
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to  photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.

1 .T he sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to  continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate th a t the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 N orth Z e e b  R oad
Ann A rbor, M ichigan  48106



7 5 -2958

ABRAMS, James Lloyd, 1946- 
OCCUPATIONAL MORTALITY AMONG PROFESSIONAL 
FIREFIGHTERS.

The U niversity  o f Oklahoma, Ph.D., 1974 
Health Sciences, public  health

Xerox University Microfilms, Ann Arbor. Michigan 4si os

© 1974

JAMES LLOYD ABRAMS

ALL RIGHTS RESERVED

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.



THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

OCCUPATIONAL MORTALITY AMONG PROFESSIONAL FIREFIGHTERS

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in  p a r t i a l  f u l f i l l m e n t  o f  the  requi rements  f o r  the

degree o f  

DOCTOR OF PHILOSOPHY

BY

JAMES LLOYD ABRAMS 

Oklahoma C i ty ,  Oklahoma 

1974



OCCUPATIONAL MORTALITY AMONG PROFESSIONAL FIREFIGHTERS

APPR

s .
/ r  '

— (f\A. rÀ .

DISSERTATION COMMITTEE



ACKNOWLEDGMENTS

The w r i t e r  extends h i s  s i n c e r e s t  g r a t i t u d e  to  the  committee 

and departmental chairmen. Dr. Carl A. Nau and Dr. Raymond A. M i l l ,  

Department o f  Environmental Hea l th .  To Dr. Nau f o r  h i s  cont inuing  

counse l ,  support  and f r i e n d s h i p  in t h i s  and a l l  o t h e r  graduate  e f f o r t s .  

To Dr. Mill whose guidance and a s s i s t a n c e  s t r eng thened  the course o f  

t h i s  endeavor .

The w r i t e r  f u r t h e r  expre sses  h i s  a p p r e c i a t i o n  to o t h e r  members 

o f  the  Graduate Facul ty  Advisory Committee, Dr. Robert  N. Thompson, 

Department o f  Environmental H ea l th ,  Dr. Edwin W. Mumma, Department o f  

Management, Dr. Alan S. Grubb and Dr. Wilson D. S teen ,  Department o f  

Family P r a c t i c e  and Community Health whose c o n s t r u c t i v e  in f luence  played 

a c e n t r a l  r o l e  in the  complet ion o f  t h i s  e f f o r t .

Special  thanks a r e  o f f e r e d  to  Dr. Charles  Lawrence, Department 

o f  Environmental Hea l th ,  Dr. Kather ine Sohler  and Dr. Donald Parker ,  

Department o f  B i o s t a t i s t i c s  and Epidemiology, whose suggest ions  were 

most va luab le .

P a r t i c u l a r  acknowledgment i s  made to  Messrs.  James Minx,

Whalen Simpson and Thomas Riddle of  the  I n t e r n a t i o n a l  Assoc ia t ion  o f  

F i r e f i g h t e r s  Local 1524, Chief  Byron Hollander  o f  the  Oklahoma Ci ty  F i re  

Department , Mr. B i l l  L iebego t t  o f  the  Oklahoma S ta te  F i r e f i g h t e r s  

A sso c ia t io n ,  and Mr. Ray Long, Ci ty  Clerk f o r  t h e i r  w i l l i n g  coopera t ion

i  i  i



and support .

I am g r e a t l y  indeb ted to  members o f  the Local 1524 Womens 

A u x i l i a r y ,  Ms. Anna Lee Whitaker ,  Ms. Bet ty Ayers,  Ms. Kathy Hamilton,

Ms. Barbara Davis and e s p e c i a l l y  Ms. Skoshi S e l l e r s  f o r  t h e i r  va luab le  

e f f o r t s  in provid ing  records  f o r  t h i s  i n v e s t i g a t i o n .

To members o f  the  Oklahoma S t a t e  Health Department , Messrs.  

Donald Ransom, Charles  Abbott ,  Ms. I rene  S i lbe rg  and Mr. Roger P i r rong ,  

my thanks f o r  t h e i r  most impor tan t  c o n t r i b u t i o n  in the  p rov is ion  o f  

v i t a l  reco rds .

The a s s i s t a n c e  and approval o f  f in a n c ia l  support  by 

Mr. Leroy G. Mart in  o f  the  U.S. Pub l ic  Heal th  Serv ice  dur ing the  w r i t e r ' s  

assignment  with t h i s  agency i s  g r a t e f u l l y  acknowledged.

Recogni t ion and a p p re c i a t i o n  i s  extended to  the  Veterans 

Adm in is t ra t ion  and U.S. Pub l ic  Heal th  Service (Occupat ional  Fac tors  in 

Hea l th ,  General Purpose T ra ineesh ip  Grant #01209400) whose f i n a n c i a l  

support  pe rm i t t ed  the  p u r s u i t  o f  an advanced g radua te  degree.



TABLE OF CONTENTS

Page

LIST OF TABLES............................................................................................................... vi

Chapter

I .  INTRODUCTION...................................................................................................  1

I I .  LITERATURE REVIEW........................................................................................ 5

I I I .  PURPOSE AND SCOPE........................................................................................  26

IV. METHODS..............................................................................................................  27

V. DATA INTERPRETATION AND DISCUSSION....................................................  38

VI. SUMMARY AND CONCLUSIONS........................................................................... 62

LITERATURE CITED........................................................................................................... 68

APPENDICES

Appendix A...............................................................................................................  82

Appendix B...............................................................................................................  87



LIST OF TABLES

Table Page

1. F i r e f i g h t e r  M or t a l i ty  Data Review........................................................... 83

2. M o r t a l i t y ,  Longevi ty and Working L i fe  C h a r a c t e r i s t i c s
by Central Tendency o f  t h e  Oklahoma City F i re
Department 1930-1973 by Occupational S ta tus  a t
Death................................................................................................................  88

3. Accumulated Person-Years Experience and Deaths
with Corresponding Work Schedules by
Employment and Observat ion P e r io d s ................................................  89

4. Age-Spec if ic  M o r t a l i t y  f o r  F i r e f i g h t e r s
1930-1940.......................................................................................................  90

5. Age-Specif ic  M o r t a l i ty  f o r  F i r e f i g h t e r s
1941-1951.......................................................................................................  91

6. Age-Specif ic  M o r t a l i t y  f o r  F i r e f i g h t e r s
1952-1962.......................................................................................................  92

7. Age-Spec if ic  M o r t a l i ty  f o r  F i r e f i g h t e r s
1963-1973.......................................................................................................  93

8. P ropor t iona te  M o r t a l i ty  by Occupational  S t a t u s ,
Age and Period of  Death......................................................................... 94

9. Comparative Cardiovascular-Renal  M or ta l i ty  Among
F i r e f i g h t e r s  1930-1973........................................................................... 95

10. Working L i fe  o f  Act ive and Pensioned F i r e f i g h t e r s  by
Duration of  Employment in  1974 Person-Years ................................ 96

V I



OCCUPATIONAL MORTALITY AMONG PROFESSIONAL FIREFIGHTERS

CHAPTER I 

INTRODUCTION

The development of  p ro fe s s iona l  f i r e  s e rv i c e s  in  the United 

S t a t e s  has been accompanied by s p e c i f i c  h e a l t h  outcomes among i t s  

workers .  The 855,000 f i r e f i g h t e r s  in t h i s  country (189,000 f u l l  t ime,  

666,000 vo lunteers) ,who  were r e s pons ib le  f o r  ex t ingu ish ing  $2.3 b i l l i o n  

d o l l a r s  in lo s s e s  in  1972, have been c i t e d  as having the h i g h e s t  on - the -  

job death r a t e  o f  any occupat ion in  t h i s  country  [ 1 - 5 ] .  C l i n i c a l ,  ex ­

pe r im en ta l ,  and a c t u a r i a l  r e p o r t s  have a l s o  i d e n t i f i e d  c e r t a i n  d i s ­

a b i l i t y  and m o r t a l i t y  r i s k s  incu r r ed  by t h i s  s e c t o r  o f  the working popu­

l a t i o n .

Although the  dec l ine  o f  the r e l a t i v e  m o r t a l i t y  r a t i o  among i n ­

sured f i remen,from 134 to 120 pe r  cent,  has been c o n s i s t e n t  with 

m o r t a l i t y  dec reases  in  many occupat ions  [ 6 ] ,  the  S eve r i ty  Rate ,  i n d i c a ­

t i n g  days of  d i s a b i l i t y  per  m i l l i o n  man hours of  work, has reached 

n e a r ly  one and a h a l f  t imes the average o f  a l l  i n d u s t r i e s .  Death and 

permanent d i s a b i l i t y  f ig u re s  have r i s e n  to  3.53 per  m i l l i o n  man hours ,  

the h ig h es t  o f  a l l  municipal  employees and comparable to  the hazards  of  

mining [7 ] .  Wise [8]  noted the  American Soc ie ty  o f  A c tu a r i e s '  f ind ing  

regarding the i n o rd i n a t e  r i s k  o f  a c c ide n ta l  death among in su red  f iremen
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s p e c i f i c a l l y ,  t h i s  group expe rienced more than twice the  number of  a c c i ­

de n ta l  deaths  pe r  100,000 exposed ( i . e . ,  12.4)  when compared to  a l l  i n ­

sured  occupied men. Burnap [9 ]  a l s o  made an i n t e r e s t i n g  o b s e rva t ion  in 

1970, when he compared the  r a t e  o f  92 dea ths /100,000 f i r e f i g h t e r s  to  18 

dea ths /100 ,000 f o r  general  i n d u s t r y .  The r e c e n t  "Annual Death and In ­

j u r y  Su rvey" , re lea sed  by the I n t e r n a t io n a l  A ssoc ia t io n  o f  F i r e f i g h t e r s  

[10]  f o r  the  10-year  pe r iod through 1972, i l l u s t r a t e s  the  magnitude of 

oc c u p a t io n a l ly  r e l a t e d  problems wi th  i n j u r i e s ,  occupat iona l  d i s e a s e s ,  

and deaths  showing a pp re c ia b l e  i n c r e a s e s .

Dangers in the  f i r e f i g h t i n g  p r o fe s s ion  have been c l e a r l y  demon­

s t r a t e d  to pose a v a r i e t y  o f  p o t e n t i a l  h e a l th  hazards  to  the  in d iv idua l  

worker [3 -47] .  Exposures s u s ta i n e d  by the  f i r e f i g h t e r  include  i n h a l a ­

t i o n  hazards  from t o x ic  ga ses ,  p a r t i c u l a t e  f r a c t i o n s  and o t h e r  p y ro ly s i s  

products  [ 4 8 ] ,  t empera tu re  ext remes ,  t r a u m a t ic  phys ica l  i n j u r y  [ 1 2 ] ,  and 

unusual phys ical  and mental s t r e s s  [16,  25] over  which he e x e r t s  l i t t l e  

o r  no con tro l  [23 ] .  The t a s k s  he assumes and environment  in  which he 

l abo rs  a re  i n h e r e n t l y  demanding, t y p i c a l l y  u n p r e d ic ta b l e  [ 2 5 ] ,  and 

f avorab le  to  the  evo lu t io n  o f  untoward h e a l th  e f f e c t s .

In a d d i t i o n  t o  the  above dange rs ,  management p o l i c i e s  a f f e c t i n g  

occupat ional  loading o r  "manning" may a l s o  have h e a l t h  i m p l ic a t i o n s  f o r  

the f i r e f i g h t e r  [11,  25] .  Taking Oklahoma City as  an example and c o r ­

r e c t in g  f o r  land a rea  expansion through annexa t io n ,  an a p p re c ia b l e  de­

c rease  in  the d i s t r i b u t i o n  o f  f i r e f i g h t e r s  -  from ten  per  square mile  

to one pe r  square mile  in  the  l a s t  40 y ea rs  - has probably increased  

the t o t a l  s e rv i c e  burden f o r  t h i s  group with d e f i n i t e  h e a l t h  conse­

quences as a r e s u l t .



There has been some a t t e n t i o n  d i r e c t e d  toward the examinat ion 

and r e s o l u t i o n  of  h e a l t h - r e l a t e d  problems b e s e t t i n g  the  f i r e f i g h t e r ;  

however, most r esea rch  has been of  an ad-hoc and s u p e r f i c i a l  na tu re  

[ 3 -5 ,  25] .  Of the  e s t im a ted  $105 m i l l i o n  ded ica ted  to  f i r e  r esea rch  as 

repo r ted  by the  National  Commission on F i re  Prevent ion  and Control [11] ,  

none was a l l o c a t e d  to  examining h e a l t h  hazards  surrounding the  f i r e  

s e r v i c e .  The da ta  t h a t  have been c o l l e c t e d  e x h ib i t  l i t t l e  un i fo rmi ty  

[25] and have only been sub jec ted  to  l im i t e d  s t a t i s t i c a l  ana lyses  [4 ] .  

Perhaps more im p or ta n t ly ,  most o f  the  f ind ings  t h a t  have been compiled 

a rose  from i n q u i r i e s  by the  i n d u s t ry  i t s e l f  o r  insurance  s t u d i e s .  From 

an epidemiologica l  s t a n d p o i n t ,  the  conduct ing o f  independent  i n v e s t i g a ­

t i o n s  has been r a r e .  The c o r r e l a t i o n  between insurance company and 

epidemiologica l  da ta  i s  not  known.

Quest ions surrounding the  h e a l t h  s t a t u s  of  a l l  s e r v i c e  workers ,  

with spec ia l  r e f e re n c e  to  f i r e f i g h t e r s ,  should gain i n c r e a s in g  promi­

nence as t h i s  popu la t ion  grows. I t  has been p r o je c te d  t h a t  t h i s  occupa­

t i o n a l  ca tegory  w i l l  undergo a 27.9 pe r  cent  inc re ase  by 1975 (1968 

base)  [49 ] .  Problems may a l so  be p r e d i c t e d  to  become more acu te  as the 

exposed popu la t io n  i n c r e a s e s  [50 ] .  F o r tu n a t e ly ,  i nc re as ing  i n t e r e s t  by 

the  f i r e  s e r v i c e  in  the  s a f e t y  and h e a l t h  a rea  has been and cont inues 

t o  be shared by management [51] and government [14 ] .  This concern seems 

to  have extended beyond the  s a f e t y  a re a  to  oc c u p a t io n a l ly  r e l a t e d  d i s ­

ease and has appa ren t ly  become an impor tan t  f a c t o r  in union-management 

n e g o t i a t i o n s  [51] .

The f i r e  s e rv i c e  has been charged with r e s p o n s i b i l i t y  f o r  p ro ­

t e c t i n g  l i f e  and p ro p e r ty ,  o f ten  with c ons ide rab le  s a c r i f i c e  among i t s



members. As one of  s o c i e t y ' s  most hazardous p ro fe s s ions»  f i r e f i g h t i n g  

has been only r e c e n t l y  acknowledged to  pose s i g n i f i c a n t  s h o r t  and long 

teiffl r i s k s  to  i t s  workers .  Although l e g i s l a t i v e  i n t e r e s t  in  occupa­

t io n a l  s a f e t y  and h e a l t h  has produced s t a t u t o r y  p r o t e c t i o n s ,  f i r e f i g h t e r s  

have u n f o r t u n a t e ly  been excluded [52]  and have cont inued to  be a s e r i ­

ously unde rs tud ied  p o p u la t io n .

L i fe  t h r e a t e n i n g  r i s k s  through a v a r i e t y  of  occupat iona l  ex­

posures  have been an in h e r e n t  and t r a d i t i o n a l  e lement  o f  the  f i r e f i g h t i n g  

p r o fe s s io n .  To a s su r e  t h a t  t h i s  e s s e n t i a l  community s e r v i c e  con t inues  

t'~ be performed e f f e c t i v e l y  and t h a t  h e a l th  and s a f e t y  r i s k s  endured by 

t h i s  popu la t ion  w i l l  be p rope r ly  c o n t r o l l e d ,  d e f i n i t i v e  ep idemiologica l  

and c l i n i c a l  i n q u i r i e s  need t o  be undertaken .



CHAPTER II 

LITERATURE REVIEW

The occupat ional  s e t t i n g  in which the  f i r e f i g h t e r  has performed 

provides  exposures no t  comparable in number o r  i n t e n s i t y  t o  o t h e r  i n ­

d u s t r i a l  populat ions  [30] .  These s t r e s s e s  have stemmed from exposures 

on the f i r eg round ,  as a r e s u l t  o f  the  equipment he has used [11] and 

t a c t i c s  he has p r a c t i c e d .  F u r th e r ,  the environmental  f a c t o r s  a f f e c t i n g  

community hea l th  such as a i r  p o l lu t i o n  and c l im a te ,  have s im i la ry  im­

pac ted on the f i r e f i g h t e r ' s  h e a l th  s t a t u s .

The physical  cond i t io n  o f  the f i r e f i g h t e r  has a l s o  played a 

c e n t r a l  r o l e  in h i s  adjus tment  and response t o  occupat iona l  s t r e s s .  I t  

has no t  been wi thou t  concern t h a t  many p r a c t i c i n g  f i r e f i g h t e r s  have been 

i d e n t i f i e d  as being medical ly  u n f i t  f o r  s e r v i c e  because of  ca rd iovascu­

l a r  c o n s id e r a t io n s  and v i sua l  a c u i ty  [53 ] .  Some f i r e  departments ,  how­

e v e r ,  demonstrat ing low d i s a b i l i t y  r a t e s  have a t t r i b u t e d  a high degree 

o f  phys ica l  f i t n e s s  as a p r in c i p a l  reason f o r  t h e i r  h e a l th  s t a t u s  [15 ,  

22-24,  54] .  I t  has not  been known whether the  c r i t e r i a  used in  the  v a r ­

ious de te rmina t ions  o f  f i r e f i g h t e r  h e a l th  s t a t u s  have been comparable.

Recognizing t h a t  the  f i r e f i g h t e r  has endured a f u l l  range o f

environmental  hazards  with va r ious  systemic seque lae ,  i t  i s  a p p ro p r i a t e  to  

b r i e f l y  review the na tu re  o f  t h es e  s t r e s s e s  and o r ig i n s  of  occupat ional  

d i se a s e s  before  cons ider ing t h e i r  u l t im a te  e f f e c t  and the s u b je c t  of

5



t h i s  inquiry,  mortal i ty .

Temperature

An examinat ion o f  f i r e f i g h t e r  equipment and p r o t e c t i v e  c lo th ing  

has given a c l e a r  i n d i c a t i o n  o f  the cond i t ions  under  which f i r e f i g h t e r s  

have opera ted .  With i n d iv i d u a l s  l abor ing under superhea ted  c o n d i t io n s ,  

c a r ry ing  heavy b rea th ing  appa ra tus  with a l im i t e d  a i r  supp ly ,  wearing 

hea t- conduc t ing helmets and i n s u f f i c i e n t l y  v e n t i l a t e d  t u rn o u t  c o a t s ,  the 

f i r e f i g h t e r  has been s i g n i f i c a n t l y  handicapped be fo re  e n t e r in g  a c o n f l a ­

g r a t i o n  [11] .

The f i r e f i g h t e r  must work in extremely co ld  tempera tu res  as 

w e l l ,  which has f u r t h e r  complicated the  demands placed on th e  r e s p i r a ­

t o r y ,  c a rd i o v a s c u l a r ,  and nervous systems [25,  55] .  Research has been 

conducted on problems a s so c i a te d  with both upper  and lower tempera tu re  

extremes bu t  more s tu d i e s  have r e l a t e d  to e v a lu a t in g  s t r e s s  e f f e c t s  from 

hot  environments .  Recognizing t h a t  man func t ions  e f f i c i e n t l y  only w i th ­

in  a narrow body tempera tu re  r ange ,  performance o f  the  f i r e f i g h t e r  has 

been d i r e c t l y  r e l a t e d  to  f l u c t u a t i o n s  in h i s  core  tem pera tu re  [56] .  

Consider ing t h a t  a tmospheric ,  chemical ,  e l e c t r i c a l ,  mechanical and 

nuc le a r  sources  o f  h ea t  energy may s in g l y  or  in combination impact  upon 

the  f i r e f i g h t e r ,  s t r e s s  management in  t h i s  a rea  has become p a r t i c u l a r l y  

impor tan t  [57] .

Notwithstanding the  s t r u c t u r a l  dangers and exp los ion  hazards  

c re a ted  by temperature  ex tremes,  the f i r e f i g h t e r  has faced phys io log ica l  

r i s k s  ranging from minor i n j u r y  to  dea th .  Absolute e f f e c t s  o f  tempera­

t u r e  extremes include  hea t  syncope,  p r o s t r a t i o n ,  cramps, e xhaus t ion ,  

dehyd ra t ion ,  r e s p i r a t o r y  edema, burns, and pneumonia, b r o n c h i t i s .



f r o s t b i t e ,  coryza and "immersion foo t"  [11,  25, 55, 5 / ] .  Temperature 

l i m i t a t i o n s  wi thout  p r o t e c t i v e  c lo th in g  apply to  a tmospheres  exceeding 

120°F. to  130°F. o r  below 30°F.

Reich [12] has des c r ib ed  systemic  seque lae  from exposure to 

temperature  extremes.  He i d e n t i f i e d  h y a l i n o s i s  o f  the  h e a r t  with mus­

c u l a r  hypertrophy,  f i b r in o u s  p e r i c a r d i t i s  and f i b r i n  d e p o s i t s  w i th in  the  

h e a r t  as probable phys io log ica l  outcomes from exposure to  lower tempera­

t u r e s .  Continuous cold exposure has a l so  expe r im en ta l ly  produced hype r­

t e n s i o n ,  n e p h ro s c l e r o s i s ,  c a rd iac  hypert rophy,  and c a rd i o v a s c u l a r  hya­

l i n o s i s .

Exposure to  high t em pera tu res  has been c i t e d  as being i n d i r e c t l y  

r e s pons ib le  f o r  increased  a b s o rp t io n  o f  chemical subs tances .  Elevat ions  

in h e a r t  and r e s p i r a t o r y  r a t e s  have placed add i t io n a l  burdens on the 

i nd iv idua l  f i r e f i g h t e r  [12 ,  15, 57] .  Systemic d i s tu rbanc e s  have been 

recorded from hea t  flowing through the  su r f a c e  o f  the  body. General ized 

cutaneous exposure to  ho t  a i r  and r a d i a n t  h ea t  has been a s s o c i a t e d  with 

cutaneous i n ju r y  and acu te  c i r c u l a t o r y  c o l l a p s e  [58 ] .

Kloetzel  [59] i n v e s t i g a t e d  th e  r e l a t i o n s h i p  between hypert ens ion  

and prolonged exposure to  h e a t  in  ano the r  occupat iona l  group with f i n d ­

ings support ing  a d e f i n i t e  r e l a t i o n s h i p  between the l e v e l s  o f  blood 

p res su re  and yea rs  of exposure to  high environmental  tem pera tu re s .

There have been some d i f f e r e n t  i n t e r p r e t a t i o n s  concerning the 

long term pulmonary e f f e c t s  from f i r e s .  Pi ttman [60] i n d i c a t e d ,  a f t e r  

c l i n i c a l  and roen tgeno log ica l  s t u d i e s ,  t h a t  no p e r s i s t i n g  o r  secondary 

pulmonary d i se a s e  r e s u l t e d  from i n j u r i e s  s u s ta in e d  in the  Cocoanut Grove 

F i r e .  S i m i l a r ly ,  an examinat ion o f  e f f e c t s  from inha led  hea t  on the
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a i r  passages and lungs demonstrated t h a t  the o r ig in a l  temperature  o f  

heated a i r  would have to  be high enough t o  produce in s tan taneous  burn­

ing o f  the  skin  and upper r e s p i r a t o r y  mucosa be fore  t h e r e  was s u f f i c i e n t  

res idua l  h e a t  to  cause pulmonary i n j u r y  [61] .  Thomas [48] has a lso  

s u b s t a n t i a t e d  t h i s .  Skolnick [32,  34] however, has i n d i r e c t l y  a s soc ia ted  

hea t  e f f e c t s  in f i r e f i g h t e r s  with t u b e r c u l o s i s  and pneumonia.

Extreme tem pera tu re s  r e s u l t i n g  in  burns may e f f e c t  c e r t a i n  

c a rd i o v a s c u l a r  changes;  t h e r e  has been c o n s id e r a t io n  o f  serous myocardi­

t i s  as being c h a r a c t e r i s t i c  o f  burns and p a n a r t e r i t i s  a t  a s i t e  d i s t a n t  

from the i n j u r e d  a rea  [12 ] .

The f i r e f i g h t e r  has a l s o  rece ived  exposure to  temperatu re  ex­

tremes from the  ambient  environment .  Stud ie s  s u b s t a n t i a t i n g  r e l a t i o n ­

sh ip s  between wea ther  and m o r t a l i t y  a re  not  to  be di scounted in  e v a lu ­

a t i n g  t h i s  p o p u l a t i o n ' s  occupat iona l  s e t t i n g  and h e a l t h  s t a t u s  [62,  63] .

Chemical

The a rea  o f  chemical s t r e s s  inc ludes  agents  in the  phys ica l  

form o f  l i q u i d s ,  vapo rs ,  g a s e s ,  d u s t s ,  fumes, f o g s ,  foams, m i s t s ,  a e ro ­

s o l s  and smoke. Members o f  the  f i r e  s e rv i c e  have faced exposure to  a 

v a r i e t y  of  e lements  and compounds in one o r  more o f  the  above s t a t e s .

The ac tua l  r i s k s  t o  t h e i r  h e a l th  have a r i s e n  from exposure through skin 

a b s o rp t io n ,  i n g e s t i o n ,  an d /o r  i n h a l a t i o n .  As a rou te  of  e n t ry  the  

l a t t e r  has assumed s pe c ia l  s i g n i f i c a n c e  s ince  a b s o rp t io n  o f  t o x i c  ma­

t e r i a l s  occurs  a t  a g r e a t e r  r a t e  than  sk in  abso rp t ion  or  i n g e s t io n  [56 ] .  

Aviado [64] has grouped chemical i n h a l a t i o n  responses  i n t o  fou r  a re a s  - 

the a i rways ,  b ronch ia l  blood v e s s e l s ,  pulmonary blood v e s s e l s ,  and the 

h e a r t  and systemic v e s s e l s .



The c ons ide rab le  l i t e r a t u r e  on smoke i n h a l a t i o n  i n d i ­

cated t h a t  i t  be t r e a t e d  s e p a r a t e l y .  As a hazard ,  i t  has been r epo r ted  

with s i g n i f i c a n t  f requency among f i r e f i g h t e r s  [ 2 2 ] .  Ausbie [5]  has con­

tended t h a t  " the h e a l t h  e f f e c t s  a s s o c i a t e d  with smoke in h a l a t i o n  by c e r ­

t a i n  populat ion  groups have been recognized f o r  many y e a r s "  while o th e r  

au thors  have s t a t e d  t h a t  the syndrome of  smoke i n h a l a t i o n  i s  a s u b je c t  

about  which l i t t l e  has been known [65 ] .  According to  Thomas [66 ] ,  th e r e  

has been some overs ta tem en t  o f  smoke i n h a l a t i o n ' s  p reva lence .  He has 

remarked t h a t  smoke i n h a l a t i o n  does n o t  account  f o r  a high percen tage  of 

f i r e f i g h t e r  i n j u r i e s  and dea ths  bu t  t h a t  i t  i s  " . . . t h e  most coirenon s in g l e  

cause o f  i n ju r y  to  f i r e f i g h t e r s "  [48 ] .  Conversely,  Z i k r i a  [65] be l i e v e s  

i t  to be a problem g r o s s ly  underes t im ated  in  magnitude.

I t  has been c a l c u l a t e d  t h a t  smoke i n h a l a t i o n  accounts  f o r  about  

80 per  c en t  of  the i n j u r i e s  with approximate ly  13 pe r  c e n t  r equ i r ing  

h o s p i t a l i z a t i o n  [55 ] .  To avoid p re judg ing  the  s i g n i f i c a n c e  of  smoke 

i n h a l a t i o n ,  some i n v e s t i g a t o r s  have suggested  t h a t  a l l  persons exposed 

to  smoke i n h a l a t i o n ,  no twi th s tand ing  the  apparen t  e f f e c t s  o r  lack t h e r e ­

o f ,  should undergo a r t e r i a l  blood gas a n a l y s i s  to  determine the e x t e n t  

of  hypoxemia and to  provide  a p h y s io log ic  b a s i s  f o r  t r e a tm e n t  o f  a c id o s i s  

i f  p r e s e n t  [20] .  Phys io lo g ic  responses  which have been somewhat more 

v i s i b l e  than a l t e r a t i o n s  in  blood chemis try have a l s o  been d i sc u s s e d .  

Ce r ta in  r e s p i r a t o r y  d i s o r d e r s  (pulmonary emphysema, pulmonary f i b r o s i s ,  

pulmonary a t e l e c t a s i s ,  b r o n c h i e c t a s i s )  have been l inked  by Skolnick 

[35-37]  to  smoke exposures  s u s ta in ed  by the  p ro fe s s io n a l  f i r e f i g h t e r .  

Thomas [48 ,  66] has a l s o  d e t a i l e d  some o f  the  more c l a s s i c  pulmonary 

i r r i t a n t s  and t h e i r  pa tho log ic  e f f e c t s  on the  r e s p i r a t o r y  system.
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Apart  from smoke's p o t e n t i a l  e f f e c t  or. senso ry ,  motor and metabol ic  

f u n c t io n ,  the  Nat ional  Commission on F i re  Prevent ion  and Control has 

l i s t e d  a more obvious occupat iona l  hazard - blocking the  v i s i b i l i t y  o f  

e x i t s  [11 ] .

From a chemical s t a n d p o i n t ,  smoke i s  a suspension o f  small 

p a r t i c l e s  in hot a i r  and ga s es ,  i t  c on ta in s  d r o p le t s  as well as dry 

p a r t i c l e s  l e s s  than 0.1 micron in  s i z e .  These carbon p a r t i c l e s  have 

c e r t a i n  combustion produc ts  adsorbed to t h e i r  surfaces  [58] .  The gaseous 

and p a r t i c u l a t e  f r a c t i o n s  a c t  j o i n t l y  to  occupy confined a reas  and de­

p l e t e  a tmospheric  oxygen. This cond i t ion  c r e a t e s  hypoxia in  the  f i r e ­

f i g h t e r  with r e s u l t i n g  i n c r e a s e s  in blood p re s s u re  and o t h e r  vasomotor 

phenomena. Hypoxia and emotional s t im u l i  a l s o  a c t  s y n e r g i s t i c a l l y  in 

the product ion of  morphologic changes.  P h y s i o lo g i c a l ly ,  i n h a l a t i o n  of  

f i r e  gases  has r e p o r t e d ly  caused i n t e r f e r e n c e  with ox id a t io n - r ed u c t io n  

processes  in the body c e l l s ;  with severe  oxygen-want,  symptoms o f  hem­

orrhage  and edema have been found in the lungs.  Cardiac i n f a r c t i o n  has 

r epo r ted ly  been p r e c i p i t a t e d  among those with h e a r t  d i se a s e  [12] .  These 

f a c t s  a re  e s p e c i a l l y  impor tant  s ince  h e a r t  d i se a s e  (m yoca rd i t i s ,  va lvu­

l i t i s ,  endo- and p e r i c a r d i t i s ,  coronary occ lus ion  o r  thrombosis  and 

a o r i t i s )  has been r epor ted  to be the  most f r e q u e n t ly  occur r in g  occupa­

t io n a l  d i se a s e  among f i r e f i g h t e r s  [15 ,  26] .  Of the  pulmonary d i s o r d e r s ,  

pneumonia has been perhaps most common o f  the  acu te  d i s e a s e s  r e s u l t i n g  

in f i r e f i g h t e r  death and d i s a b i l i t y  [34] while  t u b e r c u l o s i s  has been 

the second most commonly occurr ing  chronic  d i se a s e  [31 ] .

The process  o f  combustion f r e q u e n t ly  y i e l d s  an abundance of  

gaseous products  with a t o x ic  n a tu r e .  Various au th o rs  have e labo ra ted
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the  p r in c ip a l  pulmonary i r r i t a n t s  and t o x i c  gases  from f i r e s  [12, 21,

55, 57, 65-68] .  The gases  formed and t h e i r  r e l a t i v e  t o x i c i t y  are  a 

func t ion  o f  the  burning m a t e r i a l ' s  chemical composi t ion,  the  amount of  

oxygen a v a i l a b l e  f o r  combustion, and the tempera tu re  [ 6 1 ] .  Gases pose 

g r e a t e r  danger than most p a r t i c u l a t e  f r a c t i o n s  of  combustion s in ce  the  

nose,  mouth, and t h r o a t  can no t  e f f e c t i v e l y  f i l t e r  them and r e s p i r a t o r y  

p r o t e c t i v e  devices may leak o r  a re  not  used [69, 70] . Research a reas  

concerning the  chemistry and t o x i c i t y  of  p y r o ly s i s  products  have not  

been adequate ly i n v e s t i g a t e d  [48 ,  64, 71] bu t  i t  has been recognized 

t h a t  f a t a l i t i e s  from the i n h a l a t i o n  of  ho t  f i r e  gases  are  f a r  more com­

mon than a l l  o th e r  causes combined [57] .

Gases such as carbon monoxide (CO), carbon d io x id e ,  hydrogen 

s u l f i d e ,  hydrogen cyanide ,  phosgene,  and va r ious  aldehydes have acted 

to  chemical ly  i n t o x i c a t e  the  f i r e f i g h t e r  by producing a s t r e s s  or p o i ­

soning r e a c t i o n  [12,  21, 66] .  Gases t y p i c a l l y  appear  in  combinations 

b u t  the re  has been a lack  o f  s c i e n t i f i c  agreement concerning t h e i r  syn­

e r g i s t i c  a c t i o n .  Reich [12] and o th e r s  [11] have s t a t e d  the  hazard o f  

two o r  more gases  i s  g r e a t e r  than the  sum o f  the  hazards  o f  each while  

o th e r s  have r epor ted  t h a t  the  s y n e r g i s t i c  e f f e c t s  of  t o x i c  produc ts  are  

s imply no t  known [72] .  Gaume [73]  however, in examining an i n d i v i d u a l ' s  

time to  i n c a p a c i t a t i o n  in  a f i r e  has revea led  expe r im en ta l ly  t h a t  t r i p l e  

gas exposures a c t u a l l y  showed a p rog res s ive  i n c re as e  in  an i n d i v i d u a l ' s  

time o f  use fu l  func t ion  (TUF) as the  contaminant  mixture  became more 

complex.

I r o n i c a l l y ,  f i r e f i g h t e r s  must a l s o  contend with t o x i c  py ro ly s i s  

products  from c e r t a i n  f i r e  ex t in g u is h in g  agen ts .  Harmful e f f e c t s  from
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many o f  these  such as carbon d iox ide ,  carbon t e t r a c h l o r i d e ,  e thylene 

g l y c o l ,  c e r t a i n  Freons,  methylene c h o lo r i d e ,  and the  ha logenated hydro­

carbons have rece ived  cons id e rab le  a t t e n t i o n  [57,  74, 75] .  I t  has been 

s t a t e d  t h a t  the combustion gases  given o f f  by the  f i r e  a re  much more 

hazardous than any e x t ingu ish ing  agent  c u r r e n t l y  in  use but  t h e r e  i s  

some experimental  evidence to  the  c o n t r a ry  [76 ] .  Comstock [77] found 

vapors from c e r t a i n  agents  t o  be q u i t e  l e t h a l ;  he demonstrated i nc reased  

m o r t a l i t y  with the halogenated hydrocarbons being t e s t e d  and a l so  found 

a s s o c i a t i o n s  o f  slow e x t ingu ish ing  to  h igher  m o r t a l i t y .  In o t h e r  e x p e r i ­

mental i n v e s t i g a t i o n s ,  a n a ly s i s  o f  to x ic  p y r o ly s i s  products  evidenced 

s ub le tha l  c o n c en t ra t io n s  bu t  showed r e l a t i v e l y  high CO l e v e l s  [72] .  

Resolu t ion o f  these  experimental d i s p a r i t i e s  w i l l  probably be achieved 

when e x p e r t i s e  has been developed in  the  a rea  o f  f i r e  gas r e p l i c a t i o n .

CO, one o f  the  most no to r ious  o f  the  f i r e  gases ,  i s  always p r e ­

s e n t  and has posed a formidable  acute  and ch ron ic  i n h a l a t i o n  hazard to  the  

p r o fe s s iona l  f i r e f i g h t e r .  I t s  chemical a c t i o n  in binding hemoglobin has 

been well known expe r im en ta l ly  and c l i n i c a l l y ;  i t s  r e l a t i o n s h i p  t o  c e r ­

t a i n  c a rd i o v a s c u l a r  pa tho log ie s  in  f i r e f i g h t e r s  has a lso  been f i rmly  

s u b s t a n t i a t e d  [26 ,  29] .  E a r l i e r  work by Gordon and Rogers [78]  descr ibed  

the  s i g n i f i c a n c e  of  CO on f i r e f i g h t e r  h e a l th  and s a f e t y .  F o r tu n a t e ly ,  

i t s  i n f lu e n ce  can be c o n t r o l l e d  by p roper  use o f  r e s p i r a t o r y  p r o t e c t i v e  

d e v ic e s .  I t s  occupat ional  h e a l th  importance should no t  be underes t im ated  

however as a r e c e n t  s tudy  again demonstrated the  major  cause o f  death 

among vict ims  wi thou t  body burns to  be CO poison ing  [79] .

CO has been demonstrated to  e x e r t  untoward hea l th  e f f e c t s  in 

non-occupat ional  s e t t i n g s  as w e l l .  Hexter  [80] showed a s i g n i f i c a n t
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a s s o c i a t i o n  between community CO c oncen t ra t ion  and m o r t a l i t y .  This 

agen t  has cont inued to  be among the foremost of  the  f i r e  gases  to  be 

reckoned with by members o f  the  f i r e  s e rv i c e .

Other  experimental  demonst rat ions o f  the chemical hazards faced 

by f i r e f i g h t e r s  have been recorded in  the  r e c e n t  l i t e r a t u r e .  Hil l  and 

o the r s  [18] analyzed c e r t a i n  f i r e  gases  by mass spect roscopy  and gas 

chromotography wi th  r e s u l t s  sugges t ing  p o t e n t i a l  hazards  f o r  the  f i r e ­

f i g h t e r .

Agents l i k e  n i t roge n  d io x ide ,  which have a l s o  played an impor­

t a n t  r o l e  in a i r  p o l l u t i o n ,  occur  on the foregrounds.  Although th e  long 

term h e a l th  e f f e c t s  from low leve l  ch ron ic  exposure a r e  no t  known, n i ­

t rogen  dioxide  has posed s pe c ia l  dangers f o r  f i r e f i g h t e r s  [17] .

In a d d i t i o n  to  the  e x t r i n s i c  sources  o f  chemical exposure ,  i t  

should be noted t h a t  c i g a r e t t e  smoking among f i r e f i g h t e r s  has been a s so ­

c i a t e d  with r e s p i r a t o r y  d i se a s e  and decreased lung f u n c t i o n .  S idor  and 

Pe te r s  [23] s t a t e d  t h a t  " c i g a r e t t e  smoking showed g r e a t e r  e f f e c t s  than 

any o f  the  f i r e f i g h t e r  occupat iona l  exposure s ,  s e v e r e ,  and s t r e s s f u l  

though th es e  may be ."

There are  over  a h a l f  m i l l i o n  chemical compounds in use today 

and d i sc u s s in g  the f u l l  range o f  f i r e  gases and t h e i r  phys io log ic  prop­

e r t i e s  extends beyond the  scope o f  t h i s  review.  I t  should be recognized 

however, t h a t  o p p o r tu n i t i e s  f o r  exposure are  manifold and can r e s u l t  

from thermal decomposit ion o f  m a t e r i a l s  used in c o n s t r u c t i o n ,  i n d u s t r i a l  

p roce s s ing ,  household s o l v e n t s ,  fumigants ,  p e s t i c i d e s ,  p a i n t s ,  wood 

products ,  petroleum p roduc t s ,  p l a s t i c s  and r e f r i g e r a n t s  [48 ,  65, 67] .
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Trauma

The hazards  o f  trauma have been i n t e r p r e t e d  d i f f e r e n t l y  by 

var ious workmen's compensation a u t h o r i t i e s  [81 ] .  For purposes of  t h i s  

review,  trauma wi l l  be cons ide red  as "an i n j u r y  or  wound brought  about  

by an o u t s id e  fo rce"  [56 ] .

The h o s t i l e  environment  in  which f i r e f i g h t e r s  must work has 

been p a r t l y  r e s p o n s ib le  f o r  a l a r g e  r i s k  o f  trauma [23 ] .  In a s e r i e s  of  

a r t i c l e s  by Skolnick,  the causal  connect ion  between t rauma,  the  forma­

t i o n  o f  a c t i v e  m usculoske le ta l  t u b e r c u l o s i s  [42] and a c t i v e  pulmonary 

t u b e r c u lo s i s  [33]  were d i sc u s s e d .  Although t h e  evo lu t io n  o f  such d i s ­

ease i s  u s u a l ly  remote from the  trauma i n c i d e n t ,  the  r e l a t i o n s h i p  seems 

c l e a r .  Schwartz [82] has d i scussed  the  a s s o c i a t i o n  between chemical 

trauma and the development o f  mal ignant  tumors.  This a rea  has r ece ived  

much s c i e n t i f i c  s c r u t i n y  bu t  the  r e l a t i o n s h i p s  a re  not  as well  de f ined .  

The r i s k  o f  p a tho log ie s  in  t h i s  ca tegory  has probably been reduced in 

f i r e f i g h t e r s  because exposure to  oncogenic agents  has t y p i c a l l y  n o t  been 

cont inuous and has been e f f e c t i v e l y  a t t e n u a t e d  by use o f  p roper  personal  

p r o t e c t i v e  equipment and s a f e t y  consc iousness .

The f i r e f i g h t e r  a l s o  has exposure to  b l a s t s ,  concuss ion,  blows 

to  the head,  and f o re ig n  o b j e c t s  o r  i n f e c t i o n s  in the  e a r .  In the case 

o f  b l a s t s ,  the  f i r e f i g h t e r  could i n cu r  " b l a s t  hype rtens ion"  as well  as 

some form o f  a c o u s t i c  t rauma. The r i s k  o f  such trauma seems high in  

t h i s  group and al though t h e r e  a re  c l i n i c a l  d e s c r i p t i o n s ,  no s tu d i e s  of  

t h i s  problem as i t  r e l a t e s  t o  f i r e f i g h t e r s  were found.

In an e a r l i e r  d i sc u s s io n  o f  f i r e f i g h t i n g  and h e a r t  d i s e a s e  i t  

was i n d ic a te d  t h a t  e x te ns ive  t r a u m a t ic  i n j u r y  and shock have been
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as soc ia ted  with numerous c a rd io v a s c u la r  phenomena inc lud ing  a decrease 

in  a r t e r i a l  blood p ressu re  and s t roke  volume. C a p i l l a ry  damage and 

pe tech iae  are  changes which have been seen in a l l  organs ;  ac tua l  myo­

c a rd i a l  degenera t ion may a lso  occur .  In p a t i e n t s  dying o f  t raumat ic  

shock, f a t t y  degenera t ion o f  h e a r t  muscle f i b e r s  has been recorded.  Non- 

f a t a l  trauma and shock from exposure t o  e l e c t r i c a l l y  charged w i res ,  a 

f requen t  r i s k  among f i r e f i g h t e r s ,  may a l s o  e f f e c t  c a rd io v a s c u la r  changes 

[12 ] .  As in the o th e r  trauma c a t e g o r i e s ,  the  long term im p l ica t ions  of  

ex tens ive  trauma as i t  r e l a t e s  to  f i r e f i g h t e r  m o r t a l i t y  have not  been 

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

Given the exposure o f  f i r e f i g h t e r s  to  t rauma,  s t u d i e s  concern­

ing the incidence o f  physical  i n j u r y  have been needed. Other  than some 

crude t a b u l a t i o n  e f f o r t s ,  a review o f  the  l i t e r a t u r e  uncovered no de­

f i n i t i v e  m o r t a l i t y  o r  morb id i ty  i n v e s t i g a t i o n s  in  t h i s  a rea .

Ergonomics

The i n t e r d i s c i p l i n a r y  a r e a  o f  ergonomics embraces a lmost  a l l  

o th e r  forms of  s t r e s s .  This s e c t i o n  w i l l  only b r i e f l y  mention the 

occupat ional  hazards  no t  s p e c i f i c a l l y  covered e a r l i e r .

Considering the  f i r e f i g h t e r  to  be the  monitor ing l i n k  o f  a 

man-machine environment  system, h i s  behavioral  and physica l  ope ra t ing  

c h a r a c t e r i s t i c s  have assumed importance in  the o pe ra t ion  o f  s o p h i s t i ­

ca ted  f i r e  f ig h t in g  equipment.  Task s t r e s s e s  as descr ibed  by the 

National Sa fe ty  Council have posed i n o rd in a te  demands on the  f i r e f i g h t e r .  

R egre t t ab ly ,  the na tu re  o f  the t a sk  has no t  been p a r t i c u l a r l y  amenable 

to  design m od i f ic a t ions .  Design engineers  and s a f e t y  p r o fe s s io n a l s  

ge n e ra l l y  have excluded the p a r t i c i p a t i o n  o f  man in p a r t i c u l a r l y
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s t r e s s f u l  t a s k s .  Since in many t a sk s  t h e r e  has been no real r e l i e f  from 

mechanical systems,  i t  has been these  t a sks  t h a t  the f i r e f i g h t e r  must 

perform in the ro u t in e  course o f  h i s  d u t i e s  [56] ,

Sakai and o thers  [16] have e la bo ra te d  the  e f f e c t s  of  work p r e s ­

s ure  on the f i r e f i g h t e r .  They noted t h a t  continuous mental t ens ion  was 

unexpectedly  severe and t h a t  i n s u f f i c i e n t  a t t e n t i o n  was paid to  n u t r i ­

t i o n ,  The appearance of  c a r d io v a s c u la r  pa th o log ie s  was seen as d i r e c t l y  

r e l a t e d  t o  the f i r e f i g h t e r ' s  occupat iona l  m i l i e u .  Resul ts  pub l ished by 

Barnard [83] have a l s o  a ff i rm ed  c a r d i o lo g i e  e f f e c t s  from sudden s t r e n ­

uous e x e r c i s e .  S i m i l a r ly ,  documented case h i s t o r i e s  have i d e n t i f i e d  

e x t r i n s i c  s t r e s s e s  experienced  by members of  the f i r e  s e rv i c e  as p r e c i p i ­

t a t i n g  the formation o f  coronary h e a r t  d i s e a s e .  I t  has a l s o  been s t a t e d  

t h a t  unusual s t r e s s e s  and s t r a i n s  a re  p robab ly ,  as a group,  the  c h i e f  

f a c t o r  in  the development of  coronary thrombosis  [27 ,  30] ,

General Environmental S t re s s  

S t a t i s t i c a l  evidence has been genera ted  to  support  c o r r e l a t i o n s  

between non-occupat ional  m o r t a l i t y  and v a r i a b l e s  such as s u l f u r  dioxide 

[ 8 4 ] ,  a i r  p o l lu t i o n  [ 8 5 ] ,  u r b a n iz a t io n  [ 8 6 ] ,  c l ima te  [ 8 7 ] ,  o r  soc io ­

economic s t a t u s  [88] ,  Such f a c t o r s  have been d i f f i c u l t  to  a d j u s t  f o r  

bu t  s t u d i e s  of  occupat iona l  m o r t a l i t y  may be be n e f i t e d  by cons ide r ing  

t h e i r  impact  on any popula t ion  under s tudy  concurren t  with t h e  occupa­

t i o n a l  s t r e s s e s  e a r l i e r  reviewed. None o f  the  m o r t a l i t y  s tu d i e s  o r  

equa t ions  reviewed however, p r esen ted  any s t rong v a lua t ion  o f  m u l t ip l e  

s t r e s s o r s ,  occupat iona l  o r  o the rwise .
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Occupational S t r e s s  E f fe c t s

D i rec t  phys io log ica l  measurement o f  the  p rev io u s ly  descr ibed  

occupat ional  f a c t o r s  has o f t e n  revea led  c e r t a i n  systemic e f f e c t s  on the 

i nd iv idua l  worker.  These may, however, a l s o  be t r a n s l a t e d  i n t o  meaningful 

epidemiological  language through the  use o f  m o r t a l i t y  s t a t i s t i c s .  This 

method has a llowed t h e  d e t e c t i o n  of  a s s o c i a t i o n s  between environment  and 

s p e c i f i e d  causes  of  de a th  which have provided important  c lu e s  t o  the 

e t i o lo g y  o f  f a t a l  d i se a s e  [89] as wel l  as  i t s  inc idence  and occurrence [90] .

P u f fe r  [91] and Gaffey [51]  have s t a t e d  t h a t  i t  has been m o r t a l i t y  

s t a t i s t i c s  t h a t  must f i r s t  be tu rned to  in a s se s s in g  th e  h e a l th  of  any 

occupat iona l  group. The m e r i t s  o f  us ing such da ta  have been e a r l i e r  

e la bo ra te d  by Guralnick [ 2 4 ] ,  Gaffey [ 5 1 ] ,  E n t e r l i n e  [92] and Robertson 

[93] .  The compi la t ion o f  m o r t a l i t y  s t a t i s t i c s  has a llowed examinat ion of  

in te r -g r o u p  d i f f e r e n c e s ,  d i r e c t  comparison o f  occupat iona l  f a c t o r s ,  s a t i s ­

f a c t i o n  o f  medico-legal  requi rements  a p a r t  from occupat iona l  f a c t o r s  and, 

as  a biometr ic  method, has a llowed a wholly unbiased approach s ince  t h e  

event  has been r e l i a b l y  recorded and th e  cause has been c o n s i s t e n t l y  

r e g i s t e r e d .  Some o f  t h es e  f a c t o r s  have been a l lude d  t o  in  an e a r l i e r  

s e c t i o n .

F lu c tu a t io n s  in  some m o r t a l i t y  r a t e s  have been found t o  be l e s s  

pronounced a c ro s s  t ime and more obvious in  t h e  group d i f f e r e n c e s  as t o  

r i s k  o f  dea th  [88] .  Where t r a d i t i o n a l  s t u d i e s  fo rmerly empahsized 

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

among popu la t io n  subgroups such as  occupat ional  c l a s s e s  i s  now found.

Pa r t  o f  t h i s  new d i r e c t i o n  in the use o f  m o r t a l i t y  s t a t i s t i c s  r e s u l t s  

from an increased  c a p a c i ty  t o  con t ro l  i n f lue nce s  which a f f e c t
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death [94]},

With m o r t a l i t y  d a ta  being such an a c c e s s ib l e  measure o f  a popu­

l a t i o n ' s  h e a l t h ,  they  can be expected to provide  gross  d e s c r i p t i o n s  of  

occupat iona l  d i s e a s e  occurrence i n d i c a t i n g  he a l th  problems which j u s t i f y  

f u r t h e r  i n v e s t i g a t i o n s .  Findings de r ived  in t h i s  manner can serve in the  

m od i f ic a t ion  and improvement o f  the  work s e t t i n g  o r  h e a l th  c a re  system 

to s a t i s f y  the  needs of  the  s tudy popula t ion  [93] ,

E n t e r l i n e  [95]  has remarked o f  people  pursuing a s p e c i f i c  occu­

pa t ion  a t  a p a r t i c u l a r  p lace  and t im e ,  t h a t  as a popu la t ion  they a re  

e s p e c i a l l y  unique.  This s t a t e m e n t  i s  c o n s i s t e n t  with o b se rva t ions  made 

by th e  World Heal th Organiza t ion  [96 ] ,  In a t ec hn ica l  r e p o r t ,  they 

i n d i c a t e d  t h a t

M o r t a l i t y  hazards  a s s o c i a t e d  with an occupat ion  may stem from many 
a spec t s  o f  the  p a r t i c u l a r  employment. They may a r i s e  from the work 
i t s e l f ,  from the  reg ions  in  which i t  i s  pursued ,  o r  from th e  s o c io ­
economic concomitant s .  In some c a s e s ,  occupat ional  s e l e c t i o n  o r  
d r i f t  may account  f o r  the  f a c t  t h a t  an occupat ion  chat  r e c r u i t s  
s u b s t a n t i a l l y  from those  d i sa b le d  by chron ic  i l l n e s s  may show a 
high m o r t a l i t y  from chron ic  d i s a b l in g  d i s e a s e .

This l a s t  o b se rva t ion  has been ex tremely  r e l e v a n t  to  f i r e  departments  

wi th high d i s a b i l i t y  r a t e s  from i n d i v i d u a l s  with p r e - e x i s t i n g  cond i t ions  

o r  who become p h y s i c a l l y  u n f i t  [16 ,  53] .

Methods o f  s tudy ing  occupat iona l  m o r t a l i t y  have ranged from the 

use o f  occupat iona l  i n d ic e s  such as crude o r  s p e c i f i c  death r a t e s ,  s t a n ­

da rd iz ed ,  comparat ive o r  p r o p o r t i o n a t e  m o r t a l i t y  r a t i o s  [89] to  o t h e r  

independent  measures such as i n f a n t  death r a t e  which have c o r r e l a t e d  

with d e c i s io n s  about  s o c ia l  c l a s s  [50 ] .

Occupational  M o r t a l i ty  

The ga the r ing  and a n a ly s i s  e f f o r t  r egard ing  m o r t a l i t y  s t a t i s t i c s
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in  the United S t a t e s  has not  been comparable t o  the  experienced  and more 

e l a b o r a t e  system in  England and Wales begun in  the  1 800 's .  Many of  the 

methods and s t a t i s t i c a l  r o u t i n e s  in  the  United S t a t e s ,  however, have 

seen t h e i r  o r i g i n s  in those used by the  R e g i s t r a r - G e n e ra l .

The f i r s t  t h i r d  of  t h i s  cen tu ry  was addressed  t o  e s t a b l i s h i n g

a r e g i s t r a t i o n  system encompassing the  e n t i r e  United S t a t e s .  Plans had 

been made during t h i s  t ime to  i n i t i a t e  a s tudy  o f  occupat iona l  m o r t a l i t y  

but  were never r e a l i z e d .  The publ ished in fo rmat io n  concerning occupa­

t i o n  and m o r t a l i t y  was rep o r ted  to  have f i r s t  appeared in  the  Bureau of

the Census records o f  1890 [92 ] .  Subsequent  occupat iona l  da ta  not

o f f i c i a l l y  pub l ished  u n t i l  1950 had been p r im a r i l y  l im i t e d  t o  s imple 

enumerat ion [97 ] .  Doric [98]  however, has o f f e r e d  a thorough d e s c r i p t i o n  

and review o f  s t u d i e s  concerning occupa t iona l  m o r t a l i t y .  This work has 

a l s o  i d e n t i f i e d  c e r t a i n  s t a t i s t i c a l  cavea ts  which r e s e a r c h e r s  in  t h i s  

a rea  should be s e n s i t i v e  to .

The p r in c i p a l  uses f o r  occupat iona l  m o r t a l i t y  s t a t i s t i c s  have 

been p rev io u s ly  d i sc u s s e d .  A d d i t i o n a l l y ,  a review of  t h e  ep id em io log i ­

cal and occupat iona l  h e a l th  l i t e r a t u r e  has demonstrated f r e q u e n t  a p p l i c a ­

t i o n  of  these  da ta  to the  d e t e c t i o n  of  new hazards and the  monitor ing of  

c u r r e n t  con tro l  measures .  In t h i s  conne c t ion ,  a l a r g e  number o f  occupa­

t io n a l  m o r t a l i t y  s t u d i e s  have been r epo r ted  in  r e c e n t  y e a r s .  Although 

f i r e f i g h t e r s  have been exc luded,  t h e r e  have been s t u d i e s  o f  workers  in 

the  newspaper,  s h ipya rd ,  gas ,  c o a l , ch rom a te ,  a s b e s t o s ,  m e t a l l u r g i c a l ,  

s t e e l ,  p o ta sh ,  c o t t o n ,  uranium, and machine shop i n d u s t r i e s  [59 ,  99-109] .  

I t  has been e s p e c i a l l y  noteworthy when, in  comparison t o  f i r e f i g h t i n g ,  

a l l  these  m o r t a l i t y  s tu d i e s  have been d i r e c t e d  toward i n d u s t r i a l
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c a te g o r i e s  of  apparen t ly  lower r i s k .

F i r e f i g h t e r  Heal th S t a t i s t i c s

Deta i l ed  informat ion  on f i r e f i g h t e r  m o r t a l i t y  has not  been 

r e a d i l y  a v a i l a b l e  a l though the  In t e r n a t io n a l  Assoc ia t ion  o f  F i r e f i g h t e r s  

and National Safety  Council [1]  have been t a b u l a t i n g  acc iden ta l  dea ths .

I t  has been t h i s  conspicuous absence o f  rou t ine  c o l l e c t i o n  schemes f o r  

m orb id i ty  and m o r t a l i t y  s t a t i s t i c s  t h a t  has been c o n s i s t e n t l y  i d e n t i f i e d  

by f i r e  o f f i c i a l s  as a p r in c ip a l  weakness in determining the hea l th  and 

s a f e t y  s t a t u s  o f  the  f i r e f i g h t e r  [4 ,  15,  110-112].  Although severa l  

i n d u s t r i a l  groups have enjoyed r e g u la r  da ta  c o l l e c t i o n  on t h e i r  a c c id e n t ,  

d i s a b i l i t y  and m o r t a l i t y  expe r ience ,  s i m i l a r  ind ic e s  have no t  been 

r o u t i n e l y  compiled f o r  the f i r e f i g h t e r  by the Bureaus o f  the  Census or  

Labor S t a t i s t i c s ,  Nat ional  Center  f o r  Heal th  S t a t i s t i c s ,  o r  In te r n a t io n a l  

Labour Off ice  o f  the  World Heal th Organiza t ion  [113, 114].  A d d i t io n a l ly ,  

as  p u b l i c  employees, f i r e f i g h t e r s  have been excluded from p rov is ions  of  

the  Occupational Sa fety and Heal th Act inc lud ing  t h i s  type o f  r ec o rd ­

keeping [52 ] .  The annual s t a t i s t i c s  publ ished  on deaths  r e s u l t i n g  from 

f i r e  have represen ted  only a crude compila t ion o f  a l l  f a t a l i t i e s  with 

no d i s c r e t e  da ta  f o r  the  p ro fe s s iona l  f i r e f i g h t e r .

In s p i t e  o f  th es e  d e f i c i e n c i e s  in the d a t a ,  i t  has been gener­

a l l y  accepted t h a t  many d i se a se s  o r  d i s a b i l i t i e s  a s so c i a te d  with occupa­

t i o n a l  exposure can e v e n tu a l ly  be a n t i c i p a t e d  to  express  themselves  through 

excess  c a u s e - s p e c i f i c  m o r t a l i t y  [15,  51] .  Given t h i s  epidemiological  

sequence and the f a c t  t h a t  r i s k s  and hazards faced by the f i r e f i g h t e r  

have been only p a r t i a l l y  recognized [ 3 8 ] ,  some assumptions concerning 

m o r t a l i t y  outcomes may be made when the  more f requen t  occuoat ional
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d i se a s e s  of  f i r e f i g h t e r s  are  reviewed.

S tud ie s  which have d i sc lo s ed  the  s t r e s s f u l  c h a r a c t e r  of  the 

work c ond i t ions  [16] and substandard  h e a l th  s t a t u s  o f  f i r e f i g h t e r s  [53] 

have been c o n s i s t e n t  with the  more common f i r e f i g h t e r  pa tho log ie s  de­

sc r ibed  in  the l i t e r a t u r e .  In a lengthy  s e r i e s  o f  a r t i c l e s ,  Skolnick 

[26-37 ,  40-42]  descr ibed  through case h i s t o r i e s  r e p r e s e n t a t i v e  d i s o r d e r s  

su f f e re d  by the  f i r e f i g h t i n g  p r o fe s s io n .  The preponderance o f  c a r d i o ­

va s cu la r  and pulmonary d i se a s e s  has been rep e a te d ly  i d e n t i f i e d  as being 

r e s pons ib le  f o r  the bulk of  dea ths  and d i s a b i l i t y  among t h i s  p o p u l a t i o n ' s  

members. All o f  t h es e  a s s o c i a t i o n s  were descr ibed  in the  f i r s t  s e c t i o n  

of  t h i s  d i s s e r t a t i o n  excep t  f o r  a case concerning a neu ro log ic  d i se a s e  - 

one which was r a r e  and o f  ques t ionab le  s i g n i f i c a n c e  [26-37 ,  40-42] .

Other  epidemiologic  i n q u i r i e s  which have concerned themselves 

wi th  the measurement o f  i l l  h e a l t h ,  have a l s o  supported c e r t a i n  c o r r e l a ­

t io n s  between the  f i r e f i g h t e r s  occupat iona l  exposure and h i s  hea l th  

s t a t u s  [5 ,  12,  13, 15,  22, 23, 115-117] bu t  some v a r i a b l e s ,  p a r t i c u l a r l y  

smoking, have been c i t e d  as being more impor tan t  than c e r t a i n  occupa­

t i o n a l  f a c t o r s .  C l in ic a l  i n v e s t i g a t i o n s  of  va r ious  f i r e f i g h t i n g  popula­

t i o n s  have t y p i c a l l y  r evea led  normal values  and p h y s io log ica l  t o l e r a n c e s ,  

to be de v ia n t  from those  o f  o t h e r  p o p u la t ions .  The e x t e n t  o f  a l l  d i s ­

o r d e r s ,  however, has no t  been r e a d i l y  d i sc lo s ed  s in ce  the development 

o f  c e r t a i n  phys io log ica l  abnorm a l i t i e s  has o f ten  been remote from the 

time of f i r s t  exposure.  Clear  c a u s e - e f f e c t  r e l a t i o n s h i p s  have been d i f ­

f i c u l t  to  e s t a b l i s h  in  these  c a ses .

Some lega l  conc lus ions  concerning f i r e f i g h t e r  h e a l t h  and s a f e t y  

have a l s o  been made in  va r ious  l o c a l i t i e s .  A number o f  j u r i s d i c t i o n s
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have held and aff i itned c e r t a i n  causal r e l a t i o n s h i p s  between f i r e f i g h t e r  

death and d i s a b i l i t y  and h i s  work environment . Such d e c is ions  have 

underscored the important  need f o r  h e a l th  and s a f e t y  management and 

cont inuing  resea rch  in  the  a rea  [39 ,  43-46, 118].

F i r e f i g h t e r  M or ta l i ty

In the  United S t a t e s  data  on occupat iona l  m o r t a l i t y  among f i r e ­

f i g h t e r s  have been found in  death c e r t i f i c a t e s ,  decennial  census r e t u r n s ,  

l i f e  insurance  records and i n d u s t r i a l  personnel  r eco rds .  E n te r l in e  

[92] and Puf fe r  [91] e l a b o r a t e d  in  d e t a i l  the  h i s t o r i c a l  course o f  da ta  

c o l l e c t i o n  in  the area  o f  occupat iona l  m o r t a l i t y ,  some of  which con­

cern the  f i r e  s e r v i c e .  The r e l a t i v e  s t r e n g th s  o f  the va r ious  sources  

have a l s o  been cons idered .  In both of  these  reviews i t  i s  c l e a r  t h a t  

the au thors  were in  agreement  with Dublin and Vane [119]  who demon­

s t r a t e d  t h a t  i n d u s t r i a l  p o l i c y h o ld e r s  had higher  m o r t a l i t y  and s h o r t e r  

l o ngev i ty  than o t h e r  workers - a ca tegory  which inc ludes  f i r e f i g h t e r s .  

They a l s o  po in ted out  t h a t  the d i f f e r e n c e s  were,  in f a c t ,  due to  e f f e c t s  

o f  s p e c i f i c  occupat ions  even though o t h e r  v a r i a b l e s  had played an impor­

t a n t  p a r t .

Recognizing the  f i r e f i g h t e r  as a se rv ic e  worker [24] to  be in 

a r e l a t i v e l y  high r i s k  group,  a review of  those m o r t a l i t y  s tu d i e s  i n ­

c lud ing  the  f i r e f i g h t i n g  popu la t ion  wi l l  i l l u s t r a t e  c u r r e n t  epidemio­

log ica l  th ink ing  concerning t h i s  group.

Table 1 in APPENDIX A has been cons truc ted  to c h ro n o lo g ica l ly  

i l l u s t r a t e  the  p r in c ip a l  da ta  g a the r ing  e f f o r t s  concerning f i r e f i g h t e r  

m o r t a l i t y .  This compi lat ion  a c c u r a t e l y  r e f l e c t s  the c h a r a c t e r  of  the 

s t u d i e s ,  sources  o f  in fo rm a t ion ,  general  f in d ings  and o r i e n t a t i o n  of
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the  i n v e s t i g a t o r ( s ) . A number of t h e s e  s t u d i e s  were a l so  c i t e d  by 

Mastromatteo [15]  whose work r ep re s en te d  one o f  the  few independent  

i n v e s t i g a t i o n s  wi th  a s t r u c t u r e d  ep idemio log ica l  approach and o f f e r e d  

a comprehensive review as o f  t h a t  t ime.

An examinat ion o f  t h i s  summary demonst rates  some impor tan t  

f e a t u r e s  concerning the  h i s t o r i c a l  course o f  m o r t a l i t y  i n q u i r i e s .  As 

MacMahon [131] has s t a t e d ,  the  g r e a t e s t  body o f  in fo rmation  r e l a t i n g  to  

occupat iona l  d i s e a s e  has been de r ived  from the ana lyses  of  the R e g i s t r a r -  

General f o r  England and Wales. This agency has c o l l e c t e d  and publ ished  

m o r t a l i t y  in fo rmat ion  on f i r e f i g h t e r s  s in ce  1938 [15,  91] .  In compari­

son,  the lack  o f  meaningful occupat iona l  m o r t a l i t y  s t a t i s t i c s  f o r  t h i s  

country  has been r ep e a te d ly  mentioned by va r ious  a u t h o r i t i e s  as a c e n t r a l  

weakness in the  a b i l i t y  t o  i d e n t i f y  r i s k s  and cond i t ions  fac ing the  

American worker [15,  97, 110, 132] .  To a c e r t a i n  e x t e n t  t h i s  has been 

remedied f o r  c e r t a i n  groups by recordkeep ing  requirements  o f  the  

W i l l i a m s -S te ig e r  Act of  1970. O f f i c i a l s  d i r e c t l y  concerned with f i r e ­

f i g h t e r  h e a l th  and s a f e t y  have recognized  the  e x i s t i n g  da ta  t o  be f r a g ­

mented, e p id e m io lo g ic a l ly  incomplete  and w i thou t  s t a t i s t i c a l  s t r e n g th  

[4 ,  110] .

I n spec t ion  of  Table 1 r e a d i l y  d i s c l o s e s  t h a t  1950 was the  only 

ye a r  p rov id ing  m o r t a l i t y  da ta  by occupat ion  and i n d u s t r y  f o r  the  e n t i r e  

United S t a t e s ;  i t  was a l s o  a s i n g u l a r  e f f o r t  from the s tandpo in t  o f  

a na lyz ing  m o r t a l i t y  among occupat iona l  groups based on death c e r t i f i c a t e s  

and census in fo rmation  - the  most e x t e n s i v e  s tudy popula t ion  a v a i l a b l e  

[133] .  In c o n t r a s t ,  f u l l y  40 per  cent  o f  the  m o r t a l i t y  s tu d i e s  concern­

ing f i r e f i g h t e r s  were conducted by the  in su rance  i n d u s t r y  which r e l i e d
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on e i t h e r  o rd ina ry  l i f e  insu rance  p o l i c i e s  f o r  da ta  by occupat ion or 

group l i f e  insurance  p o l i c i e s  f o r  in fo rmation  by in d u s t r y  wherein both 

cases  the s tudy popu la t io n  was s e l e c t .  Hoel [134] i n d i c a t e d  t h a t  the  

usual  a c t u a r i a l  methods have not  been concerned as much with i n d iv idua l  

d i se a s e s  ( i . e . ,  general  h e a l t h )  as with the  c o n s t r u c t i o n  o f  l i f e  t a b l e s  

and general  m o r t a l i t y  r a t e s .  Relying on commercial ly motivated  s t u d i e s ,  

p a r t i c u l a r l y  where the  i n v e s t i g a t o r  has a f i d u c i a r y  r e l a t i o n s h i p  with 

h i s  s u b j e c t ,  a l s o  has r a i s e d  concern about  i n v e s t i g a t o r  m ot iva t ion  which 

may be r e f l e c t e d  in des ign or  o r i e n t a t i o n  o f  the i n q u i r y .  A reoeeming 

f e a t u r e  o f  the l i f e  i n su rance  f in d in g s  has been t h a t  they  have f r e ­

quen t ly  shown a f av o r a b le  correspondence between the  i d e n t i f i c a t i o n  of  

hazards  and r educ t ion  o f  a c c iden t  r a t e s  [92 ] .  I t  should a l s o  be noted 

t h a t  these  s t u d i e s ,  as  o t h e r s ,  have not  demonstrated s e n s i t i v i t y  to  

importan t  v a r i a b l e s  such as changing work weeks, improved work c o n d i t i o n s ,  

s a f e t y  p r a c t i c e s  and equipment  and medical advances in  d iagnos i s  and 

t r e a tm e n t  a r e a s .  A d d i t i o n a l l y ,  f u l l  and p a r t  t ime f i r e f i g h t e r s  have 

no t  been i d e n t i f i e d .  Without  addre ss ing  v a r i a b l e s  which a f f e c t  the  

f i r e f i g h t e r ,  i t  has been d i f f i c u l t  to demonstrate  what f a c t o r s  e xp la in  

decreased  o r  inc reased  m o r t a l i t y .

Recognizing t h a t  f ind ings  from d i f f e r e n t  sources  have f r e ­

quen t ly  been a t  v a r i a n c e ,  i t  should be unders tood t h a t  v a r ious  epidemio­

log ic a l  designs in c o r p o r a t e d  d i f f e r e n t  o r i e n t a t i o n s .  A number o f  the 

s tu d i e s  c i t e d  had no t  s t a n d a r d iz e d  f o r  age,  d i s c r im in a t e d  r a c i a l  c h a r ­

a c t e r i s t i c s ,  f i rm ly  i d e n t i f i e d  r e t i r e d  pe r sonne l ,  o r  ad ju s te d  f o r  edu­

c a t io n a l  o r  socioeconomic s t a t u s .  The high a c c id e n t  r a t e  was one d i s ­

t i n c t  t r end  however where agreement  was u n i v e r s a l ,  r ega rd ing  i t  as a
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p r in c ip a l  cause of  death.

With only 10 per  cen t  o f  the s tu d i e s  comprising independent  

epidemiologica l  e f f o r t s ,  add i t io n a l  i n v e s t i g a t io n s  with s t ronge r  s t a t i s ­

t i c a l  c o n t r o l s  should produce c r e d i b l e  and needed da ta  f o r  a s sess in g  

the h e a l t h  s t a t u s  of  t h i s  popu la t ion .



CHAPTER I I I  

PURPOSE AND SCOPE

The da ta  on f i r e f i g h t e r  m o r t a l i t y  have suggested s i g n i f i c a n t  

e l e v a t i o n s  in the  dea th r a t e  f o r  t h i s  group as a r e s u l t  o f  occupa t ion ­

a l l y  r e l a t e d  exposures .  General m o r t a l i t y  informat ion on t h i s  popula­

t i o n  however, has been i d e n t i f i e d  as being a b j e c t l y  inadequa te .  F u r th e r ,  

f in d in g s  among var ious  i n v e s t i g a t o r s  have not  been completely c o n s i s t e n t .  

As m o r t a l i t y  s t a t i s t i c s  have been the p r in c ip a l  b iom e t r i c  method f o r  

comparing occupat iona l  h e a l t h  in d ic e s  [92] and f o r  measurement o f  a 

p o p u l a t i o n ' s  h e a l t h  [91 ,  93] ,  t h e  a p p l i c a t i o n  o f  such methods as a de­

f i n i t i v e  approach f o r  the  f i n e r  examination and de te rm ina t ion  o f  the 

f i r e f i g h t e r s '  m o r t a l i t y  e x pe r ience  i s  c e r t a i n l y  i n d i c a t e d .

The s p e c i f i c  purpose o f  t h i s  s tudy  was to  a c c u r a t e l y  i d e n t i f y  

the  t o t a l  a t  r i s k  p o p u la t io n ,  r e t r o s p e c t i v e l y  gene ra te  v i t a l  in fo rm a t ion ,  

compare the  h e a l t h  s t a t u s  of  the  f i r e f i g h t e r s  with t h a t  o f  t h e  general  

popu la t ion  and examine the  r e l a t i o n s h i p  between du ra t ion  o f  employment 

and longev i ty .  Eva luat ion  of  t h e s e  r e l a t i o n s h i p s  and examinat ion of  

cause o f  death t r e nds  should l ead  to  the  i d e n t i f i c a t i o n  o f  occupat iona l  

r i s k s  and f a c i l i t a t e  recommendations f o r  the  development o f  con tro l  

regimens [89-91,  93] .
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CHAPTER IV 

METHODS

Experimental Design 

Since the  purpose o f  t h i s  s tudy was to  determine and eva lua te  

the  h e a l th  s t a t u s  of  a s p e c i f i c  occupat iona l  group and to  r e l a t e  t h i s  

t o  the occupat ional  hazards  faced by t h i s  group, the experimental  p ro ­

toco l  was i n i t i a t e d  by determining the  s tudy  p o p u l a t i o n ' s  m o r t a l i t y  ex­

pe r i ence  fol lowed by the  d e r i v a t i o n  and comparison o f  observed and ex­

pected dea th  r a t e s  [95] .  The experimental  design included  c o l l e c t i o n  

o f  ex te n s iv e  v i t a l  in fo rmat ion  on a complete populat ion  o f  de c ede n t s ,  

most o f  whom had app re c ia b le  t enu re  in  t h e  f i r e f i g h t i n g  p r o fe s s io n .  

In spec t ion  and s t a t i s t i c a l  a n a ly s i s  o f  death events  y i e ld e d  de te rmina­

t i o n s  o f  t h e i r  m o r t a l i t y  exper ience .  These t rends  were examined in 

o rder  t o  i d e n t i f y  c e r t a i n  r i s k s  experienced  by t h i s  group and to  develop 

i n d ic a te d  measures t o  con tro l  them, t h e  l a t t e r  being the  u l t i m a t e  goal 

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

Tracing and fol low-up methodologies o u t l i n e d  by Redmond e t  a l . 

[135] and Lloyd [136] were p a r t i c u l a r l y  p e r t i n e n t  in  t h i s  i n q u i r y .  The 

d i r e c t i o n  o f  t h i s  work was s e n s i t i v e  t o  common assumptions and b iases  

which l i m i t  a n a ly s i s  and d i s t o r t  the  age v a r i a b l e  o f t e n  encountered  in  

t h i s  a r e a .  Recognizing t h a t  the g r e a t e s t  source of  b ias  i s  f r e q u e n t l y  

the  i d e n t i f i c a t i o n  o f  the  s tudy group,  spec ia l  ca re  was exe rc i sed  in

27
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de f in ing  the popula t ion  a t  r i s k .

Study Populat ion

The s tudy popula t ion  was comprised o f  members in  a m et ropo l i tan

f i r e  department .  This group was an e t h n i c a l l y  mixed, predominant ly  w h i te ,  

a l l  male f i r e f i g h t i n g  force  which opera ted  as a p r o f e s s i o n a l ,  f u l l - t i m e  

department  in  t h e  urban s e t t i n g  o f  Oklahoma City.

The popula t ion  included a l l  occupat iona l  c a t e g o r i e s  having 

f i r e f i g h t i n g  e xpe r ience ,  a l l  ranks and a l l  c l a s s e s  of  employment - i . e . ,  

a c t i v e ,  r e t i r e d  and s e p a r a te d .  The a c t i v e  group r ep r e s e n te d  20,354 o f  

unadjusted  pe rson-year s  of  r i s k  f o r  the 1930-1973 pe r iod .  Personnel  in 

the  se pa ra te d  popu la t ion  numbered 556 while  the  pensioned group included 

322 men.

Procedures

This i n q u i r y ,  a p ro sp e c t iv e  s tudy  done in  r e t r o s p e c t ,  followed 

t h a t  desc r ibed  by Lloyd and Ciocco [136] - a working popu la t ion  with 

s u f f i c i e n t  h i s t o r y  was i d e n t i f i e d  so l a t e n t  e f f e c t s  could be observed 

and l a r g e  numbers could be examined. Total  dea ths  and causes  o f  death 

fo r  the s tudy popu la t ion  were r e t r o s p e c t i v e l y  observed f o r  the  per iod  

1922 to  1974. Examination o f  t h i s  g ro u p ' s  work h i s t o r y  from 1900 to  

1974 pe rm i t t ed  a d d i t i o n a l  assessment  of  t h e i r  e f f e c t i v e  working l i f e .

The t o t a l  a t - r i s k  popu la t io n  was examined which included  f i r e ­

f i g h t e r s  on a c t i v e ,  s e r v i c e - r e t i r e d ,  d i s a b i l i t y - r e t i r e d ,  r e s ig n e d ,  d i s ­

missed and leave  o f  absence s t a t u s e s .  A s in g l e  d e f i n i t i o n  of  occupat ion  

was employed which pe rm i t t ed  o b s e rv a t io n s  on dea ths  occur r in g  a f t e r  

employment w i th in  t h e  f i r e  s e r v i c e  had ceased but  which could be
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reasonably r e l a t e d  to  some environmental  f a c t o r  in  t h a t  occupat ion  [137] .

The t o t a l  a c t i v e  and pensioned popula t ions  under obse rva t ion  

were a s c e r t a i n e d  from annual personnel  r e g i s t e r s  submit ted to  the  S t a t e  

Insurance C o m iss io n  and main ta ined by the S t a t e  F i re  F i g h t e r ' s  Assoc ia ­

t i o n  and from an account ing r o s t e r  o f  the  Firemen 's  R e l i e f  and Pension 

Fund. Act ive  f i r e f i g h t e r s  who s e p a r a te d  through r e s i g n a t i o n ,  d i s m i s s a l ,  

t r a n s f e r  o r  leave o f  absence were fol lowed by f i r s t  i d e n t i f y i n g  t h e i r  

s t a t u s  on a v a i l a b l e  personnel r e c o r d s .  Their  v i t a l  s t a t u s  was i n i t i a l l y  

v e r i f i e d  by search ing  the known decedent  and the  l i v i n g  re-employed 

popu la t ion .  Providing t h e i r  death was not  a l r e a d y  recorded among t h i s  

group,  t h e i r  v i t a l  s t a t u s  was t r a c e d  w i th in  the s t a t e  through th e  Pub l ic  

Heal th  S t a t i s t i c s  Div is ion  o f  the  S t a t e  Heal th Department . This  e f f o r t  

d i s c l o s e d  a d d i t io n a l  dea ths  amounting to  s l i g h t l y  more than 10 per  cen t  

of  the  s epara ted  popu la t io n .  The search  methodology,  the  "Russel l  

Soundex System" lessened  the  chance o f  overlooking  a decedent  due to  

s p e l l i n g ,  t r a n s c r i p t i o n  o r  o t h e r  r ecord ing  e r r o r s .  Each y e a r  subsequent  

to  the  y e a r  o f  t e rm ina t ion  was examined f o r  p o s s ib l e  dea th r e g i s t r a t i o n  

o f  f i r e f i g h t e r s  formerly employed with the  department  under s tu dy .  F i r e  

department  membership r o s t e r s  in  e a r l i e r  y e a r s ,  which l i s t e d  employees 

s epara ted  by y e a r ,  d i sp layed  a number o f  p a r t i a l  o r  incomplete  names, 

i . e . ,  f u l l  surnames with i n i t i a l s  on ly .  These records  were c ross  

checked with a v a i l a b l e  c i t y  personne l  and f i n a n c i a l  records  which e v i ­

denced s i m i l a r  e n t r i e s .  Because common surnames with f i r s t  and middle 

name i n i t i a l s  f ’equen t ly  had m u l t i p l e  r eco rd ings  in  s t a t e  v i t a l  r e c o r d s ,  

t h e i r  t r a c i n g  and r e t r i e v a l  was i n f e a s i b l e .  Many of  the  decedents  who 

were t r a c e d  had been c l a s s i f i e d  by t h e i r  occupat ion a t  death and no t  the
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u s u d l  occupat ion .  A ïiurnbsîr o f  occuputiondl  des igna t ions  w s r s  s i  t o g e t h e r  

a bsen t .  P o s i t i v e  i d e n t i f i c a t i o n  of  t h es e  ind iv id u a l s  was t h e r e f o r e  

compromised. ( I r r e g u l a r  and in a c c u ra t e  en t ry  p r a c t i c e s  of  occupat ion 

have been one o f  the ty p ic a l  d e f i c i e n c i e s  a s soc ia te d  with death r e g i s t r a ­

t i o n )  [24,  91, 97, 132, 138, 139] .

When a fo rmerly  employed ind iv idua l  who met the  c r i t e r i a  f o r  

i n c l u s io n  was determined to  have died and was p o s i t i v e l y  i d e n t i f i e d ,  

necessa ry  info rmat ion  was c o l l e c t e d  from the sources  descr ibed  in the 

fo l lowing s e c t i o n .

The r e c o n s t r u c t i o n  o f  the e n t i r e  p o p u l a t io n ' s  m o r t a l i t y  e x p e r i ­

ence requ i r ed  a b s t r a c t i n g  da ta  from severa l  s t a t e ,  p r o f e s s i o n a l ,  and 

loca l  s o u rc e s ,  v i z :  the  S t a t e  Department o f  Labor,  S t a t e  Heal th Depart­

ment (Vita l  S t a t i s t i c s  and Publ ic  Heal th S t a t i s t i c s  D i v i s i o n ) ,  S t a te  

Insurance Commission, S t a t e  I n d u s t r i a l  Court ,  S t a t e  F i re  Marshal,

Oklahoma S t a t e  F i re  F igh te r s  A s s o c ia t io n ,  City  Personnel  O f f i c e ,  Ci ty 

C l e r k ' s  O f f ice  ( cus tod ian  o f  pension r e c o r d s ) .  Ci ty  A u d i t o r ' s  Off ice  

(source o f  employee f i n a n c i a l  r e c o r d s ) ,  and the personnel  record s e c t io n  

o f  the  department  under s tudy  which v a r i o u s ly  included  medical h i s t o r i e s ,  

l ega l  r e c o r d s ,  employment a p p l i c a t i o n  forms, newspaper accounts ,  promo- 

t i o n  h i s t o r i e s ,  personal  i n v e s t i g a t i o n  documents and o f f i c i a l  co rrespon­

dence. The in fo rmation ga thered  on each decedent  included ye ar  of  b i r t h ,  

y e a r  of  d e a th ,  yea rs  of  f i r s t  and l a s t  exposure,  rank a t  f i r s t  and l a s t  

exposure ,  l ength  of  s e r v i c e ,  p r in c ip a l  and underlying causes  o f  dea th ,  

income a t  r e t i r e m e n t  and /o r  d e a th ,  m ar i ta l  s t a t u s  a t  beginning and end 

o f  s e r v i c e ,  r a c e ,  number of  c h i l d r e n ,  county o f  death and employment 

s t a t u s  a t  death ( a c t i v e ,  r e t i r e d  with o r  without  d i s a b i l i t y ,  r e s igned ,
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d i s n n s s ë u ,  t r â n s f ê r r s d , I s s v s  o f  sbscncc) .  Thcss do t s  WGrs cross-matched 

and v e r i f i e d  on each decedent with e n t r i e s  t h a t  were dup l ica ted  on o th e r  

r e c o r d s .

The general  ep idemiologic  c r i t e r i a  o u t l i n e d  by Holland [140] 

and t r a c in g  methodology o f  Redmond e t  a l .  [135] provided he lpfu l  guide ­

l i n e s  in i d e n t i f y i n g  useful  sources  o f  demographic in fo rmat ion .  The 

t r a c in g  design descr ibed  t o  fol low a c t i v e  and pensioned members was 

comprehensive in scope. The number o f  deaths  observed in t h i s  subgroup 

was known to be wholly r e p r e s e n t a t i v e  and complete.

Procedures  fol lowed in  the  assessment o f  be ta-naphthylamine 

and asbes tos  worker m o r t a l i t y  a l s o  had a p p l i c a t i o n  in  t h i s  s tudy  [136] .

In t h i s  connect ion ,  i t  was determined t h a t  examination o f  t h i s  g roup ' s  

experience  should begin from the  optimum p o in t  o f  o b s e rv a t io n ,  the  t ime 

o f  e n te r ing  the f i r e  s e r v i c e .  This  r a t i o n a l e  was a pp l i ed  u n i v e r s a l l y .  

With r e s p e c t  to  te rmina ted  pe r s o n n e l ,  m o r t a l i t y  has been demonstrated 

to  e i t h e r  occur  subsequent  to  and /o r  be consequent  from exposure in 

occupat ions o th e r  than the usual  occupat ion .  The l i k e l i h o o d  o f  a d i s ­

t r i b u t i o n  o f  d i f f e r e n t  causes  o f  death f o r  those  se p a ra t i n g  from the 

f i r e  s e rv i c e  may have ac ted  to  i n f lu e n ce  the  p ro p o r t io n a t e  m o r t a l i t y  in  

the  e n t i r e  populat ion  [135,  136] .  However, t h i s  in q u i ry  recognized th e  

importance of  observing  t o t a l  m o r t a l i t y  which included personnel  with 

s h o r t e r  t enures  in the  f i r e  s e r v i c e ,  a g r e a t  m a jo r i t y  o f  whom v o l u n t a r i l y  

separa ted  and r e p r e s e n t  the fo rce  o f  s e l f - s e l e c t i o n  s t a t e d  in  t h e  hypoth­

e s i s  of  t h i s  s tudy.  Subsequent occupat iona l  exposures  experienced  by 

t h i s  populat ion  may have been d i s s i m i l a r  in na tu re  to  f i r e f i g h t i n g  and 

probably did not  . pproximate i t s  s e v e r i t y .  This phase o f  the  s tudy
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reduced t h e  b ias  of  obse rva t io n  toward the non-mobile and o l d e r  groups 

of workers s in ce  s l i g h t  d i f f e r e n c e s  in a c t i v e  and separa ted  popu la t ions  

have been s i g n i f i c a n t  when t h e r e  was e xc lu s ive  r e l i a n c e  on death r a t e s  

in the s t a b l e  group. A d d i t i o n a l l y ,  t h i s  b i a s  has been shown to i nc re ase  

over  t ime [135] .

The d e r i v a t i o n  o f  observed and expected death r a t e s  requ i red  

c o l l e c t i o n  of  a l l  a c t i v e  and pensioned members ages by y e a r .  In d e t e r ­

mining t h i s  d i s t r i b u t i o n  the  membership r o s t e r s  f o r  each y e a r  were f i r s t  

a l p h a b e t i c a l l y  r e c o n s t ru c te d ;  each a c t i v e  and pensioned f i r e f i g h t e r  was 

then t r a c ed  i n d i v i d u a l l y .  Gross f i g u r e s  were i n i t i a l l y  c a lc u l a t e d  from 

annual personnel r e g i s t e r s  submit ted to  the  S t a t e  Insurance Commission 

and from a f i n a n c i a l  account ing r o s t e r  o f  t h e  Firemen 's  R e l i e f  and 

Pension Fund. In ye a r s  where the t o t a l  popu lat ion  remained c o n s t a n t ,  

adjus tments  were made f o r  changes i n  the age grouping by a t t r i t i o n  and 

a d d i t io n  o f  the  s u b j e c t  popu la t ion .  Each y e a r ' s  d i s t r i b u t i o n  was t y p i ­

c a l l y  c o r r e c te d  f o r  personnel a d d i t i o n s  (employments and re-employments),  

r e s i g n a t i o n s ,  d i s m i s s a l s ,  t r a n s f e r s ,  leaves  o f  absence ,  r e t i r e m e n t s ,  

a c t i v e  dea ths  and pension de a ths .

S u bs tan t i a l  f ragm enta t ion o f  da ta  through recording gaps or  

d e s t r u c t i o n  of  records  r e s t r i c t e d  t h i s  r e s t o r a t i o n  e f f o r t .  Moreover, 

the a v a i l a b l e  records did not provide  in formation  to  a l low i d e n t i f i c a t i o n  

of i n d iv i d u a l s  in support  p o s i t i o n s  who were t h e r e f o r e  unexposed. Mor­

t a l i t y  f i g u r e s  are  t h e r e f o r e  somewhat u n d e rs t a t e d .

P a r t i a l  a p p l i c a t i o n  of  Mastromatteo ' s  [118] da ta  was used as a 

s t a t i s t i c a l  a l t e r n a t i v e  to  a s c e r t a i n  the  es t ima ted  age d i s t r i b u t i o n  f o r  

t he  yea rs  1930 to 1951. These percentages  were used to  a l l o c a t e  the
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o r i g i n a l  s tudy popu la t io n  by y e a r  i n t o  10-year  aye groups.  This 

approach a lso  minimized th e  e f f e c t  o f  e r r o r  in age s ince  in tr ag roup  

e r r o r s  a re  somewhat coun te rba lanc in g  [141] .

F i r e f i g h t i n g  po p u la t io n s  a re  known to  " r e p r e s e n t  a high ly  s t a n ­

dard ized  occupat iona l  group with long ten u re s  o f  p o s i t i o n  and low l e v e l s  

of  l abo r  tu rnover  be fo re  r e t i r e m e n t "  [142] .  This f a c t  supported  the 

a u t h o r ' s  con ten t io n  t h a t  t h e r e  was no s u b s t a n t i a l  v a r i a t i o n  between these  

two pop u la t io n s '  age composi t ions o r  o t h e r  demographic f e a t u r e s  o f  t h e i r  

c o n s t i t u e n c i e s .  I d e n t i c a l  e n t r ance  ages and general  r equ i rem en ts ,  s im i ­

l a r  r e t i r e m e n t  p r a c t i c e s ,  s i m i l a r  p r o b a b i l i t i e s  o f  management p o l i c i e s  

being a f f e c t e d  by the same p r o fe s s io n a l  a s s o c i a t i o n  and s i m i l a r  member­

sh ip  t r ends  due to  p o l i t i c a l  and economic in f lu e n ce s  a l s o  favored the 

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

Ethnic v a r i a b i l i t y  w i th in  t h e  s tudy popu la t io n  observed during 

i n s p e c t io n  and r e t r i e v a l  o f  e a r l i e r  records  was c o n s id e r a b l e .  F lu c tu a ­

t i o n s  in t h i s  area  were regarded to  be a t  l e a s t  as g r e a t  as the expected 

d i f f e r e n c e s  between the two p o p u la t ions .

The t r a c i n g  of  personnel  in  the  l a t e r  yea rs  was complete;  how­

ev e r ,  some c l e r i c a l  weaknesses  were d i sc lo s e d  in  the  e n t r y  o f  personnel 

a c t i o n s .  Incomplete removal o f  a l l  te rmina ted  personnel on the  a c t i v e  

r o s t e r s  expanded the  t o t a l  popu la t ion  f i g u r e s .  Since t h i s  e r r o r  was 

appa ren t ly  random, a c o r r e c t i o n  f a c t o r  was developed to  normalize the  

i n f l a t e d  age d i s t r i b u t i o n .  The pe rcentage  o f  personnel  a c t u a l l y  recorded 

in each ca tegory  was i n i t i a l l y  computed; the excess p opu la t ion  was then 

determined and reduced by the  same p r opo r t ion  to  y i e l d  t h e  t r u e  t o t a l .  

This procedure was i d e n t i c a l  to one followed by Henderson and E n te r l in e
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[107] fo r  unrecorded causes o f  dea th .  As they  po in ted  o u t ,  i t  i s  not  

known whether  any b ias  i s  in t roduced  by t h i s  method. The d e r i v a t i o n  of 

expected dea ths  requ i red  the s e l e c t i o n  of  a s tandard  popu la t io n .  Age- 

s p e c i f i c  death r a t e s  f o r  white males in  the  S t a t e  o f  Oklahoma were 

c a l c u l a t e d .  M o r t a l i ty  in fo rmat ion  was a b s t r a c t e d  from annual volumes 

of  M o r t a l i ty  S t a t i s t i c s  and Vital  S t a t i s t i c s  o f  the  United S t a t e s  by 

r es idence  (de j u r e )  while  popu la t io n  in fo rmat ion  was r e t r i e v e d  from de­

cenn ia l  and i n t e r c e n s a l  Department o f  Commerce documents in the  United 

S ta te s  Regional Depos i to ry .  The s e l e c t i o n  o f  t h i s  popu la t ion  f o r  com­

p a ra t iv e  purposes  i s  known to  a c t  as an u n d e r s t a t i n g  in f lue nce  in  the  

de te rm ina t ion  o f  the  s tudy g roup 's  m o r t a l i t y .

Mutual ly  e xc lu s ive  cause o f  death groupings were developed to 

provide an a c cu ra te  and homogeneous c l a s s i f i c a t i o n  scheme f o r  causes  

p r e v a l e n t  in  the  f i r e f i g h t i n g  p r o f e s s io n .  The causes  o f  death f o r  90 

per  c e n t  o f  a l l  d eceden t s ,  obtained from a search  o f  S t a t e  Heal th De­

partment  v i t a l  r ecords  and from pension f i l e s  f o r  o u t - o f - s t a t e  d e a th s ,  

were grouped accord ing to  s e l e c t e d  c l a s s i f i c a t i o n s  excerp ted  from the  

Eighth Revis ion o f  the  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  o f  Diseases  and 

Causes of  Death. The ca tegory  used f o r  a c c id e n ta l  deaths  does not  d i s ­

c r im ina te  among those  occur r ing  d o m e s t i c a l l y ,  p u b l i c l y ,  o r  oc c upa t ion ­

a l l y .  Table 8 in  the  appendix i l l u s t r a t e s  the  p ro p o r t io n a t e  cause o f  

death d i s t r i b u t i o n  by age group,  occupat iona l  s t a t u s  and s tudy pe r iod  

c a t e g o r i e s .

To render  the  decedent  popu la t ion  comparable in terms o f  t h e i r  

ac tua l  exposure ,  management p o l i c i e s  governing the leng th  of  the  working 

y e a r  in person-hour  u n i t s  were ob ta ined  f o r  the  per iod 1900 to  1974.
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Since the observed populat ion had undergone e i g h t  changes in working 

hours s in ce  i t s  e s tab l i shm en t  as a f u l l - t i m e  department ,  each d e ceden t ' s  

work h i s t o r y  was ad jus ted  to provide person-year  exposure f ig u r e s  in 

1974 y e a r s .  The c a l c u l a t i o n  and use o f  t h i s  denominator  was inst rumenta l  

in reduc ing i n h e re n t  comparison e r r o r s  of  the worker 's  occupat ional  bur ­

den where d i f f e r e n t  employee cohor ts  by per iod have experienced d i f f e r e n t  

l eng th s  o f  ac tua l  exposure due to temporal changes in the work schedule .

Data from the Oklahoma City and N or fo lk ,V i rg in ia  F i re  Depart­

ments were ga thered  on the d i s t r i b u t i o n  o f  f i r e f i g h t e r s  per  c a p i t a  and 

per  square m i le ,  the  number o f  t o t a l  f i r e  c a l l s  per  c a p i t a  and per  square 

mile  and the  r a t i o  o f  f i r e f i g h t e r s  to  f i r e  i n c i d e n t s .  H i s to r i c a l  i n f o r ­

mation on the  f i r e  p revent ion  component o f  the Oklahoma City F i re  De­

partment  was s i m i l a r l y  c o l l e c t e d  to poss ib ly  exp la in  the t rend  o r  f r e ­

quency o f  f i r e s  in  the Oklahoma Ci ty  a r e a .  The prevalence o f  f i r e  i n ­

c id e n t s  has been a s s o c i a t e d  with the  r e l a t i v e  occupat ional  s t r e s s e s  en­

dured by the  f i r e f i g h t e r .  These da ta  were u t i l i z e d  fo r  more q u a l i t a t i v e  

assessments  of the  s tudy p o p u l a t i o n ' s  occupat ional  load ing .

The a n l a y s i s  o f  t h i s  p o p u l a t i o n ' s  m o r t a l i t y  experience con­

cerned i t s e l f  wi th  the i n t e r p r e t a t i o n  o f  va r ious  paramet r ic  ind ices  

based p r i n c i p a l l y  on magnitude, f requency and occurrence o f  m o r t a l i t y  

e ve n ts .  Less r e l e v a n t  to the h e a l th  c o m u n i ty  but  a pp l i c ab le  to  economic 

concerns were the mention o f  l ab o r  fo rce  measurements involving  occupa­

t io n a l  m o r t a l i t y .  These i n d i r e c t  express io ns  r e l a t e  p r im a r i ly  to  the  

length  o f  working l i f e  [143] .

The ana lyses  of  these  da ta  accounted f o r  such v a r i a b l e s  as age,  

d u r a t i o n  o f  exposure,  l ength o f  s e r v i c e ,  cause of  death and employment
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s t a t u s  a t  death.

P ropor t iona te  m o r t a l i t y  r a t e s  (P.M.R.) the  number o f  deaths  

asc r ibed  to  a p a r t i c u l a r  d i s e a s e  expressed as a p ropor t io n  of  a l l  dea ths  

[144] ,  were c a l c u l a t e d  to  i d e n t i f y  pe r iod  preva lence  among s e l e c t e d  

causes of  dea th .  Standardized  M o r t a l i t y  Rat ios  (S .M .R . ' s )  ( r a t i o  o f  

ac tua l  m o r t a l i t y  to m o r t a l i t y  t h a t  would be expected i f  the  a ge - r a c e - se x -  

s p e c i f i c  r a t e s  fo r  the  s tandard  popula t ion  were t o  a p p ly ) ,  were employed 

as an age-independent  index to f a c i l i t a t e  comparisons o f  the  s tudy popu­

l a t i o n ' s  m o r t a l i t y  experience  [96,  120, 145].  I t  was der ived  through 

the  use o f  the  i n d i r e c t  method.

Observed dea th r a t e s  f o r  a l l  causes  and observed c a u s e - s p e c i f i c  

death r a t e s  f o r  c a rd io v a s c u la r - re n a l  d i s e a s e  among the s tudy  popula t ion  

were compared with those  expected accord ing  t o  a g e - r a ce - se x -c au s e -  

s p e c i f i c  m o r t a l i t y  r a t e s  by res idence  in  the  S t a t e  o f  Oklahoma f o r  four  

time per iods  using e x a c t  midpoint  r a t e s .  These r a t e s  were ob ta ined  by 

using the ac tua l  number o f  deaths  in  the  S t a t e  o f  Oklahoma and ac tu a l  

popula t ion  t o t a l s  except  from one e a r l i e r  y e a r  which was de r ived  by 

l i n e a r  i n t e r p o l a t i o n  of  decennial  f i g u r e s  in  t h e  United S t a t e s  Census.

The popu la t ion a t  r i s k  was determined by computing the unadjus ted  

pe rson-year s  o f  r i s k  in  each o f  the  age groups 20-29,  30-39,  40-49,

50-59, 60-69 and 70- .  The expected numbers o f  dea ths  were de r ived by 

applying the above descr ibed  r a t e s  f o r  the yea rs  1935, 1946, 1957 and 

1968 to  the accumulated person ye a r s  in  each age group dur ing the yea rs  

1930-1940, 1941-1951, 1952-1962 and 1963-1973. S t a t i s t i c a l  a n a ly s i s  of 

dea ths  from a l l  causes was performed by applying a ch i - s q u a re  goodness- 

o f - f i t  t e s t  f o r  the  binomial d i s t r i b u t i o n  in  each t ime pe r iod  and f o r
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each a g e - s p e c i f i c  sub-group of  the  s tudy popu lat ion [89 ] .  The m o r t a l i t y  

p a t t e r n s  f o r  c a rd io v a s c u la r - re n a l  deaths  were a l s o  t e s t e d  f o r  s i g n i f i ­

cance. Because the f i r e f i g h t e r  popu la t ion  under s tudy was f a i r l y  s i z e ­

a b le  and the  m o r t a l i t y  r a t e  s m a l l ,  the  number of  dea ths  was assumed to 

be a Poisson v a r i a b l e  [146] .  In t h i s  an a ly s i s  the  r a t i o  o f  the  observed 

Poisson v a r i a b l e ,  f o r  each a g e - s p e c i f i c  group in each t ime p e r io d ,  to 

the expected number was c a l c u l a t e d .  This p r o p o r t io n ,  the S .M.R. , was 

t e s t e d  a t  the .05 p r o b a b i l i t y  l e v e l .

Observed deaths  were c o r r ec ted  to  exclude f i r e  s e rv i c e  personnel 

in  non-exposed o r  support  c a t e g o r i e s  ( e . g . ,  a d m i n i s t r a t i v e ,  c l e r i c a l ,  

d i s p a t c h e r ,  e l e c t r i c i a n ,  mechanic) .  I nd iv idua ls  in t h es e  c a te g o r i e s  

c o n s t i t u t e d  only 7 pe r  c e n t  o f  the  t o t a l  department  membership and 

omission o f  t h e i r  experience  comprised l e s s  than 1 pe r  cen t  of  the  ob­

served popu la t io n .  No ind iv idua l  in an exposure ca tegory  was l o s t  from 

obse rva t io n  o r  a n a ly s i s  s ince  a l l  in formation  c o l l e c t e d  was a p p l i c ab l e  

in  a t  l e a s t  one p r e s e n t a t i o n  scheme.

For purposes o f  t h i s  a n a l y s i s ,  i n d iv i d u a l s  in  s e pa ra te d  o r  

leave o f  absence c a t e g o r i e s  whose dea ths  were no t  e n te r ed  on s t a t e  v i t a l  

s t a t i s t i c s  records  were assumed to  be a l i v e .  This allowed any b ias  r e ­

s u l t i n g  from t h e i r  inde te rm ina te  s t a t u s  to  be a problem o f  u n d e r s t a t e ­

ment r a t h e r  than overs ta tement .  This s tudy  recognized the  u n a v a i l ­

a b i l i t y  of  any organized scheme to  minimize the  number l o s t  to  follow-up 

o r  assumption to  be made concerning those  l o s t  [135] .

S t a t i s t i c a l  ana lyses  were performed on a Wang  ̂ S e r ie s  700 

Advanced Programmable C a lc u la to r .

^Wang L a b o r a t o r i e s ,  I n c . ,  Tewksbury, Massachuset ts  01876.



CHAPTER V 

DATA INTERPRETATION AND DISCUSSION

The m o r t a l i t y  experience  o f  former Oklahoma City  f i r e f i g h t e r s ,  

observed from 1930 to  1973 and s t a t i s t i c a l l y  analyzed f o r  fo u r  s e p a r a t e  

and equal  time p e r i o d s ,  p r esen t s  some d i s t i n c t i v e  i n t e r - p e r i o d  t r e n d s .

The 43-year  pe r iod  of  a n a ly s i s  inc luded  a t o t a l  o f  259 observed dea ths  

r e p r e s e n t in g  5,389 pe rson-year s  (1974 y e a r s )  o f  exposure f o r  a c t i v e  and 

pensioned personnel .

I n spe c t ion  o f  the  v i t a l  expe r ience  f o r  a l l  occupat iona l  c a t e ­

go r ie s  and a l l  causes  of  death f o r  the  e n t i r e  s tudy  per iod  i s  i n d i c a t i v e  

o f  c e r t a i n  i n f lu e n c e s  a f f e c t i n g  t h i s  g roup 's  m o r t a l i t y .  Table 2 in  

APPENDIX B d i s p l a y s  m o r t a l i t y ,  l o n g e v i ty  and working l i f e  c h a r a c t e r i s t i c s  

of  a l l  decedent s  in  summary form. I n t e r p r e t a t i o n  of  these  d a ta  have 

c e r t a i n  q u a l i f i c a t i o n s  s inc e  the observed means were de r ived  from a 

popu la t ion  demographical ly  d i s s i m i l a r  from the s tandard  popu la t ion .  

A d d i t i o n a l l y ,  the  a b so lu te  s i z e ,  age d i s t r i b u t i o n ,  work schedules  and 

m o r t a l i t y  experi ence  of  the  s tudy group v a r i e d  over  t ime as Table  3 in 

APPENDIX B i l l u s t r a t e s .  I t  should be noted from Table 3 t h a t  most f i g ­

ures  were weighted by the  h igher  and more r e l i a b l e  values  o f  the  two 

l a t e r  s tudy  p e r i o d s ,  i . e . ,  the l a r g e r  popu la t ions  and numbers o f  deaths  

f o r  1952-1962 and 1963-1973.

The mean age of  death f o r  a l l  f i r e f i g h t e r s  was 58.94 y e a r s .

38
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T h i s  i s  approximately 10 yea rs  beneath the  c u r r e n t  U .S .  mean l i f e  ex­

pectancy f o r  white  males.  The mean death age o f  65.93 f o r  s e r v i c e -  

r e t i r e d  personnel suggest s  r e s p e c t a b l e  l o ngev i ty  due p r i n c i p a l l y  t o  the  

in f luence  o f  s e l f - s e l e c t i o n  and s e co n d a r i l y  to  pre-employment sc reen ing  

[22-24,  54, 98] .  Other f a c t o r s  e f f e c t i n g  t h i s  improved s t a t u s  may r e ­

l a t e  to  an a dap ta t ion  by the f i r e f i g h t e r  to  h i s  occupat ional  m i l i e u .

The f i r e f i g h t e r s  alarm r e a c t i o n ,  o r  i n i t i a l  physiochemical  response to 

s t r e s s ,  may undergo some psychosomatic accomodation over  t ime.  I t  i s  

a l so  p o s s ib l e  t h a t  changes in duty  assignments  through v e r t i c a l  promo­

t io n s  which l e s se n  h i s  physical  burden may a l s o  have some s a l u t a r y  

e f f e c t s  on his  longev i ty .  The growth of  the  department  under  s tudy  ex­

panded the  membership in  the  o l d e r  age c a t e g o r i e s  in  t h e  l a t e r  y e a r s ,  

t h e r e f o r e  th es e  f i g u r e s  were regarded as having s t rong  r e l i a b i l i t y .

With r e f e r e n c e  to  the  d i s a b i l i t y - r e t i r e d  personnel and s e rv i c e  

r e t i r e e s ,  the c o n t r a s t i n g  in  Table 2 o f  the mean ages o f  a c c e s s io n ,  

s e p a r a t i o n  and dea th and th e  mean pe rson-year s  of  exposure ,  l eng th  o f  

s e rv i c e  and p o s t - s e p a r a t i o n  su rv iv a l  y e a r s ,  unde rscores  some markedly 

d i f f e r e n t  c h a r a c t e r i s t i c s  between these  occupat iona l  c a t e g o r i e s .  The 

groups could no t  be d i f f e r e n t i a t e d  on the  b a s i s  o f  f i r e f i g h t e r  rank,  

educat iona l  a t t a in m e n t ,  e n t e r in g  phys ica l  c o n d i t i o n ,  socio-economic,  

r a c i a l ,  e th n i c  o r  m ar i ta l  s t a t u s ;  however, the age o f  access ion  cha rac ­

t e r i s t i c  between th es e  two groups has exp lana to ry  va lue .

A mean d i f f e r e n c e  o f  4 ye a r s  in  en t rance  ages was l i k e l y  t o  be 

p a r t i a l l y  r e s p o n s ib le  f o r  decreased  l o n g e v i ty ,  s h o r t e r  working l i v e s  and 

decreased  p o s t - s e p a r a t i o n  su rv iva l  t ime among the  d i s a b i l i t y - r e t i r e d  

group. Entrance i n to  the  f i r e  s e r v i c e  a t  an o l d e r  age may be incompatible
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with a i o w - r i s k ,  d i s a b i l i t y - f r e e  occupat iona l  h i s t o r y  and long tenure  - 

the  no t ion  being the  o l d e r ,  lower ranking worker,  would have a h igher  

r i s k  o f  in cu r r in g  a d i s a b i l i t y  or  i l l n e s s  than a younger,  lower ranking 

f i r e f i g h t e r .  With f i r e  department  membership having undergone a mean 

growth o f  2 .3 per  cen t  pe r  y e a r  s in ce  1930, the average age o f  accession  

has a l s o  increased  from 29.05 yea rs  (1930 - 1951) to 30.50 yea rs  (1952 - 

1973). The in fe rence  t h a t  newer members to the  f i r e  s e rv i c e  in the 

l a t e r  yea rs  are  p r o p o r t i o n a t e l y  l e s s  h e a l t h i e r  than f i r e f i g h t e r s  who 

e n te r ed  in an e a r l i e r  pe r iod -  may be supported by inc re as ing  numbers 

of i n d iv i d u a l s  experi enc ing  d i s a b i 1i t y - r e t i r e m e n t  a t  younger  ages.  The 

lower mean age o f  dea th  f o r  those  dying on a c t i v e  duty as di sp layed in 

Tables 2 and 8 a l s o  f u r t h e r s  t h i s  hypo thes i s .  Data not  presented tabu-  

l a r l y  bu t  d i sc lo sed  by t h i s  inqu i ry  i n d ic a te d  t h a t  o f  the  ind iv id u a l s  

having e n te r e d  the  f i r e  s e r v i c e  between the ages o f  30 and 34, t h e i r  

mean s e rv i c e  c o n t r i b u t i o n  in pe rson-year  u n i t s  was p ro p o r t io n a t e ly  

s h o r t e r  (27.15 pe rs o n -y e a r s )  than a l l  o t h e r  age c a t e g o r i e s .  The age 

group having en te red  the  f i r e  s e rv i c e  between the  ages of  25 to  29 had 

the longes t  mean experi ence  o f  30.26 pe r son -ye ar s .  A d d i t i o n a l l y ,  8 .9  

pe r  c en t  of  a l l  de a ths  occur red between the  ages o f  30 and 39 con t ra s ted  

with 2.3 per  cent  between the  ages o f  20 and 29. P o s t - s e p a ra t io n  s u r ­

vival  time was a l s o  more favorab le  f o r  those  e n t e r in g  between the  ages 

of  25 and 29 (13.00 y e a r s )  as compared to the 30-34 y e a r  age group 

(12.52 y e a r s ) .

Recognit ion o f  the  d i s a b i l i t y - r e t i r e d  group accounting f o r  30 

pe r  c e n t  o f  a l l  r e t i r e m e n t s  i s  i n d i c a t i v e  o f  some nega t ive  s e l e c t i o n  

f a c t o r ( s )  being a s s o c i a t e d  with t h i s  sub-group o f  the  r e t i r e d  popula t ion .
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M o r t a l i t y f o r  Al 1 Caus_e^of  Death 

I t  i s  well known t h a t  a d i s p r o p o r t i o n a t e  share  of  the  general 

m o r t a l i t y  d e c l in e  from the  tu rn  o f  the  century t o  around 1950 has been 

due to the  p reven t iv e  and c u r a t i v e  medical e f f i c a c y  a s so c i a te d  with i n ­

f e c t i o u s ,  p a r a s i t i c  and r e s p i r a t o r y  d i se a se s  [147] .  Since 1960 t h e r e  

has been l i t t l e  progress  in lowering death r a t e s  which may be a r e s u l t  

o f  medical technology having reached an i r r e d u c i b l e  b io lo g ic a l  minimum 

[148] .  Notwithstanding t h i s  general  r educ t ion  in  m o r t a l i t y ,  an a n a ly s i s  

of  U.S. a ge -co lo r - sex  s p e c i f i c  death r a t e s  f o r  1948-1968 i n d i c a t e s  t h a t  

the  white male death r a t e  has indeed t rended  upward [149] .

Findings of t h i s  s tudy  appeared to  c o r r e l a t e  p o s i t i v e l y  with 

th es e  na t iona l  t rends  f o r  the  1930 -  1963 pe r iod .  The o v e ra l l  m o r t a l i t y  

experience  f o r  the  s tudy  popula t ion  a l s o  corresponded with e x t r a  mor­

t a l i t y  decreases  r e c e n t l y  wi tnessed in  many occupat io ns .  These d e c re a s e s ,  

a t t r i b u t e d  to improved working cond i t io n s  and a h igher  l i v i n g  s tandard  

were l i k e l y  t o  have had a s i m i l a r  e f f e c t  on the  s tudy p o p u l a t i o n ' s  mor­

t a l i t y  experi ence .  Study f in d ings  were a l s o  c o n s i s t e n t  with G ura ln i c k ' s  

[24] e a r l i e r  obse rva t io ns  concerning s e rv i c e  workers .  The a g e - s p e c i f i c  

death r a t e s  dur ing the f o u r  t ime p e r i o d s ,  which d i s p l a y  n o t i c e a b le  and 

o f t e n  s i g n i f i c a n t  v a r i a t i o n s ,  appear  to  p r e s e n t  s u f f i c i e n t  s t a t i s t i c a l  

s t r e n g th  to cha l l enge  the  primary hypothes i s  t h a t  f i r e f i g h t e r s ,  through 

pre-employment examinat ions and s e l f - s e l e c t i o n ,  enjoy a h e a l th  s t a t u s  

s u p e r i o r  to  t h a t  o f  the general  popu la t ion .

Examination of  Table 4 in  APPENDIX B s u b s t a n t i a t e s  t h a t  s i g n i ­

f i c a n t l y  d i f f e r e n t  p a t t e r n s  o f  m o r t a l i t y  between the  Oklahoma City f i r e ­

f i g h t in g  group and the white  male popu la t io n  o f  the  S t a t e  o f  Oklahoma
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have occurred during the 1930-1940 per iod .

The S.M.R., used as the age-independent  summary measure of  

comparat ive m o r t a l i t y  was c a l c u l a t e d  f o r  two age spans ,  namely the  

20-69 year  age group and the 20-70-  popula t ion  - the  former being the  

more r e l i a b l e  f ig u re  [24] .  As a summary f i g u r e ,  i t  may obscure some 

d i f f e r e n c e s  in  the  a g e - s p e c i f i c  r a t e s .  For t h i s  r eason ,  ind iv idua l  

S.M.R. 's  were der ived f o r  each age group in a l l  f o u r  t ime pe r iods .  The 

r e l i a b i l i t y  o f  the  S.M.R. i s  a l so  a f f e c t e d  by d e fe c t iv e  r a t e s  due to  

l im i t e d  number bases;  i n t e r p r e t a t i o n s  o f  these  r a t e s  should t h e r e f o r e  

t ake  i n to  account  the proport ion  o f  dea ths  occurr ing  in  each age group.  

These p ropor t ions  f o r  a l l  t ime pe r iods  a r e :  2 .3  per  c en t  f o r  ages 

20-29,  8 .9 per cen t  f o r  30-39,  15.8 per  cent  f o r  40-49,  22.8 per  cent  

f o r  50-59,  20.1 per  cen t  f o r  60-69,  and 30.1 pe r  c en t  f o r  70- .  A more 

d i s c r e t e  breakdown by cause may be reviewed in  Table 8 .

There does not  appear  to be any i n t r a - p e r i o d  t r e n d  between the 

age groups s tu d ie d  in Table 4. Three age groups,  20-29, 30-39 and 50-59 

d i sp layed  e le v a te d  l e v e l s  o f  m o r t a l i t y  with s i g n i f i c a n c e  a t  the .01 

l eve l  being demonstrated f o r  t h e  l a t t e r  group.  The f avo rab le  m o r t a l i t y  

experience  o f  the  40-49 y e a r  age group in the  face of  a d ja c e n t  h igher  

values  can not  be r e a d i l y  e xp la ined ;  however, some unde rs tand ing might 

be gained with b e t t e r  po l ic y  in fo rmat ion  concerning promotion p r a c t i c e s  

or  more d i sc r im in a t e  ( m u l t i v a r i a t e )  ana lyses  o f  t h i s  g roup 's  demographic 

c h a r a c t e r ,  ages of  access ion  and en t rance  c r i t e r i a  a t  the  t ime o f  t h e i r  

admission to  the  f i r e  department .  I t  i s  l i k e l y  t h a t  en t rance  s tandards  

were i n i t i a l l y  promulgated when the f i r e  department  was ch a r t e r e d  as a 

f u l l - t i m e  municipal s e rv i c e  a t  the tu rn  o f  the century which may have
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a f f e c t e d  t h i s  group.  Entrance s ta nda rds  and r e v i s io n s  t h e r e o f  were not  

a v a i l a b l e  f o r  the  e a r l i e r  pe r iods  o f  t h i s  i n q u i r y .

A p a t t e r n  o f  r e l a t i v e l y  lower r a t e s  was observed f o r  the  60-69 

y e a r  age ca tegory  in  a l l  t ime pe r iods  (Tables 4 through 7 ) .  I t  i s  

l i k e l y  t h a t  t h i s  i s  a r ea l  dec rease  due to  s e l f - s e l e c t i o n  al though some 

a r t i f a c t  b i a s  due to  reco rd in g  e r r o r s  i s  a l s o  h igh ly  probab le  in t h i s  

age group.

The 70 and over  age ca tegory  had few deaths  recorded  between 

the  y e a r s  o f  1930 and 1940. This  was due to  l im i t e d  membership in the  

o l d e r  age groups and extreme d i f f i c u l t i e s  o f  t r a c in g  s e p a ra te d  members.

I t  w i l l  be noted t h a t  s i g n i f i c a n c e  a t  the  .1 and .01 l e v e l s  

was recorded f o r  ages 20-69 and 20-70-  r e s p e c t i v e l y  a l though in  oppos i t e  

d i r e c t i o n s .  The most r e l i a b l e  f i g u r e ,  the  h igher  S.M.R. o f  t h e  20-69 

group i s  s i m i l a r l y  r e f l e c t e d  in  t h e  nex t  t ime pe r iod .

Table 5 d i s p l a y s  the  a g e - s p e c i f i c  m o r t a l i t y  f o r  t h e  1941-1951 

p e r io d .  An e l e v a t e d  S.M.R. i s  again demonstrated in the  30-39 ye a r  

group with c o n s id e r a b l e  s i g n i f i c a n c e  a t  the  .001 l e v e l .  This peak,  the  

h ig h es t  S.M.R. recorded  f o r  any age group between the  y e a r s  o f  1930 and 

1973 i s  l i k e l y  t o  be the  r e s u l t  o f  occupat iona l  performance f a c t o r s  

a s s o c i a t e d  with the  h ig h e r  ages o f  access ion  descr ibed  in  the  f i r s t  

s e c t i o n  o f  t h i s  c h a p te r .

The S.M.R. v a lue  fo r  the  20-29 y e a r  age group would i n i t i a l l y  

i n d i c a t e  t h a t  the  f i r e f i g h t i n g  popu la t ion  enjoyed a m o r t a l i t y  e x p e r i ­

ence almos t  o n e - h a l f  t h a t  o f  the  general  popu la t ion .  This value i s  

somewhat i l l u s o r y  however, f o r  the  impact o f  the  war y e a r s  on t h i s  

g e n e ra l l y  h e a l th y  popu la t ion  m i t i g a t e s  the  r e l i a b i l i t y  o f  t h i s  f i g u r e .
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Ino rd ina te  numbers o f  p e r s o n n e l ,  who would normally be expected to  ex­

pe r ience  long tenure  [142] ,  v o l u n t a r i l y  s epara ted  during t h i s  pe r iod  

and because o f  i r r e g u l a r  r ecord ing  p r a c t i c e s  were l o s t  to ob s e rv a t io n .

I t  i s  probable  t h a t  a d d i t io n a l  r e s p o n s i b i l i t i e s  b e f e l l  the  

o l d e r ,  lower ranking and l e s s  tenured age groups which exp la ins  the 

e l e v a te d  S.M.R. 's  f o r  personnel  in t h e  30-49 y e a r  age b rac ke t .

A decrement  in the m o r t a l i t y  of  50-59 yea r  old f i r e f i g h t e r s  was 

recorded although i t s  s i g n i f i c a n c e  a t  the  .3 leve l  weakens i t s  i n t e r p r e ­

t a t i o n .  I t  was understood t h a t  workers in t h i s  e a r l i e r  pe r iod  tended  to 

have longer  occupat iona l  h i s t o r i e s  and l a t e r  r e t i r e m e n t s .  The fo rce  of 

s e l f - s e l e c t i o n  t y p i c a l l y  e x e r t ed  i t s  most powerful i n f lu e n ce  a t  the 

younger  ages probably as a r e s u l t  of  e a r l y  i d e n t i f i c a t i o n  of  physical  

i n a b i l i t i e s  o r  job d i s s a t i s f a c t i o n .  I t  i s  t h e r e f o r e  reasonab le  to  ex­

pec t  the o l d e r  popu la t io ns  to  r e p r e s e n t  a h e a l t h i e r  coho r t .  Add i t ion ­

a l l y ,  no personnel who died in t h i s  age span a f t e r  having separa ted  in 

an e a r l i e r  t ime pe r iod were inc luded in  t h i s  c e l l .

S ign i f i ca nc e  was demonstrated f o r  the d i f f e r e n c e s  in  the  age- 

s p e c i f i c  r a t e s  of  the  20-69 ( .02 )  and 20-70-  ( .01)  age groups.  Sepa­

r a t e d  personnel l o s t  to o b s e rv a t io n  and those te rmina ted  from e a r l i e r  

t ime pe r iods  a f f e c t  the r e l i a b i l i t y  o f  both s t a t i s t i c s ;  the  S.M.R. f o r  

the 20-69 y e a r  popu la t io n ,  however, should be accepted as the  more r e ­

l i a b l e  approximation i n d i c a t i n g  h igher  overa l l  m o r t a l i t y .

Table 6 in APPENDIX B i l l u s t r a t e s  the m o r t a l i t y  h i s t o r y  f o r  the 

1952-1962 pe r iod .  As the f i r e  department  inc reased  i t s  membership by 

over  50 per  cen t  during t h i s  p e r i o d ,  the  concern f o r  q u a l i f i e d  personnel  

and the  force  of  s e l f - s e l e c t i o n  account  f o r  the  favorably lower,  bu t  not
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s i g n i f i c a n t ,  S.M.R. in  the  younger  age groups o f  20-39.

F i r e f i g h t e r s  between the  ages o f  40-59 di sp layed a somewhat 

unfavorable  m o r t a l i t y  exper ience .  Because no ou t s t and in g  a d m in i s t r a t iv e  

changes occurred which would pose add i t io n a l  r i s k s  to  t h i s  group, the  

express io n  o f  a h igher  S.M.R. was regarded as the product  of  inc reas ing  

occupat iona l  burdens (desc r ibed  l a t e r )  being assumed by t h i s  group, 

e a r l i e r  e r r o r s  in  pre-employment s c reen in g  and the  success fu l  i d e n t i f i ­

c a t ion  and t r a c i n g  o f  te rmina ted  personnel  from e a r l i e r  pe r iods .  This 

l a t t e r  f a c t  a l so  accounted f o r  the  s i g n i f i c a n t l y  h igher  m o r t a l i t y  in 

the 70 and over  group.

Higher S.M.R. ' s  f o r  both the  20-69 and 20-70-  groups were noted 

with the l a t t e r  being s i g n i f i c a n t  a t  t h e  .001 l e v e l .  The f ind ing  of  

h igher  m o r t a l i t y  f o r  the  20-69 y e a r  old popula t ion  i s  c o n s i s t e n t  with 

t r e n d s  noted f o r  t h e  1930-1951 pe r iod  and f a l l s  w i th in  2 percentage 

po in t s  o f  t h a t  noted by Gura lnick  [24] f o r  s e rv i c e  workers in  the  same 

p e r io d ,  ages 20-64.

A g e - s p ec i f i c  m o r t a l i t y  f i g u r e s  recorded in  Table  7 cont inued to 

show a d e c l i n in g  o v e ra l l  t r e n d  with decreas ing  s i g n i f i c a n c e  as measured 

by the  S.M.R.

The in f luence  o f  pre-employment sc reening  and s e l f - s e l e c t i o n  

appeared to  demons tra te  a s i g n i f i c a n t  ( . 3 )  impact on the i n d iv id u a l s  in 

the 20-39 y e a r  age c a t e g o r i e s .  These S.M.R. 's  r e p r e s e n t  the lowest  r e ­

corded among a l l  t ime pe r iods  and a re  c o n s i s t e n t  wi th  t h i s  i n q u i r y ' s  

hypo thes i s .

Adverse lo n g ev i ty  f a c t o r s  ( r e l a t e d  to t h e i r  age of  accession 

as e a r l i e r  desc r ibed )  encountered  by in d iv id u a l s  in the  40-49 y e a r  group
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and r e l a t e d  to t h e i r  age of access ion  as e a r l i e r  d e s c r ib ed ,  appeared 

to  e x e r t  an unfavorab le  impact on t h e i r  m o r t a l i t y .  The d i f f e r e n c e  in 

a g e - s p e c i f i c  r a t e s  between the s tandard  and s tudy popula t ions  in the 

49-49 y e a r  category was s i g n i f i c a n t  a t  the .1 l e v e l .  Fac to rs  c o n t r i ­

bu t ing  to  t h i s  group 's  occupat ional  load ing  o r  burden may a l so  have 

c o n t r ibu te d  to  t h i s  i n c r e a s e .

Although the S.M.R. c a l c u l a t e d  f o r  the 50-59 y e a r  group is  

approaching un i ty  ( . 9 7 ) ,  i t  i s  reasonable  t o  expect  a wider  v a r i a t i o n  

from the general populat ion  i f  the f i r e f i g h t e r s '  h e a l th  was indeed 

s u p e r i o r .  Sharing a h e a l th  s t a t u s  with a s im i l a r  cohort  in the  general  

populat ion  does not  support  the  pr imary hypothes is .

The d i f f e r e n c e  in a g e - s p e c i f i c  r a t e s  fo r  the  70 and o ld e r  

popu la t ion ,  a lthough not  s i g n i f i c a n t ,  was l a r g e ly  due to  success fu l  

t r a c i n g  o f  personnel  s epara ted  in the  e a r l i e r  pe r iods .

The S.M.R. 's  o f  91 and 98 f o r  the  20-69 and 20-70-  age group 

r e s p e c t i v e ly  were s i g n i f i c a n t  a t  the .2 leve l  f o r  the  former ca tegory  

and a t  the  .3 l eve l  f o r  a l l  ages p a s t  20. These f i g u r e s  cont inue  to  

r e f l e c t  and co inc ide  with general  m o r t a l i t y  t r e n d s .  While they  do 

approximate p a r i t y  wi th  the general  p o p u la t io n ,  these  d i f f e r e n c e s  in 

m o r t a l i t y  do not  demonstrate  a h igh ly  s i g n i f i c a n t  increment in  longev­

i t y  which might be expected based on the  s t r i n g e n t  s e l e c t i o n  supposedly 

exe rc i sed  f o r  en tr ance  in to  the  occupat ion .

The 1930-1973 S.M.R. f o r  ages 20-69 was 1.01 and 1.05 f o r  those  

20-70-.  A d e f i n i t e  t r e n d  was shown in  t h a t  the S.M.R. d ec l ined  as the 

follow-up period dec reased ,  however, t h es e  f i g u r e s ,  f o r  the  e n t i r e  s tudy
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p e r iod ,  were induced to  u n d e r s t a t e  the  ac tua l  prevalence and magnitude 

o f  m o r t a l i t y .  Some f a c t o r s  which had an a d d i t i v e  unde rs t a t i n g  e f f e c t  

were the use of  a non-demographical ly comparable s tandard  popu la t ion ,  

the  inc lu s io n  of  i n d iv id u a l s  in non-exposure c a t e g o r i e s  in the  denomin­

a t o r  who could not  be i d e n t i f i e d  and th e r e f o r e  excluded,  the  exc lus ion  

o f  non-white and suppor t  personnel from the numerators and the  s u c ce s s ­

ful  t r a c in g  of  only 10 per  cent  o f  the  s e p a r a t e d ,  mobile non-pensioned 

personne l .  Although these  b iases  could no t  be c o r r e c te d  f o r ,  they 

should be acknowledged in  i n t e r p r e t i n g  the  p rev io u s ly  descr ibed  r a t i o s  

and a g e - s p e c i f i c  r a t e  d i f f e r e n c e s .

In a s se s s ing  the i n f lu e n ce s  o f  f i r e f i g h t i n g  experienced by th e  

decedents  during the  pe r iod  o f  a n a ly s i s  and b e fo r e ,  d e s c r i p t i o n  of  

severa l  occupat iona l  v a r i a b l e s  i s  a l s o  i n d i c a t e d .

F i r e f i g h t e r s  have undergone e i g h t  changes in t h e i r  work sched­

u le  s ince  1900, the  formal o r g a n iz a t io n  o f  a f u l l - t i m e  paid department .  

These changes a re  o u t l i n e d  in Table 3. Recognizing t h a t  personnel in  

the  e a r l i e r  yea rs  were exposed f o r  much longer  p e r i o d s ,  i t  i s  d i f f i c u l t  

to  independent ly  a s se s s  the impact o f  t h i s  f a c t o r  without  account ing 

f o r  the gradual  improvements in t r a i n i n g ,  p r o t e c t i v e  and s a f e t y  dev ices ,  

e x t in g u is h in g  agen ts ,  c o n s t r u c t io n  p r a c t i c e s  and f i r e f i g h t i n g  equipment.  

A d d i t i o n a l l y ,  the  number o f  f i r e  c a l l s  ( s t i l l  a la rms ,  f i r e  a la rm s ,  and 

spec ia l  c a l l s )  should be c o r r e l a t e d  with each per iod to determine ac tu a l  

occupat iona l  load ing .  As th es e  records  f o r  Oklahoma City were de s t roye d ,  

a s i m i l a r  Standard Metropo l i tan S t a t i s t i c a l  Area (SMSA) with comparable 

demographic s t a t i s t i c s ,  c l im a to lo g ic a l  c h a r a c t e r i s t i c s  and insurance  

r a t i n g s  was s e l e c t e d  f o r  the i d e n t i c a l  pe r iod  o f  s tudy .  The experience
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o f  the Norfolk,  V i rg in i a  F i re  Department was examined fo r  comparat ive 

purposes and y i e l d s  a r e l i a b l e  e s t im a te  o f  t o t a l  exper ience .  Accepting 

t h e i r  alarm h i s t o r y  to  be r e p r e s e n t a t i v e ,  the Oklahoma City F i re  Depart ­

ment underwent a 3 pe r  c e n t  decrease  in personnel and a 2 per  cen t  i n ­

c rease  in t o t a l  a larms from 1930 to  1940. For 1941 to  1951 th e  d e p a r t ­

ment was expanded by 34 pe r  cen t  with only a 4 pe r  c e n t  i n c r e a s e  in 

a larms.  The 1952 to 1962 pe r iod  wi tnessed  a 12 per  cen t  i n c r e a s e  in 

personnel  but a 19 per c en t  i n c r e a s e  in a larms.  The l a s t  pe r iod  o f  

s tudy ,  1963 to 1973, recorded a departmental  expansion of  45 per  c e n t  

with a cons id e rab ly  s m a l l e r  i n c r e a s e  in  alarms o f  28 per  c e n t .  These 

approximations i n d i c a t e  t h a t  the  o v e ra l l  burden assumed by the  s tudy  

popula t ion  was reduced by l a r g e r  i n c r e a s e s  in the a d d i t io n  o f  personnel  

than the  i nc re ase  o f  f i r e  a larms .  This  i n t e r p r e t a t i o n  i s  con t in g e n t  

upon the c o r r e c t  r a t i o  o f  f i r e f i g h t e r s  to  f i r e  i n c i d e n t s  e x i s t i n g  i n i ­

t i a l l y  a t  the base pe r iod  o f  1930.

Po l icy  d e c i s io n s  a f f e c t i n g  the  d i s t r i b u t i o n  o f  f i r e f i g h t e r s  

have a l s o  had an undoubtable e f f e c t .  Since 1930, the  r a t i o  of  f i r e ­

f i g h t e r s  per  10,000 popu la t io n  has inc reased  from 13 pe r  10,000 to  17 

per 10,000 in  1973 while  the d i s t r i b u t i o n  of  f i r e f i g h t e r s  per  square 

mile  has decreased from 10 p e r  square mile  to  one pe r  square m i le .  

Accompanying t h i s  decreased  p roper ty  p r o t e c t i o n  has i n t e r e s t i n g l y  been 

a concomitant  i n c r e a s e  in  t h e  c o s t  o f  f i r e  p r o t e c t i o n  per  u n i t  o f  land 

a re a .  Because o f  the  enormous r e s p o n s i b i l i t y  f o r  the  p r o t e c t i o n  o f  

p roper ty  over  such a l a r g e  land a r e a ,  the  d i s t r i b u t i o n  o f  f i r e f i g h t e r s  

per  square mile  i s  a more c r e d i b l e  measurement o f  occupat iona l  load ing .

The render ing  of  ac tua l  f i r e  s e rv i c e s  a l s o  i n d ic a te d  an inc re ase
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f o r  the  per iod of  a v a i l a b l e  f i g u r e s ,  the  yea rs  1960 through 1970. F i re  

c a l l s  have increased  from 21 to  30 per 10,000 in t h i s  l im i t e d  t ime frame. 

Accepting the premise t h a t  f i r e  p reven t ion  a c t i v i t i e s  have a d e f i n i t e  

r e l a t i o n s h i p  to  the  occurrence of  f i r e  i n c i d e n t s ,  t h i s  growth in  s e rv i c e  

demand may have a log ic a l  b a s i s  s in c e  f i r e  p revent ion personnel have 

undergone a reduc t ion  in f i r e  department  r e p r e s e n t a t i o n .  With a decrease  

from 3.1 per  cen t  in  1939 to  1.5 per cen t  in 1973, the i nc rease  in f i r e  

c a l l s  may be more e a s i l y  understood.

The c o l l e c t i v e  impact of  the  above descr ibed  occupat ional  con­

d i t i o n s ,  ope ra t ing  during the s tudy  p e r io d ,  a re  not  to be di scoun ted  in  

i d e n t i f y i n g  r i s k s  endured by t h i s  popu la t ion .  Some counte rbalanc ing  

e f f e c t s  should r e s u l t  from th e  i n t r o d u c t i o n  o f  improved and more e f f i c i ­

e n t  equipment,  more e x tens ive  t r a i n i n g  and more e l a b o r a t e  s a f e t y  equ ip ­

ment and p r a c t i c e s .  The i n c re as e  of  f i r e  c a l l s  and decreased  d i s t r i b u ­

t i o n  o f  f i r e f i g h t e r s  per  square mile  were regarded as the  most s i g n i f i ­

c an t  a reas  o f  h e a l th  and s a f e t y  concern,  p a r t i c u l a r l y  as they r e l a t e  to 

m o r t a l i t y .

P ropo r t iona te  M o r t a l i ty

Each d e c e d e n t ' s  cause of dea th was recorded through death 

c e r t i f i c a t e  r e t r i e v a l  and i s  d i sp layed  in  Table 8. With most improve­

ments in  dea th r e g i s t r a t i o n  and cause o f  dea th c l a s s i f i c a t i o n  tak ing  

p lac e  in  the  l a t e r  yea rs  and the  f a c t  t h a t  dea ths  were d i s t r i b u t e d  

throughout  the  e n t i r e  s tudy p e r i o d ,  as may be seen in  Table 3 ,  t h e  cause 

o f  death s ta tements  have vary ing  degre o f  r e l i a b i l i t y  [133] .  Rubrics  

under which th e  f i r e f i g h t e r s  causes o f  death were t a b u l a t e d  in  Table 8



50

were s e l e c t e d  from the  Eighth Revis ion o f  the  I n t e r n a t i o n a l  C l a s s i f i c a ­

t i o n  o f  Diseases .  With m u l t ip l e  ca usa t ion  s t a t e m e n t s ,  t h e  s e l e c t i o n  of  

t he  ac tua l  cause o f  d e a th ,  one b iom e t r i c  problem in t h i s  s tudy ,  was de­

termined to  be t h a t  d i s e a s e  p ro ce s s ,  con d i t io n  o r  c i rcumstance u l t i m a t e l y  

r e s p o n s ib le  f o r  the  i n d i v i d u a l ' s  de a th .  Fac tors  such as l o c a t io n  o f  the 

in d iv id u a l  a t  d e a th ,  s p e c i a l t y  of  t h e  c e r t i f y i n g  phys ic ian  and s t a t e - o f -  

t h e - a r t  que s t ions  a r e  a l l  acknowledged to  have a f f e c t e d  the  accuracy of  

t he  cause o f  dea th  s ta t e m e n t  [141] .

I t  i s  accepted  t h a t  m o r t a l i t y  does not  always r e f l e c t  d i se a se  

inc idence  [135] and the  use of death c e r t i f i c a t e s  to i d e n t i f y  increased 

occupat iona l  r i s k ( s )  has been descr ibed  as a somewhat i n s e n s i t i v e  method. 

However, when th e s e  r i s k s  a r e  found they  have been l i k e l y  to u n d e rs t a t e  

t h e  t ru e  r i s k  [ISO]. A d d i t i o n a l l y ,  t h e  u n d e r s t a t i n g  i n f lu e n ce  o f  the  

over  10 per  c e n t  i l l - d e s c r i b e d  and unknown causes  o f  dea th in Table 8 

was o f  r e l a t i v e  importance when compared to  the  1 t o  2 p e r  cen t  t h a t  was 

expected [151] .

While the  number o f  deaths  by cause was too d i sp e r s ed  f o r  com­

p a r a t i v e  m o r t a l i t y  r i s k s  t o  be de te rmined ,  a n a ly s i s  was worthwhile .  The 

method o f  choice f o r  p r e s e n t a t i o n  and a n a ly s i s  was t h e  P ropo r t iona te  

M o r t a l i t y  Ratio (P.M.R.) [144]  -  the  d i sadvan tages  and advantages o f  

which have been d i sc usse d  by Doll [109] .  S p e c i f i c  d i s o r d e r s  s t a t i s t i ­

c a l l y  a s s o c i a t e d  with f i r e f i g h t i n g  were sought  wi th  t h e  r e c ogn i t ion  t h a t  

c a u s a l i t y  in  an u l t i m a t e  s ense  could n o t  be determined wi thou t  demon­

s t r a t i n g  a c a u s a t iv e  mechanism [51] .

Table 8 in APPENDIX B c a t e g o r i z e s  f i r e f i g h t e r  dea ths  by cause 

and d i s t r i b u t e s  them by age ,  period and occupat iona l  s t a t u s  a t  death .
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As the  t a b l e  makes c l e a r ,  the l im i t e d  frequency in most c e l l s  and con­

s id e r a b l e  d i sp e r s io n  f o r  a l l  causes excep t  c a rd io v a s c u la r - re n a l  d i s e a s e ,  

cancer  and acc iden ts  p rosc r ibes  more e x te ns ive  s t a t i s t i c a l  a n a ly s i s .

Accidental  d e a th s ,  one o f  the  c h i e f  hazards  o f  f i r e f i g h t i n g

[1 0 ] ,  were more f requen t  on the job as the  a c t i v e  c e l l  d i sp l a y s  but  not  

s o l e l y  concen t ra ted  in  t h i s  ca tegory .  C o ns i s te n t  with an e a r l i e r  o b s e r ­

va t io n  concerning higher  r i s k s  among o ld e r  workers ,  the  abso lu te  number 

o f  a c c ide n ts  appeared to  be more f r e q u e n t  in  the 30 and over  age groups 

and appeared to  show a n o t ic e ab le  in c re a s e  in  the  l a s t  decade.

Although r e s p i r a t o r y  d i se a s e  con t inues  to  be dominant as the 

lead ing  cause o f  d i s a b i l i t y  absenteeism in  i n d u s t r i a l  worker popula t ions  

and the  major cause o f  permanent d i s a b i l i t y  payments [152] ,  unusual mor­

t a l i t y  t rends  due to r e s p i r a t o r y  d i s o r d e r s  were not  mani fes ted .  The 

P.M.R. f o r  r e s p i r a t o r y  cancer  was s l i g h t l y  e l e v a te d  in  some c e l l s  but  

was recorded most ly in the o l d e r  age groups.  This pa th o log ica l  cond i ­

t i o n  along with o t h e r  r e s p i r a t o r y  d i se a s e s  was a n t i c i p a t e d  to  be much 

h igher  in a l l  c e l l s  [31-37,  125, 153,  154] .  Pneumonia and t u b e r c u lo s i s  

did no t  demonstrate  unusual p reva lence .  One case o f  pulmonary emphysema 

was a l s o  observed.

The P.M.R. 's  f o r  a l l  cancers  were d i s t r i b u t e d  with i n c r e a s in g  

frequency wi th in  the o ld e r  age c e l l s .  The P.M.R. of  18 per cen t  f o r  

1952-1962 was somewhat h igher  than the  t o t a l  na t iona l  P.M.R. o f  15.7 

per  cent  f o r  1963 [148] while the  most r e c e n t  1963-1973 f i r e f i g h t e r  

P.M.R. of  14.0 was somewhat below the  1972 U.S. f i g u r e  o f  17.7 per  ce n t .  

The o th e r  two values f o r  the per iods  covering 1930-1951 were a lso  below 

the  United S ta te s  f i g u r e s  fo r  comparable time p e r io d s .  Since the crude
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P.M.R. 's were not  w i th in  excep t iona l  ranges by age o r  p e r iod ,  f u r t h e r  

an a ly s i s  was not  performed.

Inspec t ion  o f  t h e  P.M.R. f o r  the  c a rd io v as c u la r - re n a l  (CVR) 

c l a s s i f i c a t i o n  i n d i c a t e d  add i t io n a l  review.  Because d i se a s e s  wi th in  

t h i s  c l a s s i f i c a t i o n  have been o f  a t y p i c a l l y  chronic  and degenera t ive  

na tu re  and u s u a l ly  concen t ra ted  a t  the  o l d e r  ages ,  t h e i r  appearance in 

the s tudy p o p u l a t i o n ' s  younger age groups was a source o f  concern.

Since only marginal  p rogress  in the r educ t ion  o f  these  pa tho log ie s  has 

been made, na t iona l  white  male and f i r e f i g h t e r  death r a t e s  have va r i ed  

from the  d ec l in ing  t rend  of  the  m o r t a l i t y  curve.  For the  above age 45 

popula t ion ,  the  r a t e s  f o r  U.S. have been l eve l  o r  s l i g h t l y  decreas ing 

while the P.M.R. has remained about  the  same [158] .  Bogue [148] has 

specu la ted  t h a t  " t h i s  may r e f l e c t  a cond i t io n  of  s t a g n a t io n  in medical 

and h e a l th  technology o r  a s u b s t a n t i a l  progress  t h a t  i s  being o f f s e t  by 

a r i s i n g  incidence o f  t h i s  c l a s s  o f  d i s o r d e r " .  P a r t  o f  the  l e v e l in g  

o f f  might a l s o  have been due to  c e r t a i n  a r t i f a c t s  -  i . e . ,  improved v i t a l  

r e g i s t r a t i o n .

Repeated c i t a t i o n s  o f  the  incidence  o f  t h es e  d i s o r d e r s  in f i r e ­

f i g h t i n g  popula t ions  [12 ,  16,  26,  53, 128] ,  the  u n a v a i l a b i l i t y  of  s a t i s ­

f a c t o ry  s t a t i s t i c s  to  e s t a b l i s h  r e l a t i v e  r i s k  [15,  110, 155] and the 

impact o f  c e r t a i n  v a r i a b l e s  on o th e r  m et ropo l i tan  and working popu la t ions  

[86,  156, 157] supported the  s e l e c t i o n  o f  t h i s  c l a s s i f i c a t i o n  f o r  a s s e s s ­

ment s i m i l a r  t o  the  a n a l y s i s  fo r  m o r t a l i t y  from a l l  causes  [95 ] .  A 

somewhat d i f f e r e n t  and more s e n s i t i v e  s t a t i s t i c a l  t e s t  was s e le c te d  

u t i l i z i n g  the Poisson d i s t r i b u t i o n  as descr ibed  in the  "Methods" se c t ion  

of t h i s  work [146] .  As wi l l  be noted in  Table 9 ,  such a technique  has
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allowed the d i r e c t  comparat ive a n a ly s i s  of the  S.M.R.

As Table 8 d i s p l a y s ,  m o r t a l i t y  experience from the  CVR ca tegory  

was observed in a l l  c e l l s  except  t h e  20-29 yea r  age group. I t  i s  well 

r ep re sen te d  in every t ime pe r iod with the h ighes t  value being recorded 

in the  1941-1951 e ra .

M o r t a l i ty  experi ence  from CVR d i se a s e s  f o r  the  1930-1940 pe r iod 

i s  i l l u s t r a t e d  in  Table 9. There was some n o t i c e a b le  f l u c t u a t i o n  in  

t h es e  observed r a t e s  and no d e f i n i t i v e  t rends  were observed f o r  the  

p e r iod .  I t  should be p a r e n t h e t i c a l l y  added t h a t  expected r a t e s  f o r  t h i s  

per iod were computed by app ly ing th e  United S t a t e s  white  male dea th  r a t e s  

f o r  1935, the mid-po in t  o f  the  s tu dy  pe r iod  (Oklahoma r a t e s  were not  

a v a i l a b l e ) .  Because these  r a t e s  a r e  c a t e g o r i c a l l y  h igher  and l e s s  

r e p r e s e n t a t i v e  than Oklahoma s t a t i s t i c s ,  app rec iab le  b i a s  e x i s t e d  to  

u n d e r s t a t e  the  f o rc e  of  m o r t a l i t y  on f i r e f i g h t e r s  dur ing t h i s  e r a .  Of 

the four  c e l l s  d i sp l a y in g  r a t e  d i f f e r e n c e s  (ages 30-39,  40-49, 50-59,

70-) the  t h r e e  l e s s e r  age groups demonstrated markedly higher  S .M .R . ' s ,  

no tw i th s tand ing  unders ta tement .  The d i f f e r e n c e s  in  t h e  30-39 and 50-59 

ye ar  c a t e g o r i e s  were found to  be s i g n i f i c a n t  a t  the  .05 l e v e l .  Tracing 

d i f f i c u l t i e s  f o r  the  o l d e r  age group (70-)  s i m i l a r  to  those  descr ibed  

in  the "M or ta l i ty  from All Causes" s e c t i o n  o f  t h i s  c h a p te r ,  a l s o  opera ted  

in t h i s  po r t io n  of  the  a n a l y s i s ;  i t  i s  suggested t h a t  the  one lower r a t e  

and S.M.R. a re  due pu re ly  to  t h i s  a r t i f a c t .  Fu r th e r  d i sc u s s io n  o f  the 

i n f luences  exp la in ing  the CVR m o r t a l i t y  experience  f o r  a l l  per iods  and 

t h e i r  s i g n i f i c a n c e  w i l l  be undertaken  a t  the end o f  t h i s  s e c t io n .

The r a t e  d i f f e r e n c e s  and r e s p e c t i v e  S.M.R. 's  fo r  the 1941-1951 

e ra  did not  p r e s e n t  a u n i - d i r e c t i o n a l  t r e n d .  Of the  f i v e  age groups
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with recorded d i f f e r e n c e s ,  t h r e e  d i sp layed  h igher  values  (30-39,  40-49,  

60-69) one o f  which was s i g n i f i c a n t  a t  the .05 leve l  (30-39) ,  two age 

groups (50-59,  70-) showed lower va lues  and almost  i d e n t i c a l  S.M.R. ' s .

The r a t e  d i f f e r e n c e  f o r  the 70- gmup i s  not  cons idered  high ly  r e l i a b l e  

[24] while  the  lower S.M.R. f o r  those  aged 50-59 i s  regarded as genuinely 

r e p r e s e n t a t i v e  and somewhat unexpected.  This express ion  o f  su p e r io r  

h e a l th  s t a t u s  was probably  a c y c l i c  r e s u l t  of  e f f e c t i v e  pre-employment 

sc reening  and s e l f - s e l e c t i o n  [105] from e a r l i e r  pe r iods  al though  su c ce s s ­

ful t r a c i n g  o f  personnel te rmina ted  in  e a r l i e r  pe r iods  would undoubtedly 

i n f l a t e  the  s u b je c t  S.M.R. [92 ] .  As r a t e  d i f f e r e n c e s  a re  inspec ted  in 

the 60-69 y e a r  age group f o r  a l l  t ime p e r i o d s ,  i t  should be noted t h a t  

the  1941-1951 pe r iod  was the  only e r a  with an i r r e g u l a r  S.M.R. v a r i a t i o n  

in t h i s  age ca tegory  - a r e s u l t  i n d i c a t i v e  o f  the  maturing of  a s i g n i ­

f i c a n t l y  u n h e a l t h i e r  50-59 y e a r  old cohor t  in  the  p r e v io u s ,  1930-1940, 

e r a .

Death r a t e s ,  observed f o r  t h e  11 y e a r  pe r iod  ending in 1962, 

a l l  showed v a r i a t i o n  f o r  those  above age 40 as may be seen in Table 9.

The S.M.R. f o r  f i r e f i g h t e r s  aged 30-39 achieved u n i ty  with the  general  

popu la t ion  and has enjoyed a d e c l in in g  S.M.R. f o r  CVR de a ths  s in c e  t h a t  

t ime.  This i n t e r - p e r i o d  r a t e  d e c l in e  was the  most d ramatic  f o r  any age 

group and could l i k e l y  be a combined r e s u l t  o f  a s i g n i f i c a n t l y  h e a l t h i e r  

post-war  p o p u la t io n ,  improved d i a g n o s t i c  and t r e a tm e n t  t ec h n iq u e s ,  s e l f ­

s e l e c t i o n  and the  ove ra l l  h igher  s tanda rd  o f  l i v i n g  long known to be 

a s so c i a te d  with improved lo ngev i ty  [ 6 ] .  For those  above age 40,  s i m i l a r  

and h igher  S.M.R. 's  were d e te c te d  f o r  the  40-59 y e a r  age group and a 

s i g n i f i c a n t l y  h igher  value ( .05 )  f o r  the  70- popu la t ion .  The lower
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S.M.R. f o r  60-69 y e a r  olds  has been p r e v ious ly  d i scussed .  Decedents 

aged 70 o r  over  demonstrated the h i g h e s t  S.M.R. o f  any age group and 

the  only one with a h igh ly  s i g n i f i c a n t  ( .05)  d i f f e r e n c e .  This S.M.R. 

a c c u r a t e l y  r e f l e c t s  the un favorab le  m o r t a l i t y  experi ence  f o r  a l l  c l a s s e s  

o f  r e t i r e d  and se pa ra te d  personnel -  many o f  whom were s u c c e s s f u l l y  

t r a c e d  and known to have died in t h i s  pe r iod .

Elevated CVR S.M.R. ' s  f o r  the  above 40 popula t ion  covering the 

y e a r s  o f  1963-1973 were observed .  This f i n e r  and more d i sc r im in a t e  

a n a l y s i s  was obscured in  Table 7 by the  e a r l i e r  c a l c u l a t i o n  o f  the S.M.R. 

f o r  a l l  causes .  With t h e  excep t ion o f  the  60-69 y e a r  o ld  ca tegory  

t r e a t e d  e a r l i e r ,  a l l  o t h e r  ages (40-59,  70-) d i sp layed  h igher  m o r t a l i t y .  

The 40-49 y e a r  age group p resen ted  the  h ig h e s t  S.M.R. f o r  a l l  p e r iods .

The summary S.M.R. f o r  a l l  ages f u r t h e r  demonstrated t h a t  these  observed 

r a t e  d i f f e r e n c e s  were s i g n i f i c a n t  a t  t h e  .05 l e v e l .  The va lues  i l l u ­

s t r a t e d  a re  i n t e r p r e t e d  with high r e l i a b i l i t y  and should be a source of 

concern to  the  community as wel l as  the a f f e c t e d  popu la t ion .

Higher  S.M.R. summary va lues  recorded in Table 9 were observed 

f o r  a l l  p e r iods  r e f l e c t i n g  r a t e  d i f f e r e n c e s  f o r  t h e  age 30 and above 

popu la t io n  (age 40 and above f o r  1963-1973).  The S.M.R. 's  had a range 

from 1.2 t o  2 .4 .  They evidenced only marginal  d i f f e r e n c e s  and c lose  

concordance excluding the  extreme 2 .4  va lue .  In spec t ion  o f  Table 9 

i l l u s t r a t e s  the d e t e c t i o n  o f  s i g n i f i c a n t  d i f f e r e n c e s  a t  the  .05 and .01 

l e v e l s  in a l l  pe r iods  save 1941-1951.

There a re  a number o f  f a c t o r s  which have been a s so c i a te d  s ing ly  

an d /o r  in combination with CVR d e a th s .  I t  i s  probable  t h a t  many of  these 

have in f luenced  the s i g n i f i c a n t l y  h igher  observed va lues  in  the  Oklahoma
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f i r e f i g h t i n g  popula t ion .  The apparent  r i s k s  o f  CVR m o r t a l i t y  in t h i s  

populat ion  were c o n s i s t e n t  with t h a t  observed in o th e r  departments 

[16 ,  53, 128, 155] and some working popula t ions  [157] .  Since no sub­

s t a n t i v e  d i a g n o s t i c ,  p reven t ive  o r  promotional measures have been i n s t i ­

t u t e d ,  r a t e  reversal  o r  r e l a t i v e  dec l ines  should no t  l o g i c a l l y  be ex­

pected.

Recognizing t h a t  occupat ional  f a c t o r s  in  f i r e f i g h t i n g  have 

e i t h e r  caused o r  aggrava ted CVR d i se a s e  [15,  21 ] ,  i t  i s  a pp rop r ia t e  t h a t  

they be given recogn i t ion  in any hea l th  assessment  o r  c o r r e c t i o n  e f f o r t s .  

Some o f  the occupat ional  c h a r a c t e r i s t i c s  which have predisposed i n d i ­

v idua ls  to  CVR d i sease  include  smoke a s p h y x ia t ion ,  s t r e s s e s  and s t r a i n s ,  

shocks superimposed on p red ispos ing  cond i t ions  such as  d i seased  h e a r t  

valves  and blood v e s se l s  [15,  26-30) and the  f a c t o r s  i d e n t i f i e d  by Reich 

[12] in CHAPTER II  o f  t h i s  work. A review of  Table 1 in APPENDIX A d i s ­

p lay :  s t u d i e s  with no t  completely c o n s i s t e n t  r e s u l t s  in  the  a re a  o f  CVR 

m o r t a l i t y  a lthough some a bso lu te  r i s k s  have been confirmed in  many i n ­

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

Analyses of s tu d i e s  on o th e r  f i r e  departments  have f u r t h e r  

i l l u s t r a t e d  the Importance o f  n u t r i t i o n ,  mental t e n s io n  [ 1 6 ] ,  and p r e ­

employment examinat ions [53] in  the  i d e n t i f i c a t i o n  and management o f  

CVR c ond i t ions .

Cer ta in  CVR c ond i t ions  have been a s s o c i a t e d  with e le va te d  con­

sumption o f  sodium ( t y p i c a l l y  as NaCl), Although t h e r e  were no s a t i s ­

f a c t o ry  s t a t i s t i c s  i n d i c a t i n g  l eve l  or  f requency of  i n g e s t i o n ,  t h i s  

r e l a t i o n s h i p  could not  be d iscounted as a c o n t r ib u t in g  f a c t o r  in a popu­

l a t i o n  which has f r e que n t  occas ion f o r  i t s  use in a l l  seasons [159] .
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Other f a c t o r s  wi th in  and withou t  the working environment  which 

have demonstrated a s s o c i a t i o n s  with CVR d i sease  include  the r e l a t i o n s h i p  

between years  o f  exposure to  high environmental  temperatures  and l e v e l s  

o f  high blood p ressu re  [ 5 9 ] ,  smoking [5 ,  160-164] , exposure t o  CO [13,  

80, 165, 166] and m et ropo l i tan  l i v i n g  [86 ] .  All o f  these  agents  un­

doubtedly have the ca pac i ty  to  d e t r i m e n ta l l y  in f luence  f i r e f i g h t e r  

longev i ty  a lthough no q u a n t i t a t i o n  o f  t h e i r  magni tude, s in ce  1930, was 

a v a i l a b l e .

Smoking, as a h a b i t ,  was known to be p r a c t i c e d  by a t  l e a s t  80 

p e r  cen t  of  the c u r r e n t  l i v i n g  popu lat ion  [ 5 ] .  Proper  r e t r o s p e c t i v e  

measurement of  smoking's p reva lence  o r  s ig n i f i c a n c e  among t h e  deceased 

populat ion  however, must be determined to  asse s s  i t s  t r u e  impact.

The e f f e c t s  o f  CO have been well e s t a b l i s h e d  and were d i scussed  

in  CHAPTER I I  o f  t h i s  work. That  i t  played a s i g n i f i c a n t  and a d d i t i v e  

r o l e  in  p r e c i p i t a t i n g  o r  aggrava t ing  CVR d i se a s e  i s  unquest ioned.  The 

de te rmina t ion  o f  CO's cumulative e f f e c t s  on the  s tudy  popula t ion  would 

n e c e s s a r i l y  have to  cons ide r  t h e  changes of  p r o p e r t i e s  in  c o n s t r u c t io n  

m a t e r i a l ,  py ro ly s i s  c h a r a c t e r i s t i c s  in  new i n d u s t r i a l  and household 

agen ts  and the improvements in personal  p r o t e c t i v e  equipment.  A review 

o f  Oklahoma C i t y ' s  purchasing p r a c t i c e s  regard ing  personal  p r o t e c t i v e  

dev ices  and an examinat ion of  the  changing na tu re  of  p y r o ly s i s  products  

[68] would i n d i c a t e  t h a t  a g r e a t e r  impact was incur red  by f i r e f i g h t e r s  

i n  the e a r l i e r  pe r iods .

Tenure of  Employment and M or ta l i ty

E f f o r t s  were undertaken to  d i s c l o s e  whether f i r e f i g h t e r  

l o ngev i ty  was in f luenced  by d u r a t io n  o f  employment. In t h i s  connect ion ,



58

i t  was assumed t h a t  r e l a t i v e  environmental exposures  and ac tua l  degrees  

o f  r i s k  could be i n f e r r e d  from a r e t r o s p e c t i v e  ep idemiologica l  eva lua ­

t io n  of  the dea th experience  a f t e r  a d ju s t in g  f o r  du ra t i o n  o f  employment 

and leng th  and c o n t i n u i t y  o f  exposure a s s o c i a te d  with rank and a s s i g n ­

ment.

The r e c o n s t r u c t i o n  of  personnel records  in  t h i s  po r t io n  o f  the 

s tudy y i e ld e d  fragmented work h i s t o r i e s  and incomplete  account ings of  

f i r e f i g h t e r  promotions and job d e s c r i p t i o n s .  Adjustments  f o r  t h es e  de­

f i c i e n c i e s  could not  l o g i c a l l y  be accomplished.  Table 10 in APPENDIX B 

r e p re sen t s  an a n a ly s i s  o f  a c t i v e  and pensioned f i r e f i g h t e r  working l i v e s  

by du ra t io n  of  employment. As t h es e  f i g u r e s  i l l u s t r a t e ,  i n d iv i d u a l s  

e xperi enc ing  longer  d u r a t ions  o f  employment had h igher  ages o f  access ion 

and more favo rab le  l o n g e v i ty .  The former f in d in g  r e i n f o r c e s  an e a r l i e r  

o bse rva t ion  in the  f i r s t  s e c t i o n  of  t h i s  c h a p te r  concerning p r o d u c t i v i t y ,  

t enu re  and performance as i t  r e l a t e s  t o  the  age o f  ac ce s s ion .

The obs e rv a t io n s  in  Table 10 r e p r e s e n t ,  to  a g r e a t  e x t e n t ,  ex­

per ience  o f  the l e s s  mobile popu la t ion  in  t h e  e a r l i e r  y e a r s .  The f i g u r e s  

a r e  based on each d e c e d e n t ' s  number o f  pe rson-years  exposure (1974 yea rs )  

and inc lude  a l l  causes  o f  d e a th ,  a l l  occupat iona l  c a t e g o r i e s  ( ranks)  and 

excep t ing te rmina ted  p e r s o n n e l ,  a l l  c a t e g o r i e s  o f  s e p a r a t i o n .  Incom­

p l e t e  fo l low-up o f  te rm ina ted  pe r s o n n e l ,  who p r im a r i l y  r e p r e s e n t  the  

force  o f  s e l f - s e l e c t i o n ,  s i g n i f i c a n t l y  b ias  t h es e  computat ions .  When 

te rmina ted  personnel could no t  be t r a c e d ,  the  e x t r a  m o r t a l i t y  from those 

with pa th o log ica l  o r  o t h e r  n o n - s p e c i f i c  l i f e - s h o r t e n i n g  con d i t io n s  with 

long l a t e n t  pe r iods  between onse t  and d e a th ,  could no t  be observed.  Ex­

c lud ing  the  25-per son-year  exposure ca tegory ,  i t  should a l s o  be noted
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t h a t  conc lus ions  in  Table 10 a re  based on small sample s i z e s  in  the 

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

The lower ages o f  dea th  a s s o c i a te d  with s h o r t e r  working l i v e s  

mainly r e f l e c t  i n d iv i d u a l s  who died e a r l y  in  t h e i r  c a re e r s  from acc iden ts  

o r  p r e - e x i s t i n g  c o n d i t i o n s .  The t a u t o lo g i c a l  na tu re  of  t h e  da ta  rendered 

t h e s e  f ind ings  n o n - d e f i n i t i v e  s in c e  t h i s  c o r r e l a t i v e  s i t u a t i o n  i s  not  

a p p l i c a b l e  to  understanding  whether  longev i ty  i s ,  in f a c t ,  a f f e c t e d  by 

d u r a t io n  o f  employment and can only be f a i r l y  determined by cohort  

a n a l y s i s .

M o r t a l i ty  Determinants 

M o r t a l i ty  has been v a r i o u s l y  a s s o c i a te d  with o t h e r  than occupa­

t i o n a l  i n f l u e n c e s .  Although i t  has been revea led  t h a t  occupat ion  may 

a f f e c t  the  d i sease  p a t t e r n  in  d i f f e r e n t  ways, " . . . b y  exposure o f  the  

worker  t o  a s p e c i f i c  hazard i n h e r e n t  in  the  type o f  work performed, by 

the  adverse cond i t io n s  in which th e  work may be c a r r i e d  o u t ,  and t h i r d l y  

by the o p e ra t io n  o f  t h e  so c ia l  c l a s s  i n f luence  a p p ro p r i a t e  to  t h e  occupa­

t io n "  [1 6 7 ] ,  severa l  o t h e r  p l a u s i b l e  i n f lu e n ce s  were assumed to  c o n t r i ­

bute  t o  o r  a f f e c t  the  course o f  f i r e f i g h t e r  m o r t a l i t y  and should a l s o  be 

cons id e red  in any assessment  e f f o r t .

A number o f  f a c t o r s  a s s o c i a t e d  with e x t r a  m o r t a l i t y  from CVR 

d i s e a s e  were d i scussed  in  the  " P ropo r t iona te  M or ta l i ty "  s e c t i o n  o f  t h i s  

c h a p te r .  Other  c o n s id e r a t i o n s  e n t e r in g  the m o r t a l i t y  equa t ion  i n c lu d e ,

(1) m ar i ta l  s t a t u s  d i f f e r e n c e s  [148, 168]

(2) e th n i c  e x t r a c t i o n  p a r t i c u l a r l y  where church sanc t ioned  

behavior  e n t e r s

(3) geographic  i n f l u e n c e s  o f  u rb an iz a t io n  [86,  169, 170]
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(4) c l ima te  [62,  63,  87]

(5) p o l l u t i o n  [80,  171]

(6) r e v i s io n  in  e n t rance  s ta nda rds  and the  s e l e c t i o n  o f  

d i f f e r e n t  somatotypes ove r  t ime

(7) personal  va lues  r e l a t e d  to phys ica l  c ond i t io n ing

(8) hobbies

(9) chance v a r i a t i o n

(10) a r t i f a c t s  r e l a t e d  to  t h e  r e p o r t i n g  o f  age

(11) d i s s i m i l a r  occupat iona l  exper iences  of  those  separa te d  from 

th e  f i r e  s e r v i c e

(12) p a r t - t i m e  employment [111] .

All o f  t h e s e  f a c t o r s  wi th  s pe c ia l  r e f e r e n c e  to  p a r t - t i m e  employment a re  

known to  v a r i o u s ly  a f f e c t  f i r e f i g h t e r  m o r t a l i t y  t r e nds  al though t h e i r  

r e s p e c t i v e  impacts have no t  been a p p r o p r i a t e l y  c r o s s - t a b u l a t e d ;  t h i s  has 

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

[96 ] .

Because occupat iona l  m o r t a l i t y  d i f f e r e n t i a l s  a r e  so i n t i m a t e l y  

a s s o c i a t e d  wi th  socio-economic s t a t u s  and because occupat ional  groups 

have been used as i n d i c a t o r s  o f  socio-economic l eve l  [24,  172] ,  some 

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

Other ep idemio logica l  i n v e s t i g a t i o n s  o f  occupat iona l  m o r t a l i t y  

have c o r r e l a t e d  socio-economic c l a s s  r a t h e r  than occupat ion  wi th  excess  

m o r t a l i t y  s t a t i s t i c s  [102] but  i t  i s  "occupat ion  which i n d i c a t e s  ade­

q u a te ly  both economic s t a t u s  and the  so c ia l  frame o f  r e f e re nc e "  [98] .  

Although the  t r e n d  o f  a g e - s p e c i f i c  dea th r a t e s  has been to  r i s e  as one 

proceeds down the socio-economic s c a l e  [148,  168] ,  the  r i s i n g  s tandard
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o f  l i v i n g  which includes improved medical c a re ,  has tended to  reduce 

the  s ig n i f i c a n c e  o f  soc ia l  c l a s s  g r a d i e n t s  and t h e i r  a s s o c i a t i o n  with 

m o r t a l i t y  in many sub-groups o f  the  popula t ion .

In determining m o r t a l i t y ,  t h i s  inqu i ry  app l i ed  the  a g e - s p e c i f i c  

white  male m o r t a l i t y  experience  f o r  the S t a t e  o f  Oklahoma to a s c e r t a i n  

whether  s e l f - s e l e c t i o n  and pre-employment sc reening  o f  f i r e f i g h t e r s  ex­

e r t e d  enough in f luence  to  e f f e c t  a s i g n i f i c a n t  decrement in the  s tudy  

p o p u l a t i o n ' s  d i f f e r e n t i a l  m o r t a l i t y .  Since both the  t e s t  and s tandard  

popula t ions  b e ne f i te d  from the  above mentioned m ed ica l - soc ia l  improve­

ments a s so c i a te d  with lowered m o r t a l i t y  ( i . e . ,  improved d i e t s ,  hygiene,  

hous ing,  home h e a t in g ,  wate r  s u p p l i e s ,  waste  d i s p o s a l ,  e duc a t ion ,  s c i ­

e n t i f i c  advances in medical theory  and t r e a tm e n t ,  h e a l th  l e g i s l a t i o n ,  

r e h a b i l i t a t i o n  and r e t i r e m e n t  schemes [148]) and s i m i l a r l y  s u f f e re d  from 

the  fo rces  o f  chronic  degenera t ive  d i s e a s e ,  p o l l u t i o n ,  popu la t io n  d e n s i ty  

and the c i v i l i z e d  excesses  o f  smoking, d r ink ing  and o b e s i t y ,  the  net  

de te rmina t ions  o f  m o r t a l i t y  desc r ibed  in  t h i s  c h a p te r  a c c u r a t e l y  r e f l e c t  

the  e x t r a  m o r t a l i t y  and lo ngev i ty  experienced  by t h i s  popu la t io n .



CHAPTER VI 

SUMMARY AND CONCLUSIONS

The absence of  any unequivocal da ta  on the  long term h e a l th  

e f f e c t s  of f i r e f i g h t i n g  s t im u la te d  an inqu"'"y i n to  the  m o r t a l i t y  e x p e r i ­

ence of a m e t ropo l i tan  f i r e  department .  The s tudy r e t r o s p e c t i v e l y  ex­

amined the v a r i a t i o n  in  t o t a l  and c a u s e - s p e c i f i c  m o r t a l i t y  among an 

urban f i r e f i g h t i n g  f o rc e  as c o n t r a s t e d  with a comparable s tanda rd  popu­

l a t i o n .  Deaths o f  259 a c t i v e ,  pensioned and separa ted  f i r e f i g h t e r s  were 

observed and analyzed from a v a r i e t y  o f  record  sources  f o r  the  pe r iod  

1930-1973.

By i n v e s t i g a t i n g  the  m o r t a l i t y  experi ence  of  a sub-group o f  

the popu lat ion  which r o u t i n e l y  faced unp red ic ta b le  and unregula ted 

occupat iona l  exposures ,  assessment o f  the  working environment 's  impact 

on m o r t a l i t y  were made. Cont r ibu t ing  f a c t o r s  i n f lue nc ing  the response 

v a r i a b l e  were a l s o  i d e n t i f i e d .

Data were analyzed in  o rde r  t o  prov ide d e s c r i p t i o n s  of d i sease  

preva lence  to i n d i c a t e  s p e c i f i c  h e a l th  problems o f  t h e  s tudy popu la t ion .  

CVR d i s e a s e  was s p e c i f i c a l l y  examined t o  d e t e c t  l i f e  short en ing  e f f e c t s  

as evidenced through excess  m o r t a l i t y .

Based upon th e  f ind ings  of  t h i s  i n q u i r y ,  the  fol lowing  con­

c lu s io n s  were made.

1) The long-term m o r t a l i t y  expe rience  o f  a s e l e c t  occupat ional

62
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group g e n e ra l ly  corresponds with t h a t  observed in a s tandard  

popu la t ion .  Non-speci f ic  l i f e - s h o r t e n i n g  e f f e c t s  are  observab le  

over  t ime through excess  m o r t a l i t y  measurements no tw i th s tand ing  

the  soc ia l  and demographic changes a s so c i a te d  with improved 

l ongev i ty .  S.M.R. ' s  ranged from 0.12 to 4 .00 and were s l i g h t l y  

e le va te d  f o r  the  e n t i r e  s tudy  pe r iod .  Unders ta t ing  in f luences  

d i s t o r t e d  the  magnitude o f  t h i s  excess  m o r t a l i t y  but  were s t i l l  

i n s u f f i c i e n t  t o  f i r m ly  support  the s tudy hypo thes i s .  The ex­

p e c ta t i o n  t h a t  the  f i r e f i g h t i n g  pop u la t io n s ,  through pre-employ­

ment sc reen ing  and s e l f - s e l e c t i o n ,  would be h e a l t h i e r  than  the  

general popu la t ion  had g r e a t e r  m er i t  in the  l a t e r  ye a r s  (1963- 

1973 pe r iod)  [22-24 ,  54, 98,  106, 168] .  Excess m o r t a l i t y  as 

measured by the  S.M.R. averaged over  104 pe r  c e n t  in  app rox i ­

mately 46 per c e n t  o f  a l l  age groups while  decreased  m o r t a l i t y  

demonstrated a mean d i f f e r e n c e  from un i ty  o f  33 per  cent  i n  54 

p e r  cent  o f  a l l  age groups.

2) The l ack  o f  r o u t i n e  medical e v a lu a t io n s  t o  a s se s s  non-se rv ice  

r e l a t e d  ch ron ic  o r  acu te  d i s a b i l i t i e s  in terms o f  e a r l y  i d e n t i ­

f i c a t i o n  o f  h i g h - r i s k  pe r sonne l ,  exe r t ed  a c o u n te r v a i l i n g  force 

on the b e n e f i c i a l  e f f e c t s  o f  pre-employment s c reen ing .

S i g n i f i c a n t l y  i nc reased  m o r t a l i t y  from CVR d i se a s e  was ob­

served in  the  s tudy popu la t io n  f o r  a l l  p e r iods .  F a i lu r e  to  

i d e n t i f y  a de c l in in g  t r end  through s i g n i f i c a n t  changes in  the

S.M.R. was s u f f i c i e n t  to  r e j e c t  any sugges t ion  t h a t  improved 

m o r t a l i t y  experi ences  n e c e s s a r i l y  fol lowed improved s e r v i c e s  

[93 ] .  The course  o f  m o r t a l i t y  due to  CVR d i s e a s e  i n d ic a te d  a
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s i g n i f i c a n t  decrement in the l i f e  span f o r  t h i s  group;  the  con­

t r o l  o f  occupat iona l  f a c t o r s  such as smoke asphyx ia t io n  [21,  48] ,  

n u t r i t i o n  and mental t en s io n  [ 1 6 ] ,  sodium consumption [159] ,  

extreme environmental  t em pera tu re s  [12 ,  59] ,  CO exposure [13 ,  80,  

165, 166] and physical  s t r e s s e s  [26-30]  known to e i t h e r  cause or  

a dve rse ly  in f luence  CVR d i s e a s e ,  did no t  appear  s u f f i c i e n t  to  

express  a s i g n i f i c a n t l y  l o w e r  c a u s e - s p e c i f i c  m o r t a l i t y  among 

t h i s  group.  Changing n a t iona l  p a t t e r n s  o f  CVR d i se a s e  were not  

s i m i l a r l y  r e f l e c t e d  in  m o r t a l i t y  r a t i o s  o f  the  f i r e f i g h t e r .

Although necropsy da ta  from o t h e r  causes  o f  death were not  

a v a i l a b l e ,  in spe c t ion  o f  such  r eco rds  would undoubtedly f u r t h e r  

i n c r e a s e  the  p revalence  o f  CVR d i s e a s e .

3) In d iv id u a l s  who have en te red  a s t r e s s f u l  occupat ion such as 

f i r e f i g h t i n g  a t  an o l d e r  age have been o c c u p a t io n a l ly  a s s o c i a te d  

wi th  a d i s a b i l i t y  e x p e r i e n c e -  The i n fe r e n c e  t h a t  h igher  ages of  

access ion  somehow p r e d i s p o s e d  1 nd iv idua l  f i r e f i g h t e r s  t o  prema­

t u r e  and ch ron ic  d i s a b i l i t y  was war ran ted s inc e  the  popu la t io n  

o f  d i s a b i l i t y - r e t i r e d  personnel  demons tra ted  a markedly h igher  

mean e n t r y  age.  Through e i t h e r  e r r o r s  in  p re - s c re e n in g  o r  

" nega t ive"  s e l f - s e l e c t i o n  ( i . e .  , a f i r e f i g h t e r ,  with a p r e ­

e x i s t i n g  c ond i t ion  known to h i m s e l f ,  v o l u n t a r i l y  e l e c t s  to ex­

pose h imse lf  t o  hazards  o f  t h e  f i r e  s e r v i c e )  30 per  c e n t  o f  a l l  

r e t i r e d  personnel were d i s a b l e d .

4) Due to  s e l f - s e l e c t i o n  and pre-employment  s c r e e n in g ,  f i r e f i g h t e r s  

with longer  s e rv i c e  h i s t o r i e s  e xpe r ienc e  improved lo n g e v i ty .

D e f in i t i v e  f ind ings  c o u ld  n o t  be made in r e f e r e n c e  to  the
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ques t ion  o f  whether longer  du ra t i o n  of  employments demonstrate  

a s i g n i f i c a n t  r e l a t i o n s h i p  to  l o ngev i ty  s in c e  f i r e f i g h t e r s  who 

died e a r l y  in l i f e  n a t u r a l l y  had s h o r t e r  c a r e e r s .

Based upon the  r e s u l t s  o f  t h i s  s tudy ,  t h e  fo l lowing recommenda­

t i o n s  can be made.

a) The preva lence  o f  CVR d i s e a s e ,  which has been p r im a r i l y  respon­

s i b l e  f o r  excess  m o r t a l i t y  among a c t i v e  duty f i r e f i g h t e r s ,  should 

be recognized by the  Oklahoma Ci ty  f i r e f i g h t i n g  popu la t io n  and 

i t s  a d m i n i s t r a t i o n  as  an abs o lu t e  r i s k  which can be caused or 

aggravated by agents  in  t h e i r  working environment .

With many CVR r e l a t e d  dea ths  having occurred in both the  

a ppa ren t ly  he a l thy  and unheal thy  f i r e f i g h t e r s  from the  popula­

t i o n  [157] ,  procedures  should be i n s t i t u t e d  to  c l i n i c a l l y  

i d e n t i f y  p red i spos ing  con d i t io n s  o r  m etabo l i c  abno rm a l i t i e s  

among the  c u r r e n t l y  employed and incoming f i r e f i g h t e r  popula­

t i o n s .  I n d iv id u a l s  should be c a r e f u l l y  screened and those with 

CVR d i s e a s e  who a re  c u r r e n t l y  employed e i t h e r  r ea s s igned  to  l e s s  

hazardous d u t i e s  o r  t r a n s f e r r e d  to  o t h e r  departments .

b) Occupational  f a c t o r s  e a r l i e r  i d e n t i f i e d  which may a f f e c t  the 

physica l  w e l l -be ing  o f  the  f i r e f i g h t e r  should be c o n t r o l l e d  by 

c o r r e c t i v e ,  p r o t e c t i v e  o r  p reven t ive  measures;  non-occupat iona l  

f a c t o r s  such as non-smoking should be inc luded  as a c r i t e r i o n  

f o r  e n t rance  t o  t h e  f i r e  s e r v i c e .  F i r e f i g h t e r s  who do s u s t a i n  

i n ju r y  through smoke i n h a l a t i o n  should have the  b e n e f i t  o f  

c l i n i c a l  examinat ion ,  a r t e r i a l  blood gas and carboxyhemoglobin 

a n a ly s i s  r e g a r d l e s s  o f  t h e  apparent  s e v e r i t y  of  exposure [13 ,20 ] .
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c)  Considerat ion should be given to  lowering the c u r r e n t  en tr ance  

age l i m i t  o f  35 based on the d i s a b i l i t y  experience  o f  the  de­

cedent  popu lat ion .  The 30 per cen t  d i s a b i l i t y  experience of  

t h i s  populat ion  and h igher  mean ages o f  access ion  f o r  the d i s ­

ab led ,  have p r e d i c t i v e  value as a f i r e f i g h t e r  s e l e c t i o n  c r i t e r ­

ion .  Findings are  sugges t ive  t h a t  a lower age l i m i t  coupled 

with more d i sc r im ina te  physical  requirements  should r e s u l t  in 

fewer d i s a b i l i t y  r e t i r e m e n t s ,  longer  s e rv i c e  h i s t o r i e s  and ex­

tended p o s t - s e p a r a t i o n  surviva l  t ime.

d) The f ind ings  o f  t h i s  s tudy r e in f o rc e  the  need f o r  vo lun ta ry  

compliance with the  Occupational  Safety  and Health Admin is t ra ­

t i o n ' s  recordkeeping requirements .  A safekeeping po l i c y  i n c l u d ­

ing requirements f o r  the  maintenance o f  a c t i v e ,  pensioned and 

terminated personnel  records should be i n s t i t u t e d .  V i ta l  i n ­

formation on a l l  c u r r e n t  and incoming f i r e f i g h t e r s  should be 

c o l l e c t e d  to  f a c i l i t a t e  f u tu r e  and more d i s c r e t e  ep idemiological  

ana lyses .  For fol low-up purposes ,  t h i s  in formation should a t  

l e a s t  include f u l l  lega l  names, soc ia l  s e c u r i t y  numbers o f  the 

f i r e f i g h t e r  and h i s  wife  i f  a p p l i c a b l e ,  s e l e c t i v e  s e rv i c e  and 

Veterans Admin is t ra t ion  numbers, former addres ses ,  former and 

c u r r e n t  employments ( p a r t - t i m e ,  e t c . ) ,  name o f  personal  phys ic ian  

and l o c a t i o n ,  place  o f  b i r t h ,  f u l l  da te  o f  b i r t h ,  and i f  m ar r ied ,  

number o f  ch i ld ren  s i r e d  by the  f i r e f i g h t e r .  Improved medical 

h i s t o r i e s  should a d d i t i o n a l l y  include any family h i s t o r y  o f  

d i se a s e s .

e) To determine the  c o r r e l a t i o n ,  i f  any,  between longev i ty  and
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dura t ion  o f  employment, cohor t  a n a ly s i s  employing a genera t ion  

l i f e - t a b l e  should be cons ide red .  Data from t h i s  e f f o r t  should 

be eva lua ted  more on the  b a s i s  of  competing r i s k s  i f  s u f f i c i e n t  

records and personal  h i s t o r i e s  a re  a v a i l a b l e  [134] .

This s tudy has d i sc lo sed  s u f f i c i e n t  evidence to war ran t  

f u r t h e r  i n v e s t i g a t i o n  in to  the  area o f  f i r e f i g h t e r  morbidi ty  

with spec ia l  r e fe rence  to c a rd io v a s c u la r  d i se a s e  [51] .  This 

might embrace such a reas  as s u s c e p t i b i l i t y  r e s e a rc h ,  somatotype 

and behavioral  a n a ly s i s  o r  the a s s o c i a t i o n  o f  c a u s e - s p e c i f i c  

d i se a s e  r ec id iv i sm  with the advent  o f  va r ious  types o f  personal  

p r o t e c t i v e  equipment,

f )  The t r a d i t i o n a l  labor/management emphasis o f  e s t a b l i s h i n g  specia l  

b e n e f i t s  f o r  d i sab led  workers  should s h i f t  to e f f e c t i n g  more 

su b s ta n t iv e  improvements in  the work environment  [52] .  The de ­

velopment o r  improvement o f  any comprehensive s a f e t y  and hea l th  

program should no t  be s o l e l y  o r i e n t e d  to  mechanical compliance 

with s tandards  and should be extended to  inc lude  a c t i v e  p a r t i c i ­

pa t ion  by the  e n t i r e  f i r e  department  membership in s a f e t y  and 

hea l th  a n a ly s i s .

Feas ib le  improvements in  the work environment  should y i e l d  

b e n e f i t s  f o r  employees such as a de c rease  in  l o s t  wages [ 5 2 ] ,  

lower insurance  premiums [155] ,  reduced medical expenses  and a 

s t r o n g e r  r e t i r e m e n t  fund. The community and management should 

gain with h igher  p r o d u c t i v i t y  by a r educ t ion  in  absenteeism and 

a g e n e ra l l y  h e a l t h i e r  working c l a s s ,  decreased  compensation bene­

f i t s  and lower a d m i n i s t r a t i v e  c os t s  p a r t i c u l a r l y  in  the  a reas  of  

c la ims l i t i g a t i o n  and replacement  personnel r e t r a i n i n g .
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TABLE 1

FIREFIGHTER MORTALITY DATA REVIEW

Study T i t l e
Author /Source  
(F = Fore ign)

Personnel
Studi ed

Area o f   ̂
Study

Study
Issued

1 Refer -
F indinqs  i ences

M o r t a l i t y  Among In sured  
Lives Engaged in Cer­
t a i n  Occupat i ons  In ­
volv ing  Add i t i ona l  
Hazards

Hunter ,  A . /  
Tr .  Am. Soc. 
Ac tua r i an s

Insured
Firemen,
D r i v e r s .
Hosemen
Only

U.S. 1907 Observed m o r t a l i t y  o f  s t udy group c o n s i s t e n t  1 15 
w ith  expec t ed  f i g u r e s  |

!
1

Medico -Actuar i a l  Mor­
t a l i t y  I n v e s t i g a t i o n :  
E f f e c t  o f  Occupat ion 
on Mor t al i  tv

A c tu a r i a l  Soc i ­
e t y  o f  America 
and The Assoc,  
o f  L i f e  I n s .  Di r .

Insured
C la s se s

U.S. I9 l3 Higher  m o r t a l i t y  observed f o r  a l l  c a t e g o r i e s  1 15 
s t u d i ed  j

1
Report  on t h e  Pension 
Fund o f  the Ci ty  o f  
New York

New York Ci ty  
Commission on 
Pensions

Al1 P e r ­
sonnel  
Entered  i n  
Pension 
Rewards

New York, 
New York

l 9 l 6 High dea th  r a t e  from ac tua l  performance o f  du ty . i  15 
General  m o r t a l i t y  expe r i enc e  ranked 7 th  ou t  o f  1 
11 s i m i l a r  r a t e s  f o r  c i t y .  High d i s a b i l i t y -  
a s s o c i a t e d  death  r a t e .  M o r t a l i t y  o f  r e g u l a r  , 
s e r v i c e  pens ione r s  no t  above ave rage .  !

I n f l uen ce  o f  Occupa­
t i o n  Upon M or t a l i t y

Hunter ,  A. and 
Rogers ,  O . /T r .  
A c t u a r i a l  Soc. 
America

In sured
Cla s se s

U.S. 1920 Higher r a t i n g s  i n d i c a t e d  fo r  l i f e  i n su r anc e  | 15 
purposes  |

1
Occupat i onal  Mor­
t a l  i t y

Hun te r ,  A . /  
Tr .  Ac tua r i a l  
Soc.  America

Insu red
Cla s se s

U.S. 1927 I n v e s t i g a t o r  c i t e d  s i g n i f i c a n t  d i s p a r i t i e s  | 15 
between l i f e  i nsu rance  ccmoanies i n  t h e i r  | 
expe r i en ce  wi th  f i r e f i g h t e r s .  1

J o i n t  Occupat ion 
Study o f  1928

A c tu a r i a l  Soc. 
o f  America and 
The Assoc,  o f  
L i f e  I ns .  Di r .

I nsured
C la s se s

U.S. 1929 S i g n i f i c a n t  excess  o f  dea tn s  from a l l  c ause s .  ! 15, 9 2  
Death r a t e  i n f l u en ce d  l a r g e l y  by a c c i d e n t a l  j 
d ea th s .  High dea th  r a t e  from c i r r h o s i s  o f  i 
the l i v e r  '

A M o r t a l i t y  Expe r i ­
ence o f  C i t y  F i r e ­
men

J e n k i n s ,  W.B./ 
Rec. Am. I n s t .  
A c t u a r i e s

P r i m a r i l y
(90%)
Chicago
Firemen

Chicago,
I l l i n o i s

1930 General  m o r t a l i t y  and ac c i d en t a l  dea th s  well  i l 5  
above average in  c i t y  f i remen .  M o r t a l i t y  i 
from t u b e r c u l o s i s  e x c e p t i o n a l l y  low. |

Causes o f  Death by 
Occupat ion

Dubl in ,  L. and 
Vane, R. /Bureau 
o f  Labor S t a t i s ­
t i c s

In sured
Cla s se s

U.S. 1930 Insu reds  showed lower s t an da r d  r e l a t i v e  mor­
t a l i t y  index f o r  r e s o i r a t o r y  t u b e r c u l o s i s ,  
pneumonia,  and c a r d i o v a s c u l a r  d i s e a s e .  A 
high index was reco rded  f o r  a c c i d e n t a l  and 
v i o l e n t  dea th s .

15, 9)



TABLE 1—Continued

Study T i t l e
Autho r/Sou rce  
( F = Foreign)

Personnel
S tud i ed

Area o f  
Study

Study
Is sued Findings

Re fe r ­
ences

Firemen,  Occupat i onal  
and Hea l th  Brochure

Cha jes ,  B . /  
I n t e r n a t i o n a l  
Labor Of f i c e

All
C la sse s

I n t e r ­
n a t i o n a l

1930 Higher  pension  r a t e s  no t ed .  I n c r ea s ed  i n c i ­
dence o f  a c c i d e n t s ,  po i s o n i n g ,  and s eve ra l  
d i s ea se s  w i thou t  s t a t i s t i c a l  su p p o r t .  I n d i -  
c a t e d p r e v a l e n c e  o f  some d i g e s t i v e  d i s e a s e s .

15

Death Rates  by 
Occupat ion

Whitney,  J . /  
Nat ional  
Tube rcu l o s i s  
As soc i a t i  on

All
Cla s se s

U.S.
(10
s t a t e s )

1934 Lower death r a t e  among f i r e f i g h t e r s .  F ind­
ings  no t  s t a n d a rd i z e d  f o r  age.

91,  92 
99

Occupat i onal  Mor­
t a l i t y

Re g i s t r a r - Ge n ­
e r a l ,  England 
and Wales/  
Decennial  
Supplement

All
C la sse s

England
and

Wales

1938 S tanda rd i zed  m o r t a l i t y  r a t i o  c o n s i s t e n t  wi th 
o t h e r  occupied  c l a s s e s .  Some e l e v a t e d  cause -  
s p e c i f i c  m o r t a l i t y  l i k e l y  from p e p t i c  u l c e r ,  
buccal  and pharyngeal  c anc e r s .  Reduct ion in 
t u b e r c u l o s i s  dea th s  s t a t i s t i c a l l y  s i g n i f i c a n t

15,  91

Occupat i onal  M o r t a l i t y  
Exper ience o f  I nsured  
Wage Earners

Dubl in ,  L. and 
Vane, R. /Monthly 
Labor Review

Insured
Cla sse s

U.S. 1947 A g e - sp ec i f i c  m o r t a l i t y  r a t e s  i n d i c a t e d  s l i g h t  
e l e v a t i o n s  f o r  c e r t a i n  o r ga n i c  d i s e a s e s  bu t  no 
unusual  m o r t a l i t y  p a t t e r n s  g e n e r a l l y .  Sharp 
drop in s t an d a rd i z ed  r e l a t i v e  m o r t a l i t y  i ndex.  
Ca rd io vas cu l a r  d i s e a s e  index h ig he r  f o r  any 
occu pa t i on .  Low inc idence  o f  pneumonia and 
no unusual  c ance r  t r e n d s .

119

Repor t  o f  M o r t a l i t y  
and Morbidi t y Ex pe r i -  . 
ence

So c i e ty  o f  
Ac tua r i e s

In sured
Cla s se s

U.S. 1951 Higher  m o r t a l i t y  e xp e r i en ce .  Risk o f  a c c i ­
den t a l  dea th  h igh.

15

Annual Report  on t h e  
V i t a l  S t a t i s t i c s  o f  
Massachuse t ts

Commonwealth
o f

Massachuset t s

All
C la sse s

Common­
wea l t h  o f  
Massa­
c h u s e t t s

1951 Higher  p r o po r t i o n  of  c a r d i o v a s c u l a r - r e n a l  
dea th s .  Lower p r o oo r t i o n  o f  dea th s  from 
r e s p i r a t o r y  d i s e a s e s ,  t u b e r c u l o s i s ,  d i g e s ­
t i v e  d i s e a s e s .  C au se - s p ec i f i c  dea th  r a t e s  
no t  s t an d a r d i z ed  fo r  age.

15

R e g i s t r a r - G e n e r a l ' s  
Decennial  Supple­
ment :  Occupat i onal  
Mortal  i t y

R e g i s t r a r -  
General  , 
England and 
Wales

All
Cla s se s

England
and

Wales

1953 Favorabl e m o r t a l i t y  expe r i ence  i s  c l e a r  among 
f i r e f i g h t e r s .  S tanda rd i zed  m o r t a l i t y  r a t i o  i s  
lower o r  e q u i v a l e n t  to  a l l  o ccupi ed  men. Mor­
t a l i t y  from r e s p i r a t o r y  d i s e a s e  i s  s i g n i f i ­
c a n t l y  lower .

15,
120

M o r t a l i t y  i n  C i t y  
Firemen

E. Mas tromat t eo All
C la s s e s

Toron to ,
Canada

1959 Highly s i g n i f i c a n t  exces s  o f  c a r d i o v a s c u l a r -  
r enal  dea th s  among c i t y  f i r emen.  Reduct ion in  
r e s p i r a t o r y  and t u b e r c u l o s i s  d e a th s .  No s i g n i f i ­
c a n t  d i f f e r e n c e  in  m o r t a l i t y  from a l l  c ause s ,  
from ca n ce r ,  from v io l e n ce  and a c c i d e n t s ,  from 
d i g e s t i v e  d i s e a s e s ,  o r  g e n i t o u r i n a r y  d i s e a s e s .

121



TABLE 1 "C on tinued

Study T i t l e
Autno r/Source  
(F = Fore ign)

Personnel
S tud i ed

Area o f  
Study

Study ; ■ Aefer-  
I s sued  i F indings  • ences

M o r t a l i t y  by Occupa­
t i o n  and Indus t ry

Gu ra ln i c k ,  L . /  
Pub l i c  Hea l th  
S e r v i ce ,  Vi ta l  
S t a t i s t i c s  
Di vi s i  on

A n
Cla s s e s

U.S. 1962 I Standard m o r t a l i t y  r a t i o  among s e r v i c e  workers  1 24 
( i nc luded  f i r e m e n ) ,  ou t  o f  9 c a t e g o r i e s  was 

1 8 t h  h i g h e s t .  Of t he  9 s e r v i c e  worker  d i v i -  ' 
s i o n s ,  f i remen had t he  3rd h i g h e s t  s t an da rd  1 

1 mor t a l i  t v  r a t i o . I
M o r t a l i t y  by Occupa­
t i o n  and Cause o f  
Death

Gura ln i ck ,  L . /  
Pub l i c  Heal th 
Se rv i ce ,  Vi ta l  
S t a t i  s t i  cs 
Div i s i on

All
C la s se s

U.S. 1963 : P r o po r t i o na t e  m o r t a l i t y  r a t i o  i s  s i g n i f i c a n t l y  ' 122 
1 h ighe r  f o r  c ance r  o f  the i n t e s t i n e  and rectum 

and d i s e a se s  o f  t he  c a r d i o v a s c u l a r  sys tem.  1 
Firemen show high s t an d a rd  m o r t a l i t y  r a t i o  in  1 
the  20-64 y e a r  age group f o r  a l l  causes  ( 132) .  ,

M o r t a l i t y  by I nd us t r y  
and Cause o f  Death

Gu ra ln i c k ,  L . /  
Pub l i c  Hea l th  
S e r v i c e ,  Vi ta l  
S t a t i s t i c s  
D iv i s i on

All
C la s se s  in  
I n t e rm ed i ­
a t e  Indus ­
t r y  C l a s s i ­
f i c a t i o n s

U.S. 1963 F i r e f i g h t e r s  i nc luded  i n  gene ra l  c a t e go ry  o f  
I n t e rm ed ia t e  I n d u s t r i a l  C l a s s i f i c a t i o n  System. 
F indings a r e  obscu red  by broad g roup ings .

54

;

M o r t a l i t y  by Occupa­
t i o n  Level and Cause 
o f  Death

Gura ln i c k ,  L . /  
Pub l i c  Heal th  
S e rv i c e ,  Vi ta l  
S t a t i  s t i e s  
D iv i s i on

All
C la s se s  in  
I n t e r m e d i ­
a t e  Occupa­
t i o n a l  Clas 
s i  f i  c a t i o n

U.S. 1963 Data c o l l e c t e d  on f i r e f i g h t e r s  m o r t a l i t y  by j 123 
grouping under  I n t e r m e d i a t e  Occupat i ona l  i 
C l a s s i f i c a t i o n  System. Data shows high 
s t a nd a r d  m o r t a l i t y  r a t i o  f o r  c a r d i o v a s c u l a r  » 
d i s e a se s  and duodenal u l c e r s .  j

1967 Occupat ion 
Study

S oc i e ty  o f  
A c tu a r i e s

In su red
Cla s s e s

U.S. 1967 R e l a t i v e  m o r t a l i t y  r a t i o  o f  f i remen has f a l l e n  
from 134 t o  120 pe r  c en t  o f  t h a t  among s t andard  
r i s k s  in the  l a s t  4 decades .  Ex t r a  dea th s  a re  
q u i t e  high a t  ages 50-59 mos t l y  due t o  na tu r a l  
c a u s e s .

6 ,  7  
124

A P ro sp ec t i v e  Mor­
t a l i t y  Study o f  
Severa l  Occupa­
t i o n a l  Groups.

Dunn, J . E .  
and We i r . J .M. /  
Archives  o f  
Environmental  
Hea lth

All
Cl a s s e s

Regional
U.S.

1968 Demonstrated h ighe r  i nc ide nce  o f  o r a l  c ance r  j 125 
bu t  were no t  de t ermined  t o  s u f f e r  excess  mor­
t a l i t y  as a r e s u l t  o f  occup a t i on .  1

i
1

U.S.  Es t ima t ed  Occu­
p a t i o n a l  Death Rates

Home O f f i c e  
L i f e  Under­
w r i t e r s  
A sso c i a t i on

Insu red
Cla s se s

U.S. 1970 Di sab l i ng  i n j u r i e s  r e s u l t i n g  i n  dea th  showed 
a dec r ea se  ove r  a 5 y e a r  p e r i o d .  F i r e f i g h t e r s  
were ranked 12th o f  t h e  49 ma jor  c a t e g o r i e s  in 
t h e i r  dea th  r a t e  pe r  1000.

^ 2 6



TABLE 1—Continued

Study T i t l e
Au thor /Source  
(F = Fore ign)

Personnel
Stud i ed

Area o f  
Study

Study
I ssued

----
Findings

Re fe r ­
ences

A Close Look a t  F i r e  
F i g h t e r s '  Deaths and 
In j u r i e s

Ralph,  R. /
Redrend
Symposium

All
C la sses

Toron to ,
Canada

■ 1971 C ard io v as cu l a r  r e l a t e d  dea th s  have dec reased  
s i g n i f i c a n t l y  among a c t i v e  f i r e f i g h t e r s  and 
l on g ev i t y  i nc r e a s e d  am on gp en s io ne r s .

127

F i r e f i g h t e r  Specia l  
Survey

Atwood. R . /
Redmond
Symposium

All
C la s se s

Approxi - 
ma t e ly  21 
Munici ­
p a l i t i e s

1971 High c a r d i o v a s c u l a r  d i s e a s e  and dea th  r a t e .  
Data n o t  c a l c u l a t e d  on a g e - s p e c i f i c  b a s i s .

25

D e t r o i t  Specia l  
Study

Krohn, L .H . /
Redmond
Symposium

All
C la sse s

25 U.S. 
C i t i e s

l97l Demonst rated a s i g n i f i c a n t  d i s t r i b u t i o n  o f  
h e a r t - d e a t h s  and f a c t o r s  wh'ch r educed the 
i nc id enc e  o f  c a r d i o v a s c u l a r  r e l a t e d  m o r t a l i t y .

123

Congress ional
Subcommittee
Hear ings

U.S. House o f  
Re p re sen t a ­
t i v e s

All
C la s se s

U.S. 1972 F i r e f i g h t e r s  were r e po r t ed  to  have an i n o r d i n ­
a t e l y  h igh  a c c i d en t a l  death  r a t e  f o r  the pe r i od  
1950-1970 where a lmost  800 f i r e f i g h t e r s  died in  
t he  l i n e  o f  duty - a lmost  1 o f  t h e i r  work fo r ce

14

I n j u r y  Rates  in  
I ndu s t ry

Department  o f  
Labor ,  Bureau 
of  Labor S t a ­
t i  s t i e s

All
C la sse s

U.S. 1972 F i r e f i g h t e r s  demons t ra t e  t he  t h i r d  h ig h e s t  
per  c e n t  o f  d i s a b l i n g  i n j u r - es r e s u l t i n g  in 
dea th  among government  workers .  The In j u ry  
S e v e r i t y  Rate i s  the h io h es t  o f  a l l  workers .

7,
129

F i r e f i g h t e r  I n ju ry
C l a s s i f i c a t i o n
System

Nat ional  
Bureau o f  
S tandards

All
Classe s

U.S. 1972 Death and i n j u r y  da t a  c u r r e n t l y  be ing c o l l e c t e d  
on a p i l o t  b a s i s .  System was developed as a 
r e s u l t  o f  t he  Redmond Symoosium.

130

Annual Death and 
I n j u r y  Survey

I n t e r ­
na t i on a l  
A sso c i a t i on  
o f  F i r e -  
f i  q h t e r s

All
Clas s e s

U.S. 1972 Acc iden t a l  dea th s  shown to  be i n o r d i n a t e l y  high 
bu t  t r e n d in g  downward s i n ce  1970. Occupat i onal  
d i s e a s e  r a t e  has undergone a s i g n i f i c a n t  i n ­
c r ea s e .

10
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TABLE 2

MORTALITY, LONGEVITY AND WORKING LIFE CHARACTERISTICS 
BY CENTRAL TENDENCY OF THE OKLAHOMA CITY FIRE 

DEPARTMENT 1930-1973 BY OCCUPATIONAL 
STATUS AT DEATH

Occupat i ona l  
S t a t u s  a t  Death 
(By S ep a ra t i on )  

Category

Tota l
Number

by
Category

Per  Cent
By

Category

Mean
Access ion

Age
(Years)

Mean
S ep a ra t i o n

Age

Mean
Age
At
Death

Mean 
Pe rson -Year  

Exposure 
(1974 Years)

Mean Length 
o f

Se rv i ce
(Years)

Mean Number o f  Years Survived 
Between Se pa r a t i on  and Death 

(Excludes  Act ive  Deaths)

All 256 100 27.44® 46.63® 58.94 28.40® 18.57 13.68®

Se rv i c e  Re t i r ed 105 41 26.2 47.88 65.93 34.82 22.60 15.60

D i s a b i l i t y
R e t i r ed 44** 17*’ 30 .05 48.43 57.51 26.16 17.45 9.97

Ac t iv e  Duty 
Deaths 40 16 27 .05 39.23 39.23 17.27 12.19 -

Te rmina t i ons  
(Res igned ,  Dis­
mi s sed ,  T rans­
f e r r e d ,  Leave 
o f  Absenu")

67 26 - - 61.24 8® 6® -

Inc ludes  24% o f  t e r m i n a t i o n s .

30% o f  a l l  r e t i r e e s .
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TABLE 3

ACCUMULATED PERSON-YEARS EXPERIENCE AND DEATHS WITH CORRESPONDING 
WORK SCHEDULES BY EMPLOYMENT AND OBSERVATION PERIODS

Employment
Period

Work Schedules In 
Hours Per Year by 
Employment Period

Accumulated Person-Years 
Experience by Observat ion 

  Period________
Number Per Cent

DEATHS
%TrCauses ,  All Separat ion 

Categor i es ,  All Ranks by 
Observat ion Period

Number Per Cent
1900

1919
1920

1929
I W

1931
I W

T 9 3 T
1 9 3 T
T 9 3 T
I W
1938
1939

1 9W
T 53T
l 9 4 T
T 9 Î T

1E t~
I W
I W
1950

1 9 5 T
1952

l 9 5 T
1954
1%5
1956

I W
1 9 5 8
1959"

i 9 6 0
196T

- 1962"

l E T
1964

"IMS
- -1966"
-1967
- 1968"

1969 
“ T970~ 
T9"7"r 

Ï972 
"l E T "

Total

7384

6552

4200 2659 13.1

3300 16.2

3912

5349 26.3

3624

3600 9046 44.4

3228

3072

20.354 100.0

26 10.8

28 11.6

75 31.1

112 46.5

241 100.0
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TABLE 4

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS 
1930 -  1940

Age
Expected
Rate/1000

Observed 
R a te /1000

Chi
Square

Degrees of  
Freedom SMR

p < ( .3 0 -  
.001)

20 -  29 3.50 6.45 0.77 1 1.85 NS

30 -  39 4.60 5.00 0.03 1 1.08 NS

40 -  49 7.40 5.97 0.23 1 0.81 NS

50 -  59 13.70 35.16 8.72 1 2.57 .01

60 - 69 31.30 25.32 0.19 1 0.81 NS

70- 87.40 10.31 7.23 1 0.12 NS

20-69 = 7.80 9.80 9.95 5 1.23 .10

20-70““ 10.80 9.80 17.18 6 .90 .01

NS F ig u re s  Not S ig n i f ic a n t  p < .3
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TABLE 5

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS 
1941 - 1951

Age
Expected 
R a te /1000

Observed 
R a te /1000

Chi
Square

Degrees of  
Freedom SMR

p < ( .3 0 -  
.001)

20 - 29 2.40 1.25 0.44 1 0.52 NS

30 -  39 2.80 10.83 12.79 1 4.00 .001

40 -  49 5.60 7.43 0.49 1 1.33 NS

50 -  59 12.70 8.46 1.18 1 0.66 .30

60 -  69 26.90 22.73 0.15 1 0.84 NS

70- 79.50 31.91 2.91 1 0.40 .10
20-69 = 7.60 7 .8 15.05 5 1.03 .02
20-70-= 9.40 8.5 17.96 6 0.88 .01

NS F ig u res  Not S ig n i f ic a n t  p < .3
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TABLE 6

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS 
1952 - 1962

Age
Expected 
R a te /1000

Observed 
Ra te /1000

Chi
Square

Degrees of 
Freedom SMR

p < ( .30 -  
.001)

20 -  29 1.60 .99 0.23 1 0.62 NS

30 -  39 2.50 2.39 0.01 1 0.97 NS

40 -  49 5.60 7.91 0.97 1 1.42 NS

50 -  59 12.70 17.51 1.79 1 1.38 .20

60 -  69 30.50 26.52 0.28 1 0.86 NS

70- 86.40 200.00 25.34 1 2.33 .001

20-69 = 7 .70 8.50 1.29 5 1.11 NS

20-70- - 9.90 14.00 28.63 6 1.42 .001

NS F igu res  Not S ig n i f ic a n t  p < .3
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TABLE 7

AGE-SPECIFIC MORTALITY FOR FIREFIGHTERS 
1963 -  1973

Age
Expected 
R a te /1000

Observed
Rate/1000

Chi
Square

Degrees o f  
Freedom SMR

p < ( .30 -  
.001)

20 - 29 1.80 .65 1.14 1 0.37 .30

30 - 39 2.40 2.16 0.06 1 0.90 NS

40 -  49 5.80 8.88 3.33 1 1.54 .10

50 -  59 14.10 13.61 0.03 1 0.97 NS

60 -  69 31.50 22.65 2.95 1 0.72 .10

70- 92.90 102.83 0.45 1 1.11 NS

20-69 = 9.10 8.30 7.52 5 0.91 .20

20-70-= 12.70 12.40 7.97 6 0.98 .30

NS F ig u res  Not S ig n i f ic a n t  p < .3



TABLE 8

PROPORTIONATE MORTALITY* BY OCCUPATIONAL STATUS, 
AGE AND PERIOD OF DEATH

Code Number and 
Diagnos i s  

I n t e r n a t i o n a l  
C l a s s i f i c a t i o n  
o f  D i sease s  1968 

(8 th  Rev is i on )

Serv i ce
R e t i r ed

D i s a b i l i t y  
Ret i  red Ac t ive

Termin­
a t i o n s 20-29 30-39 40-4S 50-51 60-69 70-

19 30 -
40

1941-
51

1952-
52

1963-
73

Tota l
P.M.R.

Average
Aqe

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent

Per
Cent Years

404 Cardiovascu­
l a r -Rena l 18.90 7 .6 5.7 11.7 - 1.93 6 .17 11.20 10.03 14.67 47 52 44 45 4 4 . 0 6 1 . 8 3

199 All  Cancer 5 .30 2 .3 .4 4 .9 - .77 1.93 2.32 3 .09 5.41 3 3 18 14 13 . 5 6 5 . 2 9

162 R es p i r a t o r y  
Cancer 1 .50 .4 - 1 . 9 - .39 - .39 2.32 1.16 - - 5 5 4 . 3 0 6 3 . 7 0

436 Cereb rovas ­
c u l a r  Acc i­
den t s

2 .30 1 .5 .8 1 .5 .39 .39 .77 .39 1.54 2 .70 6 - 4 8 6 . 2 0 6 0 . 9 4

486 Pneumonia 1.14 .4 . 8 - - .77 - .39 .39 .39 3 - - 2 1.90 5 3 . 4 0
E929 All  Acci ­

den t s 1.14 . 8 4 .9 2 .7 1.93 2.32 2.7 2 .3? - - 9 21 5 9 9 .30 39.91

E958 Su i c ide s .80 - 1.14 .4 - .77 .39 1.16 - .39 3 - 2 3 2 . 7 0 4 8 . 6 7
571 L ive r 1.14 . a - .4 - - .33 - .39 3 7 4 1 1 . 9 0 5 5 . 3 0
569 Gas t ro ­

i n t e s t i n a l .40 .4 .4 .4 - - 1.16 .39 - - - 2 1 1 1 . 5 0 4 6 . 75

o n  Tubercu­
l o s i s .40 - - - - - - - .39 - - 1 - - .40 6 0 . 0 0

796 Other  and 
i n - d e s c r i b ­
ed Cases

1.9 1 .14 .4 1.14 - - .77 1.5 .77 1 .5 13 - 4 2 4 .60 52 .08

796 Unknown 6.1 2 .7 1.14 1 .5 2 .32 1.54 1.54 1.54 1.54 3.47 13 14 13 10 9 .70 5 8 . 80

Tota l  1 40 .5 17 .5 15.5 26.5 - - - - - - 100 100 100 100 100.0 58.94

*6ased on 259 d e a t h s .



T A B L E  9

COMPARATIVE CARDIOVASCULAR-RENAL MORTALITY AMONG FIREFIGHTERS
1930 -  1973

Study Pe r i ods
1930 -  1940 941 -  1951 ' 952 -  1962 ......... 963 -  1973

Aqe

Expected
Rate /
1000

Observed
Ra te /
1000 SMR

P
Value

Expected
Ra te /
1000

Observed
Ra te /
1000 SMR

P
Value

Expected
Ra te /
1000

Observed
Ra te /
1000 SMR

P
Value

Expected
R a t e /
1000

Observed 
. Rat e /  

1000 SMR
P

Value

20-29 .2 - - - .08 - - - .1 - - - .07 - - -

30-39 .5 3 .0 5 .9 .05 - . 3 3 .6 12.0 .05 : .6 .6 1.0 NS .51 - - -

40-49 1 .8 2 .4 1.3 NS® 1 .5 2 .5 1 .7 NS 2 .3 4 .0 1.7 NS 2.1 3 .9 1 .9 NS

50-59 5.1 23.4 4 .6 .05 4 .7 3 .6 .77 NS 6.5 10.3 1.6 NS 6.1 8 .0 1 .3 NS

60-69 12.7 12 .7 .99 NS 11,1 18 .2 1 .6 NS 17.1 15.2 .89 NS 14.5 14 .0 .96 NS

70- 39.3 10.3 .26 NS 28.3 21.3 .7! NS 56.8 110.0 1 .9 .05 41 .5 64 .3 1 .5 NS

30-69 2 .3 5 .5 2 .4 .01 3 .2 4 .6 1 .4 NS 4 .5 5 .3 1 .2 NS 6 ^ f 7.7 1 .2 NS

30-70- 3 .9 6 .0 1 .5 NS 4.1 5 .2 1 .3 NS 6 .3 9 .0 1 .4 .05 9 j C 12.0 1 .3 .05

<£>tn

Not s i g n i f i c a n t  a t  t h e  .05 l e v e l .  

^40-69

‘•40-70-



TABLE 10

WORKING LIFE OF ACTIVE AND PENSIONED FIREFIGHTERS BY DURATION 
OF EMPLOYMENT IN 1974 PERSON-YEARS

P e r s o n - Y e a r s
Exposure

Mean Age o f  A c c e s s i o n  
by Exposure  C a te g o ry Number P e r  Cent

Mean Death Age by 
Exposure  C a te go ry Number Per  Cent

< 5 25 .7 10 5 3 0 .6 10 5
5-14 25 .7 20 11 37 .85 20 11

15-24 27 .4 36 19 4 9 .9 2 36 19

25- 28 .12 121 65 6 5 .0 0 120 60
CT>


