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AN OCCUPATIONAL DISEASE.

While a c t in g  as a s s i s t a n t  to the London County Council  Medical  

O f f i c e r  to the B lackwall  Tunnel I had somewhat e x c e p t io n a l  oppor­

t u n i t i e s  o f  s tu dy ing  the symptoms r e s u l t i n g  from working in  com­

p ressed  a i r .  These symptoms have u s u a l l y  been grouped to g e th e r  

and c h r is t e n e d  "Caisson D ise a se .  " The name o f  a“h< i l l n e s s  should  

a t  l e a s t  r e c a l l  e i t h e r  some c h a r a c t e r i s t i c  f e a tu r e  o f  the s.ymp’r 

toms or some common f a c t o r  in  i t s  ca u sa t io n .  The term "caisson  

disease"  does n e i t h e r ,a n d  moreover i t  i s  something o f  a misnomer 

to d i s i g n a t e  these  a c c id e n t s  as a " d i s e a s e . " A c a i s s o n  i s  a 

c y l in d e r  and i s  used fo r  the formation o f  the p i e r s  o f  b r id g e s  

e t c .  and may be employed for  convenience sake in  making tu n n e l s ,  

i t  however forms no e s s e n t i a l  par t  o f  a tunnel  and need not  nec­

e s s a r i l y  be used at  a l l .  Even when used the compressed a i r  i s  

not n e c e s s a r i l y  in  the c a is so n :  i t  may be on ly  in  the tunnel  i t ­

s e l f .  The c a i s s o n  has noth ing  more to do w ith  the product ion  

o f  the i l l n e s s  than has the l i f t  by which i t  may be approached.



I t  would be q u i te  as  w e l l  and e q u a l ly  as m is le a d in g  to t a l k  

o f  a "tunnel  d isease"  such a term in  a d d i t io n  to b e in g  meaning­

l e s s  i s  not c o - e x t e n s i v e  w i t h  compressed a i r  i l l n e s s .
' " M

The i l l n e s s e s  o f  d iv e r s  should be inc luded  and i t  i s  p o s s i b l e
/  ■ ' -.v..; v r ;



ty

that  in  the fu tu re  some new i n d u s t r i a l  oj. o ther  o ccu pat ion  may be  

a s s o c i a t e d  w ith  s i m i la r  c o n d i t io n s  and s i m i la r  mishaps.

A E T I 0 L 0 ft Y.

The c a u sa t io n  o f  t h i s  i l l n e s s  i s  by no means as simple and un­

complicated as we might a n t i c i p a t e  i t -w o u ld  be, Among the f a c t o r s  

which in f lu e n c e  i t s  in c id en ce  the f o l lo w in g  three  must be p la c ed  

foremost

1. The pressure  i t s e l f . -  The h igher  the p r essu re  the l a r g e r  

the amount o f  i l l n e s s  caused.  This i s  not on ly  what has always  

been observed ,  but what we should expect  would be the case ;  i t  

i s  so much o f  a truism that  i t  i s  unnecessary to g iv e  f ig u r e s .

in  support o f  t h i s  r e l a t i o n s h i p .

2. The l e n g th  o f  s ta y  in  the compressed a i r .  -  I t  was by no 

means a t  f i r s t  a pp rec ia ted  that  t h i s  was a matter  o f  primary con­

sequence. The i l l n e s s  so immediately  fo l low ed  the e x i t  from the  

pressu re  that  a t t e n t i o n  has in v a r ia b ly  been d i r e c t e d  p r i n c i p a l l y  

to the l e n g t h  o f  the "locking out" p r o c e ss .  Although Janimet 

recommended at  the St. Louis B r id g e ,  the adoption o f  short  shi



he y e t  cons idered  the e x i t  as  the most e s s e n t i a l  cause .  Mr. 

Eads, the c h i e f  eng ineer  o f  that  b r i d g e ,  was the f i r s t  and as 

fa r  as I can make o u t ,  the on ly  one who d i s t i n c t l y  reco g n ized  

and s t a t e d  that  the l e n g t h  o f  s t a y  in  the compressed a i r  was mo



important than the sh o r tn es s  o f  the e x i t  in  determ ining i l l n e s s .  

He was l e d  to t h i s  c o n c lu s io n  by observ ing  th a t  the lo ck  tenders  

entered and l e f t  a p r essu re  o f  50 l b s .  to the square inch  many 

t imes during a s h i f t  o f  two hours; and a l t h o '  t h e i r  time o f  en­

try  and e x i t  was the same as that  o f  the o ther  men -  th e y ,  i n ­

deed, accompanying the o ther  men in  and out o f  the p r e ssu r e  -  

they were never the s u b j e c t s  o f  t h i s  i l l n e s s ;  whereas the o ther  

men remaining in  for  a s h i f t  o f  two hours or s o , were s e v e r e l y  

and o f t e n  f a t a l l y  a f f e c t e d .  The c le a r n e s s  and p r e c i s i o n  o f  

t h i s  o b ser v a t io n  f a i l e d  to a t t r a c t  the a t t e n t i o n  i t  deserv ed ,  and 

many t i m e s - s in c e  i t  has been c a t e g o r i c a l l y  s t a t e d  that  the le n g th  

o f  the "lock-out'1 i s  the matter r eq u ir in g  most a t t e n t i o n .

At the B la ck b a l l  Tunnel the s h i f t s  have been o f  e ig h t  h o u rs1 

duration and no comparison can th e r e fo r e  be i n s t i t u t e d  between  

the r e s u l t s  o f  longer  and sh orter  s h i f t s ;  though in  e x c e p t io n a l  

cases  where a foreman or another has remained in  for  the super­

v i s i o n  o f  some important work lon g er  than h i s  usua l  time he has



o f t e n  su f f e r e d  in  consequence.

In co nnect ion  w i th  some compressed a i r  work a t  Glasgow a f o r e ­

man on l e a v i n g  the compressed a i r  was so s e v e r e l y  a f f e c t e d  w i th  

pains  in  the l imbs th a t  he a t  once returned.  Being r e l i e v e d  

when i n ,  and f e a r f u l  o f  malting the experiment a g a in ,  he remained



i n ,  I am informed, fo r  s e v e r a l  s h i f t s  *,when u l t i m a t e l y  he came out  

he died  w i t h in  an hour o f  h i s  e x i t .  ilo account o f  t h i s  case  has 

been pu b l ish ed .

3. V e n t i l a t i o n .  -  In t h i s  co nnect ion  my p r i n c i p a l ,  Dr. S n e l l ,  

can l a y  c la im to the c r e d i t  a t ta ch ed  to f i r s t  p o i n t in g  out the  

c l o s e  r e l a t i o n s h i p  which e x i s t s  between the amount o f  i l l n e s s  and 

the v e n t i l a t i o n  o f  the compressed a i r  sp a ce ,  and h i s  o b s e r v a t io n s  

l e d  him to enunciate  t h i s - i n  the form o f  a law ,  that  the amount 

o f  i l l n e s s  v a r i e s  i n v e r s e l y  w i th  the amount o f  f r e s h  a i r  su pp l ied  

to the compressed a i r  chamber. hr. A. H. Smith appeared to 

s p e c i f i c a l l y  deny such a p o s s i b i l i t y  when he sa id :  "By i n c r e a s ­

ing the number o f  compressors by which the a i r  was su p p l ied  ( the  

e x ce ss  o f  a i r  escaping beneath the edge o f  the c a is so n )  the a t ­

mosphere was brought to such a degree o f  p u r i t y  as to co n ta in  only  

one th ird  o f  1 per cent  o f  carbonic  ac id  as I determined by ac­

tu a l  a n a l y s i s .  This amount o f  v i t i a t i o n  was found not to a f f e c t  

the men unfavourably. To maintain  t h i s  s tan d ard , however, near­

l y  150,000 cubic f e e t  o f  a i r  were required, per hour. The number



o f  men employed at  one time in  the c a i s s o n  v a r ie d  from 50 to 125 

in  the day time and from 15 to 30 during the n i g h t . "

I t  i s  thus seen th a t  during the day time each man was su p p l ied  

w ith  from 1000 to 3000 cubic  f e e t  o f  a i r  per hour; and an atmos­

phere so f o u l  as to c o n t a i n / 3 per  cent  o f  carbonic  a c id  -  .06  i sA



the maximum which a w e l l - v e n t i l a t e d  space should c o n ta in  -  was 

spoken o f  as reaching  " a degree o f  pu r ity" !

Bucquoy analysed  the a i r  o f  the c a i s s o n s  used at  the b u i ld in g  

of  the br idge  a t  Keke and found 2 .37  per  cent  o f  carbonic  ac id .

The statement o f  the a n a l y s i s  i s  fo l low ed  by what would appear to 

be a p l a t i t u d e .  He says "Those who had to work fo r  a long  time  

in  the compressed a i r  became emaciated; many la b ou rers  l o s t  t h e i r  

a p p e t i t e  and looked as i f  they were j u s t  rec o v er in g  from a s e ­

vere  i l l n e s s "  and then he proceeds to r e l a t e  the more d e f i n i t e  

symptoms o f  compressed a i r  i l l n e s s .

The on ly  w r i t e r  who appears to have even h in ted  at  the la ck  

o f  v e n t i l a t i o n  as p o s s i b l y  be ing  concerned in  the c a u sa t io n  o f  the  

i l l n e s s  i s  Dr. Hunter, whose t h e s i s  as fa r  as I am aware has 

never been pu bl ish ed .  He remarks, concerning the Forth B r id g e ,  

"The most dangerous time for  c a i s so n  workers was (1) w h ile  the  

s o f t  s i l t  was be ing  removed owing to the e x c e s s i v e  dampness, as  

w e l l . a s ,  perhaps ,  to the presence  o f  decaying animal matter;  (2)



when the p r o c e s s  o f  c o n c r e t in g  was b e in g  c a r r ie d  011 a f t e r  a c a i s  

son had reached i t s  proper depth ,  t h i s  b e in g  due p a r t l y  to the  

want o f  a renewed supply o f  f r e s h  a i r  and p a r t l y  to the deve lop­

ment o f  an e x c e s s i v e  amount o f  carbonic  a c id .  The c a s e s  o f  i l l
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n e ss  met w i th  during t h e se  two epochs were in  number out o f  a l l  

pro p or t io n  to those  occur ing  during the e x ca v a t io n  o f  the c la y  or 

o f  the r o c k . "

Dr. S n e l l  recorded h i s  o p in ion  concerning the p r o b a b i l i t y  o f  

t h i s  r e l a t i o n s h i p  in  a monthly report  to the B r idges  Cornraitteeof 

the L.O.C. This report  a f t e r  rev iew in g  the p r e c a u t io n s  taken at  

t h i s  and o ther  works a g a in s t  i l l n e s s  from the compressed a i r  goes  

on to say "I can f in d  no s t r e s s  l a i d  on the v e n t i l a t i o n  o f  the  

compressed a i r  chamber; but at  the same time i t  has seemed to me 

tha t  in  those  works where no record has been made o f  the v e n t i l a -

the number o f  c a s e s  o f  i l l n e s s  has been e x c e p t i o n a l l y  high., This  

o b ser v a t io n  has l e d  me to d i r e c t  my a t t e n t i o n  to the v e n t i l a t i o n  

of  the tunnel .  I have c a l c u l a t e d  the amount o f  f r e s h  a i r  sup­

p l i e d  per minute during the f i v e  months in  which the compressed 

a i r  has been in  u se .  These amounts are shown in  the fo l lo w in g  

t a b le  which a l s o  g i v e s  the range of  the average d a i l y  temperature,

t h e r e f o r e ,  the v e n t i l a t i o n  was probably n e g l e c t e d ,



o f  i l l n e s s  during e v e r y  month: -

Month. Range o f  ave. Range o f  ave. Aver. no. o f  cu­ Numb er o f
d a i l y  temper­ d a i l y  pressure- b i t  f e e t  o f  a i r c a se s  o f
a ture . l b s per minute i l l n e s s .

A p r i l 82 to 85°P0 
80-J to 83^

17 to 19 1700 8
May 12 to 17-J 1800 8
Sept. 64 to 71-z- 15 to 22ft 1400 16
Oct. 68-J to 7l i p 2 l f  to 2 3 i 2000 12
Nov. 67f  to 69° 1 9 i . tO  25 2500 2

"These o b ser v a t io n s  are extended over so sh ort  a p er io d  o f  

time and so many other  f a c t o r s  need c o n s id e r a t io n  that  i t  would 

not be j u s t i f i a b l e  to draw any g e n e ra l  c o n c lu s io n s  a t  p r e s e n t .

But i t  cannot escape a t t e n t i o n  that  in  the month o f  September when 

the supply o f  f r e s h  a i r  was the l e a s t ,  the l a r g e s t  number o f  c a ses  

o f  i l l n e s s  occurred; where as in  November when the supply o f  

f r e s h  a i r  was l a r g e r  than i t  ever had been b e fo r e  o n ly  two c a se s  

o f  i l l n e s s  a r o s e ,  in  s p i t e  o f  the f a c t  that  the pressu re  ’was h igh­

er than in  any prev iou s  m onth ."



We cons idered  i t  so important to prove or d isprove  the c o n c lu ­

s io n  here su gges ted  that  I kept  the d a i l y  records  o f  the amount o f  

a i r  pumped in to  the compressed a i r  chamber, they have been ob­

ta in e d  by c a l c u l a t i o n s  from the s i z e s  o f  the v a r io u s  engines  and 

the average speed o f  each on each day. I have a l s o  noted the  

number o f  c a se s  o f  i l l n e s s ,  and the time o f  the occurrence  o f  each 

so tha t  the l a s t  s h i f t  preced ing  the i l l n e s s  i s  known in  each 

c a se .  I t  would have been b e t t e r  i f  the amounts o f  a i r  had been  

est im ated  s e p a r a t e ly  for  each d i s t i n c t  s h i f t  o f  e ig h t  hoursjin- 

s te a d  o f  the three  being'  u n i t e d  to g e th er  in to  one d a i l y  average  

fo r  24 hours; but as t h i s  p lan  was not adopted from the f i r s t  i t  

was not a d v is a b le  to f o l lo w  i t  out  a fterwards .  I have no doubt 

had t h i s  been done some of  the apparent anomalies would have d i s ­

appeared, fo r  i t  f r e q u e n t ly  happened th a t  the amount o f  v e n t i l a ­

t i o n  would vary co n s id era b ly  from one s h i f t  to another; and o f  

the three  s h i f t s  in  one day the c a ses  o f  i l l n e s s  would sometimes



only  appear a f t e r  one. The days are reckoned to "begin «.t 6 a.m.

one day and end a t  6 a.m. the next  day; an i l l n e s s  then occu r ing
A

(say) a t  7 a.m. on the l a t t e r  day would be a sc r ib e d  in  the t a b l e  

to the preced in g  day. In s p i t e  o f  the l i k e l y  source  o f  error  

in  e s t im a t in g  the amount o f  a i r  su p p l ied  in  one minute out o f  

the twenty four hours the c o n c lu s io n  enunciated in  the rep ort  

mentioned above has been proved over and over  again  from obser ­

v a t io n s  extending  over a p er io d  o f  two y ea rs .  The p re ssu re  

v ar ied  from day to day and from hour to h o u r , the changes be ing  

determined by the eng in eer in g  n e c e s s i t y  o f  d e a l in g  w ith  a vary­

ing "hydraulic  head" brought about by the r i s e  and f a l l  o f  the  

t i d e .  In order as fa r  as p o s s i b l e  to e l im in a te  pressu re  as a 

determining fa c t o r  in  the c a u sa t io n  o f  i l l n e s s ,  I have ,  in  com­

p i l i n g  the fo l lo w in g  t a b le s  s e l e c t e d  days which could be f a i r l y  

c la s s e d  to g e th er  as having p r a c t i c a l l y  the same pressu re .



Thus the f i r s t  t a b le  d e a l s  w i th  215 days during a p e r io d  o f  

nine  months when the p r e ssu re  reached and exceeded 20 l b s .  vary­

ing in  the course o f  each day from a few pounds below 20 to a 

few pounds above 20. These days are d iv ided  in to  four s e c t i o n s  

according  to the amount o f  f r e s h  a i r  su p p l ied  each hour to each 

man on the average s h i f t  to each day. During th ese  215 days 

33 c a se s  o f  i l l n e s s  were reported  and they were d i s t r i b u t e d  a-  • 

mong the days as shown below

Cubic f e e t  o f  f r e s h  
a i r  per man per hour 
in  average d a i l y  
s h i f t .

ITo. o f  days. Cases o f  
i l l n e s s .

Estimated c a s e s  o f  
i l l n e s s  fo r  100 
days.

Below 4000 56 16 2 8 .5
From 4000 to 8000 47 9 19.1

" 8000 to 12000 71 8 1 1 .2
Above 12000 41 0 . 0

"The t a b le  demonstrates c o n c lu s i v e l y  I think the d i r e c t  r e l a ­



t i o n s h ip  between the v e n t i l a t i o n  and the p r e v e n t io n  o f  i l l n e s s  at  

the p ressu re  cons idered .  S ince  the s i z e  o f  the three  d a i l y  s h i f t s  

sometimes v ar ied  c o n s id e r a b ly  i t  appeared to me that  i t  would be 

p r e fe r a b le  to e s t im a te  the amount o f  f r e s h  a i r  su pp l ied  per  hour 

for  each man in  the l a r g e s t  d a i l y  s h i f t .
♦

The f o l lo w in g  t a b l e  i s  so co nstruc ted  from a l l  the days pre ­

se n t in g  c o n d i t io n s  o f  p re ssu re  s i m i la r  to those  o f  the p receed -  

ing t a b l e ,  occuring  during a p er io d  o f  seven months subsequent to
A

the nine  months p r e v io u s ly  c o n s id e r e d : -

Cubic f e e t  o f  f r e sh  
a i r  per man per hour 
in  l a r g e s t  d a i l y  
s h i f t .

.No. o f  days. Cases o f  
i l l n e s s .

Est imated c a se s  o f  
i l l n e s s  fo r  100 
days.

Below 4000 21 17 80 .9
Prom 4000 to 8000 80 18 2 2 .5
Prom 8000 to 12000 70 6 8 .5
Above 12000 19 0 0

fhus during a per iod  o f  16 months in  which over four hundred



days may be grouped to g e th er  as p r e s e n t in g  n e a r ly  s i m i la r  co n d i­

t i o n s  o f  p r e s s u r e ,  the f i g u r e s  obta ined  by comparing the amount 

o f  compressed a i r  i l l n e s s  w i th  the amount o f  v e n t i l a t i o n  a f fo r d  

us very noteworthy r e s u l t s :  and t h i s  n o tw ith s ta n d in g  such e rro rs

of  c a l c u l a t i o n  as those  a lrea d y  su gges ted  and in  s p i t e  o f  numer­

ous minor determining f a c t o r s  o f  the i l l n e s s  which remain to be  

considered  l a t e r .

I t  would appear probable  that  s i m i la r  r e s u l t s  would a t ten d  a 

corresponding a n a l y s i s  o f  the days when the p r essu re  exceeded 25 

or  even 30 l b s .  *, u n fo r tu n a te ly  for  t h i s  purpose the p ressu re  in  

the tunnel on ly  o c c a s i o n a l l y  reached 27 or 28 l b s .  and i t  never  

averaged t h i s  p re ssu re  throughout a day. Fe are o b l ig e d  t h e r e ­

fore  for  t h i s  purpose to have recourse  to the s in k in g  o f  the c a i s ­

sons.  Compressed a i r  was used in  the s i i ik ing  o f  Caissons No. 1 

and 2 ,  whose depths below the ground l e v e l  were 75 and 98 f e e t

r e s p e c t i v e l y .  The 'h y d ra u l ic  head’ o f  water pressu re  to be



d e a l t  w i th  was th e r e fo r e  .:greater-  than that  in  the tunnel  and the  

p r essu re  o f  a i r  sometimes went up to 35 l b s  per sq. inch. But 

as the l e n g th  o f  time occupied in  s in k in g  th e se  was com parat ive ly  

small i t  i s  on ly  p o s s i b l e  to ta b u la te  a small  number o f  days.

For t h i s  purpose I have grouped to g e th er  a l l  those  days when the  

pressu re  rose  above 25 l b s . ( in c lu d in g  a l l  p r e s su r e s  up to 351bs . )  

There were 61 such days in  a l l  and they group them selves  as f o l ­

lows : -

Cubic f e e t  o f  f r e s h  
a i r  per man per hour.

lio. o f  days. Cases o f  
i l l n e s s .

Fstiraated c a s e s  o f  
i l l n e s s  fo r  100 
d ays . i

Below 4000 13 41 315 .5
From 4000 to 8000 26 78 300
From 8000 to 12000 10 8 80
Above 12000 12 - 4 33 .3

I t  i s  seen that  the same r e l a t i o n s h i p  holds  as at  lower p r e s ­

s u r e s ,  but that  the percentage  o f  c a ses  occurr ing  i s  in  each ca se  

l a r g e r  than w ith  a corresponding c o n d i t io n  as regards f r e s h  a i r
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supply at  lower p r e s su r e s .  I t  w i l l  a l s o  be n o t i c e d  th a t  four  

ca ses  occurred when the amount o f  f r e s h  a i r  su p p l ied  was very  

l a r g e ,  when i f  there  i s  any tru th  in  the p r o p o s i t i o n  now b e in g  ad 

vanced, i t  might have been hoped that  a t  l e a s t  a sm al ler  number 

than t h i s  would have been met w ith .  On r e fe r e n c e  to the days 

when th ese  four c a se s  occurred i t  i s  seen that  they occurred on 

two days when a c t i v e  work was not in  p ro g ress  and when o n ly  two 

or three  men were in  the com pressed 'a ir  a t  one t im e ,  th a t  a c t u a l ­

l y  a sm al ler  amount o f  a i r  was b e in g  su p p l ied  than was usua l  when 

work wasin  progress  but that  the small  number o f  men caused the  

amount per head to be l a r g e .

One such case  occurred in  the tunnel  when work was once sus­

pended: the p ressu re  that  day var ied  from 21-J- to 251bs; only

two men were in  the compressed a i r ,  and the amount o f  f r e s h  a i r

per man per hour be ing  pumped in  was as much as 40 ,000 cubic  f e e t  

I t  appears obvious there  must be some e xp la n a t io n  fo r  t h i s  appar-
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ent anomaly. I b e l i e v e  i t  i s  to be found in  the inadequate d i s ­

t r i b u t i o n  o f  the f r e s h  a i r  su p p l ied .

The c o n d i t io n s  that  app erta in  when work i s  suspended are j u s t

those  which w i l l  not  tend to he lp  a proper d i f f u s i o n  o f  the f r e s h

a i r .

The escape o f  the conta ined  a i r  i s  as fa r  as p o s s i b l e  m in i­

mized by c lay in g -u p  apertu res  ( to  avoid the expense o f  an a i r -  

supply u n c a l l e d  f a r  by the e n g in eer in g  n e c e s s i t i e s ; )  the con­

s ta n t  movements o f  a l a r g e  number o f  men and wagons o f  m a ter ia l  

are absent and there  i s  no in c e s s a n t  movement o f  the lo c k s  back­

wards and forwards as men and m a te r ia l  en ter  or l e a v e .

A l s o ,  i t  has to be borne in  mind that  the v e l o c i t y  o f  d i f f u s i o n  

of  a gas  at  a g r e a t e r  d e n s i ty  i s  sm al ler  tbatz. a t  a l e s s  d e n s i t y , ,  

varying as i t  does i n v e r s e l y  w ith  the s q u a r e  root  o f  that  d e n s i ­

ty. This p h y s ic a l  f a c t  would appear to be the reason why can­

d le s  smoke in  compressed a i r ,  a l th o  they are in  an atmosphere



r ic h e r  in  oxygen,  volume fo r  volume; they in v a r ia b l y  smoke. This

i s  not  the c a s e ,  however,  i f  we cause the surrounding a i r  to reach  

the flame s u f f i c i e n t l y  r a p id ly  -  as when a g l a s s  chimney i s  he ld  

over the flame. In that  case  combustion goes  on as i t  would in  

a more r i c h l y  oxygenated atmosphere; the flame i s  b r i g h t e r ,  and 

there  i s  no smoke. The two men employed as w atc h e rs ,  when work 

for  some reason i s  suspended, are not g e n e r a l l y  moving about;  

and u n l e s s  s i t u a t e d  near an i n l e t  or an o u t l e t  o f  a i r  may be very  

badly circumstanced so far  as f r e s h  a i r  i s  concerned. Suppose 

they are at  the bottom o f  a huge c a i s s o n  50 f e e t  in  diameter and 

60 f e e t  deep, suppose the supply p ipe  or p ip e s  end 20 f e e t  from 

the top and suppose that  the su perf luou s  a i r  i s  e scap ing  at  the  

top ,  noth ing  i s  more c e r t a i n  than that  the a i r  in  the v i c i n i t y  o f  

the men w i l l  be more impure than that  at  the top.

That the exp la n a t io n  o f  the c ircum stances  i s  not imaginary  

was amply demonstrated at  the time when the men were working in
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Caisson No. 1.

The men were p r a c t i c a l l y  a l l  working at  the "bottom*, the  sup­

p ly  p ip e  entered  the " a i r - t i g h t  f loor"  ( i . e .  the r o o f  o f  the  

chamber) and then ended. The a i r  was n e a r ly  a l l  e scap ing  through 

the " a ir - t ig h t "  f l o o r  which was im p e r fe c t ly  caulked in  order that  

v e n t i l a t i o n  might he a s s i s t e d .  Men were a f f e c t e d  w i th  compress­

ed a i r  i l l n e s s  a t  the r a te  o f  seven a day. A week a f t e r  they  

had begun work in  t h i s  c a i s s o n  the supply p ip e  was lengthened  in  

order to b e t t e r  v e n t i l a t e  the lower p o r t io n  o f  the chamber. Dur­

ing the remaining ten  days they worked here on ly  one case  occurred  

every two days. Of course i t  might be urged that  the amount o f  

a i r  supply per  man was a l so  in c reased .  That was so: but the

improvement was maintained even on those  days when the a i r  supply  

]/*** cons id era b ly  below what i t  had been b e fo re  the supply p ip e  wasA
lengthened; and w i th  t h i s  improved d i s t r i b u t i o n  o f  the f r e s h  a i r



no case  o f  i l l n e s s  occurred on any day when the supply was above  

9000 cubic  f e e t  per man per hour.

I  b e l i e v e  that  probably e n o u g h  has been sa id  on t h i s  p o in t  

to prove Dr. S n e l l ' s  c o n te n t io n  that  the amount o f  i l l n e s s  v a r i e s  

d i r e c t l y  w i th  the la c k  o f  v e n t i l a t i o n  o f  the a i r  chamber.

Other^and minor causes  o f  the d i s e a s e  remain to be cons id ered .

(A) Too rapid decompress ion:-

Most o f  the w r i t e r s  on the symptoms caused by compressed a i r  

g iv e  t h i s  cause  a foremost p la c e .  The c o n s id e r a t io n s  a lready  

advanced under the three  p re v io u s  headings have I think j u s t i f i e d  

me in  a s s ig n in g  to them the g r e a t e s t  in f lu e n c e  in  the product ion
* i

o f  the d i s e a s e .  On the other  hand, Foley  was d i s t i n c t l y  in  er ­

ror in  recommending the r ed u ct io n  in  l e n g t h  o f  the decompression  

and in  blaming the s ta y  in  the c o ld  m is ty  atmosphere o f  the lo ck  

during a few minutes fo r  a l l  the a c c id e n ts  that  might afterwards



r e s u l t .  That a j u s t  a p p r e c ia t io n  o f  the v a lu e  o f  t h i s  f a c t o r  

may be a r r iv ed  a t ,  i t  might not he amiss to rev iew  a few o f  the  

f a c t s  b ea r in g  on t h i s  p o in t .

Ja m in e t , Smith, and many o th e rs  have drawn up dogmatic d u ra t io n s  

o f  decompression. Jaminet dec ided  th a t  one minute should be a l ­

lowed fo r  each a d d i t io n a l  6 l b s .  o f  p re ssu re ;  Smith that  f i v e  

minutes should be spent in  the lo c k  for  each a d d i t io n a l  atmos­

phere; o th e r s  adv ised  l e n g t h s  o f  time so c o n s id e r a b le  that  the  

time occupied by the e x i t  o f  the men from the compressed a i r  would 

form a very  formidable  item in  the f i n a n c i a l  a s t im a te  o f  an e n g i ­

neer ing  undertaking.  A l l  r easonable  s u g g e s t io n s  in  t h i s  r e sp e c t  

have a t  d i f f e r e n t  t imes been adopted,  but whether the amount o f  

i l l n e s s  has been .diminished to any ex te n t  thereby remains s t i l l  

a matter  o f  co n jec tu r e .  I have a lready  noted that  Mr. Eads o f  

the St. Louis  Bridge noted that  the l o c k - t e n d e r s  who en tered  and
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l e f t  the compressed a i r  many t imes in  the course  o f  a two •“hour 

s h i f t  did not s u f f e r  from i l l n e s s ,  w h i l s t  th o s e  who remained 

under p ressu re  fo r  the whole p er io d  o f  two hours were very  

l a r g e l y  taken i l l  o f t e n  w i th  f a t a l  r e s u l t s .  The time o f  e x i t
- K

was the same for  the lo c k - t e n d e r s  as the o ther  men. At theK

Blackwall  Tunnel each a i r  l o c k  was provided w ith  two p a i r s  o f  

a i r  c o ck s ,  the l a r g e r  fo r  m a t e r i a l ,  the sm al ler  fo r  men: 

they were o f  such a s i z e  that  the a i r  o f  the lo ck  w ith  a pre ­

ssure  o f  28 l b s .  could escape in  about four minutes w i th  the  

sm al ler  cock turned on f u l l y ;  w h i le  by the la r g e r  one e x i t  

could take p la c e  in  about 30 seconds.  There was a r e g u la t i o n  

thoroughly understood by the men that  the la r g e r  cocks were 

to be used on ly  for  m a t e r ia l .  I t  has come to my knowledge that  

the r e g u la t io n  was f r e q u e n t ly  disobeyed.  That i s ,  the m a te r ia l  

cock be ing  used in s te a d  o f  the sm aller  one the men could come '



out in  h a l f  a minute.  One man, I was l e d  to b e l i e v e  made a 

p r a c t i c e  o f  t h i s .  He has not to my knowledge s u f f e r e d  from 

compressed a i r  i l l n e s s ,  though he has on s e v e r a l  o c c a s io n s  

during the pro g ress  o f  the work had one or two sev ere  i l l n e s s e s .  

N eith er  has any o ther  c a s e ,  where the r u l e s  l a i d  down on t h i s  

p o in t  have been i n f r in g e d ,  come under my notice^ w i th  a s i n g l e  

except ion  which I w i l l  g iv e  under the s e l e c t e d  c a s e s  and which  

was o f  a t r i v i a l  nature.

Again where men s u f f e r i n g  from 'bends* have been immediately  

recompressed in  the medical  a i r - l o c k  the pain  has in v a r ia b ly  

l e f t ;  when a l low ed to "leak out" in  45 minutes some s l i g h t  

pain u s u a l l y  returned; where the men without seek in g  medical  

advice  have recompressed them selves  and come out moderately  

s low ly  (say) twenty minutes they have been r a r e ly  much improved 

by the p r o c ess .  This case  i s  not qu ite  analogous to those  we 

have been c o n s id e r in g ,  but i t  appears to show that  w h i le  there
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may "be c o n s id e r a b le  d i f f e r e n c e  in  the r e s u l t s  o f  decompression  

in  four and f o r t y  f i v e  minutes r e s p e c t i v e l y  t h i s  i s  not so 

much marked when the d i f f e r e n c e  in  time i s  tha t  between four  

and twenty minutes.

Although w ith  no w ish  to under-e s t im ate  the i n f lu e n c e  o f  a 

rapid decompression in  producing i l l n e s s ^ t o  me i t  i s  s u f f i c i e n t l y  

c le a r  that  i t  i s  not the primary fa c t o r  in  i t s  c a u sa t io n .

(5) Personal  i d i o s y n c r a s i e s .

There are se v e r a l  which appear to i n f lu e n c e  the in c id en ce  

of  the symptoms E.g .

(a) Fulness  o f  h a b i t , -  t h i s  has been noted by most o b servers .

On t h i s  account I was i n s tr u c t e d  as far  as p o s s i b l e  to exclude  

men o f  very heavy b u i ld .

On two o cca s io n s  my advice  to men o f  t h i s  type was d i s r e ­

garded and t h e i r  f i r s t  sojourn in  compressed a i r  was fo l low ed  

in  e i t h e r  case  by an a t ta ck  o f  "bends" which was e f f e c t i v e  in
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en forc in g  my advice .

Because a man i s  s to u t  i t  does not  f o l lo w  that  he n e c e s s a r i l y  

s u f f e r s :  i t  can only  he s t a t e d  that  in  many c a se s  the l i a b i l i t y

to i l l n e s s  i s  in c rea sed  to a remarkable degree.

(B) Age. -  I t  has been f r e q u e n t ly  s t a t e d  that  younger men 

are l e s s  apt to s u f f e r  than o ld e r  men. I t  would be s a t i s f a c t o r y ,  

to t e s t  the accuracy of  t h i s  by comparing the ages o f  those  who 

su f fe r e d  w ith  the ages o f  those  employed. I am not ab le  to do 

t h i s  as no account o f  the ages o f  the men employed has been  

kept on the works, and as i t  was a vo lun tary  m atter  for  men 

who had been employed 011 the works b e fo re  my a r r i v a l  to submit 

themselves  to examination by me I have on ly  an account o f  the  

ages o f  those  men whom I had the opportunity  o f  examining; . 

as these  however were very numerous the f ig u r e s  w i l l  g i v e  an 

approximate id ea  o f  the p ro p or t io n a te  ages o f  the men em­

ployed,  v



Ages. No. o f  men ex­
amined & passed

No. o f  men taken  
i l l  whose ages  
were recorded.

P roport ion  o f  
i l l n e s s e s  to every  
100

15 to 20 55 0 0
20 to 25 145 15 1 0 .3
25 to 30 152 37 24. 3
.30 to 35 91 19 2 0 .9
35 to 40 61 14 22. 9
40 to 45 38 10 26. 3
45 to 50 3 5 166

These f i g u r e s  a r e ,  I think s u f f i c i e n t l y  l a r g e  to j u s t i f y  

very v a lu ab le  c o n c lu s io n s  -  v i z .  that  b e fo re  the age o f  20, men 

are remarkably f r e e  from i l l n e s s ;  that  between the ages o f  25 

and 45 the l i a b i l i t y  to i l l n e s s  does not vary much; that  be -  

tween these  l a t t e r  ages the chances o f  i l l n e s s  are about as  

g r ea t  as between the ages o f  20 and 25Jthe l i a b i l i t y  to i l l n e s s  

i s  very l a r g e l y  in creased .  I t  has been sa id  that  men w ith  

grey h a ir  or w ith  commencing degen era t ive  changes in  the a r t e r ­

i e s  are e s p e c i a l l y  l i k e l y  to be a ttacked .  These causes are  

probably in t im a t e ly  a s s o c i a t e d  w ith  the i n f lu e n c e  o f  age.



(0) Organic D ise a se .  -  A l l  men having any organic  d i s e a s e  

were r e j e c t e d  w ith  the e x ce p t io n  o f  those  s u f f e r i n g  from emphy­

sema or an e a r ly  s ta g e  o f  p h t h i s i s  , so that  I have

no exper ience  as to the e f f e c t  o f  compressed a i r  on them.

(D) A lc o h o l i c s  are sa id  to s u f f e r  from i l l n e s s  due to com­

p ressed  a i r  very r e a d i l y .  I t  was n o t i c e d  that  a f t e r  a h o l i d a y ,  

when higher  p r e ssu re s  were reached a number o f  c a se s  o f  i l l n e s s  

occurred. o f  St .  Petersburg  d en ies  that  a lco h o l  g i v e s

r i s e  to any obvious m is c h ie f .

(B) I t  i s  a l so  sa id  that  men who have j u s t  undergone severe  

e x e r t io n  s u f f e r  more from compressed a i r  i l l n e s s .  I t  i s  sa id  

that  when a l i f t  was used a t  St. Louis  Bridge in s te a d  o f  l a d ­

ders a d iminution in  the number o f  c a se s  fo l low ed .

(P) I t  i s  a l s o  fr e q u e n t ly  s t a t e d  that  men new to the work 

s u f f e r  more than the o ld  hands. I t  i s  very d i f f i c u l t  to e i t h e r  

prove or d isprove  a statement o f  t h i s  s o r t ,  which,  when once



enunciated so e a s i l y  g a in s  credence.  I t  i s  c e r t a i n  snc+i men 

are more s u i t a b l e  than o th e r s .  The very u n s u i ta b le  w i l l  in  

a l l  l i k e l i h o o d  s u f f e r  a f t e r  the f i r s t  s h i f t  and d i s c o n t in u e  the  

employment; and t h i s  may r e a d i l y  g iv e  r i s e  to the b e l i e f .
?

Among o ther  c o n d i t io n s  which might have conduced to the 4 

of  symptoms are the temperature and hygrometric  c o n d i t io n s  o f  

the compressed a ir-cham ber/^f  the former a d a i l y  record was 

kept .  During the f i r s t  two months the a i r  forced  in  was not  

a r t i f i c i a l l y  cooled .  In the process  o f  compression the mechan­

i c a l  work performed on i t , " t o  p r e ss  i t  in to  a sm al ler  spac^-was  

p a r t ly  converted in to  heat^ and the r e s u l t i n g  temperature was

uncomfortably high b e in g  g e n e r a l ly  over 80 °F. The a i r  was a f t e rv

that  t i n e  coo led  by means of  co ld  water p ip e s  and the temper-
o

ature  reduced to j u s t  below 70 F.

Ho connect ion  in  our ca ses  between the occurrence o f  i l l n e s s  

and the r i s e  or f a l l  o f  the temperature can be traced .
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As to the hygronietic c o n d i t io n  -  the a i r  in  the chamber was 

c o n s t a n t ly  saturated'. This "being the case  the hygrometic con­

d i t i o n  o f  the compressed a i r  chamber f a i l s  to account for  the  

occurrence o f  i l l n e s s ^ ^  at one time and not a t  another, and 

th e r e fo r e  probably has noth ing  to do w i th  the c a u sa t io n  o f  ac ­

c id e n t s .

Summary o f  -Symptoms:-.

In the subjoined s e r i e s  o f  c a s e s j t h e  whole o f  them,with three  

exceptions^ comprise i l l n e s s e s  which fo l lo w  e x i t  from the com-
v

pressed  a i r .  The i n j u r i e s  which may be su s ta in e d  by the ear  

durijig the p r o c ess  o f  entry are so o b v io u s ly  mechanical  in t h e i r  

o r i g i n  that  they may be at  once separate*!^,  jfc-lass by themselves,  

not only  on account o f  t h e i r  time o f  onset^but a l s o  because of. 

t h e i r  d i s t i n c t i v e  pathology .

The entry  in to  the.compressed a i r  i s  e f f e c t e d  by means o f  an 

a i r - l o c k  in  which the p ressu re  i s  r a i s e d  g r a d u a l ly .
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The s i z e  o f  the cocks in  use  a t  Blackwa.il was so adju sted
«

that  the entry  occupied from one to two minutes .  In h e a l th y  . 

people  w ith  moderately  pa te n t  Eustachian tubes and who have ac­

quired the knack o f  opening those  tubes to a l lo w  the entrance  

of  a d d i t io n a l  a i r  to the middle ear; no inconven ience  i s  exper­

ienced  even when the a i r  i s  admitted as r a p id ly  as the cocks  

w i l l  a l low .  I f  however the Eustachian tubes are not as pa tent  

as they should be -  as may occur during a "cold in  t h e  head" -  

more or l e s s  d i f f i c u l t y  in  Entry i s  met w ith .  The a d d i t io n a l  

pressu re  o u t s id e  the tympanic membrane pushes that  s t r u c tu r e  

inwards,  causing  more or l e s s  pain; and i f  t h i s  warning be 

n e g le c t e d  the pain  may become e x c r u c ia t in g  and rupture o f  the  

drum may occur: t h i s  event may happen even w ithout  e x c e s s iv e

pain  i f  the drum be l e s s  r e s i s t i n g  than normally. Short o f  

a c tu a l  rupture the r e l a t i v e  vacuum in  the middle ear a c t s  as a 

so r t  o f  cupping g l a s s  and produces c o n g e s t io n  o f  the l i n i n g  w a l l s



of  that  c a v i t y .  . This may l a s t  some days and he accompanied

hy dea fn ess  011 that  s id e .  Further the c o n g e s t io n  ijiay be f o l -
A W

lowed hy a c tu a l  in f la m a t io n  w ith  or w ithout  suppuration.  Sev-A

e ra l  c a ses  i l l u s t r a t i v e  o f  th ese  s t a g e s  have occurred at  Black­

b a l l  and many c a ses  o f  more or l e s s  permanent deafness  have r e ­

s u l te d .  Also many o f  the men who have worked in  compressed

a ir  for  a long  per iod  have not that  a cu ten ess  o f  hear ing  which  

i s  normal. Altho* no tro u b le  w ith  the ears has been -exper­

ienced^ i t  must happen that  the a i r  pressu re  in  the middle ear  

i s  f r e q u e n t ly  a l i t t l e  below that  in  the e x te rn a l  ear.  The

pro cess  o f  11 accomodation" o f  . the  ear -  i f  the term may be so
a

used -  to. the pressu re  by swallowing or o ther  means even when 

e f f e c t e d  f r e q u e n t ly , i . s  in te rr u p ted  by i n t e r v a l s  o f  seconds when 

the pressu re  o u t s id e  the drum i s  g r a d u a l ly  in c r e a s in g  and that  

w ith in  i s  s ta t io n a r y :  in  other  words the e f f e c t  o f  a cupping

g l a s s  to the middle ear i s  f re q u en t ly  p resen t  to a small  in



and in  i t s e l f ,  harmless degree.  Nothing appears more reason-

able  than to suppose that  t h i s  must u l t i m a t e l y  produce a t h i c k ­
et

ening o f  the i n t e r n a l  or mucous l i n i n g  both o f  the membrani^ tym- 

pani and ^ j fX th a t^ o ss i te s  which w i l l  n e c e s s i t a t e  some impairment 

in  the hearing .  I t  very  r a r e ly  happens that  any pain  i s  ex­

per ienced  in  the ear on e x i t  from the a i r .  The narrow fu n n e l -  

shaped end o f  the Eustachian tube,  d i r e c t e d  towards the middle  

ear more e a s i l y  a l low s  o f  the escape o f  a i r  than the more trum­

pet-shaped opening towards the pharynx a l lo w s  o f  the entry  o f  

a i r .  On coming out from the compressed a i r  the l i t t l e  bubbles  

o f  a i r  can be f e l t  l e a v in g  the middle ear and no e f f o r t  i s  r e ­

quired to open the tubes .

A l l i e d  to th ese  ca ses  are those  o f  pa in  in  the forehead.

I t  appears never to be complained o f  except during the presence  

of  a nasa l  c a ta r rh ,  when the mucous  membrane l i n i n g  the open­

ings in to  the f r o n ta l  i s  sw ol len  and a i r  cannot en ter



or l e a v e  these  c a v i t i e s  r e a d i l y .  The pain  i s  sometimes very  

severe  and may be fo l low ed  by n e u r a lg ic  pa in s  fo r  weeks a f t e r ­

wards. S im ilar  pa in  may be f e l t  in  a c a r io u s  too th  .from the  

c a v i t y  be in g  tem porari ly  cut o f f  from the surrounding a i r  e i t h e r  

on entry  to or e x i t  from, the compressed a i r .

One other  c l a s s  o f  case,^ may be a n t i c ip a t e d  to accompany 

entry in to  the compressed a i r  v i z .  any i l l  consequence o f  the  

p h y s i o l o g i c a l  r i s e  o f  blood p ressu re  -  which then occurs .

In t h i s  c l a s s  o f  case  we might expect  to m e e t  w ith  examples 

of  c ereb ra l  haemorrhage or o f  ruptured aneurism. Happily no

such unfortunate  in c id e n t s  occurred at  B lackw al l .  By a s y s t e -
/

matic examination o f  a l l  new employes I have attempted to 

e l im in a te  those  having an organic  d i s e a s e  o f  such a nature  

that a sudden r i s e  o f  b lood p r essu re  might be p r e j u d i c i a l



Concerning fche time spent in  the compressed a i r  i t  may, be g ...

s t a t e d  g e n e r a l ly  that  uno i l l  e f f e c t s  are then m a n i fe s te d .  I f  

the sojourn  be prolonged to  even twenty four hours no symptoma­

t i c  consequences ensue during the s t a y .  Cases are known where 

mules have been r e ta in e d  fo r  months in  the compressed a i r  and 

have apparent ly  been in p e r f e c t  h e a l t h .  Among the c a s e s  sub-  

joined,, two have been g iven because they appear to be ex ce p t io n s

to t h i s  r u l e .  In the one the man i s  s t a t e d  to have had a Hf i t w ;

w h i le  under the p re ssu re .  I f  t h i s  c o n d i t io n  were produced by 

the pressu re  the man having* a lready been working fo r  some hours  

in the compressed a i r ,  the c ase  i s  unique . >
a

ihe man had never had any f i t s  be fore  though he had r e c e n t l y  

been 'Suffer ing some pain from h i s  ears w h i le  en ter in g  the com­

pressed  a ir  and afterwards; h i s  ears having been "blocked"- 

the  usua l  ex press ion  for  the c o n d i t io n  among the men. I t  i s  

p o s s i b l e  t h i s  pain was more c o n s id er a b le  than the man represented^



and t h a t ,  rather  than l e a v e  o f f  h i s  work he had continued under

great  d i f f i c u l t i e s  and had at l a s t  f a i n t e d .

{'he other c a s e  ( H.C. Case V I I ) , where pa in  was experienced w h i le

in the c a i s s o n  to an extent  which prevented the use  of  t o o l s  by the
other

l e f t  hand stands  q u i t e  by i t s e l f  among some two hundred^cases *

I t  i s  p o s s i b l e  that  there  was from some cause  a more or l e s s  rapid  

f a l l  o f  the  p ressu re  in the c a i s s o n  which might be fo l lo w ed  by the  

'pain or i t  mightfe be on the  other  hand that the account g iven  by 

the man o f  the  commencement o f  the pain  had been m is le a d in g .  The 

absence  o f  symptoms during the sojourn o f  the men in  the compressed  

a i r  i s  a f e a t u r e  which has been put on record  by every observer .  

Symptoms when they do occur,  begin during or a f t e r  decompression;  

they may commence immediately the  e x i t  a i r  tap i s  turned^or they  

may be postponed u n t i l  some hours have e lapsed a f t e r  coming out .

The lo n g e s t  i n t e r v a l  recorded at  Blackwall  i s  fo u r tee n  hours in  a

Case that  w i l l  be c i t e d .  The u su a l  i n t e r v a l  i s  from a few minutes



to one hour. Where t h i s  l en g th  o f  time i s  much exceeded i t  has  

u s u a l l y  occurred that  the man has gone home f a l l e n  a s le e p  and has be 

awakened some hours a f t e r  by a se v e r e  pain in  one or more o f  the  

l im bs.  By f a r  the most common symptom i s  pain in  the e x t r e m i t i e s  

known by the  men as ’’bends” . The pain  most u s u a l l y  a f f e c t s  the  l e g s  

and p r i n c i p a l l y  the® parts  about the knees - though i t  may a f f e c t  

the arms e s p e c i a l l y  the elbows and sh o u ld ers .  I t  may be presen t  

in  one or a l l  o f  the l im bs.  I t s  onset  i s  u s u a l l y  sudden becoming 

more and more se v er e  fo r  a short  time a fterwards .  I t  may be only  

s l i g h t  caus in g  l i t t l e  or no inconven ience  or i t  may be o f  a most 

e x c r u c ia t in g  character  caus ing  s tron g  robust men to w r ithe  in  agony. 

The pain i s  d i f f e r e n t l y  described;  sometimes as sharp and sh o o t in g  

’’l i k e  a k n i f e ”; or a d u l l  heavy aching pa in .  I t  i s  sometimes l o c a t e  

by the s u f f e r e r  as deep down in the l imb, or in  the bone,  and some­

t im e s ,  as a f f e c t i n g  the more f l e s h y  parts  and sometimes as in  the
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j o i n t s .  I t  does not seem to f o l lo w  any anatomical  d i s t r i b u t i o n  

such as that  o f  the l a r g e  n erves .  There i s  g e n e r a l l y  more or 

l e s s  tenderness  over the p a i n f u l  part  and t h i s  tenderness  i s  

not s u p e r f i c i a l .  In the l a r g e  m a jo r i ty  o f  c a se s  there  i s  no 

o b j e c t i v e  s ig n  accompanying, such as s w e l l in g  or heat  or d i s  

c o lo u r a t io n .  A c o ld  p e r s p i r a t io n  has been descr ib ed .  The 

p u lse  p r e s e n t s  no p a r t i c u l a r  c h a r a c t e r i s t i c .

The pain  may i f  s l i g h t  pass  o f f  in  one or two hou rs ,  i f  

more severe  in  as many days; in  the worst  c a se s  i t  may per­

s i s t  fo r  one or two weeks or even more. I t s  disappearenice may 

be hastened  by e a r ly  recompress ion ,  but i t  tends to disappear  

by i t s e l f  i f  l e f t  a lone and there  i s  no r e la p s e .  There i s  no 

r i s e  in  temperature and no albuminuria.

E p ig a s t r i c  pa in  i s  frequent and may be accompanied by pa in s  

in  the l imbs.  I t  may be f o l lo w in g  by vomiting or nausea merely.
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In only  one case  a t  B lackwall  was i t  r e a l l y  o f  an alarming  

character .

P a r a l y s i s : -  The c a se s  o f  t h i s  s o r t  a t  B lackwall  have "been few 

and t r i v i a l  compared to those  reported  at  St. Louis  and Brooklyn  

B ridges .  We had two c a ses  o f  p a r a p le g ia .  One o f  them was 

cured a f t e r  recompression in  about 13 days ,  in  the o th er  there  

remained four months a f t e r  the a t ta c k  frequency o f  m i c t u r i t i o n  

and impotence. There was a l s o  one case  o f  r e t e n t i o n  o f  ur ine  

o f  a very  temporary character .

Auditory V e r t i g o . -  Altho* Meniere pu b l i sh ed  h i s  s e r i e s  o f  ca ses  

o f  t h i s  a f f e c t i o n ,  110 d e s c r i p t io n  o f  c a ses  due to compressed  

a i r  appears in  any records  u n t i l  the f i r s t  o f  the s e r i e s  o f  

cases  a t  B lackwall  was p u b l ish ed  by Dr. Curnon in  the Lancet  

(1894) .  Vert igo  has o c c a s i o n a l l y  been mentioned as a p o s s i b l e  

e f f e c t  o f  compressed a i r ,  no tab ly  by Dr. Hunter o f  the Forth
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Bridge works,  who noted that  i t  was o c c a s i o n a l l y  accompanied 

hy permanent deafness  in  one ear.

Among the n ine  ca ses  subjo ined  the o n se t  was sudden and i t  

came on from a few minutes to a l i t t l e  over an hour a f t e r  l e a v i n g  

the pressu re .  In s i x  c a se s  some amount o f  d ea fness  was p re sen t :  

in  one t h i s  was descr ib ed  as a f f e c t i n g  both  ears and l a s t i n g  

o nly  a few secon ds ,  in  f i v e  o th e rs  i t  was o f  lo n g er  or even 

permanent durat ion  a f f e c t i n g  only  one ear.  In four o f  these  

c a ses  the in t e r n a l  ear 011 one s id e  was a f f e c t e d ,  in  the f i f t h  i t  

appeared to be the middle ear that  was a t  f a u l t ;  in  the three  r e ­

maining c a se s  which were not seen u n t i l  some days a f t e r  the o n s e t ,  

no deafness  e x i s t e d  or had been noted p r e v io u s ly  by the p a t i e n t s  

them selves .  T inn itus  had been complained o f  in  four o f  the pa­

t i e n t s  as having occurred ea r ly ;  in  three  the symptom was very  

p e r s i s t e n t .  In s p i t e  o f  fche absence o f  t i n n i t u s  and d eafness  in  

the three  c a ses  seen l a t e ;  the v e r t ig o  has been cons idered  by me



of  a u d i to ry  o r i g i n ,  because  i t  was in c re a se d  always by a movement 

o f  the head in  one d i r e c t i o n  more than by movements in  o th er  d i ­

r e c t i o n s  -  thus in  some i t  was brought on by movements o f  the head 

backward in  o th ers  by l a t e r a l  movements. In the l e a s t  sev ere  i t  

l a s t e d  s e v e r a l  days in  the more severe  case s  weeks or even many 

months. In f i v e  c a ses  the i l l n e s s  was accompanied by "bends ."

Of c a se s  not coming under any o f  the above headings may be men- 

t ioned  one o f  dysphagia ,  one o f  oedema o f  the i and abdomen -

t h i s  l a t t e r  may have been due to some organic  cause that  I was 

unable to d i s c o v e r .  * I t c h in g  o f  the sk in  was sometimes complained 

o f  a f t e r  l e a v i n g  the p r e s s u r e ,  but not to the ex te n t  one would 

have expected a f t e r  reading the rep o r ts  o f  F o l e y ’ s c a se s .  E p is -
i  A

t a x i s  or haemopjtysis sometimes follow^ e x i t  from compressed a i r .

The blood may be swallowed and haematemesis ensue subsequently .  

S l ig h t  b le e d in g  from the ears may occur.

I do not cons ider  that  work in  compressed a i r  produces any de­



l e t e r i o u s  e f f e c t s  on the system. Many c a r e fu l  examinations o f  the 

men who worked fo r  a lo n g  time in  compressed a i r  were made w ithout  

any i l l  e f f e c t s  be in g  d iscovered .D r .  S n e l l  reports that  one man who 

had worked twelve  years  in  compressed a i r  had hypertrophy o f  the  

heart  w ithout  any o ther  c o n d i t io n  o f  the system to account fo r  i t .  

"It i s  p o s s i b l e , "  he says "that t h i s  might be produced by the i n ­

creased  blood  p r essu re  which accompanies work under th ese  circum­

s ta n c e s .  "

I t  has f r e q u e n t ly  been recorded that  men who work under condi­

t i o n s  o f  p ressu re  have a p a le  leaden  appearance even in  the open 

a i r .  This was not observable  at  B lackwall  to any e x te n t  probably  

I b e l i e v e  to good v e n t i l a t i o n .  Examination o f  the b lood r e v e a l ­

ed no abnormality in  the amount o f  haemoglobin or the number o f  

c o rp u sc le s .

P R O G N O S I S .

Of the symptoms o f  t h i s  occu pat iona l  d i s e a s e  the most common i s



'b e n d s’ i t  i s  a l s o  the l e a s t  s e r io u s  u s u a l l y  p a s s i n g  o f f  in  a few 

days t o ,  i n  the most severe  c a s e s ,  a few weeks.

The ear symptoms, I need say noth ing  about as they are thor­

oughly d i s c u s s e d  in works on d i s e a s e s  o.f the ear.  The i t c h i n g  

of  the sk in  and the e p i g a s t r i c  pa in  soon pass  o f f .  P a r a l y s i s  

a l s o  as a r u le  p a s s e s  o f f  in  a few weeks u n le s s  in  those  c a se s  •

which have bladder  tr o u b le s  and impotence. . In c a se s  o f  a u d i to ry
r

v e r t ig o  a s s o c i a t e d  w ith  a f f e c t i o n  o f  the in t e r n a l  ear the proyiosis  

i s  g e n e r a l ly  good.

D I A G N O S I S .

The d ia g n o s i s  o f  symptoms due to compressed a i r  p ressu re  

u s u a l l y  p r e s e n t s  no d i f f i c u l t y  and i s  on ly  o f  importance f r o m , i t s  

m e d ic o - le g a l  a sp ec t .

MORBID ANATOMY.

No f a t a l  c a ses  occurred a t  B lackwall  Tunnel , so that  I am un­



ab le  to add anything to what has been sa id  e lsewhere  on t h i s  par t  

o f  the su b je c t  .

P A T H O L O G Y .

A rev iew  o f  the var iou s  t h e o r i e s  which have been advanced 

from time to time show that  they group them selves  in to  three  c l a s s  

es.

I .  Theories  su g g e s t in g  e x h a u s t io n  carbonic  a c id  p o i s o n in g  and 

the l i k e  as the cause.

I I .  Theories  a s c r i b in g  the symptoms to the mechanical  conges­

t i o n  o f  d i f f e r e n t  v i s c e r a .

I I I .  Theories  depending on an increased  s o l u t i o n  by the blood  

o f  the g a se s  o f  the compressed a i r  and the l i b e r a t i o n  o f  th ese  

g a ses  on the pressu re  be ing  removed. "

I .  A l l  the t h e o r i e s  o f  the f i r s t  c l a s s  depend on the presump­

t io n  that  a sojourn in  compressed a i r  on account o f  the la r g e r
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amount, o f  oxygen conta ined  in  a g iv en  volume o f  that  a i r ,  i s  ne­

c e s s a r i l y  accompanied by an in c re a se d  amount o f  metabolism. Most 

o f  the supporters  o f  these  t h e o r i e s  have cons id ered  t h i s  a n e c e s s ­

ary consequence.  Vivenot and o th e rs  have approached the su b je c t  

from a th e r a p e u t ic  p o in t  o f  view and have been at  g r ea t  p a in s  to 

show that  an in c r e a s e  o f  chemical a c t i v i t y  r e s u l t i n g  in  the forma­

t i o n  o f  an e x c e s s i v e  amount o f  carbonic  a c id  and o ther  products  o f  

metabol ism, w i l l  accompany or f o l lo w  the s t a y  in  compressed a i r .

I f  t h i s  in c reased  chemical  a c t i v i t y  can be disproved a l l  t h i s  c l a s s  

of  theory f a l l s  to the ground; i f  i t  cannot be s u b s t a n t ia t e d  they  

remain w ithout  any r a t i o n a l  b a s i s .

I f  an in c r e a se  o f  metabolism occurs we should expect to f in d  

an in c r e a se  in  the amount o f  urea excreted .  The estimation'J'urea/V

must o b v io u s ly  be made for  a c o n s id er ab le  time and inc lu de  est im a­

t io n s  o f  the average amount excreted  when the compressed a i r  i s  

not entered.  I t  i s  im p o ss ib le  to o b ta in  r e l i a b l e  r e s u l t s  and



accurate  tw enty -four^spec in en s  o f  ur ine  from the men. Dr. S n e l l  

made a s e r i e s  o f  observationsjon h im s e l f .  He found that  the aver­

age amount o f  urea excre ted  per diem was 392 g r a in s .  * The d a i l y  

range v a r ie d  from a minimum of  167 to a maximum o f  702 g r a in s .

He found that  a s ta y  o f  some hours in  the compressed a i r  was not  

fo l low ed  or accompanied hy any e x c e s s i v e  e x c r e t io n  o f  urea.  F i t h  

a d a i l y  range such as g iv e n  -sne any i n c r e a s e  in  the amount due 

to compressed a i r  would have to he emphatic in  order to he appre­

c ia te d ;  y e t  i f  an increased  metabolism occurs in  compressed a i r y  

of  any moment  ̂we might expect to see  some evidence o f  i t  in  the  

amount o f  urea excreted .  On the whole i t  would appear that  theco*.
h a s i s  on which must r e s t  the hypotheses  concerning e x h au s t ion ,  co2 

p o iso n in g  and the l i k e  i s  w ithout  s u b s t a n t i a l  proof .

I I .  Theories  which attempt to e xp la in  the symptoms caused lyby  

cokpressed a i r  on the ground that  the p ressu re  on the per iphery  

of  the body causes  the V isc er a  to become congested .



The l a t e  Dr. Moxon in  h i s  Croonian Lectures  (Lancet 1881) was 

so s truck w ith  the p l a u s i b i l i t y  o f  the c o n g e s t io n  theory o f  th e se  

symptoms which seemed to support h i s  views o f  the fu n c t io n s  o f  the  

c er eb ro sp in a l  f l i i i d  that  he "It needs no experiment to show

that g r ea t  i n c r e a s e  o f  atmospheric p ressu re  m ust-dr ive  the blood  

away from the su r face  o f  the body and in to  any p a r t s  that  are ac­

c e s s i b l e  to blood and not to a i r .  Such p a r t s  are the i n t e r i o r  

of  the cranium and the s p in a l  c a n a l . "

Commenting on t h i s  Dr. S n e l l  in  h i s  book says " -  very s trong  • 

proof  must be forthcoming b e fore  such an extraord inary  h y p o t h e s i s  

can be accepted .  The cranium and sp in a l  canal  are f i l l e d  by sub­

s ta n c e s  which are incom press ib le .  Compressed a i r  s u p p l ie s  an even 

l y  d i s t r i b u t e d  pressu re  to the surface  o f  the body. Fhy should  

i t  f o l lo w  that  b lood  should be forced  in to  the cranium and s p in a l  

canal and c e r e b r o - sp in a l  f l t d d  squeezed out? The increased  a i r  

p r essu re  is' im p e l l in g  the c e r e b r o - sp in a l  f l u i d  to remain in  i t s



p o s i t i o n  j u s t  as p o w er fu l ly  as i t  i s  u rg ing  the b lood  to eJiter 

and expel  i t .  N e c e s s a r i l y  no change can take p la c e .a n d  m a t t e r s , 

in  t h i s  r e sp e c t  a t  least^ remain in  the compressed a i r  .just as they  

were in  the open a i r . "

Dr. A.II. Smith i s  the most thorough-going o f  the advocates  o f  

" c o n g e s t i o n ." He a s c r i b e s  a l l  the symptoms to t h i s  c o n d i t io n .  

Even supposing one could admit the c o n g e s t io n  he speaks o f ,  he 

does not make i t  a t  a l l  c l e a r  why an o b s t a c l e  should sometimes 

a r i s e  to the normal r e d i s t r i b u t i o n  o f  the blood on l e a v i n g  the  

a i r .  Why should the c a p i l l a r i e s  become c logged e f f e t e

blood?" why are the c a p i l l a r i e s  “clogged?" and why i s  the blood  

e f f e t e 1?

I I I .  In regard to the th ird  s e t  o f  t h e o r ie s  which attempt to 

e x p la in  the symptoms by the increased  s o l u t i o n  by the b lood o f  the  

g a se s  conta ined  in  the compressed a i r ,  there  i s  t h i s  to be sa id  

in  t h e i r  favour that  they take as t h e i r  b a s i s  a p h y s ic a l  condi­
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t i o n  -  the in c r e a se d  s o l u t i o n  o f  g a se s  by the b lood  -  to whLch i t  

i s  d i f f i c u l t  to r e f u s e  a s s e n t .

The law o f  Henry and Dalton s t a t e s  that  the weight  o f  a gas
i

d i s s o l v e d  by a l i q u i d  i s  d i r e c t l y  proport ionart-e to the p r e ssu re .

0
At 0' 0 and 760 mm. p ressu re  one volume o f  water w i l l  d i s s o l v e

.02035 Volumes o f  Nitrogen

.04114 " " Oxygen
1.7967 " 11 Carbonic Acid

Double the p r essu re  and tw ice  these  amounts are d i s s o l v e d .

These are the c o - e f f i c i e n t s  o f  a b s o r p t i o n  o f  th ese  g a se s  in  water.  

The c o - e f f i c i e n t s  o f  absorpt ion  o f  these  gasesjin blood are more 

d i f f i c u l t  to o b ta in  s in c e  a l l  the g a se s  obta ined  from blood by im­

mersion o f  i t  in  aQ-acuum are not in  s o l u t i o n .  Prom 100 volumes

o f  blood may be o b ta in e d : -
Nitrogen Oxygen C 0 2

A r t e r i a l  Blood 1 to 2 v o l s .  20 v o l s .  40 v o l s .
Venous Blood 1 to 2 v o l s .  8 to 12 v o l s .  46 v o l s .

The l a r g e r  proport ion  o f  t h i s  oxygen we know to e x i s t  in  a s t a t e

of  chemical combination w ith  the haemoglobin. That an in c re a se
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of  the amounts o f  th e se  g a se s  d i s s o l v e d  takes  p la c e  under i n c r e a s ­

ed p r e s su r e s  has "been shown by Paul Bert though he found t h i s  i n ­

c re a se  did hot e x a c t l y  obey the law of  Henry and Dalton.  He found 

fo r  in s ta n c e  that  at  in creased  p r e s su r e s  the oxygen in  the blood  

i s  in c re a se d  only  to a small  e x ten t ;  and n i tr o g e n  more than e i t h e r

oxygen or co^ though not to the e x ten t  that  would be expected from 

the Law o f  Henry and Dalton.

I t  i s  g e n e r a l l y  c l e a r  that  i f  the blood d i s s o l v e s  more f r e e  

g a se s  during the s ta y  in  compressed a i r ,  t h i s  exce ss  o f  d i s s o lv e d  

gas^Ces w i l l  be g iv en  o f f  on or a f t e r  the entry  in to  the open a i r ,  

.."Gan t h i s  escape o f  g a se s  from the blood g iv e  r i s e  to the symp­

toms we have been c o n s i d e r i n g /  Every medical  man i s  f a m i l ia r  

w ith  the r e s p i r a t o r y  t ro u b le s  and sudden death produced by the  

entry o f  any qu ant i ty  o f  a i r  in to  the la r g e  v e in s  o f  the thorax.  

What would be the r e s u l t  o f  the escape from the blood o f  minute bub 

b l e s  o f  gas throughout the whole o f  the va scu lar  systems? Paul



Bert made a l a r g e  number o f  experiments on animals a t  h igh  p r e ­

ssure -  o f t e n  as h igh  as 10 atmospheres. He has caused decompre­

s s io n  to be e f f e c t e d  in  p e r io d s  varying from twenty seconds to 

three minutes.  Sudden death f r e q u e n t ly  fo l low ed  and,, p o s t  mortem* 

(were^found\fr!ee ga s esj in  the bloody e s p e c i a l l y  in  the r ig h t  s id e  

of  the h eart .  In some ca ses  p a r a l y s i s  o f  the lower l imbs  

appeared,and at  the autopsy he o f t e n  found bubbles  o f  f r e e  a i r  

in the s p in a l  v e s s e l s  even in  the sm aller  v e s s e l s  o f  the sp in a l  

cord i t s e l f .  When death did not take p la c e  immediate ly the f r e e  

gas was not  p r e s e n t ,b u t  i n s t e a d ,  patches  o f  s o f t e n i n g  in  d i f f e r e n t  

reg io n s  o f  the cord. O cc a s io n a l ly  he found subcutaneous emphysema 

sometimes small  f o c i  o f  haemorrhages in to  the sp in a l  cord could be 

seen. A l l  o f  the experiments w h e r e  such d e f i n i t e  o b serv a t io n s  

were noted were made at  p re ssu re s  over 5 atmospheres. ?he time o f  

compression was never very long.  Generally  occupying only  a few
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minutes and never  over  two hours. I t  i s  probable  that  had Bert  

employed lo n ger  p er iod s  o f  compression w ith  lower p r e s su r e s  he 

would have obta in ed  s im i la r  r e s u l t s .  I t  i s  im p o ss ib le  to suppose  

that  the c a s e s  o f  p a r a p le g ia  owe t h e i r  o r i g i n  to a d i f f e r e n t  

cause to that  which i s  proved by the experiments to be r e s p o n s ib l e  

at h igher  p r e s su r e s .  Moreover the s a t u r a t io n  of  the whole K20I# 

blood o f  the body, w ith  i t s  f u l l  amount o f  g a s e s ,  or entry  to 

compressed a i r ,  must be a matter o f  time; on ly  that  in  the c a p i ­

l l a r i e s  o f  the pulmonary v e s i c l e s  can be engaged a t  a g iv en  moment 

in  absorbing from the a i r  v e s i c l e s  the surplus  o f  f r e e  g a se s ;  

before  the whole amount o f  blood o f  the body has r e c e iv e d  i t s  f u l l  

complement o f  f r e e  g a ses  ( i . e .  b e fore  the acme of  danger from t h i s  

cause i s  reached) we must suppose a few hours to be spent in  the  

pressure .  PTe see  then that  t h i s  theory i s  f u l l y  capable o f  ex­

p la in in g  c a se s  o f  sudden d^ath or o f  p a r a l y s i s .  I t  needs no e f f o r t  

of  the im aginat ion  to account fo r  t h e - f o r n i c a t i o n  that sometimes



ensues in  the same manner. I t  i s  in  the h ig h e s t  degree improbable  

that  the more s u b j e c t i v e  symptoms such as pa in s  in  the l imbs and 

elsewhere  are due to any o ther  cause; that  these  are not due to 

any derangement o f  the c e n tr a l  nervous system i s  shown by the  

l o c a l  tenderness  and the o c c a s io n a l  s w e l l in g  that  sometimes accom­

panies  them, whether the l e s i o n  i s  in  the nerve sheaths  or the periQj 

teum or e lsewhere  can only  be a matter o f  co n jec tu r e ;  we should  

a n t i c i p a t e  that  most pain would be caused when the l e s i o n  occurs  

in  those  v e s s e l s  that  are surrounded by r e s i s t i n g  s t r u c t u r e s  or  

by s e n s i t i v e  nerve f i la m e n ts  and that  no pa in  would occur when 

these  c o n d i t io n s  are absent .
;• (Vi

f h i s  theory moreover i s  adapted 'to exp la in  ■'the p r in c ip a l  f a c -  

tors  in  the a e t i o l o g y  o f  the d i s e a s e .  I t  e x p la in s  why the danger 

i s  increased  at  high p r e ssu res  or by longer  exposure.  I t  makes 

c le a r  how a decompression extending to f o r t y  f i v e  or s i x t y  minutes  

i s  e f f e c t i v e  in  d im inish ing  the l i a b i l i t y  to a t tack .  I t  would
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l ea d  one to a n t i c i p a t e  that  those  men heyond middle age or  'with 

a degenerated a r t e r i a l  system would he more l i a b l e  to i l l n e s s  

than those  who are younger and more h ea l th y .  An adherence to 

t h i s  theory a s s i s t s  us in  understanding why the symptoms are  

never produced|pn en ter in g  compressed a i r ,  why i t  does not come 

on during the sojourn in  the a i r  however long  that  sojourn may 

he prolonged,  and. w h y , i f .  i t  occurs at  a l l  i t  i s  on or a f t e r  l e a v ­

ing the p r e s su r e .  We are enabled a l s o  to understand why rapid  

recompression i s  so u n i v e r s a l l y  b e n e f i c i a l  and why, i f  i t  be too 

long de layed^( that  i s  i f  some ac tu a l  in ju r y  to t i s s u e s  i s  

caused by the escap ing  bubbles o f  g a s ) r recompression i s  prac­

t i c a l l y  u s e l e s s .  We are in  a p o s i t i o n  to a n t i c i p a t e  that  in  the  

absence o f  com p l ica t ion s  the i l l n e s s  w i l l  tend to disappear by 

i t s e l f  in  a few days or a few weeks,and that  r e la p s e s  w i l l  not  

occur.  So w e l l  does t h i s  theory harmonize w ith  our knowledge



52

of  the i l l n e s s  that  we may r e s t  assured  we are at  l e a s t  l o o k ­

ing in  the r ig h t  d i r e c t i o n  for  the true cause o f  the symptoms.

T R E A T  M E N T .

This n a t u r a l l y  d iv id e s  i t s e l f  in to  p r e v e n t iv e  and c u r a t iv e .

Under the f i r s t  heading the amount o f  the p re ssu re  should  

have a foremost p la c e .  At the p r e sen t  time we do not  know what 

i s  the maximum a i r  pressure  which may be worked in  w ith  impu­

n i t y  but we know that ,  by our in c rea sed  medical  knowledge, we 

are ab le  to deal  w ith  p re ssu re s  o f  30 and 35 l b s .  w i th  fa r  l e s s  

harm than formerly.

Next in  order o f  importance would come the time to be spent  

in  the compressed a i r .  This would o f  course depend on the  

amount o f  pressu re .  Before the Blackwall  Tunnel was c o n s tr u c ted ,  

nowhere have men worked for  e ig h t  c o n se cu t iv e  hours d a i ly  in
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p r e ssu re s  o f  30 and 35 l b s .  to the square inch.

This arrangement seemed to work well^ although there  i s  l i t t l e  

doubt that  the i l l n e s s e s  when h igh  p r e ssu re s  were reached would 

have been l e s s  frequent had the l e n g t h  o f  the s h i f t s  been sh o r t ­

ened. Where the c o n d i t io n s  are favourab1 i  ong s h i f t s  may be 

worked, but when i l l n e s s e s  are of  frequent occu rren ce ,  the l e n g t h  

of the s h i f t s  must be reduced. At the St. Louis  B r idge ,  when a 

pressure  o f  50 l b s .  was be in g  encountered^the l e n g t h  o f  the s h i f t s  

was cut dowiy s e v e r a l  t imes.  Mr. Ead says that  a f t e r  th ese  were 

reduced to one hour’ s duration no s e r io u s  case  o f  i l l n e s s  

occurred.

The th ir d  important p o in t  in  treatment i s  v e n t i l a t i o n  o f  the  

compressed a i r  chamber. Where a tuiinel i s  be ing  made t h r o ’ a 

porous ground the v e n t i l a t i o n  w i l l  o f  n e c e s s i t y  be good but 

where an impervious fa ce  e x i s t s ,  there  appears the n e c e s s i t y  o f
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v i g i l a n c e  in  the d a i l y  e s t im a t io h  o f  the supply o f  f r e sh  a i r .

At the ordinary  atmospheric p ressu re  a man at  p e r f e c t  r e s t  r e ­

qu ires  to he su p p l ied  w ith  3000 cubic f e e t  o f  f r e s h  a i r  per  

hour in  order tha t  the a i r  o f  h i s  room may not con ta in  more than

.06 per cen t  o f  Co and that  the room may be d escr ib ed  as w e l l

v e n t i l a t e d .  A man engaged in  heavy work req u ire s  f u l l y  three  

times t h i s  amount o f  f r e s h  a i r  ( i . e .  9000 cubic  f e e t )  to p r e ­

serve  the same h e a l th y  c o n d i t io n s  as regards the atmosphere; i t  

i s  c e r t a i n  that  noth ing  below t h i s  i s  adm iss ib le  in  compressed 

a ir .  A g la n ce  a t  the t a b l e s  g iv en  p r e v io u s ly  w i l l  show that  

up to p r e s su r e s  o f  25 l b s .  t h i s  amount, a lthough d im in ish ing  

the number o f  c a se s  o f  i l l n e s s ^  does not prevent  them a l to g e th e r ,  

and that  a t  h igher  pressu re  much la r g e r  amounts are c a l l e d  for .

In a d d i t io n  to secu r in g  a s u f f i c i e n t l y  la r g e  supply o f  f r e s h  a i r ,

i t  i s  n e c essa ry  to provide for  the proper d i s t r i b u t i o n  o f  tha t  a i r



55
I

t h r o u g h o u t  the compressed a i r  chamber; t h i s  w i l l  be a t t a i n e d  

by c o n s id e r in g  the p o s i t i o n  o f  the c h i e f  o u t l e t s , a n d  arranging^ 

a n d , i f  n e c e s s a r y , s u b - d i v id i n g  the i n l e t  in  the most advantageous  

way. The durat ion  o f  the "locking-in" p r o c ess  i s  o f  l i t t l e
A W

moment to those  who can r e a d i l y  accomodate t h e i r  ears to the  

in c r e a s in g  p r e ssu re .  w i th  moderately  patent  Eustachian tubes^ 

no d i f f i c u l t y  w i l l  be found in  e n ter in g  a pressure- o f  30 l b s .  

in  one minute.  The ' lock in g -o u t"  process  i s  o f  more importance.  

From what has a lready  been s a i d ,  i t  may be in f e r r e d  that  i f  by 

l e n g th e n in g  the p ro cess  i t  i s  hoped to d im inish  i l l n e s s  to any 

a p p rec ia b le  degree ,  i t  w i l l  have to be prolonged to an ex tent  

which w i l l  be very inconvenien t .  At the Blackwall  Tunnel the  

a ir  cocks were o f  such a s i z e  that  when turned on f u l l y  they ad­

m itted  o f  e x i t  from a pressure  o f  30 l b s .  be ing  e f f e c t e d  in  

four minutes.  .When v e n t i l a t i o n  was e f f i c i e n t  the i l l n e s s  were
A



reduced to v a n ish in g  pointy so that  i t  i s  im p o ss ib le  to a s c r ib e  

any harm to t h i s  ra th er  rapid e x i t .

I t  i s  p o s s i b l e  that ,  a t  the h igher  p r e s s u r e s ,  i t  would be 

w e l l  to in c r e a se  t h i s  * l o c k i n g - o u t ' p r o c ess  to f i f t e e n  or even 

more minutes;  a lthough fo r  p re ssu re s  below t h i s  such a precau­

t i o n  would appear unnecessary .

A proper s e l e c t i o n  o f  men i s  very n ecessary .  In order to 

ensure t h i s  a sy s tem a t ic  examination o f  a l l  men b e fore  commenc­

ing work and again at  s ta te d  i n t e r v a l s  should be c a rr ied  out.

Careful i n s t r u c t i o n s  to each new mam as to the method o f  

i n f l a t i n g  h i s  ears and a warning to him not to en ter  the p r e s ­

sure at  any time when he has pain in  h i s  e a r s ,  should always be 

held  e s s e n t i a l  and would do much to prevent ear c o m p l ica t ion s .

Rules should be p r i n t e d ,  a d v is in g  r e s t  a f t e r  l e a v i n g  the com­

pressed  a ir ,  and as to n e c e s s i t y  o f  a rapid change in to  warm and



dry c lo th ing*  L ig h t in g  should he e f f e c t e d  by e l e c t r i c i t y .  

Candles contaminate the atmosphere by g i v i n g  o f f  Co9 and smoke.M

A mild s t im u la n t  ( e . g .  hot coffee^ should be provided^ fo r  the  

men on l e a v i n g  the c o ld ,  m is ty  atmosphere encountered during  

the * l o c k in g -o u t* p r o c e s s .

I I .  Curative  Treatment.

I f  the case  comes under n o t i c e  soon a f t e r  i t s  commencement, 

the treatment which should immediately be r e so r te d  to i s  recom­

p r e s s io n .  For t h i s  purpose a medical  a i r  lock  should be con­

s tr u c te d .  This can e a s i l y  be done by having an ordinary b o i ­

l e r  f i x e d  h o r i z o n t a l l y  and a door f i t t e d  a t  one end. When t h i s  

i s  f i t t e d  w i th  bunks e l e c t r i c  l i g h t  and the r e q u i s i t e  a i r  con­

n e c t io n s  i t  makes a very s u i t a b l e  medical  lock .

The p a t i e n t  should be p la ced  in t h i s  and the pressu re  rap id ­

l y  r a i s e d  u n t i l  the pain i s  a l l e v i a t e d .  I f  i t  i s  necessary  to
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r a i s e  the pressu re  to the f u l l  amount the p a t i e n t  has l e f t , i t  

should be kept up fo r  h a l f  an hour, or u n t i l  r e l i e f  i s  obta ined .

I f  the symptoms have be*n p r e sen t  for  many hours, no r e l i e f  i s  

u s u a l l y  met with^and i t  i s  u s e l e s s  co n t in u in g  the p r e ssu re .  The 

e x i t  should be e f f e c t e d  s low ly  -  in  f a c t  the p a t i e n t  should be 

allowed to " l e a k - o u t " in  about f o r t y - f i v e  minutes.

Sometimes pa in  i s  so bad that  hypodermic i n j e c t i o n s  o f  mor­

phia  must be g iv en .  Ergot ,  S a l i c y l a t e  o f  Soda, D i g i t a l i a n d  

the a p p l i c a t i o n  o f  the e l e c t r i c  b a t t e r y  were a l l  found to be 

without r e s u l t .  Epifcgastric  pain i s  u s u a l l y  r e l i e v e d  r a p id ly  

by recompression -  s l i g h t e r  ca ses  y i e l d  to a carm inative .  Com­

p l i c a t i o n s  such as p a r a l y s i s  o f  the bladder and. Rectum must be 

t r e a ted  as ordinary sp in a l  ca ses  -  prolonged a d m in is tra t io n  o f  

strychiaine i s  u s e f u l .  Cases of  ear d i s e a se  caused by entry in to  

compressed a i r  in  no way d i f f e r  from the corresponding c o n d i t io n s  

a r i s i n g  from other  causes .  Prolonged v e r t ig o  does not y i e l d



e a s i l y  to drugs.

Dr. S n e l l  recommends- tha t  “wherever compressei  a i r  i s  go ing  

to be used on an e x te n s iv e  s c a l e ,  a small  h o s p i t a l  c l o s e  at  hand 

should be provided.  The p a in f u l  n e c e s s i t y  of  conveying men 

sometimes dangerously  i l l  to a d i s ta n t  h o s p i t a l  or to t h e i r  

homes, would then be avoided."

Short account o f  F i f t y  ca ses  which occurred at  Blaclcwall Tun­

n e l .  -

These c a se s  have been s e l e c t e d  from over two hundred s im i la r  

ones o f  vary ing  degrees o f  s e v e r i t y , not because they u s u a l ly  

p resen t  p e c u l ia r  or rare f e a tu r e s ,  but rather  to i l l u s t r a t e  the  

s i m i l a r i t y  of  onset  and course o f  the most common v a r i e t y  o f  sym­

ptoms caused i^ com p ressed  a i r .  The c a ses  o f  aud itory  v e r t ig o  

are d e t a i l e d  because so l i t t l e  has h i th e r to  been sa id  about 

t h i s  symptom by w r i t e r s  on the su b jec t .
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CASE I .  "Bends" Recompression T). l e f t  o f f  work at  6 a.m.

Dec. 22nd. a f t e r  working the usual  s h i f t  o f  8 hours pressu re  20 

to 24 IBs. Twenty minutes afterwards he had pain  in  Both k n ee s ,  

most severe  in  l e f t  knee a l so  s l i g h t l y  in  th ig h s .  Ho s w e l l in g .  

B attery  used.  Was put in  medical  a i r  lo ck .  Pain e a s i e r  But 

l a s t e d  fo r  some hours. Seen at  11 a.m. Ho p a in ,  Ho tender­

ness .  H eart:apex ,  area and sounds normal p u lse  84. p u l se  p r e s ­

sure 7  oz. (measured By Bathen's  c l i n i c a l  p u l s e  manometer) no 

p e r s p ir a t io n .  L iver:  du lness  in  r ig h t  n ip p le  l i n e  was r e l a ­

t i v e  at  5th.- r iB ,a b s o l u t e  at  the 6th3 and extended Below to the  

c o s t a l  margin. Has only  been working in  compressed a i r  fo r  

two days. Returned to work Dec. 23rd. at 2 p.m. He f e l t  qu ite  

w e l l  on l e a v i n g  at 10 p . m . ; But when in  Bed, at 1 a . m . , Dec. 

24th. , he had very severe  pain in  the r ig h t  knee ,  and some pain  

in  o ther  p a r t s  o f  Both l e g s ;  t h i s  was so severe  that  he r e ­
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turned to the works, went in to  the medical a i r  l o c k - t o  f u l l  

p r e s s u r e ,  hut r e c e iv e d  no r e l i e f .  He went in  a g a in ,  and came 

out very s low ly ;  the pain  was much e a s i e r ,  and he returned to 

hed. Seen a t  11 a . m . , Dec. 24th.  No a d d i t io n a l  p h y s i c a l  s ig n s  

no p a in ,  no ten dern ess .

CASE I I .  -  "Bends."

C. T. , a e t .  35. On Jan. 1 5 th ,  l e f t  o f f  work at 6 a.m.

Pressure 20 to 25 l b s .  Pain in  l e g s ,  m ost ly  in  knees;  came on.

at 6 .15 .  Phis was s l i g h t  at f i r s t ,  and he took l i t t l e  n o t i c e

o f  i t ,  but the pa in  g r a d u a l ly  became worse u n t i l  mid-day. He

had gone to bed at  9 .3 0  a .m.;  rubbed the  knees w ith  l i n .  tereb .  

a c e t .  , and wrapped them up in  f l a n n e l ;  but he was unable to 

s l e e p .  Seen in  the afternoon.  No sw e l l in g  of  l e g s ;  no phy­

s i c a l  s ig n s  o f  d i s e a s e .

Jan. 16th: Pain much e a s i e r ,  but not gone. G-ets up, but

f e e l s  weak on h i s  l e g s .



Jan 18th: t a l k e d  to the works. Complains o f  weakness in

lower e x t r e m i t i e s .  Has had s l i g h t  g i d d in e s s .  Ho a l t e r a t i o n  

of  r e f l e x e s .

Jan. 2 1 s t :  Returns to work quite  w e l l .

CASE I I I . - " B e n d s . " Recompression.

Jn. S. , a e t .  31 ,  had worked n ine  s h i f t s  in  compressed a i r .

Ho i l l  e f f e c t s  u n t i l  Apri l  7 t h , ;  he then worked from 6 a.m. to' 

2 p.m.* Pressure  19 to 25 l b s .  A few minutes a f t e r  coming 

out o f  the l o c k s ,  at  2 p . m . , and b efore  he reached the warm 

rooms, he had sudden pa in  in  the l e f t  arm. Went in to  medical  

a ir  lo ck ;  was b e t t e r  w h ile  i n ,  but the pain  came on again when 

he came o u t ,  and became worse a f t e r  he arr ived  home. Seen at  

5. p.m. Very severe  pain in  the l e f t  arm, m ost ly  above the  

elbow; no sw e l l in g ;  no p a r t i c u la r  tenderness .  Morphia 

(gr.  7f) and a trop ine  (gr. ~uTo ) in j e c t e d  in to  the arm, and l i n .  

t e r e b in th  a c e t .  rubbed in .  He was b e t t e r  in  ten m inu tes ,  and



walked home. (He a s c r ib e s  h i s  i l l n e s s  to the warm rooms be in g  

c o ld ,  the steam be ing  turned o f f  on the two preced ing  days when 

he l e f t  work, and he had to return hoine in  wet c l o t h e s . )

A p ri l  8th: L e f t  arm b e t t e r ,  but s t i l l  p a in f u l .

Apri l  10th: A heavy f e e l i n g  in the a m  remaining.

Apri l  17th: Returns to work. Ihe f e e l i n g  o f  heav iness  in

the l e f t  arm has continued s l i g h t l y  u n t i l  now. On r e - e n t e r i n g  

the compressed a i r  to-day t h i s  f e e l i n g  e n t i r e l y  passed  o f f ,  and 

did not  reappear on coming out at  the middle and end o f  the  

s h i f t .

CASE I V . -" B e n d s ." Recompression.

Geo. C. , a e t .  28 ,  had worked in compressed a i r  fo r  about ten  

months; had "bends" once soon a f t e r  commencing, and was away 

from work for  three  days. A ct ive  t u n n e l l in g  operat ion s  were 

temporari ly  suspend.ed on May 1 0 th ,  and the "face" o f  the tun­

ne l  was more or l e s s  com plete ly  c lo sed  up. G. C . , having f i n ­
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i shed  h i s  s h i f t  a t  6 a . m . , Kay 1 3 th ,  p r essu re  19 to 23 l b s . , 

had a p a in  in  the r ig h t  shoulder one hour a f t e r  coming o u t ,  the  

pain o c c a s i o n a l l y  r a d ia t in g  up to the r ig h t  s id e  o f  the neck.

Ho s w e l l in g ;  tenderness  in  the a n te r io r  part  o f  the l e f t  d e l ­

to id ;  p a le  complexion. The pain caused him to f e e l  f a i n t .

Lin. t e r e b in t h  a c e t .  was rubbed i n ,  but the pain  did not become 

any e a s i e r  during the course  o f  the morning. At 1 p.m. the  

pain was s e v e r e ,  and he was put in to  the medical  a i r  lock  and 

"leaked out". Morphia (gr.  ¥)  i n j e c t e d ;  ex t .  ergotae  l i q .  

mxx and carbonate o f  ammonia g iven  by the mouth. The pa in  was 

e a s i e r  in  ten minutes.  v

May 15th: Some pain  in  the r ig h t  a m  c o n t in u e s ,  though i t

i s  much b e t t e r ;  a so r t  o f  d u l l ,  heavy f e e l i n g  remains in  the  

whole l imb. Tenderness o f  the muscles o f  the arm; in  the  

fore-arm. t h i s  tenderness  i s  l o c a l i s e d  along the middle o f  the  

front  and back o f  the limb. R l i q .  str£c]rminae radii,  ac.



n i t r o - h y d r o c h l .  d i l .  rnx ex aqua t .  d. s.

May 18th: Occasional  sh oot in g  pa ins  in  the elbow, l a s t i n g

a minute or so.

(Two other  men at  work on the same s h i f t  su f f e r e d  s l i g h t e r  

a t t a c k s .  These were the on ly  three  ca ses  occurr ing  during  

t h i s  month.)

CASE V . -" B e n d s ." Recompression.

J. B. was working in  Caisson Ho. 2 w ith  J. F. (Case VI .)  

from 6 a.m. to 5 .30  p.m, w ith  in te r m is s io n s  o f  h a l f  an hour 

for  b r e a k fa s t  and one hour fo r  dinner.  At 6 .15 p.m. he was 

s e i z e d  w i th  pa in  under the l e f t  knee-cap ,  "as i f  something was 

p in ch in g  in s id e " ;  i t  soon passed  to the back of  the knee ,  and 

i t  was d i f f i c u l t  for  him to stand; the pain  a l so  went upwards 

to the l e f t  hip; l a t e r ,  the r ig h t  knee ,  th ig h ,  and hip be­

came a f f e c t e d .  He returned home, but could ge t  no s le ep ;  so 

on July  30th he sought medical  advice .  He was then apparently
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in g r ea t  p a in ,  which came on in  paroxysms, the l e g s  becoming 

p a i n f u l l y  rigj.3., and the body turned to the r ig h t  s id e  and 

drawn downwards. The "spasms" l a s t e d  from t h i r t y  seconds to 

two m in u tes ,  and occurred f r e q u en t ly .  Knee-jerks absent;  no 

p a r a l y s i s ;  no head trouble ;  p u p i l s  equal; p u lse  low t e n s i o n ,  

i r r e g u la r  in  volume,and frequency, 84 per minute.  He was carr ied  

to the m edica l  l o c k ,  and the pressu re  r a i s e d ;  when t h i s  reach­

ed 5 or 6 l b s .  the pain  became much worse. A fter  t h i s ,  as the  

pressure  r o s e ,  he g r a d u a l ly  became e a s i e r .  At 12 l b s .  he was 

f ree  from pain .  The pressure  was maintained at t h i s  h e igh t  foff 

t h i r t y - f i v e  m in u tes ,  both i n l e t  and o u t l e t  cocks be ing  open,  

g iv in g  a current  o f  f r e s h  a i r .  The pu lse  now became f u l l e r  

and o f  a h igher  t e n s io n  (96 per minute) . The pressu re  was 

then g ra d u a l ly  reduced. The p a t ie n t  could stand and move h i s  

l e g s  w ithout  pain;  the k n ee - jer k s  had returned. In t h i r t y  

minutes more he l e f t  the l o c k ,  having been in  s i x t y - f i v e  min­
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u t e s  . He was much b e t t e r ,  and could walk unaided,  a lthough  

the pa in s  had returned to a s l i g h t  degree.

Aug. 1 s t :  Much b e t t e r .  Walked to works from h i s  home, a

d i s ta n c e  o f  over two m i le s .

Aug. 3rd: No pain .  Returns to work Aug. 4th.

CASE VI.-"Bends."

J.W. had been working in  Caisson No. 2 s in c e  the commence­

ment o f  the use  o f  compressed a i r  there .  On J u ly  29th. he was 

at work in  that  c a i s s o n  w ith  two o ther  men at  a pressure  o f  32 

l b s .  ; t h i s  was b e fo r e  the whole o f  the water from the bottom 

had been forced o u t ,  and b e fore  a c t i v e  opera t io n s  by l a r g e r  

gangs #&d commenced. He remained under pressure  for  e leven  

hours,  from 6 a.m, to 5 p.m\ Three hours a f t e r  coming out he 

had a sharp pain  in  both k n ees ,  and, a f t e r  a short t im e,  in the 

r ig h t  shoulder  and r ig h t  elbow. The pain was so in te n se  that

he was unable to stand. He was seen by a doc to r ,  and on the



morning o f  the next day came to the tunnel surgery.  He had 

had s c a r c e l y  any s l e e p .  The pain  was confined  to the j o i n t s ,  

and was o f  a sharp gnawing character .  No s w e l l in g  and no 

d i s c o l o r a t i o n ;  tenderness  on handling over the l i n e  o f  the ar­

t i c u l a r  s u r f a c e s .  There ~was a tender spot on the o u t s id e  o f  

the r ig h t  th ig h  6 inches  above the knee; the k n ee - jer k s  were 

absent;  no pain  in  the head; no deafness;  tongue s l i g h t l y  

furred; p u l se  90 ,  very small and rap id ,  almost “wiry" in char­

a c te r .  The p a t i e n t  a t t r ib u t e d  the a t tack  to g e t t i n g  h i s  f e e t  

wet the day b e f o r e ,  as he had never p r e v io u s ly  f e l t  any bad 

e f f e c t s  o f  a i r  work; and he sa id  that the pains  were l i k e  

"rheumatic" p a i n s ,  which he had p r e v io u s ly  had. He walked 

very la m e ly ,  supported by a fr ien d .

R: Phenazoni gr. x l
Sodii  s a l i c y l a t i s  3j 
Tr. a u r a n t i i  3j 
Aquara ad 3 v i i i  

m: F ia t  m is t .  S i g . : 3 s s .  t e r t i i s  h o r i s .



July  3 1 s t : :  Pain has l e f t  shoulder.  Knees are s l i g h t l y  “b e t ­

t er .  B e t t e r  n ig h t .  Gan now walk alone w ith  a s t i c k .

Aug. 31s t :  Much “b e t t e r .

Aug. 3rd: S l i g h t  o c c a s io n a l  pain in  the knee.

Aug. 7th: No pain .  F e e l s  a l l  r ig h t . *

CASH V I I . - "Bends." Recompression.

H. C. had worked in  the compressed a i r  o f  the tunnel for  the  

three weeks p rev iou s  to July  30th.  when* the pressure  var ied  

from 15 to 25 l b s .  03i that  day he was tra n sferred  to Cais­

son No 2 ,  where the pressure  was 32 l b s . ,  and he worked from 

10 p.m. to 5 .30  a .m . ,  July  3 1 s t .  F h i l s t  in  the compressed a i r  

he f e l t  a gnawing se n s a t io n  in  the r ig h t  s h in ,  then in  the r ig h t  

arm, and f i n a l l y  i t  s e t t l e d  in the l e f t  shoulder. This was at  

<3 a.m. He remained in  the compressed a i r  t i l l  5 . 3 0 ,  and then 

came out to seek medical  a d v ic e ,  as he could not hold h i s  t o o l s  

in  h i s  l e f t  hand. The pa in  became worse when in  the open a i r .



He had ex per ien ced  s i m i la r  pa ins  two or three  days p r e v io u s ly ,  

but had d isregard ed  them. When seen there  was cons id erab le  

weakness o f  the l e f t  hand and arm, but not much pain .  He was 

taken in to  the medical  lo ck .  When the pressure  reached 12 lb s .  

the pain became worse: a f t e r  t h i s  i t  gradua l ly  improved u n t i l

a p ressu re  o f  19 l b s .  was reached: pressure  was then gr adua l ly

reduced to n i l .  He was in  the lo ck  f o r t y  minutes.  He could  

use h i s  arm p e r f e c t l y  w e l l ,  and only  s l i g h t  pain remained.

During treatment in  the medical  lock  he experienced foofimication 

of  the l e f t  hand. (R l i n .  tereb in th ,  acet '  .

Aug. 1 s t :  B e t t e r .  Some numbness o f  l e f t  arm.

Aug. 9th: F e e l in g  o f  numbness gone. Returns to work.

GASH V I I I . - "Bends." Recompression.

Cr.B. had worked in  compressed a i r  for  twelve months, and 

never s u f f e r e d  from i t s  e f f e c t s .  On July  3 1 s t ,  he was tra n sferred
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from the tunnel  (pressure  1 6 i  to  23-J- l b s . )  to Caisson No.2 

(pressure  31 l b s . ) ,  and worked from 10 p.m. to 6 a .m . ,  Aug. 1 s t .  

Half  an hour a f t e r  corning up he f e l t  a pain in the r ig h t  knee,

He had been wearing a leaky  boot on that  l e g .  He sought medi­

ca l  adv ice  soon a f terw a rd s ,  and was at  once taken to the medi­

ca l  lo ck .  Pains  s l i g h t l y  improved a f t e r  h a l f  an hour in  the  

lock .  (Lin.  tereb .  a c c e t . )

Aug. 2nd: B e t t e r .  Has o c ca s io n a l  a t ta ck s  o f  pain only;  

these  woke him up tw ice  in  the n ig h t .

Aug. 3rd: No pain .  Can walk qu ite  w e l l ,  but has some s t i f f ­

ness  in  l e g s .

Aug. 10th: R etu rn s ' to  work, but e l e c t s  not to again work in  

the c a i s s o n .

CASE IX .- "Bends."

J. G. , a e t .  47 ,  g e n e r a l ly  works in  the compressed a i r  o f
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the tun ne l .  He then worked two s h i f t s  in  Caisson Ho. 2. He 

f i n i s h e d  the  l a s t  o f  th ese  s h i f t s  a t  10 p . m . , Aug. 8 t h , .  Severe  

pain came on a t  1 1 .4 5  p.m. in  both l e g s ,  m ost ly  in  the knees .

Seen at  2 .1 5  p.m. 5, Aug. -9t h .  Had had no r e s t  during the n igh t .
/

Ho p h y s ic a l  s i g n s .  The l e f t  p o p l i t e a l  space i s  tender ,  and 

to a l e s s  e x te n t  the whole area o f  the l e f t  knee j o i n t .  Right  

knee l e s s  tender.  Morphia and atrop ine  in j e c t e d  su b c u ta n eo u s ly ,

and l i n , t e r e b . a c e t . rubbed in.

Aug. 10th: Pain a l i t t l e  e a s i e r ,  but s t i l l  severe .  Com­

p la in s  o f  weakness o f  h i s  l e g s .

Aug. 12th: B e t te r .  Some s t i f f n e s s  in  the l e f t  c a l f .  Re-
' h

turns to work to -day  in  the lower pressure  o f  the tunnel.

CASH X .-  "Bends. 11 Recompression.

Jas.  o. , a e t .  30 ,  has been working in the compressed a i r

of  the tunnel  s in c e  the commencement. The l a s t  day or two he 

has been in  Caisson Ho. 2. His l a s t  s h i f t  he f in i s h e d  a t  6
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a.id. , Aug 10th .  At 5 .30  a.m. pain came on in  both l e g s  and 

both shoulders  -  worse in  the shoulders.  Seen at  7 a.m. In 

great  p a i n , which was not eased by rubbing with l i n .  t er eb in th .  

Put in to  m edica l  l o c k ,  and pressure  r a i s e d  to 18 lb s ;  pain  

had then gon e ,  and he was al lowed to "leak out" in  f o r t y - f i v e  

minutes,  a t  the end o f  which time there was no return o f  pain  

in the l e g s ,  though that  in  the shoulders was s t i l l  presen t  

to some extent . ,  There was no sw e l l in g  over the sea t  o f  pain.  

F r ic t io n  w i th  l i n .  t e r e b in th  ac^et.  was cont inued ,  and l i q u i d  

e x tra c t  o f  ergot  (m 20) g iven  every four hours.

Aug 10th: Pain s t i l l  severe;  has had no s l e e p .  P i l .  o p i i  

( g r . i )  a t  n ig h t .

Aug. 11th: V i s i t e d .  He was out for  a walk,  but was s a id  to 

oe not much b e t t e r ,  and to have had no s le ep .

Aug. 12th: B e t t e r .  Some pain continues  in  arm and l e g .  He



d e sc r ib e s  the  arm as b e in g  swollen;  no sw e l l in g  can,, however,  

be seen.

Aug.14th: No pain .  Returns to work.

CASE X I . - " B e n d s .* Recompression.

E.H. , i n s p e c t o r ,  has to be in  compressed a i r  f r e q u e n t ly ,  

but not n e c e s s a r i l y  fo r  a long time together .  On Aug. 1 0 th ,  he 

was in  Caisson N o .2 from 4 p.m. to 7 p.ra; pressure  32 to 35 

lb s .  At 7 .4 0  p.m. pain  came on in  the lower p or t io n  o f  the baek-  

he r e c e i v e d  a blow in  the back, he ex p la in ed ,  some months pre­

v io u s ly  -  and in  l e g s ,  p r i n c i p a l l y  a t  a p o in t  which was a l s o  

p r e v io u s ly  in ju red .  Pain severe .  Seen at  8 p.m. Put in to  me­

d ic a l  a i r  lo ck .  Pressure  r a i s e d  to 18 l b s .  Pain then gone a t  

once. Allowed to “lea k  out" in  f o r t y  minutes.  Pain did not  

return.

CASE X I I . -  "Bends." Recompression.



J.B. A f t e r  h i s  l a s t  i l l n e s s ,  on July  2 9 th ,  he returned to 

work on Aug. 4 t h ,  working g e n e r a l ly  in  the compressed a i r  o f  

the tunnel .  On Aug. 11 th ,  he worked h i s  th ird  s h i f t  in  Caisson  

No. 2; p r e ssu re  32 to 35 l b s .  Came out a t  2 p.m. He then went 

home, and had dinner;  pa in  came on at  3 .30  in  l e g s ,  r ig h t  arm, 

and abdomen; vomited h i s  dinner.  Seen at  7 .30  p.m. at  the 

works. Put in to  medical lock;  b e t t e r  when pressure  reached  

18 l b s ;  no pain. Morph, sulph. (gr.-J-) and a trop in .  sulph.

(gr. 7w  ) i n j e c t e d  hypodermically.  Allowed to "leak out" ; 

s l i g h t  pa in  in  r ig h t  arm on reaching the open a i r .  P e l t  giddy.

No p h y s i c a l  s i g n s  o f  d i s e a s e .

Aug 12th: B e t t e r .  S l i g h t  pain about the knees s t i l l .

Aug 17th: No pain .  Returns to work Aug 19th. %

CASK X I I I . - " B e n d s . " Recompression.

T.R. a e t .  26 (Aug 1 1 t h , ) ,  has Been working in  compressed a i r
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s in ce  the BLOinmencement, and fo r  the l a s t  f o r t n ig h t  has “been in  

the h ig h  p r e s su r e  o f  Caisson No.2 ,  but has not u n t i l  now s u f f e r ­

ed from any bad e f f e c t s .  L e f t  work at  10 p.m. On h i s  way home,
hi s

at 10 .45  p.m, s l i g h t  pain  came on inAl e g s ;  t h i s  became worse 

at 1 a.m. , and continued throughout the n ight;  and he "crawled" 

down to the works in  the morning- a d i s ta n ce  o f  two m i le s .  He 

was seen a t  6 .30  a.m. The pain was sa id  to be very s e v e r e ,  

though he was a b le  to engage in  a long co n v e rsa t io n ,  qu i te  i g ­

noring fo r  a time the pain .  He was put in to  the medical  lo c k .

No a l t e r a t i o n  in  the pain .  (IJ/.'^Ln. t e r e b in th  acet .C  l i n .  

a c o n i t .  aa)

Aug 13th; B e t t e r .  No pain .

Aug 2 1 s t :  I s  a t  work again in  Caisson No. 2 ,  and complains  

of l o s s  o f  a p p e t i t e .

CASE XIV.-  "Bends." Recompression.
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S .$ .  , a e t  4 4 ,  has worked fo r  e le v e n  months in  compressed a i r .

Y/orks in  the tunne l  l e f t  o f f  a t  6 a.m. , Aug. 12th.  Pain came

on two hours a f t e r  coming o u t ,  in  hoth arms, neck,  and c h e s t .*

(He had a p a in  p r e i o u s l y  on coming out to supper a t  4 a.m. ; 

but went i n t o  medical  l o c k ,  and was b e t t e r ,  and returned to  

work.) A p p l ie s  fo r  adv ice  a t  5 .30 p.m. , Aug 12th.  Put in to  

medical l o c k ,  and allowed to "leak out". No improvement. Pain  

sa id  to be very  sev ere ;  cannot walk w e l l .  No a l t e r a t i o n  o f

k n ee - jerk s ;  no p h y s i c a l  s ig n s .

Aug. 15th: Pain b e t t e r ,  but s t i f f n e s s  in  l e g s  remains.

Kight k n e e - j e r k  b r i sk ;  no ankle c lonus .  Complains o f  numb­

ness  o f  f e e t .  No a n a e s th e s ia .

Aug. 17th: B e t t e r .  No pain .  Returns to work Aug. 19th.

CASE XV.-"Bends ." Recompression.

Y/.p. f i n i s h e d  an 8-hour s h i f t  in  Caisson No. 2 a t  10 p.m. 

Aug. 1 6 , ;  p re ssu re  31 to 34 l b s .  Pain came on a t  10.30 in



the r ig h t  th ig h  and "both g r o in s .  Applies  for  advice  at 8 a.m. 

next morning. Rubbed w ith  l i n .  t er eb in th .  Put in to  medical  

lock .  Morphia (gr .  ■£) i n j e c t e d  hypodermically.  No n o t i c e ­

able  d i f f e r e n c e  in  the pain .

Aug. 17th: Pain cont inu es  in  r ig h t  gro in .

Aug. 24th:  Only o c c a s io n a l  pain .

Aug. 29th: F e l l .  Returns to work in  tunnel .

CASE XVI. - "Bends." Recompression. E rgot in in .

D.E. , a e t .  SO (Oct 1 3 t h . )  has worked in  compressed a i r  about  

e igh t  months. Came out o f  compressed a i r  at  10 p.m. to-day;  

pain came on a t  11 p.m. i n  l e f t  fore-arm; had no s l e e p  during  

the n ig h t .  He returned to the works the next morning, and 

went in to  the medical  a i r  lock  by h im se l i  at  6 .30 a.m.;  l e t  

h im se l f  out in  twenty m inutes ,  and was no b e t t e r .  Applies  

for  m edica l  ad v ice  a t  7 .30  a.m. Pain then very severe .  Ergo 

t i n i n  ( g r . ) i n j e c t e d  hypodermically in  l e f t  arm, w i th in  six'



ty seconds o f  the  i n j e c t i o n  he s t a t e s  that  he i s  much b e t t e r .

Oct. 15th: Some p a in  in  l e f t  arm p e r s i s t s ;  i t  i s  worse now

in the l e f t  shoulder  and l e f t  s id e  o f  neck. Says the sk in  f e e l s  

t i g h t .  There i s  no sw e l l in g .  A draught o f  bromide o f  p o t ­

assium and c h l o r a l  i s  g i v e n ,  to be taken o c c a s io n a l ly .

Oct. 16th: A f te r  15 g r a in s  o f  pot .  brom. and +  a drachm of

syr. c h l o r a l  he s l e p t  from 2 p.m. , Oct. 15 th ,  to 12 .15  p.m. ,

Oct. 16th.  Returned to work to-day  quite  w e l l .

CASE X V II . -" B en d s ."

T.J.% a e t .  43. Not worked in  compressed a i r  b e fo re .  Ex­

amined f o r  t h i s  work Oct 1 5 th ,  and passed. He.was o f  robust  

b u i ld ,  but not  s t o u t .  Had ague some years  ago in  B r a z i l ,  but  

has o th erw ise  been h ea l th y .  Went to work at 2 p.m.;  had pa ins  

in  the ears  and forehead on en ter in g  the compressed a ir :  t h i s

became e a s i e r  when in;  came out for  t ea  at  6 p.m. He then
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had p a in s  in  the  l e g s ;  th e se  disappeared on returning in to  the  

compressed a i r .  Came out a t  10 p.m. ; pain came on at  11 p.m. , 

f i r s t  in  the f e e t ,  and afterwards in  the l e g s ,  a f f e c t i n g  p r in ­

c i p a l l y  the k n ees .  He had been wearing th in  b o o t s ,  and h i s  

f e e t  had become wet. Sent for  advice  Oct. 16th at  mid-day; he 

was then seen  a t  h i s  own home. Had had no s leep ;  the pain  

was not much e a s i e r ,  though he had been u s in g  turpentine  l i n i ­

ment. No s w e l l i n g  o f  knees or other  parts ;  no pain in e a r s ,

no d e a fn ess .

K rgot iu in  (gr .  755) *>y nouth fo l low ed by morphia (gr.  a f t e r  

one hour. A l in im e n t  c o n ta in in g  be l ladonna,  a c o n i t e ,  and tur-  

pent in e .

Oct 17th: Pain much e a s i e r ;  s l i g h t  pain in  arms and l e g s -

Slept  w e l l .

Oct. 18th: B e t t e r .  S t i l l  som e pain in  arms, e s p e c i a l l y  the
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r ig h t .

Oct 19th: Returns to work on Oct, 2 1 s t - o u t s id e  the compress­

ed a i r .

CASE X V III . -" B e n d s ." Abdominal pain.

C.E. , a e t .  23 (Oct 2 1 s t , )  has worked in compressed a i r  for  

three months; has never has “bends," but has su ffered  from i t c h ­

ing f r e q u e n t ly  a f t e r  l e a v in g  the compressed a i r .  Came out at  

10 p.m. ; f e l t  w e l l  then. Had supper; went to bed; s l e p t  

w el l  u n t i l  6 a.m. , Oct 22nd, when he woke up with  pain in  the 

epigastr ium. [This was e a s i e r  in  two hours, a f t e r  taking some 

ginger.  Seen a t  1 1 .3 0  a .m.;  pain not e n t i r e l y  gone. A car­

m inat ive  mixture  g iv en .  Returned to work at  2 . p.m.

CASE X I X . - “B e n d s .“

M. C. , a e t .  21 (Oct 23rd ,)  has been working in compressed a ir  

for  s i x  months; has not su f fer ed  from i t  u n t i l  now. Came out 

at 10 p.m. ; went home and to bed; woke up at 3-30 a.m. v ith
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severe  p a in  i n  both  knees;  t h i s  prevented him from having any 

further  s l e e p ,  and he has been in  g r e a t  agony s in c e .  He "could 

not stand on h i s  l e g s  unsupported because o f  the pain.  " Came 

to works fo r  a d v ic e  a t  mid-day. Seen at 12-30 p.m. in medi­

ca l  a i r  lo c k ;  had been helped there  by two men. Consider­

able pain and tenderness  in  both knees and a l l  round j o i n t s ;  

no s w e l l in g .  P u lse  pressu re  o ozs .  Raised pressure  to 16 

l b s . ;  pa in  a l i t t l e  e a s i e r ;  a l lowed to “leak  out"; f e l l  a-  

s leep  w h i le  l e a k in g  out.  This took f o r t y - f i v e  minutes;  he 

then had s l i g h t  p a in  only .  Pulse  pressure  7 o s s .  A l in im ent  

conta in ing  a c o n i t e  and be lladonna.

CASH XX.-"Bends. "

V/. J. f a e t .  45 (March 23rd .)  has worked in  compressed a i r  

here fo r  tw e lve  months; has only  had one s l i g h t  a t tack  of  

“b e n d s ." During the l a s t  three days he has worked three s h i f t s  

in Caisson Ho. 1; came out at  6 a.m. , March 24th. Pain came
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On at  7 .1 5  a.m. s e v e r e l y  in  both l e g s ,  and to a l e s s  ex tent  in  

the sh ould ers  a n d  arms; he could not g e t  any s l e e p ,  and the  

pain was ex trem ely  severe .  Sent for  a d v ic e ,  and was seen at  

2 p.m. Pain  as b e fo r e  d e sc r ib ed ,  and o f  an e x cr u c ia t in g  char­

a c t e r ,  cau s in g  him to w r ithe  about in  agony. No sw e l l in g ;  110 

p h y s ic a l  s i g n s  o f  any s o r t ,  except tenderness a l l  over the

arms and l e g s  on deep p r essu re .

R: P i l .  o p j i  gr .  s s .  s t .  e t  rep. p o s t  t e r t i a s  horas s. o. s.

R: Lin. t e r e b i n t h  c l i n .  a c o n i t i  c l i n .  camph. co. aa.

‘March 25th:  S t i l l  cons id erab le  pain.

March 26th: Much b e t t e r ;  no p a in ,  but cons iderab le  s t i f f ­

ness  about l e g s .

March 28th: Returns to work.

CASE X X I.-"B end s ." R e c o m p r e s s i o n .

J.G. , a e t .  3 0 -(March 2 5 t h , )  has work-in compressed a i r  for  

near ly  two y e a r s .  Has worked in  Caisson Ho. 1 s in c e  March 22nd



Caine out to -day  a t  2 p.m. ; pain came on at  4 p.m. in  .

shoulder and l e f t  arm. Seen at  6 p.m. ; no p h y s ic a l  sighs.,. •.

Put in to  m edica l  a i r  lo ck  at  6 .15  p.m. , and pressure  r a i s e d  to 

20 l b s . ;  no improvement in  the pain w h i le  under p r e s s u r e ,  and 

he i s  a l low ed  to ‘' leak out" i n , h a l f  an hour. A rub e fac ien t  

l in im ent .

March 26th: Not much e a s i e r .  Liquid e x tr a c t  o f  ergot

(m20) g iv en  every four hours.

March 28th: B e t te r .  Going to work on the 29th.

CASE XXII. - "Bends." Severe abdominal pain.

J . J . M . , a e t .  38. E x a m in e d  for  compressed a i r  Feo 6 th , .  The

note made a t  the time o f  the examination was. Never worked in  

compressed air." Has been a d iver  at  Vera Crus for  seven months,

at depths up to 60 f e e t .  H eavi ly  b u i l t  man (14« s t o n e s . .

Heart: apex ,  a r e a ,  and sounds normal. bungs c l e a r .  Urine:
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no albumen. P u lse  84; p u l s e  p r essu re  about 8 oz s .  Warned 

that  he i s  not a s u i t a b l e  man fo r  compressed a i r  w o r k ." As he 

was to be employed as a foreman, and h i s  s e r v i c e s  were supposed 

to be v a l u a b le ,  he obta ined  my consent  to go in to  the compress­

ed a i r  fo r  a short  time on t r i a l .  He went in to  the p r essu re  

for  s i x  hours (d iv id e d  in to  two p a r ts ;  p r essu re  20 to 25 l b s . ) .  

Pain i n  the l e g s  came on two hours a f t e r  coming out .  On the  

f o l l o w in g  day (Feb 7th) he went in to  the " a i r 1' aga in  fo r  three  

hours. The p a in  in  h i s  l e g s  was e a s i e r  w h i le  in  the " a i r , 11 

but came on worse a f terw a rd s ,  as w e l l  as p a in  in  the abdomen; 

he then sought medical  a d v i c e ,  and was again  caut ioned  as to h i s  

u n s u i t a b i l i t y  fo r  the work. Seen again on Feb. 8th;  the pa in  

was then much e a s i e r .  On Feb. 10th he commenced h i s  f i r s t  

s h i f t  o f  8 h ou rs ,  and f i n i s h e d  at  6 a . m . , Feb. 11th. At 7 a.m. 

he had very v i o l e n t  abdominal pain .  Seen a t  7 .20  a.m. in  med­

i c a l  lo c k  in  very g r e a t  pain .  Pressure  was turned on up to
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20 l b s .  Morphia (*jr g r n . ) and a tr o p in e  (/<*<> g r n . )  were i n j e c t e d  

hy p oderm ica l ly ,  and some hot  c o f f e e  g iv en .  When f i r s t  seen no 

p u lse  a t  the  w r i s t  could be f e l t .  Skin co ld ;  f a c e  very  p a l e .  

He vomited once ,  and h i s  bowels  were open w h i le  in  the lo c k .

The compressed a i r  was a l low ed  to 11 l ea k  out ,"  ta k in g  t h i r t y  min­

u t e s  in  the p r o c e s s .  Pain  was then e a s i e r .  The p u l s e  improv­

ed in  about one hour. Pain returned  s l i g h t l y  on movement. He 

was wrapped i n  hot b l a n k e t s ,  and hot  b r i c k s  were p la c ed  to the  

f e e t .  At 10 a.m. b e e f  t e a  g iv en  was a t  once returned; a small  

q u ant i ty  g iv e n  l a t e r  was r e t a in e d .  At no time could any phy­

s i c a l  s i g n s  o f  any l e s i o n  be made out .  At 1 p.m. he had much 

•improved, and was sen t  in  a cab to the  Seamen’ s H o s p i t a l .  Seen

again  at  the h o s p i t a l  a t  11 p.m. He f e l t  w e l l , but looked

overy p a le .  Temp. 99 .

Peb 12th  (even in g) :  P r a c t i c a l l y  w e l l .  Abdomen sa id  by
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Dr. Y/indsor, the  house p h y s i c i a n ,  to be "a l i t t l e  d i s ten d ed .

No p a in  or ten d ern ess ;  no s ig n s  o f  organic  d i s e a s e ;  s l i g h t  

pain  in  r ig h t  shoulder;  no head symptoms." L e f t  the h o s p i t a l  

on Feb. 16th  w e l l ,  and did not again  express  a w ish  to attempt  

compressed a i r  work.

CASK X X III . -" B e n d s ." Recompression.

J.G-.A. , a e t .  2 9 ,  has worked in  compressed a i r  fo r  about two 

y ea rs ;  has never had "bends" b e fo re  to the s m a l l e s t  e x te n t .  On 

March 2 5 t h ,  he was working h i s  th ir d  s h i f t  in  Caisson No 1; 

pressu re  25 to 26 l b s .  Came out fo r  t e a  at  5-30 p.m. Just

b e fo r e  emerging from the lo ck  he f e l t  a p a in  in  the l e f t  kn ee ,  

which became worse on g e t t i n g  out .  Rubbed w i th  tu r p e n t in e  l i n ­

iment: no b e t t e r .  Applied fo r  adv ice  at  7 .1 5  p.m.;  put in to

m edical  a i r  l o c k ,  and p r essu re  r a i s e d  to 20 l b s . :  no b e t t e r ;

a l lowed to "leak. out .  " A r u b e fa c ie n t  and anodyne l in im e n t  was
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g i v e n  him, and he d i d  not again  rep ort  h im s e l f .

CASE XXIV.- "Bends." Recompression.

W . s . , a e t .  2 7 ,  has worked in  compressed a i r  fo r  s i x  weeks ,  

and fo r  l a s t  three  or four s h i f t s  i.21 Caisson No 1. Fas q u i te  

w e l l  u n t i l  the end o f  the 8-hour s h i f t ,  f i n i s h i n g  at  6 a . m . , 

March 2 7 th ,  p ressu re  26 to 27 l b s . , when he went home and went

to s l e e p ,  but woke up at  10 a.m. w i th  a pa in  in  the r ig h t  th igh;

there  was no s w e l l in g .  He was put in to  the m edica l  lo c k  a t  12

noon; when the p ressu re  was r a i s e d  the pain  was a l i t t l e  e a s i e r .

A f te r  " leaking out" the improvement was m ain ta ined ,  and he was 

much more f r e e  from pain .  Not seen again.

CASE XXV. -  "Bends ," f o l lo w in g  rapid  decoiapression.

W.F. , a e t .  37 (Apri l  2nd,) has worked in  compressed a i r  about 

two y e a rs .  Has had"bends“ in  the knees once or t w i c e ,  but  

t h i s  has never  caused him to l e a v e  o f f  work; was r e c e n t l y  work­

ing i n  Caisson No. 1 fo r  ten oa ys ,  and then was tr a n s fe r r e d  to
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the tunnel  two days ago  (where no case  o f  i l l n e s s  has occurred

p r e ssu re  16 to 20 l b s .  When coming out o f  the compressed a i r  

w ith  s e v e r a l  o ther  men he had no sooner entered the lo ck  and 

shut the inner  door than one o f  th e se  men s i g n a l l e d  fo r  the l a r g e  

cock (which should only  be used during the passage  o f  t r o l l e y s )  

to be opened by the l o c k - t e n d e r  on the o u t s id e .  This was done.

W.P.very much o b je c te d  a t  the time and afterwards .  Soon a f t e r  

coming out he had pa in s  in  the k n ee s ,  and he a s c r i b e s  the i l l ­

ness  to the before-m ent ioned  c ircumstance.  He was g iv en  a 

l in i m e n t ,  and did not  again  report  h im se l f .

CASE XXVI.- "Bends". Sm all ,  i l l - d e f i n e d  area o f  a n a e s t h e s ia .

G .C . , a e t  30 (March 2 9 t h , )  has worked in  the compressed a i r  

for  about two ye a rs .  Has worked in  Caisson N o . l  the l a s t  week; 

no i l l  e f f e c t s  u n t i l  t o -d a y ,  when, one hour a f t e r  f i n i s h i n g

fo r  over a f o r t n i g h t ) .  He worked from
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the n ig h t  s h i f t  a t  6 a.m. (30th)  , p r e ssu re  27 to 29 l b s .  , he 

had a pain  in  the  r ig h t  arm and r ig h t  l e g ,  and could g e t  no 

s l e e p ;  he had a l s o  a f e e l i n g  o f  numbness in  th e se  l im bs.

Appl ies  fo r  ad v ic e  12 .30  p . m . ( 3 1 s t ) .  He has s l i g h t  a n a e s t h e s ia  

over a part  o f  the r ig h t  fore-arra, w r i s t ,  and hand, not  w e l l  

def ined .  Pain p r i n c i p a l l y  in  the r ig h t  elbow now. Has a very  

p a le  and p a s ty  complexion.  Examination o f  blood by haemacyto-  

meter shows 5 ,8 7 0 ,0 0 0  c o r p u sc le s  in  each cubic  m i l l i m e t r e  o f  

blood; haemoglobinometer shows 100 degrees  o f  d i l u t i o n  -  i . e . ,  

yrfh, — . 84 ^ the value  o f  a nominal c o rp u sc le .

A p r i l  2nd: A n a es th es ia  gone; some aching o f  the fore-arm  

remains.

A p r i l  8th: P r a c t i c a l l y  w e l l .  Returns to work.

CASE XXVII.-"Bends. 11 (?) C r e p i ta t io n  in  m uscles .

T.J.  had not p r e v io u s ly  worked in  compressed a i r .  He was 

examined fo r  the work on A p r i l  8 t h ,  and r e j e c t e d .  In  s p i t e  o f

<■

7
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h i s  not b e in g  passed  he worked in  the compressed a i r  o f  Caisson  

No. 1 from 10 p.m. u n t i l  6 a.m. on the  9th; p r e s su r e  26 l b s .  

Soon a f t e r  l e a v i n g  work he had sev ere  pa in  in  the  shoulders  

and k n e e s ,  and se n t  fo r  a dv ice  i n  the a f ternoon .  Seen at  

3.30  p.m.:  apparent ly  in  g r e a t  agony. There was no s w e l l in g  

of  the p a i n f u l  j o i n t s ,  though they were tender.  During the  

examination a s l i g h t  c r e p i t a t i o n  was f e l t  in  the substance  

of  the  muscles  above the r i g h t  knee; t h i s  could not  be f e l t  

a g a in ,  and did not a r i s e  from the knee j o i n t  or i t s  bursae.

A p r i l  11th: B e t t e r .  S t i l l  has pa in  in  th ig h s .

A p r i l  14th: Cot out o f  bed for  the f i r s t  t i n e  y e s ter d a y .

Much b e t t e r ,  but s t i l l  has pa in  in  the l e f t  knee and l e f t  

shoulder .

A p ri l  15th: Returns to work o u t s id e  the compressed a i r .

CASE X X V III . -“B e n d s ." Pain in  perineum, e t c .  Recompression.
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G .C . , a e t .  2 8 ,  has worked fo r  months in  the compressed a i r  

of  the tun ne l .  Has been working the l a s t  two s h i f t s  in  Caisson  

No. 2. He came out at  6 a . m . , Aug. 9th;  p r e ssu re  31 to 32 

l b s .  Pain came on in  the abdomen and c h e s t  a t  7 a . m . ; a l s o  in  

both l e g s ;  a fterwards  i t  was most sev ere  in the g r o i n s ,  e s ­

p e c i a l l y  the l e f t ,  and in  the perineum. No d i f f i c u l t y  in  mic­

t u r i t i o n .  L iv es  at  Lewisham -  a d i s ta n c e  o f  four m i l e s  -  and 

had returned home when the pain  came on. Returned to the works 

l a t e r  in  the morning, as the pa in  did not cease .  Seen a t  2 p.m. 

in  the medical  a i r  lo ck .  The pa in  was most i n t e n s e  in  the p e r i ­

neum. Air turned on,  and p r essu re  r a i s e d  to 20 l b s . , and l i n .  

tereb .  rubbed in to  p a in f u l  p a r t s .  He was then a l low ed to "leak 

out" ,  tak ing  f o r t y  f i v e  minutes in  the p r o c ess ;  the pa in  was 

then e a s i e r ,  and he l e f t  to walk home.

Aug. 12th: Returns to work qu i te  w e l l .
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CASE XXIX.-"Bends." fo u r tee n  hours a f t e r  l e a v i n g  compressed 

a i r .

J . K . , a e t .  2 5 ,  was g e t t i n g  out o f  bed on the morning o f  Nov. 

20 th ,  -  about fo u r teen  hours a f t e r  having l e f t  the compressed  

a i r  -  in  order to re turn  to work, when he had sev ere  p a in  in  

the knees and c a lv e s .  The c a lv e s  were tender.  Seen a t  2 p.m. 

Nov 20th .  The p a in  was l e s s  sev ere ;  he was up, and o th e rw ise  

f e e l i n g  w e l l .  Has never had rheumatism. Heart: apex,  5th

i n t e r c o s t a l  sp a ce ,  inch in t e r n a l  to l e f t  n ip p le  l i n e ;  car­

diac  area  o f  du lness  normal, sounds#normal. P u lse  96 ,  regu lar ;  

p u lse  p ressu re  10 ozs .  Lungs h ea l th y .  No s w e l l in g  or d i s c o l o ­

r a t i o n  o f  knees or c a lv e s .  He s t a t e s  that  he had a p r e c i s e l y  

s im i la r  a t ta c k  two or three  months ago, This p r ev iou s  a t ta c k  

resembled the p r e sen t  one in  coming on fo u r tee n  hours a f t e r  

l e a v i n g  the compressed a i r ,  and in  occurr ing  in  the knees and 

c a lv e s .
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Nov 2 1 s t :  Much "better; no pa in .

Nov 23rd: Returns to work.

CASE XXX.- “B e n d s ." Sw el l in g .  Recompression.

J . A . , a e t .  38 (Aug. 1 6 t h ) ,  has worked in  Oaisson No. 2 . for  

four s h i f t s .  Not worked in  compressed a i r  p r e v io u s l y .  Has had 

an a t t a c k  o f  “"bends11 a f t e r  every s h i f t ,  "but has not  p r e v io u s l y  

a p p l ied  fo r  adv ice .  To-day he was in  the c a i s s o n  from 6 a .m .to  

10 a . m . , pressure  31 to 34 l b s . , when he came out fo r  b r e a k fa s t ;  

pain came on a few minutes afterwards in  the l e f t  arm and l e f t  

knee. Seen a t  10 .30  a.m. There i s  a d i f f u s e d  s w e l l in g  o f  the  

l e f t  upper arm -  tender to pressu re .  Put in t o  the m edical  l o c k ,  

and a l low ed to ' leak out ."  He was con s id er a b ly  b e t t e r  a f t e r  t h i s ,  

and was t o l d  to l e a v e  o f f  work for  a few days.

Aug 19th: L e f t  arm s t i l l  p a i n f u l .  There i s  an i l l - d e f i n e d ,  

hard s w e l l in g  in  the l e f t  arm about the i n s e r t i o n  o f  the d e l ­

t o i d ,  2-J- inches  in  diameter in  a l a t e r a l  d i r e c t i o n ,  deep in  

the m u s c le s ,  and apparently  s i t u a t e d  between the d e l t o i d  j u s t
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above i t s  i n s e r t i o n  and the bone; tender on p r e s su r e .  Tempera­

ture normal.
/

Aug 22nd: Very much b e t t e r .  O ccas ional  s l i g h t  "catching"  

pain in  the l e f t  arm. Sw el l in g  in  arm i s  s t i l l  p r e s e n t ,  but  

i s  sm al ler .  General h e a l t h  good.

Aug 24th: S l i g h t  pa in  s t i l l  in  l e f t  arm. Only a l i t t l e  

th ic k e n in g  remains about the i n s e r t i o n  o f  the d e l t o i d .

Aug. 28th: Well .

CASH X X X I " B e n d s . " S w e l l in g  near knee. Recompression.

J . H . , a e t .  39 ,  has p r e v io u s l y  worked- in  compressed a i r  for  

two weeks in  Glasgow. Examined and passed fo r  compressed a i r  

work a t  the Blackwall  Tunnel Aug. 2 1 s t , .  I t  was noted that  he 

had very grey  h a ir  (he s t a t e s  that  the grey n ess  came on b e fo re  

he was 20 yea rs  o ld;  h i s  f a th e r  was grey  e a r l y ,  and h i s  bro­

t h e r ’ s c h i l d r e n ,  under f i v e ,  are beg inn in g  to have grey  h a i r s ! ) ,  

and a l s o  tha t  he smelt o f  s p i r i t s ;  a g a in s t  the use  o f  th ese
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w h i le  working in  the a i r  he was warned. He commenced h i s  f i r s t  

s h i f t  a t  10 p .m .;  came out at  4 .3 0  fo r  b r e a k fa s t ;  h a l f  an 

hour a fterwards  he had a pa in  in  both  knees .  Seen a t  5 a.m. , 

and put in to  m edical  l o c k ,  and a l lowed to "leak out ."  (R l i n .  

t e r e b i n t h  a c e t  $ l i n .  a c o n i t i  a a . ) 1 p .m . ,  p a in  worse again .

( P i l .  ip eca c ,  co. g r ‘. v. s t . ' i  5 p .m . ,  s l i g h t l y  e a s i e r ,  but has 

had no s l e e p .  Has s l i g h t  tum efact ion  on inner  s i d e  o f  l e f t  

knee. Sent to Seamen’ s H o s p i ta l .

Aug 27th: Came out o f  h o s p i t a l  f e e l i n g  ne a r ly  well . ,  Was

t r e a t e d  there  by morphia i n j e c t i o n s .  No s w e l l in g  o f  l e f t  knee  

now. On the lower and inner  s id e  o f  t h i s  j o i n t  i s  a small  

blu e  (? ecchymotic) patch  h a l f  an inch in  diameter.

Aug. 3 1 s t :  S l i g h t  s t i f f n e s s  in  both knees .

CASE XXXII.-"Bends." (?) Sw el l ing .

P . A . , a e t .  29. Not worked in  compressed a i r .  Examined 

and passed  March 3 0 t h , .  Y/orked h i s  f i r s t  s h i f t  in  Caisson

No 1 ,  from 2 to 10 p.m.;  p r essu re  27 l b s .  Immediately a f t e r
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coming out he had severe  p a in s  in  h i s  l e g s ,  and could  not walk.  

He remained i n  the warm room 011 the north  s id e  rubbing h i s  l e g s  

w ith  some l in im e n t  u n t i l  2 a.m. (3 1 s t )  , when he was c a r r ie d  

through the tunnel  to see  me. At 2 .1 5  I put him in  the medi­

c a l  lo ck ;  the p a in  in  the l e g s  was then extrem ely  s e v er e .  No 

p h y s i c a l  s i g n s .  The p r e ssu re  was r a i s e d ,  and he improved a

l i t t l e .  He had h a l f  a g r a in  o f  morphia; was a l low ed to "leak

out" in  f o r t y - f i v e  m inu tes ,  and was then dr iven home, and r e ­

commended to use  a l in im e n t  c o n ta in in g  equal p a r t s  o f  l i n .  t e r -  

eb. a c e t . , l i n .  s a p . , and l i n .  camph. co.

March 31s t :  E a s i e r ,  but s t i l l  has some pa in .  Has had no

s l e e p .

A p r i l  2nd and 3rd: B e t t e r ,  though there  i s  a g r e a t  deal  o f

deep tenderness  about the lower part  o f  the l e f t  th igh;  the

tenderness  seems to be in  the bone.

A p ri l  7th: Right l e g  f r e e  from pain .  In the l e f t  l e g ,  4

in ch es  above the e x tern a l  condyle  o f  the femur, i s  a sm a l l ,
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s o f t ,  i l l - d e f i n e d ,  tender s w e l l i n g ,  q u i te  su bcutan eou s , and not  

f l u c t u a t i n g ,  a t  the hack o f  the i l i o - t i h i a l  hand*, a l s o  tender­

ness  a t  the i n s e r t i o n s  and o r i g i n s  o f  m uscles  ahout the knee.

He lias heen tak in g  ergot  mixture;  he now has m is t .  sS'er. C. 

s tr y c h .  He s t a t e s  that  two yea rs  ago he had a v e in  b locked in  

the s i t u a t i o n  o f  the above-mentioned s w e l l i n g ,  and he was i l l  

in  bed fo r  a week a fterwards .  Throughout the remainder o f  the  

month he complains o f  s t i f f n e s s  in  the l e g s ;  there  i s  no pain .  

The s w e l l i n g  had remained as b e f o r e ,  though the tenderness  had 

gone; i t  was propably venous in  o r i g i n  and o f  lo n g  s ta n d in g ,  

though not n o t i c e d  or drawn a t t e n t i o n  to a t  the commencement o f  

the i l l n e s s .  He does not again work in  compressed a i r .

CASE XXXIII. - S y n o v i t i s  o f  r ig h t  knee j o i n t .

H . J . L . , a e t .  2 2 ,  has been working in  Caisson Ho 2 fo r  three  

s h i f t s .  Not p r e v io u s ly  work in  compressed a i r .  F in ished  the  

t h ir d  o f  th ese  s h i f t s  at  2 p .m . ,  Aug. 1 1 t h , ;  p r essu re  32 to 35
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l b s ;  he th en ,  in  the a f t e r n o o n ,  walked about V i c t o r i a  Park and 

neighbourhood fo r  s e v e r a l  hours.  At 5 p.m. he f e l t  a p a in  in  

the r ig h t  knee. He had not su s ta in e d  any in ju ry  to the knee.  

Applied fo r  adv ice  Aug. 12th.  There i s  e x c e s s  o f  f l u i d  in  the  

r ig h t  knee j o i n t ;  tenderness  around that  j o i n t .  I s  not  ac­

customed. to long  walks.  Yroo l  and bandage to j o i n t .

CASK XXXIV.-Paresis o f  the l e g s .

W .F . , a e t .3 7  (March 2 6 t h , ) ,  i s  a p a in t e r  and decorator  but  

through la c k  o f  employment has been working in  the compressed 

a i r  o f  the tunnel  for  ten weeks; he was then working in  the  

open a i r  fo r  two weeks,  and then fo r  three  s h i f t s  in  the h igher  

pressu re  o f  Caisson Ho. 1. The second day a f t e r  b e g inn in g  work 

in  the compressed a i r  he had pa in s  in  the l e g s  a f t e r  l e a v i n g  

work; th e se  soon passed  o f f ,  and he su f fe r e d  no fu r th e r  i l l  e f ­

f e c t s  w h i le  working in  the tunnel .  A f te r  the f i r s t  two s h i f t s  

in  the c a i s s o n  he was free  from i l l n e s s .  The th ird  s h i f t  was
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from 10 p . m . , March 2 6 t h ,  to 6 a . m . , March 27th;  p r essu re  26 

to 27 l b s .  About f i v e  minutes a f t e r  l e a v i n g  the lo ck  he had 

p a in  i n  the abdomen, fo l lo w ed  by numbness and weakness in  the  

l e g s .  A f te r  walking a l i t t l e  way the weakness in the l e g s  i n ­

creased;  he could not walk at  a l l ,  and he was c a r r ie d  home, a 

d is ta n c e  o f  two and a h a l f  m i le s .  In the evening o f  that  day 

he sent  fo r  a neighbouring medical  man, said the f o l lo w in g  day 

for  me. I saw him at  3 .45  p . m . ; he then had a d is ten d ed  b la d ­

der and in c o n t in e n c e  o f  ur ine ;  had had no v o lu n ta ry  m i c t u r i t i o n  

for  t h i r t y - t h r e e  hours;  there  was g r ea t  weakness in  the l e g s ,  

and he could only  j u s t  stand on them; k n e e - j e r k s  very b r i s k ;  

no ankle c lon us;  no a n a e s th e s ia ;  c o n s t i p a t i o n  fo r  two days.

He was o a t h e t e r i s e d , and admitted to the Seamen’ s H o s p i ta l .  The 

ur ine  then conta ined  a trace  o f  blood and albumen, but t h i s  d i s ­

appeared i n  two days. He l e f t  the h o s p i t a l  on A pri l  2nd; he 

could tkien walk f a i r l y  w e l l ,  but had l i t t l e  or no c o n tr o l  over
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the  bowels  or b la d d e r ,  and m i c t u r i t i o n  was frequ en t .  Mist f e r -  

r i .  c s tr y ch .  was g iv en  and continued.

May 4th: Legs not qu i te  so w e l l  as they were; has to "throw"

the l e f t  l e g  forward in  walking.

May 24th: Has f r e q u e n t ly  a s e n s a t io n  o f  p in s  and n e e d le s

and numbness i n  l e f t  l e g  from knee downwards. No a n a e s t h e s ia .  

Troubles w i th  m i c t u r i t i o n ,  and d e fa e c a t io n  s l i g h t l y  improved. 

Complains o f  l o s s  o f  sexual  power. No weakness o f  the l e g s  

remains.

CASS XXXV.-Paraplegia.

C.H. a e t .  34 has worked in  the compressed a i r  a t  B lackwall  

a l l  the time that  i t  has been in  u s e ,  and has never su f fe r e d  

from i t .  On Jan. 1 5 th ,  he came out a t  9 a.m. for  b r e a k fa s t  

(having been i n  a p ressu re  o f  20 to 22 l b s .  fo r  three  hours) .  

17hile walking to the cage he f e l t  a pa in  in  the s i t u a t i o n  o f  h i s  

b e l t ,  and, th in k in g  the b e l t  was too t i g h t ,  he loosen ed  i t ;  the
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pain  was not a l t e r e d  thereb y ,  was l i k e  a t i g h t  band round the  

body,-and very  s e v er e .  He ascended in  the l i f t .  When a t  the  

top he found he could not walk,  and was c a r r ie d  to the medical  

a i r  l o c k ,  and h i s  l e g s  rubbed w i th  tu r p en t in e  l in im e n t .  When 

seen m e d ic a l ly  he was found to have t o t a l  p a r a l y s i s  o f  the l e g s ;  

could not make the s l i g h t e s t  movement w ith  e i t h e r  o f  them; 

both k n e e - j e r k s  a b s o l u t e l y  absent;  a l s o  the c r e m a s t e r i c ,  ab­

dominal,  and e p i g a s t r i c  r e f l e x e s .  Severe pa in  in the abdomen; 

no a n a e s t h e s ia .  Morphia (gr -J-) g iv en  hypoderm ica lly .  Com­

p r e sse d  a i r  turned on. When at  about 19 l b s .  pressu re  the pain  

was e a s i e r ,  and some vo lun tary  movements o f  the l e g s  could be 

e f f e c t e d .  He was a l lowed to “lea k  out ,"  the p r o c e s s  tak ing  

f o r t y - f i v e  minutes.  The marked improvement was maintained;  he 

could s ta n d ,  but could not walk. S l i g h t  ev idence  o f  k n e e - j e r k s  

on both s i d e s .  No abdominal pain .  Sent home in  a cab.

Jan 16th: Considerably b e t t e r .  Has more power o f  movement 

in  the l e g s .  Knee-jerks both p resen t  and more p e r c e p t i b l e .
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Between 11 a.m. and 12 noon y e s t e r d a y ,  when he had been put to 

bed,  severe  pa in  came on in  the r ig h t  l e g  throughout i t s  whole  

l en g th ;  t h i s  kept him awake; a l s o  y e s t e r d a y ,  l a t e r  in  the day,  

he had c o n s id e r a b le  d i f f i c u l t y  in  m i c t u r i t i o n ,  which was however,  

surmounted a t  l e n g t h  w ithout  medical  a s s i s t a n c e .  C on s t ip a t io n  

l a s t e d  t h i r t y - s i x  hours. (Ext.  ergotae  l i q .  rnxv. every four  

h o u rs . )  A r u b e fa c ie n t  and anodyne l in im e n t  and a p e r ie n t  p i l l  

recommended.

Jan. 18th: Can walk ,  but i s  weak on h i s  l e g s .  Right l e g

f e e l s  to him numb, but there  i s  no a n a e s t h e s ia .  Thinks that  

the l e f t  l e g  i s  s tronger  than the r ig h t .  L e f t  knee-.jerk i s  

more marked than the r ig h t .

Jan 22nd: B e t te r .  Walks w e l l .  K nee-jerks now not o b ta in ­

ed even by J e n d r a s s ik ' s  method. Wo trouble  w i th  bladder  or 

rectum. A few days l a t e r  he returns  to work.

CASE XXXVI.-Retention o f  u r in e .



W.L. has been working i n  compressed a i r  three  or  four months. 

Had "bends" once or tw ice  in  j o i n t s ,  but never  s u f f i c i e n t l y  s e ­

v e r e l y  to prevent  h i s  r e tu rn in g  to work the. f o l l o w in g  s h i f t .

Was working Feb. 9 t h ,  from 6 a.m. to 2 p.m. P ressure  21 to 27 

l b s .  A p p l ies  fo r  a dv ice  l a t e r  in  the day,  complaining o f  r e ­

t e n t i o n  o f  u r in e .  No o ther  symptoms. He i s  c a t h e t e r i s e d ; 

l i t  p i n t s  o f  u r in e  drawn o f f ;  and no organic  cause for  the r e ­

t e n t io n  i s  d i s c o v e r e d . . Urine normal.

Feb. 11th: No fu r th er  r e t e n t io n .

CASE XXXVII. -Auditory  v e r t i g o .

J . R . , a e t .  2 7 ,  foreman, had worked in  the compressed a i r  at  

the B lackwall  Tunnel s in c e  the commencement, and p r e v io u s ly  at  

the Hudson Tunnel. On Aug. 3rd, a f t e r  working in  Caisson  

No. 2 (pressu re  30 to 32 l b s . ) ,  he was a f f e c t e d  w i th  pain  in  the  

" l e f t  s id e  and fron t  o f  the body" and in  the l imbs;  a l s o  he 

n o t i c e d  that  he was deaf in  the l e f t  e a r ,  and heard n o i s e s  in
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th a t  ear., He went in to  the medical  a i r  l o c k ; had the p r e ssu re

r a i s e d ,  and came out s lo w ly .  The p a in  had gone in  two hours.

He did not seek medical  adv ice  u n t i l  Aug. 5 th ,  when he carne,

complaining o f  h i s  d ea fn e ss .  Watch w ith  the r i g h t  ear was heard

a t  a d i s ta n c e  o f  2 i n c h e s ,  and w i th  the l e f t  not heard a t  a l l .

Loud tu n in g - fo rk  on the l e f t  mastoid not  heard a t  a i l  in  the

l e f t  ear.  'Nothing abnormal seen by speculum. The r in g in g

n o i s e  in  the l e f t  ear has continued u n t i l  now. There i s  s l i g h t

g i d d in e s s  on r a p id ly  moving the head to the r ig h t  or the l e f t  -

more, ^Dwever, on moving the head r a p id ly  backwards. Gan walk

p e r f e c t l y  s t r a i g h t .  (He s t a t e s  that  he had a s i m i l a r ,  but

w orse ,  a t ta c k  o f  g id d in e s s  w h i le  working a t  the Hudson Tunnel;

he did  n o t ,  however, then n o t i c e  any d e a f n e s s . )  Ho h i s t o r y  o f

p r ev iou s  i l l n e s s  o f  any s o r t .  He undertook to report  h im se l f

again in  two days time: t h i s  he did not  do. He was next  seen

on Sept.  9 th  a t  work in  the compressed a i r ,  where he had been
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working s in c e  the p rev io u s  n o te .  He “th in k s  the d ea fn ess  i s  

somewhat b e t t e r ."  He has no g id d in e s s ,  but c o n t in u es  to have 

n o is e s  in  the l e f t  ear.

OASE XXXVIII.-Auditory v e r t ig o  from too rapid  com pression.

P.. L. works as a f i t t e r ,  and i s  on ly  o c c a s io n a l ly  in  the com­

pressed  a i r .  On Aug. 2nd, he was employed f i t t i n g  sm a ller  a i r  

cocks to the lo ck  o f  Caisson No. 2 . ,  the p r e ssu re  a t  th a t  time  

b ein g  31 l b s .  He had tem porarily  stopped up the h o l e ,  where 

the inn er  cock had b een , by a p lug o f  wood; the inner  door was 

c lo s e d ,  the o u ter  h a l f  open; he and a boy were to g e th e r  in  the  

l o c k ,  and th e r e fo r e  under the normal atm ospheric p ressu re  o n ly ,  

when, e i t h e r  through a c c id e n t  or ign oran ce , a man on the inner  

s id e  o f  the inner door knocked out the wooden p lu g . The lo ck  

was suddenly f i l l e d ,  through a com paratively  la r g e  h o le ,  w ith  

compressed a i r .  He and the boy were knocked by the v io le n c e  o f  

the a i r  a g a in s t  the ou ter  door, which was thus c lo s e d ,  and the
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p r e ssu re  was r a is e d  in  a very  few seconds to 31 l b s .  above the  

normal. The boy i s  sa id  to have f e l t  no i l l  e f f e c t s .  The man 

was tem p orar ily  a f f e c t e d  w ith  pa in  and n o i s e s  in  the r ig h t  ear  

and g id d in e s s ,  which soon passed  o f f ;  he became a ls o  suddenly  

deaf in  the r ig h t  e a r ,  fo r  which he did not seek ad v ice  u n t i l  

Aug. 9th . There was then no t i n n i t u s ,  no v e r t i g o ,  and no p a in .  

He could  not hear a watch at a l l  w ith  the r ig h t  e a r ,  and w ith  

the l e f t  on ly  a t  a d is ta n c e  o f  3 in ch es .  A tu n in g -fo rk  on the  

forehead was heard "equally  d i s t i n c t l y  in  both  e a r s . " Both tym­

panic  membranes seen  c le a r ly ;  cones o f  l i g h t  normal. At the  

upper p art o f  the r ig h t  drum was a dark area  (? c o n g e s t io n  or 

haemorrhage). Ho p e r fo r a t io n .

Aug. 19th: S l ig h t  o c c a s io n a l  pa in  the l a s t  week in  the r ig h t  

ear. Watch: r ig h t  ear,-J inch; l e f t  ear., 5 in c h e s .  Tuning- 

fork on forehead b e s t  heard on the l e f t  s id e .  The dark patch  

on the r ig h t  drum has disappeared . (Ext. ergotae  l i q .  mxx. t e r
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d i e ,  5 d a y s .)

CASE XXXIX.-Auditory v e r t ig o .

F .W ., a e t .  3 0 ,  had worked in  the compressed a i r  a t  the B lack -  

w a ll  runnel s in c e  the commencement -  th a t  i s ,  fo r  tw e lve  months. 

He had not s u f fe r e d  from i t s  e f f e c t s .  He had had pneumonia two 

y e a r s  b e fo re ;  no s y p h i l i s  or o th er  i l l n e s s .  On J u ly  9 th . he 

completed an e ig h t-h o u r  s h i f t  a t  2 p.m. (p ressu re  16 to 19£- lb s )  , 

and had l e f t  the works to go home. He had gone about two hun­

dred y a r d s ,  when he f e l t  suddenly g id d y , aiid would have f a l l e n  

i f  he had not been caught by two o ther  men; t h i s  occurred at  

about 2 .4 5 .  He was brought back to the works, and seen a t  3 p.m. 

He could  not walk a t  a l l  by h im se lf ;  i f  he attem pted to do so 

he staggered  to the r ig h t .  He could not hear a watch w ith  the  

r ig h t  e a r ,  even when tou ch in g , nor a loud tu n in g -fo rk  on the 

r ig h t  m astoid  p r o c e s s ,  except w ith  the l e f t  ear. S l ig h t  sub­

j e c t i v e  n o i s e s  in  r ig h t  ear. Nystagmus both  l a t e r a l  and r o ta -
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to ry .  Surrounding o b j e c t s  appeared to him to be moving to the  

l e f t ,  but i r r e g u la r ly  so . (Ext. ergotae  l i q .  55 j s t . )  He was

at once taken to the m edical a i r  lo c k ,  and the p r e ssu re  r a is e d  

to 15 l b s .  There was an immediate improvement in  the v e r t i g o ,  

but none in  the d e a fn e ss .  He could then stand by h im s e l f ,  and 

the nystagmus was not so pronounced. He was allow ed to "leak  

ou t,"  tak in g  about one hour in  the p r o c e ss .  There was no in ­

cre a se  o f  the v e r t ig o  in  consequence o f  coming ou t. He was 

then sen t  home in  a cab. (Ext. ergotae  l i q .  mxx. q u a r t is  h o r is  

sumendum.) No d is e a s e  o f  the v i s c e r a .

Ju ly  10th: Watch -  l e f t  e a r ,  5 f e e t ;  r ig h t  e a r ,  6 in ch es .

Tuning-fork on forehead b e s t  heard in  l e f t  ear. G iddiness  

much l e s s .

Ju ly  11th: No g id d in e s s  even on movement o f  the head in  any

d ir e c t io n .  No nystagmus. The improvement was so complete  

th a t  i t  seemed th a t  he would soon be a b le  to work. A r e la p s e ,
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however occurred . The v e r t ig o  came on in  sh o rt  ir r e g u la r  a t -  » 

tacks every few days or so . S l ig h t  r o ta to r y  nystagmus again  

appeared, and he s u f fe r e d  from c o n tin u a l  headache; the d ea fn ess  

in  the r ig h t  ear "became a ls o  s l i g h t l y  w orse , and he could on ly  

hear the watch a t  a d is ta n c e  o f  2 in c h e s .  On account o f  the  

nystagm us, i f  he f ix e d  h i s  eyes on an o b je c t  fo r  a minute the  

s ig h t  became dim. The ergot was d isco n tin u e d  on Ju ly  1 9 th ,  

and b i t t e r  to n ic s  g iv e n ,  fo l lo w ed  afterw ards by ir o n ,  a r s e n ic ,  

and s tr y ch n in e .  A b l i s t e r  behind the r ig h t  ear had no e f f e c t .

On Aug. 29th . I n o t ic e d  th a t  the r ig h t  p u p il  was la r g e r  than the

l e f t ,  and th at there  was s l i g h t  e x te r n a l  strabism us o f  the r ig h t  

eye. On. fu r th e r  examing the eye I found th a t  the v i s i o n  on 

the r ig h t  s id e  was very  d e f e c t i v e ,  and that he could  on ly  j u s t  

count f in g e r s  w ith  th a t  eye. He had not complained o f  t h i s  

b e f o r e , but s ta te d  th a t  he thought the r ig h t  eye had been dim

fo r  the l a s t  two days. There was no organic  l e s i o n  o f  the fun-



dus o c u l i  , but there  was a h igh  degree o f  myopic astigm atism  

( - 6 D ) , which one would suppose must have been o f  o ld  stan d in g .  

The man had been a s o l d i e r ,  and had used  the r ig h t  eye fo r  

sh o o t in g ,  but had not n o t ic e d  th at the s ig h t  was d e f e c t iv e .

In November the headache was more s e v e r e ,  and he was in  a 

very nervous and tremulous c o n d it io n .  V7hen w r i t in g  he was trou  

b led  by sev ere  trem bling o f  the r ig h t  a m . Syr. f e r r i  , quin-  

inae  e t  s trych iiin ae  p h osp h atis  was g iv e n ,  1 drachm th ree  tim es  

d a i ly .  The v e r t ig in o u s  a t ta c k s  were d im in ish in g  in  freq u en cy ,  

and in  January he went to the s e a s id e  fo r  two months.

September 1 8 th ,:  During the l a s t  e ig h t  months the v e r t ig o  has

on ly  been o c c a s io n a l ,  but h i s  gen era l h e a lth  has been very much 

im paired , and he has su f fe r e d  g r e a t ly  from rheumatism. A fter  

se v e r a l  so jou rn s in  the country and a t  the s e a s id e ,  he i s  now 

f a i r l y  w e l l .  The d e fe c t  in  hear ing  on the r ig h t  s id e  co n tin u es  

the g id d in e s s  i s  t r i f l i n g  and r a r e ,  and i t  i s  c o n f id e n t ly  a n t i -
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c ip a te d  th a t  recovery  w i l l  be com plete.

CASE XL.-A uditory v e r t ig o .

G.H. , a e t .  3 6 ,  e n g in e e r ,  had been working in  the compressed  

a ir  a t  t h i s  tunnel s in c e  the commencement. From the nature o f

h i s  work he was not u s u a l ly  c a l l e d  upoii to be under p ressu re  fo r

lo n g e r  than two or three  hours a t  a time. On Feb. 1 1 th ,  he

remained in  fo r  four h o u r s , a ' lo n g e r  time than ever  b e fo re ;  the

p r e ssu re  was a ls o  h igher  than on former o c c a s io n s  (26-J- to 27 l b s ) .  

He came out o f  the a i r  a t 3 .30  p .m .; he had then had no food  

fo r  seven  and a h a l f  hours. He thought th a t  he came out quick­

er than u su a l .  He then had a hu rried  meal. I saw him at  

4 .1 0  p .m .; he was then a l l  r ig h t .  H alf an hour l a t e r  he f e l t  

a "deafening so r t  o f  sensation"  in  both  e a r s ,  l a s t i n g  a few s e c ­

ond s, and most n o t ic e a b le  in  the r ig h t  ear. He heard some 

r in g in g  n o is e s  in  the e a r s ,  became g id d y , and would have f a l l e n .

He was a t  once sen t  home in  a cab. The d eafn ess  then had gone;
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the o n ly  symptom complained, o f  was g id d in e s s ,  which was worse  

on movement or turn ing  round. He f e l t  th a t the head was mov­

in g  round to the r ig h t  o c c a s io n a l ly ,  when i t  was r e a l l y  s t a t i o n ­

ary. By Feh. 14th . the g id d in e s s  had much improved, though i t  

had not then d isap p eared , The head s t i l l  o c c a s io n a l ly  f e l t  as 

though i t  were moving to the r i g h t , e s p e c i a l l y  on exc item en t.

The r ig h t  p u p il  was sm aller  than the l e f t :  t h i s  was sa id  to

be always the ca se . The tendency to f a l l  was always to the  

r ig h t .  Hearing the same on both  s id e s .  Prom t h i s  time the  

v e r t ig o  r a p id ly  d isapp eared , and in  three  weeks had p r a c t i c a l l y  

gone. He was adv ised  not to again en ter  the compressed a ir ;  

t h i s ,  however, he did on many subsequent o c c a s io n s ,  making h i s  

sojourns as sh ort a c ircum stances would p erm it ,  and he did not  

again  s u f f e r  in  consequence.

CASH XLI. -A uditory  v e r t ig o .

Joseph H . , a e t .  24 ,  had worked in  compressed a i r  fo r  some



months. On Jan. 1 2 th , a t  2 p .m . ,  he f in i s h e d  a s h i f t  o f  e ig h t -  

hours (p ressu re  20 to 25f- l b s . ) .  He walked home -  a d is ta n c e  

o f  one m ile ;  went up to h i s  bedroom at 3 p.m. to change h i s  

c lo t h e s ;  he f e l t  w e l l  a t  the t im e , but g id d in e s s  suddenly came

on, and he f e l l  down, and had to be put to bed; he f e l t  q u ite

h e l p l e s s .  There was no u n c o n sc io u sn e s s , and he was q u ite  ra­

t io n a l .  I f  he sa t  up in  bed he was g id d y , and f e l l  backwards.

No m a la is e .  Sent for  m edical adv ice  on the 14th . He was seen  

on th a t  day s i t t i n g  up dow nsta irs . The g id d in e s s  had l e s s e n ­

ed; th ere  was no v e r t ig o  w h ile  remaining s t i l l ;  i f  s tan d ing  

e r e c t  and s t i l l ,  there  was no v e r t ig o  and no a ta x ia ;  i f  the  

head was then moved forwards or backwards* there  was no v e r t ig o  

and no a ta x ia ;  i f  the head was then moved forwards or backwards, 

th ere  was no v e r t ig o :  t h i s  on ly  came on when the head was ro­

ta ted  l a t e r a l l y  e i t h e r  to the r ig h t  or to the l e f t ,  and more

e s p e c i a l l y  when the movement was to the r ig h t ;  and then the ver-
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t ig o  was so g r e a t  th a t  he c o l la p s e d  a t  once in to  a c h a ir  behind  

him. The r e f l e x e s  were normal. There was then no d e a fn e s s ,  

no t i n n i t u s ,  and no nystagmus.

Jan. 15th  to 18th: V ertigo  g r a d u a lly  improving. L e f t  p u p il

s l i g h t l y  la r g e r  than r ig h t ;  both  p u p i l s  r e a c t  to l i g h t  and ac­

commodation. Ophthalmoscopic exam ination r e v e a ls  n o th in g  ab­

normal .

Jan. 2 1 s t  to 23rd: Can now walk any d is ta n c e  w ithou t a s s i s ­

tance. A p p et ite  has been good a l l  the tim e. Advised not to 

work again  in  compressed a ir .  He was seen by me so working on 

Jan. 30th: he had been so engaged fo r  about f i v e  d ays , and had 

not s u f fe r e d  in  consequence. His fu r th er  working in  the a ir  

was preven ted .

CASH X L II.-A uditory  v e r t ig o .

John H . , a e t .  24. Examined fo r  compressed a i r  work March 

2 6 t h , .  The note  made a t  the time o f  exam ination ran th u s : -
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“Never worked in  compressed a i r .  Heart area  and sounds n i l .  

Lungs normal. L iv e r ,  r e l a t i v e  d u ln ess  a t  6th. r i b ,  a b so lu te  at  

7th . r ip  in  l e f t  n ip p le  l i n e ,  not ex tend ing  below the c o s t a l  mar­

g in ;  cutaneous v e in s  over the ensiform  c a r t i l a g e  en larged . U- 

r in e ,  no albumen. Has ju s t  l e f t  the s e r v i c e ,  where he has been  

fo r  seven  y e a r s .  S ix  y ears  ago he had 'u l c e r s  on the p e n i s , '  

but no subsequent c o n s t i t u t i o n a l  symptoms.“ He was passed fo r  

compressed a i r  work, and completed h i s  f i r s t  s h i f t  o f  e ig h t-h o u r s  

at 10 p.m. , March 2 7 th , the p ressu re  b e in g  204- to 24-3- lb s .  He 

had some s l i g h t  inconven ien ce  w ith  the r ig h t  ear w h ile  go in g  

through the lo c k ,  but no a c tu a l  pa in . On a r r iv in g  in  the com­

p r e sse d  a i r  he f e l t  g iddy; the g id d in e s s  la s t e d  two or three  

m in u te s ,  but was on ly  s l i g h t .  He went to h i s  “pocket,"  and pro­

ceeded w ith  h i s  work. His nose b led  a l i t t l e  soon a f t e r  g e t t i n g  

i n ,  and continued to do so s l i g h t l y  for  some tim e. In stead  o f  

go in g  out a t  h a l f  time for  h i s  m eal, to avoid  becoming giddy
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again  he remained in  the compressed a i r ,  having something to ea t  

w h ile  th ere . He p ersp ired  p r o f u s e ly .  On coming out through  

the lo c k  he had n o i s e s  in  the r ig h t  e a r ,  hut no in co n ven ien ce .

He became very g iddy soon a f t e r  l e a v in g  the lo ck  and b e fo r e  reach­

ing  the e le v a to r .  He was then a s s i s t e d  home by h i s  b ro th er;  

went to b ed , and vomited b lood  (? l e s s  than a t e a c u p f u l ) ; g id ­

d in e s s ,  n o i s e s  in  the e a r ,  and d ea fn ess  remained. He did not  

send fo r  m ed ica l a d v ice  b e fo r e  the morning o f  March 29th . He 

was then found in  bed. The v e r t ig o  came on when s i t t i n g  up or 

w alking; th ere  was a tendency to f a l l  to the r ig h t .  On w alking  

on the morning o f  the 28th  he had had p a in  in  the r ig h t  k n ee ,  

which p e r s i s t e d  more or l e s s  fo r  tw enty -four  hours. P u lse  72; 

p u ls e  p ressu re  (measured by B a t te n ’ s c l i n i c a l  p u lse  manometer)

9 o z s .  S o f t - t i c k i n g  watch heard by the l e f t  ear a t  a d is ta n c e  

o f  1 inch; not a t  a l l  w ith  the r ig h t  ear. S l ig h t  ten dern ess  

under the r ig h t  e x te r n a l  a u d ito ry  meatus. \7atch on r ig h t  f r o n t ­
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a l  eminence heard o n ly  in  l e f t  ear. Only s u b j e c t iv e  n o i s e s  

heard in  the r ig h t  ear; r ig h t  drum normal. By h o ld in g  nose  

and b low in g , a i r  i s  fo rced  in to  l e f t  tympanum, but not in to  r ig h t .  

K n ee-jerk s a c t iv e .  C o n st ip a t io n . ( P i l  c o lo c y n th id is  e t  hyos-  

eyami g r . x. s t . )  The n o is e s  in  the r ig h t  ear began as soon  

as he came out o f  the lo ck ;  the g id d in e s s  commenced when he was 

h a l f  way towards the l i f t  ( i . 8 . , he had walked about 100 f e e t ) .

No a taxy . Optic d i s c s  normal.

March 30th: There i s  a s u b je c t iv e  f e e l i n g  th a t  the head i s

moving to the r ig h t .  L o u d -t ick in g  watch j u s t  heard when touch­

ing the r ig h t  ear and when 5 in ch es  from the l e f t  ear.

March 3 1 s t :  L o u d -t ick in g  watch -  l e f t  e a r ,  1 yard; r ig h t  

ear , 1 inch . Oardiner Brown's tu n in g -fo rk  on br id ge  o f  nose  

i s  heard fo r  f i v e  seconds lo n g er  than the v ib r a t io n s  are f e l t  by 

the f i n g e r ,  in d ic a t in g  m iddle or e x te rn a l  ear d is e a s e  on the l e f t  

s id e .  (P o ta s s ,  brom. gr . v i i .  t e r  d i e . )
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A p ril 2nd: S o f t - t i c k i n g  watch -  l e f t  e a r ,  1 yard; r ig h t

e a r ,  -J- inch . G-ardiner Brown’ s tu n in g -fo rk  t e s t  o f  l e f t  ear  

— o M. The g id d ih e s s  i s  Brought on "by quick movements, and more

By a sudden movement o f  the head Backwards than By any o th er  

movement. There i s  a s u b je c t iv e  f e e l i n g  o f  o p p r e ss io n , as i f  

a w eight were hung a t  the back o f  the neck. A movement o f  

the head suddenly to the r ig h t  i s  more l i a b l e  to Bring on g id ­

d in e s s  than a s im i la r  movement to the l e f t .

A p ril  11th: The g id d in e s s  i s  l e s s ;  i t  on ly  comes on when

moving the head r a p id ly ,  e s p e c i a l l y  backwards.

A p ril  16th: Hearing normal in  l e f t  ear; on r ig h t  s id e  i t

i s  the same as b e fo r e .  (Pot. Brom. gr. x. t e r  d ie  sum.) '

A p ril  23rd: Hearing on r ig h t  s id e  has improved; s o f t - t i c k ­

ing  watch heard £  inch  from ear. S l ig h t  improvement in  g id ­

d in e s s .

May. 2nd: I n t e r v a ls  between a t ta c k s  o f  g id d in e s s  o f  lo n g er



du ration .

May 8th: Tobacco smoking has brought on g id d in e s s  once or

tw ice .  Advised not to smoke. (Ext. erg o tae  l i q .  rnxx. t e r  

d ie  sum.)

May 15th: Says he i s  much b e t t e r  s in c e  the 8 th . (Ext. er ­

go tae  l i q .  mxv. ; l i q .  s try ch n in a e  m i i i .  ; l i q .  a r s e n i c a l i s  m ii .

ex aqua t e r  d ie  sum.)

June 1 s t :  No g id d in e s s  fo r  the l a s t  two weeks.

June 8th: The t i n n i t u s  on the r ig h t  s id e  c o n t in u e s ,  but

not so lo u d ly  as a t  f i r s t .  Hearing the same. I f  he sto op s

fo r  any le n g th  o f  time the g id d in e s s  re tu rn s .

June 18th: V ertigo  gone. Walks out every day. (Ergot

s top p ed .)  He now resumes work again' -  not in  the compressed

a ir .

Oct. 13th: Has had no return  o f  the v e r t ig o .  The d eaf­

n e ss  in  th e r ig h t  ear has not improved; he s t i l l  has n o i s e s  in



th a t  e a r ,  "but i s  a b le  to d isreg a rd  them.

CASE X L III. -A u ditory  v e r t ig o .

J . T . , a e t .  2 7 ,  had worked in  the B lack w all Tunnel about s i x  

months. He was on h i s  way home a f t e r  having worked in  the  

compressed a i r  a t  a mean p ressu re  o f  23^ lb s .  from 10 p .m . ,

Oct. 1 8 th , to 6 a .m . , Oct 19th . He had covered about two 

m ile s  when he suddenly f e l t  g id d y ,  became f a i n t ,  and would have 

f a l l e n  had i t  not been fo r  o th e rs  who were w alking w ith  him.

He experien ced  a sudden n o is e  in  h i s  l e f t  e a r ,  and became q u ite  

deaf in  th at ear; surrounding o b je c t s  appeared to him to be 

moving round. He had a s l i g h t  aching pain  in  h i s  l e f t  knee.

He was then taken to the Seamen*s H o sp ita l .  While he remained 

in  the h o s p i t a l  he came under the care o f  Dr. Curnow, who pub­

l i s h e d  an account o f  the case  in  the Lancet o f  Nov. 1 0 th ,  from 

which -the fo l lo w in g  e x tr a c t  i s  made:- "On adm ission th ere  was 

no s ig n  o f  organic  d is e a s e  o f  i e a r t ,  lu n g s ,  or abdominal v i s ­

cera . He was in  a very c o l la p s e d  c o n d it io n ,  w ith  g r ea t  p a l -



l o r ,  and a co ld  sweat over the forehead. P u lse  66; tempera- 

oture 96 P . , and r e s p ir a t io n  h u rr ied . He was in  a tremulous 

c o n d i t io n ,  and unable to stand. He complained o f  in te n s e  g id ­

d in e s s ,  which was not in f lu e n c e d  by p o s i t i o n .  He had lo u d ,  

booming n o i s e s  in  h i s  e a r s ,  p a r t i c u la r ly  the l e f t ,  u n in flu en ced  

by i n f l a t i o n  o f  the tympanum. He vomited r ep e a te d ly  when the  

a tta ck  came on , and the s ic k n e s s  l a s t e d  about tw en ty -fou r  hours 

There was h o r iz o n ta l  nystagm us, e s p e c i a l ly  when the eyes were 

d ir e c te d  to the r ig h t ;  a lso  a sm all amount o f  v e r t i c a l  o s c i l ­

l a t io n  in  both  eyes .  On the l e f t  s id e  a l o u d - t i c k in g  watch  

could o n ly  be heard when touching the m astoid  p r o c ess ;  when 

h eld  on the forehead i t  could be b e s t  heard w ith  the r ig h t  ear. 

Both tympanic membranes i n t a c t .  No oculo-m otor p a r a ly s i s ;  

p u p i ls  rea c te d  w e l l  to l i g h t  and accommodation. Ophthalmosco­

p ic  exam ination rev e a le d  noth ing  abnormal. Taste and sm ell  

u n a ffe c te d ;  no headache. R e f le x e s  normal; no p a r e s i s ;  g a i t



u n c e r ta in  and h e s i t a t i n g ;  no a ta x ia .  When w alk ing  the p a t i e n t

ev in ced  a tendency to r e e l  and f a l l .  This tendency was a l ­

ways to the r ig h t .  With h i s  eyes c lo s e d  he stood  a lo n e ,  but 

was unsteady. He remained in  the h o s p i t a l  a few weeks. His 

g e n e ra l  c o n d it io n  improved, but the v e r t i g o ,  nystagm us, t i n n i ­

t u s ,  and d e a fn e s s ,  did not m a te r ia l ly  d im in ish ; he remained 

unable to walk a cro ss  a room w ithout support. The g id d in e s s  

was always in crea sed  by rapid  l a t e r a l  movements o f  the head. 11 

A fter  l e a v in g  the h o s p i t a l  h i s  c o n d it io n  remained s ta t io n a r y

for  months. He went in to  N orfo lk  to l i v e .

Nov. 9th: C onsiderable  improvement. Could walk e a s i l y

a c ro ss  a room w ithou t help  or su p p ort, but cou ld  not walk a 

d is ta n c e  out o f  doors in  the same way. Complete d ea fn ess  in  

the l e f t  ear co n tin u ed , and some t in n i t u s  on the same s id e .

March 5th: C onsiderably b e t t e r .  Could walk lo n g  d is tq n c e s -

e . g . , ten  m ile s  -  out o f  doors w ith  the help  o f  a s t i c k .

June 30th: Has r e c e n t ly  been a c t in g  as a n ig h t  watchman a t



the Woolwich P erry , but as the rock in g  o f  the pontoon fre q u en t­

l y  o c c a s io n s  a return  o f  the v e r t ig o  he has been ad v ised  to 

d isc o n tin u e  the employment. (This he su b seq u en tly  did and 

i s  now in  r e c e ip t  o f  a p e n s io n ,  b e in g  unable to o b ta in  l i g h t  

work. Oct. 1886).

CASE XLIV.-Auditory v e r t ig o .

W .D ., a e t . 2 1 ,  has worked in  the compressed a i r  o f  the tun­

n e l  fo r  th ree  weeks; he then worked in  Caisson No. 1 fo r  

two s h i f t s .  Came out a t  6 .20  a.m. , March 2 4 th ,  p r e ssu re  20 

to 22 l b s . , and had a s l i g h t  pain  ten  m inutes a fterw ards in  

the r ig h t  knee. He sa t  down in  a c h a ir  on a r r iv in g , home ( c l o s e  

to the w o r k s ) , and th in ks he went to s le e p .  He woke up a t  7 

a .m . , stood  up , became e x c e s s iv e ly  g id d y , f e l l  down on the  

f l o o r ,  and vomited. Sent for  a d v ic e ,  and was seen  a t  2 p.m.

The vom iting  has p e r s i s t e d  u n t i l  now; the g id d in e s s  i s  s l i g h t ­

l y  b e t t e r ,  but becomes worse on moving the head backwards or  

to e i t h e r  s id e .  No t in n i t u s  aurium. Watch i s  heard in  the
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r ig h t  ear a t  1 f o o t ,  and in  the  l e f t  a t  2 f e e t ;  p la ced  on

the forehead i t  i s  b e s t  heard in  the r ig h t  ear. He s t a t e s

th a t  he has had a d i f f i c u l t y  w ith  h i s  ears on g o in g  in to  the  

"air" the l a s t  two s h i f t s  because o f  a "cold in  the h e a d ."

This d i f f i c u l t y  was worse the l a s t  s h i f t  -  i . e . , on go ing  

in to  the  c a is s o n  a t  10 p.in. (2 3 rd )-  and the p a in  in  the r ig h t  

ear p e r s i s t e d  to some e x te n t  w h ile  in  the compressed a i r .  The 

p a in  in  the r ig h t  knee i s  not s e v e r e ,  and there  i s  no s w e l l in g .  

P u p ils  equal. There i s  s l i g h t  nystagmus. No a taxy . P u lse  

102; temperature normal. D i g i t a l i n  (gr.7^7?) g iv e n  a t  on ce ,  

and a r u b e fa c ie n t  l in im e n t  a p p lie d  to the knee.

March 25th: Vomiting has c ea se d , and the v e r t ig o  i s  not

q u ite  so se v er e .  No a p p e t i t e .

March 26th: i s  now s i t t i n g  up. The v e r t ig o  i s  l e s s ,  but

comes on when the head i s  moved r a p id ly  in  any d ir e c t io n .  No 

tendency to f a l l  in  any p a r t i c u la r  d ir e c t io n .  Watch: r ig h t
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e a r ,  1-J- f e e t ;  l e f t ,  8 f e e t .

March 28th: Much the same.

March 30th: C onsiderab ly  b e t t e r .  V ertigo  on ly  occu rs on

moving the head r a p id ly  to one s id e .

A p ril  2nd: I f  a f t e r  s to o p in g  he r a i s e s  h i s  head suddenly

he i s  g iddy fo r  a moment; o th erw ise  there  i s  no v e r t ig o .

A pril 9th: Y esterday he f e l t  so w e l l  th a t  he was re tu rn ­

ing to work, but the v e r t ig o  returned; he had a ls o  g r e a t  pa in  

in  the back o f  the head. The nystagmus has now disappeared . 

Hearing normal. Has been tak in g  an iron  m ixture fo r  the l a s t  

fo r t n ig h t .

A p ril  18th: No v e r t ig o  remains. Returns to work, but i s

not again  a llow ed to work in  the compressed a i r .

CASE X L V .-V ertigo: probably au d ito ry .

C.W., a e t .  29 (March 2 6 t h , ) , has worked in  compressed a i r  

o f  tunnel e ig h t  or n ine months. R ecently  has worked three



s h i f t s  in  Caisson No. 1. A fte r  the f i r s t  s h i f t  he had a s l i g h t  

a t ta c k  o f  "'bends,'' which kept him from work fo r  one s h i f t .

A fte r  the th ir d  s h i f t ,  which he completed a t  10 p .m . , March 

2 6 th ,  he had pain  in  the abdomen im m ediately on le a v in g  the  

p ressu re  (26 to 27 l b s . ) ;  a l s o  r e t c h in g ,  but no vom iting . A- 

bout one hour a fterw ards he had g id d in e s s .  Remained in  bed 

u n t i l  March 2 8 th ,  not r e p o r t in g  h i s  i l l n e s s ;  he then caused  

h im se lf  to be a s s i s t e d  to the works. When seen he complained  

o f  g id d in e s s  on ly . He could  not walk or even stand u n a s s i s t ­

ed. There was l a t e r a l  and r o ta to r y  nystagmus. A watch was 

heard a t  a d is ta n c e  o f  3 f e e t  w ith  both  ea rs .  No t in n i t u s  

aurium. No albumen in  the u r in e .  No o th er  s ig n s  o f  d is e a s e  

found. An ergot m ixture was p r e scr ib e d .

March 30th: Not much d i f f e r e n c e  in  h i s  c o n d it io n .  V ertigo

i s  made worse on moving the head round to the r ig h t  or the  

l e f t ,  but not by moving i t  backwards. Nystagmus s l i g h t l y  l e s s .



No o th er  eye symptom. Tuning-fork on forehead i s  heard eq u a l­

l y  in  both  ea rs .

A p ril  2nd. and 3rd: B e t te r .  Can walk by h im se lf .

A p ril  4th: An iro n  m ixture ordered.

A p ril  11th: V ertigo  gone. S l ig h t  headache.

A p ril  27th: Headache p e r s i s t s ,  but i s  o th erw ise  w e l l .  He

goes in to  the co u n try , and a f t e r  a r e s t  o b ta in s  employment 

th ere . A subsequent rep ort s t a t e s  th a t  he has q u ite  r eco v er ­

ed.

CASE X L V I.-V ertigo: probably au d ito ry .

J . J . , a e t .  2 4 ,  has worked in  compressed a i r  fo r  s i x  months. 

Had an a t ta c k  o f  "bends" a f t e r  working in  Caisson No. 1 on 

March 2 5 th ,  which caused him to l o s e  two days' \irork. On A p ril  

5th he had worked about ten s h i f t s  in  t h i s  c a i s s o n ,  and he

l e f t  work a t  10 p.m. At 11 15 he f e l t  "blind and g iddy,"  and 

would have f a l l e n  i f  not h e ld . He went home, andMXSXH235S re ­
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mained in  bed u n t i l  A p ril  8 th . The next day he sought medi­

c a l  a d v ic e .  He has n o t ic e d  110 d ea fn ess  and no n o is e s  in  the  

ears;  has had no tro u b le  w ith  h i s  ears 011 g o in g  through the  

lo c k s .  Watch i s  now heard a t  2 f e e t  in  r ig h t  e a r ,  and a t  

4 f e e t  in  l e f t  ear; on forhead i t  i s  b e s t  heard in  r ig h t  ear;  

no s ig n  o f  d i s e a s e  in  e i t h e r  ear. V ertigo  i s  s t i l l  p r e s e n t ,  

and i s  e s p e c i a l l y  brought 011 by l a t e r a l  r o ta to r y  or v e r t i c a l  

movements o f  the head. M ist, ac. su lph . d i l .  c s try ch . g iv e n .

A p ril  13th: V ertigo  b e t t e r ;  d isapp ears e n t i r e l y  on ly in g

down. H earing the same, and good on both  s id e s .  No o ther  

symptom o f  any s o r t .

A p ril  16th: G iddiness has q u ite  d isappeared .

CASE XLVII. -Temporary u n con sc io u sn ess .

Jn. C . , a e t .  2 1 ,  has worked in  compressed a i r  for  n ine  

months: r e c e n t ly  in  Caisson No. 2. F in ish ed  a seven-hour

s h i f t  a t  5 a.m. , Aug. 2 4 th ,  (p ressu re  32 to 34& lb s )  , and then



went to do some work o u t s id e .  At 5 .4 6  he f e l t  a p a in  in  the  

foreh ead , and then he appears to have 56001116 u n co n sc io u s ,  or  

p a r t ly  s o ,  and "to have torn h i s  h a ir ."  He was brought over  

to the south  s id e  in  a b o a t ,  and put in to  the m edical lo c k ,  

where he was seen m e d ic a l ly  a t  7 a.ra. during the p r o c ess  o f  r e ­

com pression. P ressu re  had then reached 3 lb s .  on ly . He was 

normal in  every apparent way. P ressu re  was r a is e d  to the f u l l  

e x ten t-a b o u t  20 lb s .  He "leaked out,"  and then walked home.

He i s  a t e e t o t a l e r ,  and smokes very  l i t t l e .

Aug. 26th: P e e ls  q u ite  w e l l ,  and has done so s in c e  he came

out o f  the m edical lo ck  on Aug. 24th . Having come out o f  the  

"air" one hour e a r l i e r  than u su a l on Aug 24th  he had had no 

c o f f e e ;  but he had done p r e c i s e ly  the same on the p rev io u s  day, 

and had not then su f fe r e d  in  consequence. He s t a t e s  th a t  he 

has o c c a s io n a l ly  had, a f t e r  re tu rn in g  home from working in  C ais­

son Ho 2 - i . e . , h a l f  an hour a f t e r  coming through the lo c k s  -  a



s l i g h t  b lu r r in g  o f  the s i g h t ,  and has seen s ta r s ;  had no p a in  

in  the forehead on th e se  o c c a s io n s .  Has never had any tro u b le  

w ith  h i s  ea rs .

Aug. 28th: Returns to work in  the tunnel to -d a y ,  and not

in  the h ig h er  p ressu re  o f  the c a is s o n .

CASE XLVIII. -OEdema o f  scrotum and abdominal w a l l s .

C .A . , a e t .  2 7 ,  has worked fo r  c o n s id er a b le  time in  compressed 

a i r  both  here and a t  the Hudson R iver  tun nel. On Aug 5th> -he' 

a p p lied  for  a d v ice  concerning  oedema o f  scrotum, fro n t  and s id e s  

o f  abdomen, and s l i g h t l y  o f  l e g s ,  which he n o t ic e d  on the p re­

v iou s day a f t e r  working in  compressed a i r .  The s c r o t a l  oede­

ma i s  c o n s id e r a b le .  No d is e a s e  o f  h e a r t ,  k id n e y s ,  or l i v e r .  

Nothing abnormal found in  the abdomen. He had an a t ta ck  o f  

"bends" on Aug. 1 s t ,  fo r  which he did not seek m edical a d v ic e ,  

but o th erw ise  has f e l t  no bad e f f e c t s  from the p r e ssu re .  He 

has r e c e n t ly  been working in  the h igh  p ressu re  o f  Caisson No 2 ,



which has v a r ie d  from 25 to 32 lb s .  Recommended to cease  

work fo r  a sh ort t im e , and to l i e  in  a h o r iz o n ta l  p o s i t i o n .  A

d iu r e t i c  m ixture g iv en .

Aug 7th: OEdema much l e s s .

Aug. 9th: Without again  r e p o r t in g  h i s  c o n d it io n  he retu rn s

to work in  C aisson No. 2 (6 a.m. to 2 p .m .) .  Afterwards he 

has p a in  in  the l e f t  a n k le ,  which l a s t s  the  whole day and the  

fo l lo w in g  n ig h t .

Aug. 10th: Again s e e l s  a d v ic e .  Recommended to g iv e  up

working in  the h i g h - p r e s s u r e  o f  C aisson No 2 ,  and to work in  

the lower p ressu re  o f  the tunnel on the south  s id e .

Aug 15th: S ince  the above note  he has worked two s h i f t s  in

Caisson No. 2 ,  and he to -day  seek s ad v ice  b e c a u se ,  a f t e r  com­

ing  out and go in g  to bed , he had a d i f f i c u l t y  in  b rea th in g  w h ile  

ly in g  down: b e t t e r  on s i t t i n g  up. S l ig h t  hacking cough. No

p h y s ic a l  s ig n s  o f  d i s e a s e .  Promises to g iv e  up working in.



Caisson No 2.

CASE XLIX.-Dysphagia, e tc .

W.P. o n ly  o c c a s io n a l ly  works in  compressed a i r .  On the  

n ig h t  o f  Jan. 1 0 th , he was in  fo r  n ine  hours. On the morning 

o f  the 11th  he f e l t  a "sort o f  knot" in  the m iddle and in s id e  

o f  the c h e s t ,  which f e e l i n g  extended hack between the sh ou ld ers .  

No cough. Some dysphagia. No p h y s ic a l  s ig n s .  Has o f t e n  

worked in  compressed a i r  b e fo r e ,  but has never had the same ex­

p e r ie n c e .  Applied fo r  ad v ice  on Jan. 12th . Examined, and 

ad v ised  to rep ort h im se lf  again  i f  the f e e l i n g  did not go o f f .

Did not come again .

CASE L . - F i t  (? e p i l e p t i c )  w h ile  in  the compressed a i r .

J . B . , a e t .  2 8 ,  has been working in  compressed a i r  fo r  f i v e  

months. On Feb. 2 6 th ,  a t  5 .4 5  p .m .,  w h ile  working in  the sh ie ld ,  

he f e l t  suddenly giddy; surrounding o b je c t s  appeared to be mov­

in g  towards the l e f t .  He f e l l  down u n co n sc io u s , and remained



so fo r  about twenty m inu tes. During t h i s  time he was c a r r ie d  

o u t ,  and seen  by me j u s t  o u t s id e  the a i r  lo ck ;  he was then s i t ­

t in g  upon a tru ck , and rambling in  h i s  speech . P u p ils  equal. 

There had been no c o n v u ls io n s .  He was brought up by the cage  

to the su r fa c e .  He then became very e x c i t e d  and quarrelsome; 

s ta te d  th a t  he had l o s t  h i s  b e l t ;  and sa id  he w ished to be l e f t

a lo n e ,  th a t  he had j u s t  l e f t  o f f  work, and th a t  i t  was 10 p.m.

Then, a g a in ,  he did  not know how lon g  he had been a t  work, or 

why he had l e f t  o f f ;  was q u ite  u n reason a b le , and r e fu sed  to l i e  

down. There was no s ig n  o f  organ ic  d i s e a s e ,  except th at there  

was a tra c e  o f  albumen in  the u r in e ,  and he had had no p rev iou s  

f i t s ;  had had a "cold" fo r  the p reced in g  f o r t n ig h t ,  but had

never s u f fe r e d  from the compressed a i r  in  any way beyond some­

tim es having a d i f f i c u l t y  w ith  h i s  ears on e n ter in g . Seen 

again  Feb 28th; q u ite  w e l l .  Recommended not to work again  in  

compressed a ir .


