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FIREFIGHTERS OCCUPATIONAL EXPOSURE TO CARBON MONOXIDE

CHAPTER I 

INTRODUCTION

Car bon monoxi de  (CO) ,  a s  a componen t  o f  t h e  a m b i e n t  a i r ,  

has  e x i s t e d  f o r  as  l o n g  as  t h e  e a r t h  has  been  a l i v e ,  a p e r i o d  

o f  t i m e  e s t i m a t e d  by mo s t  a u t h o r i t i e s  t o  be a p p r o x i m a t e l y  4 . 5  

b i l l i o n  y e a r s  ( 1 ) .  S i n c e  many o f  t h e  g e o l o g i c  a g e s  p r i o r  t o  

t h e  P l e i s t o c e n e ,  when man f i r s t  a p p e a r e d ,  wer e  t h o s e  d u r i n g  

whi ch  t h e r e  was a t r e me n d o u s  v e g e t a t i v e  and a n i ma l  g r o wt h  as  

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

a t m o s p h e r i c  CO f rom n a t u r a l  s o u r c e s  a l r e a d y  e x i s t e d  b e f o r e  man 

s t a r t e d  t o  make h i s  c o n t r i b u t i o n ,

Maugh (2)  has  r e p o r t e d  t h a t  i n  e x c e s s  o f  3 . 5  b i l l i o n  

t o n s  o f  CO p e r  y e a r  a r e  p r o d u c e d  i n  t h e  N o r t h e r n  He mi s p h e r e  

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

p r o d u c e d  i n  swamps and p a d d i e s  and t h e  d e g r a d a t i o n  o f  c h l o r o 

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

b o t h  t h e  530 m i l l i o n  t o n s  o f  CO e s t i m a t e d  t o  be n o r m a l l y  p r e s 

e n t  i n  t h e  t r o p o s p h e r e  ( 2 ,  3)  and t h e  270 m i l l i o n  t o n s  o f  CO 

whi ch  a r e  r e l e a s e d  a n n u a l l y  by man-made s o u r c e s  ( 2 ) .  I t  i s

1
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t h e r e f o r e  o b v i o u s  t h a t  man c o n t r i b u t e s  a mi n i ma l  amount  o f  

t h e  t o t a l  CO q u a n t i t y .

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

e x i s t e n c e  o f  a homonid c r e a t u r e ,  A u s t r a l o p i t h e c u s  b o i s e i , 

d a t e s  back  some 2 . 6  m i l l i o n  y e a r s  t o  t h e  G r e a t  R i f t  V a l l e y  

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

n e a r - ma n  and e a r l y  man was e x p o s e d  t o  CO i n  s u b s t a n t i a l  

amount s  even  p r i o r  t o  t h e  d i s c o v e r y  o f  f i r e  ( 4 ) .  S i n c e  t h e n ,  

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

t h e  a u t o m o b i l e ,  numer ous  m a n u f a c t u r i n g  p r o c e s s e s  and an 

a l m o s t  i n s a t i a b l e  r e q u i r e m e n t  f o r  e n e r g y .  T h u s ,  man by h i s  

own a c t i v i t i e s  and compl ex  s o c i a l  r e q u i r e m e n t s  has  mor e  t h a n  

d o u b l e d  t h e  amount  o f  a t m o s p h e r i c  CO t o  whi c h  he has  been  

e x p o s e d  ( 2 ,  3 ) .

N a t u r e  i n  i t s  own m y s t e r i o u s  and w o n d e r f u l  way has  

a p p a r e n t l y  p r o v i d e d  means  t o  r emove CO f rom t h e  a m b i e n t  a t m o s 

p h e r e .  Inman and a s s o c i a t e s  ( 5 ,  6)  have r e p o r t e d  t h a t  b i o l o g 

i c a l  s o i l  s y s t e m s  a r e  an a c t i v e  and e f f i c i e n t  n a t u r a l  s i n k  f o r  

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

g r a p h i c a l  a r e a  t h e  s i z e  o f  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s ,  can 

remove a p p r o x i m a t e l y  570 m i l l i o n  t o n s  o f  CO p e r  y e a r ,  an 

amount  more t h a n  s i x  t i m e s  t h e  e s t i m a t e d  a n n u a l  p r o d u c t i o n  o f  

CO a t t r i b u t e d  t o  m a n ' s  a c t i v i t i e s  i n  t h e  U n i t e d  S t a t e s  and 

o v e r  t w i c e  t h e  wo r l d  wi de  p r o d u c t i o n .

Even t h o u g h  n a t u r a l  me c h a n i s ms  t o  r emove  a s i g n i f i c a n t  

amount  o f  CO f rom t h e  a m b i e n t  a t m o s p h e r e  a p p a r e n t l y  e x i s t .
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n e v e r t h e l e s s ,  t h e r e  i s  r e a s o n  f o r  c o n c e r n .  The i n d u s t r i a l i z a 

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

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

l a t i o n  and i n d u s t r i a l  c e n t e r s  ( 7 ) .  As u r b a n i z a t i o n  has  i n 

c r e a s e d  more and more s o i l  s y s t e m s  have  been  d e s t r o y e d  as 

a c t i v e  CO a b s o r b e r s .  M o r e o v e r ,  t h e  e m i s s i o n  o f  man-made  CO 

has  a l s o  i n c r e a s e d .

Toda y ,  CO r e s u l t i n g  f rom t h e  c o m b u s t i o n  o f  c a r b o n i f e r o u s  

compounds  mus t  be c o n s i d e r e d  a s  a p o l l u t a n t  w h i c h ,  w i t h o u t  

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

t h e  m y r i a d  o f  t o x i c  s u b s t a n c e s  t o  wh i c h  man i s  e x p o s e d .  I f  

i t  i s  a c c e p t e d  t h a t  CO has  become an a t m o s p h e r i c  p o l l u t a n t  as 

a r e s u l t  o f  m a n ' s  g r e g a r i o u s  r u s h  i n t o  i n d u s t r i a l i z a t i o n  t h e n  

t h e  p h y s i o l o g i c a l  e f f e c t s  o f  t h e  a g e n t  i n  c o n f i n e d  s p a c e s  mus t  

be c o n s i d e r e d .  S i n c e  on a g l o b a l  b a s i s  m a n ' s  c o n t r i b u t i o n  i s  

mi n i ma l  i t  i s  t h e  n o n - d i s p e r s e d  l o c a l  s o u r c e  t h a t  c r e a t e s  

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

c o n f i n e d  s p a c e .  C o n f i n e d  s p a c e s  can r a n g e  f rom g e o g r a p h i c a l  

a r e a s  s uch  a s  t h e  Los A n g e l e s  B a s i n ,  c i t i e s  s u c h  as  New York 

and London,  v a r i o u s  work a r e a s ,  and a u t o m o t i v e  v e h i c l e s ,  t o  t h e  

a l v e o l i  o f  t h e  l u n g  i t s e l f .

The e f f e c t s  o f  CO, a s  an a i r  p o l l u t a n t ,  on human h e a l t h  

have been  p o n d e r e d  f o r  y e a r s  ( 8 - 2 4 )  and much has  been  w r i t t e n  

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

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

on l i f e .  However ,  i t  was n o t  u n t i l  1961 when H e c h t e r  Cl 2)
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compared  a i r  p o l l u t i o n  w i t h  d a i l y  m o r t a l i t y  and c o n c l u d e d  t h a t  

t h e r e  was a p o s s i b l e  c o r r e l a t i o n  be t we e n  d a i l y  h i g h s  and mor 

t a l i t y  and p o s t u l a t e d  t h a t  t h i s  was s e a s o n a l  i n  n a t u r e .  In 

1969 ,  Cohen and a s s o c i a t e s  (21)  s t u d i e d  t h e  e f f e c t s  o f  CO 

p o l l u t i o n  i n  t h e  Los An g e l e s  Ba s i n  on c a s e  f a t a l i t y  r a t e s  o f  

p a t i e n t s  w i t h  m y o c a r d i a l  i n f a r c t i o n  a d m i t t e d  t o  35 Los An g e l e s  

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

m y o c a r d i a l  i n f a r c t i o n - c a s e - f a t a l i t y - r a t e  i n  a r e a s  o f  h i gh  

l e v e l s  o f  CO p o l l u t i o n .

I t  r e m a i n e d  f o r  He x t e r  ( 24)  i n  1971 ,  t h r o u g h  a c o m p l i 

c a t e d  m a t h e m a t i c a l  model  u s i n g  compl ex  r e g r e s s i o n  a n a l y s e s ,  t o  

i n d i c a t e  s i g n i f i c a n c e  (P < 0 . 0 0 2 )  be t we e n  CO l e v e l s  i n  t h e  Los 

An g e l e s  Bas i n  and m o r t a l i t y .  A s i m i l a r  s t a t i s t i c a l  e v a l u a t i o n  

r e v e a l e d  no a s s o c i a t i o n  be t ween  o x i d a n t  l e v e l s  and m o r t a l i t y .

In 1965 t h e  P r e s i d e n t ' s  S c i e n c e  A d v i s o r y  Commi t t ee  

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

c o n d i t i o n s ,  c a u s e d  s i g n i f i c a n t  i n c r e a s e s  i n  d e a t h s  and i n  t h e  

same docume n t  l a m e n t e d  t h e  f a c t  t h a t  CO, a l t h o u g h  e x t e n s i v e l y  

s t u d i e d ,  r e m a i n e d  an eni gma and c a l l e d  f o r  more  d e t a i l e d  

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

I n t e r e s t i n g l y ,  t h e  work t h a t  l e d  up t o  and u l t i m a t e l y  

p r o v ed  t h a t  CO a s  an a i r  p o l l u t a n t  s i g n i f i c a n t l y  a f f e c t s  o v e r 

a l l  m o r t a l i t y  was done i n  C a l i f o r n i a  ( 1 2 ,  13 ,  15 ,  16 ,  21 ,  23 

2 4 ) .  Q u i t e  a n a c h r o n i s t i c a l l y  Schimmel  ( 26)  i n  1972 ,  a g a i n  

t h r o u g h  t h e  u s e  o f  an e l a b o r a t e  m a t h e m a t i c a l  m o d e l ,  compared 

a i r  p o l l u t i o n  i n  New York C i t y  w i t h  e x c e s s  m o r t a l i t y .  For
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some u n e x p l a i n e d  r e a s o n  n e i t h e r  t h i s  work ( 26)  n o r  any o f  i t s  

r e f e r e n c e s  c o n s i d e r e d  CO as  a p a r a m e t e r  n o r  d i d  t h e y  r e f e r  t o 

t h e  work done in C a l i f o r n i a .  The d a t a  us e d  i n  a d d i t i o n  t o  

d e a t h  c e r t i f i c a t e  d a t a  were  SOg l e v e l s  and Smoke Shade mea

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

need  f o r  f u r t h e r  s t u d i e s  and s t a t e d  t h a t  d a t a  on a d d i t i o n a l  

p o l l u t a n t s  s h o u l d  be i n c l u d e d .

The Communi ty Hea l t h  and  E n v i r o n m e n t a l  S u r v e i l l a n c e  

Sys t em (CHESS) o f  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency has  as 

i t s  mai n  p u r p o s e s  t h e  e v a l u a t i o n  o f  e x i s t i n g  e n v i r o n m e n t a l  

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

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

p o l l u t i o n  c o n t r o l s .  T h i s  p r ogr am has  been  i n  e f f e c t  s i n c e  1968 

and has  i n c l u d e d  33 n e i g h b o r h o o d s  i n  s i x  g e o g r a p h i c a l  a r e a s  

o f  t h e  U n i t e d  S t a t e s .  The h e a l t h  i n d i c a t o r s  t h a t  have  been 

us ed  a r e :  c h r o n i c  r e s p i r a t o r y  d i s e a s e  i n  a d u l t s ,  a c u t e  l ower

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

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

symptoms d u r i n g  a i r  p o l l u t i o n  e p i s o d e s ,  p u l mo n a r y  f u n c t i o n  o f  

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

humans and i n  two a r e a s  t h e  d a i l y  a g g r a v a t i o n  o f  symptoms in 

s u b j e c t s  w i t h  p r e e x i s t i n g  h e a r t  and l u n g  d i s e a s e s .  The CHESS, 

a r e a  s e t s  wer e  s e l e c t e d  t o  e v a l u a t e  a i r  q u a l i t y  s t a n d a r d s  f o r  

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

o x i d a n t s .  Carbon monoxi de  was n o t  i n c l u d e d  b e c a u s e  t h e
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" . . . e f f e c t s  o f  s h o r t  t e r m c a r b o n  mon o x i d e  e x p o s u r e s  a r e  more  

p r e c i s e l y  s t u d i e d  i n  c o n t r o l l e d  e x p o s u r e  c h a m b e r s . . . "  ( 2 7 ) .

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

t a n t s ,  and  more s p e c i f i c a l l y  CO, on m o r t a l i t y  wer e  p r o v e n  

s i g n i f i c a n t  by H e x t e r  i n  1971 ( 2 4 ) .  Ambi en t  a t m o s p h e r i c  p o l 

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

n e s s .  E x p o s u r e  t o  t h e s e  a g e n t s  i s  c o n t i n u o u s  and i n v o l v e s  

l o we r  c o n c e n t r a t i o n s  t h a n  an o c c u p a t i o n a l  e x p o s u r e  t o  s i m i l a r  

a g e n t s .  The m a j o r  e x c e p t i o n s  t o  t h i s  a r e  t h e  r a r e  a c u t e  e p i -  

s i d e s  s uch  as  t h o s e  o c c u r r i n g  a t  Do n o r a ,  P e n n s y l v a n i a ,  and 

London wher e  l a r g e  number s  o f  p e o p l e  d i e d  i n  a s h o r t  p e r i o d  

o f  t i m e .  Be c a us e  o f  t h e  p o s s i b l e  c h r o n i c  and c u m u l a t i v e  

e f f e c t s  o f  CO i t  woul d seem t h a t  t h e  CHESS pr ogr am s h o u l d  

have i n c l u d e d  one o f  t h e  mos t  i m p o r t a n t  p o l l u t a n t s  i n  i t s  

s t u d y .

Most  e x p o s u r e s  t o  CO, o t h e r  t h a n  t h e  low l e v e l s  i n 

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

t e d  and c o n t r o l l a b l e  s i t u a t i o n s  ( 9 ,  18 ,  19 ,  20 ,  2 5 ,  27 ,  2 8 ,

2 9 ,  3 0 ) .  The mos t  s i g n i f i c a n t  e x c e p t i o n  t o  t h i s  has  been  t h e  

f i r e f i g h t e r  who by t h e  n a t u r e  o f  h i s  o c c u p a t i o n  has  been e x 

posed  t o  CO u n d e r  t h e  mo s t  v i o l e n t  and s t r e s s f u l  c o n d i t i o n s .  

S i n c e  h i s  e x p o s u r e  would be b e t t e r  d e s c r i b e d  a s  d a i l y  s u b - a c u t e  

e p i s o d e s  r a t h e r  t h a n  c h r o n i c  l o w - l e v e l ,  t h e  amount s  o f  CO as 

w e l l  as  t h o s e  o f  o t h e r  t o x i c  s u b s t a n c e s  i n v o l v e d  i n  an u n 

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

m a t t e r ,  u n m e a s u r a b l e .



In an e r a  o f  u n p a r a l l e l e d  c o n c e r n  o v e r  t h e  s a f e t y  o f  

t h e  o c c u p a t i o n a l  e n v i r o n m e n t  and f o r  t h e  p r o t e c t i o n  o f  t h e  

h e a l t h  o f  t h e  w o r k e r ,  i t  i s  i r o n i c  t h a t  combat  f i r e f i g h t e r s ,  

one o f  t h e  l a r g e s t ,  mos t  e s s e n t i a l  and s t r e s s e d  o c c u p a t i o n a l  

g r o u p s  has  been  v i r t u a l l y  o v e r l o o k e d .  C o n s e q u e n t l y ,  i t  i s  

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

d a i l y  e x p o s u r e  t o  a i r b o r n e  p o l l u t a n t s ,  s uc h  a s  CO, be e l u 

c i d a t e d  i n  o r d e r  t h a t  m e a n i n g f u l  p r o t e c t i o n  and c o n t r o l  mi g h t  

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



CHAPTER I I  

LITERATURE REVIEW

Hemogl obi n  i s  a p r o t e i n  composed o f  f o u r  s u b - u n i t s  

c o n t a i n i n g  one heme m o i e t y  e a c h .  A heme m o i e t y  i s  a compl ex  

c a p a b l e  o f  b i n d i n g  r e v e r s i b l y  one  m o l e c u l e  o f  oxygen  COg)- 

S i n c e  t h e  h e mo g l o b i n  m o l e c u l e  c o n t a i n s  f o u r  s u b - u n i t s  i t  

a c t u a l l y  r e a c t s  w i t h  f o u r  m o l e c u l e s  o f  Og.

H b ^  +  H b g O g

Hb^02 + O2  ■— Hb^O^

+ O2  — Hb^Og

Hb^Og + O2 — HbgOg

T h i s  s a t u r a t i o n  o f  t h e  h e mo g l o b i n  m o l e c u l e  o c c u r s  i n  f o u r  

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

one t o  s t e p  f o u r .  The r e a c t i o n s  a r e  a l l o s t e r i c  and r e s u l t  

f rom i n t r a - m o l e c u l a r  f o r c e s  a c t i n g  as  i n t e r m e d i a t e  e q u i l i b r i a  

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

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

t h a n  0 . 01  s e c o n d s  ( 3 1 ) .  On t h e  o t h e r  hand CO i s  t a k e n  up by 

h e mo g l o b i n  a l m o s t  as  we l l  a s  O2  b u t  i s  r e l e a s e d  a t  a much

8
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s l o w e r  r a t e .  B a r t l e t t  ( 17 )  r e p o r t e d  t h e  h a l f  l i f e  o f  CO in 

v i v o  t o  be 1 . 5  t o  4 h o u r s .

The e f f e c t s  o f  CO and i t s  i n t e r a c t i o n  w i t h  hemog l ob i n  

were  f i r s t  s e t  f o r t h  by Doug l a s  and t h e  Ha l d a n e s  ( 3 2 ) .  I t  i s  

s t i l l  an a c c e p t e d  f a c t  t h a t  CO combi nes  w i t h  h e mo g l o b i n  w i t h  

an a f f i n i t y  a p p r o x i m a t e l y  210 t i m e s  g r e a t e r  t h a n  O2  ( 3 3 ,  34 ,  

3 5 ) .  T h i s  phenomenon p r o d u c e s  a s i t u a t i o n  wher e  even  sma l l  

e x p o s u r e s  become s i g n i f i c a n t  when c o n s i d e r i n g  s uch  t i s s u e s  o f  

t h e  body a s  t h e  myocar d i um t h a t  r e q u i r e  t h e  maximum amount  o f  

ox y g e n .  In t h e  c a s e  o f  a p e r s o n  e n g a g e d  in a c t i v i t y  r e q u i r i n g  

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

s t r e s s ,  t h e  myoca r d i um r e q u i r e s  v i r t u a l l y  100 p e r  c e n t  o f  t h e  

a v a i l a b l e  Og ( 3 1 ,  36 ,  3 7 ) .  Any c i r c u m s t a n c e  t h a t  p l a c e s  an 

a d d i t i o n a l  b u r d e n  on t h e  Og t r a n s p o r t  s y s t e m i n  c o n j u n c t i o n  

w i t h  a d e c r e a s e d  Og a v a i l a b i l i t y  can r e s u l t  i n  t i s s u e  a n o x i a .

I t  i s  we l l  d oc umen t ed  t h a t  a heavy  smoker  has  a s i g n i f i c a n t  

amount  o f  h i s  he mo g l o b i n  c o n s t a n t l y  bound as  COHb and t h e r e f o r e  

u n a v a i l a b l e  f o r  Og t r a n s p o r t  ( 3 8 - 4 1 ) .

In a d d i t i o n  t o  h e m o g l o b i n ,  my o g l o b i n  i s  an Og t r a n s 

p o r t  mechan i s m p r e s e n t  i n  t h e  t i s s u e s  and  i s  e q u a l l y  a s  c a p a b l e  

o f  b i n d i n g  CO. Oxygen s t o r e d  as  oxy my o g l o b i n  i s  consumed d u r 

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

can p r o v i d e  an a d d i t i o n a l  s u p p l y .  In t h e  e v e n t  t h a t  a s i g n i 

f i c a n t  amount  o f  t h e  h e mo g l o b i n  has  been  r e n d e r e d  i n o p e r a t i v e  

f o r  Og t r a n s p o r t  by CO, and my o g l o b i n  i s  a l s o  i n o p e r a t i v e  o r



10

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

p r o b a b l y  w i l l  r e s u l t  i n  damage.

J o n e s  and a s s o c i a t e s  i n  1971 ( 42)  e x p o s e d  r a t s ,  g u i n e a
3

p i g s ,  monkeys  and dogs  t o  6 1 ,  115 and 240 mg/m of  CO c o n t i n u 

o u s l y  f o r  90 d a y s .  At  t h e  end o f  t h e  s t u d y  no d e t e c t a b l e  

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

The o n l y  ch a n g e  n o t e d  was i n c r e a s e d  he mo g l o b i n  v a l u e s  i n  a l l  

f o u r  s p e c i e s  f rom p r e - e x p o s u r e  v a l u e s .  In a compani on  s t u d y  

wher e  a l l  f o u r  t y p e s  o f  a n i m a l s  were  e x p o s e d  r e p e a t e d l y  t o  

127 mg/m^ CO, 8 h o u r s  pe r  d a y ,  5 da ys  a week f o r  6 c o n s e c u t i v e  

weeks  no a d v e r s e  t o x i c  s i g n s  were  p r o d u c e d .  Th e o d o r e  and 

a s s o c i a t e s  ( 43)  e x p o s e d  mo n k e y s ,  b a b o o n s ,  d o g s ,  r a t s  and mi ce
3

c o n t i n u o u s l y  f o r  168 days  t o  460 mg/m CO and r e p o r t e d  no 

a p p a r e n t  p h y s i o l o g i c a l  e f f e c t s  on t h e  a n i m a l s .  No d e t e c t a b l e  

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

s y s t e m .  The o n l y  c hange  n o t e d  was some c a r d i a c  h y p e r t r o p h y  i n  

t h e  r a t s  b u t  t h e  l a r g e r  s p e c i e s  f a i l e d  t o  show any c a r d i o 

v a s c u l a r  c h a n g e s .  The i n v e s t i g a t o r s  f a i l e d  t o  p r o d u c e  any 

o p e r a t i v e  d e c r e m e n t  i n  Rhes us  monkeys  c h r o n i c a l l y  e x p o s e d  t o
O

440 mg/m CO and no p e r f o r m a n c e  d e c r e m e n t s  i n  human s u b j e c t s
3

e x p o s e d  t o  60 and 300 mg/m f o r  3 h o u r s .  They g u a r d e d l y  c o n 

c l u d e d  t h a t  mammal ian s p e c i e s  a p p a r e n t l y  wer e  a b l e  t o  t o l e r a t e  

CO we l l  u n d e r  t h e i r  t e s t  c o n d i t i o n s  and p o s t u l a t e d  t h a t  a d a p 

t i v e  p r o c e s s e s  mus t  o c c u r  e a r l y  i n  t h e  e x p o s u r e  and  t h a t  r e 

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

e f f e c t s  o f  CO. E c k h a r d t  and a s s o c i a t e s  ( 44 )  c o n d u c t e d  a
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s i m i l a r  e x p e r i m e n t  where  Cynomolgus  monkeys  were  e x p o s e d  f o r  

22 h o u r s  p e r  d a y ,  7 days  a week f o r  2 y e a r s ,  t o  an a v e r a g e
3

o f  2 3 . 8  and 7 8 . 6  mg/m CO. Nine monkeys  s e r v e d  as  t h e  t e s t  

g r oup  and n i n e  as  t h e  c o n t r o l  w i t h  t h e  o n l y  do s e  r e l a t e d  

d i f f e r e n c e  b e i n g  an i n c r e a s e  i n  COHb l e v e l s  i n  t h e  e x p o s e d  

a n i m a l s .  The s e  e l e v a t e d  COHb l e v e l s  d i d  n o t  l e a d  t o  any com

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

p a t h o l o g y .  They c o n c l u d e d  t h a t  t h i s  2 - y e a r  e x p o s u r e  t o  CO a t  

t h e  l e v e l s  us ed  d i d  n o t  r e s u l t  i n  any  b i o l o g i c a l l y  s i g n i f i c a n t  

c h a n g e s  i n  t h e  Cynomolgus  monkey ( 4 4 ) .  Th e s e  f i n d i n g s  as  w e l l  

as  t h o s e  o f  Th e o d o r e  (43)  seem t o  c o n t r a d i c t  t h e  f i n d i n g s  o f  

S h u l t e  ( 4 5 ) ,  H a l p e r i n  and a s s o c i a t e s  ( 46)  and o t h e r s  ( 4 7 ,  4 8 ,

49 ,  50 ,  51)  who f o u n d  v a r y i n g  p h y s i o l o g i c a l  e f f e c t s  and  p e r 

f o r ma n c e  d e c r e m e n t s .  The l a t t e r  b e i n g  d e t e c t a b l e  a t  as  low as  

5 p e r  c e n t  COHb.

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

t h i s  s p e c i f i c  s u b j e c t  was done  by Rockwel l  ( 52 )  i n  1967.  He 

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

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

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

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

c r e a s e d  l e v e l s  o f  COHb. Th e r e  i s  however  an a p p a r e n t l y  v a l i d  

s t u d y  wher e  n o n - s mo k i n g  s u b j e c t s  wer e  e x p o s e d  i n t e r m i t t e n t l y  

t o  v a r i e d  c o n c e n t r a t i o n s  o f  CO ( 4 8 ) .  The i n v e s t i g a t o r  r e p o r t e d  

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

w i d e l y  b u t  t h a t  s i g n i f i c a n t  h e mo g l o b i n  and h e m a t o c r i t  e l e v a t i o n s
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c o n t i n u e d  i n  t h e  e x p o s e d  s u b j e c t s  f o r  as  l o n g  as  2 mont hs  

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

o c c u p a t i o n a l l y  e x p o s e d  t o  a u t o m o b i l e  e x h a u s t  e m i s s i o n s  as  we l l  

as  s mo k e r s  t e n d  t o  have a h i g h e r  h e m a t o c r i t  t h a n  n o n - s m o k e r s .  

The p r e s u m p t i o n  i s  t h a t  CO h y p o x i a  i n  v a r y i n g  d e g r e e s  s t i m u 

l a t e s  i n c r e a s e d  e r y t h r o c y t e  p r o d u c t i o n  ( 4 8 ) .

T h a t  t h e r e  a r e  e f f e c t s  o f  CO i n h a l a t i o n  i n  human s u b 

j e c t s  was d e m o n s t r a t e d  by S t e w a r t  and a s s o c i a t e s  ( 4 9 ,  50)  who 

e x p o s e d  h e a l t h y  mal e  v o l u n t e e r s  t o  c o n c e n t r a t i o n s  o f  CO r a n g -
3

i n g  f rom 1 t o  4 2 , 7 2 0  mg/m f o r  p e r i o d s  o f  t i me  f rom 45 s e c o n d s  

t o  24 h o u r s .  By u s i n g  t h e  p r e d i c t i v e  e q u a t i o n ,  l o g  COHb/ 

l i t e r )  = 1 . 0 3 6  l og  (ppm CO i n h a l e d )  - 4 . 4 7 9 3 ,  t h e y  wer e  a b l e  

t o  a c c u r a t e l y  p r e d i c t  t h e  COHb v a l u e s .  P h y s i o l o g i c a l  s ympt oms ,  

o t h e r  t h a n  a b r u p t  i n c r e a s e s  i n  COHb s a t u r a t i o n ,  wer e  a s l i g h t  

s a g g i n g  o f  t h e  ST Segment  o f  Lead I I ,  mi l d  f r o n t a l  h e a d a c h e s ,  

c h a n g e s  i n  t h e  v i s u a l  e voked  r e s p o n s e  and i m p a i r m e n t  o f  manual  

c o o r d i n a t i o n .  The a u t h o r s  i n d i c a t e d  t h a t  t h e s e  r e s p o n s e s  were  

n o t e d  o n l y  a f t e r  t h e  COHb l e v e l s  r e a c h e d  15 p e r  c e n t  s a t u r a t i o n  

o r  g r e a t e r .

Much r e s e a r c h  has  been done  on t h e  e f f e c t s  o f  e x p o s u r e  

t o  t h e  c o n c e n t r a t i o n s  o f  CO f o u n d  i n  c i g a r e t t e  smoke and t h e  

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

been more o f  a h a z a r d  t o  l i f e  t h a n  had been p r e v i o u s l y  r e a l i z e d  

( 1 3 ,  15 ,  1 6 ,  2 2 ,  2 3 ,  2 9 ,  3 8 ,  4 0 ,  4 1 ,  5 1 ,  5 2 ,  5 3 ,  5 4 ) .  A non-  

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

c i g a r e t t e  s i d e s t r e a m  smoke c o n t a i n s  f o u r  t o  s i x  t i m e s  more  CO
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t h a n  m a i n s t r e a m  smoke ( 5 5 ) .  Even c i g a r  and p i p e  smoke c o n 

t a i n s  l a r g e r  amoun t s  o f  CO t h a n  had been  a n t i c i p a t e d  ( 5 5 ) .

A p e r s o n  who smokes  f r om 10 t o  20 c i g a r e t t e s  p e r  day m a i n 

t a i n s  a c o n s t a n t  COHb s a t u r a t i o n  o f  f r om 5 t o  10 p e r  c e n t  

( 1 7 ,  3 8 ,  4 0 ,  4 1 ) .  A COHb s a t u r a t i o n  o f  5 p e r  c e n t  r e n d e r s  

0 .1 p e r  c e n t  o f  t h e  b o d y ' s  h e mo g l o b i n  i n o p e r a t i v e  f o r  oxygen 

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

i s  a s  a c u t e  a s  i f  b l e e d i n g  f r o m t r a u ma  had o c c u r r e d  ( 1 8 ) .

The body s t o r e s  o f  CO a r e  n o t  r e s t r i c t e d  t o  t h e  hemo

g l o b i n  i n  t h e  c i r c u l a t i n g  b l o o d .  Coburn ( 3 9 ,  56)  r e p o r t e d  

on t h e  p r e s e n c e  o f  e x t r a v a s c u l a r  s t o r e s  o f  CO bound t o  myo

g l o b i n  a s  we l l  as  c y t o c h r o m e s  ( a^  and P ^ g g ) ,  c a t a l a s e  and 

some o f  t h e  p e r i o x i d a s e s . T h i s  same r e s e a r c h  s u g g e s t e d  t h a t  

t h e  m y o c a r d i a l  my o g l o b i n  o f  heavy  s m o k e r s ,  t h o s e  who c a r r y  

COHb l e v e l s  o f  10 p e r  c e n t  o r  g r e a t e r ,  may be 30 p e r  c e n t  

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

t h a t  my o g l o b i n  i s  t h e  mec ha n i s m o f  Og t r a n s p o r t  i n  t h e  t i s s u e s ,  

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

t i s s u e .

In an a v e r a g e  63 kg human,  m y o c a r d i a l  t i s s u e  c o m p r i s e s  

a p p r o x i m a t e l y  0 . 5  p e r  c e n t  o f  t h e  t o t a l  mass  o f  t h e  body and 

consumes  Og a t  t h e  r a t e  o f  9 . 7  m l / 1 0 0  g m/ mi n u t e .  The k i d n e y s  

c o m p r i s e  t h e  same p e r c e n t a g e  o f  t h e  t o t a l  body mass  b u t  c o n 

sume oxygen a t  t h e  r a t e  o f  6 m l / 1 0 0  g m / m i n u t e .  Bl ood f l o w s  

t o  t h e  myoca r d i um a t  t h e  r a t e  o f  84 ml / 1 0 0  g m/ mi n u t e  and t o
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t h e  k i d n e y s  a t  420 ml / 1 0 0  g m / m i n u t e .  The myocar d i um e x h i b i t s  

an a r t e r i o v e n o u s  oxygen d i f f e r e n c e  o f  114 m l / l i t e r  as  compared 

t o  62 m l / l i t e r  f o r  t h e  b r a i n  and 14 m l / l i t e r  f o r  t h e  k i d n e y s  

( 3 1 ,  36 ,  37 ,  5 7 ) .  Based on t h e s e  c o m p a r i s o n s ,  i t  i s  e v i d e n t  

t h a t  t h e  myoca r d i um demands  t h e  l a r g e s t  amount  o f  Og and 

e x h i b i t s  t h e  g r e a t e s t  a r t e r i o v e n o u s  Og d i f f e r e n c e .  The myo

c a r d i u m consumes  11 . 6  p e r  c e n t  o f  t h e  Og consumed by t h e  t o t a l  

body.

The mos t  common s i t e  f o r  m y o c a r d i a l  i n f a r c t i o n s  and 

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

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

f a c t  t h a t  t h e r e  i s  l i t t l e  o r  no b l o o d  f l o w t o  t h i s  r e g i o n  

d u r i n g  s y s t o l e .  S i n c e  t h e  myoca r d i um e x t r a c t s  s uch  l a r g e  

amount s  o f  Og f rom t h e  b l ood  ( 9 . 7  m l / 1 0 0  g m / mi n u t e )  consump

t i o n  can be i n c r e a s e d  o n l y  by i n c r e a s i n g  t h e  c o r o n a r y  b l o o d  

f l o w .  T h i s  i s  a c c o m p l i s h e d  i n  two ways :  n e u r a l ,  s t i m u l a t e d

by a d r e n e r g i c  f a c t o r s ;  and c h e m i c a l ,  s t i m u l a t e d  by a s p h y x i a  

and h y p o x i a .  The one f a c t o r  common t o  b o t h  o f  t h e s e  i s  myo

c a r d i a l  f i b e r  h y p o x i a .  I f  a s i g n i f i c a n t  amount  o f  t h e  hemo

g l o b i n  i s  bound t o  CO and t h e  my o g l o b i n  i s  a l s o  o p e r a t i n g  a t  

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

p e n s a t o r y  mec ha n i s ms  a r e  n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  p r e v e n t  

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

a v a i l a b l e  Og t o  p r e v e n t  t h e  damage r e g a r d l e s s  o f  t h e  amount  

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

u s u a l l y  r e p o r t e d  on a u t o p s y  as  f o c a l  m y o c a r d i a l  n e c r o s i s .
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In a s u r v e y  o f  351 a c c i d e n t a l  and 182 s u i c i d a l  d e a t h s  

f rom t h e  f i l e s  o f  t h e  Armed F o r c e s  I n s t i t u t e  o f  P a t h o l o g y *  

c o v e r i n g  t h e  y e a r s  1940 t o  195 0 ,  F i n c k  ( 58)  r e p o r t e d  t h a t  

p e t e c h i a e  wer e  n o t e d  on a u t o p s y  i n  t h e  h e a r t s  o f  21 p e r  c e n t  

o f  t h e  a c c i d e n t a l  v i c t i m s  and 13 p e r  c e n t  o f  t h e  s u i c i d a l  

d e a t h s .  Foca l  m y o c a r d i a l  n e c r o s i s  was r e p o r t e d  i n  t h r e e  o u t  

o f  37 p e r s o n s  who s u r v i v e d  CO p o i s o n i n g  f rom 34 hour s  t o  10 

d a y s .  The s u r v i v a l  t i me  f o r  t h e  37 c a s e s  r a n g e d  f rom 15 mi n 

u t e s  t o  9 . 5  mo n t h s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  t h r e e  

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

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

c a r d i u m o r  h e a r t .

In Augus t  o f  1972 ,  a n o t h e r  c o mp u t e r  a s s i s t e d  r e v i e w  

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

Armed F o r c e s  I n s t i t u t e  o f  P a t h o l o g y  was a c c o m p l i s h e d  by t h i s  

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

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

i ng  t o  t h e  h e a r t  o r  myocar di um o f  p e r s o n s  d y i n g  f rom CO 

p o i s o n i n g .  A f t e r  t h e  13 a i r c r a f t  a c c i d e n t  v i c t i m s  wer e  d e 

l e t e d ,  t h e  57 r e m a i n i n g  f i l e s  wer e  s c r e e n e d  f o r  e x t e n s i v e  

m i c r o s c o p i c  r e p o r t i n g .  D e t a i l e d  m i c r o s c o p i c  e v a l u a t i o n  was 

s k e t c h y  up u n t i l  a p p r o x i m a t e l y  1960 when more d e t a i l  was p u t  

i n t o  e a c h  a u t o p s y .  The m a j o r i t y  o f  t h e  c a s e s  were  t h e  r e s u l t s

*Armed F o r c e s  I n s t i t u t e  o f  P a t h o l o g y ,  Wa l t e r  Reed 
Army Me d i c a l  C e n t e r ,  W a s h i n g t o n ,  D . C . ,  20380.
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o f  m a s s i v e ,  u s u a l l y  s u i c i d a l ,  e x c u r s i o n s  w i t h  t h e  a g e n t  

wher e  d e a t h  was so r a p i d  t h a t  v e r y  l i t t l e  damage w.as r e p o r t e d  

o t h e r  t h a n  a u t o l y s i s  and s i m i l a r  a c t i o n s  i n  t h e  p o s t  mor t em 

body.  O t h e r  m i c r o s c o p i c  m y o c a r d i a l  d i a g n o s e s  r e p o r t e d  were  

u s u a l l y  c h r o n i c  and l o n g  s t a n d i n g  d i s e a s e  e n t i t i e s  such  as  

a t h e r o s c l e r o s i s .  The s e  c a s e s  wer e  s e l e c t e d  t o  be p r e s e n t e d  

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

t h e  t h e s i s  o f  t h i s  i n v e s t i g a t i o n .

Case 1.  AFIP 1132361 - A 2 5 - y e a r - o l d  w h i t e  ma l e  i n  

e x c e l l e n t  h e a l t h  w i t h  t h e  c a u s e  o f  d e a t h  l i s t e d  as  " C h r o n i c  

Carbon Monoxi de  P o i s o n i n g ,  A c c i d e n t a l . "  T h i s  man was e x p o s e d  

f o r  a p p r o x i m a t e l y  18 h o u r s  t o  CO f rom c o a l  gas  w i t h  a CO c o n 

t e n t  o f  f rom 4 t o  6 p e r  c e n t .  L a t e r  i n v e s t i g a t i o n s  e s t i m a t e d  

t h a t  t h e  v i c t i m  had been  b r e a t h i n g  an a t m o s p h e r e  o f  a p p r o x i -
3

m a t e l y  360 mg/m CO f o r  t h i s  p e r i o d  and p r o b a b l y  had r e c e i v e d  

a l ower  l e v e l  c h r o n i c  e x p o s u r e  f o r  much l o n g e r .  The v i c t i m  

d i d  n o t  smoke.  A f t e r  h i s  r emova l  f rom t h e  CO a t m o s p h e r e  t h e  

v i c t i m  s u r v i v e d  f o r  a p p r o x i m a t e l y  18 h o u r s .  His  COHb s a t u r a 

t i o n  on a d m i s s i o n  was 9 p e r  c e n t .  Upon a u t o p s y  t h e  f o l l o w i n g  

o b s e r v a t i o n s  wer e  made:

The myoca r d i um was m a r k e d l y  s o f t  and  f l a b b y .  Al ong t h e  
c o u r s e s  o f  a l l  t h e  ma j o r  c o r o n a r y  v e s s e l s  t h e r e  was 
h e mo r r h a g e  i n t o  t h e  a d i p o s e  t i s s u e  i n  some i n s t a n c e s  
e x t e n d i n g  f o r  a d i s t a n c e  o f  a l m o s t  one cm f rom t h e  
v e s s e l .  . . .  F u r t h e r  e x a m i n a t i o n  o f  t h e  myocar d i um 
r e v e a l e d  an a r e a  o f  h e mo r r h a g e  a p p r o x i m a t e l y  2 . 5  x 
5 cm i n  t h e  p o s t e r i o r  wa l l  o f  t h e  l e f t  v e n t r i c l e  wh i ch  
on c r o s s  s e c t i o n  e x t e n d e d  d e e p  i n t o  t h e  m u s c l e .  The 
myocar d i um i n  s c a t t e r e d  a r e a s  a p p e a r e d  p a l e  and some
what  y e l l o w i s h  w h i l e  i n  o t h e r s  i t  was somewhat  more  
n e a r l y  normal  c o l o r .  D i s s e c t i o n  o f  t h e  c o r o n a r y  v e s s e l s
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and c r o s s  s e c t i o n a l  s t u d i e s  r e v e a l e d  no e v i d e n c e  o f  
o b s t r u c t i o n  o r  a t h e r o s c l e r o s i s .  . . .  M i c r o s c o p i c  
e x a m i n a t i o n  : S e c t i o n s  r e v e a l  a s t r i k i n g  d e g r e e  o f
h e m o r r h a g e  a b o u t  many o f  t h e  v e s s e l s ,  b o t h  a r t e r i a l  and 
ve nous  as  w e l l  as  c a p i l l a r i e s .  In some t h e  v e s s e l s  
w a l l s  a p p e a r  t o  have  u n d e r g o n e  a l m o s t  a d i s s o l u t i o n  
o f  a p a t c h y  c h a r a c t e r .  T h e r e  i s  mar ked  s e g m e n t a t i o n  
and f r a g m e n t a t i o n  o f  m y o c a r d i a l  f i b r i l s  w i t h  hemor 
r h a g e  i n t o  t h e  my o c a r d i u m.  The h e mo r r h a g e  has  a 
t e n d e n c y  t o  be a r r a n g e d  i n  r a t h e r  l i n e a r  b a n d s .  In 
some p l a c e s  t h e r e  a r e  s ma l l  l o c a l  c o l l e c t i o n s  o f  s e g 
ment ed  n e u t r o p h i l s .  T h e r e  i s  a l s o  some i n t e r s t i t i a l  
edema.  The m y o c a r d i a l  n u c l e i  v a r y  somewhat  i n  b o t h  
s i z e  and s t a i n i n g  r e a c t i o n  and an o c c a s i o n a l  f i b e r  
a p p e a r s  t o  a c t u a l l y  be i n  t h e  e a r l y  s t a g e  o f  n e c r o s i s .

The s e c o n d  v i c t i m  o f  t h i s  e p i s o d e ,  t h e  w i f e ,  d i d  n o t  

e x p i r e  b u t  e v i d e n c e d  c l a s s i c a l  s i g n s  o f  CO p o i s o n i n g .  She 

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

and s u b s e q u e n t l y  r e c o v e r e d .  The e f f o r t s  b e i n g  made t o  s a v e  

h e r  h u s b a n d ' s  l i f e  p r e c l u d e d  any  d i a g n o s t i c  workup on t h e  

w i f e .

The s o u r c e  o f  CO f o r  t h i s  c a s e  was an u n v e n t e d  w a t e r  

h e a t e r  o f  t h e  Eu r o p e a n  demand t y p e  w i t h  a p i l o t  l i g h t .  The 

w i f e  o f  t h e  v i c t i m  had been  c o m p l a i n i n g  t o  h e r  m o t h e r  t h a t  

she  was h a v i n g  d i f f i c u l t y  i n  s l e e p i n g  and had been s u f f e r i n g  

f rom h e a d a c h e s ,  n o t  r e l i e v e d  by a s p i r i n ,  t h e  day b e f o r e  t h e  

e p i s o d e .  Both t h e  v i c t i m  and h i s  w i f e  had c o m p l a i n e d  o f  h e a d 

a c h e s  and  n a u s e a  f o r  s e v e r a l  da ys  b e f o r e  t h e  d e a t h  o f  t h e  

h u s b a n d .

Case  2.  ApiP 1252493 -  A 2 4 - y e a r - o l d  Negro f e j na l e  

i n  good h e a l t h  w i t h  t h e  c a u s e  o f  d e a t h  l i s t e d  as  "Ac u t e  Ca r bon  

Monoxide  I n t o x i c a t i o n  ( A c c i d e n t a l ) . "  T h i s  woman had been
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e x p o s e d  f o r  a t  l e a s t  12 h o u r s  and p o s s i b l y  l o n g e r  as  she  had

c o m p l a i n e d  o f  " n o t  f e e l i n g  w e l l "  f o r  a t  l e a s t  36 ho u r s  p r i o r

t o  t h e  a p p a r e n t  f a t a l  e x p o s u r e .  C a r b o x y h e mo g l o b i n  s a t u r a t i o n

o f  venous  b l o o d  on a u t o p s y  was 47 p e r  c e n t  and  t h e  f o l l o w i n g

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

H e a r t ,  Myoc a r d i um,  Mi c r o :  S e c t i o n s  o f  t h e  myocar d i um
o f  b o t h  r i g h t  and l e f t  v e n t r i c l e s  show a f o c a l  my o c a r 
d i t i s  w i t h  s ma l l  c l u s t e r s  o f  n e u t r o p h i l s  i n  t h e  i n t e r 
s t i t i a l  t i s s u e .  The b l o o d  v e s s e l s  i n  t h e  myocar d i um a r e  
m o d e r a t e l y  d i l a t e d .  The l e f t  d e s c e n d i n g  c o r o n a r y  a r t e r y  
shows a s l i g h t  d e g r e e  o f  f o c a l  i n t i m a i  t h i c k e n i n g .  On 
t h e  a d j a c e n t  p e r i c a r d i u m  t h e r e  a r e  s e v e r a l  f o c a l  c o l l e c 
t i o n s  o f  l y m p h o c y t e s .  . . .  E p i c a r d i u m ,  M i c r o :  A s e c t i o n
o f  e p i c a r d i u m  i n  t h e  p o s t e r i o r  p o r t i o n  o f  t h e  h e a r t  
n e a r  t h e  i n t r a v e n t r i c u l a r  s ep t um shows a f i b r i n o u s  
p e r i c a r d i t i s  t h a t  i s  f o c a l .  F i b r i n o i d  m a t e r i a l  i s  
p r e s e n t  i n  t h e  e p i c a r d i u m  t o g e t h e r  w i t h  s ma l l  c l u s t e r s  
o f  m e u t r o p h i l s .

Al l  i n t e r n a l  o r g a n s  were  r e p o r t e d  t o  have  a r e d d i s h -  

p i nk  d i s c o l o r a t i o n  a t t r i b u t e d  t o  COHb. The a p p a r e n t  s o u r c e  

o f  e x p o s u r e  was f rom an u n v e n t e d  g a s  oven i n  t h e  k i t c h e n .

The v i c t i m ' s  4 . 5 - y e a r - o l d  d a u g h t e r  was a d m i t t e d  f o r  

o b s e r v a t i o n  f o l l o w i n g  t h e  d i s c o v e r y  o f  h e r  m o t h e r ' s  body .  She 

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

i n g s  and e x h i b i t e d  a t a c h y c a r d i a  o f  160 b e a t s  p e r  m i n u t e .  Her 

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

q u i c k l y  a l t h o u g h  i t  was s u g g e s t e d  t h a t  she  be e xami ned  p e r i o d 

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

n e r v o u s  s y s t e m .

Case 3.  AFIp 1338516 — A 2 2 - y e a r - o l d  w h i t e  ma l e  i n  

p r e v i o u s l y  e x c e l l e n t  h e a l t h  who was f o u n d  d e a d  i n  a bed n e x t
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t o  an u n v e n t e d  b u t a n e  h e a t e r  w i t h  t h e  v a l v e  on .  Th e r e  was no 

n o t i c e a b l e  odo r  o f  gas  i n  t h e  c l o s e d  room.  The c a u s e  o f  

d e a t h  was l i s t e d  as  " Ca r b o n  Monoxide I n t o x i c a t i o n ,  Ci rcum

s t a n c e s  Unknown. "  The b l o o d  was 55 p e r  c e n t  s a t u r a t e d  w i t h  

COHb. The v i c t i m  was l a s t  s e e n  a p p r o x i m a t e l y  72 h o u r s  b e f o r e  

b e i n g  d i s c o v e r e d .  On a u t o p s y  t h e  f o l l o w i n g  r e m a r k s  wer e  made:

H e a r t :  . . .  The c o r o n a r y  a r t e r i e s  a r e  t r a c e d  and  a s ma l l  
amount  o f  a r t e r i o s c l e r o s i s  i s  p r e s e n t .  T h e r e  a r e  pe -  
t e c h i a e  u n d e r  t h e  e p i c a r d i u m  o v e r  t h e  c o m p l e t e  l e f t  
v e n t r i c l e .  On s e c t i o n i n g  t h e  my o c a r d i u m,  p e t e c h i a e  
a r e  p r e s e n t  i n  t h e  i n t r a v e n t r i c u l a r  s e p t u m.  M i c r o s c o p i c  - 
H e a r t :  S l i d e s  o f  t h e  h e a r t  show s ma l l  f o c a l  h e m o r r h a g e s .

An d e r s o n  and a s s o c i a t e s  ( 59)  r e p o r t e d  on s e v e n  c a s e s

o f  CO p o i s o n i n g ,  two f a t a l  and f i v e  n o n f a t a l  , whe r e  d e f i n i t 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  wer e  n o t e d .  One o f  t h e  f a t a l

c a s e s  was a 3 3 - y e a r - o l d  w h i t e  ma l e  o f  u n d e t e r m i n e d  h e a l t h

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

c l o s e d  home w i t h  an u n v e n t e d  n a t u r a l  gas  h e a t e r .  Bot h t h e

h e a t e r  and p i l o t  l i g h t  wer e  b u r n i n g .  The COHb s a t u r a t i o n  o f

t h e  b l o o d  2 h o u r s  a f t e r  a d m i s s i o n  was 10 p e r  c e n t .  The

p a t i e n t  r e c o v e r e d  f u l l  c o n s c i o u s n e s s  a f t e r  48 h o u r s  and  was

d i s c h a r g e d .  On t h e  f i f t h  day a f t e r  t h e  e x p o s u r e . h e  s u f f e r e d

i n t e n s e  c h e s t  p a i n  and d i e d  l e s s  t h a n  1 hour  l a t e r .  On

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

A mura l  t h r o mb u s  m e a s u r i n g  2 . 5  x 2 cm was f ound  n e a r  
t h e  a pe x  o f  t h e  l e f t  v e n t r i c l e .  A t e r j n i n a l  b r a n c h  o f  
t h e  l e f t  a n t e r i o r  d e s c e n d i n g  c o r o n a r y  a r t e r y  was 
o c c l u d e d  by a t h r ombe r a bo l us  f o r  a d i s t a n c e  o f  4 cm.
At m i c r o s c o p y  t h e r e  was no e v i d e n c e  o f  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  t h e  a r e a  o f  t h e  h e a r t  s u p p l i e d  by t h e
o c c l u d e d  v e s s e l .  Foc a l  d e g e n e r a t i o n  o f  t h e  myoca r d i um 
was p r e s e n t  t h r o u g h o u t  t h e  h e a r t  b u t  m a i n l y  t h e  l e f t
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v e n t r i c l e .  I n d i v i d u a l  mu s c l e  f i b e r s  were  s w o l l e n  and 
n e c r o t i c  and a g g r e g a t e s  o f  i n f l a m m a t o r y  c e l l s  were  
p r e s e n t  i n  s e v e r a l  a r e a s  o f  t h e  myoc a r d i um.

P a t h o l o g i c a l  l e s i o n s  i n  t h e  h e a r t  a t t r i b u t e d  t o  CO 

p o i s o n i n g  wer e  f i r s t  d e s c r i b e d  by Kl ebs  i n  1865 ( 60)  who r e 

p o r t e d  d i f f u s e  and p u n c t i f o r m  h e mo r r h a g e s  as  we l l  a s  n e c r o t i c  

f o c i  t h r o u g h o u t  t h e  h e a r t  and p a r t i c u l a r l y  i n  t h e  i n t r a -  

v e n t r i c u l a r  s ep t um and p a p i l l a r y  m u s c l e s .  An d e r s o n  and a s s o 

c i a t e s  ( 5 9 ) ,  i n  a d d i t i o n  t o  d e s c r i b i n g  s e v e n  c a s e s  o f  CO 

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

s e t  o f  r e f e r e n c e s  a t t e s t i n g  t o  t h e  f a c t  t h a t ,  i n  t h e  human 

h e a r t ,  CO e x e r t s  a d e f i n i t e  and d e l e t e r i o u s  e f f e c t  on t h e  myo

c a r d i a l  t i s s u e .  D i f f u s e l y  d i s t r i b u t e d  f o c a l  m y o c a r d i a l  i n j u r y  

and n e c r o s i s  a r e  common h i s t o l o g i c  f i n d i n g s  as  a r e  l e u k o c y t i c  

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

f i n d i n g s  a r e  i n d i c a t o r s  o f  s e v e r e  damage o r  o f  t h e  b e g i n n i n g  

o f  a s e r i e s  o f  s e r i o u s  c o n s e q u e n c e s ,  d e p e n d i n g  on t h e  i n d i v i 

dua l  and t h e  amount  o f  e x p o s u r e .

Among t h e  c a s e s  r e v i e w e d  above  t h e  f i r s t  (AFIP 

1132371)  i s  an exa mpl e  o f  c h r o n i c  e x p o s u r e  t o  r e l a t i v e l y  low 

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

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

d i a l  damage r a t h e r  t h a n  hypoxemi a  as  one would e x p e c t .  The 

w i f e ,  who a p p a r e n t l y  had t h e  same amount  o f  e x p o s u r e ,  d i d  n o t  

s u f f e r  t h e  u l t i m a t e  c o n s e q u e n c e  as  d i d  h e r  h u s b a n d .  The 

s e cond  c a s e  (AFIP - 1252493)  was an e p i s o d e  r e s u l t i n g  i n  a 

COHb l e v e l  o f  47 p e r  c e n t  wh i ch  i s  u s u a l l y  c o n s i d e r e d  l e t h a l
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( 1 4 ) ;  h o we v e r ,  t h e  m y o c a r d i a l  t i s s u e  showed c o n c l u s i v e  e v i 

de nc e  o f  t h e  b e g i n n i n g  o f  a p r o c e s s  t h a t  u l t i m a t e l y  would have 

l e d  t o  d e t e r i o r a t i o n  o f  t h e  t i s s u e  had d e a t h  n o t  r e s u l t e d  

e a r l i e r  f rom hy p o x e mi a .  The d a u g h t e r  was e x p o s e d  f o r  t h e  same 

l e n g t h  o f  t i m e  and e v i d e n c e d  o n l y  mi n i ma l  s i g n s  o f  CO p o i s o n 

i n g .  The se  two c a s e s  i l l u s t r a t e  i n d i v i d u a l  s u s c e p t i b i l i t y  

and r e s p o n s e  t o  CO. The t h i r d  c a s e  (AFIP - 1338516)  d i e d  

w i t h  a COHb o f  55 p e r  c e n t .  Agai n  d e a t h  f r om hypoxemi a  was 

t h e  p r i m a r y  c a u s e ,  however  t h e  h e a r t  e v i d e n c e d  t h e  b e g i n n i n g s  

o f  ma j o r  damage .  The c a s e  r e p o r t e d  by Ande r s on  and a s s o c i a t e s  

( 59)  was an e x p o s u r e  t o  an unknown l e v e l  o f  CO t h a t  r e s u l t e d  

i n  a COHb l e v e l  o f  10 p e r  c e n t  2 h o u r s  a f t e r  a d m i s s i o n .  Th i s  

man succumbed 5 days  l a t e r  f rom m a s s i v e  m y o c a r d i a l  damage 

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

damage r e s u l t i n g  f rom t h e  t o x i c  e f f e c t s  o f  CO on t h e  my o c a r 

d i a l  t i s s u e .

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

e f f e c t s  o f  d i f f e r i n g  e x p o s u r e s  t o  CO u n d e r  s i m i l a r  and v a r y i n g  

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

c e p t i b i l i t y  and r e s p o n s e  t o  t h e  a g e n t .

E l e c t r o c a r d i o g r a p h i c  d i a g n o s i s  o f  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  p r o v i d e s  t h e  e a r l i e s t  and mos t  r a p i d ,  n o n - p h y s i c a l  

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

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

d i a g n o s t i c  t o o l  f o r  d e t e r m i n i n g  m y o c a r d i a l  damage d e s p i t e  t h e
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f a c t  t h a t  f rom 25 t o  30 p e r  c e n t  o f  a c u t e  m y c a r d i a l  i n f a r c t i o n s  

a r e  n o t  d i a g n o s e d - - a  f a c t  t h a t  has  been  s u b s t a n t i a t e d  i n  r e 

p e a t e d  p o s t - m o r t e m  s t u d i e s  ( 6 1 ) .

The need  f o r  a n o t h e r  d i a g n o s t i c  t o o l  t o  a s s i s t  i n  

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

met  f a i r l y  w e l l  by t h e  v a r i o u s  enzyme a n a l y s e s  a v a i l a b l e  i n  

mos t  c l i n i c a l  l a b o r a t o r i e s .  Th e s e  a s s a y s  a r e  b e i n g  us ed  more 

and more by p h y s i c i a n s  t o  c l a r i f y  d i a g n o s e s .

Th e r e  a r e  a t  l e a s t  n i n e  d i f f e r e n t  enzyme a s s a y s  a v a i l 

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

damage.  Only f o u r  w i l l  be d i s c u s s e d  i n  t h i s  p a p e r ,  t o t a l  

l a c t i c  d e h y d r o g e n a s e ,  h e a t  s t a b l e  and h e a t  l a b i l e  i s o e n z y me s  

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

c r e a t i n e  p h o s p h o k i n a s e . L a c t i c  d e h y d r o g e n a s e  w i t h  i s o e n z y me s  

and h y d r o x y b u t y r i c  d e h y d r o g e n a s e  wer e  s e l e c t e d  b e c a u s e  t h e i r  

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

r e ma i n  above  normal  f o r  as  l o n g  as  16 d a y s .  Serum c r e a t i n e  

p h o s p h o k i n a s e  e l e v a t e s  t o  a much h i g h e r  l e v e l  a f t e r  damage 

and r e m a i n s  above  normal  f o r  a p p r o x i m a t e l y  5 days  b u t  adds  

d i a g n o s t i c  c r e d i b i l i t y  when done  i n  c o n j u n c t i o n  w i t h  t h e  o t h e r  

enzyme a s s a y s  s e l e c t e d  ( 6 1 ,  6 2 ) .

L a c t i c  d e h y d r o g e n a s e  (LDH) i s  an enzyme t h a t  c a t a l y z e s  

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

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

An i n c r e a s e  i n  LDH l e v e l s  i n d i c a t e s  t i s s u e  i n j u r y  and i s  o f t e n  

n o n - s p e c i f i c .  S e r i a l  d e t e r m i n a t i o n s  can  be us e d  t o  i n d i c a t e
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t h e  a p p r o x i m a t e  t i m e  o f  t h e  i n j u r y  so t h a t  c o r r e l a t i o n s  can 

be made.  In c a s e s  o f  m y o c a r d i a l  i n f a r c t i o n  t h e  LDH l e v e l  i s  

n o t e d  t o  r i s e  w i t h i n  t h e  f i r s t  12 t o  24 h o u r s  and t o  r e ma i n  

e l e v a t e d  f o r  up t o  14 d a y s .  The d i s c o v e r y  t h a t  LDH has  a 

s e r i e s  o f  i d e n t i f i a b l e  i s o e n z y me s  has  adde d  a new d i me n s i o n  

t o  t h e  d e t e r m i n a t i o n  o f  s p e c i f i c  t i s s u e  damage ( 6 1 ,  6 2 ,  6 4 ) .

I s oenz yme s  o f  l a c t i c  d e h y d r o g e n a s e  were  f i r s t  demon

s t r a t e d  i n  1952 ( 63)  and i n  1957 i t  was o b s e r v e d  t h a t  s e r a  

and mos t  t i s s u e  ho mo g e n a t e s  c o n t a i n e d  up t o  f i v e  s uch  p r o t e i n  

f r a c t i o n s  ( 6 1 ,  6 3 ,  6 4 ) .  Each o f  t h e  f i v e  commonly e n c o u n t e r e d  

LDH i s o e n z y me s  i s  t h o u g h t  t o  r e p r e s e n t  a g e n e t i c a l l y  c o n t r o l l e d  

t e t r a m e r  c o n t a i n i n g  v a r y i n g  c o m b i n a t i o n s  o f  two d i f f e r e n t  

monomer s .

One met hod  f o r  a n a l y z i n g  f o r  LDH i s o e n z y me s  i s  t o  

s e p a r a t e  them i n t o  two c a t e g o r i e s ,  h e a t  l a b i l e  (LDHg) and 

h e a t  s t a b l e  (LDH-j).  The h e a t  l a b i l e  i s o e n z y me s  a r e  f o u n d  p r i 

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

and a n a e r o b i c  m e t a b o l i s m  such  as  l i v e r  and s k e l e t a l  m u s c l e .

The h e a t  s t a b l e  i s o e n z y me s  o c c u r  p r i m a r i l y  i n  t i s s u e s  t h a t  

e x h i b i t  h i g h  l e v e l s  o f  a e r o b i c  m e t a b o l i s m ,  s u c h ’ as  t h e  myo

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

LDĤ  t o  s u r v i v e  i n c u b a t i o n  a t  65 d e g r e e s  c e n t i g r a d e ,  wh e r e a s  

LDHg i s  i n a c t i v a t e d  by an i n c u b a t i o n  a t  57 d e g r e e s  c e n t i g r a d e .  

LDHg, LDHg and LDH^ have  h e a t  s t a b i l i t i e s  i n t e r m e d i a t e  b e 

t ween  LDĤ  and LDHg. By t h i s  me t hod t h e  t o t a l  LDH a s  we l l  a s  

t h e  s t a b l e  and l a b i l e  i s o e n z y me s  can be d e t e r m i n e d
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c o l o r i m e t r i c a l l y .  The s e  d a t a  a r e  i n d i c a t i v e  o f  m y o c a r d i a l  

v e r s u s  o t h e r  t i s s u e  damage ( 6 1 ,  63 ,  6 4 ,  6 5 ) .  L a c t i c  d e h y d r o 

g e n a s e  i s o e n z y m e s ,  w i t h  h e a t  i n a c t i v a t i o n ,  have  been s u p p o r t e d  

as  a v a l i d  a l t e r n a t i v e  t o  e l e c t r o p h o r e t i c  s e p a r a t i o n  by 

Cood l e y  ( 6 1 ) .  In a r e p o r t  by Auvi nen  and K o n t t i n e n  ( 65)  t h e  

more s i m p l e  h e a t  i n a c t i v a t i o n  met hod a p p e a r e d  t o  g i v e  more 

a c c u r a t e  c o n f i r m a t i o n  o f  m y o c a r d i a l  damage t h a n  t h e  more 

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

a - H y d r o x y b u t y r i c  d e h y d r o g e n a s e  (HBD) a c t i v i t y  p r o v i d e s  

a me a s u r e  o f  t h e  c o n c e n t r a t i o n  o f  t h e  h e a t  s t a b l e  LDH-j i s o 

enzymes  and i n d i c a t e s  t h e  c o n t r i b u t i o n  o f  t h e  h e a r t  t o  e l e 

v a t e d  LDH l e v e l s .  The HBD a s s a y  i s  b a s e d  on t h e  f a c t  t h a t  

two i s o e n z y m e s ,  LDĤ  and  LDHg, can u t i l i z e  t h e  n e x t  h i g h e r  

homol ogue  a - k e t o b u t y r i c  a c i d  a l m o s t  a s  r e a d i l y  a s  p y r u v a t e  

b u t  t h e  i s o e n z y me s  LDHg, LDH^ and LDHg a r e  u n a b l e  t o  us e  t h i s  

a l t e r n a t e  s u b s t r a t e  ( 6 1 ,  63 ,  6 6 ) .  H y d r o x y b u t y r i c  d e h y d r o 

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

a - h y d r o x y b u t y r i c  a c i d  i n  t h e  p r e s e n c e  o f  NADH and s h o u l d  

g i v e  r e s u l t s  c o m p a r a b l e  t o  t h e  h e a t  s t a b l e  i s o e n z y me  a s s a y .

C r e a t i n e  p h o s p h o k i n a s e  (CPK) i s  an enzyme whi ch  r e -  

v e r s i b l y  c a t a l y z e s  t h e  p h o s p h o r y l a t i o n  o f  c r e a t i n e  w i t h  ATP 

t o  form a d e n o s i n e  d i p h o s p h a t e  and c r e a t i n e  p h o s p h a t e .  I t  has  

been r e p o r t e d  t h a t  m y o c a r d i a l  damage p r o d u c e s  an i n c r e a s e  i n  

serum CPK l e v e l s  w h i l e  l i v e r  damage p r o d u c e s  l i t t l e  o r  no 

c hange  ( 6 1 ) .  S i n c e  t h e  enzyme i s  f o u n d  so a b u n d a n t l y  t h r o u g h 

o u t  t h e  m u s c u l a t u r e  o f  t h e  bod y ,  i t s  p r i me  c l i n i c a l  u s e  i s  i n
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a s c e r t a i n i n g  t h a t  damage has  o c c u r r e d .  One s t u d y  has  s u g 

g e s t e d  t h a t  CPK m i g h t  be a more s e n s i t i v e  i n d i c a t o r  o f  myo

c a r d i a l  i s c h e m i a  t h a n  t h e  o t h e r  enzymes  and may be p o t e n t i a l l y  

more u s e f u l  i n  d i a g n o s i n g  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  ( 6 1 ,  62 ) .

F i g u r e  1 i l l u s t r a t e s  t h e  c o m p a r a t i v e  c u r v e s  o f  t h e  

enzymes  d i s c u s s e d  and p r o v i d e s  g r a p h i c  e v i d e n c e  o f  t h e i r  

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

r e s u l t i n g  f rom r e p e a t e d  s u b - a c u t e  e x p o s u r e s  t o  CO.

Th e r e  a r e  many o c c u p a t i o n s  whose work e n v i r o n m e n t s  

have r e s u l t e d  i n  e x p o s u r e s  t o  CO in v a r y i n g  c o n c e n t r a t i o n s ,  

even j u s t  l i v i n g  i n  some a r e a s  o f  t h e  wo r l d  r e s u l t s  i n  s i g n i 

f i c a n t  e x p o s u r e  ( 1 2 - 2 4 ) .  The o c c u p a t i o n  t h a t  a p p a r e n t l y  

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

c o n d i t i o n s  u n e q u a l l e d  a n y w h e r e ,  has  been t h e  f i r e f i g h t e r .  The 

f i r e  s e r v i c e  has  v e r y  l i t t l e  i f  any c o n t r o l  o v e r  t h e  c o n d i 

t i o n s  u n d e r  whi ch  i t  mu s t  work and d e v i c e s  t o  c o n t r o l  e x p o 

s u r e s  s uch  as  a i r  masks  and p o r t e c t i v e  c l o t h i n g  have  been  l e s s  

t h a n  a d e q u a t e  ( 6 7 ,  6 8 , 6 9 ) .  Al mos t  w i t h o u t  e x c e p t i o n  p r o f e s 

s i o n a l  f i r e  f i g h t e r s  have  been  s u b j e c t e d  t o  i n c r e a s e d  i n s u r a n c e  

r a t e s .  The l i t e r a t u r e  t h a t  i s  a v a i l a b l e  p e r t i n e n t  t o  t h e  

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

l i t t l e  me n t i o n  o f  m o r b i l i t y  ( 6 7 ,  70 ,  7 1 ) .

S i n c e  1969 members  o f  t h e  f i r e  s e r v i c e  have  had t h e  

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

i n c l u d i n g  m i n e r s  and q u a r r y  w o r k e r s  ( 7 2 ) .  One p u b l i c a t i o n
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i n  1970 r e p o r t e d  233 f i r e  s e r v i c e  d e a t h s  f rom o c c u p a t i o n a l  

d i s e a s e s  w i t h  96 b e i n g  f rom h e a r t  and c a r d i o v a s c u l a r  d i s e a s e s ,  

126 f rom l u n g  and r e s p i r a t o r y  d i s e a s e s  and 1 1  f r om o t h e r  n o n 

s p e c i f i e d  o c c u p a t i o n a l  d i s e a s e s  ( 7 2 ) .  Mo r e o v e r ,  o f  t h e  463 

f i r e  f i g h t e r s  who l e f t  t h e  f i r e  s e r v i c e  b e c a u s e  o f  o c c u p a 

t i o n a l  d i s e a s e s  310 had c a r d i o v a s c u l a r  c o n d i t i o n s ,  80 had 

l u n g  d i s e a s e s  and t h e  r e m a i n d e r  had n o n - s p e c i f i e d  j o b  r e l a t e d  

d i s e a s e s  ( 7 2 ) .

The e x i s t e n c e  o f  an i n c r e a s e d  i n c i d e n c e  i n  c a r d i o 

p u l mo n a r y  r e l a t e d  d i s e a s e s  i n  f i r e  f i g h t e r s  has  been  p o s t u l a t e d  

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

F i r e  D e p a r t m e n t s  ( 6 7 ,  71)  and has  l e d  one  c a r d i o l o g i s t  t o  c o i n  

an a p p r o p r i a t e  name f o r  t h e  c o n d i t i o n s ,  "Smoke E a t e r s  H e a r t  

D i s e a s e "  ( 7 3 ) .  More e p i d e m i o l o g i c a l  and  c l i n i c a l  s t u d i e s  need 

t o  be done a l o n g  t h e s e  l i n e s  s i n c e  t h e  l i t e r a t u r e  c o n t a i n s  a 

mos t  d e f i n i t e  p a u c i t y  o f  work p e r t a i n i n g  t o  t h e  f i r e  s e r v i c e  

as  an o c c u p a t i o n .



CHAPTER I I I  

PURPOSE AND SCOPE

The m a j o r  e m p h a s i s  i n  t h i s  s t u d y  was t o  d e t e r m i n e  

i f  an o c c u p a t i o n a l  g r o u p  e x p o s e d  r e p e a t e d l y  t o  s u b - a c u t e  

e p i s o d e s  o f  CO i n h a l a t i o n  as  we l l  as  o t h e r  t o x i c  g a s e s  had a 

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

n o n - e x p o s e d  c o n t r o l  g r o u p .  The s e c o n d  p o r t i o n  o f  t h e  s t u d y  

was t o  i n v e s t i g a t e  p o s s i b l e  r e p e a t e d  mi n i ma l  m y o c a r d i a l  damage 

as  a r e s u l t  o f  t h e  o c c u p a t i o n a l  e x p o s u r e .  Accompanyi ng  t h i s  

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

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

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

(LDH) w i t h  h e a t  s t a b l e  and h e a t  l a b i l e  f r a c t i o n s ,  c r e a t i n e  

p h o s p h o k i n a s e  (CPK) and a l p h a  h y d r o x y b u t y r i c  d e h y d r o g e n a s e  

( a  HBD) l e v e l s  i n  s e r u m.  I f  s uc h  a m o n i t o r  c o u l d  be d e v e l o p e d  

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

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

p o s s i b l y  d e a t h .

The t e s t  p o p u l a t i o n  was a r andom s e l e c t i o n  f rom 

members  o f  t h e  Oklahoma C i t y ,  Ok l ahoma ,  F i r e  D e p a r t me n t  

who were  p a i r e d  w i t h  n o n - f i r e f i g h t e r  c o n t r o l s  as  t o  a g e ,

28
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w e i g h t ,  h e i g h t ,  r a c e ,  smoki ng h a b i t s ,  and f a m i l y  h i s t o r y  o f  

c a r d i o v a s c u l a r  d i s e a s e .

Al l  s u b j e c t s  were  t r e a t e d  i n  e x a c t l y  t h e  same way 

and b l o o d  s p e c i m e n s  were  t a k e n  a t  2 8 - d a y  i n t e r v a l s  t h r o u g h o u t  

t h e  5 - mont h  d u r a t i o n  o f  t h e  s t u d y .

P a i r e d  t - t e s t s  we r e  done  on a Monroe 1665 p r og r a mmab l e  

c a l c u l a t o r .  R e g r e s s i o n  and c o r r e l a t i o n  a n a l y s e s  were  done  on 

a WANG* S e r i e s  700 c o m p u t e r .

*WANG L a b o r a t o r i e s ,  I n c . ,  Te wk s b u r y ,  MA 01876.



CHAPTER IV

EQUIPMENT AND PROCEDURES

A n a l y t i c a l  P r o c e d u r e s  

Ca r b o x y h e mo g l o b i n  and r e d u c e d  h e mog l ob i n  s a t u r a t i o n s  

wer e  d e t e r m i n e d  by u t i l i z i n g  t h e  I L- 182  CO-Oximeter*. ,  Th i s  

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

r a t e  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  w i t h  an a n a l o g  c o mp u t e r .  

Th r e e  p r e c i s i o n  i n t e r f e r e n c e  f i l t e r s  were  u s e d  as  mo n o c h r o 

m a t o r s  t o  me a s u r e  t h e  a b s o r b a n c e  o f  o x y h e mo g l o b i n  (HBD),

COHB and r e d u c e d  h e mo g l o b i n  a t  s e l e c t e d  w a v e l e n g t h s .  A 

c hange  o f  a b s o r b a n c e  a t  568 n a n o me t e r s  (nm) compar ed  t o  t h e  

a b s o r b a n c e  a t  548 nm i n d i c a t e d  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  

COHB w h i l e  a c ha nge  i n  a b s o r b a n c e  a t  578 nm compar ed  t o  548 

nm i n d i c a t e d  t h e  c o n c e n t r a t i o n  o f  HBO. COHb and r e d u c e d  hemo

g l o b i n  were c a l c u l a t e d  by s o l v i n g  t h e  f o l l o w i n g  s i m u l t a n e o u s  

e q u a t i o n s  and t h e  r e s u l t s  p r e s e n t e d  i n  d i g i t a l  f o r m:

(1)  Â  = a^Hbr  BCHBr + a^HbOg be HBOg + a^HBCObc HBCO

(2)  Ag = agHbr  BCHBr + a^HbOg be HBOg -i- agHBCObc HBCO

( 3)  A3  = agHbr  BCHBr + a^HbOg be HBOg + agHBCObc HBCO

♦ I n s t r u m e n t a t i o n  L a b o r a t o r y ,  I n c . ,  133 H a r t w e l l  Ave.  
L e x i n g t o n ,  MA, 02173.
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"A" r e p r e s e n t s  t h e  a b s o r b a n c e  ( l o g  I ^ / I )  me a s u r e d  a t  a g i v e n  

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

w a v e l e n g t h  and "b" i s  t h e  s a mp l e  p a t h  l e n g t h .  1 - 548 nm,

2 - 569 nm, and 3 = 578 nm.

T o t a l  l a c t i c  d e h y d r o g e n a s e  w i t h  i s o e n z y me s  LDĤ  and
*

LDHg was d e t e r m i n e d  by u t i l i z i n g  Sigma Chemi ca l  p r o c e d u r e  

No. 500 f o r  t h e  c o l o r i m e t r i c  d e t e r m i n a t i o n  o f  LDH a t  475 nm. 

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

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

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

amount  o f  p y r u v a t e  r e m a i n i n g  a f t e r  t h e  i n c u b a t i o n  i s  i n v e r s e 

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

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

2 ,  4 - D i n i t r o p h e n y l h y d r a z i n e  t o  form a h y d r a z o n e  whi ch  has  a 

h i g h  a b s o r p t i v i t y  o v e r  t h e  4 0 0 - 5 5 0  nm r a n g e .

H y d r o x y b u t y r i c  d e h y d r o g e n a s e  (a-HBD) a c t i v i t i e s  were  

d e t e r m i n e d  by Sigma Chemi ca l  p r o c e d u r e  No. 495 f o r  t h e  c o l o r 

i m e t r i c  d e t e r m i n a t i o n  o f  H y d r o x y b u t y r i c  d e h y d r o g e n a s e  in serum 

a t  440 nm. H y d r o x y b u t y r i c  d e h y d r o g e n a s e  c a t a l y z e s  t h e  r e v e r s 

i b l e  r e d u c t i o n  o f  a - k e t o b u t y r i c  a c i d  t o  a - h y d r o x y b u t y r i c  a c i d .  

In t h i s  p r o c e d u r e  t h e  a - k e t o b u t y r i c  a c i d  r e m a i n i n g  a f t e r  i n c u 

b a t i o n  i s  d e t e r m i n e d  by f o r m i n g  a h y d r a z o n e  whi ch  i s  c o l o r e d  

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

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

*Sigma Chemi ca l  C o . ,  P . O.  Box 1 4508 ,  S t .  L o u i s ,  MO
63178.
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C r e a t i n e  p h o s p h o k i n a s e  (CPK) was d e t e r m i n e d  c o l o r i 

m e t r i c a l l y  u s i n g  Sigma Chemi ca l  p r o c e d u r e  No. 520 f o r  t h e  

d e t e r m i n a t i o n  o f  CPK a t  520 nm. In t h i s  p r o c e d u r e  c r e a t i n e  

p h o s p h o k i n a s e  c a t a l y z e s  t h e  r e v e r s i b l e  r e a c t i o n  i n  whi ch  

p h o s p h o c r e a t i ne i s  d e p h o s p h o r y l a t e d  t o  c r e a t i n e .  A c o l o r  

compl ex  i s  t h e n  f o r med  by r e a c t i n g  t h e  c r e a t i n e  w i t h  a - n a p t h o l  

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

enzyme.

Ca r b o x y h e mo g l o b i n  and h e mo g l o b i n  a n a l y s e s  we r e  p e r 

f or med on wh o l e  b l o o d  drawn i n  a h e p a r i n i z e d *  1 0  ml d i s p o s a b l e  

s y r i n g e .  A i r  was e x p e l l e d  and t h e  s y r i n g e  c a p p e d  i m m e d i a t e l y  

a f t e r  t h e  s p e c i me n  was t a k e n .  COHb and h e mo g l o b i n  d e t e r m i n a 

t i o n s  wer e  u s u a l l y  done  w i t h i n  one h o u r .

The s e rum was o b t a i n e d  f r om b l o o d  p l a c e d  i n  a s c r u p 

u l o u s l y  c l e a n  t u b e  and a l l o w e d  t o  c l o t .  Enzyme a s s a y s  were  

p e r f o r m e d  on t h e  same day t h e  b l o o d  was d r awn .

S p e c i me n s  wer e  t a k e n  a t  2 8 - d a y  i n t e r v a l s  d u r i n g  t h e  

5 - mont h  d u r a t i o n  o f  t h e  s t u d y .  Al l  d e t e r m i n a t i o n s  wer e  done  

in  d u p l i c a t e .

P o p u l a t i o n  S e l e c t i o n

The p a i r i n g  o f  t h e  two p o p u l a t i o n s  was a c c o m p l i s h e d  

by e x t e n s i v e  i n t e r v i e w  t o  a s s u r e  t h e  mo s t  e x a c t  p a i r i n g  p o s 

s i b l e .  Al l  t e s t  s u b j e c t s  we r e  c h o s e n  f r om t h e  r a n d o ml y

*Aqueous  Soidum H e p a r i n  1 0 , 0 0 0  u n i t s / m l ,  R i k e r  
L a b o r a t o r y ,  I n c . , N o r t h r i d g e ,  CA 91342 .
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s e l e c t e d  pool  and p a i r e d  on t h e  b a s i s  o f  m a t c h i n g  as  many c r i 

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

a p p e n d i x ) .  C o n t r o l  s u b j e c t s  wer e  drawn f rom l o c a l  m i l i t a r y  

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

i n g  a s  t o  a g e ,  w e i g h t ,  h e i g h t ,  smoki ng h a b i t s ,  s e x ,  r a c e  and 

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

made t o  e x c l u d e  a n y  c o n t r o l  s u b j e c t s  who m i g h t  have  been 

e n g a g e d  i n  an o c c u p a t i o n  o r  hobby t h a t  woul d  have  o f f e r e d  

s i g n i f i c a n t  e x p o s u r e s  o f  CO. S i m i l a r l y ,  t e s t  s u b j e c t s  were  

s c r e e n e d  c l o s e l y  f o r  s e c o n d  j o b s  o r  h o b b i e s  t h a t  woul d have 

o f f e r e d  a d d i t i o n a l  e x p o s u r e  t o  t h e  a g e n t .  T a b l e s  1 and 2 

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

mont hs  t o  c o m p l e t e .
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TABLE 1

TEST POPULATION PAIRING DATA

T e s t
S u b j e c t

Ci gs
p e r
Day

Age
S t a r t
Smoke

Age Pack®
Year s

Year s  i n  
F i r e  Svc

Body
Area

m2

Fa mi l y ^
H i s t o r y

1 40+ 18 49 62 26 1 . 8 +
2 1 0 - 2 0 2 0 42 1 6 . 5 2 1 2 . 0

3 0 0 40 0 15 2 . 0

4 0 0 37 0 1 0 2 . 3 -

5 0 0 37 0 9 2 . 1 +
6 0 0 35 0 3 2 . 1 +
7 40+ 1 1 35 48 6 1. 9 +
8 1 0 - 2 0 16 34 13 . 5 2 2 . 2 +
9 1 0 - 2 0 23 34 8 . 2 5 1 0 2 . 1 -

1 0 21 - 3 9 17 33 24 5 . 5 1 . 9 -

1 1 0 0 0 33 0 6 2 . 0 -

1 2 1 0 - 2 0 19 33 1 0 . 5 3 1 . 9 -

13 40+ 15 33 36 2 1 . 9 +
14 21- 39 16 32 24 2 1 .9 -

15 0 0 0 30 0 6 2 . 0 -

15 1 0 - 2 0 2 0 30 7 . 5 5 2 . 1 -

17 0 0 29 0 6 2 . 0 -

18 40+ 2 0 29 38 7 1. 9 -

19 1 0 - 2 0 18 29 8 . 2 5 8 1 . 9 -

2 0 1 0 - 2 0 14 29 1 1 . 2 7 1. 9
2 1 1-9 2 0 28 4 . 5 5 1 . 9 +
2 2 1 0 - 2 0 16 28 9 5 . 5 1 .9 -

23 0 0 28 0 2 2 . 1 -

24 21- 39 17 27 15 2 2 . 1 -

25 1 0 - 2 0 2 1 26 3 . 7 5 1 1 . 9 —

26 1 0 - 2 0 16 25 6 . 7 5 3 1 . 9 -

27 40+ 18 25 14 0 . 2 5 1 . 8 -

^Number o f  c i g a r e t t e s  smoked p e r  y e a r / y e a r s  smoked.  

*^See a p p e n d i x  f o r  q u e s t i o n n a i r e .
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TABLE 2

CONTROL POPULATION PAIRING DATA

T e s t
S u b j e c t

Ci gs
p e r
Day

Age
S t a r t
Smoke

Age Pack*
Year s

Year s  i n 
F i r e  Svc

Body
Ar ea

m

Fami l y^
H i s t o r y

1 40+ 14 48 6 8 0 1 . 8 +
2 1 0 - 2 0 18 41 17 . 2 5 0 1 . 9 -

3 0 0 40 0 0 2 . 0 -

4 0 0 38 0 0 2 . 2 -

5 0 0 37 0 0 2 . 0 +
6 0 0 36 0 0 2 . 1 +
7 40+ 14 35 42 0 1 . 9 +
8 1 0 - 2 0 18 34 1 2 0 2 . 2 +
9 1 0 - 2 0 2 0 34 10 . 5 0 2 . 0 -

1 0 21- 39 18 34 24 0 2 . 0

1 1 0 0 33 0 0 2 . 0 —

1 2 1 0 - 2 0 19 33 1 0 . 5 0 1 . 9 -

13 40+ 16 33 34 0 1 . 9 +
14 21- 39 17 31 2 1 0 1 . 9 -

15 0 0 30 0 0 2 . 0 -

16 1 0 - 2 0 19 30 8 . 2 5 0 2 . 0 -

17 0 0 29 0 0 2 . 0 -

18 40+ 2 0 29 38 0 1 . 9 -

19 1 0 - 2 0 18 29 8 . 2 5 0 1 . 9 -

2 0 1 0 - 2 0 16 29 9 . 7 5 0 1 . 9 -

2 1 1-9 19 28 4 . 7 5 0 1 . 9 +
2 2 1 0 - 2 0 16 28 9 0 1 . 9 -

23 0 0 27 0 0 2 . 1 •

24 21- 39 13 27 2 1 0 2 . 0 -

25 1 0 - 2 0 18 26 6 . 0 0 1 . 9 -

26 1 0 - 2 0 17 25 6 . 0 0 1 . 9 -

27 40+ 13 25 24 0 1 . 8 -

^Number  o f  c i g a r e t t e s  smoked p e r  y e a r / y e a r s  smoked.

^See  a p p e n d i x  f o r  q u e s t i o n n a i r e .



CHAPTER V 

OBSERVATIONS AND DISCUSSION 

O b s e r v a t i o n s

Hemogl obi n

Hemogl obi n  v a l u e s  i n  t h e  t e s t  p o p u l a t i o n  r a n g e d  f rom 

1 4 . 4  t o  1 7 . 2  grams  pe r  100 ml o f  b l o o d  w i t h  a mean o f  1 5 . 5  

T a b l e  3 p r e s e n t s  t h e  f i v e  month mean v a l u e s  f o r  e a c h  p e r s o n  

i n  t h e  t e s t  g r o u p .  Hemogl obi n  v a l u e s  i n  t h e  c o n t r o l  g r oup  

r a n g e d  f r om 1 1 . 9  t o  17 . 3  grams  w i t h  a mean o f  1 5 . 6 .  T a b l e  4 

p r e s e n t s  t h e  f i v e  mont h mean v a l u e s  f o r  t h e  c o n t r o l  g r o u p .

P a i r e d  t - t e s t s  we r e  us e d  t o  t e s t  f o r  s i g n i f i c a n c e  

be t ween  t h e  i n d i v i d u a l  f i v e  month mean v a l u e s  o f  b o t h  t h e  

t e s t  and c o n t r o l  p o p u l a t i o n s .  I n d i v i d u a l  p r o b a b i l i t i e s  o b 

t a i n e d  f rom t h e  p a i r e d  t - t e s t  a r e  p r e s e n t e d  i n  T a b l e  5.  No 

s i g n i f i c a n c e  was f ound  when t h e  t e s t  and c o n t r o l  p o p u l a t i o n s ,  

e a c h  a s  a s i n g l e  g r o u p ,  we r e  s u b j e c t e d  t o  t h e  p a i r e d  t - t e s t .

A p l o t  o f  t h e  r e g r e s s i o n  a n a l y s e s  o f  h e mo g l o b i n  a g a i n s t  

smoki ng h a b i t s  i s  p r e s e n t e d  as  a g r a p h i c  i l l u s t r a t i o n  o f  t h e  

h o mo g e n e i t y  o f  t h e  two p o p u l a t i o n s  i n  F i g u r e  2.  T h i s  homo

g e n e i t y  i s  s t r e n g t h e n e d  when t h e  two mean v a l u e s ,  1 5 . 5  and 

1 5 . 6  g r a m s ,  a r e  c o n s i d e r e d .  The s e  v a l u e s  compar e  a l m o s t

36
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TABLE 3

TEST GROUP DATA - FIVE MONTH MEAN VALUES

Pai  r COHB* HB^
T o t a l c  

LDH
S t a b l e d

LDH
Labi  1e® 

LDH CPK^ HBoS

1 1 1 . 1 2 1 4 . 4 262 198 28 17 72
2 9 . 8 8 1 5 . 4 330 137 8 6 82
3 2 . 7 6 1 5 . 7 284 1 2 2 56 7 82
4 4 . 5 2 1 5 . 5 324 146 49 0 81
5 2 . 5 1 7 . 2 268 114 78 2 . 0 73
6 4 . 5 1 4 . 6 362 184 6 8 1 0 81
7 8 . 3 1 6 . 7 264 126 0 0 74
8 1 0 . 7 1 4 . 7 562 370 52 3 9 . 0 117
9 4 . 3 1 4 . 9 242 156 1 2 7 . 0 72

1 0 1 3 . 9 1 5 . 8 260 173 0 1 2 96
1 1 6 . 9 15. 1 272 182 53 1 5 . 0 77
1 2 1 1 . 4 1 7 . 2 246 126 60 0 75
13 1 2 . 5 5 14. 1 336 138 58 17 87
14 8 . 4 1 5 . 9 213 1 1 0 42 0 71
15 7 . 3 1 5 . 5 238 142 58 1 2 72
16 9. 1 1 6 . 5 2 1 2 1 2 0 0 5 84
17 5 . 9 1 6 . 0 226 126 16 5 73
18 13. 1 16. 1 306 134 0 17 73
19 9 . 4 1 6 . 2 270 134 42 3 96
2 0 7 . 2 1 4 . 5 268 146 0 0 73
2 1 1 2 . 1 1 6 . 3 324 1 1 2 2 2 7 78
2 2 8 . 8 1 6 . 5 346 160 80 9 78
23 6 . 1 1 5 . 3 240 170 0 0 76
24 1 3 . 5 1 5 . 4 224 154 46 0 73
25 8 . 1 1 6 . 3 278 173 52 0 78
26 6 . 4 1 3 . 5 318 106 0 0 72
27 1 2 . 5 1 4 . 4 214 134 30 15 74

^ C a r b o x y h e m o g l o b i n  ( g r ams  p e r  100 ml b l o o d ) .

^ Hemogl ob i n  ( g r ams  p e r  100 ml b l o o d ) .
^ T o t a l  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .
^ He a t  s t a b l e  L a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x )  
®Heat  l a b i l e  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x )  

^ C r e a t i n e  p h o s p h o k i n a s e  ( u n i t s :  See a p p e n d i x ) .
9 a - H y d r o x y b u t y r i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .
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TABLE 4

CONTROL GROUP DATA - FIVE MONTH MEAN VALUES

P a i r COHB® HB^
T o t a l ^

LDH
S t a b l e ^

LDH
Labi  1e® 

LDH CPK^ HBoS

1 1 1 . 1 2 1 5 . 3 236 154 45 4 78
2 8 . 6 2 1 4 . 9 173 1 0 0 16 1 72
3 2 . 1 2 1 1 . 9 171 85 2 2 1 75
4 1 . 8 1 5 . 0 310 124 85 7 72
5 1 . 0 1 5 . 6 166 75 1 0 0 72
6 3 . 3 1 6 . 2 190 118 74 0 73
7 7 . 3 1 5 . 6 178 76 70 3 74
8 8 . 5 1 5 . 3 163 8 6 33 5 74
9 3 . 9 1 5 . 0 168 106 55 3 72

1 0 8 . 8 1 6 . 8 189 96 8 8 5 81
1 1 4 . 0 1 5 . 0 184 89 24 0 72
1 2 7 . 5 1 5 . 9 198 80 1 0 0 75
13 1 1 . 7 1 5 . 4 242 46 45 0 90
14 7 . 3 1 7 . 3 2 0 2 132 64 0 76
15 0 . 9 1 5 . 2 157 8 6 60 4 63
16 7 . 4 1 5 . 9 252 78 44 4 65
17 3 . 2 17. 1 2 0 2 64 74 5 82
18 1 0 . 8 16. 1 2 0 0 103 58 0 71
19 8 . 3 1 5 . 9 192 1 0 2 72 1 61
2 0 7 . 4 1 5 . 4 164 61 82 0 82
2 1 7 . 5 1 6 . 6 207 128 62 4 64
2 2 4 . 5 1 6 . 8 236 118 96 0 71
23 2 . 0 16. 1 216 90 103 0 78
24 7 . 6 17. 1 232 93 89 0 77
25 2 . 1 1 5 . 0 176 87 72 0 71
26 7 . 5 1 2 . 9 257 115 52 4 70
27 5 . 9 1 5 . 0 134 70 44 0 71

Ca r b o x y h e mo g l o b i n  ( gr ams  p e r  100 ml b l o o d ) .
^ Hemogl obi n  ( grams  pe r  100 ml b l o o d ) .
^ T o t a l  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .
^ He a t  s t a b l e  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x )  
®Heat  l a b i l e  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x )  
^ C r e a t i n e  p h o s p h o k i n a s e  ( u n i t s :  See a p p e n d i x ) .*
^ a - H y d r o x y b u t y r i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .
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TABLE 5

PROBABILITIES DETERMINED BY PAIRED T-TEST 
(FIVE MONTHS OF DATA)

T e s t  
C o n t .
Pai  r

COHb® Hb^ LDH(T)C LDH(S)d LDH(L)® CPK^ HB09

1 Ngh - 0 . 0 1 0 . 3 0 . 0 5 - 0 . 4 ^ 0 . 0 1 - 0 . 2

2 0 . 0 5 0 . 2 0 . 0 0 1 0 . 3 - 0 . 3 0 . 2 0 . 0 5
3 0 . 2 0 . 0 0 1 0 . 0 0 1 0 . 1 0 . 1 0 . 0 5 0 . 1

4 0 . 0 0 1 0 . 0 5 0 . 4 0 . 3 - 0 . 0 0 1 - 0 . 0 2 0 . 0 5
5 0 . 0 0 1 0 . 0 2 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 4 NS
6 0 . 2 - 0 . 0 2 0 . 0 0 1 0 . 0 1 - 0 . 5 0 , 0 0 1 0 . 2

7 0 . 0 2 0 . 0 1 0 . 0 3 0 . 0 1 - 0 . 2 - 0 . 2 NS
8 0 . 0 2 - 0 . 5 0 . 0 0 1 0 . 0 0 1 NS 0 . 0 0 1 0 . 0 1

9 0 . 1 - 0 . 4 0 . 0 5 0 . 0 2 - 0 . 0 5 0 . 2 NS
1 0 0 . 0 0 1 - 0 . 1 0 . 0 1 0 . 0 2 - 0 . 0 0 1 0 . 1 0 . 1

1 1 0 . 0 1 NS 0 . 0 1 0 . 0 0 1 0 . 2 0 . 0 0 1 0 . 3
1 2 0 . 0 1 0 . 0 1 0 . 0 2 0 . 1 0 . 0 1 NS - - 0 . 4
13 0 . 5 - 0 . 1 0 . 0 5 0 . 0 1 0 . 3 0 . 0 0 1 NS
14 0 . 2 - 0 . 0 2 NS - 0 . 2 - 0 . 2 NS - 0 . 2

15 0 . 0 0 1 0 . 0 2 0 . 0 0 1 0 . 0 0 1 NS 0 . 0 2 0 . 1

16 0 . 2 0 . 2 - 0 . 4 0 . 1 - 0 . 0 5 NS 0 . 0 1

17 0 . 0 1 - 0 . 1 NS 0 . 0 1 - 0 . 0 5 NS - 0 . 3
18 0 . 0 1 NS 0 . 1 0 . 2 - 0 . 2 0 . 0 0 1 NS
19 0 . 0 2 0 . 4 0 . 0 1 0 . 0 0 1 - 0 . 0 2 0 . 2 0 . 0 0 1

2 0 NS NS 0 . 0 5 0 . 0 2 - 0 . 0 1 NS - 0 . 1

2 1 0 . 0 1 - 0 . 2 0 . 1 - 0 . 5 - 0 . 2 0 . 3 0 . 5
2 2 0 . 0 1 NS 0 . 0 2 0 . 2 - 0 . 3 0 . 0 1 0 . 2

23 0 . 0 5 - 0 . 0 5 NS 0 . 0 1 - 0 . 0 1 NS -NS
24 0 . 0 1 - 0 . 1 -NS 0 . 0 1 - 0 . 0 5 NS -NS
25 0 . 0 0 1 0 . 1 0 . 0 0 1 0 . 0 1 • - 0 . 5 NS 0 . 4
26 - 0 . 1 0 . 3 0 . 2 - 0 . 5 - 0 . 1 - 0 . 1 NS
27 0 . 0 1 - 0 . 3 0 . 0 1 0 . 0 1 -NS 0 . 0 0 1 0 . 5

®Ca r b o x y h e mo g l o b i n  ( gr ams  p e r  100 ml b l o o d ) ,
^Hemogl ob i n  ( g r ams  p e r  100 ml b l o o d ) .
‘̂ Tot a l  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .
^ He a t  s t a b l e  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .  
®Heat  l a b i l e  l a c t i c  d e h y d r o g e n a s e  ( u n i t s :  See a p p e n d i x ) .  
^ C r e a t i n e  p h o s p h o k i n a s e  ( u n i t s :  See a p p e n d i x ) .
^ a - H y d r o x y b u t y r i c  d e h y d r o g e n a s e  ( u n i t s ;  See a p p e n d i x ) .  
*̂ No s i g n i f i c a n c e .
^ N e g a t i v e  t - v a l u e .
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e x a c t l y  w i t h  t h e  15 gram p o p u l a t i o n  mean v a l u e  e s t a b l i s h e d  

f o r  ma l e s  (31 , 36 , 3 7 ) .

T h e r e  was no i n d i c a t i o n  o f  any  c o m p e n s a t i o n ,  a c c l i m a 

t i z a t i o n  o r  a d a p t a t i o n  t o  CO as  s u g g e s t e d  by K i l l i c k  ( 3 4 ,  35)  

and Ramsey ( 4 8 ) .  Had t h i s  o c c u r r e d ,  t h e  he mo g l o b i n  v a l u e s  

f o r  t h e  t e s t  g r o u p  woul d  have  been  s i g n i f i c a n t l y  d i f f e r e n t  

f rom t h e  c o n t r o l s .

Ca r b o x y h e mo g l o b i  n

Ca r b o x y h e mo g l o b i n  v a l u e s  i n  t h e  t e s t  p o p u l a t i o n  r a n g e d  

f rom 2 . 5  t o  1 3 . 5  p e r  c e n t  s a t u r a t i o n  w i t h  a mean o f  8 . 6  Ta b l e

3 p r e s e n t s  t h e  f i v e  month mean v a l u e s  f o r  e a c h  p e r s o n  i n  t h e

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

f rom 0 . 9  t o  1 1 . 7  p e r  c e n t  s a t u r a t i o n  w i t h  a mean o f  6 . 0 .

T a b l e  4 p r e s e n t s  t h e  f i v e  mont h mean v a l u e s  f o r  e a c h  p e r s o n

in t h e  c o n t r o l  g r o u p .

P a i r e d  t - t e s t s  were  u s e d  a s  a t e s t  f o r  s i g n i f i c a n c e  

be t ween  t h e  i n d i v i d u a l  f i v e  mont h  mean v a l u e s  o f  b o t h  t h e  

t e s t  and c o n t r o l  p o p u l a t i o n s .  The r e s u l t s  o f  t h e s e  t e s t s  a r e  

p r e s e n t e d  i n  T a b l e  5.  When t h e  l e v e l  o f  s i g n i f i c a n c e  was s e t  

a t  t h e  5 p e r  c e n t  l e v e l ,  6 6 . 6 6  p e r  c e n t  o f  t h e  p a i r s  wer e  i n
I.

t h e  s i g n i f i c a n t  r a n g e .  A p a i r e d  t - t e s t  u s i n g  t h e  f i v e  mont h 

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

g r o u p s  g a v e  a p r o b a b i l i t y  o f  p < 0 . 0 0 1 , a h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e .
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R e g r e s s i o n  a n a l y s e s  c o mp a r i n g  COHb s a t u r a t i o n s  a g a i n s t  

s uch  v a r i a b l e s  a s  a g e ,  l e n g t h  o f  t i me  i n  t h e  f i r e  s e r v i c e ,  

and s moki ng  h a b i t s  wer e  done .  Al l  r e g r e s s i o n s  wer e  i n d i c a t i v e  

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

COHb l e v e l s  o f  t h e  t e s t  and c o n t r o l  p o p u l a t i o n s .  The r e s u l t s  

p r e s e n t e d  i n  F i g u r e  3 more  c l e a r l y  d e f i n e  t h i s  and a l s o  r e 

i n f o r c e  t h e  r e l a t i o n s h i p  b e t we e n  COHb l e v e l s  and smoki ng 

h a b i t s .  The s e  r e s u l t s  a r e  n o t  n e c e s s a r i l y  l i n e a r ,  h o we v e r ,  

when t h e  mean COHb l e v e l s  o f  s moke r s  v e r s u s  n o n - s m o k e r s  i n  

b o t h  g r o u p s  a r e  compar ed  t h e  r e s u l t s  s t r e n g t h e n  t h e  s i g n i f i 

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

The mean COHb v a l u e  f o r  t e s t  g r o u p  n o n - s m o k e r s  i s  5 . 0  

p e r  c e n t  a s  compar ed  t o  2 . 3  f o r  t h e  n o n - s mo k i n g  c o n t r o l s .

T h i s  v a l u e  f o r  t h e  n o n - s m o k e r s  i s  w i t h i n  t h e  0 . 0  t o  2 . 5  p e r  

c e n t  r a n g e  f o u n d  by La wt h e r  ( 29 )  b u t  i s  much h i g h e r  t h a n  t h e  

mean o f  0 . 8  p e r  c e n t  d e s c r i b e d  by La wt h e r  and  r e a f f i r m e d  by 

t h e  1972 Sur g e o n  G e n e r a l ' s  R e p o r t  and i t s  r e f e r e n c e s  ( 4 1 ) .

The mos t  r e c e n t  s t u d y  ( s t i l l  i n  p r o g r e s s )  by S t e w a r t  and 

P e t e r s o n  ( 7 9 )  has  d e m o n s t r a t e d  t h a t  COHb l e v e l s  r a n g e  f rom 

0 . 4 8  t o  2 . 1 8  p e r  c e n t  f o r  n o n - s m o k e r s  and  f r o m 1 . 9 5  t o  6 . 9 9  

p e r  c e n t  f o r  s mo k e r s .  The o n l y  r e p o r t  i n  t h e  l i t e r a t u r e ,  

o t h e r  t h a n  La wt h e r  ( 2 9 ) ,  d e a l i n g  w i t h  a s e l e c t e d  g r o u p  s uch  

as  f i r e  f i g h t e r s  was t h a t  o f  Gordon ( 74)  wh e r e  t h e  f i r e  

f i g h t e r  was u s e d  as  h i s  own c o n t r o l .  The COHb l e v e l  o f  t h e  

f i r e  f i g h t e r  i n c r e a s e d  when he was a c t i v e l y  e n g a g e d  on t h e  

f o r e g r o u n d s  and r e t u r n e d ,  a f t e r  s e v e r a l  h o u r s ,  t o  f i v e  p e r
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c e n t  COHb or  l e s s .  In G o r d o n ' s  s t u d y  f i v e  p e r  c e n t  COHb o r  

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

n o r m a l s .  B r i d g e  ( 55)  f o u n d  t h a t  a n o n - s m o k e r ,  i n  a c o n f i n e d  

s p a c e  w i t h  a s mo k e r ,  was a l s o  a t  r i s k  s i n c e  c i g a r e t t e  s i d e -  

s t r e a m  smoke c o n t a i n s  f o u r  t o  s i x  t i m e s  more  CO t h a n  ma i n 

s t r e a m  smoke.  U n f o r t u n a t e l y  t h i s  s t u d y  d i d  n o t  i n v o l v e  

b i o l o g i c a l  m e a s u r e m e n t s  so t h e  a c t u a l  COHb e n h a n c e me n t  i s  

unknown.  Cohen and a s s o c i a t e s  ( 75 )  f ound  s i g n i f i c a n t l y  h i gh  

COHb l e v e l s  i n  b o t h  smoki ng and n o n - s mo k i n g  b o r d e r  i n s p e c 

t o r s  whi ch  wer e  c o r r e l a t e d  w i t h  h i g h  a m b i e n t  CO l e v e l s .  Ram

s e y  ( 76)  s t u d i e d  t h e  o c c u p a t i o n a l  e x p o s u r e  o f  p a r k i n g  g a r a g e  

a t t e n d a n t s  who a t t a i n e d  COHb l e v e l s  o f  10 p e r  c e n t  f o l l o w i n g
3

a d a i l y  e x p o s u r e  t o  CO t h a t  a v e r a g e d  s l i g h t l y  u n d e r  72 mg/m . 

I t  was c o n c l u d e d  i n  t h i s  s t u d y  t h a t  t h e  o c c u p a t i o n a l  e x p o s 

u r e  was more  i n s t r u m e n t a l  i n  p r o d u c i n g  t h e  COHb l e v e l s  t h a n  

t h e  s moki ng  hab i t - â .  C o n t r a s t i n g  s t u d i e s  c o n d u c t e d  by 

B r e y s s e  ( 77)  and Buchwald ( 78)  c o n c l u d e d  t h a t  smoki ng among 

w o r k e r s  made a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e i r  COHb l e v e l s  

when t h e i r  o c c u p a t i o n a l  e x p o s u r e  was 60 mg/m or  l e s s .  I t  

i s  l o g i c a l  t o  as sume  t h a t ,  b a s e d  on a l l  o f  t h e s e  s t u d i e s ,  

an o c c u p a t i o n a l  e x p o s u r e  t o  CO would have  t h e  same e f f e c t s  

as  an e x p o s u r e  f rom a smoker .

The 5 . 0  p e r c e n t  COHb s a t u r a t i o n  f o r  t h e  t e s t  g r o u p  

n o n - s m o k e r s  c ompa r e s  we l l  w i t h  La wt h e r  ( 29)  who f ound  t h e  

COHb l e v e l s  i n  n o n - s mo k i n g  f i r e m e n  t o  r a n g e  f rom 0 . 4  t o  8 . 8
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w i t h  a mean o f  3 . 2 .  The Su r ge on  Ge n e r a l  ( 41)  c o n s i d e r s  t h e  

COHb l e v e l s  i n  s moke r s  t o  a v e r a g e  4 p e r  c e n t .  I t  i s  a l s o  mos t  

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

a v e r a g e  (TWA) f o r  an o c c u p a t i o n a l  e x p o s u r e  t o  CO (30)  i s
3

p r e d i c a t e d  on an e x p o s u r e  o f  42 mg/m CO f o r  an e i g h t  hour  

p e r i o d  t o  a c h i e v e  no g r e a t e r  t h a n  a 5 p e r  c e n t  COHb s a t u r a t i o n .  

T h e r e f o r e  i t  woul d  seem t h a t  t h e  n o n - s mo k i n g  f i r e  f i g h t e r ,

by v i r t u e  o f  h i s  o c c u p a t i o n ,  has  a l r e a d y  a c h i e v e d  t h e  maximum

a l l o w a b l e  COHb c o n c e n t r a t i o n  and any a d d i t i o n a l  e x p o s u r e  coul d

be c o n s i d e r e d  d e t r i m e n t a l  t o  h i s  h e a l t h .

L a c t i c  De h y d r o g e n a s e  and I s oe nzymes

T o t a l  L a c t i c  De h y d r o g e n a s e  (LDH),  Hea t  S t a b l e  L a c t i c  

De h y d r o g e n a s e  (LDH-S) and Heat  L a b i l e  L a c t i c  De h y d r o g e n a s e  

(LDH-L) v a l u e s  f o r  b o t h  p o p u l a t i o n s  a r e  p r e s e n t e d  i n  T a b l e s  

3 and 4.  The r a n g e  o f  v a l u e s  f o r  LDH a s  e s t a b l i s h e d  

by t h e  p r o c e d u r e  ( 44)  i s :

Normal  100 - 350 u n i t s *

B o r d e r l i n e  350 - 500 u n i t s

E l e v a t e d  > 500 u n i t s

Only one t e s t  s u b j e c t  was o u t s i d e  t h e  r a n g e  o f  normal  (562 

u n i t s )  and no c o n t r o l s  wer e  o u t s i d e  t h e  normal  r a n g e .  The 

mean v a l u e  f o r  t h e  t e s t  g r oup  was 285 u n i t s  a s  compar ed  t o  

2 0 0  f o r  t h e  c o n t r o l s .

*One u n i t  w i l l  r educe  4 . 8  x 1 0 ” ^ m i c r o m o l e s  o f  p y r u 
v a t e  per  m i n u t e  a t  25 de gr e e s  C e n t i g r a d e .
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Normal  

B o r d e r ! i ne 

E l e v a t e d

Heat  L a b i l e  

0 - 1 0 5  u n i t s  

105 - 150 u n i t s  

> 150 u n i t s

The r a n g e  o f  v a l u e s  f o r  t h e  i s o e n z y me s  as  e s t a b l i s h e d  

by t h e  p r o c e d u r e  i s :

Hea t  S t a b l e  

0 - 140 u n i t s *

140 - 200 u n i t s

> 2 0 0  u n i t s

T h i r t e e n  members  o f  t h e  t e s t  g r o u p  e x c e e d e d  t h e  normal  r a n g e  

o f  t h e  LDH-S w i t h  one f a l l i n g  i n  t h e  e l e v a t e d  r a n g e  (370 u n i t s )

No t e s t  s u b j e c t s  e x c e e d e d  t h e  normal  r a n g e  f o r  LDH-L. Onl y

one c o n t r o l  s u b j e c t  e x c e e d e d  t h e  normal  LDH-S r a n g e  (154 u n i t s )

and no c o n t r o l s  wer e  o u t s i d e  t h e  r a n g e  o f  normal  f o r  t h e

LDH-L d e t e r m i n a t i o n .  The mean p o p u l a t i o n  v a l u e  f o r  t h e  t e s t  

g r o u p  LDH-S was 152 u n i t s  as  compar ed  t o  95 f o r  t h e  c o n t r o l s .  

The mean f o r  t h e  LDH-L was 34 f o r  t h e  t e s t  p o p u l a t i o n  and  55 

f o r  t h e  c o n t r o l s .

P a i r e d  t - t e s t s  were  done  on e a c h  o f  t h e  i n d i v i d u a l  

p a i r e d  LDH d e t e r m i n a t i o n s .  The p r o b a b i l i t i e s  o b t a i n e d  

a r e  p r e s e n t e d  i n  T a b l e  5.  A p a i r e d  t - t e s t  u s i n g  f i v e  

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

as  g r o u p s  gave  t h e  f o l l o w i n g  p r o b a b i l i t i e s :

LDH - p < 0 . 001

LDH-S - p < 0 . 001

LDH-L - p < 0 . 0 2  ( - )

*One u n i t  w i l l  r educ e  4 . 8  x 1 0 " *  m i c r o mo l e s  o f  p y r u 
v a t e  per  m i n u t e  a t  25 d e g re e s  C e n t i g r a d e .
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R e g r e s s i o n  a n a l y s e s  c o mp a r i n g  LDH, LDH-S and LDH-L 

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

and smoki ng  h a b i t s  were  i n c o n c l u s i v e ,  h o w e v e r ,  a d i f f e r e n c e  

i n  t h e  two p o p u l a t i o n s  was e v i d e n t .  C o n s i d e r i n g  t h e  c a r e  

t a k e n  i n  t h e  p a i r i n g  o f  s u b j e c t s ,  t h i s  d i f f e r e n c e  can b e s t  be 

d e s c r i b e d  a s  o c c u p a t i o n a l l y  r e l a t e d .  F i g u r e  4 i l l u s t r a t e s  

t h i s  d i f f e r e n c e  f o r  LDH-S.

Co o d l e y  ( 6 1 ) ,  w h i l e  s t a t i n g  p o s i t i v e l y  t h a t  t h e . i s o 

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

t o  d i a g n o s e  s p e c i f i c  o r g a n  da ma ge ,  wa r ns  t h a t  t h e  i s o e n z y me s  

a i d  i n  l o c a l i z i n g  o r g a n  damage b u t  p r o v i d e  no i n s i g h t  i n t o  

e t i o l o g y .  S i n c e  t h e  LDH, LDH-S and  LDH-L v a l u e s  wer e  v i r t u a l 

l y  a l l  w i t h i n  t h e  l i m i t s  o f  nor mal  and t h o s e  o u t s i d e  t h e  

normal  r a n g e  wer e  b o r d e r l i n e ,  t h e  r e s u l t s  p r e s e n t e d  h e r e  mus t  

be e v a l u a t e d  i n  t h i s  l i g h t .  The f a c e  t h a t  t h e r e  was a d e f i 

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

be t we e n  t h e  t e s t  and c o n t r o l  p o p u l a t i o n s ,  normal  v a l u e s  n o t 

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

d i f f e r e n c e  mu s t  have  been  o c c u p a t i o n a l .  T h e r e  i s  no d i a g n o s 

t i c  s u g g e s t i o n  o f  any  s p e c i f i c  o r g a n  damage b u t  t h e  p r e p o n d e r 

a n c e  o f  t h e  e v i d e n c e  a v a i l a b l e  woul d  seem t o  i n d i c a t e  t h a t  

t h e  o c c u p a t i o n a l  f a c t o r / e x p o s u r e  i s  a p r i me  s u s p e c t  t o  c o n 

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

The i n v e r s i o n  o f  t h e  t e s t  and c o n t r o l  mean v a l u e s  f o r  

LDH-L woul d  a p p e a r  t o  i n d i c a t e  t h a t  f i g h t i n g  f i r e s  i mp r o v e s
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t h e  h e a l t h  o f  t h e  i n d i v i d u a l .  I n s p e c t i o n  o f  t h e  d a t a  r e v e a l s  

a r a n g e  o f  v a l u e s  f rom 0 - 8 0  u n i t s  f o r  t h e  t e s t  p o p u l a t i o n  

as  compar ed  t o  7 -  103 f o r  t h e  c o n t r o l s .  A l t h o u g h  a l l  d e t e r 

m i n a t i o n s  we r e  s e t  i n  d u p l i c a t e  and wer e  r e p e a t e d  i f  any d i s 

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

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

S i n c e  t h e  s e n s i t i v i t y  o f  t h e  p r o c e d u r e  a t  low v a l u e s  has  been 

r e p o r t e d  t o  be e r r a t i c  ( 6 1 ,  64 ,  65)  t h e  p r e d o m i n a n c e  o f  t h e s e  

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

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

t h e  i n c r e a s e  i n  t h e  LDH-S/LDH r a t i o  as  e v i d e n c e d  i n  t h e  t e s t  

d a t a  c o u l d  r e d u c e  t h e  LDH-L/LDH r a t i o .  T h i s  phenomenon was n o t  

o b s e r v e d  i n  t h e  c o n t r o l  d a t a .

H y d r o x y b u t y r i c  De h y d r o g e n a s e

Serum a - h y d r o x y b u t y r i c  d e h y d r o g e n a s e  (HBD) l e v e l s  f o r  

b o t h  t h e  t e s t  and c o n t r o l  g r o u p s  a r e  p r e s e n t e d  i n  T a b l e s  3 

and 4.  The r a n g e  o f  v a l u e s  o f  HBD a s  e s t a b l i s h e d  by t h e  

p r o c e d u r e  ( 6 6 )  i s :

Normal  55 - 125 u n i t s *

B o r d e r l i n e  125 -  145 u n i t s

E l e v a t e d  > 145 u n i t s

No s u b j e c t s ,  e i t h e r  t e s t  o r  c o n t r o l ,  wer e  o u t s i d e  t h e  r a n g e  

o f  n o r ma l .  The mean f o r  t h e  t e s t  p o p u l a t i o n  was 79 u n i t s  as  

compar ed  t o  74 f o r  t h e  c o n t r o l s .

*One u n i t  w i l l  r ed uc e  one m i l l i m i c r o m o l e  o f  a - k e t o b u t y r i c
a c i d  pe r  m i n u t e  a t  25 d e g re e s  C e n t i g r a d e .
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P a r i e d  t - t e s t s  were  u s e d  as  t h e  t e s t  f o r  s i g n i f i c a n c e  

b e t wee n  t h e  i n d i v i d u a l  f i v e  mont h means  o f  b o t h  t h e  t e s t  and 

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

i n  T a b l e  5.

R e g r e s s i o n  a n a l y s e s  c o mp a r i n g  HBD a g a i n s t  s uch  v a r i 

a b l e s  as  a g e ,  l e n g t h  o f  t i me  i n  t h e  f i r e  s e r v i c e ,  and smoki ng 

h a b i t s  p r o d u c e d  no c o r r e l a t i o n  b u t  t h e  i n d i c a t i o n  o f  a d i f f e r 

e n c e  b e t we e n  t h e  t e s t  and c o n t r o l  p o p u l a t i o n s  was a g a i n  s t r o n g .

A p a i r e d  t - t e s t  u s i n g  t h e  f i v e  mont h  mean v a l u e s  o f  

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

e nc e  and e s t a b l i s h e d  t h e  p r o b a b i l i t y  a t  p < 0 . 0 2  d e s p i t e  

t h e  c l o s e n e s s  o f  t h e  two means .

The HBD a s s a y  i s  h i g h l y  s p e c i f i c  f o r  c a r d i a c  d i s e a s e  

s i n c e  i t  m e a s u r e s  o n l y  t h o s e  i s o e n z y me s  s p e c i f i c  t o  t h e  myo

c a r d i u m.  O t h e r  c o n d i t i o n s  known t o  e l e v a t e  HBD l e v e l s  a r e  

h e p a t i t i s ,  m e g a l o b l a s t i c  anemi a  and r e n a l  i n f a r c t i o n ;  a l l  

c o n d i t i o n s  whi ch  woul d  be c l i n i c a l l y  a p p a r e n t  ( 6 1 - 6 4 ) .  The 

HBD a s s a y  i s  h i g h l y  s p e c i f i c  and t h e  l e v e l  o f  enzyme i n  serum 

r e m a i n s  e l e v a t e d  l o n g e r  ( F i g u r e  1) a f t e r  a s l o w e r  e l e v a t i o n .

The c o r r e l a t i o n  c o e f f i c i e n t  ( r )  be t we e n  LDH-S and HBD was 0 . 6  

f o r  t h e  t e s t  g r oup  and 0 . 2  f o r  t h e  c o n t r o l  whi ch  r e i n f o r c e s  

t h e  a p p a r e n t  d i f f e r e n c e  be t ween  t h e  two p o p u l a t i o n s .  Th i s  

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

p a t i o n a l  d i f f e r e n c e s  be t ween  t h e  t e s t  and c o n t r o l  g r o u p s  

s i n c e  t h e  o c c u p a t i o n  was t h e  m a j o r  v a r i a b l e  n o t  r emoved by 

t h e  p a i r i n g .
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C r e a t i n e  P h o s p h o k i n a s e

Serum c r e a t i n e  p h o s p h o k i n a s e  (CPK) l e v e l s  f o r  b o t h  

p o p u l a t i o n s  a r e  p r e s e n t e d  i n  T a b l e s  3 and 4.  The r a n g e  o f  

v a l u e s  f o r  CPK as  e s t a b l i s h e d  by t h e  p r o c e d u r e  ( 62 )  i s :

Normal  0 - 1 2  u n i t s *

B o r d e r l i n e  12 - 20 u n i t s  

E l e v a t e d  > 20 uni  t s  

Four  t e s t  s u b j e c t s  wer e  b o r d e r l i n e  and  one was e l e v a t e d  t o  39 

u n i t s  w i t h  no c o n t r o l s  b e i n g  o u t s i d e  t h e  nor ma l  r a n g e .  The 

mean v a l u e  f o r  t h e  t e s t  g r o u p  was 8  u n i t s  a s  compar ed  t o  2  f o r  

t h e  c o n t r o l s .

P a i r e d  t - t e s t s  were  u s e d  t o  t e s t  f o r  s i g n i f i c a n c e  

be t wee n  t h e  i n d i v i d u a l  f i v e  month mean v a l u e s  o f  b o t h  t h e  t e s t  

and c o n t r o l  p o p u l a t i o n s .  The r e s u l t s  o f  t h e s e  t e s t s  a r e  p r e 

s e n t e d  in  T a b l e  5.

R e g r e s s i o n  a n a l y s e s  c o mp a r i n g  CPK a g a i n s t  s uc h  v a r i 

a b l e s  as  a g e ,  l e n g t h  o f  t i me  i n  t h e  f i r e  s e r v i c e  and  smoking 

h a b i t s  were  d o n e .  Al l  r e g r e s s i o n s ,  a l t h o u g h  s howi ng  v i r t u a l l y  

no c o r r e l a t i o n ,  we r e  a g a i n  i n d i c a t i v e  o f  a d e f i n i t e  d i f f e r e n c e  

be t ween  t h e  two p o p u l a t i o n s .

A p a i r e d  t - t e s t  u s i n g  t h e  f i v e  month means  o f  b o t h  

t h e  t e s t  and c o n t r o l  p o p u l a t i o n s  gave  a p r o b a b i l i t y  

o f  p < 0 . 0 1 .  T h i s  s i g n i f i c a n c e  i s  d i f f i c u l t  t o  i n t e r p r e t  i n  

vi ew o f  t h e  n o r ma l c y  o f  t h e  r e s u l t s ;  h o we v e r ,  t h e  p r o c e d u r e

*One u n i t  w i l l  p h o s p h o r y l a t e  one m i l l i m i c r o m o l e  o f
c r e a t i n e  p e r  m i n u t e  a t  25 d e g r e e s  C e n t i g r a d e .
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( 6 2 )  p r e s e n t e d  s e v e r a l  r e f e r e n c e s  i n  whi c h  t h e  r a n g e  o f  v a l u e s  

was d e f e n d e d  and s e v e r a l  c o n d i t i o n s  t h a t  have been  r e p o r t e d  t o  

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

t i o n  and m u s c u l a r  e x e r c i s e ,  we r e  p r e s e n t e d ,  Co o d l e y  ( 61)  c o n 

f i r m e d  t h e s e  c a u s e s  b u t  a l s o  s u g g e s t e d  t h a t  CPK m i g h t  be a more 

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

i n f a r c t i o n  t h a n  t h e  o t h e r  e n zyme s .  S i n c e  t h e  h e a r t  and 

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

t h i s  d i f f e r e n c e  mu s t  be c o n s i d e r e d  r e a l  r e a l i z i n g  t h a t  f i r e 

f i g h t i n g  i s  a s t r e n u o u s  o c c u p a t i o n  and t h a t  e x e r c i s e  has  been 

r e p o r t e d  t o  i n c r e a s e  CPK l e v e l s .

D i s c u s s i o n

The mo s t  s i g n i f i c a n t  f i n d i n g s  o f  t h i s  p r o j e c t  were  

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

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

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

LDH, LDH-S,  CPK and HBD l e v e l s .  The h e m o g l o b i n  d e t e r m i n a t i o n  

i n d i c a t e d  t h a t ,  f o r  t h i s  g r o u p ,  t h e r e  was no d i f f e r e n c e  i n  

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

p o p u l a t i o n s  and  s t r e n g t h e n i n g  t h e  p a i r i n g .

LDH and i t s  i s o e n z y me s  may be e l e v a t e d  i n  a n e m i a ,  

p u l mo n a r y  d i s e a s e ,  l i v e r  d i s e a s e ,  mu s c l e  d i s e a s e ,  r e n a l  

d i s e a s e  and h e m o l y s i s  o f  s e r u m.  The HBD and  CPK d e t e r m i n a 

t i o n s  add g r e a t e r  s p e c i f i c i t y  i n  d i a g n o s i s  a nd  p r o d u c e  a l o we r  

number  o f  f a l s e  p o s i t i v e s .  The CPK i s  h i g h l y  s p e c i f i c  f o r
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m y o c a r d i a l  n e c r o s i s  i f  c o m p l i c a t i n g  f a c t o r s  s uc h  a s  mu s c l e  

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

CPK p r e s e n t s  an e a r l i e r  and more d r a m a t i c  a m p l i t u d e  o f  change  

( F i g u r e  1 ) .  The HBD a s s a y  i s  more s p e c i f i c  f o r  m y o c a r d i a l  

damage t h a n  LDH and LDH-S b e c a u s e  i t  m e a s u r e s  o n l y  t h o s e  i s o 

enzymes  o f  LDH f o u n d  i n  m y o c a r d i a l  c e l l s .  The two d e t e r m i n a 

t i o n s  woul d  t h e n  a p p e a r  t o  i mpr ove  t h e  d i a g n o s t i c  c r e d i b i l i t y  

o f  t h e  enzyme b a t t e r y  s e l e c t e d  f o r  t h i s  p r o j e c t .

A l t h o u g h  t h e r e  was no s u g g e s t i o n  o f  s p e c i f i c  o r g a n  

d i s e a s e  nor  any c l i n i c a l  h e a r t  d i s e a s e  among any o f  t h e  s t u d y  

g r o u p s ,  t h e r e  was some f a c t o r  a t  work t o  c r e a t e  t h e  l e v e l s  

o f  s i g n i f i c a n c e  f ound  b e t wee n  f o u r  o f  t h e  f i v e  c o mpone n t s  o f  

t h e  enzyme b a t t e r y ,  a l l  o f  whi ch  a r e  m y o c a r d i a l  r e l a t e d .  Be

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

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

s t r o n g  t h a t ,  f o r  t h i s  g r o u p  o f  men,  t h e  o c c u p a t i o n  i s  t h e  

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

En z y ma t i c  s h i f t s  f o l l o w i n g  e x p o s u r e  t o  CO have  been 

r e p o r t e d  i n  t h e  l i t e r a t u r e .  L a s s i t e r  ( 80)  p r o v i d e d  e v i d e n c e
3

t h a t  r a t s  e x p o s e d  t o  CO a t  600 mg/m f o r  f o u r  and f i v e  ho u r s  

s u s t a i n e d  m y o c a r d i a l  damage m a n i f e s t e d  as  an i n c r e a s e  i n  p l a sma  

LDH^. Gordon ( 74 )  f o u n d  t h a t  f i r e f i g h t e r s ,  when f i g h t i n g  

f i r e s ,  e x h i b i t e d  i n c r e a s e d  LDH and CPK v a l u e s  a s  compar ed  

t o  f i r e f i g h t e r s  who wer e  n o t  a c t i v e l y  e n g a g e d  on t h e  f i r e -  

g r o u n d .  The e l e v a t e d  enzyme l e v e l s  a p p e a r e d  t o  be r e l a t e d  t o
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t h e  d u r a t i o n  o f  t h e  f i r e  and t h e  COHb l e v e l s .  I t  i s  a r e c o g 

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

r e s u l t  i n  c a r d i a c  damage and numer ous  i n v e s t i g a t o r s  have 

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

m y o c a r d i a l  n e c r o s i s  ( 2 4 ,  38 ,  53 ,  59 ,  8 1 - 8 9 ) .

With few e x c e p t i o n s  t h e  e n z y m a t i c  v a l u e s  o b t a i n e d  in 

t h i s  s t u d y  wer e  w i t h i n  o r  c l o s e  t o  t h e  nor ma l  r a n g e .  The 

d i f f e r e n c e  i s  t h a t  r a n g e s  o f  n o r ma l s  a r e  d e s i g n e d  t o  accomo

d a t e  i n d i v i d u a l  r a t h e r  t h a n  g r o u p  v a r i a b i l i t y .  Ta k i n g  i n t o  

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

t a i n e d  i n  t h i s  s t u d y  were  i n c o n c l u s i v e ,  h o w e v e r ,  when t a k e n  

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

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

i n d i v i d u a l  d e t e r m i n a t i o n s .  Taken a l o n e ,  any one o f  t h e  

d e t e r m i n a t i o n s  would have l e f t  c o n s i d e r a b l e  d o u b t  as  t o  t h e  

e f f e c t s  o f  c h r o n i c  o c c u p a t i o n a l  e x p o s u r e  t o  CO and t h e  o t h e r  

c o mp o n e n t s  o f  t h e  f i r e - s m o k e  c ompl e x .  Taken a s  a b a t t e r y ,  

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

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

The c o n s e q u e n c e s  o f  i n c r e a s e d  COHb l e v e l s  have  been 

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

i f  a n y ,  c h r o n i c  e f f e c t s .  R e c e n t l y  L a s s i t e r  ( 80 )  and t h e  

N a t i o n a l  I n s t i t u t e  o f  O c c u p a t i o n a l  S a f e t y  and H e a l t h  (NIOSH)

( 30)  have  i n d i c a t e d  t h a t  t h e  p o t e n t i a l  e x i s t s  f o r  m y o c a r d i a l  

damage as  a r e s u l t  o f  e x p o s u r e s ,  a m b i e n t  o r  o c c u p a t i o n a l ,  t o  

CO. Ayer s  ( 54)  d e t e r m i n e d  t h a t  when t h e  COHb l e v e l  a p p r o a c h e d
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8 . 7  p e r  c e n t  t h e  myocar d i um p r o d u c e d  l a c t a t e .  The p r o d u c t i o n  

o f  l a c t a t e  i n  t h e  myocar di um i s  i n d i c a t i v e  o f  t i s s u e  hy p o x i a  

whi ch  can l e a d  t o  d e c r e a s e d  c e l l u l a r  f u n c t i o n  and u l t i m a t e l y  

t o  c e l l  d e a t h .  Ayer s  i n  t h e  same s t u d y  d e t e r m i n e d  t h a t  

c o r o n a r y  b l o o d  f l o w  was i n c r e a s e d  o n l y  i n  p e r s o n s  f r e e  f rom 

c o r o n a r y  a r t e r y  d i s e a s e .  Adams and a s s o c i a t e s  ( 90)  s t u d i e d  

t h e  e f f e c t s  o f  low c o n c e n t r a t i o n s  o f  COHb on c o r o n a r y  b l o o d  

f l o w ,  m y o c a r d i a l  oxygen c o n s u m p t i o n ,  and c a r d i a c  f u n c t i o n  

i n  c o n s c i o u s  d o g s .  They f ound  t h a t  t h e  myoca r d i um compen

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

was p r o b a b l y  n o t  a d e q u a t e .

A s t r a n d  ( 91)  s t r e s s e s  t h a t  i n  t h e  c a s e  o f  low l e v e l  

e x p o s u r e s  t o  CO such  a s  smoki ng t h e  r e q u i r e d  l e v e l  o f  Og un

l o a d i n g  f rom i n c r e a s e d  COHb l e v e l s  may demand Og t e n s i o n s  so 

low t h a t  c e l l s  d i s t a n t  f rom c a p i l l a r i e s  may be e x p o s e d  t o  

h y p o x i c  c o n d i t i o n s .  Th i s  c r e a t e s  a d e f i n i t e  h a n d i c a p  f o r  a 

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

e x e r c i s e  o r  hea vy  wor k .  Al l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  a 

r e d u c t i o n  in  t h e  Og t r a n s p o r t i n g  c a p a c i t y  i s  a s s o c i a t e d  w i t h  

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

d u r i n g  heavy  or  maximal  work.  S i n c e  t h e  Og t r a n s p o r t i n g  

c a p a c i t y  d e c l i n e s  w i t h  i n c r e a s i n g  a l t i t u d e  ( 3 4 ,  35)  o r  w i t h  a 

d e c r e a s e  i n  a v a i l a b l e  Og , and t h e  maximal  a e r o b i c  power  d e 

pe n d s  p a r t l y  on t h e  maximal  c a r d i a c  o u t p u t  and  p a r t l y  on t h e  

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

t h e r e f o r e  d e c l i n e  w i t h  i n c r e a s i n g  COHb l e v e l s .
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In an i n d i v i d u a l  w i t h  a COHb s a t u r a t i o n  o f  f rom 5 

t o  1 0  p e r  c e n t  t h e r e  i s  a c o r r e s p o n d i n g  d e c r e a s e  i n  t h e  Og 

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

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

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

damage.  The s mo k e r ,  h o we v e r ,  can n o t  c o mp e n s a t e  f o r  t h e  CO 

c o n t e n t  o f  t h e  b l o o d  d u r i n g  maximal  work ( 9 1 ) .  A f i v e  t o  t e n  

p e r  c e n t  r e d u c t i o n  i n  maximal  a e r o b i c  power  due t o  smoking 

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

damage d u r i n g  o r  s u b s e q u e n t  t o  v e r y  heavy  wor k .

T h i s  i n a b i l i t y  t o  c o mp e n s a t e  f o r  COHb becomes  mos t  

c r i t i c a l  when a w o r k e r ,  s uc h  as  a f i r e f i g h t e r ,  i s  e x p o s e d  t o  

l e v e l s  o f  CO f a r  e x c e e d i n g  t h o s e  o f  t h e  smoker  and t h o s e  

r ecommended by NIOSH ( 3 0 ) .  The f i r e f i g h t e r  mus t  e n t e r  a r e a s  

whe r e  t h e  t e m p e r a t u r e s  may r a n g e  f rom 500 t o  1500 d e g r e e s  

F a h r e n h e i t  and t h e  CO l e v e l s ,  as  we l l  as  o t h e r  t o x i c  and 

p o t e n t i a l l y  h a z a r d o u s  m a t e r i a l s ,  a r e  u n m e a s u r e d  ( 6 7 ) .  The 

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

e n t r y  we i g h  i n  t h e  r a n g e  o f  60 pounds  d r y  w e i g h t  and  o v e r  75 

pounds  when s o a k e d  w i t h  w a t e r .  In a d d i t i o n  t o  t h i s  t h e  f i r e 

f i g h t e r  mus t  s t r u g g l e  a g a i n s t  a hos e  c h a r g e d  w i t h  f r om 1 0 0  t o  

250 p s i  o f  w a t e r  t h r o u g h  a mos t  h o s t i l e  e n v i r o n m e n t .  Th e r e  

have  been  no me a s u r e m e n t s  o f  a c t u a l  work i n v o l v e d  and e n e r g y  

e x p e n d e d ,  b u t  f rom p e r s o n a l  o b s e r v a t i o n  and numer ous  d i s c u s 

s i o n s  w i t h  f i r e  f i g h t e r s ,  f i r e  f i g h t i n g  seems  t o  be one o f  

t h e  mos t  s t r e n u o u s  o c c u p a t i o n s .  I t  i s  a d o c u me n t e d  f a c t  t h a t
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f i r e  f i g h t i n g  i s  a l s o  t h e  mo s t  h a z a r d o u s  o c c u p a t i o n  ( 7 2 ) .

The q u e s t i o n  mu s t  i n e v i t a b l y  a r i s e  a s  t o  why t h e  

l e n g t h  o f  t i me  i n  t h e  f i r e  s e r v i c e  o r  age  wer e  n o t  good i n d i 

c a t o r s  o f  t h e  o b s e r v e d  o c c u p a t i o n a l  e f f e c t s .  F i g u r e  5 p r e 

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

s i o n  o f  a combat  f i r e  f i g h t e r  a s  i t  r e l a t e s  t o  t h e  amount  o f  

e x p o s u r e  he r e c e i v e s .  As can  r e a d i l y  be s e e n  t h e  e x p o s u r e  

i s  b i - mo d a l  w i t h  t h e  f i r s t  h i g h  l e v e l s  o f  e x p o s u r e  and m a x i 

mum work e f f o r t s  b e i n g  upon e n t r y  i n t o  t h e  s e r v i c e  and t h e  

s e c o n d  e q u a l l y  s i g n i f i c a n t  e x p o s u r e  comi ng some 15 y e a r s  

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

o u t s i d e  t h e  f i r e  i t s e l f .  The age  o f  t h e  i n d i v i d u a l s  a t  ea c h  

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

i n t o  empl oyment  i s  32.  Here we have  a s i t u a t i o n  whe r e  t h e  

man,  when he r e a c h e s  C a p t a i n ,  i s  movi ng i n t o  t h e  c a r d i o 

v a s c u l a r  h a z a r d o u s  y e a r s  ( 41)  and mu s t  a g a i n  e n t e r  t h e  f i r e  

a s  he d i d  as  a r o o k i e  f i r e  f i g h t e r .  The d e s i g n  o f  t h i s  s t u d y  

was n o t  s u c h  t h a t  s u b j e c t s  i n  e a c h  c a t e g o r y  c o u l d  be i d e n t i 

f i e d .  I t  was s i m p l y  a c o m p u t e r  a s s i s t e d  r andom s e l e c t i o n  of  

36 men f rom t h e  Oklahoma C i t y  F i r e  D e p a r t m e n t  o f  whom 27 com

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

i n i t i a l  d e s i g n  l i m i t s  wer e  s e t  a t  36 p a i r s  b e c a u s e  o f  f i n a n 

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

men were  d r o p p e d  f r om t h e  s t u d y  f o r  v a r i o u s  r e a s o n s  i n c l u d i n g  

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

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

s e r v i c e  m i t i g a t e d  a g a i n s t  u s i n g  them.

Al l  t h i s  n o t w i t h s t a n d i n g ,  f o r  t h i s  g r o u p  o f  men 

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

d i f f e r e n c e  b e t we e n  t h e  t e s t  and c o n t r o l  p o p u l a t i o n s  whi ch 

can b e s t  be d e s c r i b e d  as  r e s u l t i n g  f rom t h e i r  o c c u p a t i o n a l  

e x p o s u r e  on t h e  f o r e g r o u n d s .



CHAPTER VI 

SUMMARY AND CONCLUSIONS

T h i r t y - s i x  men wer e  s e l e c t e d  a t  r andom f r om t h e  

Oklahoma C i t y  F i r e  D e p a r t me n t  and i n t e r v i e w e d  e x t e n s i v e l y  

r e l a t i v e  t o  t h e i r  o c c u p a t i o n  and h e a l t h  s t a t u s .  These  men 

wer e  p a i r e d  a s  c l o s e l y  a s  p o s s i b l e  w i t h  members  o f  l o c a l  

m i l i t a r y  r e s e r v e  u n i t s .

Eve r y  28 d a y s  b l o o d  was drawn f rom e a c h  t e s t  and 

c o n t r o l  s u b j e c t  and a n a l y z e d  f o r  h e m o g l o b i n ,  c a r b o x y h e m o g l o b i n , 

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

i s o e n z y m e s ,  h e a t  l a b i l e  i s o e n z y m e s ,  c r e a t i n e  p h o s p h o k i n a s e  

and a - h y d r o x y b u t y r i c  d e h y d r o g e n a s e .

At  t h e  end o f  t h e  s t u d y  p e r i o d  e a c h  g r o u p  o f  i n d i v i 

dua l  v a l u e s  was t e s t e d  f o r  s i g n i f i c a n c e  and d e f i n i t e  s i g n i 

f i c a n t  t r e n d s  a p p e a r e d .  The f i v e  mont h mean v a l u e s  t a k e n  a s  

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

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

h e mo g l o b i n .

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

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

s e r v i c e  and smoki ng h a b i t s  were  g e n e r a l l y  i n c o n c l u s i v e  e x c e p t
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f o r  COHb whi ch  p r e d i c t a b l y  i n c r e a s e d  w i t h  i n c r e a s e d  smoki ng .

D e s p i t e  t h i s  t h e r e  was a d e f i n i t e  i n d i c a t i o n  o f  d i f f e r e n c e s

b e t we e n  t h e  p o p u l a t i o n s  whi ch  c o u l d  b e s t  be a t t r i b u t e d  t o  t h e

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

I t  was c o n c l u d e d  f rom t h i s  s t u d y  t h a t  i n  t h e  p o p u l a 

t i o n  s t u d i e d :

1.  The n o n - s mo k i n g  f i r e  f i g h t e r  has  a l r e a d y  a c h i e v e d  t h e  

maximum a l l o w a b l e  COHb s a t u r a t i o n  u n d e r  NIOSH g u i d e l i n e s .

2.  The t e s t  g r o u p ,  as  a w h o l e ,  e x c e e d e d  t h e  COHb c o n t e n t  

t h a t  woul d be a c h i e v e d  i f  t h e y  l a b o r e d  a t  hea vy  work f o r
O

1440 m i n u t e s  i n  an a t m o s p h e r e  o f  42 mg/m CO.

3. As a g r o u p ,  t h e  t e s t  p o p u l a t i o n  e x h i b i t e d  c h a n g e s  i n

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

f rom r e p e a t e d ,  c h r o n i c ,  s u b - a c u t e  e x p o s u r e s  t o  CO.

4.  Th e r e  was no d e m o n s t r a b l e  d i f f e r e n c e  i n  t h e  h e mo g l o b i n  

v a l u e s  o f  t h e  t e s t  and c o n t r o l  g r o u p s .

5.  For  t h i s  g r o u p  o f  f i r e  f i g h t e r s  and  t h e i r  c o n t r o l s ,  t h e  

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

6 . The enzyme b a t t e r y  s e l e c t e d  a p p e a r e d  t o  p r o v i d e  a s e n s i 

t i v e  p h y s i o l o g i c a l  me a s u r e  f o r  mi n i ma l  m y o c a r d i a l  damage

r e s u l t i n g  f rom r e p e a t e d ,  c h r o n i c ,  s u b - a c u t e  e x p o s u r e s  t o  CO.

7.  The s i g n i f i c a n c e  o f  t h e  o b s e r v e d  d i f f e r e n c e s  b e t wee n  t h e  

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

and d e f i n e  t h e  r o l e  o f  CO as  i t  r e l a t e d  t o  t h e  h e a l t h  o f  

t h e  f i r e  f i g h t e r .
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APPENDIX



TEST POPULATION

INTERVIEW AND PHYSICAL PROFILE DATA CARD

1.  (SSAN)

2.  Race C o d e s - - (1)  Wh i t e ,  ( 2 )  B l a c k ,  ( 3)  Am I n d i a n ,  ( 4 )  O t h e r

3.  M a r i t a l  S t a t u s - - (1)  S i n g l e ,  ( 2)  M a r r i e d ,  ( 3 )  Se p ,  ( 4)  Di v ,

(5)  Widowed

4.  F i r e  Company A s s i g n e d

5.  O c c u p a t i o n / T r a d e  o t h e r  t h a n  F i r e  S e r v i c e ,  CO S i g n i f i c a n t ,

( 1)  Yes ,  ( 2)  No

6 . H o b b y / R e c r e a t i o n  o t h e r  t h a n  F i r e  S e r v i c e ,  CO S i g n i f i c a n t ,

( 1)  Yes ,  ( 2)  No

7.  Age t o  l a s t  b i r t h d a y  i n  y e a r s  ______________

8 . Age on e n t r y  t o  F i r e  S e r v i c e  i n  y e a r s  t o  l a s t  b i r t h d a y

9.  Le ng t h  i n  F i r e  S e r v i c e  t o  n e a r e s t  y e a r

10.  Le ng t h  i n Oklahoma C i t y  F i r e  S e r v i c e  i n  y e a r s  _ _ _ _ _ _

11.  H i s t o r y  o f  smoke i n h a l a t i o n :

Have you e v e r  been  ove r come  by smoke? (1)  Yes ,  ( 2 )  No

How many t i m e s __________, H o s p i t a l i z e d ,  ( 1)  Yes ,  ( 2 )  No

12.  Headache s  a f t e r  f i g h t i n g  a f i r e

( 1)  Yes ,  ( 2)  No,  ( 3)  F r e q u e n t l y ,  ( 4 )  Se l dom,
( 5)  O c c a s i o n a l l y
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13.  H e i g h t  i n  c e n t i m e t e r s  _________________  ( )

14.  Wei ght  i n  k i l o g r a m s  __________________   ( )

15.  Smoking h a b i t s :  ( 0 )  Never  Smoked,  (1)  Smoked b u t  s t o p p e d ,

( 2 )  C i g a r e t t e s  o n l y ,  ( 3 )  1 - 9 / d a y ,  ( 4 )  1 0 - 2 0 / d a y ,

( 5)  2 1 - 3 9 / d a y ,  ( 6 ) 40 p l u s / d a y ,  ( 7)  c i g a r s  and  p i p e  

o n l y ,  ( 8 ) c i g a r s ,  p i p e  and  c i g a r e t t e s .  I n h a l e :

( 9)  Ye s ,  ( 10)  No

16.  Age t o  n e a r e s t  y e a r  when s t a r t e d  smoki ng .........................



CONTROL POPULATION

INTERVIEW AND PHYSICAL PROFILE DATA CARD

1.  (SSAN)

2.  Race Codes  - -  ( 1 )  Wh i t e ,  ( 2 )  B l a c k ,  ( 3 )  Am I n d i a n ,

( 4)  O t h e r

3.  M a r i t a l  S t a t u s  - -  ( 1)  S i n g l e ,  ( 2 )  M a r r i e d ,  ( 3 )  S e p . ,

( 4 )  D i v . , ( 5 )  Widowed

4.  O c c u p a t i o n / T r a d e  o t h e r  t h a n  USN/USMC____________________

5.  H o b b y / R e c r e a t i o n  ........................................................................................

6 . Age ( t o  l a s t  b i r t h d a y )  i n  y e a r s  _______________

7.  H e i g h t  _______________

8 . We i gh t  _______________

9.  Smoking h a b i t s ;

( 0 )  Never  smoked
( 1)  Smoked b u t  s t o p p e d
( 2)  C i g a r e t t e s  o n l y

Number p e r  day  o f  c i g a r e t t e s  smoked:
3 )  1 t o  9 p e r  day
4)  10 t o  20 p e r  day
5)  21 t o  39 p e r  day
6 ) 40 p l u s  p e r  day

( 7)  C i g a r s  and p i p e  o n l y
( b ) C i g a r s ,  p i p e  and c i g a r e t t e s

I n h a l e  :
( 9 )  Yes

(10)  No
73
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10.  Age t o  n e a r e s t  y e a r  when you s t a r t e d  smoki ng 

NAME:

ADDRESS:

TELEPHONE:



HEALTH QUESTIONNAIRE 

S o c i a l  S e c u r i t y  Ac c o u n t  Number;

T h i s  i n f o r m a t i o n  w i l l  be h e l d  as  c o n f i d e n t i a l  m a t e r i a l  u n t i l  

a c o n t r o l / t e s t  p a i r  has  been f o u n d  f o r  y o u .  No c o p i e s  o f  t h i s  

w i l l  be made and t h i s  w i l l  be d e s t r o y e d  a t  t h e  end o f  t h e  t e s t .

1 . Do you need g l a s e s  t o  r e a d ? Yes No

2 . Do you need  g l a s e s  t o  s e e  t h i n g s  a t  a d i s t a n c e ? Yes No

3. Has y o u r  e y e s i g h t  o f t e n  b l a c k e d  o u t  c o m p l e t e l y ? Yes No

4. Do y o u r  e y e s  c o n t i n u a l l y  b l i n k  o r  w a t e r ? Yes No

5. Do you o f t e n  have  bad p a i n s  i n  y o u r  e y e s ? Yes No

6 . Are  y o u r  e y e s  o f t e n  r e d  o r  i n f l a m e d : Yes No

7. Are you h a r d  o f  h e a r i n g ? Yes No

8 . Have you e v e r  had a bad r u n n i n g  e a r ? Yes No

9. Do you have  c o n s t a n t  n o i s e s  i n  y o u r  e a r s ? Yes No

1 0 . Do you have  t o  c l e a r  y o u r  t h r o a t  f r e q u e n t l y ? Yes No

1 1  . Do you o f t e n  f e e l  a c h o k i n g  lump i n  y o u r  t h r o a t ? Yes No

1 2 . Are you o f t e n  t r o u b l e d  w i t h  bad s p e l l s  o f  
s n e e z i n g ? Yes No

13. I s  y o u r  n o s e  c o n t i n u a l l y  s t u f f e d  up? Yes No

14. Do you s u f f e r  f rom a c o n s t a n t l y  r u n n i n g  n o s e ? Yes No

15. Have you a t  t i m e s  had bad no s e  b l e e d s ? Yes No
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16. Do you o f t e n  c a t c h  s e v e r e  c o l d s ? Yes No

17. Do you f r e q u e n t l y  s u f f e r  f r om heavy  c h e s t  c o l d s ? Yes No

18. When you c a t c h  a c o l d ,  do you a l wa y s  have  t o  go 
t o  bed? Yes No

19. Do f r e q u e n t  c o l d s  keep  you m i s e r a b l e  a l l  w i n t e r ? Yes No

2 0 . Do you g e t  hay f e v e r ? Yes No

2 1 . Do you s u f f e r  f rom a s t h ma ? Yes No

2 2 . Are you t r o u b l e d  by c o n s t a n t  c o u g h i n g ? Yes No

23. Have you e v e r  coughed  up b l o o d ? Yes No

24. Do you s ome t i me s  have  s e v e r e  s o a k i n g  s w e a t s  
a t  n i g h t ? Yes No

25. Have you e v e r  had a c h r o n i c  c h e s t  c o n d i t i o n ? Yes No

26. Have you e v e r  had T. B.  ( T u b e r c u l o s i s ) ? Yes No

27. Did you e v e r  l i v e  w i t h  anyone  who had T . B . ? Yes No

28. Has a d o c t o r  e v e r  s a i d  y o u r  b l o o d  p r e s s u r e  
was t o o  h i g h ? Yes No

29. Has a d o c t o r  e v e r  s a i d  y o u r  b l o o d  p r e s s u r e  
was t o o  1 ow? Yes No

30. Do you have  p a i n s  i n  t h e  h e a r t  o r  c h e s t ? Yes No

31. Are you o f t e n  b o t h e r e d  by t h u mp i n g  o f  t h e  h e a r t ? Yes No

32. Does y o u r  h e a r t  o f t e n  r a c e  l i k e  mad? Yes No

33. Do you o f t e n  have  d i f f i c u l t y  i n  b r e a t h i n g ? Yes No

34. Do you g e t  o u t  o f  b r e a t h  l o n g  b e f o r e  anyone  
e l  s e ? Yes No

35. Do you s ome t i me s  g e t  o u t  o f  b r e a t h  j u s t  
s i t t i n g  s t i l l ? Yes No

36. . Are y o u r  a n k l e s  o f t e n  b a d l y  s w o l l e n ? Yes No

37. Do c o l d  ha nds  o r  f e e t  t r o u b l e  you even  i n  h o t  
w e a t h e r ? Yes No
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38. Do you s u f f e r  f rom f r e q u e n t  c r amps  i n  y o u r  l e g s ? Yes No

39. Has a d o c t o r  e v e r  s a i d  you had h e a r t  t r o u b l e ? Yes No

40. Does h e a r t  t r o u b l e  r u n  i n  y o u r  f a m i l y ? Yes No

41 . Have you l o s t  more t h a n  h a l f  y o u r  t e e t h ? Yes No

42. Are you t r o u b l e d  by b l e e d i n g  gums? Yes No

43. Have you o f t e n  had s e v e r e  t o o t h a c h e s ? Yes No

44. I s  y o u r  t o n g u e  u s u a l l y  b a d l y  c o a t e d ? Yes No

45. I s  y o u r  a p p e t i t e  a l wa y s  p o o r ? Yes No

46. Do you u s u a l l y  e a t  s w e e t s  o r  o t h e r  f o o d  
b e t we e n  m e a l s ? Yes No

47. Do you a l w a y s  g u l p  y o u r  f o o d  i n  a h u r r y ? Yes No

48. Do you o f t e n  s u f f e r  f rom an u p s e t  s t o ma c h ? Yes No

49. Do you u s u a l l y  f e e l  b l o a t e d  a f t e r  e a t i n g ? Yes No

50. Do you u s u a l l y  b e l c h  a l o t  a f t e r  e a t i n g ? Yes No

51 . Are you o f t e n  s i c k  t o  y o u r  s t o ma c h ? Yes No

52. Do you s u f f e r  f rom i n d i g e s t i o n ? Yes No

53. Do s e v e r e  p a i n s  in t h e  s t o ma c h  o f t e n  d o u b l e  
you up? Yes No

54. Do you s u f f e r  f rom c o n s t a n t  s t o ma c h  t r o u b l e ? Yes No

55. Does s t o ma c h  t r o u b l e  r un  i n  y o u r  f a m i l y ? Yes No

56. Has a d o c t o r  e v e r  s a i d  you had s t o ma c h  u l c e r s ? Yes No

57. Do you s u f f e r  f rom f r e q u e n t  l o o s e  bowel  
movement s? Yes No

58. Have you e v e r  had s e v e r e  b l o o d y  d i a r r h e a ? Yes No

59. Were you e v e r  t r o u b l e d  w i t h  i n t e s t i n a l  worms? Yes No

60. Do you c o n s t a n t l y  s u f f e r  f rom bad c o n s t i p a t i o n ? Yes No

61 . Have you e v e r  had p i l e s  ( r e c t a l  h e m o r r h o i d s ) ? Yes No
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62. Have you e v e r  had j a u n d i c e  ( y e l l o w  e y e s  and 
s k i n ) ? Yes No

63. Have you e v e r  had s e r i o u s  l i v e r  o r  g a l l  b l a d d e r  
t r o u b l e ? Yes No

64. Are y o u r  j o i n t s  o f t e n  p a i n f u l l y  s w o l l e n ? Yes No

65. Do y o u r  m u s c l e s  and j o i n t s  c o n s t a n t l y  f e e l  
s t i f f ? Yes No

6 6 . Do you u s u a l l y  have  s e v e r e  p a i n s  i n  t h e  arms 
o r  l e g s ? Yes No

67. Are you c r i p p l e d  w i t h  s e v e r e  r h e u m a t i s m  
( a r t h r i t i s ) ? Yes No

6 8 . Does r h e u m a t i s m  ( a r t h r i t i s )  r un  i n  y o u r  
f a m i l y ? Yes No

69. Do weak o r  p a i n f u l  f e e t  make y o u r  l i f e  
m i s e r a b l e ? Yes No

70. Do p a i n s  i n t h e  back make i t  h a r d  f o r  you t o  
k eep  up w i t h  y o u r  work? Yes No

71. Are you t r o u b l e d  w i t h  a s e r i o u s  b o d i l y  d i s a b i l i t y  
o r  d e f o r m i t y ?

f

Yes No

72. Do you s u f f e r  b a d l y  f rom f r e q u e n t  s e v e r e  
h e a d a c h e s ? Yes No

73. Does p r e s s u r e  o r  p a i n  in t h e  head o f t e n  make 
l i f e  m i s e r a b l e ? Yes No

74. Are h e a d a c h e s  common i n  y o u r  f a m i l y ? Yes No

75. Do you have  h o t  o r  c o l d  s p e l l s ? Yes No

76. Do you o f t e n  have s p e l l s  o f  s e v e r e  d i z z i n e s s ? Yes No

77. Do you f r e q u e n t l y  f e e l  f a i n t ? Yes No

78. Have you f a i n t e d  more t h a n  t w i c e  i n  y o u r  l i f e ? Yes No

79. Do you have  c o n s t a n t  numbness  o r  t i n g l i n g  i n  
any  p a r t  o f  y o u r  body? Yes No

80. Was any  p a r t  o f  y o u r  body e v e r  p a r a l y z e d ? Yes No
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81 . Were you e v e r  knocked  u n c o n s c i o u s ? Yes No

82. Have you a t  t i m e s  had a t w i t c h i n g  o f  t h e  f a c e ,  
head  o r  s h o u l d e r s ? Yes No

83. Did you e v e r  have  a f i t  o r  c o n v u l s i o n  ( e p i 
l e p s y ) ? Yes No

84. Has any o n e  i n  y o u r  f a m i l y  e v e r  had f i t s  o r  
c o n v u l s i o n s  ( e p i l e p s y ) ? Yes No

85. Do you o f t e n  g e t  s p e l l s  o f  c o m p l e t e  e x h a u s t i o n  
o r  f a t i g u e ? Yes No

8 6 . Does wo r k i n g  t i r e  you o u t  c o m p l e t e l y ? Yes No

87. Do you u s u a l l y  g e t  up t i r e d  and e x h a u s e d  in 
t h e  mo r n i n g ? Yes No

8 8 . Does e v e r y  l i t t l e  e f f o r t  wear  you o u t ? Yes No

89. Are you c o n s t a n t l y  t o o  t i r e d  and e x h a u s t e d  
e ven  t o  e a t ? Yes No

90. Do you s u f f e r  f r om s e v e r e  n e r v o u s  e x h a u s t i o n ? Yes No

91 . Dees n e r v o u s  e x h a u s t i o n  r u n  i n  y o u r  f a m i l y ? Yes No

92. Are you f r e q u e n t l y  i l l ? Yes No

93. Are you f r e q u e n t l y  c o n f i n e d  t o  bed by i l l n e s s ? Yes No

94. Are you a l w a y s  in poo r  h e a l t h ? Yes No

95. Are you c o n s i d e r e d  a s i c k l y  p e r s o n ? Yes No

96. Do you come f r om a s i c k l y  f a m i l y ? Yes No

97. Do s e v e r e  p a i n s  and a c h e s  make i t  i m p o s s i b l e  f o r  
you t o  do y o u r  work? Yes No

98. Do you we a r  y o u r s e l f  o u t  w o r r y i n g  a b o u t  y o u r  
h e a l t h ? Yes No

99. Are you a l w a y s  i l l  and unhappy? Yes No

1 0 0 . Are you c o n s t a n t l y  made m i s e r a b l e  by p o o r  
h e a l t h ? Yes No

1 0 1  . Did you e v e r  have  s c a r l e t  f e v e r ? Yes No
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102.  As a c h i l d ,  d i d  you have r h e u m a t i c  f e v e r ,
g r owi ng  p a i n s  o r  t w i t c h i n g  o f  t h e  l i mb s ?  Yes No

103.  Did you e v e r  have m a l a r i a ?  Yes No

104.  Were you e v e r  t r e a t e d  f o r  s e v e r e  anemi a  ( t h i n
b l o o d ) ?  Yes No

105.  Were you e v e r  t r e a t e d  f o r  "bad b l ood"
( v e n e r e a l  d i s e a s e ) ?  Yes No

106.  Do you have d i a b e t e s  ( s u g a r  d i s e a s e ) :  Yes No

107.  Did a d o c t o r  e v e r y  s a y  you had a g o i t e r
( i n  y o u r  n e c k ) ?  Yes No

108.  Did a d o c t o r  e v e r  t r e a t  you f o r  t umor  o r
c a n c e r ?  Yes No

109.  Do you s u f f e r  f rom any  c h r o n i c  d i s e a s e ?  Yes No

110.  Are you d e f i n i t e l y  u n d e r  w e i g h t ?  Yes No

111.  Are you d e f i n i t e l y  o v e r  w e i g h t ?  Yes No

112.  Did a d o c t o r  e v e r  s a y  you had v a r i c o s e  v e i n s
( s w o l l e n  v e i n s )  i n  y o u r  l e g s ?  Yes No

113.  Did you e v e r  have a s e r i o u s  o p e r a t i o n ?  Yes No

114.  Did you e v e r  have a s e r i o u s  i n j u r y ?  Yes No

115.  Do you o f t e n  have s ma l l  a c c i d e n t s  o r  i n j u r i e s ?  Yes No

116.  Do you u s u a l l y  have  g r e a t  d i f f i c u l t y  i n  f a l l i n g
a s l e e p  or  s t a y i n g  a s l e e p ?  Yes No

117.  Do you f i n d  i t  i m p o s s i b l e  t o  t a k e  a r e g u l a r
r e s t  p e r i o d  ea ch  day?  Yes No

118.  Do you f i n d  i t  i m p o s s i b l e  t o  t a k e  r e g u l a r
d a i l y  e x e r c i s e ?  Yes No

119.  Do you smoke more t h a n  20 c i g a r e t t e s  a day?  Yes No

120.  Do you d r i n k  more t h a n  s i x  cups  o f  c o f f e e  o f
t e a  a day? Yes No

121.  Do you u s u a l l y  t a k e  two o r  more a l c o h o l i c  d r i n k s
a day?  Yes No



DEFINITION OF ENZYME UNITS

L a c t i c  De h y d r o g e n a s e  (LDH):  One u n i t  w i l l  r e d u c e  4 . 8  x 10"^

m i c r o m o l e s  o f  p y r u v a t e  p e r  m i n u t e  a t  25 d e g r e e s  

C e n t i g r a d e .

H y d r o x y b u t y r i c  De h y d r o g e n a s e  (HBD):  One u n i t  w i l l  r e d u c e

one mi 1 1 i m i c r o m o l e  o f  a - k e t o b u t y r i c  a c i d  p e r  m i n u t e  

a t  25 d e g r e e s  C e n t i g r a d e .

C r e a t i n e  P h o s p h o k i n a s e  (CPK):  One u n i t  w i l l  p h o s p h o r y l a t e

one m i l l i  c r o mo l e  o f  c r e a t i n e  p e r  m i n u t e  a t  25 

d e g r e e s  C e n t i g r a d e .
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