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OCCUPATIONAL HEALTH OF FIEEFIGHTERS:

PULMOWAEY FUNCTION STUDY

CHAPTER 1 

INTRODUCTION

An o ld  A rabian p roverb  s ta te d  "he who has h e a l th  has hope, and 

he who has hope has e v e ry th in g ,"  I t  in d ic a te s  t h a t  a l l  o f m an's en­

d eav o rs , a l l  o f  h is  a s p i r a t io n s ,  can be ach ieved  on ly  i f  h i s  m ental and 

p h y s ic a l h e a l th  a re  p ro te c te d . I t  i s  t h i s  in d isp e n sa b le  base  on which 

a l l  e ls e  in  l i f e  r e s t s  ( l ) .

At th e  p re se n t tim e F ir e f ig h t in g  re p re se n ts  a h ig h - r is k  group 

w ith  re s p e c t to  o c cu p a tio n a l exposure by smoke in h a la t io n .  The h e a l th  

e f f e c t s  a s so c ia te d  w ith  smoke in h a la t io n  by c e r ta in  p o p u la tio n  groups 

have been recogn ized  f o r  many y e a rs ; however, concern as an o c cu p a tio n a l 

contam inant has been a  new developm ent. F i r e f ig h t in g  has now rep laced  

m ining as th e  most dangerous p ro fe s s io n  in  th e  U nited  S ta te s .  The r a te s  

o f  o n -th e  job  a c c id e n t and i l l n e s s  f o r  f i r e f i g h t e r s  have r i s e n  s te e p ly  

and th e  o n -th e -jo b  d e a th  and in ju r y  r a te s  have become th e  h ig h e s t o f  any 

o c c u p a tio n a l group in  th e  co u n try . The h e a lth  hazards faced  were unknown 

a  few y e a rs  ago and to o  l i t t l e  recogn ized  to d ay .

The dangerous and u n p re d ic ta b le  n a tu re  o f th e  F i r e f ig h t e r s ' occu­

p a tio n  has caused em otional r e a c t io n  and sev ere  s t r e s s .  The job ex p erience
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p la c e s  a  heavy s t r a in  upon them, in  w hich d e a th , s u f fe r in g  and anguish 

have been p a r t  o f t h e i r  d a i ly  l i v e s .  They have been exposed r e p e t i t iv e ly  

to  sev ere  s t r e s s e s  in  form  o f a larm  r e a c t io n s ,  t h r e a t  to  l i f e  anH demand 

to  p re se rv e  l i f e  and p ro p e rty  (2 ) ,

Every y e a r , many F i r e f ig h te r s  s u f f e r  i l l n e s s ,  in ju r y  and even 

d e a th  as a  r e s u l t  o f w hat has been c a lle d  "smoke in h a la t io n ."  I t  has re p ­

re se n te d  one o f f i r e ' s  m ajor h a z a rd s , b o th  to  th e  v ic tim s  o f f i r e  and F i r e ­

f ig h t e r s .  I t  i s  w e ll documented t h a t  about 80 p e r c en t o f th e  v ic tim s o f 

f i r e s  have n o t been touched by th e  flam e , b u t have d ied  as a r e s u l t  o f ex­

posure  to  smoke. To d a te , a  good method to  p rev en t smoke in h a la t io n  has 

n o t been d isco v e re d , and as a r e s u l t ,  t h i s  hazard  has rem ained through  

h is to r y .  R esearch  on th e  h e a l th  o f F i r e f ig h te r s  and t h e i r  d a i ly  work con­

d i t io n s  has been s u p e r f ic ia l  ( 2 ) ,

The in tro d u c tio n  o f new chem icals and gases in to  m anufacturing  

and p ro d u c tio n  has exposed F i r e f ig h te r s  to  hazards f a r  beyond th o se  to  

w hich th ey  have been accustom ed. New c o n s tru c tio n  methods have made 

t h e i r  job even more dangerous. In  th e  course  o f  t h e i r  work. F i r e f ig h te r s  

have been exposed to  a  v a r ie ty  o f to x ic  f i r e  gases and o th e r  adverse  h e a lth  

f a c to r s .  Q uite  o f te n  th e y  a re  re q u ire d  t o  e n te r  b u ild in g s , confined 

sp aces , and o th e r  p la c e s  where th e y  may be exposed to  extrem es o f h e a t, 

smoke, la c k  o f  oxygen, and to x ic  gases c re a te d  by th e  conbustion  p ro c e ss . 

Many f i r e  s i tu a t io n s  add to  th e  h e a l th  problem s by in c re a s in g  th e  b re a th ­

in g  and h e a r t  r a t e s .  F i r e f ig h te r s ,  th e r e f o r e ,  have p laced  sev ere  demands 

on t h e i r  c a rd io v a sc u la r , nervous, and r e s p i r a to r y  system s (3 ) .

Damage to  th e  lungs them selves may r e s u l t  from  exposure to  a 

group o f gases and vapors c a l le d  pulmonary i r r i t a n t s  which p re se n t an in ­

c re a s in g  hazard  to  th e  F i r e f ig h te r s .  C la s s ic  examples o f th e se  gases a re
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c h lo r in e , phosgene, n itro g en  d io x id e  and ammonia. The in h a la t io n  o f one 

o f  th e se  gases causes m u ltip le  p h y s io lo g ic  and p a th o lo g ic  changes, which 

a re  e s s e n t ia l ly  th e  same re g a rd le s s  o f  th e  gas in h a le d . Upon e n te r in g  

th e  lu n g , th e se  gases r e a c t  chem ically  w ith  body f lu id s  to  produce s tro n g  

a c id s  o r  a lk a l i c .  A v io le n t  inflam m atory response  ta k e s  p la ce  w ith  de­

s t r u c t io n  o f  th e  lung  t i s s u e ,  fo llow ed  by e x ten s iv e  fo rm atio n  of s ca rre d  

and f ib ro u s  t i s s u e .  The pulmonary le s io n s  a s so c ia te d  w ith  smoke and f i r e  

have been alm ost e x c lu s iv e ly  due to  th e  e f f e c t s  o f  th e s e  chem ical pulmonary 

i r r i t a n t s .  This lung  damage may be sev ere  enough to  produce permanent d i s ­

a b i l i t y  and even d ea th  (2 , 3 ) .

F ir e f ig h t in g  i s  one o f th e  la r g e s t  o c cu p a tio n a l groups in  th e  

country  and u n lik e  e th e r  o c cu p a tio n a l g roups, in  which hazards a re  con­

t r o l l e d ,  F i r e f ig h te r s  a re  p a id  to  fa c e  w ith  ro u tin e  perform ance o f d u ty , 

th e se  unnecessary  and u n c o n tro lla b le  h aza rd s . Every f i r e  i s  a gamble w ith  

th e  unknown, a v en tu re  in to  an unique complex o f com bustib le  m a te r ia ls  and 

f i r e  dynamics; th e r e f o r e ,  r i s k  becomes a s u b s t i tu te  f o r  c e r ta in ty  and in ­

tu i t i o n  f o r  f irm  knowledge.

At th e  p re sen t tim e , th e re  i s  no com plete s tu d y  o f a l l  f a c e ts  of 

th e  F ire f ig h te rs *  h e a l th ;  co nsequen tly , many have been fo rce d  to  leav e  

t h e i r  departm ents o r  r e t i r e  e a r ly  because o f o c cu p a tio n a l d is e a s e s .  In  

view o f th e  p u b l ic 's  dependence on t h i s  group, i t  i s  im p era tiv e  t h a t  t h e i r  

h e a l th  and s a f e ty  be p ro te c te d . Thus, F i r e f ig h t in g  as an o ccu p a tio n a l 

g roup , a re  exposed to  hazardous c o n d itio n s  in  s ig n i f i c a n t  numbers and mer­

i t s  a d d it io n a l  s tu d y .



CHAPTER I I  

LITERATURE REVIEW

R e sp ira to ry  Rbysiology 

The p a th o lo g ic  and p h y s io lo g ic  a l t e r a t io n s  i n  th e  r e s p ir a to r y  

t r a c t  caused by bum s and th e rm al in ju r y  have been d e sc rib e d  in  b o th  man 

(4-10) and anim als ( U - l 4 ) ,  There may be immediate c e s s a tio n  o f  c i l i a r y  

movement v h ich  can be fo llow ed  by p e r ib ro n c h ia l  and a lv e o la r  edema.

Damage to  th e  a lv eo lu s  w ith  c a p i l la r y  damage allow s e ry th ro c y te  e x tr a ­

v a sa tio n  and perivenous a d v e n tia l  c u ff in g  by edema f l u i d .  This i s  a s s o c i­

a te d  w ith  a ra p id  e le v a tio n  in  th e  b lood po tassium  and h is tam in e  (12, 1 5 )» 

These p a th o lo g ic  changes u su a lly  le a d  t o  p h y s io lo g ic  f in d in g s  o f decreased  

system ic volume, decreased  system ic p re s su re , in c re a se d  pulmonary a r t e r i a l  

p re s s u re , and in c re a se d  c e n tr a l  venous p re s su re  (1 5 ) . E a rly  blood gas 

measurements g e n e ra lly  show a d ecreased  s l i g h t  d ecrease  in  Fog,

O2 s a tu r a t io n  and Og co n ten t w ith  an e lev a te d  pH ( I 6 ) ,  L a te r ,  th e  Pcog 

i s  r a i s e d ,  w h ile  th e  P^g; Og s a tu r a t io n  and co n ten t f a l l  as does th e  pH 

u n t i l  anoxemia le a d s  to  d e a th  (15 ,  I ? ) .

There has been w idespread  re c o g n itio n  th a t  dangerous pulmonary 

le s io n s  occur from  th e rm a l traum a (12, I 5,  I 8 , I 9 ) .  Edema o f th e  b ro n c h i, 

b ro n c h io le s , and p o s s ib ly  even th e  a lv e o la r  w a ll  appear to  have been th e  

main p a th o lo g ic  changes. S e v i t t  and G allagher (20) found t h a t  in  su rfa c e  

b u rn s , th e r e  i s  an i n i t i a l  edema w ith  in ju r y  fo llow ed  by a secondary

4
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edema which appear to  have been m ediated  by a chem ical o r  n e u ra l chem ical 

fa c to ry . Mast c e l l s  which a re  norm ally  abundant in  th e  r e s p i r a to r y  t r a c t ,  

co n cen tra te  in  an in ju re d  a re a  w ith in  an h o u r, and i s  b e lie v e d  to  have r e ­

le a se d  h is tam in e  and o th e r  edema form ing su b stan ces  (2 1 ) ,

R e sp ira to ry  T ra c t Pathology

At f i r s t  g la n ce , one would te n d  t o  th in k  in  te rm s o f a  " f i r e "  o r  

r e s p i r a to r y  t r a c t  when an in d iv id u a l  has e x te n s iv e  body b u m s . The

term  " trach eo b ro n ch ia l b u m " has been used e x te n s iv e ly  in  th e  l i t e r a t u r e .  

E xperim ental and c l i n i c a l  s tu d ie s ,  however, dem onstrated  t h a t  in  su rv iv o rs  

o f  c o n f la g ra tio n s , damage to  th e  r e s p i r a to r y  t r a c t  was caused m ostly  by 

th e  e f f e c t s  o f smoke o r p ro d u c ts  o f  incom plete  com bustion r a th e r  th a n  th e  

h e a t (6 , 2 2 ). Due to  th e  v e ry  e f f i c i e n t  h e a t exchange in  th e  upper r e s ­

p i r a to r y  t r a c t ,  th e rm a l b u m s a re  u s u a lly  l im ite d  to  th e  a n te r io r  p o r tio n  

o f  th e  nose and mouth (13 , 2 2 ) , Heat s u f f i c i e n t  t o  produce th e rm a l b u m s 

o f  th e  pharynx and la ry n x  has been found to  produce a cu te  o b s tru c tiv e  

la ry n g e a l edema. Except in  a lre a d y  unconscious in d iv id u a ls ,  even th e  

la ry n x  i s  u su a lly  sp ared  from  h e a t s u f f i c i e n t  to  cause la ry n g e a l th e rm a l 

b u m s . As p o in ted  o u t by T ay lo r and Gumbert (1 0 ) , no a l e r t  human being  

w i l l  a llow  flam e to  re a c h  h is  fa c e  i f  he were co n sc io u s . A ccord ingly ,

Reed and Camp (23) ex p ressed  t h e i r  view r e l a t i n g  to  damage o f th e  la r y n -  

g o trach eo b ro n ch ia l system  in  term s o f th e  e f f e c t s  o f chem ical i r r i t a t i o n  

and d e s tru c tio n  o f t i s s u e  by smoke and chem ical p ro d u c ts  o f combustion 

r a th e r  th a n  th e  e f f e c t s  o f  a c tu a l  h e a t.

T his concept has been dem onstrated  on anim als by M oritz e t  a l . 

(13) and Stone e t  a l» (2 2 ) , These in v e s t ig a to r s  conducted experim ents 

w ith  a n e s th e tiz e d  dogs w herein  th e  r e s p i r a to r y  t r a c t  was exposed to
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o verheated  a i r ,  flam e and steam . They found t h a t  i t  was n ecessa ry  to  in ­

tro d u ce  th e  heated  a i r ,  flam e o r steam  d i r e c t l y  to  th e  tra c h e a  by an i n ­

su la te d  t r a n s la ry n g e a l  cannula to  produce any e f f e c t  upon th e  tra c h e o ­

b ro n c h ia l t r e e .  Any o f  th e s e  agen ts  a p p lie d  d i r e c t l y  to  th e  upper r e s p i ­

r a to ry  t r a c t  caused immediate la ry n g e a l and pharyngeal edema and th e  a n i­

mals were k i l l e d  in s ta n ta n e o u s ly , b e fo re  any damage could  be done to  th e  

tra c h e o b ro n c h ia l t r e e .

S tone e t  a l . (22) used r a t s  in  t h e i r  in v e s t ig a t io n s ,  conçparing th e  

v a r ia b le s  o f  h e a t ,  hum id ity  and smoke, and found i t  n ecessa ry  to  use  an 

in s u la te d  tu b e  to  bypass th e  la ry n x  in  o rd e r  to  s tu d y  th e  e f f e c t s  o f  d i ­

r e c t  h e a t on th e  tra c h e o b ro n c h ia l mucosa. The m o r ta l i ty  r a t e  d u rin g  th e  

10 days a f t e r  exposure as th e  c r i t e r i a  o f  s e v e r i ty  o f damage was used and 

i t  was found t h a t  m o r ta l i ty  was d i r e c t l y  p ro p o r t io n a l  to  th e  amount o f  

h e a t  exposure. The m o r ta l i ty  r a t e  was in c re a se d  w ith  in c re a se d  hum id ity , 

b u t more im p o rtan t was th e  in d ic a t io n  t h a t  exposure to  smoke in c re a se d  

th e  m o r ta l i ty  more th a n  hum id ity . A heavy c o n c e n tra tio n  o f smoke in  th e  

in h a le d  a i r  was alm ost as im p o rtan t re g a rd in g  m o r ta l i ty  as was th e  a c tu a l  

tem p e ra tu re  to  which th e  anim al was exposed.

P a th o lo g ic  f in d in g s  by Stone e t  a l . (22) dem onstrated  ex ten s iv e  

d e s tr u c t io n  o f  b ro n c h ia l mucosa, d i l a t i o n  o f  la r g e  and sm all b ro n ch i, 

hem orrhagic edema o f th e  p e r ib ro n c h ia l  co n n ec tiv e  t i s s u e ,  g e n e ra liz e d  

hyperem ia and hém orragie edema o f th e  p e r ip h e ra l  b ro n ch i and a l t e r a t io n s  

in  th e  a lv e o la r  c a p i l la r y  membrane in  ex p erim en ta l an im als. Autopsy 

f in d in g s  in  humans dying  o f pulmonary b u m s confirm ed t h e i r  f in d s  o f  a n i­

m als exposed to  h e a t and smoke in h a la t io n  (7 , 9> 10; 22, 24, 25 ). These 

f in d in g s  were d e sc rib e d  as  in te n s e  t r a c h e i t i s ,  b ro n c h i t i s  and n e c ro s is  o f
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th e  tra c h e o b ro n c h ia l e p ith e liu m  w ith  d if f u s e  hem orrhagic, and fo c a l  mem­

branous re a c t io n  in  th e  tra c h e o b ro n c h ia l mucosa. Pulmonary changes were 

m an ifested  by one o r  more o f th e  fo llo w in g : (a ) pulmonary edema, (b) a te ­

l e c t a s i s ,  (c ) in t r a - a lv e o la r  hem orrhage, and (d) d is ru p tio n  o f  th e  a lv e o la r  

c a p i l la r y  membrane. The amount o f  damage was dependent upon th e  s e v e r i ty  

and le n g th  o f exposure.

U n fo rtu n a te ly , in  th e  au topsy  r e p o r ts  of th e  l i t e r a t u r e ,  v e ry  

l i t t l e  has been re p o r te d  re g a rd in g  th e  h is to p a th o lo g ic  changes in  th e  

la ry n x  o f th e  in d iv id u a ls  succumbing to  b u m s . In  th e  few cases  found, 

th e  la ry n g e a l h is to p a th o lo g ic  changes were d e sc rib e d  as  edema and n e c ro s is  

o f th e  su rfa c e  e p ith e liu m , o v e rly in g  an i n t a c t  basement membrane (4 , 7,

2 4 ).

D ire c t In ju ry

As shown in  F ig u re  1 , many e t io lo g ic  f a c to r s  a re  i n t e r r e l a t e d .  

D ire c t h e a t in ju ry  to  th e  lung  i s  not a m ajor c o n tr ib u tin g  f a c to r .

M oritz e t  a l . ( I 3 ) dem onstrated  t h a t  a d i r e c t  bum  o f th e  r e s p i r a to r y  

t r a c t  below th e  la m y x  was ex trem ely  d i f f i c u l t  to  produce because o f th e  

v ery  e f f e c t iv e  co o lin g  o f a i r  by th e  upper a irw ay. A b la s t  o f  h o t a i r  

caused r e f l e x  c lo su re  o f th e  v o c a l cords red u c in g  even f u r th e r  th e  chance 

o f  d i r e c t  h e a t in ju r y  t o  th e  low er r e s p i r a to r y  t r a c t .  Live steam  w ith  a 

h e a t c a r ry in g  c a p a c ity  o f 4,000 tim es t h a t  o f h o t a i r  can produce d i r e c t  

h e a t in ju r y  o f th e  low er r e s p i r a to r y  t r a c t  which was unusual and d id  no t 

occur in  th e  s tu d ie s  o f Achauer e t  a l . (2 6 ) . Only one p a t ie n t  o f  69?  h u m  

cases a t  Brooke H o sp ita l dem onstrated  ev idence o f d i r e c t  h ea t n e c ro s is  and 

t h i s  extended on ly  a few c en tim e te rs  below th e  g l o t t i s  (2 7 ) . However, t h i s  

was n o t considered  as an in d ic a t io n  t h a t  th e  lungs do n o t s u s ta in  d i r e c t
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in ju r y .  The combustion p roducts  o f v a rio u s  common substances a re  very  

to x ic  to  airw ays and a lv e o l i  (26 ) ,  i n i t i a l l y ,  mucosal c i l i a  a re  p a ra ly zed  

accord ing  to  B eal e t  a l . (28) and cease to  c le a r  th e  airw ay o f d e b r is .

Upper airw ay o b s tru c tio n  secondary to  inflammed mucosa o r  p lugs o f  soo t 

and mucus may occu r. Bronchospasm may be t r ig g e re d  by i r r i t a t i n g  chem icals 

and 1  lo s s  o f  s u r f a c ta n t  has been re p o rte d  as a consequence o f th e rm a l in ­

ju ry  (29 ) .

Pulmonary I n f i l t r a t i o n  w ith  E o s in p h ilia  L off1 e r 's Syndrone

Recent review s (30, 31, 32) emphasized th e  numerous and v a rie d  

agen ts  which may be re sp o n s ib le  f o r  th e  c l i n i c a l  syndrome o f pulmonary in ­

f i l t r a t i o n  w ith  p e r ip h e ra l  blood e o s in o p h ilia . I t  became in c re a s in g ly  

apparen t t h a t ,  in  s p i te  o f  th e  m u ltip le  cau ses, th e  b a s ic  pa thogenesis  

p robab ly  re p re se n te d  a h y p e r s e n s i t iv i ty  r e a c t io n  to  v a rio u s  a n tig e n s  to  

which th e  pulmonary t i s s u e s  may have been exposed.

I t  i s  w e ll  knovm th a t  th e  in h a la t io n  o f noxious fumes may produce 

an immediate pulmonary inflam m atory re a c t io n  by d i r e c t  i r r i t a n t  e f f e c t  o f 

th e  gases , Tschamy (33) re p o r te d  a case o f  t r a n s i to r y  pulmonary i n f l i -  

t r a t i o n  and e o s in o p h il ia  ( L o f f le r 's  syndrome) fo llo w in g  smoke in h a la t io n .  

Among th e  more dangerous prim ary  i r r i t a n t s  p re se n t in  smoke fumes a re  a ld e ­

hydes and ac id  a n h y d rite s  (1 3 ). There a re  two o th e r  noxious g a se s , which 

a re  p a r t ic u la r ly  im p o rtan t s in ce  th e y  b o th  occur under c ircum stances o f 

combustion and may produce a sev e re  and delayed  pulmonary in ju r y .  N itro ­

gen d io x id e  (n i t ro u s  fumes) may r e s u l t  from  com bination o f  many o rgan ic  

substances c o n ta in in g  th e  n i tro u s  r a d ic a l .  Phosgene gas may be formed as 

a  th e rm al decom position p roduct o f  carbon te t r a c h lo r id e  and o th e r  chem icals 

used in  f ig h t in g  f i r e s .  Both o f  th e s e  gases produce an acu te  b u t u s u a lly
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delayed  b ro n c h it is  and b r o n c h io l i t i s .  The p ic tu r e  may p ro g ress  to  b ronch­

i o l i t i s  f ib r o s i s  o lb i te r a n s  (3^# 3 5 ). Exposure to  n itro g e n  d io x id e  fumes 

from  s i la g e  has r e c e n t ly  been re p o r te d  to  produce pulmonary in ju r y  in  th e  

farm  p o p u la tio n  and th e  symptoms a re  re p o r te d  to  be s im ila r  to  t h a t  above. 

These cases which w ere a u to p s ie d , showed f in d in g s  o f  b r o n c h io l i t i s  o b l i ­

t e r a n s .

R esp ira to ry  t r a c t  damage as  a cause o f  d e a th  from  bum s

Since in  many in s ta n c e s ,  more th a n  one cause i s  in v o lv e d , s e l e c t ­

in g  a  s in g le  cause o f d e a th  f o r  each f a t a l l y  burned case has been n e i th e r  

easy  n o r always p o s s ib le .  Pulmonary damage f u r th e r  compromises th e  oxygen 

exchange o f  an in d iv id u a l  succumbing from  shock. Wound s e p s is  adds th e  

f i n a l  i n s u l t  to  a  burned v ic t im  a lre a d y  overbum ed w ith  m yocard ia l in s u f ­

f ic ie n c y ;  n e v e r th e le s s ,  in  th e  m a jo r ity  o f  in s ta n c e s  a p r in c ip a l  cause o f 

d ea th  can be id e n t i f i e d .  The s e le c t io n  i s  g raded  as to  i t s  p ro b ab le  r e ­

l i a b i l i t y .  O ccas io n a lly , r e s p o n s ib i l i ty  must be  d iv id ed  e q u a lly  between 

two o r th re e  causes (5 ) .

Many e x p lan a tio n s  have been o f fe re d , in c lu d in g  e le c t r o ly te  im­

b a lan ce , shock, in f e c t io n ,  and r e n a l ,  h e p a tic  o r  a d re n a l in s u f f ic ie n c y . 

Undoubtedly, th e s e  may p la y  a  d e f in i t e  r o le  in  th e  d ea th  o f  some in d iv i ­

d u a ls , The query p r in c ip a l ly  concerns th e  in d iv id u a l  who has su rv iv ed  in  

th e  h o s p i ta l  lo n g  enough f o r  c o r re c t io n  o r  e v a lu a tio n  o f  th e s e  f a c to r s  

(10).

R ecen tly , (5 , 9 , l 6 ,  24, 36, 37, 38, 3 9 ), th e  r e s p i r a to r y  system  

has been c i te d  as th e  c h ie f  cause o f  d e a th . As many as 45 p e r cen t o f  a l l  

th o se  f a t a l l y  burned , a re  s a id  to  have d ied  as th e  r e s u l t  o f r e s p i r a to r y  

t r a c t  in ju r y .  Undoubtedly, th e rm a l in ju r y  to  th e  lu n g  has been a  d e c id in g
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f a c to r  in  some in s ta n c e s  b u t i t  has been q.uestioned w hether t h i s  was a  

p r in c ip a l  cause o f d e a th  in  m ost burned in d iv id u a ls .

A ccording to  P h i l l ip s  e t  a l »( 7 ) .  d i f f i c u l t i e s  r e s u l t in g  from  th e  

in h a la t io n  o f noxious p ro d u c ts  o f  incom plete  com bustion were a t t r ib u te d  

to  th e  r e s p i r a to r y  t r a c t  damage. The o u ts ta n d in g  autopsy  f in d in g s  were 

denuding o f th e  r e s p i r a to r y  mucosa, pulmonary c o n g es tio n , edema o f th e  

tra c h e o b ro n c h ia l t r e e ,  p lu g g in g  o f  th e  sm a lle r  b ro n ch i w ith  e p i t h e l i a l  de­

b r i s  and edema f l u i d ,  and a t e l e c t a s i s  d i s t a l  to  th e  lu n g s . B a c te r ia l  i n ­

v a s io n  o f  th e  damaged t i s s u e s  began a t  once.

The v ic tim  o f  r e s p i r a to r y  t r a c t  damage o f te n  has had a d ecep tiv e  

i n te r v a l  o f e a s ie r  b re a th in g  betw een h is  i n i t i a l  d i f f i c u l t i e s  and subse­

quen t r e s p i r a to r y  d i s t r e s s .  O b stru c tio n  o f th e  la ry n x  has occu rred  in  

burned in d iv id u a ls ,  b u t in  th e  m a jo r ity  o f  cases o b s tru c tio n  to o k  p lace  

o n ly  in  th e  sm a lle r  b ro n c h i. In  some in s ta n c e s ,  b ro n ch i and a lv e o l i  have 

been f i l l e d  w ith  d e b r is  and edema f lu i d  and th e  v i t a l  c a p a c ity  and o th e r  

v e n t i l a to r y  c a p a c i t ie s  a re  s e r io u s ly  reduced  by r e s p i r a to r y  t r a c t  damage 

( T ) .

Recent r e p o r ts  i d e n t i f i e d  r e s p i r a to r y  damage as th e  p rim ary  cause 

o f  d ea th  in  f a t a l  bum s and in d ic a te d  t h a t  p a th o lo g ic  changes found in  

such lungs were c h a r a c t e r i s t i c s .  Some have a ttem p ted  to  show th a t  th e se  

changes were by no means s p e c i f ic  and w ere found to  a  s im ila r  degree in  

many o th e r  d is e a se s  v h ic h  were te rm in a l .  I t  seems p robab ly  t h a t  f i r e  p e r 

s e  cannot account f o r  many o f th e  ab n o rm a litie s  found in  th e  lung  and 

t h a t  d ea th  was th e  r e s u l t  o f v a r io u s  unknown m etab o lic  d is tu rb a n c e s ; 

th e r e f o r e ,  th e s e  d is e a s e s  should  a lso  be in c lu d ed  i n  any a n a ly s is  o f t e r ­

m ina l pulmonary le s io n s .  Except f o r  s u f fo c a t io n , e a r ly  shock and e le c t r o -  

iTf'te im balance, th e  ex ac t cause o f  d e a th  from  th e rm a l bum s rem ains a 

m ystery  (lO ).
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Pulmonary com plications o f  bum s

The a s s o c ia t io n  between th e rm a l burns and r e s p i r a to r y  i n s u f f i ­

c iency  has long  been r e a l i s e d .  Long (40) in  l8 4 0 , d e sc rib e d  h e p a tiz a t io n  

and engorgement o f  th e  lu n g  w ith  p le u r a l  e f fu s io n  in  a  number o f  f a t a l  

bum  i n j u r i e s .  In  more re c e n t tim es v a rio u s  a u th o rs  have d e sc rib e d  th e  

in c re a s in g  danger o f pulmonary co m plica tions in  th e  m o r ta l i ty  s t a t i s t i c s  

o f  burned, in d iv id u a ls .  P h i l l ip s  and Cope ( 5 ) s ta te d  t h a t  s in c e  1939/ pi-il- 

monary com plica tions accounted f o r  42 p e r  c en t o f  a l l  b u m  f a t a l i t i e s .

Socher and M allory  ( 9 ) re p o r te d  4 l  au topsy  cases in  w hich 28 persons d ied  

from  pulmonary le s io n s .  H arriso n  (4 l)  re p o r te d  th e  bronchopneumonia was 

th e  le a d in g  cause o f d e a th  in  t h e i r  u n i t .  S i l v e r s t e in  and D re ss ie r  (42) 

re p o r te d  t h a t  between 195^ and 1964, s ix  p a t ie n t s  d ied  o f  pulmonary com­

p l ic a t io n s  and tw elve from  b u m  would s e p s is  a t  Boston C ity  H o sp ita l .

From 1965 to  I 968,  th e re  w ere 20 d ea th s  from  pulmonary com plica tions and 

on ly  4 d ea th s  from  wound s e p s is .  F o ley  e t  a l » (43) re p o r te d  t h a t  th e  

m ajor cause o f d e a th  a t  Brooke Amy H o sp ita l from I 960 t o  1963 was bum  

wound s e p s is  and a f t e r  th e  use o f  M afenide A ce ta te  in  1964, th e  m ajor 

f a t a l  com plications shi.ffced to  th e  r e s p i r a to r y  system . In  l a t e r  a r t i c l e s  

from  th e  same i n s t i t u t i o n  however, P r u i t t  e t  a l . (27) s ta te d  t h a t  no a c tu a l  

in c re a s e  in  pulmonary co m p lica tio n s  in  th e  e n t i r e  p o p u la tio n  a t  r i s k  had 

o ccu rred .

There were s e v e ra l  d i f f e r e n t  mechanisms in v o lv ed  in  th e  problem  

o f pulmonary b u m  co m p lica tio n s . These c o n s id e ra tio n s  were b e s t  exp la in ed  

in  re g a rd  to  tim e o f o n se t o f  pulmonary f in d in g s  from  th e  tim e o f  b u m  

in ju r y .  The acu te  r e s p i r a to r y  d i s t r e s s  seen  w ith in  m inutes t o  hours from  

th e  tim e  o f th e rm a l in ju r y  were due to  smoke in h a la t io n ,  carbon monoxide 

p o is o n in g  o r problem s secondary  to  airw ay o b s tru c t io n  ( 2 6 ) .  Follow ing th e
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Cocoanut Grove N i ^ t  Club f i r e  in  B oston, 19^2, th e re  w ere l l 4  c a s u a l t ie s  

tak en  to  M assachusetts G eneral and 75 were e i th e r  dead on a r r iv a l  o r  dead 

w ith in  m inutes (3 7 ). T his group o f p a t ie n ts  w ith  acu te  o n se t o f symptom, 

re p re se n te d  an im portan t p e rcen tag e  o f people  who d ied  a f t e r  therm al in ­

ju ry  and were considered  a sm all number t r e a te d  in  th e  b um  c e n te rs . A ir­

way o b s tru c tio n  from  o r a l ,  f a c i a l  edema o r  bronchospasm and a lv e o la r  dam­

age from  in h a la t io n  o f  to x ic  vapors o r  p a r t i c l e s  com prised most o f th e  

symptoms found in  t h a t  group o f p a t ie n t s .

A nother group o f p a t ie n t s  were asymptomatic f o r  2k to  48 h ou rs. 

They developed tachypnea , cy an o sis , and hypoxemia 1 to  5 days a f t e r  be ing  

burned, Ifypocarbia and r e s p i r a to r y  a lk a lo s is  w ith  d ecreased  compliance 

and in c re a se d  airw ay r e s is ta n c e  fo llow ed . Patchy b i l a t e r a l  f l u f f y  i n f i l ­

t r a t e s  were seen on x - r a y , a ls o .  The course was u su a lly  p ro g re s s iv e  and 

re q u ire d  m echanical v e n t i l a t io n  and supplem ental oxygen. E v en tu a lly , 

r e s p i r a to r y  a c id o s is ,  h ig h  pulmonary v a sc u la r  r e s i s ta n c e ,  m yocard ial de­

p re s s io n  and bronchopneumonia, u s u a lly , proved f a t a l .  A d i f f e r e n t  group 

o f p a t ie n ts  were th o se  t h a t  developed l a t e  com plications such as pneu­

monia and pulmonary emboli (26 ) .

Chemical pulmonary edema

Chemical pulmonary edema has been one o f th e  m ajor problems in  

d e a lin g  w ith  burned in d iv id u a ls .  There i s  evidence of in c re a se d  pulmonary 

c a p i l la r y  p e rm e a b ility  from  d i r e c t  chem ical in ju r y  and pulmonary endothe­

lium  from  a v a r ie ty  o f  so u rc e s . I n i t i a l l y ,  i r r i t a t i n g  chem ical p roducts 

o f  combustion was th o u g h t to  be th e  m ajor i n s u l t  (4 4 ); however, convincing  

B iochem ical evidence has r e c e n t ly  been p re sen te d  f o r  th e  o f te n  p o s tu la te d  

b um  to x in .  P ep tide  has been suggested  as  p lay in g  an im portan t p a r t  in  

lung  and c a rd iac  damage (4 5 , 4 6 ) , A nother f a c to r  i s  th e  low flow  s ta t e
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t h a t  has occu rred  r e s u l t in g  in  inadequate  p e rfu s io n  o f  p e r ip h e ra l  t i s s u e  

and l a c t i c  a c id o s is .  Prolonged poor p e rfu s io n  r e s u l t  in  c e l l  damage and 

c lo t t in g  in  c a p i l l a r i e s .  When adequate flow  i s  r e e s ta b l is h e d , th o se  p ro ­

d u c ts  a re  f lu sh e d  back in to  th e  venous c i r c u la t io n .  The lung  a c ts  as a  

s iev e  f o r  t h i s  m a te r ia l  and may s u s ta in  damage from  d i r e c t  e f f e c t s  on th e  

pulmonary c a p i l l a r y  endothelium  from a c t iv a t io n  o f v a so ac tio n  (4 7 ) . P ro­

longed exposure to  h i ^  oxygen c o n c e n tra tio n  (48) and th e  microemboloc 

e f f e c t s  o f blood t r a n s fu s io n  has been suggested  as c o n tr ib u tin g  f a c to r s  

(4 9 ) .

Lung le s io n s

D esp ite  a la rg e  volume o f l i t e r a t u r e  on b u m  patho logy , th e re  has 

been l i t t l e  docum entation o f pulmonary le s io n s  in  f a t a l l y  burned perso n s. 

I t  was emphasized by Socher and M allory (9 ) t h a t  p a t ie n ts  w ith  m orta l sk in  

b u m , developed c h a r a c te r i s t i c  upper and low er r e s p i r a to r y  t r a c t  le s io n s .  

Each ty p e  o f lung  le s io n  occu rred  most f r e q u e n tly  w ith in  a g iven  p e rio d  o f  

tim e  a f t e r  in ju r y .  They a lso  a ss o c ia te d  th e s e  le s io n s  as be ing  th e  m ajor 

c o n tr ib u to ry  cause o f d e a th  in  a  la rg e  pe rcen tag e  o f burned in d iv id u a ls .  

The m o r ta l i ty  o f burned p a t ie n ts  w ith  th e  c h a r a c te r i s t i c  lung  le s io n s  and 

re n a l  tu b u la r  n e c ro s is  was found h ig h e s t  d u rin g  th e  f i r s t  week o f s u r ­

v iv a l .

The p rim ary  le s io n s  in  th e s e  burned p a t ie n ts  were pseudomem­

branous tra c h e o b ro n c h it i s ,  n e c ro tiz in g  b r o n c h io l i t i s ,  in t r a - a lv e o la r  

hem orrhage, and f i b r i n  thrombus in fo rm atio n . Of th e s e  upper and low er 

t r a c t  le s io n s ,  b r o n c h io l i t i s  assumed a r o le  o f  r e l a t i v e l y  g r e a te s t  im­

po rtan ce  due to  i t s  f re q u e n t o ccu rren ce , a lso  th e re  was p o ss ib ly  casu a l 

r e la t io n s h ip  to  bronchopenumonia. The most c o n sta n t a s s o c ia tio n  of
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b r o n c h io l i t i s  in  p a t ie n ts  v i t h  bronchopneumonia, suggests  an in c re ase d  

s u s c e p t ib i l i ty  to  th e  damaged o r occluded b ro n ch io le s  to  superim posed bac­

t e r i a l  in f e c t io n .  Lending su p p o rt to  t h i s  p o s s ib i l i t y  was th e  frequency  

o f bronchopneumonia. T his reached  a maximum subsequent to  th e  ma-x-imnm 

frequency  o f b r o n c h io l i t i s  (9 ) .

The p a th o g en esis  o f  th e  p rim ary  pulmonary le s io n s  rev o lv e  around 

th e  e f f e c ts  o f fum es, flam e, p a r t i c u l a t e  m a tte r , and h o t a i r  w hich a re  

in h a le d  a t  th e  s i t e  o f  c o n f la g ra t io n . Socher and M allory (9 ) en^hasized  

t h a t  no s in g le  to x ic  fume was re s p o n s ib le  f o r  th e  lung  damage. Each i n ­

d iv id u a l was burned in  a  s e p a ra te  f i r e  and each f i r e  v a r ie d  in  chem ical 

and p h y s ic a l co n ten t o f  smoke, depending on th e  n a tu re  o f  th e  m a tte r  be ing  

o x id ized . M oritz e t  al» (1 3 ) and M allory and B rick ley  (24) found t h a t  

flam es caused sev e re  le s io n s  in  th e  r e s p i r a to r y  t r a c t ,  b u t none in  th e  

low er t r a c t .  Steam caused le s io n s  in  b o th  l o c i .  M oritz e t  a l . (13) 

reasoned  t h i s  to  be due t o  h ig h e r  l a t e n t  h e a t  o f steam  compared w ith  th a t  

o f d ry  a i r .  In  th e  p a t ie n ts  s tu d ie d  by Socher and M allory ( 9 ) tw ice  th e  

frequency  o f low er lung  le s io n s  o ccu rred  in  th o se  having evidence o f flam e 

in h a la t io n .

E f fe c ts  o f  In h a led  Heat on A ir  Passages and Lungs

V ictim s o f  c o n f la g ra tio n s  f r e q u e n tly  s u s ta in  pulmonary in ju r i e s  

th a t  a re  o f  eq u al o r  g r e a te r  im portance to  s u rv iv a l  th a n  a re  th e  b u m s r e ­

ceived  on th e  su rfa c e  o f  th e  body. In  some in s ta n c e s , th e  changes a re  con­

f in e d  to  th e  upper a i r  p assages w ith  l i t t l e  o r  no damage to  th e  lu n g s .

The la ry n x  and tra c h e a  have shown l i t t l e  o r  no evidence o f in ju r y  and p ro ­

found pulmonary damage s u s ta in e d . In  s t i l l  o th e r  c ase s , th e  e n t i r e  t r a c t  

may be a f fe c te d  (13)« In  some c o n f la g ra t io n s , as f o r  example th e  C leveland
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C lin ic  d i s a s t e r  in  192^, none o f th e  v ic tim s  "were exposed to  ex cessiv e  

h e a t;  however, most o f th e  d ea th s  were b e lie v e d  due to  th e  b re a th in g  o f 

chem ical i r r i t a n t s  co n ta in ed  in  th e  smoke t h a t  was g iv en  o f f  by th e  b u rn ­

in g  o f  N itro c e llu lo s e  x - ra y  f i lm s . In  many c o n f la g ra t io n s , th e  v ic tim s  

have been exposed to  h e a t as w e ll  as to  th e  smoke. I f  r e s p i r a to r y  in ju r i e s  

a re  s u s ta in e d , th e  q u e s tio n  o f w hether th e y  were due to  th e rm al o r chem ical 

traum a i s  r a i s e d  ( 2h) ,

I t  was emphasized th a t  no two nonexperim en tal f i r e s  a re  e x a c tly  

a l ik e ,  so f a r  as  t h e i r  p ro p e n s ity  f o r  th e  e la b o ra t io n  o f chem ically  i r r i ­

t a t i n g  com bustion p ro d u c ts  a re  concerned. F i r e s  re p re s e n t  a  s e r ie s  o f  

chem ical re a c t io n s  each o f  which may c o n tr ib u te  a  d i f f e r e n t  group o f po­

t e n t i a l l y  in ju r io u s  gaseous, l iq u id s  o r s o l id  i r r i t a n t s  t o  th e  atm osphere. 

The n a tu re  and amount o f th e se  p o te n t ia l ly  in ju r io u s  su b stan ces  in  smoke 

a re  determ ined  in  p a r t  by th e  com position o f  th e  m a te r ia l  be ing  burned , 

amount o f oxygen a v a i la b le  a t  d i f f e r e n t  tim es  d u rin g  th e  c o n f la g ra t io n , 

th e  tem p era tu res  t h a t  a re  a t ta in e d  (13 ) .

Thermal in ju r y  o f  th e  r e s p i r a to r y  t r a c t  has n o t re c e iv e d  e x ten s iv e  

re c o g n itio n . I t  i s  uncommonly a s s o c ia te d  c l i n i c a l l y  w ith  even e x ten s iv e  

cutaneous bvirns w hich i s  r a th e r  s u rp r is in g  co n sid e rin g  th e  exposure o f  th e  

r e s p i r a to r y  passageways to  th e  in te n s e  h e a t  o f th e  a tm ospheric  gases a sso ­

c ia te d  w ith  flam e o r  ex p lo sio n  b u m s . The c l i n i c a l  m a n ife s ta tio n  o f r e s ­

p i r a to r y  t r a c t  in ju r y  has been found to  fo llo w  noxious gas o r smoke in h a ­

l a t i o n .  A lthough i t  i s  unusual f o r  burned in d iv id u a ls  to  be exposed to  

h e a t a lo n e , th e rm a l in ju r y  to  th e  r e s p i r a to r y  t r a c t  cou ld  occur and be 

a s s o c ia te d  w ith  a  h ig h  m o r ta l i ty ,  F in eb erg  e t  a l .  ( 50) were ab le  to  p ro ­

duce r e s p i r a to r y  passageway and parenchym al pulmonary bum s in  dogs to  

determ ine  th e  resp o n se  o f  in ju r y  t i s s u e .  The cause o f d ea th  in  a l l  anim als
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re c e iv in g  r e s p i r a to r y  t r a c t  bum s was a p ro g re ss iv e  o b s tru c tio n  o f th e  a i r  

passages w ith  edema f l u i d .

Garzon e t  a l .($ 1 ) showed t h a t  pulmonary r e s is ta n c e  was in c re a se d , 

in d ic a t in g  severe  narrow ing and o b s tru c tio n  o f th e  tra c h e o b ro n c h ia l t r e e  

from spasm o f sm a lle r b ro n c h i, edema o f w a l ls ,  b lock ing  w ith  carbon p a r t i ­

c le s ,  ep ith e liu m , f i b r i n ,  leu co c y te s  and mucus.

Combustion Products o f  Common Substances

I t  has long  been recogn ized  th a t  when f i r e  v ic tim s  p e r is h ,  th e  

e x te rn a l in ju r ie s  a re  o f te n  in s u f f i c i e n t  to  e x p la in  th e  cause o f d ea th . 

They a re  d e sc rib ed  as v ic tim s  o f  s u f fo c a t io n  o r  a sp h y x ia tio n  o r  sim ply 

as smoke in h a la t io n  o r  overcome by fumes ( l ) .  A ll  in d iv id u a ls  overcome 

by smoke may no t have been v ic tim s  o f  asphyx ia , b u t may have been s u f f e r ­

in g  from  th e  e f f e c t  o f to x ic  g a se s , th e  in g e s t io n  o f p a r t i c u la te  smoke, 

and th e  e f f e c t s  o f  h e a t and h y p e rv e n ti la t io n  (3 ) .

N ature o f smoke

Knowledge o f th e  com bustion p ro d u c ts  from common su b stan ces  under 

d i f f e r e n t  burn ing  c o n d itio n s  i s  e s s e n t ia l  in  u n d erstand ing  th e  h e a l th  

e f f e c t s  produced. In  a l 1 f i r e s ,  smoke, which i s  composed o f th e  v o l i t i -  

l i z e d  p ro ducts  o f com bustion of o rg an ic  compounds (such  as c o a l, wool o r  

petro leum ) and f in e  p a r t i c l e s  o f  carbon, i s  produced along  w ith  v a ry in g  

amounts o f d u s ts ,  f i b e r s ,  m is ts ,  vapors and g a se s . The amount o f smoke 

can v a ry  g re a t ly  from  f i r e  to  f i r e  and th e  amount v i s ib le  re p re s e n ts  no 

index  o f i t s  h e a l th  h aza rd . Smoke p a r t i c l e s  in  th e  a i r  s tream  may coo l 

to  th e  e x te n t t h a t  w a te r v a p o rs , o rgan ic  a c id s  and aldehydes produced by 

f i r e  w i l l  condense on them. Such p a r t i c l e s ,  i f  in h a le d , c a r ry  th e  i r r i ­

t a n t s  deep in to  th e  r e s p i r a to r y  t r a c t  ( l ) .  In  a d d itio n  to  th e  v i s ib l e
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smoke, a  number o f f i r e  gases a re  produced by th e  combustion p ro c e ss . The 

com position o f th e s e  gases depends on th e  n a tu re  o f  th e  com bustion, r a t e  

o f  h e a t ,  oxygen c o n ten t a t  o r  n ear th e  burn ing  su r fa c e , tem pera tu re  of 

th e  evolved g a se s , and th e  com position o f  th e  m a te r ia l  be ing  burned. Car­

bon d io x id e  and carbon monoxide a re  always p re se n t in  v a ry in g  p ro p o rtio n s  

and account f o r  th e  b u lk  o f gases produced (5 2 ) . A summary o f th e  o th e r  

p r in c ip le  to x ic  combustion p ro d u c ts  o f  common su b stan ces  i s  p re sen ted  in  

Table 1.

In  a d d itio n  to  th e  gases produced by com bustion, th e  smoke may 

co n ta in  o th e r  to x ic  chem icals l ib e r a te d  as a  r e s u l t  o f i n d u s t r i a l  f i r e s  

o r  exp losions and v o la t i l i z e d  by th e  h e a t o f th e  f i r e .  In  some c a se s , 

to x ic  chem icals may have been employed as e x tin g u ish in g  ag en ts , f u r th e r  

adding to  th e  r i s k s  (3 ) .

E f fe c ts  o f smoke exposure

In d iv id u a ls  exposed to  th e  complex m ix tu re  o f smoke may produce 

a  v a r ie ty  o f p h y s io lo g ic a l d is tu rb a n c e s  which may cause them to  be o ver­

come by smoke. Hypoxia i s  on ly  one o f  th e s e  d is tu rb a n c e s ; o th e rs  may r e ­

s u l t  from th e  in g e s t io n  and in h a la t io n  o f  p a r t i c u la te  smoke and exposure 

to  to x ic ,  b u t no t a sp h y x ia tin g , gases and chem icals . Levin (53) suggested  

t h a t  t h i s  c o n d itio n  be c a l le d  "smoke p o ison ing" to  c le a r ly  d is t in g u is h  i t  

from  "smoke in h a la t io n " .  In  a d d itio n  to  th e se  d i r e c t  e f f e c t s  o f smoke 

exposure, in d iv id u a ls  may be in  d i f f i c u l t y  due to  th e  h y p e rv e n tila tio n  

syndrome o r th e  e f f e c t s  o f  h e a t ( l ) .

Pulmonary i r r i t a n t s

In d iv id u a ls  overcome by smoke may have been exposed to  two ty p es  

o f pulmonary i r r i t a n t s :  th e  o rgan ic  a ldehydes, i . e . ,  a c r y l ic  aldehyde
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TABLE I

PRINCIPAL TOXIC COMBUSTION PRODUCTS OF COMMON SUBSTANCES

Substances Pulmonary I r r i t a n t s O ther Gas and Vapors

Wood, co tto n  
Newspaper

Ac e t  alydehyde, 
form aldehyde

A cetic  & methane 
ac id s  

Formic a c id

Petroleum  products A cro le in S im ila r to  wood

Wool, s i l k Ammonia hydrogen su lp h id e  
% drogen cyanide

N itro c e llu lo s e  f i lm  
C e llu lo se  a c e ta te  

f i lm

Oxides o f n itro g e n  

None

S im ila r  to  wood 

S im ila r  to  wood

P o ly e s te r  r e s in s % drogen c h lo rid e

P o lyurethane  foam Iso cy an a tes hydrogen cyanide

P o ly v ln y lch lo rid e hydrogen c h lo r id e
Phosgene
C hloride

P o ly flu ro carb o n s 
( e .g .  T eflon )

O c ta f lu r0 iso b u ty le n e

P heno lic  r e s in s Ammonia, form aldehyde Hydrogen cyanide

Melamine r e s in s Ammonia Hydrogen cyanide

Rubber l a t e x  foam 
Neoprene foam

Unknown, b u t exposed 
r a t s  form  pulmonary 
edema

Carbon monoxide and carbon d io x id e  a re  produced in  a l l  cases
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(a c ro le in )  and aceta ldehyde (T able 1) and th e  a c id  anhydrides. W hile th e  

form er have been found capable  o f producing  sev e re  pulmonary le s io n s  in  

th e  la b o ra to ry  ( 5^)^ t h e i r  t o x i c i t y  under c l i n i c a l  co n d itio n s  appeared to  

have been much l e s s  th a n  th a t  o f  th e  l a t t e r  group. Aldehydes ten d  to  con­

dense ou t o f th e  smoke b e fo re  th ey  a re  in h a le d . The a c id  anhydrides n o r­

m ally  e x is t  in  th e  gaseous s t a t e  which a llow s them to  e n te r  th e  lu ngs more 

r e a d i ly .

The pulmonary le s io n s  due to  chem ical i r r i t a n t  seem most l i k e l y  

produced by ch lo ride ,phosgene  and o th e r  s im ila r  congxDunds, These com­

pounds may be produced from  com bustion, re le a s e d  from  s to ra g e  ta n k s , e . g . ,  

c h lo r id e , o r  r e f r i g e r a t in g  u n i t s ,  e . g . ,  su lp h u r d io x id e  o r  ammonia ( l ) .  

Exposure to  pulmonary i r r i t a n t s  has become more common due to  th e  in c r e a s ­

in g  use o f p la s t i c s  which produced th e se  to x ic  gases when burned .

Phosgene i s  an example o f a pulmonary i r r i t a n t s  which g iv e s  r i s e  

to  h y d ro ch lo ric  a c id  on c o n tac t w ith  m o is tu re ; b u t ,  th e  h y d ro ly s is  r a t e  

i s  slow . The gas has a  s l i g h t  e f f e c t  on th e  upper r e s p i r a to r y  t r a c t ,  bu t 

in  th e  lung  a lv e o l i ,  i t  produces co n cen tra ted  h y d ro c h lo ric  a c id  causing  

pneum onitis and pulmonary edema. T his r e a c t io n  may develop  hours a f t e r  

th e  i n i t i a l  exposure. The in s id io u s  n a tu re  o f phosgene re n d e rs  i t  f a r  

more dangerous th a n  an e q u iv a le n t amount o f  c h lo r in e  o r ammonia.

O ther gases and vapors

Exposure to  a  number o f  chem icals which have n o t been considered  

pulmonary i r r i t a n t s ,  may occur as a consequence o f f i r e s .  The exposure 

may r e s u l t  in  th e  in d iv id u a l  b e ing  overcome by smoke an d /o r p o ison ing  by 

hydrogen cyan ide, hydrogen su lp h id e , o r hydrogen c h lo r id e . These gases 

may be formed as p ro d u c ts  o f  combustion (T able l )  from in d u s t r i a l  f i r e s
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o r may be p re s e n t because o f le a k s  in  s to ra g e  o r p ro cess in g  equipment and 

re le a s e d  in  la rg e  q u a n t i t i e s .  Heat can in c re a s e  th e  v a p o r iz a tio n  o f th e se  

su b stan ces  and very  h ig h  c o n c e n tra tio n s  may be in h a le d  by u n p ro tec ted  o r  

unwary in d iv id u a ls .  Most o f th e  common in d u s t r i a l  s o lv e n ts ,  such as ben­

zene, to lu e n e , carbon te t r a c h lo r id e ,  have a n a rc o tic  a c t io n  when in h a led  

in  h ig h  c o n c e n tra tio n s  (55)* V arying deg rees o f c e n t r a l  nervous system  

d e p re ss io n , in c lu d in g  unconsc iousness, may be produced. I f  f i r e s  in ­

volved  a  p la n t  m anufacturing  known to x ic  su b stan ces  such  as in s e c t ic id e s ,  

th e n  in d iv id u a ls  overcome by smoke may be poisoned by th e se  a g e n ts .

Chemical po iso n in g  may r e s u l t  from  n o n - in d u s tr ia l  f i r e s  i f  chem­

i c a l  e x tin g u ish in g  a g e n ts , such as carbon te t r a c h lo r id e  o r m ethyl brom ide, 

have been employed. F o r tu n a te ly , th e se  ag en ts  have been re p la c e d  by le s s  

hazardous a g e n ts , such as carbon d io x id e , foam and d ry  powder ( 3 ) .

Hydrogen su lp h id e . T h is gas may form  from  incom plete  combustion 

o f some su b stan ces  such as wool p ro d u c ts , sewer gas and mine g a se s . At 

c o n c e n tra tio n s  above 0 .0 2  p e r cen t (200 ppm), th e  o l f a c to r y  p e rc e p tio n  

in  man i s  p a ra ly zed  and in c re a s in g ly  h ig h e r  c o n c e n tra tio n s  a re  n o t d i s ­

t in g u is h a b le  by sm ell. C o n cen tra tio n s  o f 0 .1  p e r c e n t (1 ,000 ppm) a re  

r a p id ly  f a t a l  and p a ra ly z e s  th e  r e s p i r a to r y  c e n te r  in  th e  b ra in  (1 ) .

Hydrogen cyan ide . T his i s  a  v e ry  to x ic  gas w hich i s  g iven  o f f  

in  sm all amounts by burn ing  s i l k  and some p l a s t i c s .  I t  may be evolved in  

f ig h t in g  f i r e s  in  in d u s t r ie s  where cyan ides a re  used and s to re d . Concen­

t r a t i o n s  approxim ating 0 .1  p e r  c en t (1,000  ppm) a re  q u ic k ly  f a t a l  ( l ) .

Hydrogen c h lo r id e . T his gas i s  ex trem ely  hygroscop ic  and com­

b in e s  w ith  a tm ospheric  w a te r vapor to  form  h y d ro c h lo ric  a c id . The e n t i r e  

r e s p i r a to r y  t r a c t  may become i r r i t a t e d ,  th e re fo re  provoking r e f l e x  spasm 

to  p r o te c t  th e  lung  a lv e o l i  ( l ) .
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M a te ria l Ifea lth  Hazards

The common i r r i t a n t s  found in  f i r e  gases in c lu d e : a c e t ic  a c id ,

a c r o le in ,  ace ta ld eh y d e , fo rm ic a c id , form aldehyde, ammonia, f u r f u r a l ,  t a r  

and su lp h u r d io x id e . These a r i s e  in  v a rio u s  com binations in  f i r e s  in v o lv ­

in g  vood, p ap er, c o a l, pe tro leum  p ro d u c ts , t e x t i l e s ,  anim al f a t s  and o i l s .  

Wood, s i l k ,  ru b b e r, pho tograph ic  f i lm , c e l lu lo id  and p l a s t i c s ,  a ls o ,  p ro ­

duce la rg e  q u a n t i t ie s  o f smoke and i r r i t a n t  g a se s . M a te r ia ls  which bum  

in  an excess o f a i r ,  may produce f i r e  gases d i f f e r e n t  from  th e  same ma­

t e r i a l s  burned in  a  la c k  o f oxygen. G en era lly  speak ing , gases and smoke 

produced e a r ly  i n  a  f i r e  a re  r e l a t i v e l y  co o l, c o n ta in in g  la rg e  amounts o f  

to x ic  and i r r i t a n t  m a te r ia ls  ( l ) .

T idey ( l )  and O lsen e t  a l . (52) s tu d ie d  gases  produced from  

th erm al decom position o f common com bustib le  m a te r ia ls  and found t h a t  

gases from  a l l  ty p e s  o f f i r e s  in v e s t ig a te d  co n ta in ed  to x ic  c o n s ti tu e n ts  

in  s u f f i c i e n t  amounts to  make b re a th in g  th e  g ases  dangerous o r even f a t a l  

in  a r e l a t i v e ly  s h o r t  p e rio d  o f tim e . Gases from  d i f f e r e n t  m a te r ia ls  

d i f f e r e d  g r e a t ly  in  t o x i c i t y  w ith  sub stan ces  c o n ta in in g  n itro g e n  o r s u l ­

f u r ,  o r b o th , producing  th e  most to x ic  g a se s . These in v e s t ig a to r s  s tu d ie d  

th e  gases produced from  combustion o f m a te r ia ls  and d e sc rib e d  them as 

fo llow s :

a ) Of th e  t e x t i l e s  used f o r  c lo th in g , d ra p e r ie s ,  e t c . ,  co tto n  

and rayon produced th e  l e a s t  to x ic  g a se s . S i lk  and e s p e c ia l ly  woolen 

m a te r ia ls  gave o f f  d ead ly  g a se s , such as hydrogen s u l f id e ,  hydrocyanic 

a c id , s u l f u r  d io x id e , ammonia, and carbon monoxide.

b ) High to x ic  c o n c e n tra tio n s  o f carbon d io x id e  and carbon mono­

x id e  were produced when c e l lu lo s e  was decomposed by h e a tin g  in  th e  ab­

sence o f a i r .  The h ig h  p e rcen tag e  o f a c e t ic  a c id  accounted  f o r  th e  h ig h ly
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i r r i t a t i n g  and a c r id  e f f e c t ,  when persons b re a th e  th e  gases from  burn ing  

c e l lu lo s e  m a te r ia ls ,

c) Both carbon d io x id e  and carbon monoxide c o n ce n tra tio n s  were 

v e ry  much low er in  g a so lin e  f i r e s  th an  when wood was th e  bu rn in g  m a te r ia l .  

The oxygen c o n c e n tra tio n  was a ls o  much h i ^ e r ,  because g a so lin e  burned 

only  as a gas and i t  produced a  flam e which l o s t  h e a t r a p id ly .

d) When ru b b e r in s u la t io n  was decomposed, co n sid e rab le  amounts 

o f s a tu ra te d  and u n sa tu ra te d  hydrocarbon g a se s , as w e ll as f r e e  hydrogen, 

were produced. I^jrdrogen s u l f id e ,  s u l fu r  d io x id e , carbon monoxide were 

a lso  found in  c e r ta in  amounts.

e ) The decom position o f  woolen and s i l k  m a te r ia ls  gave a much 

g r e a te r  number and v a r ie ty  o f g a se s . Wot on ly  was carbon monoxide p ro ­

duced, carbon d io x id e , hydrogen s u l f id e ,  hydrocyanic a c id , ammonia, n i ­

tro g e n , and hydrogen were evolved in  la rg e  q u a n t i t i e s .  F ree  oxygen was 

evolved when th e  m a te r ia l  was decomposed by h e a t in  th e  absence o f a i r .  

W ater and o rg an ic  a c id s  in  co n sid e rab le  amounts were produced and c a r ­

bonaceous re s id u e  rem ained a f t e r  th e  gas has been e x p e lled .

f )  B u tte r  and anim al f a t s  y ie ld  s ig n i f ic a n t  amounts o f carbon 

monoxide, carbon d io x id e  and a c ro le in r

The most s u rp r is in g  r e s u l t  o f th e se  experim ents was th e  p resence  

o f  such h ig h ly  to x ic  gases as hydrogen s u l f id e  and hydrocyanic a c id  in  

h ig h  c o n c e n tra tio n s . S ince ammonia i s  to x ic ,  even in  low c o n c e n tra tio n s , 

th e  la r g e  p e rcen tag e  o f ammonia made th e se  gases dangerous to  b re a th e .

The com bination o f th e s e  gases and th e  la rg e  co n ten t o f carbon d io x id e  and 

monoxide made th e  atm osphere dangerous to  b re a th e  f o r  even a v ery  sh o r t  

tim e ( 52) .
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Photographie f i lm

When n i t r o c e l lu lo s e  i s  burned in  a d e f ic ie n c y  o f oxygen, copious 

amounts o f n itro g e n  ox ides a re  produced. However, n i t r o c e l lu lo s e  f i lm  

i s  no lo n g e r used because o f i t s  f lam raab ility . C e llu lo se  a c e ta te  f ilm s  

y ie ld  combustion p ro d u c ts  s im ila r  to  wood.

P la s t ic s

The f i r e  gases produced w ith  p la s t i c s  depend p r im a r i ly  on th e  

type  o f  r e s in .  In  a rev iew  p u b lish ed  by th e  U n d erw rite r’s  L a b o ra to rie s , 

i t  was no ted  t h a t  f i r e  gases produced from  burn ing  p l a s t i c s  c o n ta in  s ig ­

n i f i c a n t  amounts o f carbon monoxide, carbon d io x id e  and o th e r  i r r i t a n t s .  

Some o f th e se  have found s p e c ia l  u ses  w ith in  b u ild in g s  and a re  w o rtty  o f 

s p e c ia l  comment.

a) P o ly e s te r  r e s in  re in fo rc e d  w ith  f ib ro u s  g la s s  i s  used as a  

pan e l f o r  p a r t i t io n s  and g la z in g  and when burned , y ie ld s  dense b la ck  

smoke. F i r e - r e ta r d a n t  p o ly e s te r  r e s in s  have been producedj however, 

th e se  may y ie ld  h y d ro c h lo ric  a c id  in  a d d itio n  to  carbon monoxide and c a r­

bon d io x id e  when burned,

b) A c ry lic  p an e ls  have been used in  l i g h t  d i f f u s e r s .  I f  i n ­

volved in  a  f i r e ,  th e y  s o f te n  and f a l l  o u t b u t do n o t b u m  o r produce 

smoke.

c) P o lyurethane  foam has been used in  au tom obile  s e a ts ,  arm r e s t ,  

e tc ,  and when b u rn in g , iso c y a n a te s  which known to  be r e s p ir a to r y  i r r i t a n t s  

and s e n s i t i z e r s ,  may be produced.

d) P o ly s ty ren e  foam in s u la t io n  was found to  be no worse th a n  

wool, b u t th e  s e lf - e x t in g u is h in g  v a r i e t i e s  may produce t r a c e s  o f  phosgene.
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e) P o ly v ln y ch lo rid e  coverings may y ie ld  s ig n i f ic a n t  amounts o f 

carbon monoxide, carbon d io x id e  and hydrogen c h lo r id e . T races o f  hydro­

gen cyanide and phosgen a re  found , a ls o .

f  ) P o ly fluo rocarbons (T eflon) when h ea ted  above $00°F may g ive  

r i s e  to  a  c o n d itio n  known as polymer fume fe v e r ;  when heated  w e ll above 

700°F , p y ro ly s is  occurs w ith  s ig n i f ic a n t  amounts o f breakdown p ro d u c ts  

such as hydrogen f lu o r id e  and o th e r  o rg an ic  f lu o r id e s  em itted .

g) P o ly thy lene  produces m ostly  carbon d io x id e , however, some 

a lso  be produced.

h) Epoxy r e s in s  produce a v a r ie ty  o f i r r i t a n t  combustion p ro ­

d u c ts  when burned.

i )  Phenolic  r e s in s  may g ive  o f f  form aldehyde gas.

j )  Melamine re s in s  may g ive  o f f  sm all amounts o f hydrogen cy­

an id e .

These gases i r r i t a t e  th e  mucous membrane o f  th e  eye and r e s p i ­

r a to ry  t r a c t ,  and produce p a in  and d isco m fo rt. They a re  considered  as 

secondaiy  im portance in  causing  q u ick  d e a th s . Damage to  th e  tra c h e a , 

bronchus and lungs may be produced w ith in  3 hours a f t e r  th e  exposure and 

secondary in fe c t io n  w ith  bronchopneumonia may fo llo w . I f  th e  exposure i s  

ex cessiv e  w ith  sev ere  damage to  th e  lu n g s , perm anent lo s s  o f  pulmonary 

fu n c tio n  may r e s u l t .  These i r r i t a n t  gases and vapors g e n e ra lly , give 

s u f f i c i e n t  w arning o f t h e i r  p re sen ce . Under some c o n d itio n s , however, 

i r r i t a n t  m a te r ia ls  may condense on sm all p a r t i c l e s  and be in h a led  deep 

in to  th e  lungs ( l ) .

MacFarland and Leony ( 56) s tu d ie d  p o ly u re th an e  foam and nylon 

f a b r ic s  coated  w ith  po lyu re thane  and th e  r e s u l t s  showed th a t  p y ro ly s is  

p ro ducts  o f b o th  m a te r ia ls  can be l e t h a l  to  r a t s  when in h a le d . Lung
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s e c tio n s  from a l l  exp erim en ta l groups were examined h i s to lo g ic a l ly  and I t  

was concluded t h a t  a cu te  asphyx ia  from  o ccasio n  to  th e  r e s p i r a to r y  t r a c t  

was th e  p ro cess  w hich produced d e a th  in  r a t s  exposed t o  p y ro ly s is  p ro d u c ts  

o f p o ly u re th an e . W ith nylon  p ro d u c ts , d e a th  r e s u l te d  from  a  slow ly  de­

v e lo p in g  b u t u l t im a te ly  overwhelm ing pulmonary edema*

T eflon

The polym er o f  te t r a f lu o ro e th y le n e  known as  "Teflon" I s  a  therm o­

p l a s t i c  r e s in  p o sse ss in g  a  v a r ie ty  o f  h ig h ly  d e s ir a b le  p r o p e r t ie s .  I t s  

h l ^  m e ltin g  p o in t  and o u ts ta n d in g  r e s is ta n c e  to  o rg an ic  so lv e n ts  and 

s tro n g  a c id s  and a lk a l ic  have promoted I t s  expanding use in  la b o ra to ry  

w are, chem ical v a lv e  p ack in g s , g a sk e ts  and h y d ra u lic  h o ses . The formed 

p l a s t i c  I s  p h y s io lo g ic a l ly  i n e r t ,  in s o lu b le ,  n o n i r r i t a t in g  to  th e  sk in  

and non tox lc  when taken , by mouth. C onsequently , i t  was m entioned w ith  

In c re a s in g  frequency  In  th e  l i t e r a t u r e  as a  v a lu a b le  s t r u c tu r a l  m a te r ia l  

f o r  p ro s th e t ic  d e v ic e s , i , e , ,  c a rd ia c  v a lv es  and v a sc u la r  rep lacem en ts , 

designed  f o r  I n d e f in i t e  c o n ta c t w ith  t i s s u e  and b io lo g ic  f lu id s  ( 57)»

The many d e s i r a b le  q u a l i t i e s  o f  T e flo n  have le d  to  i t s  w ide use 

in  in d u s try , dom estic  and m ed ical a p p l ic a t io n s ,  A l th o u ^  s t a b i l i t y  I s  one 

o f  i t s  o u ts ta n d in g  q u a l i t i e s .  I t  i s  reco g n ized  t h a t  a t  q u i te  h ig h  tQ Bpera- 

tu r e s ,  to x ic  decom position  p ro d u c ts  a re  evo lved . Toxic e f f e c t s  on man 

have been only  r a r e ly  r e p o r te d . A p p aren tly , none o f  th e se  in d iv id u a ls  

a re  exposed to  fumes from  T eflo n  decomposed a t  such h ig h  tem p era tu res  ( 58 ) ,

The to x i c i t y  o f  h e a te d  T e flo n  has been a sc r ib e d  to  I t s  d e g ra d a tio n  

p ro d u c ts , which v a r ie s  In  q u a n t i ty  and ty p e  acco rd ing  to  th e  tem p era tu re  

( 59)» Tem peratures from  200 to  300° C g e n e ra te  v e ry  m inute q u a n t i t i e s ,  

m easured as a  w eigh t lo s s  o f  0 ,0002 p e r  c en t p e r  h o u r, o f p ro d u c ts . The
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exposure sometimes may cause an in f lu e n z a  fe v e r  which i s  r e fe r re d  to  as 

"polymer-fume fe v e r"  (6o), R eported  cases o f  polymer-fume fe v e r  has in d i ­

ca ted  prompt reco v ery  w ith  no a f t e r - e f f e c t s .

Above th e  tem p era tu res  o f  400° C, th e  q u a n ti ty  o f  p y ro ly s is  p ro ­

d u c ts , r i s e s  r a p id ly  to  10 p e r  c en t w eight lo s s  p e r  hour a t  500° C, and 50 

p e r  c en t a t  550° C, The n a tu re  o f  th e  fumes changes to  in c lu d e  more to x ic  

p ro d u c ts  such as O c ta f lu o ro iso b u ty le n e . I t  i s  ex trem ely  to x ic  and in  ex­

p e rim en ta l s i tu a t io n s ,  has produced delayed  pulmonary edema resem bling  

th a t  a s so c ia te d  w ith  phosgene exposure , Teppers (57) found no c le a r ly  

documented re p o r ts  o f pulmonary edema in  man due to  T eflon  g a se s ,

Chemical H ealth  Hazards

S’u lfu r  Dioxide

S u lfu r  d io x id e  has a t t r a c t e d  th e  a t t e n t io n  o f  to x ic io lo g is t  f o r  

s e v e ra l  re a so n s . I t  can e a s i ly  be reco g n ized  a t  low c o n c e n tra tio n s  by 

i t s  a c r id  odor and has been co n sid e red  f o r  a  long  tim e to  be an e f f e c t iv e  

gaseous d i s in f e c ta n t ,  p a r t i c u l a r ly ,  used i n  th e  p re p a ra t io n  o f  v a ts  f o r  

th e  fe rm e n ta tio n  o f  g ra p e s . I t  i s  a  d i s t i n c t  contam inant o f most f o s s i l  

f u e l  (c o a l and p e tro leu m ); th e r e f o r e ,  i t  i s  a lm ost c o n s ta n tly  p re se n t in  

th e  p ro ducts  o f f u e l  com bustion ( 6 l ,  6 2 ), The recommended th re s h o ld  l im i t  

f o r  i n d u s t r i a l  exposure i s  5 Ppm by volume (6 3 ) ,  a  l e v e l  r e a d i ly  d e te c t ­

ab le  by most in d iv id u a ls .

While c o n c e n tra tio n s  s u f f i c i e n t  to  cause m ucosal i r r i t a t i o n  may 

f r e q u e n tly  be reached  in  i n d u s t r i a l  p la n ts ,  th e re  has been no c le a r  e v i­

dence t h a t  such c o n c e n tra tio n s  produce an adv erse  e f f e c t  on th o se  ch ro n i­

c a l ly  exposed, Kehoe (64) and Anderson (6 5 ) found l i t t l e  o r no im p a ir­

ment o f  h e a lth  r e s u l t in g  from  ch ro n ic  exposures which o f te n  reached  25
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t o  30 ppm. Anderson (65 ) measured v i t a l  c a p a c ity , b u t th e  conclusions were 

based  on in te rv ie w s , p h y s ic a l exam inations, and x -ra y s  o f th e  c h es t r a th e r  

th a n  p h y s io lo g ic  m easurem ents.

S ev e ra l in v e s t ig a to r s  have s tu d ie d  th e  response  o f hunan s u b je c ts ,  

no t o c c u p a tio n a lly  exposed to  s u l f u r  d io x id e  to  d i f f e r e n t  le v e ls  o f th e  

gas f o r  sh o r t p e rio d s  o f  tim e . Amdur e t  a l . (66)  re p o r te d  t h a t  a more 

sh allow , ra p id  r e s p i r a to r y  p a t te r n  r e s u l te d  from  10 m inutes o f  exposure 

from  1 to  8 ppm s u lfu re  d io x id e ; however, was n o t su b seq u en tly  confirm ed 

by o th e rs  (67 ) .  Sim and P a t t l e  (67 ) who used th e  i n t e r r u p t e r 's  method, 

o f A insw orth and E v e le ig h  (68) measured pulmonary flow  re s is ta n c e  and con­

cluded t h a t  l i t t l e  change occu rred  a t  le v e ls  o f s u l f u r  d io x id e  below 30 

ppm f o r  10 m inutes o r  5 Ppm f o r  60 m inu tes . The in v e s t ig a to r s ,  however, 

d id  n o t p u b lish  th e  d a ta  on w hich t h e i r  conclusion  was based ; th e re fo re ,  

i t  was f e l t  t h a t  t h i s  f in d in g  could  n o t be judged ad eq u a te ly .

Prank e t  a l . (62) s tu d ie d  th e  e f f e c t s  o f s h o r t  te rm  exposure to  

c o n tro l le d  c o n ce n tra tio n s  o f s u l f u r  d io x id e  on th e  mechanisms o f b re a th ­

in g  in  h e a lth y  s u b je c ts .  The su b je c ts  were chosen because t h e i r  a c t i v i ­

t i e s  d id  n o t cu sto m arily  expose them to  th e  g a s , excep t f o r  w hatever 

t r a c e s  may have been p re se n t i n  a  la rg e  urban community (6 6 ) . Whether 

f re q u e n t o r pro longed exposure to  s u l f u r  d io x id e  m ight a f f e c t  th e  degree 

o f response  seen in  th e se  experim ents was unknown. To reduce  th e  p o s s ib le  

im portance o f too  f re q u e n t exposu res, a  d e lay  o f a t  l e a s t  1 month between 

experim ents was p re s c r ib e d  f o r  each s u b je c t  (62 ) .

The degree to  which th e  pulmonary flow  r e s is ta n c e  in c reased  d u rin g  

a d m in is tra tio n  o f s u l f u r  d io x id e  was r e la te d  to  th e  co n ce n tra tio n  o f  g as .

I t  was n o t ,  as su g g ested , tantam ount to  an a l l-o r -n o n e  phenomenon (6 2 ),

I t  was n o te d , however, t h a t  th e  response  could  a ls o  be m odified  by tim e .
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U su a lly , flow r e s is ta n c e  continued  r i s in g  as long  as th e  gas was adm inis­

te re d ,  a p e rio d  l a s t in g  s e v e ra l  hours (6 9 ); however, in  some in s ta n ce s  a 

maximal response was e l i c i t e d  w ith in  10 m inutes and t h i s  change was sm all 

and random th e r e a f te r  (69 ,  70 ) .

The fundam ental cause of th e se  changes was n o t known h u t appeared 

to  be b ro n c h o c o n s tr ic tio n . There was evidence t h a t  b ro n c h o c o n str ic tio n  

may be m ediated by bo th  e x t r in s ic  nerve re f le x e s  and d i r e c t  a c t io n  of th e  

gas on th e  b ro n c h ia l sm all muscle (6 2 ), Whether v a r ia t io n s  in  th e  amount 

o f s e c re tio n  by th e  m ucosal g land was an a d d i t io n a l  f a c to r  c o n tr ib u tin g  

to  changes in  flow  r e s is ta n c e ,  was no t c e r ta in .  I f ,  as in  experim en tal 

an im als, th e  l e v e l  o f i r r i t a n t  gas i s  s u f f i c i e n t ly  h ig h , th e re  w i l l  be en­

su ing  t i s s u e  damage in  th e  form o f edema and hemorrhage. Extreme changes 

o f th i s  type were suggested  as being p a r t i a l l y  re sp o n s ib le  f o r  th e  p a t te rn  

o f response in  th o se  s tu d ie s  in  which th e re  was a co n tin u in g  r i s e  in  flow  

re s is ta n c e .

C o n tro lled  anim al exposure rev ea led  th a t  sm all ro d en ts  (ham sters) 

can w ith stan d  in te r m it te n t  exposure o f 65O ppm f o r  3 hours a day , 5 days 

a week, fo r  a p e rio d  o f 10 m onths, w ith o u t l e t h a l  e f f e c t s  (7I ) .  Only 

minimal h is to lo g ic a l  f in d in g s  were d e sc rib ed  a t  s a c r i f i c e  in  th e se  exper­

im ents. C oncen tra tions in  excess o f  3,000 ppm were necessa ry  to  k i l l  $0 

p e r c en t o f anim als exposed f o r  I .5  h o u rs . R ats exposed to  1;0 ppm d a i ly  

f o r  3 months, in  an a ttem p t to  produce b ro n c h it is  su s ta in e d  th e  exposure 

w ithou t n o tic e a b le  e f f e c t s  and w ith o u t apparen t evidence o f h i s t o r i c a l  

ab n o rm a litie s  (7 2 ) . In  th e  same s tu d y , an exposure to  a  co n cen tra tio n  o f 

Wo ppm, 5 hours a day, 5 days a week, f o r  a p e rio d  o f 6 weeks, was neces­

sa ry  to  o b ta in  a  s u b s ta n t ia l  in c re a se  in  b ro n c h ia l mucus s e c re t io n .  Rats 

exposed to  th e  same c o n c e n tra tio n , f o r  2 weeks, d id  no t show gross



30

a b n o rm a litie s  in  th e  e n t i r e  r e s p i r a to r y  system . Only a f t e r  4 veeks a t  400 

ppm were th e  i n i t i a t i v e  phenomena e v id e n t. A fte r  th e  exposure was d i s ­

co n tinued , th e  anim als s a c r i f ic e d  a t  d i f f e r e n t  in te r v a ls  o f tim e showed a 

p ro p o r tio n a l re g re ss io n  o f th e  h y p e r-se c re tio n  phenomenon.

The l i t e r a t u r e  has been re p le te  w ith  work r e la t in g  to  adap tive  

re a c t iv e  to  s u l f u r ic  m is ts  in  th e  sense o f a p ro g re s s iv e  to le ra n c e  in  oc­

c u p a tio n a l exposure to  h igh  co n ce n tra tio n s  o f a c id  su lfu ro u s  gases (6 5 ) .  

P a t t l e  and Cullumbine (73) re p o rte d  a  p ro g re s s iv e ly  d e c rea sin g  response 

in  rep ea ted  exposure o f v o lu n te e rs  to  s u l f u r ic  a c id  a e ro s a ls .  S u lfu r  

t r io x id e  o r s u l fu r ic  a c id  appeared to  have been more o f  an i r r i t a n t  th an  

s u l f u r  d io x id e  a t  equal dose in  man (67 ) and anim al (69 ) .  Human vo lun ­

t e e r s  exposed to  s u l f u r ic  a c id  a t  c o n ce n tra tio n s  in  excess o f 2 .9  mg/m^ 

f o r  1 hour, complained o f  i r r i t a t i o n  o f  th e  co n ju n c tiv ae  and r e s p ir a to ry  

mucosae. S ev era l su b je c ts  showed in c re a se d  airw ay r e s is ta n c e  as measured 

by th e  i n t e r r u p t e r 's  tech n iq u e  (67 ) .

The o x id a tio n  o f s u l f u r  d io x id e  to  s u l f u r  t r io x id e  i s  a  slow 

p rocess w ith  complex e q u ilib r iu m  c o n sta n ts  in  w hich hum id ity , s u n lig h t 

and th e  p resence  o f c a ta ly s ts  in  th e  atm osphere a re  a l l  im p o rtan t. I t  

has been proven th a t  m ix tu res o f  s u l f u r  d io x id e  and s u l f u r ic  a c id  a re  

more th an  a d d itiv e  in  t h e i r  e f f e c t s  on anim als and th e re fo re  may occur 

a t  le v e ls  n o t comparable w ith  th o se  commonly found in  a i r  p o llu t io n  e p i ­

sodes (6 9 ) .

Applying a su g g es tio n  o r ig in a l ly  proposed by Hemeon (7 ^ ) , Amdur 

and Corn (75) s tu d ie d , e x p e rim en ta lly , th e  e f f e c t s  s u l f a te  in hala t io n  had 

on airw ay r e s is ta n c e .  These experim ents in d ic a te d  th a t  airw ay r e s is ta n c e  

can be s l i ^ t l y  in c re a se d  in  guinea p ig s  exposed to  z inc  and ammonium 

s u l f a te  a t  l e v e l  o f  0 .2 5  mg/m and h ig h e r . However, th e  re lev an ce  o f t h i s
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phenomenon in  c o n tr ib u tin g  to  th e  d e a th  o f  4 ,000 human b e ings was no t 

r e a d i ly  a v a i la b le .

La B elle  e t  a l . (7 6 ) fo rm ulated  a h y p o th esis  su g g es tin g  th a t  

p a r t i c l e  s iz e  in flu en ced  to x ic i ty  by using  an a e ro so l composed o f  fo rm al­

dehyde, a c ro le in  and n i t r i c  a c id  to  perm it deep p e n e tra tio n  in  th e  a i r ­

ways. I f  a gas was absorbed on a  c e r ta in  s iz e  a e ro so l in  r e v e r s ib le  

fa s h io n , th e  lo cu s  o f  th e  gas phase d e p o s it io n  was m od ified . In  o th e r  

w ords, i f  th e  a e ro so l p e n e tra tio n  was deeper th an  th e  gas p h ase , th e  i n ­

h a la t io n  o f  b o th , s im u ltan eo u sly  in  th e  s ta te d  co n d itio n s  would d e l iv e r  

th e  gas a t  a deeper s i t e  in  th e  lu n g s . In  th e  case o f an i r r i t a n t  g as, 

t h i s  would im ply a-more e x ten s iv e  su rfa c e  o f a t ta c k  by th e  gas and perhaps 

an in c re a se d  e x te n t o f in ju r y .  La B e lle  e t  a l . (7 6 ) a lso  p re sen te d  e v i­

dence t h a t  t h i s  phenomena o ccu rred . As s ta t e d  by Goetz (7 7 ) , th e  o p p o s ite  

could a lso  occur in  th e  sense  o f an in h ib i to r y  a c t io n  by th e  a e ro so l on 

th e  gas to x i c i t y .  This c o n d itio n  occurs when th e  a f f i n i t y  o f th e  gas mol­

ecu le  f o r  th e  p a r t i c u la te  su rfa c e  exceeds t h a t  o f  t i s s u e  f l u i d s .

The p o te n t ia t io n  o f to x ic  e f f e c t  as determ ined  by a deeper pene­

t r a t i o n  o f a g a s , i s  n o t considered  a g e n e ra l phenomenon. I t  s p e c i f i c a l ly  

depends on th e  n a tu re  o f th e  mechanism o f In ju ry  c h a r a c te r i s t i c  o f a g iven 

compound. I f  a  gas i s  absorbed on th e  n a sa l s u r fa c e , in  adequate d o ses , 

i t  induces p a in , edema and hemorrhage of th e  tu r b in a te s  and i f  i t  i s  de­

p o s ite d  in  th e  a lv e o la r  sp aces , i t  produces some degree  o f pulmonary edema 

(61),

Oxides o f  N itrogen

C o n cen tra tio n s  o f le s s  th a n  $0 ppm (0 ,005  p e r  c en t) o f ox ides o f 

n itro g e n  gases may be b rea th ed  f r e e ly  f o r  long  p e rio d s  o f  tim e (78 ) .
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Higher co n cen tra tio n s  cause r e f le x  in h ib i t io n  o f b re a th in g  w ith  la ry n g o - 

spasm. In ten se  cyanosis  develops r a p id ly  due to  th e  fo rm atio n  o f m ethae- 

m oglobin in  th e  b lood  and a r t e r i e s  d e s a tu ra t io n  consequent upon changes 

in  pulmonary gas exchange. Severe hypoxia may th e re fo re  o ccu r , f o r  which 

two mechanisms a re  re s p o n s ib le : anemic anoxia as a  r e s u l t  o f  reduced

oxygen c a p a c ity  o f  th e  b lo o d , and anoxia  as a  r e s u l t  o f  th e  in te r fe re n c e  

w ith  oxygen t r a n s f e r  in  th e  lungs (79)»

In  Greenbaum's e t  a l . (79) dog experim en ts, th e re  was a  tendency 

f o r  th e  v e n t i la to r y  freq u en cy  to  in c re a s e . The t i d a l  volume was decreased  

le a d in g  to  p ro g re ss iv e  v e n t i l a to r y  f a i l u r e  m an ife sted  by r i s i n g  carbon 

d io x id e  p re s su re . Pulmonary co n ^ llan ce  was h a lv ed  and airw ay r e s is ta n c e  

was m arkedly in c re a se d .

Pulmonary edema may occur in  th e  a cu te  phase (7 9 ) b u t w ith  l e s s e r  

deg rees o f  e x p o su re ,it  c h a r a c t e r i s t i c a l l y  develops a f t e r  a  l a t e n t  p e r io d  o f  

s e v e ra l  h o u rs . The exposure may r e s u l t  in  d e a th  in  1 to  3 days as seemed 

to  have been th e  case  i n  th e  in d iv id u a ls  in v o lv ed  in  r e c e n t  a n a e s th e tic  

a c c id e n ts  (8o)« I f  n o t im m ediately  f a t a l ,  pulmonary edema may be com pli­

c a te d  by chron ic  chem ical pneum on itis . There have been s e v e ra l  re p o r ts  

o f delayed  appearance o f in flam m atory  changes d e sc rib e d  as b r o n c M o li t is  

f ib r o s a  o b l i te ra n s  o r  ch ro n ic  pulmonary f i b r o s i s  (8I ,  82 ,  83 ) .

In  P ry s-R o b e rts ' (84) in v e s t ig a t io n ,  th e  in te n s e  i r r i t a t i o n  o f 

th e  low er r e s p i r a to r y  t r a c t  fo llo w in g  in h a la t io n  o f  ox ides o f  n itro g e n  le d  

to  th e  developm ent o f  a  d i f f u s e  inflam m atory  p ro cess  th roughou t th e  lu n g s .

N itro u s  Fumes

Exposure to  N itro u s  fumes may r e s u l t  in  s e v e ra l  ty p e s  o f  c l i n i c a l  

r e a c t io n s .  One o f  th e s e ,  a cu te  pulmonary edema (85 -  89 ) ,  develops a f t e r
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a l a t e n t  p e r io d , l a s t i n g  in  some cases up to  30 hours and i s  f re q u e n tly  

f a t a l .  I t  i s  a p p a re n tly  fo llow ed  by complete re co v erin g  i f  th e  v ic tim  

su rv iv e s  th e  a cu te  i n i t i a l  ep iso d e . N ev erth e le ss , th e r e  a re  reco rd s  o f 

in d iv id u a ls  in  whom th e  symptoms p e r s i s t .  In  th e  l 6 cases re p o rte d  by 

L in d q u is t (8 9 ) ,  th e  p a t ie n t  in  1 case , on resum ing work months a f t e r  th e  

a c c id e n t, found t h a t  he became b re a th le s s  v ery  e a s i ly .  This com plaint 

had no t been n o tic e d  b e fo re  h is  a c c id e n t. S im ila r ly , Johnstone (90 ) 

s t a t e d ,  in  h is  tex tb o o k  t h a t  permanent d i s a b i l i t y  occu rred  b u t was r a r e .  

However, no d e ta i le d  fo llo w -u p  s tu d ie s  by c l i n i c a l  methods o r  by pulmo­

n ary  fu n c tio n  t e s t  have been re p o r te d . There was no c le a r  d e s c r ip t io n  o f 

th e  n a tu re  o f th e  r e s id u a l  d i s a b i l i t y  o r  th e  frequency  o f i t s  o ccu rrence .

A second ty p e  o f  r e a c t io n  o f th e se  fumes i s  b r o n c h io l i t i s  o b l i ­

te r a n s  (89 ,  91,  92 ) .  T his c o n d itio n  could o n ly  be d iagnosed  w ith  c e r ­

t a i n t y  by h is to lo g ic  m ethods, a lth o u g h  th e  c l i n i c a l  course  may have sug­

g es ted  i t .  Exposure and acu te  symptoms were fo llow ed  by a l a t e n t  p e rio d ; 

ap p aren t improvement sometimes la s t e d  up to  one month (88, 89,  91,  92,

93)» T h e re a f te r ,  th e r e  was a p ro g re ss iv e  developm ent o f  u n rem ittin g  

dyspnea, w ith  sev ere  cough, f r a n k  cyanosis and ty p ic a l  roentgenograph!c  

f in d in g s  o f  i r r e g u la r  s o f t  m o ttlin g  th roughou t b o th  lu n g s .

A t h i r d  c l i n i c a l  f in d in g  fo llo w in g  exposure o f th e se  fumes was 

t h a t  o f pneumonia which was a p p a re n tly  chem ical r a th e r  th an  b a c te r ia l  

(83 ,  8 8 ) .  However, no work on th e  in c id en ce  and n a tu re  o f  permanent s e ­

q u e lae  fo llo w in g  b r o n c h io l i t i s  o b l i te r a n s  o r  on chem ical pneumonia fo llo w ­

in g  exposure to  n i t r o u s  fumes was encoun tered . The m edical l i t e r a t u r e  d id  

n o t r e v e a l  any c le a r  im p ression  as to  w hether perm anent d i s a b i l i t y  occurs 

a f t e r  exposure to  n i t r o u s  fumes.

S e v e ra l p a t ie n t s  who had recovered  from  an ep isode o f a cu te
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pulmonary edema fo llo w in g  exposure to  n i tro u s  fumes w ere s tu d ie d  f o r  p e r i ­

ods up to  6k months a f t e r  th e  a c c id e n t. There was a reaso n ab le  agreement 

between s u b je c tiv e  co n p la in ts  and dem onstrable d is tu rb a n c e s  o f p h y sio lo g ic  

t e s t .  The u su a l p a t te rn  o f  p h y sio lo g ic  d is tu rb a n ce  was a re d u c tio n  in  

maxi ma l  b re a th in g  c ap a c ity  and an in c re a se  in  e x p ira to ry  r e s is ta n c e  v a lu e s . 

Two p a t ie n ts  showed an in c re a se d  a b so lu te  v a lu e  o f r e s id u a l  volume as w e ll  

as an in c re a se  in  i t s  pe rcen tag e  v a lu e  o f t o t a l  lung  c a p a c ity . Such 

changes in  th e  t e s t  v a lu e  were commonly a s so c ia te d  w ith  th e  p resence  o f 

emphysema o r bronchospasm. N e ith e r o f th e se  co n d itio n s  was th o u g h  to  be 

p re se n t in  th e  re p o rte d  c a se s . A p o s s ib le  ex p lan a tio n  seemed to  have been 

t h a t  th e  p a t ie n ts  had some degree o f  b ro n c h ia l and b ro n c h ic la r  narrow ing 

due to  th e  h e a lin g  by f ib r o s i s  o f v a rio u s  degrees o f b r o n c h io l i t i s  o b l i ­

te r a n s ,  fo llo w in g  exposure to  n i t r o u s  fumes (9^ , 95)»

N itr ic  Acid

S erious in ju r y  by co n cen tra ted  n i t r i c  a c id s  has n o t been in f r e ­

quent and has accounted f o r  a  s ig n i f ic a n t  number o f th e  cases o f  d is a ­

b i l i t y  and d ea th  from chem icals (96 ) .  T o x ico lo g i.ca lly , th e re  a re  two 

m ajor forms which may be regarded  as id e n t ic a l  s in c e  th e y  a re  b o th  ex­

trem e ly  c o rro s iv e  and em it dangerous fum es. Red fuming n i t r i c  a c id , 

co n ta in in g  d is so lv e d  ox ides o f n itro g e n  (n it ro u s  fum es), i s  to x ic  and de­

com position o f th e  a c id  on c o n ta c t w ith  o x id iz a b le  m a te r ia l ,  l ib e r a te s  

more oxides o f n itro g e n . W hite fuming n i t r i c  a c id , t h o u ^  co n ta in in g  

l i t t l e  d is so lv e d  oxides o f n i tro g e n , deconposes on c o n ta c t w ith  o x id i­

zab le  m a te r ia l  j u s t  as red  fuming n i t r i c  a c id  and a ls o  l ib e r a te s  oxides 

o f  n itrogen .. (97) •

The co n cen tra ted  n i t r i c  a c id s  a re  ex trem ely  c o rro s iv e  finning
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liq .u id s  which v a ry  in  amounts o f d is so lv e d  oxides o f  n itro g e n . The r e  

evolved as redd ish-brow n fumes w ith  sm all amounts o f a c id  vapo r. N itr 

ox ides in  c o n ta c t w ith  a i r  a re  r a p id ly  o x id ized  to  n itro g e n  d io x id e  which 

r e a d i ly  polym erizes to  n itro g e n  te t r o x id e .  The in h a le d  fum es, a t  body 

tem peratu re  c o n s i t  o f  approx im ately  30 p e r  cen t NOg and Yp p e r  cen t 

N2O4 . Both o f th e s e  ox ides form  n i t r i c  a c id  on c o n tac t w ith  w a te r (88 ) .  

Fuming n i t r i c  a c id  c o n s t i tu te  a  d e f in i t e  h aza rd , causing  in ju r y  by l iq u id  

c o n tac t w ith  body su rfa c e s  and by in h a le d  fumes.

Severe pulmonary in ju r y  may r e s u l t  from  in h a la t io n  o f n i t ro u s  

fum es. C l in ic a l  f in d in g s  in  a cu te  po iso n in g  by in h a la t io n  o f th e  fume, 

in c lu d e  th o se  in v o lv in g  th e  i r r i t a n t  gas ty p e . There a re  s ig n s  o f  lo c a l  

i r r i t a t i o n  fo llow ed  by a  l a t e n t  p e rio d  o f  a  few hours and a  developm ent 

o f  pulmonary edema an d /o r b r o n c h io l i t i s  o b l i te r a n s  may le a d  to  d e a th  in  

1 o r  2 days (97)« V a ria tio n  in  th e  c l i n i c a l  p ic tu r e  seem t o  have been 

due to  th e  com position o f  th e  fumes. When th e  co n ten t o f  n i t r i c  oxide 

i s  h i ^  in  so u rces  o f  n i tro u s  fum es, o th e r  th an  n i t r i c  a c id , i . e .  a rc  

w eld ing  (89 ) ,  th e re  may be c e re b ra l  symptoms. When th e  co n ten t o f n i t r o ­

gen d iox ide  was h ig h  in  n i t r i c  a c id , th e re  may be an i r r i t a n t  phenomena

(9 7 ).

Aldehydes

Aldehydes w hich contam inate th e  atm osphere a re  em itted  from 

burn ing  n a tu ra l  g a s , f u e l  o i l s ,  d i e s a l  and r e fu s e .  Salem and Cullumbine

(98 ) in v e s t ig a t io n  determ ined  th e  r e l a t i v e  in h a la t io n  t o x i c i t i e s  o f  a 

s e r ie s  o f aldehydes u sin g  v a rio u s  sp e c ie s  o f la b o ra to ry  anim als exposed 

to  a e ro so l and v ap o rs . A ll  th e  aldehydes employed in  th e  s tudy  were i r r i ­

t a n t  aldehydes produced a  b ro n c h ia l c o n s tru c tio n  w ith  a r e s u l t in g  d i s te n t io n
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o f a lv e o l i  and ru p tu re  o f th e  a lv e o la r  s e p ta . The convu lsions t h a t  

fo llow ed  were b e lie v e d  to  be due to  anoxia  and d ea th  occu rred  q.uickly.

The le s s  i r r i t a n t  aldehydes produced a  slow er o c cu rrin g  d e a th , and in ­

c reased  lung  damage due to  i r r i t a t i o n  on th e  lung  t i s s u e ,  r a th e r  th a n  on 

th e  b ro n c h i. An example was th e  p rop ionaledehyde, n -b u ty ra ld eh y d e  which 

produced l e s s  b ro n ch i i r r i t a t i o n  th a n  lung  I r r i t a t i o n .

P a t t l e  and Cullumbine (73) found th a t  form aldehyde was in te rm e­

d ia t e  in  I r r i t a t i o n  betw een th e  h ig h ly  i r r i t a n t  u n sa tu ra te d  a ldehydes, 

a c r o le in  and cro tonaldehyde and co rrespond ing  s a tu r a te d  a ld eh y d es, p ro ­

p io n ic  and b u ty r ic ,  w hich were co n sid e red  alm ost n o n i r r i t a n t .  Salem and 

Cullumbine (98 ) and Sim and P a t t l e  (6 7 ) suggested  t h a t  th e  u n sa tu ra te d  

a ldehydes (a c ro le in  and cro tona ldehyde) w ere more to x ic  th a n  th e  s a tu ra te d  

a ldehydes.

H alogenated hydrocarbons

Comstock and O berst (99) s tu d ie d  th e  r e s p i r a to r y  t o x i c i t i e s  o f 

4 h a logena ted  hydrocarbons in  th e  p resen ce  o f g a so lin e  f i r e s  on r a t s  and 

mi.ce. Carbon te t r a c h lo r id e  (C Cli^), Monochloromonobromomethane (CHg C lB r), 

d ifluorodlbrom om ethane (C?2 B rg ), and trifluorom onobrom om ethane (CFg Br) 

have been w id e ly  used com m ercially  as  f i r e  e x tin g u is h e r s .  When any one 

o f  th e  4 e x tin g u ish in g  f l u i d s  i s  a p p lie d  to  a g a so lin e  f i r e ,  th e  r e s u l t in g  

gaseous p ro d u c ts  in c lu d e  u n a lte re d  v a p o rs , carbon monoxide and carbonyl 

h a l id e s .  T race amounts o f  ha logens and ha logen  a c id s ,  so o t and smoke may 

a ls o  be p re s e n t .  S h o rt te rm  exposures to  sm all g a so lin e  f i r e s  in  w e l l-  

v e n t i la te d  spaces and where th e  c o n c e n tra tio n  being  produced i s  under 

o rd in a ry  c o n d itio n  by th e  c o n ten ts  o f 1 s tan d a rd  f i r e  a re  n o t as dangerous 

as when th e re  i s  p ro longed  exposure in  c lo sed  sp ac e s . In  one s tu d y , CF2Brg
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appeared th e  most to x ic  to  mice when f i r e s  were e x tin g u ish ed  r a p id ly .  How­

e v er , i t  was n o tic e d  t h a t  th e  amount o f carbon monoxide, carbonyl h a l id e s ,  

and o th e r  decom position  p ro d u c ts  v a r ie d  and depended on th e  in t e n s i ty  o f 

th e  h e a t and th e  r e l a t i v e  hum id ity .

Not a l l  th e  breakdown p ro d u c ts  which a re  formed when h e a t i s  

a p p lie d  to  th e  t e s t  compounds a re  known. The p resen ce  o f carbon monoxide 

and carbony l h a l id e s  was suggested  as c o n tr ib u tin g  th e  g r e a te s t  to x ic  

e f f e c t s ,  cell}, and CH2 ClBr as e x tin g u is h e rs  w ere more to x ic  to  r a t s ,  

w h ile  CFg Br was one o f  th e  l e a s t  to x ic  to  b o th  r a t s  and m ice. E xopbthal- 

mor and p a l lo r  were c h a r a c te r i s t i c  in  r a t s  exposed to  a l l  4 ag en ts  when 

th e  f i r e  was e x tin g u ish ed  slow ly . R ats and mice showed co n g estio n  o f  th e  

t r a c h e a  and lungs a f t e r  exposure to  th e s e  compounds in  th e  p resence  o f 

f i r e .  W ith CCli^, th e r e  was a lso  pulmonary edema and f o c a l  n e c ro s is  o f 

th e  l i v e r  (99)»



CMPTER I I I

PURPOSE AND SCOPE

I t  has been in c re a s in g ly  e v id en t t h a t  to x ic  o r  adverse  e f f e c t s  o f  

smoke and gas in h a la t io n  w i l l  con tinue  to  be a  h e a l th  problem , e s p e c ia l ly  

w ith  in c re a s in g  emphasis on lo n g -te rm  e f f e c t s .  The c h ie f  reaso n  f o r  

s tu d y in g  th e  b io lo g ic  e f f e c t s  o f smoke and gas in h a la t io n  has been to  

u n derstand  i t s  in f lu e n c e  on man’s h e a l th  and a c t i v i t i e s .

I t  has been dem onstrated  t h a t  exposure to  in te n s e  h e a t o r  a c r id  

smoke can damage th e  r e s p i r a to r y  t r a c t .  T h is has v a r ie d  from  m ild  edema 

o f th e  la ry n x  to  sev e re  pulmonary in ju r y  w ith  pulmonary edema le a d in g  to  

d e a th  in  man (4 , 5 , 6 , 7 , 9 , 10, l 6 ,  l 8 ,  19 ,  100, 101, 102),

The e x te n t o f pulmonary in ju r y  has been f re q u e n tly  u n d e r-a ssessed  

because o f th e  la c k  o f  a  p a th o p h y s io lo g ic a l u n d e rs tan d in g . This has o f te n  

dep riv ed  many v ic tim s  o f  e f f e c t iv e  th e ra p y  and has promoted acu te  d i s a b i ­

l i t y  and f a t a l  pulmonary co m p lica tio n  (103, 1 0 4 ), The p a th o lo g ic  and 

p h y s io lo g ic  a l t e r a t io n s  o f  th e  pulmonary system  caused by th e rm al in ju r y  

have been d e sc rib e d  in  b o th  man (4-10) and anim al ( U - l 4 ) ,

Sudden sev e re  a l t e r a t i o n  o f pulmonary fu n c tio n  has been a  common  

emergency which has re q u ire d  th e  prompt i n s t i t u t i o n  o f e f f e c t iv e  m easures 

d ir e c te d  tow ard th e  r e s to r a t io n  o f fu n c tio n . Exposure o f  th e  r e s p i r a to r y  

ap p ara tu s  to  a  v a r ie ty  o f  chem ical su b stan ces  o r  to  su perhea ted  gas mix­

tu r e s  has p r e c ip i ta te d  such c r i s e s .  The p h y s io lo g ic a l and p a th o lo g ic a l

38



39

response  to  t h i s  ty p e  o f in ji iry  has fo llow ed a  g en e ra l p a t te r n  independent, 

to  a  la rg e  e x te n t ,  o f th e  s p e c if ic  n a tu re  o f  th e  chem ical i r r i t a n t  o r phy­

s i c a l  s t a t e  o f  th e  r e s p ire d  m ix tu re  ( I 05) .

For y e a rs , th e  d is e a se  im portance o f  smoke and gas in h a la t io n  has 

been th e  c e n te r  o f  re p e a te d  c o n tro v e rs ie s . Yet th e  o b se rv a tio n s  and con­

c lu s io n s  drawn from  many d isc u ss io n s  have been more o r  le s s  g e n e ra l and 

d e riv ed  from  in f e r e n t i a l  o r  p u re ly  s p e c u la tiv e  ev idence . The number o f 

experim en tal su b je c ts  exposed to  known environm ental co n cen tra tio n s  o f 

smoke gases and vapors o r s e v e re ly  burned v ic tim s  f o r  sh o r t- te rm  exposure 

has been f a i r l y  e x te n s iv e ; however, v ery  l i t t l e  work concerning occupa-* 

t i o n a l  exposure to  h ig h  a n d /o r unknown c o n ce n tra tio n s  f o r  lo n g - te m  ex­

posure has appeared . In  view o f th e  la c k  o f co m p arab ility  among e x is t in g  

s tu d ie s ,  a  need f o r  f u r th e r  re s e a rc h  in  o ccu p a tio n a l exposure covered in  

t h i s  review  has been e v id e n t.

T h e re fo re , i t  was f e l t  n ecessa ry  to  s tu d y  th e  in f lu e n c e  o f smoke 

and gas in h a la t io n  on th e  pulmonary fu n c tio n  o f F i r e f i ^ t e r s  and to  de­

te rm ine  th e  r e la t io n s h ip  o f re p e a te d  smoke and gas in h a la t io n  e f f e c ts  to  

th e  changes in  th e  pulmonary system  re p o rte d  in  th e  l i t e r a t u r e .  This r e ­

sea rch  was designed  to  determ ine: a ) th e  pulmonary fu n c tio n a l c a p a c ity

o f th e  average F i r e f ig h te r ,  b ) w hether th e ie  was an in c re a se d  r i s k  o f 

pulmonary im pairm ent a s so c ia te d  w ith  th e  le n g th  o f  tim e in  th e  F i r e f ig h te r s  

o ccupation , and c) w hether a  c a re e r  in  th e  F ir e  S e rv ice  has produced a 

h ig h e r in c id en ce  o f pulmon ary  d is e a s e  o r  adverse  e f f e c t s  in  a c t iv e  members 

th a n  in  th e  g en e ra l u rban  p o p u la tio n  which have been d a i ly  exposed to  many 

o f  th e  pulmonary i r r i t a n t  gases th rough  b re a th in g  am bient a i r .

The prim ary  purpose o f t h i s  study  was accom plished by u t i l i z i n g  

949 Oklahoma C ity  F i r e f ig h te r s  and I 5I  c o n tro l v o lu n te e rs . T his study
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was conducted over an 8-montb p e rio d  and th e  measurements from  one t e s t  

on each s u b je c t  were used in  th e  e v a lu a tio n . W ithin  th e  scope o f t h i s  

s tu d y  was a  s p e c if ic  o b je c tiv e  to  p ro v id e  a  fo u n d a tio n  f o r  a sse ss in g  

hazard  e f f e c t s  to  -vdiich K L refig h ters  a re  o c cu p a tio n a lly  exposed; th u s , 

p ro v id in g  a  lo n g -te rm  p r o je c t io n  f o r  e v a lu a tin g  pulmonary fu n c tio n  i n ­

volvement d u rin g  th e  course  o f smoke and to x ic  gas in h a la t io n ,  o f which 

t h i s  s tu d y  i s  one phase .

Pulmonary fu n c tio n  t e s t i n g  has been an in v a lu a b le  to o l  f o r  c lo se  

s tu d y  on s p e c i f ic  lung  fu n c tio n s  t h a t  have been im paired  by in ju r y  o r 

d is e a s e ; th e re fo re ,  i t  was th e  in te n t io n  o f t h i s  s tu d y  to  s t ip u la t e  a 

c le a re r  concept o f  pulmonary d is e a s e  p ro c e ss , o f  p a th o lo g ic  physio logy  

and n a tu r a l  course o f pulmonary a l t e r a t i o n  o r im pairm ent. By a s c e r ta in ­

in g  th e  awareness o f th e  o c cu p a tio n a l hazards in v o lv in g  th e  F i r e f ig h te r ,  

de term in ing  h is  in ju r y  and d is e a s e  ex p erien ce , and aw areness o f o th e r  p ro ­

blem s, i t  was f e l t  t h a t  v a lu a b le  in fo rm atio n  could be documented about ex­

posure  to  smoke and to x ic  gas e f f e c t s  on lung fu n c tio n .



CHAPTER IV 

MA.TERIALS AND METHODS

S e le c t io n  o f th e  Sample 

T his s tu d y  was made p o s s ib le  by th e  c o o p era tio n  from  th e  Oklahoma 

C ity  F i r e f ig h t e r s ’ A sso c ia tio n , lo c a l  M il i ta ry  R eserve U n its , F a c u lty , 

S tu d en ts  and Employees o f  th e  U n iv e rs ity  o f  Oklahoma H ealth  S ciences C en ter, 

C ollege o f H ealth , OUahoma C ity , Oklahoma. These o rg a n iz a tio n s  and t h e i r  

p e rso n n e l p rov ided  in fo rm a tio n  and d a ta  to  conduct t h i s  re s e a rc h .

The Oklahoma C ity  F i r e f ig h te r s  were s e le c te d  as a  group to  s tp d y  

th e  e f f e c t  o f o c cu p a tio n a l hazards on t h e i r  h e a l th .  Of th e  Yl8 men in  th e  

F ir e  S e rv ic e , 5^9 v o lu n te e red  f o r  th e  pulmonary fu n c tio n  s tu d y . These 

men were s e le c te d  from  th e  30 f i r e  s ta t io n s  th e n  fu n c tio n in g  in  th e  Okla­

homa C ity  a re a  which covered 648 square  m ile s  and serv ed  a p o p u la tio n  o f 

526, 805. The F ire  S e rv ic e  was d iv id e d  in to  th r e e  s h i f t s ,  d e sc rib e d  as 

re d  "A", b lue  "B" and g reen  "C" p la to o n s  and each  s h i f t  was on d u ty  f o r  

one 24-hour p e r io d , two to  th re e  tim es a  week. Due to  t h e i r  assignm ent 

sch ed u le , th e  f i r e f i g h t e r s  were t e s t e d  acco rd in g  to  th e  s h i f t  on d u ty .

I f  any men were ab sen t from  th e  f i r e  s t a t i o n ,  th e y  were te s t e d  on a 

v o lu n te e r  b a s is  a t  a n o th e r s t a t io n  th a t  same day o r  on an o f f -d u ty  day.

The 151 c o n tro l  s u b je c ts  were v o lu n te e rs  s e le c te d  from lo c a l  

m i l i t a r y  re se rv e  u n i t s ,  and th e  f a c u l ty ,  s tu d e n ts ,  and employees o f th e  

U n iv e rs ity  o f  Oklahoma H ealth  S ciences C en te r, C ollege o f H ealth , Oklahoma

4 l
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C ity , Oklahoma. The o n ly  c r i t e r i o n  req .u ired  f o r  accep tance as  a  s u b je c t 

was t h a t  o f  never having  been emplpyed. as a  F i r e f ig h te r .

T his s tu d y  was conducted, over an 8-month p e rio d  and th e  m easure­

ments from  one t e s t  on each  s u b je c t  were used in  th e  e v a lu a tio n .

Survey Techniques

The s tu d y  c o n s is te d  o f two p a r t s ;  a  q u e s tio n n a ire  and a pulmo- 

n a iy  fu n c tio n  t e s t .

The q u e s tio n n a ire  was employed in  o rd e r  to  re c o rd  id e n t i fy in g  

in fo rm a tio n , d e ta i le d  o c c u p a tio n a l, m ed ical and smoking h i s to r i e s  as  w e ll  

as any r e s p i r a to r y  symptoms in c lu d in g  cough, phlegm p ro d u c tio n ,..sh o rtn e ss  

o f  b re a th , ch ron ic  w heezing and o th e r  p a s t  r e s p i r a to r y  c o n d itio n s . The 

r e s p i r a to r y  symptoms, o c cu p a tio n a l and smoking h i s t o r i e s  o f  th e  q u e s tio n ­

n a ire  were s im i la r  to  th o s e  employed by Hepper e t  a l . (106) and Weiss 

(107) .  The cong)lete q u e s t io n n a ire ,  as used in  th e  s tu d y , appears in  th e  

Appendix,

A ll  s u b je c ts  s tu d ie d  were m ales and were grouped in to  5 -y ear age 

groups based  upon t h e i r  l a s t  b ir th d a y  a t  th e  tim e o f  th e  s tu d y . These 

groups w ere: 20 to  24, 25 to  29,  30 t o  34, 35 t o  39, 4o to  44 , 45 to  49 ,

50 to  54,  and 55 o r  above. The t e s t  s u b je c ts  w ere a ls o  grouped acco rd ing  

to  th e  le n g th  o f  y e a rs  i n  th e  f i r e  s e rv ic e  which ranged from  l e s s  th an  1 

y e a r  to  28 y e a r s .  The t e s t  and c o n tro l  groups were compared f o r  smokers 

and nonsm okers. S ince th e  number o f  noirwhites was to o  sm all t o  d e te c t  

any r a c i a l  d if f e r e n c e ,  th e  s u b je c ts  were n o t grouped by ra c e .

The V ita lo g rap h  S p irom eter u t i l i z e d  i n  t h i s  study  was a s in g le  

b re a th , wedge b e llo w s, s u b je c t t r ig g e r e d  in s tru m e n t, used to  measure and 

re c o rd  v e n t i l a to r y  c a p a c i t ie s  o f th e  lu n g s . The c a l ib r a t io n  was v e r i f i e d
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by measurement a g a in s t  th e  a i r  d isp lacem ent method and v a l id  a t  a  s tan d a rd  

atm ospheric  p re s su re  o f  j6o  mm e. tem p era tu re  o f  20°C and s a tu ra te d  

w ith  w a te r  vapor (STPS), The v i t a l c ^ a p h 's  c h a r t  speed was c a l ib ra te d  a t  

30,0  mm p e r  second and volume r a t e  o f  29 .6  mm p e r  1000 ml o f gas a t  STPS. 

The v ita lo g ra p h  in s tru m en t p rov ided  a  f u l l  7 ,8  l i t e r  re a d in g  a t  body tem­

p e ra tu re ,  s tan d a rd  b a ro m etric  p re s su re  and s a tu ra te d  (BTPS). A f te r  one 

b re a th , th e  sp iro m e te r y ie ld e d  a v ita lo g ra m  t h a t  p ro v id ed ; (a )  v i t a l  

c a p a c ity  (VC) w hich in d ic a te d  th e  vo lu m etric  c a p a c ity  o f  th e  s u b je c t 's  

v e n t i l a to r y  system  and was in flu e n c e d  to  a  g re a t  degree  by h e ig h t, sex 

and age, (b) th e  fo rc e d  v i t a l  c a p a c ity  (FVC). w hich added th e  elem ent o f 

fo rce fu l- e x p ira t io n  i n  r e l a t i o n  to  tim e  anu. re v e a le d  th e  e n t i r e  ventila*^ 

to r y  p a t te r n ,  (c )  fo rc e d  e x p ira to ry  volume (FEV^) w hich in d ic a te d  th e  

volume i n  a  c e r ta in  p e r io d  o f  tim e , (d ) a  fo rc e d  e x p ira to ry  r a t i o  (FEV^) 

w hich re p re se n te d  th e  volume a t  a  g iv en  tim e in te r v a l ,  exp ressed  as a  p e r ­

cen tage  o f th e  fo rc e d  v i t a l  c a p a c ity  and was determ ined  by u sin g  th e  P er­

cen tage S c a le  p ro v id ed  w ith  th e  in s tru m e n t, and (e ) fo rc e d  a id -e x p ira to ry  

flow  (FMF) w hich was determ ined  w ith  th e  a id  o f  th e  Flow R ate C a lcu la to r  

u s ing th e  50 th  p e r c e n t i l e  o f th e  FVC cu rve . T h is  l a t t e r  measurement r e ­

v ea led  th e  p h y s io lo g ic a l  s t a tu s  o f  th e  sm a lle r  a irw ays. P re d ic te d  v a lu es  

a re  a v a i la b le  in  Kbry e t  a l .  ( I 08 ) and Garbe and McDonnell (109) «

D e sc r ip tio n  o f  V ita lo g ra p h  S p irom eter System 

The volume o f  a i r  exhaled  by th e  s u b je c t  e n te re d  th e  m easuring 

bag o f th e  v i ta lo g ra p h . The bag, b e in g  o f s p e c ia l  c o n f ig u ra tio n  and 

r e s t in g  on a  f l a t  s u r fa c e , la y  f l a t  when empty and co n ta in ed  on ly  a  neg­

l i g i b l e  amount o f  dead space . When a i r  flow ed in to  th e  bag , i t s  to p  began 

to  r i s e ,  moving th ro u g h  an a rc ,  A curved s ty lu s  arm a tta c h e d  to  th e  bag
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c a r r ie d  th e  s ty lu s  and th e  s ty lu s  p o in t d e sc rib e d  in  an a rc  e x a c tly  i d e n t i ­

c a l  to  t h a t  o f  th e  bag to p . The v e r t i c a l  ex cu rsio n  of th e  s ty lu s  was r e ­

corded on a  c h a r t  which was d r iv e n  in  a  h o r iz o n ta l  d ir e c t io n  a t  a  co n stan t 

speed.

The v e r t i c a l  d isp lacem ent o f th e  s ty lu s  p o in t ,  when w r it in g  on 

th e  c h a r t ,  vas  e x a c tly  r e la te d  to  th e  a i r  volume in  th e  bag as w e ll as 

to  th e  r a t e  a t  which a i r  flow ed in to  i t ,  v i z . ,  re c o rd in g  th e  volume and 

th e  r a t e  o f flow  a t  which th e  s u b je c t ex p ired  in to  th e  in s tru m en t. The 

arrangem ent th u s  d e sc rib e d  would n o t be capable  o f reco rd in g  th e  l i n e a r  

gas flow  by a co rresp o n d in g ly  l i n e a r  s ty lu s  d isp lacem en t. This would be 

due to  th e  c e n te r  o f g ra v i ty  o f  th e  bag to p  b e in g  s h i f te d  when moving 

th rough  an a rc  and mass a c c e le r a t io n  o f th e  bag to p  f o r  which no c a l ib r a ­

t io n  was o b ta in a b le , a s  i t  v a r ie d  from s u b je c t to  s u b je c t. This p o te n t ia l  

source o f e r r o r  in  d ry  sp iro m ete rs  was overcome in  th e  V ita lo g rap h  by a, 

coun terb alan c in g  system  a s s i s t in g  th e  bag to p  a t  th e  beginn ing  o f i t s  

l i f t ,  th e reb y  red uc ing  i n e r t i a ,  and b rak in g  i t s  movement p ro p o r tio n a lly  

to  th e  r a t e  o f mass a c c e le r a t io n  and w eight re d u c tio n  as i t  moved th ro u g h  

th e  a rc .  This ensured  a  p e r f e c t ly  l i n e a r  and th e re fo re  t r u e  re c o rd in g  o f 

a i r  volumes and r a t e s  o f  flow .

S p irom etry  T e s tin g  Erocedure

The purpose o f  th e  t e s t  was ex p la ined  to  each s u b je c t o r  t o  a 

group o f su b je c ts  when t e s t e d  s im u ltan eo u sly , and th e  method o f t e s t in g  

was dem onstrated . The s u b je c ts  were allow ed to  observed th e  t e s t s  be ing  

perform ed by o th e rs ,  th e re fo re  th e  t e s t  was a p p lie d  by way o f com petition  

as to  who produced th e  b e s t  r e s u l t s .  The in s t r u c t io n  to  th e  su b je c ts  was 

a  s h o r t  ex p lan a tio n  o f  what th e y  were expected  to  do , and a b r i e f  demon­

s t r a t i o n  how to  do th e  t e s t  p ro p e r ly . This to o k  no lo n g e r th an  a few
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m inutes showing: (a )  how to  in s p i r e  m axim ally, (b) how to  p u t th e  mouth

around th e  m outhpiece, and (c )  how to  e x p ire  f o r c e f u l ly  and, i f  a p p lic a ­

b le ,  m axim ally, in to  th e  V ita lo g rap h ,

The need f o r  avo id ing  le a k s  around th e  m outhpiece was em phasized. 

D entures o f any k ind  te n d  to  cause leakage  o f  a i r  a t  th e  m outhpiece and 

su b je c ts  were asked n o t t o  wear them w h ile  perfo rm irg  th e  t e s t .  The sub­

je c t s  were a lso  asked to  remove t i g h t  ja c k e ts ,  co a ts  and o th e r  a p p a re l 

which m ight ten d  to  r e s t r i c t  t h e i r  th o ra c ic  and abdom inal movements d u rin g  

t e s t .  For su b je c ts  su sp ec ted  o r  su b sequen tly  found to  r e q u ire  lo n g  p e r­

io d s  f o r  e x p ir in g  t h e i r  t o t a l  v i t a l  c a p a c ity , a  n o se c lip  was a p p lie d .

A ll  q u estio n s  asked by s u b je c ts  were answered and every  e f f o r t  was made 

to  a l l a y  apprehension  and promote c o o p e ra tio n . A ll  t e s t s  were perform ed 

w ith  th e  su b je c t in  th e  s tan d in g  p o s i t io n  in  o rd e r  to  measure maximal 

v a lu e s , v iz .  w ith o u t th e  r e s t r i c t i o n  e f f e c t s  r e s u l t in g  from  o th e r  body 

p o s i t io n s .

Force E x p ira to ry  Volume (FEVqi)

The s u b je c t  was asked to  b re a th e  norm ally  and q u ie t ly  u n t i l  an 

even and re g u la r  c h e s t movement was observed . Then th e  s u b je c t was in ­

s t ru c te d  to  in s p ir e  f u l l y  u n t i l  maximum in s p ir a to r y  l e v e l  was reach ed , 

i . e . ,  d eep est p o s s ib le  i n f l a t i o n  o f th e  lungs and maximum expansion o f 

c h e s t , t o  apply h is  l i p s  f irm ly  around th e  m outhpiece and to  exhale  as 

ha rd  and as f a s t  a s  p o s s ib le  in to  th e  in s tru m e n t, v iz .  fo rce d  e x p ira t io n .

I f  FEV  ̂ o n ly  was m easured, i t  was n o t n ecessa ry  f o r  th e  s u b je c t  

to  exhale  com plete ly . However, in  p r a c t ic e ,  i t  was exped ien t f o r  th e  

a c tu a l  t e s t  re c o rd in g s  to  re c o rd  FVC as w e l l .  Experience showed th a t  

th e  f i r s t  and second a ttem p ts  tended  to  be low compared w ith  subsequent
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ones; th e re fo re ,  a t  l e a s t  two t r i a l s  were a llow ed , fo llow ed  by a l e a s t  

two co n secu tiv e ly  v a l id  a tte m p ts . I f  th e  FVC was n o t m easured, no more 

th a n  an 0 . ^-m inute r e s t  was allow ed between t r i a l s .  I f  th e  b re a th  was 

to  maximal e x p ira tio n  (v iz ,  PVC), co n sid e rab le  f a t iq u e  r e s u l te d  and 

lo n g e r r e s t  p e rio d s  were n ecessa ry . Such r e s t  p e rio d s  were considered  

coup leted  as  soon as th e  s u b je c t e s ta b lis h e d  norm al b re a th in g , v iz ,  an 

even and re g u la r  c h e s t movement. The FEV^ t e s t  was re p e a te d  u n t i l  s a t i s ­

fa c to ry  d u p lic a te  v a lu e s  o f v a l id  a ttem p ts  were o b ta in ed  and th e  maximum 

v a lu es  reco rd ed  were used f o r  e v a lu a tio n . Forced e x p ira tb ry  volume may 

be measured over any tim e in te r v a l ,  however, in  t h i s  s tu d y , th e  1-second 

and 0 ,5 -seco n d  measurements w ere employed. The 1-second  and 0 ,5 -second  

fo rce d  e x p ira to ry  volumes a re  expressed  as p e rcen tag es  o f  th e  fo rced  

e x p ira to ry  volume (FEV]_^o/FVC) o r  FEVq^^/FVC), The FEV/fVC r a t i o  i s  

u s e fu l  e s p e c ia l ly  in  a s s e s s in g  th e  degree o f o b s tru c t io n .  In  normal sub­

j e c t s ,  FEV^^o should  be in  excess o f 75 p e r  c e n t, depending on age, w ith  

th e  normal f o r  young, h e a lth y  su b je c ts  b e in g  83 p e r  c e n t. I f  i n  excess 

o f  85 p e r  c e n t, i t  w i l l  g ive  in fo rm atio n  on th e  degree  o f r e s t r i c t i o n ,  o r 

in d ic a te  a f a u l ty  a ttem p t due to  leakage o r f a i l u r e  o f th e  s u b je c t to  in ­

s p ir e  fu U y  p r io r  to  th e  t e s t .  A ir tra p p in g  as in  emphysematous p e rso n s, 

a lso  may be in d ic a t iv e ,  e s p e c ia l ly  i f  o ccu rrin g  in  m u ltip le  a ttem p ts  a t  

a  red ucing  s c a le , FEVg^^ a lso  has been shown to  be an e q u a lly  v a l id  

measurement, bo th  as  a  tim es volume measurement i t s e l f  and in  r e l a t io n  

to  th e  FVC, In  norm al p e rso n , FEVq ^/FVC should  exceed 50 p e r  cen t o f 

th e  t o t a l  FVC, U n til  r e c e n t ly ,  no means were r e a d i ly  a v a ila b le  f o r  p re ­

d ic t in g  normal v a lu es  o f  FVC and. FEV^, Kory e t  a l , (IO8 ) produced p re d ic ­

t i o n  form ulae developed on a  la rg e  p o p u la tio n  sample o f male su b je c ts  and 

a  nomogram, based on age and h e ig h t, f o r  VC, FEV̂ ^̂ Q and FEVq
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Forced. M id-E xpirato ry  F lag  (FMF)

The FMF o r  (FEFg^,^^^) was o r ig in a l ly  in tro d u ce d  by L euallen  and 

Fowler ( n o )  and was a  measurement u s e fu l  i n  e v a lu a tin g  airw ay  o b s tru c tio n  

based  on th e  hypo theses t h a t  th e  f i r s t  p o r tio n  o f th e  fo rce d  e x p ira to ry  

sp irogram  showed th e  l e a s t  d e la y , w hereas th e  l a s t  p o r t io n  was c h a ra c te r^  

i s t i c a l l y  slow er when compared to  th e  norm al. The m iddle $0 p e r  cen t 

p o r tio n  o f th e  FVC w as, th e r e f o r e ,  s e le c te d  as a  p o r t io n  p ro v id in g  a  more 

s e n s i t iv e  index  f o r  s e p a ra t in g  o b s tru c t iv e  a irw ay d e fe c ts  from  normal 

s t a t e s .  % a t t  e t  a l . ( i l l )  a ls o  showed t h a t  th e  FMF was la r g e ly  indepen­

d en t o f  e f f o r t  and slowed in  th e  p resen ce  o f  o b s tru c t io n  o f th e  sm all a i r ­

ways.

Time -  volume in d ic e s ,  such  as th o se  g iven  above, in  th e  m easure­

ment o f  v e n t i l a to r y  c a p a c ity  may be d ecreased  because o f  poor c o o p e ra tio n , 

poor m uscular e f f o r t ,  o r  because  o f a irw ay o b s tru c t io n .  In  th e  l a t t e r  

c o n d itio n , th e  tim e  volume in d ic e s  a re  a u s e fu l  m easure o f t h i s  o b s tru c ­

t i o n ,  b u t should  be n o ted  th e s e  in d ic e s  may be d ec rea sed  f o r  many re a so n s .

Average v a lu e s  f o r  th e  FMF range from  2 .0  l i t e r s / s e c  to  6 .7  

l i t e r s / s e c  (100 to  400 l i t e r s / m i n u t e ) .  P re d ic t io n  t a b le s  f o r  th e  fo rce d  

m id -ex p ira to ry  flow  (FMF) a re  found in  T able l6  in  th e  Appendix.

Forced V ita l  C ap ac ity  (FVC)

The t e s t  p roced u re  f o r  th e  FVC was s im ila r  to  t h a t  f o r  th e  FEVp, 

excep t th e  su b je c t was asked  to  co n tin u e  ex h a lin g  a f t e r  th e  i n i t i a l  r a p id  

and fo r c e f u l  e x p ira t io n  u n t i l  maximum e x p ira to ry  l e v e l  was reach ed . In  

normal o r  near-norm al s u b je c ts ,  th e  FVC measurement was re p e a te d  u n t i l  du­

p l i c a t e  v a lu es  w ith in  ±, 5 p e r  c en t w ere o b ta in e d . In  s u b je c ts  w ith  tra p p e d  

a i r ,  th e  FVC may be p ro g re s s iv e ly  reduced ; th e r e f o r e ,  th e  r e s t  p e rio d s
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between a ttem p ts  were c o n sid e rab ly  p ro longed  o r  a  v i t a l  c a p a c ity  m easure­

ment was made.

The fo rce d  v i t a l  c a p a c ity  i s  a  m easure o f  th e  s t a t i c  volume 

l im i t s  o f th e  lu n g , b u t r e l a t e d  to  maximum v o lu n ta ry  e f f o r t .  In  h e a l th ,  

i t s  v a lu e  i s  e q u iv a le n t to  t h a t  o f v i t a l  c a p a c ity . The p re d ic te d  v a lu e s  

f o r  FVC were o b ta in ed  from  th e  nomogram d e sc rib e d  by Kory e t  a l . (lOS) 

and Garbe and McDonnell (IO9 ) .

V i ta l  C apacity  (VC)

The VC i s  a  measure o f  th e  th o ra c ic  bellow s and i t s  v o lu m etric  

v a lu e  i s  n o t r e la te d  to  th e  tim e  o r  e f f o r t  ta k e n  f o r  th e  measurement; 

however, t h i s  t e s t  i s  ad v ised  p a r t i c u l a r ly  in  s u b je c ts  in  whom a i r  t r a p p ­

in g  su sp ec ted  o r l i k e l y  to  o ccu r. For t h i s  t e s t ,  th e  su b je c ts  was asked 

to  in s p ir e  m axim ally, fo llo w in g  normal and q u ie t  b re a th in g , to  app ly  h is  

l i p s  f irm ly  around the; m outhpiece and exhale  in to  th e  in s tru m e n t, sm oothly 

and com pletely  w ith o u t fo rc e  o r  h a s te  u n t i l  maximum e x p ira to ry  le v e l  was 

reach ed , v i z . ,  u n t i l  no f u r th e r  ex cu rs io n  o f th e  s ty lu s  could  be o b ta in ed  

even when e x h o rtin g  th e  s u b je c t  to  exhale  f u r th e r .  A le ak p ro o f f i t t e d  

n o se c lip  was used in  some c a se s .

V i ta l  c a p a c ity  may be reduced  by a  number o f  f a c to r s ,  b u t in  many 

in s ta n c e s , i t s  d ec rea se  i s  th e  r e s u l t  o f  an a b so lu te  re d u c tio n  due to  m al­

fu n c tio n in g  lung t i s s u e .  E xan^les o f  t h i s  a re  mass le s io n s  o f th e  lu n g s , 

o cc lu s io n  o f a  m ajor bronchus by bronchogenic carcinom a, b ro n c h io la r  ob­

s t r u c t io n ,  pulmonary, o b s tru c t io n ,  pulm onary edema, pneumonia, a te l e c ­

t a s i s ,  pulmonary f i b r o s i s ,  pulmonary co n g estio n  and s u rg ic a l  e x c is io n  o f  

pulmonary t i s s u e .  Sometimes th e re  i s  a  d ecrea se  in  v i t a l  c ap a c ity  because 

o f i n a b i l i t y  to  expand th e  lu n g s  o r  th o ra x ,  even though th e re  i s  no p rim ary



49

d is e a s e  o f  th e  lu n g s . Examples o f t h i s  a re : (a ) l im i t a t io n  to  c h es t ex:-

p an sio n  caused by c e r ta in  b o d ily  p o s it io n s  such as a  l a t e r a l  p o s i t io n  

d u rin g  th o ra c ic  su rg e iy , t i g h t  s tra p p in g , sc le roderm a, body d efo im a tie s  

such a s  h y p o sc o lio s is , th o ra c ic  p a in  (caused by f r a c tu r e  o f  a  r i b  o r by 

th o ra c ic  o r  upper abdominal in c is io n s )  o r by neurom uscular d is tu rb a n ce s  

such as  occur in  p o l io m y e l i t i s ,  p e r ip h e ra l  n e u r i t i s ,  m yasten ia  g ra v is ,  

and prim ary  m uscular d is o rd e r ,  (b ) l im i ta t io n  to  th e  d escen t o f th e  d ia ­

phragm owning to  a s c i t i e s ,  abdominal tim ior, pneumoperitoneum, o r  p a ra ly s is  

o f p h ren ic  n e rv e , and (c ) l im i t a t i o n  to  expansion o f th e  lungs because o f 

p le u r a l  e f fu s io n , pneumothorax, d iaphragm atic  h e rn ia ,  marked ca rd iac  en­

largem ent o r  a  la rg e  p e r ic a rd ia c  e f fu s io n  ( i l l ) .

V i ta l  c a p a c ity  may v a ry  as -much as 20 p e r c en t in  h e a lth y  sub­

j e c t s ,  even i f  o f th e  same h e i ^ t ,  w e i ^ t ,  age and sex . Reduced VC may 

occur in  so many d is e a s e s  t h a t  i t  i s  n o t c h a r a c te r i s t i c  o f any s in g le  d i s ­

o rd e r and, in  f a c t ,  i t  may n o t n e c e s s a r i ly  s ig n if y  pulmonary d is e a s e ; on 

th e  o th e r  hand, VC may be norm al in  persons s u f fe r in g  from  pulmonary d i s ­

a b i l i t y ,  as commonly found in  emphysema (IO9,  1 1 1 ), The average v a lu es  

f o r  v i t a l  c a p a c ity  i s  4 ,8  l i t e r s  and 6 ,0  l i t e r s  f o r  t o t a l  lung  c ap a c ity . 

These v a lu es  may change w ith  p o s i t io n ,  age, s iz e ,  sex  and a l t i t u d e .  The 

nomogram used in  t h i s  s tu d y  was d e sc rib e d  by Kbry e t  a l . (IO8 ) and Garbe 

and McDonnell ( I 09 ) .

The d a ta  were ta b u la te d  and computed by u t i l i z i n g  an e le c tro n ic  

com puter. S t a t i s t i c a l  e v a lu a tio n  was accom plished by using  th e  " t"  t e s t  

f o r  id e n t i fy in g  s ig n i f ic a n t  grouped mean v a lu e s  o f th e  F ir e f ig h te r s  and 

n o n -F ire f ig h te r s .  Comparisons by t h i s  method were a lso  employed to  de­

t e c t  d if f e r e n c e s  between smokers and nonsmokers o f F i r e f ig h te r s  and non- 

F i r e f ig h te r s  by age and le n g th  o f  tim e in  th e  F ir e  S e rv ic e , L inear



50

re g re s s io n  vas a lso  used to  compare v e n t i l a to r y  param eters a g a in s t such 

v a r ia b le s  as age and le n g th  o f tim e in  th e  F ir e  S e rv ice .



CHAPTER V

OBSERVATIONS AND DISCUSSION

The o b se rv a tio n s  on th e  pulmonary fu n c tio n  of F i r e f ig h te r s  and 

t h e i r  c o n tro l group a re  p re sen te d  as a c o n s id e ra tio n  o f th e  response  to  

o ccu p a tio n a l hazards encoim tered by th e  F i r e f ig h te r s ,  F ive hundred and 

fo r ty -n in e  F i r e f ig h te r s  were s tu d ie d  from th e  s ta n d p o in t o f  w hether a 

c a re e r  in  th e  F ire  S e rv ice  produced a h ig h e r in c id en ce  o f pulmonary im­

p airm en t o r adverse  e f f e c t  when compared to  t h e i r  c o n tro l group. The com­

p a riso n s  o f th e  F i r e f ig h te r s  and c o n tro ls  a re  shown in  T ables 2 th rough  

15 and F igu res 2 , 3 , and 4 in  th e  Appendix. However, in  o rd e r to  i n t e r ­

p r e t  th e  ty p e  o f pulmonary im pairm ent re p re se n te d  by th e se  measurements, 

th e  fo llow ing  p re lim in a ry  d is c u s s io n  i s  p re se n te d .

Pulmonary Impairm ent

P a tte rn  o f d if fu s e  o b s tru c t io n  o f sm a lle r airw ays

O b stru c tio n  o f sm a lle r  airw ays may occur because o f (a ) c o n s t r ic ­

t i o n  o f b ro n c h io la r  smooth m uscle, (b) mucosal co n g estion  o r inflam m ation , 

(c )  edema of b ro n c h io la r  t i s s u e s ,  (d) p lugg ing  o f th e  lumen by mucous, 

edemic f l u i d s ,  exudate o r  fo re ig n  b o d ie s , (e ) cohesion  o f mucosal su rfa c e  

by fo rc e s  o f su rfa ce  te n s io n s ,  ( f ) i n f i l t r a t i o n ,  com pression o r f i b r o s i s  

o f b ro n c h io le s , o r  (g) c o lla p se  o r k in k in g  o f b ro n c h io le s  due to  lo s s  o f 

th e  normal p u l l  o f  a lv e o la r  e l a s t i c  f i b e r s  on b ro n c h io la r  w a lls  o r to  lo s s

51
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o f s t r u c t u r a l ,  su p p o rtin g  t i s s u e s  o f  th e  b ro n c h ia l -walls.

The o b s tru c t iv e  p a t te r n  may be a  sim ple one in  which airw ay ob­

s t r u c t io n  i s  th e  on ly  pulm onary ab n o rm ality  (a s  in  Asthma); i t  may be 

more complex, such as when s t r u c tu r a l  d is e a s e  o f  th e  lu n g  causes th e  ob­

s t r u c t io n  (as in  Enç)hysema), o r  i t  may be p re s e n t  as a  p a t te r n  w hich com­

p l i c a te s  a  v a r ie ty  o f  d is e a s e s .

C o llapse  o f a irw ays because o f  weak w a lls  o r  lo s s  o f  t r a c t i o n  

norm ally  p rov ided  by th e  e l a s t i c  p ro p e r t ie s  o f  su rround ing  t i s s u e s  i s  d i s ­

p layed  p a r t i c u l a r ly  by measurement o f th e  fo rc e d  m id -e x p ira to ry  flow . I f  

o b s tru c t io n  i s  re v e rse d  com ple te ly  and ra p id ly  by b ro n c h o d ila tio n  o r 

th e ra p y , i t  may have been due to  smooth m uscle c o n s t r ic t io n ,  m uscosal con­

g e s t io n  o r  edema, o r p lu g g in g  o f th e  lumen. There i s  no ra p id  re v e r s a l  

in  th e  p resen ce  o f o rg an ic  narrow ing o f th e  lumen (as  in  p e r ib ro n c h io la r  

f i b r o s i s )  o r o f  d e s t r u c t io n  o f  t i s s u e s  r e s u l t in g  in  a check v a lv e  mecha­

nism  (as  in  o b s tru c t iv e  emphysema). R e l ie f  o f  o b s tru c tio n  by i s o p r o te m o l  

which i s  b o th  b ro n c h o d ila to r  and v a s o d i la to r ,  would su g g est t h a t  smooth 

m uscle c o n s t r ic t io n  i s  th e  m echanics re s p o n s ib le  f o r  th e  o b s tru c t io n . 

R e l ie f  fo llo w in g  use o f  a  pow erfu l v a s o c o n s t r ic to r ,  ad m in is te red  as an 

a e r o s a l ,  would in d ic a te  t h a t  v a sc u la r  co n g estio n  i s  o f c r i t i c a l  im portance 

(109, 111 ), The fo rce d  e x p ira to ry  flow  may show low r a te s  o f flow  resem ­

b l in g  an o b s tru c t iv e  p a t t e r n  when r e s p i r a to r y  m uscles a re  weak o r  p a ra ­

ly z ed ,

"■ O b stru c tiv e  a irw ay  d is e a s e  d is p la y s  th e  fo llo w in g  p a t te rn s  o f  

a l t e r e d  fu n c tio n :  (a ) v i t a l  c a p a c ity  may be norm al i f  none o f  th e  a irw ays

a re  o b s tru c te d  com plete ly  and i t  i s  d ecreased  i f  th e  o b s tru c tio n  o f some 

a irw ays i s  com plete o r  i f  th e  narrow ing i s  so sev ere  t h a t  airw ays c lo se s  

com ple te ly  d u rin g  fo rc e d  e x p ira t io n ;  (b ) th e  fo rc e d  e x p ira to ry  flo w , mid
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e x p ira to ry  flo w , EEV  ̂ d ecrease  f a r  more th a n  does th e  v i t a l  c ap a c ity ; and 

(c ) i f  an in d iv id u a l  has b ro n c h ia l asthm a, th e se  v e n t i l a to r y  param eters 

show normal o r  n e a r ly  normal v a lu es  fo llo w in g  b ro n c h o d ila to r  th e ra p y . I f  

th e  person  has emphysema o r o th e r  d is e a se  •which p e rm its  c o lla p se  o f th e  

medium s iz e  to  f in e  a irw ay s, th e re  i s  l i t t l e  improvement in  th e se  p a ra ­

m eters fo llo w in g  b ro n c h o d ila to r  th e ra p y . Forced m id -e x p ira to ry  flow  shows 

o b s tru c tio n  a t  i t s  maximum e x te n t from  normali-ky and i s  u s e fu l  f o r  a s s e s s ­

in g  b o rd e r lin e  cases ( i l l  -  119)»

Chronic b ro n c h itis

B ronchostenosis i s  an o th er name g iven  ch ro n ic  b ro n c h i t is  and i s  

c h a ra c te r iz e d  by decreased  FEVip, and FMF which v a lu es  a re  l i t t l e  in flu en ced , 

by b ro n c h o d ila tio n , v i t a l  c a p a c ity  d ec rea se s  s ig n i f i c a n t ly  on ly  when a 

s u f f i c i e n t ly  la rg e  number o f airw ays a re  c lo sed  com ple tely . The o b s tru c ­

t i v e  p a t te r n  in  ch ron ic  b ro n c h i t i s  d i f f e r s  from  t h a t  in  asthm a because 

b ro n c h o d ila to r  th e ra p y  does n o t cause a p p re c ia b le  o r  pro longed  improve­

ment and d i f f e r s  from  t h a t  in  emphysema because in  b r o n c h i t i s ,  t o t a l  lung  

c ap a c ity  i s  normal and th e  airw ays r e s is ta n c e  i s  in c re a se d  on b o th  in s p i ­

r a t io n  and e x p ira t io n .

C ig a re t te  smoking a ls o  d isp la y s  an o b s tru c t iv e  p a t te r n  in  more 

o r le s s  reduced  FEVrp AM) FMF, showing l i t t l e  Inprovem ent a f t e r  bronchcho- 

d i l a t io n  ( I 09,  111 ,  120 ) ,

O b stru c tiv e  empitiysema

The reduced VC, FEV^ and FMF a re  a l l  c h a r a c te r i s t i c  o f an ob­

s t r u c t iv e  p a t te r n .  In h a la t io n  o f b ro n c h o d ila to r  f a i l s  to  produce any s i g ­

n i f i c a n t  change in  VC o r flow  r a t e s ;  p o in tin g  to  an i r r e v e r s ib le  ty p e  o f  

airw ay o b s tru c t io n ,  th e  most common cause o f which i s  ch ron ic  pulmonary
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emphysema. The o b s tru c tio n  may be due to  (a ) veak , c o lla p s in g  b ro n c h ia l 

w a lls  on e x p ira t io n , (b ) o cc lu s io n  of a lv e o la r  a i r  passages due to  lo s s  

o f opening t r a c t io n  o f su rround ing  t i s s u e s ,  o r (c ) to  p lugging  by mucous 

due to  ex cessiv e  s e c re t io n  o r to  decreased  e x p ira to ry  flow  o r  change in  

c i l i a r y  a c t io n  reduc ing  th e  e f f ic ie n c y  o f th e  rem oval mechanism.

This t e s t  e s ta b l is h e s  (a ) th e  degree  o f sev ere  chron ic  pulmonary 

emphysema in  t h i s  c e r ta in  person  (w ith  i n s u f f i c i e n t  fu n c tio n  o f oxygena­

t i o n  and rem oval carbon d io x id e ) , (b) t h a t  th e  m echanical l im i ta t io n  to  

b re a th in g  i s  sev ere  b u t d i s a b i l i t y  i s  n o t marked, (c ) th a t  i t  i s  u n lik e ly  

to  g a in  improvement by b ro n c h o d ila to r  th e ra p y , (d) th a t  p o s i t iv e  p re ssu re  

b re a th in g  th e ra p y  appears vm likely  to  r e s u l t  in  improved e x p ira to ry  flow  

and i n  more com plete o r  ra p id  e x p ira t io n  ( I 09 ,  120- 126) ,

B ro n ch ia l asthma

Reduced FEVip, VC and FMF a re  a l l  p a r t  o f th e  p a t te rn  o f o b s tru c ­

t i o n ,  r e s t r i c t i v e  le s io n s  o f th e  lungs and th o ra x  a re  ru le d  o u t because 

o f in c re a se d  t o t a l  lung  c a p a c ity  (109,  112,  127,  128, 129) .

P a tte rn  o f im paired  d i f f u s io n

Impairm ent Of d i f f u s io n  may occur because th e re  i s  (a ) a  lo n g e r 

d i f f u s io n  p a th  f o r  oxygen from  a lv e o l i  to  b lo o d , o r  (b) a d ecrease  in  

su rfa c e  a re a  f o r  gas exchange. V i ta l  c a p a c ity  i s  d ec rea sed , b u t th e  

FEVip and fo rc e d  e x p ira to ry  flow  r a te s  may be norm al even when th e  v i t a l  

c a p a c ity  i s  reduced  c o n s id e ra b ly . This ty p e  o f fu n c tio n  i s  due to  th e  

pure  a lv e o la r  c a p i l l a r y  b lo ck , b u t i s  n o t a s s o c ia te d  w ith  airw ay o b s tru c ­

t i o n ;  th e  in d iv id u a l  can s t i l l  b re a th e  in  and o u t ra p id ly . A r e s t r i c t i v e  

p a t te r n  i s  v e ry  o f te n  p re se n t a ls o ,  and an o b s tru c tiv e  one in  th e  term inal, 

s ta g e s  (109,  112) .
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P a tte rn  o f pulmonary v a sc u la r  congestion

This p a t te m  I s  seen  c h a r a c te r i s t i c a l ly  in  m i t r a l  s te n o s is ,  l e f t  

v e n tr ic u la r  f a i l u r e ,  l e f t  t o  r ig h t  shun ts and in  hypervolem ia. No s in g le  

p a t te rn  i s  c h a r a c te r i s t i c  o f  a l l  o f  th e se  v a r ie d  c o n d itio n s . For t h i s  

reaso n , th e  p a t te r n  p re sen te d  here  w i l l  be t h a t  o f pulmonary congestion  

caused by m i t r a l  s te n o s is  o r  l e f t  v e n t r ic u la r  f a i l u r e ,  which i s  f a i r l y  

uniform ; in  c e r ta in  s tag e s  i t  c lo s e ly  resem bles th e  p a t te rn s  o f im paired  

d if fu s io n  and r e s t r i c t i o n .

The v i t a l  c a p a c ity  i s  decreased  and th e r e  i s  no gas tra p p in g . 

Forced m id -ex p ira to ry  flow  and FEV  ̂ may be normal u n t i l  pulmonary edema 

develops (109, 112,  13O, I 31 ) .

P a tte rn s  o f r e s t r i c t i o n

In  pure  r e s t r i c t i v e  airw ay d is e a s e , th e  c h a r a c te r i s t i c  f e a tu re  i s  

l im i ta t io n  o f f u l l  expansion of th e  lungs even though th e re  i s  no neuro­

m uscular d is e a s e . This may be due to  d if f u s e  pulmonaiy d is e a s e  (such  as 

i n t e r s t i t i a l  f i b r o s i s  o r  scleroderm a) p le u r a l  th ic k e n in g , p le u ra l  e f f u ­

s io n  o r pneumothorax, d is e a s e  o f th e  th o ra c ic  cage (K yphoscho liosis , 

ankylosing  s p o n d y li t is )  o r  an unusual e le v a tio n  o f th e  diaphragm  ( la rg e  

abdominal m asses). This p a t te r n  in  i t s  pure form  does n o t in c lu d e  a i r ­

way o b s tru c tio n ; th e r e f o r e ,  th e  FMF perform ed w ith  q.ioick sm all b re a th s ,  

rem ains normal d e sp ite  c o n sid e ra b le  re d u c tio n  in  v i t a l  c a p a c ity . An ob­

s t r u c t iv e  p a t te r n  may develop  l a t e r  and com plicate  th e  pure  r e s t r i c t i v e  

p a t te r n ;  presum ably t h i s  occurs because i n a b i l i t y  to  b re a th e  d eep ly  and 

cough e f f e c t iv e ly  which fa v o rs  an accum ulation  of,m ucus, a l e l e c t a s i s ,  

in f e c t io n  and s c a t te re d  f i b r o t i c  changes.

The r e s t r i c t i v e  p a t te r n  i s  c h a ra c te r iz e d  as fo llo w s: v i t a l
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c ap a c ity  d ecreases  m arkedly because o f l im i t a t io n  to  f u l l  expansion; th e  

FEV may be normal o r n e a r ly  so , d e s p ite  a  co n sid e rab le  re d u c tio n  in  v i t a l  

c a p a c ity , FEVlj p e r cen t i s  o f te n  c o n s id e rab ly  above normal due to  th e  r e ­

duced v i t a l  c a p a c ity ; i f  th e  c h es t i s  r i g i d ,  th e  diaphragm  can make f u l l  

ra p id  ex cu rs io n s ; i f  th e  diaphragm  i s  crowded in to  th e  th o ra x , th e  c h es t 

cage can s t i l l  move q u ic k ly ; i f  th e  FEV^ i s  reduced , i t  i s  co n sid e rab ly  

l e s s  th an  th e  v i t a l  c a p a c ity ; and th e  fo rce d  e x p ira to ry  flow  r a te s  a re  

u su a lly  decreased  s l i g h t ly ,  b u t r a r e ly  to  th e  e x te n t seen in  th e  o b s tru c ­

t i o n  p a t te rn  ( I 09 ,  112,  132,  133) .

P a tte rn s  o f h y p o v e n tila tio n

% p o v e n ti la t io n  e x is t s  when an in s u f f i c i e n t  volume o f f r e s h  a i r  

e n te rs  th e  a lv e o l i  each m inute r e l a t i v e  to  th e  m etabo lic  a c t i v i t y  o f th e  

body, le ad in g  to  anoxemia, carbon d io x id e  r e te n t io n ,  and r e s p i r a to r y  

a c id o s is .  I t  can r e s u l t  from many d i f f e r e n t  causes; th e r e f o r e ,  i t  may 

occur in  normal su b je c ts  d u rin g  deep s l e e p , ' in  in d iv id u a ls  w ith  normal 

lungs and th o ra x , in  in d iv id u a ls  w ith  norm al lungs b u t a  r i g i d  th o ra x  

(K y p h o sco lio s is ), and in  in d iv id u a ls  w ith  v e ry  sev e re  o b s tru c tiv e  o r  r e ­

s t r i c t i v e  pulmonary d is e a se  (asthm a, emphysema, i n t e r s t i t i a l  f i b r o s i s ) .  

Pulmonary fu n c tio n  s tu d ie s  in  persons w ith  h y p o v e n tila tio n  (b u t no d e te c ­

ta b le  abnorm ality  in  th e  lungs o r th o ra x ) show th e  fo llo w in g  ty p ic a l  

p a t te r n s :  v i t a l  c a p a c ity  may be normal o r  m arkedly reduced i f  th e re  i s

d e p re ss io n  o r b lockage o f th e  n e u ra l pathways from  th e  r e s p i r a to r y  c e n te r  

to  th e  r e s p ir a to r y  m uscles; FEV^ mjay be norm al o r  above norm al; and th e  

FMF i s  decreased  when th e re  i s  in te r f e re n c e  w ith  n eu ro m u scu l^  co n d itio n  

and tra n sm iss io n  ( I 09 ,  112, 13^ ) .
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P a tte rn  o f aging

Men above 50 to  6o y ea rs  may have no symptoms o f cardiopulm onary 

d is e a s e  and have normal l%.%ngs on c l i n i c a l  and r a d io lo g ic  exam inations. 

A lthough ( in  e x c e p tio n a l c ase s)  s u b je c ts  between th e  ages o f 50 and 90 

may have pulmonary fu n c tio n  comparable to  t h a t  o f  h e a l th  young men, th e  

m a jo r ity  o f o ld e r  persons d is p la y  th e  fo llo w in g  p a t te r n  o f a l te r e d  p u l­

monary fu n c tio n : (a ) th e  VC i s  d ecreased  and FEVrp and fo rced  e x p ira to ry

flovr r a t e s  may a ls o  be d ecrea sed , (b) th e  e l a s t i c  t i s s u e s  o f th e  lungs 

appear to  change w ith  age and (c ) th e  m uscle fo rc e  d e c re a se s , which may 

be re sp o n s ib le  f o r  a d ecrease  in  flow  r a t e s .  I t  i s  im portan t in  e v a lu a t­

in g  pulmonary fu n c tio n  in  o ld e r  men to  know th a t  th e se  in d iv id u a ls  may 

have no pulmonary symptoms even though th e  EMF may be as low as 50 p e r  

c e n t. However, th e  changes produced by r e l a t i v e l y  m ild  pulmonary d is e a s e  

added to  p r e - e x is t in g  changes caused by ag in g , may le a d  to  d e f in i t e  symp­

toms because o f th e  d ecrea se  in  re s e rv e  (IO9 ,  112, 135, 13&). Because 

o f t h i s ,  b o th  F i r e f ig h te r s  and c o n tro ls  were grouped in to  5 -y ea r age 

groups and th e  mean v a lu e s  w ith in  th e  groups was used f o r  c o n ça riso n s .

H eight and W eight F a c to rs

The v i t a l  c a p a c ity , c o r r e la te d  by u s in g  th e  body w e ig h t, stem  

h e ig h t ,  su rfa c e  a re a , c ircum ference  and volume of th e  th o ra x , r a d io lo g ic  

lung  a re a  o r volume, age o r  any com bination o f th e s e  measurements has 

been u t i l i z e d  in  p r e d ic t in g  lung  volumes (137, 138, 1 3 9 ). Most a ttem p ts  

t r y in g  to  d e sc r ib e  a  l i n e a r  re g re s s io n  have been made using  body b u i ld  

and lung  volume; th e r e f o r e ,  good c o r re la t io n s  was o b ta in ed  only  over 

l im ite d  ran g es . To overcome t h i s ,  fo rm ulas u t i l i z i n g  m u ltip le  l i n e a r  

re g re s s io n  have been d e riv e d .
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K elly  ( l4 o ) ,  in  a  s tudy  o f v i t a l  c a p a c ity  o f  boys and g i r l s ,  

f i r s t  id e n t i f i e d  th e  r e la t io n s h ip  betw een v i t a l  c a p a c ity  and th e  cube o f 

h e ig h t, Bateman ( i h l )  l a t e r  exp ressed  th e  r e la t io n s h ip  o f th e  t o t a l  lung  

vol'ome and i t s  su b d iv is io n s  to  th e  t h i r d  power o f  th e  body h e ig h t o f 

a d u lts  o f average s t a t u r e ,  su b seq u en tly , Ifoore e t  a l . (l4 2 ) B e l l ie s en e t  

a]., (l43  and Engstrom e t  a l . ( l4 4 ) d e sc r ib e d  t h i s  r e la t io n s h ip  in  boys and 

g i r l s .

Of th e  v a rio u s  m easurements o f body b u i ld ,  h e ig h t g e n e ra lly  has 

been found to  be th e  s in g le  measurement w ith  which lu n g  volumes can be 

b e s t  c o r re la te d .  P rev ious s tu d ie s  d e sc r ib e d  lung  volumes as a  l i n e a r  

fu n c tio n  o f h e ig h t d e a lin g  w ith  p e rsons o f  a  l im ite d  h e i ^ t j  over such 

l im ite d  ran g es , th e  c o r r e la t io n  was co n sid ered  s a t i s f a c t o r y .  However, 

Hepper e t  a l . ( l4 $ )  found t h i s  c o r r e la t io n  u n s a t i s f a c to r y  when th e  h e ig h t 

range  was ex tended. The c o r r e la t io n  e x is t in g  between lung  volumes and 

th e  t h i r d  power o f h e ig h t was sugg ested  as a more re a so n ab le  c o r r e la t io n  

th a n  w ith  th e  f i r s t  power o f  h e ig h t ,  s in c e  th e  body i s  th re e -d im e n s io n a l. 

T h is has been p o in te d  o u t s e v e ra l  tim es  in  th e  l i t e r a t u r e ,  b u t i t s  use 

has n o t been w id e ly  adop ted .

S ince w eig h t and h e ig h t o f  th e  F i r e f i n t e r s  were v a r ia b le s  w hich 

in flu en c ed  th e  measurements o f th e  v e n t i l a to r y  c a p a c i t ie s  a  g re a t  d e a l ,  

th e s e  v a r ia b le s  w ere co n sid e red  as  c o n tr ib u to ry  f a c to r s  which produced 

b e t t e r  perform ances f o r  th e  F i r e f ig h te r s  a t  th e  b eg in n in g  o f t h e i r  c a re e r .  

H eight and w eigh t com parisons a re  shown in  T ab les 2 and 3 in  th e  Appendix 

and i t  appears t h a t  F i r e f ig h te r s  a re  p h y s ic a l ly  b e t t e r  su b je c ts  a t  th e  

younger age th a n  th e  c o n tro l  g roup . T h is i s  e v id e n t in  th e  in c re a se d  lu n g  

volumes im p lic a te d  in  t h i s  s tu d y .
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V ita l  C apacity  (VC)

The mean v a lu e  o f th e  VC f o r  each age group in  r e l a t io n  to  F i r e ­

f ig h t e r s  and c o n tro ls  i s  shown in  Table k in  th e  Appendix. There was a  

s tead y  d e c lin e  in  t h i s  v a lu e  w ith  in c re a s in g  age in  b o th  t e s t  and c o n tro ls ;  

however, th e  F i r e f ig h t e r s ' v a lu es  decreased  a t  a  f a s t e r  r a t e .

The observed v a lu es  f o r  th e  F i r e f ig h te r s  were h ig h e r in  th e  . 

younger age group o f 20 th rough  39 and low er in  th e  o ld e r  groups when com­

p ared  to  th e  c o n tro ls .  Only th e  20 to  24 age group was shown s ig n i f ic a n t  

a t  th e  0 .05  l e v e l  due to  t h e i r  b e t t e r  p h y s ic a l  param eters a t  th e  e a r ly  

age; however, th e  observed mean v a lu es  f o r  th e  c o n tro l age group 40 and 

above were d i f f e r e n t  when compared to  th e  F i r e f ig h te r s .

Forced V i ta l  C apacity  (FVC)

The mean v a lu e  f o r  th e  FVC f o r  F i r e f ig h te r s  and c o n tro l in  r e l a ­

t io n s h ip  to  in c re a s in g  age i s  shown in  T able 5 In  th e  Appendix. I t  i s  

ap p aren t t h a t  in  a l l  g roups, th e  FVC e x h ib ite d  a g e n e ra l downward t r e n d  

w ith  in c re a s in g  age, b u t th e  d if f e r e n c e  between th e  v a lu es  f o r  th e  

youngest age group 20 to  2k was s ig n i f ic a n t  a t  th e  O.05  l e v e l  due to  phy­

s i c a l  m easurem ents.

The observed  v a lu e s  f o r  th e  F i r e f ig h te r s  were h ig h e r in  a l l  age 

groups, except th e  30 t o  3^ and 45 to  49 g roups, b u t again  th e  d ecrease  

dem onstrated  a  f a s t e r  d e c lin e  w ith  age th a n  th e  c o n tro l  group. W hile 

th e  d if fe re n c e s  betw een th e  two groups were s ig n i f ic a n t  on ly  a t  th e  O.O5 

l e v e l  f o r  th e  20 to  24 age group, th e  d if f e r e n c e s  o f th e  mean v a lu es  f o r  

th e  o th e r  groups w ere e v id e n t.

1-Second Forced E x p ira to ry  Volume (FEVt )

The mean v a lu e  o f th e  FEVj_ f o r  each  age group in  r e l a t io n  to  th e
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F ir e f ig h te r  and c o n tro l groups i s  shown’in  T ables 6 and 7 and F igure  2 in  

th e  Appendix. The r e s u l t s  o b ta in ed  f o r  th e  FEV^, c lo s e ly  p a r a l l e l  th e  

tre n d s  shown in  e v a lu a tio n  o f th e  two p rev io u s  param eters  o f v e n t i la t io n  

w hich in d ic a te d  a  s tead y  drop in  th e  v a lu es  w ith  in c re a s in g  age in  b o th  

t e s t  and c o n tro l g roups. As no ted  p re v io u s ly , th e  F i r e f i g h t e r s '  mean 

v a lu es  decreased  a t  a f a s t e r  r a t e .  Except f o r  th e  younger group, th e  

d if fe re n c e s  between th e  two groups were n o t s ig n i f ic a n t  a t  th e  O.05  l e v e l ;  

however, th e  c o n tro l group showed c o n s is te n t ly  h ig h e r v a lu es  f o r  age groups 

25 to  29,  30 to  34 and 40 to  44. T h is reduced  volume o f tim ed fo rced  ex­

p i r a to r y  in  F i r e f ig h te r s  i s  p a tte rn e d  a f t e r  t h a t  found f o r  airw ay o b s tru c ­

t i o n  and r e s t r i c t i o n  due to  o ccupation .

1-Second Forced E x p ira to ry  R a tio  (FEV/f VC)

The mean v a lu e  f o r  th e  FSV^ as a  p e rcen tag e  o f  th e  fo rce d  ex p i­

r a to r y  volume f o r  th e  F i r e f ig h te r s  and c o n tro ls  in  r e la t io n s h ip  to  in c re a s ­

in g  age i s  shown in  Table 8 in  th e  Appendix. The d e c rea se  w ith  age i s  de­

m onstrated  and a  c o n s is te n t  d if f e r e n c e  betw een th e  r a t e  o f d ecrease  i s  

shown, w ith  th e  F i r e f ig h te r s  have a f a s t e r  d e c l in e .  The d if fe re n c e  betw een 

th e  two groups was only  s ig n i f ic a n t  a t  th e  0 ,05  l e v e l  f o r  th e  age group 

45 to  49, b u t a  d i s t i n c t  d if f e re n c e  i s  e v id e n t. The F i r e f ig h te r s  were 

c o n s is te n tly  low er in  a l l  groups excep t 35 to  39 and 50 o r  above and th e  

c o n tro ls  were h ig h e r f o r  th e  o th e r  f iv e  age groups when comparing mean 

v a lu e s ,

A d ecrease  in  tim ed  fo rce d  c ap a c ity  d e te rm in a tio n , such as fo rce d  

e x p ira to ry  volume in  1-second o r 0 . 5-second r e f l e c t s  a  low ered e x p ira to ry  

flow  r a t e .  This change depends on narrow ing o f th e  b ronch i due to  th e  

smooth muscle spasm o r mucosal edema and mucous s e c re t io n  ( l4 6 ) ;  th e r e ­

f o r e ,  o ccu p a tio n a l exposure, as a  c o n tr ib u to ry  f a c to r ,  i s  suggested .
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0 . ^-Second Forced E x p ira to ry  Volume (FEVq^c;)

As noted  p re v io u s ly , a s tead y  drop in  th e  mean v a lu e s  w ith  i n ­

c reas in g  age i s  ev id en t (T able 9 in  th e  Appendix) f o r  b o th  F i r e f ig h te r s  

and c o n tro l, Ifean v a lu es  were c o n s is te n tly  low er f o r  th e  F i r e f ig h te r s  

except in  th e  20 to  2h,  35 to  39 and 50 o r  above age groups w h ile  th e  con­

t r o l s  rev ea led  h ig h e r  v a lu es  f o r  a l l  o th e r  age g roups. The d if fe re n c e  

between th e  two groups was n o t s t a t i s t i c a l l y  s ig n i f ic a n t  a t  th e  0 ,05  l e v e l  

f o r  any age group, b u t th e  d if fe re n c e  was d i s t in c t iv e ly  d i f f e r e n t ,

0 .5-Second Forced E x p ira to ry  R a tio  (FEV/f VC)

The mean v a lu es  f o r  th e  FEVq^^ as a  p e rcen tage  o f  th e  fo rce d  

e x p ira to ry  volume f o r  th e  F i r e f ig h te r s  and c o n tro ls  in  r e la t io n s h ip  to  

in c re a s in g  age a re  shown in  T able 10 (Appendix), The mean v a lu e s  f o r  

th e  F i r e f ig h te r s  were low er in  a l l  age groups excep t 50 o r  above. F i r e ­

f ig h te r s  a t  t h i s  age a re  promoted to  o th e r  d u tie s  n o t as hazardous in  

th e  F ire  S e rv ice ; th e r e f o r e ,  a re  le s s  o ccu p a tio n a l exposed. The mean 

v a lu es  were n o t s ig n i f ic a n t  a t  th e  0 ,05  l e v e l  f o r  any age group, b u t th e  

d if fe re n c e s  were su g g es tiv e  o f  airw ay o b s tru c tio n  o r r e s t r i c t i o n  d is e a se  

due to  o ccupation .

Forced M id-E xpirato ry  Flow (FMF)

The r e s u l t s  o b ta in ed  f o r  th e  FMF p a tte rn e d  th e  tre n d s  shown in  

e v a lu a tio n  o f th e  p rev io u s  param eters o f v e n t i l a t io n .  There was a  s tead y  

d e c lin e  in  th e  mean v a lu es  f o r  th e  FMF w ith  in c re a s in g  age in  b o th  F i r e ­

f ig h te r s  and C o n tro ls ; b u t as shown in  Tables 11 and 12 and F ig u res  3 and 

4 in  th e  Appendix, i t  was a p p a ren t t h a t  th e  F ir e f ig h te r s *  d ecreased  a t  

a f a s t e r  r a t e .  Except f o r  th e  age groups 20 to  2k and 50 o r  above, th e  

d if f e r e n c e  was no t s ig n i f ic a n t  a t  th e  0 ,05  l e v e l ,  b u t th e  mean va lu es
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were d i s t i n c t iv e ly  d i f f e r e n t  (T able 13 in  th e  A ppendix). The d if fe re n c e  

d e sc rib e d  fo r  th e  younger age group 20 to  2h i s  su g g es tiv e  o f th e  p h y s ic a l 

co n d itio n  o f th e  F ir e f ig h te r s  a t  th e  beg in n in g  o f t h e i r  c a re e r j  however, 

t h a t  f o r  th e  $0 o r above age group i s  in d ic a t iv e  o f th e  prom otion p r a c t ic e  

to  w orking c o n d itio n  where th e  occupation  i s  le s s  h aza rd . This re d u c tio n , 

coupled w ith  th e  re d u c tio n  in  v i t a l  c a p a c ity  and tim ed  fo rced  e x p ira to ry  

volume o f F i r e f ig h te r s ,  i s  su g g es tiv e  o f o b s tru c t iv e  and r e s is ta n c e  airw ay 

d is e a se  due to  th e  occupation .

1-Second Forced E x p ira to ry  Volume (FBVt ) and 
Forced M id -ex p ira to ry  Flow f o r  Nonsmokers and Smokers

Nonsmokers were s u p e r io r  to  smokers in  th e  FEV^ and fo rce d  mid- 

e x p ira to ry  flow  param eters f o r  b o th  F i r e f ig h te r s  and c o n tro ls  when th e  

mean v a lu es  were compared f o r  d i f f e r e n c e s .  The r e s u l t s  f o r  F i r e f ig h te r s  

a re  ta b u la te d  in  Table l4  and th o se  f o r  c o n tro ls  in  Table 15 (Appendix).

The most c o n s is te n t  d if f e r e n c e s  were seen  in  th e  FMF w hich was 

shown s ig n i f ic a n t  f o r  b o th  F i r e f ig h te r s  and c o n tro ls .  The FEV^ mean 

v a lu e  d if f e r e n c e  was o n ly  s ig n i f ic a n t  in  th e  F i r e f ig h te r s ;  however, th e  

c o n tro ls  in d ic a te d  a d i s t i n c t  d if f e r e n c e  betw een th e  smokers and non- 

smokers. The mean v a lu e  d if f e r e n c e  f o r  th e  F i r e f ig h te r s  was more s ig n i ­

f i c a n t  th a n  in  th e  c o n tro ls .  S ig n if ic a n c e  f o r  d if f e r e n c e s  were t e s t e d  

a t  th e  0.05  l e v e l .

This p ro g re s s iv e  d ec rea se  in  th e  mean v a lu e  f o r  th e  FMF noted  in

Tables 12 and 13 was a ls o  found by Bower (l^ T ) where th e  FMF d ec lin ed  w ith  

in c re a s in g  age; b u t on th e  o th e r  hand. F l ic k  and P a tto n  ( l4 8 ) found no 

d ecrease  in  peak e x p ira to ry  flow  r a te s  in  nonsmokers up to  th e  age 70 .

In  t h i s  s tu d y , a l l  age groups were grouped in to  smokers o r nonsmokers f o r  

F i r e f ig h te r s  and c o n tro ls  where mean v a lu e  were compared f o r  d if f e r e n c e .
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W hile c ig a r e t t e  smoking i s  a s so c ia te d  w ith  a  c o n s is te n t ly  low er 

mean v a lu e  f o r  th e  FEV]___o and FMF f o r  b o th  groups t e s t e d ,  th e  d ecrease  

in  FEV-]_̂ o sec th e  t e s t  group and FMF f o r  b o th  groups showed s t a t i s t i ­

c a l ly  s ig n i f ic a n t  d i f f e r e n c e .  A lthough v e n t i l a t io n  i n  c ig a r e t t e  smokers 

i s  d ecreased  even a f t e r  one c ig a r e t t e  i t  has n o t been p o s s ib le  to

dem onstrate  a c a u se -a n d -e f fe c t r e la t io n s h ip .  M atorazzo and Saslow ( I 50 ) 

r e c e n t ly  review ed th e  p e r t in e n t  l i t e r a t u r e  and dem onstrated  many d i f f e r ­

ences in  th e  c h a ra c te r  o f smoker and nonsmokers. Thomas and Cohen (15I )  

i l l u s t r a t e d  t h a t  c ig a r e t t e  smokers in c lu d e  a  h ig h e r p e rcen tag e  o f men 

a b le  to  t a s t e  p h e n y lth io u re a  th a n  nonsm okers, w h ile  Snyder (152) showed 

t h a t  t h i s  a b i l i t y  to  t a s t e  p h en y th io u rea  i s  in h e r i te d  as a  r e c e s s iv e  gene. 

C e r ta in ly , th e  d if f e r e n c e s  betw een smokers and nonsmokers i s  n o t on ly  th e  

f a c t  t h a t  some in h a le  c ig a r e t t e  smoke, b u t p robab ly  an in b o rn  d if f e r e n c e  

in  th e  s e n s i t i v i t y  o f  t h e i r  b ro n ch i to  in h a led  i r r i t a n t s .  Read and Selby 

(153 ) suggested  a g e n e tic  h y p o th esis  which would e x p la in  th e  f a c t  t h a t  

some nonsmokers g e t b ro n c h i t is  and v e n t i l a to r y  d e fe c ts  w h ile  some heavy 

smokers rem ain u n a ffe c te d . They p o s tu la te d  th e  e x is te n c e  o f two a l l e l e s  

"V" and "v". Homozygous "W " s u b je c ts  w i l l  g e t b ro n c h i t is  and a s so c ia te d  

v e n t i l a to r y  d e fe c ts  in  th e  absence o f  any i r r i t a n t s ;  " w "  su b je c ts  rem ain 

u n a ffe c te d  even in  th e  p resen ce  o f  i r r i t a n t s  and "Vv" s u b je c ts  w i l l  g e t 

b ro n c h i t is  and v e n t i l a to r y  d e fe c ts  i f  exposed to  any in h a le d  i r r i t a n t s .

I t  i s  ap p aren t t h a t  th e  FFV^ and FMF b e a r  an in v e rse  r e la t io n s h ip  

to  in c re a s in g  age and heavy c ig a r e t t e  smoking. As th e  p rev a len ce  o f p u l­

monary im pairm ent in c re a s e s  w ith  age and th e  degree  o f  c ig a r e t t e  smoke, 

i t  i s  n o t s u rp r is in g  t h a t  th e  v e n t i l a to r y  p a ram eters  should  d e c rea se  in  

th e  p resence  o f  pulmonary d e fe c ts .
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Many d i f f e r e n t  k inds o f p a r t i c l e s  g iv e  r i s e  to  in c re a se d  a irw ay 

r e s i s ta n c e .  Thus, i t  i s  more p robab ly  t h a t  th e  re a c t io n  to  tobacco  smoke 

i s  n o t dependent upon th e  n ic o tin e  e f f e c t  a lo n g , b u t t h a t  i t  i s  non­

s p e c if ic  and i s  e l i c i t e d  by re f le x e s  from  th e  r e s p i r a to r y  t r a c t ,  th e  

m agnitude o f which a re  due to  th e  s e n s i t i v i t y  o f  th e  re c e p to rs  in  th e  

b ro n ch i (154-163).



CHAPTER VI 

SUMMARY AND CONCLUSIONS

T his in v e s t ig a t io n  was concerned w ith  th e  measurement o f occupa­

t io n a l  exposure e f f e c t s  as evidence by a l t e r a t io n s  in  th e  pulmonary fu n c ­

t i o n .  F ive hundred and fo r ty -n in e  F ir e f ig h te r s  were s e le c te d  from  th e  

Oklahoma C ity  F ir e  S e rv ice  f o r  t h i s  s tu d y , o f which hUO were smokers 

and 109 nonsmokers (T able I 7 in  th e  A ppendix). The c o n tro l group was 

composed of I 5I  v o lu n te e rs , c o n s is tin g  o f 52 nonsmokers and 99 smokers.

The F ire f ig h te rs*  age range was 20 to  63 ( t h e i r  le n g th  o f  f i r e  s e rv ic e  a t  

th e  in c ep tio n  o f t h i s  s tu d y  was 3 months to  28 y e a rs )  compared to  th e  con­

t r o l s  whose age range was 20 to  67 y e a rs . The smokers in  b o th  groups 

averaged one to  two packs o f c ig a r e t te s  p e r day and a l l  in h a le d . The 

i n i t i a l  h e a lth  p r o f i l e  d id  no t re v e a l  marked d is e a se  o f  th e  h e a r t ,  lung , 

l i v e r ,  kidney o r  nervous system , b u t some h e a lth  is s u e s  such as  bronch­

i t i s ,  asthma and emphysema symptoms were d isco v e red  in  th e  i n i t i a l  ev a lu a­

t io n  in  some o f th e  t e s t  and c o n tro l s u b je c ts .

The V ita lo g rap h  Spirom eter and r e s p i r a to r y  q u e s tio n n a ire  were 

u t i l i z e d  in  t h i s  s tu d y  to  b e t t e r  e v a lu a te  th e  p o te n t ia l  hazard  e f f e c ts  

which could a r i s e  from  o c cu p a tio n a l exposure.

The " t"  t e s t  was employed to  d e te c t  s ig n i f ic a n t  d if f e re n c e s  in  

mean va lues between th e  t e s t  and c o n tro l  groups. The measurements made 

w ere; (a) v i t a l  c a p a c ity  (VC), (b ) fo rce d  v i t a l  c ap a c ity  (FVC), (c ) fo rc e d

65



66

e :q jira to ry  volume (jPEVrp), (d) fo rced  e x p ira to ry  r a t i o ,  (e) fo rced  m id- 

exp>iratory flow  (FMF), and h e ig h t and w eig h t. The 20 to  2h age group 

showed s ig n if ic a n c e  a t  th e  0 ,05  le v e l  in  th e  VC,FVC,FEV2  FMF and

h e ig h t; w hereas th e  45 to  49 age group showed s ig n if ic a n c e  a t  th e  0,05  

le v e l  f o r  v a lu es  in  FEV/fVC, FMF and w eig h t, and 35 to  39 f o r  h e ig h t and 

w eigh t. The mean v a lu es  o f o th e r  v e n t i la to r y  c a p a c it ie s  were no t s ig n i ­

f i c a n t  a t  t h i s  l e v e l ,  b u t were d i s t i n c t l y  d i f f e r e n t  when th e  F ir e f ig h te r s  

and c o n tro ls  were compared. The fo llo w in g  conclusions have been drawn:

1 , The v i t a l  c a p a c ity , fo rce d  v i t a l  c ap a c ity  and flow  r a te s  de­

creased  in  F i r e f ig h te r s  as in  c o n tro ls ,  b u t th e  F i r e f ig h te r s  ? mean v a lu es  

d ec lin ed  a t  a  f a s t e r  r a t e ;  even t h o u ^  th e  t e s t  p o p u la tio n  e x c e lle d  th e  

c o n tro l group in  h e ig h t and w eight w ith  a  b e t t e r  perform ance being  e v i­

den t in  th e  younger age group 20 to  24,

2, Nonsmokers were s u p e r io r  to  smokers in  th e  flow  r a t e  mean 

v a lu e s , which suggested  smoking p o te n t ia l ly  im pairs  lung  c a p a c ity . The 

mean v a lu es  were found s ig n i f ic a n t  f o r  th e  F ir e f ig h te r s  in  b o th  FEV^ and 

th e  FMF, b u t only  in  th e  FMF f o r  th e  c o n tro ls .  Smokers were a t  h ig h  r i s k  

th rough  c ig a r e t te  smoking and when th e  F ir e f ig h t in g  exposure was added, 

t h i s  re p re se n te d  an in c re a se d  p o te n t ia l  h e a l th  hazard ,

3, The observed  d if fe re n c e s  between th e  F i r e f i n t e r s  and c o n tro ls

could o n ly  be a t t r i b u t e d  to  o c cu p a tio n a l exposure in d ic a te d  by reduced

volumes su g g es tiv e  o f a irw ay o b s tru c tiv e  and r e s t r i c t i v e  d is e a s e s , e s p e c ia l ly  

when co n sidered  in  th e  l i g h t  o f th e  f a c t  th a t  th e  w orst cases have been r e t i r e d .

These f in d in g s  in d ic a te d  a  d ir e c t io n  and e s ta b lis h e d  a  need fo r  

f u r th e r  work. I t  recommended, in  o rd e r to  e lim in a te  some o f th e  in h e re n t 

v a r ia b le s , th a t  such in v e s t ig a t io n s  in c lu d e  a lo n g itu d in a l  s tudy  which would 

make re p e a te d  measurements on th e  same age groups, th a t  i s ,  fo llow  F i r e ­

f ig h te r s  in  an age group th rough  an extended p a r t  o f t h e i r  c a re e r .
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TABLE 2

HEIGHT COMPARISON OF FIREFIGHTERS VERSUS CONTROLS

t  = 1.20144

Age
(Years'!

T est S u b jec ts  
H eight 

( In c h e s )

C on tro l S u b jec ts  
H eight 

( in c h e s )

X 71.6829 69.3666
s 2.2521 3.1784

20 - 24 N = 69
t  = 3.59635*

. X 70.8861 70.2558
s 2.1355 2.3713

25 -  29 N = i 64
t  = 1.61853

X 70.6484 70.7777
s 1.8339 3 .o 4oo

30 -  34 N = 181
t  = 0.26322

X 71.5100 70.1481
s 2.0721 2.8107

35 -  39 N = 123
t  = 2.7869*

X 70.9062 71.4444
s 2.2797 1.9436

4o - 44 N = 71
t = 0.67357

X 70.8947 70.5625
8 2.2991 3.0761

45 -  49 N = 52
t  = 0.43757

X 70.5882 69.5555
s 2.2377 1.7400

50 o r  above N = 24

^Significant at the O.O5 le v e l
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TABLE 3

WEIGHT COMPARISON OF FIREFIGHTERS VERSUS CONTROLS

T e s t S u b jec ts C on tro l S u b jec ts
Age Weight W eight

(Y ears) ( I t . ) ( I t . )

X 181.0256 168.3666
S 35.3676 30.8438

2 0 - 2 4 N = 67
t  = 1.5567

7 180.8548 178.4883
S 23.2706 29.2829

25 -  29 N = 165
t  = 0.53617

X 181.4329 177.0555
s 21.5623 19.7379

30 -  34 N = 180
t  = 0.82392

X 190,1145 172.1481
s 22.8458 22.2307

35 -  39 N = 121
t  = 3.63088*

X 190.6825 179.0000
s 27.3907 20.1370

4o - 44 N = 70
t  = 1.22962

X 191.6842 173.5625
s 24.9508 25.3954

45 - 49 N = 52
t  = 2 . 42453*

X 185.5294 175.2500
s 22.0003 18.5221

50 o r  ab o v e N - 23
t  = 1.14153

^Significant at the O.O5 le v e l
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TABLE h

COMPARISON OF VITAL CAPACITY (VC) OF
FIREFIGHTERS VERSUS CONTROLS

Age
(Years)

T est S ub jec ts  
VC 

( l i t e r )

C on tro l S u b jec ts  
VC 

( l i t e r )

X 6.0881 5.5600
S 0.7787 0.7876

20 - 24 N = 70
t  = 2.82341*

X 5.7712 5.5790
S 0.8198 0.7166

25 - 29 N = 166
t  = 1.36703

X 5.7194 5.6833
S 0.7312 0.6981

30 -  34 N = 181
t  = 0.19949

X 5.5909 5.4963
S 0.7892 0.8929

35 -  39 N = 124
t  = 0.53662

X 5.3687 5.3777
s 0.6364 0.5932

4o - 44 N = 71
t  = 0 . 040l 4

X 4.9605 5.0750
s 0.9066 0.6952

45 - 49 N = 52
t  = 0.45135

X 4.6353 4.6555
s 0.9089 0.5547

50 or above N = 24
t  = 0.0608

^Significant at the O.O5 le v e l
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TABLE 5

COMPARISON OF FORCED VITAL CAPACITY (FVC) OF
FIREFIGHTERS VERSUS CONTROLS

Age
(Y ears)

T est S u b jec ts  
FVC 

( l i t e r )

C o n tro l S u b jec ts  
FVC 

( l i t e r )

X 6.2785 5.6500
S 0.0745 0.7412

20 -  24 N = 70
t  = 3.53618*

"x 5.9040 5.7558
s 0.7970 0.7970

25 -  29 N -  166
t  = 1.09081

X 5.8145 5.8500
s 0.7416 0.8445

30 -  34 N = 181
t  = 0.18996

X 5.7316 5.5777
s 0.78555 0.8125

35 -  39 N = 123
t  = 0.89455

X 5.5172 5.4111
s 0.6219 0.5487

4 0 - 4 4 N = 71
t  = 0.48516

X 5.0210 5.2250
s 0.9326 0.7398

45 -  49 N = 16
t  = 0.77646

X 4.7411 4.6222
s 0.9048 0.4763

50 o r above N = 24
t  = 0.36602

^Significant at the 0.05 le v e l
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TABLE 6

COMPARISON OF 1-SECOND FORCED EXPIRATORY VOLUME (FEV.) OF
FIREFIGHTERS VERSUS CONTROLS

Age
(Y ears)

T est S u b jec ts
•^^1 sec 
( l i t e r )

C on tro l S u b jec ts
FEVi sec 
( l i t e r )

X 5.2214 4.7966
S 0.5667 0.5416

20 - 2I4 N = 70
t  = 3.19286*

X 4.9688 4.9790
S 0.6789 0.6527

25 -  29 N = 166
t  = 0.08622

X 4.7632 4.8611
s 0.7465 0.6518

30 -  34 N = 182
t  = 0.53417

Y 4.6878 4.5851
s 0.6997 0.6735

35 -  39 N = 124
t = 0.68122

X 4.3875 4.4000
s 0.5774 0.5000

ko - 44 N = 71
t = 0.06167

X 3.8176 3.5333
s 0.7535 0.4663

45 -  49 N = 52
t = 1.20813

X 3.8176 3.5333
s 0.7535 0.4663

50 o r  ab o v e N = 24
t = 1.02696

*Sign ificant at the 0.05 le v e l
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TABLE 7

REGRESSION ANALYSIS FOR YEARS IN FIRE SERVICE VERSUS 
1-SECOND FORCED EXPIRATORY VOLUME (PEV. ^ )

X • w  S 6 C  #

A FMF in  l i t e r / y r . FMF in  l i t e r / y r . C o rre la tio n  C o e f f ic ie n t

(S lope) ( in te r c e p t) ( r )

F i r e f ig h te r s  -  0.044 5.16 -  0 .75

C on tro ls  -  0,038 4 .7 9 -  0 .8 9

X = 13 .0  (Years in  F ir e  S e rv ice ) 

X = 4 ,5 9  l i t e r s  ( F i r e f ig h te r s )

X = 4 ,47  l i t e r s  (C o n tro ls)

X = Mean Value
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TABLE 8

COMPARISON OF 1-SECOND FORCED EXPIRATORY RATIO (FEV/FVC) OF
FIREFIGHTERS VERSUS CONTROLS

Age
(Years)

T es t S ub jec ts
^ ^ 1  sec 

(P ercen tage)

C ontro l S u b jec ts
FEVl sec 

(p e rcen tag e)

X 83.5268 84.6800
S 5.7749 5.7104

20 -  2k N = 69
t  = 0.83503

X 83.5285 85.2954
S 6.0617 5.3367

25 -  29 N = 168
t  = 1.71463

X 82.2993 83.3888
S . 5.8168 4.9751

30 -  34 N = 181
t  = 0.76424

X 81.4414 81.3481
S 6.5713 5.5273

35 -  39 N = 124
t  = 0.06747

X 79.5921 80.8888
S 6.2005 4.4072

4o -  44 N = 71
t  = 0.60452

X 78.3157 82.6875
S 7.3953 6.1972

45 - 49 N = 52
t  = 2.07467*

X 78.2764 77.0555
s 5.7178 7.3195

50 o r above N = 24
t  = 0.47032

^ S i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l
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TABLE 9

COMPARISON OF 0 . 5-SECOND FORCED EXPIRATORY VOLUME (FEVq c )  OF
FXREPIGBTERS VERSUS CONTROLS

Age 
(Y e a r s)

T e s t  S u b je c ts
^ ^ 0 .5  s e c  

( l i t e r )

C o n tro l S u b je c ts
^ ^ 0 .5  s e c  

( l i t e r )

X 3,9476 3.7903
S 0.4964 0.3918

20 -  2k N = 71
t  = 1.45934

X 3.8472 3.9439
S 0.5345 0.6128

25 -  29 N = 164
t  = 0.96874

X 3.7349 3.8388
S o .6 o42 0.5574

30 -  3k N = 179
t  = 0.69736

X 3.6979 3.6925
S 0.6558 0.5683

35 -  39 N = 123
t  = 0.03868

X 3.4500 3.6000
S 0.5342 O .3S07

4o -  kk N = 71
t  = 0.81152

X 3.1000 3.4375
s 0.7938 0.5678

it-5 _ ks N = 52
t  = 1.53898

X 3.1058 2.7333
s 3.6609 0.4716

50 or  above N = 24
t  = 1.49507
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TABLE 10

COMPABISON OF 0 . 5-SECOND FORCED EXPIRATORY RATIO (FEV/FVC) OF
FIREFIGHTERS VERSUS CONTROLS

Age 
(Y e a r s )

T e st S u b je c ts  
FEV0 . 5  se c  

(P e r c e n ta g e )

C on tro l S u b je c ts  
FEVo.5 se c  

(P e rc e n ta g e )

X 6 4 . 9 6 1 9 6 6 . 9 8 6 6

S 9 .6 2 5 5 6 .7488
20 -  2k N = 7 0

t  = 0 .9 9 0 4 3

X 6 5 .9 1 4 4 6 8 .3 5 9 5
s 7 .6 0 7 9 7 . 7 7 1 4

2 5  -  2 9 N = 1 6 6

t  = 1 . 7 9 2 3 4

X 64.5481 6 6 .9 7 6 4
s 8 .7 9 3 8 8 .7 8 6 3

3 0  -  3 4 N = 1 7 9

t  = 1 . 0 8 3 8 3

X 6 4 . 6 8 6 7 6 6 . 1 7 0 3

s 8 .7 9 3 7 7 . 7 6 4 3

35 -  39 N = 1 2 3

t  = 0 .7 9 4 9 7

"x 6 2 .9 0 9 3 6 5 . 6 6 6 6

s 8 .2 6 8 8 5 .6 9 2 9
4o -  44 N = 7 1

t  = 0 .9 6 5 7 3

X 6 1 .2 3 1 5 6 5 .2 9 0 0
s 9 . 4 9 9 1 7 .2 7 3 3

4 5  -  4 9 N = 46
t  = 1 .2 5 3 9

X 6 6 .7 9 4 1 5 9 . 8 0 0 0

s 9 .3 1 5 7 8 .2 9 7 4
50 or  above N = 24

t  = 1 .8 8 7 4 4
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TABLE 11

REGRESSION ANALYSIS FOR YEARS IN FIRE SERVICE VERSUS 
FORCED MID-EXPIRATORY FLOW (FÎ®’)

Ù FMF in  l i t e r / y r . FMF in  l i t e r / y r . C o rre la tio n  C o e f f ic ie n t

(S lo p e ) ( In te rc e p t) ( r )

F i r e f ig h te r s -  0.060 5.04 -  0 .74

C ontro ls -  0.050 4.72 -  0 .87

X = 13.0  (Years in  F ir e  S e rv ice ) 

X = 4 .26  l i t e r s  (F ir e f ig h te r s )

X = U.27 l i t e r s  (C o n tro ls)

X = Mean V a lu e
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TABLE 12

REGRESSION AI'IALYSIS FOR AGE IN FIREFIGHTERS AND CONTROLS 
VERSUS FORCED MID-EXPIRATORY FLOW (FMF)

A FMF in  l i t e r / y r . FMF in  l i t e r / y r . C o rre la tio n  C o e ff ic ie n t

( S lo p e ) ( In te rc e p t) ( r )

F ir e f ig h te r s -  0 .5 7 6.238 -  0 .77

C ontro ls -  0 .059 5.842 -  0 .68

X -  4 .45 l i t e r s  (F i r e f ig h te r s )

X = L.50 l i t e r s  (C o n tro ls)

X = 39 Age in  y ea rs  (F ir e f ig h te r s )  

X = 38 Age in  y e a rs  (C o n tro ls)

X = Mean V a lu e
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TABLE 13

COMPARISON OF FORCED MID-EXPIRATORY FLCW (FMF) OF
FIREFIGHTERS VERSUS CONTROLS

Age
( Y e a rs )

T est S u b jec ts  
FMF 

( l / s e c , )

C on tro l S u b jec ts  
FMF 

( l / s e c . )

X 4.9459 4.3970
S 1.1257 0.9948

20 - 24 N = 70
t  = 2.13925*

X 4.8268 4.9474
S 1.1288 1.1355

25 -  29 N = 166
t  = 0.60317

X 4.2253 4.6433
S 1.1133 0.9571

30 -  34 N = 180
t  = 1.53116

X 4.3388 4.2629
S 1.2094 1.4322

35 -  39 N = 123
t  = 0.27725

X 3.8589 3.8333
S 1.2945 1.0427

4 0 - 4 4 w = 71
t  = 0.05663

X 3.2876 4.1625
s 1.1478 1.3819

45 -  49 w --- 52
t  = 2.4062*

X 3.1706 2.7266
s 1.0892 1.0944

50 o r above N = 23
t  = 0.97659

^ S i g n i f i c a n t  a t  t h e  O.O5 l e v e l
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TABLE 14

COMPARISON OF 1-SECOND FORCED EXPIRATORY VOLUME (FEV]_) AND 
FORCED MID-EXPIRATORY FLOW (FMP) FOR FIREFIGHTER 

NONSMOKERS VERSUS SMOKERS

Meas urement
Nonsmoker

( l i t e r )
Smoker
( l i t e r )

FEVi X 4.9084 4.6632
S 0.7329 0.7557

N = 447
t  = 3.01886*■

FÎ4F X 4.9489 4.2383
S 1.2770 1.2326

N = 447
t  = 5.2936*

^ S i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l
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TABLE 15

COMPARISON OF 1-SECOND FORCED EXPIRATORY VOLUME (FEV^) AND 
FORCED MID-EXPIRATORY FLOW (FMF) FOR 

CONTROL NONSMOKERS VERSUS SMOKERS

Nonsmokers Smokers
Measurement ( l i t e r )  ( l i t e r )

FEVi X 4.7296 4.6195
s 0.6756 0 . 74i 4

N = 148
t  = 0.90177

FMF 7 4.8037 4.1792
s 1.3315 1.1789

N = 148
t  = 2 . 98464*

^ S i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l



TABLE 16

PREDICTION TABLE FOR FORCED MID-EXPIRATORY FLW (FMF)

S u b jec ts Age
( y e a r s )

A v e ra g e  V a lu e N orm al R ange

L . / s e c . L . /m in . L , / s e c . L . /m in .

20 -  29 5 .4  + 1 .3 324 6 .7  -  L . l 402 - 246

30 -  39 4.6  + 1 .2 276 5 .8  -  3 .4 348 -  204

M ales 1+0 -  k9 4.3  + 1.3 258 5 .6  -  3 .0 336 - 180

50 -  59 3 .6  + 1 .1 216 4 .7  - 2 .5 282 - 150

6 0 - 6 9 3 .0  + 1 .0 180 4.0 -  2 .0 240 -  120
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TABLE 17

DISTRIBUTION OF FIREFIGHTER SUBJECTS IN 9-YEAR 
AGE GROUPS COMPARING SMOKERS VERSUS NONSMOKERS

Age
(Years) Smokers Nonsmokers T o ta l

20 -  21+ 33 09 1+2

25 -  29 98 27 125

30 -  34 133 30 163

35 -  39 75 23 98

1+0 -  1+1+ 54 10 61+

1+5 -  1+9 33 05 38

50 -  54 12 00 12

55 o r above 02 03 05

T o t a l s 1+1+0 109 549
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RESPIRATORY QUESTIONimiRE

( l )  Name  ____________   (2 ) Date__________
(L as t) ( F i r s t )  (s )  Sex (4 ) Age

(5) H eight_______ (6) Weight_
(7) Race Codes: W hite B lack Am. In d ian _______O ther_____________
(8 ) M a rita l S ta tu s :  S ing le  Ma r r ie d  Sep . D iv . Widoved
(9) F ir e  Company A ssigned______________Rrev. Company A ssigned

(10) Date o f E n try  to  F ire  S erv ice______________________________
(11) Length o f Time in  F ire  S erv ice
(12) Length o f Time in  Oklahoma C ity  F ir e  S e rv ice__________________________
Check one answer a f t e r  each q u e s tio n .
(13) Do you have a cough a t  th e  p re se n t t i m e ? ...........................................yes__no
( i h )  I f  y e s ,

(a) has i t  been f o r  days? weeks? months?______years?
(b) do you b rin g  up any mucus o r phlegm from your chest?  . y es  no

(15) W ithin  th e  p a s t  s ix  months
(a) have you had any p a in  o r  h eav iness  in  yoiir c h e s t? . . . yes no
(b) have you had any wheezing o r w h is t l in g  i n  your c h e s t? , yes no"
(c) have you coughed up any blood o r  b lo o d -s tre a k e d  m atte r?y es  no"

(16) Do you g e t s h o r t  o f b re a th
(a) when clim bing a  f l i g h t  o f  s t a i r s ? ...........................................y es no
(b) when w alking r a p id ly  f o r  h a l f  a block?  ............................. yes_no"
(c) when g e t t in g  d ressed?  ................................................................  yes__no"

(17) Have you ev er had
(a) in flu en za?  . . .y e s__no  (e) tu b e rc u lo s is ? .  . . y es_no__
(b) pneumonia? . . .y e s__no  ( f )  h e a r t  d isea se?  . . yes_n o _
(c) p le u r is y ?  . . .y e s__no  (g) c h es t su rgery? . . yes_no__
(d) asthma? . . . .y e s__no  (h) emphysema? . . . . __yes_n o _

( i )  ch ron ic  b ro n c h itis ? y e s  n o _
(18) How many y e a rs  have you sm oked?_________  y e a rs  never__________
(19) VHiat have you u s u a lly  smoked? (Omlt i f  "never" i s  checked above)

(a) c ig a r e t t e s  only_______
(b) c ig a r e t t e s  along w ith  p ip e  o r c ig a rs ________
(c) p ip e  o r c ig a rs  b u t no c ig a r e t t e s ___________

(20) I f  you u su a lly  smoked c ig a r e t te s  (a o r  b above),
(a) how many packs a day? . . . .under 1 1 to _2______ o ver 2____
(b) have you u su a lly  i n h a l e d ? ................................................. yes_____ no
(c) have you smoked any c ig a r e t t e s  w ith in  th e  p a s t  hour? . .y e s  no_
(d) have you smoked any c ig a r e t te s  in  th e  p a s t  tw elve

m onths?_____________________________________________________yes__no

(21) O ther p e r t in e n t  in fo rm a tio n :__________________________________________


