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F I R E F I G H T I N G  A N D  H E A R T  D I S E A S E

by

N a t h a n i e l  E. R e i c h ,  M.D.., F . C . C . P . *

B r o o k l y n ,  N e w  Y o r k

E x p e r i m e n t a l  a n d  c l i n i c a l  e v i d e n c e  h a s  a c c u m u l a t e d  in r e c e n t  y e a r s  

s u p p o r t i n g  the v i e w  t h a t  c e r t a i n  s t r e n u o u s  o c c u p a t i o n s ,  s u c h  a s  f i r e f i g h t­

ing, are c a p a b l e  o f  a d v e r s e l y  a f f e c t i n g  the c a r d i o v a s c u l a r  a p p a r a t u s  to an 

a p p r e c i a b l e  d e g r e e .  (~A f a i r l y  r e c e n t  s t u d y  o f  m o r t a l i t y  by o c c u p a t i o n s

a m o n g  v/hite m a l e  i n s u r a n c e  p o l i c y h o l d e r s  s h o w s  t h a t  c i t y  f i r e m e n  a c t u a l l y . ^  

h a v e  th e  h i g h e s t  s t a n d a r d i z e d  r e l a t i v e  i n d e x  o f  m o r t a l i t y  (125) f o r  th e  

p r i n c i p a l  c a r d i o v a s c u l a r  r e n al  d i s e a s es - \ W h i l e  it h a s  n o t  a l w a y s  b e e n  

p o s s i b l e  to e v a l u a t e  t h e s e  d i s a b i l i t i e s  e q u i t a b l y  b e c a u s e  o f  l e g i s l a t i o n  

b a s e d  u p o n  a n c i e n t  v i e w s  h e l d  in m o s t  s t at e s ,  s u f f i c i e n t  e v i d e n c e  h a s  b e e n  

a m a s s e d  in r e c e n t  y e a r s  s u g g e s t i n g  the n e e d  for a w i d e r  a c c e p t a n c e  o f  f i r e­

f i g h t i n g  as a n  o c c u p a t i o n a l  f a c t o r  in the p r o d u c t i o n  o r  a g g r a v a t i o n  o f  

c s r t a i n  h e a r t  d i s e a s e s .

E t i o l o g i c  f a c t o r s  to be c o n s i d e r e d  ar e  e n v i r o n m e n t a l  e x t r e m e s  

( t e m p e r a t u r e  a n d  h u m i d i t y ) ,  s t r e s s e s  a n d  s t r a i n s ,  t r a u m a  a n d  s h o c k ,  bu r n s ,  

a n d  s m o k e s  a n d g a s e s  to w h i c h  f i r e m e n  a r e  r e p e a t e d l y  s u b j e c t e d .

S t r e s s e s  an d  S t r a i n s

S e v e r a l  c a r d i o v a s c u l a r  d i s e a s e s  c u r r e n t l y  c o n s i d e r e d  to be m o r e  o r

less i n d e p e n d e n t  c l i n i c a l  e n t i t i e s  m a y  be r e l a t e d  to s t r e s s  a n d  s t r a i n  in

o n e  w a y  o r  a n o t h e r .  A m o n g  t h e s e  a r e  h y p e r t e n s i o n ,  a r t e r i o s c l e r o s i *’ a n d

c e r t a i n  c o l l a g e n  d L s c a s e s .

  \
^ C l i n i c a l  A s s i s t a n t  P r o f e s s o r ,  D e p a r t m e n t  of  M e d i c i n e ,  S t a t e  U n i v e r s i t y  o f  

N e w  York, C o l l e g e  of M e d i c i n e ,  B r o o k l y n ,  N e w  York.
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E x p r e s s e d  or r e p r e s s e d  e m o t i o n s  o r  m u s c u l a r  e f f o r t  m a y  c a u s e  l a r g e  

r i s e s  in b l o o d  p r e s s u r e .  H y p e r t e n s i o n  m a y  o c c u r  b e c a u s e  o n e  or m o r e  p r e s s o r  

xiechanisms b e c o m e  u n d u l y  o v e r a c t i v e  in r e s p o n s e  to a s y s t e m i c  s t r e s s o r .  

"B l as t  h y p e r t e n s i o n "  h a s  b e e n  f o u n d  to p e r s i s t  f o r  w e e k s  in p e o p l e  w h o  w e r e  

in the v i c i n i t y  o f  a m a j o r  e x p l o s i o n  s u c h  a s  the T e x a s  C i t y  d i s a s t e r .

F r o s t  a n d  A s s o c i a t e s  cvaluat-"'1 th e  e f f e c t  o f  c o m b i n e d  p h y s i c a l  a n d  

me n t a l  s t r e s s  o n  n o r m a l  y o u n g  h e a l t h y  m a l e s .  T h e  " s t r e s s "  in t his s t u d y  

w a s  the a n n u a l  5 0 0 - m i l e  I n d i a n a p o l i s  S p e e d w a y  R a c e .  T h i s  is a c o m p e t i t i v e  

a n d  d a n g e r o u s  c o n t e s t  in w h i c h  the d r i v e r s  r a c e  t h e i r  c a r s  a r o u n d  a tw o  

a n d  o n e - h a l f  m i l e  o v a l  t r a c k  a t  a v e r a g e  s p e e d s  o f  b e t w e e n  1 2 0  a n d  1 2 5  m i l e s  

pe r  hour. T h e r e  w a s  e v i d e n c e  of i n c r e a s e d  p i t u i t a r y  a d r e n a l  s t i m u l a t i o n  

d u r i n g  the s t r e s s  p e r i o d  in tha t t h e y  s h o w e d  m a r k e d  d e c r e a s e  in the t o t a l  

n u m b e r  of c i r c u l a t i n g  e o s i n o p h i l s  a f t e r  the r a c e  as w e l l  as a n  i n c r e a s e d  

e x e r t i o n  o f  17 k c t o s t e r o i d s  o f  at l e a s t  5 0  p e r c e n t  f o l l o w i n g  the s t r e s s  

as c o m p a r e d  to the c o n t r o l  p e r i o d .

T h e r e  is c o n s i d e r a b l e  c l i n i c a l  a n d  e x p e r i m e n t a l  e v i d e n c e  t h a t  s t r e s s  

c a n  a l s o  c a u s e  m o r p h o l o g i c  c h a n g e s  in the h e a r t  a n d  t hat c a r d i a c  i n f a r c t s ,  

h y p e r t e n s i o n  a n d  a n g i n a  p e c t o r i s  m i g h t  be r e g a r d e d  as d i s e a s e s  of a d a p t a t i o n  

( s t ress). H y p e r t e n s i o n ,  m a l i g n a n t  n e p h r o s c l e r o s i s  an d  h y a l i n i z a t i o n  w i t h  

i n f l a m m a t o r y  a r t e r i a l  c h a n g e s  in th e h e a r t  h a v e  b e e n  r e p r o d u c e d  r e p e a t e d l y  

by s u b j e c t i n g  e x p e r i m e n t a l  a n i m a l s  to s t r e s s  s i t u a t i o n s .

N u m e r o u s  s t a t i s c i c a i  survej a t t e s t  the f a c t  th.it the i n c i d e n c e  o f  

a r t e r i o s c l e r o s i s  a p p e a r s  to be d e f i n i t e l y  h i g h e r  a m o n g  I n d i v i d u a l s  e x p o s e d  

to m u c h  s t r e s s  a n d  s t r a i n  t h a n  in the p o p u l a t i o n  a t  large. T h e  a c c e l e r a t i o n  

of a r t e r i o s c l e r o s i s  w i t h  p r e m a t u r e  v a s c u l a r  b r e a k d o w n  is no t  u n c o m m o n  as a 

r e s u l t  of the g r e a t e r  e x p o s u r e  o f  f i r e m e n  a n d  o t h e r  i n d i v i d u a l s  to h a z a r d o u s  

p h y s i c a l  tasks.



I t  Is a w e l l - k n o w n  fact, t h o u g h  i n a d e q u a t e l y  e x p l a i n e d  t h a t  h y p e r ­

t e n s i o n  an d  a r t e r i o s c l e r o s i s  e n j o y  a s y n e r g i s t i c  r e l a t i o n s h i p  s i n c e  the 

p r e s e n c e  of o n e  so f r e q u e n t l y  f a v o r s  the e a r l i e r  p r o d u c t i o n  of t h e  o t h e r .  

S u c h  a n  a c c e l e r a t i o n  o f  n o r m a l  a t h e r o m a t o u s  c h a n g e s  m a y  r e s u l t  in p r e m a t u r e  

c h a n g e s  in <he c o r o n a r y  a n d  o t h e r  a r t e r i e s ,  t e r m i n a t i n g  in a n  a n g i n a l  

s y n d r o m e  o r  m y o c a r d i a l  i n f a r c t i o n .  R u p t u r e  o f  t h e c a p i l l a r i e s  in a n  

a r t e r i o s c l e r o t i c  i n t i m a  i m m e d i a t e l y  f o l l o w i n g  s u d d e n  s t r a i n  a n d  t r a u m a  

h a s  b e e n  p r e s e n t e d  as e v i d e n c e  t h a t  t he y  a r e  p o s s i b l e  p r e c i p i t a t i n g  f a c t o r s  

in th e  d e v e l o p m e n t  o f  c o r o n a r y  o c c l u s i o n .  T h e  r e s u l t i n g  h e m o r r h a g e  m a y  

r a i s e  the p l a q u e  s u f f i c i e n t l y  to I m p e d e  c r i t i c a l l y  the c o r o n a r y  flow.

F o r c e d  o r  e x c e s s i v e  m u s c u l a r  e x e r c i s e  so f r e q u e n t l y  e x p e r i e n c e d  

in f i r e f i g h t i n g  a n d  o t h e r  streriuc o c c u p a t i o n s  a c t s  as th e  s t r e s s o r  a g e n t  

a n d  p r o d u c e s  the  a l a r m  r e a c t i o n  o f  S e l y e .  T h e  goa l o f  th e  c i r c u l a t i o n  in 

e x e r c i s e  is to m e e t  t h e  e n o r m o u s  d e m a n d s  of th e  a c t i v e  m u s c l e s  fo r  o x y g e n  

a n d  to h e l p  e l i m i n a t e  the c a r b o n  d i o x i d e  f o r m e d .  V e n o u s  r e t u r n  is g r e a t l y  

i n c r e a s e d  w i t h  a m a r k e d l y  i n c r e a s e d  c a r d i a c  o u t p u t .  T h e  o u t p u t  p e r  b e a t  

( s t r o k e  v o l u m e )  m a y  r e a c h  2 0 0  cc. a n d  m a y  be a c c o m p a n i e d  by a r i s e  in b l o o d  

p r e s s u r e .  It is o b v i o u s  tha t  the p r e s e n c e  o f  u n d e r l y i n g  h e a r t  d i s e a s e  c a n  

be m a r k e d l y  a f f e c t e d  by t h i s  c h a n g e  in c a r d i a c  d y n a m i c s  w h i c h  c a n  d i s a s ­

t r o u s l y  a f f e c t  a d e c r e a s e d  c a r d i a c  r e s e r v e .  T h i s  is e s p e c i a l l y  t r u e  fo r  

t h o s e  s u f f e r i n g  f r o m  h y p e r t e n s i o n  o r  c o r o n a r y  d i s e a s e .

N u m e r o u s  i n s t a n c e s  of m y o c a r d i a l  i n f a r c t i o n  f o l l o w i n g  g r e a t  p h y s i c a l  

e x e r t i o n  a r e  n o w  o n  r e c o r d .  A n g i n a l  p a i n  m a y  be p r e c i p i t a t e d  in p a t i e n t s  

w i t h  c o r o n a r y  s c l e r o s i s  by i n d u c e d  a n o x i a .  T h i s  p h e n o m e n o n  a p p e a r s  to be 

th e  c o n s e q u e n c e  of b o t h  m y o c a r d i a l  a n o x i a  a n d  the i n c r e a s e d  c a r d i a c  o u t p u t  

a n d  w o r k  d u e  to l o w e r e d  a r t e r i a l  b l o o d  s a t u r a t i o n  w i t h  o x y g e n .



E n v i r o n m e n t a l  F a c t o r s

A. H e a t : E x p o s u r e  to h i g h  t e m p e r a t u r e s  w i t h  the a c c o m p a n y i n g  i n c r e a s e

in the r a t e  o f  c i r c u l a t i o n  t h r o u g h  t h e  l u n g s  a n d  s k i n  m a y  l e a d  to a m o r e  

r a p i d  a b s o r p t i o n  o f  h a r m f u l  c h e m i c a l  s u b s t a n c e s  f r o m  th e l u n g s  ( s u c h a s

c a r b o n  m o n o x i d e )  o r  t h r o u g h  t h e  s k i n  ( such as c oa l  t a r  d e r i v a t i v e s ) .

S t u d i e s  m a d e  in v a r i o u s  l a b o r a t o r i e s  a n d  in s o m e  i n d u s t r i e s  h a v e  s h o w n  

that the a m o u n t  of p h y s i c a l  e f f o r t  d e c r e a s e s  a s  t h e  t e m p e r a t u r e  i n c r e a s e s .  

I n d e e d ,  at v e r y  h i g h  t e m p e r a t u r e s ,  e s p e c i a l l y  w h e n  a s s o c i a t e d  w i t h  h i g h  

h u m i d i t y ,  p h y s i c a l  w o r k  m a y  b e c o m e  i m p o s s i b l e .  H e a v y  w o r k  in h i g h  

t e m p e r a t u r e s  a d d s  m a t e r i a l l y  to th e  b u r d e n  a l r e a d y  p l a c e d  o n  the b o d y .

T h e  c i r c u l a t i o n  m u s t  c o m p e n s a t e  f o r  t h i s  e x c e s s  h e a t  a t  a t ime w h e n  t h e r e  

is d i m i n i s h e s  h e a t  loss d u e  to t h e  h i g h  t e m p e r a t u r e .  U n d e r  t h e s e  c o n d i ­

tions, the b o d y  t e m p e r a t u r e  t e n d s  to r i s e  m o r e  r a p i d l y  a n d  the s t r a i n  o n  

the c i r c u l a t i o n  is g r e a t .  T h e  p u l s e  r a t e  i n c r e a s e s  w h i l e  the s t r o k e  v o l u m e  

o f  the h e a r t  d e c r e a s e s  m a r k e d l y .  W h e n  the h e a r t  a t t a i n s  its m a x i m u m  r a t e ,  

f u r t h e r  w o r k  b e c o m e s  i m p o s s i b l e .

Yet , f i r e m e n  a n d  o t h e r s  e n g a g e d  in e m e r g e n c y  w o r k  a r e  f r e q u e n t l y  

f o r c e d  to l a b o r  in s u c h  e n v i r o n m e n t s .  I n  " w e a t h e r  s e n s i t i v e "  i n d i v i d u a l s  

e v e n  m o d e r a t e  c h a n g e s  in a t m o s p h e r i c  c o n d i t i o n s  c a n  ac t  as s t r e s s  a g e n t s  

a n d  p r o d u c e  s o m a t i c  c h a n g e s .  T h e  p o s s i b l e  e f f e c t s  o n  a p e r s o n  w i t h  u n d e r ­

ly i n g  h e a r t  d i s e a s e ,  s u c h  as c o r o n a r y  s c l e r o s i s ,  a r e  o b v i o u s .  F o c a l

m y o c a r d i a l  d e g e n e r a t i o n  w i t h  r e n a l  c h a n g e s  s i m i l a r  to t h o s e  s e e n  in the 

" c r u s h "  s y n d r o m e  h a v e  b e e n  f o u n d  r e g u l a r l y  d u r i n g  p a t h o l o g i c  o b s e r v a t i o n s .

B. C o l d : E x p o s u r e  to e x t r e m e  c o l d  l i k e w i s e  c a u s e s  s t r e s s  w h i c h  a f f e c t s

m o s t  t i s s u e s  of the body. H y a l i n o s i s  o f  the h e a r t  w i t h  m u s c u l a r  h y p e r t r o p h y  

h a v e  b e e n  p r o d u c e d  r e g u l a r l y  in r a t s  e x p o s e d  to c o l d .  E v e n  f i b r i n o u s  

p e r i c a r d i t i s  and f i b r i n  d e p o s i t s  w i t h i n  the h e a r t  h a v e  b e e n  foun d .



E x p o s u r e  to e v e n  m o d e r a t e  c h i l l i n g  c a u s e s  a n  e l e v a t i o n  in p u l s e  

r a t e  a n d  b l o o d  p r e s s u r e  o f t e n  a c c o m p a n i e d  by  v a r i o u s  m a n i f e s t a t i o n s  of 

v a s o s p a s m .  I n  fact, c o n t i n u o u s  e x o o s u r e  to c o l d  h a s  b e e n  f o u n d  to be a 

p a r t i c u l a r l y  iff ,ctive t y p e  o f  s t r e s s  in the e x p e r i m e n t a l  p r o d u c t i o n  o f  

p e r s i s t e n t  h y p e r t e n s i o n ,  n e p h r o s c l e r o s i s ,  c a r d i a c  h y p e r t r o p h y  a n d  c a r d i o­

v a s c u l a r  h y a l i n o s i s .

T r a u m a  a n d  S h c c k

F o l l o w i n g  e x t e n s i v e  t r a u m a t i c  i n j u r i e s  an d  sh o ck ,  n u m e r o u s  c a r d i o ­

v a s c u l a r  p h e n o m e n a  o c c u r .  T h e s e  i n c l u d e  a f a l l  in a r t e r i a l  b l o o d  p r e s s u r e  

a n d  d e c r e a s e d  s t r o k e  v o l u m e  o w i n g  to i n s u f f i c i e n t  b l o o d  r e t u r n  to the 

h e a r t .  M o r p h o l o g i c  c h a n g e s  a f f e c t i n g  all o r g a n s  i n c l u d e  c a p i l l a r y  d a m a g e ,  

p e t e c h i a e  a n d  e d e m a .  D ’ge,ieration o f  the m y o c a r d i u m  m a y  o c c u r  a n d  r e v e a l s  

c h a r a c t e r i s t i c  c h a n g e s  c o n s i s t i n g  o f  g r a n u l a r  a p p e a r a n c e  of the f i b e r s  

w i t h  b a s o p h i l i a ,  l i q u e f a c t i o n  an d  u n e v e n  d e n s i t y .  C l o u d y  s w e l l i n g  a n d  

f a t t y  d e g e n e r a t i o n  of  h e a r t  m u s c l e  f i b e r s  a r e  c o n s p i c u o u s  in p a t i e n t s  w h o  

d i e  o f  t r a u m a t i c  s h o c k .  R e p o r t s  o f  c o r o n a r y  t h r o m b o s i s  f o l l o w i n g  s u r g i c a l  

s h o c k  ar e  n o w  o n  r e c o r d .  S i m i l a r  c h a n g e s  a r e  f r e q u e n t l y  n o t e d  f o l l o w i n g  

s h o c k  a n d  c o l l a p s e ,  e s p e c i a l l y  In the p r e s e n c e  of u n d e r l y i n g  h e a r t  d i s e a s e .  

S u b e n d o c a r d i a l  i n f a r c t i o n s  m a y  be f o u n d  o w i n g  to a c u t e  c o r o n a r y  i n s u f f i c i e n c y ,  

C a r d i o v a s c u l a r  c h a n g e s  m a y  a l s o  r e s u l t  f r o m  e l e c t r i c  sh o c k . W h e n  i m m c d i a t e J y  

n o n f n t a l ,  a r i s e  in b l o o d  p r e s s u r e  a n d  v a r i o u s  a r r h y t h m i a s  h a v e  b e e n  n o t e d .  

S e v e r e  e l e c t r o c a r d i o g r a p h i c  c h a n g e s  h a v e  b e e n  r e c o r d e d  d u r i n g  o r d i n a r y  

e l e c t r o s h o c k  t h e r a p y .  S h o c k  a s s o c i a t e d  w i t h  " l i v e  w i r e s "  to w h i c h  f i r e­

m e n  a n d  o t h e r s  m a y  be e x p o s e d  c a n  r e s u l t  in s i m i l a r  d a m a g e .
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B u r n s

It h a s  b e e n  r e c o g n i z e d  in r e c e n t  y e a r s  t h a t  e x t e n s i v e  b u r n s  m a y  

a l s o  r e s u l t  in c a r d i o v a s c u l a r  c h a n g e s .  H e m o c o n c e n t r a t i o n  a n d  t o x i c  

a b s o r p t i o n  a r e i m p o r t a n t  f a c t o r s .  F o c a l  n e c r o s i s ,  c a l c i l i c a t i o n  a n d  e v e n  

t h e  f o r m a t i o n  o f  g r a n u l o m a t o u s  n o d u l e s  h a v e  b e e n  o b s e r v e d  in the h e a r t s  

o f  r a b b i t s .  S o m e  a u t h o r s  c o n s i d e r  " s e r o u s  m y o c a r d i t i s "  w i t h  v a l v u l a r  e d e m a  

to be q u i t e  c h a r a c t e r i s t i c  of bur n s .  It is o f t e n  a c c o m p a n i e d  by p a n a r t e r i t i s  

a t  a d i s t a n c e  f r o m  t h e  d i r e c t l y  i n j u r e d  a r e a ,  e . g . ,  in the k i d n e y .  L e s s  

p r o m i n e n t  d e g e n e r a t i v e ' l e s i o n s , s u c h  o s  c l o u d y  s w e l l i n g  a n d  f r a g m e n t a t i o n  

o f  the m y o c e r d i a l  f i b e r s  h a v e  b e e n  n o t e d  in v a r i o u s  s p e c i e s  as w ell as  in 

h u m a n s .

S m o k e s  a n d  G a s e s

A t m o s p h e r i c  c o n c e n t r a t i o n s  o f  s m o k e s  and  g a s e s  to w h i c h  f i r e m e n  a r e  

r e p e a t e d l y  s u b j e c t e d  m a y  c a u s e  a c u t e  a t t a c k s  o f  a n o x i a .  T h e y  r e s u l t  in a n  

i n c r e a s e  in b l o o d  p r e s s u r e  a n d  o t h e r  v a s o m o t o r  p h e n o m e n a .  T h e  p h y s i o l o g i c  

a c t i o n  o f  t h e s e  t o x i c  s u b s t a n c e s  is a s s o c i a t e d  w i t h  a n  i n t e r f e r e n c e  w i t h  

o x i d a t i o n - r e d u c t i o n  p r o c e s s e s  in th e  b o d y  c e l l s .  It is i n t e r e s t i n g  to n o t e  

t h a t  o t h e r  a g e n t s  to w h i c h  f i r e m e n  a r e  r e p e a t e d l y  s u b j e c t e d  m a y  a c t  in a 

s i m i l a r  m a n n e r .  T h e y  i n c l u d e  m a r k e d  e x e r t i o n  a n d  e x p o s u r e  to e x t r e m e s  of 

t e m p e r a t u r e  w h i c h  h a v e  b e e n  d i s c u s s e d  p r e v i o u s l y .  I n  d o g s  e x p o s e d  to a c u t e  

a n o x i a ,  c a r d i a c  e d e m a  an d  h e m o r r h a g e s  o c c u r  as a r e s u l t  o f  c a p i l l a r y  d a m a g e .

A  s e v e r e  o x y g c n - w a n t  o f  this t ype c a u s e s  a g e n e r a l i z e d  i n c r e a s e  In c a p i l l a r y  

p e r m e a b i l i t y  w i t h  a p r e d o m i n a n c e  of s y m p t o m s  a n d  f i n d i n g s  in the l u n g s  

( h e m o r r h a g e  an d  e d e m a )  r a t h e r  t h a n  the  h e a r t .  In the p r e s e n c e  of i n c i p i e n t  

h e a r t  d i s e a s e  this m a y  p r e c i p i t a t e  c a r d i a c  i n f a r c t i o n  o r  f a i l u r e .
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    —   -----------------------------------------------------------------------

A  c o m b i n a t i o n  o f  a n o x i a  a n d  e m o t i o n a l  s t i m u l u s ,  s u c h  as m a y  o c c u r  

d u r i n g  s m o k e  e x p o s u r e ,  a r e  s i m u l t a n e o u s l y  a p p l i c a b l e  to m a n y  filremen a n d  

it h a s  b e e n  s h o w n  t h a t  t h e y  a c t  s y n e r g i s t i c a l l y  in the p r o d u c t i o n  of 

m o r p h o l o g i c  c h a n g e s .  Th e  i m p o r t a n c e  o f  a n o x i a  in r e l a t i o n  to :he s i z e  

o f  the o x y g e n  d e b t  is i l l u s t r a t e d  by the o b s e r v a t i o n  tha t  n o r m a l  i n d i­

vi d u a l s  b r e a t h i n g  a i r  c o n t a i n i n g  l o w  c o n c e n t r a t i o n s  o f  j x y g e n  rH3ve i n c r e a s e d  

o x y g e n  d e b t s  a f t e r  work.

H a z a r d s  f r o m  the f o l l o w i n g  s m o k e s  an d  g a s e s  a r e  cspecia).'J.y a p p l i c a b l e  

to f i r e m e n .  I n t o x i c a t i o n s  f r o m  v a r i o u s  b u r n i n g  o r  e s c a p e d  c h e m i c a l  c o m ­

po u n d s  m a y  c a u s e  m a n i f e s t a t i o n s  o f  s t r e s s  a s  w e l l  as p o i s o n i n g .  I n  a d d i t i o n  

to c a r b o n  m o n o x i d e  w h i c h  is g e n e r a t e d  b y  b u r n i n g  m a t e r i a l s  e v e n  in the 

p r e s e n c e  of  a n  e x c e s s  o f  a i r ,  o t h e r  i r r i t a t i n g  a n d  lethal g a s e s  f o r m  w h i c h  

a r e  s y n e r g i s t i c  in a c t i o n .  T h e s e  i n c l u d e  c a r b o n  d i o x i d e ,  h y d r o c y a n i c  a c i d ,  

a m m o n i a ,  h y d r o g e n  s u l f i d e  a n d  s u l f e r  d i o x i d e .  T h e y  o r e  f o r m e d  in the 

p r e s e n c e  o f  b u r n i n g  r u b b e r ,  silk, w ool a n d  m a n y  o t h e r  o r g a n i c  s u b s t a n c e s .

T h e  p r e s e n c e  of c a r b o n  d i o x i d e  i n d u c e s  i n c r e a s e d  r e s p i r a t i o n s  a n d  m o r e  

r a p i d  d e a t h .  E s c a p e d  g a s e s  fr o m  r e f r i g e r a t i n g  a n d  o t h e r  i n d u s t r i a l  s y s t e m s  

m a y  a l s o  p r o d u c e  t o x i c  c h a n g e s  (e.g., a m m o n i a ,  f o r m a l d e h y d e ,  c a r b o n

t e t r a c h l o r i d e ,  m e t h y l  c h l o r i d e  a n d  o t h e r  r e f r i g e r a n t s ) .

*
C a r b o n  m o n o x i d e  ha s  a n  a f f i n i t y  for h e m o g l o b i n  w h i c h  is u p  to 3 0 0  

t i m e s  g r e a t e r  t h a n  for o x y g e n .  T h i s  c o m m o n  g a s  p r o d u c e s  a n  o x y g c n - w a n t  

in t i s s u e s ,  w h i c h  in the p r e s e n c e  of  u n d e r l y i n g  h e a r t  d i s e a s e ,  m a y  p r o c e e d  

to m y o c a r d i a l  i n f a r c t i o n .  C h r o n i c  e x p o s u r e  to l o w  c o n c e n t r a t i o n s  for l o n g  

p e r i o d s  m a y  a l s o  p r o d u c e  p e r m a n e n t  i n j u r y.  U n f o r t u n a t e l y , m a n y  o f  t h e s e  

c a s e s  a r e  r e t u r n e d  to d u t y  f o l l o w i n g  r e s u s c i t a t i o n  a n d  a c a r e f u l  s e a r c h  

for c a r d i a c  iomage is s e l d o m  p e r f o r m e d .



S y m p t o m s  a n d  s i g n s  s p e c i f i c a l l y  r e l a t e d  to the c a r d i o v a s c u l a r  s y s t e m

J i n c l u d "  f a t i g u e,  d i z z i n e s s ,  p a l p i t a t i o n s ,  d y s p n e a  o n  s l i g h t  e x e r t i o n  a n d  

p r e c o r d i a l  pa i n .  E a r l y  e x p o s u r e  to l o w  c o n c e n t r a t i o n s  c a u s e s  a r i s e  in the 

d i a s t o l i c  b l o o d  p r e s s u r e  a n d  r a p i d  h e a r t  r a t e .  E v e n t u a l l y ,  the s y s t o i ^ c  

b l o o d  p r e s s u r e  m a y  b e c o m e  e l e v a t e d .  T h i s  d e p r e s s a n t  a c t i o n  m a y  l e a d  to 

c i r c u l a t o r y  c o l l a p s e  a s  a r e s u l t  o f  m a r k e d  d i m i n u t i o n  in m u s c l e  t o n u s  a n d  

a f a i l u r e  o f  the v e n o u s  b l o o d  to r e t u r n  to a d e q u a t e  q u a n t i t y  to the r i g h t  

h e a r t .  I n  m a n  a n d  e x p e r i m e n t a l  a n i m a l s ,  t h i s  s e q u e n c e  h a s  b e e n  f o l l o w e d  

e l e c t r o c a r d i o g r a p h i c a l l y  to the v e r y  m o m e n t  o f  c o l l a p s e  a n d  two f i n d i n g s  

a r e  a l m o s t  a l w a y s  n o t e d :  Cl) a p r o g r e s s i v e  d i m i n u t i o n  in the h e i g h t  o f  all

T  w a v e s ,  b e g i n n i n g  at o x y g e n  c o n c e n t r a t i o n s  o f  a r o u n d  14 p e r c e n t  a n d  (2) a 

m o d e r a t e  d e p r e s s i o n  o f  the S T  s e g m e n t s .  T r i s  o b j e c t i v e  e v i d e n c e  r e f l e c t s  

the d i r e c t  e f f e c t  o f  a n o x i a  u p o n  the m y o c a r d i u m  as w e l l  as c h a n g e s  d u e  to 

the large o u t p o u r i n g  o f  p o t a s s i u m  f r o m  a n o x e m i c  t i s s u e s  t h r o u g h o u t  t h e  b ody.

(1) H y p e r t e n s i o n ,  c o r o n a r y  t h r o m b o s i s ,  the a n g i n a l  s y n d r o m e ,  a n d  m a n i

in f i r e m e n  a n d  r e l a t e d  d a n g e r o u s  o c c u p a t i o n s  b e c a u s e  o f  c e r t a i n  m e n t a l  a n d  

p h y s i c a l  f a c t o r s  a s s o c i a t e d  w i t h  t h e s e  o c c u p a t i o n s .

(2) A d e q u a t e  e x p e r i m e n t a l  o n d  c l i n i c a l  e v i d e n c e  has  b e e n  a c c u m u l a t e d  to 

s h o w  that the s t r e s s e s  a n d  s t r a i n s  of  f i r e f i g h t i n g ,  e n v i r o n m e n t a l  e x t r e m e s ,  

t r a u m a  a n d  sho c k ,  b u r n s ,  o n d  g a s e s  o n d  s m o k e s  m a y  a c t  os p r e d i s p o s i n g  

f a c t o r s  in the c a u s a t i o n  o f  s e v e r a l  c a r d i a c  d i s o r d e r s .

U )  A n  a g g r a v a t i o n  o f  p r e e x i s t i n g  h e a r t  d i s e a s e  m a y  ol,so o c c u r  in the 

prcscr.ce o f  the a b o v e  f a c t o r s .

S U M M A R Y

f e s t a t i o n s  o f  a c c e l e r a t e d  a t h e r o m a t o u s  c h a n g e s  a r e  e s p e c i a l l y  p r o n e  to o c c u r
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G L O S S A R Y

A n g i n a  P e c t o r i s :

A n g i n a :

A n o x i a :

A r r h y t h m i a :

A r t e r i o c c l o e r o s i s :

A t h e r o m a t u s :

B a s o p h i l i a :

C a r d i o v a s c u l a r :

C o l l a g e n :

C o r o n a r y :

Dyspnea:

E d e m a :

E o s i n o p h i l :

E t i o l o g y :

F i b r i n o u s  P e r i c a r d i t i s :

G r a n u l o m a t u s :  

H y a l i n i z a t i o n :

H y p e r t  osion:

H y p e r t r o p h y :

In fa rc t:

A  d i s e a s e  - d ue  m o s t  o f t e n  to a n o x i a  o f  t h e  m y o ­

c a r d i u m  ar.d p r e c i p i t a t e d  by e f f o r t  an d e x c i t e m e n t .

S p a s m o d i c  c h o k i n g  o r  s u f f o c a t i o n  pain.

O x y g e n  d e f i c i e n c y .

V a r i a t i o n  f r o m  n o r m a l  h e a r t  b e a t  r h y t h m .

D i s e a s e  o f  the a r t e r i e s  m a r k e d  by the f o r m a t i o n  of 

f i b r o u s  n o d e s  o r  p l a q u e s  in th e  l i n i n g  m e m b r a n e s  

o f  the a r t e r i e s .

A r t e r i o s c l e r o s i s  w i t h  m a r k e d  d e g e n e r a t i v e  c h a n g e s .

A  d i s c o l o r  f r o m  b a s i c  - s t a i n i n g  c e l l s .

P e r t a i n i n g  to the h e a r t  a n d b l o o d  v e s s e l s .

A n  a l b u m i n o i d ,  the m a i n  o r g a n i c  c o n s t i t u e n t  of 

c o n n e c t i v e  t i s s u e  a n d  o f  the o r g a n i c  s u b s t a n c e  

o f  t h e bon e s .

A p p l i e s  to v e s s e l s ,  n e r v e s ,  l i g a m e n t s ,  etc. 

D i f f i c u l t  o r  l a b o r e d  b r e a t h i n g .

P r e s e n c e  o f  a b n o r m a l l y  l a r g e  a m o u n t s  o f  f l u i d  In 

t i s s u e  s p a c e s .

A  s t r u c t u r e ,  cell o r  h i s t o l o g i c  e l e m e n t  r e a d i l y  

s t a i n e d  by  d y e s .

T h e  s t u d y  o r  t h e o r y  o f  the c a u s a t i o n  o f  d i s e a s e .

C h r o n i c  i n f l a m m a t i o n  in w h i c h  a d h e s i o n s  b e c o m e  

r e p l a c e d  w i t h  f i b r o u s  bands.

T i s s u e  tum o r .

P r o d u c i n g  s t a r c h y  d e p o s i t s .

A b n o r m a l l y  h i g h  t e n s i o n ;  e s p e c i a l l y  h i g h  b l o o d  

p r e s s u r e ,

E n l a r g e m e n t  of an  o r g a n  o r  p ar t .

A n  ar e a  o f  c o n g u l u t i o n  r e s u l t i n g  f r o m  o b s t r u c t i o n  

of c i r c u l a t ' in the a r e a .



G l o s s a r y  ( c o n t r a )

I n t i m a : 

K e t o s t e r o i d :

M o r p h o l o g i c :

M y o c a r d i a l : 

N e c r o s i s : 

N e o p h r o s c l e r o s i s :  

P e t e c h i a e :

R e n a l :

S c l e r o s i s :

S e r o u s :

S o m a t i c :

S y n d r o m e :  

S y n e r g i s t i c :  

S y s t e m i c : 

S u b e n d c c a r d i u m :  

T r a u m a :  

P a n a r t e r i t i s : 

P r e c o r d i a l :

T  V a v e s  a n d  

T S  S e g m e n t s :

V a s c u l a r :

V a s o m o t o r :

V a s o s p a s m :

I n n e r m o s t  o f  t h r e e  c o a t s  of a n  a r t e r y .

T h e  17 K e t o s t e r o i d s  h a v e  k e y t o n e  ( c a r b o n y l )  g r o u p s  

o n  the c a r b o n  a t o m.  T h e y  a r e  f o u n d  in u r i n e  o f  

n o r m a l  m e n  a n d  w om e n .

P e r t a i n i n g  to t h e  s c i e n c e  o f  the f or m s  a n d  s t r u c t u r e s  

o f  o r g a n i z e d  b e i n g s .

R e l a t i '• ""'-nary c a r d i a c  i n s u f f i c i e n c y .

D e a t h  o !  - m > on o f  tiss u e .

Scleros, " r d e n i n g  o f  th e  k i d n e y .

A  s mall s p o t  f o r m e d  b y  the e f f u s i o n  o f  b l o o d .  

P e r t a i n i n g  to the k i d n e y .

A n  i n d u r a t i o n ,  o r  h a r d e n i n g .

P e r t a i n i n g  to se ru m .

P e r t a i n i n g  to the b ody.

A  c o m p l e x  o f  s y s t e m s .

A c t i n g  w i t h  a n o t h e r  m e d i c i n e  o r  ag e n t .

P e r t a i n i n g  to the w h o l e  body.

B e l o w  the m e m b r a n e  h e a r t  lining.

A  w o u n d  o r  i n j u r y .

I n f  lamination o f  t i s s u e s  a r o u n d  an a r t e r y .

T h e  r e g i o n  o v e r  the h e a r t  o r  s t o m a c h  - l o w e r  p a r t  

o f  thor a x .

E l e c t r o c a r d i o g r a p h  d e f l e c t i o n  u p w a r d  a n d  d o w n w a r d  

o f  v e n t r i c u l a r  p r o c e s s e s .

P e r t a i n i n g  to o r  full o f  v e s s e l s .

P r e s i d i n g  o v e r  m o v e m e n t  of wall of b l o o d  v e s s e l s .

S p a s m  in b l o o d  v e s s e l s  w i t h  d e c r e a s e  in t h e i r  

c a l i b e r .



DR. JOHN SAMMONS
C o n su ltan t  in E nv ironm en ta l  H ealth

Carbon Monoxide—the Oklahoma Study
The development of professional fire services in the 

United States has been accompai .;d by specific health 
outcomes among its workers. The 855,000 firefighters 
in this country (189,000 fulltime, 666,000 volunteers), 
who were responsible for extinguishing $2.3 billion 
dollars in losses in 1972, .have been cited as having the 
highest job related death rate of any occupation in this 
country. Clinical, experimental and actuarial reports 
have also identified certain disability and mortality risks 
incurred by this sector of the working population.

Although the decline of the relative mortality ratio 
from 134 to 120 percent among i. rnred firefighters has 
been consistent with mortality decreases in many occu­
pations, the severity rate, indicating days of disability 
per million man-hours of work, has reached nearly one 
and a half times the average of all industries. Death 
and permanent disability figures have risen to 3.53 per 
million man-hours, which is the highest of all municipal 
employees and comparable to the hazards of mining.

The incidence of cardiovascular and respiratory dis­
ease among professional firefighters has for years been 
considered to be occupationally related.

What is common knowledge in the fire service, to 
those firefighters on disability retirement and to the 
widows of professional firefighters has scant substantia­
tion in the scientific literature.

In 1974 the Oklahoma City Professional Firefighters 
(Local 1524, IAFF) and the University of Oklahoma 
entered into a research program (in an attempt) to 
elucidate some of the causal factors involved as well 
as to attempt to ascertain if, in fact, there was any way 
to practically quantify the various parameters involved. 
To date there have been three studies completed and 
reported upon. One has been published in the Journal 
of Occupational Medicine (August 1974) and hope­
fully the others will soon be published.

Before the individual projects arc discussed it must

be emphasized that these studies deal with a selected 
population in a defined geographical area. The results, 
significant as they are, must be considered directly 
applicable to this population only. This in no way is 
suggestive that they are invalid and without scientific 
merit but as will be seen in the second part of this 
presentation literally demand that a centralized and 
controlled research effort be made to extend the results 
to all members of the fire service regardless of their 
geographical location. These data can be considered as 
strong positive indicators of the occupational factors 
working to increase the mortality and morbidity, as 
well as exerting life-shortening influences on members 
of the fire service.

The first study had as its primary purpose to deter­
mine if an occupational group exposed repeatedly to 
sub-acute episodes of carbon monoxide inhalation had 
a significantly higher residual body burden of carbon 
monoxide in its various physiological forms. Carbon 
monoxide was chosen as an indicator because of its 
ubiquitiousncss in the firc-smokc complex, its physio­
logical reactivity and the case with which it can be 
measured as tarboxyhemoglobin.

During initial literature research it became obvious 
that repeated and/or continuous exposures at substan­
tially lower concentrations than arc usually considered 
detrimental to health can and do exert a detrimental 
cfTect on the body and can result in intracellular damage 
to heart and nervous tissues. In those cases where 
death was no t rapid and no t due to massive excursions 
with the agent the majority of the tissue slides reviewed 
had intracellular changes. Diffuse’./ distributed focal 
myocardial injury and necrosis as well as leukocytic 
infiltration and punctate hemorrhages were the most 
common findings.

These data were considered of sufficient importance 
to include a modified enzyme battery to test the theory
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that minimal intracellular damage was occurring in 
the test (firefighter) population and not in the control 
group. Each firefighter had a paired or control subject 
matched as colscly as was possible with the cxccpl'on 
of exposure to the firc-smokc complex.
The conclusions drawn after the five month study 

of 36 firefighters were:
1. The non-smoking firefighter had already achieved 

the maximum allowable COHn Saturation under 
NIOSH Guidelines.
2. The test group, as a whole, xcccdcd the COHIt 

content that would have been achieved if they labored 
at heavy work for 1440 minutes (24 hours) in an 
atmosphere of 42 MG/M-1 (50 m) CO.
3. As a group, the test population exhibited changes 

in enzymes that suggest heart damage resulting from 
repeated, chronic sub-acute exposure s to CO.
4. For this group of firefighters and their controls, 

the observed differences could best be attributed to 
occupation.
The second study dealt with pulmonary function 

studies of 549 firefighters and 151 controls. The initial 
health profile of both test and control populations did 
not reveal marked diseases of the heart, lungs, liver, 
kidney, or nervious systems, but some health issues such 
as bronchitis, asthma and possible emphysema were 
discovered during the testing. The study plan was to 
determine if, after proper corrections for such factors 
as age, smoking and prior lung disease, the professional 
firefighter suffers a decrement in his lung functions.
Based on the comparison of the test results with the 

control results as well as statistical comparisons with 
accepted normals and population values the following 
conclusions were drawn:

1. The vital capacity, forced vital capacity and flow 
rates decreased in firefighters as in controls but the fire­
fighters mean values declined at a faster rate; even 
though the test population excelled the control popula­
tion in height and weight.
2. Nonsmokcrs were superior to umokcrs in the flow 

rale mean values, which suggested smoking potentially 
impairs lung capacity. The mean values were found 
significant for the firefighters in both FEVI and the 
FMF, but only in the FMF for the controls. Smokers 
were at high risk through cigarette smoking and when 
the firefighting exposure was added this undoubtedly 
represented an increased potential health hazard.
3. The observed differences between the test and 

control groups could best be attributed to occupational 
exposure as indicated by reduced volumes suggestive 
of airway obstructive and restrictive diseases especially 
when considered in light of the fact that the worst eases 
have been retired.
The third study is possibly of the most immediate 

significance in that, it addresses itself specifically to the 
health effects of firefighting as a profession. The popu-

-I--------1-------- !-------- !--------—
5.5  10.5 15.5 20.5  25.5

YEARS IN FIRE SERVICE

FORCED MID-EXPIRATORY FLOW VERSUS 
AGE

AGE(ycars)

lation studied included all occupational categories hav­
ing firefighting experience, all ranks and all classes of 
employment (active, retired, separated). The active 
group represented 23,354 unadjusted person-years of 
risk for the period 1930 to 1972. Five hundred fifty-six 
members were included in the separated population and 
322 were in the pensioned group. This population pro­
vided a working population with sufficient history so 
that latent effects could be observed and large numbers 
examined.

Based upon the findings of this study the following 
conclusions were made:

1. The lack of routine medical evaluations to assess 
non-service related chronic or acute disabilities in terms 
of early identification o f high rink personnel exortcd a 
compensating force on the beneficial effects of j re­
employment screening.

2. Significantly increased mortality from cardiovascu­

FORCED MID-EXPIRATORY FLOW VERSUS 
YEARS IN FIRE SERVICE

  FIREFIGHTERS
— . CONTROLS
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lar and respiratory disease was observed in the study 
population for all periods. Failure to identify a declin­
ing trend through significant changes in the standard 
mortality ratio was sufficient to reject any suggestion 
that improved mortality experiences necessarily followed 
improved services.

3. The course of mortality due to cardiovascular and 
respiratory disease indicated a significant shortening of 
the life span for this group. Although autopsy data 
from other causes of death wen. not available the in­
spection of such records would undoubtedly further in­
crease the prevalence of cardiovascular and respiratory 
disease.

4. Individuals who have entered a stressful occupa­
tion such as the fire service at an older age have been 
occupationally associated with a disability experience. 
The inference that higher ages of accession somehow 
predisposed individual firefighters to premature and 
chronic disability was substantiated since the population 
of disability retired personnel demonstrated a markedly 
higher mean (average) entry age. Either through errors 
in prescreening or "negative” self-selection (a firefighter 
with a known pre-existing condition voluntarily elects 
to expose himself to the hazards of the fire service) 30  
percent of all retired personnel were disabled.

These three studies, very briefly reported on here, 
reinforce (the theory) that there arc (real) occupa­
tional factors involved in the fire service that result in 
increased mortality, higher numbers of disability retire­
ments, and attendant life shortening. In addition to the 
conclusions reached, “he investigators made several rec­
ommendations. The recommendations pcrta:'i to facts 
that are common knowledge to those who are familiar 
with the fire service but their acceptance is problemati­
cal.

By concerted efforts, politically, at the bargaining 
table and through the support of intensified research

efforts the professional firefighter can bring about 
changes that will mrtcrially improve his health. These 
changes can be made through understanding and con­
trolling of the occupational environment. The following 
recommendations arc offered as avenues towards achiev­
ing these goals.

1. Establish a center of excellence where the health 
effects of the- fire service can be evaluated and research 
efforts coordinated. Initial emphasis should be placed 
on the cardiovascular and respiratory diseases.

2. Establish a central data registry to collect occupa­
tional safety and health data for all professional fire­
fighters. This will provide a data base to boil: re­
searchers and bargainers.

3. Work for the acceptance of cardiovascular and 
respiratory disease as an absolute risk that can be 
caused or aggravated by agents in the firefighters occu­
pational environment.

4. Work for the adoption of uniform cn’ry require­
ments, preemployment physical exams, periodic physi­
cal examinations and adequate medical evaluations fol­
lowing occupational exposures such as smoke inhalation 
episodes.

5. Evaluate the possibility of establishing an entry 
age limit of less than 30. The disability experience of 
the ages above 30 have definite predictive value as a 
firelighter selection criterion. Findings arc suggestive 
that a lower age limit coupled with more discriminate 
physical requirements should result in fewer disability 
retirements, longer service histories and extended post- 
separation survival time.

6. Urge or unilaterally adopt occupational safety and 
health administration recordkeeping requirements, uti­
lizing ANSI ZI6.2 standardized reporting methods.

7. The traditional labor/management emphasis of 
establishing special benefits for disabled workers should

COMPARATIVE CARDIOVASCULAR-RENAL MORTALITY AMONG FIREFIGHTERS 
1930-19/3

STUDY PERIODS
1930-1940 1941-1951 1952-1962 1963-1973

,.GE

Expected
Rato/
1000

Observed
R ate/
1000

P
Value

Expected 
Rato / 
1000

Observed
R ate/
1000

P
Value

Expocted
Rato/
1000

Observed
R ate/
1000

p
Value

Expected
R ato/
1000

Observed
Rate/
1C00

P
Value20-29 .2 — — .08 — — .1 — — .07 — —30-39 .5 3.0 .05 .3 3.6 .05 .6 .6 NS .51 — —40-49 1.8 2.4 NS» 1.5 2.5 NS 2.3 4.0 NS 2.1 3.9 NS50-59 5.1 23.4 .05 4.7 3.6 NS 6.5 10.3 NS 6.1 8.0 NS60-69 12.7 12.7 NS 11.1 18.2 NS 17.1 15.2 NS 14.5 14.0 NS70- 39.3 10.3 NS 28.3 21.3 NS 56.8 110.0 NS 41.5 64.3 NS30-69 2.3 5.5 .01 3.2 4.6 NS 4.5 5.3 NS 6.4b 7.7 NS30-70- 3.9 6.0 NS 4.1 5.2 NS 6.3 9.0 .05 9.1c 12.0 .05

a Not significant a t th e  .05 level, 
b 40-69. 
c 40-70.
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shift to effecting substantive improvements in the work 
environment. The development or improvement of any 
comprehensive safety and health program should not be 
solely oriented to mechanical compliance with stand­
ards and should be extended to include active participa­
tion by the entire fire service in safety and health anal­
ysis.
Feasible improvements in the work environment

should yield benefits for employees such as a decrease 
in lost wages, lower insurance premiums, reduced medi­
cal expenses and a stronger retirement fund. The com­
munity and management shoutd gain with higher pro­
ductivity by a reduction in absenteeism and a generally 
healthier working iass, decreased compensation benefits 
and lower administrative costs particularly in the areas 
of claims litigation and replacement personnel training.

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS

1930-1940 1941-1031
Expected Observed p <  (.30- Lxpectcd Observed p < (.30-

AGE R ate/1000 R ate/1000 .001) R a te /1000 R ate/1000 .001)

20-29 3.50 6.45 NS 2.40 1.25 NS
30-39 4.60 5.00 NS 2.80 10.83 .001
40-49 7.40 5.97 NS 5.60 7.43 NS
50-59 13.70 35.16 .01 12.70 8.46 .30
60-69 31.30 7*32 NS 26.90 22.73 NS
70- 87.40 10.31 NS 79.50 31.91 .10
20-69 7.80 9.80 .10 7.60 7.8 .02
20-70 10.80 9.80 .01 9.40 8.5 .01

NS figures not significant p <  .3.

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS

1952-1952 1963-1973
Expected Observed p < (.30- Expected Observed p < (.30-

AGE R ate/1000 R ate/1000 .001) R ate/1000 R ate/1000 .001)

20-29 1.60 .99 NS 1.80 .65 .30
30-39 2.50 2.39 NS 2.40 2.16 NS
40-49 5.60 7.91 NS 5.80 8.88 .10
50-59 12.70 17.51 .20 14.10 13.61 NS
60-69 30.50 26.52 NS 31.50 22.65 .10
70- 86.40 200.00 .001 92.90 102.83 NS
20-69 7.70 8.50 NS 9.10 8.30 .20
20-70 9.90 14.00 .001 12.70 12.40 .30

NS figures not significant p < .3.
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Report on Studies of Exposures 
To the Fire Environment

Thank you Dr. Conrad, and good morning ladies 
and gentlemen. I am very pleased to be here at the 
Third Redmond Fund Symposium on the Occupa­
tional Health and Safety Hazards of the Fire Service. 
I would like to take the opportunity this morning to 
discuss briefly the research we have been doing at the 
Johns Hopkins School of Public Health under a grant 
from the National Science Foundation through its 
RAND Program. Our studies have taken two main 
directions. First, we have been looking at acute and 
chronic effects of exposure to the fire environment on 
the fire fighters; and secondly, wc have been looking at 
civilian casualties who are trapped in the fire environ­
ment. On behalf of Dr. Ted Radford and our team, I 
would like to express our very deep appreciation for the 
excellent coopcrali m wc received from the IAFF, from 
the Baltimore Fire Department, and from the fire light­
ers themselves. Our efforts could not have proceeded 
without their generous assistance.

As a measure of acute exposure of the fire lighters, 
wc have examined carbon monoxide in blood samples 
taken at the fire ground. A registered nurse, and an 
I V. technician rode with the Fire Chief to lircs which 
were considered to be fairly significant exposures. Over 
500 blood samples were drawn on the fire ground as 
soon as feasible after the men left the fire itself. These 
samples were then taken to our laboratory and analyzed 
for the amount of carboxyhcmoglobin in the blood. The 
results as shown in Figure 1 compare the cumulative 
frequencies of blood carboxyhcmoglobin found in fire 
fighters and in controls. These are broken down into 
both smoking and non-smoking groups. The data show 
that while the majority of men have received exposure 
io carbon monoxide which is not significantly greater

than that which resulted from cigarette smoking alone, 
there is a small percentage of men, both in the smoking 
and in the non-smoking group, who have received 
enough exposure to carbon monoxide to raise their 
carboxyhcmoglobin level to 15-20% of the hemoglobin 
in their blood. We feei that this exposure is significant, 
especially in the light of previous studies that have 
been done by our group. These studies, which arc re­
ported elsewhere, were done on civilian fatalities in fires 
and show 'hat there is an additive effect between the 
level of carbon monoxide absorbed by the blood and 
the degree of narrowing of the coronary arteries. In 
other words, these studies show that people who arc 
compromised by coronary artery disease arc signifi­
cantly more sensitive to carbon monoxide in the atmo­
sphere than are people who are not so compromised. 
In light of these studies then, we feel that oirr finding: 
of carboxyhcmoglobin levels of 15 20% in a very 
small percentage of lire lighters may, in fact, be evidence 
of significant exposure, especially if some compromise 
of the coronary artery circulation is present.

Figure 2 shows the levels of thiocyanatc in the blood 
of the fire fighters. This is a measure of the cyanide gas 
which may be produced in a fire, and it must also be 
differentiated from that caused by cigarette smoking. 
This data does not show as clear a relationship to ex­
posure as we have seen with carbon monoxide. Further 
studies are now being developed using new techniques 
for measuring cyanide in the blood and we hope to pin 
this relationship down more completely.

Our studies of ch ro n ic exposures of fire fighters arc 
now underway. Wc are looking at tb: long-term chrcnic 
effects of fire fighting on the heart and the lung. Tbis 
study has three main parts to it and requires voluntary
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FIGURE 1— Cumulative Frequences of Blood COHb— Firefighters and Controls
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participation of the men at each individual fire house. 
All information is, of course, held in the strictest con­
fidence. These investigations arc in the early phases, 
and no data is available at this time. The first part of the 
study consists of a respiratory questionnaire which is 
adapted from the British Chronic Respiratory Disease 
Questionnaire and in addition records some historical 
information about other past medical diseases; the sec­
ond part of the chronic study consists of pulmonary 
function tests, particularly the forced expiratory volume 
in one second (FEV), and the forced vital capacity 
(rVC); the third part of this chronic study looks at 
cardiovascular cfTects of chronic exposure as measured 
by blood pressures and resting EKG’s. As will be dis­
cussed later in this meeting by Dr. Barnard, we will 
lake a sample of our normal participants and offer them 
maximum stress testing as well. The results of these 
studies will then be compared with the expected rates 
of disease and disability found in the general population. 
Wc also intend to make a correlation with "levels of 
exposure". We arc using measures of exposure which 
arc for the most parts subjective, consisting of the num­
ber of beatings taken at the fire ground, the amount of 
black sputum which is brought up after the fire, the 
number of times oxygen is taken, and the number of 
times the patients have been hospitalized for exposure 
v smoke inhalation as well as age and years of service.
.: final phase of this particular po -tion of our project 

will consist of a mortality study of the fire fighters them­
selves. in which wc hope to compare the mortality ex­
perience of fire fighters to that of the general population.

The second major thrust of our investigations has 
concerned civilian casualties who arc caught in fires. 
We obtained all hospital and autopsy records on any 
patients for whom a fire card was made out by the 
Baltimore Fire Department for a 14 month period from 
January, 1973 to March, 1974. Figure 3 will show that 
during that time there were 414 injuries, 58 of which 
ended fatally, and 356 of which were taken to the hos­
pital for treatment. Figure 4 will show that looking at 
the fatalities (58) wc had 6 who were pronounced 
dead at the scene of the fire; 25 who received some 
resuscitativc measure cn route to the hospital, but to no 
avail and were pronounced dead upon arrival at the 
hospital, and the remaining 27 patients who were kept 
at the hospital and treated for varying lengths of time 
prior to their fatal outcome. Our preliminary data shows

FIGURE 3

Injured persons transported from scene of fire
by Baltimore City Fire Department

(January 1973-March 1974) ....................... 414

Fatalities ......................................................................  58
Casualties ...................................................................  356

FIGURE 4— Fatalities 

(Preliminary Data)

DEAD AT SCENE DEAD ON ARRIVAL HOSPITALIZED

<►-<

FIGURE 5— Casualties 

(Preliminary Data)
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that in each of these three categories the major cause of 
death was “pulmonary problems and carbon monoxide.” 
We hope to be able to separate these causes of death 
when our computer data is completed. Figure 5 shows 
a breakdown of the casualties who were taken to the 
hospital and treated and survived and again, we see 
that pulmonary problems were the r .ajor cause of dis­
ability. In both pulmonary and bur -* "'tcgorics, how­
ever, the majority of people were treated and released 
and less than half had what could be considered mod­
erate or major injuries from the fire exposure. As this 
data is computerized, we will be able to determine both 
the exact causes of death and mechanisms of disability 
of these casualties, and wc will be able to take a close 
look at the pre-disposing diseases and the circumstances

which existed prior to the fire, such as heart disease, 
diabetes, alcoholism, smoking and other pertinent 
problems.

I have presented a brief overview of our efforts, and 
some of our preliminary findings. As our investigations 
proceed and as our data becomes more refined, we hope 
to be able to make some more definitive statements 
about the types of problems w'iic: arise in the fire 
fighting population due to specific hazards faced in 
fighting fires, and add our findings to the excellent work 
being done at other centers.

Wc also hope to be able to add to the understanding 
of the causes of death and disability in casualties with 
suggestions to the medical community for more efficient 
and effective treatment. Thank you very much.



HAZARDOUS MAIL i t  LALS  
IN  Till-:

FAIRBANKS NORTH STAR BOROUGH

r r n  i  o

f ir e  DEPARTMENT
NAME CLASS MO.

1-PROPANOL f J j  in. J. i  q . 127̂ 4
2-ETH0XYETHAN0L comb. l i q . 1171
2-PROPANOL - f l a m . l i q . 1274
ACETIC ACID GLACIAL c o r r o s i v e 2790
ACETONE 4 f lam, l i q , 1 1090
ACETYLENE f l am,  gas 1001
ACID ACETIC c o r r o s i v e 2790
ACID HYDROCHLORIC c o r r o s i v e 1789
ACID HYDROCHLORIC anhyd. n o n f l . g a s 10.50
ACID NITRIC 70% o x i d i z e r 2031
ACID *NITRIC fuming ‘ o x i d i z e r 2032
ACID NITRIC o the r  than fum . c o r r o s i v e 1760
ACID n m o • s • c o r r o s i v e 1760
ACID PERACETIC org.  per . 213 1
ACID . SULFURIC c o r r o s i v e 1S30
ACID SULFURIC, fuming (20% ) c o r r o s i v e 1831
ACID SULFURIC, tech. c o r r o s i v e 1830
ACRYLONITRILE f lam . l i q . 1093
ADIPYL CHLORIDE c o r r o s i v e  •
ALCOHOL denatured f l am.  l i q . 109 5
ALCOHOL n • o • s • f lam. l i q . 1987
ALCOHOL po i sonous ,  n . o . s . f l am.  l i q . 1966
ALCOHOL WOOD f lam. l i q . 1230
ALLYL ISOTHIOCYNATE tear  gas i r r i t a r  t 1545
ALUMINUM CHLORIDE c r y s t a l 1726
ALUMINUM PERCHLORATE o x i d i z e r •  - — —
AMMONIA "ANHYDROUS n o n f l . g a s 1005
AMMONIUM BIFLUORIDE s o l i d c o r r o s i v e 1727
AMMONIUM BIFLUORIDE soJ u t i  on c o r r o s i v e 2817
AMMONIUM NITRATE FFRTILIZER o x i d i z e r 2067
AMMONIUM NITRATE FUEL OIL MIXTURE high exp.
AMMONIUM PERCHLORATE o x i d i z e r 1442
ANTI-FREEZE dry or l i q u i d f l am.  l i q . 1142
ANTIMONY PENTACHLORIDE c o r r o s i v e 1771
ARGON compressed n o n f l . g a s 1006
ARSENIC TRICHLORIDE po i son  B 1560
ASPHALT f lam. s o l . 1993
AVIATION FUEL t u rb i n e  engine f lam . l i q . 1863
BENZINE f lam. l i q . 1115

* -= major evacuat ion  r e q u i r e d  in  s p i l l
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III.ASrINC AC.I.Nrs n . o . a . 1)1.1!'. t .  .HI. » m m •
BOM US SMOKE c o r r o s i v e 2026
BORON TRIFLUORIDE # n o n f l . g a s 1003
BROMINE * c o r r o s i v e 1744
CALCIUM CHLORITE o x i d i z e r 1453
CALCIUM HYPOCHLORITE o x i d i z e r 1746
CARBON DIOXIDE n o n f l . g a s 1013
CARBON DIOXIDE l i q u i f i e d n o n f l . g a s 2187
CARBON REMOVER f lam.  l i q . 1132
CHLORINE * n o n f 1 . gas 1017
CHROMATE 84D/47 PRIMER f l a m . l i q . 1263
CLEANING COMPOUND 160Z comb. l i q . 1142
CLEANING COMPOUND l i q u i d  c o r r o s i v e c o r r o s i v e 1760
CYANIDE po i son  B 1566
CYCLOPROPANE f lam,  gas : 1027
DINITROBENZENE - po i son  B - 159V
DIOXANE * f l a m . l i q . 1165
ETHANOL f l a m . l i q . 1170
ETHYL MERCAPTAIN f l am,  l i q . 2363
ETHYLENE f lam,  gas 1962
ETHYLENE GLYCOL c.jmb. l i q . 1153
ETIOLOGIC AGENTS •in•o•c e t i o l . a g . 2614
EXPLOSIVES A exp l .  A
EXPLOSIVES B e x p l . B -----
EXPLOSIVES C e x p l .  C -----
FERTILIZER AM. SOL. n o n f 1 .gas 1043
FLAMMABLE GAS 0 • 0 • s « f l am, gas 1954
FLAMMABLE LIQUID co r r o s i v e  n . o . s . f l am. l i q . 2924
FUEL AVIATION t u r b i n e  eng. flarn. l i q . 1663
FUEL OIL • comb. l i q . 1 99 j
GAS compressed or l i q u i d non f 1 . gas 1956
GAS FLAMMABLE n . o . s . f l am,  gas 1954
GAS l i q u i f i e d  nonf lam. nonf 1 .gas. 1058
GAS l i q u i f i e d  r.onflam. n o n f 1 . gas 1056
CAS LIQUIFIED PETROLEUM flam, gas 1075
GAL PROPANE f lam,  gas 1075
GAS RARE, mixed wi th ô n o n f l . g a s 1980
GAS REFRIGERANT n . o . s . n o n f l . g a s 1078
GASOLINE blended f l a m . l i q . 1203
GRENADE TEAR GAS i r r i t a n t  ’ 2017
HELIUM compressed non f 1 . gas 1046
HEXANES f l a m . l i q . 1206
HYDRAZINE c o r r o s i  ve 2030
HYDRAZINE f l am.  l i q . 2029
HYDROCHLORIC ACID ^anhydrous n o n f l . g a s 1050
HYDROCHLORIC ACID s o l u t i o n c o r r o s i v e 1789
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HYDROGEN FLUOIUDE * - c o r r o s i v e 1052
HYDROGEN PEROXIDE o x i d i z e r 2014
HYPOCHLORITE s o l u t i o n c o r r o s i v e 1791
INSECTICIDE dry n . o . s . po i son  B 1615
INSECTICIDE dry n . o . s . po i son 3- 2566
INSECTICIDE gas n . o . s . n o n f 1. gas 1966
INSECTICIDE gas poi sonous  n . o . s . po i son A 1967
INSECTICIDE l i q u i d  n . o . s . f l am.  l i q . 1993
INSECTICIDE l i q u i d  po i sonous n. poi son B 2902
ISOPROPANOL f lam . l i q . 1219
KEROSENE i n c l u d i n g  j e t  f u e l comb. l i q . 1223
KETONE METHYL ETHYL org.  per . 2563
LIME SODA c o r r o s i v e 1907
MAGNESIUM ALLOY f lam. s o l . . 1669
MAGNESIUM PERCHLORATE ANHYDROUS o x i d i z e r 1475
MAGNESIUM TURNINGS : f l am,  s o l . 1669
MALATHION ORM-A 2763
MERCAPTAIN ETHYL f l am.  l i q . 2363
MERCAPTAIN n . o . s . f l am, l i q . 1226
MERCURY WASTES po i son  B 2025
METHANE l i q u i d f  lam. l i q . 1972
METHANOL f l a m . l i q . 1230
METHYL ETHYL ETHER f l a m . l i q . 1039
METHYL ETHYL KETONE PEROXIDE org.  per. 2563
METHYL-ISO-BUTYL KETONE org.  per. 2126
N-BUTYL ALCOHOL f l a m . l i q . 1 120
NAPTHA f lam. l i q . 2553
NAPTHA DISTILLATE f l am.  1i  q . 1268
NAPTHA PETROLEUM f lam. l i q . 1255
NAPTHA SOLVENT f lam.  l i q . 1256
NEON compressed n o n f l . g a s 1065
NITRIC ACID 40% or l e s s c o r r o s i v e 1760
NITRIC ACID 70% o x i d i z e r 2031
NITRIC ACID *fuming o x i d i z e r 2032
NITRIC ACID *red fuming o x i d i z e r 2032
NITROGEN compressed n o n f l . g a s 1 06 6
NITROGEN c ryogen i c  l i q u i d n o n f l . g a s 1977
OCTYL TRICHLOROSILANE c o r r o s i v e 1601
OIL PETROLEUM f lam. l i q . J 270
ORGANIC PEROXIDE MIXTURE 2756
OXIDIZERS co r r o s i v e  l i q u i d  n. o x i d i z e r 9193
OXIDIZERS c o r r o s i v e  s o l i d  n .o. s . o x i d i z e r 9194
OXYGEN compressed n o n f l . g a s 1072
OXYGEN 1iqu i  d n o n f l . g a s 1073
PAINT • f l a m . l i q . 1263
PAINT REMOVER comb. l i q . 1 142
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PAINT STMPPL’lt m c o r r o s i ' c 1760
PCD ORM-E 2315
PERACETIC ACID ‘ • o r q . pcz . 2131
PESTICIDE l i q u i d  n.o ■ s • po i son  B 1996
PESTICIDE l i q u i d  po i sonous poi son A 1995
PESTICIDE l i q u i d  po i sonous po i son  A 2902
PESTICIDE l i q u i d  po i sonous poi son A 2903
PESTICIDE s o l i d  n.o. s . po i son D 25SS
PETROLEUM CRUDE OIL f i am.  l i q . • 1267
PETROLEUM OIL f lam.  l i q . 1270
PETROLEUM SPIRITS f lam.  l i q . 1271
PHOSPHORUS AMORPHOUS RED ' f lam. s o l . 1338
PHOSPHORUS WHITE dry f lam. s o l . 1361
PHOSPHORUS WHITE wet f lam, s o l . 1351
PHOSPHORUS WHITE, dry f lam. s o l . ' 1381
PHOSPHORUS WHITE, i i . water f lam. s o l . 1381
PHOSPHORUS YELLOW, dry f I  a m. s o l . 1381
PHOSPHORUS YELLOW, in water f l am. s o l . 1381
PHOSPHORUS OXYCHLORIDE c o r r o s i v e 1810
PHOSPHORUS PENTACHLORIDE c o r r o s i v e 1806
PHOSPHORUS PENTASULFIDE f l am. s o l . 1340
PHOSPHORUS TRICHLORIDE * c o r r o s i v e 1609
POISON c o r r o s i v e l i q u i d poi son B 2927
POISON c o r r o s i v e s o l i d s po i son B 2923
POISON f lammable l i q u i d poi son B 2929
POISON f lammable s o l i d s po i son B 2930
POLISH FURNITURE f l a m . l i e . 1 142
POLISH METAL f lam. l i q . 1 142
POLISH STOVE f lam. l i q . 1142
POTASSIUM HYDROXIDE c o r r o s i v e 1614
POTASSIUM METAL f l a m . s o l . 2257
POWDER SMOKELESS smal l  arms f lam. s o l . 1325
PRIMER COAT metal f l a m . l i q . 1263
PROPANE GAS f l a m . g a s . 1976
PROPANOL 1274
RADIOACTIVE DEVICE n • o • s • r a d i o a c t . 2911
RADIOACTIVE MATERIAL f i s s i l e ,  n • 0 • s • r a d i o a c t . 2916
RADIOACTIVE MATERIAL L . S .A . r a d i o a c t . 2912
RADIOACTIVE MATERIAL L . S .A . s o l i d r a d i o a c t . 2914
RADIOACTIVE MATERIAL l i m i t e d  q ty .  n . o . s . r a d i o a c t . 2910
RADIOACTIVE MATERIAL n • o • s ■ r a d i o a c t . 9161
ROCKET SOLID PROPELLANT exp l .  B --------
RODENTICIDE vl•o•c

p o i s o n  D 1681
SALTPETER 14 66
SHELLAC f l a m .  l i q . 1263
SMOKELESS POWDER smal l  arms e xp l .  B 1325
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SODA LIME 
SODIUM
SODIUM BROMATF.
SODIUM CYANinr 
SODIUM HYDROXIDE 
SODIUM METAL 
SODIUM PERCHLORATE 
STYRENE 
SULFURIC ACID 
SULFURIC ACID 
SULFURIC ACID 
TAR
TEAR CAS 
TOLUENE
TRICHLOROETHANE
TRIFLOUROBROMOMETHANE
TURPENTINE
WATER REACTIVE SOLIDS 
WAX
XYLENE
XYLOL

S' cor r o s i v e 190/
f l am,  s o l . 1429
o x i d i z e r 1494
po i son  B 1689
c o r r o s i v e 1823
f l am. s o l . 1429
o x i d i z e r 1502
f l am.  l i q . 2055
c o r r o s i v e 1830

fuming (20%) c o r r o s i v e 1831
tech. c o r r o s i v e 1830
l i q u i d f l a m . l i q . 1-999

i r r i t a n t 1693
t e c h n i c a l c o r r o s i v e . 1294

ORM-A - 1710
1009

f l a m . l i q . 129.9
n • o • s • f l am. s o l . 2613
l i q u i d comb. l i q . 1993
(XYLOL) f l a m . l i q . 1307
(XYLENE) f l a m . l i q . 1307
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THE RELATIONSHIP BETWEEN OCCUPATION 
AND CANCER

In 1775, Percivall Pott, an English surgeon, observed the first docu­
mented case of occupational cancer. He attributed the development 
of cancer of the scrotum in chimney sweeps to their exposure and 
contact with soot. While Pott discovered the relationship between 
occupational exposure and cancer more than 200 years ago, coke- 
oven workers in the steel industry still die of lung cancer at 10 times 
the rate of other steelworkers because of their exposure to the same 
kinds of substances that Pott had shown caused cancer in chimney 
sweeps.

Scientists at the International Agency for Research on Cancer have 
estimated, based on studies from around the world, that up to 6% 
of all cancers can be directly related to exposure at the workplace. 
The National Institutes of Health scientists have concluded that at 
least 20% of all cancers will be related to workplace exposure. The 
World Health Organization has estimated that between 75% and 
85% of all cancers are caused by environmental exposures.

In the United States, there are about 45,000 chemicals currently in 
production. Obviouslv, some of these chemicals are capable of in­
ducing chronic health effects in humans. The occurrence of chronic 
diseases has an extraordinary large impact on health in the United 
States and Canada. NIOSH has estimated that the United States has 
at least 100,000 deaths a year that are directly related to occupational 
exposures. In addition, probably more than •'*00,000 new cases of 
occupationally related diseases are occurring annually.

The cost of chronic diseases, such as cancer, is also staggering. 
The General Accounting Office has estimated the cost of cancer at 
$15 billion per year. This estimate was based on the cost of treat­
ment and the loss of earning power and productivity. If social costs 
(i.e., the costs of pyschosocial deteriorations brought on by a disease 
but which are not reflected in economic cost analysis) are included 
then the price tag for cancer may rise to as much as $150 billion 
annually. The ever increasing cost for medical care only means that 
these figures are bound to rise even more in the coming years.

There is a wide range of opinion among scientists regarding how 
much exposure a person can have to a carcinogen to cause cancer. 
Some believe that a single asbestos fiber could cause a cancerous 
growth to begin in the lungs. Others believe that exposure to vinyl 
chloride will not cause cancer until it reacts and uses up all of a non- 
cellular substance that is produced and secreted in the body. Thus, a 
worker may be able to be exposed to a certain threshold level of 
vinyl chloride without using up all of this nonccllular substance.

Although both opinions may be valid, there are no known scien­
tific methods for determining threshold levels for carcinogens, even



If such thresholds do exist. The American Conference of Govern­
mental Industrial Hygienists has developed threshold limit values for 
over 400 substances. These values are based on information gathered 
from industrial experience as well as human and animal studies and 
represents what is believed to be a level that all workers can be 
exposed to day after day without adverse health effects.

SELECTED KNOWN OR SUSPECTED INDUSTRIAL 
CARCINOGENIC AGENTS

Substance Target Organ Route o ' Entry

Acrylonitrile lung, colon inhalatioi, skin
4-Aminobiphenyl bladder inhalation, oral
Arsenic Compounds skin, lung oral, inhala ion
Asbestos lung and chest cavity 

gastrointestinal tract
inhalatior„ oral

Auramine bladder orai, inhalation, skin
Benzene bone marrow inhalation, skin
Benzidine bladder inhalation, oral, skin
Beryllium Compounds lung inhalation
Bis(chloromethyl)ether lung inhalation
Cadmium Compounds prostate, lung inhalation, oral
Carbon Tetrachloride liver inhalation, skin
Chromium Compounds lung inhalation
Coke Oven Emissions lung, urinary tract inhalation
3,3'Dichlorobenzidine liver, bladder skin
Dimethyl Sulfate respiratory inhalation, skin
Hematite lung inhalation
Isopropyl Alcohol 
4,4'-Methlylene

paranasal sinuses inhalation
bladder skin, inhalation

Bis(2-Chloroaniline)
2-Naphthylamine bladder inhalation, oral
Nickel nasal cavity, lung inhalation
Polychlorinated Biphenyls skin skin
Soots, Tars & Mineral Oils lung, skin, bladder inhalation, skin
Thorium Dioxide liver inhalation
Vinyl Chloride liver, brain, lung inhalation, skin

J c  complicate the picture, we are constantly exposed to carcino­
genic agents whether in the workplace, in the air we breathe, the 
food we eat and the water we drink. Since these carcinogenic agents 
which are present in the environment ana those in the workplace 
may attack (even though they are differeri chemicals) the same cells, 
it is possible that many persons may have received doses much 
greater than the threshold presumed for any single carcinogen. This 
is especially true for heavy cigarette smokers. A*, a result, even a 
small exposure at the workplace could result in an increased risk of 
cancer.
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The National Institute for Occupational Safety and Health has 
maintained that "exposure to any known or suspected carcinogen 
must be reduced to the lowest level possible by whatever means 
available." There is one agreement among scientists: cancer cannot be 
caused if exposure to carcinogenic agents does not occur. Although 
exposure to carcinogenic agents cannot be totally eliminated, the 
situation is far from hopeless. Not everyone will get cancer. Among 
those who do, many forms of cancer are curable. In addition, the 
risk of exposure leading to the development of cancer can be greatly 
reduced if proper precautions are taken such as not smoking. For fire 
fighters, this also means utilizing self-contained breathing apparatus 
(SCBA) and personal protective clothing during any emergency situa­
tion where exposure to a carcinogen may be possible.



FIRE FIGHTING AND CANCER
Epidemiological studies of fire fighters which indicate a direct cor­

relation between exposure to a carcinogenic agent and tht onset of 
cancer are rare. Unlike many other occupations, fire fighters are con­
stantly entering uncontrolled environments. In many instar ces, fire 
fighters are not aware of the potential toxic and carcinogenic sub­
stances that they may be exposed to.

For example, in April 1980, a fire broke out at a chemical dump 
site in Elizabeth, NJ. The state, which had taken over the site two 
years earlier, had inventoried and removed 10,000 of the approxi­
mately 50,000 drums of chemical waste present at the site. While the 
fire was in progress, no one was aware of what those rema ning 
40,000 drums contained. Fire fighters fought the fire for almosi tw'O 
days; mostly without respiratory equipment because none was avail­
able. The IAFF immediately requested NIOSH to conduct a Health 
Hazard Evaluation and they responded by being at the scene the 
next day. NIOSH found that a high percentage of fire fighters were 
experiencing some symptoms at the time of their medical screening 
7 to 10 days after the fire. Nose and throat irritation were the n 
common symptoms along with acute respiratory problems 'ur' 
coughing, wheezing and shortness of breath. There was alsc 
prevalence of skin dematitis due to chemical contacts. Howev 
full health effects of this fire on the exposed fire fighters -I
unknown.

Without a controlled environment, it is extremely diffi ;lt to per­
form an epidemiological study to determine the effect of .xposure to 
carcinogenic agents by fire fighters. In addition, there are two other 
considerations that must be addressed: the "healthy worker effect" 
and the "dead worker effect."

The "healthy worker effect" is simply that the healthiest worker 
are those that are employed. The physical demands of fire fighting 
means that only those that can frequently meet stringent employ­
ment standards in the first place are hired. Thus, the initial popula­
tion is not indicative of the population at large and can significantly 
alter your findings in studies which seek to determine the incidence 
of cancer among a specific population.

Previous studies, such as Abrams' dissertation on Occupational 
Mortality Among Professional Firefighters (1974), have shown that fire 
fighters live approximately 10 years less than the population in gen­
eral. Since cancers can take up to 40 years to develop, in many cases 
the fire fighter may have died from other causes such as linc-of-duty 
or heart disease before being diagnosed as having cancer. This "dead 
worker effect" could result in a finding that the incidence of cancer 
does not increase for fire fighters even though the exact opposite 
may be true.
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The proliferation of synthetic substances into the marketplace has 
added a new dimension to fire fighting. Fire fighters are increasingly 
exposed to known and suspected carcinogenic agents whether at a 
residential, hardware store, drug store, dry cleaning establishment, 
pesticide warehouse or chemical manufacturing plant fire. The more 
than 30,000 hazardous waste sites and the transportation of such 
hazardous substances poses still more new and significant potential 
health risks for fire fighters.

l-ire fighters, unlike other workers, are often exposed simultane­
ously to multiple known or suspected carcinogens. This presents 
another difficulty because there is little experimental data on the 
synergistic effects of carcinogens. The fact that smoking greatly in­
creases the risk of lung cancer does indicate that multiple exposures 
to carcinogens may indeed have such synergistic effects.

Although the length and level of exposure for fire fighters may 
differ from the epidemiologic studies that have been performed for 
workers in controlled settings, it is still apparent that fire fighters are 
exposed to the same type of substances that have been known to 
cause cancer in asbestos, textile, steel, rubber industry and other 
workers.

Practically every emergency situation encountered by a fire fighter 
has the potential for exposure to carcinogenic agents. However, fire 
fighters can also be exposed to carcinogenic agents when the protec­
tive clothing they wear is exposed to high heat or burns. Fire fighters 
can even be exposed to carcinogens through the fire extinguishing 
agents they utilize.

Asbestos is still commonly used as a flame resistant fabrir, espe­
cially in proximity fire fighting clothing and fire blankets. Manu­
facturer advertisement of the availability of clothing and blankets 
made out of asbestos fabric is another indication of its acceptance 
within the fire service. Asbestos fibers can separate due to flexing 
and abrasion and be inhaled as a carcinogenic agent by the fire 
fighter.

MOCA (4,4-methylene bis(2-chloroaniline)) is primarily used in the 
production of solid elastomeric parts. Thus, insulation in fire fighter 
boots and helmets and personal flotation devices can contain MOCA. 
MOCA can also be found at fires involving polyurethane foams 
found In furniture cushions, mattresses, automobile seats and safety 
padded dashboards, home appliance components, jet engine turbine 
blades and radar systems. MOCA has been shown to be associated 
with liver and lung cancer in rats.

Another carcinogenic agent, carbon tetrachloride, was once used 
in fire extinguishers and was recommended and widely used for 
electrical fires. There have been several reports showing liver cancer 
in humans as being a s so rte d  with exposure to carbon tetrachloride.
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Carbon tetrachloride is still utilized as a metal degreaser, refrigerant 
and grain fumigant.

The list of potential carcinogenic agents that fire fighters can be 
exposed to is almost as long as the list of all known or suspected 
carcinogens. Among the more common substances to which fire 
fighters are potentially exposed include asbestos, creosote, poly­
chlorinated biphenyls, plastics and pesticides. Another new danger 
is the cancer hazard caused by radiation exposure.

Asbestos

Asbestos is a mineral that appears in a fibrous and fluffy form 
when separated from rock into fibers of differing length. These fibers 
are resistant to heat, acid, corrosion and possess the ability to 
absorb and filte

Asbestos has been widely used in many industries as insulation 
and fireproofing. Currently, there are more than 3,000 products, 
mostly in the construction industry, that are made using asbestos. 
There are four major types of asbestos that are commonly en­
countered by fire fighters: amosite, anthophyllite, chrysotile and 
crocidolite.

Asbestos Fiber 

amosite

anthophyllite

chrysotile

TYPES AND USES OF ASBESTOS

Fiber Color Common Uses

brown, grey, green cement pipe, cement sheet, 
or yellow roo'ing products, thermal in-

sulaticr..

brown, grey, green cement pipe, packing and gas-
or yellow

white/grey, green 
or yellowish

cr. cidolite blue

kets, plastics, paper

cement pipe, cement sheet, 
flooring products, roofing pro­
duct:-, packing and gaskets, 
thermal insulation, electrical 
insulation, paper friction pro­
ducts, coatings and com­
pounds, plastics, textiles

cement pipe, packing and gas­
kets, plastics, paper

Fire can destroy the surrounding material in which asbestos fibers 
are embedded, thus releasing them into the environment. The fibers 
themselves do not burn. During overhaul operations, fire fighters 
tear apart burned structures searching for fire extension. This process
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releases asbestos fibers from the torn insulation and construction 
materials into the air. Fans used to vent the fire scene during 
overhaul may cause these fibers to spread even more.

Asbestos is dangerous when the fibers are rev 'ased into the air and 
inhaled or swallowed. Asbestos fibers are microscopically small; each 
fiber is hundreds of times smaller than a human h J r . The fibers are 
so fine that they can float in the air indefinitely without settling. 
These small fibers can easily enter the lungs where they can remain 
for life. There are two types of diseases that can result from breath­
ing or swallowing asbestos fibers: asbestosis and several forms of 
cancer.

Asbestos exposure is known to increase occurrence of lung and 
wind pipe cancer, cancer of the large intestine and is chiefly linked 
to occurrences of mesothelioma (a rare cancer of the chest and 
abdominal lining). It is also known that smoking considerably in­
creases the risk of persons who work around asbestos. Despite the 
high occurrences, not everyone exposed to asbestos will get cancer.

Asbestos exposure w ill not produce any immediate adverse health 
effects. Such adverse health symptoms may not occur for 20, 30 or 
40 years after exposure. Symptoms ot asbestos-related diseases, once 
they become apparent, include shortness of breath, coughing, blood 
in the fluid coughed up from your lungs, pain in the chest or ab­
domen, difficulty in swallowing and rapid large weight loss.

Although the longer the exposure to asbestos the more apt one is 
to get cancer, studies have shown that a two- or three-month ex­
posure can cause the onset of mesothelioma. Fire fighters who have 
worked for long periods without utilizing SCBA, such as during over­
haul, could have had a simila exposure experience as those short­
term asbestos workers.

Creosote
Creosote (creosotum, creosote oil, c .ick  oil) is a complex mixture 

of organic chemicals that appears in the form of a thick, tarry liquid 
or semi-solid substance. I he main uses of creosote are as a wood 
preservative and in pitch fo< roofing. Creosote itself is a carcinogenic 
agent found in soot, tars and mineral oils. The 1775 study by Pott of 
chimney sweeps in England who developed scrotal cancer was due 
to a creosote-like substance.

Creosote has been used as an antiseptic, disinfectant, germicide, 
constituent of fuel oil and a therapeutic agent. Fire fighters may en­
counter creosote on the waterfront, from burning wharves, dock pil­
ings and other wcocl on or near the water. Other common sources 
include utility poles, and/or other woods t r  ated with creosote to 
prevent decay, mildew or other type of corrasion. Creosote in wood 
can be recognized through its tarry smei! and dark or even black 
color.
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Creosote, which burns at 122° F (50c C), also gives off a carcino­
gen called benzo(a)pyrene and many other related compounds 
known as polycyclic aromatic hydrocarbons (PAH). Exposure from 
creosote can occur by inhaling fumes as it burns and/or by skin 
absorption. Creosote is associated with cancer of the skin, forearms, 
prostate, testicles and penis. Exposure to benzo(a)pyrene has been 
associated with cancers of the mouth, throat, windpipe and lung.

After exposure to creosote, the skin may become reddish, bum, 
itch, turn a grayish or bronze color in areas, blister, ulcerate or even 
turn gangrenous. The fire fighter's eyes may be injured, producing an 
inflammation of the mucous membrane lining the inner surface of 
the eye or permanently scarring the cornea. Other acute health 
effects include salivation, vomiting, dizziness, headache, hypo­
thermia, a bluish discoloration of the skin due to the lack of suffi­
cient oxygen in the blood, convulsions, weak pulse, breathing diffi­
culties and a skin rash.

There are no specie tests to detect exposure to creosote. How­
ever, if there is a rash or other abnormalities on the skin, then a 
physician should be consulted to determine whether a biopsy is 
required.

Polychlorinated b ipheny ls

Polychlorinated biphenyls (PCBs) are a group of heavy, oily, liquid 
organic chemicals. PCBs are synthetic chemicals produced during a 
chemical reaction using chlorine and certain petroleum derivatives. 
There are more than 200 members of this chemical group known «is 
PCBs, but the most common forms are chlorodiphenyl made up of 
either 42% chlorine or 54% chlorine. PCBs range in appearance from 
a straw-colored, oily liquid to a white or yellowish waxy solid de­
pending on the amount chlorinated. PCBs from a capacitor or trans­
former that has exploded may be black in color. PCBs are flame 
resistant, but they do begin to give off vapors at 122° F (50° C). At 
high temperatures such as encountered in a fire, liquid PCBs give off 
toxic vapors.

PCBs, which are chemically inert, nonflammable, resistant to heat 
and pressure, and electrically nonconducting, are extremely attractive 
for industrial uses. PCBs are found wherever there are transformers 
or capacitors. These can range from electrical transformers in build­
ings and at utility company facilities to capacitors in television sets, 
fluorescent lights and home air conditioners. Any transformer or 
capacitor containing an oily liquid or a white or yellowish solid is 
likely to contain PCBs. PCBs are also used as an additive for extreme 
pressure lubricants (e.g., hydraulic systems, vacuum pumps and gas 
transmission turbines), as a coating for investment casting molds in 
foundries and in carbonless copying papers.
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Although PCB production was restricted in 1971 and banned by 
the Environmental Protection Agency in 1977, equipment using PCBs 
is still in widespread use. Fire fighters should assume that any capaci­
tor and any fluid-filled transformer contains PCBs or PCB-contami- 
nated fluid. At high temperatures, PCBs also form other extremely 
hazardous substances such as dioxins (used in Agent Orange) and 
polychlorinated dibenzofurans.

PCBs have been marketed commercially siric ̂  1929 under trade 
names such as Abestol, Acroclor, Chlorextol, Clorhen, Kanechlor, 
Inerteen, No-Flamol, Phenoclor, Pyranol and the familiar Askarel. 
Fire fighters encountering PCBs in a transformer will usually see it 
labeled as Askarel or Acroclor

PCBs enter the body through inhalation of air contaminated with 
vapors, mists or particulates containing PCBs. They can also enter 
through the skin or eye contact with materials containing PCBs 
and/or by swallowing food or other materials contaminated with 
PCBs. For example, PCBs can readily penetrate the neoprene vapor 
barrier commonly used in fire fighter protective clothing. Once ab­
sorbed into the body, they tend to settle in the liver and fat cells.

PCBs are suspected to be associated with liver and pancreas can­
cer in humans. PCB exposure has also been associated with de­
creased sperm count, impotence and other reproductive problems; 
damage to the nervous system causing tremors; and liver damage.

Exposure to PCBs may produce irritation to the eyes, nose and 
throat as well as water retention and swelling, jaundice (if liver dam­
age has occurred), vomiting, weight loss, loss of appetite, abdominal 
pains and fatigue. Exposure to PCB fumes may cause the onset of 
chloracne, a severe and painful skin rash.

Plastics
Plastics are long chains of organic molecules made through a link­

age process known as polymerization. During the last two decades, 
the rapid proliferation of plastic products entering the marketplace 
has added a new dimension tn fire fighting. The presence of plastics 
can probably be expected at every fire emergency, because of the 
variety of products that are made such as furniture, electric wire 
insulation, office equipment and kitchen gadgets. It is estimated that 
there arc over 30 billion pounds of plastic made annually in the 
United States alone. Of these plastics, about 13 billion pounds is 
polyethylene and G billion pounds is polyvinylchloride.

For a fire fighter, the problems with plastics begin when they are 
heated. As plastic heats up, it begins to break down into different 
chemical elements. These elements which are given off as fumes may 
be odorless and colorless and are sometimes toxic and carcinogenic. 
Toxic fumes begin to be given off long before the plastic actually
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catches fire. These fumes, as dramatized in the MCM Grand Hotel 
fire, when inhaled can cause death far from the actual fire site.

Polyvinylchloride (PVC) is a mixture of vinyl chloride and a variety 
of other additives. The particular mixture will depend upon the 
manufacturer and the intended purpose. Likewise, the fumes that 
are given off will depend upon the type of PVC and the temperature. 
As PVC heats up, vinyl chloride may be released. When PVC burns, 
benzene, hydrogen chloride, phosgene, carbon monoxide and car­
bon dioxide are also given off.

PRODUCTS OF SEVERAL COMMON PLASTICS

Plastic

ABS

Phenolics

Polycarbonate

Polyethylene

Polypropylene

Polystyrene

Polysulfonate

Polyurethane

Polyvinylchloride

Typical Products

piping, luggage automobile dashboards, calcu­
lator housings, refrigeration liners, margarine 
tubs

circuit breakers, distributor caps, automobile 
steering wheels, fuse blocks, pot handles

helmets (football/fire fighter/baseball), power 
tool housings, battery cases, safety glasses, 
molded products

milk bottles, seats, waste baskets, disposal 
syringes, pallets, shipping pails, trash bags, pack­
aging lids, communication cables, bowls, gar­
ment bags, wire/cable coatings

auto fender skirts, battery cases, carpet packing, 
dishwasher tubs, door liners, radio/tv/phono- 
graph housings

foam and nonfoam cups, interior door:., marga­
rine tubs, appliances, shutters

coffee makers, camera bodies, electrical connec­
tors, battery cases

cushioning for furniture, mattresses and bed pil­
lows, carpet pads, building insulation, refrigera­
tor and freezer insulation, structural portions of 
chairs, tables, cabinets, picture frames, decora­
tive beams and wall panels, swimming pools, 
sporting goods

phonographic records, bottles, piping, siding, 
waH covering, flooring, upholstery, chemical 
wire coating
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The raw material of PVC, vinyl chloride is one of the top fifty 
chemicals produced in the united States. Vinyl chloride and benzene 
are known or suspected carcinogenic agents. Vinyl chloride has been 
associated with cancers of the liver, brain, lung, blood and nervous 
system. Benzene has been associated with increasing the risk of 
leukemia. In addition to being a combustion by-product of PVC, 
polystyrene, polyurethane and other plastics, benzene is used as a 
constituent in motor fuels, as a solvent for fats, inks, oils, paint, 
plastics and rubber, in photogravure printing and as a chemical 
intermediate.

The degradation of the plastic polyurethane produces hydrogen 
cyanide gas and urethane, a probable human carcinogen. Polyure­
thane also produces acrylonitrile, which has been associated with 
increased incidences of respiratory and colon cancers. Acrylonitrile 
is also used in the manufacturing of synthetic fibers, acrylonitrile- 
butadiene-styrene (ABS) plastics, nitrile rubbers, chemicals and ad­
hesives. In addition, acrylonitrile has been used as a pesticide.

ACUTE SYMPTOMS OF PLASTIC EXPOSURE

Carcinogen Immediate Symptoms

acrylonitrile Irritation of the eyes. Repeated and lengthy expo­
sure may produce skin irritation. Blistering may oc­
cur after prolonged contact with the skin. May also 
produce nausea, vomiting, headaches, sneezing, and 
light-headedness and weakness.

benzene Irritation to the skin, eyes and upper respiratory
tract. May result in blistering in or b re a th  the skin, 
redness of the skin, and a dry, scaly, cracked rash. 
Exposure to extremely high concentrations results in 
central nervous system depression, headache, dizzi­
ness, nausea, convulsions and coma may occur. 
Continuing exposure causes changes in blood and 
in bone marrow.

urethane Irritation of the eyes, respiratory tract and skin; may
he severe enough to produce bronchitis and fluid in 
the lungs. May create an asthmatic reaction. Expo­
sure over a long period of time may produce a de­
crease in breathing capacity.

vinyl chloride Symptoms resemble mild alcohol intoxication. Light- 
heainess, <ome nausea, vomiting and dulling of see­
ing and hearing responses may develop with a very 
high level of exposure. Liver damage may occur, 
also eye damage.
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Probably the most dangerous period of exposure to the by­
products of plastic combustion for the fire fighter is during overhaul. 
This occurs because fire fighters frequently remove their ' ’spiratory 
protection leaving them exposed to the fumes that may linger for 
hours, especially in confined spaces.

Pesticides

Pesticides are found everywhere, in grocery stores, residential 
homes, drug stores, hardware stores, garden and flower shops, as 
well as agricultural sites. Pesticides known or suspected of being 
carcinogenic include chlordane, heptachlor, dielarin, DDT, kepone, 
lindane, mirex, toxaphene and so forth.

Chlordane was used as an insecticide on preplanting soil, fire ants 
and harvester a:its prior to being banned in the mid-1970's.

Heptachlor is used as an insecticide in seed treatment, preplanning 
soil application, dipping tops of plants and roots for control of in­
sects, flies and mosquitoes. It is also used on household plants and 
on agricultural crops and fruits.

Kepone was first introduced in 1958 and has been used as an in­
secticide against leaf-eating insects, ants, cockroaches and as a larvi- 
cide against flies. In the late 1970's the production and use of kepone 
was stopped in the United States. Research studies have shown an 
increased incidence of heptatocellular cancers in rats and mice.

Lindane is the accepted common name for a group of gamma 
isomers of hexachlorocyclohexane. Lindane is primarily used for 
insecticidal treatment of hardwood logs and lumber, seed grains and 
livestock. Secondary uses of lindane include its application as an 
insecticide on several dozen fruits and vegetable crops. Exposure to 
lindane in humans have shown increased incidence of leukemia and 
lung tumors.

Mirex has been used extensively to control the fire ant, especially 
in the southeastern region of the United States. Mirex has also been 
used to treat other species of ants and yellow jackets. The use of 
mirex as a pesticide was discontinued in the late 1970's. In animal 
studies, mirex has caused an excess of liver tumors.

Toxaphene is one of the most populariy used pesticides. The pri­
mary use of toxaphene is to control cotton insect pests. It is also 
used to control insect pests on livestock, poultry and a few field 
crops (soybeans, peanuts). In the United States, the southeast and 
delta states are responsible for most of the toxaphene used. In ani­
mal studies, toxaphene has been shown to produce liver cancers in 
mice.

Pesticides can affect the body if inhaled, if they come in contact 
with the eyes or skin or if they are swallowed. Like PCBs, pesticides



may penetrate neoprene vapor barriers commonly utilized in fire 
fighter protective clothing. Mild poisoning after exposure can cause 
syrr.ptnrri such as dizziness, nausea, abdominal pain and vomiting. 
Moderate poisoning can show the same symptoms as mild poison­
ing followed by severe irritability, convulsive seizures and coma. In 
severe cases, the convulsions may be continuous with rapi ' heart 
beat, labored breathing, unconsciousness and eventually death.

Radiation
Although we have always been exposed to minute amounts of 

radiation during our daily lives, exposure to high levels of radiation 
is a relatively new danger hrought about by the use of atomic energy 
for peaceful uses.

While radiation is a form of energy rather than a chemical or 
metal, particles of radioactive substances can be found in dust or 
smok . Radiation is emitted, transmitted or absorbed in a wave or 
ene^etic particle form. The most hazardous form of radiation is 
ionizing radiation which severely damages the body's cells and 
tissues.

Ionizing radiation is produced naturally through the decay of 
radioactive elements or artificially through X-ray machines and other 
devices. Fire fighters can encounter ionizing radiation when respond­
ing to emergencies at factories that produce drugs, fire alarms, X- 
ray tubes, electronic tubes or in medical offices, hospitals, television 
repair shops, petroleum refineries and scientific research laboratories.

Radiation is unique because of its ability to directly enter the body 
through the skin much like sunlight going through a window. This 
direct route of exposure Is an external hazard. Internal hazards are 
caused by radioactive materials entering our bodies through inhala­
tion, ingestion and skin absorption. Generally, radioactive materials 
envar the body under occupational conditions primarily through 
inhalation. However, a skin puncture or laceration could result in 
radioactive particles being implanted under the skin. In addition, 
contamination of a fire fighter's turnout, helmet, boot or gloves with 
radioactive materials can result in accidental ingestion of radioactive 
particles or dust. Experience has shown tha* workers exposed to 
radiation have high rates of occupational illnesses such as cancer, 
leukemia, sterility, cataracts and life span shortening. In addition, 
such exposure could aiso have teratogenic and mutagenic effects. 
Thus, infants born of mothers after exposure to the atomic bomb 
had an increased incidence of malformation and abnormality of the 
central nervous system.

The most common forms of ionizing radiation encountered are 
alpha, beta, gamma and X-rays. Alpha radiation cannot penetrate the 
skin, thus is not an external hazard. However, alpha-emitting mate­
rials can be inhaled into the body with serious consequences. Beta
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radiation can travel into the tissues of the body, however, it usually 
cannot penetrate through a fire fighter’s protective ciothing. Expo­
sure through inhalation is again the most severe hazard. Both gamma 
rays and X-rays are primarily external hazards, that is, they readily 
penetrate the skin surface. Gamma emitters can also pose serious 
hazards through inhalation or ingestion.

Radiation exposure represents one of the most severe cancer caus­
ing hazards. Like chemical carcinogens, radiation exposure is dose 
dependent with some risks even at the lowest measurable exposure 
level. Again, in a manner similar to exposure to chemica! carcino­
gens, exposure to radiation may not produce any immediate adverse 
health effects. Radiation exposure can also be followed by a latency 
period that can last several decades.

RADIATION LATENCY PERIOD

Cancer Effect 

Leukemia

Time Elapsed From Initial Radiation

Bone Cancer 
Lung Cancer 
Other Cancers

5-30 years 
5-30 years 

10-50 years
Variable years
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GUIDELINES FOR DETERMINING OCCUPATIONALLY- 
RELATED CANCER

With the r  't for presumptive cancer legislation just beginning, 
case by c?s ^terminations must be made for successful workers'
compensate: , disability or pension cases. In contrast to a traumatic 
injury that )\ readily apparent to everyone, the relationship between 
the profession of fire fighting and cancer may not always be clear 
cut. Cancers are usually slow to develop and may not appear until 
after an individual retires. In addition, it is frequently difficult to 
document exposures of an individual to carcinogenic agents.

Cancers develop very slowly in humans, usually manifesting them­
selves from 5 to 40 years after exposure to the cancer-causing agent. 
For example, cancers of the liver, I mg or bladder may not appear 
until 30 years after exposure to asbe: tos, vinyl chloride or benzidine. 
This long period of latency is one Oi' the major reasons why it is so 
difficult to determine the exact causes of cancers. It is also difficult 
to document occupational exposure to carcinogens because of the 
inability to pinpoint the specific agent or agents and the level of 
exposure that a worker may be exposed to.

Decisions in workers' compensation and other similar cases are 
generally based on an evaluation of the available information. When 
evidence is presented in an organized and logical fashion, when 
major issues are clearly identified and the causal factors are indi­
cated, then the greater the likelihood of a favorable and equitable 
decision.

In such documented cases, the relationship between cancer and 
fire fighting has been constantly acknowledged. The most prominent 
example is the State of California's enactment of presumptive cancer 
legislation (Appendix II). This law presumes that cancer is occupa­
tionally related when it can shown that exposure to a carcinogen 
during employment took place which can be reasonably linked to 
the cancer.

Workers' compensation boards have already identified cancer in 
fire fighters which is employment-related. An occupational medical 
specialist, John B. Webster, M.D found that an Ohio fire fighter's 
leukemia was caused by his ex **> carcinogens. In San Fran­
cisco, the Retirement Board ruk 'ire fighter's death from in­
testinal cancer was occupationally Other studies have shown
excessive incidences of buccal, | $eal, intestinal, rectal and
colon cancer in fire fighters. A study n, forontc over the course of 
25 years found that cancer increased steadily as a cause of death, 
from 15.4% in 1945-9 to 38.4% in 1967-70, among active fire fight­
ers. A NIOSH study of mortality in Washington State over a twenty- 
year period found that fire fighters had a higher incidence oi 
lymphatic leukemia and cancers of the lympatic and hematopoietic
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tissues. Thus, the epidemiological work performed so far does sug­
gest that cancer is an occupational disease afflicting fire fighters.

For jobs such as fire fighting, any stress may be an aggravating 
factor. Since most states hold that the employer accepts the worker 
"as is" such factors as age, sex, heredity and obesity can be excluded 
from the list of causative factors. This basically leaves those mechani­
cal, chemical, physical or biological exposures in the working and 
nonworking environment to be considered. Although this is an easy 
and simple summation, aggravation cases frequently have multiple 
causes, many of which are either unknown or not understood.
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4 • PART I
INTRODUCTION

Throughout the history of man, fire has served as both friend and foe.

I t  i s  d o u b t f u l  t h a t  w i t h o u t  i t s  u s e ,  c i v i l i z a t i o n  c o u l d  h a v e  p r o g r e s s e d  t o  

t h e  s t a t e  t h a t  i t  n o w  e n j o y 6 .  U n d e r  c o n t r o l l e d  c i r c u m s t a n c e s ,  t h e  b e n e f i t s  

o f  f i r e  a r e  g r e a t ;  i t s  s c o p e  i s  f a r  r e a c h i n g ,  r a n g i n g  f r o m  c o o k i n g  o u r  f o o d  

t o  p r o v i d i n g  t h e  e n e r g y  n e e d e d  t o  r u n  o u r  c i t i e s .  W h i l e  t h e  p r o d u c t i v e  

f o r c e  o f  f i r e  i s  u n q u e s t i o n a b l e ,  s u c h  p o v / e r  i s  e q u a l l y  m a t c h e d  b y  f i r e ' s  

c a p a c i t y  t o  d e s t r o y .  S o  g r e a t  i s  i t s  d e s t r u c t i v e  p o t e n t i a l  t h a t  i n  r e c e n t  

h i s t o r y  f i r e  h a s  c l a i m e d  t h e  l i v e s  o f  o v e r  4 5 0  p e o p l e  i n  o n e  f e l l  s w o o p ;  i t  

h a s  b e e n  t h e  s o l e  f a c t o r  r e s p o n s i b l e  f o r  t h e  l o s s  o f  b i l l i o n s  o f  d o l l a r s  

w o r t h  o f  p r o p e r t y  e a c h  y e a r ;  i t  h a s  d e v a s t a t e d  m i l l i o n s  o f  a c r e s  o f  v a l u a b l e  

f o r e s t  l a n d .  Y e s ,  f i r e  a f f e c t s  u s  a l l .  I t  s t r i k e s  i n d i s c r i m i n a t e l y ;  i t  

t r a n s c e n d s  a l l  s o c i a l ,  e c o n o m i c  a n d  g e o g r a p h i c  b o u n d a r i e s .  I n  t h e  e y e s  o f  

f i r e ,  we a r e  a l l  e q u a l .

D u e  t o  t h e  r a v a g i n g  e f f e c t s  o f  f i r e ,  t h e  f i r e  f i g h t e r s  p l a y  o n e  o f  t h e  

r o o s t  v i t a l  r o l e s  i n  o u r  s o c i e t y .  T h e y  a r e  t h e  p e o p l e  w h o  h a v e  c o n s c i o u s l y  

c h o s e n  t o  p i t  t h e i r  m i n d s  a n d  b o d i e s  a g a i n s t  t h e  u n p r e d i c t a b l e  n a t u r e  o f  f i r e .  

When  a l l  o f  m a n ' s  n a t u r a l  i n s t i n c t s  s i g n a l  h i m  t o  r e t r e a t ,  t h e  f i r e  f i g h t e r  i s  

t h e  m a n  w h o  m u s t  a d v a n c e  o n d  c h a l l e n g e .  T h i s  s i t u a t i o n  o b v i o u s l y  p l a c e s  h i m  

i n  a  m o s t  p e r i l o u s  p o s i t i o n .  W i t h  e a c h  a l a r m ,  t h e  d e m a n d s  o f  t h e  j o b  

e n g e n d e r  a  c o n s t a n t  t h r e a t  o f  i n j u r y  o r  d e a t h .  A n d ,  u n f o r t u n a t e l y ,  t h i s  

t h r e a t  i s  b e c o m i n g  i n c r e a s i n g l y  a  r e a l i t y  f o r  m a n y  a  f i r e  f i g h L e r .

T o d a y  t h e  f i r e  f i g h t e r  h a s  o n l y  s l i g h t l y  b e t t e r  t h a n  o n  e v e n  c h a n c e  o f  

e s c a p i n g  i n j u r y  e a c h  y e a r , *  w i t h  m a n y  f i r e - r e l a i e d  i n j u r i e s  r e s u l t i n g  i n  

p e r m a n e n t  d i s a b i l i t i e s .  E v e n  m o r e  s t a g g e r i n g  a i e  t h r  s t a t i s t i c s  r e g a r d i n g  

t h e  r a t i o  o f  i "  t h e - l i n e  o f  d u t y  d e a t h s .

1 I n  t h e  1 9 7 4  I A I T  D e a t h  a r i d  I n j u r y  S u r v e y ,  i t  s h o w e d  t h e r e  w e r e  4 7 . 3  f i r e  
f i g h L e r  i n j u r i e s  p e r  1 0 0  w o r k e r s .
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I n  t h e  l a s t  t e n  y e a r s ,  f i r e  f i g h t e r s  h a v e  a v e r a g e d  a n  a n n u a l  r a t i o  o f

8 6  d e a t h s  p e r  e v e r y  1 0 0 , 0 0 0  e m p l o y e e s .  W h i l e  m o s t  o c c u p a t i o n s  h a v e
/

e x p e r i e n c e d  a  d o w n w a r d  s p i r a l  i n  t h e i r  d e a t h  r a t e s  o v e r  t h e  l a s t  d e c a d e ,  

t h e  f i r e  f i g h t i n g  p r o f e s s i o n  h a s  u n f o r t u n a t e l y  n o t  s h o w e d  t h i s  t r e n d ;  a s

t h e i r  m o r t a l i t y  r a t e  h a s  r e m a i n e d  r e l a t i v e l y  c o n s t a n t ^  d u r i n g  t h i s  t i m e
i

p e r i o d .  N u m e r o u s  f a c t s  a n d  f i g u r e s  m a y  b e  c i t e d  t o  u n d e r s c o r e  t h e s e  

i n o r d i n a t e l y  h i g h  r a t i o s ,  b u t  l e t  i t  s u f f i c e  t o  s a y  t h a t  f i r e  f i g h t i n g  

c l a i m s  t h e  d u b i o u s  d i s t i n c t i o n  f o r  h a v i n g  d e c i d e d l y  t h e  h i g h e s t  i n j u r y  a n d  

m o r t a l i t y  r a t e  o f  a n y  o c c u p a t i o n  i n  t h e  c o u n t r y . - *

W h i l e  f i r e  f i g h t i n g  i s  a t  t h e  t o p  o f  t h e  d e a t h  a n d  i n j u r y  s c a l e ,  i t  

i s  n o t  e q u a l l y  b a l a n c e d  o n  t h e  s c a l e s  o f  h e a l t h  a n d  s a f e t y  p r o t e c t i o n .

T h e  o c c u p a t i o n a l  h e a l t h  a n d  s a f e t y  o f  t h e  m a j o r i t y  o f  w o r k e r s  i n  t h e  U . S .  

a r e  p r o t e c t e d  b y  F e d e r a l  l e g i s l a t i o n ,  a s  t h e i r  a t t e n d a n t  OSHA p r o b l e m s  

r e c e i v e  i n c r e a s i n g  a t t e n t i o n  a n d  r e s e a r c h .  B u t  t h e  f i r e  f i g h t e r ,  w h o  

a s s u m e s  o n e  o f  s o c i e t y ' s  g r e a t e s t  r e s p o n s i b i l i t i e s ,  d o e s  n o t  e n j o y  s u c h  

c o v e r a g e .  P r o t e c t i o n  o f  f i r e  f i g h t e r s  h e a l t h  a n d  s a f e t y  a t  t h e  F e d e r a l ,  

S t a t e  a n d  l o c a l  l e v e l  i s  a l m o s t  n i l  w i t h  r e s e a r c h  i n t o  t h e s e  p r o b l e m s  t o  

d a t e  b e i n g  l i m i t e d .

I t  i s  p r e c i s e l y  t h e  u r g e n c y  o f  t h i s  s i t u a t i o n  t h a t  h a d  p r o m p t e d  t h e  

I n t e r n a t i o n a l  A s s o c i a t i o n  o f  F i r e  F i g h t e r s  ( I A F F )  t o  u n d e r t a k e  t h e  F i r e  

F i g h t e r  M o r t a l i t y  S t u d y .  F o r  m a n y  y e a r s ,  t h e  I AF F h a s  a n n u a l l y  c o m p i l e d  

s t a t i s t i c s  o n  f i r e  f i g h t e r s '  d u t y - c o n n e c t e d  d e a t h s .  H o w e v e r ,  t h i s  h a s  

d o n e  l i t t l e  m o r e  t h a n  p r o v i d e  u s  w i t h  g r i m  m o r t a l i t y  f i g u r e s .  Up u n t i l

2 T h e  I A F F  H e a t h  f» I n ' u r y  S u r v e y - - 1 9 7 4  s t a t e d  t h a t  i n  t h e  p r e v i o u s  d e c a d e  
f i r e  f i g h t e r s  s u f f e r e d  a n  a v e r a g e  a n n u a l  d e a t h  r a t i o  o f  8 6  d e a t h s  p e r  
1 0 0 , 0 0 0  w o r k e r s .  W i t h  t h e  e x c e p t i o n  o f  1 9 7 0 ,  f o r  w h i c h  t h e  r a t i o  w a s  
1 1 5  p e r  1 0 0 , 0 0 0 ,  f i r e  f i g h t e r  d e a t h s  f o r  a n y  g i v e n  y e a r  i n  t h i s  1 0 - y e a r  
p e r i o d  r e m a i n e d  c o n s L a n t  t o  8 6  d e a t h s  p e r  1 0 0 , 0 0 0 ,  g i v e  o r  t a k e  1 0  d e a t h s .

3 I A F F  D e a t h  I n j u r y  S u r v e y - - 1 9 7 4  s h o w e d  t h a t  f o r  1 9 7 4  f i r e  f i g h t e r s  s u f ­
f e r e d  a  h i g h e r  d e a t h  r a t i o  t h a n  a n y  o t h e r  o c c u p a t i o n a l  g r o u p i n g - - 8 4  d e a t h s  
p e r  1 0 0 , 0 0 0  w o r k e r s .



t h i s  t i m e ,  d a t a  h a s  n o t  b e e n  g a t h e r e d  f o r  t h e  p u r p o s e  o f  e x p l a i n i n g  t h e  

c a u s e s  o f  t h e  d e a t h s ,  l e t  a l o n e  t h e  c i r c u m s t a n c e s  s u r r o u n d i n g  t h e m .

I n  u n d e r t a k i n g  s u c h  a  s t u d y  f o r  t h e  f i r s t  t i m e ,  we  h a v e  c o n d u c t e d  

a n  i n - d e p t h  a n a l y s i s  o f  d u t y - c o n n e c t e d  d e a t h s .  T h e  s t u d y  i n v o l v e s  s c r u t i n y  

o f  t h e  c a u s e s  a n d  c i r c u m s t a n c e s  o f  1 0 1  f i r e  f i g h t e r s  i n - t h e - l i n e  o f  d u t y  

d e a t h s .  B y  e x t e n s i v e l y  i n v e s t i g a t i n g  e a c h  d e a t h ,  s p e c i f i c  p r o b l e m  a r e a s  

h a v e  b e e n  d i s c e r n e d .  W h i l e  t h i s  s t u d y  l a y s  t h e  f o u n d a t i o n  f o r  s p e c i f i e d  

r e s e a r c h  i n t o  c r i t i c a l  a r e a s ,  s o l u t i o n s  f o r  s o m e  p r o b l e m s  a r e  i m m e d i a t e l y  

e v i d e n t .  I t  w o u l d  b e  a  g r a v e  m i s t a k e  t o  v i e w  t h i s  s t u d y  a s  t h e  p a n a c e a  

f o r  t h e  p r o b l e m  o f  f i r e  f i g h t e r s  i n - t h e - l i n e  o f  d u t y  d e a t h s .  R a t h e r ,  

t h i s  r e p o r t  s h o u l d  b e  p e r c e i v e d  a s  a  s t a r t i n g  p o i n t ,  a  s p r i n g b o a r d  f r o m  

w h i c h  f u r t h e r  r e s e a r c h  i n t o  t h e  c o m p l e x i t i e s  o f  t h e  p r o b l e m  m a y  b e  

l a u n c h e d .  I t  m i g h t  b e  w e l l  t o  v i e w  t h i s  r e p o r t  a s  a  w o r k b o o k  o f f e r i n g  

t o  m e m b e r s  o f  t h e  f i r e  s e r v i c e ,  l e g i s l a t o r s  a n d  o t h e r  r e s e a r c h e r s '  

d i r e c t i o n  a s  t o  w h a t  s t e p s  m i g h t  b e  t a k e n  t o  r e d u c e  d r a m a t i c a l l y  t h e  s t a g ­

g e r i n g  m o r t a l i t y  r a t e  s u f f e r e d  b y  f i r e  f i g h t e r s .

STANDARDS AND RESEARCH METHODS

T h e  i n t e n d e d  s c o p e  o f  t h e  s t u d y  w a s  t o  i n v e s t i g a t e  a l l  i n - t h e - l i n e  o f  

d u t y  d e a t h s  t h a t  o c c u r r e d  i n  t h e  t i m e  p e r i o d  b e t w e e n  S e p t e m b e r  2 2 ,  1 9 7 A ,  

a n d  D e c e m b e r  3 1 ,  1 9 7 5 .  I n  a d m i n i s t e r i n g  a  s t u d y  o f  L h i s  m a g n i t u d e ,  i t  

w a s  n e c e s s a r y  t o  s e t  s t a n d a r d s  r e g a r d i n g  t h e  d e a t h s  t o  b e  i n v e s t i g a t e d  a s  

w e l l  a s  t h e  t i m e  d u r i n g  w h i c h  t h e  i n v e s t i g a t i o n s  w o u l d  t a k e  p l a c e .  I n v e s t i ­

g a t i o n s  w e r e  c o n d u c t e d  w h e n  a  f i r e  f i g h t e r  d i e d  w h i l e  o n  d u t y  o r  a s  a  r e s u l t  

o f  a n  o n - d u t y  a c t i v i t y  o r  i n j u r y .

O n - t h e - s c e n e  i n v e s t i g a t i o n s  w e r e  c o n d u c t e d  i n t o  e a c h  f i r e  f i g h t e r  

M t a l l . t y .  S i n c e  t h e  m o s t  v a l u a b l e  s o u r c e s  o f  i n f o r m a t i o n  w e r e  h u m a n  

t e s t i m o n y - - t h e  f i r e  f i g h t e r s  w h o  w e r e  a t  t h e  s i t e  o f  t h e  f a t a l i t y - - a  

q u e s t i o n  a s  t o  t h e  t i m i n g  o f  t h e  i n v e s t i g a t i o n  w a s  r a i s e d .  I t  w a s
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o r i g i n a l l y  f e l t  t h a t  t h e  i n v e s t i g a t o r  s h o u l d  m o v e  I n t o  t h e  a r e a  a s  s o o n  

a f t e r  t h e  f a t a l i t y  a s  p o s s i b l e .  H o w e v e r ,  i t  w a s  f o u n d  t h a t  t h e  f i r e  

f i g h t e r s  w h o  w i t n e s s e d  t h e  f a t a l i t y  w e r e  n o t  r e c e p t i v e  t o  t h e  i n v e s t i g a ­

t o r ' s  i n q u i r i e s  w h e n  t h e  i n t e r v i e w s  w e r e  c o n d u c t e d  p r i o r  t o  t h e  f u n e r a l .  

A f t e r  a  p u m b e r  o f  p r e l i m i n a r y  i n v e s t i g a t i o n s ,  i t  w a s  d e t e r m i n e d  t h a t  t h e  

m o s t  i d e a l  t i m e  a p p e a r e d  t o  b e  t h e  f i r s t  d a y  t h e  f i r e  f i g h t e r s  w e r e  b a c k  

o n  d u t y  a f t e r  t h e  f u n e r a l .  We f o u n d  t h a t  b y  c o n d u c t i n g  t h e  i n v e s t i g a t i o n s  

a t  t h i s  t i m e  p e r i o d  t h e  t r a u m a  o f  l o s i n g  a  f e l l o w  f i r e  f i g h t e r  h a d  u s u a l l y  

s u b s i d e d ,  b u t  t h e  me n  s t i l l  r e t a i n e d  a  v i v i d  r e c o l l e c t i o n  o f  t h e  c i r c u m ­

s t a n c e s  s u r r o u n d i n g  t h e  f a t a l i t y .  I t  s h o u l d  b e  n o t e d  t h a t  we a t t e m p t e d  

t o  m e e t  t h i s  d a t e  o n  e a c h  c a s e ,  b u t  i t  w a s  n o t  a l w a y s  p o s s i b l e  b e c a u s e  o f  

d i f f i c u l t i e s  a s s o c i a t e d  w i t h  l a t e  n o t i f i c a t i o n  a n d  s c h e d u l i n g .  I n  t h e s e  

s i t u a t i o n s ,  t h e  c a s e  w a s  i n v e s t i g a t e d  a t  t h e  e a r l i e s t  p o s s i b l e  d a t e .

S i n c e  we  w e r e  c o n c e r n e d  w i t h  o b t a i n i n g  a s  b r o a d  a  s a m p l e  a s  p o s s i b l e ,  

t h e r e  w e r e  n o  r e s t r i c t i o n s  p l a c e d  o n  t h e  t y p e  o f  d e p a r t m e n t  o r  f i r e  f i g h t e r .  

F u l l - t i m e  I A F F  a f f i l i a t e s ,  n o n - I A F F  d e p a r t m e n t s  a n d  v o l u n t e e r  d e p a r t m e n t s  

w e r e  a l l  I n c l u d e d  i n  t h e  s t u d y .  I t  m a y  a l s o  b e  n o t e d  t h a t  t h e r e  w e r e  n o  

r e s t r i c t i o n s  b a s e d  o n  r a n k .  F a t a l i t i e s  o f  a l l  f i r e  s e r v i c e  p e r s o n n e l  w e r e  

i n v e s t i g a t e d .

O n e  i m p o r t a n t  a r e a  t h a t  r e q u i r e d  r e s o l u t i o n  p r i o r  t o  l a u n c h i n g  a  s t u d y  

o f  t h i s  n a t u r e  w a s  t h e  d e v e l o p m e n t  o f  a  s y s t e m  b y  w h i c h  n o t i f i c a t i o n  o f  

f i r e  f i g h t e r  f a t a l i t i e s  w a s  r e c e i v e d .  B e f o r e  t h e  s t u d y  b e g a n ,  a l l  I AFF 

l o c a l s  w e r e  i n f o r m e d  o f  t h e  s t u d y  a n d  i n s t r u c t e d  t o  c o n t a c t  t h e  P r o j e c t  

A d m i n i s t r a t o r  I n  t h e  e v e n t  o f  a  f a t a l i t y  i n  t h e i r  l o c a l .  T h e  I AFF V i c e  

P r e s i d e n t s ,  w h o  a r e  l o c a t e d  t h r o u g h o u t  t h e  c o u n t r y ,  w e r e  m o s t  h e l p f u l  i n  

i n s u r i n g  t h a t  t h i s  s y s t e m  f u n c t i o n e d  p r o p e r l y .  S i n c e  t h e  m a j o r i t y  o f  

p a i d  f i r e  d e p a r t m e n t s  a r e  a f f i l i a t e d  w i t h  t h e  I A F F ,  a n d  t h e  m a j o r i t y  o f
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d e a t h s  o c c u r r e d  i n  p a i d  d e p a r t m e n t s ,  we  w e r e  n o t i f i e d  o f  r o o s t  o f  t h e  d e a t h s  

b y  I A F F  V i c e  P r e s i d e n t s  a n d  L o c a l  O f f i c e r s .  T h e r e  i s  n o  d o u b t  t h a t  t h i s  

s t u d y  w o u l d  n o t  h a v e  b e e n  a s  s u c c e s s f u l  a s  i t  w a s  h a d  we n o t  h a d  t h e  

c o o p e r a t i o n  o f  t h e s e  I A F F  o f f i c i a l s .  T h i s  i n f o r m a t i o n  n e t w o r k  w a s  s u p p l e ­

m e n t e d  b y  a  n e ' / S - c l i p p i n g  s e r v i c e  w h i c h  p r o v e d  u s e f u l  i n  i n f o r m i n g  u s  o f  

n o n - I A F F  a n d  v o l u n t e e r  f i r e  f i g h t e r  i n - t h e - l i n e  o f  d u t y  d e a t h s .  F i n a l l y ,  

o t h e r  f i r e - s e r v i c e - r e l a t e d  o r g a n i z a t i o n s  c o o p e r a t e d  i n  n o t i f y i n g  u s  o f  

f a t a l i t i e s .

A s  w a s  n o t e d  e a r l i e r  t h e  m o s t  i m p o r t a n t  d a t a  s o u r c e  c a m e  f r o m  t h e  

f i r e  f i g h t e r s  w h o  w e r e  a t  t h e  s c e n e  o f  t h e  f a t a l i t y  a n d  t h i s  i n f o r m a t i o n  

w a s  c o l l e c t e d  b y  m e a n s  o f  p e r s o n a l  o n - t h e - s c e n e  i n t e r v i e w s .  I n  e a c h  c a s e ,  

t h e  p r o j e c t  a d m i n i s t r a t o r  a t t e m p t e d  t o  t a l k  t o  e v e r y  f i r e  f i g h t e r  w h o  w a s  

o n  t h e  f i r e  g r o u n d .  W h i l e  i n  m a n y  i n s t a n c e s  a  f i r e  f i g h t e r  m a y  n o t  h a v e  

e n g a g e d  i n  a c t i v i t i e s  t h a t  d i r e c t l y  r e l a t e d  t o  t h e  f a t a l i t y ,  t h e s e  i n t e r ­

v i e w s  w e r e  n e v e r t h e l e s s  f o u n d  t o  b e  i m p o r t a n t  i n  t e r m s  o f  h e l p i n g  t o  

p r o v i d e  a  r e a s o n a b l y  c o m p l e t e  r e e n a c t m e n t  o f  t h e  f i r e  f i g h t i n g  o p e r a t i o n s ,  

t h u s  e n h a n c i n g  o u r  o v e r a l l  u n d e r s t a n d i n g  o f  t h e  f a t a l i t y .  T h e  g e n e r a l  

p r o c e d u r e  i n v o l v e d  c o n d u c t i n g  i n t e r v i e w s  w i t h  s m a l l  g r o u p s  o f  f i r e  f i g h t e r s  

f r o m  a  p a r t i c u l a r  c o m p a n y  o r  a  s t a t i o n  h o u s e .  W h i l e  t h e  g r o u p  i n t e r v i e w s  

w e r e  m o s t  c o m m o n ,  c e r t a i n  c i r c u m s t a n c e s  d i c t a t e d  t h e  n e e d  f o r  i n d i v i d u a l  

i n t e r v i e w s  a s  w e l 1 .

T o  s u p p l e m e n t  t h e  o r a l  a c c o u n t s  o f  t h e  f a t a l i t y ,  w r i t t e n  r e p o r t s  

o f  t h e  i n c i d e n t  w e r e  a l s o  g a t h e r e d .  T h e s e  w r i t t e n  d a t a  s o u r c e s  i n c l u d e d  

s u c h  d o c u m e n t s  a s  f i r e  a l a r m  r e p o r t s ,  c o m p a n y  r e p o r t s ,  o f f i c e r  r e p o r t s ,  

f i r e  m a r s h a l l  r e p o r t s ,  s t a t e  c o m p e n s a t i o n  f o r m s  a n d  n e w s p a p e r  a r t i c l e s .  

S i n c e  t h e r e  a r e  n o  u n i f o r m  r e p o r t s  c o m p i l e d  b y  d e p a r t m e n t s ,  t h e  t y p e  a n d  

e x t e n t  o f  t h e  r e p o r t s  v a r y  w i d e l y  a n d  t h u s  i n f o r m a t i o n  t h a t  c o u l d  b e
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e x t r a c t e d  f r o m  t h e  g i v e n  r e p o r t s  a l s o  v a r i e s  w i d e l y .  F i n a l l y ,  i n  e v e r y  

c a s e  w h e r e  a n  a u t o p s y  w a s  p e r f o r m e d ,  a n  a t t e m p t  w a s  m a d e  t o  s e c u r e  a  c o p y  

o f  t h e  a u t o p s y  r e p o r t .  S u c h  r e p o r t s  w e r e  a m o n g  t h e  m o s t  v a l u a b l e  s o u r c e s  

o f  d o c u m e n t e d  i n f o r m a t i o n  i n  t h o s e  c a s e s  w h e r e  f i r e  f i g h t e r s  d i e d  o f  

h e a r t  a t t a c k s . ^

U p o n  c o m p l e t i o n  o f  e a c h  i n v e s t i g a t i o n ,  a  c a s e  p o r t f o l i o  w a s  c o m p i l e d ,  

w h i c h  i n c l u d e d  a l l  i n f o r m a t i o n  ( n o t e s ,  r e p o r t s ,  a r t i c l e s ,  e t c . )  t h a t  h a d  

b e e n  g a t h e r e d .  F r o m  t h e s e  p o r t f o l i o s ,  i n f o r m a t i o n  w a s  e x t r a c t e d  a n d  

c o m p i l e d  i n t o  a  d e t a i l e d  o r g a n i z e d  r e p o r t  o f  t h e  e n t i r e  i n c i d e n t .  T h e  

d a t a  f o r  t h e s e  r e p o r t s  w e r e  p r o c e s s e d  i n t o  t h r e e  s e c t i o n s .  T h e  f i r s t  t w o  

s e c t i o n s  w e r e  c o m p r i s e d  o f  f o r m s  o n  w h i c h  i n f o r m a t i o n  c o u l d  b e  s t a n d a r d i z e d  

f o r  t h e  p u r p o s e  o f  a n a l y s i s .  T h e  f i r s t  o f  t h e s e  w a s  a  P e r s o n a l  o  D e p a r t m e n t  

I n f o r m a t  i o n  f o r m  t h a t  i n c l u d e d  s u c h  d a t a  a s  a g e ,  h e i g h t ,  w e i g h t ,  t y p e  o f  

s h i f t  w o r k e d ,  a v e r a g e  w o r k  w e e k ,  e t c .  T h e  s e c o n d  w a s  a n  A l a r m  it F i r e  

I n f o r m a t i o n  f o r m  w h i c h  i n c l u d e d  s u c h  d e t a i l s  a s  d a t e ,  d a y ,  t i m e ,  t y p e  o f  

f i r e ,  n u m b e r  o f  me n  r e s p o n d i n g ,  a n d  o t h e r  i n f o r m a t i o n  o f  t h i s  n a t u r e .  T h e  

t h i r d  s e c t i o n  c o n t a i n e d  t h e  g i s t  o f  t h e  r e p o r t :  a  w r i t t e n  s c e n a r i o  o f  t h e

f i r e  f i g h t e r ' s  a c t i v i t i e s  f r o m  t h e  t i m e  o f  t h e  a l a r m  u p  u n t i l  t h e  t i m e  o f  

t h e  f a t a l i t y .

A s  w a s  s t a t e d  e a r l i e r ,  t h i a  s t u d y  w a s  c o n d u c t e d  u n d e r  t h e  d i r e c t i o n  

o f  t h e  l A F F ' s  R e s e a r c h  D e p a r t m e n t .  A d d i t i o n a l l y ,  a  J o i n t - P r o j e c t  T e a m  w a s  

f o r m e d  t o  a s s i s t  a n d  g i v e  d i r e c t i o n  i n  a n a l y z i n g  t h e  c i r c u m s t a n c e s  o f  t h e  

f a t a l i t y .  T h i s  c o m m i t t e e  c o n s i s t e d  o f  r e p r e s e n t a t i v e s  f r o m  t h e  I A F F ,  t h e  

I n t e r n a t i o n a l  A s s o c i a t i o n  o f  F i r e  C h i e f s ,  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s ,  

a n d  t h e  N a t i o n a l  F i r e  P r e  e n t i o n  a n d  C o n t r o l  A d m i n i s t r a t i o n .  T h r o u g h o u t

4  A s  w a s  t h e  c a s e  w i t h  o t h e r  w r i t t e n  r e p o r t s ,  t h e  i n f o r m a t i o n  o n  t h e  a u t o p s i e s  
a l s o  v a r i e d  w i d e l y .  S o m e  a u t o p s y  r e p o r t s  w e r e  q u i t e  d e t a i l e d  a n d  p r o v i d e d  
a  g o o d  u n d e r s t a n d i n g  o f  t h e  c a u s e  o f  d e a t l i  a n d  c o n t r i b u t i n g  f a c t o r s ,  a s  
o t h e r  r e p o r t s  w e r e  m u c h  a b b r e v i a t e d  a n d  t h e i r  u t i l i t y  w a s  l i m i t e d .
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t e r m  o f  t h e  s t u d y ,  t h e  P r o j e c t  T e a m  w a s  p e r i o d i c a l l y  c o n v e n e d  t o  d i s c u s s  

e a c h  I n d i v i d u a l  c a s e .  F r o m  t h e s e  d i s c u s s i o n s ,  p r o b l e m  a r e a s  w e r e  i d e n t i f i e d  

• n d  p r e l i m i n a r y  r e c o m m e n d a t i o n s  w e r e  o f f e r e d  f o r  t h e  a b a t e m e n t  o f  f u t u r e

a l m i l a r  o c c u r r e n c e s .

T h e  p r e s e n t a t i o n  o f  t h e  f i n d i n g s  o f  t h i s  s t u d y  r e f l e c t s  i n  m a n y  w a y s  

• h e  m a n n e r  i n  w h i c h  t h e  d a t a  w e r e  o r g a n i z e d  f o r  i n d i v i d u a l  c a s e s .  T h i s  

r e p o r t  c o n s i s t s  o f  f o u r  s e c t i o n s  a n d ,  h o p e f u l l y ,  b y  s e g m e n t i n g  t h e  r e p o r t  

j n  t h i s  m a n n e r ,  t h e  r e a d e r  w i l l  b e  p r o v i d e d  w i t h  t h e  p r o p e r  p e r s p e c t i v e  

f r o m  w h i c h  h e  m a y  v i e w  t h e  p r o b l e m  o f  f i r e  f i g h t e r  f a t a l i t i e s .  T h e  f i r s t  

• e c t i o n  p r e s e n t s  g e n e r a l  i n f o r m a t i o n  p e r t a i n i n g  t o  a l l  o f  t h e  f a t a l i t i e s  

e x a m i n e d .  I t  i s  a l s o  h o p e d  t h a t  t h e s e  b a s i c  f a c t s  w i l l  p r o v i d e  t h e  r e a d e r  

w i t h  b a c k g r o u n d  i n f o r m a t i o n  t h a t  w i l l  a i d  h i m  i n  u n d e r s t a n d i n g  t h i s  r e p o r t  

a s  i t  p r o g r e s s e s  t o  g r e a t e r  s p e c i f i c i t y .  T h e  o t h e r  t h r e e  s e c t i o n s  p r e s e n L  

a n a l y s i s  o f  c a s e s  o r g a n i z e d  a l o n g  l i n e s  o f  t h e  c a u s e  o f  d e a t h .  T h e s e  

g e n e r a l  c a t e g o r i e s  a r e  ( 1 )  f i r e  f i g h t e r s  k i l l e d  w h i l e  f i g h t i n g  f i r e s  

( e x c l u d i n g  h e a r t  a t t a c k s ) ;  ( 2 )  f i r e  f i g h t e r s  k i l l e d  i n  n o r i - f i r e  f i g h t i n g  

s i t u a t i o n s  ( e x c l u d i n g  h e a r t  a t t a c k s ) ;  a n d ,  ( 3 )  f i r e  f i g h t e r s  w h o  d i e d  o f  

h e a r t  a t t a c k s  i n  b o t h  f i r e  f i g h t i n g  a n d  n o n - f i r e  f i g h t i n g  s i t u a t i o n s .  I n  

t u r n ,  e a c h  o f  t h e s e  t h r e e  s e c t i o n s  w i l l  b e  b r o k e n  d o w n  t o  p r e s e n t  i n d i v i d u a l  

c a s e  s u m m a r i e s  f o r  s p e c i f i c  c a u s e s  o f  d e a t h s  u n d e r  e a c h  s e c t i o n ,  f o l l o w e d  b y  

a  p r e s e n t a t i o n  o f  t h e  p r o b l e m  a r e a s  w h i c h  w i l l  t r a n s c e n d  t h e  c a u s e  o f  d e a t h  

c l a s s i f i e a t  i o n s .

B e f o r e  p r o c e e d i n g  w i t h  t h i s  r e p o r l ,  i t  s h o u l d  b e  n o t e d  t h a t  i t  i s  n o t  

my i n t e n t  n o r  i s  i t  t h e  i n t e n t  o f  a n y  o f  t h e  o t h e r  i n d i v i d u a l s  a s s o c i a t e d  

u i t h  t h e  I A F F  I i o r t a l i t y  S t u d y  t o  e m b a r r a s s  a n y  s p e c i f i c  f i r e  f i g h L e r  o r  

f i r e  d e p a r t m e n t .  We s e e  n o  u L i l i t y  i n  p o i n t i n g  a  f i n g e r  o n  a n y  o n e  p e r s o n

7
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o r  d e p a r t m e n t .  S i n c e  t h e  p u r p o s e  o f  t h i s  s t u d y  i s  p u r e l y  o n e  o f  r e s e a r c h  

a i m e d  a t  t h e  f a r  r e a c h i n g  g o a l  o f  r e n d e r i n g  f i r e  f i g h t i n g  a  l e s s  h a z a r d o u s  

p r o f e s s i o n ,  a l l  f i r e  d e p a r t m e n t s  a n d  i n d i v i d u a l  f i r e  f i g h t e r s  w i l l  r e m a i n  

a n o n y m o u s  i n  t h e  c o u r s e  o f  t h e  e n s u i n g  d i s c u s s i o n .
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V IC TI MS  -  A 2 8  y e a r  o l d  f i r e  f i g h t e r  w i t h  2% y e a r s  t o t a l  s e r v i c e .
-  A 2 8  y e a r  o l d  f i r e  f i g h t e r  w i t h  2\  y e a r s  t o t a l  s e r v i c e .

S E T T IN G  -  T h i s  f i r e  o c c u r r e d  i n  m i d - J u n e  1 9 7 5  a t  a p p r o x i m a t e l y  8 : 0 0 A . M .
T h e  f i r e  w a s  o n  t h e  s e c o n d  f l o o r  o f  a n  a i r p o r t  t e r m i n a l .  I t  d i d  n o t  i n v o l v e
t h e  e n t i r e  t e r m i n a l ,  b u t  o n l y  t h e  w e s t  e n d  w h i c h  c o n s i s t e d  o f  a d m i n i s t r a t i v e  
o f f i c e s .  T h e  s t r u c t u r e  w a s  m e t a l  a n d  g l a s s  w a l l e d  w i t h  a  m e t a l  d e c k  r o o f

s u p p o r t e d  b y  s t e e l  t r u s s e s  a n d  b e a m s .  A s  i s  n o t e d  b y  t h e  d i a g r a m  t h e r e  a r e  
n o  c omm on  h a l l w a y s  f r o m  e a s t  t o  w e s t  o r  n o r t h  t o  s o u t h .  T h e r e  w a s  a  d r o p p e d  
c e l l i n g  o n  t h e  b < _r ond  f l o o r ,  w i t h  a  2 t o  3 f o o t  6 p a c e  b e t w e e n  t h e  c e i l i n g  
a n d  t h e  r o o f .  T h e r e  w e r e  n o  f i r e  s t o p s  i n  t h i s  s p a c e .  T h e  f i r e  s t a r t e d  i n  
Room 2 3 8 ,  f r o m  u n k n o w n  c a u s e s ,  a n d  q u i c k l y  s p r e a d  t h r o u g h o u t  m u c h  o f  t h i s  s e c ­
t i o n  o f  t h e  b u i l d i n g .  T h ?  d a r k  l i n e s  i n d i c a t e  t h e  t o t a l  f i r e  s p r e a d .

SEQUENCE -  T h e  a i r p o r t  f i r e  d e p a r t m e n t ,  w h o s e  m a i n  r e s p o n s i b i l i t y  i s  t o  p r o ­
t e c t  a g a i n s t  a i r p l a n e  f i r e s ,  h a d  j u r i s d i c t i o n  o n  t h i s  s t r u c t u r a l  f i r e .  
F o r t u n a t e l y  t h e  d e p a r t m e n t  w a s  n o t i f i e d  o f  t h e  f i r e  j u s t  o s  t h e  s h i f t  w a s  
c h a n g i n g  s o  t h e y  h a d  d o u b l e  m a n p o w e r .  T h e y  r e s p o n d e d  w i t h  a  p u m p e r  a n d  8 
m e n .  U p o n  a r r i v a l  h e a v y  s m o k e  w a s  e m i t t i n g  f r o m  t h e  b u i l d i n g  o n d  a  m u t u a l  
a i d  c a l l  t o  s u r r o u n d i n g  v o l u n t e e r  d ' p a r t m e n t s  w a s  m a d e .  T h e  c h i e f  o f  t h e  
a i r p o r t  d e p a r t m e n t  w a s  a l s o  n o t i f i e d  o f  t h e  s i t u a t i o n .  P r i o r  t c  t h e  c h i e f  
a n d  t h e  m u t u a l  a i d  c o m p a n i e s  a r r i v i n g  a  n u m b e r  o f  a c t i v i t i e s  t o o k  p l a c e  t h a t  
d i r e c t l y  r e l a t e d  t o  t h e  f a t a l i t i e s .

An e f f o r t  w a s  a t t e m p t e d  a t  m a k i n g  e n t r y  t o  t h e  s e c o n d  f l o o r  f r o m  t h e  
w e s t  s t a i r s ;  h o w e v e r ,  h e a t  h a d  a f f e c t e d  t h e  l o c k  e n d  t h e  d o o r  c o u l d  r i o t  b e
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o p e n e d  w i t h  a  k e y .  T h i s  e f f o r t  w a s  a b a n d o n e d  a s  t h e  n o r t h  w a l l  w a s  l a d d e r e d  
a n d  l V  l i n e s  w e r e  d i r e c t e d  i n t o  t h e  b u i l d i n g  v i a  t h e  s e c o n d  f l o o r  w i n d o w .
T wo  f i r e  f i g h t e r s  d o n n e d  3 0 - m i n u t e  b r e a t h i n g  a p p a r a t u s  a n d  w e n t  t o  o p e n  r h e  
d o u b l e  d o o r s  l e a d i n g  i n t o  t h e  o f f i c e  a r e a  f r o m  t h e  m a i n  t e r m i n a l .  T h e s e  
d o o r s  h a d  a l r e a d y  b e e n  o p e n e d  b y  a  m a i n t e n a n c e  ma n  w h e n  t h e  f i r e  w a s  f i r s t  
d i s c o v e r e d ;  h o w e v e r ,  t h e  f i r e  f i g h t e r s  w e r e  n o t  a w a r e  o f  t h i s .  U p o n  f i n d i n g  
t h e  d o o r  ; o p e n  t l  a y  e n t e r e d  t ’ ■; b u i l d i n g .

I t  i s  u n c e r f i i n  w h y  t h e  m e n  e n t e r e d  t h e  b u i l d i n g  b u t  m o s t  l i k e l y  t h e y  
w a n t e d  t o  s u r v e y  n e  e x t e n t  o f  t h e  f i r e .  T h e y  d i d  n o t  h a v e  a  h o s e  l i n e  w i t h  
t h e m .  E i t h e r  i n t e n t i o n a l l y  o r  a c c i d e n t a l l y  w h i l e  i n  t h e  o f f i c e s  t h e  t w o  men 
b e c a m e  s e p a r a t e d .  T h e  m e n  e n t e r e d  t h e  b u i l d i n g  a t  a p p r o x i m a t e l y  8 : 1 0  A . M . ,  
a n d  t h e i r  b o d i e s  w e r e  n o t  f o u n d  u n c i l  a f t e r  9 : 3 0  A . M .  P r i o r  t o  t h e  d i s c o v e r y  
o f  t h e  d o w n e d  m e n  i t  w a s  n o t  r e a l i z e d  b y  t h o s e  o n  t h e  f i r e  g r o u n d  t h a t  t h e  
t w o  f i r e  f i g h c e r s  w e r e  m i s s i n g .

B y  r e f e r r i n g  t o  t h e  d i a g r a m ,  t h e  f r o n t s  f r o m  w h i c h  t h e  f i r e  w a s  a t t a c k e d  
a r e  p i n p o i n t e d .  I n t e r n a l l y  t h e  f i r e  w a s  f o u g h t  b y  t h r e e  l V  l i n e s ,  a n d  
t h r o u g h o u t  m o s t  o f  t h e  d u r a t i o n  o f  t h i s  f i r e  t h e  C h i e f  o f  t h e  a i r p o r t  d e p a r t ­
m e n t  w a s  o n  o n e  o f  t h e s e  l i n e s .  T h e  n o r t h  w a l l  h a d  t h r e e  l V  l i n e s  i p  t h e  
w i n d o w s ,  t h e  s o u t h w e s t  w a l l  h a d  t w o  l V  l i n e s  i n  t h e  w i n d o w s ,  a n d  t h ' . r e  w e r e  
t h r e e  l V  l i n e s  t h a t  w e r e  d i r e c t e d  i n  t h e  v e n t s  o n  t h e  r o o f .  T h e  f e r i a l  
t o w e r  o n  t h e  n o r t h w e s t  w a l l  h a d  e n g i n e  t r o u b l e  w h e n  i t  a r r i v e d  o n  t h e  s c e n e  
a n d  c o u l d  n o t  b e  p o s i t i o n e d  p r o p e r l y  t o  u s e  t h e  t o w e r .

A t  9 : 2 0  A . M .  a  n e a r b y  p a i d  d e p a r t m e n t  r e s p o n d e d  w i t h  t b j i r  a e r i a l  t o w e r .  
T h e y  p o s i t i o n e d  t h e m s e l v e s  o n  t h e  s o u t h w e s t  w a l l ,  s i n c e  a t  t h i s  p o i n t  m o s t  o f  
t h e  f i r e  w a s  i n  t h a t  a r e a ,  T h e  a e r i a l  m a d e  a  q u i c k  s w e e p  k n o c k i n g  o u t  t h e  
w i n d o w s  a n d  t h e n  c o n t i n u e d  s w e e p i n g  a s  i t  b l a c k e n e d  t h e  f i r e .  A f t e r  a p p r o x ­
i m a t e l y  10  m i n u t e s  o f  t h i s  t h e  f i r e  w a s  e x t i n g u i s h e d  w i t h  t h e  e x c e p t i o n  o f  a  
f e w  h o t  s p o t s  w h i c h  w e r e  k n o c k e d  o u t  b y  h a n d  l i n e s .

M o m e n t s  l a t e r  t h e  f i r s t  m a n  w a s  d i s c o v e r e d  i n  r o o m  2 5 5 .  A l a r g e  c e l l ­
i n g  f i x t u r e  w a s  l y i n g  o v e r  h i m  b u t  i t  i s  u n c e r t a i n  w h e t h e r  t h e  f i x t u r e  f e l l  
o n  h i m  k n o c k i n g  h i m  o u t  o r  i f  i t  f e l l  a f t e r  h e  w a s  a l r e a d y  d o w n .  He h a d  h i s  
c o m p l e t e  p r o t e c t i v e  g e a r  o n .  T h e  p l e x i g l a s s  o n  h i s  f a c e  m a s k  w a s  b r o k e n  o u t  
a n d  t h e r e  w e r e  j a g g e d  e d g e s  a l o n g  t h e  r i m  o f  t h e  m a s k .  He w a s  l y i n g  o n  h i s  
l e f t  s i d e ;  h i s  p r o x i m i t y  c o a t  a n d  p a n t s  a n d  h i s  r i g h t  g l o v e  w e r e  p a r t i a l l y  
b u r n e d .  He w a s  d e a d  a t  t h e  s c e n e ,  a  v i c t i m  o f  s m o k e  i n h a l a t i o n ,  w i t h  a  55% 
c a r b o n  m o n o x i d e  l e v e l .  H i s  b r e a t h i n g  a p p a r a t u s  w a s  a n  o l d e r  m o d e l  a n d  d i d  
n o t  h a v e  a  w a r n i n g  b e l l .

T h e  s e c o n d  f i r e  f i g h t e r  w a s  f o u n d  10  m i n u t e s  l a t e r  i n  t h e  h a l l  b e t w e e n  
r o o m s  2 4 8  a n d  2 4 0 .  T h e  m a n ' s  m a s k  w a s  o f f  o f  h i s  f a c e  a n d  d i s c o n n e c t e d  f r o m  
t h e  t a n k ,  w h i c h  w a s  e m p t y .  T h i s  i n d i c a t e s  t h a t  h e  w a s  c o n s c i o u s  w h e n  h i s  
t a n k  r a n  o u t  a n d  h e  r e m o v e d  t h e  f a c e  p i e c e .  H i s  p r o t e c t i v e  c l o t h i n g  s h o w e d  
o n l y  s l i g h t  s i g n s  o f  b u r n s .  He w a s  d e a d  o n  t h e  s c e n e  - a  v i c t i m  o f  s m o k e  
i n h a l a t i o n ,  w i t h  a  61% c a r b o n  m o n o x i d e  l e v e l .  H i s  b r e a t h i n g  a p p a r a t u s  w a s  
e q u i p p e d  w i t h  a  w a r n i n g  b e l l .
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C a s e  6 5

V I C T I M  -  A 5 7  y e a r  o l d  f i r e  f i g h t e r  w i t h  a  t o t a l  o f  2 6  y e a r s  s e r v i c e ;  a l l  
s e r v e d  i n  a n  e n g i n e  c o m p a n y .

S E T T I N G  -  T h i s  f i r e  o c c u r r e d  i n  m i d - S e p t e m b e r  1 9 7 5  a t  9 : 2 0  A . M .  T h e  s c e n e  
o f  t h e  f i r e  w a s  a  o n e - s t o r y  w o o d  f r a m e  h o u s e  a n d  a  w o o d  d o u b l e  g a r a g e .
T h e  f i r e  s t a r t e d  a n d  f o r  t h e  m o s t  p a r t  w a s  c o n f i n e d  t o  t h e  g a r a g e ,  w i t h  o n l y  
m i n o r  b u r n i n g  i n  t h e  h o u s e .  S m o k e  w a s  h e a v y  a n d  t h e  f i r e  w a s  e x t r e m e l y  h o t .

SEQUENCE -  R e s p o n d i n g  t o  t h e  f i r e  w e r e  f o u r  e n g i n e  c o m p a n i e s  a n d  a  t r u c k  
c o m p a n y ,  f o r  a  t o t a l  m a n p o w e r  o f  1 3  m e n .  T h e  f i l e  b u i l d i n g  w a s  l o c a t e d  o n  
t h e  o u t s k i r t s  o f  t o w n  a n d  t h e  c o m p a n i e s  r e s p o n d e d  f r o m  d i f f e r e n t  s t a t i o n s ,  
t h u s  t h e  a r r i v a l  o n  t h e  s c e n e  w a s  s t a g g e r e d .  T h e r e  w a s  a n  a p p r o x i m a t e l y  
f i v e  m i n u t e  g a p  b e t w e e n  t h e  a r r i v a l  o f  t h e  f i r s t  e n g i n e  a n d  t h e  o t h e r  c o m ­
p a n i e s .

T h e  e n g i n e  w a s  m a n n e d  b y  t h r e e  f i r e  f i g h t e r s  w h o  w e r e  i m m e d i a t e l y  i n ­
f o r m e d  b y  n e i g h b o r s  o f  t h e  p o s s i b i l i t y  t h a t  p e o p l e  w e r e  s t i l l  i n  t h e  h o u s e .  
W h i l e  o n e  m a n  h o o k e d  t o  t h e  h y d r a n t  t h e  o t h e r  t w o  m e n  m a d e  t h e i r  w a y  t o w a r d s  
t h e  b a c k  d o o r  o f  t h e  h o u s e  w i t h  n  2 h "  l i n e .  T h e  m e n  e n t e r e d  t h e  h o u s e  a n d  
q u i c k l y  b l a c k e n e d  w h a t  l i t t l e  f i r e  h a d  s p r e a d  t o  i t  a n d  m a d e  a  s u r v e y  o f  
t h e  r o o m s .  F i n d i n g  n o  o n e  i n  t h e  h o u s e  t h e y  r e t u r n e d  t o  t h e  y a r d  a n d  s t a r t e d  
a t t a c k i n g  t h e  f i r e  i n  t h e  g a r a g e .  T h e  m e n  w e r e  e x p o s e d  t o  ■•’. x t r e m e  h e a t  w h i c h  
w a s  b o t t l e d  u p  i n  t h e  b a c k  y a r d  b e t w e e n  t h e  g a r a g e  a n d  s h r u b s  b u t  f o r t u n a t e l y  
t h e  w i n d  c a r r i e d  a w a y  a  f a i r  a m o u n t  o f  t h e  h e a v y  s m o k e .

A s e c o n d  a l a r m  w a s  c a l l e d  b y  a  r e s p o n d i n g  D e p u t y  C h i e f  a n d  w i t h i n  
t e n  m i n u t e s ,  f r o m  t h e  a r r i v a l  o f  t h e  f i r s t  e n g i n e ,  s u f f i c i e n t  m a n p o w e r  
w a s  o n  t h e  s c e n e  t o  r e l i e v e  t h e  t w o  m e n .  T h e  f i r e  w a s  q u i c k l y  e x t i n g u i s h e d  
w i t h  t h e  a i d  o f  t w o  a d d i t i o n a l  2 V  l i n e s .  A f t e r  b e i n g  r e l i e v e d  o n  t h e  l i n e  
o n e  o f  t h e  t w o  m e n  r e p o r t e d  t o  t h e  D e p u t y  C h i e f  t h a t  w h i l e  i n  t h e  b a c k y a r d  
h e  w a s  s u f f e r i n g  c h e s t  p a i n s  a n d  s h o r t n e s s  o f  b r e a t h .  T h e  C h i e f  o r d e r e d  
h i m  t o  t h e  h o s p i t a l  t o  b e  c h e c k e d  o u t .

A t  t h e  h o s p i t a l  h e  w a s  a d m i t t e d  f o r  o b s e r v a t i o n s .  A f t e r  h i s  f o u r t h  
d a y  i n  t h e  h o s p i t a l  h e  w a s  r e l e a s e d .  T h a t  s a m e  e v e n i n g  w h i l e  a t  h o m e  h e  
d e v e l o p e d  a  h i g h  f e v e r  a n d  w a s  r e a d m i t t e d .  H i s  c o n d i t i o n  c o n t i n u e d  t o  d e t e r ­
i o r a t e  a n d  a p p r o x i m a t e l y  o n e  m o n t h  a f t e r  r e t u r n i n g  t o  t h e  h o s p i t a l  h e  e x ­
p i r e d .  T h e  c a u s e  o f  d e a t h  w a s  l i s t e d  a s  p n e u m o n i a ,  b r o u g h t  o n  b y  s m o k e  i n ­
h a l a t i o n .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  b e c a u s e  t h e  t w o  f i r e  f i g h t e r s  h a d  r e a s o n  
t o  b e l i e v e  t h a t  p e o p l e  w e r e  i n  t h e  h o u s e  t h e y  d i d  n o t  t a k e  t h e  t i m e  t o  d o n  
b r e a t h i n g  a p p a r a t u s .  A l s o ,  o f  i m p o r t a n c e  i s  t h e  f a c t  t h a t  t w i c e  i n  t h e  
m o n t h  p r i o r  o  t h i s  f i r e  t b ' -  v i c t i m  s u f f e r e d  s m o k e  i n h a l a t i o n  w h i l e  a t  t h e  
s c e n e  o f  a  f i r e .  I n  o n e  c a s e  h e  w a s  t r e a t e d  o n  t h e  s c e n e  a n d  i n  t h e  o t h e r  
c a s e  h e  w a s  h s o p i t a l i z e d  o v e r n i g h t .



CASE 9 6  & 97

V I C T I M S  -  A 4 8  y e a r  o l d  f i r e  c a p t a i n  w i t h  2 4  y e a r s  t o t a l  s e r v i c e ;  t h e  l a s t  
6  s e r v e d  i n  t h e  c a p a c i t y  o f  c a p t a i n .

-  A 2 9  y e a r  o l d  f i r e  f i g h t e r  w i t h  3 y e a r s  s e r v i c e ,  s e r v e d  i n  a n  
e n g i n e  c o m p a n y .

S E T T I N G  -  T h i s  f i r e  o c c u r r e d  i n  l a t e  D e c e m b e r  1 9 7 5  a t  3 : 2 0  A . M .  T h e  f i r e  
b u i l d i n g  w a s  a  2 2 - s t o r y  b r i c k  a p a r t m e n t  b u i l d i n g  w i t h  e i g h t  a p a r t m e n t s  o n  
e a c h  f l o o r .  A 1 2 0 - f o o t  l o n g ,  5  f o o t  w i d e  h a l l w a y  r a n  t h e  l e n g t h  o f  t h e  
f l o o r  w i t h  f o u r  a p a r t m e n t s  o n  e a c h  s i d e  o f  i t .  T h r e e  e l e v a t o r s  r e s t e d  i n  
t h e  c e n t e r  o f  t h e  h a l l w a y  a n d  t h e r e  w e r e  t w o  s t a i r w a y  e x i t s  p o s i t i o n e d  4 0  
f e e t  i n  f r r . a  t h e  e a s t  a n d  w e s t  w a l l s .  T h e r e  w e r e  f i r e  d o o r s  o n  t h e  s t a i r ­
w a y  e n t t a n c e s  t h a t  c o u l d  o n l y  b e  o p e n e d  f r o m  i n s i d e  t h e  h a l l w a y .  T h e  f i r e  
s t a r t e d  o n  t h e  1 4 t h  f l o o r  i n  t h e  s o u t h e a s t  a p a r t m e n t ,  i t s  c a u s e  w a s  u n d e t e r ­
m i n e d .

SEQUENCE -  R e s p o n d i n g  t o  t h e  f i r e  w e r e  t w o  e n g i n e s ,  t r u c k ,  a  s q u a d  a n d  a  
B a t t a l i o n  C h i e f ,  f o r  a  t o t a l  m a n p o w e r  o f  1 8  m e n .  U p o n  a r r i v a l  o n l y  a  s m a l l  
a m o u n t  o f  w h i t e  s m o k e  w a s  v i s i b l e  e m e r g i n g  f r o m  t h e  f o u r t e e n t h  f l o o r .  T h e  
B a t t a l i o n  C h i e f  a n d  f i v e  o t h e r  me n  t o o k  t h e  e l e v a t o r  t o  t h e  t h i r t e e n t h  f l o o r ,
h o o k e d  u p  a  l V  l i n e  a n d  c l i m b e d  t h e  e a s t  s t a i r s  t o  t h e  f o u r t e e n t h  f l o o r .
A s  t h e  m e n  a t t e m p t e d  t o  o p e n  t h e  d o o r  w i t h  t h e  a i d  o f  a n  a x e  a n d  a  p o c k e t  
k n i f e ,  t h e  B a t t a l i o n  C h i e f  t r i e d  t o  c o n t a c t  t h e  t r u c k  c o m p a n y  v i a  h i s  
r a d i o .  B e c a u s e  o f  h i s  p o s i t i o n  i n  t h e  s t a i r w a y  h o  c o u l d  n o t  m a k e  c o n t a c t
a n d  h e  a n d  a n o t h e r  ma n  r e t u r n e d  t o  t h e  t h i r t e e n t h  f l o o r .

W he n  t h e  m e n  g o t  t h e  d o o r  o p e n ,  t h e  C a p t a i n  a n d  a  f i r e  f i g h t e r  m o v e d  
t o w a r d s  t h e  a p a r t m e n t s  o n  t h e  e a s t  s i d e  o f  t h e  b u i l d i n g .  A n o t h e r  f i r e  
f i g h t e r  e n t e r e d  t h e  f l o o r  a n d  m o v e d  t o  t h e  w e s t .  T h e  r e m a i n i n g  t w o  f i r e  
f i g h t e r s  s t a y e d  o n  t h e  s t a i r s  h e l p i n g  o c c u p a n t s  w h o  w e r e  e v a c u a t i n g  f r o m  
t h e  u p p e r  f l o o r s .  A l l  t h r e e  me n  o n  t h e  f l o o r  w e r e  e q u i p p e d  w i t h  1 5 - m i n u t e
a i r  t a n k s ,  a n d  a t  t h i s  p o i n t  t h e y  w e r e  m o s t  c o n c e r n e d  w i t h  e v a c u a t i n g  t h e
f l o o r  o f  o c c u p a n t s .

T h e  C a p t a i n  a n d  f i r e  f i g h t e r  m o v e d  b a c k  d o w n  t h e  h a l l w a y  m o v i n g  w e s t  
s e a r c h i n g  f o r  r e s i d e n t s .  T h e  f i r e  a p a r t m e n t  w a s  # 1 4 1 8 .  A t  t h e  o t h e r  e n d  
o f  t h e  b u i l d i n g  w a s  a p a r t m e n t  # 1 4 1 2  a n d  i t s  f r o n t  d o o r  h a d  b e e n  o p e n e d ,  
p o s s i b l y  b y  t h e  t w o  f i r e  f i g h t e r s ,  i n  s e a r c h i n g  f o r  o c c u p a n t s .  T h e  s l i d ­
i n g  b a l c o n y  d o o r s  o f  t h e  a p a r t m e n t  w e r e  a l s o  o p e n e d  a n d  w h e n  t h e  f i r e  b u r n e d
t h r o u g h  e i t h e r  t h e  d o o r  o r  c e i l i n g  o f  a p a r t m e n t  # 1 4 1 8  a  f l a s h  o c c u r r e d ,  r o l l ­
i n g  d o w n  t h e  l e n g t h  o f  t h e  h a l l w a y  a n d  i n t o  a p a r t m e n t  # 1 4 1 2 .

I t  i s  d e d u c e d  t h a t  a t  t h e  t i m e  o f  t h e  f l a s h  ' h e  C a p t a i n  a n d  f i r e  
f i g h t e r  w e r e  s t a n d i n g  a  f e w  s t e p s  i n s i d e  o r  a  f e w  s L e p s  o u t s i d e  o f  a p a r t ­
m e n t  # 1 4 1 2 .  E i t h e r  w a y ,  w h e n  t h e  f l a s h  o c c u r r e d  t h e  men e s c a p e d  i t  b y  
m o v i n g  i n t o  t h e  a p a r t m e n t  a c r o s s  t h e  h a l l .  T h e  C a p t a i n  h a d  n o  m a j o r  b u r n s  
a n d  t h e  f i r e  f i g h t e r  h< j  o n l y  p a r t i a l  b u r n s  a b o u t  t h e  f a c e .  A s  t h e  m e n  r e ­
t r e a t e d  f r o m  t h e  f i r e  t h e y  m a d e  t h e i r  w a y  i n t o  t h e  f a r  n o r t h w e s t  b e d r o o m  
o f  t h e  a p a r t m e n t .  I t  i s  p o s s i b l e  t h a t  t h e y  m o v e d  t o  t h i s  r o o m  b e c a u s e
p a r t  o f  t h e  f r o n t  r o o m  w a s  b u r n i n g  a n d  t h i s  l e d  t h e m  f a r t h e s t  f r o m  t h e
f ire.
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r i i i i  f h n r  t -he  m e n  w e r e  j u s t  a b o u t  o u t  o f  a i r  a t  t h e  t i m e  o r
I t  i s  p r o b a b l e  „ J e I , t e r e d  t h .  f o u r t o u n t h  f l o o r  « U h  t h o

t h e  f l a s h .  T h e  t h i r d  _ g  ^  b e c a u s e  h i s  t a n k  |i a d  r u n
t w o  m e n  w a s  m a k i n g  n i s  y  d o w n  t h e  h a l l  h e  d o v e  t h r o u g h  t h e  d o o r  a n d
o u t .  A s  h e  s a w  t h e  a  g  c h e  t n j c k  c o m p a n y  w e r e
e s c a p e d  t h e  m a j o r  b r u n t  o t  t h e  t i r e .  m e  c <, r0 ( „
j u s t  o t  t h o  d o o r  o n d  t h e y  o i l  s c r o , . b l e d  d o w n  t h e  s t a i r w a y  t o  s a f e t y .

I t  w a s  a p p r o x i m a t e l y  o n  h o u r  a n d  a  h a l f  a f t e r  t h e  f l a s h o v e r  t h a t  t h e
. .  T h p  f i r e  h a d  g r o w n  t o  a  5 a l a r m  f i r e  a n d  a t

t w o  me n  w e r e  d i s c o v e r e d  T h e  i i r e  I 8  k n o c k e d  o u C  a n d  t h e  d e p a r t m e n t
t i m e  t h e  b o d i e s  w e r e  f o u n d  t h e  t i r e  n a  „  t h e r e  w a s

t w o

m e n  w e r e  m i s s i n g .

T h e  C a p t a i n  w a s  f o u n d  j u s t  i n s i d e  t h e  d o o r  o f  t h e  f a r  n o r t h w e s t  b e d ­
r o o m  w i t h  h i s  e m p t y  t a n k  o n ,  b u t  h i s  m a s k  o f f .  i e  i r e  g  ^  ^
h i s  e m p t y  t a n k  a n d  m a s k  o f f  a n d  w a s  l y i n g  u p  a S a l "  d e a t h  w a s
s a m e  r o o m .  B o t h  m e n  w e r e  d e a d  a t  t h e  s c e n e  a n d  t h e  c a u s e  o f  d e a t h  w a s
l i s t e d  a s  c a r b o n  m o n o x - ' d e  i n h a l a t i o n .



CASE 5 3  & 5 4

V I C T I M ( S )  -  A 3 0  y e a r  o L d  f i r e  f i g h t e r  w i t h  f i v e  y e a r s  t o t a l  s e r v i c e ,  
a s s i g n e d  t o  t h e  a m b u l a n c e / r e s c u e  s q u a d .

-  A 2 7  y e a r  o l d  v o l u n t e e r  f i r e  f i g h t e r  w i t h  s e v e n  y e a r s  t o t a l  
s e r v i c e ,  t h e  l a s t  t w o  s e r v e d  i n  t h i s  p a r t i c u l a r  d e p a r t m e n t ,  a s s i g n e d  t o  
t h e  a m b u l a n c e / r e s c u e  s q u a d .

S E T T I N G  -  T h i s  f a t a l  a c c i d e n t  o c c u r r e d  i n  l a t e  J u n e  a t  a p p r o x i m a t e l y  3 : 0 0  
P . M .  T h e  f i r e  d e p a r t m e n t  t h a t  r e s p o n d e d  t o  t h i s  a c c i d e n t  w a s  p a r t  f u l l ­
t i m e / p a r t  v o l u n t e e r  w i t h  o n e  m a n  o f  e a c h  r e s p o n d i n g  t o  t h e  a c c i d e n t  i n  t h e  
r e s c u e / a m b u l a n c e  u n i t .  T h e  a c c i d e n t  s c e n e  w a s  a t  a  r e n d e r i n g  p l a n t  a n d  
o c c _ r r e d  i n  a  b a s e m e n t  b e l o w  t h e  s c a l e  a r e a .  S l u d g e  ( 8 0 %  w a t e r ,  20% h i d e ,  
m e a t  a n d  f a t )  r e g u l a r l y  d r a i n e d  i n t o  t h i s  b a s e m e n t  a n d  w a s  t h e n  p u m p e d  b y  a  
f l o a t  a c t i v a t e d  s u m p  p u m p  t o  a  s k i m m e r  t a n k  o n  t h e  g r o u n d  f l o o r ,  a n d  t h e  f a t  
a n d  m a t e r i a l s  a r e  s k i m m e d  f r o m  t h e  w a t e r  w h i c h  i s  t h e n  p u m p e d  i n t o  t h e  s e w e r .

SEQUENCE -  T h r o u g h o u t  t h e  d a y  t h e  s l u d g e  b u i l t  u p ,  a n d  i n  t h e  a f t e r n o o n  a n  
e m p l o y e e  e n t e r e d  t h e  b a s e m e n t  a n d  u n p l u g g e d  t h e  s u m p  p ump  s o  t h a t  t h e  m a t e ­
r i a l  c o u l d  b e  p u m p e d  t o  t h e  s k i m m e r .  Whe n  h e  l e f t  t h e  b a s e m e n t  t h e  s l u d g e  
l e v - l  w a s  a p p r o x i m a t e l y  o n e  f o o t .  A f t e r  1 5  m i n u t e s ,  wher .  i t  a p p e a r e d  t h a t  
t h e  s k i m m e r  w a s  g o i n g  t o  o v e r f l o w ,  t h e  e m p l o y e e  a g a i n  e n t e r e d  t h e  b a s e m e n t  
a n d  c l o s e d  o f f  t h e  p u m p .  A s  h e  w a s  l e a v i n g ,  h e  c l i m b e d  t w o  s t a i r s ,  c o l ­
l a p s e d  a n d  f e l l  b a c k  i n t o  t h e  s l u d g e  w h i c h  w a s  a t  t h i s  t i m e  a r o u n d  t h e  
t h r e e  f o o t  l e v e l .  T h r e e  e m p l o y e e s  w e n  s e n t  t o  t h e  b a s e m e n t  t o  a s s i s t  t h e  
ma n  a n d  w h e n  t h e y  g o t  t o  t h e  f o o t  o f  t h e  s t a i r s  t h e y  a l l  c o l l a p s e d  a l s o .

M e a n w h i l e  t h e  F i r e  D e p a r t m e n t  h a d  b e e n  c a l l e d  r e p o r t i n g  t h a t  a  man  
h a d  f a l l e n  d o w n  t h e  s t a i r s  a n d  t h e y  r e s p o n d e d  w i t h  t h e i r  r e s c u e / a m b u l a n c e  
u n i t .  P r i o r  t o  t h e i r  a r r i v a l  t h e  p l a n t  s u p e r v i s o r  d e s c e n d e d  t o  t h e  m i d d l e  
o f  t h e  b a s e m e n t  s t a i r w a y  a n d  o b s e r v e d  o n e  o f  t h e  m e n  a t  t h e  b o t t o m  o f  t h e  
s t a i r s  i n  c o n v u l s i o n s .  l i e  i m m e d i a t e l y  l e f t ,  s h u t  o f f  a l l  e l e c t r i c i t y  a n d  
r e p o r t e d  t o  t h e  t w o  r e s p o n d i n g  f i r e  f i g h t e r s  t h a t  h e  t h o u g h t  t h e  m e n  h a d  
b e e n  e l e c t r o c u t e d .  T h e y  c h e c k e d  t o  b e  s u r e  t h e  e l e c t r i c i t y  w a s  o f f  a n d  
t h e n  e n t e r e d  t h e  b a s e m e n t .  When  t h e  f i r s t  f i r e  f i g h t e r  r e a c h e d  t h e  b o t t o m
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o f  t h e  s t a i r s  h e  l e a n e d  o v e r  t o  g r a b  t h e  s h o u l d e r  n f  o n e  o f  t h e  m e n ,  w h o  
w a s  p a r t i a l l y  s u b m e r g e d  i n  t h e  s l u d g e .  A s  h e  d i d  t h i s  h e  i m m e d i a t e l y  c o l ­
l a p s e d  a n d  f e l l  o v e r  t h e  m a n .  H i s  p a r t n e r  t h o u g h t  t h a t  h e  h a d  s l i p p e d  s o  
h e  l e a n e d  o v e r  t o  g r a b  h i m  a n d  a l s o  c o l l a p s e d .  T h e  p l a n t  s u p e r v i s o r  i m ­
m e d i a t e l y  p u t  a n o t h e r  c a l l  i n  t o  t h e  F i r e  D e p a r t m e n t  a n d  t h e y  r e s p o n d e d  
w i t h  a l l  a v a i l a b l e  m a n p o w e r .

I n  r e s c u i n g  t h e  s i x  d o w n e d  me n  ( t w o  f i r e  f i g h t e r s ,  f o u r  i n d u s t r i a l  
w o r k e r s )  a l l  o f  t h e  f i r e  f i g h t e r s  w o r e  b r e a t h i n g  a p p a r a t u s .  T h e  r e s c u e  
o p e r a t i o n s  w e r e  h a m p e r e d  b y  t h e  f a c t  t h a t  t h e  s l u d g e  m a d e  t h e  m e n  e x t r e m e l y  
s l i p p e r y  a n d  r o ;  s w e r e  n e e d e d  t o  p u l l  t h e  me n  o u t .  T h e  t w o  f i r e  f i g h t e r s  
w e r e  t h e  f i r s t  t a k e n  f r o m  t h e  b a s e m e n t .  O n e  d i e d  e n  r o u t e  t o  t h e  h o s p i t a l  
a n d  t h e  o t h e r  d i e d  s e v e r a l  d a y s  l a t e r ,  n e v e r  r e g a i n i n g  c o n s c i o u s n e s s .  T h e  
f o u r  i n d u s t r i a l  w o r k e r s  w e r e  a l l  p r o n o u n c e d  d e a d  o n  t h e  s c e n e .  T h e  t o x i c  
f u m e s  t h a t  t h e  s l u d g e  c r e a t e d  a n d  w h i c h  c a u s e d  t h e  f a t a l i t i e s ,  a r e  b e l i e v e d  
t o  b e  m e t h a n e  a n d  c a r b o n  m o n o x i d e .

I t  s h o u l d  b e  n o t e d ,  b e f o r e  t h e y  p u l l e d  t h e  l a s t  o f  t h e  s i x  m e n  o u t  a  
m u t u a l  a i d  c a l l  w a s  m a d e  a n d  t h e  t o t a l  m a n p o w e r  o n  t h e  s c e n e  w a s  o v e r  7 0  
m e n .  T h e  v a s t  m a j o r i t y  o i  t h e s e  m e n  w e r e  t r e a t e d  f o r  d i z z i n e s s ,  f a i n t n e s s ,  
s h o r t n e s s  o f  b r e a t h ,  c h e s t  h e a v i n e s s ,  c o u g h i n g ,  c h o k i n g ,  n a u s e a ,  v o m i t i n g  
a n d  o c c u l a r  i r r i t a t i o n .



PART V

F I R E  F I G H T E R S  K I L L E D  BY HEART ATTACK

P e r h a p s  o n e  o f  t h e  r o o s t  a l a r m i n g  s t a t i s t i c s  i n  t h e  f i n d i n g  o f  t h i s  

s t u d y  w a s  t h e  h i g h  i n c i d e n c e  o f  f a t a l i t y  c a u s e d  b y  h e a r t  a t t a c k .  H e a r t  

a t t a c k s  w e r e  t h e  h i g h e s t  s i n g l e  c a u s e  o f  d e a t h ,  c o n s t i t u t i n g  4 4 . 5  p e r c e n t  

o f  t h e  o v e r a l l  t o t a l  n u m b e r  o f  f a t a l i t i e s .  I n  m a n y  w a y s  t h i s  f i g u r e  o n l y  

r e p r e s e n t s  t h e  t i p  o f  t h e  i c e b e r g  f o r  h e a r t  a t t a c k  d e a t h s .  S i n c e  s t a n ­

d a r d s  o f  m a n a g e a b i l i t y  h a d  t o  b e  i n t r o d u c e d  i n  t h e  s t u d y  we  d i d  n o t  h a v e  

a n  o p p o r t u n i t y  t o  i n v e s t i g a t e  f a t a l  h e a r t  a t t a c k s  o c c u r r i n g  t o  o f f  d u t y ,  

v a c a t i o n i n g ,  o r  r e c e n t l y  r e t i r e d  f i r e  f i g h t e r s .  H a d  we  d o n e  t h i s  t h e  

a b o v e  f i g u r e  w o u l d  h a v e ,  m o s t  s u r e l y ,  b e e n  m u l t i p l i e d .  A 8  w a 6  c l e a r l y  

s h o w n  i n  t h e  p r e c e d i n g  t w o  s e c t i o n s  t h e r e  i s  a  d e f i n i t e  n e e d  f o r  p r o t e c ­

t i o n  a n d  r e s e a r c h  c o n c e r n i n g  t h e  s a f e t y  a s p e c t s  o f  f i r e  f i g h t i n g .  T h e  

h i g h  f a t a l  h e a r t  a t t a c k  r a t e  s h o w s  t h a t  e q u a l  p r o t e c t i o n  a n d  r e s e a r c h  I s  

n e e d e d  f o r  t h e  h e a l t h  a s p e c t s  o f  t h e  j o b .

I n  p r e s e n t i n g  a n  a n a l y s i s  o f  t h e  h e a r t  a t t a c k  p r o b l e m  t h i s  s e c t i o n  

i s  d i v i d e d  i n t o  a  n u m b e r  o f  s p e c i f i c  s u b s e c t i o n s :  F i r b t ,  t h e r e  a r e  c a s e

s u m m a r i e s  f o r  e a c h  o f  t h e  4 5  c a s e s .  I n  d o i n g  t h i s  i t  i s  h o p e d  t h a t  t h e  

r e a d e r  w i l l  b e  p r o v i d e d  w i t h  a  g e n e r a l  b a c k g r o u n d  o 1’ t h e  v i c t i m ,  t h e  s e t ­

t i n g  i n  w h i c h  t h e  a t t a c k  o c c u r r e d ,  a n d  t h e  a c t i v i t i e s  o f  t h e  g i v e n  f i r e  

f i g h t e r  a t  t h e  t i m e  o f  t h e  a t t a c k .  D u e  t o  t h e  h i g h  n u m b e r  o f  f a t a l i t i e s ,  

a n d  t h e  f a c t  t h a t  i n  m o s t  c a s e s  t h e r e  i s  n o t  a  d e f i n i t e  r e l a t i o n s h i p  

b e t w e e n  t h e  a t t a c k  a n d  a  s p e c i f i c  s e q u e n c e  o f  c i r c u m s t a n c e s ,  t h e  s u m m a r i e s
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a s  c o m p a r e d  t o  t h e  o t h e r s  h a v e  b e e n  a b b r e v i a t e d .  S e c o n d ,  t h e r e  w i l l  b e  a  

d i s c u s s i o n  o f  t h e  a s p e c t s  o f  t h e  i n d i v i d u a l  t h a t  c o n t r i b u t e d  t o  t h e  h e a r t  

a t t a c k .  T h i r d ,  t h e r e  w i l l  b e  a  d i s c u s s i o n  o f  t h e  a s p e c t s  o f  t h e  j o b  t h a t  

c o n t r i b u t e d  t o  t h e  h e a r t  a t t a c k .  A n d ,  f i n a l l y ,  t h e r e  w i l l  b e  a  p r e s e n t a ­

t i o n  o f  o t h e r  g e n e r a l  p r o b l e m s  i n  t h e  a r e a  o f  f i r e  f i g h t e r s '  h e a r t  a t t a c k s .  

F o r  t h e  r e a d e r s  b e n e f i t  a  g l o s s a r y  o f  h e a r t  t e r r a s  i s  p r e s e n t e d  a t  t h e  e n d  

o f  t h i s  r e  - o r t .

B e f o r e  p r o c e e d i n g ,  I  s h o u l d  l i k e  t o  s t a t e  t h a t  i n  t h e  a n a l y s i s  o f  

t h e  h e a r t  a t t a c k  c a s e s  I  h a d  t h e  a s s i s t a n c e  o f  D r .  R o b e r t  F .  D y e r ,  D i r e c t o r  

o f  t h e  W a s h i n g t o n ,  D . C . ,  P o l i c e  a n d  F i r e  C l i n i c ,  w h o  i s  a l s o  a  c a r d i o l o g i s t .  

D r .  D y e r ,  w h o  r e v i e w e d  a n d  a n a l y z e d  t h o s e  c a s e s  f o r  w h i c h  we h a d  a u t o p s y  

r e p o r t s ,  c o n t r i b u t e d  t o  t h e  s t u d y  w i t h  h e l p f u l  p r o f e s s i o n a l  o b s e r v a t i o n s  

a n d  h i s  c o o p e r a t i o n  w a s  m o s t  a p p r e c i a t e d .

HEART ATTACK CASE SUMMARIES

CASE 3

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE
OF DEATH

4 6  y e a r s  o l d ,  2 3  y e a r s  t o t a l  s e r v i c e ,  l a s t  1 2  y e a r s  i n  
e n g i n e  c o m p a n y .
5 ' 1 0 " ,  1 7 5  l b s . , n o n - s m o k e r ,  n o  p r e v i o u s  h i s t o r y  o f  h e a r t  
a t t a c k s .

E a r l y  O c t o b e r  1 9 7 4 ,  1 0 : 0 0  A . M .
B o x  a l a r m  f i r e .
3 - S t o r y  b r i c k  s t r u c t u r e ,  f i r e  f i g h t e r ' s  a s s i s t a n c e  r e ­
q u i r e d  i n  e v a c u a t i n g  o c c u p a n t s .

T h e  f i r e  f i g h t e r ' s  m a i n  d u t i e s  w e r e  t o  h o o k  t h e  e n g i n e  t o  
t h e  h y d r a n t  a n d  o p e r a t e  t h e  p u m p e r .
T h e  h y d r a n t  w a s  t i g h t  a n d  r e q u i r e d  a  c o n s i d e r a b l e  e x e r t i o n  
o f  e n e r g y  t o  o p e n  i t .
He c o l l a p s e d  a f t e r  b e i n g  o n  t h e  s c e n e  f o r  2 5  m i n u t e s .
He w a s  n o t  r e v i v e d  a t  t h e  s c e n e  a n d  w a s  p r o n o u n c e d  d e a d  
a t  t h e  h o s p i t a l .

A t h e r o s c l e r o s i s  o f  t h e  c o r o n a r y  a r t e r i e s  o f  t h e  h e a r t .  
( A u t o p s y )
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*5
CASE 4  

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 7  

V I C T I M

S E T T I N G  

A C T I V I T I E S  -

CAUSE 
OF DEATH

, 4 1  y e a r 6  o l d ,  1 6  y e a r 6  t o t a l  s e r v i c e ,  l a s t  6  y e a r s  s e r v e d
a s  B a t t a l i o n  C h i e f .

.  6 ' 1 " ,  1 8 6  l b s . ,  6 r a o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t  t r o u b l e .

.  E a r l y  O c t o b e r  1 9 7 4 ,  1 : 0 0  P . M .
4  A l a r m  f i r e .

.  1 - S t o r y  b r i c k  s t r u c t u r e ,  w a r e h o u s e  u s e d  t o  6 t o r e  p a p e r .

T h e  B a t t a l i o n  C h i e f  w a s  i n  t h e  f i r e  b u i l d i n g  f o r  t h e  f i r s t  
4 5  m i n u t e s ,  d i r e c t i n g  d i f f e r e n t  e n g i n e ,  c o m p a n y  o p e r a t i o n s .

.  W h i l e  i n  t h e  b u i l d i n g  h e  d i d  n o t  h a v e  a  b r e a t h i n g  a p p a r a t u s  
a n d  w a s  e x p o s e d  t o  h e a v y  s m o k e  a n d  h e a t .

.  F o r  a n  h o u r  a f t e r  t h i s  h e  w a s  o u t s i d e  o f  t h e  b u i l d i n g  d i r e c t ­
i n g  v a r y i n g  o p e r a t i o n s .

.  S e v e r a l  t i m e s  d u r i n g  t h i s  t i m e  p e r i o d  h e  c l i m b e d  a n d  d e ­
s c e n d e d  a  3 0 - f o o t  e m b a n k m e n t .

.  A f t e r  b e i n g  o n  t h e  6 c e n e  f o r  c l o s e  t o  t w o  h o u r s  h e  c o l ­
l a p s e d .  A l t h o u g h  v i t a l  s i g n s  w e r e  p r e s e n t  h e  c o u l d  n o t  b e  
r e v i v e d  a t  t h e  s c e n e  a n d  w a s  p r o n o u n c e d  D e a d  o n  A r r i v a l  
(DOA)  a t  t h e  h o s p i t a l .

( 1 )  S e v e r e  a t h e r o s c l e r o t i c  c o r o n a r y  a r t e r y  d i s e a s e  ( 2 )  R e ­
c e n t  h e m o r r h a g e  i n t o  a t h e r o s c l e r o t i c  p l a q u e  o f  r i g h t  
c o r o n a r y  a r t e r y  ( 3 )  I s c h e m i c  h e a r t  d i s e a s e .  ( A u t o p s y )

.  4 6  y e a r 6  o l d ,  L i e u t e n a n t ,  2 3  y e a r s  t o t a l  s e r v i c e .
,  6 ' 3 " ,  2 1 5  l b s . ,  n o  h i s t o r y  o f  p r i o r  h e a r t  t r o u b l e ,  s m o k e r .

, L a t e  N o v e m b e r  1 9 7 4 ,  7 : 0 0  A . M .
. B o x  a l a r m  w i t h  m u t u a l  a i d .
. 2 - S t o r y  b r i c k  r e s i d e n t i a l  s t r u c t u r e ,  w h i c h  w a s  e x t r e m e l y  

i n v o l v e d  w i t h  f i r e  u p o n  a r r i v a l .

. U p o n  a r r i v a l  t h e  v i c t i m  w a s  u n t a n g l i n g  l V "  p r e c o n n e c t e d  
l i n e  a n d  w h e n  t h e  t r u c k  p u l l e d  a w a y  h i s  f e e t  b e c a m e  e n ­
t a n g l e d  i n  t h e  l i n e  -  h e  w a s  k n o c k e d  d o w n  a n d  d r a g g e d  
1 0  f e e t .
He  r e f u s e d  t o  g o  t o  t h e  h o s p i t a l ,  s t a t i n g  h e  w a s  a l l  r i g h t ;  
h o w e v e r ,  f o r  m o s t  o f  t h e  f i r e  h e  s t a y e d  b y  t h e  e n g i n e  h o l d ­
i n g  h i s  c h e s t .
S e v e r a l  t i r o e s  t h e  C h i e f  a s k e d  i f  h e  w o u l d  l i k e  t o  g o  t o  t h e  
h o s p i t a l  b u t  h e  r e f u s e d .
F o r  5  m i n u t e s  h e  m a n n e d  a  l V  l i n e .
A f t e r  a n  h o u r  o n  t h e  s c e n e  a s  h e  w a s  h e l p i n g  m o v e  a  l i n e  
i n t o  t h e  b u i l d i n g  h e  c o l l a p s e d .

.  C a r d i o - p u l m o n a r y  R e s u s c i t a t i o n  ( C P R )  d i d  n o t  r e v i v e  h i m  
o n  t h e  s c e n e  a n d  h e  d i e d  s h o r t l y  a f t e r  a r r i v i n g  a t  t h e  
h o s p i  t a l .

S e v t * - ' :  g e n e r a l i z e d  a t h e r o s c l e r o s i s .  ( A u t o p s y )
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V I C T I M  

S E T T I N G  

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 9 

V I C T I M

S E T T I N G  

A C T I V I T I E S  -

.  4 6  y e a r s  o l d ,  C a p t a i n ,  2 1  y e a r s  s e r v i c e .

. 5 ' I I " ,  1 8 9  l b s . ,  s m o k e r ,  n o  h i s t o r y  o f  h e a r t  t r o u b l e ,
s u f f e r e d  s m o k e  i n h a l a t i o n  10  d a y a  b e f o r e  f a t a l  a t t a c k .

L a t e  O c t o b e r  1 9 7 4 ,  A . M .
.  B o x  a l a r m
.  1 - S t o r y  w o o d  f r a m e  b u i l d i n g  -  b a s e m e n t  f i r e .

I n i t i a l l y  t h e  C a p t a i n  w a s  t h e  o f f i c e r  i n  c h a r g e  o f  t h e  
f i v e  me n  w h o  r e s p o n d e d .
He h e l p e d  l a y  l i n e s  a n d  t h e n  d i r e c t e d  o p e r a t i o n s .

.  T e n  m i n u t e s  i n t o  t h e  f i r e  t h e  C h i e f  o r d e r e d  h i m  o n  t o  
a  l V '  l i n e  a t  a  b a s e m e n t  w i n d o w .
He s t a y e d  o n  t h e  l i n e  f o r  a p p r o x i m a t e l y  a  h a l f  a n  h o u r  
d u r i n g  w h i c h  t i m e  h e  w a s  e x p o s e d  t o  c o n s i d e r a b l e  s m o k e .
He a s s i s t e d  i n  o v e r h a u l  o p e r a t i o n s  f o r  a p p r o x i m a t e l y  a n  
h o u r .
He d e v e l o p e d  a n  u p s e t  s t o m a c h  a n d  c o n s i d e r a b l e  c o u g h i n g  
s o  t h e  C h i e f  o r d e r e d  h i m  t o  t h e  h o s p i t a l  f o r  a  c h e c k u p .
I n  t h e  h o s p i t a l  h i s  c o n d i t i o n  d e t e r i o r a t e d  a n d  h e  e x p i r e d  
a t  2 : 3 0  P . M .

A r t e r i o s c l e r o t i c  h e a r t  d i s e a s e .  ( A u t o p s y )

5 1  y e a r s  o l d ,  2 5  y e a t s  s e r v i c e ,  t h e  l a s t  2 y e a r s  s e r v e d  
a s  a  L i e u t e n a n t .
5 ' 1 1 " ,  1 9 7  l b s . ,  n o n - s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t  
t r o u b l e .

L a t e  S e p t e m b e r  1 9 7 4 ,  6 : 3 0  A . M .
. B o x  a l a r m .
. 2 ^ - S t o r y ,  2 f a m i l y  w o o d  f r a m e  s t r u c t u r e  -  a t t i c  f i r e .

H e  h e l p e d  s e t  u p  a  3 5 - f o o t  a l u m i n u m  l a d d e r .
.  He  a s s i s t e d  a n  e n g i n e  c o m p a n y  i n  t h e i r  I n i t i a l  a t t a c k

o n  t h e  f i r e  -  a t  t h i s  t i m e  h e  w a s  e x p o s e d  t o  c o n s i d e r ­
a b l e  s m o k e  a n d  h e a t .

.  A t  7 : 1 0  A . M .  h e  w e n t  t o  t h e  s e c o n d  f l o o r  a n d  a s s i s t e d  i n
s a l v a g e  o p e r a t i o n s  w h i c h  c o n s i s t e d  o f  l a y i n g  c o v e r s ,  r e ­
m o v i n g  t h e  c e i l i n g ,  v a c u u m i n g  w a t e r ,  a n d  c a r r y i n g  d e b r i s  
b a g s  d o w n  t h e  s t a i r s  a n d  o u t s i d e .
C n e e  d u r i n g  t h i s  t i m e  h e  c o m p l a i n e d  o f  c h e s t  a n d  a r m  p a i n s  
b u t  a f t e r  r e s t i n g  a  f e w  m i n u t e s  h e  t o l d  t h e  o t h e * -  f i r e  
f i g h t e r s  h e  w a s  a l l  r i g h t .
A f t e r  s u f f e r i n g  p a i n s  a  s e c o n d  t i m e  h e  c o l l a p s e d  a s  h e  
e x i t e d  t h e  b u i l d i n g .
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CAUSE 
OF DEATH

CASE 1 1  

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 1 2  

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE
OF DEATH

.  H e  w a s  n o t  g i v e n  o x y g e n  o r  r e s u s i t a t i o n  u n t i l  t h e  a m b u l a n c e  
a r r i v e d  -  1 0  m i n u t e s  a f t e r  h e  c o l l a p s e d .

.  He  w a s  n o t  r e v i v e d  a n d  d i e d  s h o r t l y  a f t e r  a r r i v i n g  a t  t h e  
h o s p i t a l .  .

.  C o r o n a r y  s c l e r o t i c  h y p e r t e n s i v e  h e a r t  d i s e a s e  w i t h  a c u t e  
t h r o m o b o t i c  o c c l u s i o n  o f  l e f t  c o r o n a r y  a r t e r y .  ( A u t o p s y )

.  6 1  y e a r s  o l d ,  C a p t a i n ,  5  y e a r s  s e r v i c e  w i t h  t h e  g i v e n  f i r e
d e p a r t m e n t ,  w i t h  a  t o t a l  o f  AO y e a r s  s e r v i c e  i n  f i r e  f i g h t ­
i n g .

.  5 ' 9 " ,  2 2 0  l b 6 . , s m o k e r ,  h a d  a  p r e v i o u s  h e a r t  a t t a c k .

.  M i d - N o v e m b e r  1 9 7 A ,  9 : 2 0  A . M .

.  B o x  a l a r m .

.  1 - S t o r y  w o o d  f r a m e  -  f u l l y  i n v o l v e d  w i t h  f i r e .

.  A f t e r  d r o p p i n g  o f f  f i r e  f i g h t e r s  a t  t h e  s c e n e ,  t h e  C a p t a i n
d r o v e  a  b l o c k  t o  t h e  h y d r a n t .  W he n  s t e p p i n g  o u t  o f  t h e  c a b  
h e  c o l l a p s e d .

.  O x y g e n  a n d  h e a r t  m a s s a g e  c o u l d  n o t  r e v i v e  h i m  a t  t h e  s c e n e
a n d  h e  w a s  DOA a t  t h e  h o s p i t a l .

.  ( 1 )  E x t r e m e  r i g h t  c o r o n a r y  a t h e r o s c l e r o s i s  ( 2 )  o l d  p o s t e r i o r
s e p a l  a n d  l e f t  v e n t r i c u l a r  m y o c a r d i a l  i n f a r c t  w i t h  f i b r o s i s .
( A u t o p s y )

.  5 0  y e a r s  o l d ,  2 1  y e a r s  t o t a l  s e r v i c e ,  t h e  l a 6 t  18 s e r v e d
o n  a n  e n g i n e  c o m p a n y .

.  5 ' 7 " ,  1 8 0  l b s . ,  s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t  t r o u b l e .

.  E a r l y  J a n u a r y  1 9 7 5 ,  1 : 0 0  P . M .

.  B o x  a l a r m .

.  3 - S t o r y  b r i c k  a p a r t m e n t  b u i l d i n g ,  f i r e  l i m i t e d  t o  s e c o n d  
f l o o r  a p a r t m e n t .

V i c t i m  h o o k e d  u p  l i n e 6  f r o m  t w o  e n g i n e s  i n t o  h i s  e n g i n e  
a n d  r e m a i n e d  w i t h  p u m p e r  t o  o p e r a t e  i t .

,  A f t e r  2 0  m i n u t e s ,  t h e  f i r e  w a s  k n o c k e d  d o w n  a n d  t h e  v i c t i m  
e n t e r e d  t h e  b u i l d i n g  t o  a s s i s t  i n  o v e r h a u l .

.  A f t e r  b e i n g  i n  t h e  b u i l d i n g  f o r  a  f e w  m i n u t e s  a n d  e x p o s e d  t o
m o d e r a t e  s m o k e  t h e  v i c t i m  c o l l a p s e d , .

.  O x y g e n  a n d  h e a r t  m a s s a g e  c o u l d  n o t  r e v i v e  h i m  a t  t h e  s c e n e
a n d  h e  w a 6  DOA a t  t h e  h o s p i t a l .

A c u t e  c o r o n a r y  t h r o m b o s i s .
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V I C T I M

S E T T I N G  

A C T I V I T I E S  -

CAUSE OF
DEATH/
DI AGNOS IS

CASE 15 

V I C T I M

S E T T I N G  

A C T I V I T I E S  -

CAUSE
OF DEATH

.  4 4  y e a r s  o l d ,  1 2  y e a r s  t o t a l  s e r v i c e .

.  6 ' 4 " ,  2 0 0  l b s . ,  s m o k e r .

.  M i d - J a n u a r y  1 9 7 5 ,  1 : 0 0 '  P . M .

T h e r e  i s  a  r e l a t i o n s h i p  b e t w e e n  t h e  f a t a l i t y  a n d  a  f i r e  
o c c u r r i n g  7 m o n t h s  b e f o r e .

.  A t  t h a t  f i r e  t h e  f i r e  f i g h t e r  w a s  e x p o s e d  t o  t r e m e n d o u s
a m o u n t s  o f  s m o k e  a s  h e  d i r e c t e d  a  l V  l i n e  o n  a  f i r e  i n  a
b e a n - b a g  c h a i r  ( a  v i n y l  b a g  s t u f f e d  w i t h  b i t s  o f  s t y r o f o a m ) .  

.  A f t e r  t h a t  f i r e  h e  s u f f e r e d  c h e s t  p a i n s  a n d  w a s  a d m i t t e d  t o
t h e  h o s p i t a l  w h e r e  h e  r e m a i n e d  i n  i n t e n s i v e  c a r e  f o r  3 d a y s .
I n  t h e  t i m e  b e t w e e n  t h i s  f i r e  a n d  h i s  d e a t h  h e  o f t e n  c o m ­
p l a i n e d  o f  r e s p i r a t o r y  p r o b l e m s  a n d  c h e s t  p a i n s .
H e  w a s  s e e i n g  h i s  d o c t o r  r e g u l a r l y  f o r  t h e s e  p r o b l e m s .

.  On t h e  d a y  o f  h i s  d e a t h  h e  s u f f e r e d  s e v e r e  p a i n s  w h i l e  o n  
d u t y ,  h e  w a s  t a k e n  t o  t h e  h o s p i t a l  a n d  d i e d  s h o r t l y  t h e r e ­
a f t e r .

( 1 )  A r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  ( A .  O c c l u s i o n  l e f t  
c o r o n a r y  a r t e r ;  B .  v e r y  r e c e n t  m y o c a r d i a l  i n f a r c t i o n  o f  
i n t e r v e n t r i c u l a r  s e p t u m  a n d  p o s t e r i o r  w a l l  o f  l e f t  v e n ­
t r i c l e )  ( 2 )  p u l m o n a r y  c o n g e s t i o n  a n d  e d e m a  ( 3 )  p u l m o n a r y  
e m p h y s e m a .  ( A u t o p s y )

.  5 2  y e a r s  o l d ,  2 2  y e a r s  t o t a l  s e r v i c e ,  t h e  l a s t  3\? s e r v e d
a s  C a p t a i n .

,  5 ' 1 0 " ,  1 6 0  l b s . ,  n o n - s m o k e r .  P r e v i o u s  h e a r t  a t t a c k s :  1 9 6 9  -
o u t  o f  w o r k  7 m o n t h s ,  1 9 7 3  -  o u t  o f  w o r k  5 m o n t h s  -  r e t u r n e d  
b o t h  t i m e s  w i t h  d o c t o r ' s  w r i t t e n  p e r m i s s i o n .

.  M i d - N o v e m b e r  1 9 7 4 ,  3 : 3 0  A . M .

.  B o x  a l a r m .
2 - S t o r y  b r i c k  s t r u c t u r e ,  s u s p e c t e d  a r s o n .

F i r s t  1 ^  h o u r s  o f  f i g h t i n g  t h e  f i r e  w a s  e x t e r n a l .  T h e  
C a p t a i n  w a s  s t a t i o n e d  o n  a  l V  l i n e  w h i c h  h e  d i r e c t e d  i n t o  
t h e  s e c o n d  f l o o r  w i n d o w .

.  T h e  C a p t a i n  t h e n  s c a l e d  a  l a d d e r  w i t h  a n o t h e r  f i r e  f i g h t e r  
t o  t h e  s e c o n d  f l o o r  -  h e a t  a n d  s m o k e  w e r e  n o d e r a t e .

.  A f t e r  b e i n g  o n  t h e  s e c o n d  f l o o r  f o r  2 0  m i n u t e s  t h e  C a p t a i n  
c o l l a p s e d .

.  T h e  r e s u s c i t a t o r  c o u l d  n o t  r e v i v e  h i m  a t  t h e  s c e n e  a n d  a t  
t h e  h o s p i t a l  d o c t o r s  t r e a t e d  h i m  f o r  1 5  m i n u t e s  a f t e r  w h i c h  
t i m e  h e  w a s  p r o n o u n c e d  d e a d .

.  R u p t u r e d  l e f t  v e n t r i c l e  d u e  t o  m y o c a r d i a l  i n f a r c t i o n .  
( A u t o p s y )
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* CASE 1 6

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 17 

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE
OF DEATH

.  4 7  y e a r s  o l d ,  1 5  y e a r 6  t o t a l  s e r v i c e .
5 ' 1 1 " ,  2 0 0  l b s . ,  6 m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t  t r o u b l e .

.  L a t e  D e c e m b e r  1 9 7 4 ,  1 2 : 3 0  P . M .
B o x  a l a r m .
A 2 - s t o r y  b r i c k  b u i l d i n g  t h a t  w a s  b e i n g  c o n v e r t e d  t o  a  
f a c t o r y .

T h e  f i r e  w a s  e x t i n g u i s h e d  b y  a  s p r i n k l e r  s y s t e m  i n  t h e  b u i l d ­
i n g .

.  T h e  v i c t i m  e n t e r e d  Ch e  b u i l d i n g  t o  o p e n  u p  t h e  s e c o n d  f l o o r  
w i n d o w s  t o  h e l p  v e n t i l a t i o n .

.  S h o r t l y  a f t e r  e n t e r i n g  t h e  b u i l d i n g  t h e  f i r e  f i g h t e r  c o l ­
l a p s e d .

.  CPR a n d  o x y g e n  w e r e  a d m i n i s t e r e d  a n d  t h e  m a n  w a s  r u s h e d  t o  
t h e  h o s p i t a l  b u t  w a s  p r o n o u n c e d  DOA.

A c u t e  m y o c a r d i a l  i n f a r c t i o n  d u e  t o  a r t e r i o s c l e r o t i c  h e a r t  
d i s e a s e .  ( A u t o p s y )

5 4  y e a r s  o l d ,  2 3  y e a r s  s e r v i c e ,  a l l  s e r v e d  o n  a n  e n g i n e  
c o m p a n y .

.  6 ' ,  1 7 5  l b s . ,  n o n - s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t
t r o u b l e ,  h a d  p a s s e d  a  p h y s i c a l  o n e  w e e k  b e f o r e  h i s  a t t a c k .

,  M i d - D e c e m b e r  1 9 7 4 ,  1 1 : 3 0  P . M .
B o x  a l a r m  p l u s  2 a d d i t i o n a l  c o m p a n i e s .

.  A 4 - s t o r y  b r i c k  a p a r t m e n t  b u i l d i n g  -  t h e  f i r e  w a s  c o n ­
f i n e d  t o  a  f o u r t h  f l o o r  a p a r t m e n t .

.  T h e  v i c t i m  r a n  a l o n g  t h e  s i d e  o f  t h e  p u m p e r  d i r e c t i n g  i t  
i n t o  p o s i t i o n  o n  t h e  f i r e  g r o u n d .
A s s i s t e d  i n  c a r r y i n g  a  2 V  l i n e  u p  a n  a e r i a l  l a d d e r .

. A f t e r  c a r r y i n g  t h e  l i n e  h a l f  w a y  u p  t h e  l a d d e r  h e  r e t u r n e d
t o  t h e  p u m p e r  t o  c h e c k  t h e  p r e s s u r e .

.  A s  h e  w a s  a t  t h e  p u m p e r  h e  c o l l a p s e d .

.  W i t h  t h e  a i d  o f  a n  i n h a l a t o r  a n d  h e a r t  m a s s a g e  h e  w a s  r e v ­
i v e d  a n d  r u s h e d  t o  t h e  h o s p i t a l .  He  r e m a i n e d  a l i v e  f o r  
c l o s e  t o  5 h o u r s ,  b u t  h i s  b l o o d  p r e s s u r e  s l o w l y  d r o p p e d  
a n d  a s  d o c t o r s  w e r e  u n a b l e  t o  r a i s e  i t  h e  e x p i r e d .

H e a r t  a t t a c k .
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CASE 18

V I C T I M

S E T T I N G  

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 19 

V I C T I M

S E T T I N G

A C T I V I T Y

.  5 8  y e a r s  o l d ,  2 8  y e a r s  s e r v i c e ,  a l l  s e r v e d  o n  a  t r u c k  c o m ­
p a n y .

.  5 ' 5 " ,  1 5 5  l b s . ,  n o n - s m o k e r ,  a u t o p s y  s h o w e d  s i g n s  o f  p r e v i o u s
h e a r t  a t t a c k .

E a r l y  F e b r u a r y  1 9 7 5 ,  1 : 3 0  P . M .
.  B o x  a l a r m .

2 - S t o r y  b r i c k  a u t o  p a r k i n g  g a r a g e .

V i c t i m  h o o k e d  a  l i n e  t o  a  h y d r a n t  a n d  o p e n e d  i t  u p .
.  F o r  2 0  m i n u t e s  h e  m a n n e d  a  2 V '  l i n e  f r o m  o u t s i d e  t h e  

b u i l d i n g .
He a t t e m p t e d  t o  m a k e  e n t r y  i n t o  t h e  b u i l d i n g  b u t  t h e  s m o k e  
w a s  t o o  h e a v y .
H e l p e d  b r e a k  d o w n  2\"  l i n e s  t o  l V '  l i n e s .
He a n d  a n o t h e r  f i r e  f i g h t e r  t h e n  e n t e r e d  t h e  g r o u n d  f l o o r  
w i t h  2 V  l i n e s .
Th « y  p o s i t i o n e d  t h e m s e l v e s  a t  t h e  b a s e  o f  a n  e l e v a t o r  
w h e r e  t h e r e  w e r e  e m b e r s  f r o m  t h e  f i r e  a b o v e .

.  L i n e s  o n  t h e  r o o f  f o r c e d  a  c o n s i d e r a b l e  a m o u n t  o f  s m o k e
d o w n  t h e  e l e v a t o r  s h a f t ,  w h i c h  t h e  m e n  w e r e  s u b j e c t e d  t o
s i n c e  t h e y  w e r e  n o t  w e a r i n g  b r e a t h i n g  a p p a r a t u s .

. T h e y  r e m a i n e d  a t  t h e  s h a f t  f o r  2 5  m i n u t e s  a t  w h i c h  t i m e  t h e  
f i r e  w a s  e x t i n g u i s h e d .

. T h e  v i c t i m  f e l t  d i z z y  b u t  d i d  n o t  l e a v e  t h e  a r e a  -  5 m i n u t e s  
l a t e r  h e  c o l l a p s e d .

.  O x y g e n  a n d  CPR w e r e  a d m i n i s t e r e d .  O n c e  a t  t h e  h o s p i t a l
d o c t o r s  t r e a t e d  t h e  f i r e  f i g h t e r  f o r  1 5  m i n u t e s  a t  w h i c h
t i m e  h e  e x p i r e d .

A c u t e  c o r o n a r y  i n s u f f i c i e n c y  d u e  t o  c o r o n a r y  a t h e r o s c l e r o s i s ,  
( A u t h o p s y )

5 1  y e a r s  o l d ,  D e p u t y  C h i e f ,  2 0  y e a r s  t o t a l  s e r v i c e .
5 ' 1 0 " ,  2 1 0  l b s . ,  n o n - s m o k e r ,  s u f f e r e d  a  s e v e r e  h e a r t  
a t t a c k  i n  1 9 5 9  -  l o s t  3 y e a r s  w o r k .

. M i d - D e c e m b e r  1 9 7 4 ,  1 1 : 0 0  P . M .
R e s p o n d e d  f r o m  h o m e  o n  a  m u t u a l  a i d  c a l l  t o  a  2 - s t o r y  
w o o d  f r a m e  s t r u c t u r e  f i r e .

. 3 0  t e m p e r a t u r e .

F o r  t h e  f i r s t  h o u r  t h e  v i c t i m  d i r e c t e d  a  l V  l i n e  i n t o  
a  a e c o n d  s t o r y  w i n d o w .
D u r i n g  o v e r h a u l  t h e  v i c t i m  w e n t  t o  t h e  s e c o n d  f l o o r  a n d  
s t a r t e d  p u l l i n g  p l a s t e r  b o a r d  f r o m  t h e  w a l l .  A f t e r  d o i n g  
t h i s  f o r  a  f e w  m i n u t e s  h e  c o l l a p s e d .
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CAUSE 
OF DEATH

CASE 2 3  

V I C T I M

S E T T I N G

A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 2A 

V I C T I M

.  CPR a n d  o x y g e n  w e r e  a d m i n i s t e r e d .  He d i d  n o t  r e g a i n  c o n ­
s c i o u s n e s s  b u t  h e  w a s  b r e e t h i n g .

.  I t  t o o k  a p p r o x i m a t e l y  1 0  m i n u t e s  t o  g e t  h i m  t o  a n  a m b u l a n c e  
b e c a u s e  t h e y  h a d  t o  l o w e r  h i m  i n  a  b a s k e t  6 t r e t c h e r  f r o m  
t h e  s e c o n d  f l o o r .

.  He  w a s  p r o n o u n c e d  DOA a t  t h e  h o s p i t a l .

.  C o r o n a r y  o c c l u B i o n  d u e  t o  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e .  
( A u t o p s y )

.  5 7  y e a r s  o l d ,  2 8  y e a r s  t o t a l  s e r v i c e .

.  5 ' 6 " ,  1 8 1  l b s . ,  s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t  t r o u b l e ,
f a m i l y  h i s t o r y  o f  h e a r t  p r o b l e m s .

.  L a t e  F e b r u a r y  1 9 7 5 ,  5 : 3 0  P . M .

.  9 a l a r m s .

.  A - S t o r y  b r i c k  b u i l d i n g  a b a n d o n e d .

.  T h e  v i c t i m 16 c o m p a n y  r e s p o n d e d  o n  t h e  i n i t i a l  a l a r a m  a n d  
h e  d r o p p e d  t h e m  o f f  n e a r  t h e  f i r e  g r o u n d  a n d  d r o v e  t h e  
e n g i n e  a  b l o c k  u p  t o  a  h y d r a n t .

.  He c o n n e c t e d  t h e  s o f t  s u c t i o n  a n d  b r o k e  t h e  h y d r a n t .

.  M o s t  o f  h i s  t i m e  w a s  c o n s u m e d  w i t h  c h e c k i n g  a n d  w a t c h i n g
t h e  p r e s s u r e  p u m p e r .
He d i d  h e l p  s t r e t c h  a  s u p p l e m e n t a l  l i n e  t o  a n o t h e r  e n g i n e .
A f t e r  b e i n g  o n  t h e  s c e n e  f o r  A5 m i n u t e s  h i s  s h i f t  r e l i e f
c a m e .

.  A b o u t  t h i s  t i m e  h e  s u f f e r e d  c h e s t  p a i n s  e n d  i n f o r m e d  a  
n e a r b y  p o l i c e  o f f i c e r  o f  s u c h .

. He w a s  p l a c e d  i n  a n  a m b u l a n c e  a n d  t a k e n  t o  t h e  h o s p i t a l .
En  r o u t e  h e  r e f u s e d  o x y g e n .

.  A s  h e  w a s  e n t e r i n g  t h e  h o s p i t a l  h e  t o o k  t w o  g a s p s  a n d  w e n t
i n t o  d e e p  u n c o n s c i o u s n e s s .
D o c t o r s  t r e a t e d  h i m  f o r  o v e r  a n  h o u r  b u t  t h i s  w a s  
t o  n o  a v a i l  a n d  h e  e x p i r e d .

, O c c l u s i o n  o f  l e f t  c o r o n a r y  a r t e r y  b y  f r e s h  h e m o r r h a g e  a n d  
r u p t u r e  o f  a n  a t h e r o s c l e r o t i c  p l a q u e .  ( A u t o p s y )

.  AA y e a r s  o l d ,  a  t o t a l  o f  10 y e a r s  s e r v i c e .
5 ' 9 " ,  1 5 5  l b 6 . ,  s m o k e r ,  s u f f e r e d  a  h e a r t  a t t a c k  o n e  m o n t h  
p r i o r  t o  f a t a l i t y .
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SETTING

CAUSE 
OF DEATH

CASE 2 5  

V I C T I M

S E T T I N G

CAUSE 
OF DEATH

CASE 27  

V I C T I M

S E T T I N G

.  F i r e  f i g h t e r  w a s  u n d e r  c o n s i d e r a b l e  s t r e s s  b e c a u s e  o f  a
f e a r  t h a t  h e  w o u l d  n o t  b e  a b l e  t o  p a s s  a n  EMT t e s t .  H i s
p s y c h o l o g i c a l  s t a t e  c h a n g e d ,  r e f l e c t e d  b y  n e r v o u s n e s s ,  
t e n s i o n  a n d  a  f e a r  t h a t  i f  h e  d i d  n o t  p a s s  t h e  t e s t  h e  
w o u l d  l o s e  h i s  j o b  ( a n  u n f o u n d e d  f e a r ) .

.  He s u f f e r e d  h i s  f i r s t  h e a r t  a t t a c k  w h i l e  a t t e n d i n g  a  o n e -
w e e k  c l a s s  w h i c h  w a s  d e s i g n e d  t o  h e l p  h i m  p a s s  t h e  s t a t e
EMT e x a m .
W h i l e  r e c u p e r a t i n g  f r o m  t h i s  a t t a c k  h e  s u f f e r e d  a  s e c o n d  
a t t a c k  o n d  e x p i r e d .

.  N o n - f i r e  s i t u a t i o n .

.  A c u t e  m y o c a r d i a l  i n f a r c t i o n .

5 1  y e a r s  o l d ,  2 0  y e a r s  s e r v i c e ,  t h e  l a s t  2  y e a r s  s e r v e d  a s
a  L i e u t e n a n t  a n d  a n  i n s t r u c t o r  i n  t h e  f i r e  a c a d e m y .

.  5 ' 1 0 " ,  2 0 7  l b s . ,  n o n - s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t
t r o u b l e .

N o n - f i r e  s i t u a t i o n .
.  W h i l e  s i t t i n g  a t  h i s  d e s k  a t t e n d i n g  t o  r o u t i n e  o f f i c e

m a t t e r s  a n d  t a l k i n g  o n  t h e  t e l e p n o n e  h e  s u f f e r e d  a  h u a r t  
a t t a c k  a n d  c o l l a p s e d .
F i r e  d e p a r t m e n t  EMTs  p e r f o r m e d  e m e r g e n c y  c a r e  o n  t h e  
v i c t i m  w h o  w a s  p l a c e d  o n  a  M11CPR w h i c h  a l l o w e d  t h e  h o s p i t a l  
t o  m o n i t o r  t h e  m a n ' s  c o n d i t i o n .
F o r  AO m i n u t e s  t h e  E MT s  f o l l o w e d  t h e  h o s p i t a l ' s  i n s t r u c t i o n s  
b u t  w e r e  u n f o r t u n a t e l y  u n a b l e  t o  d e f i b r i l l a t e  t h e  v i c t i m ' s  
a r r h y t h m i a  a n d  h e  e x p i r e d .

t  R u p t u r e  o f  c o r o n a r y  a r t e r i o s l e r o t i c  p l a q u e  d u e  t o  c o r o n a r y  
a r t e r . ' o s l e r o s i s .  ( A u t o p s y )

5 7  y e a r s  o l d ,  2 0  y e a r s  t o t a l  s e r v i c e ,  t h e  l a s t  6  s e r v e d  
a s  a  C a p t a i n .

.  5 ' 1 0 " ,  1 8 5  l b s . ,  n o n - s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t
t r o u b l e .

.  M i d - F e b r u a r y  1 9 7 5 ,  3 : 3 0  A . M .
B o x  a l a r m .

. A 2 - s t o r y  w o o d  f r a m e  s t r u c t u r e .
.  T e m p e r a t u r e  i n  t h e  t e e n s ,  c o n s i d e r a b l e  s n o w  o n  t h e  g r o u n d .  

T h e  m a n  w a s  a w a k e n e d  f r o m  a  s o u n d  s l e e p  by  t h e  a l a r m .
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s A C T I V I T I E S  -

CAUSE 
OF DEATH

CASE 2 8  

V I C T I M

S E T T I N G  

A C T I V I T I E S  -

CAUSE 
OF DEATH

.  T h e  C a p t a i n  a n d  a  f i r e  f i g h t e r  p u l l e d  a  h o s e  a  h a l f  b l o c k  
t o  t h e  A r e a  o f  a  h y d r a n t .

.  D u e  t o  t h e  s n o w  t h e  h y d r a . i t  w a s  n o t  v i s i b l e  a n d  t h e
C a p t a i n  d u g  f o u r  h o l e 6  w i t h  h i s  h a n d s  u n t i l  h e  l o c a t e d  i t
a n d  h o o k e d  u p .

.  T h e  h y d r a n t  w a s  t i g h t  a n d  i t  r e q u i r e d  b o t h  me n  t o  o p e n  i t .

.  He r e t u r n e d  t o  t h e  s c e n e  a n d  d i r e c t e d  t h e  f i r e  f i g h t i n g
o p e r a t i o n s .  S h o r t l y  a f t e r  r e t u r n i n g  h e  c o l l a p s e d .

.  M o u t h - t o - m o u t h  r e s u s c i t a t i o n  o n  t h e  s c e n e ,  a n d  o x y g e n  a n d  
CPR a d m i n i s t e r e d  e n  r o u t e  t o  t h e  h o s p i t a l  d i d  n o t  r e v i v e  
h i m .

.  T e n  m i n u t e s  a f t e r  a r r i v a l  a t  t h e  h o s p i t a l  h e  w a s  p r o ­
n o u n c e d  d e a d .

.  C o r o n a r y  o c c l u s i o n  d u e  t o  c o r . o n a r y  r t h e r o s c l e r o s i s .

6 2  y e a r s  o l d ,  3 0  y e a r s  t o t a l  s e r v i c e ,  t h e  l a s t  8  y e a r s  
s e r v e d  a s  a  C a p t a i n .

.  5 '  1 1 " ,  1 6 0  l b s . ,  n o n - s m o k e r ,  n o  h i s t o r y  o f  p r i o r  h e a r t
t r o u b l e .

.  L a t e  M a r c h  1 9 7 5 ,  5 : 0 0  A . M .
B o x  a l a r m .

,  Wood  g a r a g e  f i r e .

P u l l e d  l V  p r e c o n n e c t  l i n e  a n d  l i n e  t o  h y d r a n t .
.  H o s e d  d o w n  b l a c k e n e d  a r e a  d u r i n g  o v e r h a u l .
.  D u r i n g  o v e r h a u l  t h e  C a p t a i n  d i d  n o t  f e e l  w e l l  a n d  s a t  

i n  t h e  c a b  o f  t h e  e n g i n e  f o r  3 0  m i n u t e s .
.  A s  t h e y  w e r e  r e t u r n i n g  t o  t h e  s t a t i o n  t h e  d r i v e r  a s k e d  

t h e  C a p t a i n  t w i c e  i f  h e  w a n t e d  t o  g o  t o  t h e  h o s p i t a l .  He 
r e s p o n d e d  n e g a t i v e l y  a n d  t h e  s e c o n d  t i m e  o r d e r e d  h i m  t o  
r u t u m  t o  t h e  s t a t i o n .

.  T h e  C a p t a i n  c o l l a p s e d  i n  t h e  c a b  a s  i t  w a s  b a c k i n g  i n t o  
t h e  s t a t i o n .

.  M o u t h - t o - m o u t h  r e s u s c i t a t i o n  w a t  a d m i n i s t e r e d .  When  t h e  
B a t t a l i o n  C h i e f  a r r i v e d  o x y g e n  w a s  g i v e n  a n d  b e t w e e n  1 3  
a n d  1 5  m i n u t e s  l a t e r  t h e  C a p t a i n  wa B p l a c e d  o n  t h e  i n -  
h a l a t o r .

.  A t  t h e  h o s p i t a l  h e  w a s  t r e a t e d  f o r  2  h o u r s  b u t  t h i s  w a 6  
t o  n o  a v a i l  a n d  h e  e x p i r e d .

A c u t e  m y o c a r d i a l  i n f a r c t i o n  d u e  t o  a r t e r i o s c l e r o t i c  h e a r t  
d i s e a s e .
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C o u p l e d  w i t h  p h y s i c a l  e x a m i n a t i o n s ,  p h y s i c a l  f i t n e s s  p r o g r a m s  s h o u l d  

b e  i n s t i t u t e d  i n  a l l  f i r a  d e p a r t m e n t s .  A n  e x e r c i s e  p r o g r a m  w i l l  h e l p  k e e p  t h e  

c i r c u l a t o r y  s y s t e m  r e g u l a r  a n d  s t r e n g t h e n  t h e  m y o c a r d i u m .  O n  t o p  o f  a l l  o f  t h i s ,  

s i n c e  f i r e  f i g h t e r s  a r e  c a l l e d  u p o n  t o  e x e r t  c o n s i d e r a b l e  e n e r g y  a t  d i f f e r i n g  

i n t e r v a l s  o n  t h e  f i r e  g r o u n d  a  p h y s i c a l  f i t n e s s  p r o g r a m  w i l l  h e l p  k e e p  t h e  m a n ' s  

b o d y  c o n d i t i o n e d .

I n  i n s t i t u t i n g  a  p h y s i c a l  f i t n e s s  p r o g r a m  i t  i s  e s s e n t i a l  t h a t  d o c t o r s  

t e s t  e a c h  i n d i v i d u a l  f i r e  f i g h t e r  c a r e f u l l y  t o  m e a s u r e  t h e  r e s e r v e  a n d  c a p a b i l i t y  

o f  h i s  c a r d i o - v a s c u l a r  s y s t e m .  By  d o i n g  t h i s  t h e  f i r e  f i g h t e r  w i l l  n o t  s u r p a s s  

t h e  l i m i t s  o f  e x e r c i s e  t h a t  h i s  h e a r t  c a n  e n d u r e .  I f  t h e  f i r e  f i g h t e r  g o e s  b e y o n d  

t h e s e  l i m i t s  t h e  e x e r c i s e  m a y  b e  d e t r i m e n t a l  t o  t h e  i n d i v i d u a l ' s  h e a r t  a s  w a s  t h e  

s i t u a t i o n  i n  c a s e  9 5 .

I n  r e v i e w i n g  t h e  h e a r t  a t t a c k  c a s e s ,  v e r y  f e w  o f  t h e  d e p a r t m e n t s  h a d  

r e q u i r e d  p h y s i c a l  e x a m i n a t i o n s  o r  r e g u l a t e d  p h y s i c a l  f i t n e s s  p r o g r a m s .  I t  i s  

b e l i e v e d  t h a t  i f  s u c h  p r o g r a m s  w e i e  i n s t i t u t e d  i n  f i r e  d e p a r t m e n t s  t h r o u g h o u t  

t h e  c o u n t r y  i t  w o u l d  g o  a  l o n g  w a y  t o w a r d s  c u t t i n g  t h e  i n c i d e n c e  o f  h e a r t  a t t a c k s  

a m o n g  f i r e  f i g h t e r s .

A S P E C T S  OF THE JOB

I t  i s  i m p o r t a n t  t h a t  f i r e  f i g h t e r s  m a i n t a i n  t o p  c o n d i t i o n  o f  t h e i r  

b o d y  b e c a i .  d u e  t o  a s p e c t s  o f  t h e i r  j o b  t h e /  a r e  a l r e a d y  w o r k i n g  a g a i n s t  

o v e r w h e l m i n g  o d d s  i n  c o m b a t i n g  h e a r t  d i s e a s e .  T h e r e  a r e  c o n d i t i o n s  t h a t  f i r e  

f i g h t e r s  f a c e  i n - t h e - l i n e  o f  d u t y  t h a t  a r e  c o n d u c i v e  t o  h e a r t  d i s e a s e .  I n  

g e n e r a l  t e r m s ,  t h e s e  c o n d i t i o n s  a r e  s m o k e ,  s t r e s s  a n d  o v e r - e x e r t i o n .

SMOKE

I n  r e c e n t  y e a r s  t h e  m e d i c a l  c o m m u n i t y  h a s  s h o w n  t l i a t  t h e r e  i s  a  

r e l a t i o n s h i p  b e t w e e n  s m o k e  i n h a l a t i o n  a n d  h e a r t  d i s e a s e .  C a r b o n  m o n o x i d e
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h a s  b e e n  t h e  m o s t  c o m m o n l y  t h o u g h t  o f  t o x i c  f u m e  a f f e c t i n g  t h e  h e a r t ;  h o w ­

e v e r ,  i n  r e c e n t  y e a r s  w i t h  t h e  i n c r e a s e d  u s e  o f  p l a s t i c - b a s e d  m a t e r i a l s  i n  

c o n s t r u c t i o n  a n d  h o u s e h o l d  p r o d u c t s ,  f i r e  f i g h t e r s  h a v e  b e e n  f a c e d  w i t h  

e v e n  m o r e  d e a d l y  f u m e s  g i v e n  o f f  b y  b u r n i n g  p l a s t i c .  T h e  m o s t  c o m m o n  o f  

t h e s e  p l a s t i c s  i s  p o l y v i n y l  c h l o r i d e ,  w h i c h  w i t h  i t s  t h e r m a l  d e g r a d a t i o n  

r e s u l t s  i n  t h e  f o r m a t i o n  o f  a t  l e a s t  7 5  i d e n t i f i a b l y  p o t e n t i a l  t o x i c  c o m ­

p o u n d s .  T h e  i n h a l a t i o n  o f  c a r b o n  m o n o x i d e  a n d  o t h e r  t o x i c  f u m e s  c o n t r i b u t e  

t o  t h e  d e v e l o p m e n t ,  a n d  i r r i t a t i o n  i n  e x i s t i n g  c o n d i t i o n s ,  o f  a r t e r i o s c l e r o s i s .  

C a r b o x y h e r a o g l o b l i n  ( c a r b o n  m o n o x i d e  i n  t h e  b l o o d )  a n d  o t h e r  t o x i c  e l e m e n t s  

a f f e c t  b l o o d  c i r c u l a t i o n  r e s u l t i n g  i n  a n  i n a d e q u a t e  s u p p l y  o f  o x y g e n  t o  t h e  

h e a r t ,  w h i c h  i n  t u r n  r e s u l t s  i n  d a m a g e  t o  t h e  m y o c a r d i u m .  F i n a l l y ,  i t  i s  

b e l i e v e d  t h a t  t h e  e f f e c t s  o f  c a r b o n  m o n o x i d e  a n d  o t h e r  t o x i c  f u m e s  a r e  

c u m u l a t i v e  a n d  c o n t r i b u t e  t o  t h e  d e t e r i o r a t i o n  o f  t h e  c a r d i o - v a s c u ' a r  s y s t e m .

F o r  t h e  h e a r t  a t t a c k  c a s e s  i n v e s t i g a t e d  o v e r  t h e  d u r a t i o n  o f  t h i s  

s t u d y  i t  i s  a s s u m e d  t h a t  a l l  o f  t h e  v i c t i m s  w e r e  e x p o s e d  t o  c a r b o n  m o n o x i d e  

a n d  o t h e r  t o x i c  f u m e s  i n  t h e i r  l i v e s  a s  f i r e  f i g h t e r s .  T h e  a v e r a g e  y e a r s  

o f  e x p e r i e n c e  w a s  2 2  y e a r s ,  w i t h  t h e  e x p e r i e n c e  l i m i t s  b e i n g  8  a n d  AO y e a r s .

O n e  w o u l d  b e  n a i v e  t o  b e l i e v e  t h a t  e v e n  a  f i r e  f i g h t e r  w i t h  o n l y  8  y e a r s  

e x p e r i e n c e  w a s  n o t  e x p o s e d  t o  t o x i c  f u m e s  t o  a t  l e a s t  s o m e  d e g r e e  o r  a n o t h e r .

T h e r e  w e r e  A c a s e s  i n  w h i c h  t h e  a u t o p s i e s  s h o w e d  t h e  p r e s e n c e  o f  

c a r b o x y h e m o g l o b i n . T h e  c a s e s  a n d  l e v e l s  w e r e :  C a s e  A -  107 . ,  C a s e  9  -  1 6 . 5 7 . ,

C a s e  1 8  -  107. a n d  C a s e  3 0  -  27 . .  I t  i s  q u i t e  p o s s i b l e  t h a t  i n  t h e s e  c a s e s  t h e  

i n h a l a t i o n  o f  c a r b o n  m o n o x i d e  a t  t h e  f i r e ,  a n d  t h e  r e s u l t i n g  l e v e l s  o f  c a r b o x y ­

h e m o g l o b i n  i n  t h e  b l o o d ,  b r o u g h t  o n  t h e  h e a r t  a t t a c k .  H o w e v e r ,  i t  G h o u l d  b e  

n o t e d  t h a t  i f  t h e  v i c t i m s  h a d  n o t  a l r e a d y  d e v e l o p e d  a r t e r i o s c l e r o s i s  i t  i s  

d o u b t f u l  t l i a t  t h e  c a r b o n  m o n o x i d e  i n h a l e d  i n  t h i s  f i r e  a l o n e  w o u l d  h a v e  r e s u l t e d



i n  a  f a t a l  h e a r t  a t t a c k .  T h e r e  w e r e  9  a d d i t i o n a l  c a s e s  ( C a s e  1 6 ,  3 4 ,  3 5 ,  4 1 ,  

4 2 ,  4 4 ,  5 2 ,  8 0  a n d  8 6 )  i n  w h i c h  t h e  v i c t i m s  m o s t  l i k e l y  i n h a l e d  c o n s i d e r a b l e  

a m o u n t s  o f  c a r b o n  m o n o x i d e ,  b u t  u n f o r t u n a t e l y  t h i s  c o u l d  n o t  b e  p r o v e n  s i n c e  

a u t o p s i e s  w e r e  n o t  p e r f o r m e d ,  o r  i f  t h e y  w e r e ,  c a r b o x y h e m o g l o b i n  l e v e l s  w e r e  

n o t  t e s t e d  f o r .

I t  i s  a s s u m e d  t h a t  d u r i n g  t h e i r  c a r e e r s  a s  f i r e  f i g h t e r s  m o s t  o f  

t h e  v i c t i m s  w e r e  e x p o s e d  t o  a n d  i n h a l e d  t o x i c  f u m e s  o t h e r  t h a n  c a r b o n  m o n o x i d e .  

T h e r e  a r e  t w o  c a s e s  i n  w h i c h  t h e r e  i s  a  d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  i n h a l ­

a t i o n  o f  f u m e s ,  g i v e n  o f f  b y  b u r n i n g  p l a s t i c  a n d  t h e  f a t a l  h e a r t  a t t a c k .  I n  

C a s e  14 t h e  f i r e  f i g h t e r  w a s  s u b j e c t e d  t o  f u m e s  f r o m  a  b u r n i n g  b e a n  b a g  c h a i r  

( v i n y l  b a g  s t u f f e d  w i t h  b i t s  o f  s t y r o f o a m )  a n d  i n  C a s e  5 6  t h e  f i r e  f i g h t e r  

i n h a l e d  f u m e s  f r o m  a  b u r n i n g  p l a s t i c  c u r t a i n .  B o t h  f i r e  f i g h t e r s  s h o w e d  

d e l a y e d  r e a c t i o n s  -  o f  s e v e r a l  h o u r s  -  t o  t h e  f u m e s .  S h o r t l y  a f t e r  t h e s e  

i n c i d e n t s  b o t h  m e n  d e v e l o p e d  r e s p i r a t o r y  p r o b l e m s  f o l l o w e d  b y  h e a r t  d i s e a s e .

O n e  ma n  d i e d  6  m o n t h s  a f t e r  t h e  f i r e  a n d  t h e  o t h e r  d i e d  2 ^  y e a r s  a f t e r .  W h i l e  

i n  n e i t h e r  c a s e  c o u l d  t h e  a t t e n d i n g  p h y s i c i a n  s t a t e  w i t h  a n y  c e r t a i n t y  t h a t  

t h e r e  w a s  a  r e l a t i o n s h i p  b e t w e e n  t h e  i n h a l a t i o n  o f  t h e  b u r n i n g  p l a s t i c  f u m e s  

a n d  t h e  f a t a l  h e a r t  a t t a c k ,  t h e s e  t w o  c a s e s  s t r o n g l y  s u g g e s t  t h a t  s u c h  a  

r e l a t i o n s h i p  m a y  e x i s t .

T h e  s o l u t i o n  t o  t h e  p r o b l e m  o f  t o x i c  f u i i e  i n h a l a t i o n  i s  s i m p l e :  

i n  a l l  f i r e  s i t u a t i o n s  i t  s h o u l d  b e  m a n d a t o r y  t h a t  f i r e  f i g h t e r s  w e a r  s e l f -  

c o n t a i n e d  b r e a t h i n g  a p p a r a t u s .  I n  t u r n ,  f i r e  d e p a r t m e n t s  h a v e  t h e  r e s p o n s i ­

b i l i t y  t o  p r o v i d e  a  s u f f i c i e n t  n u m b e r  o f  b r e a t h i n g  a p p a r a t i  b e  a v a i l a b l e .

T h e r e  w e r e  s o m e  c a s e s  ( C a s e  1 8 ,  2 8 ,  4 3 )  w h e r e  f i r e  f i g h t e r s  d i e d  o f  h e a r t  

a t t a c k s  a n d  b r e a t h i n g  a p p a r a t u s  w e r e  n o t  a v a i l a b l e  t o  t h e m  w h i l e  a t  t h e  f i r e .

T o  c a r r y  t h i s  r e c o m m e n d a t i o n  o n e  s t e p  f u r t h e r  f i r e  f i g h t e r s  s h o u l d  a l s o  b e
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r e q u i r e d  t o  w e a r  t h e i r  b r e a t h i n g  a p p a r a t u s  d u r i n g  o v e r h a u l  o p e r a t i o n s .  I n

m a n y  c a s e s ,  a l t h o u g h  s m o k e  i s  n o  l o n g e r  p r e s e n t ,  c a r b o n  m o n o x i d e  a n d  o t h e r

t o x i c  f u n e s  w h i c h  a r e  i n v i s i b l e  a n d  o d o r l e s s  m i g h t  s t i l l  b e  i n  t h e  a t m o s p h e r e .

A s p e c i a l  h a z a r d  t h a t  o c c u r s  d u r i n g  o v e r h a u l  i s  t h a t  c o n c r e t e  r e t a i n s  a  g r e a t

a m o u n t  o f  h e a t  a n d  r e l e a s e s  f u m e s  t h r o u g h o u t  t h e  o p e r a t i o n s .  R e c e n t  t e s t s

s h e w e d  " h i g h l y  t o x i c  c o n c e n t r a t i o n s  o f  h y d r o g e n - c h l o r i d e  t o  b e  p r e s e n t  i n
7

c o n c r e t e  f o r  a s  l o n g  a s  o n e  h o u r  a f t e r  t h e  f i r e  h a s  b e e n  e x t i n g u i s h e d . "  T h e r e  

w e r e  t h r e e  h e a r t  a t t a c k  c a s e s  ( C a s e  1 2 ,  1 9  a n d  8 1 )  i n  w h i c h  t h e  f i r e  f i g h t e r  

e i t h e r  t o o k  o f f , h i s  m a s k  d u r i n g  o v e r h a u l  o r  e n t e r e d  t h e  b u i l d i n g  f o r  l . , e  f i r s t  

t i m e ,  a n d  w i t h o u t  u  m a s k ,  d u r i n g  o v e r h a u l  o p e r a t i o n s .  U n f o r t u n a t e l y ,  s i n c e  

a u t o p s i e s  w e r e  n o t  p e r f o r m e d  i n  a n y  o f  t h e s e  c a s e s  i t  i s  i m p o s s i b l e  t o  d e t e r m i n e  

i f  a n y  f u m e s  i n  t h e  a t m o s p h e r e  h a d  a n  e f f e c t  i n  t h e  h e a r t  a t t a c k .

STRESS

W h i l e  t h e  a b o v e  d i s c u s s i o n  p o i n t e d  o u t  w a y s  i n - w h i c h  t o  e l i m i n a t e

t h e  d a n g e r o u s  e f f e c t  o f  t o x i c  f u m e s  o n  t h e  h e a r t  - -  f o r  c o m b a t i n g  t h e  e f f e c t s

o f  s t r e s s  o n  t h e  h e a r t  t h e  s o l u t i o n s  a r e  n o t  a s  e a s i l y  f o u n d .  F o r  t h a t  m a t t e r

t h e  r e l a t i o n s h i p  b e t w e e n  s t r e s s  a n d  h e a r t  d i s e a s e  h a s  n o t  b e e n  f u l l y  d e v e l o p e d .

T h e r e  h a v e  b e e n  r e c e n t  s t u d i e s  t h a t  s t r o n g l y  s u g g e s t  t h a t  i n  t h e  p r o f e s s i o n  o f

f i r e  f i g h t i n g  s t r e s s  m a y  c o n t r i b u t e  t o  t h e  d e v e l o p m e n t  o f  i s c h e m i c  a n d  a r t e r i o -
8

s c l e r o t i c  h e a r t  d i s e a s e .  S t r e s s  ( m e a s u r e d  b y  i n c r e a s e d  h e a r t  r a t e s )  o c c u r  

u n d e r  a  n u m b e r  o f  g i v e n  c i r c u m s t a n c e s :  A t  t h e  t i m e  o f  t h e  a l u r m ,  r e s p o n d i n g

t o  t h e  a l a r m ,  p a r t i c u l a r l y  s e v e r e  f i r e s  a n d  w o r k i n g  i n  p a r t i c u l a r l y  a d v e r s e  

c i r c u m s t a n c e s .  G i v e n  t h e  g e n e r a l l y  l e n g t h y  y e a r s  o f  e x p e r i e n c e  f o r  t h e  h e a r t  

a t t a c k  v i c t i m s  i t  i s  s a f e  t o  a s s u m e  t h a t  t h e y  a l l  f a c e d  a t  o n e  t i m e  o r  a n o t h e r  

t h e  a b o v e  s i t u a t i o n s  a n d  m o s t  l i k e l y  t h e y  a l l  s u f f e r e d  s o m e  d e g r e e  o f  s t r e s s .

7 . k o b t .  D y e r ,  M. D .  £> V i c t o r  E s c h ,  M. D., " P o l y v i n y l  C h l o r i d e  T o x i c i t y  i n  F i r e s "
J u M A ,  J a n .  2 6 ,  1 9 7 6 ,  p a g e  3 9 0 .

8  , R . J a m e s  H a r n a r d ,  P h D . ,  H e n r y  W. D u n c a n ,  B . S . ,  " H e a r t  R a t e  a n d  ECG R e s p o n s e  o f
F i r e  F i g h t e r s , "  J o u r n a l  o f  O c c u p a t i o n a l  M e d i c i n e , A p r i l ,  1 9 7 3 ,  V o l . 1 7 ,  N o .  4 ,
p p .  2 4 7 - 2 5 0 .
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R e v i e w i n g  t h e  s p e c i f i c  c i r c u m s t a n c e s  a t  t h e  t i m e  o f  f a t a l i t y  t h e r e

w» . re  3 4  o f  t h e  4 5  c a s e s  w h i c h  o c c u r r e d  a t  f i r e s .  O f  t h e s e  4 5 ,  1 4  w e r e  m u l t i p l e

a l a r m  f i r e s  a n d  i t  i s  h y p o t h e s i z e d  t h a t  t h e s e  s i t u a t i o n s  w e r e  m o r e  s t r e s s f u l  

t h a n  t h e  o t h e r s .  T h e r e  w e r e  f o u r  f i r e  s i t u a t i o n  c a s e s  i n  w h i c h ,  d u e  t o  t h e  

i n d i v i d u a l ' s  i m m e d i a t e  c i r c u m s t a n c e s  o r  a c t i v i t i e s ,  h e  m o s t  l i k e l y  s u f f e r e d  

h i g h  r a t e s  o f  s t r e s s .  I n  C a s e  4 ,  t h e  B a t t a l i o n  C h i e f  w a s  s u p e r v i s i n g  n u m e r o u s  

f i r e  f i g h t e r s  a t t a c k i n g  a  m u l t i p l e  a l a r m  f i r e  i n  a  w a r e h o u s e ;  i n  C a s e  2 7 ,  t h e  

C a p t a i n  f e v e r i s h l y  d u g  t h r o u g h  s n o w  i n  a n  e f f o r t  t o  f i n d  a  h y d r a n t ;  i n  C a s e  3 6  

t h e  A s s i s t a n t  C h i e f  w a s  a c t i v e  i n  e v a c u a t i n g  o c c u p a n t s  f r o m  a  f i r e  i n  a  h i g h  

r i s e  a p a r t m e n t ;  a n d  i n  C a s e  8 0  t h e  f i r e  f i g h t e r  w a s  r e s p o n s i b l e  f o r  k e e p i n g  a  

s t a i r w a y / h a l l w a y  c l e a r  s o  o c c u p a n t s  c o u l d  e s c a p e  f r o m  t h e  t e n e m e n t  f i r e .

I t  i s  a s s u m e d  t h a t  a l l  f i r e  f i g h t e r s  e x p e r i e n c e  a  c e r t a i n  d e g r e e  o f

s t r e s s  w h e n  t h e  a l a r m  s o u n d s .  I  w o u l d  h y p o t h e s i z e ,  t h a t  s l e e p i n g  f i r e  f i g h t e r s

a w a k e n e d  b y  a n  a l a r m  s u f f e r  a  h i g h e r  d e g r e e  o f  s t r e s s .  I n  G r a p h  L t h e  f r e q u e n c y  

o f  h e a r t  a t t a c k  i s  d i s t r i b u t e d  a c c o r d i n g  t o  t h e  h o u r  i t  o c c u r r e d .  I t  i s  n o t e d  

t h a t  b e t w e e n  t h e  h o u r s  o f  1 2  m i d n i g h t  a n d  6 : 0 0  A . M . ,  1 5  h e a r t  a t t a c k  d e a t h s  

o c c u r r e d .  I n  14  o f  t h e s e  1 5  c a s e s  t h e  h e a r t  a t t a c k  v i c t i m  w a s  a w a k e n e d  b y  a n



a l a r m .  I n  a  f e w  o f  t h e  c a s e s ,  a s  w a s  t r u e  f o r  a l a r m s  o c c u r r i n g  d u r i n g  o t h e r  

h o u r s  o f  t h e  d a y ,  t h e  a l a r m  w a s  n o t  f o r  t h e  g i v e n  f i r e  f i g h t e r  b u t  t h e  d e p a r t ­

m e n t  h a d  a n  a l a r m  s y s t e m  t h a t  r a n g  i n  a l l  s t a t i o n s .  O n e  w a y  i n  w h i c h  t o  

c o m b a t  t h e  s t r e s s  b r o u g h t  o n  b y  t h e  a l a r m  w o u l d  b e  t o  i n s t i t u t e  a n  a l a r m  s y s t e m  

t h a t  w o u l d  o n l y  r i n g  i n  t h e  s t a t i o n  r e q u i r i n g  c o m p a n i e s  t o  r e s p o n d .

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  m u c h  o f  t h e  d i s c u s s i o n  o f  t h e  r e l a t i o n ­

s h i p  b e t w e e n  h e a r t  d i s e a s e  a n d  s t r e s s  w a s  n o t  b a s e d  o n  f a c t  s t a t e m e n t s  b u t  

r a t h e r  h y p o t h e s i s .  B a s e d  o n  d i s c u s s i o n s  I  h a v e  h a d  w i t h  f i r e  f i g h t e r s ,  a s  w e l l  

a s  t h e  e x i s t i n g  r e s e a r c h  o n  t h e  s u b j e c t  o f  s t r e s s  a n d  h e a r t  d i s e a s e  ( a s  m i n i m a l  

a s  i t  i s ) ,  I  t r u l y  b e l i e v e  t h e r e  i s  a  r e l a t i o n s h i p .  B u t ,  t h i s  i s  o n e  a r e a  t h a t  

d e f i n i t e l y  r e q u i r e s  f u r t h e r  r e s e a r c h  i f  o n e  i s  t o  m a k e  a n y  c o n c l u s i v e  s t a t e m e n t s  

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

I n  s t r e s s ,  a s  w a s  t h e  c a s e  w i t h  t o x i c  f u m e  i n h a l a t i o n ,  i t  i s  d o u b t f u l  

t h a t  a n y  s i n g l e  i n c i d e n t  b r o u g h t  o n  t h e  h e a r t  a t t a c k .  I n  v i e w i n g  t h e  e f f e c t  

t h a t  s t r e s s  h a s  o n  t h e  h e a r t ,  i t s  c u m u l a t i v e  e f f e c t  h a s  t o  b e  r e a l i z e d .  S t r e s s  

e x p e r i e n c e d  o n  a  c o n t i n u o u s  a n d  r e g u l a r  b a s i s ,  a s  i s  t h e  s i t u a t i o n  w i t h  f i r e  

f i g h t e r s ,  c o n t r i b u t e s  t o  t h e  d e v e l o p m e n t  p r o c e s s  o f  h e a r t  d i s e a s e .

OVER- EXERTI ON

O x y g e n  i s  t h e  f u e l  t h a t  o u r  b o d y  n e e d s  t o  p r o d u c e  e n e r g y .  T h e  

g r e a t e r  t h e  a m o u n t  o f  e n e r g y  n e e d e d  t o  p e r f o r m  a  t a s k  c o r r e s p o n d s  w i t h  t h e  

a b i l i t y  o f  t h e  h e a r t  t o  p u m p  a t  a  r a t e  s u c h  t h a t  i t  p r o v i d e s  s u f f i c i e n t  b l o o d -  

o x y g e n  t o  t h e  b o d y .  E n d u r a n c e  i s  m e a s u r e d  b y  t h e  a b i l i t y  o f  t h e  h e a r t  t o  

m a i n t a i n  t h i s  r a t e  o v e r  a  p e r i o d  o f  t i m e .  I n  c a s e s  w h e r e  v i c t i m s  h a v e  p r e ­

e x i s t i n g  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  t h e  c a p a c i t y  o f  t h e  h e a r t  t o  p r o v i d e  

t h e  p r o p e r  b l o o d - o x y g e n  l e v e l  i s  l i m i t e d .  P u s h i n g  t h e  c a r d i o - v a s c u l a r  s y s t e m  

b e y o n d  i t s  l i m i t s  o f  c a p a b i l i t y  m a y  c a u s e  d a m a g e  t o  t h e  m y o c a r d i u m  - a  h e a r t  a t t a c k .
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T h e r e  i s  n o t  a n  a p p a r e n t  r e l a t i o n s h i p  b e t w e e n  o v e r - e x e r t i o n  a n d

t h e  d e v e l o p m e n t  o f  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e ;  h o w e v e r ,  s t u d i e s  h a v e

s h o w n  t h a t  s u d d e n  s t r e n u o u s  e x e r c i s e  ( w o r k )  c a n  p r o d u c e  a n  i s c h e m i c  c o n d i t i o n
9

( t h e  k i l l i n g  o f  b o d y  t i s s u e )  i n  t h e  h e a r t .  D u e  t o  t h e  n a t u r e  o f  t h e  j o b  

f i r e  f i g h t e r s  a r e  o f t e n  c a l l e d  u p o n  t o  p e r f o r m  s u d d e n  s t r e n u o u s  w o r k .

G i v e n  c h e  g e n e r a l l y  h i g h  t o t a l  y e a r s  s e r v e d  b y  t h e  h e a r t  a t t a c k  

v i c t i m s  i t  i s  p o s s i b l e  t h a t  a t  l e a s t  s o m e  o f  t h e s e  f i r e  f i g h t e r s  s u f f e r e d  a t  

o n e  d e g r e e  o r  a n o t h e r  a n  i s c h e m i c  c o n d i t i o n .  I t  w a s  f o u n d  t h a t  i f  w a r m - u p  

e x e r c i s e s  a r e  p e r f o r m e d  p r i o r  t o  p e r f o r m i n g  s t r e n u o u s  w o r k  m u c h  o f  t h e  d a m a g e  

i s  r e m o v e d .

A s  w a s  s t a t e d  i t  i s  p o s s i b l e  t h a t  i f  t h e  i n d i v i d u a l  l i a s  a r t e r i o ­

s c l e r o s i s  a  s i n g l e  a c t  o f  o v e r - e x e r t i o n  m a y  b r i n g  o n  t h e  n e a r t  a t t a c k .  I n  

m o s t  c a s e s , d u e  t o  t h e  p r e s e n c e  o f  a r t e r i o a e i e r a t i c  h e a r t  d i s e a s e ,  t h e  v i c t i m  

w o u l d  h a v e  s u f f e r e d  a  h e a r t  a t t a c k  s o o n e r  o r  l a t e r ,  b u t  t h e  o v e r - e x e r t i n g  

a c t i v i t y  . . a y  h a v e  b r o u g h t  t h e  h e a r t  a t t a c k  • — a. y e a r ,  f i v e  y e a r s  o r  e v e n  t e n  

y e a r s  b e f o r e  i t  w o u l d  h a v e  n o r m a l l y  o c c u r r e d .

I t  i s  i m p o s s i b l e  l :o  s t a t e  w i t h  c e r t a i n t y  t h a t  i n  a n y  o f  t h e  h e a r t  

a t t a c k  c a s e s  o v e r - e x e r t i o n  b r o u g h t  a b o u t  t h e  h e a r t  a t t a c k .  H o w e v e r ,  i n  t h e  

c o u r s e  o f  my i n v e s t i g a t i o n s  t h e r e  w e r e  n u m e r o u s  i n c i d e n t s  i n  w h i c h  f i r e  f i g h t e r s  

r e p o r t e d  t h a t  t h e y  f e l t  t h a t  t h e y  w e r e  p u s h e d  t o  t h e  p o i n t  o f  o v e r - e x e r t i o n .

I n  g e n e r a l  t h e s e  c a s e s  u s u a l l y  s h o w e d  t h a t  t h e r e  w a s  l e s s  m a n p o w e r  o n  t h e  s c e n e  

c o m p a r e d  t o  s i t u a t i o n s  i n  w h i c h  t h e  q u e s t i o n  o f  o v e r - e x e r t i o n  w a s  n o t  r a i s e d .

I t  s e e m s  o n l y  l o g i c a l  t h a t  i f  y o u  h a v e  t w o  c o m p a r a b l e  f i r e s  a n d  o n  o n e  t h e  

i n i t i a l  r e s p o n s e  i s  t e n  m e n  a n d  o n  t h e  o t h e r  i t  i s  2 0  m e n ,  i n  t h e  f o r m e r  t h e

9  . B a r n a r d ,  R .  S . ,  G a r d n e r ,  G .  W . , D i a c o ,  N .  V . , " C a r d i o v a s c u l a r  R e s p o n s e s  t o  
S u d d e n  S t r e n u o u s  E x e r c i s e  -  H e a r t  R a t e ,  B l o o d  P r e s s u r e ,  a n d  E C G.  J o u r n a l  
o f  A p p l i e d  P h y s i o l o g y ,  3 4 : 8 3 3 ,  1 9 7 3 .

. B a r n a r d ,  R.  J .  , M a c A l p i n ,  R .  N , ,  K a l t u s ,  A .  A . ,  B u c k b e r g ,  G .  D . ,  " I s c h e m i c  
R e s p o n s e  t o  S u d d e n  S t r e n u o u s  E x e r c i s e  i n  H e a l t h y  M e n "  C i r c u l a t i o n  4 8 : 9 3 6 ,  
1 9 7 3 .



m e n  a r e  g o i n g  t o  h a v e  t o  p e r f o r m  m o r e  d u t i e s  a n d  e x e r t  m o r e  e n e r g y ,  f o r  a  

l o n g e r  p e r i o d  o f  t i m e  t h a n  c o m p a r e d  t o  t h e  l a t t e r .  T h e  c a s e s  m o s t  c l e a r l y  

r e p r e s e n t a t i v e  o f  t h i s  p r o b l e m  w e r e  C a s e s  8 ,  1 8 ,  A3 a n d  AA.  A s  a  m a t t e r  o f  

f a c t ,  i n  C a s e  AA t h e  v i c t i m  h i m s e l f  p i n p o i n t e d  t h i s  a s  a  p r o b l e m .  I n  t h i s  

c a s e  t h e  B a t t a l i o n  C h i e f ,  w h o  w a s  r e s p o n s i b l e  f o r  d i r e c t i n g  t h e  o v e r a l l  f i r e  

f i g h t i n g  o p e r a t i o n s ,  a s s i s t e d  i n  p u l l i n g  h o 6 e  t o  t h e  r o o f ,  r e m a i n e d  o n  t h e  

r o o f  h e l p i n g  t h e  m e n  t o  o p e n  i t  u p  a n d  m a n n e d  a  1 %"  l i n e  f o r  a w h i l e .  A l l  

o f  t h i s  w a s  d o n e  i n  a d d i t i o n  t o  h i s  s u p e r v i s i n g  t h e  f i r e  f i g h t i n g .  W he n  

a s k e d  b y  a n o t h e r  o f f i c e r ,  w h i l e  i n  t h e  h o s p i t a l  b e f o r e  s u f f e r i n g  h i s  s e c o n d  

a n d  f a t a l  h e a r t  a t t a c k ,  w h y  h e  p e r f o r m e d  t h e  e x t r a  d u t i e s ,  h e  r e s p o n d e d ,  " I

h a d  t o  d o  i t ,  I  d i d n ' t  h a v e  e n o u g h  m e n . "

F i n a l l y ,  i t  s h o u l d  b e  n o t e d  t h a t  d u e  t o  t h e  p r o t e c t i v e  c l o t h i n g  

f i r e  f i g h t e r s  m u s t  w e a r  t o  p r o t e c t  t h e m s e l v e s  f r o m  f i r e  h a z a r d s ,  t h e  f i r e  

f i g h t e r  i s  f o r c e d  t o  e x e r t  a d d i t i o n a l  e n e r g y .  I n  a  r e c e n t  s t u d y  i t  w a s  s h o w n  

t h a t  " t h e  e n e r g y  c o s t  o f  w e a r i n g  f i r e  f i g h t i n g  p r o t e c t i v e  c l o t  l i n g  a n d  ' e q u i p ­

m e n t  ( t u r n o u t  c o a t ,  h e l m e t ,  b c o t s ,  a n d  b r e a t h i n g  a p p a r a t u s )  i 6  r o u g h l y  o n e

t h i r d  a b o v e  t h e  e n e r g y  r e q u i r e d  i n  p e r f o r m i n g  w h a t  i s  e s s e n t i a l l y  a  m o d e r a t e  
10

w o r k  l o a d . "  C o n s i d e r i n g  t h e  a b o v e  f a c t  a n d  t h a t  f i r e  f i g h t e r s  a r e  c a l l e d  

u p o n  t o  p e r f o r m  v e r y  s t r e n u o u s  d u t i e s  ( f r o m  p u l l i n g  h o s e  t o  c a r r y i n g  p e o p l e  

f r o m  b u r n i n g  b u i l d i n g s )  i t  i s  o b v i o u s  t h a t  f i r e  f i g h t e r s  m u s t  b e  i n  t o p  

p h y s i c a l  c o n d i t i o n  t o  h a v e  a n d  m a i n t a i n  t h e  e n e r g y  l e v e l  n e e d e d  t o  p e r f o r m  

t h e  j o b .

T h e  p o i n t  o f  t h e  p r e c e d i n g  s e c t i o n  w a s  t o  e x p l a i n  t o  t h e  r e a d e r

t h a t  t h e r e  a r e  a s p e c t s  o f  f i r e  f i g h t i n g  t h a t  a r e  c o n d u c i v e  t o  h e a r t  d i s e a s e .

A s  w a s  p o i n t e d  o u t  m o s t  o f  t h e s e  f a c t o r s  t e n d  t o  h a v e  a  c u m u l a t i v e  e f f e c t

1 0  . D a v i s ,  P .  0 . ,  S a r t a  M a r i c e , D .  L . , " E n e r g y  C o s t  o f  W e a r i n g  F i r e f i g h t i n g  
C l o t h i n g  a n d  E q u i p m e n t , "  5 t h  A n n u a l  S y m p o s i u m ,  U n i v e r s i t y  o f  M a r y l a n d ,  
S p o r t s ,  M e d i c i n e  & P h y s i c a l  F i t n e s s  C e n t e r . "

1A7



a n d  u s u a l l y  a r e  n o t  m a n i f e s t e d  u n t i l  t h e  f i r e  f i g h t e r  i s  i n  h i s  m i d a l e  y e a r s .

I t  w o u l d  b e  a  g r a v e  m i s t a k e  t o  s i n g l e  o u t  a n y  o n e  a s p e c t  a b o u t  t h e  i n d i v i d u a l  

o n  t h e  j o b  i n  e x p l a i n i n g  t h e  r e a s o n  f o r  t h e  h e a r t  a t t a c k .  T h e s e  c o n d i t i o n s  

m u s t  b e  d e a l t  w i t h  i n  t h e ^ r  e n t i r e t y ,  f o r  t h e y  a r e  a l l  i n t e r - r e l a t e d ,  a n d  

a l l  c o n t r i b u t e  t o  t h e  d e v e l o p m e n t  o f  h e a r t  d i s e a s e .  T h e r e  a r e  a  f e w  p r o c e ­

d u r e s  t h a t  c a n  b e  t a k e n  t o  r e m o v e  t h e  r i s k s  i n  t h e  j o b  ( i . e . ,  u s e  o f  b r e a t h i n g  

a p p a r a t u s )  b u t  f o r  f i n d i n g  s o l u t i o n s  t o  m o s t  o f  t h e  o t h e r  h a r m f u l  a s p e c t s  o f  

t h e  j o b  f u r t h e r  r e s e a r c h  i s  d e f i n i t e l y  n e e d e d .  G i v e n  t h e  f a c t  t h a t  a s p e c t s  

o f  f i r e  f i g h t i n g  c a n  a t t r i b u t e  t o  h e a r t  a t t a c k s  i t  i s  e s s e n t i a l  t h a t  f i r e  

f i g h t e r s  m a i n t a i n  p e a k  p h y s i c a l  f i t n e s s .  H o s t  l i k e l y  t h i s  a l o n e  w i l l  n o t  

r e m o v e  t h e  t h r e a t  o f  h e a r t  a t t a c k  t o  f i r e  f i g h t e r s  b u t  i t  w i l l  d e f i n i t e l y  

g i v e  t h e  i n d i v i d u a l  a n  a d v a n t a g e  t o  c o m b a t i n g  t h e s e  r i s k s  i n  h i s  p r o f e s s i o n .

OTHER PROBLEMS I N  THE HEART ATTACK CAS ES  

HEART ATTACK A F TE R  MEAL

I n  r e f e r r i n g  b a c k  t o  G r a p h  L ,  t h e  d i s t r i b u t i o n  o f  t h e  t i m e  o f  

a t t a c k ,  i t  i s  n o t e d  t h e r e  i s  a  h i g h  i n c i d e n c e  o f  h e a r t  a t t a c k  a t  1 2 : 0 0  n o o n  

( 5 ) , 1  p . m .  ( 3 ) ,  2 p . m .  ( 3 )  a r l  6  p . m .  ( A ) .  I n  m o s t  o f  t h e  f a t a l i t i e s  o c c u r r i n g  

d u r i n g  t h e s e  h o u r s  t h e  f i r e  f i g h t e r s  h a d  e a t e n  a  m e a l  p r i o r  t o  t h e  f i r e  a n d  

h e a r t  a t t a c k ;  s o m e  o f  t h e  m e a l s  w e r e  l i g h t ,  b u t  m o s t  w e r e  l a r g e  m e a l s .  D r .  D y e r  

h a s  s t a t e d  t h a t  s e v e r a l  h o u r s  a f t e r  e a t i n g  a  l a r g e  m e a l  t h e  s t o m a c h  a n d  c a r d i o ­

v a s c u l a r  s y s t e m s  c o m p e t e  f o r  b l o o d  c i r c u l a t i o n  a n d  o x y g e n .  S h o u l d  t h e  f i r e  

f i g h t e r  c a t c h  a  f i r e  u n d e r  t h e s e  c i r c u m s t a n c e s ,  g i v e n  a l l  o t h e r  f a c t o r s  h e ' s  

e x p o s e d  t o  a n d  h i s  p h y s i c a l  c o n d i t i o n ,  t h e  f a c t  t h a t  h e  l i a s  j u s t  e a t e n  a  l a r g e  

m e a l  m a y  p r e c i p i t a t e  a n  a c u t e  m y o c a r d i a l  i n f a r c t i o n .  I n  a n  e f f o r t  t o  r e m e d y  

t h i s  s i t u a t i o n  i t  i s  r e c o m m e n d e d  t h a t  h e a l t h w i s c ,  i t  w o u l d  b e  b e t t e r  i f  f i r e  

f i g h t e r s  w o u l d  e a t  s e v e r a l  l i g h t  m e a l s  d u r i n g  t h e i r  t o u r  o f  d u t y  r a t h e r  t h a n
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News Watch
Stats Show Fire Fighting 
Still Most Hazardous
The 1979 Annual Death and Injury 

Survey, recently released by the In­
ternational Association of Fire Fight­
ers (lArF), shows that fire fighting is 
still the most hazardous profession 
in the public sector.

With 930 municipalities reporting, 
the statistics revealed that 70 fire 
fighters died in the line of duty, 
while 77 died as the result of occupa­
tional diseases. Though this is a de­
crease for the second consecutive 
year, the 10-year average remains 80 
deaths per 100,000 fire fighters.

Ihi jj  |
I  I I

The IAFF survey reported more than 
45,000 fire fighter injuries during  1979.

In 1979, the 68.6 deaths per 100,00 
fire fighters were up slightly from 
1978 and were nearly double the 
police officers total of 35.7 deaths per 
100,000 .

The 1979 statistics for fire fighter 
deaths from occupational diseases 
increased significantly to 77 from 61 
in 1978. Heart disease was a contri­
buting factor in 57% of the cases and 
was the leading cause of death. 
According to the report, "Com­
bined, heart and lung disease consti­
tutes 65% of all reported fire fighter 
deaths from occupational diseases."

Most of the fire fighter injuries, 
31,403 of a reported 45,070, were 
suffered on the scene while engaged 
in emergency operations. "Sprains 
and strains lead the list of causes," 
the report said, "followed by cuts, 
inhalation of toxic gases, burns and 
over-exertion. The balance of 13,667 
injuries came while responding, re­
turning or during training and other 
work-related duties."

The injury figures showed an 
average of 44.2 injuries per 100 fire 
fighters, meaning that there is a 
greater than 40% probability that ev­
ery fire fighter will be injured at least 
once during the year.

"In 1979, 338 fire fighters were 
forced to leave their departments or 
retire as a result of injury sustained 
on duty," the survey indicated, 
"and another 348 were forced to 
leave the department or retire as a 
result of occupational disease."

For additional information on the 
survey, contact M a ry  Barber, In te rn a ­
tiona l Association o f F ire  F ighters , 1751) 
New  York Avenue, N .W ., W ash ington, 

C. 20006, telephone (202) 872-8484.

Volunteers Covered By 
Freedom Of Information
A recent ruling by the New York 

State Court of Appeals has found 
that volunteer fire departments are 
subject to the Freedom of Informa­
tion Law in all respects.
The ruling, in the case of Weslches- 

ter-Rcckland Newspapers v, K imball, 
cited the legislative declaration in 
section 84 of the law which states "it 
is incumbent upon the State and its 
localities to extend public accounta­
bility wherever and whenever feasi­
ble."

To further explain the ruling, the 
court said, "True, the legislature, in 
separately delineating the powers 
and duties of volunteer fire depart­
ments, for example, has nowhere in­
cluded ah obligation comparable to 
that spelled out in the Freedom of 
Information statute. ... But absent 
a provision exempting volunteer fire 
departments from the reach of article

6—and there is none—we attach no 
significance to the fact that these or 
other particular agencies, regular or 
volunteer, are not expressly jn_ 
eluded."

The ruling by the New York Court 
of Appeals makes it clear that volun­
teer fire departments have the same 
obligations under the Freedom of In- 
formation Law as the governmental 
agencies which are subject to its pro­
visions.

For more information, contact 
Comm ittee on Pub lic  Access to Records, 
N Y S  Departm ent o f State, 162 Washing­
ton Avenue, A lbany , N ew  York 12231 
telephone (518) 474-2518.

IAFC Participates in 
Career Assessment 
Project

The International Association of 
Fire Chiefs (IAFC) has been selected 
as the subcontractor in a project to 
develop a career assessment test bat­
tery for the National Fire Academy's 
Career Development Center.

The IAFC will be working with Re­
search Applications, Incorporated, a 
Washington, D.C., consulting firm 
that specializes in performance and 
career assessment testing. The two 
organizations are charged with iden­
tifying assessment tests to aid 
Academy personnel in discovering 
the strengths and weaknesses of 
career and volunteer fire officers 
who desire advancement in the fire 
service.

The tests to be prepared will con­
sist of criterion-referenced measures 
used to assess skills and competen­
cies of personnel identified by NFI’A 
standards 1021, 1031 and 1041. The 
tests will be administered to partici­
pants during a week-long ossess- 
ment program at the National Fire 
Academy. The test will include per­
formance measures, paper-and-pencil 
exams, and structured interviews,

A seven-member task force will 
provide the project staff with a re­
source group of fire officers who 
have expertise in management, test­
ing and career development. I he
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DR. ROBERT F. DYER

EFFECTS UPON FIRE FIGHTERS 
AFTER EXPOSURE TO THE 

PRODUCTS OF DECOMPOSITION 
OF POLYVINYL CHLORIDE.

I g r e a t ly  ap p rec ia te  the  honor of ad d ress ing  
th is  g ro u p  devoted to the  s tu d y  of the occupa­
t ional h a z a rd s  o f  f irefigh ters . In genera l  ab o u t  
12,000 citizens o f the U.S.A. a r e  killed annua lly  
by fire. A n o th e r  300,000 citizens a re  scarred  
an d  in ju re d  each year .  E ig h ty  p ercen t  of people 
who die in a  fire ac tua lly  exp ire  from  the 
effects of smoke an d  toxic gases. I have been 
s tu d y in g  the clinical effects of inhala tion  of 
toxic fu m e s  in m y capac ity  as an  in te rn is t  w ith  
the  B o ard  of Police an d  F i r e  Surgeons since 
1963, an d  especially the re su lts  of exposure of 
th is  occupational g rou p  to decomposition of the  
p ro d u c ts  of pyrolysis upon p lastic  since 1968. 
In 1970 th e  d ea th  of a f i re f ig h te r  f ro m  severe  
p u lm o n a ry  h e m o rrh a g e  and  p u lm on ary  edem a 
due to chemical pneum onitis , secondary  to the 
in h a la t io n  of chemicals from  smoke a t  a fire 
w as  re p o r te d .’

A p ro g ra m  w as  in s t i tu ted  a t  the F irem en s  
Clinic in W ashing ton , D.C. fo r  im m ediate  fol- 
low up an d  ca re  o f  f ire f igh te rs  exposed to toxic 
fu m e s  f ro m  p las t ic  decomposition. Clinical r e ­
search  in to  the effects upon h u m an s  a f te r  expo­
su re  to  th e  b reak d ow n  p rod u c ts  of polyvinyl 
ch loride w as concen tra ted  am ong  the fire 
f ig h te rs  who w ere  exposed e i th e r  d u r in g  a fire 
o r  d u r in g  the overhaul period when the c lean­
in g  u p  w a s  done. T h erm al d eg rad a tio n  of poly­
vinyl chloride w a s  found  to release hydrogen 
chloride a s  well as 74 o the r  chemical products. 
H y d rog en  chloride g as  is an  i r r i t a n t  to the  
m ucous m em b ranes  of the  eyes and  the re s p ira ­
to ry  t r a c t .  H ydrogen  chloride causes desquam a­
tion o f  the bronchial ep ithelium  when exposed

D ire c to r an d  C h airm an  o f th e  B oard  
B oard  o f P o lice  an d  F ire  S u rg e o n s  
D is tr ic t  o f Colum biu F ire  D ep artm en t 
* 1  D.C. V illage L ane, S. W.
W ash in g to n , D. C. 20032

t issues a re  s tud ied  microscopically  by the 
pathologist. A n o th e r  product, benzene, m ay 
cause changes in the blood cells; ca rbon  m on­
oxide m ay  cause d ea th  when released also.

FREQUENCY OF EXPOSURE

The 3,600 f i re f ig h te rs  in W a sh in g to n ,  D.C. 
a r e  p r im a r i ly  assigned  to the f iref igh ting  divi­
sion. F ro m  1970 to 1976 we ev a lu a ted  190 cases 
o f  f ire f ig h te rs  exposed one o r  m ore  tim es to 
toxic fu m es  f ro m  fires w h ere  polyvinyl chlo­
r id e  w as  identified. C onsu lta tion  w ith  the fire 
d ep a r tm e n t  offiicals an d  the s a fe ty  officer p ro ­
duced o rd e rs  th a t  the  se lf-contained m a sk  would 
be w orn  by all f i re f ig h te rs  d u r in g  an y  fire 
w here  p la s t ic  w as involved, as  well a s  d u r in g  
the  overhaul period, w here  exposure  to hydro­
gen  chloride on soot p ar tic les  w as  still a danger.

CLINICAL SYNDROME EXPOSED

The typical s igns an d  sym ptom s rep o r ted  by 
f ire f ig h te rs  exposed  to the  fu m e s  f ro m  decom­
posing p lastic  a re  a  choking cough, a pain  in 
th e  a n te r io r  chest, pa in  in th e  back of the  
th ro a t ,  severe f ro n ta l  headache, sho rtness  of 
b rea th ,  dizziness, an d  an  i r r e g u la r  pulse. The 
presence of these ch a ra c te r is t ic  find ings w as
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u n iv e rsa l  am ong  the  f ig h te rs  exposed, except 
fo r  i r r e g u la r  pulse, which w a s  unnoticed  by 
m an v . an d  noted on physical ex am in a t io n  o r  
on e lec trocard iogram s, by ab o u t  2 0%  of the  
men. I  w a s  especially  in te res ted  in th is  f ind ing  
since I h ad  s tud ied  the  ca rd io v ascu la r  effects of 
occupationa l ex p osu re s  on f ire f ig h te rs  fo r  m a n y  
y e a rs  as  a  fire  su rgeon, an d  had  noted in the  
ea r ly  1960’s t h a t  those men exposed to p las t ic  
a t  the  fire g ro u n d  had  rep o r ted  weakness, an d  
w ere  found  to have hypertens ion  when exam ined  
a t  th e i r  homes in the  period of 10 to 18 h o u rs  
a f t e r  the  fire. In  re tro sp ec t  these in d iv idua ls  
m a y  have suffered  fro m  p re m a tu re  h e a r t  b e a t  
syn dro m es  j u s t  a f t e r  the  fire, cau s in g  scondary  
hypertens ion .

FORMAT FOR EVALUATION OF 
EXPOSED INDIVIDUALS

In  cooperation  w ith  the  f ire  officials w e o r ­
d e red  all exposed  f i re f ig h te rs  to  be exam ined  
a t  e i th e r  the  f ireg round  by the  a t te n d in g  fire 
su rgeon, o r  a t  the  F irem en s  Clinic, o r  a t  the  
local E m erg en cy  Room, w hen p las tic  w a s  iden ­
tified a t  the  fireground . T he medical su rv e il­
lance p ro g ra m  consisted of the  fo llow ing:

1. C om prehensive medical h is to ry  (usually  
a l re a d y  on record  a t  the F i re m e n s  C l in ic ) ; 
in c lud ing  p a s t  an d  p re se n t  medical h is ­
to ry , occupational h is to ry , p a s t  exposure 
to hepatotoxic, ca rdio toxic  o r  renaltox ic  
chemicals.

2. Physical ex am ina tion  by  the  fire surgeon, 
in c lud ing  skin inspection, eyes, ears , nose, 
a n d  th ro a t  exams, lungs, h e a r t  a n d  vascu ­
l a r  system , abdomen, etc.

3. A  14 x 17 pos te r io r  a n d  a n te r io r  view 
x - ra y  o f  the chest.

4. P u lm o n a ry  func tion  test when available. 
Fo rced  v ita l  capacity  (F V C )  an d  forced 
e x p i ra to ry  volume, 1 second ( F E V ,)  a r e  
determ ined .

5. Clinical lab o ra to ry  p rocedures  consis t ing  
o f :  Complete blood co u n t;  a  blood chem ­
is t ry  profile includ ing  b ilirub in , total 
pro te in , lac tic  dehydrogenase (L D H ) ,  
s e ru m  g lu tam ic  oxaloacetic t ra n sa m in a se  
(S G O T ),  a lka line  phosphatase , choles­
terol, blood su g a r ,  blood u re a  n i trogen  
( B U N ) ,  an d  se ru m  electrolytes, a s  well 
a s  a r t e r i a l  blood gases. A  ro u tin e  u r in a ly ­
sis, serology, and  cytology s tu d ie s  on the 
s p u ta  w ere  done also.

6. E lec tro ca rd io g ram , 12 lead  type . I f  ab 
norm al, o r  i f  clinically  ind ica ted , the  pa 
t i e n t  w a s  m o n ito red  by  electrocardio  
g r a m  fo r  a s  long  a s  24 to  36 h o u rs  afte i  
exposure. In  these s i tu a t ion s ,  p r e m a tu n  
h e a r t  b e a t  syn dro m es  w e re  stud ied .

I f  the  f i re f ig h te r  w a s  found  to  re q u ire  ob­
serva tion  beyond th a t  done in the  Clinic oi 
E m ergency  Room, he  w a s  ad m it te d  fo r  24 t( 
72 h ou rs  o f  observation  in  the  hosp ita l  by th« 
fire su rgeon . A b o u t  40 f i re f ig h te rs  hav e  r e ­
qu ired  hospita lization .

PREMATURE VENTRICULAR BEATS 
(PREMATURE HEART BEATS)

Since adverse  sy m p to m s  m ay  n o t  develop foi 
a s  long as 12 h o u rs  to 24 h o u rs  a f t e r  exposure 
to toxic fum es, it w as  no ted  th a t  e lec tro card io ­
g ra m  m o n ito rs  show ed some f ire f ig h te rs  in the 
exposed g ro u p  h ad  p r e m a tu re  h e a r t  beats 
while in the  hospital.* T h is  m ig h t  have gone 
unno ticed  i f  th e  f ire f ig h te r  w a s  n o t  undei 
co n s tan t  surveillance. I t  is know n  t h a t  th e re  
a re  ce r ta in  p r e m a tu r e  v e n t r ic u la r  b ea ts  tha ;  
a re  benign  and  o th e r s  t h a t  a re  th e  p re m a tu re  
h e a r t  b ea ts  th a t  lead to sudden  d e a th  sy n ­
drome. Because o f th e  l a t t e r  s i tu a t io n ,  espe­
cially in those f i re f ig h te rs  in th e i r  30’s to 50V 
(y ea rs  of age», w ith  u n d e r ly in g  coronary  
a r t e r y  disease, the  f ind ing  of p r e m a tu r e  beats  
is of g r e a t  im p o r tan ce  to fire su rgeons . All 
in s tances  of p r e m a tu r e  h e a r t  b e a ts  have  con­
verted spontaneously  o r  responded to lidoeaine 
th e ra p y  in th is  g ro u p  o f  f irefigh ters .

PREVENTION, AND TREATMENT

In  addition  to e d u c a t in g  th e  f ire f ig h te rs  at 
se m in a rs  and  d u r in g  th e i r  T ra in in g  School 
lectures, and  re q u i r in g  the  use o f  th e  self- 
contained  b re a th in g  a p p a r a tu s  a t  all time? 
when plastic  is identifier a t th e  f ireg ro un d , the  
fo llowing s teps  have  been u t i l ized :  (1) Use of 
b ronchial d eco n g e s tan ts  to im prove  t ra c h e o ­
bronchial c iliary  ac t ion  a f t e r  exposure . (2) 
B ronchodila tors . (3) O xygen ad m in is tra tio n , 
a t  5 l i te rs  p e r  m in u te  by nasa l canu la , to  those 
exposed. (4) F  gh h u m id i ty  oxygen  by mask 
techn ique  to t' ;e hospita lized . (51 In t r a v e n ­
ous s te ro id  th e r a p y  to those  w ith  m a rk e d  toxic­
i ty  when hospitalized . (6) In t ra v e n o u s  Lido­
eaine d r ip  th e r a p y  to  those  w ith  p re m a tu re  
beats  in excessive a m o u n ts  while  hospitalized.42



(7) Led  r e s t  f o r  8 h o u rs  a t  hom e o r  in hospital, 
a f t e r  severe  exposure . (81 A voiding  black cof­
fee, c ig a re t te s ,  and  s t im u lan ts  w hen  n re m a tu re  
h e a r t  b ea ts  a re  found. (9i Use o f am m o n ia  
am pules  f o r  inha la tion  a t  f i reground  a f t e r  in ­
ha la t io n  of toxic fumes.*

AREAS OF FUTURE STUDY

H u m an  toxic ity  fro m  the  d eg rad a t io n  p ro d ­
ucts of polyvinyl chloride as well as  o th e r  p las­
tics which  re su l t  f ro m  m a n ’s technology  a re  
be ing  s tud ied  clinically by fire su rg eo n s  in 
W ash ing ton , D.C. Chem ists  a re  v e r i fy in g  in 
th e i r  lab o ra to r ie s  m an y  o f these  p heno m en a  in 
controlled experim en ts . Because o f  the  in s id i­
ous n a tu r e  o f  th e  effect o f  toxic fu m es  on th e  
firefigh ter, fire su rgeons an d  em erg en cy  squad , 
as well as  em ergency  room personnel should be 
educated  as  to the  recognition  an d  t r e a tm e n t  
of these  conditions. The vu lne rab ili ty  o f  those

fi re f ig h te rs  w ith  in c ip ien t  co ro n a ry  a r t e r y  d is­
ease  to these  d a n g e ro u s  syndrom es, e.g., p r e ­
m a tu re  h e a r t  b ea ts  lea d in g  to  sudden  d ea th  
syndrom e, should be u n d e rs to o d  by  f i re f ig h te rs  
and  fire su rg eo n s  alike. All a tm o sp h e re s  a t  th e  
f ireg ro un d  should be suspect. A n  effective gas  
an a ly ze r  to d e tec t  co n cen tra t io n s  o f  tox ic  gases  
p re se n t  a t  the  f ireg ro u n d  should be found . F u r ­
t h e r  definitive card io logy  stud ies  should con­
t in u e  to be p e r fo rm e d  on fixposed f irefigh ters . 
T he  te rm , "sm oke in h a la t io n ” should  be r e ­
placed by th e  te rm  "inhalatiion o f  tox ic  com bus­
tion  p ro d u c ts” so t h a t  n a t ion a l  recog n it io n  to 
the  se riousness o f  th is  problem  can  be followed!.
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' PANEL NO. 2— CARDIAC DISEASE IN THE FIRE SERVICE

DR. R. JAMES BARNARD
C hairm an

HEART DISEASE IN 
FIRE FIGHTERS

A t  the p a s t  th ree  Redm ond Sym posia m uch  
a t te n t io n  w a s  focused on the h e a r t  d isease p rob ­
lem of fire fighters. The published proceedings 
f ro m  these m eetings all poin ted  o u t  the need to 
g a in  m ore in fo rm atio n  abou t the  a c tu a l  ex ten t  
o f  the  h e a r t  disease problem  an d  how i t  m ig h t  
possibly be reduced. Since the la s t  sym posium  
in  1975, considerable research  h a s  been p u b ­
lished on the etiology of co ronary  a r t e r y  disease 
an d  some research  has  been done on the h e a r t  
disease problem in fire fighters.

I t  m u s t  be realized th a t  the te rm  “ h e a r t  d is­
ea se” is a very  genera l  te rm  which includes 
m a n y  abnorm ali t ies  of the h ea r t .  P roblem s in ­
c lud ing  valve dysfunction , a o r t ic  stenosis, 
a r rh y th m ia ,  etc. can be read ily  detected th rough  
ro u t in e  medical exam ina tions . Ischem ic h e a r t  
disease, however, is m ore  difficult to  detec t and  
u n fo r tu n a te ly  is p robab ly  the m ost common 
h e a r t  d isease in fire fighters.

T he  te rm  “ ischemic” technically  m eans a  r e ­
duced blood supply. H ow ever “ ischemic” h e a r t  
d isease has become a  m ore genera l  te rm  which 
m ean s  an  inadequa te  oxygen supply  to the h e a r t  
muscle. Since the h e a r t  is con tinually  b ea t in g  
i t  req u ire s  a continual supply  of oxygen. I f  the 
h e a r t  becomes too ischemic a m yocard ia l  in f a r c ­
tion  o r  h e a r t  a t tac k  occurs which m ean s  t h a t  
some of the h e a r t  cells have  died because of a

D ep artm en t o f S u rg e ry
School of M edicine
T he C en ter fo r th e  H e a lth  Sciences
U n iv ers ity  o f C a lifo rn ia
Los A ngeles, C a lifo rn ia  90024

lack of oxygen. Ischem ia  is v e ry  common in o u r  
society an d  is gen era lly  caused  by co ronary  
a r t e r y  disease (a therosc lerosis)  which is due 
to the accum ula tion  of smooth muscle cells and  
lipids (cholesterol an d  t r ig ly ce rides)  in the  
co ronary  a r te r ie s  which reduces  blood flow and  
oxygen supply  to the  h e a r t  muscle. Ischem ia 
m ay  also be caused by o th e r  fa c to rs  which  r e ­
duce oxygen delivery  to the  h e a r t  m uscle in ­
c lud ing  an em ia  an d  ca rbon  monoxide in h a la ­
tion. F a c to rs  which excessively elevate oxygen 
dem ands of the h e a r t  m ay  also cause ischemia. 
A ortic  stenosis, severe hypertension , or exces­
sive am o u n ts  of a d re n a l in  m a y  g rea t ly  elevate 
m yocardia l oxygen dem ands.

In  o rd e r  to ga in  some in s ig h t  in to  the  ische­
m ic  h e a r t  d isease problem  in f ire  f ighters  we 
s tud ied  a  ran d om  sam ple of 90 Los Angeles 
C ity  F i re  F ig h te rs ,  40-59 y e a rs  o f  age (1 ) .  The 
te s t in g  consisted o r n ea r -m ax im a l  e lec trocar­
d iograph ic  (E C G ) s t re s s  te s t in g  and co ronary  
a r t e r y  disease r isk  fa c to r  (cholesterol, h y p e r­
tension, sm oking) analysis . T he  resu lts  showeu
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th a t  10%  of the  m en had  ECG changes in d ic a t ­
in g  the  presence of ischemic h e a r t  disease. T h is  
p ercen tage  is h ig h er  th a n  t h a t  found  in o the r  
g ro u p s :  Los Angeles in su ran ce  executives 8%  
(2 ) ,  In d ian  S ta te  Policemen 5 %  (3 ) ,  a i r c r a f t  
pilots and  controllers 4%  (4 ) .  W hen  the  r isk  
fac to rs  fo r  co ronary  a r t e r y  d isease w ere  ex am ­
ined the men w ere  found not to be a t  h igh  risk. 
Only one fire figh ter  had  all th ree  r isk  fac to rs  
elevated and  47 had  no ab n orm al r isk  fac to rs .  
T he  resu lts  of th is  s tu d y  p rom pted  u s  to con­
clude t h a t  “Since fire f igh ters  a r e  a  medically- 
selected population w ith  low r i s k  fa c to rs  fo r  
co ronary  h e a r t  disease, the  observed incidence 
of ischemic s t re ss  tes ts  is s u rp r is in g  an d  su g ­
gests  t h a t  ischemic h e a r t  d isease m ay  be job 
associated."

Follow-up stud ies  w ere  conducted on the 9 
m en w ith  ischemic s tre ss  tes ts  (5 ) .  All of these 
m en had cholesterol values w ith in  the norm al 
ra n g e  and  3 had  values below 200m g%  which 
a re  very  low. One ind iv idual w as  hypertensive  
an d  two w ere sm okers  a t  the t im e of tes ting . 
Thus , even these men had  low r isk  fac to rs  fo r  
coronary  h e a r t  disease.

Six of the men elected to undergo  ca rd iac  
ca the teriza tion  and  an g iog raphy . One p a t ie n t  
had  severe co ronary  a r t e r y  disease in th ree  
vessels and  subsequently  u n d e rw e n t  a o r to ­
coronary  bypass su rg e ry .  T h is  m an  never ex­
perienced chest p a in s  and  had  no idea th a t  he 
w a s  a t  h igh r isk  fo r  sudden death . A n o th e r  
p a t ie n t  had obs truc tive  (5 0 % )  co ronary  d is­

ease in one vessel w h ile  th e  o th e r  f o u r  m en 
no visible s ig n s  of c o ro n a ry  obs truc tion , 
m en w ith  “ n o rm a l” co ronaries , however, 
show signs of a b n o rm a l  ca rd ia c  fu n c tio n  du 
a t r ia l  pacing. One m a n  had  ca rd ia c  enla 
m ent, hypokinesis , ischem ic EC G  an d  abnoi 
lac ta te  m etabolism . A n o th e r  h ad  ab n orm al 
ta te  m etabolism  an d  ischemic ECG . A  t  
m an  had  m o d era te  c a rd ia c  en la rg e m e n t  '  
a n te r io r  w all hypokinesis .  T h e  fo u r th  
ischemic ECG  ch an g es  w ith  an g in a  b u t  ot 
wise norm al c a rd ia c  func tion . All fo u r  of t  
m en had  p re ssu re s  w h ich  w ere  w ith in  nor 
limits.

The resu l ts  o f  th is  s tu d y  shew  t h a t  some 
figh ters  have “ ischem ic” h e a r t  d isease whic 
n o t  due to co ro n a ry  a r t  r y  disease. Altho 
these m en m a y  not be a t  h igh  risk fo r  sud 
d eath  they  should  not be con tinually  expt 
to fac to rs  w hich  m a y  have caused o r  i 
a g g ra v a te  the prob lem . T h is  type  o f  ische 
h e a r t  d isease m a y  be d u e  to job  .related faci 
such as  ca rbon  m onoxide and  o ther noxi 
fum es which l im i t  oxygen  supply  o r  by  adre 
lin which g re a t ly  in c reases  oxygen demand; 
the h eart .

In  197G the In te rn a t id n a l  Association  of F; 
F ig h te rs  published th e i r  F i r e  F ig h te r  M ortal; 
S tudy  (6 ) .  The re su l ts  showed th a t  of the  1 
on-duty dea ths  w hich  w e re  investiga ted  45 we 
caused by h e a r t  a t ta c k .  The m ean  age  of t 
men w as  51.3 y ea rs ,  th e  y oungest  being
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years . T he  m ean  y e a rs  of service w a s  22. In  
over one-th ird  o f  the cases, fire f igh ters  ex p er i­
enced sy m pto m s of h e a r t  trouble before  the  
ac tu a l  a t ta c k .  P ro p e r  m edical m an a g e m e n t  m ay  
have saved some o f these men. F i r e  f igh ters  who 
experience a n g in a  (chest p a in s)  should n o t  be 
involved in fire fighting. Seven of the  m en  had  
suffered p r io r  h e a r t  a t ta c k s  an d  p robab ly  
should n o t  have  been w o rk in g  as fire  fighters. 
F i r e  f ig h tin g  ca n  be a  s t r e ru o u s  occupation  
which can  t a x  the  h e a r t  to m ax im al l im its  an d  
is n o t  a n  ac t iv i ty  fo r  people w ith  know n h e a r t  
d isease (7 ) .

Indeed  m uch p rog ress  has  been m ade  d u r in g  
the p a s t  two years .  The o the r  th ree  sp eak e rs  on 
the panel will expand  on some of the concepts 
which I have in troduced  and  will describe some 
of th e i r  w o rk  w ith  fire fighters.
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DR. JOHN L. BOYER

CORONARY HEART DISEASE: 
CAUSE AND PREVENTION

HEART ATTACKS— OUR MAJOR 
CAUSE OF DEATH
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I
c o ro na ry  h e a r t  disease. T w o-th irds  of dea ths  
due to co ro na ry  h e a r t  d isease w ith  h e a r t  a t ­
tacks  occur o u ts id j  the hospital, the  m a jo r i ty  
o ccu rr in g  so suddenly  (w ith in  one hour of the  
onset o f sym ptom s) th a t  effective medical t r e a t ­
m e n t  is unava ilab le . One-half  of all persons  who
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life. H e a l th fu l  l iv in g  h a s  no b ad  side effects. In  
add ition , co r rec t in g  the  r i sk  fa c to rs  and  im ­
p rov in g  o u r  l ife  sty le  has  n u m ero u s  benefits 
above an d  beyond the control of occlusive v as ­
cu la r  disease. Im p ro v em en t  in o u r  s tam in a ,  
im p ro vem en t in  physical appearance , b e t te r  
energy, an d  a  defin ite ly  increased  sense of well

DR. THOMAS L. KURT

HEART DISEASE IN 
FIRE FIGHTERS

T oday  I w ish  to  exp lore  w ith  you th e  re la ­
t ionsh ip  between a fire f ig h te rs  w ork  an d  the 
a p p ea ran ce  o f  job-re la ted  co ro n a ry  h e a r t  d is­
ease.

My experience  b egan  on th is  su b jec t  w hen  I 
w as  f irs t  req u es ted  to consu lt  cn  job-re la ted  
h e a r t  cases in Colorado (which has  an  “ u n u s u r1 
s t r a in ” ru le)  fo llow ing  m y fellow ship  in ca'-'jo- 
ology a t  the  U n iv e rs i ty  of Colorado Medical 
Center .  W h en  I l a te r  w e n t  to B oston  as a fellow 
in en v iro n m e n ta l  h ea l th  a t  the  H a rv a rd  School 
o f  Public H e a l th ,  Dr. Jo h n  Peters ,  who is well 
kno w n  fo r  h is  s tu d ie s  d o c u m en tin g  lung  fu n c ­
tion  im p a irm e n t  in fire f ig h te r s ,’• 3 asked me to 
design a  p ro je c t  to ev a lu a te  carbon  m onoxide 
ex p osu re  and  o th e r  co ro n a ry  h e a r t  r isk  fa c to rs  
in  B oston  fire f ighters .

The  B oston  fire f ighters, p a r t ic u la r ly  C hiefs 
B u ch an an  an d  S tap le ton , coopera ted  com­
pletely  and  w e re  ex trem ely  helpful. Of p o te n ­
tial fire s ta t io n s  to s tu d y  in Boston, I chose the  
second b us ies t  in N ew  E n g lan d ,  which had  an

being  a r e  im p o r ta n t  beneficial spin-offs of 
h ea l th fu l  living. F o r  those in d iv idu a ls  in  the 
em ergency  services who a r e  responsib le  fo r  the  
p ub lic’s pro tection , these  spin-offs m ay  be ju s t  
as  im p o r ta n t  an d  j u s t  a s  s ig n if ican t  as  the  im ­
p rov em en t a t ta in e d  in th e i r  ca rd iovascu la r  
health .

P re v e n tiv e  C ard io logy  C en ter and  
U n iv e rs ity  o t C olorado M edical C en ter 
4200 E as t N in th  A venue 
D enver, Colorado 80220

a v e ra g e  o f 12.03 calls p e r  24 hours. F ro m  m y 
on-the-s ite  experience w ith  th e  engine and  lad ­
der com panies a t  t ins  s ta tio n , i t  w as  not u n u su a l  
to go o u t  to one, th en  tw o  o r  even th re e  fires 
in succession befo re  r e tu r n in g  to th e  fire s t a ­
tion. T h ese  com panies  also p rovided  a su p e rb  
balance  m ix  of young, m iddle-aged , and  o lder 
fire f ig h te rs  to observe.

P r io r  to s ta r t in g ,  we w e re  aw a re  o f  the  r e ­
p o r t s  o f  M as tro m a tteo  in C anada  an d  D ay  in 
K a n sa s  C ity  which review ed freq u en cy  of co ro ­
n a ry  h e a r t  d isease in fire f ig h te rs .3, ‘ H ow ever, 
as  po in ted  o u t  by S am m ons m  y o u r  las t con­
fe re n c e  in  St. L o u is /  s ta t i s t ic a l  analyses w e re  
n o t  in d ep th  in these  re p o r ts ,  and  the  conclu­
sions in  D a y ’s r e p o r t  w ere  based upon  inc lud­
in g  d isabled fire f ig h te rs  r e t i r e d  due to im p a i r ­
m e n t  f ro m  h e a r t  d isease in th e  active g ro u p s



Btudied, p e rh a p s  sk ew ing  th e  results .  W e  h ad  
a lso  rev iew ed  G ordon’s in te re s t in g  “ P ro je c t  
M ono x id e” s tu d y  which s t ro n g ly  su g g e s ted  
t h a t  ca rbo n  m onoxide h a s  a  toxic effect on 
h e a r t  m uscle . ' A s well, the  in fo rm a t io n  w as  
av a ilab le  f ro m  the  s tud ies  o f  A s t ru p  and  
T hom sen  show ing th a t  low7 levels of carbon  
m on o x id e  enhance  and  acce le ra te  th e  a p p e a r ­
ance  o f  a r te r iosc lerosis  (h a rd e n in g  and  th ic k ­
e n in g  o f  th e  walls of a r te r ie s )  in an im a ls .7, * 
A ro n o w  h ad  j u s t  rep o r ted  t h a t  m en  w ith  
a n g in a  pectoris  (o r  chest pa in  re la ted  to coro­
n a r y  h e a r t  d isease) had an  ea r l ie r  onset o f  th e ir  
ch e s t  p a in  d u r in g  treadm ill  exerc ise  w h en  ex ­
posed to  carbon  m onoxide.” G oldsm ith ’s g ro u p  
h ad  sh o w n  a h ig h e r  f req u en cy  o f  d e a th s  in Los 
A n g e les  d ue  to acu te  h e a r t  a t ta c k  in those  dis­
t r i c t s  in th e  city  on days  of h ig h e r  a m b ie n t  
ca rb o n  m onoxide,10 plus A y res  had  dem on- 
s ta te d  in th e  lab o ra to ry  t h a t  th e  d iseased h u ­
m a n  h e a r t  becomes even m ore  im p aired  in 
fu n c t io n  w hen  exposed to low levels o f  carbon  
m on o x id e .11

B e fo re  s tu d y in g  o u r  31 fire f ig h te rs  in B os­
ton, each w as o rien ted  to the  p ro jec t ,  com­
pleted  a  medical in te rv iew  and  sc reen in g  exam , 
an d  h ad  blood d raw n  f o r  cholesterol, t r ig ly c ­
erides , an d  glucose, plus a r e s t in g  e lec tro ca rd i­
o g ra m  w a s  recorded. W ith  the  a v e ra g e  ag e  of 
41.9 y e a r s  (Table 1), co ro nary  risk  ra t io s  w ere  
ca lcu la ted  based upon F ra m in g h a m  risk  tables, 
and  a r isk  ra t io  o f  1.49 to 1 w as o b ta in ed .15

BOSTON F IRE  FIC.(ITERS

Age ran g e : 24 -5 8 ,  X - 4 1 .9 ,  SD-11.9

C o ro n a r y  r i o k r a t i o  (F ram ingham )i 1 .4 9 /1 .0 0

Work a tu d y A.
D.
C.

H o l t e r  c l e c l r o c n r d i o q r a m n  
Am b ien t and e x p i r e d  b r e a th  CO 
U r in a r y  c a t e c h o l a m in m

W hile th is  su g ges ts  th a t  fire f ig h te rs  possess 
excess c a rd ia c  risk  before  ap p ro a ch in g  w ork, 
n u m b e rs  w e re  no t sufficient by sign te s t in g  in 
th is  sm all sam ple to accoun t fo r  s ignificance.

T h e  on-the-job  w ork  portion  of o u r  s tu d y  in ­
volved m on ito r in g  th ree  a r e a s :  1) H olter  (p o r t ­
able con tin u ou s)  e lec trocard iograph ic  tap e  r e ­
co rd ings  w ere  m ade over a  work sh i f t  and  
played back  fo r  analysis ;  2) am b ien t  ca rbon  
m onoxide w a s  m easured  w ith  a portab le  m oni­
to r in g  device w orn  on th e  belt an d  ex p ired  
b re a th  sam ples  w ere obta ined  fo r  carbon  m on­
oxide upon  leaving  f ires ;  3) u rine  w as collected 
d u r in g  th e  w ork  sh i f t  f o r  m easu re m e n t  o f

ad rena lin -like  com pounds (ca techo lam ines)  
which m ig h t  reflect job  s tre ss .

T he  resu lts  o f  th e  p o r ta b le  co n tin u o u s  elec­
tro c a rd io g ra m  (Table 2) show  h e a r t  r a te s  
ran g ed  f ro m  an  a v e ra g e  low o f  70.3 b ea ts  p e r  
m in u te  a t  re s t  to as h igh  as 200 b ea ts  p e r  m in ­
u te  d u r in g  a  fire call w ith  th e  a v e ra g e  h igh  
r a t e  of 148.9 b ea ts  p e r  m in u te .  S a t i s f a c to ry  
t ra c in g s  fo r  an a ly s is  w e re  obta ined  on 28 of 
31 fire fighters.

HOLTER ELECTROCARDIOGRAMS BOSTON F lR t t’ fCitTH S A f VoAK 
Si s u b j e c t s ,  5 6  s a t i s f a c t o r y  r e c o r d i n g *

R a t e  r a n n c s :  m o a n  l o w  7 0 . 3  b c a t s / n i n u t o

cican h i g h  1 4 8 . 9  b c a t a / m i n u t e  
n a x i D u n  2 0 0  b e a t n / r a l n u t c

P r e m a t u r e  v e n t r i c u l a r  b o a t s

" I s c h e m i a "

(ST d e p r e s s i o n  1 . 0 m m .  o r  g r e a t e r )

T  w a v e  c h a n g e s

8 / 2 8  (29t) 

6 / 2 8  (21%)

2 / 2 8  (7%)

I r r e g u la r  h e a r t  b ea ts  c h a ra c te r iz e d  as p r e ­
m a tu re  v e n tr ic u la r  b ea ts  w ere  seen in 8 of th e  
t ra c in g s  o r  29%. O f significance, how ever, a re  
th e  e lec tro card io g raph ic  ch an g es  described as 
“ ischemic” in 6 o f  th e  t ra c in g s  o r  21%  which 
ca n n o t  be considered  norm al. In th e i r  la b o ra ­
tory , B a rn a rd  and  h is co lleagues have  show n 
t h a t  s t re ss  t readm ill  te s ts  designed to dupli­
ca te  “n o rm al” ac u te  w ork loads cause  s im ila r  
ch an g es .11,11 In o u r  g roup , 2 o r  7% also showed 
evidence of T  w ave ch an g es  alone, which less 
sign ifican tly  reflect ca rd iac  s tress .

In the  n ex t  se r ies  o f  i l lu s tra t io n s  I would 
like to show you ac tua l  exam ples  o f  these  
changes. The f irs t  d ep ic ts  a n o rm al r e s t in g  
e lec tro ca rd io g ram  in a 24-year old fire f ig h te r  
(F ig u re  1) which is in tu rn  followed by fo u r

\ J/\—J/ '— 'y

s t r ip s  tak en  f ro m  his tap e  recorded  electro-
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ca rd io g ra p h  a t  w o rk  (F ig u re  2). S t r ip  # 1  w a s  
ta k e n  a t  re s t ,  while  s t r ip s  # 2  an d  # 3  w e re  
t a k e n  f ro m  a w o rk  s t re s s  period  o f  30 to 40 
m in u te s  in  an  a p a r tm e n t  house fire w h e re  a m ­
b ie n t  recorded  carbon  m onoxide reach ed  220 
ppm  an d  a n  ex p ired  b re a th  carbon  m onoxide 
ta k e n  im m ed ia te ly  a f t e r  e s t im a ted  a  blood c a r ­
bon m onoxide (carboxyhem oglob in) o f  16.5%.

O f p e r t in e n ce  is t h a t  he w as a  non-sm oker  n o t  
w e a r in g  a  se lf  con ta ined  b re a th in g  a p p a ra tu s  
an d  noticed  only m odes t  f a t ig u e  an d  a  mild 
t r a n s ie n t  h ead ach e  a f te rw a rd .  W hile h is  e x e r ­
cise s t r ip s  # 2  an d  * 3  show h e a r t  r a t e s  o f  142 
an d  186 p e r  m nute  respectively  w ith  ST  
ch an g es  com patil  le w ith  ischem ia o r  in ad e ­
q u a te  co ro n a ry  c ircula tion , h is  post-exercise  
s t r ip  # 4  revealed  ST se g m en t  e levation  which 
ra ises  the question  i f  some d eg ree  o f p e rm a ­
n e n t  ca rd ia c  d am ag e  occurred.

T he  i r r e g u la r  h e a r t  b ea ts  described  as  p r e ­
m a tu re  v e n t r ic u la r  a re  show n in a 54-year-old 
fire f ig h te r  in th e  n e x t  i l lu s tra t ion  (F ig u re  3)

of w o rk  re la ted  e lec tro ca rd io g rap h ic  changes. 
Since these  consis t  o f  b u rs ts  o f  i r r e g u la r  bea ts

w ith  some s in u s  node i r r e g u la r i ty  a s  well, these 
should be considered  re la t iv e ly  h aza rd o u s  com­
p a re d  to sim ply  an  occasional i r r e g u la r  beat.

M ea su rem en t  o f  th e  a m b ie n t  ca rbon  m on ­
oxide levels de tec ted  e leva tio n s  as  h ig h  as 4140 
ppm. Th is  ex p osure  occu rred  in a  non-sm oker 
who w as fo r tu n a te ly  w e a r in g  a se lf  contained 
b re a th in g  a p p a ra tu s  th ro u g h o u t  h is  exposure  
and  h ad  an  ex p ired  b r e a th  level o f  29 ppm  (fo r  
an  es t im a ted  blood ca rb o n  m onoxide level of 
6 .5% ). W hile  his h e a r t  r a t e  in creased  w ith  
exercise, i r r e g u la r  h e a r t  b e a ts  o r  ch an g es  of 
ischem ia w ere  n o t  seen. T h is  confirms the  im ­
press ion  of R ad fo rd  in B a lt im ore  t h a t  co n tin u ­
ous use of se lf  con ta ined  b re a th in g  a p p a ra tu s  
can prov ide good protection.™

To assess w o rk  s tre ss ,  u r in a r y  m easu re m e n ts  
of ad rena lin - l ike  com pounds (catecholam ines) 
w e re  perfo rm ed . D isappo in ting ly  only 4 o f  31 
(13%) w ere  elevated. T h a t  these  elevations 
occurred  w as im p o r ta n t ,  o f  course, b u t  fac to rs  
which m ay  have re su l te d  in fe w e r  elevations 
th a n  expected w e re :  1) since th is  w as  the sec­
ond busiest  fire s ta t io n  in  N ew  E n g lan d , p e r ­
h ap s  these  fire f ig h te rs  w e re  m ore conditioned 
and  re laxed  u n d e r  cond itions  t h a t  m ay  have 
been m ore  s tre ssfu l  to  a fire f ig h te r  w ith  a 
lesser  f requency  o f  call ex p er ien ce ;  2) the 
ad rena lin - l ike  com pounds can  be d ivided into 
ca teg o ries  o f  n o re p in ep h r in e  and ep inephrine , 
and  since n o re p in ep h r in e  m ore closely refiects 
exercise s t re s s  th a n  ep in ep hr in e , p e rh a p s  n o r­
ep in ep hrin e  should h av e  been m e a s u r e d ; 18 
3) a l th ou g h  the  u r in e  w a s  collected u n d er  
p ro p e r  conditions o f acidification, som e b re a k ­
down of u r in a ry  ad ren a lin - l ike  com pounds 
could have occurred  d u r in g  th e  t ra n s p o r ta t io n  
fro m  th e  n igh t  s h i f t  a t  th e  fire s ta t io n  to the 
clinical lab o ra to ry  m e a s u r in g  the  levels.

N ext, I would like to show you the  resu lts  of 
research  th a t  has been p e rfo rm ed  w ith  m y col­
leagues, Drs. Jan ie s  C h an d le r  and  P e te r  Mogiel- 
nicki a t  the U n iv ers i ty  o f  Colorado Medical 
Center. W e s tudied  th e  association  of high 
am b ien t  peaks of carbon  monoxide in Denver 
w ith  the  frequency  r a t e  of p re se n t in g  com­
p la in ts  of chest pa in  (n o t  re la ted  to t r a u m a )  
and  shortness  of b rea th  seen in the  E m ergency  
D e p a r tm e n t  a t  Colorado General Hospital. 
A s tu d y  reported  by S tew iir t  on banked  blood 
in all m a jo r  cities in the  U n ited  S ta te s  showed 
th a t  blood carbon m onoxide levels in non- 
sm okers in D enver equalled  those of Los A n ­
geles as  being the h ighes t.”  One h ou r  m ax im u m  
carbon  monoxide levels above 35 ppm  a r e  not



uncommon in D env er  a n d  som etim es exceed 50 
ppm. Since D enver has v ery  l i t t le  heavy in ­
d u s t ry  a n d  n a tu r a l  g a s  is b u rn ed  fo r  h ea t in g  
r a th e r  th a n  fuel oil or coal, s u l f u r  dioxide and  
o the r  s u l f u r  com pounds p rov ide  no m a jo r  pollu­
tion.

A s  well, the  N ovem ber th ro u g h  J a n u a r y  tem ­
p e ra tu re  invers ion  season w h ich  resu l ts  in the 
h ighes t  carbon  m onoxide levels, occurs a t  a  
d ifferen t t im e of the  y e a r  th a n  the  la te  sp r in g  
an d  ea r ly  su m m e r  e levations of ozone and  
oxides of n i tro g en . T herefo re ,  D env er  p resen ts  
a r a th e r  unique en v iron m en ta l  s i tu a t io n  which 
allows one to assess re la tive ly  h igh levels of c a r ­
bon monoxide, m in im a lly  co n tam in a ted  in effect 
by o the r  po llu tan ts ,  on a  la rg e  u rb a n  popu la­
tion.

U n d e r  these conditions, we m atched  the 
daily  frequency  o f p a t ie n ts  p re se n t  w ith  non- 
t r a u m a t ic  chest p a in  an d  sh o rtness  of b rea th  in 
the E m erg en cy  D e p a r tm e n t  over the th ree  
m onth  N ovem ber th rough  J a n u a r y  period. 8556 
p a t ie n t  en co u n te rs  w ere  review ed fo r  a  daily 
mean ox 93. M atch in g  the da ily  frequency  ra te  
of ches t p a in  and  sho rtness  of b re a th  w ith  the 
am b ien t  carbon  m onoxide levels recorded a t  a 
nearby  24-hour m o n ito r in g  s ta t io n  (F ig u re  4 ) ,

we found  a  low level t r e n d  of association be­
tween those p re se n t in g  com plain ts  an d  the a m ­
bient ca rbon  m onoxide levels. The low level 
co rrela tions w ere consis ten t w hether  the carbon 
monoxide levels w ere  expressed as  one hour 
rnaximums, 24-hour m eans, or two day  moving 
averages  (v a ry in g  in significance fro m  p less 
than  0.02 to 0 .05). T h is  effect tended to p ers is t  
fo r one d ay  a f t e r  am b ie n t  carbon  monoxide 
peaks re tu rn e d  to s a fe r  levels (F ig u re  5 ) ,  
which is n o t  su rp r i s in g  since the  h a lf  life of 
carbon monoxide in the blood ( a t  D en v er’s a l t i ­
tude) is f o u r  h ou rs  (an d  five tim es a h a lf  life 
or 20 hou rs  would be necessary  to reach  a  negli­
gible level j .

Pircinl of Emirgincy Dipirtminl p itiin ti 
with cifd iontp in iory  compliinlt

The only exception in o u r  association  between 
am b ie n t  carbon  m onoxide and  p re se n t in g  non- 
t r a u m a t ic  chest p a in  an d  sho rtness  of b rea th  
w as the  period of D ecem ber 24 to 29, d u r in g  
which a m b ie n t  carbon  monoxide w as  low and  
the freq u en cy  of com pla in ts  w a s  high. T h is  w as  
likely re la ted  to fac to rs  in the C h r is tm a s  holi­
day  season, an d  i f  su b trac ted  would in crease  
the significance of o u r  re m its .

The daily  m ean  one-hour m ax im u m  carbon  
monoxide d u r in g  the  N ovem ber th ro u g h  J a n u ­
a ry  s tu d y  period  w as  18.71 ppm  w ith  a s ign ifi­
can t  (p  less th a n  0.0011 fall to a m ean  of 12.60 
ppm  d u r in g  the  two m onth  period fo llowing 
(Table  3 ) .  T h is  ind ica tes  th a t  we had correc tly  
selected a h igh  am b ie n t  pollution period  fo r  
study.

CO one hour maximum

I n v e r s i o n  season E a r l y  s p r in g

Nov-Dec-.7an Fob -M arch

Mean 18.71 12.60
'5F1 1.01 0 .69

S i g n i f i c a n c e  t e s t i n g  to r d i f f e r e n c e  p <0.091

Recently, I consulted on an o th e r  research  
p ro jec t  in D enver  a t  the  N a tio n a l  A s th m a  Cen­
te r  u n d e r  an  E n v iro n m en ta l  P ro tection  Agency 
co n trac t  to assess the effects of low levels o f  
blood carbon  monoxide on h e a r t  an d  lu ng  fu n c ­
tion. T h e  p r inc ip a l  in ves t iga to rs  on th is  p roject, 
Drs. Ph ill ip  W eise r  and  J e r r y  Cropp, exercised 
ten  n o rm al y ou n g  m en to m ax im al capacity  on 
a  treadm ill,  fo u r  tim es each, tw ice w ith  carbon 
monoxide an d  tw ice w ith  filtered a ir .  T he  c a r ­
bon m onoxide w as  g iven in a double blind 
fashion, t h a t  is, a  technician  de term ined  
w h e th e r  the a i r  b rea thed  w as filtere 1 o r  con­
ta ined  a  s t a n d a rd  a m o u n t  of carbon  monoxide,
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an d  n e i th e r  the  physic ian  o r su b jec t  k new  which 
w as b e ing  given a t  a  p a r t i c u l a r  tim e. Since 
p u re  carbon  monoxide, u n like  smoke, is an  odor­
less an d  tas te less  gas, th is  is easy  to do. The 
outcome o f these s tu d ie s  confirm ed an d  extended 
t h a t  repo rted  by  H o rv a th ,  nam ely , th a t  low 
blood levels of ca rbon  m onoxide (ab o u t  4 .5 % ) 
sign ifican tly  decrease t rea d m il l  exercise p e r­
fo rm an ce  as  m easu red  by  oxygen consum ption 
an d  w o rk  perfo rm ed .1'1 A s well, we found  by  a 
non-invasive m e a s u re m e n t  techn ique  called 
systolic t im e in te rva ls ,  t h a t  d em an ds  on left 
v e n tr ic u la r  p e rfo rm a n c e  ( th e  h e a r t ’s ab il i ty  to 
pum p) a r e  s ign ifican tly  increased  by  exercise 
d u r in g  exposure to carbon  monoxide.

N ex t there  a re  anecdotal cases of caibon 
m onoxide toxicity  w hich  w e re  encountered  in 
o u r  em ergency  room, which  I ’d like to re la te  to 
you. T he  f irs t  concerns a  36-yea r  old m a n  who 
had  a blood carbon monoxide level o f  41%  a f te r  
d iscovering  th a t  the  blow hose he w a s  m a n e u ­
v e r in g  to pum p insu la t io n  in to  a n  a t t ic  w as 
p u m p in g  in carbon monoxide f ro m  the  t r u c k ’s 
ex h au s t  as  well. A f te r  he experience no’ h e a r t  
p roblem s before exposure , he has  h ad  a d an ­
gerously  excessive n u m b e r  of m u lt i fo rm  i r r e g u ­
la r  h e a r t s  beats  (p re m a tu re  v e n tr ic u la r  beats) 
in sp ite  of ta k in g  m edication  to control them. 
He has  had  norm al c a th e te r  x - ray  s tud ies  of his 
c o ro na ry  a r te r ie s  (co ro na ry  a n g io g ra m s) ,  and 
now continues to have f re q u e n t  i r r e g u la r  h e a r t  
bea ts  one y e a r  since h is exposure . A n o th e r  p a ­
tien t,  a  64-year old w om an  w as in  a  s ta te  of 
n e a r  collapse due to carbon  m onoxide inha la tion  
f ro m  a defective space h e a te r  in h e r  t ra i le r .  
W hen  f i r s t  seen in o u r  em ergency  room, her 
blood carbon  monoxide level w as  3 6 %  and  h e r  
e lec trocard iogram  w a s  n o rm al (F ig u re  6 ) .  She

im proved ra p id ly  on m a s k  oxygen an d  w as r< 
fe r re d  to the  m ed ic ine  clinic f o r  evaluation  t 
d iabetes because h e r  blood s u g a r  w a s  elevated 
F o r  ro u tin e  m edical sc reen in g  h e r  electrocai 
d iogram  w as  rep ea ted  th re e  w eeks la te r  in th 
medical clinic ( F ig u r e  7) which  revealed d if
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fuse  T w ave changes  com patib le  w ith  pericai 
ditis. An echo ca rd io g ram  confirmed th is  sliov 
ing  a small p e r ic a rd ia l  effusion (fluid forme 
in the sac a ro u n d  the  h e a r t ,  as  a n  inflammatoi 
re a c t io n ). Both of these  cases, p lus o thers in tl 
medical l i t e r a tu r e  a r e  w a rn in g s  th a t  signii 
c a n t  blood levels of carbon  m onoxide inhal 
tions m ay  have a delayed  effect on the hea 
and  should be seen by the  physic ian  in two »■ 
th ree  r e tu r n  visits.

D iv id ing  levels o f  ca rbon  m onoxide exposu" 
into th ree  ca tegories, th e re  a r e  d ifferent grad, 
tions of effect on the  h e a r t .1*'21

1. Low level of ca rbo n  monoxide in the blot 
(2 to 1 2% ) can occur in  mild smoke inhala tii  

an d  norm al c ig a re t te  sm oking. These can 1 
associated over the  y e a r s  w ith  the  chronic ge 
e ra tion  of a r te r io sc le ro s is  (h a rd en in g  and thie 
en ing  of the a r te r ie s )  a s  well as  the acute p r  
c ip ita tion  of sy m pto m s in those a lready  wi 
chronically  p a r t ia l ly  clogged arteriosclerot 
vessels.

2. Modest to m o d e ra te  blood levels of carbi 
monoxide (12 to 2 5 '/} i have been associat- 
w ith  the p rec ip i ta t io n  o f  acu te  coronary  ever, 
in ind iv iduals  w ith  p robably  less severe undt 
ly ing  co ronary  arte riosc lerosis .

3. M odera te  to severe  blood levels of carbi 
monoxide (2 6 f% an d  above) can  induce acu 
o r delayed tcxic in flam m ation  of the hea 
m uscle (m yocard it is )  a s  carbon monoxide 1 
comes bound to m yoglobin in h e a r t  muscle ti



m e o r  the  s u r ro u n d in g  m em b rane  of the h e a r t  
( p e r i c a r d i t i s ) , an d  som etimes re s u l t  in  i r r e g u ­
la r i t ies  of th e  h e a r t  beat, a n y  of which m a y  
take m o n th s  to resolve.

N a tu ra l ly ,  a n y  t im e  you w a n t  to calculate  
back to the  p e rso n s ’s peak  blood carbon m on­
oxide levels, you  need to count hack  in t im e 
from th e  m in u te  th e  blood is d ra w n  to the t im e 
the perso n  w a s  rem oved f ro m  exposure, and  
m ultip ly  t im es  the  f ra c t io n  of h a l f  lives. A gain , 
the h a l f  l i fe  o f  blood carbon m onoxide on room 
a i r  is a b o u t  f o u r  hours , on n asa l  p ro n g  oxygen 
about 45 m in u te s ,  an d  on m ask  oxygen about 
30 m in u tes .  T h is  m ean s  th a t  i f  the person w as  
d irec tly  t r a n s p o r te d  in  an  am bulance  on con­
tinuous m a s k  oxygen f ro m  the  p o in t  of expo­
su re  an d  i f  h is  blood level tes ts  a t  1 6% , t h a t  i ts  
peak 30 m in u te s  e a r l ie r  w as  approx im ate ly  
twice t h a t  o r  3 2 % .

O th er  r i s k  fac to rs ,  of course, a re  associated, 
both job  r e la te d  an d  non-job re la ted , w ith  the 
developm ent o f  co ro na ry  h e a r t  disease. These 
include th e  non-job  re la ted  r i sk  fac to rs  of cig­
a re t te  sm o k in g  (se lf  pollution w ith  carbon m on­
oxide), h igh  blood p ressure , h igh  cholesterol, 
physical in ac t iv i ty ,  diabetes, fam ily  h is to ry  of 
h e a r t  d isease  an d  o the rs  shown by the F ra m in g ­
ham  re p o r t s  o f  D rs .  K annel and  D aw b er  an d  
o ther epidem iologic s tud ies .”  Such a  fire figh ter  
o rien ted  epidemiologic s tu d y  of r isk  fac to rs  p e r ­
haps o r ien ted  th ro u g h  the fire fighters health  
in su ran ce  o r  pension  s ta tis t ic s  could provide 
helpful s u b s ta n t ia l  in fo rm ation  concerning all 
the w o rk -re la te d  r isk  fa c to rs  associated w ith  
coronary  h e a r t  d isease such as frequency  of fire 
calls, levels of ca rbon  monoxide exposure, use 
of se lf-conta ined  b re a th in g  a p p a ra tu s ,  and  ex­
posure to chem icals  such as  PV C  products.

Consequently , a  p ro g ram  to lower the coro­
n a ry  h e a r t  d isease  r isk  am ong  fire fighters 
m ig h t  include th e  fo l lo w in g :

1. In te n s iv e  hea lth  screen ing  a t  h ir in g  de­
signed  to screen  o u t  those of h ighest r isk  
to develop h e a r t  and  lung  diseases ( the  
sam e p r in c ip le  as  not p u t t in g  as thm atics  
to w o rk  in  a d u s ty  coal m in e ) .

2. C o n tin u ou s  an d  in tensive education to 
d isco u rag e  a n y  fo rm  of sm oking  am ong  
fire  f ig h te rs  (as  incompatible w ith  the 
h o n o r  o f  the  fire figh ting  profession a s  a 
m em b er  o f Alcoholics Anonym ous d r in k ­
in g  a lcoho l) .

3. E n c o u ra g e  the  con tinuous use an d  f u r ­
th e r  developm ent of se lf-con ta in ing  p u re  
a i r  b r e a th in g  system s d u r in g  sm oke ex­
po su re  ( sm a r tn e s s  should be associated  
w ith  the  p ro p e r  use of b re a th in g  system s, 
in s tead  o f  be ing  a “sm o k er-ea te r” ) .

4. S t im u la te  in te re s t  in im p ro v in g  physical 
fitness by  jogg ing , o r  con tro ll ing  h igh  
blood p re s s u re  by  m edications an d  t r e a t ­
m e n t  w ith  r e g u la r  follow-up an d  o th e r  
m ethods to reduce h e a r t  and  lu n g  r isk .

5. A ctive  reh ab i l i ta t io n  should help a fire 
f ig h te r  who develops a h e a r t  o r  lu n g  p ro b ­
lem w hich  is t r e a ta b le  an d  sa lvageable  to 
enable  those to r e tu r n  to w o rk  who can 
a n d  th e reb y  m in im ize  d isab ility  an d  p en ­
sion costs.

6. In i t i a t e  an  active prospective r i sk  fa c to r  
s tu d y , s im i la r  to th a t  sponsored by the  
ru b b e r  w o rk ers  union, th rou g h  y o u r  
h ea lth  in su ra n c e  an d  pension s ta t is t ic s ,  
cha ired  by  a  blue ribbon com m ittee  of 
physie ian-advisors , to  de te rm ine  the  spe­
cific excessive hea lth  r isk s  of fire f igh ters  
in c lu d in g  cancer, h e a r t  and  lu ng  diseases 
and  th e reb y  be able to p lan  to reduce 
them.

T h erefo re ,  to an sw er  the question, “ Is  h e a r t  
d isease in fire f igh ters  re la ted  to th e ir  w o rk ? ” 
I rep ly  w i th  a  qualified “yes.” Since h e a r t  d is ­
ease in f ire  f igh ters  is no t sim ply  co ro nary  
h e a r t  disease, b u t  often  m yocard itis  o r  p e r i ­
ca rd it is ,  since each fire f ig h te r’s r isk  v a r ie s  
considerab ly  in smoke exposure  frequency  and  
the use of p ro tec tive  b re a th in g  equipm ent, an d  
since th e re  a r e  non-job re la ted  fac to rs  a sso ­
cia ted  w ith  h e a r t  d isease such a s  c ig a re t te  
sm oking  a n d  h igh cholesterol, each case m ay  
h av e  m a n y  c o n tr ib u t in g  r isk s  of d ifferen t 
weight.

A c q u ir in g  m ore knowledge by such an  on­
going  r isk  fa c to r  s tu d y  not only helps d e te rm in e  
the cause of disease, b u t  should re su l t  in a 
h ea lth ie r  fire f ighting  force. The cost-effect 
of a  p rev en tive  approach  to d isab ility  c a n ( be 
well d e m o n s t ra t  d (F ig u re  8 ) .  Thereby  m onies 
which a r e  now going  to increasingly  h igh health  
in su ra n c e  an d  pension costs can  be d iv e r te d  to 
d irec tly  en h an ce  w ages and  the fire f ig h te r ’s 
s t a n d a rd  o f living.
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