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L a r r y  S. N .  G r e e n e .  M.  D.
Y a l e  U n i v e r s i c y  S c h o o l  o f  M e d i c i n e  
G s w  H a v e n ,  C o n n e c t i c u t

- h ;L T T L L R I M L N T a l  P R O D U C T I O N  O P  L U N  G T U M O R  S

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

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

T h e  e y e ,  t h e  b r a i n ,  o r  t h e  s u b c u t a n e o u s  s p a c e  o f f e r  a d e q u a t e  
s i t e s  f o r  i n o c u l a t i o n .  W h e n  t h i s  t e c h n i q u e  i s  u t i l i z e d  w i t h  
k n o w n  c a r c i n o g e n s ,  s u c h  a s  m e t h y l c h o l a n t h r e n e  o r  d i b e n z a n -  
c h r e n e ,  c a n c e r  i s  p r o d u c e d  w i t h  g r e a t  r a p i d i t y  a n d  i n  h i g h  
I n c i d e n c e .  M o r e o v e r ,  c a n c e r  i s  p r o d u c e d  i n  e m b r y o n i c  
o r g a n s  t r a i t ,  i n  t h e i r  a d u l t  s t a t e ,  a p p e a r  t o  b e  r e s i s t a n t  t o  
Tie c a r c i n o g e n i c  a c t i o n  o f  t h e  s u b s t a n c e .

As  a  c o n t r o l ,  t r a n s p l a n t s  o f  e m b r y o n i c  m o u s e  l u n g  w e r e  o b ­
t a i n e d  h a l f w a y  t h r o u g h  g e s t a t i o n  a n d  t r a n s p l a n t e d  t o  t h e  s u b ­
c u i a n e o u s  s p a c e  o f  t h e  a x i l l a  o f  a d u l t  m i c e .  T h e  a n i m a l s  
. c e r e  k i l l e d  t w o  m o n t h s  a f t e r  t r a n s f e r  f o r  m i c r o s c o p i c  s t u d y ,  
m o t i o n s  s h o w e d  n o r m a l  l u n g  t i s s u e  m a d e  u p  o f  e x p a n d e d  
l i v e  o i l  a n d  b r o n c h i .  E p i t h e l i a l i z a t i o n  o f  a l e v o l i ,  c o m m o n l y  
r e f e r r e d  to  a s  a  p u l m o n a r y  a d e n o m a ,  o c c u r r e d  w i t h  h i g h  f r e -  
■ lii-ency i n  a i l  t r a n s p l a n t s .

YTio.-m c o m  in  c n  t u m o r  p r o d u c e d  Ln l u n g  t r a n s p l a n t s  w i t h  
m  r h y l r h e  u m t h r e n e  i s  a n  e p i d e r m o i d  c a r c i n o m a .  T y p i c a l  

i e l d e r  ci-.i-u c a r  c i n e m a  d i f f e r e n t  f r o m  t h e  o r d i n a r y  h u m a n  
n o r c a  >>i t h e  l u r e 1 i n  i t s  h i g h  d e g r e e  of k e r a t i n  o c c u r s
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r e g u la r ly  th ir ty  to fo r ty  days a fte r  tr a n s fe r  of em b ry o n ic  
m o u se  lu n g  co n ta in in g  a s in g le  c r y s ta l  of m e th y lc h o la n -  
th r e n e .

S a rco m a s  a ls o  o ccu r  in th e se  tra n sp la n ts  w ith  so m e f r e ­
q u en cy . T h ey  grow  r a p id ly  and o b lite r a te  a ll n o rm a l lung  
s tr u c tu r e s .  M ixed  tu m o r s , that i s ,  c a r c in o s a r c o m e s ,  a re  
a ls o  co m m o n .

The tu m o rs  o ccu r  in  a lm o s t  100 p er  cen t of the tr a n sp la n ts  
and a re  ap p aren t w ith in  th ir ty  to f if ty  d ays a fte r  t ia n s f e r .  
T hey a re  tru e  c a n c e r s .  T h ey  grow  on tr a n s fe r , m e ta s ta ­
s i z e ,  and a re  h e te r o lo g o u s ly  tra n sp la n ta b le .

It w ould  s e e m  that th is  tech n iq u e m ig h t be of so m e va lu e  m  
the te s t in g  o f su b s ta n c e s  thought to be c a r c in o g e n ic ;  and th is  
h a s b een  don e. B e c a u se  o f the freq u en t o c c u r r e n c e  of c a n ­
c e r s  in  lu n g s  that sh ow  a s b e s t o s i s ,  a s b e s to s  w as one of the 
m a te r ia ls  te s te d .

F r a g m e n ts  o f e m b ry o n ic  m o u se  lung w ere  im p r e g n a te d  w ith  
a s b e s to s  f ib e r s  and tr a n sp la n te d  to  the su b cu tan eou s sp a ce  
of m o r e  than 150 adu lt a n im a ls .  S m all grou p s w ere  k ille d  at 
in t e r v a ls  fo r  h is to lo g ic  stu d y , but the m a jo r ity  of a n im a ls  
w e r e  h e ld  fo r  a s  lo n g  a s  n ine m o n th s .

A t the end o f th is  p e r io d  the tr a n sp la n ts  w e r e  a ll  ex a m in ed  
h is to lo g ic a l ly .  A ll sh o w ed  a s b e s t o s is  but in no in s ta n c e  
w h a tso e v e r  w as an y  in d ica tio n  of c a n c e r  found.

T y p ic a lly , the tra n sp la n t sh ow ed  a d iffu se  f ib r o s i s  quite  
u n lik e the f ib r o s is  that o c c u r s  in  d e g en era tin g  lung t is s u e .  
G iant c e l l s  co n ta in in g  a s b e s to s  f ib e r s  a s  w e ll a s  ty p ica l 
a s b e s t o s is  b o d ie s  w e r e  co m m o n . It is  to be e m p h a siz e d  
a g a in  th at, d e sp ite  the fa c t  that a l l  the tra n sp la n ts  sh ow ed  
a s b e s t o s i s ,  none of th em  sh ow ed  c a n c e r .

A  s im ila r  s e r i e s  of e x p e r im e n ts  w as c a r r ie d  out u t iliz in g  
b e r y lliu m . A g a in  a la r g e  s e r ie s  of a n im a ls  w ere  u se d  and  
a g a in  the a n im a ls  w ere  h e ld  a s  lo n g  as n in e  m o n th s . T y p i­
c a l b e r y lliu m  g ra n u lo m a s w e r e  found in  the lu n gs but in  no  
c a s e  w h a tso e v e r  w as th ere  any in d ica tio n  of n e o p la s ia .

F in a lly ,  a s e r i e s  of e x p e r im e n ts  w as c a r r ie d  out u t iliz in g
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a  v a r i e t y  o f  t o b a c c o  p r o d u c t s .  T h e s e  i n c l u d e d  e x t r a c t s  of  
p i p e  t o b i c c o ,  c i g a r e t t e  t o b a c c o ,  c i g a r e t t e  p a p e r s ,  a n d  t a r  
f r o m  p i p e s .  M o r e  t h a n  t h r e e  h u n d r e d  a n i m a l s  w e r e  u s e d  
a n d  t h e  m a j o r i t y  w e r e  h e l d  f o r  a s  l o n g  a s  a  y e a r .

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

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

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

t r a n s p l a n  t a b  i l i t y .

H e t e r o l o g o u s  t r a n s p l a n t a b i l i t y  i s  a  m e a s u r e  o f  t h e  p h a s e  o f  
d e v e l o p m e n t  o f  t h e  t u m o r  c o n c e r n e d .  I t  m e a n s  t h a t  a  t u m o r  
i s  in  a  l a t e  p h a s e  o f  d e v e l o p m e n t ----- t h a t  i t  i s  m e t a s t a s i z i n g .

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

r o o m .

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

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

W -t-“m  t h e  t u m o r  
a n d  ¿be o p e r a t i o n  w a s

a

,a 1 y fa <3 Clfi.A ; n . j C  a J .



d is c o v e r y  and o p era tio n  in e p id e r m o id  c a r c i n o m a  in  p a r t s  
o f the b od y  o th er than the lu n g , a b o u t  h a l f  of the t u m o r s  a r e  
in  an e a r ly  p h a se  o f d e v e lo p m e n t .

H o w ev er , th e r e  w as a c o m p le te  r e v e r s a l  of th is  p ic tu r e  in  
the c a s e  of lung c a n c e r . In a s e r ie s  s tu d ied  in  o u r  la b o r a ­
to r y  e v e r y  s in g le  one w as h e te r o lo g o u s ly  tr a n sp la n ta b le .
I e m p h a s iz e  aga in  that th is  tum or t is s u e  w as ob tained  a t the 
t im e  of c l in ic a l  d is c o v e r y  and at the tim e  of c l in ic a l  d i s ­
c o v e r y  e v e r y  s in g le  one of the tu m o rs  w as tra n sp la n ta b le  
to  a lie n  s p e c ie s ,  w h ich  m ea n s  that e v e r y  s in g le  o n e  of the  
tu m o rs  w as in  a la te  s ta g e  of d ev e lo p m en t and w as m e ta s -  
t a s iz a b le .

A c c o r d in g ly , w e found that a ll  of the p a tien ts  sh o r t ly  d ied .
I e m p h a s iz e  aga in  that th e se  w e r e  s m a ll  tu m o r s , m an y  of 
th em  m u ch  s m a lle r  than the e p id e r m o id  c a r c in o m a s  of o ther  
r e g io n s  o f  the body.

A  p o in t to  b e e m p h a s iz e d  h e r e  is  that hum an lung c a n cer  is  
a b io lo g ic a l en tity , and  i t  i s  e s s e n t ia l  that e x p e r im e n ta l  
tu m o rs  in  a n im a ls  be show n to p o s s e s s  a n a lo g o u s p r o p e r t ie s  
b e fo r e  th ey  can  be c o n s id e r e d  co u n terp a r ts  o f the hum an  
d is e a s e .

In c o n c lu s io n , th en , tech n iq u es  that have p r o d u c e d  ca n cer  
in  h igh  in c id e n c e  and w ith  g r e a t  ra p id ity  w ith  known ca r c in o  
g en s have fa ile d  to  p ro d u ce  c a n c e r  w ith  a s b e s to s ,  b e r y l­
liu m , and to b a c c o .

S eco n d ly , the id e n tity  o f the e x p e r im e n ta l lung c a n c e r  p r o ­
d u ced  b y  m eth y lch o la n th ren e  w ith  the hum an d is e a s e  is  in  
doubt in  a s  m u ch  a s  th e s e  tu m o rs  f a i l  to  sh ow  the sa m e  
b io lo g ic a l c h a r a c te r  a s  is  m a n ife s te d  b y  hum an lu n g  ca n c e r
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D I S C U S S I O N -  - T h e  E x p e r i m e n t a l  P r o d u c t i o n  o f  L u n g  T u m o r s

# i l l i a m  E .  S m i t h ,  M ,  D,
N e w  Y o r k  U n i v e r s i t y - - B e l l e v u e  M e d i c a l  C e n t e r  
N e w  Y o r k ,  N e w  Y o r k

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

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

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

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

Th e m a j o r i t y  of t h e s e  t u m o r s  h a v e  b e e n  t r a n s i t i o n a l - c e i l  
c a r c i n o m a s  b u t  w e  h a v e  a l s o  s e e n  f r a n k l y  k e r a t i n i z i n g  e p i ­
d e r m o i d  c a r c i n o m a s .  B o t h  t h e s e  t y p e s  o f  t u m o r s  p r e s e r v e  
t h e i r  h i s t o l ó g i c a ,  c h a r a c t e r i s t i c s  o n  t r a n s p l a n t a t i o n .

i c h i n k  c h a t  w h a t  w e  h a v e  J e a r n e d  i s  t h a t  t h e  n e o p i a s t i r  w i a n g  
c a n  s u p e ;  v e n e  . n  c e l l s  a t  d i f f e r e n t  s t a g e s  i n  t h e  c o u r s e  o f
m e i a p k a  j i a .  O n e  o t h e  n e o p l a s t i c  . J i a n g e  o c c u r s ,  t h e  c e l l  I s
f e e d  m_ i ■■'_c . t ag- ;  o f  m e t a p l a s i a .

u s ,  t  m a d  Oli l  w i t h  i j O p i a r t s  of  
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m a te r ia ls  in to  the lung h as u su a lly  e l ic it e d  e ith e r  ad en om as  
or s a r c o m a s . P e r h a p s  th is  d if fe r e n c e  is  due to the fa ct  
that w hen  the t is s u e  is  tra n sp la n ted  it s  ly m p h a tic  and v a s ­
cu la r  su pp ly  is  d is tu rb ed , and the c a r c in o g e n  put w ith  it 
ca n  th en  r e m a in  in  p ro lo n g ed  co n ta ct w ith  the t is s u e ;  w h e r e ­
a s ,  w hen  the c a r c in o g e n  is  in tro d u ced  into the n o rm a l lung, 
it  m a y  p a s s  throu gh  it and be c a r r ie d  off so m ew h eri; e l s e  
so  that it la c k s  t im e  to act on the p u lm o n a ry  ep ith e liu m .

T h is  fo c u s e s  our a tten tio n  on the m an n er in  w hich  
t e s t  m a te r ia l  i s  p r e se n te d  to the lu n g . T h is  m ay  be c r u c ia l  
in  e x p e r im e n ts  d e s ig n e d  to le a r n  w h eth er  so m e  s e le c te d  m a ­
t e r ia l  can  p rod u ce  c a n c e r  in  the lu n g s .

R e fe r e n c e

S m ith , W. E . : Lung c a n c e r  w ith  s p e c ia l  r e fe r e n c e  to e x p e r ­
im e n ta l a s p e c t s .  (P r o c . C an cer  P r e v e n t io n  C o m m itte e . )
A . M. A . A rch . Indust. H yg. 5 :209 -217 , 1952.
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P O T E N T I A L  O C C UPATIO N A L FA C TO R S IN LUNG  CAN C ER

W i l l i a m  E .  S m i t h ,  M .  D.
N e w  Y ork U n iver  s ity -  --B ellevu e M ed ica l C en ter  
N e w  Y ork, N ew  Y ork

I n  c o n t r a s t  to so m e o th er  fo r m s  of c a n c e r , lung c a n c e r  is  
n o t  a  c o m p le te  m y s te r y . T h ere  a r e  so m e s itu a tio n s  in  
w h i c h  c a u s e s  o f  t h e  d i s e a s e  have b e e n  r e c o g n iz e d .

T h e  f i r s t  i n s t a n c e  i n  w h ich  a c a u se  of lung c a n c e r  w a s r e c o g ­
n i z e d  g o e s  b ack  to the e x p e r ie n c e  of m en  in  the G erm a n  and  
B o h em ia n  u ran iu m  m in e s . F o r  m any y e a r s  c a n c e r  of the  
l u n g  had b e e n  o b se r v e d  w ith  s tr ik in g  freq u en cy  in  m in e r s  in  
t h e  G erm an  u ran iu m  m in e s . In one a u top sy  s e r i e s ,  40 p er  
c e n t  of  the m in e r s  who d ied , d ied  w ith  c a n c e r  in  th e ir  lu n g s . 
I n  t h e  1930' s , m e d ic a l o f f ic e r s  fo r  the m in e s  a c r o s s  the b o r ­
d er  in  C z e c h o s lo v a k ia  con d u cted  a study to le a r n  w h eth er  
s u c h  a p ro b lem  e x is te d  in  th e ir  m in e s . M ore than  th ree  
hundred  of th e ir  m in e r s  w e r e  ex a m in ed  f lu o r o s c o p ic a lly .
N ot one c a s e  of lung c a n c e r  w as d e te c te d . N e v e r th e le s s ,  
in  the d ecad e in  w h ich  that study w a s m a d e , e ig h ty - th r e e  
of the C zech  m in e r s  d ied , and m o r e  than  fo r ty  of th e m  had  
c a n c e r  in th e ir  lu n g s .

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

T h e  n e x t  i n s t a n c e  i n  w h i c h  a  c a u s e  o f  c a n c e r  o f  t h e  h u m a n  
r e s p i r a t o r y  t r a c t  w a s  r e c o g n i z e d  c a m e  f r o m  t h e  e x p e r i e n c e  
o f  a  n i c k e l  r e f i n e r y  i n  W a l e s .  T h e  m e d i c a l  o f f i c e r s  t h e r e  
h a d  r e c o r d e d  t h e  o c c u r r e n c e  o f  f i f t y - t w o  c a s e s  o f  c a n c e r  of  
t h e  n a s a l  s i n u s e s  i n  m e n  i n  t h i s  p a r t i c u l a r  p l a n t  a n d  n i n e t y  
c a s e s  of c a n c e r  of  t h e  l u n g .  T h e  o c c u r r e n c e  o f  t h i s  l a r g e  
n u m b e r  o f  c a n c e r  c a s e s  i n  t h e  r e s p i r a t o r y  s y s t e m  l e f t  no  
d o u b t  c h a t  s o m e  o c c u p a t i o n a l  f a c t o r  w a s  i n v o l v e d .  W h e n  
¡■tie j o b s  o f  t h e  m e n  w h o  h a d  t h e s e  r e s p i r a t o r y - t r a c t  c a n c e r s



w e r e  stu d ied , it w as found that the m a j o r i t y  h a d  w orked  i n  
a p art of the p lan t w h ere  the n ic k e l o r e s  w e r e  t r e a t e d  w i t h  
su lfu r ic  a c id  to e x tr a c t  co p p er . The a c id  u sed  w a s  a  g r a d e  
th at co n ta in ed  a r s e n ic .  The o r e s  th e m s e lv e s  w ere  r ic h  i n  
a r s e n ic .  B oth  a r s e n ic  and n ic k e l w e r e  p r e s e n t  in  the dust 
in  the r o o m  w h ere  the c a lc in e r s  fo r  th is  o p e r a tio n  w ere  
lo c a te d .

In 1921, the p lan t sh ifted  to a gra d e  of a c id  f r e e  of a r s e n ic  
and, in  1924, r e b u ilt  the c a lc in e r s  to  d e c r e a s e  dust and 
fu m e s . T h e r e  h a s  b e e n  no c a s e  of n a s a l- s in u s  c a n c e r  in  
that p lan t in  any m an  w h o se  em p lo y m en t h a s  dated  s in c e  
1924. H ere  w e h ave an in s ta n c e  in  w h ich  an o ccu p a tio n a l 
lu n g -c a n c e r  h a za rd  h as b e e n  brou gh t under co n tr o l. And 
h e r e  w e have a th ird  im p o rta n t le s s o n ,  n a m ely , that so m e  
fo r m s  of c a n c e r  m ay  be a m en a b le  to sa n ita r y -e n g in e e r in g  
m e a s u r e s  d e s ig n e d  to m in im iz e  e x p o su r e  to h a za rd o u s m a ­
t e r ia l s .

In  r e c e n t  y e a r s ,  an o ccu p a tio n a l lu n g -c a n c e r  h a za rd  h as b e ­
c o m e  a p p aren t in  the ch ro m a te  in d u str y . D r. M ach le  w a s to 
be h e r e  tod ay  to  d e s c r ib e  h is  s tu d ie s  on  th is  p ro b lem . S in ce  
he i s  u nable to  be h e r e , I sh ou ld  lik e  to  m en tio n  so m e  of h is  
f in d in g s , w h ich  w e r e  p u b lish ed  a few  y e a r s  ago.

D r . M a ch le  and D r. G r e g o r iu s  con d u cted  th e ir  study at the  
r e q u e s t  of the s ix  m a jo r  c h r o m a te -p r o d u c in g  p la n ts  in  the  
U nited  S ta te s . T h ey  found that th e r e  had b een  a to ta l of 193 
d ea th s  in  the ch ro m a te  p la n ts  th ey  stud ied ; s ix t y - s ix  of th e se  
w e r e  due to  c a n c e r , fo r ty -tw o  of th em  to c a n c e r  of the r e ­
sp ir a to r y  s y s te m .

F o r  a group to  c o n tr o l th is  e x p e r ie n c e  th ey  tu rn ed  to the  
r e c o r d s  o f the M e tr o p o lita n  L ife  In su ra n ce  C om pany, finding  
that am ong 733 d ea th s  of in d u s tr ia l-p o lic y  h o ld e r s  115 had  
d ied  of c a n c e r  and te n  had d ied  of c a n c e r  of the r e sp ir a to r y  
tr a c t . T h ere  w a s  thus a d if fe r e n c e  b e tw e e n  the 63. 6 p er  
cen t c a n c e r  o f the r e s p ir a to r y  tr a c t  found in  the d ea th s that 
had o c c u r r e d  in  the ch ro m a te  p la n ts  and the 8. 7 p e r c e n t  in  
the c o n tr o l group .

A s  th ey  ex a m in ed  th e e x p e r ie n c e  in  the in d iv id u a l p la n ts , 
th ey  found th at in  one th ere  had b e e n  f i f ty - f iv e  d ea th s , n in e ­
te e n  of th e m  fr o m  c a n c e r . E ig h te e n  of th o se  n in e te e n  ca n cer
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. -j: vt; I- 3 v, _.; re e r e ; r  of tiio r e sp ir a to r y  sy sr sm . m
o r.oT'tc:' jlar ii d ier e  nad been  th ir ty -  s e v e n  d ea th s , te n  of 

_n .'.„a to '.3rir er t h e  r e s p ir a to r y  sy s te m . Lung c a r e e r  
a m  a prom inent c a u se  of d eath  in  o ther ch ro m a te  p la n ts  
m a t  m e  j  3 lu d ied . H o w e v e r ,  th e r e  w as one in te r e s t in g  e x c e p -

T o i r  was.  a  plant in w hich  t h e r e  had b e e n  th ir ty - th r e e  d ea th s. 
O v e r  »be y e a r s ,  p e o p l e  in  in d u str y  d ie  ju st a s  p eo p le  d ie
e v e r y w h e r e  e l s e .  I n  t h a t  p a r t i c u l a r  p l a n t ,  t h i r t y - t h r e e  m e n  
r a n  a c m e  t c  t h e  e n d  o f  t h e i r  l i v e s ,  h u t  n o t  o n e  h a d  c a n c e r  i n  
m e  r e s p i r a t o r y  s y s t e m .  T h i s  g r o u p  s t o o d  o u t  a s  b e i n g  d i i -  
term a. f r o m  t h e  e x p e r i e n c e  in  t h e  oth er  p la n ts . A  study w as  
m m  m a d e  ce l e a r n  if t h e r e  w a s  s o m e t h i n g  d i f f e r e n t  a b o u t  
: :ii s pJ a r . t .

I t :  3 s a n d y  s h o w e d  t h a t  t h e  p l a n t  i n  w h i c h  t h e r e  w a s  n o  i a n g -  
o ' - m e e r  o r o b l e r n  r e c e i v e d  t h e  c h r o m a t e s  in  s o l u t i o n ,  w h e r e a s  
t .e p l a n t s  thaw h a d  a p r o b l e m  w e r e  t h o s e  p r o c e s s i n g  t h e  e r e .  
a ETcni.icn w as t h e r e f o r e  fo c u se d  on  th is  la t te r  p h a se  of the 
e j c T A t i o a  a s p r e s u m a b l y  the p h ase  that p r e se n te d  the h a z a r d ,  
h e r e  r e  h a v e  a r  e x a m p l e  o f  a n  i m p o r t a n t  p r i n c i p l e  i n  I n d u s - 
3 - .a.' m e d ic in e , n am ely  that o c c u p a t i o n a l  h a za rd s  do not a£- 
i :.  , aJd o e r s o i i iv l  w ith in  a p a r t i c u l a r  in d u str y  but o n l y  t h o s e  
I n o n ' / I d u a l s  e n g a g e d  m  c e r ta in  p r o c e s s e s .  I d e n t i f i c a t i o n  of 
i._-cme j _-oc.essc  s p e r m i t s  in te llig e n t  d e s ig n  of m eth o d s tor  
m e a m d  o f  die h a z a r d .  T h is  m a t t e r  wiLl be d is c u s s e d  la te r  
» octay b y  D r .  S e w a r d  M i l l e r .

' •.. .a; c ; r  ■! no-.- i j  a n o t h e r  t o p i c .  A f e w  y e a r s  a g o ,  che C r . i e f  
j e r n e ,  w r  c i  H a :  u v ~ I m  i n  G r e a t  B r i t a i n  p u b l i s h e d  f i g u r e s

1 l w. ;n,ai  c i  d i r  l a s t  t w e n t y  y e a r s  h i s  o i f i c e  h a d  r w  
m  v . - d  w o o l  ce’ :d j ¿3 L i s e s  o f  a s b e s t o s i s  i n  m e n  a n d  t h a t  l u g  

. - i- g a d  hi - ' -n  f o u n d  In  t w e n t y - t w o  of  t h e s e  c a s e s .  i n  
, , h  a  - d t e e n  10?  r a  a s  o f  a s b e s t o s i s .  L u n g  w w ies  r
- - - c e i i a m u c h  s e n e  a  p e r c e n t a g e  oh t h e  c o s .  r.

-. . .. - n  m  v e t  t h e !  e 3 s In  a p e r c e n t a g e  b s a :  m m
a  c m  e- e e  ■- euO:  l u n g s .

- '  1 - '  i- ;  " c ,  r - ; .  7  r -  > 7 ; :  »Y ■ o t  7 - h  . ■ :7 m  _ -
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id en tica lly  the sam e as  the figu re for lung ca n cer  m  the 
g en era l population  as ca lcu la ted  fro m  the R eg istra r  -G ener - 
a l's  death c e r t if ic a te s  for England and W ales.

T h ese  data led  the C hief Inspector to conclude that th ere  w as 
an occu p ation al lu n g -ca n cer  hazard am ong in d iv id u a ls, e s ­
p e c ia lly  m a le s , who developed  a s b e s to s is .  He attem pted  
to le a rn  w hether th is  im p r e ss io n  m ight have a r ise n  b ecau se  
the peop le  who developed  a s b e s to s is  had liv ed  lon ger  than  
the in d iv id u als who had developed  s i l ic o s is  and thus had m ore  
opportunity to liv e  into the "cancer age. " But th is  w as not 
tru e . The ind iv idu als w ith  a s b e s to s is  had died e a r lie r  than  
the s il ic o t ic  s.

I v is ite d  the C hief In sp ector about th ree  y e a r s  ago at a tim e  
w hen he had r ec o r d s  of th ir ty -o n e  c a s e s  of co ex is ten t a s b e s ­
to s is  and lung ca n cer . At that tim e , I had the opportunity  
to  v is i t  the m ed ica l o ff ic e r s  of the p lan ts fro m  w hich  th ese  
c a s e s  had co m e, and to v is i t  D r. Gloyne at O xford and the 
lab o ra to ry  of Dr. C. V. H a rr iso n  in  London, the path olo-  
gistsw ho had exam ined  th ese  lu n gs. I w as able to find out 
som ething about tw enty of the th ir ty -o n e  c a s e s .  The m a jo r ­
ity  w ere  sq u a m o u s-ca ll or  o a t - c e l l  tu m ors.

A ll of the tw enty c a s e s  w hose r e c o r d s  I had the opportunity  
to  se e  had b een  em ployed  in  the ind ustry  p r io r  to 1932. In 
1932, m od ern  exhaust ven tila tio n  equipm ent had b een  in ­
s ta lled  to red u ce du st h azard s in  the p lan ts in  w hich th ese  
c a s e s  had occu rred . T en  of the other e le v e n  p a tien ts  that 
w ere  on reco rd  had b een  em ployed  at an even  e a r lie r  tim e , 
and I did not attem pt to lo ca te  th e ir  r e c o r d s . In the c a s e s  
that had appeared, the "latent period" b etw een  beginning of 
em ploym en t and appearance of can cer  averaged  about s ix ­
te e n  and a half y e a r s . In 1950, e ig h teen  y e a r s  had p a ssed  
s in ce  the v en tila to rs  w ere  put in , and only one c a se  of lung 
ca n cer  had b een  record ed  am ong m en  w hose em ploym ent had 
begun s in ce  the in sta lla tio n  of v en tila to rs  in  1932.

T his q u estion  of a s b e s to s is  and lung can cer  w ill  be d isc u sse d  
in  d e ta il th is  a fternoon  by D r. K enneth Lynch.

Quite r ec e n tly , the A rch iv es  of In d u stria l H ygiene ca rr ied  
som e in ter e st in g  data p u blished  by W eil, Sm yth, and N ale. 
T h ese  authors rev iew ed  the m ed ica l reco rd s  of a ch em ica l
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,■ . ,.i m  a ',a , 1-5 o', i.nr, ' / n o !  s t a t i s t i c s  r e p o r t s  o f  t h e
MiL-;d b c a L e s ,  1/ j  e x p e c t e d  a p p r  o x i r n a e  Ly 13. t> p e r  e m i t  o t  

tio h e a t h s  to b e  d e e  lo c a n c e r .  A c t u a l l y ,  o n l y  13. L p e r  c e n t  
c e r e  d u e  to  c a n c e r .  N e v e r t h e l e s s ,  u p o n  a n a l y s i n g  t h e  c a n ­
. o r  d e a t h s  b y  s i t e ,  i n s t e a d  o f  f i n d i n g  t h e  e x p e c t e d  r a t e  o f  9.  6 
: ;e r  c e n t  a t t r i b u t e d  t o  c a n c e r  o f  t h e  r e s p i r a t o r y  t r a c t ,  t h e y  
f o u n d  a s u b s t a n t i a l l y  h i g h e r  f i g u r e ,  n a m e l y  14. 7 p e r  c e n t ,  
i ' h e  e x c e s s  w a s  t r a c e d  to  a  g r o u p  of  m e n  e n g a g e d  i n  t h e  p r o ­
d u c t i o n  of i s o p r o p y l  a l c o h o l .  A m o n g  s e v e n t y - o n e  m e n  e n ­
g a g e d  i n  t h i s  w o r k ,  t h e r e  h a d  b e e n  t h r e e  c a s e s  o f  c a n c e r  of  
v i e  e t h m o i d  s i n u s ,  o n e  o f  t h e  s p h e n o i d  s i n u s ,  o n e  m a l i g n a n t  
m c i l i o m a  o f  t h e  v o c a l  c o r d ,  o n e  c a s e  o f  b e n i g n  p a p i l l o m a  c i  
one v o c a l  c o r d ,  a n d  o n e  c a s e  o f  c a n c e r  o f  t h e  l u n g .

N c c m  t h i s  e x p e r i e n c e ,  i t  w o u l d  a p p e a r  t h a t  a n  o c c u p a t i o n a l  
u m o r  h a z a r d  m i g h t  e x i s t  f o r  t h e s e  m e n .  B u t  w h a t  c o u l d  t h e  

o f f e n d i n g  m a t e r i a l  b e ?  T h e  p u r p o s e  o f  t h e  p r o c e s s  w a s  t o  
m a n u f a c t u r e  i s o p r o p y l  a l c o h o l ,  b u t  m a n y  o t h e r  m a t e r i a l s  
w i r e  h a n d l e d  a s  s t a r t i n g  m a t e r i a l s ,  i n t e r m e d i a t e s ,  o r  b y ­
p r o d u c t s .  T h e s e  v a r i o u s  m a t e r i a l s  w e r e  s t u d i e d  o n  a n i m a l s  
vt t h e  M e l l o n  I n s t i t u t e  i n  P i t t s b u r g h .  T u m o r s  o f  t h e  l u n g  w e r e  
/ r e d u c e d  i n  m i c e  b y  o n e  o f  t h e s e  m a t e r i a l s ,  i s o p r o p y l  o i l .  
i s o p r o p y l  o i l  i s  a c o m p l e x  m i x t u r e ,  a n d  t h e  e x a c t  n a t u r e  o f  
due av£ nt  r e m a i n s  t o  b e  d e f i n e d .' O

e n v i r o n m e n t a l  l u n g - c a n c e r  h a z a r d s  h a v e  b e e n  i n d i c a t e d  i n  
s e r r e  e t h e r  o c c u p a t i o n s ,  f o r  e x a m p l e  i n  s i t u a t i o n s  i n v o l v i n g  
. c o p e s a r e  to  c o a l  - t a r  f u m e s ,  a s  w i l l  b e  d i s c u s s e d  t o d a y  by
JT , r ib .0 D e l .

.. m o m m y  : s h o u l d  l i k e  t o  n o t e  t h a t  o c c u p a t i o n a l  t u m o r  h a z  - 
. i t s  a v o i r  :o ~ e i  a t i ' / e l y  s m a l l  g r o u p s  o f  m e n .  T h e y  c o u l d  
m u  f . p c i  t o  a c m a i  f o r  t h e  l a r g e  n u m b e r  o f  l u n g - c a n c e r

/i.-i r o c c u r  T h e y  h a v e ,  h o w e v e r ,  a n  i m p o r t a n t  L e s s e n  
• - '..1. m;  in  t i ia  : b u y  s h o w  t h a t  a g e n t s  f r o m  t h e  e x t e r n a l

, l z  / m m  ;c;r..  cure, / '  t h e  r e s p i r a t o r y  t r a c t  a n d  t h e r e  o r o -  
,._m- w  z: w  ■ ;c ; d U r a u e n  m  t h u s  f o c u s e d  o n  t h e  r e t  J  t o '
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o p era tin g  c o n d itio n s .

R e fe r e n c e

S m ith , W. E . : A n e v a lu a tio n  of c la im s  fo r  o ccu p a tio n a l 
fa c to r s  in  c a n c e r  of the lu n g s . A c ta , U nion  in te r n a l, con  
tr e  c a n cer  9 :4 7 6 -4 8 4 , 1953.
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DISCUSSION - - P oten tia l O ccupational F a c to rs  in Lung
C a n ce l

CHROMATES

Seward E. M iller , M. D.
C hief, D iv ision  of Special H ealth  S e r v ic e s
United States P u blic  H ealth  S erv ice , W ashington, D. C.

I should lik e  to d isc u ss  the portion  of Dr. Sm ith's paper  
d ealin g  w ith  chrom ate production w ith r e s p e c t  to lung can ­
c e r .

Since 1890 th ere have been  o cca sio n a l rep o rts  in the E u ro ­
pean lite r a tu r e  on lung can cer  a s so c ia te d  with exp osu re to 
ch ro m a tes. In th is country D r. W. C. H ueper c a lle d  a tten ­
tion  to th is  and rev iew ed  the litera tu re  in 1942.

In 1947 and 1948 D r. W. M achle and Dr. F . G regoriu s w ere  
em ployed  by the ch rom ate p rod u cers to study the in c id en ce  
of lung can cer  am ong w ork ers in s e v e n  ch rom ate-p rod u cin g  
p lan ts. They stud ied  the h ea lth  r e c o r d s  of th ese  e m p lo y e e s ,  
w hich w ere  ava ilab le  fro m  nu m erou s so u r c e s , and went 
back  ten  to fifteen  y ea rs  when such  r e c o r d s  w ere  a v a ila b le . 
A rep ort of th is study w as p u blished  in  P u blic  H ealth  R e ­
p o rts  for A ugust 27 , 1948, and show ed, am ong oth er fin d ­
in g s , that 2 1 .8  per cen t of a ll deaths in the chrom ate indus­
try  w ere due to ca n cer  of the r e sp ir a to r y  sy s te m . This is  
s ix teen  t im es  the ex p ected  1 .3  p er  cen t, w hile the crude  
death rate  for  can cer  of the lung w as tw en ty -fiv e  t im es  the 
n orm al.

In 1948 the ch rom ate-p rod u cin g  in d u stry  req u ested  the P u b­
l ic  H ealth S erv ice  to undertake a com plete  m ed ica l and e n ­
v iron m en ta l study of the in d u stry  in the U nited S ta tes. The 
study fo llow ed  the trad itional m ed ica l, ep id em io lo g ica l, e n ­
v iron m en ta l, a n a ly tica l, s ta t is t ic a l pattern  developed  by  
the Public H ealth  S erv ice  during the p a s t  fo r ty  y e a r s . In 
1953 the P u blic  H ealth S erv ice  com p leted  and pu blished  the 
rep ort of th is com p reh en sive  c lin ica l and environm ental 
stud y .
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M y d is c u s s io n  o f  the fa c to r s  r e s p o n s ib le  fo r  c a n c e r  am ong  
c h ro m a te  w o r k e r s  is  b a se d  on th is  stud y , I w ill  p r e se n t  
b r ie f ly  the m a n u fa c tu r in g  p r o c e s s ,  so m e  m o r b id ity  and  
m o r ta lity  data , o b se r v a t io n s  on w ork in g  e n v ir o n m en t, and  
so m e  r e m a r k s  on a p o s s ib le  é t io lo g ie  fa c to r .

T he M an u factu rin g  P r o c e s s .  B r ie f ly ,  th is  c o n s is t s  of 
r o a s t in g  the f in e ly  ground c h ro m ite  o re  w ith  sod a  a sh  or  
w ith  a s o d a -a s h  and l im e  m ix tu r e , to  p rod u ce  a w a te r -  
so lu b le  c h ro m iu m  com pound, so d iu m  c h ro m a te , w hich  is  
c o n v e r te d  b y  a c id if ic a t io n  and c r y s ta ll iz a t io n  in to  c r y s t a l ­
l in e  so d iu m  b ic h r o m a te . So lu b le m a t e r ia ls  o th er  than  
c h r o m a te s  and b ic h r o m a te s  o c c u r  in  the ch ro m a te  and b i ­
ch ro m a te  l iq u o r s . B y -p r o d u c ts  su ch  a s  a lu m in a , sod iu m  
s u lfa te , and so d iu m  van ad ate  m a y b e  r e c o v e r e d  fr o m  th e se  
l iq u o r s .

The p r o c e s s  m a y  be d iv id ed  in to  tw o g e n e r a l p h a se s  known  
in  in d u str y  a s  the d ry  end  and the w et end . The d ry  end  
o f the p r o c e s s  m a y b e  su b d iv id ed  in to  s e g m e n ts  o f o p e r a ­
tio n  r e f e r r e d  to  a s  m il l in g , r o a s t in g , and le a c h in g . The 
w et end m a y  be d iv id ed  in to  s e g m e n ts  o f o p era tio n  r e ­
fe r r e d  to a s  n e u tr a liz in g , tr e a tin g , and c o n cen tra tin g . A l­
though th e se  p r o c e s s e s  a r e  the s a m e , b a s ic a l ly ,  th ro u g h ­
out the in d u str y  m a n y  m o d if ic a t io n s  a r e  p r e v a le n t. T hus, 
m ix  p r o p o r tio n s  a r e  d iffere n t; the e x te n t  to  w h ich  r e s id u e  
i s  r e c y c le d  v a r ie s ;  m eth o d s o f r o a s t in g  and le a c h in g  d iffer;  
m eth o d s  o f c o n c e n tr a tio n  v a ry ; and m a n y  d if fe r e n c e s  e x is t  
in  m in o r  p r o c e d u r e s .

M or b id ity  and M o r ta lity  D ata . A n a ly s is  of the s ic k -  
b e n e f i t - - a s s o c ia t io n  r e c o r d s  in  the c h r o m a te -p r o d u c in g  
p la n ts  sh o w s th at the annual n u m b er o f  c a s e s  o f s ic k n e s s  
and n o n in d u str ia l in ju r ie s  p er  1000 w h ite  m a le s  w as 116  
fo r  ch ro m a te  w o r k e r s  a s  c o m p a red  w ith  108 fo r  a la r g e  
group o f o th er  in d u str ia l w o r k e r s . F o r  e a ch  s p e c if ic  
c a u se  of i l ln e s s  e x c e p t  c a n c e r  the ch ro m a te  w o rk er  had  
fr e q u e n c y  r a te s  that w e r e  n ot g r e a t ly  d iffe r e n t  fr o m  oth er  
w o r k e r s ;  c a n c e r  w ith  a ra te  o f 7 .1  p er  1000 w h ite  m a le  
ch ro m a te  w o r k e r s  c o m p a red  w ith  0. 7 fo r  w o r k e r s  in  o th er  
in d u s tr ie s  s ta n d s  out a s  m a r k e d ly  in  e x c e s s  fo r  ch ro m a te  
w o r k e r s .



dw id.
««M doWFutaw

D u r i n g  ; h c  n i n e ; - / e a r  p e r i o d  f r o m  1 9 4 0  t h r o u g h  1 9 4 8  t h e  
a v e r a g e  a n n u a l  d e a t h  r a t e  p e r  1 0 0 , 0 0 0  m a l e s ,  a g e d  15 to  
7 4  y e a r s , f o r  a l l  c a u s e s  w a s  1 5 0 3  f o r  c h r o m a t e  w o r k e r s  
a n d  92 8 f o r  t h e  c o r r e s p o n d i n g  m a l e  p o p u l a t i o n  o f  t h e  U n i t e d  
S t a t e s ;  f o r  a l l  c a u s e s  e x c e p t  c a n c e r  t h e  d e a t h  r a t e s  w e r e  
9 2 4  a n d  7 9 7 ,  r e s p e c t i v e l y .

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

T h e  r e s p i r a t o r y  c a n c e r  d e a t h s  s h o w e d  a  r a t i o  o f  a c t u a l  t o  
e x p e c t e d  n u m b e r  o f  1 4  f o r  w h i t e s  a n d  80 f o r  c o l o r e d .  O n  
t h e  o t h e r  h a n d ,  c a n c e r  o f  a l l  o t h e r  s i t e s  w a s  a b o u t  w h a t  
w o u l d  b e  e x p e c t e d  f o r  w h i t e s ;  t h e  r a t i o  o f  a c t u a l  t o  e x p e c t e d  
n u m b e r  o f  d e a t h s  w a s  1 .  1 4 ,  F o r  c o l o r e d  t h e  r a t i o  w a s  0 , 6 7  
i n d i c a t i n g  t h a t  t h e  d e a t h s  w e r e  a c t u a l l y  l e s s  f r e q u e n t  t h a n  
e x p e c t e d .

T h e  W o r k i n g  E n v i r o n m e n t .  T h e  e x c e s s  m o r b i d i t y  a n d  m o r - 
t a T i t ^ m i n ^  r s  i n  c h r o m a t e  p r o d u c t i o n  l e d  t o  a n  e x ­
a m i n a t i o n  o f  t h e  v / o r k i n g  e n v i r o n m e n t  f o r  p o s s i b l e  e t i o l o g i ­
c a l  f a c t o r s .  S u c h  b a s i s  o p e r a t i o n s  a s  c r u s h i n g ,  g r i n d i n g ,  
r o a s t i n g ,  l e a c h i n g ,  g r a n u l a t i n g ,  n e u t r a l i z i n g ,  f i l t e r i n g ,  
c o n c e n t r a t i n g ,  d r y i n g ,  a n d  p a c k i n g  a r e  c o m m o n  t o  m a n y  
i n d u s t r i e s ,  a n d  t h e r e  i s  n o  e v i d e n c e  t h a t  t h e s e  o p e r a t i o n s  
a s  s u c h  i n v o l v e d  a n y  p a i ’t i c u l a r  h e a l t h  n a z a r d s .  I t  a p p e a r s  
r e a s o n a b l e ,  t h e r e f o r e ,  t o  s u r m i s e  t h a t  t h e  h i g h  p r e v a l e n c e  
o f  c a n c e r  m a y  b e  r e l a t e d  t o  e x p o s u r e  t o  s o i n e  s u b s t a n c e  o r  
s u b s t a n c e s  c h a r a c t e r i s t i c  o f  t h i s  i n d u s t r y .  T h e  p r i m a r y  r a w  
m a t e r i a l s  u t i l i s e d  i n  t h e  i n d u s t r y  a r e  c h r o m i t e  o r e ,  s o d a  
a s h ,  t i m e .  s u l f u r i c  a c i d ,  f u e l  o i l ,  w a t e r ,  a n d  a i r ,  . E x c e p t  
f o r  the  c h r o m i t e  o r e ,  a l l  o f  t h e s e  s u b s t a n c e s  a r e  e n c o u n ­
t e r  e<l m  m a n y  o t h e r  i n d u s t r i e s  t h a t ,  s o  f a r  a s  i s  k n o w n ,  
h a v e  r o  u n u s u a l  p r e v a l e n c e  o f  l u n g  c a n c e r .  C o n s e q u e n t l y ,  
c u e  m u s t  C v .m u t t e r  c h r o m i t e  o r e  a n d  i t s  d e r i v a t i v e s  a s  
y. -iu, :  c r i  c a m  \ i  /  r e s p o n s i b l e  ¿ o r  t h e  p a t h o l o g i c a l  e f f e c t .
,ViiW' , e a ti uo w  a m  cnis  p / o b u m ±  h a v e  r e a d i e d  l i l t  s a m e  
o ;>m m m  m  m i  - h e m  a p p e a r s  t o  b e  g e n e r a l  a g r e e m e n t  i l iac 

. ■ . , ^<occ , ,./1 th p . ,c  v  m u  of  i t s  . . o i m p o u n d s  i s
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d e f in ite ly  im p lies ,ted .

M ach le  and G r eg o r iu s  s u g g e s te d  that the c a r c in o g e n ic  c o m ­
pounds o f ch ro m iu m  w ere  the m o n o c h r o m a te s . In our study  
w e d ev e lo p e d  and w ish  to in tro d u ce  for  c o n s id e r a tio n  a new  
and h ith er to  u n ex p lo red  p o s s ib ility :  th e  a c id -s o lu b le  w a te r -  
in so lu b le  d e r iv a t iv e s  of c h ro m ite  o re . In the w ork ing e n ­
v ir o n m e n t an a p p r e c ia b le  p o rtio n  of the to ta l ch ro m iu m  w as 
found to be p r e s e n t  in  an a c id - s o lu b le  w a te r - in s o lu b le  sta te  
in d ic a tin g  the p r e s e n c e  o f a fo r m  or fo r m s  of ch ro m iu m  
that a r e  d is s im ila r  to  e ith e r  in so lu b le  ch ro m ite  ore  or the 
w a te r - s o lu b le ,  h e x a v a le n t ch ro m iu m .

T h ese  a c id - s o lu b le  com pounds a r e  p rod u ced  in  the r o a s t  
and r e m a in  p r in c ip a lly  in  the r e s id u e . C o n seq u en tly  th ey  
a r e  p r e s e n t  in  a p p r e c ia b le  am ou n ts w h e rev er  r o a s t  or r e s i ­
due is  e n c o u n te r e d , w hich  w ould  in c lu d e  m o s t  of the d ry  
end of ch ro m a te  p ro d u ctio n . W here o re  i s  cru sh ed , th e se  
a c id - s o lu b le  com pounds w ould  n ot be p r e s e n t .  H o w ev er , 
w h ere  r e s id u e  i s  c ru sh e d  and r e c ir c u la te d , th e se  a c id -  
so lu b le  w a te r - in s o lu b le  com pounds ar e en co u n tered ,

A s m a ll  am ou n t o f the r e s id u e  i s  su sp en d ed  in  the le a c h  l i ­
quor and thus e n te r s  the w e t-e n d  p r o c e s s e s .  A dd ition al 
r e s id u e  and r o a s t  r e a c h  the w e t-e n d  p o r t io n  o f the p lant a s  
a ir -b o r n e  d u st. T h ese  tw o s o u r c e s  to g e th er  w ith  b a s ic  
c h ro m iu m  su lfa te , in  so m e in s ta n c e s ,  p ro b a b ly  a cco u n t for  
su ch  a c id - s o lu b le  w a te r - in s o lu b le  c h r o m iu m  a s  w as found  
in  the w o rk ro o m  a ir  in the w et end of the p la n ts . It ap p ea rs  
l ik e ly  that m o s t  of the r e s id u e  c a r r ie d  o v er  w ith  the le a c h  
liq u o r  is  r e m o v e d  w ith  the so d iu m  su lfa te . A cid -soL u ble  
w a te r - in s o lu b le  ch ro m iu m  o r ig in a tin g  fr o m  su b seq u en t p r o c ­
e s s in g  is  p red o m in a n tly  b a s ic  c h r o m iu m  su lfa te .

Som e p e r tin e n t o b se r v a tio n s  on the e t io lo g ic a l a s p e c ts  of 
th e s e  a c id - s o lu b le ,  w a te r - in s o lu b le  com pounds a re: S u ffi­
c ie n t  w o r k -h is to r y  data w e r e  ob ta in ab le  in ten  c a n c e r  c a s e s  
so  that th ey  cou ld  be c o r r e la te d  w ith  th e ir  w ork in g  e n v ir o n ­
m en t. Of th e se  ten  c a s e s ,  s e v e n  had w ork  h is to r ie s  in d i­
ca tin g  p ro lo n g ed  e x p o su r e  to  a p p r e c ia b le  am ou n ts of the 
a c id - s o lu b le  w a te r - in s o lu b le  fo r m  of ch ro m iu m  found in the 
r o a s t  and r es id u e . Two c a s e s  had w o r k  h is t o r ie s  in  w hich  
the s o le  o ccu p a tio n  w as k iln  o p era to r  or  k iln -b u ild in g  la b o r ­
e r .  B oth  of th e se  o ccu p a tio n s  have to do w ith  the r o a s t in g .
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O n e  c a s e  h a d  a  w o r k  h i s t o r y  t h a t  i n d i c a t e d  e x p o s u r e  t o  
c h r o m i c  a c i d ,  s o d i u m  b i c h r o m a t e ,  a n d  t h e  a c i d - s o l u b l e  
w a t e r - i n s o l u b l e  c h r o m i u m  b u t  n o t  t o  r o a s t  o r  r e s i d u e .

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

N o  c a s e s  o c c u r r e d  a m o n g  m e n  'wi th w o r k  h i s t o r i e s  s h o w i n g  
p r o l o n g e d  e x p o s u r e  t o  h i g h  c o n c e n t r a t i o n  o f  c h r o m i t e  o r e .

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

Pw
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P a s to r s  in. Lunp

A rCS£ N i C A I jS ; C O A L - T A R  D E R I V A T I V E S  

',V C . H u e p e r , M . D .
C h i e f ,  E n v i r o n m e n t a l  C a n c e r  S e c t i o n ,  N a t i o n a l  C a n c e r  
I n s t i t u t e ,  N a t i o n a l  I n s t i t u t e s  of  H e a l t h  
:3 e c la c s d a , M a r y l a n  d

i A r a l i e i i r i g  tine r i s e  i n  t h e  f r e q u e n c y  o f  l u n g  c a n c e r s  d u r i n g  
i h e  o a e t  f i v e  d e c a d e s  i s  t h e  i n c r e a s e  i n  t h e  n u m b e r  o f  r e ­
s p i r a t o r y  c a r c i n o g e n s  d i s c o v e r e d  d u r i n g  t h e  s a m e  p e r i o d  
m d  p o l l u t i n g  t h e  o c c u p a t i o n a l  a n d  g e n e r a l  e n v i r o n m e n t  o f  
- i idu s ix  l a i i z e d  m a n k i n d  ( F i g .  1).

S e m e  c>i t h e s e  a g e n t s  h a d  p r e v i o u s l y  b e e n  k n o w n  f o r  t h e i r  
c a r c i n o g e n i c  a c t i o n  o n  t h e  s k i n .  O t h e r s ,  p a r t i c u l a r l y  s o m e  
j{ t h e  m e t a l s ,  a p p a r e n t l y  e x e r t  t h e i r  s p e c i f i c  a c t i o n  o n  t h e  
t i s s u e s  o i  t h e  r e s p i r a t o r y  t r a c t  e x c l u s i v e l y .  I n  a g r e e m e n t  
v u h  o b s e r v a t i o n s  m a d e  o n  t h e  t o p o g r a p h i c a l  l o c a l i z a t i o n  of  
c a n c e r s  m  o t h e r  d u c t  s y s t e m s  of t h e  b o d y ,  r e s p i r a t o r y  c a n -  
a i r s ,  o i  e n v i r o n m e n t a l  o r i g i n  a r e  p r e f e r a b l y  o c c u p y i n g  s i t e s  
w h e r e  e i t h e r  t h e  f l e w  of  t h e  i n h a l e d  p o l l u t e d  a i r  i s  i n t e r f e r e d  
w i t h ,  i c- , i h e  n o r m a l  n a r r o w s  o f  t h e  r e s p i r a t o r y  t r a c t ,  
s u e  la a s  t h e  r e g i o n s  of  t h e  n a s a l  t u r b i n a t e s  a n d  t h e  l a r y n x ;
>i i t s  b i f u r c a t i o n s ;  ox w lie r e  t h e  r e s p i r a t o r y  t r a c t  f o r m s  

d e a d - e n d  s a c c u L a j o n s  i n  w h i c h  i n h a l e d  c a r c i n o g e n i c  m a t t e r  
m i /  a-, c u m u i a m  caul c o n d e n s e ,  s u c h  a s  t h e  p a r a n a s a l  s i n ­

u s e s  a  _■ i d n  o . _ x i u o l a r  r e g i o n s  of  t h e  l u n g .  T h e  t r a f f i c  
p a n  o r  a  o i  H i  ;m m a i n s  m  t h e  r e s p i r a t o r y  t r a c t  t h u s  c o r r e  - 
s c o n a s  ■ ,h.e n r  n b u t i o n  p a t t e r n  o t  r e s p i r a t o r y  c a n c e r s  
d ii y it,o.c / h in iH .  piikoi in c a r c i n o g e n s .

• f ¿ . m i i i i i h  m  t h e  p r o d u c t i o n  o f  c a n ­
; !0 «3. a 1 d Ol C i\ l GXrlu ET SGillC ISTii OI OC-



T a b l e  1
ENVIRONMENTAL CARCINOGENS PRODUCING CANCERS 

OF THE RESPIRATORY TRACT AS WELL AS OF THE
SKIN

C arcin ogen s
Type of 
contact O rgan a ffected

A r se n ic a ls C utaneous Skin carc in om a
A lim en ta ry (B a s a l-c e l l  cancer  

S q u a m o u s-ce ll can cer)
R esp ira to ry Lung carc in om a

C hrom ates  
C hrom e p ig m en ts?

R esp ira to ry Lung carc in om a

N ick e l carb on yl? R esp ira to ry N a sa l-s in u s  carc in om a  
Lung carc in om a

A sb e s to s  ? R esp ira to ry Lung carc in om a
R ad ioactive Cutaneous Skin carc in o m a  and

c h e m ic a ls sa rco m a
A lim en ta ry Bone sa rco m a
R esp ira to ry Lung carc in om a
S y stem ic L eu kem ia  and lym p h o­

sa rco m a ?

in  a lm o st a ll  c a s e s  of lung ca n cer  for w hich such c la im s  
w e re  m ad e, th ere  w ere  p r e se n t stigm ata  of chron ic a r se n i-  
c is m  in  the fo rm  of a r se n ic  d e r m a to s is  w ith  or w ithout sk in  
c a n c e r s . Such a s so c ia t io n s  m u st be co n sid ered  as  e t io lo g i­
c a lly  s ig n ifica n t, b eca u se  s im ila r  re la tio n sh ip s  e x is t  for  
c a n c er s  of the lung and of the sk in  attrib utab le to ex p o su res

T a b l e  3
L U N G -C A N C E R --D E A T H  RATE FOR SEVERAL INDUSTRIAL  
GROUPS IN OHIO, SHOWING THE HIGHEST RATE FOR NON-

FERROUS M ETAL WORKERS
Industry % r e sp ir a to r y  cancer
Iron  and s te e l 2. 18
T ran sp orta tion 2. 91
A g ricu ltu re 0. 82
Rubber and p la s t ic s 2. 34
Stone, c la y , g la s s 0. 66
Nonferr'ous m eta l 3. 22
M ining and quarrying 1. 53

T ota l 1. 76

90
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1 min-unirmi

Cancer of fbe Respiratory System

> _ 1_ d ice  s p e c t r u m  of t h e  K n ow n  a n a  t h e  s u s p e c i e u  
L - e s p i r a c o r y  c a r c i n o g e n s ,

; ' o h  i..-_r c o o t ,  p e t r o l e u m  d c  r i v a l i v  e s , a n d  i a d i o a c  i.ive 
/ o s t a n c e  s .  T h e y  m u s  s e e m  to r e f l e c t  a c o m m o n  e x p o s u r e  

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

0 CO 1 ■ : . ■ i f i 1 . . i ' CU t i  1 O ’ ' C/Ltti it,

1 c-e c o l e i  i O i m b e  : o t  a t s o n i c  l u n g  c a n c e r s  s h o w i n g  t h i s  
swoop c o m  c o m p l e c t  a n d  b e i n g  t h u s  r e p r e s e n t a t i v e s  o i  t h e  
ehc ,  . o g i c a l  ent i t " ,  ' ’a r s e n i c  c a n c e r " c o m p r i s e s  e i g h t  c a s e  s



T a b l e  2
LU N G -C A N C E R --M O R T A L IT Y  RATES IN SE V E R A L  COUNTIES IN M ONTANA WITH AND  

WITHOUT ENVIRONM ENTAL AND OCCUPATIONAL ARSENIC HAZARDS

T ota l L u n g -ca n c e r -d e a th
No. lune ca n cer ca n cer % lung ca n cer ra te  p er 1 0 0 ,0 0 0

County______ Industry M ale F e m a le T o ta l death s M ale F em a le M ale F  em a le

D eer  L od ge  
13 ,6 2 7  

S ilv er  Bow

C opper
sm eltin g
C opper

21

27

0

2

21

29

98

259

30. 8 

22. 6

0. 0 

1. 5

145. 7 

48. 6

0. 0 

3. 9

53, 207 
C ascad e

m in ing
C opper 20 5 25 299 12. 7 3. 5 46 . 3 12. 3

4 1 ,9 9 9

G alla tin
18, 269

m in ing
sm eltin g
A g r icu ltu re 1 0 1 81 3 .0 0. 0 5. 2

T a b l e  6
LUNG CANCER FREQUENCY AMONG O PERATING  AND NONOPERATING RAILROAD WORKERS 
S H O W I N ^  PR EPO NDERANCE O F LUNG CANCER FOR THE OPERATING RAILROAD WORKERS

EXPOSED TO A N  INHALATION OF COAL AND OIL SOOT

R ailroad
A
B

------------------------- TSH I Dung ca n cer
num ber O p eratin g  KK i\onope rating
lung w o r k e r s  RR w o rk ers

P e riod ________ ca n cer  num ber %_____ N um ber %
1940-1950  29 24 83
1939-1949  104 59 57

U n d eterm in ed  
RR w o rk ers  

N um ber %

30 29



T a b l e  4
L  Li M G - C A N C E R  - D E A T H  R A T I O S  F O R  C O K E - O V E N  A N D

G A S - R E T O R T  W O R K E R S

A u t h o r C o u n t r y
N o .
c a s e s M o r t a l i t y  r a t e s

K a w a h a t a J a p a n 21 50 0
D o l l E n g l a n d 97 2 8 4  ( g a s  s t o k e r s , c o k e  -

o v e n  c h a r g e r s )
2 0 2  ( g a s - p r o d u c e r  m e n )

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

T a b l e  5
O C C U P A T I O N A L  G R O U P S  W I T H  A N  E X C E S S I V E  L U N G  

C A N C E R  I N C I D E N C E

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

_______ I n v e  s t i g a t o r  _______
B o r s t ;  K e n n a w a y  & K e n -  
n a w a y ;  T u r n e r  & G r a c e ;  
M u e l l e r ;  D u b l i n  & V a n e ;  
W y n d e r  & G r a h a m ;  
M c L a u g h l i n

C i g a r  m a n u f a c t u r e r s  a n d  
t o b a c c o n i s t s

S e y f a r t h ;  B o r s t ;  K e n n a ­
w a y  & K e n n a w a y ;  E n g e r ;  
V e r s l u y s ;  B r i n k m a n n

¡1
dW
'5

• v i o i n e e r s  m e c h a n i c s ,  m a -Ö 7 7

c h i n i s t s ,  p l u m b e r s ,  e t c .
B E C C *  1944  & 1 9 5 2 ; G i l -
l e s p i e ;  T u r n e r  & G r a c e ;  
M u e l l e r ;  W y n d e r  & G r a ­
h a m

M  i n t e r s  d s c c r r c o r g B E C O  19 4 4 , M  a e  l i  e r  ; 
D u b l i n  & Va.n e  ; F u l t o n ; 
W y n d e r  L G r a h a m

r o a d  w o r k e r s  
' io i i  s , s t c k e  r  

" o r i ,  f u r  n a c  e

K e n n a w a y  k .  K e n n a w a y ;
P u l t o n ;  B E C O  1952 ,  f e  - 
gì si i a r  - G e n e r a l  0 9 3 8 ) ,
i l l  C  d  cl u g  n l  1 -1

r> j r  c- ' ' r. n e e r  ( 1 a m  p a i g  n .
a s.



w ere  found am ong 143 m ed ic in a l a r se n ic  c a n cers  of the 
skin . In addition to th is m ore or l e s s  co n c lu s iv e  ev id en ce, 
th ere  e x is t  a num ber of ob serv a tio n s of c ircu m sta n tia l n a ­
tu re , supporting the e x is ten ce  of a r se n ic  c a n c er s  of the 
lung. H ill and Faning noted that sev en  c a s e s  , or 31. 8 per  
cen t of a ll c a n cers  o ccu rr in g  am ong a r se n ic a l sheep -d ip  
m an u fa ctu rers , a ffected  the lung. S n eg ire ff, surveyin g  
ca n cer  deaths am ong c o p p e r -sm e lte r  w o rk ers  record ed  
that in  one sm e lte r  s ix  out of tw elve  can cer  deaths in ­
vo lved  the lung. A lso  Schm orl rep orted  the o ccu rren ce  of 
two. lung c a n c e r s  am ong a r se n ic  sm e lte r  w o rk ers . S im ilar  
im p lica tio n s  have ep id em io lo g ica l data on lu n g -ca n cer  m o r ­
ta lity  in  s e v e r a l cou n ties  in  Montana (Table 2; se e  page 92).  
The annual lu n g -ca n cer  death rate p er  100, 000 m a le s  in  
D eer  Lodge County, w h ere for m any d ecad es ex ten siv e  
sm eltin g  op era tion s of a rsen ic -co n ta in in g  copper ores w ere  
c a rr ie d  out and co n sid era b le  am ounts of a r se n ic a l fu m es  
w e re  r e le a se d  into the a tm o sp h ere , stands at 145. 7 ,  w hile  
it  is  5. 2 for  the neighboring a g r icu ltu ra l G alatin County and 
10. 9 for  w hite m a le s  of the U nited States. An a r se n ic a l  
background m ay a lso  be resp o n sib le  for the e lev a ted  lun g- 
can cer  death ra te  found am ong non ferrous m eta l w ork ers in  
O hio, s in ce  a r se n ic a l im p u r itie s  are com m on ly  contained  
in  such m e ta ls , p a r ticu la r ly  cop p er, z in c , and tin , and m ay  
en ter  the plant a ir  a s  fu m es and dust (Table 3), The a v a il­
ab le ev id en ce  ind icating  the e x is te n c e  of a r se n ic  can cer  of 
the lung is  thus su b stan tia l, although perhaps not en tire ly  
c o n c lu s iv e . A  to ta l of som e 35, 000 A m erica n  w ork ers are  
sa id  to be em ployed  in  op era tion s w ith p oten tia l a r se n ic a l  
h ea lth  h azard s. Many add itional p e r so n s  of the in d u str ia l 
and g en era l population m ay have e ffe c t iv e  a r se n ic a l con ­
ta c ts , e sp e c ia lly  w hen using a r se n ic a l p e s t ic id e s  and h erb i­
c id e s  or handling m a ter ia l w ith  in se c t ic id e  r e s id u es  or l iv ­
ing in  a r ea s  w here a r se n ic a ls  a re  r e le a se d  into the air as 
in d u str ia l w aste  or for p e s t  con tro l. The p oten tia l gen era l 
scop e  of th is  hazard thus m ay be co n sid era b le . H ow ever, 
the extent to w hich such ex p o su res  a re  a c tu a lly  e ffe c t iv e  in  
producing can cer  of the lung or any other organ  is  la r g e ly  
undeterm ined.

T h ese  co n sid era tio n s  a lso  apply to som e d eg ree  to lun g- 
ca n cer  h azard s re la ted  to an en viron m en ta l or occupational 
inh alation  of in com p lete  com b u stion  produ cts of coa l, such  
a s  c o a l-ta r  fu m es, p itch  dust, and soot (Table 4).
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G b s e r v a i l o n y  m a d e  a m o n g  g a s - r e t o r t  w o r k e r s  a n d  c o k e - o v e n  
o p e r a t o r s  s h o w  r a i h e r  c o n c l u s i v e l y  t h a t  i n d i v i d u a l s  i n h a l i n g  
e x c e s s i v e  a m o u n t s  of  c o a l - t a r  f u m e s  a c q u i r e  a  h i g h  l i a b i l i t y  
t o  c a n c e r  o f  t h e  l u n g .  S i m i l a r  e x p o s u r e s  e x i s t  f o r  t a r  d i s ­
t i l l e r s ,  c o a l - t a r  p a i n t  m a n u f a c t u r e r s  a n d  p a i n t e r s ,  p a p e r  
c o n d u i t  m a k e r s ,  r o o f e r s ,  r o a d - c o n s t r u c t i o n  a n d - r e p a i r  
w o r k e r s ,  b l a s t - f u r n a c e  a t t e n d a n t s ,  a n d  c a r b o n - b l a c k  m a n u ­
f a c t u r e r s ,  p r o c e s s e r s ,  a n d  u s e r s .  T h e  l u n g - c a n c e r  d e a t h  
r a t e  o f  J a p a n e s e  g e n e r a t o r  g a s  w o r k e r s  o f  a  s t e e l  p l a n t  
s t o o d  a t  5 0 0  p e r  100 ,  0 0 0  e m p l o y e e s ,  w h i l e  i t  i s  4 0  p e r  
10 0 ,  0 00  A m e r i c a n  m a l e s  a g e  25  o r  m o r e .  C a n a d i a n  o b s e r ­
v a t i o n s  m a d e  a m o n g  r e t o r t - h o u s e  w o r k e r s  i n d i c a t e d  t h a t  57 
p e r  c e n t  o f  a l l  c a n c e r  c a s e s  i n v o l v e d  t h e  r e s p i r a t o r y  t r a c t  
( s i x  of  t h e m  t h e  l u n g ,  o n e  t h e  l a r y n x ,  a n d  o n e  t h e  e t h m o i d  
s i n u s ) .  A l t h o u g h  n o  c o r r e s p o n d i n g  d a t a  a r e  a v a i l a b l e  f r o m  
U n i t e d  S t a t e s  p l a n t s ,  t h e r e  i s  no  s o u n d  r e a s o n  f o r  a s s u m i n g  
t h a t  t h e  i d e n t i c a l  e x p o s u r e s  e x i s t i n g  i n  s u c h  e s t a b l i s h m e n t s  
h a v e  n o t  i d e n t i c a l  r e s u l t s .  T h e r e  i s  n o  b a s i s  f o r  a s s u m i n g  
t h a t  A m e r i c a n  c o a l  t a r  i s  n o t  c a r c i n o g e n i c ,  b e c a u s e  a d e q u a t e  
e v i d e n c e  e x i s t s  a s  t o  a n  e x c e s s i v e  i n c i d e n c e  o f  s k i n  c a n c e r s  
a m o n g  w o r k e r s  o f  s e v e r a l  p r o c e s s i n g  a n d  c o n s u m i n g  f a c ­
t o r i e s ,  u s i n g  g a s - h o u s e  a n d  c o k e - o v e n  t a r s  i n  t h i s  c o u n t r y .

A d d i t i o n a l  s u p p o r t  f o r  a n  o c c u p a t i o n a l  o r i g i n  o f  l u n g  c a n c e r  
f r o m  i n h a l a t i o n  of  c o a l - t a r  f u m e s  a n d  s o o t  i s  f u r n i s h e d  b y  
t h e  e x c e s s i v e  i n c i d e n c e  o f  t h e s e  c a n c e r s  f o u n d  a m o n g  t a r  
w o r k e r s ,  a s p h a i t e r s ,  p a v i o u r s ,  s t o k e r s ,  p a t e n t - f u e l  w o r k e r s ,  
f u r n a c e  m e n ,  f o u n d r y  w o r k e r s ,  r o l l e r s ,  a n d  o t h e r  o c c u p a ­
t i o n a l  g r o u p s  w i t h  s i m i l a r  t a r  a n d  s o o t  c o n t a c t s ,  a c c o r d i n g  
to  E n g l i s h  s t a t i s t i c s  ( T a b l e  5).  T h a t  a  p o l l u t i o n  o f  t h e  a t m o s ­
p h e r e  w i t h  s o o t  f r o m  i n d u s t r i a l  a n d  d o m e s t i c  f u r n a c e s  m a y  
c a s u a l l y  b e  r e l a t e d  to t h e  r e g i o n a l  v a r i a t i o n s  i n  l u n g - c a n c e r  
i n c i d e n c e  i s  s u g g e s t e d  b y  t h e  f a c t  t h a t  t h e  h i g h e s t  l u n g - c a n ­
c e r  d e  a  fui r a t e s  i n  t h e  U n i t e d  S t a t e s  a r e  f o u n d  i n  t h e  d e n s e l y  
p o p u l a t e d  a n d  i n d u s t r i a l i z e d  S t a t e s ,  w h i l e  t h e  l o w e s t  r a t e s  
p r e v a i l  m  t h e  p r e d o m i n a n t l y  a g r i c u l t u r a l  S t a t e s ,  S t a t e - w i d e  
o c c u p a t i o n a l  c a n c e r  s u r v e y s  r e c e n t l y  c o n d u c t e d  i n  s e v e r a l  
d i c t e s  al  so c o n s i s t e n t l y  s h o w  d e f i n i t e l y  h i g h e r  l u n g - c a n c e r  
n , ; h  f .w.es  -v -ri b s  "ulaed a n d  i n d u s t r i a l i z e d  t e g  t o n s  t h a n  t r i o s  e 
n o t e d  1 ■ . a m ]  s i e a s .  S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  in  
U r '--Joui n u '  Sla e c ,  a n e  r  e t h e  ! u ;j - - c a i  c . er  d e a t h  r a t e  i n  L o n -  

f ,é h ' ' r, c.nÀ j f.'Sii r- m e  s t n e i  ou uns: t ll r  e. i  ci i s i r  j r  t a , urn
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POLYMERIZED SILICATE

CHAIN
STRUCTURE -

BAND
STRUCTURE -

/>

q / Ï

X

o 
\

°  X) 
^31

r °
V

î ' xI o

, 4 ' n

/

01
31

/  l \,o O O.

¿  X
o

\  /
/ 5I\

o  o

31
/  I \,o o o.\  /SI

/  \  
o  o

?
SI

/  l \o o o
SI

o Xo
I .  CARBON POLYMERS

A. POLYETHYLENE -  
(polyethylene film)

POLYTHENE

B. POLYVINYL - ch2-ch- ck,-CH - cĥ ch- ch., ch
(polyvinyl film) r R r

C. POLYPROPYLENE - ch.,-ch - ch- ch - cĥ -ch - ch- ch - 
(Isopropyl oil?) ch3 cĥ

D. CELLULOSE 
Cellophane)

E. PHENOL- FORMAL­
DEHYDE RESIN

(B A K E L IT E )

F ig . 4. S tru ctu ra l fo rm u la s  of ca rc in o g en ic  p o ly m er ized  
carb on  and s ilic o n  com pounds.
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e f f i o n s t r a u o n  o f  c u ,"c j no  go m e  h y d r o c a r b o / i s ,  p a r t i c u l a r l y  
tg 4: - be  Tizpy r  e n e  > m  tr.o s o o t  of . A m e r i c a n  a n d  ¿¿ i i g l i s i i  c i t i e s  
w h e r e  c o a l  f u r n i s h e s  t h e  p r i n c i p a l  f u e l  p r o v i d e s  a  r a t i o n a l  
b a s i s  f o r  t h e s e  r e g i o n a l  d i f f e r e n c e s  i n  l u n g - c a n c e r  f r e q u e n c y .

T h a i  s o o t  g e n e r a t e d  b y  t h e  i n c o m p l e t e  c o m b u s t i o n  o f  p e t r o ­
l e u m  d e r i v a t i v e s ,  s u c h  a s  d i e s e l  o i l ,  l u b r i c a t i n g  o i l ,  a n d  
i n d u s t r i a l  a n d  d o m e s t i c  f u e l  o i l .  c o l l e c t e d  f r o m  t h e  a t m o s ­
p h e r e  o f  a  l a r g e  m e t r o p o l i t a n  a r e a  a l s o  c o n t a i n s  c a r c i n o g e n ­
ic  h y d r o c a r b o n s  w a s  r e p o r t e d  t h i s  m o r n i n g .  T h i s  o b s e r v a ­
t i o n  c a r r i e s  t h e  s i m i l a r  i m p l i c a t i o n s  a s  t o  t h e  e x i s t e n c e  o f  
a n  e n v i r o n m e n t a l  l u n g - c a n c e r  h a z a r d  f o r  t h e  p o p u l a t i o n  l i v ­
i n g  u n d e r  s u c h  c o n d i t i o n s .  T h e  e x p o s u r e  t o  t h e s e  c a r c i n o ­
g e n i c  a t m o s p h e r i c  p o l l u t a n t s  i s  e v i d e n t l y  i n t e n s i f i e d  u n d e r  
c o n d i t i o n s  o f  s m o g .  W a l l e r  i n  E n g l a n d  n o t e d  a  f o u r - f o l d  i n ­
c r e a s e  o f  t h e  b e n z p y r e n e  c o n t e n t  o f  t h e  a i r  d u r i n g  s m o g  d a y s .  
T h e  p o t e n t i a l  o c c u p a t i o n a l  i m p o r t a n c e  o f  t h e s e  o b s e r v a t i o n s '  
i s  i n d i c a t e d  b y  r e c e n t  s t u d i e s  o n  t h e  l u n g - c a n c e r  f r e q u e n c y  
a m o n g  o p e r a t i n g  a n d  n o n o p e r a t i n g  e m p l o y e e s  o f  t w o  l a r g e
r a i l r o a d s  o p e r a t i n g  m a i n l y  w i t h  d i e s e l  e n g i n e s  { T a b l e  6; 
s e e  p a g e  92 ). It  w a s  n o t e d  t h a t  75  p e r  c e n t  o f  t h e  l u n g  c a n ­
c e r s  w e r e  f o u n d  a m o n g  t h e  o p e r a t i n g  r a i l r o a d  w o r k e r s ;  i .  e .  , 
r w i n e e r s  f i r e m e n ,  c o n d u c t o r s ,  b r a k e m e n ,  r o u n d h o u s e  m e n  
a n d  s w i t c h m e n  w h o  a r e  e x p o s e d  to  t h e  i n h a l a t i o n  o f  o i l  s o o i  
a n d  w h o  r e p r e s e n t  a b o u t  25  p e r  c e n t  o f  t h e  t o t a l  n u m b e r  o f  
r a i l r o a d  e m p l o y e e s .  T h e  c r u d e  d e a t h  r a t e s  f r o m  l u n g  c a n ­
c e r  f o r  o p e r a t i n g  a n d  n o n o p e r a t i n g  r a i l r o a d  w o r k e r s  t h u s
s h o w  a  r a t i o  o f  l o  : I ,

' t h e r e  i s ,  m o r e o v e r ,  s o m e  e v i d e n c e  a v a i l a b l e  i n d i c a t i n g  t n a i  
m e  i n h a l a t i o n  of m i s t s  o f  c e r t a i n  p r o c e s s e d  p e t r o l e u m - o i l  
f r a c t i o n s  a l s o  c o n v e y s  a n  i n c r e a s e d  l i a b i l i t y  t o  c a n c e r  o f  t h e  
t a n g  D u r i n g  a  r e c a n t  s u r v e y  o n  t h e  c a n c e r  i n c i d e n c e  a m o n g  
e m p l o y e e s  o f  a  l a r g e  p e t r o l e u m  r e f i n e r y ,  w h i c h  w a s  m a i n l y
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population  of about 2500, the rate  for lung c a n cers  in p a r a f ­
fin  p r e s s e r s  is  m any t im es  the norm al rate . It is  i n t e r e s t ­
ing to note in  th is  con n ection  that the s e r ie s  of e ig h ty -s ix  
lung c a n cers  analyzed  by M ueller  in  1939 for the im p o rt­
ance of c ig a re tte  sm oking contained tw en ty-on e ind iv idu als  
who w ere  occu p ation a lly  exp osed  to p etro leu m  o ils  or th eir  
com b u stion  p rod u cts. S im ila r ly  Huguenin et a l. noted that 
e ig h teen  of 112 lung can cer  c a s e s  studied w ere  subject to 
the inh alation  of n ebu lized  lu b ricatin g  and cutting o i ls .  This 
o b serv a tio n  le a v e s  no doubt that c er ta in  p r o c e s se d  p e tr o ­
leu m  o ils  are ca rc in o g en ic  to m an upon skin  contact and 
in  a n ebu lized  fo rm  produce lung c a n cers  upon th eir  in tra ­
pu lm onary introduction .

B r ie f  m en tion  m ay be m ade in th is  con n ection  of the e x p e r i­
m en ta l d em on stra tion  of carcinogenic p r o p e r t ie s  in  se v e r a l  
high b oilin g  fra c tio n s  of A m erica n  shale o ils  and in  o ils  
obtained by the B erg iu s  p r o c e s s  of d irec t hydrogenation  of 
co a l a s w e ll as by the F isc h e r -T r o p s c h  p r o c e s s  of seco n d ­
ary  hydrogenation  of carbon  m onoxide form ed  from  coal. 
Sin ce so far  only the production  and consum ption of B erg iu s  
o ils  have found in d u str ia l u se  in  th is  country during recen t  
y e a r s , no data e x is t  on the o ccu rren ce  of c a n c er s  in  m an  
fro m  such  so u r c e s .

D uring the p a st d ecad e, o b serv a tio n s on the e x c e s s iv e  in ­
c id en ce  of c a n c er s  of the n asa l s in u se s , la ry n x ,a n d  lung 
w ere  m ade am ong m an u factu rers of iso p rop y l a lcoh o l p r o ­
duced fro m  c er ta in  g a seo u s  b y -p ro d u cts  of p etro leu m  r e ­
fin ing (F ig . 2). A to ta l of tw elve  such c a s e s  have so far  
b een  reco rd ed , sev en  of th em  involv ing the n a sa l s in u se s , 
four the laryn x , and one the lung (F ig . 3). (For F ig . 3 and 
F ig s . 5 to 12 see  p a g es  300 to 302 . ) It w as ca lcu la ted  
that the in c id en ce  rate  of ca n cer  of the n asa l s in u ses  and 
la ryn x  for th is  occu pation al group w as 134. 5 per 100, 000 
aga in st a n orm al ra te  of 6. 3 and that the in cid en ce of th ese  
two c a n c er s  exceed ed  the exp ected  in c id en ce  21. 3 t im e s .
The ca u sa tiv e  agent is  apparently  a v o la tile  constitu en t of 
the crude liq uor fro m  w hich the iso p ro p y l a lcoh o l is  d i s ­
t il le d . It s e e m s  to be an im p urity  contained in  the liq uor, 
such  as  m e s ity le n e , iso p rop y l p erox id e  or epoxide, or 
p o ly p ro p y len es. The p r e se n c e  of p o ly m er ized  p rop y len es  
and of iso p ro p y l p ero x id es  and ep o x id es , w hich  rather r ea d ­
ily  fo rm  p o ly m er s  in  the crude isop rop an ol liq u or, is  p a r ­
t ic u la r ly  in trigu ing b eca u se  of the p rodu ction  of ca n cers  in
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- b = . ue o o iy -m er  & , s u c h  a s  b a k e l i t e ,  c e l l o p h a n e , p o l y e t n y  -
; :' r ,o i j c i y v i n y l  c h l o r i d e ,  p o l y t e t r a f l u o r o e t h y l e n e ,  p o l y -  
n e x a r : : i e t n y l e n e d i a m i n e  a d i p a t e ,  a n d  p o l y s i l i c o n e  ( F i g .  4) .
V : 3 t h e r e f o r e ,  n o t  u n l i k e l y  t h a t  t h e  c a n c e r s  o f  t h e  l u n g  a s -  
s o r h a t e d  w i t h  i s o p r o p y l - a l c o h o l  m a n u f a c t u r e  a n d  w i t h  e x -  
c o s m e s  t o  a s b e s t o s  m a y  b e l o n g  t o  t h i s  n e w  c l a s s  o f  p o l y m e r  
c a n c e r s  e l i c i t e d  b y  c a r b o n  a n d  s i l i c o n  p o l y m e r s  ( F i g .  5).

T h e  o c c u r r e n c e  of  c a n c e r s  o f  t h e  n a s a l  c a v i t y ,  n a s a l  s i n u s e s  
a n d  i n n y  a m o n g  w o r k e r s  e m p l o y e d  i n  W a l e s  m  t h e  r e f i n i n g  
o f ' c a n a d i a n  c o p p e r - n i c k e l  m a t t e  a c c o u n t e d  f o r  f o r t y - s e v e n  
,.5 i r ( a .r , c f yae  n o s e  a n d  e i g h t y - t w o  c a n c e r s  of  t h e  l u n g  b y  

yw.g  a c c o r d i n g  to  r e c e n t  r e p o r t s  f r o m  N o r w a y ,  c a n c e r s  
Qf t h e  Lung h a v e ' a p p e a r e d  a l s o  a m o n g  t h e  w o r k e r s  o f  a  N o r -  
.v e g l .i n  n i c k e l  r e f i n e r y  ( t h r e e  c a s e s ) ,  a n d  i t  s e e m s  t h a t  s e v -  

c a s e s  of n a s a l  c a n c e r s  h a v e  r e c e n t l y  b e e n  s e e n  a m o n g  
t e e  w o r k e r s  o l  a  s i m i l a r  o p e r a t i o n  l o c a t e d  o n  t h e  N o r t h  
A m e r i c a n  c o n t i n e n t .  W h i l e  i t  w a s  f o r  m a n y  y e a r s  u n c e r t a i n  
• u h w ’n o -  n i c k e l  w a s  t h e  c a u s a l  a g e n t  i n v o l v e d ,  t h e  r e c e n t  
s n c . - e c c f u l  p r o d u c t i o n  o f  c a n c e r s  i n  r a t s  f o l l o w i n g  t h e  i n t r a ­
o s s e o u s  i m p l a n t a t i o n  of  p o w d e r e d  n i c k e l  s h o w e d  c o n c l u s i v e - 

The- -HU sal  r o l e  o f  t h i s  m e t a l  i n  t h e  p r o d u c t i o n  o f  t h e  o a u  
-or, ¡i r.'-. o ; c a n c e r s  of t h e  r e s p i r a t o r y  t r a c t  i n  m a n .  G c c u p a -  
U c m d  e x p o  s u m  to  n i c k e l  i n  t h i s  c o u n t r y  i s  r a t h e r  e x t e n s i v e  

ri , k  gj Tice; u s e  o f  n i c k e l  c a r b o n y l  a s  a  c a t a l y s t  m  
' nc-bp v o d u c t i o n  o f  p o l y a c r y l a t e  p l a s t i c s  r e p r e s e n t s  t h e  m o s t  
i T e c u t  a d d i t i o n  touche  l o n g  l i s t  o f  o c c u p a t i o n a l  e x p o s u r e s  to

n i c k e l .
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of E uropean  uran ium  m in e r s  to d ev e lo p  c a n c e r  of the lung. 
C a n cer  of the lung am ong m e m b e r s  of th is  occu p ation a l  
group has accou n ted  for fr o m  50 to 75 p er  cent of a ll  deaths  
in S ch n eeb erg  and J o a c h im s th a l ' s r a d io a c t iv e  coba lt  and 
uranium  m in e s .  In the J o a c h im sth a l  a r e a  a lo n e ,  180 c a s e s  
of occu p ation a l lung c a n c e r  w e r e  c o m p e n s a te d  during a 
p er io d  of four y e a r s ,  1939 to 1943, a lthough the num ber of 
m in e r s  e m p lo y ed  in 1929 to ta led  about 330. S ince s e v e r a l  
thousand w o r k e r s  a r e  at p r e s e n t  em p lo y ed  m  s im i la r  o p e r a ­
t ion s  on the C o lorad o  P la te a u ,  it is  n e c e s s a r y  for  p h y s i c i ­
ans to know that in th is  p a r t ic u la r  group of m in e r s  the ch ie f  
h ea lth  h azard  is  r e p r e s e n te d  by c a n c e r s  of the lung and not 
by s i l i c o s i s  or  so m e  o ther  fo r m  of p n e u m o c o n io s is .

T he rapid in c r e a s e  of in t e r e s t  in and a w a r e n e s s  of e n v ir o n ­
m en ta l  and o ccu p a tio n a l  c a n c e r  h a z a r d s  includ ing  th ose  r e ­
la ting  to the r e s p ir a t o r y  s y s t e m  has b e e n  encou rag ing .
While we a re  s t i l l  in the e a r ly  s ta g e s  of th e ir  rec o g n it io n  
and co n tro l ,  a p rom is in g  beg in n in g  has b e e n  m ade m  this  
d ir e c t io n .  Of the f i f t e e n  d if fere n t  A m e r ic a n  in d u str ie s  that 
have show n an a c t iv e  in t e r e s t  in the study of occu p ation a l  
c a n c e r  h a za rd s  during the la s t  f iv e  y e a r s ,  e le v e n  w e r e  con  
c e r n e d  w ith  ag en ts  p roducing  c a n c e r s  of the r e s p ir a to r y  
t r a c t  (coa l tar ,  p e tr o le u m , iso p r o p a n o l ,  carb on  b lack ,  
c h r o m a te ,  a r s e n ic ,  n ick e l ,  b e r y l l iu m ,  uran ium , a s b e s t o s ,  
to b a cco ) .  M e e t in g s ,  such  as we have today, a r e  m o s t  
valuab le  in  c la r ify in g  c o n t r o v e r s ia l  i s s u e s ,  m  adding to 
d e fe c t iv e  in fo rm a tio n ,  and in d is s em in a t in g  co m p eten t  
know ledge  am ong  the v a r io u s  p a r t ie s  c o n c e r n e d  with the 
study and c o n tr o l  of an in c r e a s in g ly  im p ortan t  c a n c e r  h a z ­
ard.

T he fo llow ing  c o n c lu s io n s  can  be draw n fr o m  the totc.1 ev i  
dence a va ilab le :

1. Our m o d e r n  in d u str ia l  en v ir o n m en t  con ta in s  a num ber  
of potent r e s p ir a to r y  c a r c in o g e n s  of w id e ly  d iffer ing  
c h e m ic a l  nature.

2 E f fe c t iv e  e x p o s u r e  to th e s e  agen ts  e x i s t s  not only for  
l im ite d  occu p a tio n a l g ro u p s ,  but in p art a ls o  fo r  the g e n e r ­
al population.
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._.a n  E  - N O i i B I D I T Y  R A T E S  F O R  E I G H T  

NINN : T AN AN EAS SHOWING T H E  M A R K E D  ALSE ¡.N
,l r  f r e q u e n c y  d u r i n g  t h e  D E C A D E ,  19 37 - 1 9 4 7 , 

t O N S l L m  E A B L f i  V A R I A T I O N S  I N  R E G I O N A L  L U N G ­

ER,  M O R B I D I T Y ,  A N D  T H E  A P P R E C I A B L E  D I F F E R - 

£ S  I N  T H E  R E G I O N A L  R A T E S  O F  P R O G R E S S I O N

- ' ----- - ■ ' ~
M a l e  s F o r n a l e  s T o t a l

C T \/ L 9 37 I 9 4 7 1 9 3 7 1 9 4 7 1 9 3 7 1 9 4 7

A rl ot c r A  1 3 . 4 1.  0 5.  0 2.  9 8 . 9

_8 G VV He f LA A _A b t 3 . i 39.  1 2.  8 4.  2 ? , 6 20.  8

E a L R s 0 .. 9  3 9. 0 0. 5 6. 4 3 . 1 1 7 .  2

d  i r  n i  i r f i iia  r.n 4 9 1 8 . 9 2.  1 3. 9 3 . 3 I 1.  0

9 A  2 1 . 9 4.  2 8. I 6. 6 i -1 „ 8

us Aii r u A a  c isC  0 i  a . L 34.  3 3, 9 8 1 9.  8 20.  8

C r a c  a £ c j. ) . 3  29 5 4.  3 7 . 0 8. 8 18.  0

1 '" n t f , b u r g h Q . 7 ¿ 6 .  1 4.  9 5.  5 7 .  3 L 5 . ó

. Rh o  ‘ e n g  - c .:î a c  a r  A t t A C. iv t• a t e s  v a r y  i n  d:1 f f e r  e n t  c  o p u i a  -

n o n  g r e u p  s o n h tic 0 c e  i a t i  ve- p o t e n t : y o í  the' i ndi v i « i u a i  a g e  m

i m a  D m  i n t e n s i l y  at id d u r a t i o n  o f  c o n t a c t  w i t h  t h e m .

T g -  - e ,  e a t n  3 c1 1 n l u n g - c a n e e  r f r e q u e n c y  s e e m s  20  cm

J, vJ _ N A a a Til S tA A 1. :s t a r t e d  t o e n t e r  o u r  e n v x r o n m e nt s o me -

v, - f i v e  y e a r s  a g o  and that s i n c e  then h a v e  b e c o m e  in-
vm, a l r h o u g h  t h e  e x i s t i n g ,  m a r k e d  v a r i a t i o n s  

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

h o s  e: a g e n t s  d i f f e r e d  a p p a r e n t l y  g r e a t l y  la 
1 o u s m t a t i v o  r e s p e c t s  ( T a b l e  ' ) .

1 : - 1 O j U i'l

. .alike, l y  c ha t  a n y  single:  f a c t o r  p l a y e d  a  g<- n-  
n.tiit r o l e  m  b r i n g i n g  a b o u t  the: s t a r t l i n g  m ­

; iv. c c  l .ro q u e  n c y  ,

t i k e  a n y  o t h e r  t y p e  o f  h u m a n  c a n e m ,  m e  

- o a t  a  c o l  l e c t i o n  o f  d i s e a s e s  d i f f e r i n g  
a  ,] u p  10 s o  f i le L x t e n i  a l s o  i / m p i o f o i a



7. The proper app recia tion  of th ese  fa c ts  and th eir  r e la ­
tio n sh ip s m ay help in stim u lating  the exp loration  of m ore  
e t io lo g ic a lly  sp ec if ic  app roaches to an e ffec tiv e  p rev en tiv e , 
d ia g n o stic , and therapeutic con tro l of can cer  in man.
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a l  OccupaUonaJ f a c t o r s  i n  L u n e

A S B E S T O S

K e n n e t h  M .  L y n c h ,  M ,  D,
P r e s i d e n t ,  M e d i c a l  C o l l e g e  oc S o u t h  C a r o l i n a  

C h a r l e s t o n ,  S o u t h  C a r o l i n a

: t r u s t  t h a t  t h e  a p p e a r a n c e  o f  t h i s  s u b j e c t  a n d  a  s p e a k e r  to 

„he s u b i e c t  w i l l  n o t  g o  t o o  f a r  i n  d i g n i f y i n g  t h e  p o s s i b l e  p o s i -  

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

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

r i t o r y ,  h o w e v e r  I a s s u m e  t h a t  i t  i s  j u s t i f i e d  t o  k e e p  b e f o r e  

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

w e  L e a r n  m o r e  o f  t h e  a n s w e r s .

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

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

p l a n t  w h o  w e r e  s h o w n  t o  h a v e  d e m o n s tr a b le  d e p o s i t s  of  as  - 
O e s t e s  in t h e  l u n g s ,  t h e r e  w a s  a s s o c i a t e d  c a r c i n o m a  o f  t h e  

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

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

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

e n  c e  o f  8 . 2  p e r  c e n t .

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

l o w  b e  b r o u g h t  up to d a t e .  T o  i t  m a y  n o w  b e  a d d e d  n i n e  

a s e s  of  a s h e s  o s : s t h a t  h a v e  b e e n  g a t h e r e d  s i n c e  t h e  . as i ,  

r e p o r t  m  1. 947.  O n e  o f  t h e s e  n i n e  h a d  a s s o c i a t e d  b r o n e h o -  

,i ( . rii C - a r c  i n e r t . a .  In a d d i t i o n ,  t h e r e  h a s  b e e n  o n e  c a s e  or 

a  r c i r o n i r .  o i  m e  l u n g  c o n f i r m e d  b y  a  b r o n c h i a l  b i o p s y  111 

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

, '  / a n d  s b.o wi n  a . s b c s t o s i s  P o d i c s  i n  t h e  s p u t u m

y

mil -
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1 . 5  p er  cen t  during the s a m e  p e r io d  and in the sa m e  age  
ran ge  a s  the c a s e s  of a s b e s t o s i s .  That is  the c ir c u m s ta n c e  
that b r in g s  th is  to attention: the d if fe r e n c e  b e tw e e n  che a n ­
t ic ip a te d  and the actu a l in c id e n c e ,  ev en  though the s e r i e s  
i s  s m a l l .

On the b a s i s  of p a th o lo g ic a l  study, t h e s e  fo r ty -n in e  c a s e s  
sh ow in g  a s b e s t o s  d e p o s it s  in  the lu n g s  have  b e e n  d iv ided  
in to  g ro u p s ,  u s in g  the d e g r e e  of lung f ib r o s i s  a s  the m a in  
c r i t e r io n  o f  the s ta g e  of the d i s e a s e .  A ll of the lung  c a r c i ­
n o m a s  w e r e  in c a s e s  of at l e a s t  m o d e r a te  and usualLy of a d ­
v a n c e d  f i b r o s i s ,  show ing  the u sua l c h a r a c t e r i s t i c s  of the 
d i s e a s e  a s b e s t o s i s .

S ince the f i r s t  r e p o r t  of the o c c u r r e n c e  of c a r c in o m a  of the 
lung a s s o c ia t e d  w ith a s b e s t o s i s  w as m ad e  b y  us  in 1934, a 
n u m ber  of o ther  r e p o r t s  have b een  p u b l is h e d ,  som e by c o m ­
p i la t io n ,  I think. D r. Sm ith  has c a l l e d  a tten tion  to the B r i t ­
i s h  s t a t i s t i c s  r e p o r te d  b y  the C h ie f  M ed ica l In sp e c to r ,  Dr. 
M e r e w e th e r ,  but I b e l i e v e  that D r. M e r e w e th e r  g a th ered  
to g e th e r  r e p o r t s  that had b e e n  m ad e  b y  o th e r s  a s  w e l l  a s  
h is  own o b s e r v a t io n s .  In 1947 he n o t e d  that at l e a s t  th ir ty -  
one in s ta n c e s  of c a r c in o m a  of the lung  had o c c u r r e d  in 235  
c a s e s  of a s b e s t o s i s ,  g iv in g  an au to p sy  in c id e n c e  th e r e  of 
1 3 .2  p er  cen t.

H o m b u rg er  r e p o r te d  that, in h is  a u t o p s y  s e r v i c e  fr o m  1918 
to 1938 , th e r e  w e r e  f o r t y - f iv e  c a s e s  of c a r c in o m a  of the 
lung , an in c id e n c e  of 1 . 0 8 ,  w hich  i s  s im i la r  to the g e n e r a l  
in c id e n c e  in our s e r v ic e ;  th ere  w e r e  e igh t  c a s e s  of a s b e s t o ­
s i s  e n c o u n te r e d  in  that s e r i e s  w ith  a s s o c i a t e d  p u lm on ary  
c a r c in o m a  in f o u r -----a g a in  s u ff ic ie n t  to c a l l  a tten tion  to i t ­
s e l f ,  but ag a in  d ea l in g  in s m a l l  n u m b e r s .

S to ll,  B a s s ,  and A n g r is t  r e f e r r e d  to a r e p o r t  b y  W yers in  
1949 r e c o r d in g  115 c a s e s  of a s b e s t o s i s ,  am on g  w hich  there  
w e r e  14. 8 p er  cen t w ith  a s s o c ia t e d  c a r c in o m a  of the lung, 
th is  b e in g  s im i la r  to D r. M e r e w e th e r 's  f ig u r e s .

N ow , o b v io u s ly ,  none o f  th e s e  r e p o r t s  nor  th e ir  sum  tota l,  
a s  a m a t te r  of fac t ,  can be a c c e p te d  a s  c o n c lu s iv e  proof  
that in h a la t ion  of a s b e s t o s  dust or co n tra c t io n  of the p u lm o n ­
a r y  d i s e a s e ,  a s b e s t o s i s ,  p r e d i s p o s e s  to the o c c u r r e n c e  of 
c a n c e r  of the lung. H o w ev er ,  the e s ta b l i s h e d  fac t  that
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-wop m. nr c  c b w o r v v r s  w o r k i n g  in w i d e l y  s e p a r a t e d  l o c a -  

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

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

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

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

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

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

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

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

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

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

a s b e s t o s  d u s t ,  p u b l i s h e d  b y  N o r d m a n n  a n d  S o r g e  i n  G e r m a n y ,  

- - s o  s u b j e c t  t o  q u e s t i o n  t h a t  it c a n  h a r d l y  b e  c r e d i t e d .  T h e y  

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

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

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

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

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

W a r  o w n  e x p e r oriental s t u d i e s ,  n o w  e x t e n d i n g  o v e r  s e v e r a l  

y e a r s , w i t h  t h e  a s s i s t a n c e  o f  t h e  N a t i o n a l  C a n c er  I n s t i t u t e ,  
have;  n o t  r e a c h e d  a n y  c o n c l u d i n g  s t a g e .  T h e y  h a v e  n o t  p r e - 

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

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

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

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

in a p p o - a r s  t h a t  t h e  a v a i l a b l e  e v i d e n c e '  o n  w h e t h e r  a s b e s t o s i s  

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

0- t he  l i n g  is n o t  c o n c l u s i v e  b u t  t h a t  i t  d o e s  s u p p o r t  t h e  

r u s p i c  j . i  s a f i n  enl.1 y to r e q u i r e  c o n t i n u e d  i n v e s t i  g a l l o n ;  , r  
n - w l ,  m e  a v a i l a b l e  e v i d e n c e  r o e s  n o t  a l l a y  t h a t  s u s p i c i o n .
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c e r ta in  c a r c in o g e n ic  s u b s ta n c e s ,  such, a s  have b een  d i s ­
c u s s e d  h e r e  today, having su ch  an in fluence  under c er ta in  
m o r e  or  l e s s  a r t i f i c ia l  co n d it io n s ,  th e r e  is  a c tu a l ly  m e a g e r  
e v id e n c e  that su ch  fa c to r s  p lay  any c o n s id e r a b le  part :.n 
the n a fu ra l  o c c u r r e n c e  of m a lig n a n t  n e o p la s t ic  d is e a s e  in 
m an.

In p a s s in g ,  it  m a y  be n oted  that nothing c o m p a ra b le  to a s ­
b e s t o s ,  the m a te r ia l  a s b e s t o s ,  is  in c luded  am ong  the r e ­
p o r te d  c a u s e s  of e x p e r im e n ta l  c a n c e r .  A ls o ,  w hile  in  
r e c e n t  t im e s  we have tended  to v e e r  aw ay  fr o m  the lo n g -  
en d u rin g  b e l i e f  in lo w -g r a d e  ch ro n ic  d i s e a s e  of s tru c tu re  
and fu n c t io n -d is tu r b in g  kind as  an e t io lo g ic a l  background  
fo r  c a n c e r ,  a c tu a l ly  we have not p r o d u c e d  s u ff ic ie n t  e v i ­
d en ce  to d is c a r d  the o ld  th eo ry .

P e r h a p s  i t  m a y  be a s k e d  w hy s i l i c o s  is  h as  not b een  d i s ­
c u s s e d  in c o m p a r is o n  to a s b e s t o s i s  in the q u es t io n  of the 
o c c u r r e n c e  of c a r c in o m a  of the lung. D r. Sm ith  r e f e r r e d  
to that, h o w e v e r ,  out of a study  a l s o  m ad e  by  D r. M e r e -  
w e th e r ,  I think, in  G reat B r ita in ,  in w hich  the in c id e n c e  
of c a r c in o m a  of the lung in a la r g e  s e r i e s  of c a s e s  of s i l i ­
c o s i s  w a s  not c o m p a ra b le  to that in a s b e s t o s i s .  The only  
oth er  s tu d y  of w hich  I a m  a w a re  i s  th a t  of K lo tz  who, in a 
s im i l a r  n u m b e r  of a u to p s ie s  in h is  s e r v i c e ,  found a v e r y  
s im i l a r  ra t io  of c a r c in o m a  of the lung in f i f ty  c a s e s  oí s i l i ­
c o s i s  to that w hich  we found in  our c a s e s  of a s b e s t o s i s .
He a l s o  had in h is  s e r v ic e  a v e r y  s im i la r  g e n e r a l  in c id e n c e  
of c a r c in o m a  of the lung, about 1 . 1 7  p er  cen t .  That is  a p ­
p a r e n t ly  the on ly  c o m p a ra b le  s tud y  of s i l i c o s i s  e x c e p t  the 
one m e n t io n e d  b y  D r . Sm ith  th is  m o rn in g .

H o w e v e r ,  it  w ould  not n e c e s s a r i l y  b e  good to draw  c lo s e  
c o m p a r is o n  b e tw een  s i l i c o s i s  and a s b e s t o s i s ,  fo r  the m a ­
t e r i a l s  t h e m s e lv e s  a re  not the s a m e  e i th e r  p h y s ic a l ly  or  
c h e m ic a l ly ,  and a p p a ren tly  the m an n er  in w hich  th ey  ca u se  
d am age  of the lungs is  not the s a m e .  T h e r e fo r e ,  a lthough  
both  of th em  a r e  ch ro n ic  f ib ro u s  d i s e a s e s  of the lung, there  
i s  not n e c e s s a r i l y  any  r e a s o n  why t h e y  should  behave  a like  
in  r e f e r e n c e  to c a r c in o m a  of the lung.

In c o n c lu s io n  I w ish  to m en tio n  that we have en co u n tered  
an add itiona l c a s e  of b r o n c h o g e n ic  c a r c in o m a  a s s o c ia : e d  
w ith ad van ced  a s b e s t o s i s .  This  w il l  be r e p o r te d  in deta il  
in  another  p ap er .
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DISCUSSION FROM  THE FLOOR

C h a irm a n  P e n d e r g r a s s :  T h is  s y m p o s iu m  is  now open  for  
d is c u s s io n .

D r. M artin  F r ie d r ic h ;  I should  lik e  to c a l l  to the a tten tion  
of the p h y s ic ia n s  g a th ered  h e r e  a v e r y  in te r e s t in g  and v a l ­
uab le  g eo g ra p h ic  study that w a s  p e r fo r m e d  in  1911 by a 
m e d ic a l  student, C. E. G reen . He tou red  p r a c t i c a l ly  a ll  
the c i t i e s  and h a m le ts  of E ngland, Ire lan d , S cotlan d , W a les ,  
p a r ts  of F r a n c e ,  and p a r ts  of G erm an y  and v e r y  d e f in ite ly  
e s ta b l is h e d  that the in c id e n c e  of c a n c e r  at that t im e ,  ev en  
w ith  th e ir  d ia g n o s t ic  m eth o d s  and te c h n iq u e s ,  ra n  about one 
c a s e  in  s e v e n  in  s o m e  tow ns and h a m le t s  that w e r e  in  a s e ­
c luded  h i l l  or v a l l e y  or on a kn o ll  or a long  sharp  h i l l s ;  
w h e r e a s ,  in  adjoin ing tow ns tw o, th r e e ,  or f iv e  m i l e s  aw ay,  
w ith  the p eo p le  in  the s a m e  ty p e s  of in d u s tr ie s ,  w ith  the  
s a m e  ty p e s  of food and o ther  h a b its ,  the in c id e n c e  ra n  fr o m  
one caise of c a n c e r  in  fo r ty - fo u r  to one in  f i f ty - fo u r .

He then  tr a c e d  the h ab its  of th e s e  p eo p le ,  the m eth o d s  of 
h eatin g  th e ir  h o m e s ,  and he found that co a l  w a s  the c o m m o n  
fu e l  u sed .  He noted a few  e x c e p t io n s ,  h o w e v e r ,  in  v a l l e y s  
w h e re  the in c id e n c e  of c a n c e r  w as  e x t r e m e ly  low  and, as  
w ith  the p eo p le  in  Ice lan d , t h e s e  p eop le  burned  p eat.  A gain ,
th e r e  w as one e x c e p t io n ----a c i ty ,  tow n, or h a m le t  w h e r e  the
p eo p le  w e r e  burning p ea t  and y e t  the in c id e n c e  of lung c a n ­
c e r  w as  a s  h igh  as  in  c o a l -b u r n in g  tow n s .  On a n a ly s i s  the 
p eat in  that p a r t ic u la r  s i te  show ed  as  h igh  a su lfur content  
as in the c o a l  u sed  in  o ther  tow ns .  In the p e a t-b u r n in g  v a l ­
l e y s  w h e re  c a n c e r  w a s  v e r y  low , the p ea t  had a v e r y  low  
su lfur content.

D r. C. H aro ld  S te f fe e ,  N ational C ancer  I n s t i tu te ; I should  
l ik e  to add two c o m m e n ts  on the e x p e r im e n ta l  a s p e c t s  of the  
r e la t io n s h ip  of c h r o m a te s  to lung c a n c e r .  F o r  the p a s t  two 
y e a r s  I have b een  fortunate  in being  a s s o c ia t e d  w ith  D r, Anna  
B a e tje r  in  her  p r o je c t  on the r e la t io n s h ip  of h ex a v a le n t  
c h ro m a te  dust to b ro n ch o g en ic  c a r c in o m a .  A s  w ith  a s b e s t o s ,  
n ic k e l ,  and v a r i o u s  other m e t a ls ,  the p r o je c t  s u f f e r s  f r o m  

the fac t  that th e r e  is  no r e g u la r ly  prod u cib le  tu m or  of a n i ­
m a ls  that can  b e  c o n s i d e r e d  an alogou s  to hum an b r o n c h o g e n i c  
c a r c in o m a ,  in  m o s t  of the a x u e r r r n a n t s  a m ix ed  -hT orm um
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m a t e r ia l ,  w h i c h  s i m u l a t e d  t h e  d u s t  e x p o s u r e  or i iu m c n s  in. 
t h e  c h r o m a t e - p r o d u c i n g  p l a n t s ,  h a s  b e e n  e m p l o y e d .  T h i s  
c o n t a i n e d  t h e  he x s  v a le n t  a n d  t r j v a l e n t  c h r o m i u m  c o m p o u n d s  
t h a t  o c c u r  i n  t h e  p r o d u c t i o n  o f  s o d i u m  c h r o m a t e  f r o m  c h r o ­
m ite ,  I n  o t h e r  e x p e r i m e n t s  z i n c  a n d  b a r i u m  c h r o m a t e s  
have b e e n  u s e d .  T h e s e  m a t e r i a l s  h a v e  b e e n  a d m i n i s t e r e d  
to m ic e ,  r a t s ,  g u i n e a  p i g s ,  a n d  r a b b i t s  b y  t h e  i n t r a t r a c h e a l ,  
in tr a p le u r a l ,  i n t r a v e n o u s ,  o r  i n h a l a t i o n  r o u t e s .  S t u d i e s  
have a l s o  b e e n  m a d e  u s i n g  t h e  e m b r y o - l u n g  tra n sp la n t  t e c h ­
nique in  m ic e .  I n  n o n e  of t h e s e  e x p e r i m e n t s  h a v e  we  s u c ­
c e e d e d  in  p r o d u c i n g  b r o n c h o g e n i c  tu m o r s  o r  i n  i n c r e a s i n g  
the n u m ber of a lv e o lo g e n ic  tu m o r s  i n  S tr a in -A  m ic e .

T h e r e  i s  one e n co u ra g in g  r e s u l t  t h a t  s h o u l d  b e  m en tion ed .
In a l l  of the s t r a in - A  m ic e  and in  h a lf  o f  the S w is s  m ic e  
g iv e n  z inc  c h r o m a te  in tra tr  ach e  a l ly ,  w e have o b s e r v e d  an 
e p ith e l ia l  in v e s tm e n t  o f  the a lv e o la r  w a l l s  that i s ,  as  n e a r ly  
a s  I ca n  t e l l ,  c o m p a r a b le  to that o b s e r v e d  b y  D r .  V orw ald  
in  h is  b e r y l l iu m - in h a la t io n  e x p e r im e n t s  in  the ra t.  Dr, V o r - 
w ald  d e m o n str a te d  the b e r y l l iu m  l e s i o n s  h e r e  th is  a fternoon .  
We have not s e e n  any tu m o r s  in  the a n im a ls  w e have studied  
to d ate , but t h e s e  c h r o m a te  e x p e r im e n ts  a r e  b e in g  r ep ea te d  
and ex ten d ed .

C h a irm a n  P e n d e r g r a s s : Is t h e r e  any o t h e r  d i s c u s s i o n  or 
q u est io n ?

V o i c e : I a m  w o n d er in g  w h e t h e r  D r ,  S t e w a r t  c o u l d  c o m m e n t  
on the g e o g r a p h ic a l  d is tr ib u t io n  of lu n g  c a n c e r  i n  the United  
S ta te s  ?

C h a irm a n  P e n d e r g r a s s : D r. S tew a rt ,  w i l l  y o u  a n s w e r  t h a t  
q u e s t io n ?

D r, S tew art:  The m a n  that i s  m o s t  cap ab le  of d o i n g  that is  
D r. H aro ld  Do rn, if  he i s  in t h e  a u d i e n c e .  He know s m o re  
about c a n c e r  in  the U nited  S ta te s  than anybody I know.

C h a irm a n  P e n d e r g r a s s : D r .  D o r n ?  ( N o  r e s p o n s e .  )

D r. S tew art:  I  think t h e  m a in  f e a t u r e s  o f  t h e  d i f f e r e n c e  i n  
the d is tr ib u t io n  of c a n c e r  in  t h e  U n i t e d  S t a t e s  w e r e  b r o u g h t  
out in  D r. H u e p e r 's  p aper; that i s ,  A t l a n t a  i s  c e r t a i n l y  a  
low  area ;  N e w  O r l e a n s  i s  h i g h ;  S a n  F r a n c i s c o  i s  h i g h ,  I  a m

1 3 0

1 ..LPT:



r e a l ly  not capab le  of co m m en tin g  on the v a r ia t io n s  in other  
parts  of the country , but th e r e  a re  v a r ia t io n s .

C h a ir m an P e n d e r g r a s s ;  D r. H u ep er , w i l l  you  e la b o r a te  on  
that, p le a s e ?

jOr< Hu e p e r : If w e go into the a g r ic u ltu r a l  s ta te s  we end up 
w ith  lu n g - c a n c e r — m o r ta l i ty  r a te s  of an yw h ere  b e tw e e n  35 
and 45 . T h ere  a re  two in te r e s t in g  e x c e p t io n s .  T h e r e  is  a 
high  lu n g - c a n c e r — m o r ta l i ty  ra te  in C a lifo rn ia ,  w h ich  one 
m igh t ex p la in  by in d u s tr ia l iz a t io n .  The ou tstand ing  sta te  
i s  N evada , h o w e v e r ,  N evada  has a h igh  l u n g - c a n c e r - - m o r -  
ta l i ty  ra te  and I can 't  think of anything that w ould  c a u s e  
that. It i s  an in t e r e s t in g  s ta te  to study.

N ew  O r le a n s  i s  a ls o  an in te r e s t in g  r e g io n  to study. I c a n ­
not think of any in d u stry  th e r e  that m igh t be r e s p o n s ib le  for  
the h igh  lu n g - c a n c e r - - m o r b i d i t y  ra te  of 39. 1 per  100, 000.
I don't know why it i s  that w ay, but su ch  c o m m u n it ie s  or 
su ch  r e g io n s  should  be v e r y  p ro f ita b le  to study to find s o m e ­
thing about the e n v ir o n m e n ta l  c a u s e s  of c a n c e r  in  m a n  and 
in  the U nited  S ta te s  p a r t ic u la r ly .

C h a irm a n  P e n d e r g r a s s :  Do you think the O c h sn er  C lin ic
m ig h t  a ccou n t for it?

D r, H ueper: No. Only r e s id e n t s  a r e  counted  and not t r a n s ­
ie n ts .

D r. Nandi: I a m  fr o m  B u rm a. I have b e e n  ra th er  i n t e r ­
e s te d  in the in c id e n c e  of c a n c e r  as show n by D r. S tew art  
in  the s l id e s  a l i t t le  w h ile  ago. The f ig u r e  of 0. 2 per  cent  
w a s  put down for  T hailand . In the F a r  E a s t  our p a th o lo g ic a l  
s tu d ie s  a r e  v e r y  in c o m p le te .  The a u to p s ie s  that w e do and 
the c l in ic a l  ex a m in a t io n s  show that our f ig u r e s  on c a n c e r  oi 
the lung a re  by no m e a n s  so h igh as  you  w i l l  find m  the  
U nited  S ta te s ,  A u s tr ia ,  and England.

N o w  w e  h a v e  t o  r e m e m b e r  o n e  t h i n g .  T h a t  i s  t n e  q u e s t i o n  

o f  t o b a c c o .  Y o u  h e a r d  e a r l i e r  i n  t h e  m o rn in g  f r o m  D r ,  '-Vyn 
d e r  t h a t  t h e  t o b a c c o  t h a t  i s  s m o k e d  i s  s m o k e d  i n  a d i f f e r e n t

f a s h i o n  t h a n  y o u  s m o k e  i n  t h i s  c o u n t r y .  i t  i s  n o t  

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

s o  m u c h  
t h r o u g h
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p i p e  and  w h e t h e r  th a t  h a s  got  a n y t h in g  to  do w i th  the c.ilu- 
t i o n  of  the  t o b a c c o  s m o k e  a n d  h a s  a n y  b e a r i n g  on the  c a r c i n o ­
gen ic  f a c t o r  in  th e  lung  we do not  know.

S e c o n d ly ,  th e r e  i s  the q u es t io n  of a i r  p o l l u t i o n .  Now a i r  
p o llu t ion , of c o u r s e ,  i s  by no m e a n s  so g r e a t  a s  in  t h i s  
country . At the sa m e  t i m e  w e h a v e  to r e m e m b e r  tha t  in  o u r  
p a rt ,  dust i s  a v e r y ,  v e r y  s e r i o u s  p r o b l e m ,  e s p e c i a l l y  in  
the M iddle E a s t  and p rob ab ly  i n  I n d ia  a n d  B u r m a .

The q u e s t io n  of cook ing  w a s  m en tio n ed . M ost of the w o m en  
spend  th e ir  t im e  cook ing  and we can 't  say  that our in c id e n c e  
of c a n c e r  i s  so high. At the s a m e  t im e  I m u st  a p o lo g iz e ,  as  
I sa id  at the v e r y  b eg in n in g , that our p a th o lo g ic a l  s tu d ie s  
a r e  so  v e r y  in c o m p le te  that it w ould  be ra th er  d if f icu lt  to 
draw  any c o n c lu s io n .  I do s u g g e s t  that it is  a study that is  
w o rth  w h ile  and I r e q u e s t  that the A m e r ic a n  C a n cer  S o c ie ty  
d e v i s e  s o m e  m e a n s  so  that so m eth in g  m a y  be obtained  in  
that r e g a r d .

C h a irm a n  P e n d e r g r a s s :  I should  l ik e  to a s k  D r, S tew art  
w h eth er  the lo n g e v i ty  of in d iv id u a ls  l iv in g  in T hailand i s  
co m p a r a b le  to that in  the U nited  S ta te s .  Is that an e x p la n a ­
t io n  fo r  the low  fa c to r  of c a n c e r  in c id e n c e ?

D r. S tew art:  I think it i s  a fa c to r .  T h e s e  f ig u r e s  that I 
p r e s e n t e d  a r e  r e a l ly  not b a s e d  on m o r b id ity  s tu d ie s  a s  we  
know  th e m  in  th is  country , fo r  e x a m p le .  T h ey  a r e  b a s e d  on 
a s e r i e s  of a u to p s ie s  and s u r g ic a l  s p e c im e n s  and c l in ic a l ly  
d ia g n o se d  c a s e s .

N ow  in  T h a iland , c e r ta in ly  b e fo r e  1922, they  had very  good  
p a th o lo g ic a l  s tu d ie s .  D r. E l l i s ,  who i s  P r o f e s s o r  oi P a ­
th o lo g y  at J e f f e r s o n  M e d ic a l  C o l le g e ,  w ent o v er  th ere  and 
s ta y ed  for  m an y , m any y e a r s .  The D ean  of the m e d ic a l  
s c h o o l  and P r o f e s s o r  of R a d io lo g y  th e r e  w a s  a c l a s s m a t e  of 
m in e ,  and I have s e e n  a good d e a l  of h im  s in c e  that t im e  and 
he i s  quite an  u p - to -d a te  fe l lo w .  He c e r ta in ly  know s c a n cer  
of the lung v e r y  w e l l .

R e c e n t ly  D r. V e l l io s  spent a y e a r  th e r e .  He w a s  tra in ed  by  
Bob M oore  in  St. L o u is ,  and he p u b lish ed  h i s  f i g u r e s  on  c a n ­
c e r  in  T hailand  in  the jou rn a l C A N C ER  i n  t h i s  c o u n t r y .  It
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w as f r o m  that s e r i e s  that I e x tr a c te d  that f ig u r e  of 0. Z per  
c e n t .

D r. P a u l  L a w so n  is  prob ab ly  in  the a u d ien ce  h e r e  and he  
h as  just c o m e  b ack  f r o m  T hailand  w h e r e  he spent a y e a r  and 
he t e l l s  m e  that the old  au to p sy  r e c o r d s  w e r e  d e s t r o y e d  d u r ­
ing the w ar .  H o w ev er ,  he c o n f ir m s  the p r e v a i l in g  op in ion  
that c a n c e r  of the lung i s  c o n s id e r a b ly  l e s s  freq u en t in  
T hailand than it i s  in th is  cou n try  and in  a good m an y  other  
c o u n tr ie s .
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