ; and if there were any others

,
they were less

severe , every one of them recovering rapidly
,
enabling

the patient to return to work within a few days .



CHAPTER X.

ANALYSIS OF THE PATHOLOGICAL EFFECTS AND OF THEIR
CAUSES- ~ EFFECTS OF COMPRESSED AIR ON MAN AS A
LABORER IN THE AIR-CHAMBERS

,
AND ON MAN AS A

CASUAL VISITOR.

A S we have seen
,
by observation of forty-nine cases in

chapter VII.

,
the similarity of symptom s , varying only

In their intensity
,
the same treatment followed for all

,

and the ultimate recovery of forty—fiv e of them ,
oblige

us to differ as to the cause or causes which produced
such pathological effects ; and leads us not only to sup

pose
,
but to affirm

,
that exhaustion of the system under

certain circumstances has been, with a very few excep

tions, the cauSe
”
of what have been called “bridge cases .

”

In support of our views on this theory of exhaustion
,

as some may call it
,
we have to examine

,
first

,
the func

tion Of respiration . It is an admitted fact that oxygen
in excess in the normal atmosphere

,
has the effect to

increase the force and activity of the pulse
, and that

the same atmosphere in which the excess of oxygen
exists , may be still respirable and support life pro

vided
,
the proportion of oxygen will not exceed ten per

cent. above the normal quantity already existing in it ;
and that if a person is obliged to remain for a certain

length of time in an ambient atmosphere where oxygen
is in the proportion of ten p er cent. in excess , we observe
that the respiration is increased in frequency .

It is admitted that the increase of respiration,
'

or cir

culation, produces an excess of waste on the system
,

which
,
if long continued, exhaus ts it.
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If then
,
such is the case , when a person is exposed

only to a surrounding atmosphere which contains no

more than ten per cent. in excess Of oxygen above the

quantity in the normal atmosphere
,
what will be the

result on a man who is obliged to use great muscular

exertions
,
and to work in an ambient atmosphere con

taining from three hundred and thirtyfive to four
hundred p er cent. more oxygen than in the normal "

Let us
,
then

,
examine the condition in which the men

working in the air-chambers were placed .

The number of respirations for an adult in the normal
atmosphere

, average eighteen per minute . The average
quantity Of air introduced into the lungs of a medium
sized healthy man

,
at each inspiration,

is 115 cubic
inches

,
when breathing which gives for eighteen inspi

rations per minute , 2076 cubic inches Of air, and repre

sents 477 48—100 cubic inches of oxygen. B ut
,
if we

now take into consideration the pressure under which
themenhad towork in the air-chambers ,whichpres sure
has been as high as . fifty (50)p ounds to the square inch,
but which we will only take at forty-five (45)p ounds to
the square inch, as a base for our calculation

,
we will

demonstrate the enormous difference in the proportion .

of air which is inspirated into the lungs Of the working
men or Visitors remaining in the air-chambers for a

certain length of time .

The pressure being forty-five (45)pounds to the square
inch

, as we have said, instead of eighteen inspirations

per minute , they are increased to 21
,
and , instead of

2076 cubic inches insp irated p er minute there are 2415 ,
rep resenting 555 45

cubic inches of oxygen instead of

477
48

. B ut now
,
if we have to multiply this result by

four being ,the number Of atmospheres which was
the pressure in the air-chambers , then it will give 9660
cubic inches p er minute, and the p rop ortion of oxygen
will be 2221 8° cubic inches coming in contact with the



respiratory surface or wall of air-cells Of the lungs
every minute, instead of 477 48 t en breathing in the

normal atmosphere .

Notwithstanding the normal proportion in which the
oxygen exists with the other constituents of the normal
atmosphere, nevertheless , that same atmosphere being
condensed until thep ressure is forty-five (45)p ounds to
the square inch, the quantity bf oxygen which wes aid ,
was insp irated p er minute instead of the quantity exist
ing in the normal atmosphere .

I t has been said that thep rep ortion of oxygen which

the red corpuscles of the blood are cap able of containing
are

,
to a certain degree, absolute, and do not dep end

upon physical conditions , such as p ressure.

”

This is true when the oxygen is in excess Of its
proportional constituent

,
in the normal atmosphere but

the function of respiration of the men working in the
air-chambers is taking place in an over condensed
atmosphere

, and not only the same number of cubic
inche s of surrounding compressed air in which they
are is inspirated by them

,
but even more, the number

of respirations being twenty-one (21)per minute, instead
Of eighteen (18) in the normal atmosphere .

We believe that exposure over a certain length of

time to such an atmospheric pressure, is more than

suificient to cause abnormal , if not pathological, effects
upon the men employed in the air-chambers .

Now
,
if we consider the excess ofwaste on the system

which is going on
, and ought to be proportional to the

time that the men have to remain in the air-chambers ;
each time

,
being two

”

hours duration,
three times a day,

with an interval for rest Of two hours only between each

time of work,
we have the following results

A healthy man breathes , when in the air-chambers
during two hours

,
at the rate of 222180 cubic inches of

oxygen p er minute, ins tead of 477
48 in the normal atmos

phere the waste on his systemwill certainly bemore in
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p rop ortion than in the normal atmosphere, this prop or

tional was te being Caused by the insp iration of com

p res sed air which contains no more oxygen than in the

p rop ortion of the cons tituents of the normal atmosphere,

but so much more in considering the prop ortion of the

p res sure existing in the air
-chambers , as we have shown

above .

Suppose
,
for instance

,
that a man can stand this

change the first time he h as been exposed to such
atmosphericpressure

,
and comes out of the air-chambers

feeling as well as when he went in
,
there is no doubt

that , notwithstanding his feeling well , the waste on his

system was going on
,
as we said . ow longwill it take

for that man to repair the waste made on his organism
by his soj ourn of two hours in an atmosphere at the

pressure Of forty-five (45) pounds to the square inch "
From facts obs erved

,_
we answer " for that man

, besides
the time of rest allowed to menWorking in the normal
atmosphere

,
it will take u very small fraction less than

three hours and a half to recover only from the increased
waste by exposure in such a condensed atmosphere
was te which has been going on at a quadrup le rate com

pared with the waste O n a man working in the normal
atmosphere .

B ut
,
now

,
if

,
instead of a healthy man who has been

exposed for two hours in a condensed atmosphere
,
it is

a man whose health has been more or less impaired by
irregular habits or sickness , will it be safefor that man

to exp ose hims elf to the efiects of the was te constantly

going on on his sys tem,
if he is obliged to return to work

after two hours rest only
,
and this repeated three times

during the day " We thinknot.
The change on the healthy man,we may s ay more

properly
,
the loss of vitality or force of resistance caused

by the waste on his system
,
already impaired by return

ing too soon to work in the air-chambers
,
that is to say

after two hours of res t only, and when hehad not yet
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recovered from this waste
,
and returning to work once

,

and even twice
,
on the same day in the same con

densed atmosphere, and at each time more exhaus ted

by work and exp osure than when he commenced in

the morning. The chances for that man are
,
if he

persist in his work
,
and expose himself to the con

tinual exhaustive power of the condensed atmosphere
,

he certainly will be affected by it, and present the same

pathological symptoms that we have observed on the

forty-nine cases that we had under our care ; and far

more serious will be the effects on the man of impaired
health or delicate constitution .

There is no doubt that on the men working in the air

chambers theWaste on the system was increased in pro
portion to the pressure existing in the air-chambers .

Have we not found on examination an excess of urea
in the urine Of healthy men who had worked for some

time in the air-chambers 2We do not say that muscular
exertion is the cause of increase of urea

,
but that re

maining in an over condens ed atmosphere increases the

was te of the sys tem,
and which is confirmed by the

increase of urea in their urine, collected at the time the

quantity of urea is admitted to be les s . Moreover
,
they

have that profuse perspiration which always exists on
all the men while working in the air-chambers ; and

does not nitrogen, a part of the waste Of the tissues
escape through the skin by this profuse perspiration .

It maybe said that this profuse perspiration Observed,
was not perspiration,

but the condensation Of the respi
ration, or the condensation of the compressed atmos

phere in which the men were working ; but this cannot
be

,
because the profuse perspiration covered every part

of the body, and even continued for some time after the
men had returned into the normal atmosphere .

As for the condensation of the condensed atmosphere
,

this could not take place , the temperature of the body

being nearly and the surrounding atmosphere
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only consequently lower
,
its condensation was im

possible. This onlydemonstrates that it was perspi
ration and very profuse too, which continued

,
as we

have already said, for some time after the men returned
into the normal atmosphere

,
but not when returning

as quick as pos sible.

”

I s it then
,
surprising, that the secretion of the kidneys

was sometime interfered with
,
we mean among the most

serious cases reported before we took charge of the men .

This seems to us to be more than su cient to explain
the exhaustion which caused the symptoms Observed on

themen taken sickwhohad worked in the air-chambers .

A cause to which we have already alluded in C hapter
VII

,
we think was a too long sojourn in the air

chambers . From the firs t day of our p rofes sional
attendance at the bridge, we sugges ted that the time of
work in the air-chambers was too p rolonged ,

and might
cause a compression continued beyond the vital resist
ance of some of the liquids of the body , said liquids not
withstanding their slight compressibility,

are
,
according

to the laws of physics
,
nevertheless subj ect to the same

influence Of increased atmospheric pressure, as is water
in its transformation from a liquid body to a gaseous one

(see our experiments on ebulition ofwater
,
C hapter II.)

and according to the laws of physiology, we may infer
that the circulation of the blood to the periphery of the

body having been interfered with,by the influence of in

creased atmospheric pressure
,
while in the air-chambers

,

and a great deal more from the periphery when return
ing into the normal atmosphere by coming through
the air-lock “

as rap idly as p oss ible,
” by allowing the

too rapid escape of the compressed air from the air

lock
,
said interference Of circulation manifested by the

early disintegration of tissues to the superficie of the

body disintegration extending sometimes to deep
seated organs , as the kidneys and bladder

,
as it was

found at the post mortem examinations .
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B ut there are also other causes which may predi spose,
and even produce, on persons going into the air-cham

bers as laborers , or, as Visitors , all the symptoms and

effects already Observed ; and, we think it necessary,

nay, even imp ortant, to examine those causes . We

allude to the necessary time to remain in the air-lock

when goiug into the air
-chambers and alsowhen coming

out of them.

The proper time for the men to remain in the air-lock
when going into the air-chambers

,
as also when coming

out to return into the normal atmosphere
,
had been the

subj ect of different opinions
, but proximate or specific

time to remain in the air-lock
, ,
had never been advised

,

Since the commencement of the work
,
until the time Of

our Observations and regular attendance at the bridge .

In anlaysing each theory or opinion
,
we looked for a

definite or proximate cause or causes Of the symptoms
Observed

, as also for an indication Of the duration of

time to remain in the air-lock when going in and out of

the air-chambers ; besides , there was no prophylactic
means advi sed for the workmen

,
nor any treatment

followed with satisfactory results
,
when some Of the

men were taken sick at the piers , and to avoid
,
if possi

ble, their removal to the hospital .

We think,
by revi ewing each theory

,
we may be able

togive our reasons for differing in opinion
, and we will

also indicate the duration of time necessary to remain in

the air—lock,
when going in and out of the air—chambers ;

thi s duration Of time not being an arbitrary one
, but

bas ed in accordance with the amount of p ressure exist

ing in the air-chambers
,
and on facts which have come

under our Observation,
and confirm the correctness of

our views on the subj ect.

The first Opinion given with which we di ffer
,
princi

pally O n account of its insufficiency, is as follows "
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That the af ection by which the laborers in the air

chambers are attacked , is chiefly attributed to the

changefrom a very condensed to a comp arative rare

fied atmosphere

There is nothing definite in this opinion
,
even adm it

ting that the change from a condensed atmosphere to
the normal one is the cause

,
but this is not a suificient

explanation . Ow does it happen 2 The writer quoted
above does not say whether the change was too sudden
or too slow ; or, if the duration of time to remain in the

air-lock was what it ought to have been when the men
were coming out of the air-chambers ; and if it was not
possible to modify or improve the condi tion in which
the men were placed

,
and to avoid the pathological

symptoms observed as a consequence of this change .

The op inion of another writer was that the greates t

danger to p ersons entering the air-chambers is that

they enter too rapidly. If only they would admit the

p res sure more moderately, so that the heart and in

ternal organs could accommodate themselves to this

p roces s of conges tion .

”

We agree with this advice, but it is a very incomplete
direction to follow . There is no notice taken of the

amount of pressure existing in the air-chambers .

H
C

says to admit the pressure more moderately
,
but there

is no durationof time even suggested. The amount of

pressure has from time to time varied considerably .

Supposing that this advice is followed, and that by
guessing at the time necessaryto remain in the air

lock,
the pressure is admitted moderately but without

stating the duration of time
,
there may be a risk of

remaining in longer than it is safe and we ask,
What

will be the effect on a person remaining too long a time

in the air—lock Z — For illustration
,
let us suppose

that the pressure is 45 pounds and the
‘

temperature is

65
° in"the air-chambers— according to the explanation

we have before given (in Chap. IX.) the temperature
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in the a1r-lock will increase to about 83° —may be
more

—and may reach even an equal temperature with
the one observed and related in chapter VII.

,
which

increased to

Now
,
let ten men Of medium stature— which is gene

rally the number going at one time into the air-lock
-remain in the air-lock for a period of over fifteen
minutes ; we say over fifteen

, because less will not be
moderately,

”—fifteen minutes being a short time for
thep ressure existing . Let them remain over this time

,

to equalize the pressure with the air-chambers , which
is 45 pounds to the square inch , and take into cons id

eration the cap acity _

of the air-lock
, which is s ix feet

in diameter by six feet in height, allowingto each man

only s ixteen cubic f eet to breathe in for over fif teen
minutes ; and “at the temp erature which has never

been less than 74
°
and as high as when ten men

were in the air-lock and in which small sp ace allotted

for those ten men
,
the carbonic acid evolved by the

resp iration of each one
,
amounts to 19184 cubic inches

per minu te, which being multiplied by ten amounts to

191840 cubic inches
,
and multip lied by the number of

minutes—fif teen— gives a total of cubic inches of
carbonic acid accumulated in this small sp ace during
the time of their remaining in the air-lock

,
in which

a longer time might be attended with danger.

It was the condition in which those men were placed
which induced us to Observe the variation Of tempera
ture in the air-lock conj O intly with the existing pres
sure ; and since the commencement Of the filling up of

the air-chambers with concrete
,
we noticed its rapid

increase
,
which frequently ranged as high as 80

°
to

until the completion -of the work,
on the 27th M ay ,

1871 .

It is therefore possible to foresee that the atmospheric
condition in which persons going into the air-chambers
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may be placed by their remaining too long a time in

the air-lock
,
and that they would certainly run a

greater risk of being more afl
°

ected
, and principally

the laborers
,
who had to remain at work in the -air

chambers for two hours after entering them
, and which

sojourn of two hours was in itself sufficient to predis
pose to the symptoms we have Observed and described
elsewhere .

We thought it was a Capital point
,
and one not

to be overlooked, to ascertain, as near as possible,
the time necessary to remain in thea ir-lockwhen going
into the air-chambers and after repeated observations
and experiments. we gave the following directions

,
ao

cordingto the pressure and temperature .

We directed that no more than seyen persons at a

time
,
laborers or visitors

,
should enter the air-lock

,

allowing them twenty-three (23) cubic feet each, instead
of sixteen, besides lessening the production of carbonic

acid evolved by respiration
,
and that the duration of

time for equalizing the pressure in the air-chambers
,

should be one minute for every three p ounds of p res

sure, that is to say, if the p ressure was thirty p ounds ,
ten minutes in the air-lockwas necessary, and if forty
five p ounds , fifteen minutes

,
and so on

,
maintaining

always the p rop ortion of one minute to every three

p ounds , which time, when correctly. observed , was never

attended by the s lightest inconvenience among those

working in or visiting the air—chambers .

N ow
,
we have to examine the opinion of the same

gentleman as to the sojourn in the air-lock
,
when coming.

out of the air-chambers
,
which direction

,
on the subj ect,

is very explicit, and is as follows .

A s to the manner of coming out of the air—lock
,
I

“
should think it advisable to come out as rap idly as

possible,for whether they saf er or not, theremust take
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p lace acertain degree of reaction to the surface of the
body,which

‘

is only accomp lished by the removal of the
atmosp hericp ressure in entering the op en air.

”

With this opinion we differ much
,
not only as to the

time of duration to remain in the air-lock when
'

coming
out of theair-chambers , but also as to the efl

‘
ects pro

duced by this spontaneous change, advised as rap idly
as p os s ible

” from a very condensed atmosphere to the
normal one

,
that we will for illustration take from our

Observations on the 19th Of February last, and When
the pressur e was only thirty-seven and a half pounds to
the square inch .

Let us imagine a workman ready to go to work in the
air-chambers ; he is in good health ,

his complexion fair,
pulse 80 per minute . This man enters the air-lock and

remains in it twelve and a half minutes ; his pulse is
then 92

,
but as soon as he enters the air-chambers his

pulse
,
within fifteenminutes , falls to its normal s tandard

,

and gradually becomes slower
,
as his sojourn is pro

longed in the condensed atmosphere
,
so that after two

hours work in the air-chambers , we find that same man

with a pulse at 69 per minute . This pulse is evidently
an indication of dep res s ion of the sys tem.

Now
,
this same man

,
in a depressed condition

,
leaves

the air-chambers
,
where the temperature 1S '45

O

, and
,

notwiths tanding this low temperature he is covered with

p rofus e p erspiration (such is the case with all the work

men)and in enteringthe air-lock he is directed “ to come

out as rapidly as pos s ible,
” to return into the open air.

Now
,
it will be Observed

,
that in six and a half minutes

— the time directed that this man had to remain in the

air-lock to equalize the pressure with the Open air— the

thermometer had fallen to freezing p oint, this
being caused by the escape of the compressed air from
the air-lock in the normal atmosphere .

N ow
,
if the time to remain in the air-lock is short

ened
,
when coming out of the air-chambers

,
the escape



106

of the compressed air from the air-lock being still more

rapid, the temperature in the air-lock will decrease s till
more rap idly, and be lower than ever before .

I S it advisable, not to say safe, for any workingman,

already in an exhausted condition
,
sufiicient to produce

all the symptoms heretofore Observed, to expose himself
to more depressing causes , as we cons ider the freezing
atmosphere to be, as would _be the case by coming out

as rap idly as p oss ible,
” which

,
ins tead of p roducing a

certain degree . of reaction to the surface of the body,
will p revent all chances of reaction by increasing s till

more the want of vitality

I S it not more rational and safe to make the change
from a highly condensed atmosphere to the normal one
more gradual

,
so that if there is to be a reaction to allow

it to take place in the open air
,
which

,
for persons

suffering from the effects of a too long sojourn in a

condensed atmosphere
,
is most favorable to them for

recovering from the phenomena which have been SO

Often Observed "

O ne last illustration in confirmation of the correctness
of our views .

Has not nearly everyman working in the air-cham

bers , when taken sick,
after coming up from their work,

complained of epigastric pain,
sometimes so Violent as

to produce syncope " If we look at those men working

in the air-chambers when coming out and entering the

air-lock
,
they are covered with p rofuse p ersp iration

five out of s ix of them,
have their ches t and ep igas triiwn

unp rotected for want of suficient clothing. I s there no

danger then that the ep igas trium,
the liver, the sp leen ,

the diaphragm and the ep ip loon,
which sys tem of blood

ves s els are comparatively more extended and numerous

than in any other p art of the body. Is there no danger
that the exposure of the s e organs to the influence of

cold, produced suddenly by the too rapid falling of the

temperature to freezing point in the air-lock,
“by coming
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out as rap idly as WIll produce. that very
same congestion that

“

it is so important to avoid "

We leave to every person conversantwith the subject
,

to draw his own conclusion of our expressed opinions .

B ut it may be asked, how is it possible to explain how
it is that some are taken sick from twenty minutes or
more after coming up , and their pulse was always slow,

from 60 to 68 per minute , and that the pulse of those
taken sick immediately after coming up was from 95 to

115 per minute .

To this we will say ,
that those whose pulse was slow

had more endurance to resist exhaustion
, and were not

yet in the same exhausted condition of those whose
pulse was as much as from 95 to 115 per minute, which
was the result of complete exhaustion caused by the
efforts made in walking up the circular s tairs in the

shaft to return to the surface of the p iers , when

a lready in a more Complete state of exhaustion on

leaving the air-chambers than those whose pulse was
Slow after coming O ut.

We also call the attention of our readers to some

other supposed causes Of the symptoms Observed .

From the time the caissons touched; the bed of '

the

river
,
it became necessary to use lights for the men to

work with in the air-chambers at the excavating Of sand
and filling up with concrete . What is known as star
candles was used, as also coal oil lamps , but, notwith
standing the condensed atmosphere in which the lights
were burning very freely

,
a large proportion of un

burnt carbon escaped into the air-chambers
,
some of

Which was inspirated by those exposed to it
,
and was

afterwards expectorated when they returned into the

open air.

Some time before we examined this fact
,
it was sup

posed by many working in the caissons that this was
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injurious to them ; but to this we had only to say that

it was not so , and
"

that the unburnt carbon escaping
from the candles and lamps was , with a proportion of

oxygen existing in the condensed atmosphere in the
caissons under the influence of pressure

,
combining and

forming carbonic acid, which , as soon as formed, diffused
itself through the air-chambers

, and was In SO small a

quantity as to be harmless .

T O some this explanation was suificient, but it gave
rise to another theory, which was , that the amount of
carbonic acid thus formed

,
conjointly with the amount

which was evolved by the resp iration of each man work

ing in the air
-chambers being considerable, that a p art

remained in the sys tem under the influence of thep res
sure when in the air- chambers

,
and acted as p oison .

The theory of the carbonic acid remaining in the

system
, and to poison it

,
cannot hold good

,
for the

reason that in the air-chambers— the men perspiring
profusely— the carbonic acid found also its exit from
the system by the profuse perspiration . It is known
in physiology that it is a s tandard function of the

skin to p ermit p artial arterialisation of the blood
,

atmosp heric oxygen being exchanged for carbonic
“

acid

through the skin .

Now ,
instead of the atmospheric oxygen only, we

have a condensed atmosphere which contains four
times as much oxygen

,
it is then easily seen that the

the functions of the lungs not being impaired (as p os t
mortem examinations have demons trated) and perspira
tion going on freely when the men were working in the

air-chambers
,
if the lungsWere unable to remove all the

carbonic acid resulting from the waste Of the body
,

the surplus , if there was any ,
was eliminated by the skin

during the time this p ersp iration was going on
, and

which las ted as long as the men remained in the air

chambers , but it was very important not to check it

too suddenly after the men were leaving their work
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and when they were entering the air-lock to return
into the normal atmosphere, and (by

“
coming out as

rap idly as but to let that same perspira

tion continue not only until
, but after, the men had

returned into the normal atmosphere, and where, after
their return

,
keeping quiet a certain length of time

,

then the lungs will perform what the skin ceases to
do

,
they will remove the surp lus of carbonic acid from

the system
,
if there is any ; but this result can be

Obtained only by remaining in the air-lock the time

we have indicated
,
and which is necessary in the

meantime to avoid the appearance of the patholo

gical symptoms already Observed . B ut we do not

believe that there was a sufficient quantity of carbonic

acid remaining in the system to produce any of the

pathological symptom s already observed, and more

over
,
we will say we observed always that the respira

tion was normal in every man we examined in the

air-chambers
, and that each expiration was somewhat

deeper than when in the normal atmosphere
, and that

there was no symptoms Of asphyxia Observed in any
of the cases

,

'

which fact was also proved when the p os t

mortem examinations were held .

This subject naturally led to the enquiry—What
,

then
,
became of the carbonic acid, as there was none

found in appreciable quantity when we made our experi

ments on the 19th February, 1870, nor after
,
until the

completion of the work " T O this we will say that the
carbonic acid

’

evolved by the respiration of the working
men and visitors -in the air—chambers, as also from the

combination Of the unburnt carbon of the candles and
lamps with oxygen

,
or formed from any other causes

,

that the said carbonic acid thus formed or evolved was
diffused through the condensed atmosphere in the air
chambers, and that the condensed air

,
in which was

diffused the carbonic acid, was cons tantly escap ing
u/nder the edge of the cais s ons through the sand into

F1
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the river
,
as also by the frequent op ening of thefdoors

of the air—lock, which was cons tantly used for ingres s
and egres s purp oses in and from the air-chamber s ,
then allowing to escape its contents of compressed at

mosphere at each time
,
which was replaced by a con

stant supp ly of pure comp res s ed air by the air ,pumps
working day and night . ence

'

it was that the quan
tity of carbonic acid was unappreciable by the ordinary
test

,
in consequence of its small quantity and extreme

diffusion ; and
,
consequently, could not have any ih

jurious effect on the men working or remaining in the

air-chambers . This applies from the time the caissons
touched the bed of the river until they touched the

rock
,
and the filling up Of the air-chambers with

concrete commenced .

B ut it may be asked—What became of the carbonic

acid in the air—chambers after commencing the filling
up with concrete and closing all means of escape for it

To this we will say , that the carbonic acid
,
no longer

finding its way of escape, instead of accumulating in
the air—chambers , as might be supposed, the said car

bonic acid which was evolved was decomp os ed or ab

sorbed by the cons tant s lackening of the hydraulic

lime or hydraulic cement used to make the concrete

for the filling up Of the air-chambers .

Before concluding this chapter
,
we have to say that

there exists a comparative difl
’

erence as to the effect of

increased atmospheric pressure on the man as a Visitor
in the air-chambers and on the man as a laborer

,
whi ch

difference exists in the following facts

1 . The visitor going into the air-chambers is to re

main only a short time
,
and when he goes through

the air-lock he is always accompanied by a competent
person or an o

”

i cer Of the bridge , and every precaution
is taken while remaining in the air-lock

,
where few

enter at a time
,
and

,
according to the pressure, remain

in the air-lock the duration of time we have indicated
as a safe one.
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2 . The stay in the air-chambers rarely exceeds half
an hour

,
very few having remained an hour, and their

Visit only occasional, and in some instances, only a soli
tary one.

3 . A ny casual Visitor, before his or her Visit to the

air-chambers , which may be looked on as a pleasure
trip

,
is always supposed to be in good health ; and no

strangers to the work, Visiting the piers , are permitted
to go into the air-chambers without being warned of the

effects of the compressed air, which might, possibly, be
disagreeable to them without being injurious . This

warning was suficient top revent many from vis iting
the air-chambers if they were not

'

in the condition of
health to do it, notwiths tanding that they camefor that
sp ecial purp os e. If ever it happened that among the
Visitors there were some of irregular habits

,
their so

journ of an hour in the air-chambers
,
without repeating

their vi sits , and in the meantime taking all the precau

tions necessary in going in and coming out
,
insured

them against any fur ther contingency resulting from
their Visit.

4. A S to the frequent Visits made by the ofiicers of

the bridge into the air-chambers , it is superfluous even
to say, that all of them knowing the effects and con

sequences to which theywere exposed
,
never tried to go

into the air-chambers unless they were in good health ,

and as men of regular habits they never exposed them

selves in any condition which could, in the slightest
degree, predispose them to be affected by the increased
atmospheric pressure existing in the air-lock or in the

air-chambers .



CHAPTER XI.

OPINIONS BASED O N FACTS A ND OBSERVATIO NS .

As we have already said in C hapter V,
we have very

little to add to the pathological symptoms described and

pathological changes Observed during the p os t mortem

examinations made by other professional gentlemen.

We agree with their correctness but as to their causes ,

and the conditions in which those changes took place ,
we di ffer

, and will say that we do believe that those
pathological changes were not caused by the immediate .

effect of exposure to a condensed atmosphere
, but the

result of a reaction produced too suddenly on those
taken Sick

,
by the means used to bring on the reaction

among which
,
we may name such as the adminis

tering of alcoholic s timulants in too large doses for the
nature of the cases , the hot bath adminis ter-cd immedi

ately af ter being taken s ick
, and which was followed in

some cases by immediate paresis , and even paralysis ,
from which the patients recovered very slowly

,
if at all

a fact which induced us to forbid the us e of the bath

entirely in the treatment of such cases . We may also
mention

,
as a means of bringing on reaction

,
the inju

dicious us e of magneto
-electricity, and the removal of

the p atients from the p iers too soon after they were
taken s ick

,
and when they were not in a condition to

support such removal.
B ut

,
it may be asked

,
how is it possible that those

pathological changes were Observed during the p os t

mortem examinations
, and how to explain or account

for the changes obs erved on the brain
,
its membrane,
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and the sp inal cord, and not admit that the increased

atmospheric pressure is the immediate cause Of these
changes "

We will then say ,
that those pathological changes , if

we examine the time when each patient was taken sick,

and hOWrlong it was before he died, and what was then
the pathological changes Observed during the p os t mor

tem examinations
,
it is easily demonstrated that the

pathological changes existing after death , as also the

pathological symptoms Observed during life , were not

caused by the comp res sed air
,
of which they would

p robably have recovered , as did the forty—five others we
rep onted , but that those pathological changes were
brought on as a sequel of the reaction,

interfered with
by increas ing that s ame reaction to a degreewhich was
too sudden to be safe

,
and les s ening the chances of the

recoveryof those attacked .

We think this is applicable to the three cases which
form the subject of the first

,
second and fifth p os tmortem

examinations in Chapter V ,
where the reaction was fol

lowed byinflammation of the brain,
its membranes

, and

also of the spinal cord
,
which cases having run their

regular cours e of time and terminating in death
, p re

s ented the same p athological changes that in cerebro

sp inal meningetis , which, wi th a few excep tions , termi

nate fatally, from the fifth to the fif teenth day, and
in which cas es the p os t mortem examination reveal

the same p athological changes as thos e of which we

have sp oken .

A S for the third and fourth p ostmortem examinations
,

for which we refer our readers to C hapter V ; they are

a confirmation of the correctness of gur Views enunciated
in Chapter X,

on the influence of too sudden transition
from a temperate atmosphere to a freezing one

,
as also

,

from the too sudden removal from the highly increased

atmospheric pressure into the normal one
, (by coming

out of the air-lock “
as rap idly as at which
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time the circulation Of the superficial parts of the body
is interfered with

,
seems to us thecause of the temporary

increased arterial pressure of the blood on the brain and

spinal cord
,
and

,
if to this pressure existing on the brain

and spinal cord of any person after coming out of the

air-chambers
,
and that after reaching the Open air that

person is taken s ick; if then
, you s till increase by

bringing on a too sudden reaction by the use of too

much s timulant
,
hot bath

,
electricity or even removal

from thep iers , it may result in a great number of fatal
cases

,
and the same pathological changes will be O b

served as in those two cases to which we have referred.

Moreover
,
we will state

,
that out of forty-nine cases

we had under our care
,
forty-five of them

,
whowere kept

at the piers for immediate treatment
,
when they were

taken sick
,
not only recovered

,
but were able to go

home by them selves within twelve hours
,
and to re

sume work in a few days . T hree of the cases had a

hot bath adminis tered to them, and when taken out

were paralysed ; the fourth one
,
which is case XXXV

,

chapter V ,
died of sheer exhaus tion,

as i t was p roved

by the p os t mortem examination that he had taken no

food during the whole day, but had been drinking .

We think we have su
"

iciently explained the causes of
the pathological symptoms Observed during life and

pathological changes after death , and we have now only
to say that

,
as to the cause of immediate paresis or

paralysis happening on the men shortly after coming
up from working in the air—chambers , and after return
ing into the open air, they are not the result of infiam
mation of the brain or of the sp inal cord ,

which could

not yet ,
have taken p lace, but exist only as the result

of a too sudden or too strong reaction
,
succeeding to

a general depression of the system , which is occas ioned

by too long a s ojourn in a condens ed atmosp here, and

then paresis or paralysis is but the result Of reflex
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action
,
caused by the sp ontaneous refrigeration of the

‘

whole system
, but principally of all the abdominal

organs .

After all the facts and observations we have brought
under the consideration of our readers

,
we have come

to the conclusion that it
'

is possible to use compressed
air with comparatively few risks of danger to those
working in the air-chambers , and with safety to life

,

even if the working men have to be exposed to a p res

sure of 55 p ounds to the square inch, and exclusive
of the 15 pounds of our ambient atmosphere

,
provided

that the following directions be strictly complied with .

Firs t— A f

rigid and close examination as to the fit

ness of the men who are to be employed in the air

chambers— an examination which will lessen the risk
for persons unfit to expose them selves to be affected

by the exhaustive power of the compressed air
,
and

which may cause o n their system pathological symp
toms of which men in fit condition will be exempt .

Second — M en of middle and low stature and well
built should be preferred ; observation has demon

strated that they resist exhaustion better.

Third — Single men of good habits should be selected
in preference to any others .

Fourth—No man should use tobacco, either smoking
or chewing

,
while working in the air-chambers .

Fifth— O nly men of temperate habits and regular
diet

,
consisting of three substantial meals a day,

of

which animal food shall form the principal part ; and
if using wine

, beer, or liquor, to do it very sparingly.

Sixth—No person having heart disease or aneuri sm
of large blood vessels , nor any one having any chronic

sore throat
,
which may have closed the eustachian

canals ; no person having an advanced lung disease ;
and no lung di seases at all after the pressure shall be
over 25 pounds to the square inch .
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Seventh—All the men working in the air-chambers
should

,
as far as possible, wear their beard and whis

kers to act as a natural protector against the sudden
change of temperature when coming out of the air

chambers and remaining in the air-lock.

E ighth
— Every person working in the air-chambers

ought to wear a flannel undershirt
,
and a flannel belt

wrapped at least twice around the abdomen
, and their

feet should be kept perfectly dry and warm by the

use ofwoolen s tockings and long water
-

p roof boots .

ZVinth— A ny one going into the air-chambers as a

laborer ought to leave off all his superfluous clothing a

few minutes after entering the air-chambers or caissons,
and before commencing work . B ut when leaving the
air-chambers to return into the normal atmosphere

,
and

before entering the air-lock
,
it is an imperative necessity

not only to put on again his clothing
,
but

,
if possible,

to add more
,
such as an overcoat or blanket, which

could be dispensed with immediately after coming out

of the air-lock into the shaft or open atmosphere.

Tenth— Every workman after coming out of the ant .

chambers should immediately lie down and rest for at

least one hour in a sheltered but well ventilated place,
where the temperature should not be lower than 65°

and not above Farenheit

E leventh— The most important of all
, and to which

we have already alluded
, but to which we again call

particular attention
,
is the duration of time to remain in

the air-lockwhen going into the caisson or air-chambers
,

which should always be at the rate of O NE M INUTE FO R

EVERY THREE PO UND S O E P RESSURE to the square inch,
to equalize the p res sure in the air- lock with the air

chaonbers . A nd when coming out to return into the

normal atmosphere
,
the duration of time in the air-lock

to let the comp res sed air escap e and to equalize the



pressure with the normal atmosphere should be at the

rate O F O NE M INUTE FO R EVERY SIX P O UND S O E P RES

SUR E to the square inch.

Besides
,
the above directions

,
we believe , from our

repeated Observations and experiments
,
that the time

the men ought to work in the air-chambers should not
exceed

, per day, the time indicated below,
and which is

in accordance with the amount Of pressure to which the
men may be exposed ; and, in our opinion

,
is necessary

to avoid, as far as possible, all manifestations Of patho
logical symptoms .

D TIR A TI O N OF THE TIME OF WORK PER D A Y FOR THE
LA B O RER S IN THE A I R - C HA M BERS OR CAISSONS .

The. pressure being from 15 to 20 pounds to the

square inch , two hours
’ work three times a day, with

two hours ’ rest between each two hours ’ work.

From 20 to 25 pounds to the square inch
,
two hours ’

work three times a day, with three hours ’ rest between
each two hours’ work.

From 25 to 30 pounds to the square inch
,
two hours’

work twice a day,
with three hours ’ rest between each

two hours ’ work
,
and one hour’s rest at the piers after

the last two hours ’ work.

From 30 to 35 pounds to the square inch , two hours ’

work twice a day, with four hours
’
rest between each

two hours , and one hour’s rest at the piers after the
last two hours ’ work.

From 35 to 40 pounds to the square inch, one hour
’s

work three times a day, with two hours ’ rest between
each hour Of work, and one hour’s rest at the piers
after the last hour’s work.

From 40 to 45 pounds to the square inch
,
one hour’s

work twice a day, with four hours
’
rest between each

time Of work,
and one hour’s rest at the pier after the

last hour’s work.
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From 45 to 50 pounds to the square inch
,
one hour’s

work twice a day, with Six hours ’ rest between each

time Of work
,
and one hour’s rest at the piers a fter

the last hour’s work.

From 50 to 55 pounds to the square inch
,
one hour’s

work once a day, and two hours
’
rest at the piers after

the work.

The res t directed at thep iers , after the men had done
workfor the day, was to oblige them to res t until they
should have p artially recovered from the exhaus tion

caus ed by working in the air-chambers , which, not

withstanding its short duration
,
if they were not com

pelled to rest after coming out—p rincipally after the
pressure was over 30 pounds to the square inch—would
gradually

,
after a few days repeated work,

impair

their strength to resist the effect of the increased waste
going on on their system while working in the air "

chambers , and which has been mentioned before .



CHA P TE R X II .

SINKING OF THE CAISSON FOR THE EA ST ABUTMENT PIER
— RESULTS AFFIRMATIVE OF THE SAFETY OF USING
COMPRESSED AIR FOR SINKI NG PIERS IN THE CON
STRUCTION OF BRIDGES IN DEEP WATER

,
AND FOR

GENERAL MARITIME PURPOSES .

A copy O f - the first eleven chapters of this small
work were submitted to M r. J. B . EADS

,
chief engineer

of the I linois and Saint Louis Bridge
,
in the month Of

September
,
1870. After the perusal of its contents

,

desiring to avoid by all possible means the same

pathological symptom s Observed on the men who had

been working in the air—chambers of the east and west
caissons

,
he felt the necessity Of having proper attend

ance given, and prophylactic means employed
,
for the

men working in the air-chambers when the east abut
ment caisson should be sunk to a certain depth

, and,

if possible
,
to avoid the recurrence Of accidents during

the sinking of this caisson to the rock
, and the filling

up of the air-chambers until finished.

The work Of sinking the caisson had commenced on

the 15th of November
,
1870

,
and progressed until the

31st January, 1871 , when we were requested to com

mence our visits at the bridge .

O n the 1 st February, 1871 , we commenced our pro

fes sional visits . The work was progressing in the

following manner

Some very imp ortant imp rovements had been made

in the cons truction of the cais son , and which had for

their Obj ect not only the comfort, but also the safety,
of those working in it during its sinking.

G
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The main or central Shaft, ten feet in diameter was

carried down into the air-chambers near the bottom,

and there were at the bottom of the Shaft two air-locks
eight feet in die/meter by seven feet s ix inches in height

(whereas in the eas t p ier cais son there was only one),
and each air-lock of double capacity for the samemem

ber of men who had to go through them to work in the
air-chambers .

“ The central Shaft was used only for the workmen
,

and was provided with a circular stairway ; but to
avoid the rather hard labor of walking up

,
and using

more muscular exertions after leaving the air-cham
bers , in addition to the stairways

, an elevator or lift
to bring the men up was constructed.

” This not only
contributed to lighten their labor, but avoided the difii
culty of breathing to many of them,

as we exp erienced

in our subsequent visits at the eas t p ier, in ascending

one hundred and s eventy (170) s tep s , and which would
be one hundred and ninety (190) in this cais son . It

prevented also further exhaustion Of the men after their
repeated exposure in a very condensed atmosphere .

The method Of lighting the air-chambers was also
improved, by burning the candles under an inverted

glass funnel or chimney communicating outside the

air-chambers by pipes , through which the escape of

compressed air was regulated by a valve
,
thus pro

dacing above the burning candle a draught which
carried the smoke off.

”

This improvement in lighting, certainly added to the

comfort and cleanliness of the workmen in the air-cham

bers , who had a better appearance after coming up to

the surface of the pier.

From the first day of our taking charge Of the men

working in the air-chambers ,we visited them three times

daily ; the caisson was then fifty-s ix (56) feet under the
surface Of the river, and the pressure in the air-chambers

twenty-seven (27)pounds to the square inch.



121

There were seventy-six (76)men working in the air

chambers , divided into four gangs , and working two

(2)hours three times a day,with two hour
’s rest between

each time of work. A ll of them had worked before in
the E as t and Wes tp ier air-chambers .

During the month Of February the number of men

was increased to one hundred and forty The

seventy-Six men already at work,
after examination

,

were found to be able to continue at work in the air

chambers but as the pressure increased every day, it
became necessary that each new applicant for work in

the air-chambers be examined carefully as to his fitness
for such work. Besides the seventy-six men already
working

,
one

‘

h undred and thirty-three (133)more men

were examined— O f whom sixty-four (64)were found fit
for such work

, and s ixty
-s even (67)were rejected for the

following causes

25 for general debility, caused by intemperance.

6 for consumption ;
3 for epilepsy.

8 for over 45 years ’ O ld.

5 for large ulcers Of legs .

2 for disease Of the heart .

11 having had chills within two weeks .
7 for general debility

,
caused by exposure or sickness .

The number Of men working was 140
,
which were duly

enrolled, as follows
11 were from 18 to 20 years’ O ld.

70
C C C C 20 to 25 C‘ ( C

38 25 to 35

21 35 to 45

Their nationality was as follows
39 natives ofUnited States .

12 England.

56 Ireland.

26 Germany.

7 Canada.
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Their stature, with few exceptions
,
was below me

diam 27 Of them were married.

A S a generality they were intelligent
, and seemed

disposed to follow the physician’s directions for their
comfort

, health and safety.

A building of convenient Size was erected with berths
in it for the men to res t between their time of work.

Another building was also provided for a hospital
,
con

taining sixteen (16) beds , in case it should become

necessary.

Each man working in the air-chambers was required
to take his dinner at the pier, and three quarts of a pint
Of strong beef tea was provided for each man with his
dinner. N O one was allowed to leave the pier from the

commencement of their work in the air-chambers until
one hour after their work was over for the day .

We called the muster-roll every day, and each man

was examined by us if any were found unfit, from any

cause , to work in the air-chambers, he was prevented
from doing so, and was re

-examined twice a day until
we found him fit to return to work.

O n the seventh day of February, the pressure in the
air-chambers being thirty-two (32)pounds to the square
inch

,
the time Of work was reduced to two hours twice

,

a day, with four (4) hours
’
rest between each time Of

work
,
and one (1)hour

’s rest at the pier after the last
two hours’ work.

O n the ninth , the pressure havmg 1ncreased to thirty
four and a half (345) pounds , the time Of work was
again reduced to one (1)hour three (3)times a day, with

three (3)hour
’
s rest between each time of work. The

pressure continued to increase every day, and on the

first of March, there being forty-five (45)pounds pres
sure to the square inch

,
the time of work was s till

further reduced to forty-five (45)minutes , twice a day,

with s ix hour
’
s res t between each time of work, and one

hour’s rest at the pier after the last forty-five minute’s
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work. The same duration Of work was continued until
the completion and filling up of the air-chambers , and
during which time thep ressure was as high as fifty (50)
p ounds to the square inch.

From the first day of our attendance at the pier, the
time necessary for the men to remain in the air-locks , to
equalize the pressure

,
when going into the air-chambers

to work
,
and when coming of them

,
was s trictly observed

according to our directions
,
based on the p ressure exis t

ing in the air-chambers at the time " Three p ounds of
p res sure to the square inch p er minute was let into the

air-locks until the p res sure was equalized with the air
chambers

,
when going from the normal atmosphere into

the air -chambers
,
and six p ounds of p res sure to the

square inch p er minute was removed when in the air

locks
, and coming out Of the air-chambers to return into

the normal atmosphere .

’

The regularity of the time necessary to remain in the

air-locks
,
when gow g 1ntO and coming out Of the air

chambers , was Obtained by means of an indicator,

graduated and s et by us every day acccording to the

p res sure existing in the air
-chambers .

The regularity of the duration of time which the

workmen remained in the air-locks ‘or intermediate

chambers to equalize the p ressure, when going into or

coming out of the air-chambers
,
certainly prevented

the increase of temperature during their stay in the air

locks "when going into the air-chambers
,
the tempera

ture never increasing above eighty-three (83) degrees ,
ins tead of ninety

-two as in the air-lock at the

E as t pier, and the average was seventy-two (72)
instead of eighty (80) degrees ; when coming out from
the air-chambers to return into the normal atmos

phere it prevented a too great decrease of temperature
,

which was never below fifty- six (56) degrees , instead Of
thirty

-two freezing p oint, as it had been obs erved

many times in the air
-lock at the E astp ier.
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The minimum temperature Observed in the air-cham

bers was fifty-two (52)degrees , and the maximum sixty
Seven but the daily average was sixty (60) degrees
during the progress of the work.

It will be seen that those
"

changes in the condition Of
the atmosphere in the air-locks and air-chambers , and the

daily examination of the men working in them— if some

of the men were affected by the condensed atmosphere ,
all but one recovered, and none of those who recovered

were disabled.

O ne death occurred
, but it can be considered as an

exception— and afirmation of the necessity of following
the directions given by us for insuring safety .

The following twenty-eight (28) Observations of cases
are those which happened during the Sinking of the

East abutment caisson.

CASE Lew—STE FE BRUARY
,
1871.

Barometer 29
° Thermometer Weather

cloudy . Pressure 33-5 pounds .

"A M ES HOWARD , 34 years ; Ireland ; taken Sick after
the second watch he worked

,
and about twenty minutes

after coming up ; patient Of medium stature
,
well-built .

SYMPTOMS .

Face livid ;
'

pulse 60 per minute ; complains of epigas
tric pain

, and paresis exists in both legs, which ,
half an

hour afterward
,
became a plain case of paraplegia ,

The treatment followed was similar to other cases in
Chapter VII

, and twelve hours after he was able to go
home without assistance .

CASE LI.—9TE FE BRUARY, 1871.

Barometer 27
° Thermometer Weather clear.

Pressure 345 pounds .

PATRICK KILLEEN
,
19 years ; Ireland ; had worked

two weeks ; taken sick about twenty-five minutes after
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coming up . This case was Similar to case I. The same

treatment was followed, and, twelve hours after he was
taken sick

,
he was able to go home.

CASE LIL—I1TH FE BRUARY, 1871.

Barometer 29
° Thermometer 24. Weather

snowing. Pressure 35% pounds .

YONAN LULL
,
28 years ; Germany. This man had

been taken with diarrhaea the day before, but
'

felt well
when he went to work ; was taken sick immediately
after coming up .

SYMPTO MS .

Face livid
_pulse 105 per minute and feeble ; suffered

from paresis Of both legs .

The same treatmentwas followed, and in twelve hours
he was able to go home with some assistance .

CASE LIII. - 12Tn FE BRUARY, 1871.

B arometer 29
° Thermometer Weather

cloudy. P res sure se-g, lbs .

JAMES WILSON,21 years ; Ireland ; had worked two
months ; was taken sick after the second watch

, and

twenty-five minutes after coming up ; of medium stat
ure. This case was Similar to case I. The same treat

ment was followed
, and twelve hours after he went

home .

This case
,
as also cases LI and LI I

,
were brought

on by the men themselves , who, ins tead of res ting imm e

diately after coming up ,
as we directed, had been run

ning around, and were consequently taken Sick.

O n the 2oth February,
the pressure being forty (40)

pounds to the square inch in the air-chambers , a leak
sprung in the main or central shaft, where the elevator

was , and prevented its us e to bring up the men after

leaving the air
-chambers . During the time the elevator

could not be used, and the men had to walk up one

G 1
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hundred and seventy ( 170) steps , turning on a radius
of five feet

,
the following cases occurred

,
which still

demonstrate the truth of the theory of exhaustion.

CASE LIV.
—2OTR FE BRUARY, 1871.

B arometer 29
°

Thermometer Weather clear.

P ressure 40 lbs .

JAMES CASEY
,
28 years ; United States ; had worked

twelve days was taken Sick half an hoUr after coming
up . His case was similar to case I, but only more

serious . The same treatment was followed, and twelve
hours after he was convalescent .

CASE LV.
—20TR FE BRUARY, 1871. PRE SSURE , 40 LBS.

H . DONNELLY
,
24 years ; Ireland ; had worked two

weeks was taken sick twenty minutes after coming
up case similar to case I ; treatment same

,
and twelve

hours after was able to go home .

CASE Lvr.
—20m FE BRUARY, 1871. PRE SSURE 40 LBS.

JOHN KHEO
,
20 years ; United States ; had worked

ten days was taken Sick twenty minutes after coming
up ; case Similar to case I ; same treatment followed,
and twelve hours after went home well.

CASE LVII. —2IST FE BRUARY, 1871. PRE SSUR E 40 LBS .
EDWARD GALLAG HER, 28 years Ireland ; hadworked

two weeks taken sick about half an hour after coming
up Similar case to the preceding one same treatment

,

and twelve hours after was he able to go home well.

O n the 21st February the elevator was again in

running order. N O more cases happened until the
24th , when the pressure having increased to forty-two

and a half pounds— the time of work being then

too long for the p res sure exis ting in the air-chambers

six (6) cases happened in the course of the day, but

this was also caused by the fault of the men who were
taken Sick,

in consequence of not resting and keeping
quiet as soon as coming up from the air-chambers ,
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CASE LVIII.—25m FEBRUARY, 1871. PRE SSURE 42} LBS.

FRANK JO UR D A N ,
23 years ; United States ; had

worked three months ; was taken sick twenty minutes
after coming up, after the third watch Of one hour.

His case was similar to case I. Same treatment, and

twelve hours after he was able to go home .

As we have said in chapterVII , the barometrical and
thermometrical changes having no marked infl uence
on the p roduction of cases

,
we think it unnecessary

to continue to record them .

CASE LIX.
—25TE FE BRUARY, 1871. PRE SSURE 42} LBS.

WILLI AM O’BRIEN, 37 years ; Ireland ; had worked
nine days was taken _

s ick fifteen minutes after coming
up, after the third watch Of one hour ; same as case
I ; sa/met reatment

,
and twelve hours after was able to

go home .

CASE LX.
-25TR FE BRUARY, 1871 . PRE SSURE 425 LBS.

F. BUEL, 20 years ; United States ; had worked three
months ; was taken sick twenty minutes after coming
up , and after the third watch of one hour ; case similar
to case 1 ; same treatment, and went home well .

CASE LXI.—25TE FE BRUARY, 1871. PRE SSURE 425 LBS .
L . BUE L, 23 years ; United States ; had worked two

months ; taken Sick . twenty minutes after coming up
,

after the third watch of one hour ; case same as the

preceding ; same treatment, and twelve hours after was
able to go home .

CASE LXII.—25TE FE BRUARY, 1871. PRE SSURE 42} LBS.
JERRY WHEELER, 2 5 years ; Ireland ; had worked

three weeks ; was taken Sick twenty minutes after
coming up , after the third watch Of one hour case
Similar to the preceding ; same treatment followed

, and

twelve hours after had completely recovered.
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CASE LXIII .
—25TH FEBRUARY

, 1871. PRESSURE mgLBS.
PATRICK HEALEY, 20 years ; Ireland ; had worked

three months ; was taken Sick fifteen minutes after
coming up

,
after the third watch of one hour ; case

similar to case I ; same treatment, and twelve hours
after had completely recovered.

From and after the 26th February
,
the duration of

time of work in the air-chambers was reduced to forty
five minutes twice a day, with six hours ’ res t between

each time of work, and one hour’s res t at the p ier after .

the las t time of work. N O other case happened until
the 18th March , when, at that time— the elevator being

out of run ning order— two cas es happ ened as follows "

CASE LXIV.
-18TH MARC H, 1871 PRE SSURE 46 LBS.

H . DOWNIE
, 24 years ; United States ; had worked

three months ; was taken Sick a few minutes after
coming up . This case was similar to case VII— even
more serious . The same treatment was followed

, and

twelve hours after, he had completely recovered.

CASE LXV.
—18TH M ARC H, 1871. PRE SSUR E 46 LBS.

E . WAGNER, 28 years ; Germany ; had worked three
months ; was taken Sick immediately after coming up .

This casewas the same as case XXVII,butmore serious .

The same treatment was followed, but the patient re

mained twenty-four hours in the hospital at the pier

before hewas able to go home
,
and after a few days rest,

he had entirely recovered.

The safety with which the men had been working in

the air-chambers
,
and the immediate recovery of those

taken s ick
,
had made the men reckless of danger, and

the twelve following cas es were mainly caused by the

non-observance of the directions given to them,
not to

walkup the s tairs , but to be brought up by the elevator
used for that purpose ; secondly, to lie down and rest
immediately after coming up

,
and thirdly

,
not to drink
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any water for at least half an hour after leaving the

air-chambers— directions which were not comp lied with
by those taken sick.

Moreover
,
as a proof Of the necessity of complying

with our directions in order to insure safety
,
we might

say that, notwithstanding we had been paralyzed before,
as related in Chapter III , we went into the air-chambers
of the east abutment caisson during its sinking to the

rock
, and we never experienced any inconvenience from

our Often repeated visits .

CASE LXVI.—21ST MAR C H, 1871. PRE SSURE 46 LBS.

JOHN LAMBERT, 26 years ; Germany ; had worked
three months ; was taken sick twenty minutes after
coming up from the second watch . Case similar to case
I ; same treatment ; recovered, and twelve hours after
was able to go home .

CASE LXVII.—23D MARC H, 1871. PRE SSURE 46 LBS .

G A Y BUEL, 19 years ; Ireland ; had worked three

months ; was taken Sick half an hour after coming
up from the second watch . Case similar to preceding
one same treatment, and recovery.

CASE LXVII I.—24TH M on, 1871. PRE SSUR E 48 LBS.

JOHN MURRAY
,
23 years ; Ireland ; (gas -fitter ;) had

worked only four days ; was taken sick twenty minutes

after coming up from the first watch
,
having remained

at work two hours in the air-chambers
,
instead of forty

five minutes , and by not lying down and resting imme

diately after coming '

up . His case was similar to the
preceding ; the treatment the same

,
and twelve hours

after
,
had entirely recovered.

CASE LXIX.
—2GTH MARC H, 1871 . PRESSUR E 48 LBS.

HENRY G O O D A P LE , 28 years ; United States had
worked three and a half months ; was taken sick twenty
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minutes after coming up from the second watch . C ase
similar to case I ; same treatment, and in twelve hours
went home well.

CASE LXX.
-3D APRIL

, 1871. PRE SSURE 48 LBS .

SIMON PIE RRE
,
45 years Germany ; had worked two

months ; was taken sick fifteen minutes from the time

of coming up after the second watch . Case Similar to
case I ; same treatment followed

,
and recovery.

CASE LXXI.—4TH APRIL, 1871 . PRE SSURE 47 LBS .

MIKE GLEASON
,
23 years ; Ireland ; had worked three

months and a half was taken sick about half an hour
after coming up fro

’

m the second watch . This case was
Similar to the preceding ; same treatment followed, and
twelve hours after he had entirely recovered.

CASE LXXII .
—9m APRIL, 1871. PRE SSURE 47 LBS .

JOSEPH SMITH
,
42 years ; Ireland ; had worked three

months and a half ; was taken sick twenty minutes
from the time of coming up after the second watch . C ase
similar to case I ; s ame treatment

,
and in twelve hours

had entirely recovered.

CASE LXXIII.—9TE APR IL, 1871. PRE SSURE 47 LBS.
WILLIAM JONES ; 32 years ; England ; had worked

two months ; was taken sick about the same time as

case LXXII. . Case Similar to it ; same treatment
, and

recovery.

CASE LXXIV.
—12TH APRIL, 1871. PRE SSURE 47 LBS.

JAMES WALSH
,
22 years ; Ireland ; had worked three

months and a half ; was taken sick immediately after
coming up . This case was similar to case I

,
but more

serious ; same treatment followed, and after twelve hours
had entirely recovered.
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CASE LXXV—14TR AP RIL, 1871. PRESSURE 49 LB S.

J. A . HO O TS , 25 years ; Germany ; had worked three
months and a half. Thi s case is an illustration of the

consequences Of the non-Observance of the directions
given by us to the men working in the air-chambers ,
and Of the fatal result.

This man had
,
for a few days, been drinking beer

rather tO O freely
,
principally after his day’s work was

over ; the day he was taken sick he had not brought his

dinner with him,
and instead of resting at the pier,

after coming up from the air chambers
,
he went home

,

about a quarter of a mile distant
,
on the Illinois Shore

,

and, instead
i

of taking the proper time to eat his dinner
,

he swallowed his food without mastication, and return
ing to the bridge , drank some beer

, and then went to
work again in the air-chambers

,
and after coming Up ,

instead of resting and keeping quiet at the pier, as every
man was required to do, he went home immediately,
where

,
on arriving, he was taken sick, and commenced

to vomit the contents Of the stomach , in which was
found"pieces ofmeat the size Of awalnut. Within a few
minutes after, general paralysis supervened, and he was
in so critical a condi tion as to be unable to be removed
from his boarding house to St. Luke’s Hospital for three
days . This patient showed similar symptoms and his

casethe same course as XVII, chapter VII, and he died
on the 28th day Of April .

_1

CASE LXXVI.—21ST¢A P R IL , 1871. PRE SSURE 49 LB S.

HAWKIN S (foreman), 42 years United States
had worked four months , and was taken Sick imme

diately after coming up
,
after the last watch , having

walked up the circular stairs , instead Of being brought
up by the elevator. This case was similar to case VI.

The same treatment was followed, and twelve hours
after he was able to go home

,
but felt weak. After

a few days
’
rest

,
he was able to resume work.
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CASE LXXVII.—2GTH AP RIL, 1871. PRESSURE 47 LBS.

JOHN SULLIVAN
,
35 years ; Ireland ; had worked four

months was taken sick half an hour after coming up ,
and on reaching home

,
not far distant, for which he

started from the pier without resting, as directed to

do . I saw him an hour after he was taken Sick. The

case was Similar to case VI. The same treatment was

followed, and twenty-four hours after he had entirely
recovered.

Now
,
if we take a retrospective view Of the twenty

eight (28) cases which had océurred during the sinking
and filling up of the east abutment caisson,

it will be
seen that twenty-seven (27) of them recovered com

p letely, and many returned to the same work, and

that the only death
'

which occurred was caused by the
fault Of the deceased

,
in not following the directions

given by us to every man working in the air
-chambers .

We think we may claim to have demonstrated the

correctness Of the theory Of exhaustion
,
which is cor

roborated by the examination of the urine of forty-two

(42) more men working In the air-chambers
,
to asoer

tain the quantity of urea existing in it
,
when the

pressure in the air-chambers had not been less than
forty-five (45)pounds to the square inch for over three
weeks — This examination was made on the 28th

,
29th

,

and 3oth March ,
1871

,
when the men were in the same

condi tion as were the thirty-two (32) men referred to

in chapter VI I The following are the results of this
examination



133

C hemical
NAME S. Reaction.

Dennis Deering

Joseph Moran
John Schwan
E. Lemons .
G . Clark
James T afee
"ohn M cD onald
Richard Millett
Richard Colgan
G am . B . Clancey
Patrick Killeen Case 51.

Timothy O ’Keefe
Joseph Smith.
John Sullivan Case 78.

Will Whis tlick
John Sanders
James Walsh Case 74.

J Wheelan
SImonS Pierre Case 70.

Lewis B uel Case 61.

G . Buel Neutral. Case 60.

Henry Harvey Acid.

Henry G oodaple Case 69.

C. A.

B . Decourcy
John Kheo
Edward Wagner
John Wall
Lewis G ibber
Fred. Meyer
JohnWalton
John Murphy
Patrick M cC artyJohn Sanderson
John A . Hoots Case 65.

Winkelmeyer

There was no albumen in the urine examined, the test O f heat and nitric acid
having been used for each one.

Besides the tabular statement above
,
the urine of

every man taken sick was examined, and the minimum
of specific gravity was found to be never less than 1028,

but in the majority of cases it ranged from 1030 to 1030.

The urine was , in all cases, Obtained after the second
micturition

,
and about twelve hours after they were

taken sick. The quantity of urine voided was also

always greater than when in good health .
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Notwithstanding the profuse perspiration of each man

working in the air-chambers, the quantity of urine

secreted by eachman in good health,farfrom being less ,
was above the average, and taking, at random, five men
working in the air

-chambers , say, numbers 70, 71 , 72 , 73,
and 74 of the above table

,
each man averaged from

twenty
-eight (28) to thirty (30) ounces of urine, which

were taken separately between s even o
’
clock, A .M .

,
when

they commenced work, and seven o
’
clock

,
P .M .

,
the time

they were leaving the bridge, making

'

only half of the

quantity of urine s ecreted for twenty-four hours ; and

if
,
taking into consideration the quantity of urea found

after each examination in the urine
,
taken at a time

when the urea is always to be found in minimmn

quantity ; itmust be then admitted that the quantity of

urea
m

produced in twenty-four hours far exceeded the

normal quality found in the urine of a healthy laboring
man, when working in the normal atmosphere .

Arriving at the end of our work, we must recapitulate
the facts we have advanced.

First. There exists no specific prophylactic against
the effects Of compressed air on man.

Second. The effects of compressed air on man
,
under

a pressure Of twenty (20)pounds to the square inch or

less
,
increases the energy of thephys iological functions

of the whole sys tem,
without producing pathological

symptoms and effects . [T his i s unders tood only to

p ersons in good health"
Third. After the pressure Ofthe condensed atmosphere

has reached twenty (20)pounds , and is still increasing, it
is only by the s trictest comp liance with certain rules ,

and taking such p recautions as thos e indicated in

C hap ter XLthat it is posible to use compressed air as

ambient atmosphere where men can work and avoid

the pathological symptoms and effects
,
which are the

subjects Of this work.
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Fourth . C ompressed air can be used with comp ara

tive safety even at thepres sure offifty-jive (55) p oun ds
to the square inch, for submarine purposes without any
serious re sult to those working in the compressed am ~

biant atmosphere, and we insist that, notwithstanding
the p rejudice N OW EXISTING AG AINST I TS USE — this
prejudi ce must yield before its highly useful agency to
engineering

, as a means of sinking piers for the con

struction of bridges in deep water, as well as for

foundations Of light houses
,
or other works for mari

time purposes .

Notwithstanding, the many imperfections which
,

doubtless
,
this unpretentious work contains, we must

claim as having been actuated in its production by
but one motive

,
namely— the demonstration Of the

truth of facts which we had observed, and we think

may be of some interest to the medical profession
by the results we Obtained—Results , important, as

well as useful
,
for engineering purposes . We expect

that a perusal Of this small work by our professional
brethren at large

,
will

,
if not meeting their approval, at

least open the field for further investigations , which, we
hope, will be followed by the same results that we
obtained while attending the men who had been suffer
ing from the effects of increased atmospheric pressure

after coming up from working in the air-chambers in

the caissons Of the piers of the Illinois and St . Louis
Bridge

, at St . Louis
,
State of Missouri, United States

Of America.



ERRATA .

Page 8
,
line 23

,
Of which were

,
read of which where .

Page 11, line 10 , bladder sand rectum read bladder and

rectum .

Page 12 , line 36 , phenomenas read phenomena .

Page 13, line 5, read
‘

uninteresting.

Page 14, line 1 ,
~

phylosophical, read philosophical .

Page 14, line 7 , be effected
,
read be affected.

Page 14, line 26 , Sood health read good health .

Page 15 , line 20, our breathing read our respiration .

Page 16
,
line 16

,
our

“

breathing, read our respiration .

Page 21
,
line 10

,
res ectively,

read respectively .

Page 32
,
line 16

, parepsis read parapsis .

Page 46 , line 28 , pareps is read paresis .

Page 51
,
line 34

,
he discharged, read was discharged .

Page 52 , line 10, pareps is , read parapsis .

Page 54, line 30, each read of each .

Page 101 , line 16 , anlayzing read analyzing .

Page 112
,
line 30

,
its membrane read its membranes .

Page 115 , line 34
,
eustachian canals read eustachian

tubes .

Page 123
,
line 20

,
read Of indi cators attached to the

equalizing valves , said indicators ,
Page 134

,
line 17

, quality read qIIantity .

Page 134
,
line 33

,
is posible read is possible .


