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DR. HOWARD A. ANDERSEN

THE EFFECTS OF SMOKE 
AND TOXIC GASES ON 

THE RESPIRATORY TRACT

My f i r s t  encoun te r  w ith  b u rn s  o f  an y  m a g ­
n i tu d e  w a s  in W orld  W a r  II  w hen I w as  aboard  
a  d e s t ro y e r  t h a t  w as  h i t  an d  w a s  su n k  by 
enem y ac tion  on D-D ay a t  6 :30  a.m., the  first  
day  of the  Allied land ings  a t  N o rm an dy . W e 
w ere  h i t  am id-sh ip  in the fire an d  engine rooms. 
Boilers exploded re leas ing  hot s team  an d  fuel 
t a n k s  b u r s t  re leas ing  oil th a t  burned . O ver h a lf  
of o u r  crew  w ere  burned , in ju red ,  dead  o r  m iss­
ing  an d  I w as  a busy physic ian  fo r  the  nex t two 
day s  ab o a rd  a rescue ship.

My nex t  experience w a s  a very  personal one 
on O k in aw a . I w as  a t tach ed  to the  S ix th  M arin e  
Division an d  w as  assigned to the la t r in e  detail.  
N e i th e r  m y  corpsmen nor  I had  had  experience 
w ith  this, b u t  accord ing  to the  N avy  M anual,  
a v e ry  acceptable w ay  of clean ing  la t r in e s  w as  
by d a ily  b u rn in g  using  diesel oil. A f te r  l iberal 
sn lash in g  of presum ed diesel oil in a 2-holer my 
firs t  day , I dropped some b u rn in g  p a p e r  in and  
inqu is it ive ly  peered into t >c hole. W hoosh! I t  
exploded in my face g iv ing  me an  even h igh er  
fo reh ead  th a n  I now have. T h is  w a s  not a s  bad, 
how ever, as  a few weeks In te r  w hen I had  
12 m en who w ere burned . Im m ed ia te ly  a f t e r  
b re a k fa s t  when a 12-holer w as  fu lly  occupied, 
someone dropped a lighted c ig a re t te  in to  the 
la t r in e !  I t  still h u r t s  to th in k  of it. A t  leas t  it 
w as  only m y  face th a t  w as  b u rn ed !

T h e  re s p i r a to ry  t r a c t  f ro m  the  nose to the 
p h a ry n x ,  la rynx , trachea , bronchi, an d  alveoli 
c r  a i r  sacs is vu lnerab le  to in ju ry  f ro m  inhaled  
sm oke which m ay  contain  i r r i t a n t s  and  asphyx-
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ian ts . A ny  or all of these re s p i ra to ry  s t ru c tu re s  
can be in ju red . Smoke is not, of course, a single 
substance, bu t m ay  be composed of hot steam  
and  m any  i r r i t a n t  and  toxic gases such as  a m ­
monia, chlorine, hydrochloric  acid, n itrogen  
dioxide, phosgene, su l fu r  dioxide, a n d  possibly 
m an y  others. One m u s t  also rem em b er th a t  
when an y th in g  b u rn s ,  ca rbon  monoxide is p ro ­
duced. Though th is g as  is not a local i r r i t a n t  it 
m ay  be lethal. The am o un t of h a rm  resu lt in g  
f ro m  inhala tion  of these g ases  depends on sev­
era l  fac to rs  bu t p a r t ic u la r ly  on the co n cen tra ­
tion of the toxic substance  an d  the d u ra t io n  of 
exposure.

Tracheobronchial Effects

The re sp ira to ry  t r a c t  f rom  the nose to the 
la ry n x  dow nw ard  to the trac h e a ,  bronchi, and  
re sp ira to ry  bronchioles (v e ry  sm all a irw ays*  
is lined by ciliated ep ithe lium  and  goblet cells 
a t tach ed  to a basem ent m em brane . T h is  mucosa 
is composed of only one ce llu lar  lay e r  in th ick ­
ness. The cilia a r e  t iny  h a i r s  which  have a 
rh y th m ic  beat in unison w a v in g  m ucus  and  
o the r  m a te r ia l  to w ard  the la ry n x .  Beneath  
the basem ent m em brane  is the  subm ucosa w ith  
a ne tw ork  of connective tissue, b ronchial ves­
sels, nerve fibers, elastic tissue, an d  secreto ry  
glands. Muscle and  c a r t i la g e  com prise the o ther 
tissues in the  trachea  and  bronchi. Goblet cells
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in the  m ucous m em b ran e  an d  secre to ry  g lands 
in the  subm ucosa both secre te  m ucus which 
keeps the m em b rane  moist.

Smoke w ith  i r r i t a n t  fu m es  an d  gases causes 
an  acu te  tracheobronch itis  w ith  red and  in ­
flamed mucosa o r l in ing  which m ay  swell and  
thicken. T h is  causes hoarseness, cough and  
w heezing. In  some ins tances  th e  e n t i re  m ucous 
m em b rane  down to the ca r t i la g e  m ay  be d am ­
aged. The cilia a re  p a r t ic u la r ly  susceptible to 
i r r i t a n t s  an d  a re  the f irs t  s t ru c tu re s  to be a f ­
fected. W hen healthy  they  b eat app rox im ate ly  
25 tim es p e r  second w av in g  a s  a  field of wheat' 
w aves in a  breeze and  w a sh in g  secretions o r  
partic les  to w ard  the la ry n x  a t  app rox im ate ly  
the speed of 1.6 mm. p er  m inu te . T h e ir  action 
m ay be stopped fo r  ap p ro x im a te ly  20 m in u tes  
by inha la tion  of smoke f ro m  one c igare tte . 
W ith  heavy c ig a re t te  sm oking  cilia m ay  be de­
stroyed perm an en tly .  The sam e so rt  of effect 
is one of the f irs t  re su lts  of in ha la t ion  of smoke 
from  o ther types of fires.

W h''n  dam age goes deeper c i l ia ry  and  goblet 
cells m ay  be destroyed an d  th e re  is in fil tra tion  
of the subm ucosa o r connective tissue  of the lin ­
ing  of the trachea  and  bronchi w ith  in flam m a­
to ry  cells an d  fluid caus ing  edem a or sw elling  
of the m em brane . T h is  m a y  cause cough, sh o r t ­
ness o f  b rea th ,  and  w heez ing  because the  a i r  
ways a re  narrow ed. These sym ptom s occur a t  
d ifferent tim es a f t e r  in ju ry  p robably  depending  
on the dosage and  the  substance  involved. W hen 
hot steam  is inhaled, h av ing  4000 tim es the  heat 
ca r ry in g  capacity  of a i r ,  these sym ptom s m ay  
occur as  ea r ly  as 30 m in u te s  la te r .  In the  Coco­
n u t  Grove fire in Boston doctors noted they 
occurred  about 3 hours a f t e r  the  burn , a p ­
proxim ately  the sam e a m o u n t  of t im e th a t  the 
swelling occurred in the  exte -nal burns. U su ­
ally. however, it takes  one o r  two days fo r  these 
sym ptom s to appear .

A dditional obstruc tion  m ay occur w ith  spasm  
of fine bronchi which re su lts  f rom  a reflex 
m echanism  tra n sm it te d  via nerve end ings from  
the mucosa to the muscles s u r ro u n d in g  the 
bronchi. T h is  m ay a g g ra v a te  the  wheezing, 
especially on exhala tion , s im i la r  to a  person 
w ith  as thm a.

Pulmonary Effects

As bronchi extend f u r t h e r  into the  lung, they 
continue to b ranch  and  become sm alle r  and  
sm aller. T e rm ina l  a i rw a y s  a re  0.5 mm. (1 /5 0  
of an  inch) or less in d iam eter .  I t  does not,

th e re fo re ,  r e q u ire  m uch sw elling  of the mucosa 
to produce  o bs truc tion  p red ispos ing  to collapse 
an d  airlessr.ess of the  lu n g  (a te lec tas is)  be­
yond the  o bs truc tion . "M icro -a te lec tas is” is a  
te rm  th a t  h a s  been applied  to th is  phenomenon 
w hen  sm all bronchi an d  lu n g  segm ents  a re  in ­
volved. W icn a i rw a y s  o f  la rg e r  size a re  blocked 
by  th is  swelling, b ac te r ia  m ay  invade the  lung 
beyond the effected b ronchus  o a r . r n g  p n eu ­
m onia.

W ith  con tinued  b ra n c h in g  the small a i r ­
w ay s  become the r e s p i r a to ry  bronchioles. The 
alveolai- duct an d  the alveoli o r  a i r  sacs b ranch  
off these. W ithir.  the alveoli a r e  a lveolar 
m acro p hages  which norm ally  provide one of the 
defense m echan ism s of the lu ng  a g a in s t  infec­
tion. T hey  consum e an d  in ac tiv a te  b ac te r ia  and  
help  avoid infeciion. I t  h as  been shown th a t  
a f t e r  smoke in ha la t ion  alveolar m acrophages 
hav e  a  reduced capac ity  fo r  bac te r ia l  in ac t iv a ­
tion  a n d  th a t  the b ac te r ia  w ith in  the m acro ­
phages  a r e  capable  of multiplying.- T h is  phe­
nom enon also pred isposes to pneum onia.

Alveoli also m ay  he the source of p u lm on ary  
edem a o r  ex t ra v a sa t io n  o f fluid into them  from 
ac tu a l  d am ag e  to the  a lveo la r  lining  cells or in ­
ju r y  to the p u lm o n ary  capillaries. Reflex neu ro ­
genic fac to rs  affec ting  the tone of the pulm on­
a r y  vessels have also been implicated as  a cause 
o f  th is  t r a n su d a t io n  o f  fluid across the alveolo- 
capillar.v m em b ran e  into  *' e alveolus. A ccum u­
lation  of fluid m ay  be so extensive as to cause 
m ark ed  re s p i ra to ry  e m b arra s sm en t  an d  even 
death .

W hen a te lectas is ,  pneum onia  o r  pu lm onary  
edem a occur, g as  t r a n s p o r t  is d is tu rb ed  so th a t  
oxygen is not absorbed  p roperly  an d  hypoxia is 
likely to result.

Detection of Respiratory Effects

One should suspect the presence of d am ag e  to 
• be re s p i ra to ry  t ra c t ,  even a f te r  mil or burns , 
when th e re  is a h is to ry  of prolonged sm oke in- 
jialntiud in an  enclosed a rea ,  when th e re  a re  
b u rn s  o f  the  face, head , neck, o r  m em b ranes  
o f  the nose an d  m outh, and  when th e re  a re  
symptoms, of cough, hoarseness, sh o r tn ess  of 
b re a th  an d  wheezing. ,

One can detect the presence of tracheob ro n ­
chial in ju r ie s  by bronchoseopic exam ina tion . It  
is a sim ple procedure  to slip  a flexible broncho­
scope in to  the t rach ea  an d  bronchi an d  visibly 
assess  the  am o un t o f  dam age. Lunn- -cans  using4G



X enon  133 consist of in jection  o f  th is  ra d io ­
ac t iv e  substance  into  a vein of th e  a r m  o r  leg 
f ro m  which i t  is ca rr ied  d irec tly  to the  lungs. 
W h en  the c ircula tion  th ro u g h  the vessels of the 
lu n g s  is norm al and  when th e re  is a  norm al 
a m o u n t  of oxygen an d  o th e r  g as  exchange in 
the  lungs , the  g as  t ra v e rs e s  the  m em b ra n e  be­
tw een  the  alveolar a i r  an d  the  blood very  
read ily .  W hen alveoli a re  blocked off, however, 
o r  w hen  the m em b rane  is th ickened, diffusion of 
the  g a s  across  the m em b ran e  is slowed. A 
n o rm al scan dem on stra tes  complete an d  equal 
c le a r in g  of Xenon 133 w i th in  90 seconds. In 
in h a la t io n  in ju ry  th e re  m ay  be delayed c lear­
ing. In  one series of 50 p a tien ts ,  15 had  delayed 
c le a r in g  and  the m o r ta l i ty  r a te  in these  p a ­
t ie n ts  w a s  considerably  increased.

E x a m in a t io n  of the lungs by x - ra y  m a y  also 
be h e lp fu l  and  should be done. In  th e  f irs t  day  
o r  two, However, it m ay  be d isappo in ting ly  
n o rm a l  even when th e re  is m od era te ly  severe 
d a m a g e  to the bronchi o r  to the  lungs. M easu re ­
m en t o f  pu lm on ary  volumes such a s  v ita l  capac­
ity , to ta l  capacity , res idual volume, m ax im u m

DR. VICTOR H. ESCH

TOXICITY IN THE FIRE 
FIGHTER’S ENVIRONMENT

I w ish  to express my sincere  th a n k s  an d  a p ­
p rec ia t io n  to the t ru s tee s  of the Redm ond F und , 
Dr. A twood and  the In te rn a t io n a l  Association 
of F i r e  F ig h te r s  fo r  the o p p o r tu n i ty  to p a r t ic i ­
p a te  in the  F o u r th  Sym posium  on the H ea lth  
and  H a z a rd s  of the F i r e  Service.

D u r in g  the p a s t  10 y e a rs  th e re  has been an  
explosive p ro life ra t ion  both in the  m a n u fa c tu re  
and  use  o f p lastic  and  sy n the tic  m ater ia ls .

b r e a th i r g  capacity , and  forced v ita l  c a p ac ity  is 
seldom helpful, however.

M easu rem en t of a r te r ia l  blood gases  (oxygen 
and  carbon dioxide! m ay  be helpful, b u t  one 
should not be lulled in to  a sense o f fa lse  se c u r i ty  
i f  they  a re  norm al. D e te rm in a t io n  fo r  carboxy- 
hemoglobin in the  blood should he p e rfo rm e d  to 
ev a lu a te  the  am o u n t  o f  ca rbon  m onoxide a b ­
sorbed.

In  every s tu d y  th a t  h as  been done, the  p re s ­
ence of a n  in ha la t ion  in ju r y  to th e  trac h e o b ro n ­
chial t ree  o r  the lungs increases m ark ed ly  the  
m o rta l i ty  ra te .  I t  is im p o r ta n t ,  th erefo re , to 
rem em ber to ev a lu a te  the  r e s p i ra to ry  t r a c t  in 
a burned  person. T he  possib ility  of su rv iva l  is 
definitely influenced by involvem ent of the 
tracheobronchia l t ree  and  the lungs, p a r t i c u ­
larly  i f  such involvem ent is ignored. I t  is p a r ­
t icu la r ly  im p o r ta n t  th a t  fire f igh ters  do e v e r  • 
th in g  possible to p ro tec t  th e i r  lungs w henever  
they  e n te r  smoke an d  w henever th e re  is a  pos­
s ib ility  of inha la t ion  of toxic gases.

C hief S u rgeon
B oard  of Po lice and  F ire  S u rgeons 
D is tr ic t o f Colum biu 
10000 F u lls  Road 
P otom ac, M uryinnd 1

Polyvinyl chloride production  alone exceeded 44 
billion pounds las t  year .

These p roducts  now flooding the m arke tp lace  
a re  finding increased  use in the m a n u fa c tu r in g  
of household fu rn i tu r e ,  p las tic  pipe, buildings,



wall coverings, automobiles, buses, subw ay  
ca rs ,  a i r c r a f t  an d  the  covering  o f telephone and  
electrical conduit.

Accordingly  th e re  h as  been an  in creas in g  
concern a b o u t  the toxicity  of the fu m es  and  
sm oke produced by the  pyrolysis or combustion 
of these m a te r ia ls  . . . u n fo r tu n a te ly ,  the toxi- 
cological aspect has  lagged so f a r  behind the 
knowledge of the physical p roperties  (such as 
flame sp read , m elt in g  point, etc.) th a t  the  toxic 
h aza rd s  canno t be described adequately  except 
in  genera li t ies .

E n v iro n m en ta l  haza rds ,  not long ago synony­
m ous w ith  D D T  and  “s ilen t sp r in g s” a re  ca s t­
in g  longer, d a rk e r  shadow s over the health  of 
all people. A n  incredible series of d isas te rs  im ­
p lem en tin g  new chemicals in the m ark e t  place 
a re  sen d in g  g row ing  num b ers  of p a t ien ts  ex­
posed to these ag en ts  to physic ians who a re  
often  u n a w a re  of e i th e r  the m agnitude  or the 
precise n a tu r e  of the chemical hazard .

Today th e re  a re  a lm ost too m an y  potentia l 
h a z a rd s  a ro u n d  fo r  ind iv idual physic ians to 
become fa m i l i a r  w ith :  polycyclic a ro m atic  hy ­
drocarbons, inorgan ic  m ic o rp a r t id e s ,  m etals , 
halogenated  e thers , a ro m a tic  am ines and  b i­
phenyls, to nam e a  few.

T R IS , K E P O N E , V IN Y L  C H L O R ID E , 
B E N Z E N E , P B B ’s an d  P C B ’s have now be­
come household nam es due to recent disclosures 
by the A m erican  press.

The p ro life ra t ion  and  sophistication of pe tro ­
chemical p roducts  availab le  to the build ing  in ­
d u s t ry  today  f a r  su rp asses  the ab ility  of the 
scientific com m unity  to assess critica lly  all of 
th e ir  toxic p rop ert ie s  in a fire s i tua tion .

As experienced fire surgeons, we w ere 
shocked some six y e a rs  ago by the untim ely  
d ea th  o f a  33 y e a r  old f ire f ig h te r  wh i  died of 
acu te  p u lm on ary  edema 24 hour:' a f t e r  in ­
ha ling  the fum es from  a b u rn in g  PVC-coated 
w ire . R epeated  inqu ir ies  a t  t h a t  t im e to the 
pe trochem ical and  p lastics  in d u s tr ie s  as  to the  
h a rm fu l  effects o f  th e i r  p rod u c ts  on h um an s  
w e re —in a w o rd —unproductive . F ew  ep idem i­
ologic s tu d ie s  a re  m oun ted  unless th e re  is a 
suspicion, a guess  o r  a h in t  th a t  leads to these  
studies. Following a series  of fires involving 
electrical insula tion , o u r  suspicions w ere  con­
firmed and  a  f ive-year investiga tive  s tu d y  w as  
launched. O u r p ap er ,  published by the Jo u rn a l  
o f  the  A m erican  Medical Association w as the

re s u l t  o f  t h a t  f ive-year  s tudy . W e fo u n d  tha  
f ire f ig h te rs  exposed  to th e  fu m e s  f ro m  b u rn ln  
o r  th e rm a l ly  d e g ra d in g  polyvinyl chlorid  
rap id ly  becam e in c a p a c i ta te d  se co n d a ry  to  th  
d eve lopm en t o f  ch es t  pain , seve re  headache: 
sh o r tn e s s  o f  b re a th  an d  in m a n y  in s tan ce s  be 
cam e com atose o r  d iso rien ted . To d a te  ove 
200 f i re f ig h te rs  h av e  r e q u i r e '5 •' e a tm e n t  a t  th  
hosp ita l  fo llow ing  ex p o su re  ti> _ .ese  fum es. Di 
D y e r  h as  re p o r te d  a  n u m b e r  o f  ca rd iac  a r  
ry th m ia s  develop ing  a f t e r  v a r io u s  perio ds  o 
exposure .

In  a fire s i tu a t io n  P V C  will soften  an d  de 
compose on h e a t in g  an d  p iuu u ee  hydrogei 
chloride, benzene an d  o th e r  decomposition prod 
ucts. Phosgene h as  also been listed by some in 
ves t ig a to rs .

H ydrogen  chloride v ap o rs  a re  m ore  dehy­
d r a t in g  an d  corrosive th a n  aqueous hydro  
chloric ac.'d an d  vapors . H ydrochlo ric  acid m is’ 
will cause th r o a t  i r r i t a t io n s  when the  concen­
t ra t io n  reaches  35 ppm. F u r th e r ,  co n cen tra ­
tions above th is  level causes an o sm ia  (loss of 
sense of smell i due to severe i r r i t a io n  of the 
o le fac to ry  o r  f irs t  c ran ia l  nerve. T h e  firefigh te i 
is usually  u n a w a re  o f  th is  sen so ry  loss and  is 
unable  to detec t the  presence of the  corrosive 
g as  un ti l  considerab le q u a n t i t ie s  hav e  been in ­
haled an d  p u lm o n ary  sym pto m s begin  to de­
velop.

We feel th a t  co n cen tra t io ns  over 50 ppm  a r?  
not to lerable fo r  a n y  length  of t im e. A t  levels 
well below 1,500 ppm  hydrochloric  ac id  fum es 
can  be fa ta l  in a  few m inu tes . T h e  physiological 
effect of the  corrosive action of h ydrogen  chlor­
ide ini t ia t io n  is often  delayed and  in o u r  expe­
r ience m ay  develop as  la te  as  12 to 24 h ou rs  
a f t e r  exposure. Benzene in ha la t ion  will also r e ­
su lt  in e i th e r  ac u te  o r  chronic  tox ic  sy m p to m a ­
tology depending  upon the  co n cen tra t io n  of the 
v ap or  and  the length of exposure. A cu te  poison­
ing  will develop following in ha la t ion  of vapors  
in the  3,000 ppm  ra n g e  a f t e r  ex p osure  to the 
fum es fo r  several m inu tes .

E lec tr ic ian s  a re  p a r t ic u la r ly  v u n erab le  to 
d ea th  o r  severe ‘‘’j u r y  i f  t rap p ed  in a  confined 
a re a  when a PV C  electrical fire develops. We 
have  observed a  numbei; o f  e le c tr ic ian s  e i th e r  
killed o r in ju red  in th is  m a n n e r  since the onset 
of o i.r  in vestiga tion . O u r  f indings h av e  been 
confirmed by num  ous o th e r  in v e s t ig a to rs  and 
o the r  PVC fa ta l i t :  have since been recorded.
T h ere  is now m o u n tin g  evidence t h a t  p e rm a ­
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n en t  lu n g  d am ag e  will re s u l t  f ro m  ex p osure  to 
the  corrosive fumes.

R ecen t s tud ies  a t  Y a le  U n iv e rs i ty  School of 
M edicine have confirmed an  e a r l t e r  im pression  
( JA M A  Medical N ew s 234 :1211  (Dec. 22, 
1975) t h a t  p u lm o n ary  d am ag e  due to in h a la ­
tion of toxic combustion p rod u c ts  (corrosive 
g ases  in  p a r t ic u la r )  is o ften  not detected  by 
s t a n d a rd  X -ray  studies. V en ti la t io n  p erfusion  
scans  utilized by the Y ale  g ro u p  d em on stra ted  
a i r w a y  o r parenchym al lu n g  d am ag e  t h a t  w as  
undetec ted  by the p rev ious ches t  x -rays .

Since therm al d eg rad a t io n  of some poly­
v inyl chloride fo rm u la t io n  can  re su l t  in a t  least 
75 d ifferen t chemical com pounds— it is qu ite  
likely, in m y opinion, th a t  repea ted  exposures  
over a  period of y e a rs  could re su l t  in the  de­
v e lo pm en t o f  lu n g  cancer  in th e  f i r e f i g h t e r -  
only t im e  will tell. M eanw hile , an y  exposure 
to th is  m a te r ia l  should be avoided.

In d u s t ry ,  to  date , h as  a  bad t r a c k  reco rd  fo r  
t r u th fu l  disclosure. The P ’as tic  P ipe  In s t i tu te  
r e p o r t  5474 lauds the physical p ro p er t ie s  of 
P V C  p lum bing  assemblies d u r in g  ac tua l fire 
en d u ra n c e  tes ts— there  is no m ention  of the  
toxic p rop er t ie s  when the m a te r ia l  is therm ally  
degraded .

T he  N a tiona l  E lec tr ica l  M a n u fa c tu re s  Asso­
cia tion  (N E M A ) and the Society of P las tics  
In d u s t ry  recently  published a booklet— “ C h a r ­
ac te r is t ic s  of Polyvinyl Chloride Conduct, In ­
su la ted  W ire  and  P ip in g  in F i r e  S i tu a t io n .” 
T h is  re p o r t  especially p rep a re d  fo r  code g roups, 
bu ild ing  inspectors, fire m a rsh a ls  an d  o the r  
officials s ta te s  th a t  “ There  a re  no docum ented 
cases of P V C  conduit, insu la ted  w ire , o r  p ip in g  
c o n tr ib u t in g  unusual life h aza rd s  to a fire p ro b ­
lem .” F u r th e r ,  it s ta te s  th a t  the  combustion 
p roduc ts  from  p lastics a re  “ d if fe ren t”— b u t  no 
m ore  toxic than  those from  o the r  o rgan ic  m a te ­
r i a l—  (cotton, new spaper, douglas  f i r ) .  W e 
s tro n g ly  disagree.

F in a l ly  on the last page is a th e rm o m ete r  
show ing  a  “ flash ignition  te m p e ra tu re ” fo r  
P V C  to be 735° F  (well above the o the r  o r ­
gan ic  m a te r ia ls  listed i. T h is  is m is lead ing  
since i t  is  well known th a t  th e rm a l  decomposi­
tion of PV C  occurs at ap p ro x im a te ly  400° F  or 
less w ith  the q u a n t i ta t iv e  release of H C L  long 
before ignition  occurs.

T he  13th  edition of the N .F .P .A . Handbook 
s ta te s  t h a t  the “ Toxicity  of com bustion and  
th erm al decomposition p roducts , possib ly be­

cause o f  loiirj chem ical n am es  o f  some p lastics , 
have been cause  fo r  concern a m o n g  fire f igh t­
e rs .” T h is  o rg a n iz a t io n  an d  the  Society of 
P las tic s  I n d u s t r y  h a s  recen tly  re leased  a “slide 
show ” re la t in g  to p las t ics  in fire  s i tu a t io n s .

Incred ib ly , the  Society of P la s t ic s  I n d u s t r y  
recen tly  re p o r ted  in a  n ew s le t te r  t h a t  they  had  
not seen a s ing le  s u b s ta n t ia te d  r e p o r t  of death , 
proven by au to p sy  re la ted  to P V C  and  H C L. 
A m ong o th e r  recen t  re p o r ts  we would  r e f e r  the  
A S P I  to the F e b r u a r y  197G, F i r e  P ro tec tion  
th a t  lis ts  3 d ea th s  f ro m  acu te  p u lm o n a ry  edem a 
f ro m  the  in h a la t io n  of H C L. (proven  by a u ­
topsy. ).

D r. Russell P. S h erw in , a  U n iv e rs i ty  of C ali­
fo rn ia  pa tho logis t ,  s ta le d  th a t  chronic low 
level exposure  to smoke, chemicals, an d  o th e r  
p o llu tan ts , can  re s u l t  in p r e m a tu r e  death . H e  
calls the  lu n g  cells the  “ en d an g e red  species” 
an d  s ta te s  th a t  even low levels of p o llu tan ts  
can destroy  lu n g  t issue.

W ith  the  a r r iv a l  of the  Toxic S u bs tances  
Control A ct (T O S C A ) th e re  will be new em ­
phasis  on m a n y  of these problem s an d  a new 
e ra  of in te r-ag en cy  cooperation  w ith in  the  
Fed era l  G overnm ent can be an tic ip a ted .

The e n g in e e r in g  co m m u nity  is to be com­
mended on the m an y  technological advances  in 
the a r t  of com bustion  an a ly s is  an d  the  physical 
p rop er t ie s  of pyro lysis  In so doing, however, 
the technology of th is  phase  of th e  problem has 
f a r  out-paced o u r  m edical u n d e r s ta n d in g  of the  
patho-physio logical re la t ionsh ip  of h u m an s  ac­
tua l ly  exposed to f ires  and  exo tic  tox ic  gases. 
A t  th is  t im e  it is c r i t ica l  th a t  the  em phasis be 
re-d irec ted  to th e  biomedical aspects  th a t  will 
tell us w h a t  a c tu a l ly  occurs w ith  h u m an  ex­
posure to the  e toxic com bustion products.

R alph  N a d e r  h as  s ta te d  th a t  the FA A  h as  
dilly-dallied fo r  y e a r s  and  still has  no t issued 
a n j  s t a n d a rd s  in these  crucia l  h aza rd  a reas .  
Syn the tic  m a te r ia l s  used in a i r c r a f t  seat cush ­
ions, c a rp e ts  an d  the- '.vails of a i r c r a f t  in te r io rs  
em it a deadly  com bination  of cyanide and  c a r ­
bon monoxide fu m es  when subjected  to in tense  
heat o r  b u rn in g .  T hese  gases  a re  so toxic th a t  
p assen ge rs  a r e  cu t  down in seconds before they  
can reach an  em ergency  exit o r  o ther opening.
A Boeing 707-300 se r ies  a i r c r a f t  mac|e a suc­
cessful em ergency  lan d in g  n e a r  P a r i s  in 1973 
a f t e r  a fire s ta r te d  n e a r  the  r e a r  lav o ra to ry  in 
a p lastic  w as te  basket. The in-flight cabin in ­
te r io r  fire did not involve the a i r c r a f t ’s fuel b u t  
w a s  fed by the  in te r io r ’s m a te r ia l .  O ne-hundred
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an d  tw en ty  for'v  people died f ro m  in h a lin g  the  
toxic fu m es  a n d  sm oke f ro m  b u rn in g  m a te r ia ls .  
D u r in g  the  sam e  y e a r  144 F re n c h  te e n a g e rs  
w e re  t ra p p e d ,  t ram p le d ,  a n d  asp h y ia ted  w hen 
p las tic  sy n th e tic  d eco ra tions  c a u g h t  fire  in a 
n ig h t  club.

The d a n g e r  f ro m  fire exposed electrical w i r ­
in g  sys tem s on escape p o ten tia l  f ro m  b u d d in g s  
is now widely recognized. A F a c to ry  M u tu a l  
R esearch  R epo r t  (S ep tem ber,  1976) identified 
H C L  as  the  m a jo r  toxic com pound in the  pyro ly ­
sis and  com bustion  of PV C . L a b o ra to ry  tes ts  
showed th a t  the  r a te s  of p rod u c tion  of H C L  a re  
m ore th a n  tw ice a s  g re a t  fo r  P V C  conduit and  
non-m etallic  shea thed  cable a s  fo r  w i r in g  sys­
tem s w h ere  steel rac e w a y s  a r e  used.

The an a ly s is  of d a ta  in d ica ted  th a t  the  P V C  
conduit exposed to fire could adverse ly  affect 
the  h u m an  escape p o ten tia l  f ro m  build ings. 
Based on the sa m e  an a ly s is ,  steel rac ew ay s  
would N O T  adverse ly  affect escape po ten tia l .  
D a ta  also ind ica ted  th a t  sm oke levels exceeded 
acceptable l im its  fo r  a  P V C  conduit w i r in g  
system  th an  fo r  o th e r  sy s tem s tested.

W e ask  a question  a t  th is  poin t as  to w hy  
the fire com m unity  allows th is  problem  to ex is t  
in  the electrical b u ild ing  codes?

Recently  the D is tr ic t  of Columbia F i r e  
M arsha ll  lea rned  th a t  1000 polyethylene m a t ­
tresses  had  been pu rchased  fo r  the  D.C. ja il .  
H e ordered  them  removed th u s  e l im in a tin g  a 
definite h aza rd . Since these  m a t t re s se s  a r e  
commonly used th ro u g h o u t  the  U n ited  S ta tes , 
an d  since sm oking  m a te r ia l s  a r e  read ily  a v a i l ­
able to p r iso n e rs  an d  p a t ie n ts ,  it is inev itable  
t h a t  sooner or la t e r  a t r a g e d y  will occur in a 
ja i l ,  prison, o r  hospita l.

P la s t ic  and  sy n th e tic  m a te r ia l s  should not be 
used in h igh  rise b u ild ings ,  n igh t clubs o r oilier 
places of public assem bly  because of the “ flash 
over” p o ten tia l  a n d  the ra p id  build-up of toxic 
gases in a  fire s i tu a t io n .  A g ain , i t  would a p ­
p e a r  th a t  con tinued  in d isc r im in a te  use of those 
m a te r ia ls  in these  s i tu a t io n s  will re su l t  u l t i ­
m ately  in a  t ra g ic  loss of life.

The b u ild ing  in d u s t ry  is p r im a r i ly  in te res ted  
in keeping the costs of construction  down and  
p rovid ing  ad eq u a te  equ ipm en t to reduce fire 
losses. L ife  sa fe ty  is releg ited to a poor th ird  
fo r  the sake of a profit. Thus, the bu ild ing  
in d u s t ry  has encouraged  the use of p lastic  pipe 
to avoid the p lu m b e r ’s w ages  since the pipe can 
be assembled on the  job by unskilled laborers. 
S im ilarly , the use o f P V C  covered cable is

ch eape r  th an  the  s a f e r  m eta ll ic  sh ea thed  cab! 
T h e re  is a g ro w in g  public a w a re n e s s  th a t  tl 
ex is t in g  re g u la to ry  agencies  a r e  no t u s in g  t! 
l im ited  p ow er  th a t  they  have, while  in d u s t ry  
p ra c t ic in g  “en v iro n m en ta l  b lack m a il” tactic 
th re a te n in g  th a t  s t ro n g e r  reg u la t io n s  woul 
ex ace rb a te  u nem ploym en t in some industries 
Douglas Castle, A d m in is t r a to r  o f  the  Envi 
ro n m en ta l  P ro tec t io n  Agency, s ta te d  th a t  
“ W e’re  a chem ically  o r ien ted  society  . . . w  
know  very  l i t t le  ab o u t  those chemicals, am 
w h a t  they  do. an d  ab o u t  th e i r  p a ssag e  through 
the env’ronm en t,  an d  w h a t  r isk s  m ig h t  be asso 
cia ted  \  ith  th em .” He concluded t h a t  “ the sin 
gle m ost d em an d in g  problem  ah ead  o f  u s— 
g e t t in g  a handle  on the  use of toxics an d  m akinf 
ju d g m e n ts  ab o u t  w h a t  is acceptab le” .

I t  is tim e fo r  the fire  co m m u nity  to legislate 
to u g h e r  sa fe ty  b u ild in g  codes fo r  fire  protec 
tion  an d  life an d  not back a w a y  f ro m  in d u s t r ia  
opposition.

W ash in g to n  a r e a  fire chiefs have been suc­
cessful in fo rc in g  the M etro  system  to modify 
the  use of flammable p las tic  an d  sy n the tic  m ate  
r ia l s  in buses an d  su b w ay  ca rs  an d  a r e  a t te m p t­
in g  to limit the in d isc r im in a te  use o f  P V C  pipe 
& cable in build ings.

A fire in an  electrical con tro l panel is a p p a r ­
en tly  one of those d iso rd e rs  to which  technology 
invariab ly  is prey. W hile  m a n y  o f the  P V C  fires 
in the D is tr ic t  of Colum bia involved la rg e  elec­
tr ica l  insta lla tions , o u r  experience indicates 
th a t  som etim es lim ited  q u a n t i t ie s  of P V C  can 
also be deadly. F o r  ex am p le ;  e lec tr ica l  w ir in g  
insu la tion , telephone cable, vinyl wall covering, 
v inyl ceiling covering, an d  vinyl covered f u r n i ­
tu re .  Special cau tion  should be used in fires 
involving a heavy p las t ic  fire loads such as  d rug  
stores , d ep a r tm e n t  sto res , record  shops, etc. I r  
all cases, self con tained  b re a th in g  a p p a ra tu s  
m ust be used, both d u r in g  the  ex tinguishm ent 
an d  overhaul phase. I t  is most difficult to d e te r­
m ine  when the a tm osph ere  is sa fe  enough to 
remove the m ask. Repeated  te s t in g  h as  dem on­
s t r a te  no p a t te rn  of consistency in the  g as  d is­
tr ibu tion . F o r  exam ple, th e re  m ight be a  big;, 
concen tra tion  in one p a r t  of a room while a 
“s a fe ” concen tra tion  m a y  be recorded some 1( 
feet aw«»y.

W e a r e  in the process’ of developing an  acid 
de tec to r  badge to be w orn  on the tu rn o u t  coat. 
T he  badges a re  b e ing  improved as  to e ri t ica lity  
an d  f u r th e r  evalua tion  u n d e r  ac tu . i fire condi­
t ions will be fo rthcom ing .
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C u rre n t ly  the suspected P V C  fire a tm o ­
sp h eres  a r e  tested a t  in te rva ls  fo r  H CL using  
the  B r a g c r  detector. A n y  re a d in g  over 50 ppm 
should be considered d an ge rou s  and  every effort 
to rem ove the  gas by v en t i la t in g  fa n s  should be 
employed.

T he  use of a w a te r  s p ra y  is som ew hat u n re ­
liable an d  should not preclude the use  of fans. 
E v e ry  fire officer should p rep lan  h is  response 
d is t r ic t  an d  be a w a re  o f a n y  PVC- fire potential 
and - 'o r  heavy PVC fi”e load.

Suspected  p lastic  m a te r ia ls  should be col­
lected fo r  an a ly s is  an d  fu tu re  evidence should 
l a te r  p u lm o n ary  problem s develop. Likewise, 
p ho to g rap h ic  evidence m ay  prove to be valuable 
a t  a  la te r  date .

D esp ite  consistent an d  p e rs is te n t  a ssu rances  
f ro m  the  p lastics and  petrochem ical in du s tr ie s  
in d ic t in g  carbon monoxide a s  the  m a jo r  cause 
o f  f i re f ig h te r  m o r ta l i ty  and  m orb id ity  in p las­
tics fires, recent s tu d ie s  by num erous investi­
g a to rs  have  re fu ted  th is  claim The evidence 
c learly  shows th a t  i r r i t a n t  “off g ases” a re  r e ­
sponsible fo r  lung  an d  pu lm on ary  tree  dam age.

I t  should ag a in  be noted th a t  carbon  m onox­
ide is ordorless, colorless, and  taste less and has 
vo  i r r i t a t i n g  effect on the  a i r  passages or lungs. 
W hile  cnrbon monoxide does kill, it is an  over­
sim plification  of the problem to conclude ro u ­
t ine ly  th a t  a death  occurs from  “ carbon m onox­
ide poison ing” o r “smoke in ha la t ion .” The 
te rm s  “sm oke in h a la t io n ” an d  “carbon  m on­
oxide poison ing” should be abandoned  by the 
fire co m m u nity  in m ost instances. W e would 
su g ges t  the  use of the te rm  “ toxic gas  in h a la ­
t io n ” which would tend to focus a t ten t io n  on the 
toxic agen t.

Some in ves t iga to rs  ha e a t tem p ted  to co rre ­
la te  a h igh  level carbon monoxide in the blood 
w ith  the degree  of p u lm onary  in ju ry ,  i.e., a high 
COhg level would ind ica te  a serious insult to 
the lu ng s  an d  pu lm on ary  tree. T h is  m ay be t ru e

" o r d in a r y ” house fires, but th is  is not a valid 
as su m p tio n  when ev a lu a t in g  exposure to p lastic 
fum es. We have noted th a t  in m an y  of the most 
se rious in ju r ie s ,  carboxvhemoglobin levels m ay 
ra n g e  an y w h ere  from  15S«' to the low or mid 
2 0 ’s. In  a lm ost all cases we observe the rap id  
developm ent of a metabolic acidosis following 
exposure  to PV C  fumes.

W hile  m an y  la rg e  cities and  com m unities  a re  
served by ex p er t  meciical ex am in e rs  who a r e  
t r a in e d  fo rensic  pathologists , m uch of the coun­
t r y  still labors u n d e r  the o u td a ted  coroner sys­
tem. In  m an y  instances, the  “ C o ro ner” is n o t  a 
phy s ic ian — r a th e r  he is i\ political appointee , 
local bus inessm an  o r u n d e r ta k e r .

In  the excitem ent and  confusion fo llowing 
m a jo r  fires  the  v ic tim s a re  rap id ly  removed 
fro m  the fire scene, em balm ed an d  b u rled  w ith  
th e  b lessing  o f the local coroner a s  “sm oke in h a ­
la t io n .” In most instances, to the d e ligh t of the  
in su ran ce  ad ju s to rs ,  local officials and  b u i ld in g  
ow ners , th e  d ea th s  a re  a t t r ib u te d  to “sm oke 
in h a la t io n "  an d  no se rious effort is m ad e  to 
d e te rm in e  the n a tu r e  of the toxic chemical com­
pound cau s in g  death  a n d /o r  w h e th e r  codes w ere  
violated by the use of ce r ta in  bu ild ing  m a te r ia l s  
o r  fu rn ish in g s .

T h is  p rac t ice  should  be condem ned an d  th e  
fire co m m u n ity  should seek the  es tab lish m en t  
o f  a medical e x a m in e r  sys tem  by leg is la tion  and  
con tinue  to insist on b e tte r  bu ild ing  codes, em ­
phas iz in g  life sa fe ty .  E v e ry  fire d ea th  should 
be investiga ted  by au topsy  and  microscopic 
ex am ina tion  of lung  tissue and  o the r  o rgans . In  
add ition , blood sam ples  in specially p re p a re d  
contemners should be su b m itted  fo r an a ly s is  to 
regional cen te rs  th a t  can p e rfo rm  sophis tica ted  
an a ly t ica l  chemical studies.

All exposed  fire f ig h te rs  should seek im m ed i­
a te  medical assis tance, inc lud ing  chest x -rays, 
p r io r  to the development of an y  se rious sy m p ­
tomatology to estab lish  a baseline fo r  se r ia l  
X -R ay  follow-up.

In  conclusion, it w as  felt th a t  co rrec tions to 
old prem ises w ere  in o rd e r  an d  th a t  o u r  expe­
riences should be recorded and  sh a red  cand id ly  
w ith  th e  medical an d  f ire f igh ting  profession . 
In d u s t ry  should place m ore em phasis  on life 
sa fe ty .  The inheren t d an g e rs  posed by the u n r e ­
s tr ic ted  use (fo r  exam ple) of PV C  in su la ted  
w ire  an d  cable in ceiling p lenum s used fo r  a i r  
h an d l in g  should be controlled by law. T he solu­
tion is to hold technology in abeyance un ti l  
bu ild ing  codes can be revised and  tes t protocols 
can be developed to screen m a te r ia ls  th a t  p ro ­
duce highly toxic p roducts  of combustion. The 
fire com m unity  should ex e r t  every  qffort to see 
th a t  th is  is done.



Test on fire-fighiters shows
'anxiety‘ increases heart 
rate; may lead to damage

Heart rate response-; of two fire-fighters w h ile  involved in structural fire response

The fact that heart attacks have been kill­
ers of fire-fighters for a number of years is 
not new But. it has been until only recently 
that major steps have been made to deter­
mine the nature of the p ro b lem -an d  how 
the life of the fire fighter might be extended 
through careful exercise, good diet habits 
and a change in work patterns.

A U n ivers ity  o f  C orn ia  at Los 
Angeles professor,  R. James Barnard. 
Ph.D.. has undertaken a number o f  studies 
involving fire-fighters. His most recent in­
volved the actual monitoring of selected 
fire-fighters w hile on duty for their full 24- 
hour shift. ana recording of changes in heart 
rhythm during every phase of their activity.

The subjects were 35 men from Los 
Angeles City and County fire department- 
They ranged in age from 23 to 42 and were 
all considered to be in good health without 
any overt symptoms of heart disease. Fire­
fighting experience ranged from dnc-hall 
year to 19 years.

Prior to going on duty each shift, the men 
were connected to small Avionics Model 
375 Mini Recorders. Electrodes were 
placed to provide a continuous ECO record­
ing. The men kept a -'og book which in­
cluded the exact lime the recorder was 
started, time of ail alarms and a description 
of their activities. The tapes w ere changed 
every four hours. Most of the men went to 
bed between 2300 and 24(H) hours, with a 
new tape in the recorder.

TAPES ANALYZED
Tapes w ere transcribed to paper printouts 

and analyzed 1 lie ECG was read before the 
alarm sounded, for 30 seconds after the 
alarm, and then every minute until the men 
returned to the station. To be included in the 
anulysis, a man had to have responded to al 
least four alarms

Data was obtained from 35 fire-lighters 
responding to a total of 1X9 alarms. Be­

cause of the wide range of heart rales re­
corded im mediately  before the alarm 
sounded, the data was expressed in heats 
per minute increase (beats/mir.) and was 
measured from ft second rhythm strips.

Fifteen to 30 seconds ulict the alarm, 
hear; rate showed a mean increase of 47 
beats/min. Range was 12 to 117 bculs/inin.

About one minute after the alarm, while 
on the truck, heart rate values were still 30 
beats/min (range I to Ml) above that Itefore 
die alarm sounded 
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in heart rate was observed for any one indi­
vidual. In particular, the responses obtained 
Ironr one man while sleeping showed 
marked variation. After two alarms, his 
heart rale increased approximately 5(1 
beats/min hut while in response to a thud 
alarm Ins heart rate increased 10-1 heals/ 
mill

PUTTING ON TURN-OUTS
Seven men were tested in the laboratory 

to find out what effect the physical activity 
involved with getting onto the fire truck 
ready for response would have. Moving a 
similar distance to that required in a fire 
station and then putting on a coat increased 
heart rale an average 3ft beats/min (range 10 
to 49). One minute after the start of this 
activity, the heart rale was increased only 9 
beats/min.

Additional daia was obtained from toe 
men while lighting major structure fires 
Two men. arriving at the lire scene in a|> 
proximate!) 3.5 minutes after the alarm 
sounded, had heart rates ol 150 hculs/min 
Another was recorded after having finished 
at one lire and then responding directly to 
nnollt upon receipt ol a radio aluitn. 
While on the truck going to the second fire 
he had a liovrl rale of I5X beats/min I or 
over 90 minutes in these two consecutive 
fires his head rate was maintained above 
IftO hculs/min. This included a 15 minute 
period of extremely lugli heart rale (average 
IKK), during the initial stages of the second 
alarm w hen the roof on which lie was work­
ing became surrounded by flames and there 
was danger of collapse.

HIGH ANXIETY SHOWN
The data obtained show s that for the mod



Tab'  I. — Ikarl Rale and ECG Responses ol a less Eiperienced fireman.*

l«loir JUan On the
Tim (Wats/an) 4ftcr Unm fire tract
MM 10 135* 140
3945 80 110* too
1233 89 148* 118
13 46 170 ISSi 140
.1026 101 141 130

•Subject K 24 *f old. hitman 1 ft

Tibfe 2. —  Heart Rate and ECG Responses ot a Mot* Espeiienced Fiiemin.*

Briar Hum 1V30 uc On the
Tim (btilttei) Alter lUm Fur Truck
13 40 8? 119* 106
1511 73 141* 138
1607 66 110* 116
1741 81 I3H 118
19 OS 98 118 106
2076 79 118 114
1041 9S 139 118

• Sub|Kl 8 43 *i old tinman 15 jrv

Muster 'finals' 
in Benecia  on 
Sep tem b er 6-7

The first annual California Firemans 
Muster Assn. championships v 'II he held 
in Benecia on September 6 and 7. hosted 
by the Benecia Volunteer Fire Dept.

Saturday's events start at 11 a.m. with 
gas pumping engines and hose wagons. 
Crow ning of the fire queen w ill take place 
al 1:30 p.m. The bucket brigade finalists 
front other musters held this summer will 
com ple te  for the s ta te  ch am p io n sh ip  
starting at 2 p.m. A dance will start at 
0 p.m.

On Sunday, a parade will begin at It)
a .m.. followed by hand pumping contests 
al noon, and hosecart races at 2 p.m.

Only fire equipment 1940 or prior is 
eligible to enter competition. All fire­
lighters should register at the Benecia 
firehouse. 150 Military West, on arrival 
to obtain information on camping areas 
and guarded storage facilities.

Table ]. — Heart Rite and ECG Responses of a File Fifhtei While Sleeping.*

Krlat Alum 15 30 uc On the
Tum (beats ton) Attn Alum fee buck
13 30 51 too 86
0? 14 45 1491 67
0310 48 97 85

•Sub|Kt C. 38 v old liirmin II in

part they were relatively inactive but at 
times arc called upon to perform at >t neat 
their n m im u l  heart rule foi prolonged 
pciiods. The rale responses observed ini 
mediately after the alami sounded as well as 
on the truck approuching a lire often indi­
cated a stale of high anxiety.

Why a man's  heart rale might mcicase by 
only 15 to 20 beats/min in response to one 
alarm and then 70 to KO in anothci could not 
he determined. The fire-fighters themselves 
iceugm/ed these different heart responses 
hut could not explain them. Some men uuli 
cutcd they did not think they experienced 
anxiety when the alarm sounded, but thcit 
heart rate indicated otherw ise. The data also 
showed that the rale of increase was about 
the same lor the less experienced fire­
fighter as the experienced men

flic method ol receiving the uluim at the 
station also was analyzed.

One of the implications of the study w as 
to show that mere receipt of the alarm, the 
tinging ol a bell or sounding of a tone, 
produced anxiety and an increase in the

hcari rhythm, lie concluded that unneces­
sary alarms should he eliminated in cities 
which transmit to all stations, not just that 
called lot on the response, lie culled lor 
tiirihcr sluily into the health and safely as 
peels of fire-lighting.

Repeated exposure to stales of high attxi 
cly as well as inhaling pollutants such as 
carbon monoxide may he related to the high 
incidence of ischcmic-strcss tests previ 
ously observed in fire-fighters. He con 
eluded, however, that Ins findings suggest 
that ischemic heart disease in fire-fighters 
may be job associated.

CAFAA quest ions code 
change  on door closers

The California Stale Fire Marshal has 
adopted the 1973 Uniform Building Code, 
but has proposed deleting the require­
ment loi closing doors in lire rated cor­
ridors.

The California Auloitmtie Fire Alarm 
Assn.. has issued a bulletin calling this to 
attention The bulletin staled: "Although 
integrity ol lire rated walls is not within 
the scope ol our Association's activities, 
we are calling line mallei to your attention 
because codes should be progress ive  
documents and this may be a step back­
wards."

The bulletin suggested interested parties 
"with convictions on Section 3304(h)”  
contact hire Marshal Albert I Hole in 
Sacramento

(Information compiled from a report 
,n " Jou rn a l  of Occupational Medicine/ 
Vol. 17. No. 4/April  1975." by R. James 
Barnard, Ph .D .,  and Hvnrx \V. Duncan,
B.S.)
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'Half of fire-fighter's 
breathing apparatus fails 
in laboratory testing'

About half the respiratory devices 
worn by fire-fighters fail to work ade­
quately when tested under conditions 
found in actual fires, according to a 
researcher from the Lawrence Liver- 
mere Laboratory (!.LL).

Bruce Held, a respiratory protec­
tion specialist at the laboratory, pre­
sented his findings at the Third Annual 
Fire Protection Technology Seminar 
at Stanford Research Institute in 
Menlo Park, Calif.

Held said that breathing protection 
equipment used by the nation's fire 
departments often fails the most basic 
stress tests. In an 18-month LLL re­
search program. Held Ccsted the 
breathing o'eviccs for resistance to 
heat, cold and temperature shock often 
found in real-life fire-fighting situ­
ations.

Testing the devils in a special 
chamber which can si date fire con­
ditions. Held found thui in two out of 
six breathing units, the fuccpiccc lens 
popped out at 200 degrees F. Fire­

fighters typically work in temperatures 
ranging from 200 to around 500 de­
grees F.

In another type of breathing protec. 
tion device, Held found that at temper- 
atures as low as 125 degrees, two out 
of four models failed. The facemask 
became loose, allowing outside air to 
n*>w in. In a fire-fighting situation, 
this would allow the fire-fightcr to 
breathe smoke and other toxic gases

tation, C ir tU  No. 5

STRAPS M ELTED
In tests measuring the effect of 

radiant heat or the heat reflected from 
hot surfaces, Held found that in many 
models, the straps that hold the breath- 
ing devices on the firc-fightcr’s backs 
melt and break. In one model, the 
straps melted when exposed to the 
amount of heat reflected from a fire in 
a metal wastebasket.

"When the harness that holds the 
breathing device breaks," said Held, 
"the weight of the air tank pulls the 
face mask off the fire-fighter, allow­
ing the heated air of the fire to seal 
his lungs. The real danger arises when 
a fire-fightcr is truppco by a ‘Flare- 
nn’ of the fire. In that case there is a 
iod probability that the harness 
aps would melt in all models we 
stcd."
Because fire-fighters commonly 
ore their breathing protection dc- 
.ccs on fire trucks where, in many 
reas of the country, they arc exposed 
> severe winter weather. Held tested 
ic devices for cold resistance.
He stored eight devices at -25 

legrccs F. for 24 hours. In one brand, 
he faccpicce shattered, the valves 
roze, and the air leaked out of the 
:y)indcr. In another brand, the tubes 
connecting the air supply to the face 
mask became stiff and brittle.

In three other brands the air bottle 
leaked and the breathing tubes became 
rigid and difficult to use.

"Fire departments buy this pro­
tective equipment believing it will 
work under any conditions." Held 
said. “When the fire-fighters get to 
the scene of a fire and find their equip­
ment doesn’t work properly they may 
have to go without them.

"Fire-fighters have more job- 
related injuries and deaths than an.' 
other profession in the country. Man)

i
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of those injuries could be prevented if 
. firemen were using dependable res­

pirators. Since we have already pro­
tected a man walking on the moon, 
*e could certainly develop adequate 
protection for fire-fighters.”

Helds findings will be submitted to 
the National Institute for Occupational 
Safety and Health (N IO SH ), the 
agency that certifies respiratory equip­
ment as safe for use. Working with 
Held in his research are Gail Caidenas 
and Charles Harder.

•'Historically, it was the Bureau 
of Mines that certified respiratory 
equipment," Held said. “ Now that 
the responsibility lies with NIOSH. 
certification requirements should be 
upgraded to assure that respirators 
ire safe to use during fires."

Once respirators are upgraded, the 
attitude of fire-fighters toward their 
own safety will still have to inprove. 
Held said.
NO M O RE ‘SM O KE E A T E R S ’

“ Among fire-fighters, it has always 
been considered manly to ’cat smoke' 
ind go without breathing protection," 
Held said. “ That may have been true 
m the days when fires burned mostly 

t wood and paper. Now, with the 
development of synthetics, the situ- 
ition is much more dangerous Fire­
men have died from the gases pro­
duced by burning bean-bag chairs 
irnl plastic curtains.

"Industria l lircs  arc like ly to 
create phosgene and chlorine gas, 
deadly substances that have been used 
in chemical warfare. It is imperative 
that fire-fighters wear their respirators 
much more often than they do."

In future studies, the l .L L  re- 
watchers will test fire-fighters’ res­
piratory equipment for its resistance 
tu moisture and corrosion from com­
bustion products. Their work is part 
of several fire safety and protection 
studies conducted at L L L  for the 
Department of Energy.

The Lawrence Livermore Labo­
ratory is operated by the University 
of California for the Department of 
energy.

Funds for arson 
projects o ffe red  
by fa cto ry  m u tua l

A speciul fund of $ 100,000 to assist 
poups wishing to conduct programs 
'« combat the growing arson threat F
Us been established by the Factory S
Mutual System: Allendale Insurance, 6
Arkwright-Boston Insurance, Phila­

delphia Manufacturer's Insurance 
and Protection Mutual Insurance. 
This group is the nation's largest in­
surer of industrial properties.

Harry Merrow, chairman of the 
Factory Mutual Committee to Com­
bat Arson, has announced that the first 
grant from the fund has been awarded 
to The International Association of 
Arson Investigators, Inc.

In announcing the gran* Merrow 
commented:

"The fund is intended to assist 
such groups as state advisory com­
mittees on arson prevention, associ­
ations of arson investigators or private 
industry groups formed for the spe­
cific purpose of fighting arson.

"because of this growing threat to 
lives and property, more programs of 
education and training to combat it 
are essential,”  he said. “ Factory 
Mutual’s assistance plan is a step in 
that direction and its progress and 
results will be carefully monitored."

Organizations wishing to apply for 
grants should write to: Hany Merrow, 
Factory Mutual System, 1151 Boston- 
Providcncc Turnpike, Norwood, 
MA 02062.

Applications should indicate the 
scope of the organization activities 
and reasons for requesting funds.
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Having a
SMOKING

PROBLEM
Many people do, with certain two cycle j 
motors.
This problem can be eliminated by using 
PIST-N-LUBE as an additive in the fuel 
you are using.

SATISFACTION GUARAN JED
2 cz. to each gallon cf gasoline. Costs 
less than 10tf an ounce. Once added to i 
gasoline, it never settles out. Good for | 
the life of the gasoline.

FREE FREE FREE FREE 
Introductory Offer

Yes. we are offering free transportation 
for a limited time only, on the purchase 
of 1 gal. PIST-N-LUBE at the regular 
price of S11.20 per gallon.

FREE BROCHURE ON REQUEST

Name

Address ____

City________ — ZipPlease enclose check or M.O.Cal. residents add sales tax.
GRAYBILL COMPANYP.O. Box 1752 OAKLAND, CA 94604

For Mora In fo rm a tio n . G r cU  N o . A



The Case for Pressure-Demand 
Self-Contained Breathing Apparatiby

T h o m as  O . D avis  a n d  Bruce J. H eld

This article deals with the con­troversy occurring within the fire service over pressure-demand (also referred to as safety pressure) versus dem and self-contained breathing apparatus (SCBA) and explains why th e  authors believe that only pressure-demand devices should be used by the fire service. It is an ap­propriate place to start, as many fire serv ice  personnel are confused about what each type is and what issues are.T he fire service has one of the highest inhalation injury and death rates of any occupation in the United States. 1 In addition to the direct ef­fect of the inhalation of toxic decom­position products involved in a fire, there is also the very real, but un- measureable, factor that the inhala­tion o f decom position products plays in the high heart disease rate among fire fighters. Obviously, no one factor can be singled out as the major cause of the high heart disease and inhalation injury and death statistics. It is a complex problem that must be analyzed piece by piece so deficiencies can be corrected.Future articles will concern prob­lems found with SCBAs and their effects on the fire fighters who use them . However, in the context of currently available apparatus, it is necessary for the fire service to un­derstand the problem areas. Then, not only can an intelligent selection o f equipment be made, but training programs can be developed to work around the equipment deficiencies. The first major decision regarding the purchase of SCBAs is whether to buy pressure-demand or demand apparatus. To make this decision, the fire chief making the selection must know the operations, advan tages and limitations of each type o I S C B A .

Fig. 1 A typical closed-circuit SCBA Fig. 2 A typic al operv-drcu# IOperationalCharacteristics

This work was sponsored in/ the Division of 
Operational and Environmental Safely, De­
partment of Energy.

First, we must define the terms we w ill use. S C B A  refers to both closed-circuii; (Fig. 1) and open- drcuit (Fig. 2) devices. In closed cir­cuit devices t ie exhaled air from the facepiece is directed to the backpack (or front mounted pack), where car­bon dioxide and water vapor are re­moved and oxygen added. Then the air returns to the facepiece. The airflow path is a complete loop, or a closed circuit, hence the classifica­tion of this type of device as a closed-circuit SC B A . By contrast, in open circuit devices, the airflow path is from a compressed air tank to the facepiece and then exhaled to the surrounding atmosphere. Therefore these units are referred to as open- circuit devices. The recommended type, and the most widely-used, for fire figh tin g  is the open-circuit SC B A . In this section we will de­scribe only open-circuit SCBAs.

Generally, in open- both dem and and demand, the air come* I compressed air. The must be reduced from  sures (2000 to4500pai|)l suitable for use in a fac" three to five inche* of \ or 0.1 to 0.2 psig), andj pressure air must be (* facepiece when the l S C B A  regulator | functions. Theexactl different for each Usually a serirt c fj and expansion d" air pressure. AD i the same mechar air when the ■ diaphragm-opel shown in large, about eter, so that l pressures will move thf r  by the arrtwrti



Breathing Apparatus 
Part III

Operation of 
Self-Contained Breathing Apparatus 
Exposed to High Air Temperatures

by
Charles A. Harder, Bruce j. Held and Gail J. Cardenas

Introduction
Lawrence Livermore Laboratory 

(LLL) is operated by the University 
of California under a prime contract 
with the U.S. Department of En­
ergy. Because of its size and the na­
ture of its work, the Laboratory has a 
40-member fire department that is 
sometimes called to fight fires that 
could involve highly toxicor radioac­
tive materials. As the dangers of in­
halation injury and death to LLL fire 
fighters are particularly acute, the 
Laboratory wants to provide them 
with the best possible protection. 
Thus, the Safety Science Group at 
LL.L began a program to test various 
self-contained breathing apparatus 
(SCBA) under potential fire and 
emergency conditions.

We of the Safety Science Group 
knew the environment to which fire 
fighters and their equipment are ex­
posed is the result of many variables 
such as high air temperatures, high 
humidity, water droplets in the air,
This work was performed under Hie auspices 
o f the U.S. Department o f Energy by the 
Lawrence Livermore Laboratory

fire-decomposition products, fire- 
extinguishing agents and radiant 
heat. Therefore, we felt fire fighters' 
protective gear should not only help 
them fight routine fires in safety and 
comfort, but should give them the 
protection they need for hazardous 
rescues or for such unforeseen 
emergencies as flare-ups. Ideally, 
we believe fire fighters' protective 
gear should give them more protec­
tion than they need.

We centered our studies on 
evaluating existing equipment so 
SCBA could be selected from devices 
that offer the best protection against 
conditions that could exist during a 
fire at the Laboratory. As a literature 
search revealed very little informa­
tion on such evaluations, we devel­
oped test parameters and criteria to 
evaluate various makes and models 
of SCBA.

In this article, we report the results 
of tests conducted on various SCBA 
operated at air temperatures ranging 
from room temperature to 200aF 
(93°C). Our future articles will cover 
results from other tests in the pro­
gram.

Test Parameters 
and Equipm ent

Determining the air temperature* 
to which LLL fire fighters and their 
SCBA are exposed was complicated 
by conflicting reports from different 
investigators. C empel and Burges*1 
monitored temperatures at 134 fire* 
fought by the Boston Fire Depart­
ment. For dry-bulb temperature*, 
they found the median maximum 
temperature to which fire fighter* 
were exposed was about 92 to 12V( 
(33-37°C) and that maximum tem­
peratures of more than 173°F (HOQ 
could be found in only one percent! 
of all structural fires. Captain M A 
Myers reported that temperatures 
1100°F (594°C) were common si* 
feet above the floor during fire test* 
in Los Angeles buildings.1 VVht 
wa!er was applied to the fire, fii 
fighters were exposed to temp'f**/ 
tures in excess of 212°F (100"C) fi 
short periods.

Another source, Dr. FI. P. Die 
classifies the thermal c o n d i t i o  
found in structural fire fighting in1 
three categories:3



‘ Routine conditions are those in (diich one or two objects in a room, ,0ch as a chair, sofa or wastebasket, !re burning; air temperatures range .pm 68 to 140°F (20-60°C), and fire ^hter exposure is less than 5 min- ites;•Ordinary conditions are found at nirc serious fires, such as one next x<ir to a flashed-over room, where .^temperatures range from 140 to -y>F (60-300°C) and fire fighter e x - lire is from 10 to 20 minutes;I  ‘Emergency conditions are severe I  .ju r  usual, such as being caught in 1 fljshed-over room. Under emer- |-flCV conditions, air temperatures linpe from 575 to 1800°F (300- (KfC) and the fire fighter is ex- ,«*>d for about 15 to 20 secondsf  trying to escape.SC13A must function properly all three conditions because could result in injury or death fire-decomposition products, ! deficiency or lung burns, chose a maximum tempera- i oi 200°F (93‘C) for two series of •tir temperature tests for long wurcs because It was the highestStature obtainable in the only ble environmental chamber w enough to hold an entire SCBA unit. This tempera- seemed reasonable, being dithr higher than temperature «£ ly.Gempel and Burgess and n  % h as Utech described for iMry conditions with a 10- to

20-minutes exposure.in the first series of hot-air tem­perature tests, we stored two units of each SCBA  in the environmental chamber (Figure 1) for one-half hour at 150°F (65°C) and later at 200°F (93°C). Although the results of these tests were subjective, they identified problems that could be examined more thoroughly with instrumented tests. We also exposed five of each type of SCBA  facepiece to the 200°F (93°C) air tem perature in the chamber for 10 minutes and then hit the side of each facepiece lightly on the edge of the chamber to simulate a fire fighter accidentally bumping his facepiece while working.In the second series of hot-air temperature test-., also using the en­vironmental chamber, we dynami­cally tested two or three units (de­pending on availability) of each SCBA model. For these tests, we used mostly pressure-demand and some demand S C B A , conducting tests at 100, 125, 150, 175 and 200T (38, 52, 65, 79 and 93"C) and at a relatively humidity of 85 to 95%. We mounted and sealed the facepiece for each SC B A  on a dummy head and through this connected the en­tire SC B A  to the LLL mechanical breathing machine4 located outside thechamber. The breathing machine was set at a moderate to heavy work rate of 52.2 liters of air per minute to simulate a fire fighter at work, and we humidified the exhaled aif to

simulate human respiration. We measured facepiece pressure with a calibrated pressure transducer and monitored it on a strip-chart recor­der. The air cylinder for the SCBA was turned on and off by means of a special clamp that attached to the valve with a handle that protruded through the chamber wall.Each SC B A  unit, including the facepiece, first was fully-inspected and tested for leaks. After setting up each unit in the environm ental chamber and operating it for two minutes at room temperature (ap­proximately 70°F (21°C) to ensure that it was operating properly and to measure its normal operating pres­sures, we turned the chamber on and set it at 100°F (38°C). We ex­posed the unit to that temperature for two hours and then operated the SCBA  for two minuter*. Next, we set the chamber at 125°F (52°C) and ex­posed the unit for 30 minutes before operating it for three minutes. We repeated this at 150°F (65°C). At 175°F (79“C), .ye operated the unit as soon as the chamber reached that temperature. We did not prolong exposure as a fire figh ter wearing the unit would never be exposed long to temperatures that high. We fo l­lowed the same procedure at 200°F (93"C). This time, however, we op­erated the unit until the cylinder ran out of air, noting the time it took. Also, we noted the time the low- pressure alarm on the unit sounded.All the SCBA  units tested were new, ex ept for the Scott 6000- and 9000-series units.* The Scott units, although from existing supplies, first were fu lly-o v erh a u led , in ­spected and tested by people cer­tified by Scott for this work.
Test ResultsSubjective Tests'"We conducted the subjective tests to determine obvious problems and what instrumented tests should be run.Two uni;:’ of each of these SCBA models were tested:• Scott Air Pak (6000 series)
*Reference to a compant/ or product iwwc docs not mi pit/ approval or recommendationol the product In/ the Universt It/ of California or the U .S .  Department of Energy to the exclusion of others that mat/ he suitable." This section on subjective lest results has
IliVII rtlwl-* -1—1"‘•nU ’ chamber used for temperature studies of SCBA.



• Scott Air Pak (900t series)• Scott 4.5• M S A  Air Masks with Clearvue facepiece• M S A  Air Mask 401 with Hycar rubber Ultravue facepiece• M S A  Air Mask 401 with silicone Ultravue facepiece• Survivair with neoprene face­piece.• Survivair with silicone facepieceThe units were exposed to tem­peratures of 150°F (65°C) and 200°F (93°C) for 30 minutes and then were donned and operated by experi­enced SC B A  users after each expo­sure. Any operating and visual prob­lems were noted.In general, the test subjects ob­served that black colored facepieces, particularly those that had the greatest mass (and accordingly re­tained the most heat), were the most uncomfortable on contact with the face. Lighter weight and lighter col­ored (blue and yellow) silicone facepieces did not give this impres­sion.All the facepieces, except that on the Scott Air Pak (6000 series) were more flexible at these high tempera­tures and appeared to fit with less tension in the head harness. When exposed at 15(PF (65°C) the Scott Air Pak (6000-series) facepiece lenses flattened out, causing the lens to separate from the facepiece.At 150°F (65°C), the facepiece on the Survivair SCBA unit no longer fit firmly because the silicone head­bands softened and slippr d through the retaining buckles on the facepiece. The neoprene and Hycar rubber head harness materials did not exhibit any noticeable softening or slippage.The breathing regulators on all the SC B A  tested became increasingly noisy at higher temperatures ar..' in­terfered with the user's ability to communicate. We believe this noise (a sort of honking) resulted from the so ften in g  and stretching of the breathing diaphragm housed in the regulator, the noisiest regulators being those with silicone breathing diaphragms.The breathing tubes (most made of rubber compounds) of all devices tested softened and stretched con­siderably at 150 and 200°F (65 and 93°C), suggesting the airflow charac­teristics of the air-supply regulator could be reduced in volume. Such a
-jm r l n r H n n  in  .lir n Q w  W O llId  i n c r e a s e

Table 1

Effects of exposing SCBA facepieces to 200°F (y3°C) air temperatures and 
then lightly bumping them.

Make and model
No. of 
units Effects of exposure

of SCBA facepiece tested and bumping

Scott 6 0 0 0 5 Exposure alone caused all five

Scott 9 0 0 0 5

lenses to flatten s e n 2 r a i e  
from facepiece.

No observable effects
Scott 4 . 5 5 One strap-retaining button broke

MSA Clearvue 5
on two of five units. 

No observable effects
MSA Ultravue with plastic 5 Lens separated from facepiece on

ring and clips holding lens two of five units.
MSA Ultravue with plastic 5 No observable effects

clamp ring holding lens 
Survivair neoprene 5 No observable effects
Survivair silicone 5 No observable effects
Globe witb_Sierra facepiece 5 No observable effects
Biopak 4 5 1 No observable effects

LMissing cli
Figure 2, MSA Ultravue facepiece after heating and 
lens separated from body of facepiece. Though no! d lrK ^ * 
buttons holding the lens snapped off, allowing the <•*>• _-3il



oeparation

j ^ r e  3. Old-style Scottoram ic facep iece: (a) as purchased (note curvature 
juns) and (b)aJler 10-min expc ..ure to 2005F (lens has flattened).e c e o n  l / „ nS) a n d  (b)I.riser's inhalation resistance and visibly cause leaking around the ♦.■epicce.We conducted the facepiece tests Emulate a fire fighter moving und near a fire and accidentally

bumping his facepiece while it was exposed to hot air. For this test, we exposed the various makes and models of facepieces to the 200°F (93UC) air of 'the environm ental chamber for 7.0 minutes, bumped

them lightly on the edge of the chamber as they were being re­moved and then examined each for damage. Table I shows the makes, models and number of each of the facepieces tested and the test results.Two of the five M SA  Ultravue facepieces, which have a lens held in place by plastic clips, failed when the lens separated from the facepiece after being lightly bumped (Figure 2). When the same facepiece was equipped wit!, a plastic-ring lens holder, no problems were encoun­tered .The Scott 6000-series facepiece has a curved CR39 lens. At about 150°F (65°C), the curved lens tried to return to its original flat shape. Fig­ure 3(a) shows the purchase condi­tion of the facepiece and the curve of the lens, and Figure 3(b) shows the lens after it was exposed to 200°F
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o3°C) for 10 minutes. The lens has iattened partially, distorting the (,ape of the facepiece, and has .jlled free of the lens holder, allow- leakage. We did not bump the ^,tt 6000-series facepiece on the camber edge because the heat ex- N>sure had already dislodged the from the facepiece. The lens is 
^5 likely to heat up and flatten hen the facepiece is in place on a ^r's head and cooler air from the <rcylinder is sweeping the inside of v  facepiece. In this test series, the ujtwas not operating.
0n two of the five Scott 4.5-series .rts, one of the plastic buttons ^jing the head harness to the Apiece snapped off when the unit &  bumped.

r u m e n t e d  TestsU
8  in the instrumented tests, we sub­mitd the various makes and models SCBA to air temperatures bo- Un7(TF (21°C) and 200°F (93°C) in L  environmental chamber while [p were operating on the breath- imachine. We ran these tests on toiiotving makes and models of IA; Scott 6(X){)—pressure demand 

Old-style Scottoramic facepiece

N ew -style Scottoram ic face­piece• Scott 9000—pressure demand Old-style Scottoramic facepiece N ew -style Scottoram ic face­piece• Scott 4.5—pressure demand• Scott 4.5—demand• Survivair—pressure «_ernand Neoprene facepiece Silicone facepiece• Globe Guardsman—demand• Biopack 45—closed circuitAll units operated without failing in the 70°F (21°C) through 200°F (93°C) temperature range. However, the operating air pressure in the facepieces changed on some models. Figure 4 shows the facepiece pres­sures recorded in the pressure- demand units at the different test temperatures. The same information is chown in Figure 5 for a Scott 4,5 demand unit, two Globe demand units and the Biopak 45, a closed- circuit SC B A .We tested the Scott 4.5 demand unit to see how it compared to the pressure-demand units. Our rea­sons for testing the G lo b e and Biopak units were because neither company made a pressure-demand unit at the time of the tests, and we

thought some information on their high-temperature operation would be desirable. We did not test the Scott, M SA  and Survivair demand units because we felt, aside from facepiece pressures, that they would not differ enough from the pres­sure-demand units to warrant test­ing.The bell alarms on all units oper­ated well and at the proper time while the units were exposed to even the highest temperature. The whis­tle alarm on the Scott 4.5, however, was very weak and barely audible on the pressure-demand units and un­detectable on the one demand unit tested. Although the walls of the en- vhonmental chamber did reduce the sound of the alarms somewhat, the openings in the .namberallowed the testers to periodically listen for the alarms at one of the openings and tended to negate the effects of the chamber walls. We feel, however, that all alarms should sound loudly under any condition so the user and those nearby can hear them and get out of a dangerous atmosphere be­fore their air is used up.Table II summarizes the facepiece pressures we found at different air temperatures. At higher air temper­atures inhalation pressures in the
Tablo II

Summary of fncop leca p ressu res at dltforent air temperatures (note the num erous negative pressures).
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facepiece are generally lower and exhalation pressures are higher. The only exceptions to this trend were the Survivair units, which main­tained constant exhalation pressures regardless of temperature. Inhala­tion pressures also stayed constant with the neoprene Survivair face- piec* but the inhalation pressures with u’0 o f three units having silicont facepieces increased with temperature. These increases prob­ably resulted from the silicone be­coming more flexible at higher tem­peratures and tending to seal to the face even better. The third silicone facepiece showed negative (subat- mospheric) pressure on inhalation because the silicone head harness slipped (also noted in the subjective tests).Besides Survivair, the only other pressure-demand units to maintain positive pressures in the facepiece on inhalation were Scott 6000-series units with the old-style facepiece and two of the three Scott 4.5-series uniis. The pressure m these two Scott 4.5 units approached zero (.008 and .048 inches of water) on inhala­tion and probably would go negative under a heavy breathing rate or with a leak between the facepiece and the fac'„*.The negative pressures that showed up in th* facepieces of pressure-demand units tested at a moderate to heavy work rate are dis­turbing because they indicate these units are not providing the protec­tion they were assumed to provide. The facepiece leakage studies done at the Los Alamos Scientific Labora­tory,h which showed a 10,000-plus protection factor for pressure- demand units, were conducted on men who were standing still and moving their heads slightly (a low work rate). At a moderate to heavy work rate, which is much more realistic for a fire fighter, some pressure-dem and units show ed negative facepiece pressures at am­bient temperatures. At higher air temperatures, many units showed more negative pressures or went from positive to negative. This would be the worst possible time for such an occurrence as the fire fighter would be breathing at a moderately heavy to heavy rate while fighting a fire and would most likely encounter the highest concentrations of toxic materials v/hen closest to the fire. At the same time, the high heat would

cause increased negative pressure in the facepiece of a pressure-demand unit and increased leakage into the facepiece.Results of the heat studies con­ducted and reported in this article will assist the LLL Fire Department in selection of SC B A . However, the results of other studies considering all parameters found in a fire envi­ronment will be necessary in order to select the most desirable unit for all conditions under which the fire de­partment must operate. Perhaps even more important is the fact that, as these and other limitations be­come apparent and identifiable, the fire department training and use practices can make the necessary al­lowances to prevent the fire fighter from overtaxing himself beyond the capabilities of his equipment.
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loxiciry ot Off-Gases From Furnishings
B y  C A R L O S  J .  H I L A D O  

&  P A T R I C I A  A . H U T T L I N G E R
Product Safety Corp.

A bstract
Relative toxicity data are presented 

for the off-gases from various materi­
als used in furnishings.

In troduction
The toxic hazard potential of the 

off-gases evolved from materials ex­
posed to overheating is an important 
aspect of safety. For occupants of 
residences and institutions, toxic gases 
can prevent or hinder escape from 
fires, and can have effects ranging 
from incapacitation to death.

A toxicity screening test method 
developed by the authors has been 
used to evaluate a wide variety of ma­
terials for toxicity of off-gases under 
specified test conditions (1-11). A 
large selection of test conditions can 
be used, but the test conditions used 
for evaluating over 300 materials, 
including many furnishing materials, 
were a rising temperature progran. at 
40°C/min from 200 to 80(FC without 
forced air flow, an essentially closed 
system which provided for accumula­

tion of the toxic gases produced over 
this temperature range. These par­
ticular test conditions are intended to 
simulate the pre-ignition stage of a 
fire, as well as the nonflaming aspects 
of the prc-flashover stage of a fire. 
It should be remembered that no single 
set of test conditions can simulate all 
the possible conditions which a materi­
al could encounter in an actual fire, 
and that these particular test conditions 
represent an effort to simulate a range 
of conditions in the critical early stages 
of a fire.

Toxicity test data obtained by this 
method on the off-gases from various 
materials used in furnishings are 
presented in this article.

M ethod
The toxicity screening test method 

has been described in detail in earlier 
articles (1-11), and will be only briefly 
summarized here. Four Swiss Webster 
male mice, 25 to 40 g body weight, 
are placed in a 4.2 liter hemispherical 
chamber and the off-gases from 1.00 g 
of material arc admitted into the 
clumber. The test animals are ob­
served for responses such as stagger­
ing, convulsions, collapse and death;

and the times to the observation of 
each response in each animal are 
recorded. The test is terminated after 30 minutes.

The test conditions used to obtain 
the data in this paper were a rising 
temperature program at 40°C/min 
from 200 to 800°C without forced 
air flow.

D ata a n d  Discussion
Fabrics can be compared on the 

basis of generic type as shown in 
Table I. The toxicity of the off-gases 
from blends of fibers was generally 
intermediate between that for the pure 
fibers and proportional to the corlent 
of the different fibers. In general, 
wool appeared to be more toxic than 
nylon; silk more than rayon; poly­
ester more than cotton; cotton more 
than rayon; rayon more than poly­
propylene; and rayon more than 
nylon.

The toxicity test data on cushion­
ing materials are presented in Table
2. There arc differences between in­
dividual samples in each generic 
group, but the differences between 
generic types of foam plastics appeared 

C on tinued  on next page

table 2.
Table 1. Relative Toxicity of Fibers and Fabrics by Generic Type

R elativ e  T o xicity  o f Off-Gases from Cushioning K aterla ls
Material Nurrber Time to

of Death
Samples min

Wool, 1001 4 7.65 + 1.29
Wool, 85-901/nylon 4 8.87 + 1.01
Nylon, 1001 9 16.78 + 3.49

S ilk , 100s 2 9.18 + 0.35
S ilk , 701/’ ayon, 301 2 12.33 + 0.58
Rayon, IOTA 10 15.40 ♦ 2.41

Polyester, 100* 3 10.70 + 2.25
Polyester, 65-87I/cotton 3 10.45 + 0.26
Cotton, 59-70X/polyester 2 15.66 + 1.17
Cotton, 100* 10 13.08 + 2.14

Cotton, 100* 10 13.08 + 2.14
Cotton, 82-86%/rayon 2 12.00 + 0.16
Cotton, 52-75%/rayon 8 14.53 + 2.06
Rayon, 54-75%/cotton 18 12.70 + 2.49
Rayon, 1001 10 15.40 + 2.41

Rayon, 1001 10 15.40 + 2.41
Rayon, 56-731/polypropylene 2 14.08 + 2.16
Polypropylene, 1001 4 16.64 + 2.76

Rayon, 100% 10 15.40 ♦ 2.1 .
Rayon, 52-721/nylon 3 15.60 ♦ 3.86
Nylon, 57-62X/rayon 2 15.62 + 0.15
Nylon, 1001 9 16.78 ?  3.49

Cotton, 1001 10 13.08 + 2.14
Cotton, 1001, FR 6 14.19 + 3.64

K ite rla l F lexible Foam TImc to DeathKIrpolyether urethane, FI polyether urethane, F’ polyether urethane, >J polyelher urethane, F4 polyether urethane, FS polyether urethane, F6 polyether ursthar.e, FT polyether uri thane, Fi!

20.66 ♦ 2.71 19.91 7  1.41 20.49 « 0.63 19.41 • 0.55 19.31 v 0.80 20.10 a 1.06 20.73 7 1.12 22.38 7  3.84polyester uretnane, 3000 polyeiter urethane, 3003 polyester urethane, 3013 18.91 « 0.75 18.54 7 1.46 16.17 7  0.61polyurethane, 1 polyurethane, I  polyurethane, 3 18.55 a 0.01 21.99 7 1.02 22.73 a 1.07polyinlde, 1 p o lylM d t, 2 p olyester, Pneuoacel polyethylene, Mlcrofoan polyethylene
12.71 a 0.02 14.767 0.95 18.97 7 0.44 20.42 7 0.26 20.93 a 0.47polychloroprene polychloroprene, A1S polychloroprene, 15 polychloroprene, LS200 polychloroprene, Vonar polychloroprene
24.51 a 1.46 26.84 7 1.27 26.50 7 2.5227.29 a 0.42 25.83 7  2.1624.29 7 0.69polypho'phatene, 1 polyphosphaiene, 2 polystloxane, 3-654U 23.98 a 1.52 24.11 7 2.50 25.00 7 0.57Fiber Battingscotton b attin g , untreated 101 boric a d d , padded on 61 boric a d d , vapor phase 9.66 a 1.29 14,58 7 1.06 11.20 a 1.25polyester b ttlln g  13.31 a c iy llc  resin  20.61 a cry lic  re itn 9.44 a 0.76 10.15 7 0.64 10.54 7 1.28Miscellaneous M aterialsfeathers/down 75/25srool, uashedrubberlted hairrubberised h a ir , FRexcelsiors isa lkapok

7.26 a 0.12 7.06 7  1.1B 8 . m  7 0.60 7.62 7 0.83 15.82 - .9 11 12.59 7  3.«1 16.15 7  0.47
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Table 3. Relative Tonicity of Plastics by Generic Type

Material Hunter
of

Samples

Time to 
Death 
n1n

Polyether sulfone 3 12.30 + 2.08
Polyphenylene sulfide 4 13.21 + 3.80
Polyaryl sulfone 2 13.48 + 3.17
Polyimide flex ib le  foam 2 13.74 + 1.45
Wood 12 14.03 + 1.48
Polyamide (nylon) 3 14.36 + 1.71
Polyphenyl sulfone 1 15.46
Polyurethane rig id foa.i 7 15.49 + 4.06
polymethyl methacrylate (PMriA) 1 15.58
Polyvlnylidene fluoride 1 15.86
Cellu loslc board 8 16.57 + 3.54
Polyvinyl chloride (PVC) 2 16.60 + 0.33
Acrylonltrile/butadiene/styrene (ABS)3 17.13 + 2.45
Polyethylene, Including foam 5 17.31 + 3.73
Acry lon itr ile  rubber (NBR) 3 19.13 + 2.89
Polyphenylene oxide, modified 1 19.96
Polyurethane flex ib le  foam 14 20.01 + 1.74
Pisphenol A polycarbonate 3 20.40 3.77
Polyvinyl fluoride 1 20.50
Ethylene/propylene/dlene ( E P D M ) 2 20.69 +  

— f
0.04

Chlorosulfonated polyethylene 2 20.88 + 2.07
Polylsocyanurate rig id foam 2 21.68 + 1.38
Polylsoprene (natural rubber) 1 22.13
Chlorinated polyvinyl chloride (CPVC)2 22.25 + 0.69
Polystyrene 2 23.10 + 4.33
Polyphosphazene flex ib le  foam 2 24.05 + 0.09
Styrene-butadiene rubber (SBR) 1 24.11
Polychloroprene flex ib le  foam 6 25.88 + 1.24
Chlorinated polyethylene 2 26.08 + 1.80

TOXIC GAS . . .
to be significant. Polyimide flexible 
"'~m  exhibited the greatest toxicity 
under these particular test conditions 
-  followed by polyurethane flexible 
fo am , po lyphosphazcne flex ib le  
foam  and polychloroprene flexib le 
foam.

Plastics are compared on the basis 
of generic type in Table 3. The foam 
plastics are included in this compari­
son. and wood is included to provide 
a reference for comparison. The ma­
jority of the generic types of plastics 
appear to be less toxic than wood 
under these particular test conditions.

Fire retardants arc widely used to 
increase the fire resistance of materi­
als, and there has been interest in the 
effect of fire retardants on the toxicity 
of off-gases. Comparisons o f various 
m aterials without and with fire re­
tardants arc presented in Table 4. In 
the majority of comparisons, the addi­
tion of fire retardants decreased relative 
tox icity  under these particular test 
conditions.
28 Western Fire Journal—March 1981

Tible 4. Effect of F1re Retardants on 
Toxicity of Off-Gases 

Material Tine to
Death

cotton betting (California) min
untreated 10.16+1.43
treated (believed to be 10.44 + 0.95

boric acid based)
cotton batting (Louisiana)

untreated 9.66+1.29
8* boric acid, vapor phase 11.20 + 1.25
10X boric acid, padded on 14.58+ 1.06

viscose fibers
untreated 13.71 + 0.37
12.3X Sandoflam 5060 14.39 + 0.59
15.5X Sandoflam 5060 14.24 + 0.31
17.5* Sandoflam 5060 14.58 + 1.45

polypropylene fibers
untreated 20.35 + 0.18
3.11 Sandoflam 5070 17.87 + 0.23
5.OX Sandoflam 5070 19.14 + 1.22

vinyl fabric
untreated 15.64 + 0.95
FR to Bo.'ton code 17.49+1.07

polyurethane flex ib le  fo:m, A
untreated iC.21 +1.57
FR (Sb, Cl) to California requirements 20.13 + 1.06

polyurethane flex ib le  foam, C
untreated 18.28 + 0.91
FR (P, Br) to California requirements 17.12 +_ 1.72

polyurethane flex ib le  foam, D
untreated 10.16 + 0.68
FR (P, Br) to California requirements 11.18 + 0.74

polyurethane flex ib le  f/v,u, E/F
untreated 9.69 + 0.62
FR (P, Cl) to California requirements 12.68 + 0.94 
FR (P, Cl) to FAA requirements 13.18 + 2.16

polyurethane rig id foam
untreated 23.92 + 2.14
10X RF-230 23.74+2.11
7X Fyrol 6 25.69 ♦ 0.80
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Fire-Resistive Fabrics 
Tested For Toxicity

B y  C A R L O S  J .  H 1 L A D O  
&  E L A I N E  M . O L C O M E N D Y

Product Safety Corp.

Five samples of flame-resistant 
fabrics were evaluated for toxicity of 
pyrolysis gases, using the USF-NASA 
toxicity screening test method. The 
samples were identified as wool, 
flame-retarded cotton, Nomex, un­
stabilized polyoenzimidazolc. Under 
these particular test conditions, time 
to death with wool was less than half

that of the other four fabrics.
Fabrics used in applications which 

require u certain degree of flame 
resistance arc selected from materi­
als which exhibit a natural ft.imc re­
sistance, which have been fismc- 
retardant treated or which are in­
herently more thermally stable. The 
potential toxicity of the gases pro­
duced upon overheating or burning 
is one aspect which must be con­
sidered.

The USF-NASA toxicity screen­
ing test method has been used to 
evaluate u wide variety of materials 
for toxicity of pyrolysis gases under 
specified test conditions. Wc shall 
present the toxicity tcsl data on five 
samples of flamc-rcsistant fabrics.

screening test method. These samples 
were wool, flame-retarded cotton, 
Nomex, unstabilized polybcnzi- 
midazole (PBI) and stabilized PB1.

The samples were conditioned at a 
room temperature of 21 degrees Cel­
sius, plus or minus one degree Celsius, 
and at a relative humidity of 50 per­
cent, plus or minus five percent.

There is need for a brief summary 
of the USF-NASA toxicity screen­
ing test. Four Swiss-Wcbstcr male 
mice of 25 to 40 grams of body weight 
are placed in a hemispherical chamber 
and the pyrolysis gases from a one 
gram of sample material are admitted 
into the chamber. The test animals 
arc observed for responses such as 
staggering, convulsions, collapse 
and death. The times to the observa­
tion of each response in each animal 
is recorded.

A wide variety of tcsl conditions 
can be used. The lesl corditions used 
for evaluating over 300 materials 
were al a rising temperature of 40 
degrees Celsius per minute from 200 
degrees to 800 degrees Celsius with­
out forced air flow, in an essentially 
closed system which provided for 
accumulation of the toxic gases pro­
duced over this temperature range. 
These particular test conditions arc 
intended to simulate the pre-ignition 
stage of a fire. It should be remem­
bered thal no single sci of test condi­
tions can simulate all the possible con­
ditions which a material could en­
counter in an actual fire.

Five samples of flame resistant 
fabric: were supplied in the course 
of the four-year NASA grant which 
supported the development of this

The toxicity tcsl data obtained arc 
presented in Table 1. Times to the 
various animal responses in individual 
tests, as indicated by a lesl reference, 
arc reported as mean, plus or minus 
standard deviation wilhin experiment 
(between animals).

Times to the various animal re­
sponses for each material arc reported 
as mean plus or minus standard devi­
ation between experiments.

The toxicity test data on the refer­
ence material (bisphenol A poly­
carbonate), evaluated at the same 
time, arc comparable to historical 
data on this particular material. The 
data in this study can therefore be 
considered comparable to previously

I Air. io p n
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published data obtained under these 
particular lest conditions.

Under these particular test condi­
tions, time to death with wool was 
less than half that with the other four 
fabrics, about eight m inutes co m ­
pared to 18 to 20 minutes. Time to 
staggering, normally the first sign of 
incapacitation, was about five m in­
utes with wool, seven minutes with 
Nomex. and 13 to 16 minutes with 
PBI.

Tim e to convulsions, an ind ica­
tion of effect tin the central nervous 
system, was about six minutes with 
wool, 15 minutes with flame-retarded 
cotton, 16 minutes with Nomcr., and 
16 to 18 minutes with PBI.

Carbon monoxide appears to have 
been the principal tox icant in the 
gases from Nomex and cotton, and a 
significant toxicant in the gases from 
PBI. The toxicants in the gases from 
wool seemed to be gases other than 
carbon m onox ide . u p j seem ed to 
affect the animals more rapidly.

The stabilized PBI fabric appeared 
to exhibit slightly less toxicity than 
compared to the unstab ili/cd  l*5i. 
The stab ilized  fab ric  e x h ib ite d  a 
weight loss of 32.7 percent, compared 
to l‘J.9 percent for the unstabilized 
fubric.

This difference may be related to 
the respective times to death of 19.7 
»nd 17.9 minutes, which means that 
the stabilized fabric sample was at a 
temperature of 800 degrees Celsius 
for 1.8 minutes longer before being 
removed.

One aspect of the potential toxic 
effects which cannot be readily quanti­
fied is the degree to which the gases 
foot'd noxious by humans. Tire gases 
fiom wool were particularly noxious, 
®*krng this material perhaps the most

unpopular among the laboratory per­
sonnel performing the test.

Under these particular test condi­
tions, the wool sample appeared to 
be the least desirable from a toxic 
hazard v iew point, and the Nomex 
sample may be the most desirable.
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Heart disease in fire fighters 
Part 1

R. James Barnard, Ph.D. 
Research Cardiologist, UCLA School of Medicine 

Los Angeles, California

Heart disease is a ger :ral term which includes many abnor­
malities o f the heart. T uo  of these heart problems arc listed in 
the right-hand portion o f Figure I. Valve disease, which in­
cludes stenosis o f (he aortic valve and regurgitation in the 
mitral valve, is unlikely to be a major heart problem in lire 
fighters since it is readily detected in a routine physical ex­
amination and should therefore prevent the individual from 
entering the fire service. Moreover, it is unlikely that fire 
fighters who pass an entrance exam would develop a signifi­
cant number of valve disease problems.

Arrhythmia is a heart condition in which the various 
chambers o f the heart do not beat in normal sequence. 
Generally, individuals with major types of arrhythmias (fre­
quent ventricular arrhythmias) would not be allowed to enter 
the fire service because of the possibility of ventricular fibrilla­
tion and sudden death. However, lire fighter r, may develop a r­
rhythmias as a result o f exposure to toxic gases. That factor 
will be discussed later in this scries.

There arc many other relatively common heart problems, 
but there is no evidence that their incidence is significant in fire 
fighters.

The term ischemia appears at left in Figure I. Ischemic heart 
disease is a condition in which the supply of oxygen to the 
heart muscle is inadequate to meet the demand. If ischemia 
becomes severe, a myocardial infarction or heart attack oc­
curs. Ischemic heart disease is common in the American 
population. It is due primarily to coronary heart disease 
(atherosclerotic heart disease), which is the accumulation of 
cholesterol and other substances within the coronary arteries. 
This accumulation decreases blood flow and oxygen delivery 
to the heart muscle. Ischemia may also be caused by other fac­
tors which reduce oxygen delivery, i.e., carbon monoxide, or 
factors that greatly increase oxygen requirements, such as high 
levels o f catecholamines (adrenalin). These causes o f ischemia 
arc uncommon in our general society, but may be an impor­
tant uspect o f the heart disense problem among fire fighters.

In 1976, the International Association of Fire Fighters 
published the results o f a fire fighter mortality study1 based on 
examination of the death certificates of 101 Tire fighters who 
died in the line of duty during a 15-month period in 1975-76. 
O f the 101 deaths, 45 were caused by heart attacks. The results 
may sectn alarming, but they might be obtuincd in any occupa­
tion since, in our society, more people die from heart attacks 
than from any other cause.

There arc data, however, that shov/ that the incidence of 
Mth from heart rttack and ischemic heart disease is far higher

ong fire fighters than among the general population. (Sec 
rs I and 2 , which summarize statistics published by the 

"*ublic Heath Service.)1,1'4
data show that in the older age groups (55-64), where 
’st percentage o f the deaths occur, the death rate 

avascular diseases, including atherosclerotic heart 
thest in Fire fighters. Personnel in this age group 

i) to 30 years' exposure to the stress of fire 
hat the death rate from atherosclerotic heart

Heart disease 
1

Isch emia -  Valve disease

-  Arrhythmia

-  Others
i i

Coronary  h ea t  Others 
disease

Figure 1

disease in fire fighters ages 55-59 and 60-64 is more than dou­
ble the average death rate for the "All occupations" category. 
Furthermore, these data show that the death rate from 
atherosclerotic heart disease is higher in fire fighters than in 
any other occupation studied.

Exercise and electrocardiographic stress testing is a common 
clinical procedure used to test for the presence of ischemic 
heart disease. " 1 The Los Angeles City and Los Angeles County 
Fire Departments, California, use the procedure to eliminate 
fire fighter applicants who have ischemic heart disease. In a 
study conducted at the UCLA Medical Center on a random 
sample o f 90 active Los Angeles City fire fighters, Barnurd, el 
al.,'* found that ten percent o f the group had electrocar­
diographic changes indicative of ischemic heart disease. These 
data were compared to data on a group of Los Angeles in­
surance executives, who had only eight percent ischemic 
responses.

Studies conducted on 529 Los Angeles County fire fighters 
revealed 10 percent ischemic responses.”  This wns a higher 
percentage than that in other Los Angeles County safety per­
sonnel, including sheriffs, marshals, and lifeguards.

Other groups at "high risk” for atherosclerotic heart disease 
have been shown to have much lower incidence o f ischemic 
electrocardiographic responses to exercise testing. Spangler, et 
al.,'* found only 4 percent ischemic responders in a group of 
362 aircraft pilots and controllers, while McHenry” reported 5 
percent ischemic responders in a group o f Indiana state 
policemen.Risk factor analysis in Los Angeles City fire fighters

Data compiled by the city of Los Angeles, California, 
disclosed that fire fighters receive more disability pensions for 
heart disease ihun for any other illness. When compared with 
policemen, the fire fighters receive more disability pensions for 
heart disease despite the fact that they employ half the number 
of men. Since fire fighters arc admitted to (he department only 
after rigorous medical screening and reaching a high level of 
physical conditioning, the findings suggest some specific oc­
cupational hazard of fire fighting. The present study was 
undertaken to determine whether the apparent high incidence 
of heart disease ip fire fighters is related to the usual risk fac­
tors associated with coronary heart disease or whether some 
unique phase of the fire fighters’ lifestyle might be responsible.

us COMMAND August 1979



Table I. Deaths per 1000 People — A ll Diseases o f 
the Cardiovascular Sjstcm

Occupation 35-44

Age
45-54 55-59 60-64

Firemen
policemen
Longshoremen
Lumbermen
Construction Workers
Smelter &  Furnaccmen
A ll Occupations

.87 8.63 21.18
1.99 8.71 18.94
2.13 7.79 16.37
1.40 5.23 11.89
2.32 6.98 11.73
.74 3.27 7.91

1.49 5.42 11.26

38,51
28.98
23.76
20.66
18.83
9.43

17.20

The study consisted of investigating the electrocardiogra­
phic (ECG) response to near-maximal e tercise of 90 randomly 
selected fire fighters between ages 40 and 59, along with 
jDcumentation of their blouu picssuic, scrum cholesterol, and 
smoking habits. The fire fighters were then compared to a 
similar age group of insurance underwriters previously studied 
in our laboratory."

Methods
The subjects o f this study were 90 men from the Los Angeles 

City Fire Department. They were selected using a random 
table and the employee numbers o f all active fire fighters 40 
years of age and older. The age range was 40 to 59 years, with a 
mean of 46 years. All of the subjects were consider'd tc be in 
good health without any overt symptoms of heart disease.

The testing was conducted in two phases. During the first 
phase the men reported to the hospital where they were given a 
history questionnaire. Height and weight were recorded and a 
standard 12-lcad electrocardiogram was obtained. Blood 
pressure was also measured at this time. One week later the 
men reported to the stress testing laboratory iri a fasting stale 
for phase two. The history questionnaire, which contained in­
formation pertaining to health history as well as physical activ­
ity habits, was examined by the doctor and discussed with the 
subject.

Blood pressure was again measured and a blood sample ob­
tained for cholesterol determ ination. Skinfold  fat 
measurements were taken from the 10 sites described by Allen, 
e l al.," using Best (USAMRN) calipers. The subjects were 
then given a continuous, near-maximal ( >  90% of predicted 
max) multistage treadmill test as described previously.'* The 
ECG was continuously monitored from a single trnnsthoracic 
lead with the positive electrode at the V. position and the 
negative electrode at the RV„ position. An ischemic ECG 
change was defined as at least I mm of horizontal or down 
slanting depression of the S-T segment observed cither during 
exercise or in the 5-minute posl-cxcrcise recovery period. All 
subjects with ischemic EC'G responses were returned to the 
laboratory on another dale for retest purposes, During the ad­
ditional visil to (he laboratory, the treadmill tcsl was repeated 
and another blood sample obtained for cholesterol, triglycer­
ide, und lipoprotein determinations.*

The data obtained from tlic fire fighters were compared to 
data previously obtained from a group (N = 232) _of Los 
Angeles insurance underwriters 40 to 59 years of age (X = 47 
y rs)"

Results
Risk factor analysis — Table 3 gives the data on coronary 

heart disease (CHD) risk factors. Cholesterol values ranged 
from 154 to 305 mg% with only 12 percent of the men having 
values greater than 260 mg%>. None of the men had values

Tabic 2. Deaths Per 1000 People —  A lh t i.  stlcrclic 
Heart Disease

Occupation 35-44

Age

45-54 55-59 60-64

Firemen .67 5.97 13.95 20.40
Policemen 1.40 5.82 12.94 18.26
Longshoremen 1.04 4.10 7.73 11.88
Lumbermen .64 2.55 7.05 10.77
Construction Workers .99 3.19 5.81 9.62
Smelter &  Furnaccmen .37 1.71 4.75 6.29
A ll Occupations .79 3.25 6.75 9.90

highc< ;han normal ranges established by the National Heart 
and Lung Institute. Mean systolic and diastolic blood pressure 
values were well within the normal range. Only 2 percent of the 
fire fighters had values greater than 160/90 mm Hg. Thirty- 
two percent of the men were smokers. Only one man had 
elevated cholesterol, was a smoker, and was hypertensive at 
the time o f testing. Only five men had two of the three risk fac­
tors elevated, and 47 had none o f the three risk factors 
elevated. Total skinfold fat measurements in excess o f 150 mm 
were considered to be approaching obesity, and 24 percent of 
the men fell into this category.

Near-maximal treadmill v?st — Figure 2 shows the 
workloads at which the fire fighters reached their near- 
maximal heart rates. The maxinvl oxygen uptake, estimated 
from the workload oxygen cost, w„s 49.9 + 0.5 m l/m in/kg. 
These data arc compared to data prc\ iously obtained from the 
group of Los Angeles insurance executives. The estimated 
maximal oxygen uptake for the insurance executives was 41.9 
m l/m in/kg. Nine of the fire fighters had ischemic ECG 
responses indicating the presence of coronary heart disease. 
One subject in the random sample completed phase 1 of the 
testing having a normai resting ECG. T wo days later he had a 
myocardial infarction at a fire and d cd in the hospital. One 
other subject (age 47) had a normal ECG during the stress test 
and then suffered a myocardial infarction while taking a 
shower ir> <epid water 20 minutes after exercise.

Fire fighters with ischemic ECGs — O f the nine fire fighters 
who had ischemic ECGs during the near-maximal stress tcsl, 
only one had an ahnormal resting ECG. Only one subject had 
a lipid abnormality (type IV hyperlipoproteinemia) and only 
one was hypertensive (165/100). Three of the men were 
smokers at the lime of testing. All nine men had ischemic 
responses during exercise. One subject had previously ex­
perienced chest pains at a fire and was taken lo a hospital 
where his ECG was reported to be within nortnul limits. This 
same subject experienced angina during the stress test. None of 
the other subjects admitted experiencing any chest pains or 
discomfort.

Discussion
The value of the exercise electrocardiogram as a predictor o f 

subsequent coronary heart disease has been extensively

•A ll blood determinations svere done by Laboratory Procedures 
Division, the Upjolin Co., Woodland H ills, C A  91364.

Table 3. C IID  Risk Factor Data* for I,os Angeles City Fire Flghttrn

( hoWtlrrnl 
l(l| M

Nilotic B l'. nUiloUc B.P. SMnfold H I 
(mm !!g> (mm Hg) (mm)

SmoVIng
(*•)

40-50 yn 
N -M

221 2 4 124 t  2 77 2 1 1*9 i  4 40

51-59 yn 
N . 22

226 t 7 131 s 3 82 3 2 139 3 6 3

•Valuct are mtunt x tundftfd cnoi

I
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DISTRIBUTION OF TREADM ILL PERFORMANCES

IB  - FIREMEN (present study) 

n  - INSURANCE UNDERWRITERS (Kattus eta!)
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Figure 2

studied. Kattus, eta l.,"  reported that duringa 2.5 year follow- 
up of their insurance group, 33 percent o f those individuals 
with initial ischemic responses experienced a toronary event. 
In the study of insurance underwriters, Kattus, et al. , "  found 
that 8 percent of the 232 men (ages 40 to 59) had ischemic ECG 
responses during the near-maximal stress test. This value is 
compared to the 10 percent value observed for the fire fighters. 
Felton'0 has reported a similar value for Los Angeles County 
fire fighters.

Comparison of our data obtained in Los Angeles with those 
reported for other areas is somewhat difficult because of dif­
ferent research designs, i.e., different age ranges, stress tests, 
and criteria for ischemia. Lester, et a l.,"  reported finding 5 
percent ischemic responders in a group of 114 Birmingham 
businessmen (ages 40 to 75) performing a Master two- 
stcp test. Spangler, et a l.,"  found only 4 percent ischemic 
responders in a group of 362 aircraft pilots, controllers, etc., 
performing a multistage treadmill test. McHenry, et al.," 
reported 5 percent ischemic responses in a group of Indiana 
state policemen subjected to a maximal stress test. Doan, et 
al.,"  observcQ 7.5 percent ischemic responses in a group o f 433 
Seattle volunteers also subjected to a maximal stress test. 
These reported incidences of ischemic responses are all lower 
than the incidence observed in our random sample of fire 
fighters; however, some investigators1’''* have reported a 
higher percentage of ischemic responses.

Our data as well as the data o f Felton10 indicate that Los 
Angeles fire fighters have an unexpectedly high incidence of 
ischemic stress tests, which is difficult to explain since they are 
a medically-selected population and have relatively low risk 
factors for coronary heart disease. Only 12 percent of the fire

Note: Portion! o f this m ateriil first appeared In the Jo u rn a l o f  O c­
cu p a tio n a l M edic ine, November 1975, Volume 17, No. II. The 
material has previously appeared In The C a lifo rn ia  F irem an, pub­
lished by the Californ ia Slate Firemen's Association, Inc. Used with 
permission.

fighters had cholesterol values greater than 260 mg% while 18 
percent of the insurance executives fell into this category. Only 
2 percent of the fire fighiers had blood pressure values above 
160/90 mm Hg while 25 percent of the insurance executives 
were hypertensive. Thirty-two percent o f the fire fighters were 
smokers at the time of testing as opposed to 26 percent for the 
insurance executives. The treadmill performances indicated 
that the fire fighters were in belt-; physical condition than the 
insurance executives.

Of the nine fire fighters with ischemic ECG responses, only 
one was hypertensive. One had elevated triglycerides and a 
lipoprotein pattern indicating type IV hyperlipoproteinemia. 
All o f the cholesterol values were within the normal ranges 
established by the Heart and Lung Institute. One subject ex­
perienced a myocardial infarction following a normal ECO 
response to near-maximal exercise (HR 180). He was transfer1 
red immediately to the Coronary Care Unit where lie recovcre 
from an uncomplicated anteroscotal myocardial infarction. 
His blood pressure (125/80) and cholesterol (234 mg%> v*c,c 
within normal ranger. He was a little overweight and had skm- 
fold measurements for the 10 sites totalling 156 mm. He ha 
previously never experienced chest pains or other symp<om5' 

Although the 10 percent ischemic responses observed in 1 
fire fighters may not be statistically different from the 8 
cent observed in the group of insurance executives, tihe fin“J * 
is still unexpected since fire fighters are a mcdicall/;sclcvtc 
population with low risk factors for coronary heart disease- 

The observations suggest that ischemic heart disease ma^ # 
job-associated. Recent electrocardiographic iecordings 
taincd from fire fighters while on the job she v thai *o r , fe. 
most part they are relatively sedentary, how .ver, - j, 
quently must exert themselves maximally. Extremely 
heart ratr.j recorded immediately after the alarm, (*un{18nged 
anticipation phase while riding on the truck, and for p i0 . * | 
periods during actual fire fighting, indicate an entoti ^  
stress.1' In addition, the men are exposed to thermal 4re , 
well as inhalation pollution. All of these factors may be fc
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ihe pathogenesis o f ischemic heart disease and may be in­
dependent o f atheromatous deposits in the coronary arteries.

genimar>
fjear-maximal ECG stress testing and coronary artery 

disease risk factor analysis, including blood pressure, serum 
cholesterol, and smoking habits, were conducted on a ran­
domly selected group (N = 90) o f Los Angeles City fire 
fighters ranging in age from 40 to 59 years. The data obtained 
from the fire fighters were compared to data previously 
reported tor a group of Los Angeles insurance underwriters of 
,hc same age rai

Only 12 percent of the fire fighters had cholesterol values 
greater than 260 mg°7o, while 18 percent of the insurance ex­
ecutives fell into this category. Only 2 percent o f the fire 
fighters had blood pressure values greater than 160/90 mm 
Hgt while 25 percent of the insurance executives were 
hypertensive. Thirty-two percent of the fire fighters were 
smokers at the time o f testing as compared to 26 percent for 
(he insurance executives. Only one fire fighter had all three 
isle factors elevated and only five had two risk factors 

,|evated. Forty-seven of the fire fighters had no risk factors 
jievatcd. Ten percent o f the fire fighters had ischemic stress 
|tps as compared to 8 p.tccnt for the insurance executives. O f 
the nine fire fighters with ischemic stress tests, one was 
hypertensive, one had elevated serum triglycerides, and three 
were smokers at the time of testing.

Since the fire fighters are a medically-selected population 
with low risk factors for CHD, the observed incidence of 
ischemic stress tests is surprising and suggests that ischemic 
heart disease may be job-associated.

Editor's note: Next month, in Part 2 of "Heart Disease in 
Fire Fighters,” Dr. Barnard will discuss a fo)iow-up study con­
ducted on Los Angeles City fire fighters, and analyze data ob­
tained from the medirai records o f 1055 New York City fire 
fighters.
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Heart disease in fire fighters 
Part 2

R. James Barnard, Ph.D. 
Research Cardiologist, UCLA School of Medicine 

Los Angeles, California

Ischemic heart disease in fire fighti /s 
with norm al coronary arteries

Los Angeles City fire fighters, like fire fighters from most 
other cities, receive more disability pensions for heart disease 
than any other illness. Our initial study, 1 conducted on a ran­
dom sample o f Los Angeles City fire fighters, revealed that 10 
percent had ischemic ECG responses to near-maximal stress 
testing. This section presents follow-up data obtained from the 
men who had ischemic ECG responses during the stress tests.Methods

The subjects were nine men from a random sample of Los 
Angeles City fire fighters who had ischemic responses to near- 
maximal stress testing. An ischemic ECG change was defined 
as at least 1 mm of horizontal or down slanting depression of 
the ST segment observed either during exercise or in the five- 
minute post exercise recovery period.’

Following the initial testing when the nine men were iden­
tified, one additional visit to the laboratory was scheduled. 
During (his visit, the treadmill stress test was repeated and an 
additional blood sample obtained for cholesterol, triglyceride, 
and lifioprotcin determinations.*

All o f the men were subsequently given the option to 
undergo cardiac catheterization and angiography. (Six of the 
men elected to do so.) The catheterizations were don«. at 
Cedars of Lebanon Hospital using the Sildingcr or Judkin 
techniques. The study included right and k it heart catheteriza­
tion, selective coronary angiography, left ventricular 
angiography, coronary sinus catheterization, and atrial pac­
ing.Results

Table I gives the coronary heart disease (CHD) risk factor 
data obtained from the nine men. One subject (B.N.) was 
cbese, as indicated by his skinfold fat measurements, and 
hypertensive. Another subject (D.L) had elevated triglycerides 
and a lipoprotein pattern suggesting Type IV hyperlipo­
proteinemia. Two o f the men were smokers at the time of 
testin',. In general, these men with ischemic stress tests had low 
risk tactors for CHD, One subject (S. J.) had ST abnormalities 
in his resting ECG.

The cardiac catheterization and angiographic studies re­
vealed thot only two o f the six men had CHD. However, the 
four with ••noupal”  coronaries had signs of abnor* al 
myocardial function during the atrial pacing studies.

• # ♦ •

Discussion
Our initial observation1 that 10 percent of a random sample 

of active Los Angeles City fire fighters had ischemic responses

•Blood determinations were done by Laboratory Procedures D iv i­
sion o f  the Upjohn Co., W oodland H ills, Californ ia.

to near-maximal exercise was surprising. Los Angeles City fire 
fighters are a medically selected population, arc generally in 
good physical condition, and have low risk factors for cor­
onary heart disease. The oh ;ervations suggest that some job 
associated stress(es) may beresponsible for the relatively high 
incidence of ischemic stress tests.

The follow-up studies conducted on the nine fire fighters 
with ischemic stress tests are even more surprising. When the 
risk factors for coronary heart disease (lipids, hypertension, 
and smoking) were evaluated, five of the nine men had no ab­
normal risk factors, while only one subject had two abnormal 
risk factors.

Six of the nine men elected to undergo angiography a^id car­
diac catheterization. Only two of the six men had significant 
( a 50% obstruction) coronary artery disease. The 66 percent 
“ false positive" stress tests which were confirmed on two dif­
ferent tests is far higher than that reported by other groupj. 
Several investigators have reported studies in which both stress 
testing and angiography were conducted on the subjects. 
Mason, et al.,' compared the results o f exercise stress testing 
on the ergometer with angiography in 84 patients. Only 12 per­
cent o f the individuals with ischimic stress tests had normal 
coronaries. In a similar study using maximal treadmill testing, 
Martin and McConahay* studied 100 patients and found that 
only 11 percent of the ischemic responders had normal cor­
onaries. McHenry, el al., ’ reported that treadmill stress testing 
in 80 patients showed only 5 percent false ischemic response! 
as evaluated by coronary cineartcriogrnphy. Roitmcn, et al.,' 
using maximal treadmill stress testing in 46 patients, found a 
specificity of 87 percent for coronary artery disease, whifi 
Kaplan, et a.'.,* studied 200 patients with ischemic stress test! 
rnd  found that only 9.5 percent had less than 25 percent nar- 
.owing of any major branch of the coronary tree. Froclichcr, 
et al.,' studied 76 asymptomatic air crewmen with ischemia 
stress tests and found that 47 percent had insignificant cor­
onary artery obstruction. However, some of their subjects had 
ECG changes due to vasorcgulatory problems. No mention 
was made of abnormal left ventricle (LV) function in those in* 
dividuols with normal coronaries.

Atrial pacing studies conducted on the four subjects with 
normal coronary angiograms provide further insight into the 
ischemic responses. Two individuals had abnormal lactate 
metabolism. Subject C.S. had -2 8  percent lactate extruction 
with moderate hypertrophy and hypokinesis of unknown 
etiology. Subject D.L. had 7 percent lactate extraction with n 
normal functioning ventricle. Moderate LV hypertrophy and 
hypokinesis was observed in another subject (J.E .), with nor­
mal lactate metabolism (24% extraction). Subject S.J. had a 
normal ventriculogram and normal lactate metabolism during 
atrial pacing. He did, however, experience angina and ST seg­
ment depression. Thus three of the four subjects with normal 
coronary angiograms had abnormal left ventricl: function, 
which might explain the ischemic stress tests.

Although the abnormal LV function may explain the 
ischemic stress lest, none of the data obtained can explain the
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Table 1. D ata from  fire fighters with Ischemic stress tests.

Subject Age Blood 
Pressure 
(mm Hg)

Skin fold 
Fat 

(mm)

Cholesterol

(mg^«)

Triglycerides

(mg%)

Lipoprotein
(Electrophoresis)

Smoking

L.S. 45 115/75 144 222 75 normal No
c.s. 52 128/85 149 171 — — No
S.J. 45 110/75 91 210 49 normal Yes

M.W . 53 110/70 105 174 168 normal No
D.L. 53 145/90 147 278 200 possible type IV No
J.E. 59 140/85 153 26! 120 normal Yes
B.J. 54 125/90 99 212 35 normal No
R.R. 48 125/75 129 192 50 normal No
B.N. 56 165/100 195 261 105 normal No

pressures which were within normal limits. The two sub­
jects witli moderate LV hypertrophy were avid handball 
players, which may explain the hypertrophy. However, hyper­
trophy resulting from athletic training is not associated with 
hypokinesis and abnormal LV function.*

We realize that angiography is not 100 percent accurate and 
that we have studied only a small number of subjects. 
However, the present data suggest that fir: fighter; have 
ischemic heart disease and/or abnormal LV function not due 
to coronary artery disease or any other known cause. The ob- 
viou' conclusion is that strcss(cs) associated with the job of 
fire fighting is having a detrimental effect on the myocardium 
itself. Myocardial ischemia, necrosis, and even infarction in 
people with normal coronaries have previously been 
reported.'''1* Eliot and B ratt" and Likoff, el al.," reported 
myocardial ischemia and necrosis in patients with normal 
arteriograms but abnormal hcmoglobin-oxygcn dissociation. 
Although wc did not check for this possibility in our subjects, 
it seems very unlikely that they were suffering from this abnor­
mality since most o f them had very good work capacities dur­
ing Ihe treadmill test.

Exposure to carbon monoxide, which reduces oxygen 
delivery to the heart, can cause ischemiu and even myocardial 
infarction."'1* This is a haz trd to which fire fighters may be 
exposed." If exposure to carbon monoxide is frequent, it 
could produce myocardial necrosis and hypokinens. High 
levels of catecholamines have nlso been shown to produce 
myocardial ischemiu and necrosis." '" Our previous jtudies" 
hove reported rapid heart rate acceleration and electrocar­
diographic changes while responding to the alarm. Near max­
imal heart rates for prolonged periods and electrocar­
diographic changes have also been reported during actual fire 
fighting."'" These observations suggest high sympathetic ner­
vous system activity which may result in the secretion of 
massive umounts of catecholamines.Summary

Near maxima', stress testing conducted on a group (N-90) of 
randomly elected Los Angeles City fire fighters (ages 40-59) 
reveale-' rnat 10 percent had ischemic ECG changes. These 
ischemic ECG responses were confirmed during a second test 
conducted two to four weeks after the initial test. Coronary 
heart disease (CHD) risk factor analysis revealed that in 
general the men were not at high risk for CHD.

Six o f the nine men elected to undergo cardiac catheteri­
zation and angiography. One patient had severe triple vessel 
disease and subsequently underwent norto-coronary bypass 
surgery. Another had 50 percent obstruction in the circumflc'. 
branch o f the left coronary, while the other four men had no 
visible signs of coronary obstruction. The men with "norm al" 
coronaries, however, did show signs o f abnoonal cardiac func­
tion during atrial pacing. One man had catdiac enlargement, 
hypokinesis, ischemic ECG, and abnorm al lactate 
metabolism. Another had abnormal lactate metabolism and 
ischemic ECG. A third man had moderate cardiac enlargement

changes with angina but otherwise normal cardiac function. 
All four of these men had pressures which were within normal 
limits.

These data show that some fire fighters have ischemic heart 
disease with patent coronary arteries. This disease may be due 
to job related factors (i.e., carbon monoxide and other nox­
ious fumes, catecholamines, etc.), which reduce myocardial 
oxygen supply or greatly increase myocardial oxygen demands.

H eart disease in New Y ork City 
fire fighters

The data presented here were obtained from the medical 
records of 1055 fire officers from the New York City Fire 
Department. These fire fighters underwent a cardiopulmonary 
stress test administered by Cardiogramics Inc.Methods

The fire fighters reported to the Cardiogramics Laboratory 
on on off-duty day and in a fasted condition. They completed 
a history questionnaire and then had a blood sample drawn for 
cholesterol analysis.* A standard 12-lcad electrocardiogram 
(ECG) was obtained and resting blood pressure measured 
prior to the exercise ECG stress test.

A submaximal exercise test was performed on cither a tread­
mill or bicycle crgumctci, following the Bruce protocol and 
guidelines published by the American Heart Association."Results

The results of the submuximal stress test are outlined in 
Figure 1. Of the 1055 men tested, 179(l7.0(,/o)had signsof car­
diovascular disease, Twenty (1.99/o) had abnormal ECGs at 
rest and were not even given the stress test as recommended by

‘ Cholesterol analysis was done by Mclpnth, Hackensack, N .J., 
using tin autoannlyzcr.

Numbw letted 
N *

Abnormal Inu* (Card r vnrulnr thtoaia) 
N- 170(170%)

formal Inti
N-B7G (830%)

17 tmormal ratting 1 
1 .CG No e*ercite 
j Int. N • 20 11,0%) j

Itcfaro'; | 
e*e»Ciw lent
N • tlO (7,6%, j
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arrhythmia 
during ex am w 
N • 70 (6 0\)

r

Hy(Mtriantion 
no a err cite let! 
N * 0 (0 0\l
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|N « 170!',C 1%) |

Figure 1. Electrocardiographic stress test results 
from New York City fire fighters ago 40 and over.
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Table 2. Coronary heart dbease risk factors In 
New York  C ity  fire fighters.

Age
Group

Total
Men

Cholesterol 
>260 mg%

Blood 
Pressure 

> 160/90mmffg Smoker

40-19 542 86 52 150

50-59 479 86 69 107

260 34 3 4 6

Tota l 1055 175 125 263

% (100) (16.6%) (11.8%) (24.9%)

the American Heart Association. An additional nine (0.9%) 
were classified as hypertensive and also were not given the 
stress test. O f those who took the stress test, 150 (14,2%) had 
abnormal ECG responses; 80 (7.6%) had ischemic ST segment 
depression, and 70 (6 .6%) had significant ventricular ar­
rhythmias. A total o f 170 (16.1%) had ECG signs o f heart 
disease either at rest or during exercise.

Table 2 gives the coronary heart disease risk factor data for 
various age groups. O f the 1055 men, 175 (16.6%) had 
cholesterol values greater than 260 mg%, 125 (11.8%) had 
blood pressure greater than 160/90 mmHg, end 263 (24.9%) 
were smokers.

Two items on the history questionnaire provided some in­
teresting information about the stress o f fire fighting. A total 
of 442 (41.9%) fire fighters answered yes to the question: 
"H ave you ever gone to the hospital for smoke inhalation?” 
Only 79 (7.5%) answered no to the question on smoke ex­
posure and breathing problems: “ Have you ever received a 
real shellacking or pasting?" To the question on the fre­
quency, many rutswercd numerous times, and two said 1000.Discussion

New York City, like Los Angeles, admits fire fighters to the 
department only after they pass a preliminary medical screen­
ing and obtain a high level o f physical conditioning. 
Therefore, one would anticipate finding an incidence of heart 
disease lower than that of the average population of adult 
men. O f the New York City fire fighters, 20 (1.9%) had abnor­
mal resting ECGs, and 80 (7.6%) had ischemic ECG responses 
during the submoximnl exercise test, for a total of 100 (9.5%) 
abnormal test!.

It must be emphasized that these results were obtained with 
a submnximal exercise test. Bcllct and Roman”  have reported 
that maximal exercise testing increases the percentage of 
ischemic responses by 4 percent wver that observed with a sub­
mnximal test. This would indicate that the true incidence of 
ischemic heart disease in New York City fire fighters is close to 
14 percent. This value of 14 percent is even higher than that 
observed in Los Angeles City and County fire fighters. This 
difference may be due in part to the higher incidence of ex­
posure to the actual stress of fire fighting.

In looking at the coronary heart disease risk factors, it can 
be seen that the New York City fire fighters hud u lower rate of 
abnormal risk factors than the Los Angeles insurance ex­
ecutives, but slighi'ly higher than the Los Angeles fire fighters. 
O f the New York City fire fighters, 25 percent were smokers, 
compared to 26 and 32 percent for Los Angeles insurance ex­
ecutives and fire fighters, respectively. Twelve percent o f the 
New York City fire fighters had blood pressure values greater 
than 160/90, while 25 percent o f the Los Angeles insurance ex­
ecutives, but only 2 percent o f the Los Angeles fire fighters

Note fo rtlons of this material first appeared In the J o u rn a l o f  O c­
cu p a tio n a l M edicine, December 1976, Volume 16, No. 12. The 
material also previously appeared In The C a lifo rn ia  F irem an, pub­
lished by the Californ ia Slate Firemen's Association, Inc. Used with 
permission.

were hypertensive. Seventeen percent o f the New York City 
fire fighters had cholesterol values greater than 260 mg%, 
while only 12 percent o f the Los Angeles fire fighters, but ID 
percent of the Los Angeles insurance executives had values 
greater than 260 mg%.

These data on New York City fire fighters also support the 
hypothesis that stress associated with the job of fire fighting is 
involved in the high incidence o f ischemic heart disease.
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Heart disease in fire fighters 
Part 3

R. James Barnard, Ph.D. 
Research Cardiologist, UCLA School of Medicine 

Los Angeles, Caliu rn ia

We stated earlier in this series (see Part 1, Fire Command, 
August 1979) that the most common cause of ischemic heart 
disease is coronary artery disease, also known as coronary 
heart disease (CHD), or atherosclerotic heart disease. In this 
section, we will discuss the cause o f coronary b *.rt disease and 
see how the stress of fire fighting might be a major factor in 
the high incidence of this disease in fire fighters.Coronary heart disease a^d the stress of fire fighting

The exact etiology o f coronary heart disease is not known; 
however, the most widely accepted theory is that damage to 
the inner lining (endothelial t I I s )  of the artery is the initial 
stage.''* Once the artery lining has been damaged, cholesterol 
and other fats enter the artery wall from the blood stream, and 
atherosclerosis develops. Factors which have been shown to

Table 1. Carbon monoxide levels in the fire fighting environment

Incident
Dnrriptlon CO ppm Comment*

Foam rubber 
pillows burning 
in bathroom

150

1600

front part o f apartment, light 
smoke
closed bathroom, dense black 
black smoke

Greater alarm 
structure lire

200 
600 

2000 ^

1st floor
mezzanine, light smoke 
2nd floor, fire area

Two-story dwelling 
fire on first floor 
living room

‘XX) 

1600 

2000 t-

immediately involved area, 
light smoke
2nd floor, uninvolved l“ "  
heavy smoke 
1st floor closet

Two-story dwelling 
fire on first 
floor nnd spread to 
second floor

300
800

1st Hour involved area 
2nd floor uninvolved area

Dwelling area under 1000 
house involved, rags 
soaked with flam­
mable liquids

inside house, no fire but 
heavy smoke

Dwelling service 
porch involved, 
carburetor cleaner 
fluid

1800
.1000

partially ventilated room 
unvcntilulcd, uninvolved 
bedroom

Summary: I. In every instance where C O  levels were signifi­
cant. the smoke was quite heavy and noxious.

2. In some instances where the smoke was heavy 
and noxious, the C O  level was o f minimal 
significance.

3. In two-story structures, the higher concentra­
tions o f  C O  were found on the second levels 
along with heavy smoke.

cause damage .'o the artery linings include high levels of 
cholesterol, hypertension, smoking, high levels o f adrenalin, 
and high levels of carbon monoxide.1"  O f these five factors, 
two, carbon monoxide and adrenalin, are lajor concern to 
the fire fighter. In addition to causing damage to the artery 
lining, high levels of carbon monoxide and adrenalin have 
been shown to cause direct damage to the hea** muscle." " 
These observations may explain the heart muscle damage 
which Barnard, et al., reported finding in Los Angeles City 
fire fighters.

In a recent study conducted in conjunction with the Los 
Angeles City Fire Department, Barnard and W eber" observed 
carbon monoxide (CO) levels as high as 3000 parts per million 
(ppm). Examples of CO measurements arc shown in Table 1. 
Higher values (4100 ppm) were reported by Kurt and Peters'1’ 
in a study conducted in Boston. The Boston fire fighters who 
were exposed to these high CO levels had carboxyhcmoglobin 
(COHb) levels in the range of 18 percent.

In the normal environment, CO levels arc generally very low 
(1-10 ppnt) with carboxyhcmoglobin levels of less than two 
percent for nonsmokcrs and 2-4 percent for smokers."

In a study conducted by Gordon and Rogers with the 
Denver Fire Department," Colorado, it was reported that in 
nearly two-thirds of the instances o f fire fighting a value of 10 
percent COHb or higher was reached; in nearly one-fourth of 
the exposures a COHb value of 20 percent or greater was 
observed; one individual had a very high COHb level of 44 
percent. Gordon and Rogers concluded, “ By all criteria 
available, this exposure to ca*bon monoxide is both frequent 
and severe." These investigato> also measured elevated levels 
o f scrum enzymes (LDH and C l - a n d  concluded " .  . . that 
exercise alone does not elevate the, blood enzymes in the man­
ner, frequency, or degree seen in the exposure to fires." Other 
investigators"'" have also reported elevated COHb levels in 
lire fighters. Dc Bias, et al., '* reported that exposure to CO in 
levels sufficient to elevate COHb levels to 9 percent signifi­
cantly increased susceptibility to ventricular fibrillution, which 
may account for some of Ihe fire fighter deaths that occur on- 
duty."

While the CO problem in fire fighting has been well 
documented, little is known about adrenalin levels in fire 
fighters. Kurt and Peters'0 reported in a pilot study thut 
urinary adrenalin levels in four Boston fire fighters were above 
normal ranges. Blimkie, et al.,11 reported an 81 percent in­
crease in the heart rate of 15 fire fighters responding to an 
ularm and a 154 percent increase in plasma or adrenalin levels. 
These investigators concluded, "In  this study, the immediate 
response of fire fighters to an alarm was one of intense 
physical arousal which was accompanied by a substantial, but 
lesser, degree of emotional arousal." In a study that is presently 
being conducted with Los Angeles City Fire Fighters, Barnard 
and Duncan" have found increases in 24-hour urinary 
catecholamines with increased fire activity (Fig. 1). To date, 
unfortunately, no data have been obtained with more than 
three fires and none during major fires lasting 45 minutes or 
longer.
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problem of fire fighters.' - exposure to other toxic gases such as 
hydrogen chloride. Polyvinyl chloride (PVC) toxicity in fire 
fighters is becoming a major problem because numerous 
household items, electrical wiring, etc., are made of PVC. 
Dyer and Esch”  reported that between 1970-1975, 175 
Washington, D.C , fire fighters experienced symptoms from 
PVC toxicity from one to four occasions; one died. Gcnovesi, 
et al.,'° reported o r 21 Los Angeles City fire fighters who were 
exposed to dense smoke containing PVC. Nineteen were found 
to have mild to moderately severe hypoxemia and 13 required 
hospitalization. All of the fire fighters were using self- 
contained breathing apparatus while fighting the fire.Heart rate and E C G  responses of fire fighters

A previous study from our laboratory revealed that fire 
fighters had a high incidence of ischemic responses to a stan­
dard near-maximal exercise test, even higher than that ob­
served in a similar age group of insurance underwriters." This 
observation was surprising because the fire fighters, a medi­
cally selected group, were in good physical condition with low 
blood pressure and cholesterol levels. These findings suggest 
that ::.nemic heart disease in fire fighters may be job 
associated.

Other studies from our laboratory’’ ”  showed that perform­
ing sudden exercise without the benefit of warm-up can pro­
duce an ischemic condition in the heart. Since fire fighters are 
required to perform sudden exercise without the benefit of 
warm-up and also are required to work under thermal stress as 
well as inhalation pollution, (he present study was undertaken 
to observe electrocardiographic and heart rate responses dur­
ing the fire fighters' normal 24-hour work day.

Methods
The subjects of this study were 35 fire fighters from the Los 

Angeles City and County Fire Departments. The men ranged 
in age from 23 to 42 and were all considered in good health 
without any overt symptoms of heart disease. Their service 
ranged from one-half to 19 years.

At approximately 0700 hours, the men were connected to 
Avionics Model 375 Mini Recorders. The electrodes were placed 
to record the ECG from the manubrium to the V, position 
with the ground at the RV, position. The men kept a log book 
which included the exact time the recorder was started, the 
time of all alarms, and a description of their activities. The 
tapes were changed every four hours. Most subjects retired 
between 2300 and 2400 hours with a new tape in the recorder.

The tapes were transcribed to paper printouts on an 
Avionics Model 650 Scanner. Analysis o f the ECG was made 
before the alarm sounded, for 30 seconds after the alarm, and 
then every minute until the time the men returned to the sta­
tion. Movement artifact prevented accurate analysis o f the 
ECG in many cases; however, heart rate data could be ob­
tained from the QRS complex. To be included in .he analysis, 
a man had to have responded to at least four alarms.

Discussion
The data obtained from these 35 fire fighters show that for 

the most part they are relatively inactive, but at times arc called 
upon to perform at or near their maximal heart rate for pro­
longed periods. The heart rate responses observed immediately 
after the alarm sounded, as well as on the truck approaching a 
fire, often indicated a state of high anxiety. Why a man's heart 
rate might increase by otiiy 15 to 20 beats/minute in response 
to m e  alarm and then 70 to 80 beats/minute in response to 
another alarm could not be determined from our data. The fire 
fighters themselves recognize these different responses but 
cannot explain them. Some men indicated that they did not 
think that they experienced anxiety when the alarm 
sounded,but their heart rate indicated they were anxious on 
some occasions. From our preliminary data ,”  wc suggested 
that less experienced fire fighters showed a more excited 
response ito the alarm than did more experienced men. 
However, ithc present, more complete data did not support this 
earlier suggestion. In addition, more experienced as well as less 
experienced fire fighters experienced similar periods of high 
heart rates during actual fire fighting. No consistent pattern of 
heart rate increase was observed for any one individual. 
Although fire fighters knew that a high percentage of box 
alarms turn out to be false, they still showed an excited 
response at times.

Summary
Data were obtained from 35 fire fighters responding to 189 

alarms. Fifteen to 30 seconds after an alarm, heart rate showed 
a mean increase of 47 beats/minute (range: 12 to 117 
beats/min.). Approximately one minute after the alarm, while 
on the truck, heart rate still showed a mean increase of 30 
beats/minute (range: I to 80 beats/min.) above that recorded 
before the alarm. S-T segment changes were observed in the 
ECG shortly after the alarm sounded. U ron approaching a 
fire, heart rates as high as 150 bents/minute were observed 
before the men got o ff of the fire truck.

During actual fire fighting, extremely high heart rates were 
observed for prolonged periods of lime. One fire fighter had a 
mean heart rate of 18P beats /minute for 15 minutes during the 
initial stages of a s.,..cturc fire.

The heart rate responses observed immediately after the 
alurn as well as on the truck approaching a fire indicate that 
the men experience a state o f high anxiety. The extremely high 
heart rates observed for prolonged periods during fire fighting 
may also indicate a state of hi'^h anxiety coupled with the 
heavy work performed in a hot environment.

Repeated exposure to states o:r high anxiety, as well as inhal­
ing pollutants such as carbon monoxide, may be related to the 
high incidence of is.ncmic stress tests previously observed in 
fire fighters.
Note: The preceding section, "Heart rate ond E C G  responses o f fire 
fighters," is excerpted from an article by the san e title, published in 
the Jo u rn a l o j  O ccu p a tion a l M ed ic ine , Vol. 17, No. 4, A p r il 1975. 
Reprints arc available by request to: Department c l  Medicine, U C L A  
School o f Medicine, Los Angeles, C A  90024. A'.tn.: Dr, Barnard.Conclusion

The purpose of inis repr rt was to investigate the heart 
disease probler.i in fire fight :rs and to see if  any of the infor­
mation kno’vn about the stress of fire fighting could be related 
to heart disease in fire fighters.

Statistics published by the U.S. Department o f Health,
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Education, and Welfare show that the death rate for all car­
diovascular diseases, and in particular atherosclerotic heart 
disease (coronary heart disease), is higher in fire fighters than 
in police officers, longshoremen, lumbermen, construction 
workers, smelters, and furnacemen. In fact, the death rates for 
the age groups 55-59 and 60-64 years were twice as high in fire 
fighters than ihe average for all of the other groups studied.

The second line o f evidence which shows that fire fighters 
have an abnormally high incidence of heart disease comes 
r:om the electrocardiographic stress test studies. Published 
reports from both the Los Angeles City and County Fire 
Departments revealed a higher percentage of abnormal ECG 
responses than values reported for insurance executives, 
sheriffs, lifeguards, police officers, and airline pilots and con­
trollers. The data presented in this report on the New York City 
Fire Department shows similar results. Since fire fighters are a 
medically selected group, the high percentage of abnormal 
ECG stress tests is indeed indicative of an abnormally high in­
cidence of heart disease.

Although the exact etiology of coronary heart disease is not 
known, experimental studies have shown that damage to the 
*ndothe!ial lining of arteries can lead to the premature 
development of atherosclerosis. Several factors, including 
elcv.Med cholesterol, hypertension, smoking, carbon monox­
ide, and high levels of adrenalin, have been shown to cause 
damage to the endothelial cells. O f these, carbon monoxide 
has been shown to be a major factor in fire fighting. 
Measurements made in both the fire environ1 tent and the fire 
fighters themselves strongly suggest t*.st carbon monoxide 
may be a major factor in the abnormally high incidence of 
heart disease in fire fighters.

Although not extensive, the informaiit". on adrenalin sug­
gests that an emotional response to fire fighting results in ihe 
elaboration of higher than normal amounts of adrenalin.

Heart rate and elcctrocardiograp tic data obtained from 
men during actual fire fighting sho.v that their hearts are 
operating at near maximal to maximal limits, sometimes for 
prolonged periods. Any factors that would limit oxygen 
delivery, i.e., CO, PVC, or factors that would significantly in­
crease oxygen demands, i.e., adrenalin, could cause direct 
damage to the heart muscle. Heart muscle damage has been 
reported in some Los Angeles City fire fighters.

la  conclusion, the data overwhelmingly support the conten­
tion that fire fighters do indeed have an abnormally high in­
cidence of heart disease. The information available on the 
stress associated with the job o f fire fighting strongly suggests 
a causal relationship with this abnormally high incidence o f 
heart disease.
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The Lubbock fatalities
Information supplied by the 

Fire Investigations Department 
National Fire Protection Association

In Lubbock, Texas, on 25 March 1979, an early morning fire believed to be electrical in origin caused moderate damage to a restaurant undergoing renovation. The one- story building o f ordinary construc­tion was not equipped with automatic sprinklers, fire detectors, or an alarm system.An employee of a nearby motel reported the fire at 4:30 a.m ., and the Lubbock Fire Department’s first unit responded at 4:32 a.m. Fire fighters found the kitchen area heavily involved and used 1 'i-inch hose lines, controlling the fire within 20 minutes. During overhaul, three fire fighters wearing self- contained breathing apparatus (SCBA) entered a rear dining room to check for fire extension. They ap­parently became lost because of limited visibility and eventually suc­cumbed to carbon monoxide (CO) intoxication.
BackgroundThe one-story restaurant at 711 34th Street in Lubbock, Texas, was of ordinary construction with con­crete block walls and a varied roof system consisting of both wood and steel bar joists supporting «.' wood deck and built-up roof. Tnc ir­regularly shaped building measured approximately 144 feet long by 70 feet .vide (see figure).The interior had wood frame par­titions, with interior finish con­sisting largely of !4-inch plywood veneer paneling in the dining areas and painted concrete block in the kitchen. The kitchen ceiling was of 24-by-48-inch fiberglass reinforced plastic panels suspended in metal “ T ”  channels. Ceilings in the serv­ing and dining areas were o f sprayed noncombustiblc acoustical material on wire lath. Beneath this in the serv­ing area was a suspended ceiling of

24-by-48-inch acoustical panels in steel “ T ”  channels.The building was not equipped with automatic sprinklers, fire detec­tors, or an alarm system. Because it was undergoing renovation at the time of the fire, the interior was clut­tered with equipment and building materials. The south end of the building was windowless and had no exterior door.Lubbock covers a 90-square-mile area with a population of about 180,000. The fully-paid Lubbock Fire Department has 255 career fire fighters who operate 12 engine com­panies, 3 truck (ladder) companies, 4 booster companies, and 1 manpower squad.Departmental policy required the use of self-contained breathing ap­paratus (SCBA). Each fire fighter received breathing apparatus train­ing in recruit school with additional training conducted at the company level. Companies were furnished with either demand or pressure de­mand SCB A . There was no policy

requiring operation of the pressure demand breathing apparatus in the pressure demand mode, but in train­ing sessions fire fighters were urged to so opera e the SC B A  when they entered toxic atmosphere.-. Each shift checked the SC B A , ar.d brief field inspections were made, but there was no general preventive maintenance check. At the lime of the incident, field inspection., con­sisted of checking air tank pressure, facepiece seal, and regulator func­tion, by pressurizing and depres- surizing the regulator. Fire depart­ment members trained by a breath­ing apparatus manufacturer’s rep­resentative serviced malfunctioning units. A  compressor and cascade system, with a recharging system configured with a mechanical filter, was used to refill air cylinders. In general, no periodic testing of air quality was conducted.Weather conditions at the time of the incident were: temperature42°F, barometric pressure 29.92, humidity 57 percent, wind 7 mph
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Table 1
Fire Fighter I Fire Fighter 2 Fire Fighter 3

Age 25 30 34
Company Engine 1 Squad Hose 1
Type breathing apparatus Pressure- Pressure-

Condition o f apparatus when found
demand demand Demand

Facepiece on yes yes yes
Facepiece hose attached to regulator no no yes
A ir supply remaining 0 0 Approx. 800 psig

Blood gases
C O  Hb 51.5% 43.3% 46.8%
O: Hb 12.2% 13.8% 22.4%

NIOSH  assigned number3 
N IOSH  leakage datab

I 2 3

NaCI penetration 14% (d)"' 
<0.002% (pd)'"

0.0039% (d) 
<0.002% (pd)

7.77% (d)

Isoamyl acetate penetration large leak test not 
performed

very large 
leak (d)■ See Page2, "Tcsl of Self-Contained Breathing Apparatus Received From Lubbock. Texas Ftrc Depart­ment, June 1979." NIOSH.* NIOSH. Page 9, Table 3.' Demand mode.4 Pressure demand modr.

from the south, and visibility 15 
,niles and clear.

T he fire
An employee of a nearby motel 

saw smoke coming from the 
restaurant and notified the Lubbock 
fire Department at 4:30 a.m. The 
response consisted of a chief and 14 
fire fighters, ass'gned to Engine 1 (3 
personnel), Host 1 (1), Snorkel 1 
(2), Engine 3 (4), and the Squad (4).1 
The first unit arrived at 4:32 a.m., 
and fire fighters found the kitchen 
area on the west side of the building 
heavily involved. In the initial at­
tack, they advanced two 1 ’/2-inch 
hose lines from Engine 3 through 
the kitchen door and window. En­
gine 1 and Engine 3 also advanced 
two 2’/2-inch lines through the north 
and east doors, but these lines were 
not used. Cross ventilation was ac­
complished by opening doors and us­
ing smoke ejectors. The dining areas 
in the south end of the building had 
no windows or exterior doors and 
were not vented.
By 4:50 a.m., the fire was knocked 

down. Overhaul began about ten 
minutes later, and during it fire 
fighters discovered that the fire had 
extended to the ceiling above the 
serving area. They pulled portions 
of the ceiling and soon extinguished 
the fire. Both the suspended and 
acoustical ceilings above the serving 
area along the kitchen wall had to be 
pulled. Overhaul continued for over 
one hour as fire fighters completed 
various tasks and checked the 
building for additional fire exten­
sion.

It is believed that at approxi­
mately 5:15 a.m. three fire fighters 
entered the rear (south end) area of 
the building, presumably to check 
for fire extension. Apparently, they 
entered the area independently, 
without instructions from officers. 
They did not advance a hose line. 
The three were not seen for some­
time during overhaul and take-up 
operations. Fire fighter 1 was from 
Engine 1, fire fighter 2 was from the 
Squad, and fire fighter 3 was the 
driver of Hose 1 (see Table 1).

At about 6:40 a.m., the three fire 
fighters were found lying within five

'Hose 1 runs with Engine I as a two-piece 
engine company or with the snorkel as a hose 
tender. Normally, Hose 1 lays lines from the 
fire to the water supply. The squad is e man­
power unit which responds to all structural 
fires.

feet of one another in Dining Room 
2 (see figure). They were removed 
from the building, and cardio­
pulmonary resuscitation was started 
immediately. At the hospitals to 
which they were transported, they 
were pronounced dead.

During the rescue effort, other 
smoke inhalation injuries occurred. 
Nine fire fighters were transported 
to hospitals for precautionary treat­
ment, and two were held overnight.

Damage
The fire was confined to the 

kitchen area, which was heavily 
damaged, and to the area of exten­
sion in the combustible concealed 
space above the serving area. Heavy 
smoke permeated the entire 
building, and the rear dining rooms 
received smoke damage.

Analysis
The fire is believed to have 

originated in an electrical panel at 
the south end of the kitchen. Clock 
A (see figure), which was plugged 
into a circuit fed by this electrical 
panel, stopped at 11:58 p.m. The 
fire probably smoldered for a long 
time before becoming free-burning. 
Clock B, located at the north end of 
the kitchen, stopped at 4:23 a.m., a 
time which roughly coincides with 
the fire’s discovery.

Physical evidence indicates that 
the fire developed in the area of the 
circuit breaker panel, which was

mounted on wood studs and re­
cessed in the kitchen’s wood panel 
wall. The fire spread within the 
combustible concealed spav e and ex­
posed the wood joists above the 
suspended ceiling. In general, fire 
exposure to the kitchen was from 
the concealed space above the 
suspended ceiling.
The three fire fighters who arc 

believed to have entered the dining 
room area at 5:15 a.m. to check for 
fire extension were isolated from the 
rest of the fire fighting forces. They 
were not missed until about 6:30 
a.m. Reports indicate that even at 
6:40 a.m., when the victims were 
found, a heavy smoke condition ex­
isted in Dining Room 2. As noted, 
Dining Room 2 was windowless and 
was not vented.

Fire fighters 1 and 2 were involved 
in fire fighting and overhaul. When 
they were found, their air supply 
had been depleted, Fire fighter 3 is 
believed to have been wearing 
breathing apparatus not used during 
initial operations. He reportedly 
donned breathing apparatus from 
Hose 1 and joined the others some 
time after the fire was knocked 
down (4:50 a.m.).

Examination of Dining Room 2 
revealed handprints and scratches 
from breathing apparatus on the 
walls and footprints in the soot on 
the floor (see photo). By analyzing 
the footprints, handprints, and 
other items, it was possible to trace
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These handprints of one of the victims we re on the north wall of Dining Room 
2. By ext mining footprints, handprints, and other marks, it was possible to trace 
some of the three fire fighters' movements in the room. (NFPA photo.)

The test results Indicated signifi­cant performance problems. O f par­ticular note were the holes in the diaphragms of SC B A  worn by fire fighters 1 and 3 (labeled NIOSH No. 1 and NIOSH No. 3; see Table 1). Significant leakage occurred dur­ing tests, allowing outside air to penetrate the diaphragm and the facepiece. With SCB.\ in the de­mand mode, the NaCl penetration test method allowed leakage of 14 percent and 7.77 percent respec­tively in NIOSH No. 1 and NIOSH No. 3. The report contains these observations:• NIOSH No. 1 — Diaphragmhas '/j-inch-by-'/.-inch hole.• NIOSH No. 3 — Diaphragmhas 3-inch-by-'/»-inch hole and is pulled away from re­taining ring.N IO SH  made the following general observations about the SCBA:1. Apparatus and regulator with damaged or displaced diaphragms, i .e . ,  NIOSH numbers 1, 3, and 4 (with diaphragm in envelope), showed excessive penetration when operated in the demand mode. (Ed. note: NIOSH No. 4 was an extra regulator not directly involved in the incident.)2. All apparatus had airflow less than the 200 Ipm required at full cylinder pressure.3. Apparatus with dirt in face­piece, i.e . NIOSH numbers 1 and 2, showed excessive exhalation resistance.4. Excessive inhalation resistance of NIOSH numbers I and 2 in­dicated possible regulator interior misadjustmcnt, dirt, or damage.5. Operation of remaining service lime indicators was outside M SH A/NIOSH specifications on NIOSH numbers 1 and 4, indicating misadjusteck dirty, or damaged alarms.In addition to NIOSH testing, air samples from fire fighter 3’s air cylinder were tested at an indepen­dent laboratory to ensure the quality of the air in the cylinders. Initial testing was done with a threshold of 0.005 percent (5000 ppm) carbon monoxide. The results o f these tests were inconclusive, i .e . ,  there was less than 0.005 percent (5000 ppn; carbon monoxide present, but this threshold test level was well above acceptable test levels for health and
   1 - .UJWH-.-waBgr

some of the three fire fighters’ movements. They were apparently checking for fire extension when they became lost in limited visibility caused by heavy smoke. Handprints and marks on the walls, as well as handprints on tables, indicated that at least one fire fighter attempted to follow the walls to find a way out. The prints further indicated that at least one fire fighter did find his way out of Dinirg Room 2, but re­entered it when he continued to follow the waitress station wall.All three victims wore breathing apparatus: Fire fighters 1 and 2 wore pressure-demand breathing ap­paratus, while fire lighter 3 wore de­mand-type apparatus. Fire fighters 
1 and 2 were found with their breathing apparatus hoses detached from thc regulators and their air cylinders empiy. Fire fighter 3, who had donned a fresh SC B A  before entering the building, was found with breathing apparatus intact and about 800 psig of air remaining in the air cylinder.Autopsy results indicate the cause of death for all three victims was "acute hypoxia due to acute smoke inhalation and carbon monoxide in­toxication.”  Blood analyses in­dicated carboxyhcmoglobin con­tents of 43.3 percent, 46.8 percent, and 51.5 percent (see Table 1). The reports do not indicate the presence of burns. In each case, »he . eports

note that "severe pulmonary edema is suggestive of irritation by smoke in addition to carbon monoxide in­toxication.”The Lubbock Fire Department submitted the breathing apparatus to the National Institute for Oc­cupational Safety and Health (NIOSH) for resting. The NIOSH report gives a complete description of the breathing apparatus, as well as results o f physical examination and performance testing. 1 The NIOSH observations were limited to the condition of the self-contained breathing apparatus as received; the exact condition at the time of the fire could not be documented.The NIOSH report identifies several significant performance problems and states that the assemblies received differed from the applicable Bureau of Mines (BOM) and NIOSH assemblies. The report also notes that each SCBA  had missing, damaged, or defective parts vhen compared to BOM and N IO SH  approval specifications. NIOSH concl ides that the SC B A  do not meet the application re­quirements of BOM and NIOSH specifications.
1 “ Tests o f Self-Contained Breathing A p ­

paratus Received from Lubbock, Texas, Fire 
Department, June 1979," Division o f Safety 
Research, National Institute for Occupational 
Safety and Health, Center for Disease Con­
trol, Dept, o f Hr-.'.in, Education and Welfare.

- ■
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safety purposes. ANSI 7,88.5-1973, 
practices fo r  Respiratory Protection 
for the F ire Service, recommends a 
maximum level of carbon monoxide 
0f 0.00002 percent (20 ppm).1-* 
Consequently, the air was retested 
with a threshold of 0.00001 percent 
(10 ppm). Test results were negative; 
je. ,  the air contained less than 
0.00001 percent (10 ppm) carbon 
monoxide.

Fire fighters 1 and 2 appear to 
have exhausted their air supplies, and 
they were found with their facepieces 
on and their hoses detached from 
their regulators. This fatality 
scenario involving fire fighters trap­
ped or disoriented in structures and 
exhausting their air supplies has been 
documented in other cases.s,t' 7

Fire fighter 3 was found with his 
facepiece on, the hose connected to 
the regulator, and 800 psig air sup­
ply remaining. In this case, the 7 
percent leakage reported by NIOSH 
indicates that fire fighter 3 was 
probably affected by CO from the 
room environment while wearing the 
demand-type breathing apparatus. 
This is substantiated by both the 
results of air quality tests, indicating 
no CO present in fire fightci 3’s air 
supply (to a threshold of 10 ppm), 
and the autopsy data. Operating in 
the demand mode, the leakage rate 
in fire fighter l's  pressure-demand 
SCBA was 14 percent. If  fire fighter 
1 used the demand mode, he too 
could have been affected by CO 
from the room environment while 
wearing the breathing apparatus; 
however, the data arc inconclusive.

In this incident, several factors 
arc related to the fatalities. Among 
them arc the lack of ventilation of 
the room in which the fire fighters

• "Practice for Respiratory Protection for 
the Fire Service." American National Stan­
dard 288.5-1975, American National Stan 
dards Institute, Inc.

* "Com m odity Specification for A ir ,"  
American National Standard Z86.I-I973, 
Compressed Gas Association, Inc., New York, 
New York.

• Washburn, Arthur, and Harlow, T_vid, 
"United Stntcs fire fighter deaths in the line o f 
duly during 1978," F ire  C om m and, May 1977.

* Demers, David P., F ire  in  Syracuse — 
F our F ire  Fighters Die, Boston: National Fire 
Protection Association, 1979.

’ Investigation Report — “ Discotheque 
Fire, Edmonton, Albertu — August 15, 
1976." Investigation conducted by N FPA  
under contract to the Department o f Com ­
merce, jointly funded by the U.S. Fire A d ­
ministration, the National Bureau o f Stan­
dards, and the National Fire Protection 
Association.

died, the apparent limited supervi­
sion and control of fire fighters on 
the fireground (since the fire 
fighters were not missed for over 
one hour), and the condition of the 
self-contained breathing apparatus.

The lack of ventilation, cither 
mechanical or natural draft, in the 
rear dining room allowed a condi­
tion of extremely poor visibility and 
probable high levels of toxic prod­
ucts of combustion to exist long into 
the fire incident. Dining Room 2 
was a windowless area with no ex­
terior doors, an arrangement which 
contributed to the nonvcntcd condi­
tion. Additionally, the focus of fire: 
fighting and overhaul operations 
was in the kitchen and serving areas, 
and ventilation measures were 
limited to those areas.

The lack of exterior doors and 
windows in Dining Room 2 
eliminated any possible alternate 
escape routes for the three trapped 
fire fighters.

As slated, the fire fighters were 
not missed from the fireground for 
well over one hour. They apparently 
entered Dining Room 2 without 
specific instructions to do so. Un­
fortunately, officers on the fire- 
grou.~'1 were unaware that the three 
fire fighters were ir trouble in Din­
ing Room 2.

The condition of the self- 
contained breathing apparatus, 
most notably the leakage through 
the diaphragms, in at least one case 
would have contributed to the ef­
fects of carbon monoxide intoxica­
tion. As previously discussed, this 
factor can be associated with fire 
fighter 3. Breathing apparatus leak­
age is a possible factor in the death 
of fire fighter 1, provided the ap­
paratus was operated in the demand

mode. Protection factors of up to 
50,000 (0.00002 percent leakage) are 
possible with properly designed, 
manufactured, maintained, and used 
positive pressure breathing ap­
paratus.’ The 7 percent leakage of 
fire fighter 3’s SCBA resulted in a 
protection factor of about 14 (100 
percent leakage results in a protec­
tion factor of I) , and the 14 percent 
leakage of fire fighter l ’s SCBA, 
assuming demand mode operation, 
could have resulted in a protection 
factor as low as 7.

' Hyatt, Edwin C., "Respirator Protection 
Factors," Los Alamos Scientific Laboratory 
report, LA-60K4-MS, September 1975.
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FIRE AND THE BUILT ENVIRONMENT

i
THE HAZARDS 

CREATED THROUGH MATERIALSThe dazzling terminal buildings at New York’s John F. Kennedy Airport arc virtually a museum of contemporary architecture. But one of those buildings has demonstrated that man’s monu­ment. to his technological genius can turn on him with a vengeance, at th- mere touch of a flame.The new west wing of the British Overseas Air­ways Corporation building at Kennedy Interna­tional had not yet been opened to the public when, on August 26, 1970, it caught fire— probably at the liar ds of an arsonist. Swiftly, flames moved from oi c scat to the next a’ong the 330-foot length of the v ing. Gases from the. incomplete combus­tion of the scats gathered in clouds along '.he ceil­ing. Wl.cn flames approached the ciouds, the gases ignited explosively, spreading the fire and ig.: (ing other groups of seats. The explosions knocked out the terminal’s huge glass windows. As the ceiling melted, combustible liquid dripped toward the floor, further spreading the fire. In the end. all 600 scats in the wing were consumed. Damages totaled $2 million. The scats, which played the predominant role in spreading the fire, were like those in many airline terminals: layer.? of plastic and rubber foam covered by plastic upholstciy material.No lives were lost in the B O A C  terminal fire.

But 3 months later, a synthetic material was im­plicated in a fire that killed 145 teenagers. It hap­pened in a door-locked dance hall in St. Laurcnt- du-Pont, France, that had been lavishly sprayed with a plastic foam to give the appearance of a cave. The fire raged furiously within seconds after it began, leaping “ like a red panther in a small cage,”  in the words of one survivor.By no means do synthetics stand alone as haz­ardous materials. A frame house can be a tinder- box. Restaurants decorated with natural ma­terials, basements full of old newspapers, and warehouses storing lumber or paper products pro­vide the fuel for major fires. Inadequately pro­tected structural elements of steel or concrete still collapse if a fire is intense enough. Burning silk and wool release deadly quantities of carbon monoxide and cyanide gas—and these and many other natural materials ignite at lower tempera­tures than many synthetics do. Plastics manufac­turers contend that synthetics based on carbon, hydrogen, and oxygen exclusively are generally . no more toxic, when burned, than natural ma­terials. On the other hand, other synthetics con-- taining sulfur and the halogens arc not so innocuous.Although plastic1 production has doubled in the
I
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In the modern environment of synthetic materialpast 7 years, it is only about one-tenth t wood, paper, and associated products. Th tribution of plastics to the fuel load in Inn especially older buildings where fires occu frequently, is therefore certainly well uni percent. But their use Ls increasing. Wool ri giving way to synthetic fibers, wooden dcs to plastics made to look like wood, glass li diffusers to clear plastic panels. There is hn use to which “ classical”  materials have be- that has not been challenged by synt Clearly, the advantages which plastics ol consumers and manufacturers arc many, an­tics will fill an increasingly large proportion built environment.What makes plastics relevant to our dis« of materials is not only that many of then- introduced hazards previously uncommo> that they arc sold and used without ad-
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17 percent, thinking may l>e an effort and coordi­nation difficult. Below 16 percent, attempts to escape the fire may lie ineffective or irrational, wasting vital seconds. With further drops, a per­son loses his muscular coordination for skilled movements, and muscular effort leads rapidly to fatigue. His breathing ceases when the oxygen content falls below 6 percent. At normal tempera­tures, he would be dead in 6 to 8 minutes.A tta c k  b y  su p e rh e a te d  a ir  or gases. With tem­peratures above 300° F ., loss of consciousness or death can occur within several minutes. In addi­tion, hot smoke with a high moisture content is a special danger since it destroys tissues deep in the lungs by burning.S m o k e . Inhalation of smoke—or, more cor­rectly, of the products of incomplete combus­tion—kills people who suffer no skin bums at all. In addition to carrying toxic products, such as carbon monoxide and hydrogen cyanide, thick smoke may be laden with organic irritants, such as acetic acid and formaldehyde. In the early stages of a fire, the irritants, which attack the mu­cous membranes of the respiratory tract, arc often the more important danger. Smoke often blc vs the visibility of exits.T o x ic  p ro d u c ts . Many toxic components of smoke arc responsible for the damage done— in­cluding oxides of nitrogen, aldehydes, hydrogen cyanide, sulfur dioxide, and ammonia, to name only a few. There is ample evidence that the haz­ard of two or more toxic gase" Is greater than the sum of the hazards of each. Moreover, low oxygen and high temperatures increase the toxic effects. In addition to toxic gases that attack the lungs, there arc irritants that attack the eyes with blind­ing effect, preventing escape. Some fire gases dull the scascs of the victim or his awareness of injury.F la m e s . Since the aforementioned factors can debilitate, confuse, blind, or kill without warning, the person who goes to sleep confident that ad­vancing flames will provide sufficient warning for escape may be taking a fatal gamble.Until such time as all five of these hazards have been well-studied and controlled by ma­terials standards, too little will have been done to control the built environment and thus reduce the. gamble Americans lake in their daily liv es.Ironically, efforts to make materials fire- retardant— that is, with less tendency to ignite or

spread flames—may have increased the life hazard, since the incomplete combustion of many materials treated to increase fire retardancy re­sults in heavy smoke and toxic gases. The tech­nology of fire-rctardancc is often unsatisfactory in other respects: The .additives are generally costly, can reduce the strength and weather re­sistance of the materia] to which they arc applied, and often lose their effectiveness through washing or prolonged exposure to the elements.Where There’s Smoke, There’s DamageThat concern alx>ut flames alone Ls insufficient is pointed up by the ample evidence that smoke and toxic gases are powerful forces of destruction. Smoke from restaurant fires renders uncontain- cred food unusable; fabrics permeated by smoke can be altered beyond use even after cleaning. And a little smoke can go a long way: A depart­ment store recently lost $ 100,000  of its mer­chandise and 3 days’ business for cleanup— all because of smoke that seeped through walls from an adjoining building on fire.Again, efforts to make materials flame-resistant have not always been beneficial. The sooty smoke given off by many of these materials leaves a thick, black coating on whatever it touches. Moreover, the chemical compounds added to reduce com­bustibility often contain halogens (bromine, chlo­rine, and fluorine) which arc corrosive and toxic.Why Be H alf Safe?According to the Society of Plastics Industry, Inc., manufacturers of plastics spend $40 million an­nually on research to impro ' ‘"re safety of their products. That organi? 1 to manu­facturers, in 1964, a fire sal. ‘in settingflammability standards for cel! sties. Fireresistance or fire classification stanuards for >11 sorts of construction materials are set by such organizations as the American Society for Testing and Materials and the National Fire Protection Association. Building codes incorporate many of these standards. Underwriters' Lalvoratorics, Fac­tory Mutual Research Corp., and other organiza­tions test materials to sec that they comply with such standards.Yet, for all these efforts, the American public remains inadequately protected from combustion hazards in their midst.
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Smoke and xic gases have been underrated hazards. Recognition of these hazards has come belatedly, with the result that there is still little understanding, and hence little quantifiable knowledge, of the destructive effects of smoke and toxic gases.As a result, there are no nationally recognized 
lest methods fo r , measuring smoke production 
(both rate and atnount). The American Society for Testing and Materials does have a tunnel test which measures the density of smoke produced. Development of more sophisticated tests—for example, ones which would measure toxic and corrosive products of combustion— is hampered by the complexity of the smoke problem. A single material can give off many different products of combustion under varying conditions of tempera­ture, humidity, pressure, and other factors; burn­ing cellulose, for example, can produce 96 different compounds.

M ost tests do not simulate complexities of real 
fires. Nationally recognized test methods for evaluating the ignition and flame-spread hazards of conventional materials in conventional appli­cations may not be appropriate for evaluating these materials when used in new ways or for evaluating new materials.For example, the A S T M ’s tunnel test for building materials, devised long before ihe ad­vent of plastics, would register a low rate of flame spread for a particular plastic, whereas, in a real fire environment, that same material will bum with an explosive intensity. As a result, archi­tects, design engineers, building contractors, and ultimately the consuming public may grossly mis­interpret or inappropriately extrapolate those test results as indicative of fire safety.Existing large- and small-scale tests suffer from an inability to predict exact consequences of a real fire, particularly those involving foamed plastics. Improvement of test methods is de­pendent, to a large degree, on a better under­standing of the basic processes of ignition and combustion and 'he mechanisms of fire retard- ancy and smoke generation and correlating these with actual fire experiences. The Commission recommends that research in the basic processes of ignition and combustion be strongly increased to provide a foundation for developing improved test methods.

The economic interests of manufacturers, in­
stallers, vendors, and others often run counter to 
stringent fire safety requirements. For example, in many West Coast communities, because of in­dustry pressures and public preferences, building codes do not outlaw untreated wood shingle roofs, despite their potential for spreading fire.

Some important hazards are not covered by 
build ing codes. The fire safety requirerr. nts of building codes apply mostly to construction mate­rials and interior materials used on walls and ceil­ings. Comparatively little attention has been paid to floors and floor coverings, since in the past their contribution to fire spread was minimal, The ad­vent of synthetic mgs and tiles has made greater attention to floors imperative.

Build ing codes do not cover interior furnish­
ings. While most political jurisdictions tha'. have building codes also have fire prevention codes, designed to ensure fire safety after a building is constructed and occupied, the fire prevention codes, too, have little to say about interior furnish­ings. Moreover, seldom do lire prevention codes apply to private dwellings. Interior furnishings are not regulated partly because they arc felt to be the province of the owner or tenant and partly because until recently there was no motivation to develop tests on which to base code provisions. They would, indeed, be difficult to regulate, since they arc subject to continuing change.While furnishings are likely to remain outside of code provisions, the fact that they contribute significantly to combustion hazards means that building codes only partly satisfy the demands of fire safety. The present practice can be compared to installing a burglar alarm at the front door and leaving the back door wide open. Only to a lim­ited extent is this mitigated by Federal flam- mability standards for fabrics.

Consumers use materials with inadequate 
knowledge of their combustion hazards. Except for flammable liquids and the materials that arc used in appliances and wiring, few of the mate­rials that go into the home carry labels vouch­safing their fire resistance or warning of their hazards. The unlabclcd hazards arc found in draperies, rugs, storage cabinets, upholstered chairs, and other furniture. At present, the house­wife working at the kitchen range has no way of knowing that her shiny new kitchen cabinets ovcr-
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A lthough considered "safe" by standard tests, this foamed p lastic  wallboard burns furiously in a “ corner”  test.
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T he  plastic drawer fronts lack the fire 
resistance of the wood they simulate, and 
some synthetic garments burn furiously.head are an invitation to a disastrous fire if their surface is a hot-dip polystyrene coating. A sudden flare-up from burning grease in a skillet might readily ignite the finish on the cabinets, and in no time at all fire could spread explosively through­out the kitchen.Clearly, homeowners and building tenants need to know the relative hazards of furnishings as well as other materials so that they can minimize the risks. Fire inspectors, whether enforcing a fire pre­vention code or educating homeowners and ten­ants, need to know the hazards to carry out their tasks effectively.New Efforts by Government and IndustryFederal initiative is needed to help close the gaps left by the voluntary action of industry and the loopholes in material standards and building codes.In 1972 Congress created the Consumer Prod­uct Safety Commission, authorizing it to “ con­duct research, studies, and investigations on the safety of consumer products and on improving the safety of such products.”  The Commission can set standards of composition and design which
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consumer products must meet; it can require labeling of hazards or instructions for safe use; it can ban products that present “ an unreason­able risk of injury.”The materials that go into the built environ­ment come under the purview of the Consumer Product Safety Commission. This Commission recommends that the new Consumer Product Safety Commission give a high priority to the combustion hazards of materials in their end use. Specific needs arc refined understanding of the destructive effects of smoke and toxic gases, de­velopment of standards to minimize those effects, development of labeling requirements for mate­rials, and outright ban of materials in uses that present unreasonable risks.The development of a labeling system identify­ing combustion hazards is especially important. The purpose of such a system is not to regulate the lives of Americans, as an overly rigorous set of standards would do, but to enable, consumers to evaluate the combustion hazards of the ma­terials and products they bring into their homes. Further, in public buildings, nursing homes, and other occupancies subject to regulation, the label­ing system would enable inspectors, to verify ad­herence to fire load requirements. Though con­siderable research and testing would be needed, the eventual goal of the hireling program should be to identify fuel contribution, smoke produc­tion, and the production of toxic, and corrosive gases, as well as such characteristics as ignition temperature and flame spread.Wc feel we should be candid in expressing our concern that, because the Consumer Product Safety Commission is still in its formative stages, and because other hazards (many of them better publicized than combustion hazards) will be competing for attention, 'lie problem of fire safety may I'ccomc a delayed priority. The Consumer Product Safety Commission could, on the other hand, give early and deserved attention to the problem of fire safety by tapping the research capabilities of the National Bureau of Standards, universities, the national standards and testing organizations, and private industry, through con­tracts and cooperative arrangements.Indeed, we do not sre the Consumer Product Safety Commission supplanting the efforts in the private sector, but complementing them. For one

thing, the program wc have recommended is ex­tensive and long-range. Protection of the public cannot await completion of such a program; other steps must be taken. Material proouccrs owe to various publics—building designers, code officials, fire service personnel, and consumers— an expanded and more candid effort to explain the fire charactertistics of the materials they sell.Further, the emergence of labeling require­ments for materials will not eliminate the need for technical reports—that is, papers describing test data in detail. There will continue to be a body of technically oriented users who need detailed analyses.Technically oriented users will, for example, have to have knowledge of fuel loads beyond that provided by the labeling system. In this con­nection, the Commission recommends that the present fuel load study sponsored by the Gen­eral Services Administration and -:onductcd by the National Bureau of Standards be expanded to update the technical study of occupancy fire loads. The information in the National Bureau of Standards' "Building Materials and Structures #  149,”  a report on various fire loads found in dif­ferent occupancies, published in 1957, Is now largely out of date.Flammable FabricsIn 1971, the Department of Health, Education, and Welfare reported that, in recent years, more than 3,000 Americans die annually after their clothing catches on fire, and more than 150,000 arc injured from this cause. One out of four whose clothing catches fire is a child under 10 . Those (>5 and over account for 15 percent of the clothing fires, even though they arc less than 10 percent of the Nation's population. The very young and the old arc also the persons least able to tolerate burns.When clothing catches fire, the extent and depth of bums are mote severe than skin burns on uncovered areas; from the standpoint of fire safety, the human species would be better off naked. A recent study by the National Bum In­formation Exchange showed that clothing bum victims were four times more likely to die than burn victims spared clothing fire. Their burns covered nearly twice as much body surface.The power to set flammability standards for
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fabric', now resides with the Consumer Product Safety Commission. During the 5 years that the flammable fabrics program was shared by the Department of Commerce, the Federal Trade Commission, and the Department of Health, Education, and Welfare, only a few standards were promulgated: those for young children's slcepwear (up to size 6 X ) , rugs, small carpets, and mattresses.These standards do nothing to protect the elderly smoker, the housewife whose sleeve passes over the kitchen burner, or the group of 8-year- olds playing with fire in a vacant lot. Notably they bypass most children between the ages of five and nine, who account for 13 percent of clothing fire accidents.The Commission recommends that flammabil- ity standards for fabrics be given high priority by the Consumer Product Safety Commission. Specific needs arc research to improve fire retard­ant processes, extension of flammability standards to further categories of fabric use, development of labeling requirements for other categories, and educational efforts to make consumers aware of fire hazards from clothing and other fabrics. The Commission dots not favor unbridled extension of flammability standards to all categories of fabrics. Only grossly hazardous fabrics and fabrics implicated in a very large numl>er of fire acci­dents should be banned from the marketplace. A preferable direction of emphasis is toward labeling requirements as to combustion hazards. This would honor the cherished principle of free choice, while at the same time informing consum­ers of potential risks and reminding them of the importance of fire. If  reinforced by consumer education on fire safety, labeling requirements would, have the effect of spurring manufacturers to improve the flame-rcsistnncc of fabrics.FireworksOne material hazard that has declined over the years, but not to the {joint o'/' negligible concern, is fireworks. In recent years, fireworks have claimed an a v e r a g e  of about GOO reported injuries and 10 deaths annually. Sixty years ago the an­nual toll from fireworks was more than 5,000 injuries and 200 deaths.In 1938, the National Fire Protection .Associ­ation published its “ Model State Fireworks Law"

(N FP A  494L), which, where enacted, prohibits the use of all fireworks except those in supervised public displays. Today, a majority of Americans remain insufficiently protected from fireworks accidents, since only 18 States have laws as strin­gent as the N F P A ’s model law and an additional eight have laws similar to the model but with exceptions. The Commission recommends that all States adopt the Model State Fireworks Law of the National Fire Protection Association, thus prohibiting all fireworks except those for public displays.2The Importance of ResearchAdequate regulation of materials in the built environment depends upon adequate testing, and adequate testing, in turn, depends on adequate understanding of combustion and its hazards. That is not to say, however, that prog­ress cannot be made at all three levels simul­taneously.Improved testing methods arc being pursued. Scientists and engineers at the National Bureau of Standards, for example, arc utilizing a smoke chamber which measures, in addition to the density and rate of smoke produced hy a sample, the concentration of specific gases emitted. Ex­perts there and elsewhere arc improving devices for measuring heat release, ignitability, flame spread, and fire endurance. Other scientists arc working on model testing techniques to simulate the conditions of full-scale fires.'Hie technology for more sophisticated testing and the technology for basic research on fire over­lap, and the two activities go hand-in-hand. It is appropriate that the National Bureau of Stand­ards continue to provide leadership in both these are.is. The Consumer Product Safety Commis­sion should champion the strengthening of NBS efforts in these areas, At the same time, ongoing efforts of university scientists, manufacturers, and industrial testing Ialjoratories should be encour­aged and expanded.
* T h e  N ationa l Society for the Prevention o f Illindncss, 

Inc., lists the fo llow ing groups as supporting the lim itation  
o f a ll fireworks to licensed public, displays only: the 
Am erican Academy of Pediatrics, the Am erican Public 
H ea lth  Association, the C a lifo rn ia  F ire  Ch iefs Association, 
the F ire  Marshals Association o f North Am erica, the In­
ternational Association o f Fire Chiefs, the National F ire  
Protection ‘.ssociatlon, the National Safety C ounc il, the 
N ationa l Society for the Prevention of Illindncss, O p tim ist 
International.
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One basic goal of research should be to improve understanding of the dynamics of fire— not of flames alone, but of smoke, heat, toxic gases, and oxygen depiction, which together cause more deaths than flames do. The Commission recom­mends that the Department of Commerce be funded to provide grants for studies of com­bustion dynamics and the means of its control.Medical research is also pertinent. In Chapter 2 we recommended that the National Institutes of Health undertake a major program of research concerning smoke inhalation injuries. One out­growth of that research should be new knowledge concerning human tolerances of various products of combustion. From this knowledge standards can be derived setting maximum allowable, out­puts of various products of combustion for ma­terials. The Commission recommends that the National Bureau of Standards and the National Institutes of Health cooperatively devise and im­plement a set of research objectives designed to provide combustion standards for materials to protect human life. It would be appropriate for N iH  to bring these objectives to the attention af the community of medical scientists, to in­

corporate appropriate objectives in its own re­search programs, and to transmit to the Consumer Product Safety Commission pertinent research results.A Question of PrioritiesThe hazards of materials in the built environ­ment will never be eliminated completely, and they cannot be significantly reduced overnight. Tinderbox houses will remain in the environ­ment until economic circumstances favor their replacement or until wear and tear dictate their removal. In settings where we arc forced to live with hazardous materials, w'C must turn to en­gineering means— automatic sprinklers, for example, or early-warning detection and alarm systems—to compensate for the dangers. But for the future, wc as a Nation cannot rely on these systems alone to protect us; the materials them­selves must be improved for fire safety. True, a building constructed of fire-safe materials and having an automatic extinguishing system as well offers a certain redundancy cf protection. But one without the other leaves open possibilities of disaster.
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Excess Cancer Incidence in Firefighters

Up to now, what little epidemiological study has been done on occupa­

tional exposure to carcinogenic chemicals has related to occupations 1n which 

employees are exposed to a single known or suspected carcinogen amenable to 

routine monitoring. The firefighter is exposed to a variety of known and 

unknown carcinogens under conditions not amenable to monitoring. Most m o nitor­

ing systems available for airborne chemical carcinogens function only under 

conditions where a single carcinogen is the dominant chemical species present. 

The complex chemical mixtures characteristic of the fire scene require some­

thing of the sophistication of gas chromatography/mass spectrometric analysis.

Although little epidemiological work has been done on firefighters, the 

following reports of excess cancer incidence in firefighters are available:

excess buccal and pharyngeal cancer (1959)J  excess intestinal and rectal

2 3
cancer (1963), and excess colon and rectal cancer (1975). A 25-year study

of cause of death in active firefighters^ found a steady increase in cancer 

in Toronto firefighters from 15.4% in 1945-49 to 38.4% in 1965-70 (see 

Figure 1). I believe this increase 1s due to the proliferation o f  synthetic 

organic chemicals resulting In firefighter exposure to increasing numbers and 

quantities of carcinogens and to the latent period between exposure and appear­

ance of chemically induced cancer.

Some Workers Compensation boards recognize that cancer in firefighters is

5 6
most likely employment related and have ruled accordingly. * In a recent 

(1977) report, occupational medicine specialist John Blair Webster, M.D., found 

excess total cancer and leukemia deaths among firefighters and concluded that 

leukemia in an Ohio firefighter was "the result of his exposure to carcinogens



as a firefighter and that 100% of his total and permanent disability is related 

to his occupation by direct cause."7

Benzene and Leukemia

Benzene is an accepted cause of aplastic anemia, 1t "...has been known

for almost a century as a powerful bone-marrow poison, leading to aplastic or

hypoplastic anemia." Aplastic anemia may be the fairly,.- rapid consequence of

exposure to a toxic substance or 1t may be virtually Indistinguishable from

g
early stages of leukemia or other njyeloporlIterative diseases.

Vigliani and Saita have described benzene-1 nduct'd leukemia preceded by

an aplastic phase over 10 years ago: "...the leukemia was ... often preceded

by a period of apparently aplastic anemia with leukopenia."10

The Interval between initial benzene exposure and death from leukemia

ranges from 2 to 21 years.11 It 1s not known how much benzene is required to

produce leukemia in humans; 0.001 milliliter of benzene per week in single

12
doses has been reported to be enough to induce leukemia In mice.

Benzene Exposure of firefighters

A 1967 California case in which a retirement board found that leukemia 

could not be job-related in a firefighter because he would not have been e x­

posed to benzene on the job led me to examine the question of firefighter 

exposure to benzene.

Over 3 million tons of benzene per year are obtained in the United States 

alone.13 Gasoline, degreasing agents, solvents, model airplane and other glues, 

paint strippers, etc., all contain benzene. The boiling point of benzene is 

80°C or 176°F. This means that when benzene or benzene-containing products
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are present at a fire site, benzene not in sealed containers evaporates at 

temperatures well below the boiling point of water and that the vapor pressure 

of benzene rises rapidly with temperature increases above ambient temperature.

Benzene is a product of combustion of polyvinyl chloride ( P V C ) J 4 * 15 

polystyrene,15 polyurethane,15 polyphenylene oxide,15 and polyester17 plastics;

of bismaleimide,15 epoxy,17 phenolic,17 and silicone17 resins; and of douglas

18
fir. The presence of some form of PVC plastic can be assumed at virtually 

every fire site in recent years because of the variety of PVC-containing 

products such as furniture, office equipment, electric wire insulation, car 

parts, water pipes, and kitchen gadgets. The ubiquitous nature o f  PVC and 

polystyrene plastics can be judged from the fact that in 1969 three billion 

pounds of PVC and two billion pounds of polystyrene plastics were manufactured 

in the-United States.1^

According to Victor Esch, M.D., Chief Surgeon of the District of Columbia 

Fire Department, the most dangerous period for exposure to toxic products of 

combustion of plastics is "the 'over-haul' or clean-up phase when firemen 

instinctively remove their masks for better visibility and comfort —  only to 

be zapped by the invisible, noxious gases that may U n g e r  for hours 1n confined 

spaces."20

As firefighters fight fires at gasoline station?,, where benzene is a com­

ponent of the gasoline; at automobile repair shops, where benzene may be present 

in solvents, degreasers and glues and where benzene is probably a product of 

combustion of auto seats and upholstery; and at homes filled with all kinds of 

furnishings iiiaue of synthetic materials that are more flarmable than wood, 

many of which produce benzene when they burn, they have multiple opportunities
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for exposure to benzene. This exposure may well account for much o f  Blair’s 

report of excess leukemia among firefighters.

Firefighter Exposure to Other Carcinogens

Asbestos. At the end of a structural fire, when the firefighter pulls

down ceilings and breaks open walls iooking for smouldering fires, he is

exposed to asbestos from insulation (both thermal and acoustic); acoustical

tile; decorating and fire-proofing surfacing materials; patching, spackling

and jointing compounds; wallboard and floor tile. Asbestos-containing materials

may be found on walls, c e ' M n g s ,  floors, exposed structural steel, a i r  ducts,

21
plenums and return air spaces. Bruckman has reported a 10-fold increase in

4

mesothelioma, the specific type of cancer induced by asbestos, in the period

1935-1959, which appears to parallel cumulative asbestos consumption. Incidence

of other types of cancer also rises among asbestos workers. Opportunities for

firefighter exposure to asbestos rise with increasing asbestos use. Use of

sprayed asbestos is now being controlled, however Its presence in buildings

built prior to recent institution of controls is widespread and generally

unknown to building owners and occupants, much less firefighters.

Chlorinated Hydrocarbons. In fires at dry cleaning establishments fire-

22
fighter exposure to the carcinogen carbon tetrachloride was replaced by

23
exposure to perchlyoroethylene, which in turn proved to be a carcinogen.

Heating or burning PVC plastic, particularly 1n older products manufactured

before the dangers of entrained, unpolymerized vinyl chloriJe m o n o m e r  were

14 24
understood, gives off varying amounts of carcinogenic vinyl chloride. *

Fires in newer buildings will encounter not only a variety of Interior objects 

made of PVC but also PUC insulation on wires. Some form of PVC is probably

10/
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now found at the site of most fires.

Acrylonitrile. The world demand for acrylonitrile approached 5 billion 

lb in 1976. About 80% of this went ir,to acrylic and modacrylic fibers and into 

the thermoplastic resins acrilonitrile-butadience-styrene (ABS) and styrene- 

acrylonitrile (SAN). U. S. arnual production of acrylonitrile is 1.5 billion 

lb. Workers exposed to acry7onitrile have an excess incidence o f  lung and 

colon cancer. A major chemical tank farm fire involving acrylonitrile was 

reported at the 1976 F'Jl Meeting of the NFPA. Acrylonitrile is formed as a 

combustion product of durette (a polyvinyl fluoride treated with a chlorinating 

agent).27

MO C A . The human carcinogen, MOCA (4,4- methylene bis (2-chloroaniline)) 

is used in the manufacture of isocyanate resins in the plastics, aircraft, 

resin,, and synthetic rubber industries, in ratio and television equipment, 

and in space and missile components. Cal-OSHA estimates that there are over 

3,000 potential sites in California where MOCA is 1n use.2® Firefighters at 

one of these sites would probably not know that MOCA was in use.

Benzidine. The human carcinogen benzidine is used in plastics, rubber

and dyes. Cal-OSHA estimates that benzidine is in use at over 1,400 sites in 

28
California. Workers routinely exposed to benzidine incur bladder tumors at 

a rate of 20% to over 50%.29

Carcinogens from Wood and Fossil Fuels

A report by the National Institute for Occupational Safety and Health in­

dicates an increase in myeloproliferative car, ers in millwrights, millmenj 

cabinet workers, lumber and sawmill workers.®9 In the absence of knowledge as 

to what substance(s) produce this effect, it is [.ossible that fi. ^fighters are



exposed to these substances at fires in wooden structures.

Polycyclic aromatic hydrocarbons (PAH), many of which are carcinogenic, 

aro formed on combustion of fossil fuels and other organic substances. Anthro­

pogenic combustion appears to be the main source of PAH. These carcinogens 

are presumably formed at every fire.

Pesticides

31 31
Pesticides known to be carcinogenic include: chlordane, heptachlor,

aldrin,32 dieldrin,32 mirex,33 chlordimeform,34 endrin,35 chlorobenzilate,36

07  1 0  3 0  4 0
DDT, benzene hexachloride, dimethoate, all ethylenebisdithiocarbamates,

etc. The carcinogen chloroform is found in at least six pesticide products, 

of which five are for the control of mites, screwworms, or mange on house 

pets and farm animal s. ̂

Pesticides are now found in grocery stores, drug stores, hardware stores 

and garden shops, as well as in agricultural situations and homes. It should 

not be assumed that only agricultural fituations pose a pesticide-exposure 

hazard. Pesticides with high immediate toxicity are generally found only in 

agricultural use, but many substances with long-term effects, such as carcin­

ogenesis, are widely distributed and presently banned substances a r e  found in 

many basements.

Plastics

The proliferation of plastic products in the last two decades has resulted 

in a qualitative change in the nature of the compounds to which firefighters 

are exposed at fires. According to Esch: "Literally hundreds of compounds are 

given off by flame retardants, fillers, plasticizers, ultraviolet light absorb­

ers, antioxidant:>, lubricants, reinforcing fibers, peroxides, coupling agents, ■
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halogen stabilizers, biological preservatives, 'anti-static' agents, flow

controls, coloring agents and other exotic chemicals. These products create

an extremely complex problem in plastics fires. It is mind-boggling, to say

the least, when you consider that we are just seeing the tip o f  the iceberg

and the tremendous amount of research needed to determine the specific hazard

19
of.burning plastics."

It is not known how many carcinogens may be produced by burning plastics 

and portable instrumentation capable of monitoring for a variety of known 

carcinogens at the fire site is not yet on the drawing board, n o r  are there 

enough'trained toxicologists in the country to run the requisite tests.

Multiple Exposures

It is important to realize that there is little experimental evidence on

the effects of simultaneous exposures to low levels of two, much less many,

carcinogens. It is known that smoking "greatly Increases the ri s k  of lung

28
cancer associated with many cancer-causing chemicals," a suggestion that 

multiple carcinogen exposures may have synergistic effects. Firefighters may
v

be the unwitting guinea pigs who will tell us what the consequences are of 

Intermittent exposure to a variety of carcinogens at levels higher than those 

of the general population.

Conclusions

Given that a case can be made for exposure of firefighters to a variety 

of carcinogens on the job, what should be done? I would make the following 

recommendations:

1. Firefighter exposure to inhaled carcinogens should be decreased by

1 1 0



use of lightweight disposable face masks when self-contained breath*ng 

apparatus is not needed.

Overhaul procedures should be reevaluated in the light o f  the 

potential for avoidable firefighter exposure to carcinogens during 

overhaul.

Yearly physicals and lab tests should be provided for all. fire­

fighters.

Records of the nature of substances at fire sites should be improved. 

Present records rarely include information about substances on-site, 

even for spill clean-up incidents. These records should be kept 

long enough to allow analysis of occupational cancers wi t h  20-30 

year latent periods.

OSHA protection of workers exposed to c a r c i n o g e n s ^  should be 

extended to firefighters.

Just as pneumonia in a firefighter is presumed to be occupationally 

related because of the effects of routine smoke inhalation, cancer 

in a firefighter should be assumed to be work related because of 

routine exposure to carcinogens.

Epidemiologic studies should be done to ascertain the actual level 

of cancer incidence in firefighters as compared to other occupations.



1 1 2

REFERENCES

1. Mastromatteo, E. Mortality in City Firemen, Arch. Indust. Health 

(1959) 20:1-7, cited in Abrams, James Lloyd, Qccupational Mortality 
Among Professional Firefighters, Ph.D. Dissertation, Univ. of Okla­

homa, 1974, p. 83.

2. Guralnick, Lillian. Mortality by Occupation and the Cause of Death 

Among Men 20 to 64 Years of Age: United States, 1950; Vital Sta­
tistics —  Special Reports, (1963) 53, No. 3, cited in Abrams, James 

Lloyd, Occupational Mortality Among Professional Firefighters,
Ph.D. Dissertation, Univ. of Oklahoma, 1974, p. 85.

3. Berg, John W. and Howell, Margaret A. Occupation and Bowel Cancer,
J. Toxicol. & Environ. Health, 1_:82 (1975).

4. Ralph, Robert E. A Close Look At Firefighters' Deaths and Injuries;
Proc. Symp. Occupational Health and Hazards of the Fire S e r v i c e , 

11-13 Jan 1971, p. 14.

5. Decision in case of Jean M. Snape, widow-claimant, Claim No. OD 

PE 5583; The Industrial Commission of Ohio (1974).

6~. Decision in case of Lillian Baldwin, widow-claimant, Claim No. 0D-
5303-PE; The Industrial Commission of Ohio (1974)..

7. Webster, John Blair. Specialist's Report in regard to Claim N o .
CD-PE 5969 to State of Ohio Bureau of Workmen's Compensation (1975).

8. vigliani. E.C.; Leukemia Associated with Benzene Exposure; A n n .
N. Y. Acad. S c i . 271:143 (1976).

9. Amromin, George D. Pathology of Leukemia; Harper and Row, N. Y., 
(1968) p. 11.

10. Vigliani, E.C. and Saita, Giulio. Benzene and Leukemia; N. E n g .

J. M e d . 271:873 (1964).

11. Infante, Peter F. et a 1_. Leukemia Among Workers Exposed to Be n z e n e ; 

Industry-wide Studies Branch, Division of Surveillance, Hazard 

Evaluations and Field Studies, Natl. Inst. Occupational Safety and 

Health, Cincinnati, OH; manuscript for submission to L a n c e t ,
28 April 1977, p.7.

12. Lignac, G.O.E. Die BenzolleukSmie bei Menschen und Weissen MMusen. 

III. Zweite Benzol-versuchsreihe —  von 54 MSuse gehen 8 an 
Leukclmie oder Lymphoblastoma infiltrans aleucaemicum zugrunde —  

frllhere Tier —  benzolversuche; Krankheitsforsch. £:426 (1932); 

cited in reference 8.



13. Manufacturing Chemists Assoc. Chemical Statistics H a n d b o o k ,

7th Ed.; MCA, Washington, D. C. (1971} p. 9”

14. O'Mara, Michael M. Combustion of PVC; presented at International 
Symposium on the Toxicity and Physioloav of Combustion Products,
Salt Lake City, UV, 22-26 March 1976.

15. Kimmerle, Georg. Aspects and Methodology for the Evaluation of

Toxicological Parameters During Fire Exposure; presented at 
Flammability Characteristics of Materials, Polymer Conference 

Series, Univ. of Utah, Salt Lake City, UT, 11-15 June 1973, p. 35.

16. Hileman, F. D. et aJ.. Pyrolysis of a Flexible-Urethane F o a m ;

Flammability Research Center, Univ. of Utah, Salt Lake City* UT,
16 October 1974, Table V.

17. Madorsky, S. L., and Straus, S. Stability of Thermoset Plastics

at High Temperatures, Modern Plastics (1961) 3^3:134-40; cited 1n
Dufour, R. E. Survey of Available Information on the Toxicity 

of the Combustion and~Thennal Decomposition Products of Certain 

Building Materials Under Fire Conditions; Underwriters Laboratories. 
Bulletin of Research No. 53, 1963.

18. Packham, S. C. Flammability and Toxicological Aspects Pertaining

to the C o m b u s t i o F o f  Douglas Fir in Flammability of M a t e r i a l s ,

Polymer Conference Series, Univ. of Utah, 7-11 July 1975.

19. Reference 13, p. 116,

20. 'Plastic fires' create new hazards for both firemen and public; 
Medical News, JAMA 234:1212. (1975)

21. Bruckman, Leonard. A Study of Airborne Asbestos Fibers in 

Connecticut; presented at the Workshop on Asbestos: Definitions

and Measurement Methods, National Bureau of Standards, Gaithersburg, 
MD, 1C-20 July 1977.

22. Christensen, Herbert E. and Luginbyhl, Thomas, Eds. Registry

of loxic Effects of Chemical Substances, 1975 Ed.; USHEW, Rockville, 

MD, June 1975, p. 295.

23. Solvent tied to liver cancer, San Francisco Examiner, 18 July 1977; 

Cleaning Solvent Tied to Cancer Risk, San Francisco Chronicle (UP), 

18 July 1977.

24. Reference 20, p. 1213.

25. Acrylonitrile draws growing new markets, C&EN 4 April 1977, p. 12.

- 1 0 -



1 1 4

26. Bingham, Eula. Occupational Exposure to Acrylonitrile;

F e d . R e g . 42:33043-4 (1977).

27. Ryan, P. W. Comparison of Flaming Combustion with Oxidative 

Degradation in. Flammability of Materials, Polymer Conference 

Series, Univ. of Utah, 7-11 July 1975.

28. Cancer-Causing Chemicals: A Reference Chart for On-The-Job Health 

Protection, State of Calif., Dept, of Health, Occupational Cancer 

Control Unit, May 1977.

29. Zavon, Mitchell R. et afh Benzidine Exposure as a Cause of 
Bladder Tumors; ArcFT Env. Health 27:1-7 (1973).

30. Study finds cancer-woodworking tie, Engineering News R e cord,

30 October 1974, p. 15.

31. Fredrickson, Donald S. Reports on Bioassays of Chlordane and 

Heptachlor for Possible Carcinogenicity: Fed. R e g . 42:48394-5 
(1977).

32. Gillette, Robert. Cancer and the Environment (I): A Creaky 

System Grinds On; Science 1 8 6 :239-45 (1974).

33. Holden, Constance. IMIrex: Persistent Pesticide on Its Way Out; 

Science 194:301-3 (1976).

34. EPA Notified of Voluntary Recall of Insecticide Chlordimeform;

EPA Environmental News, October 1976, p. 11.

35. Concentrates, Chemical & Engineering News, 26 July 1976, p. 9.

36. Allied Asks EPA to Cancel Kepone; Chemecology, August 1976, p . 3.

37. Court OKs Toxics Settlement; EPA Moves on Four Pesticides; 
Chemecology, July 1976, p. 1.

38. EPA Proposes to Cancel "BHC" A Chemical Used in Pesticides M a n u­

facture, Asks for Public Comment on Risks and Benefits of 
Pesticides Containing SHC; EPA Environment N e w s , December 1976, 
p. 3.

39. Johnson, Edwin L. Rebuttable Presumption Against Registration and 

Continued Registration of Pesticide Products Containing Dimethoate 
F e d . R e g . 42:45806-26 (1977).

40. Johnson, Edwin L. Rebuttable Presumption Against Registratic and 

Continued Registration of Pesticide Products Containing Ethylene- 
bisdlthiocarbamates; Fed. R e g . 42:40618-75 (1977).



41. EPA Acts to Limit Exposure to Chloroform, EPA Environmental N e w s .

May 1976, p. 10.

42. Dept, of Labor, OSHA. Identification, Classification and Regulation 

of Toxic Substances Posing a Potential Occupational Carcinogenic 

Risk, Fed. Reg.. 42:54K*l-54247 (1977).



F i g u r e  1

F rom  R e f e r e n c e  C a u s e  o f  D e a th  i n  A c t i v e  F i r e f i g h t e r s ,

CANCER

Cause of Death 

1545-49

ACTIVE FIREFIGHTERS

1950-54

1955-59

19G0-G4

Average Age 

43.9 yrs.

48J  yrs.

55.4 yis.

43.0 yrs.
1965-70

W M m B k P

■ m m m !
38.4% 44.8 yrs



INHALATION fNJURY: DIAGNOSIS AND PATHOPHYSIOLOGY

William F. McManus, M.D., F .A .C .S . ,  L ieu tenan t  Colonel,  MC, Chief  
C l in i c a l  D iv i s ion ,  United S t a t e s  Army I n s t i t u t e  of Surg ical  Research,  

Brooke Army Medical Cente r ,  For t  Sam Houston, Texas

I n h a la t io n  i n ju r y  i s  damage to  the  mucosa of the  la rynx ,  t r a c h e a  or 
bronchus from exposure to  products  o f  incomplete  combustion. In a d d i t i o n ,  
th ese  p a r t i c l e s  r e s u l t i n g  from incomplete combustion may cause b ro n c h io la r  and 
a l v e o l a r  (small  airway) damage as w e l l .  Since the  nasopharynx has tremendous 
cool ing  c a p a b i l i t i e s  and s in c e  laryngospasm w i l l  supervene i f  heat  does reach 
the  . level  o f  the  l a ry n x ,  seldom i f  ever  i s  hea t  damage seen below the  lev e l  of 
the  la rynx .  However, hea t  may cause upper airway o b s t r u c t i o n ,  fo llowed by 
hypoxemia, c a rd ia c  arrhythmia  and d e a th .  The chemical damage to  the  mucosa 
o f  the t r a c h e a ,  bronchi or  b ronch io les  may r e s u l t  in copious s e c r e t i o n s ,  
bronchospasm, hypoxemia, pulmonary edema and pneumonia. The onse t  o f  the  
c l i n i c a l  i n h a l a t i o n  in ju r y  syndrome may be de layed from hours to  two or three  
days fo l low ing  exposure to smoke, during which t h e re  i s  a r e l a t i v e l y  asympto­
matic  pe r iod  which may be followed by severe  pulmonary com pl ica t ions .  The 
essence  of d i agn os i s  of i n h a l a t i o n  i n ju r y  i s  a c a r e fu l  h i s t o r y ,  a thorough 
phys ica l  examinat ion ,  l a b o ra to ry  blood gas d e t e r m in a t i o n s ,  ches t  roentgenogram, 
xenon133 lung scan and bronchoscopy.

Since the  p a t i e n t  may be asymptomat ic,  the  impor tan t  po in t s  in the 
h i s t o r y  a re  burns occurr ing  in a c lo sed  space or  i f  in the  open from a rap id  
combustion o f  petroleum p ro d u c t s ,  o r  p r e - e x i s t e n t  depress ion  of the leve l  of 
consc iousness  so t h a t  the p a t i e n t  was exposed to  smoke f o r  a longer pe riod of 
t ime. Burns about the  nose and mouth should he igh ten  the susp ic ion  t h a t  an 
i n h a l a t i o n  i n ju r y  may have o c cu r red ,  but  absence of  such burn in ju ry  does not 
e l im in a te  the  p o s s i b i l i t y  o f  i n h a la t io n  i n j u r y .  The product ion of carbonaceous 
sputum during the asymptomatic pe riod i s  evidence t h a t  an i n h a la t io n  in ju ry  
has occur red .  The c l i n i c a l  i n h a l a t i o n  i n ju r y  p i c t u r e  i s  one o f  dyspnea,  
hoarseness  or  upper airway wheezing and a cough p ro au c t iv e  of f l u i d  and carbon.
The c h e s t  roentgenogram during the asymptomatic pe r iod  i s  normal unless th e re  
iu  p r e - e x i s t e n t  pulmonary d i s e a s e .  Blood gas d e te rm ina t ion s  in the asymptomatic 
pe riod a re  a l s o  normal.  However, with  s e r i a l  x - rays  fo llowing the normal ches t  
f i lm  on admiss ion ,  one sees a t e l e c t a s i s  and a i r  t r a p p in g  followed by patchy 
pulmonary i n f i l t r a t e s  during p rog ress ion  of  i n h a l a t i o n  i n ju r y .  In an at tempt 
to  a c c u r a t e ly  diagnose the  presence of  an i n h a l a t i o n  i n ju ry  during the 
asymptomatic p e r io d ,  two a d d i t i o n a l  d i a g n o s t i c  techniques  are u t i l i z e d ,  t h a t  
i s ,  the xenon133 lung scan and bronchoscopy.

The xenon133 lung scan i s  performed by i n j e c t i n g  xenon133 i n t r a ­
venously ,  and s ince  the xenon gas i s  c le a re d  by the lungs ,  s e r i a l  s c i n t i p h o t o -  
grams are  ob ta ined  to  document the  p a t t e r n  and r a t e  of  xenon c lea rance  as the 
p a t i e n t  b r e a th e s .  A normal scan w i l l  show complete and equal c l e a ran ce  of 
xenon133 w i th in  90 seconds.  A de lay  of c l e a ran ce  beyond 90 seconds or 
segmental r e t e n t i o n  o f  xenon133 is  considered  d i a g n o s t i c  of inha ’ t ion  in ju ry  
ch ly  i f  the p a t i e n t  had a normal ch es t  x - ray  p r i o r  to  the  performance of the t e s t .  
A p o s i t i v e  xenon lung scan in the  asymptomatic per iod  allows one to  begin 
t r e a tm en t  to  modify the s e v e r i t y  of the  in h a l a t i o n  in ju r y  syndrome before  i t  
occu rs .  Xenon133 lung scans a re  most he lp fu l  to i d e n t i f y  small airway ard 
a l v e o l a r  damage.
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Bronchoscopy w i l l  i d e n t i f y  l a r y n g e a l ,  t r a c h e a l  and bronchia l  i n h a l a ­
t io n  i n ju r y .  P o s i t iv e  f ind ings  a t  the time o f  bronchoscopy include observa t ion '  
o f  carbonaceous m a te r i a l  on mucosal s u r f a c e s ,  ex cess ive  s e c re t i o n  o f  e n d o t ra ­
cheal and endobronchial  mucosa, sw el l ing  erythema, hemorrhage and u l c e r a t i o n  
o f  the mucosa.

I f  upper airway o b s t r u c t i o n  occurs ,  endo trachea l  in tu b a t io n  may be 
necessa ry  to  in su re  an open airway. However, racemic ep inephr ine  and humid if ica-  
t io n  may be s u f f i c i e n t  f o r  mild upper airway sw e l l i n g .  In a d d i t i o n ,  the t r e a t ­
ment of  i n h a l a t i o n  in ju ry  inc ludes  b ro n c h o d i la to r s  f o r  the  t rea tm en t  of 
bronchospasm, repea ted  bronchoscopy f o r  the  removal o f  d e b r i s ,  h u m id i f ica t io n  
o f  in s p i r e d  a i r ,  a n t i b i o t i c s  fo r  pneumonia, moni to ring with s e r i a l  ch es t  x- ray 
and a r t e r i a l  blood gas d e te rm in a t io n s ,  and i f  in d ic a t e d  use of a mechanical 
v e n t i l a t o r .

The ac c u ra te  d iagnos is  of i n h a l a t i o n  in ju r y  i s  extremely im por tan t ,  
s ince  the  p a t i e n t  may have a s i g n i f i c a n t  asymptomatic period  before  a r a t h e r  
rap id  on se t  of c l i n i c a l  symptoms and s i g n s ,  and thus a p o s i t i v e  d iagnos is  
during the  asymptomatic period mandates admission to  the h o sp i t a l  and allows 
t re a tm en t  to  begin p r i o r  to the  onse t  of  c l i n i c a l  s i g n s ,  so t h a t  the syndrome 
may be modified .
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AIR CONTAMINANTS ENCOUNTERED 3Y FIREFIGHTERS

Robert D. Treitman,  Avram Gold, and William A. Burgess

Our re sea rch  group a" the  Harvard School o f  Publ ic  Health has r e c e n t ly  
completed the l a t e s t  in a s e r i e s  of s t u d i e s  i n v e s t i g a t i n g  the environmental  con­
d i t i o n s  encountered by f i r e f i g h t e r s  in the  course of performing t h e i r  d u t i e s .  
Because t h i s  p r o j e c t  was based,  to  a l a r g e  degree ,  on the  exper ience  and r e s u l t s
from severa l  e a r l i e r  s t u d i e s ,  a quick review i s  in o rder .

From 1970 to  1977, occupational  h e a l th  s t u d i e s  have provided phys io­
lo g ic a l  and ep idemio logical  proof t h a t  excess r e s p i r a t o r y  d i sea se  i s  a s s o c ia t e d  
with  f i r e f i g h t i n g .  (*»Z) a p r o j e c t  completed in 1977 involved the  development 
and implementation of a po r tab le  system f o r  e v a lu a t in g  the thermal environment 
in s t r u c t u r a l  f i r e s .  The main f ind ing  of  t h i s  study was t h a t  the  predominant 
source of  hea t  encountered by the  f i r e f i g h t e r  was r a d i a t i v e  as opposed to  con­
d u c t iv e ,  and p r o t e c t i v e  c lo th in g  should be designed to  r e f l e c t  t h i s  f a c t .  (3)

Our e f f o r t s  to  c h a r a c t e r i z e  the  chemical c o n s t i t u e n t s  of "smoke" 
began in th e  e a r l y  70 's  with the  development of  a p o r t a b le  carbon monoxide- 
oxygen sampling device  which provided r e a l - t im e  da ta  on the exposure p r o f i l e s  
of  these  two gases .  (4 ,5)  The r e s u l t s  from 72 r e s i d e n t i a l  f i r e s  showed th a t
carbon monoxide p resen ts  a much g r e a t e r  hazard to  the  f i r e f i g h t e r  than does
oxygen d e f i c i e n c y .  For 29% of  the time during th e se  f i r e s ,  the carbon monoxide 
c o n c e n t ra t io n s  exceeded 500 ppm, y e t  in only 6 f i r e s  did the  oxygen co n c e n t ra ­
t io n  f a l l  below 13%. The maximum CO c o n ce n t ra t io n  measured was 27,000 ppm, a 
leve l  a t  which death would r e s u l t  immediately w i thou t  r e s p i r a t o r y  p r o t e c t i o n .  
These r e s u l t s  a re  i n t e r e s t i n g  in t h a t  model f i r e s  c o n s i s t e n t l y  show depressed  
oxygen c o n c e n t r a t io n s .

A s tu d y ,  completed in 1976, measured the  l e v e l s  of carbon monoxide, 
carbon d io x id e ,  oxygen, hydrogen c h l o r i d e ,  hydrogen cyanide and n i t rog en  dioxide 
encountered during f i r e f i g h t i n g  using a p ro to type  sampling system b u i l t  in to  
the f i r e f i g h t e r ' s  tu rno u t  co a t .  (6 ) This s tudy ,  which included 45 f i r e s  with 
each of two companies, demonstrated t h a t  CO presen ted  a p o t e n t i a l  acute  hazard ,  
hydrogen c h lo r id e  was de tec ted  in only 5 of 90 samples,  oxygen depress ion  was 
not s i g n i f i c a n t ,  and CO2 and NO2 c o n ce n t ra t io n s  did not approach s i g n i f i c a n t  
t o x ic  l e v e l s .

Using the  exper ience  gained from these  s t u d i e s ,  we developed an 
expanded a i r  sampling program which would provide da ta  on a wider spectrum of 
contaminants a t  a l a r g e r  number of f i r e s .  The goal of t h i s  study was the 
c h a r a c t e r i z a t i o n  of a i r  contaminants p r e se n t  dur ing s t r u c t u r a l  f i r e f i g h t i n g .
The da ta  ob ta ined can be used fo r  severa l  purposes :  (1) to provide f u r t h e r
in s i g h t  in to  the o r ig in  of observed d i s e a s e  in f i r e f i g h t e r  po pu la t io ns ,  (2) to 
improve the  medical t rea tment  of  "smoke" in h a la t io n  v i c t im s ,  (3) to  suggest  
m od i f i ca t ion s  in f i r e f i g h t i n g  procedures to  reduce exposures ,  and (4) to  p r o ­
vide rea l  da ta  to be used in the  design and implementation of b rea th ing  
appara tus .

As mentioned,  the p re l im ina ry  study was conducted with the  a i r  
sampling system d i s t r i b u t e d  th roughout  the  s to rag e  pockets o f  the  tu rn o u t  coa t .  
Because of i t s  bu lk ,  weigh t,  d i f f i c u l t y  in s e r v i c i n g ,  and lack o f  acceptance



by th e  f i r e f i g h t e r s ,  the expanded study requ i red  a redes ign ing  of the  sampling 
u n i t .  A f te r  c o n s u l t a t io n  with the  f i r e f i g h t e r s ,  a new design fo r  the  sampler 
evolved.  The u n i t  which r e s u l t e d  was packaged in a vacuum-formed ABS p l a s t i c  
c a s e ,  measuring 2 h " x 8" x 10", weighing 4 to  5 pounds, designed to  be worn over 
the  neck.

Wherever p o s s ib l e ,  s o l i d  so rbe n t s  were used t o  c o l l e c t  the  a i r  contami­
n a n ts .  Some ga se s ,  unable to  be t rapped on these  s o r b e n t s ,  were c o l l e c t e d  in a 
T ed la r  p l a s t i c  bag. The sampler was designed  to  pu l l  a i r  through a success ion  
of f i l t e r s  and so rben t  m a t e r i a l s .  The a s c a r i t e  c o l l e c t e d  hydrogen cyan ide ,  the 
t r i e th a n o la m in e  t r e a t e d  s ieve  t rapped n i t ro g en  d ioxide  and hydrogen c h lo r i d e ,  
and the  u n t r e a t e d  a c t i v a t e d  molecula r s i eve  c o l l e c t e d  a ldehydes ,  s p e c i f i c a l l y  
a c r o l e i n .  Along the o the r  c i r c u i t ,  the  g la s s  f i l t e r  c o l l e c t e d  p a r t i c u l a t e  mat­
t e r ,  the  charcoal  tube absorbed aromatic hydrocarbons (benzene) ,  and the  Tedla r  
bag was used f o r  the s to rag e  of carbon monoxide, oxygen and carbon d iox ide .

Six u n i t s  were co ns t ruc ted  and placed  in d i f f e r e n t  f i r e  houses 
th roughout  the  c i t y  o f  Boston. Those f i r e f i g h t e r s  who vo lun tee red  to  p a r t i c i ­
pa te  in  the p r o j e c t  were i n s t r u c t e d  'in the  use of the sam ple rs ,  the purpose of 
the  s tu d y ,  and the r e s u l t s ,  as they became a v a i l a b l e .  The r ec ep t io n  of these  
u n i t s  by the  f i r e f i g h t e r s  was p o s i t i v e .

On a l im i ted  number of f i r e s ,  a i r  samples were taken during a c t iv e  
f i r e f i g h t i n g  and a t  the  overhaul o p e ra t io n s .  These data  were used to  ev a lua te  
the importance of the a i r  contaminants encountered during ov e rh au l ,  an i s sue  of 
g r e a t  concern to  the f i r e  s e r v i c e .

To e v a lu a te  the  exposure of f i r e f i g h t e r s  to  a i r  contaminants  encount­
ered during f i r e f i g h t i n g ,  t h r e e  exposure g u id e l in e s  were used. The American 
Conference of  Governmental In d u s t r i a l  H ygien is ts  pu b l i shes  a l i s t  of  Threshold 
Limit Values - Shor t- te rm Exposure Limits (S T E L M 7 ) These l i m i t s ,  expressed  
as a i rb o rn e  co n ce n t ra t io n s  and based on exposures to  s i n g l e  su b s tan c es ,  not 
m ix tu re s ,  were developed fo r  unpro tec ted  i n d u s t r i a l  workers ,  and the  a p p r o p r i a t e ­
ness o f  t h e i r  a p p l i c a t i o n  to the f i r e  environment i s  q u e s t i o n a b l e ,  as they 
r e p re s e n t  n o - e f f e c t  l e v e l s  fo r  15 minute pe r iods .

The second i n d u s t r i a l  exposure guide considered  is  the co nce n t ra t ion  a t  
which the subs tance  poses an Immediate Danger to  Life  or Health ( IDLH) . ( 8 ) This 
index ,  which has been used in the NI0SH-0SHA Standards Completion P ro j e c t  in de­
f in in g  the a p p l i c a t i o n  of  r e s p i r a t o r y  p r o t e c t i v e  d e v ice s ,  i s  de f ined  as the  
co n ce n t ra t io n  from which a worker might escape w i th in  30 minutes w i thout  i r r e v ­
e r s i b l e  h e a l th  e f f e c t s  or s u f f e r  any e f f e c t s  which may impede escape.

The t h i r d  and probably most a p p r o p r i a t e ,  s tandard  is  the Shor t  Term 
Lethal  Concentra tion (STLC), as used by Dr. J .  B. T e r r i l l  (9) £ach 0f  the 
contaminants considered  in t h i s  study was e v a lu a ted  by comparing the co n ce n t ra t io n s  
observed with each of these  in d ic e s .

Ni trogen d ioxide  (N0£) may be p r e se n t  in the f i r e  environment as a 
r e s u l t  of the  ox ida t ion  of the n i t rogenous  m a te r i a l  or  the f i x a t i o n  of  atmosp- 
e r i c  n i t r o g e n .  Although high co n c e n t ra t io n s  o f  NO2 have been noted in c o n t r o l l e d  
b u r n s , ( 10) in our p re l im ina ry  study of ac tua l  f i r e s  i t  was not p re sen t  in con­
c e n t r a t i o n s  g r e a t e r  than Ippm. Acute exposure to  NO2 r e s u l t s  in bronchia l



i r r i t a t i o n  with subsequent d i z z i n e s s ,  headache and weakness. Several  hours l a t e r  
the  in d iv idu a l  may develop pulmonary edema with  subsequent asphyxia and dea th .

A t o t a l  of  212 samples were analyzed f o r  NO? in t h i s  study .  Four ex­
ceeded the  ACGIH-STEL of 5 ppm; however, none exceeded 50 ppm, the co ncen t ra t ion  
a t  which NO2 i s  cons ide red  immediately dangerous to  l i f e  o r  h e a l th  (IDLH). The 
h ig h e s t  c o n c e n t r a t io n  noted over a f i v e  minute exposure  per iod  was 8.3 ppm.
While i t  i s  p o s s ib le  t h a t  NO2 may a c t  in co nce r t  with o t h e r  i r r i t a n t s  to  ca^se  
s e r io u s  pulmonary i r r i t a t i o n ,  i t  alone does not r e o r e s e n t  a c r i t i c a l  exposure 
a t  the  c o n c e n t r a t io n s  observed.

As mentioned,  NO2 may be genera ted  from the  degrada t ion  of r . i t rogen-  
c o n ta in in g  m a t e r i a l s  o r  the f i x a t i o n  of  atmospher ic  n i t r o g e n .  In the - l ires 
s t u d i e d ,  the  c o n c e n t r a t io n s  of  n i t ro g en  d iox ide  were low, in d i c a t i n g  the ab­
sence of co n d i t io n s  conducive to  t h e  degrada t ion  of n i t rogenous  m a te r i a l s .
The low co n c e n t ra t io n s  a l s o  in d ic a te d  t h a t  in r e s i d e n t i a l  f i r e s ,  flame en e rg ie s  
are  not adequate  to  f i x  atmospheric n i t r o g e n .  Our conc lus ion  i s  t h a t  the NO2 
c o n c e n t ra t io n s  observed in t h i s  s e r i e s  of  s t r u c t u r a l  f i r e s  do not c o n s t i t u t e  a 
r e s p i r a t o r y  hazard to  the  f i r e f i g h t e r .

Hydrogen c h lo r i d e  gas i s  formed in a f i r e  from the  p y ro ly s i s  of a 
range of c h l o r i n a t e d  polymers such as po lyvinyl c h l o r i d e ,  c h lo r i n a te d  a c r y l i c s ,  
and f l a m e - r e t a r d a n t  m a t e r i a l s . w )  i n c o n c e n t r a t io n s  g r e a t e r  than 100 ppm, HC1 i s  
c o r ro s iv e  to  the  e y e s ,  sk in  and mucous membranes. This gas i s  art u p p e r - r e s p i r a ­
to ry  i r r i t a n t  due to  i t s  s o l u b i l i t y  in w a te r .  When a s s o c i a t e d  with hign concen­
t r a t i o n s  o f  r e s p i r a b l e  p a r t i c u l a t e ,  i t  may r e p r e s e n t  a lower airway hazard.
Due to  i t s  i r r i t a t i n g  e f f e c t ,  acute  exposures  to  high c o n c e n t ra t io n s  are no t  
w i l l i n g l y  t o l e r a t e d ;  however, i f  a person i s  incapab le  o f  te rm ina t ing  exposure 
or cannot e scape ,  pulmonary edema and death  may occur i f  co n ce n t ra t io n s  exceed 
500 ppm f o r  severa l  hours .

Of 216 samples ana lyzed ,  HC1 was d e tec te d  in 83, with a maximum con- 
cei 'a t ion  of 280 ppm encountered during one seven-minute  sample. S eventy- th ree  
samples exceeded the  ACGIH-STEL (5 ppm), and 5 exceeded the  NI0SH-0SHA IDLH 
(100 ppm). None exceeded the s h o r t  term l e t h a l  c o n c e n t r a t io n  (STLC) of 500 
ppm.

F i r e f i g h t e r s  commonly complain of  severe  eye and r e s p i r a t o r y  i r r i t a ­
t io n  during and a f t e r  f i r e s  and personnel w i thou t  b r ea th in g  appara tus may be 
fo rced  from the  f i r e  scene.  R e s p o n s ib i l i t y  f o r  t h i s  acute  i r r i t a t i o n  of the  
r e s p i r a t o r y  t r a c t  h a s ,  in some c a s e s ,  been a t t r i b u t e d  by the f i r e  se rv ice  to  
HC1. In f a c t ,  t h i s  a c t ion  may be caused by exposure to  HC1, o th e r  r e s p i r a t o r y  
i r r i t a n t s ,  o r  a combination of i r r i t a n t s .  In our s tu d y ,  HC1 was p resen t  in 
over one t h i r d  of  the f i r e s  sampled, and in a small number of f i r e s ,  the con­
c e n t r a t i o n s  were s u f f i c i e n t  to  impede the escape of  a person not wearing 
r e s p i r a t o r y  p r o t e c t i o n .  However, a c o n c e n t ra t io n  l e t h a l  to an unprotected 
person exposed over a s h o r t  time was not observed during the study.

Hydrogen cyanide can be formed in the f i r e  environment from na tu ra l  
products  such as wool and s i l k ,  and a v a r i e t y  of  n i t r o g e n - c o n ta in in g  polymers,  
inc lud ing  n i t r i l e s ,  polyamides,  ny lon s ,  and po lyure thane .  Because of the 
widespread use of polyure thanes  in f u r n i t u r e  u p h o ls te ry  and bu i ld ing  m a t e r i a l s ,
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t h e  s i g n i f i c a n c e  of  HCN in f i r e  t o x i c i t y  has rece ived  much a t t e n t i o n . ^ 2 ) In 
our  p re l im in a ry  s tu d y ,  t h i s  contaminant was f r e q u e n t ly  found a l b e i t  a t  low 
c o n c e n t r a t i o n s .  In t h e  6 f i r e s  from t h i s  e a r l i e r  study in which HCN exceeded 
1 ppm, 3 involved po lyurethane foam m a t t r e s s e s ,  and one was a veh ic l e  f i r e .  
Hydrogen cyan ide ,  t o x i c  by in h a la t io n  and sk in  a b s o r p t io n ,  i n t e r f e r e s  with 
m e tabo l ic  o x ida t ion  and causes anoxia a t  the  c e l l u l a r  l e v e l .  I n i t i a l  symptoms 
o f  acu te  exposure to  l e v e l s  above 20 ppm inc lude  weakness, headache,  and con­
f u s i o n ,  th e n ,  u l t i m a t e l y ,  r e s p i r a t o r y  f a i l u r e  and death .

Hydrogen cyanide was de tec ted  in 27 of 253 samples.  The maximum 
c o n c e n t r a t io n  noted f o r  a minimum of 5 minutes  in t h i s  s e r i e s  was 3.6 ppm.
N e i th e r  the  STEL (15 ppm), and IDLH (50 ppm), nor the STLC (350 ppm), were 
approached.

In a previous  s tudy ,  hydrogen cyanide was d e tec te d  in low concen t ra ­
t i o n s  in approxim ate ly  one h a l f  of the f i r e s .  The s tudy included a predominance 
o f  room f i r e s  invo lv ing  upho ls te red  f u r n i t u r e .  In the  p r e se n t  s tudy ,  HCN w?.a 
d e t e c t e d  in only about 10% of the f i r e s ;  however, the f i r e s  involved a wide-* 
spectrum o f  bu i ld ing  types  and m a t e r i a l s .  On the b a s i s  of both d a ta  s e t s  we 
conclude t h a t  the  observed hydrogen cyanide  c o n ce n t ra t io n s  do not p re sen t  a 
h e a l t h  hazard to  f i r e f i g h t e r s .

The formation of ac ro le in  a t  t h e  f i r e  scene can r e s u l t  from p y ro ly s i s  
o r  combustion of c e l l u l o s i c  m a te r i a l s  such as wood, c o t t o n ,  and papers ,  p l a s t i c  
m a t e r i a l s  such as s t y r e n e  and p o l y o l e f i r . s , and o i l s  and f a t s  con ta in ing  g ly ce ­
r o l .  0 3 )  In h a la t io n  o f  ac ro le in  causes i r r i t a t i o n  of th e  nose and t h r o a t ,  nausea 
s h o r tn e s s  of  b r e a th ,  v e s i c a n t  ac t ion  w i th  ex tens ive  lung damage, pulmonary 
edema, and u l t im a t e ly  death .

Of the 113 samples which were an a lyzed ,  a c r o l e in  was de tec ted  above the 
STEL (0 .3  ppm) in 66 and above the IDLH (5ppm) in 5. In one f i r e ,  the co n ce n t ra ­
t i o n  was a t  the upper end of  the STLC range (30-100 ppm).

The d i s t r i b u t i o n  of co n ce n t ra t io n  da ta  i n d i c a t e s  t h a t  one h a l f  of the  
analyzed samples showed concen t ra t ion s  v/hich were g r e a t e r  than the STEL of 0 .3  
ppm and t h a t  10% of  the samples were in excess of 2.7 ppm, a concen t ra t ion  c lo s e  
to  t h a t  immediately dangerous to l i f e  o r  h e a l th .

To our knowledge, t h i s  i s  the  f i r s t  time t h a t  a c ro le in  has been i d e n t i ­
f i e d  in l i f e - t h r e a t e n i n g  concen t ra t ion s  a t  r ea l  f i r e s .  In over one h a l f  of the  
samples analyzed fo r  a c r o l e i n ,  the co n c e n t ra t io n  exceeded le v e l s  capable of 
caus ing  s i g n i f i c a n t  eye and r e s p i r a t o r y  i n j u r y  (0 .3  ppm). F i r e f i g h t e r s  o p e ra t ing  
w i tho u t  r e s p i r a t o r y  p r o t e c t i v e  devices in  the  most severe  o f  these f i r e s  might 
well  have su f f e r e d  d i s a b l in g  in ju ry .  The frequency of d e te c t i o n  of a c ro le in  a t  
f i r e s  suggests  t h a t  a range of m a te r i a l s  c o n t r i b u t e s  to i t s  formation.  This 
s tudy  suppor ts  the b e l i e f  by Z i k r i a O ^ )  and Morikawa^'2 / t h a t  aldehydes p lay an 
im por tan t  r o l e  in r e s p i r a t o r y  in ju ry  to  f i r e  v i c t im s .  As these  au thors  s u g g e s t ,  
medical  management of f i r e  v ict ims should r o u t i n e l y  cons ider  po ss ib le  exposure 
to  t h i s  contaminant .
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S t ru c u tu ra l  f i r e s  a re  a source o f  p a r t i c u l a t e s  which include condensa­
t i o n  products  from v o l a t i l i z e d  m a t e r i a l s ,  sub-micron carbonaceous m a t e r i a l ,  l a r g e  
p a r t i c l e s  formed by agglomera t ion ,  and char  r e l ea se d  during f i r e s .  High concen­
t r a t i o n s  of p a r t i c u l a t e s  cause i r r i t a t i o n  of th e  upper r e s p i r a t o r y  t r a c t  and 
mass ive  c o n ce n t ra t io n s  produce r e s p i r a t o r y  spasm. P a r t i c u l a t e s  a l so  absorb many 
of the  gases and vapors p r e se n t  in the f i r e  environment and p re se n t  t h i s  m a te r ia l  
to  the  n o n - c i l i a t e d  po r t io n  of the lung.

Data are  not a v a i l a b l e  on the  b i o lo g i c a l  e f f e c t s  due t o  the  i n h a la t io n  
o f  n o n - s p e c i f i c  p a r t i c u l a t e s ;  however, c o n c e n t r a t io n s  in the  range of 20-50 mg/m3 
w i l l  cause  l i g h t  o b s c u ra t i o n ,  and 1000 mg/m3 causes immediate pulmonary d i s t r e s s .

The e f f e c t s  of exposure to  p a r t i c u l a t e s  depend on t h e i r  chemical com­
p o s i t i o n ,  s i z e  d i s t r i b u t i o n ,  and c o n c e n t r a t io n .  The sampling method used in t h i s  
s tudy  d id  not permit  an a n a ly s i s  of the  s i z e  d i s t r i b u t i o n  and the  scope of work 
d id  no t  inc lude  i d e n t i f i c a t i o n  of  the com pos i t ion ,  a major a n a l y t i c a l  t a s k .  The 
c o n c e n t r a t io n  da ta  ob ta ined  in the study a re  c o n s i s t e n t  with  our e a r l i e r  study 
and show co n c e n t ra t io n s  which would cause simple i r r i t a t i o n  of the  r e s p i r a t o r y  
t r a c t .  The p a r t i c u l a t e s  may, of course ,  have a much more importan t  r o l e  in 
d i s e a s e  product ion by provid ing  adsorp t ion  s i t e s  fo r  to x ic  gases and vapors.

Carbon monoxide occurs as the r e s u l t  o f  incomple te combustion of v i r ­
t u a l l y  a l l  o rgan ic  m a t e r i a l s .  The p h y s io lo g ic a l  e f f e c t s  o f  carbon monoxide a re  
well  known. As with  most o th e r  t o x i c a n t s ,  the  two importan t  parameters to  con­
s i d e r  a re  co n ce n t ra t io n  and du ra t ion  of exposure .  Headache, f a t i g u e ,  d i z z in e s s  
and s l e e p i n e s s  are c l a s s i c  symptoms o f  low leve l  (150-500 ppm) exposures .  
Unconsc iousness ,  c o l l a p s e  and death  occur as the  co ncen t ra t ion  and the  du ra t ion  
of  exposure i n c r e a s e s .  Visual v ig i l a n c e  o r  s e n s i t i v i t y  i s  impaired a t  r e l a t i v e l y  
low c o n c e n t r a t i o n s .  Carbon monoxide combines with  the  b lo o d ' s  hemoglobin, thus 
i n t e r r u p t i n g  the  supply of  oxygen to the t i s s u e s .  Permanent t i s s u e  damage may 
r e s u l t  from asphyxia .  The ac t ion  is  enhanced by h e a t ,  humidity and phys ical  
e x e r t i o n .

Found in v i r t u a l l y  a l l  of the f i r e  environments s t u d i e d ,  the  CO l e v e l s  
exceeded the  STEL (4CD ppm) on 16 occas ions  and the IDLH (1500 ppm) 4 t imes.
One f i r e  approached the sh o r t - t e rm  l e th a l  co n c e n t ra t io n  (STLC) of 5000 ppm.

The c o n c e n t ' a t i o n s  o f  carbon monoxide found in t h i s  study a re  in 
agreement with  e a r l i e '  s t u d i e s  by t h i s  l a b o r a to r y  and o th e r  i n v e s t i g a t o r s .  This 
contaminant i s  withou doubt the most r o u t i n e  and se r iou s  acu te  hazard to the 
un p ro te c te d  f i r e f i g h t t * \  I t  i s  an ex tremely t o x i c  gas with va r ied  e f f e c t s .
Those exposed are  given no warning of i t s  presence  and,  al though repea ted ly  
shown to  be the  cause of most f i r e - r e l a t e d  d e a th s ,  t h i s  gas con t inues  to  be 
u n d e r ra t e d  by the  f i r e  s e r v i c e .  In a d d i t i o n ,  inadequate  awareness of  the prob­
lem by medical  personnel continues  to e x i s t  a t  many urban h o s p i t a l s  which rou­
t i n e l y  handle f i r e  v ic t im s .

Carbon monoxide e x e r t s  a number of  e f f e c t s  a t  low c o n c e n t r a t io n ,  
in c lu d in g  impairment of  judgment,  vi sual  a c u i t y ,  and dec is ion  m aking--a l l  f a c ­
u l t i e s  c r u c i a l  to the  s a f e t y  o f  the f i r e f i g h t e r .  The re fo re ,  even when i t  i s  not  
the  p r in c ip a l  cause of i n j u r y ,  CO may c o n t r i b u t e  to s e r io u s  trauma. Furthermore ,  
CO p re sen t s  ad d i t i o n a l  s t r e s s  to the c i r c u l a t o r y  system, c o n t r i b u t i n g  to the 
development o f  ca rd iac  d i s e a s e . ^ 1 '
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Carbon d iox ide  r e s u l t s  from the complete combustion o f  o rgan ic  ma­
t e r i a l s  and has been noted in high c o n c e n t r a t io n s  in engineered burns.  At high 
c o n c e n t r a t i o n s ,  CO2 causes s t in g in g  of  the ey es ,  nose ,  and t h r o a t .  At 50,000 
ppm the r e s p i r a t o r y  c e n t e r  i s  s t im u la t e d ,  caus ing h y p e r v e n t i l a t i o n .  Death has 
been repor ted  a t  exposure c o n c e n t ra t io n s  in excess o f  10%. At 30,000 ppm i t  
i s  weakly n a r c o t i c .

Of 89 samples analyzed f o r  CO2 , 3 exceeded the  STEL (15,000 ppm) and 
1 exceeded the  IDLH of  50,000 ppm. In no f i r e  did the  co n ce n t ra t io n  exceed the 
STLC (100,000 ppm).

Carbon d iox ide  i s  p r e se n t  in a l l  f i r e s  but has a low order  of t o x i c i t y ,  
with  mild and r e v e r s i b l e  p h y s io lo g ica l  responses beginning to  appear fo r  expo­
su res  in the  range of \  ' to 1% (5 ,000-10,000 ppm). T h e re fo re ,  a t  the co n ce n t ra ­
t i o n s  observed in our s tu d y ,  i t  alone would no t  p r e se n t  a s i g n i f i c a n t  hazard to  
the  f i r e f i g h t e r .  However, exposure may cause h y p e r v e n t i l a t i o n  r e s u l t i n g  in a 
p o t e n t i a t i o n  of the  e f f e c t s  of o th e r  a i r  contaminants which might be p r e sen t .  
Although high co n c e n t ra t io n s  of CO2 (100,000 ppm and above) have been i d e n t i f i e d  
in engineered burns ,  such l e v e l s  have not been noted in our s t u d i e s — f u r t h e r  e v i ­
dence t h a t  cau t ion  should be ex e rc i s e d  in e x t r a p o l a t i n g  r e s u l t s  from the l a b o ra ­
t o r y  to  rea l  l i f e  s i t u a t i o n s .

The sources  of benzene and o t h e r  aromatics in s t r u c t u r a l  f i r e s  a re  not 
p r e c i s e l y  known, a l though l i k e l y  sources  inc lude  a v a i l a b l e  petroleum products  
ac t ing  as fue l  in the  f i r e  and the thermal degradat ion  of c e r t a i n  p l a s t i c s  such 
as s t y r e n e .  At high c o n c e n t ra t io n s  t h e re  i s  i r r i t a t i o n  o f  the  eyes ,  drowsiness ,  
nausea and headache,  and f i n a l l y  unconsciousness and death from r e s p i r a t o r y  pa­
r a l y s i s .  Chronic exposures may cause blood changes and leukemia.

Of 197 samples ana lyzed ,  181 conta ined  measurable amounts of benzene. 
T h i r t y - t h r e e  were over the  STEL (5 ppm); none were over the IDLH (2,000 ppm).
The IDLH index is  based s o l e ly  on acu te  e f f e c t s ,  whi le  the STEL was developed 
with  co n s id e ra t io n  fo r  long term hematopo ie t ic  problems. The maximum co nce n t ra ­
t io n  determined was 165 ppm, well below the  IDLH. Concentra t ions  of benzene and 
o th e r  aromatic  hydrocarbons in excess  of 1,000 ppm would be ac u te ly  hazardous to  
the  unpro tec ted  f i r e f i g h t e r  due to  n a r c o s i s ;  however, the l e v e l s  in our s tudy were 
c o n s i s t e n t l y  below 200 ppm, so an acu te  danger was not p r e se n t .  In the  observed 
c o n ce n t ra t io n  range ,  a ch ron ic  h e a l th  hazard does not seem l i k e l y  s ince  the ex­
posure i s  i n f re q u e n t  and of s h o r t  d u r a t i o n .  The i d e n t i f i c a t i o n  by NIOSH of  ben­
zene as a human leukemogen p re sen t s  a more s u b t l e  ev a lu a t io n  problem, and a 
d e f i n i t i v e  s ta tem en t  on t h i s  p o t e n t i a l  hazard to the f i r e f i g h t e r  cannot be made 
based on our p r e se n t  knowledge.

The personal moni toring of f i r e f i g h t e r  exposures to to x ic  a i r  contam­
in an ts  during s t r u c t u r a l  f i r e s  in Boston has confirmed the complexity o f  the 
exposure.  Carbon monoxide and a c r o l e in  a re  the most hazardous s p e c i f i c  a i r  
contaminants in t h i s  s e r i e s  of  f i r e s ,  whi le  combinations o f  r e s p i r a t o r y  i r r i ­
t a n t s  ( e . g . ,  a c r o l e i n ,  hydrogen c h l o r i d e ,  and n i t rog en  d ioxide)  ac t ing  in a syn­
e r g i s t i c  manner may be importan t  in s e l e c t e d  f i r e s .  The combined e f f e c t s  of 
mixtures of these  and o th e r  i r r i t a n t s ,  e s p e c i a l l y  in the presence  of high p a r ­
t i c u l a t e  c o n c e n t r a t i o n s ,  o f ten  make e f f e c t i v e  work by the f i r e f i g h t e r  imposs ib le  
w ithout r e s p i r a t o r y  p r o t e c t i o n .  The co nce n t ra t ion s  of  hydrogen cyanide and
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carbon d iox ide ,  and the  degree o f  oxygen d e f i c i e n c y  were not found to  be s i g n i ­
f i c a n t  h e a l th  hazards in t h i s  s tudy .  This s tudy confirms e a r l i e r  work by t h i s  
l a b o ra to ry  which in d i c a t e s  t h a t  f i r e f i g h t e r s  should wear r e s p i r a t o r s  a t  a l l  
s t r u c t u r a l  f i r e s .

A l im i te d  number of f i r e s  were sampled both dur ing a c t i v e  f i r e f i g h t ­
ing op e ra t ion s  and th e  subsequent overhau l ing .  This allowed us to  compare the 
da ta  so as to  a s c e r t a i n  the  r e l a t i v e  s e v e r i t y  of the  exposure once the  f i r e  has 
been "knocked down."

A s t a t i s t i c a l  a n a ly s i s  o f  th e se  da ta  showed t h a t :
1. The co nce n t ra t ion s  of  HC1 and p a r t i c u l a t e s  are  h ig h e r  during f i r e f i g h t i n g  than 

. during ove rhau l ing ;
2. There was-no s i g n i f i c a n t  d i f f e r e n c e  between the co n ce n t ra t io n s  of NO2 , HCN, or 

benzene d u rin g  f i r e f i g h t i n g  versus ove rhau l ing ;  and
3. I n s u f f i c i e n t  da ta  were a v a i l a b l e  to  reach conclus ions  regard ing  a c r o l e i n ,  CO, 

and CO2 .

There a re  severa l  cau t io ns  which must be cons idered  before  e x t r a p o l a t i n g  
these  da ta  and conclus ions  to  o th e r  s i t u a t i o n s .

All of  the f i r e s  monitored were loca ted  in one c i t y ,  Boston,  and fought 
by the  Boston F i re  Department. Other c i t i e s  may have a predominance o f  newer 
s t r u c t u r e s  b u i l t  with d i f f e r e n t  m a te r i a l s  and con ta in ing  d i f f e r e n t  f u r n i s h in g s .
In a d d i t i o n ,  o th e r  f i r e  departments may not employ the  same f i r e f i g h t i n g  t e c h ­
niques as those  used in Boston. Due to  the na tu re  of the sampling p r o to c o l ,  i t  
was imposs ib le  to  measure gas co n ce n t ra t io n s  during the i n i t i a l  s t ages  o f  the 
f i r e s .  Another c o n s t r a i n t  was the  l im i t e d  number of contaminants  i d e n t i f i e d  to  
be sampled.

Furthermore ,  the f i r e s  sampled in the  s tudy were predominantly  s t r u c ­
t u r a l  in n a tu re .  Other s i t u a t i o n s ,  such as f i r e s  involving chemica ls ,  t r a i n  t u n ­
n e l s ,  v e h i c l e s ,  and brush would probably preser. t  an e n t i r e l y  d i f f e r e n t  contaminant 
p r o f i l e .

These co ncen t ra t ion  da ta  r e p re s e n t  environmental  co nd i t ion s  encountered 
by working f i r e f i g h t e r s ,  u sua l ly  wearing s e l f - c o n t a in e d  b rea th ing  ap pa ra tu s .
These a re  n o t ,  nor should they be considered  to  be ,  exposure l e v e l s .
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§ 41.72 PERSONAL INJURY 3Y ACCIDENT 7—ir>2substances, and .sometimes in covering radiation diseases for the first time.
§ 41.72 Special statutes on heart and respiratory diseases of police ard  

firefighters 'An interesting recent phenomenon has been the burgeoning in all parts of the country of statutes granting special com­pensation coverage to firemen or policemen or both, for re­spiratory and h e a rt31 diseases connected with the exertions of the employment.4 No two are quite identical. Most establish, a
( Text continued i ii page 7-4.U )

3,1 California 1ms a similar statute for hernias. See Smith v. WCAB, 45 
Cal. App. 3d 162. II!) Cal. Rptr. 120 (1975). j  41.72(e) > \ 11.1! infra.

4 The states having some kind of special statute in this category include: 
Alabama, California, Connecticut, Florida, Maine, Maryland, Michigan, 
Minnesota, Nevada, Now Hampshire, New Jersey. North Dakota, Ohio, Ore­
gon, Pennsylvania, South Carolina. Vermont and Wisconsin.

In several of these states, there may he some question whether the system 
is an intrinsic pnrt of the workmen's compensation system, as distinguished 
from a separate pension program. Wisconsin, for example, was met with 
this question directly, and found the presumption to he part of workmen's 
compensation. See: City of Manitowoc r. Iowa National Mutual lnsurat.ee 
Co.. 68 Wis.2d 722. 22!) N.W.2d 57' ( 1975). Iowa National refused ti. •>  
domnify its insured, City of Manitowoc, for survivor’s honetYs paid under 
a statute allowing a fireman's widow compensation for any work-related 
disease causing the death of her husband. Iowa National’s argument \\as 
that the special statute for firemen was a pension statute rr.titer than a 
compensation one and therefore outside the policy rnvernge. The court >r- 
dered payment by the insurer, rejecting this argument.

As to the Alabama situation, see I lie following cases:
City of Tuscaloosa *. Howard. 55 Ala. App. 781. (US So.2d 729 (l!)7.i). 

The claimant, a 20-yenr veteran of the fire department, experienced chest 
pains while performing housekeeping dutios at the fire station. Ho left work 
at the end of the shift and reported to his second job. He Inter -.might medi­
cal attention. After two weeks of hospitalization, the physician determined 
that during the preceding week the claimant Imd suffered a heart attack. 
He was hospitalized for a total of a month and was not permitted to return 
to his duties for two and onc-half additional months. Tin- elan am pre­
sented his claim under the Workmen's Comp>.<lNAfimi Act under 'hree alter- 
native ihenries: first, tlmi as a city cmpl-.yeo. he had suffered a eompcnsaiue 
injury while in the scope of his employment; second, that he win. entitled to 
compensation under ocrupnliniml disease provisions (Title 2(i, Chapter rt.



7-15:1 OCCUPATIONAL DISEASE § 41.72

Article 2C); third, that he was entitled to workmen's compensation under 
the Fireman's Heart and Lung Disability Act. The trial court found com­
pensation due under each theory. The Court of Civil Appeals reversed and 
remanded, stating that, as a matter of law. the claimant could not recover 
workmen's compensation benefits under any of the theories. First, the 
Court held there was no accident within the definition of the Act. because 
there was no evidence that the strain and exertion of rhe claimant's work- 
caused the injury. Second, the Court ruled, as a matter of first impression, 
that myocardial infarction resulting from progressive arteriosclerotic heart 
disease was not a hazard of employment of a fireman, was not particular to 
that occupation, and did not result, from the nature of the employment. Fi­
nally. the Court held that benefits payable under rhe Fireman's Act are to 
come from separate pension funds, and are separate from and need not he 
identical in amount to workmen's compensation benefits.

Norris v. Seihels. 353 So.2d 11(55 (Ala. 1977), 35;} So.2(l 1169 (Ala. App. 
1978). Under the provisions of Title .'17. section 450(4). all municipal fire­
men within the state were eligible for benefits for heart disease and hyper­
tension as if injured in the course of their employment. The law including 
this section was applicable only to firemen. Subsequently, an amendment to 
the municipal pension laws excluded municipal firemen in cities with over 
250,000 inhabitants (i.e. Birmingham) from tho coverage of « 450(4). The 
Court of Oivi' Appeals held that the amendment did not violate the equal 
protection cla sc of the United States Constitution. On appeal, the judg­
ment was rove sod. The court held that there was no reasonable relationship 
between tho clrusificatiou and purpose of the pension inw, to provide protec­
tion from disnl ility to firemen disabled by occupations I disease.

See also: Mitchell v. Public Employes' Retirement Board, 28 Or. App. 
:|:I9, 559 P.2d 11125 (1977). The court held th.it the refusal to apply a Work­
men's Compensation Act presumption—that a heart attack is related to a 
fireman's employment—to the Public Employes' Retirement system was 
proper.

See alsopas to the Pennsylvania coordination problem:
Commonwealth v. Oil City, 15 Pa. CtmvlHi. 544, 328 A.2d 17b (1974). The 

claimant had been employed as a fireman with Ihe City Fire Department for 
approximately twenty years. In November. 1970. while fighting an espe­
cially tragic fire, the claimant had suffered a heart attack and incurred 
right Inbar pneumonia. The incident resulted in temporary, total disability 
from that time until May, 1971. when tho claimant returned to duty. The 
claimant's heart disense came within the provii ons of the Pennsylvania Oc­
cupational Disease Act. Ho was also entitled to compensation payments dur­
ing the period of temporary disability to lie paid by the city. The city 
continued to pay the claimant his full rate of salary. The city was only 
required to pay $60 per week, which is the amount, payable under the Oceu-

(iici. x v T i )  (Mvo.cii. ti
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§ 4 1 .7 2 ( a ) PERSONAL INJURY BY ACCIDENT 7-154presumption of work connection when these diseases result, from performance of active service.The commonest controversy generated by these statutes has centered around the strength of that presumption. The best way to measure this strength is by the negative test o f how much it takes to rebut or overcome the presumption.
§ 41.72(a) Rebutting the presumption of work-conr.ection under police 

and firefighter statutes.The possible grounds for rebutting 111*;: presumption vary so widely that the end product varies from a virtually irrebutta­ble to a virtually  worthless presumption.In  C aliforn ia  (by statute), M ichigan, and Tennessee, the presumption cannot be rebutted merely by evidence of preex­isting heart disease.5 M ichigan and "Wisconsin even hold that
( Ti!Jt continued on ji.tgc 7-ttiti)

patioual Disease Act. The city did not pay the claimant's hospital, doctor, 
and drug hills. The claimant filed a claim seeking compensation under the 
Occupational Disease Act. The referee held that compensation under the Act 
should be suspended until a loss of earnings was shown by the claimant. It 
also held that the Commonwealth was liable for all hospital, medical, atul 
drug bills. On appeal, the Board held that the ( nmiiinnwealth was liable not 
only for medical expenses, hut also for occupational disease compensation at 
the rate of $50 per week. It held that the city was subrogated to receive all 
said payments. The Commonwealth Court affirmed. If held that, pursuant 
to a lihi/j amendment to the Occupational Disease Act. the Commonwealth 
was primarily liable for compensation to fireine.i who suffer from heart and 
lung diseases. When a city has made payments to a fireman under the 
Heart & Lung Act for a disability also compensable under the Occupational 
Disease Act. that city is entitled to he reimbursed to the extent the fireman 
in entitled to compensation under the Occupational Disease Act.

5 “ Such heart trouble or pneumonia so devolo ting or manifesting itself in 
such cases shall in no case he attributed to any disease existing prior to such 
development or manifestation." Cal. Labor Cudt j .'(212.5. This passage was 
added by amendment in l!)5!l.

Turner v. Workmen's Compensation Appeals Hd., 258 Cal. App. 2d 442, 
1)5 Cm. Rptr. 825 ;ll)fi8 ). California provides that for policemen with five 
years’ service, heart trouble developing or man fitt ing itself while the offi­
cer is in the service of the police department i« presumed to arise out of and 
in the course of the employment, atxi that urh heart trouble can not lie
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t —i.'i r, OCCUPATIONAL DISEASE $ 41.72(a)

attributed to preexisting disease, Claimant, a police offoier. suffered a 
heart attack while on duty, and the only medical evidence presented in­
dicated that the attack was due to preexisting heart disease, and nor in any 
way connected with his work. Held: Presumption of compensability could 
not be rebutted by showing of preexisting heart disease. Denial of compen­
sation reversed.

Russa v. Workmen's Compensation Appeals Bd., 259 Cal. App. 2d 261, 66 
Cal. Rptr. 204 (l!)6S). Decedent, a fireman, suffered a fatal heart attack 
working at a second job, The attack was found to have been caused by 
preexisting atherosclerosis, and benefits were denied. Tile denial was rev­
ersed, on the ground that since claimant was a fireman, a heart attack oc­
curring during bis period of service was presumed to he compensable, and 
this presumption could not he rebutted by attributing the attack to any 
preexisting disease.

City and County of San Francisco v. Workmen's Comp. App. Bd., 49 Cal. 
App.dil 6i>9. 122 Cal. Rptr. 599 (1976), aff 'd . 583 P.2d 151 (1978). The clai­
mant's decedent was employed as a San Francisco police officer from 1943 
to 1968. When lie suffered a fatal heart failure in 1972, bis widow and 
minor daughter claimed benefits from the city. '"lie city challenged a state 
statutory presumption that a policeman's heart trouble arose out of and in 
the course of bis employment. Medical testimony was introduced to the ef­
fect that the decedent's condition was progressive and not conclusively 
related to bis employment. The court held that the statutory presumption 
was not a “ denial of due process" nor "an unconstitutional invasion of the 
municipality's domain" by the state. The court also gave effect to an 
amendment providing ttint the statutory presumption "cannot he rebutted 
by a pre-existing heart disease." Benefits were awarded. Treatise cited in 
majority opinion and dissent. Bee further reference to the constitutional 
issue, which focused entirely on the. passage quoted at the beginning of this 
note, at j 41.72 (e) infra.

Mit'lu'ptiii: Behave v. Department of State Police. 58 Midi. App. 178. 227 
N.W.2d 278 ( 1975). The claimant was a policeman who alleged his heart 
condition was a result of his employment. The court ruled tlint the statutory 
words "in the absence of evidence to the contrary" did not allow the pre­
sumption in the plaintiff’s favor to h-> rebutted by evidence of preexisting 
heart disease or medical opinion tlint the occupation bad no effect. In order 
to avoid the presumption, the defendant must introduce evidence of non- 
work related causation. Treatise quoted. _

TennfMfet Oily of Oik Ridge v, Campbell, 511 S,W.2d 686 (Tcmi. 1974). 
The employee, a city policeman, suffered a myocardial infarction while per­
forming bis duties, lie sought a I00M usability classification, which was 
challenged by employee's employer and employer's insurance carrier on tint 
ground that the injury producing the disability was not an " . . .  injury by

(Hr! N.. 27-.V7S) M.WI'-t'l, 7 .



§ 41.72(a) PERSONAL INJURY BY ACCIDENT 7-l.Wflie presumption cannot bo rebutted by medical opinion that the occupation bad no effect on the weakened heart.6 How then can the employer rebut the presumption? M ichigan, in the case61 holding that neither of these two62 showings are su fficien t, provided the answer: by affirm ative proof of non- occupational causation. It. is interesting to note that. Michigan achieved this result under a statute that creates the presuinp-
accident arising out of ami in the course of employment . . . "  The Court 
held that the employee was entitled to the 100/o disnl. !ity classification be­
cause the employee satisfied the statutory criteria which provided a pre­
sumption that the disability occurred " . . .  duo to accidental injury suf­
fered in the course of employment." The statutory criteria which employee 
satisfied which gave the employee the presumption were: ( 1) the disabled 
employee was employed hv a regular law enforcement department maimed 
by full-time employees: (2 ) the employee suffered a disability resulting 
from hypertension or heart disease: and (d) prior to such churned disability, 
the individual had had a physical examination which did not reveal heart 
disease or hypertension. The Court also held that the presumption was not 
rebutted by the fact that a doctor's testimony established that employee was 
suffering from arteriosclerotic heart disease in tho day iti question, and that 
the medical doctor would not have recommended that the employee pursue 
his regular nighttime duties, at which time the infarction occurred.

6 Michigan: Schnvo v. Dept, of State Police, N. 5 immediately supra under 
.Michigan. Treatise quoted.

IVisconsin: Spcrbeek v. Department of Indus., Labor & Human Rotations. 
48 Wis. 2d 282. 174 N.W.2<1 540 ( 1!I70). Wisconsin provides a rebuttable 
presumption that n fireman who sustains a heart attack under certain cir­
cumstances has had a compensable heart attack. The employer sought to 
relmt the presumption through the testimony of a doctor who was of the 
opinion that the occupation of a fireman had no effect on tho arterioscle­
rotic heart disease that resulted in decedent's heart attack. The court held 
that this was not tho type of testimony that could rolml the presumption, 
since in enacting tho legislation that created ihe presumption, tho legisla­
ture had rejected tho school of medical opinion espoused by this doctor.

6,1 Sehavo v. Dept, of State Police. N/> supra this subsection undei .i/i'e/n- 
gan. Treatise quoted.

6 2 When only one of the two showings is ruled mil by statute, as Ihe first 
is in California, the Supreme Court of California has held that this limited 
trimming of the scope of rebuttal does not create a constitution,ally quo*- 
tionablo “ irrebuttable presumption." City and County of San Francisco v. 
WCAR, S . 5 supra ibis subsection under California. See further discussion 
of the constitntmiial point infra at $ 41.72(c).



7-457 OCCUPATIONAL DISEASE § 41.72(a)tion ‘ i n  the absence of evidence to the con trary .”  This “ con­tra ry ”  evidence, then, can not lie merely negative; it. must lie positive proof of a cause independent of the employment.The intermediate position is represented by the rule in L o u ­isiana6 6 and New H am pshire.6’4 In  those states the presump-
6-3 Vincent w City of New Orleans, .’>28 So.2d 401 (La. App. 1.075), writ 

denied, no error, .'{20 So.2d 780 (19705). Act d:)7 of 15)68 provides that: "Any 
disease or infirmity of the r .art or lungs which develops during a period of 
employment in tin* classified fire service of Louisiana shall he classified as a 
disease or infirmity connected with the employment . . . Such disease or 
infirmity shall he presumed, prima facie, to have developed during the em­
ployment whenever same is manifested at. any time nfter the first five years 
of employment.” Li a suit to recover permanent and total disability, a 14- 
ycar veteran fireman alleged that his duties caused or accelerated the cardi­
ovascular disease and angina pectoris which resulted in his retirement. The 
employer offered no proof to rebut the testimony of tho claimant's expert 
witness, who stated that there was a direct correlation between the physical 
and emotional stress of the claimant's job and Ids disonse. Tho Court of 
Appeal affirmed an award of benefits, stating thnf the statute shifts the 
burden of proof to the employer, who must prove the lack of causation he- 
twecii tho disease and the employment. Tho Court concluded that the City 
had failed to prove the negative. Act .'!0 of t!)?5, passed after this decision, 
specifically provides that manifestation of heart or lung disease after five 
years employment is presumed not. only to have developed during the em­
ployment, hut also is presumed to have been caused by or to have resulted 
from Ihe nature of the employment.

See also: Bnse v. City of New Orleans, 44!) So.2d .'t!)7 (La. App. 11)77). 
The plaintiff was employed as a fireman. In 11)85 lie sustained a knee in­
jury. which loquired him to miss over one venr of work. He brought suit for 
compensation in III88 . alleging that the injury was work-related hut had not 
manifested itself until 15)07. In l!)7.’t lie amended his eomplainl, alleging 
total permanent disability from obstructive lung disease resulting from flu* 
inhalation of smoke at a marsh fire. Tho plaintiff bad a pre-existing bron­
chitis condition. The plaintiff's treating physician testified that bn thought 
the marsh fire had at least aggravated the plaintiff's condition. The trial 
court awarded permanent total disability benefits. On appeal, the defendant 
contended that the amendment to the old complaint should have not been 
allowed, because it slated a cause of aol.iwii arising a lter the date the com­
plaint was filed, and Hint tho evidence was not sufficient for a finding that 
the plaintiff's lung condition was related to his work. Tho judgment was 
affirmed. The court held that the defendant was not prejudiced by the 
nmendmeni, even though its eoiitcnlion was technically correct. The plain-



§ 41.72(a) PERSONAL INJURY BY ACCIDENT 7-1.7.stion shifts the burden of proof as to employment causation, and it is possible for the employer to rehut the primn facie ease based on the presumption by proving a negative: that rhe employment, did not contribute to the in ju ry .Ar the other extreme is the rule in Oregon, which is ac­counted for to some degree by the particular choice of words in the statute, which speaks of a “ disputable”  presumption. Oregon has taken rhe position that i f  the employer presents any evidence challenging the work-conncctiun of tin? injury, the presumption has been “ disputed” ;6-5 apparently this puts
tiff was not entitled to the statutory presumption that his lung condition 
developed during his firefighting performance, because it developed prior to 
rat her than after bis first five years of firefighting work. Nevertheless, the 
court held that the plaintiff bad proved bis case In a preponderance of the 
evidence.

6,4 New Hampshire Insurance Co. v. Duvall, 4.47 A .2d 54.4 (N.H. 11)75). A 
New Hampshire statute established a pritna facie presumption that heart or 
lung disease in a firefighter is occupationally related. Pursuant to the stat­
ute, .a labor commission regulation required insurance carriers to pay com­
pensation within ten days after a fireman proved that be bad such a disease, 
unless the carrier offered rebutting medical evidence (defined as evidence 
that the “disease is not work related") within that tune. The court con­
strued the statute to permit, rather than to require, tlm commissioner to 
order such payments within ten days. It hold that the regulation, insofar as 
it provided insufficient time for an insurance carrier to obtain rebuttal evi­
dence and allowed no extensions of time, unconstitutionally deprived carri­
ers of their property without luc process of law,

6 5 Norris v, Slate Accident Insuraiiee Fund. 27 Or.App. 557 P.'.’d til 
(l!)7f>). Tho claimant, a fireman, suffered a myocardial infarction nt home 
after experiencing chest pains at work that day. hi Oregon, ehuumin-l'iro- 
men arc aided by a disputable presumption that a heart attack is work- 
related. In this case, there was opposing medical tortimony that the attack 
was not work-related. The court held that, ibis testimony disputed the pre­
sumption, and that the claimant bad failed to meet Ins burden of proving 
work-relation. Therefore benefits wore denied.

Pflughniipt v, Statu Accident Iirurnnce Fund, 2<i Or.App. 77, 552 P.2.1 
284 ( 15)70). The claimant, a fire chief, suffered a myocardial infarction m 
borne. Ho filed a claim for benefits based on a statutory "disputable prc- 
sumotion" of work-coiiiicction for certain occupational d iseases occurring 
in fironii'ii with a certain tenure. The court held Ihuf t ' c  testimony of two



7-55!) OCCUPATIONAL DISEASE § -11.72(a)matters right back where they would have been without the presumption, and the claimant must, proceed to prove his case in the usual way. The only usefulness the presumption would have for the claim ant, then, would he to support an award if no opposing evidence whatever was offered by the employer. Since it would be a rare case in which the employer could nor find some testimony to “ dispute”  the presumption in this sense, the characterization of this kind of presumption at the outset o f this subsection as “ virtually  worthless" does not seem exaggerated.Expressions can also he found in Minnesota cases suggest­ing that, a roughly sim ilar rule has hesn accepted there. Tim s, iu J c r a b e k  v. T c t c p r o m p tc r  C o r p .,1 the cmirt stressed rliat the presumption was only a “ rule o f law dictating decision on unopposed fa c ts .”
employment was sufficient to dispute the presumption. Affirmative proof 
of what did cause the attack was not required to dispute. Thus, with the 
presumption gone, the claimant, had no case and benefits were denied.

1 255 X.W.LM 477 (Minn. 1077). The claimant, a 25-year veteran of the 
City of Rochester fire department and part time employee of Teleprompter, 
experienced severe chest pains while working for Teleprompter. He hnd ex­
perienced less severe pain the previous day while a t  Ihe firehoitsc. At the 
hearing, two doctors testified. They agreed that tho employee had suffered 
one myocardial infarction, but disngrecd as to any relation between the in­
farction and the claimant's job as a firefighter. Thu compensation judee 
found that the claimant's personal injury arose out of and iu the course .if 
both employments equally, and held each employer liable for a percentage of 
benefits equal to the percentage which each had contributed to the total pre 
injury earnings. On appeal, the Worker's  Compensation Court of Appeals 
found tlmt the claimant, had performed ''arduous duties" in participating 
in firefighting activities which led to two myocardial infarctions. Conse­
quently, it assessed all disability payments against, the city. The Supreme 
Court reversed, citing a lack of evidence that there were two infarctions. 
The court noted that there was substantial evidence to rebut the statutory 
presumption, embodied in Minn. St. 178.011. sulxl. 15. that a fireman's 
heart failure was occupational, "W e have frequently characterized this 
statutory presumption as a rule, of evidence. It is not. evidence. It is, rather, 
‘a rule of law dictating decision on unopposed facts. . . . ' " 255 N.W. at



§ 4 1 .7 2 (b ) PERSONAL INJURY BY ACCIDENT 7-4(50

§ 41.72(b' What persons are coveredThe typical statute covers police or firefigh ters or both. Inevitably there has been pressure on legislatures to extend the statutes to categories of employees sim ilar or related to these. T hus, Minnesota started with members of organized fire departments in 19fJ5;a in 1957 added members of organ­iz ’ d police departments;9 then in 1959 the highway patrol;10 and in 196:1, members of Ihe game warden service and State Crim e B u re a u ."The courts, however, have displayed no disposition to en­large tne protected circle by stretching the statutory language beyond its normal meaning. Tim s, when C aliforn ia  extended its police coverage to embrace campus policemen in the Uni- \.irsit.y of California system , the court, declined to interpret, it as covering Californ ia State F n iv e rsity  policemen."-1 Simi­larly . it refused to stretch coverage of full-tim e salaried deputy sheriffs to include a deputy coroner who was also a deputy s h e r iff.11,2
8 Minn. I-nws 1955, Oh. 208.
9 Minn. Laws 1957, Ch. 854. Sen also Minn. Laws 1955, Cl>. .‘54, will* spe­

cial compensability of tuberculosis of policemen due to contact with the dis­
ease. Orav v. City of St. Paul, 250 Minn. 220, 84 N.W.2d 000 (1957),
awarded compensation to policeman who had intermittently ridden in a po­
lice ear with a fellow officer who had tuberculosis.

10 Minn. Laws 1959, Oh. 20.
"  Minn. Laws 196:5, Oh. 497.
1U Saal v. Workmen's Comp. Appeals Bd.. 50 Cal. App.ttd 291, 12:1 Cal. 

Rptr. 506 (1975). The claimant was a campus police officer employed by the 
Oalifornir Slate University. After suffering a heart attack, be claimed 
benefits based upon statutory provisions that the heart trouh « of certain 
classes of policemen was presumed to have arisen out of and in fi.e course of 
tneir employment. The special provisions had been extended to i.ovcr cam­
pus policemen in the University of California system, but not California 
Stale University. The court held that the presumption did not apply to the 
claimant. Noting the "wide discretion” of the legislature to make classifica­
tions, the court fufind that, the legislature "lias proceeded step-by-step in 
conferring additional benefits upon certain peace officers with respect to 
certain employment hazards."

C■
A

d:

If
H•tr

:P

•-> *
J?*

V-’r

Wt>.

inci
1102.
W ii

pin .
hilet:mar
§

O: of t the r
l i :

Bd.. i  
depu;; 
den.tr 
sal,:; •. 
slien .' 
(loiii.o 
rieti ■; 
duty . 
inrei.. 

11.1

Tim c.t 
eir.plu; 
after .-• 
ease A-
• • • t

ing.” 'I 
employ 

11.4 |

520. 71 
snbilit! 
o f  servi 
was eit 
be pres 
wln-tbe

i>v



7 - u ; i OCCUPATIONAL DISEASE § 41.72(c)A question may arise, when statutes speak of ‘ “firefigh ters" or of “ active firefigh te rs ,"  whether clerical or sedentary workers connected with the fire department are meant to he included. Pennsylvania has answered tnis question in the negative, in the case of a dispatcher, on the ground that his work did not expose him to the kind of special hazard contem­plated by the statu te .11,3 California faced the same problem as to a maintenance employee, who. however, was required to at­tend fires, and held that coverage at. least, could not be sum ­m arily ruled o u t.114
§ 41.72(c) Effect of leave or retirementOnce die firefigh ter or police officer is within the coverage o f the special presumption statute, he does not, according to the reported cases that have addressed the issue, lose the bene-

11.2 State Compensation Lis. Fund v. Workmen's Compensation Appeals 
Bd., 251 Cal. App. 2d 772. 5!) Cal. Rptr. 760 (1967). Claimant worked as 
deputy coroner out of the coroner's office, and was also sworn in as a 
deputy sheriff, hut was issued a sheriff's identification card marked "non- 
salaricd." He then developed heart disease, which in the case of a ••deputy 
sheriff employed upon a regular full-timo salary" is compensable. The court 
denied coverage, stating that, even if it was found that claimant was a sala­
ried deputy, he could not he considered full-time iu view of his primarv 
duty as deputy coroner, and therefore was not one of those the legislature 
intended to benefit by this prr,"ision,

11.3 Andes v. City of Lancaster, 2:1 Pa. Cmwlth 56, .'150 A.2d 457 (1976). 
The claimant, a dispatcher for the last four years and eight months of lux 
employment with the fire department, sought occupational disease benefits 
after suffering n benrt attack. The Section I08(o) of the Occupational Dis­
ease Act provided benefits for “diseases of the benrt and lungs resulting in 
. . . disability or death, after four years of more of service in fire fight­
ing.” The court In Id Mint the claimant was ineligible for benefits because It is 
employment did not involve exposure to the hazards of occupational disease.

11.4 Buescher v. Workmen's Compensation Appeals Bd.. 265 Cal. App, 2d 
520. 71 Cal. Rptr. 405 ( 1968). California applies a presumption of compen­
sability to Imart trouble which develops or manifests itself during a period 
of service as an active fire fighter within the Division of Forestry. Decedent 
was employed by tho Division to maintain equipment, and was required to 
be present at all fires in his district. Claimant held entitled to determination 
whether decedent was an "active fire fighter."



§ 41.72(c) PERSONAL INJURY BY ACCIDENT 7 -11>'.'Tit of that presumption when he is on vacation.115 on disabil­ity leave, or in retirement.. California has held that, even under a statute requiring: that a hernia, ro be within the presumption, must manifest itself while the firem an is “ in the service”  of the department, the presumption applies to a fireman who sustained a hernia while on disability leave, who had intended to retire at the expiration of the leave, and who had actually moved awav from the c ity .11,6California has also applied its heart statute to an already- retired policeman who suffered a heart attack two months after the statute creating rhe presumption was passed.11-7
11-5 Schwartz v. City of Duluth, 2f>4 Minn. 514. 11!) X.W.2.1 S22 (lilfi.t). 

Fireman’s fatal coronary thrombosis while on vacation held compensable as 
causally related to coronary sclerosis, an occupational disease developed 
during the course of his employment as a fireman.

l1-1' Smith v. Workmen’s Comp. App. Bd., 45 Cal. App. ltd li>2, 119 Cal. 
Rptr. 120 (1975). A city fireman sustained a back injury during the course 
of his employment. On the basis nf his back disability, be received full-pnr 
disability status for one year. He spent a full year in this status and retired 
at the year's end after 28 years of service. He physically moved from •lie 
city at tho beginning of the one-year disability period. During the eleventh 
month of the disability period, he sustained n hernia. He applied for work­
men's compensation benefits for expenses related to this condition. IIis tp- 
plicntion was the granted by the referee. On reconsideration, the hoard 
denied his application on the grounds that the injury was not work-related. 
At tho referee's hearing, the city offered no medical evidence that the 
hernia did not arise in the course of his employment. The court of appeals 
reversed the Board's decision, finding that tho fireman was “ in tho service” 
of the city fire department within a statute raising a presumption that a 
hernia, which manifests itself while fireman is “ in the service" arose out "f 
and in course of employment. The fact that the fireman had physically 
moved from the c.i;\, that lie intended to retire permanently at the end of 
the disability period, and that the hernia manifested itself when the disabil­
ity period had r nosl expired were not sufficient to rebut .he statutory 
presumption.

11,7 Kniser/Porumnonte v. Workers' Comp. Appeals Bd., •> 1 Cal. A pp.2d 
408. 1112 Cal. Rptr. fid ( l!»7fi). A state police officer retired in 1972 after 2.1 
years of service. In 1972, ..to legislature created a statutory presumption 
that a policeman's heart trouble arose out "f and in the course «i’ Ins cut-



7-Hi: i OCCUPATIONAL DISEASE S 41.72(d)

§ 41.72(d) What injuries are coveredC aliforn ia  has encountered some d ifficu lty  in construing the broad term “ heart trouble”  in its statute. In  its most ex­pansive holding, M m n i k  W C A B , n 3  it concluded that the term should include a firem an’s hypertension. Two years later, however, in. C o y n e  u. V S C A B ,11*  it stopped short o f ex­tending the term to cerebral vascular stroke. The court had to distinguish both M m n i k  and the earlier case of S t e p h e n s  r.which had reversed and remanded a refusal to ap­ply the presumption to acute and chronic arteriosclerotic dis­ease. The key to the distinction was that in Cot/m  the disability, although traceable to the arteriosclerotic disease, manifested itself as the result of the independent, process of that disease in a part, o f the body removed from the heart.
ploymcut. Two months later, I he retired policeman suffered a heart attack. 
Finding sufficient evidence to establish that the heart trouble developed 
while he was a policeman. I ho court held that the officer was entitled to the 
benefit of the presumption. The court stated that its holding "does not re­
sult m retroactive application of the statute" under the circumstances.

118 51 Cal. App. 2d t>22, 124 Cal. Rptr. 407 (1075). The claimant was a 
fireman f o r :!:{ years. California law provided that a fireman's "heart trou­
ble" was compensable because it was presumed to arise out of and in the 
course of his employment. The court held that “ the phrase heart trouble 
assumes a rather expansive meaning," and included the claimant's hyper­
tension within its scopa. In reversing the appeals hoard denial of coverage 
based upon "an unduly restrictive definition " the court found that an ex­
pansive definition of tho phrase was needed to effect tho legislative intent.

11-9 ill) Cal. App..M 770. IMS Cal. Rptr. M7.'! ( 1!)77). The petitioner, a city- 
employed fireman, sustained a cerebral vascular stroke while at home, 
which resulted iu total permanent disability. The medical evidence indicated 
that he hail previously suffered from arteriosclerotic occlusive disease, a t­
tributable to such non-industrial factors as inheritance and the aging  ....
css. and that the stroke would have occurred when it did irrespective of any 
prior activities. The court held that the statutory presumption of "heart 
trouble" arising mil .if and in the course of employment as a fireman was 
inapplicable, since the petitioner's disability manifested iiself from the in­
dependent process of his arteriosclerotic disease in a part of the body 
removed from his heart. The Board's denial of compensation benefits was 
affirmed.



§ 41.72(d) PERSONAL INJURY BY ACCIDENT 7—|fr|C aliforn ia  had also held, in the earlier cast; o f H u k t'r  r. n rC A B . n  n  that oardiae neurosis cruised by the stresses of a firem an’s work was not a true heart attack and did not in­volve heart disease. The impact of the decision was softened, however, by the conclusion that a case for compensable injury had been made independently of the presum ption.1112
11.11 18 Cal. App. 2d 8.72. %  Cal. Rptr. 279 (1271). The claimant had been 

a full-time fireman for 25 years. In IJW58, he linil t.ne particularly severe 
exposure to acrid fumes, and suffered severe chest pains, and expectoration 
of blood and mucous. The symptoms recurred with progressive intensity 
and frequency thereafter. By 11)58, lie complained that his condition had 
become so disabling that he could no longer work. The referee found flint 
the claimant had developed heart disease in the course of his employment 
and awarded benefits accordingly. The Board on reconsideration found that 
claimant did not have heart trouble and reversed the award. Tho court of 
appeals agreed with the Board that there was ample evidence for a finding 
that the claimant had not suffered a true heart attack. However, the court 
found that claimant was in fact disabled from what appeared to he "cardiac 
neurosis" caused by the stresses and anxieties of his employment experi­
ence, and that an award on this basis was in order. Since the claimant was a 
fireman, there was injected into the case the argument that, by Labor Code 
>j .1212, a fireman’s benrt attack is presumed to arise out uf his employment. 
This (iresumption obviously was out of place here, since no heart disease 
was involved. The presumption relates to causation of heart disease, once it 
is established that 'c a r t  disease is the injury involved. The presumption 
does not serve to aid in proving tlini the disahi’:ry itself was in fact pro­
duced by heart trouble. Treatise cited.

11.12 The claimant can, of course, if lie prefers, prove I,is ca.<e without the 
aid of the statute.

Becklinm v. City of New Orleans, 827 So.2d -180 (La. App. 1075). writ 
denied, no error, 822 So.2d 278 ( 1075), A fireman, who was suffering from 
coronary artery disease ami angina pectoris, became dizzy and experienced 
ehost (rnins while fighting a fire. A medical expert testified that the clai­
mant's activities prior to fire-fighting played a major part iu causing the 
heart conditio.i. Tito court held that, the disability was cniupausahlc under 
the workmen’s compensation statute, even though occasioned by usual am! 
customary activities connected with tho employment. Sir.ee the claimant 
proved his case under Ihe workmen's compensation statute, ihe court held 
tlmt lie need not roly on the Pirefight's Heart and Lung Bill.

Sen also New Hampshire Ins. Co. v. Duvall, 287 A.2d .Tt.’t (N.H. l!)7,*u 
J 41.72 N.4 .s'/i/iru. holding that n regnli lion issued under ihe New Hamp­
shire statute was utu'ous!national insofar as it required carriers to begin



OCCUPATIONAL DISSA'SZ

§ 41.72(e) C onstitu tionality  of special police fircfighters sta tu tesThe first .stare to consider the constitutionality of a special police-firefightcr type of statute. North Carolina, found it unconstitutional as class legislation.12Since then, three states— C aliforn ia ,121 Connecticut , ’ 22 and M arylan d123— have held such provisions constitutional, and Alabama has also upheld its more separate Firem en’s Heart, and Lu n g D isability A ct, although its coverage was con­stricted by an amendment excluding, in effect, firemen in B ir­m ingham .12,4
pnymmtf in these cases within ten days unless within that time they offered 
evidence that the disease was not work related.

12 Duncan v. City of Charlotte, 2114 N.C. 86 . 66 S.E.2d 22 (1951). Com- 
mission had awarded benefits for death of a fireman which occurred on his 
vacation.

121 City and County of San Francisco, v. W.O.A.B., 582 P .2d 151 (Cal. 
1978), $ 41.72(a) supm. Treatise cited iu majority opinion and dissent. Tho 
opinion contains an excellent analysis of the background and justification 
for this typo o f  statute, and o f  the various constitutional issues — including 
the constitutionality of alleged "irrebuttable presumptions."

1, 2 0 rover v. Town of Manchester, 957 A.2d 922 (Conn. 1975), upp. ilium '</ 
44 I..W. .U82 (1975). The court held that a special statute on heart and 
hypertension eases of police was not unconstitutional.

12.3 C. Colgan v, Board of County Comm'rs for Prince. George's County, 
21 Md. App. T tt .  .120 A.2d 82 (1974). aff 'd, 274 Aid. 19:1, TU A.2(1 89 
(1975). The appellant, a fire fighter, claimed workmen's compensation bene­
fits under a statute which provided that any impairment of health of n fire 
fighter caused by lung and heart disease (“• 'hi be presumed to hnvo boon 
suffered as a result of employment. The V" nen’s Oomponsniion Commis­
sion dissmissod tho claim. The circuit cou.,. affirmed, finding that the s ta t­
ute was in violation of the Constitution of Maryland. The Court of Special 
Appeals reversed, holding that the statute did not violate the slate constitu­
tion, It held that the statute did not violate due process or equal protection 
clauses of tlie federal constitution.

13.4 Norris v. Seibois, :i5.i So.2d 1165 (Ala. App. 1977). IlSIt 3o.2d till!) 
(Ala. App. 1978), $ 41.72 N.4 supra.
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Alaska State LegislatureSenate
Official Business Pouch V State Capitol Juneau, Alaska 99811

TO: S e n a t o r  R i c h a r d  E l i a s o n
F R O M :  S e n a t o r  J o e  J o s e p h s o n
DATE: F e b r u a r y  27, 1984

RE: SB 262, P r e s u m p t i o n s / A l a s k a  W o r k e r ' s  C o m p e n s a t i o n

S B  262 r e l a t i n g  to P r e s u m p t i o n s  in A l a s k a  W o r k e r ' s  
C o m p e n s a t i o n  l a w  r e l a t i n g  to f i r e f i g h t e r s ,  p o l i c e  a n d  
e m e r g e n c y  m e d i c a l  p e r s o n n e l ,  h a s  b e e n  a s s i g n e d  to the S e n a t e  
L a b o r  a n d  C o m m e r c e  C o m m i t t e e .

T h i s  b i l l  is v e r y  i m p o r t a n t  a n d  I w o u l d  l i k e  to see it 
m o v e d  as s o o n  as p o s r i b l e .  I w i l l  be  h a p p y  to m e e t  w i t h  you  
at any ti m e  to d i s c u s s  c o n c e r n s  y o u  m a y  have.



Glenn C. Smith 
P.O. Box 874421 
W a s i l l a ,  Alaska 99687

r a n a to r  E l iason  
Pouch V
Juneau,  Alaska 99811

Re: Sponsor S u b s t i t u t e  f o r  Sena te  B i l l  262 in t h e  L e g i s l a t u r e  o f  t h e  S t a t e
o f  Alaska T h i r t e e n t h  L e g i s l a t u r e  -  Second S ess ion

Dear S ena to r  E l ia so n :

I would l i k e  to  ex pre ss  my personal  op in ion  on Sena te  B i l l  262 proposed by Sena tor  
Josephson and Rodey.

As you know, t h i s  r e l a t e s  to  "an a c t  r e l a t i n g  to  presumption under th e  Alaska Workers'  
Compensation A c t" ,  S ec t io n  AS 23 .30 .120 .  I would assume t h a t  t h e r e  i s  a s t a t i s t i c a l  
base to  su pp or t  a b i l l  t h a t  t h e r e  i s  a r e b u t t a b l e  presumption t h a t  f i r e f i g h t e r s  and 
policemen have a g r e a t e r  f requency o f  h e a r t  o r  lung d i s e a s e ,  to  in c lu d e  h y pe r ten s ion .
I would a t  t h i s  t im e ,  submit  a r e q u e s t  f o r  t h a t  s t a t i s t i c a l  base to  suppor t  B i l l  262.

Judging from a laymen's o b se rv a t i o n  o f  th e  phys ica l  c o n d i t i o n  o f  long term f i r e ­
f i g h t e r s  and po licemen ,  I have some doubt t h a t  h e a r t  o r  lung d i s e a s e ,  to  in c lud e
h y p e r ten s io n ,  i s  jo b  r e l a t e d  but r a t h e r  s e l f - i n f l i c t e d  due to  n e g l e c t  by the  i n d i v i ­
d u a l s ,  when in  f a c t ,  they  a re  c a l l e d  upon to  be not on ly  m e n ta l ly  a l e r t  bu t  p h y s i c a l l y  
capab le  o f  performing t h e i r  d u t i e s .  Beyond t h a t ,  as s t a t e d ,  I know o f  no s t a t i s t i c a l  
base to  su pp or t  t h e  f a c t  t h a t  h e a r t  or  lung d i s e a s e ,  to  in c lu d e  h y p e r te n s io n ,  i s  more 
p r e v a l e n t  in  f i r e f i g h t e r s  o r  policemen than in genera l  l a b o r ,  t r u c k in g  i n d u s t r y ,  ware­
housemen, o r  f o r  t h a t  f a c t ,  s e n a t o r s .

To impose t h i s  type  o f  presumption in a d d i t i o n  to  i n c lu d in g ,  "t ime immediate ly fo l lo w ­
ing the  t e r m in a t io n  o f  employment", means a pe r iod  o f  t im e ,  no t  to  exceed 60 months 
would, I b e l i e v e ,  cause  undue l i t i g a t i o n  expense in  a d d i t i o n  t o  l i a b i l i t y  expense 
to  m u n i c i p a l i t i e s  th roughout  the  S t a t e  no t  to  mention v o lu n t e e r  depar tments  in small 
communities.  This expense would u l t i m a t e l y  be l e v ie d  back a g a i n s t  each and every 
in d iv id u a l  w i th in  th e  S t a t e  o f  Alaska.  I look forward to  hea r in g  from you reg a rd ing  
t h i s  proposed b i l l .

R p q n p r t f u l  1 v  Y n u r < ; .

GlenrrC. Smith

GCS/fm


