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v i  i 

ABSTRACT 

This bibliography i s  concerned w i t h  the possible carcinogenic risk 

t o  man from the presence of lead-210 and polonium-210 i n  tobacco smoke. 

I t  includes a data base on such topics as background levels of lead-210 

and polonium-210 i n  tobacco and tobacco smoke, tobacco plant uptake 

of lead-210 and polonium-210 from s o i l ,  metabolic models, and dose 

estimates. This data base should be of i n t e re s t  to those concerned 

w i t h  assessing the health e f fec ts  result ing from the emanation of 

radon-222 from natural and techno1 ogical l y  enhanced sources. 
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INTRODUCTION 

I t  has long been known t h a t  the atmosphere contains appreciable 

quant i t ies  of radon a s  a resu l t  of i t s  natural emanation from the 

e a r t h ' s  c rus t .  Until recently, however, these background concentrations 

o f  radon and i t s  long-1 ived daughters, lead-210 and polonium-210, have 

received l i  

zation t h a t  

tobacco may 

smokers. S 

t l e  a t tent ion.  This s i tuat ion has changed with the r ea l i -  

natural concentrations of  lead-210 and polonium-210 i n  

be the primary i n i t i a t o r s  of respiratory carcinogenesis in 

nce polonium-210 i s  vo la t i le  a t  temperatures well below t h a t  

found  a t  the burning t i p  of a c igare t te ,  i t  i s  present in mainstream 

smoke and, when inhaled, becomes a source o f  radiation t o  the t issues  of 
lk 

the respiratory t racf .  

a f t e r  possible association with insoluble smoke par t ic les ,  i s  deposited 

i n  the lung where i t  decays to polonium-210. 

emit ter ,  polonium-210, as an i n i t i a t o r  of bronchial cancer i s ,  there- 

fore ,  a subject of considerable current i n t e re s t .  This selected,  

annotated bibliography was originated to serve as a d a t a  base for  a 

comprehensive review of the possible carcinogenic r i sk  of lead-210 and 

polonium-210 in tobacco smoke. The authors' i n t e re s t  i n  t h i s  contro- 

versial subject was stimulated by current a t tent ion being given to  

the problem of estimating population radiation exposures which might 

r e s u l t  from uranium mining and milling a c t i v i t i e s  in the western 

h i  ted States .  

Lead-210 i s  also present in inhaled smoke and ,  

The role of the alpha 
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CITATION FORM 

The b ib1  i og raph ic  data were arranged according t o  the  Environ- 

mental In format ion System standard format f o r  computer e n t r y  o f  

i n fo rma t ion .  

As a r e s u l t  o f  computer l i m i t a t i o n  i n  i n d i c a t i n g  supersc r ip t s  and 

s u b s c r i p t s  i n  the  standard manner, c e r t a i n  conventions have been es tab l i shed  

i n  t h e  b i  b l  iography: 

1 )  I n  chemical compounds and elements, "NaI03" means NaI03. 

2 )  "1 .OE8" ( E  denot ing exponent) means 1 .O x 10 8 . 
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< 1> 

<1> 
AUTHOR:  A l b e r t ,  R.  E . ;  P e t e r s o n ,  Jr.. H.T.: 

T I T L E :  Short-Term E f f e c t s  o f  C i g a r e t t e  Smoking o n  

PUB DESC: Arch. Env i ron .  H e a l t h ,  30:361-367 
P U B  DATE: 1975 
ABSTRACT: The s h 3 r t - t e r m  e f fec ts  o f  c i g a r e t t e  

Bohning,  D.E.; Lippman. PI. 

B r o n c h i a l  C l e a r a n c e  i n  Humans 

smoking on t h e  b r o n c h i a l  c l e a r a n c e  of i n h a l e d  
m o n o d i s p e r s e  r a d i o a c t i v e  i n s o l u b l e  p a r t i c l e s  
was s t u d i e d  i n  n i n e  nonsmokers  and s i x  
smokers. Each s u b j e c t  i n h a l e d  two  a e r o s o l s  of  
t h e  same p a r t i c l e  s i z e ,  t a g g e d  w i t h  a 
d i f f e r e n t  i s o t o p e ,  w i t h  an i n t e r v a l  o f  
s e v e r a l  h o u r s  between a e r o s o l  e x p o s u r ? s .  
S i m u l t a n e o u s  measu remen t s  were made o f  t h e  
c l e a r a n c e  o f  b o t h  a e r o s o l s .  Smoking of  from 
two t o  s e v e n  c i g a r e t t e s  was s t a r t e d  s h o r t l y  
a f t e r  t h e  s e c o n d  t a g g e d  a e r o s o l  was i n h a l e d .  
Comparison of t h e  b r o n c h i a l  c l e a r a n c e  t i m e s  
of t h e  two t a g g e d  a e r o s o l s  g a v e  a minimum 
e s t i m a t e  of a t w o f o l d  t r a n s i e n t  s p e e d u p  i n  
deep b r o n c h i a l  c l e a r a n c e  c a u s e d  by t h e  
c i g a r e t t e  smok ing  i n  b o t h  smoker s  and 
nonsmokers.  Hawever, it was found t h a t  t h e r e  
were no  c o n s i s t e n t  c h a n g e s  i n  t h e  r a t e  of  
u p p e r  b r o n c h i a l  c l e a r a n c e  a s  a r e s u l t  o f  
smoking. 

(2)  
AUTHOR: A t h a l y e ,  V.V.: l i s t r y .  K.B. 
T ITLE:  Uptake and D i s t r i b u t i o n  o f  Polonium-210 

and  Lead-210 i n  Tobacco P l a n t s  
PUE DESC: R a d i a t .  Bot. ,  Vol. 12:421-425 
P U B  DATE: '1972 
ABSTRACT: TWO v a r i e t i e s  o f  f l u e - c u r e d  t o b a c c o  

were grown i n  s o l u t i o n s  l a b e l e d  w i t h  Po-210 
a n d  Pb-210, and  t h e  r o o t s  and s h o o t s  were 
a s s a y e d  f o r  r a d i o a c t i v e  c o n t e n t .  I n  b o t h  
v a r i e t i e s ,  m a s s i v e  a c c u m u l a t i o n  o f  t h e  
r a d i o n u c l i d e s  o c c u r r e d  i n  t h e  r o o t s .  The 
d i s t r i b u t i o n  p a t t e r n s  of Pb-210 and  Po-210 
showed h i g h e s t  c o n c e n t r a t i o n s  i n  o l d e r  l e a v e s  
and l o w e r  c o n c e n t r a t i o n s  i n  younger  l e a v e s  
and i n  t h e  s tem.  

(3 > 
AUTHOF: A t h a l y e ,  V.V.; Shah,  V . N . :  N i s t r y ,  K.B. 
T ITLE:  Polonium-210 i n  C i g a r e t t e  Smoke 
PUE DESC: I n d i a n  J. Envi ron .  H e a l t h  19 (1 ) :54 -62  
PUE DATE: 1972 
ABSTRACT: T h i s  p a p e r  r e p o r t s  t h e  r e s u l t s  of  

s t u a i e s  on t h a  l e v e l s  o f  Po-210 i n  t h e  
ma ins t r eam smoke of s e v e r a l  I n d i a n  
c i g a r e t t e s .  The a u t h o r s  g i v e  dose  e s t i m a t e s  
f o r  t h e  pulmonary compar tmen t  f rom smoking 
t h e s e  c i g a r e t t e s .  The ma ins t r eam smoke o f  20 
b r a n d s  o f  c i g a r e t t e s ,  10 w i t h  f i l t e r s  a n a  1 0  
w i t h o u t ,  was a n a l y z e d  f o r  Po-210 c o n t e n t .  The 
l e v e l s  of  Po-210 were found  t o  be' i n  t h e  
r a n g e  o f  0 - 0.4 p c i  p e r  c i g a r e t t e .  The d a t a  
i n d i c a t e  no  a p p a r e n t  c o r r e l a t i o n  w i t h  t h e  
p r e s e n c e  of a f i l t e r - t i p  o r  t h e  s i z e  of  thi!  
c i g a r e t t e .  The a u t h o r s  p r e s e n t  a model used 
t o  estimate t h e  a v e r a g e  i n t e g r a l  d o s e  t o  t h e  
pulmonary compar tmen t  d u e  t o  i n h a l a t i o n  of  
Po-210. T h i s  model c o n s i d e r s  d e p o s i t i o n  
p a t t e r n s  of t h e  i n h a l e d  r a d i o a c t i v e  m a t e r i a l  
a s  well as r e s i d e n c e  t i m e  a n a  c l e a r a n c e  f rom 
v a r i o u s  c o m p a r t m e n t s  of t h e  r e s p i r a t o r y  
sys t em.  Dose e s t i m a t e s  f r o m  smoking 20 
c i g a r e t t e s  p e r  day were computed f o r  t h e  
d i f f e r e n t  b r a n d s  o f  c i g a r e t t e s  s t u d i e a .  The 
d o s e s  r a n g e  f rom 2.0 - 63.7 mrem p e r  y e a r  f o r  
a p a r t i c l e  s i z e  of 0.01 u and 3.6 - 115 .1  
mrem p e r  y e a r  f o r  a p a r t i c l e  s i z e  C/f 0.20 u. 

(4 > 
AUTHOR:  Auerbach, 0.; S t o u t ,  A.P.; Hammond, E. 

TITLE: Changes i n  B r o n c h i a l  E p i t h e l i u m  i n  R e l a t o n  
C.: G a r f i n k e l .  L. 

t o  C i g a r e t t e  Smoking and i n  R e l a t i o n  t o  Lung 

Cancer  
PUB DESC: N .  Eng l .  J. Bed., 265(6)  :253-267 
PUB DATE: 1961 
ABSTRACT: The a u t h o r s  r e p o r t  a c o n t i n u a t i o n  of a 

s t u a y  of t h e  r e l a t i v e  f r e q u e n c y  o f  c a r c i n o m a -  
i n -  s i t u ,  squamous m e t a p l a s i a ,  s t r a t i f i c a t i o n  
and b a s a l - c e l l  h y p e r p l a s i a  i n  t h e  l u n g s  of 
nonsmoker s  and  l i g h t  and heavy c i g a r e t t e  
smoker s .  A l t o g e t h e r ,  402 w h i t e  m a l e s  were 
s t u d i e d ,  a n d  t h e  f o l l o w i n g  o b s e r v a t i o n s  made: 
f o r  e v e r y  c a u s e - o f - d e a t h  c a t e g o r y  e x c e p t  l u n g  
c a n c e r  t h e  f r e q u e n c y  o f  h y p e r p l a s i a ,  l e s i o n s  
w i t h  c i l i a  a b s e n t  and c a r c i n o m a - i n - s i t u  
i n z r e a s e d  c o n s i s t e n t l y  with t h e  amount o f  
c i g a r e t t e  smoking: f o r  c a s e s  o f  l u n g  c a n c e r  
t h e r e  was l i t t l e  d i f f e r e n c e  between l i g h t  a n a  
h e i v y  smoker s ;  it was found t h a t  t h e  
p e r c e n t a g e  of s e c t i o n s  w i t h  c a r c i n o m a - i n - s i t u  
was much l e s s  i n  t h e  t r a c h e a  t h a n  o t h e r  p a r t s  
of  t h e  b r o n c h i a l  t r e e :  i n  a l l  p a r t s  o f  t h e  
b r D n c h i a l  t r e e  h i g h e r  p e r c e n t a g e s  of 
e p i t h e l i a l  c h a n g e s  werP found  i n  a r e a s  o f  
b i f u r c a t i o n .  

< 5> 
ABTHOR: B a i r ,  W. J. : K e l l e r e r ,  A. : S t a n n a r d ,  J. N. : 

T I T L E :  A l p h a - E m i t t i n g  P a r t i c l e s  i n  Lungs 
PUB DESC: N a t i o n a l  C o u n c i l  o n  R a d i a t i o n  

Thompson, R.C. 

P r o t e c t i o n  a n d  Measurements  F e p o r t ,  NCRP-46: 
2 8  p a g e s .  

PUB D A I E :  1975 
ABSTRACT: T h i s  i s  a r e p o r t  p r e p a r e d  by t h e  Ad Hoc 

Commit tee  on "Hot P a r t i c l e s . q v  The c o m m i t t e e  
c o n c l u d e s  t h a t  p r e s e n t  d a t a  i n d i c a t e  t h a t  
p a r t i c u l a t e  p lu ton ium i n  t h e  l u n g  i s  no 
g r e a t e r  h a z a r d  t h a n  t h e  Sam9 amount  of 
p l u t o n i u m  more u n i f o r m l y  d i s t r i b u t e d  
t h r o u g h o u t  t h e  lung .  

< 6> 
A U T H O R :  B e r g e r ,  K.C.: E r h a r d t ,  W.H.; F r a n c i s ,  C. W. 
T I T L E :  Polonium-210 A n a l y s e s  o f  V e g e t a b l e s ,  Cured  

an3  Uncured Tobacco ,  and  A s s o c i a t e d  S o i l s  
PUB DESC: S c i e n c e  150:1738-1739 
PUB DATE:  1966 
ABSTRACT: A n a l y s i s  of t h e  e d i b l e  p o r t i o n s  of 

v e g e t a b l e s  a n d  s a m p l e s  of g r e e n  l e a f  t o b a c c o  
f a i l e d  t o  show d e t e c t a b l e  amoun t s  o f  
polonium-210 even  when t h 3  s o i l  c o n t a i n e d  
s m a l l  q u a n t i t i e s  o f  t h e  element .  However, 
s i g n i f  i c a n t  l e v e l s  o f  polonium-210 were f o u n d  
i n  a i r - c u r e d  l e a f  t obacco .  The a u t h o r s  
c o n c l u d e  t h a t  s i n c e  f r e s h l y  h a r v e s t e d  t o b a c c o  '- 
s a m p l e s  showed no d e t e c t a b l e  polonium-210,  
w h ? r e a s  c u r e d  t o b a c c o  c o n t a i n e d  s i g n i f i c a n t  
q u a n t i t i e s ,  it a p p e a r s  t h a t  polonium-210 
i c i u m u l a t e s  i n  t h e  t o b a c c o  l e a f  d u r i n g  c u r i n g .  

<7> 
AUTH3R: B l a c k ,  S. C.: B r e t t h a u e r .  E. W. 
T I T L E :  Polonium-210 i n  Tobacco 
PUB D E S C :  R a d i a t .  Data  Rep. 9:145-152 
PUB DATE: 1968 
ABSTPACT: V a r i a t i o n s  i n  Po-210 c o n t e n t  i n  

d o m e s t i c  t o b a c c o s  and f o r e i g n  c i g a r e t t e s  were 
s t u d i e d ,  a s  w e l l  a s  t h e  e f f e c t  o f  v a r i o u s  
t y p e s  o f  commerc ia l  c i g a r e t t e  f i l t e r s  o n  t h e  
c o n c e n t r a t i o n  of Po-210 i n  ma ins t r eam smoke 
(33-58% r e m o v a l ) .  I t  was f o u n 3  t h a t  t h e r e  was 
no  Po-210 e n r i c h m e n t  i n  c i g a r e t t e  b u t t s ,  t h e  
a v e r a g e  Po-210 c o n t e n t  o f  whole c i g a r e t t e s  
b e i n g  0.483 pCi/g and o f  b u t t s ,  0 .477 pCi/g. 
E x p e r i m e n t s  r e l a t i n g  p u f f - s i z e  t o  Po-210 
showed t h a t  t h e  Po-210 content and 
c o n c e n t r a t i o n  i n  ma ins t r eam smoke i n c r e a s e d  
w i t h  p u f f  s i z e .  An e s t i m a t e  o f  t h e  maximum 
an3  minimum p o s s i b l e  d o s a g e  t o  a h e a v y  smoker  
i s  made w i t h  t h e  r a n g e  b e i n g  0.032 t o  82.5 
mr ad /d a y . 
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<8>  
A U T H O R :  B lack ,  S. C.; E r e t t h a u e r ,  E. 1. 
TITLE:  S y n e r g i s t i c  Effect of Polonium-210 and 

C i g a r e t t e  Smoke i n  R a t s  
PUB DE SC : N a t i o n a l  Env i ronmen t  a 1  R e s e a r c h  C e n t e r ,  

L a s  Vegas, Nevada, 1 2  pp. EPA-680/1-75-001 
PUE DATE: 1975 
ABSTRACT: T h i s  s t u d y  was i n i t i a t e d  t o  i n v e s t i g a t e  

t h e  effect  o f  added  Po-210 on t h e  
c a r c i n o g e n i c  a c t i v i t y  o f  c i g a r e t t e  smoke i n  
r a t s .  R a t s  were e x p o s e d  t o  ma ins t r eam smoke 
c o n t a i n i n g  12.5 p l u s  o r  minus 0.8 n a n o c u r i e s  
of Po-210 p e r  c i g a r e t t e ,  and s a c r i f i c e d  
immedia t e ly .  Lung d e p o s i t i o n  o f  Po-210 was 
f o u n d  t o  be  31 p l u s  o r  minus 2%. Base? on 
e x p o s u r e  t o  o n e  c i g a r e t t e / d a y  f o r  5 
d a y s p e e k ,  an a l p h a - r a d i a t i o n  e x p o s u r e  o f  116 
mrad/day t o  t h e  l u n g  was e s t i m a t e d .  O f  t h e  
Po-210 d e p o s i t e d ,  92% w a s  e l i m i n a t e d  w i t h  a 
h a l f - t i m e  of 4 h o u r s ,  and  t h e  r e m a i n d e r  w i t h  
a h a l f - t i m e  of  8 4  hour s .  Lung p a t h o l o g y  which 
may h a v e  been p r o d u c e d  b y  e x p o s u r e  t o  
c i g a r e t t e  smoke i n c l u d e d  b r o n c h i t i s ,  
emphysema, one b r o n c h o g e n i c  ca rc inoma  and  one  
adenoma. Adequa te  c o n t r o l s  were n o t  
e s t a b l i s h e d .  The a d d e d  po lon ium e x p o s u r e  d i d  
n o t  change  t h e  m o r t a l i t y  r a t e .  

<9> 
AFTHOR: B l a n c h a r d ,  R. L. 
TITLE:  C o n c e n t r a t i o n s  of 210-Pb and 210-Po i n  

PUB DESC: H e a l t h  Phys. 13:625-632 
PUE DATE: 1967 
ABSTFACT: C o n c e n t r a t i o n s  o f  Pb-210 and Po-210 i n  

v a r i o u s  t i s s u e s  s u c h  as t h e  k i d n e y ,  l i v e r ,  
l u n g ,  p a n c r e a s ,  s p l e e n ,  gonads ,  t h y r o i d ,  and 
h e a r t  from t w e n t y  i n d i v i d u a l s  a r e  r e p o r t e d ,  
A l l  t i s s u e s  r e f l e c t  h i g h e r  Po-210 l e v e l s  i n  
t h e  s m o k e r s  t h a n  i n  t h e  nonsmokers .  However, 
o n l y  t h e  l u n g s  of s m o k e r s  c o n t a i n  
s i g n i f i c a n t l y  more Po-210 t h a n  t h e  l u n g  of 
nonsmokers.  The a v e r a g e  c o n c e n t r a t i o n  o f  
Po-210 i n  t h e  l u n g s  o f  s m o k e r s  b e i n g  t h r e e  
times g r e a t e r  t h a n  t h a t  found  i n  t h e  l u n g s  o f  
nonsmokers.  Tests i n d i c a t e  t h a t  t h e  l i v e r  o f  
smokers may c o n t a i n  h i g h e r  c o n c e n t r a t i o n s  o f  
Pb-210 t h a n  t h e  l i v e r  of  nonsmokers.  Dose 
r a t e s  d e l i v e r e d  by t h e  Po-210 t o  t h e  v a r i o u s  
ti s s u e s  a r e  d i s c u s s e d .  

Human S o f t  T i s s u e s  

< l o >  
AUTHOR: B r e t t h a u e r ,  E. W.; B l a c k ,  S. C. 
TITLE: Polonium-210: Removal from Smoke by R e s i n  

PUB DESC: S c i e n c e  156: 1375-1376 

ABSTRACT: E x p e r i m e n t s  were c o n d u c t e d  on t h a  

F i l t e r s  

PUB DATE: 1967 

r emova l  o f  polonium-210 from mains t r eam smoke 
by t h e  u s e  of r e s i n  f i l ters .  The  p r o c e d u r e  
was t o  smoke c i g a r e t t e s  first w i t h  t h e  no rma l  
f i l t e r  i n t a c t  and  t h e n  w i t h  t h e  f i l t e r  
removed. F i n a l l y  c i g a r e t t e s  were smoked i n  
wh ich  t h e  g r a n u l a r  c h a r c o a l  of t h e  no rma l  
f i l t e r  had been  r e p l a c e d  w i t h  a n  i o n - e x c h a n g e  
r e s i n .  The r e s u l t s  i n d i c a t e  t h a t  no rma l  
f i l ters on c i g a r e t t e s  remove a b o u t  50 p e r z a n t  
of  t h e  polonium i n  m a i n s t r e a m  smoke, and t h a t  
resin s u b s t i t u t e d  f o r  t h e  c h a r c o a l  removes 9 2  
p e r c e n t  o r  more. The a u t h o r s  c o n c l u d e  t h a t  
e x p o s u r e  of s m o k e r s '  l u n g s  t o  polonium-210 
c o u l d  be marked ly  r e d u c e d  b y  i n c o r p o r a t i o n  of  
an ion -exchange  r e s i n  i n  c i g a r e t t e  f i l t e r s .  

< 1 1) 
AUTHOR: C a r f i ,  N.; Dugnani  L o n a t i ,  R .  
T ITLE:  Polonium-210 i n  I t a l i a n  Tobacco 
PUE DESC: R a d i a t i o n  P r o t e c t i o n ,  P a r t  2 ,  S n y d e r ,  

PUE DATE: 1968 
ABSTRACT: It  is  known t h a t  Po-210 c o n t a i n e d  i n  

W.S. e t  a l .  ( e a . ) ,  N e w  York, Pergamon P r e s s ,  
I n c .  p. 1097-1098 

t o b a c c o  i s  v o l a t i l e  a t  t h e  t e m p e r a t u r e  of a 
b u r n i n g  c i g a r e t t e ,  and a r a d i a t i o n  h a z a r d  
from Po-210 may a r i s e  f o r  a s m o k e r ' s  
b r o n c h i a l  e p i t h e l i u m .  Hence measu remen t s  o f  
Po-210 were s t a r t e d  i n  t h e  most p o p u l a r  
I t a l i a n  c i g a r e t t e s .  Polonium was e x t r a c t e d  
f rom t o b a c c o  s a m p l e s  by a wet a s h i n g  
p r o c e d u r e  and  p l a t e d  on  n i c k e l  d i s c s .  The 
d i s c s  were mounted on ZnS p h o s p h o r s  and  t h e  
a l p h a  a c t i v i t y  was c o u n t e d .  The po lon ium 
a l p h a  s p e c t r u m  was measured by a n  i o n i z a t i o n  
chamber .  The method c a n  be s i m p l y  c a r r i e d  
a u t ,  b u t  d i f f i c u l t y  a r i s e s  from t h e  
low-background  a l p h a  c o u n t i n g  n e c e s s a r y  f o r  
d e t e r m i n i n g  a c c u r a t e l y  t h e  m i n u t e  q u a n t i t i e s  
a f  Po-210 (of t h e  o r d e r  of 1.OE-2 pCi ) .  The 
Po-210 c o n t e n t  of 4 p o p u l a r  c i g a r e t t e s ,  
c o r r e c t e d  f o r  t h e  y i e l d  of  t h e  c h e m i c a l  
s e p a r a t i o n  and  c o u n t i n g  e f f i c i e n c y ,  r a n g e  
f rom 0.37 p l u s  o r  minus 0.03 pCi/g of t o b a c c o  
t o  0.53 p l u s  o r  minus  0.03 pCi/g. 

<12>  
A O T H O R :  Droessmar ,  F. 
TITLE:  Po lon ium i n  Tobacco 
PUB DESC: N a t u r w i s s .  Rundsch. 20: 338 
PUB DAIE: 1967 
ABSTRA:T: The n a t u r a l  r a d i o a c t i v i t y  i n  d i f f e r e n t  

t y p e s  o f  t o b a c c o  was examined i n  a n  a t t e m p t  
t o  measu re  t h e  b i smuth -210  and polonium-21 0 
c o n t e n t  o f  t h e  t o b a c c o .  The a c t i v i t i e s  o f  
b i smuth -210  a n d  polonium-210 f o u n d  i n  
t o b a c c o s  f rom South A f r i c q  and  t h e  U n i t e d  
S t a t e s  a r e  p r e s e n t e d .  

<13>  
A U T H O R :  Eisler,  H. 
TITLE: Polonium-210 and  B l a d d e r  Cance r  
PUB DESC: S c i e n c e  144:952-953 
PUB DAIE: 1964 
ABSTRAZT: The a u t h o r  n o t e s  t h a t  t h e  m i n e  o f  

heavy  smoker s  c o n t a i n s  n e a r l y  s i x  times a s  
much po lon ium a s  t h e  u r i n e  of nonsmokers ,  a n d  
s u g g e s t s  a p o s s i b l e  c o n n e c t i o n  be tween  
i n c r e a s e d  po lon ium c o n t e n t  i n  t h e  u r i n e  and  
i n z r e a s e d  d e a t h  r a t e  f rom b l a d d e r  c a n c e r  i n  
heavy  smokers. S i n c e  t h e  t a r  c a r c i n o g e n s  o f  
c i q a r e t t e  smoke d o  n o t  seem t o  f i n d  t h e i r  way 
t o  t h e  u r i n e ,  t h e  r o l e  p l a y e d  by polonium may 
b e  a ma jo r  one  f o r  smokers '  b l a d d e r  c a n c e r  
and p e r h a p s  a l s o  g r e a t e r  t h a n  s u p p o s e d  fo r  
l u n g  c a n c e r .  

(14)  
AUTHOR: F e r r i .  E. S. : B a r a t t a ,  E. J. 
TITLE:  Polonium-210 i n  Tobacco P r o d u c t s  and  Human 

T i s s u e s  
PUB DESC: R a d i a t .  Da ta  Rep. 7:485-488 
PUB DATE: 1966 
ABSTRACT: The l e v e l s  o f  polonium-210 a n d  r e l a t e d  

n u c l i d e s  i n  v a r i o u s  n o n f i l t e r e d  c i g a r e t t e s ,  
f i l t e r e d  c i g a r e t t e s ,  c i g a r e t t e s  t r e a t e d  f o r  
r e lnova l  o f  t a r  and n i c o t i n e ,  c i g a r s ,  and  p i p e  
t o b a c c o  were measured  i n  t h i s  s t u d y .  To 
d e t e r m i n e  w h e t h e r  t h e  polonium-210 was 
p r e s e n t  i n d e p e n d e n t l y  o r  i n  e q u i l i b r i u m  w i t h  
i t s  p r e c u r s o r s ,  r ad ium-226  and l e a d - 2 1 0  
l e v e l s  were a l s o  measured.  I n  a d d i t i o n ,  
s e l e c t e d  s a m p l e s  of human o r g a n s  f rom s m o k e r s  
and nonsmoker s  were measured f o r  polonium-21 0 
c o n c e n t r a t i o n s  t o  d e t e r m i n e  w h e t h e r  a 
d i f f e r e n c e  c o u l d  be  d e t e c t e d  d u e  t o  smoking. 
The p a r e n t ,  radium-226,  was f o u n d  n o t  t o  b e  
i n  e q u i l i b r i u m  w i t h  i ts d a u g h t e r s ,  l ead -210 ,  
b i s m u t  h-210, and polonium- 2 10. All c i g a r e t t e s  
showed l e a d - 2 1 0  and  polonium-210 t o  b e  i n  
e q u i l i b r i u m ,  b u t  p i p e  t o b a c c o  showed o n l y  50 
p e r c e n t  e q u i l i b r i u m .  O s i n g  a smok ing  machine,  
unsmoked c i g a r e t t e s  were a n a l y z e d  for 
polonium-210 and  smoked c i g a r e t t e s  were 
a n a l y z e d  f o r  polonium-210 i n  i n h a l e d  smoke, 
s i d e s t r e a m  smoke, unsnoked t o b a c c o  and a s h ,  

a 
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<14> CONT. 
and  f i l t e r .  A l l  b r a n d s  t e s t e d  showed 
a p p r o x i m a t e l y  t h e  same a c t i v i t y  p e r  g r a r  i n  
t h e  t o t a l  c i g a r e t t e .  However, t h e  f i l t e r e d  
c i g a r e t t e s  c o n t a i n e d  33 t o  50 p e r c e n t  l e s s  
a c t i v i t y  i n  t h e  i n h a l e d  smoke and showed a 
h i g h e r  s i d e s t r e a m  t o  ma ins t r eam smoke r a t i o  
t h a n  d i d  t h e  n o n f i l t e r e d  b r a n d s .  A n a l y s i s  o f  
polonium-210 c o n c e n t r a t i o n s  i n  human o r g a n s  
i n d i c a t e  t h a t  t h e  l u n g ,  b lood ,  and l i v e r  o f  
s m o k e r s ,  i n  t h a t  o r d e r ,  c o n t a i n  more 
polonium-210 t h a n  t h e  c o r r e s p o n d i n g  o r g a n s  o f  
nonsmokers ,  w h i l e  l e v e l s  i n  t h e  k i d n e y ,  
h e a r t ,  muscle ,  and  bone  a r e  a b o u t  t h e  same i n  
s m o k e r s  and nonsmokers.  

<15> 
AUTHOR: F e r r i ,  E . S . ;  B a r a t t a ,  E.J. 
T ITLE:  Polonium-210 i n  Tobacco,  C i g a r e t t e  Smoke, 

a n d  S e l e c t e d  Human O r g a n s  
P U B  DESC: P u b l i c  H e a l t h  Rep. 81:121-127 
PIJE DATE: 1966 
AESTRACT: The l e v e l s  of polonium-210 were 

a n a l y z e d  i n  s e v e r a l  b r a n d s  of  c i g a r e t t e s ,  and  
t h e  c o n c e n t r a t i o n s  o f  l e a d - 2 1 0  and radium-226 
were measure3 t o  d e t e r m i n e  whe the r  t h e  
polonium-210 was i n  e q u i l i b r i u m  w i t h  t h e s e  
p r e c u r s o r s  o r  was p r e s e n t  i n d e p e n d e n t l y .  
Samples  of human o r g a n s  were a l s o  a n a l y z e d  
f o r  polonium-210 c o n t e n t  t o  see whe the r  a 
d i f f e r e n c e  c o u l d  be d e t e c t e d  i n  t h e  
c o n c e n t r a t i o n  of t h i s  r a d i o n u c l i d e  between 
s m o k e r s  and  nonsmokers .  Polonium-210, 
l ead -210 ,  and bismuth-210 were found  t o  be 
p r e s e n t  i n  t o b a c c o ,  a l o n g  w i t h  s m a l l e r  
q u a n t i t i e s  of radium- 22 6. Tests i n d i c a t e d  
t h a t  lead-210 was d e p o s i t e d  i n  t h e  t o b a c c o  
i n d e p e n d e n t l y  of radium-226 and bismuth-210.  
For  t h e  v a r i o u s  b r a n d s  t e s t e d ,  t h e  a c t i v i t i e s  
of Po-210 were of a b o u t  t h e  same l e v e l ,  and 
v a l u e s  i n  i n h a l e d  smoke ranged  from 11.0 t o  
35.7 p e r c e n t  o f  t h a t  i n  t h e  t o t a l  c i g a r e t t e .  
Average  d o s e s  t o  t h e  l u n g s  of a p e r s o n  
smoking two p a c k a g e s  of c i g a r e t t e s  a d a y  were 
c a l c u l a t e d  t o  b e  f a r  below t h e  maximum 
p e r m i s s i b l e  c o n c e n t r a t i o n  p e r  p e r s o n  f o r  
Po-210 i n  a i r .  The i n t a k e  from a 
c e l l u l o s e - f i l t e r e d  c i g a r e t t e  was 58.5  p e r c e n t  
and  from a f i l t e r e d  t r e a t e d - t o b a c c o  c i g a r e t t e  
was 45.1 p e r c e n t  o f  t h a t  f r o m  a n o n f i l t e r e 3  
c i g a r e t t e .  Random s p e c i m e n s  of  l u n g ,  l i v e r ,  
k i d n e y ,  h e a r t ,  and  p s o a s  muscle  o b t a i n e d  from 
smoker s  and nonsmoker s  i n d i c a t e d  h i g h e r  
l e v e l s  of polonium-210 i n  t h e  o r g a n s  o f  
smoker s .  

<16> 
AUTHOR: F e r r i ,  E. S. ; C h r i s t i a n s e n ,  H. 
T I T I E :  Lead-210 i n  Tobacco  and  C i g a r e t t e  Smoke 
PUE DESC: P u b l i c  H e a l t h  Rep. 823828-832 
PUB DATE: 1967 
ABSTRACT: A s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  t h e  

c o n c e n t r a t i o n  of  l e a d - 2 1 0 ,  a s  opposed t o  
polonium-210, i n  t o b a c c o  a n d  c i g a r e t t e  smoke. 
Compar i sons  i n d i c a t e  t h a t  i n  smoke from f i v e  
b r a n d s ,  t h e  l ead -210  a c t i v i t y  was a b o u t  h a l f  
t h a t  o f  polonium-210. From f o u r  of t h e  s i x  
b r a n d s  of  c i g a r e t t e s  t e s t e d ,  i n t a k e  o f  
l ead -210  from smoking  20 c i g a r e t t e s  a d a y  was 
d o u b l e  t h a t  f rom b r e a t h i n g  normal  a i r ,  and i n  
t h e  two o t h e r  b r a n d s  t h e  i n t a k e  was a b o u t  
e q u a l .  T h i s  i n t a k e  was less t h a n  one p e r c e n t  
o f  t h e  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  f o r  
l ead -210  i n  a i r  f o r  l a r g e  p o p u l a t i o n s .  
A l though  t h e  r e l a t i o n s h i p  i s  n o t  c o n s t a n t ,  
s m o k e  f rom c i g a r e t t e s  w i t h  l a r g e r  amoun t s  of 
t a r  and n i c o t i n e  also had  h i g h e r  
c o n c e n t r a t i o n s  of l ead -210 .  Us ing  t h e  
I n t e r n a t i o n a l  Committee fo r  R a d i o l o g i c a l  
P r o t e c t i o n  l u n g  model ,  d o s a g e s  t o  t h e  
pulmonary compar tmen t  of  t h e  r e s p i r a t o r y  
t r a c t  were c a l c u l a t e d  f o r  a p e r s o n  smoking 20 
c i g a r e t t e s  a day. R e s u l t s  showed t h a t  t h e  

r a d i a t i o n  d o s e  t o  t h e  l u n g  f rom i n h a l a t i o n  o f  
l e a d - 2 1 0  i n  smoke p l u s  t h e  s u b s e q u e n t  
d a u g h t e r  i n g r o w t h  was e q u a l  t o  t h e  d o s e  from 
polonium-210 i n  smoke. 

(17) 
AIJTH3R: P l e i s c h e r ,  R.L.; Parungo,  F. P. 
T I T L E :  A e r o s o l  P a r t i c l e s  on  Tobacco Tr i chomes  
PUB DESC:  N a t u r e  250:158-159 
PUB DATE: 1974 
ABSTRACT: I n  s u p p o r t  of t h e  h y p o t h e s i s  t h a t  r a d o n  

and i t s  d e c a y  p r o d u c t s  a t t a c h  t o  sub -mic ron  
a t m o s p h e r i c  p a r t i c l e s  which a r e  t h e n  t r a p p e d  
o n  t h e  s t i c k y  t i p s  of t o b a c c o  t r i c h o m e s ,  t h e  
a u t h o r s  a n a l y z e d  t h e  l e a v e s  o f  a i r - c u r e d  
t o b a c c o  t o  see i f  a e r o s o l s  a r e  on and i n s i d e  
t o b a c c o  t r i c h o m e  t i p s .  They found  t h a t  t h e  
t i p s  c o n t a i n e d  b o t h  c o n t i n e n t a l  and m a r i n e  
a e r o s o l s .  T h i s  f i n d i n g  g i v e s  s u p p o r t  t o  t h e  
t h e o r y  t h a t  r a d o n  d a u g h t e r s  p r e c i p i t a t e  on 
a e r o s o l s  wh ich  t h e n  d i f f u s e  t o  t r i c h o m e  t i p s .  

<18> 
A U T H O R :  F r a n c i s ,  C.U.; C h e s t e r s ,  G . ;  E r h a r d t ,  W.H. 
T I T L E :  Po-210 E n t r y  i n t o  P l a n t s  
PUB DESC: Env i ron .  S c i .  Techno l .  2 (9) :690-695 
PWB D A T E :  1968 
ABSTRACT: An i n v e s t i g a t i o n  was c o n d u c t e d  t o  

d e t e r m i n e  t h e  mode of e n t r y  o f  Po-210 i n t o  
p l a n t s .  L i t t l e  or  no e v i d e n c e  was found f o r  
d i r e c t  r o o t  u p t a k e  of Po-210 o r  Pb-210 from 
s o i l s .  T h e r e f o r e ,  n a t u r a l  r a d i o a c t i v e  f a l l o u t  
was i n d i c a t e d  a s  t h e  most l i k e l y  s o u r c e  o f  
Pb-210 i n  p l a n t s .  The p r i n c i p a l  component  o f  
r a d i o a c t i v e  f a l l o u t  is p r e c i p i t a t i o n  and  t h e  
me3 s u r e m e n t  o f  a p p r e c i a b l e  q u a n t i t i e s  o f  
Pb-210 i n  r a i n f a l l  s t r e n g t h e n e d  t h e  
h y p o t h e s i s  t h a t  n a t u r a l  r a d i o a c t i v e  f a l l o u t  
was a f e a s i b l e  mechanism o f  Po-210 e n t r y  i n t o  
p l a n t s .  C a l c u l a t i o n s  showed t h a t ,  i n  t h e  
t o b a c c o  c r o p  s t u d i e d ,  s u f f i c i e n t  Pb-210 was 
p r e s e n t  i n  t h e  r a i n f a l l  t o  a c c o u n t  f o r  a l l  o f  
t h e  Po-210 i n  t h e  p l a n t s .  

<19> 
AUTHOR:  F r a n c i s ,  C.U. : C h e s t e r s ,  G. 
T ITLE:  R a d i o a c t i v e  I n g r o w t h  of 210-Po i n  Tobacco 

P l a n t s  
PUB D E j C :  J. Agr i c .  Food Chem. 15:704-706 
PUB DATE: 1967 
ABSTRACT: T h i s  s t u d y  was i n i t i a t e d  t o  e v a l u a t e  

t h a  e x t e n t  of Po-210 i n  t o b a c c o  and  t o  
d e t e r m i n e  t h e  p o s s i b l e  e x i s t e n c e  of an 
e q u i l i b r i u m  between Pb-210 and Po-210. The 
Po-210 c o n t e n t  of c u r e d  t o b a c c o  l e a v e s  was 
d e t e r m i n e d  a t  i n t e r v a l s  o f  a p p r o x i m a t e l y  
t h r e e  months for  a p e r i o d  o f  one  y e a r .  
I n c r e a s i n g  c o n c e n t r a t i o n s  of  Po-21 0 were 
found  a f t e r  s t o r a g e ,  t h e r e b y  p r o v i n g  t h e  
e x i s t e n c e  o f  Po-210 i n g r o w t h  f rom some 
r a d i o a c t i v e  p r e c u r s o r .  C a l c u l a t i o n s  i n d i c a t e d  
t h a t  Po-270 i n  t h e  t o b a c c o  l e a v e s  i s  d e r i v e d  
frDm, and t h e r e f o r e  i n  e q u i l i b r i u m  w i t h ,  
Pb-210, a n d  t h a t  Po-210 d o e s  n o t  e n t e r  t h e  
p l a n t  p e r  s e  b u t  en te rs  e i t h e r  by p l a n t  
u p t a k e  o r  by d e p o s i t i o n  i n  n a t u r a l  
r a d i o a c t i v e  f a l l o u t .  

(20 > 
A U T H O R :  G a s t i n e a u ,  R. PI. ; Ualsh , P. J. ; Underwood, 

N. 
T I T L E :  T h i c k n e s s  of B r o n c h i a l  E p i t h e l i u m  w i t h  

R e l a t i o n  t o  Exposure  t o  Radon 
PUB DESC: H e a l t h  Phys. 23:857-860 
PUB D A T E :  1972 
ABSTRAZT: The d e p t h s  O f  t h e  b a s a l  c e l l s  O f  no rma l  

b r o n c h i a l  e p i t h e l i u m  w e r e  measured fo r  use  i n  
t h e  c a l c u l a t i o n  of t h e  i o n i z i n g  r a d i a t i o n  
d o s e  f rom i n h a l e d  r a d o n  and r a d o n  d a u g h t e r s .  
I n  o v e r  t w o - t h i r d s  of t h e  e p i t h e l i u m  of t h e  
l o b a r  and s e g m e n t a l  b r o n c h i  t h e  b a s a l  ce l l s  
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<20> CONT. 
a r e  w i t h i n  t h e  r a n g e  of Po-210 a l p h a  
p a r t i c l e s ,  and  i n  o n e - f i f t h  of  t h e  same 
e p i t h e l i u m  t h e  b a s a l  c e l l s  a r e  w i t h i n  t h e  
r a n g e  of b o t h  Po-210 and Po-214 a l p h a  
p a r t i c l e s ,  a s suming  t h e  r a d i o a c t i v e  
s u b s t a n c e s  are l o c a t e d  on t h e  s u r f a c e  o f  a 7 
u t h i c k  layer of mucus. A l though  t h e  b a s a l  
c e l l s  i n  t h e  no rma l  mainstern b r o n c h i a l  
e p i t h e l i u m  a r e  o u t s i d e  t h e  r a n g e  o f  a l p h a  
r a d i a t i o n ,  a r e a s  of m e t a p l a s i a  were n o t e d  
which were t h i n  enough  t o  p e r m i t  e x p o s u r e  o f  
t h e  b a s a l  c e l l s .  It i s  p o s t u l a t e d  t h a t  t h e  
p r e s e n c e  of t h i n  a r e a s  o f  m e t a p l a s i a  i n  t h e  
b r o n c h i a l  e p i t h e l i u m  c o u l d  r e su l t  i n  t h e  
o c c u r r e n c e  of b r o n c h o g e n i c  c a n c e r  i n  t h e  
main-stem b r o n c h i ,  which may e x p l a i n  t h e  
i n c r e a s e d  i n c i d e n c e  of l u n g  c a n c e r  i n  m i n e r s  
who smoke. 

<2 1> 
AUTHOR:  Geesaman, D. P. 
TITLE:  An A n a l y s i s  of t h e  C a r c i n o g e n i c  R i s k  f rom 

a n  I n s o l u b l e  A l p h a - E m i t t i n g  Aerosol D e p o s i t e d  
i n  Deep B e s p i r a t o r y  T i s s u e  

PUE DESC: UCRL-50387, 17  p a g e s  
PUB DATE: 1968 
ABSTRACT: The a u t h o r  d i s c u s s e s  t h e  g r o s s  and  

m i c r o s c o p i c  f u n c t i o n  of t h e  l u n g  r e l a t i v e  t o  
t h e  q u e s t i o n s  of pulmonary d e p o s i t i o n  and  
c l e a r a n c e .  I n  t h e  u p p e r  r e s p i r a t o r y  t r a c t  
i n e r t i a l  d e p o s i t i o n  o c c u r s ,  w h i l e  i n  t h e  
l o w e r  t racts ,  q r a v i t a t i o n a l  s e t t l i n g  a c c o u n t s  
fo r  most of t h e  d e p o s i t i o n .  Submic ron ic  
p a r t i c l e s  a r e  d e p o s i t e d  by Brownian 
d i f f u s i o n .  C l e a r a n c e  r a t e s  a r e  d i s c u s s e d  
r e l a t i v e  t o  t h e  l o c a t i o n  of d e p o s i t i o n .  
P a r t i c l e s  a n  t h e  d e e p  r e s p i r a t o r y  zone may 
show l o n g  r e s i d e n c e  times, up t o  500 d a v s ,  
and t h i s  c o n s t i t u t e s  t h e  p rob lem f o r  
r a d i o a c t i v e  p a r t i c l e s .  R e l a t i v e  t i m e s ,  
l e n g t h s  and g e o m e t r i c s  a r e  n o t e d  i n  o r d e r  t o  
c o n s t r u c t  a s i m p l e  model  of d e e p  r e s p i r a t o r y  
t i s s u e  l a t t i c e .  Pu-238 d i o x i d e  and Pu-239 
d i o x i d e  are u s e d  a s  r e p r e s e n t a t i v e  a e r o s o l s  
i n  making q u a n t i t a t i v e  e s t i m a t e s  of t i s s u ?  
e x p o s u r e  a n d  r e s p o n s e  u s i n g  t h e  l a t t i c e  
models  g e n e r a t e d .  I n  t h e  a b s e n c e  of  a n  
a c c u r a t e  knowledge o f  c l e a r a n c e ,  l o c a l  
s h i e l d i n g  r e s p o n s e s ,  and  t h e  mechanisms of 
c a n c e r  i n d u c t i o n ,  t h e  s u g g e s t e d  c o u r s e  is a n  
e x p e r i m e n t a l  d e t e r m i n a t i o n  of t h e  number o f  
s o u r c e  p a r t i c l e s  p e r  i n d u c e d  c a n c e r .  

(2 2> 
AUTHOB: Geesaman, D. P. 
TITLE: An A n a l y s i s  o f  t h e  C a r c i n o g e n i c  R i s k  f rom 

PUE DESC: UCRL-50387, Addendum, 9 p a g e s  
PUE DATE: 1968 
ABSTRACT: S e v e r a l  e x p e r i m e n t s  a r e  r ev iewed  

an I n s o l u b l e  A l p h a - E m i t t i n g  A e r o s o l  D e p o s i t e d  
i n  Deep R e s p i r a t o r y  T i s s u e :  Addendum 

i n v o l v i n g  s k i n  a n d  l u n g  c a r c i n o g e n e s i s  i n  
mammals a f t e r  i n t e n s e  l o c a l i z e d  d o s e s  o f  
i o n i z i n g  r a d i a t i o n .  A h i g h  i n c i d e n c e  o f  
c a n c e r  o c c u r s  for t h e  e x p o s u r e s  3 e s c r i h e d .  
The o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  
c a r c i n o g e n e s i s  i s  p r i m a r i l y  m e d i a t e d  by 
i n j u r y  o r  d i s r u p t i o n  of  l o c a l  t i s s u e .  I t  i s  
c o n c l u d e d  t h a t  t h e r e  is a s u b s t a n t i a l  
p o s s i b i l i t y  o f  e n h a n c e d  c a n c e r  r i s k  
a s s o c i a t e d  w i t h  t h e  d e p o s i t i o n  of i n t e n s e  
a l p h a - e m i t t i n g  p a r t i c u l a t e s  i n  d e e p  
r e s p i r a t o r y  t i s s u e .  W i t h i n  t h i s  d e s c r i p t i o n  
l u n g  c a n c e r  r i s k s  a s  h i g h  a s  1.OE-3 t o  l.0E-4 
p e r  d i s r u p t i v e  source p a r t i c l e  a r e  i n 3 i c a t e d .  
The p o s s i b i l i t y  o f  t h i s  enhanced  r i s k  p l a c e s  
t h e  p r e s e n t  s t a n d a r d  f o r  maximum p e r m i s s i b l e  
l u n g  b u r d e n s  i n  s e r ious  q u e s t i o n  when a p p l i e d  
t o  p a r t i c u l a t e s  s u c h  a s  Pu-238 d i o x i d e  and 
Pu-239 d i o x i d e .  It  i s  a g a i n  s u g g e s t e d  t h a t  i n  
t h e  a b s e n c e  o f  a d e t a i l e d  knowledge of  
pulmonary c a r c i n o g e n e s i s ,  t h e  b e s t  c o u r s e  o f  

a c t i o n  is a n  e x p e r i m e n t a l  d e t e r m i n a t i o n  of 
t h e  r i s k  p e r  d i s r u p t i v e  p a r t i c l e  f o r  p a r t i c l e  
b u r d e n s  << 1.OE-8 p a r t i c l e s .  

<23>  
AUTHOB: G r e g o r y ,  L.P. 
T I T L E :  Polonium-210 i n  Leaf  Tobacco  from Four  

PUB DESC: Science 150:74-76 
PUB DATE: 1965 
ABSTRACT: Tobaccos  grown i n  t h e  U n i t e d  S t a t e s ,  

C o u n t r i e s  

R h o d e s i a ,  S o u t h  A f r i c a ,  and  N e w  Z e a l a n d  were 
measured  f o r  t h e i r  polonium-210 c o n t e n t .  
Resul ts  show t h a t  t h e  a v e r a g e  Po-210 a c t i v i t y  
i n  t h e  New Z e a l a n d  grown l e a f  s a m p l e s  was 
0.15 pCi/g,  compared w i t h  0.49 pCi/g i n  t h e  
U n i t e d  S t a t e s  s amples .  The l e v e l  i n  S o u t h  
A f r i c a n  t o b a c c o  was a p p r o x i m a t e l y  t h e  same a s  
U n i t e d  S t a t e s  t o b a c c o ,  w i t h  t h e  l e v e l  i n  
Rh3des i an  t o b a c c o  s i g n i f i c a n t l y  h i g h e r .  The 
r e a s o n  f o r  t h e  lower l e v e l  o f  Po-210 i n  New 
Z e a l a n d  t o b a c c o  i s  n o t  f u l l y  u n d e r s t o o d ,  b u t  
may b e  due  t o  t h e  r a d o n  d i f f u s i n g  from t h e  
l a n d ' s  s u r f a c e  b e i n g  d i s p e r s e d  o v e r  t h e  s e a .  
The r e s u l t i n g  n a t u r a l  f a l l o u t  of t h e  l e a d - 2 1 0  
p r e c u r s o r  of Po-210 may be s i g n i f i c a n t l y  l ess  
o v e r  a c o u n t r y  w i t h  a p r e d o m i n a n t l y  i n s u l a r  
c l i m a t e .  

<24> 
A U T H O R :  Grossman, B.N. : L i t t l e ,  J. E. : 0"Yoole.  

T I T L E :  R o l e  o f  C a r r i e r  P a r t i c l e s  i n  t h e  I n d u c t i o n  
W . P .  

of  B r o n c h i a l  Cance r  i n  Hams te r s  by 
Polonium-210 Alpha R a d i a t i o n  

PUB DESC: R a d i a t .  Res. 47:253-254 
PUB D A T E :  1971 
ABSTRACT: I n  o r d e r  t o  i n v e s t i g a t e  t h e  r o l e  of  

c a r r i e r  p a r t i c l e s  i n  t h e  i n d u c t i o n  of 
b r 3 n c h i a l  c a n c e r  i n  h a m s t e r s ,  4 g r o u p s  of 50 
h a m s t e r s  were g i v e n  s e p a r a t e  i n t r a t r a c h i a l  
i n s t i l l a t i o n s  c o n s i s t i n g  o f  v a r i o u s  
c o m b i n a t i o n s  of polonium-210 a l o n e  ( i n  
s a l i n e )  and polonium-210 a d s o r b e d  o n t o  Fe203 
p a r t i c l e s .  P r e l i m i n a r y  a u t o r a d i o g r a p h i c  
s t u d i e s  i n d i c a t e  t h a t  Polonium-210 
a d m i n i s t e r e d  a d s o r b e d  o n t o  Fe203 r e m a i n e d  
f i r m l y  a s s o c i a t e d  w i t h  t h e  p a r t i c l e s ,  and i t s  
d e p o s i t i o n  was nonun i fo rm d e p e n d i n g  on  t h a t  
o f  t h e  p a r t i c l e s .  Polonium-210 a d m i n i s t e r e d  
a l o n e  i n  s a l i n e  was f o u n d  t o  b e  d i s t r i b u t e d  
horn og e n o u s l  y t h r o u g h o u t  t h e  l u n  g p a r  enchy ma. 
The r e s u l t s  s u g g e s t  t h a t  u n d e r  t h e s e  
c o n d i t i o n s  of e x p o s u r e  a l p h a  r a d i a t i o n  may b e  
more c a r c i n o g e n i c  when i t  is more u n i f o r m l y  
d i s t r i b u t e d  i n  t h e  lung .  

<25> 
AUTAOR:  GUerin,  M.R. 
T I T L E :  D i s c u s s i o n  - I d e n t i f i c a t i o n  o f  

2 a r c i n o g e n s .  Tumor P r o m o t o r s  and 
C o c a r c i n o g e n s  i n  Tobacco Smoke 

PUB DESC: ORNL Conf. 750633-2, 1 3  p. 
PUR DATE: 1975 
ABSTRACT: The a u t h o r  notes  t h e  p o s s i b l e  

r e l a t i o n s h i p  between Po-210 and  low l e v e l  
a l p h a  r a d i a t i o n  w i t h  t o b a c c o  c a r c i n o g e n e s i s .  
He p o i n t s  o u t  t h e  ro le  o f  m e t a l s  i n  
sm3ke- induced  c a r c i n o g e n e s i s  and n o t e s  t h a t  
t h e  "form" of  t h e  m e t a l  may be  more i m p o r t a n t  
t h a n  t h e  m e t a l  i t s e l f .  N i c k e l  s u b s u l f i d e ,  i n  
p a r t i c u l a r ,  may be  a p o t e n t  r e s p i r a t o r y  
c a r c i n o g e n  r e s u l t i n g  f rom t h e  r e a c t i o n  of  
s u l f u r  and n i c k e l  i n  smoke. C h r o m a t o g r a p h i c  
p r o f i l i n g  methods and  c o n d e n s a t e  f r a c t i o n s  
were used  t o  e x p e d i t e  t h e  i d e n t i f i c a t i o n  o f  
b i 3 l o g i c a l l y  s i g n i f i c a n t  c o n s t i u e n t s .  P e a k s  
which c o r r e l a t e  h i g h l y  i n d i c a t e  c o n s t i t u e n t s  
which c a n  b e  i d e n t i f i e d  and  s t u d i e d  first.  
The a u t h o r  p o i n t s  o u t  t h e  i m p o r t a n c e  o f  i n  
v i v 3  s t u d i e s  o f  c a r c i n o g e n s  and  
c o - c a r c i n o g e n s  t o  i d e n t i f y  b i o l o g i c a l l y  



a 

I 

I 

I d  

P 

<25> CONT. 
a c t i v e  smoke c o n s t i t u e n t s .  

(26) 
AUTHOR:  H i l l ,  C.R. 
T ITLE:  Polonium-210 i n  Ban 
PUB DESC: N a t u r e  208: 423-428 
PUP DATE: 1965 
PESPRACT: T h i s  a r t i c l e  d e f i n e s  he p r t  p l a y  

polonium-210 i n  c o n t r i b u t i n g  t o  t h e  
b i o l o s i c a l l v  e f f e c t i v e  r a d i a t i o n  dose  
r e c e i v e d  by-man i n  a v a r i e t y  of  e n v i r o n m e n t s .  
Polonium-210 c o n c e n t r a t i o n s  i n  a number o f  
c i g a r e t t e  t o b a c c o s  o f  d i f f e r e n t  o r i g i n  a r e  
g i v e n ,  w i t h  t h e  r e su l t s  i n d i c a t i n g  no 
s t r i k i n g  d i f f e r e n c e s  between t o b a c c o s  f rom 
t h e  d i f f e r e n t  ma jo r  p r o d u c i n g  aremas. A 
p o p u l a r  b r a n d  o f  c i g a r e t t e  was found t o  
c o n t a i n  0.49 p l u s  or minus 0.07 p C i  po lon ium 
p e r  c i g a r e t t e ,  a n d  a n  a p p r e c i a b l e '  p a r t  o f  t h e  
po lon ium a p p e a r e d  i n  t h e  ma ins t r eam smoke. 
The s p e c i f i c  polonium-210 a l p h a - r a d i o a c t i v i t y  
i n  condensed  smoke i s  of t h e  o r d e r  of 2 
pCi/g,  t h e r e f o r e  t h e  r a d i a t i o n  d o s e  r a t e  a t  
t h e  s u r f a c e  3f a t h i c k  s l a b  o f  m a t e r i a l  would 
be 0.1 r a d  p e r  y e a r  and less f o r  t h i n n e r  
s l a b s .  High l o c a l  d o s e  r a t e s  i n  t h e  human 
l u n g  c o u l d  o c c u r  o n l y  i f  t h e r e  is a mechanism 
f o r  s e l e c t i v e  c l e a r a n c e  from t h e  lung .  
Measurements  of t h e  polonium-21 0 t i s s u e  l e v e l  
i n  smoker s  and nonsmoker s  a r e  g i v e n .  a n d  t h e  
polonium-210 c o n t e n t  of t h e  a v e r a g e  smoker ' s  
l u n g  e x c e e d s  t h a t  of t h e  a v e r a g e  nonsmoker b y  
5.U pCi. No a p p r e c i a b l e  e x c e s s  polonium-210 
a c t i v i t y  was f o u n d  i n  t h e  b r o n c h i a l  
b i f u r c a t i o n s  o f  c i g a r e t t e  smokers .  The a u t h o r  
c o n c l u d e s  t h a t  c i g a r e t t e  smok ing  d o e s  n o t  
seem t o  l e a d  t o  a b n o r m a l  l e v e l s  o f  
polonium-210 i n  t i s s u e s  o t h e r  t h a n  t h e  l u n g ,  
a n d  t h e  l e v e l s  h e r e  a r e  n o t  s u c h  a s  would 
l e a d  t o  a b n o r m a l l y  h i g h  r a d i a t i o n  dose  r a t e s .  

<27> 
AUTHOR: Holtzman, R. B. 
TITLE:  Polonium-210 i n  B r o n c h i a l  E p i t h e l i u m  of  

C i g a r e t t e  Smokers  
PUB DESC: S c i e n c e  155:607 
PUE DATE: 1967 
ABSTRACT: The a u t h o r  d i s c u s s e s  t h e  f a c t  t h a t  

r e c e n t  d a t a  showing  t h e  e x i s t e n c e  o f  a r e a s  o f  
r e l a t i v e l y  h i g h  l e v e l s  o f  polonium-210 i n  
human l u n g  t i s s u e  d o  p o t  d i s a g r e e  w i t h  t h o s e  
of p r e v i o u s  s t u d i e s .  He n o t e s ,  however, t h a t  
t h e  d i s c r e p a n c i e s  a r e  s t i l l  n o t  f u l l y  
r e s o l v e d  e i t h e r  i n  t h e  l i g h t  o f  e x i s t i n g  d a t a  
or r e g a r d i n g  some t h e o r e t i c a l  c o n s i d e r a t i o n s .  

<28> 
AUTHOR:  Holtzman, R. B.; I l C e W i C Z ,  P. H. 
TITLE:  Lead-210 and Polonium-210 i n  T i s s u e s  of  

PUE DESC: S c i e n c e  153:1259-1260 
PUB DATE: 1966 
ABSTRACT: T h i s  s t u d y  d e m o n s t r a t e d  t h s t ,  i n  

s k e l e t a l  t i s s u e s ,  n o t  o n l y  a r e  t h e  
c o n c e n t r a t i o n s  of Po-210 g r e a t e r  i n  smoker s  
t h a n  i n  nonsmokers ,  b u t  i n  b o t h  s k e l e t a l  and 
l u n g  t i s s u e s  of  smoker s  c o n c e n t r a t i o n s  of 
Pb-210 a r e  a l s o  g r e a t e r .  It is a l s o  shown 
t h a t  t h e  Po-210 i s  i n  r a d i o a c t i v e  e q u i l i b r i u m  
w i t h  t h e  Pb-210 i n  bone ,  and  t h a t  Pb-210 is  
p r e s e n t  i n  c i g a r e t t e  smoke. Measurements  were 
made on r i b  b o n e s  and  a l v e o l a r  l u n g  t i s s u e  
t a k e n  a t  a u t 3 p s y  or  s u r g e r y  from s u b j e c t s  o f  
known smoking h a b i t s ,  r e v e a l i n g  t h a t  t h e  moan 
c o n c e n t r a t i o n s  of b o t h  Pb-210 and Po-210 i n  
b o n e s  of smoker s  were more t h a n  d o u b l e  t h o s e  
i n  nonsmokers .  The more l i m i t e d  l a t a  f rom 
l u n g  t i s s u e  i n d i c a t e  t h a t  t h e  Pb-210 
c o n c e n t r a t i o n  i n  h e a v y  smoker s  is a b o u t  4 
times t h a t  i n  nonsmoker s .  The c o r r e l a t i o n s  
between c i g a r e t t e  smok ing  and t h e  
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c o n c e n t r a t i o n s  of n u c l i d e s  i n  t h e  l u n g s  a n d  
s k e l e t o n s  o f  t h e s e  s u b j e c t s  i n d i c a t e  t h a t  
smoke i s  a s i g n i f i c a n t  s o u r c e  o f  i n t a k e  of 
Po-210 and Pb-210. 

<29> 
A U T H O R :  I d e ,  G.; S u n t z e f f ,  '7.; Cowdry, E.V. 
T I T L E :  A Comparison o f  t h e  H i s t o p a t h o l o g y  of 

T r a c h e a l  and  B r o n c h i a l  E p i t h e l i u m  o f  Smokers  
and Nonsmokers 

PUB DESC: C a n c e r ,  12:473-480 
PUB DATE:  1959  
ABSTRACT: The a u t h o r s  s t u d i e d  t r a c h e a l  and 

b r o n c h i a l  m a t e r i a l s  t a k e n  a t  a u t o p s y  and  
c o r r e l a t e d  t h e  results w i t h  smoking h i s t o r y  
and o c c u r r e n c e  of pneumonia. The mean 
t h i c k n e s s  of t r a c h e a l  e p i t h e l i u m  was found  t o  
be  g r e a t e r  t h a n  t h a t  o f  b r o n c h i a l  e p i t h e l i u m  
f o r  nonsmoker s ,  l i g h t  smokers and heavy  
smoker s .  However t h e  t h i c k n e s s  was found  t o  
i n c r e a s e  i n  b o t h  a r e a s  i n  r e l a t i o n  t o  t h e  
amount of smoking. T r a c h e a l  and b r o n c h i a l  
c i l i a  were f o u n d  t o  d e c r e a s e  i n  h e i g h t  w i t h  
i n c r e a s e d  smoking,  a s  d i d  t h e  p e r c e n t a g e  o f  
c i l i a t e d  c e l l s  p r e s e n t  (33% i n  nonsmokers  and 
22.3-28.5% i n  l i g h t  and heavy  s m o k e r s ) .  
Squamous m e t a p l a s i a s  and b a s a l  c e l l  
h y p e r p l a s i a s  were more numerous i n  l i g h t  and 
h e s v y  s m o k e r s  w i t h o u t  pneumonia t h a n  t h e y  
were  i n  nonsmokers .  I n  a r e a s  o f  b a s a l  c e l l  
h y p e r p l a s i a  t h e  c i l i a  r e m a i n  well d e v e l o p e d ,  
b u t  i n  squamous c e l l  m e t a p l a s i a  t h e  c i l i a  
were found  t o  be a l m o s t  c o m p l e t e l y  a b s e n t .  
Ths p e r c e n t a g e s  of  g o b l e t  c e l l s  p r e s e n t  were 
found  t o  i n c r e a s e  i n  nonsmokers  and d e c r e a s e  
i n  heavy  smoker s .  The deep  g l a n d s  were 
i n z r e a s e d  i n  l i g h t  and h e a v y  smokers .  The 
a u t h o r s  d i s c u s s  r e a s o n s  why t h e  i n c i d e n c e  o f  
t r a c h e a l  c a n c e r  h a s  n o t  e x h i b i t e d  a s i m i l a r  
i n z r e a s e  i n  c a n c e r  deve lopmen t  t o  t h a t  o f  
b r o n c h i a l  e p i t h e l i u m  i n  r e s p o n s e  t o  t h e  g r e a t  
i n c r e a s e  i n  c i g a r e t t e  smoking. 

< 30) 
AUTHOR:  Kaminsk i ,  E. J.; Panche r .  O.E.; C a l a n d r a ,  

TITLE:  I n  Vivo S t u d i e s  of t h e  C i l i a s t a t i c  E f f e c t s  

PUB DESC: Arch. Environ.  H e a l t h  16:188-193 
PUB DATE: 1968 
ABSTRACT: I n  v i v o  e x p e r i m e n t s  were u n d e r t a k e n  t o  

J. C. 
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d e t e r m i n e  t h e  d e g r e e  o f  a b s o r p t i o n  of  
c i l i a t o x i c  componen t s  of  t o b a c c o  smoke by a 
wet s u r f a c e  a n d  t h e  e x t e n t  of  t h e  r e s u l t i n g  
r e d u c t i o n  i n  c i l i a r y  i n h i b i t i o n .  It was f o u n d  
t h s t  c i g a r e t t e  smoke which h a s  been  p a s s e d  
t h r o u g h  a chamber c o n t a i n i n g  wet s u r f a c e s  
p r 3 d u c e s  s i g n i f i c a n t l y  lower i n h i b i t i o n  of 
m u c o c i l i a r y  a c t i v i t y .  No s i g n i f i c a n t  
r e d u c t i o n  of i n h i b i t i o n  due  t o  t h e  p r e s e n c e  
o f  a wet chamber  r e s u l t e d  i n  t h e  c a s e  o f  
c i g a r e t t e s  c o n t a i n i n g  c h a r c o a l  f i l t e r s .  The 
a u t h o r s  b e l i e v e  t h e s e  r e s u l t s  i n d i c a t e  t h a t  
some c i l i a t o x i c  componen t s  of t o b a c c o  smoke 
map be a b s o r b e d  i n  t h e  s a l i v a  a n d  t h e  mucous 
membranes of t h e  o r a l  c a v i t y  o f  smoker s  
b e f o r e  t h e y  r e a c h  t h e  lung .  

<31> 
A U T H O R :  K e l l e y ,  T. F. 
TITLE: Polonium-210 C o n t e n t  of  Mainstream 

PUB DESC: S c i e n c e  149: 537-538 
PUB DATE: 1965 
ABSTRACT: The q u a n t i t i e s  of Po-210 i n  ma ins t r eam 

smoke of  c i g a r e t t e s  and t h e  c h a r a c t e r i s t i c  of  
c i g a r e t t e  f i l t e r s  which makes them e f f e c t i v e  
a g a i n s t  Po-210 were i n v e s t i g a t e d .  E l e v e n  
p o p u l a r  b r a n d s  of c i g a r e t t e s  were smoked i n  a 
s t s n d a r d i z e d  manner,  t h e  p a r t i c u l a t e  p h a s e  
removed and  measu red ,  and  t h e  Po-210 c o n t e n t  
a n a l y z e d ,  so t h a t  a c o m p a r i s o n  c o u l d  b e  made 
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between t h e  amoun t s  of Po-210 and p a r t i c u l a t e  
m a t t e r  i n  m a i n s t r e a m  smoke. The Po-210 
c o n t e n t  of t o b a c c o  f rom whole unburne i  
c i g a r e t t e s  was a l s o  d e t e r m i n e d .  The 
q u a n t i t i e s  of Po-210 i n  ma ins t r eam smoke 
measured i n  t h i s  s t u d y  were c o n s i d e r a b l y  
l o w e r  t h a n  i n  a p r e v i o u s  s t u d y ,  and  t h e  
a u t h o r  c o n c l u d e s  t h a t  t h e  Po-210 c o n t e n t  of 
ma ins t r eam smoke d e p e n d s  upon t h e  manner o f  
smoking. T h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  Po-210 c o n t e n t  o f  who le  
t o b a c c o  between t h e  b r a n d s  t e s t e d .  T h e r e  were 
c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  Po-210 
c o n t e n t  i n  a a i n s t r e a m  smoke f rom t h e  v a r i o u s  
b r a n d s  o f  c i g a r e t t e s ,  w i t h  t h e  c o n t e n t  o f  
Po-210 a p p a r e n t l y  d e p e n d i n g  on t h e  amount o f  
p a r t i c u l a t e  m a t t e r  i n  t h e  ma ins t r eam smoke, 
and  n o t  on t h e  p r e s e n c e  o r  a b s e n c e  of a 
f i l t e r  o r  on t h e  n a t u r e  of c o n s t r u c t i o n  of  
t h e  f i l t e r .  The r e l a t i o n s h i p  e x i s t s  between 
t h e  Po-210 c o n t e n t  a n d  t h e  amount of 
p a r t i c u l a t e  m a t t e r  b e c a u s e  t h e  polonium is 
a p p a r e n t l y  a d s o r b e d  on  smoke p a r t i c l e s  d u r i n g  
t h e  combus t ion  p r o c e s s .  

<32> 
AUTHOR: Kennedy, A.R. ; L i t t l e ,  J .B.  
T ITLE:  The T r a n s p o r t  and  L o c a l i z a t i o n  of  

Benzo(a1pha)  p y r e n e - H e m a t i t e  and 
Hematite-21OPo i n  t h e  Hams te r  Lung F o l l o w i n g  
I n t r  a t r  a c h e a l  I n s t i l l a t i o n  

PUB DESC: Cance r  Res. 34: 1344-1352 
PUB DATE: 1974 
ABSTRACT: When a d m i n i s t e r e d  i n t r a t r a c h e a l l y ,  

a d s o r b e d  o n t o  h e m a t i t e  c a r r i e r  p a r t i c l e s ,  
Po-210 and benzo(a1pha)  p y r e n e  (BP) i n d u c e  
l u n g  t u m o r s  of  d i f f e r e n t  h i s t o l o g i e s  and  
a p p a r e n t  s i tes of o r i g i n .  Hematite-21OPo 
p r o d u c e s  combined e p i d e r m o i d  and  
a d e n o c a r c i n o m a s  i n  t h e  p e r i p h e r a l  l u n g ,  w h i l e  
BP-hemati te  p r o d u c e s  ma in ly  ep ide rmoid  
c a r c i n o m a s  of t h e  ma jo r  b r o n c h i  and  t r a c h e a .  
To d e t e r m i n e  w h e t h e r  c e l l s  i n  t h e  l u n g  a r e  
d i f f e r e n t i a l l y  s e n s i t i v e  t o  t h e  two t y p e s  o f  
c a r c i n o g e n  or w h e t h e r  t h e  c a r c i n o g e n s  a r e  
r e a c h i n g  a n d  a c t i n g  a t  d i f f e r e n t  s i t e s ,  t h e  
a u t h o r s  s t u d i e d  t h e i r  t r a n s p o r t  and  
l o c a l i z a t i o n  f o l l o w i n g  i n t r a t r a c h e a l  
a d m i n i s t r a t i o n  o n  c a r r i e r  p a r t i c l e s :  1’0-210 
l o c a l i z a t i o n  by f r e e z e - d r y  a u t o r a d i o g r a p h y  
a n d  BP l o c a l i z a t i o n  by u l t r a v i o l e t  l i g h t  
f l u o r e s c e n c e  m i c r o s c o p y  cf  f r o z e n  s e c t i o n s .  
The r e s u l t s  show t h a t  Po-210 r e p r e s e n t s  a 
f i r m l y  bound i n s o l u b l e  c a r c i n o g e n  which 
d e l i v e r s  i t s  p r i m a r y  d o s e  i n  t h e  p e r i p h e r a l  
l u n g  from t h e  p a r t i c l e s  t h a t  a r e  r e t a i n e d  i n  
t h e  a l v e o l a r  d u c t  r e g i o n .  BP, on  t h e  o t h e r  
hand,  is a l o o s e l y  bound s o l u b l e  c a r c i n o g e n  
which l e a v e s  t h e  c a r r i e r  p a r t i c l e s  and e n t e r s  
u p p e r  a i r w a y  e p i t h e l i a l  ce l l s  d u r i n g  
c l e a r a n c e  of t h e  p a r t i c l e s  on t h e  mucous 
c i l i a r y  e s c a l a t o r .  The a u t h o r s  c o n c l u i e  t h a t  
BP i n d u c e s  c e n t r a l  t u m o r s  b e c a u s e  a 
s i g n i f i c a n t  amount  of  t h e  c a r c i n o g e n  r e a c h e s  
t h e  u p p e r  a i r w a y  e p i t h e l i a l  cel ls ,  w h i l e  
Po-2 10 i n d u c e s  p e r i p h e r a l  t u m o r s  b e c a u s e  t h e  
ma jo r  r a d i a t i o n  d o s e  is d e l i v e r e 3 .  t o  t h e  
a l v e o l a r  r e g i o n .  

(33) 
AUTHOR: K i l i b a r d a ,  1. ; P e t r o v i c ,  D.: Panov, D.: 

D j u r i c ,  D. 
TITLE:  C o n t a m i n a t i o n  w i t h  Polonium-21 0 ,  Uranium 

and  Radium-226 Due t o  Smoking. 
PUB DESC: R a d i a t i o n  P r o t e c t i o n ,  P a r t  2, Snyder ,  

W.S. e t  a l .  ( e a . ) ,  N e w  York, Pergamon P r e s s ,  
I n c .  P. 1099-1103 

PUE DATE: 1968 
ABSTRACT: The c o n t e n t  of Po-210, u ran ium and  

radium-226 was s t u d i e d  i n  Yugos lav ian  t o b a c c o  
a n d  c i g a r e t t e s .  The r e s u l t s  o b t a i n e d  f o r  
uranium and  r ad ium were v e r y  low, and 

s t a t i s t i c a l  e v a l u a t i o n  was i m p o s s i b l e .  The 
mean v a l u e  of  Po-210 i n  4 d i f f e r e n t  
c i g a r e t t e s  was 0.38 pCi/g. The d i s t r i b u t i o n  
o f  Po-210 i n  smoke, a s h  and  c i g a r e t t e  s t u b s  
a s  a f u n c t i o n  of c o m b u s t i o n  t e m p e r a t u r e  was 
s t u d i e d .  The a u t h o r s  c o n c l u d e d  t h a t  3% of 
Po-210 p r e s e n t  i n  a c i g a r e t t e  is i n h a l e d .  The 
u r i n e  of s m o k e r s  and  nonsmoker s  was a n a l y z e d  
f o r  Po-210, and  s t a t i s t i c a l  e v a l u a t i o n  
e s t a b l i s h e d  t h a t  a s i g n i f i c a n t l y  h i g h e r  
c o n c e n t r a t i o n  e x i s t s  i n  t h e  u r i n e  of smokers .  
Thi a u t h o r s  c o n c l u d e  t h a t  of  t h e  i n h a l e d  
Po-210,  a b o u t  10-15% i s  a b s o r b e d  and 
e x c r e t e d .  The polonium c o n t e n t  i n  v a r i o u s  
t o b a c c o s  and  c i g a r e t t e s  d i d  n o t  v a r y  much f o r  
d i f f e r e n t  r e g i o n s  of  t h e  c o u n t r y .  

< 34) 
AUTHOR: Lange r ,  G.; F i s h e r ,  N . A .  
T ITLE:  C o n c e n t r a t i o n  and  P a r t i c l e  S i z e  o f  

C i g a r e t t e -  Smoke P a r t i c l e s  
PUB DESC: Arch. Ind. H e a l t h  13:372-378 
PUB DATE: 1956 
ABSTRACT: A s t u d y  o f  t h e  p a r t i c l e  s i z e ,  p a r t i c l e  

c o n c e n t r a t i o n ,  and f i l t r a t i o n  c h a r a c t e r i s t i c s  
o f  c i g a r e t t e  smoke was c o n d u c t e d  t o  a i d  i n  
s t u d y i n g  t h e  a p p e a r a n c e  of t h e  smoke, t h e  
r e l a t i o n  o f  t o b a c c o  t y p e  t o  smoke p r o p e r t i e s ,  
and t h e  r e t e n t i o n  of smoke by t h e  body. The 
median d i a m e t e r  of t h e  c i g a r e t t e  smoke 
p a r t i c l e s  from t h e  u n f i l t e r e d  c i g a r e t t e  was 
0.6 u f o r  p u f f s  2 ,  6 ,  and  1 0 ,  and  f o r  t h e  
f i l t e r  c i g a r e t t e  was 0.5 u ,  0 .5  uI and 0.6 u 
f o r  p u f f s  2, 6 ,  a n d  10,  r e s p e c t i v e l y .  The 
c 3 n c e n t r a t i o n  i n c r e a s e d  f rom 2.2E8 p a r t i c l e s  
p e r  c u b i c  c e n t i m e t e r  fo r  p u f f  2, t o  5.338 
p a r t i c l e s  p e r  c u b i c  c e n t i m e t e r  f o r  p u f f  1 0  o f  
t h e  u n f i l t e r e d  c i g a r e t t e  and  f rom 2.OER t o  
2.938 p a r t i c l e s  p e r  c u b i c  c e n t i m e t e r  f o r  t h e  
f i l t e r  c i g a r e t t e .  The w e i g h t  o f  smoke p e r  
p u f f  i n c r e a s e d  f rom 1.8 t o  5.2mg a n d  from 0.8 
t o  2.4mg f o r  t h e  s e c o n d  t o  t h e  t e n t h  p u f f ,  
r e s p e c t i v e l y ,  f o r  t h e  u n f i l t e r e d  and  f i l t e r e d  
c i g a r e t t e .  

(35) 
AUTHOR: Lawrenco, R.V.  : Klimek,  !I. F. ; Borowski ,  

T I T L E :  D e p o s i t i o n  and C l e a r a n c e  of 2 u P a r t i c l e s  
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i n  t h e  T r a c h e o b r o n c h i a l  Tree o f  Normal 
S u b j e c t s  - Smokers and Nonsmokers 

PUB DESC: J. C l i n .  I n v e s t . ,  50:1411-1420 
PUB D A T E :  1971 
ABSTRACT: D e p o s i t i o n  a n d  c l e a r a n c e  o f  i n h a l e d  

p a r t i c l e s  o f  i r o n  o x i d e  l a b e l e d  w i t h  Au-198 
were s t u d i e d  i n  19 no rma l  s u b j e c t s  (10 
nonsmoker s  a n d  9 smoker s ) .  I n  a l l  s u b j e c t s ,  
s n 3 k e r s  and  nonsmoker s ,  t h e  d e p o s i t i o n  of  t h e  
p a r t i c l e s  was u n i f o r m  t h r o u g h o u t  b o t h  l u n g  
f i e l d s ,  w i t h  a p p r o x i m a t e l y  h a l f  o f  t h e  
p a r t i c l e s  d e p o s i t e d  i n  t h e  c i l i a t e d  a i r w a y s  
( t r a c h e o b r o n c h i a l  d e p o s i t i o n )  and h a l f  i n  t h e  
n o n c i l i a t e d  a i r w a y s  ( a l v e o l a r  d e p o s i t i o n ) .  
T r a c h e o b r o n c h i a l  c l e a r a n c e  i n  nonsmoker s  
o c c u r r e d  i m m e d i a t e l y  a f t e r  i n h a l a t i o n .  
P h o t o s c i n t i g r a m s  showed t h a t  t h e  p a r t i c l e s  
c l e a r e d  s t e a d i l y  w i t h  no  r e t e n t i o n  i n  any  
acea .  I n  smoker s ,  t r a c h e o b r o n c h i a l  c l e a r a n c e  
was d e l a y e d  f o r  p e r i o d s  o f  1-4 h o u r s  a f t e r  
i n h a l a t i o n .  F u r t h e r m o r e ,  i n  c o n t r a s t  w i t h  t h e  
f i n d i n g s  i n  n o n s m o k e r s , s i g n i f i c a n t  c l e a r a n c e  
was st i l l  o c c u r r i n g  i n  many o f  t h e  smoker s  i n  
t h e  5 t h  a n d  6 t h  h o u r  a f t e r  i n h a l a t i o n .  Also, 
p h 3 t o s c i n t i g r a m s  showed an a b n o r m a l  
a c c u m u l a t i o n  of  p a r t i c l e s  i n  t h e  l a r g e  
a i r w a y s  s e v e r a l  h o u r s  a f t e r  i n h a l a t i o n  of t h e  
a e r o s o l .  

<36> 
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AESTRACT: Lung c a n c e r s  h a v e  b e e n  i n d u c e d  i n  9 t o  

53 p e r c e n t  o f  h a m s t e r s  g i v e n  m u l t i p l e  
i n t r a t r a c h e a l  i n s t i l l a t  i o n s  o f  polonium-21 0 
i n  amounts  y i e l d i n g  l ifetime e x p o s u r e s  of  1 5  
t o  300 r a d s  t o  t h e  l u n g s .  C i g a r e t t e  smoker s  
h a v e  p r e v i o u s l y  been e s t i m a t e d  t o  r e c e i v e  20 
r a d s  t o  a r e a s  of t h e  b r o n c h i a l  e p i t h e l i u m  
from d e p o s i t e d  polonium-210 o v e r  a 25 -yea r  
p e r i o d .  Po-21 0 a d m i n i s t e r e d  on c a r r i e r  
p a r t i c l e s  was d e p o s i t e d  i n  a nonhomogeneous 
f a s h i o n ,  a s s o  c i a  t ed w i t h  h e  mat i t e  a gg r e g a  t e  s 
i n  macrophages s u r r o u n d i n g  a l v e o l a r  d u c t s .  
The c a r c i n o g e n i c  e f f e c t  might  b e  d u e  t o  t h e  
l o c a l i z a t i o n  o f  t h e s e  " h o t  s p o t s . "  Po-210 
a d m i n i s t e r e d  i n  a s a l i n e  s o l u t i o n  was 
d i s t r i b u t e d  homogeneously t h r o u g h o u t  t h e  
b r o n c h i o l a r - a l v e o l a r  r e g i o n .  T h i s  Po-21 0 
y i e l d e d  a l o w e r  r a d i a t i o n  d o s e  t h a n  t h e  
Po-210 d e p o s i t e d  on p a r t i c l e s ,  p r o b a b l y  
b e c a u s e  t h e  s o l u b l e  Po-210 ( i n  s a l i n e )  was 
more e f f i c i e n t l y  c l e a r e d  from t h e  l u n g ,  
p a r t i c u l a r l y  v i a  t h e  b loods t r eam.  The amount 
o f  Po-210 g i v e n  t o  t h e  l o w e s t  e x p o s u r e  g r o u p  
( 9 %  m a l i g n a n c i e s )  i s  1 /5  t h e  amount i n h a l e d  
i n  25 y e a r s  by a h e a v y  smoker.  These  f i n d i n g s  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  a l p h a  r a d i a t i o n  
r e s u l t i n g  from t h e  polonium-210 o r  l ead -210  
p r e s e n t  i n  c i g a r e t t e  smoke may be a 
s i g n i f i c a n t  c a u s a t i v e  f a c t o r  i n  human l u n g  
c a n c e r .  
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u s u a l l y  d e t e r m i n e d  by measu r ing  i t s  a c t i v i t y  
i n  t i s sue  s a m p l e s  or u r i n e .  T i s s u e  and u r i n e  
s a m p l e s ,  however ,  may be  i n c o n v e n i e n t  t o  
o b t a i n  and p r o c e s s .  The a u t h o r s  h a v e  found  
t h a t  polonium-210 c a n  b e  e a s i l y  d e t e c t e d  i n  
l O m l  human b l o o d  s a m p l e s  b y  a s i m p l e  
r a d i o c h e m i c a l  and  c o u n t i n g  t e c h n i q u e .  T h i s  
may be  a p r a c t i c a l  method o f  e s t i m a t i n g  bodv 
b u r d e n s  of  t h i s  i s o t o p e ,  a s  wel l  a s  o f  its 
p a r e n t  l ead -210 .  The a u t h o r s  r e l a t e d  b l o o d  
c o n c e n t r a t i o n s  t o  smok ing  h a b i t s  i n  a g r o u p  
of middle-aged men. They found  t h a t  t h e  
a v e r a g e  polonium-210 c o n c e n t r a t i o n  i n  smoker s  
was 1.72 pCi/kg b l o o d ,  compared w i t h  0.76 
pCi/kg i n  nonsmokers .  A l though  a s i g n i f i c a n t  
d i f f e r e n c e  e x i s t e d  b e t w e e n  b l o o d  
c o n c e n t r a t i o n s  i n  s m o k e r s  and  nonsmokers ,  a 
two- t o  t h r e e - f o l d  v a r i a t i o n  among 
i n d i v i d u a l s  was p r e s e n t  i n  e a c h  qroup.  
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AESTRACT: The k i n e t i c s  of  t h e  c h a n g e  i n  

c o n c e n t r a t i o n  of polonium-210 i n  t h e  b l o o d  o f  
s i x  c i g a r e t t e  s m o k e r s  h a s  b e e n  s t u d i e 3  up t o  
89 d a y s  a f t e r  sudden  c e s s a t i o n  of  smok ing  t o  
e s t i m a t e  t h e  d e g r e e  of  c l e a r a n c e  of  
polonium-210 f rom t h e  l u n g s  i n t o  t h e  blood.  
C i r c u l a t i n g  polonium-210 l e v e l s  d e c l i n e d  an 
a v e r a g e  o f  14% af ter  t h r e e  t o  f o u r  d a y s  and 
20.5% a f t e r  11 t o  1 4  days.  R e s u l t s  i n d i c a t e  
t h a t  d i r e c t  a b s o r p t i o n  i n t o  t h e  b l o o d  s t r e a m  
r e p r e s e n t s  a m a j o r  mechanism b y  which 
polonium-210 i s  c l e a r e d  from t h e  lungs .  On 
t h e  b a s i s  of s e v e r a l  a s s u m p t i o n s ,  t h e  a u t h o r s  
c o n c l u d e  t h a t  a minimum s y s t e m i c  a b s o r p t i o n  
of 38% of Po-210 r e t a i n e d  e a c h  day from 
c i g a r e t t e  smoke must  h a v e  o c c u r r e d  i n  t h e  
s u b j e c t s ,  w i t h  a c t u a l  s y s t e m i c  a b s o r p t i o n  

p r o b a b l y  c o n s i d e r a b l y  h i g h e r .  The a u t h o r s  
a l s o  c o n c l u d e  t h a t  s y s t e m i c  a b s o r p t i o n  of 
i n h a l e d  Po-210 o c c u r s  d i r e c t l y  a c r o s s  t h e  
r e s p i r a t o r y  e p i t h e l i u m .  The f i n d i n g  t h a t  a 
c o n s i d e r a b l e  f r a c t i o n  o f  t h e  i s o t o p e  is 
a b s o r b e d  d i r e c t l y  i n t o  t h e  b l o o d  s t r e a m  
i n d i c a t e s  t h a t  s y s t e m i c  a b s o r p t i o n  of a t  
l e a s t  one p o t e n t i a l l y  c a r c i n o g e n i c  component  
o f  c i g a r e t t e  smoke o c c u r s  i n  men. The 
c h e m i c a l  form i n  which polonium e x i s t s  i n  
t o b a c c o  smoke is n o t  known, b u t  t h i s  e l e m e n t  
migh t  s e r v e  a s  a model f o r  pu lmonary  
c l e a r a n c e  mechanisms o f  o t h e r  heavy  m e t a l s  
s u c h  a s  l e a d .  
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ABSTRACT: A h i g h  i n c i d e n c e  o f  r e s p i r a t o r y  c a n c e r  

h a s  b e e n  i n d u c e d  i n  S y r i a n  g o l d e n  h a m s t e r s  by 
r e p e a t e d  i n t r a t r a c h e a l  i n s t i l l a t i o n s  of  
e i t h e r  b e n z o ( a 1 p h a ) p y r e n e  o r  Po-210 a d s o r b e d  
o n t o  h e m a t i t e  c a r r i e r  p a r t i c l e s .  Both t h e  
tumor  i n c i d e n c e  and t h e  mean i n d u c t i o n  time 
were r e l a t e d  t o  t h e  d o s e  o f  c a r c i n o g e n .  
Benzo ( a l p h a )  py rene  i n d u c e d  a s p e c t r u m  of 
tumors .  The t y p e  o c c u r r i n g  most f r e q u e n t l y  
was e p i d e r m o i d  c a r c i n o m a  o f  t h e  t r a c h e a  o r  
m a j o r  b r o n c h i .  Po-210-induced t u m o r s  were 
a l n o s t  e x c l u s i v e l y  combined e p i d e r m o i d  and 
a d e n o c a r c i n o m a s  t h a t  a r o s e  p e r i p h e r a l l y :  
t h e s e  t u m o r s  o c c u r r e d  i n  94% o f  a n i m a l s  i n  
t h a  h i g h e s t  e x p o s u r e  g r o u p .  Hams te r s  a p p e a r  
p a r t i c u l a r l y  s u s c e p t i b l e  t o  t h e  i n d u c t i o n  o f  
l u n g  c a n c e r  b y  a l p h a - r a d i a t i o n  a t  d o s e s  t h a t  
d o  n o t  p r o d u c e  c o n c o m i t a n t  l u n g  damage, and  
t h e y  may p r o v i d e  a good model f o r  t h e  s t u d y  
s f  i n t e r a c t i o n s  between r a d i a t i o n  and  
c h e m i c a l  a g e n t s  i n  r e s p i r a t o r y  c a r c i n o g e n e s i s  
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ABSTFACT: S t u d i e s  were u n d e r t a k e n  t o  measu re  

polonium-210 c o n c e n t r a t i o n s  i n  pulmonary 
t i s s u e s  o f  smoker s  and nonsmokers.  
C o n c e n t r a t i o n s  were f o u n d  t o  b e  h i g h e r  i n  
l u n g  parenchyma,  p e r i b r o n c h i a l  lymph nodes  
and b r o n c h i a l  e p i t h e l i u m  o f  smoker s  t h a n  i n  
nonsmokers .  From i ts  d i s t r i b u t i o n  w i t h i n  t h e  
l u n g ,  t h e  a u t h o r s  c o n c l u d e  t h a t  c l e a r a n c e  o f  
t h e  m a j o r i t y  of smoke p a r t i c l e s  i s  r a p i d  and 
o c c u r s  p r i m a r i l y  by way o f  t h e  b r o n c h i .  By 
f a r  t h e  h i g h e s t  l o c a l  c o n c e n t r a t i o n s  of 
polonium-210 were found  a t  s e g m e n t a l  
b i f u r c a t i o n s  o f  t h e  b r o n c h i a l  e p i t h e l i u m .  On 
t h e  b a s i s  of t h e s e  r e s u l t s ,  t h e  a u t h o r s  
b e l i e v e  t h a t  polonium-210 may be  a n  i m p o r t a n t  
f a c t o r  i n  t h e  i n i t i a t i o n  o f  b r o n c h i a l  
c a r c i n o m a  i n  man. 

< 4 1 >  
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PUB DESC: S c i e n c e  155: 606-607 
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ABSTRACT: The a n a l y s i s  of t i s s u e s  f rom 25 

c i g a r e t t e  s m o k e r s  r e v e a l e d  a v e r a g e  
c o n c e n t r a t i o n s  of Po-210 i n  wet t i s s u e  of  t h e  
b r s n c h i a l  e p i t h e l i u m  a s  0.12 pCi/g i n  t h e  
t r a c h e a ,  0 .19  pCi/g i n  t h e  l o b a r  b r o n c h i ,  a n d  
4.5 pCi/g i n  t h e  s e g m e n t a l  b i f u r c a t i o n s .  The 
Po-210 c o n c e n t r a t i o n s  i n  t h e  b r o n c h i a l  w a l l  

C i g a r e t t e  Smokers 
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and submucosa a n d  i n  s u p e r f i c i a l  mucus were 
v e r y  low. Most of t h e  measu red  a c t i v i t y  l a y  
i n  t h e  e p i t h e l i u m ,  y e t  t h e  e p i t h e l i u m  
a c c o u n t s  f o r  o n l y  2 t o  3 p e r c e n t  of a 
b r o n c h i a l  spec imen  by we igh t .  It is t h e r e f o r e  
e v i d e n t  t h a t  t h e  Po-210 C o n c e n t r a t i o n  
measured i n  a whole s p e c i m e n  of b r o n c h u s  may 
a p p e a r  low, w h i l e  t h e  e p i t h e l i a l  
c o n c e n t r a t i o n  may b e  h i g h e r  by n e a r l y  two 
o r d e r s  of magn i tude .  The a u t h o r s  m a i n t a i n  
t h a t  t h e i r  e s t i m a t e s  of r a d i a t i o n  dose  f o r  
s m a l l  a r e a s  of t h e  b r o n c h i a l  e p i t h e l i u m  a r e  
c o m p a t i b l e  w i t h  t h o s e  o b t a i n e d  by o t h e r s , w i t h  
t h e  d i f f e r e n c e s  i n  d o s e  e s t i m a t e s  r e s u l t i n g  
from d i f f e r e n t  t e c h n i q u e s .  
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o t h e r  t i s s u e s  f rom f i v e  non-smokers and 
t w e l v e  c h r o n i c  s m o k e r s  who smoked u n t i l  1-10 
d a y s  p r i o r  t o  d e a t h  were a n a l y z e d  for  Po-210 
c o n c e n t r a t i o n s .  PO-210 l e v e l s  i n  l u n g  
parenchyma showed c o n s i d e r a b l e  v a r i a t i o n  
w i t h i n  t h e  same l u n g ,  a n d  t h e  a v e r a g e  l e v e l  
i n  s m o k e r s  was f o u r  times t h a t  of 
non-smokers.  I n  t h e  b r o n c h i a l  e p i t h e l i u m  of  
p r o v e n  non-smokers  l i t t l e  o r  n o  Po-210 was 
found ,  b u t  i n  s m o k e r ' s  e p i t h e l i u m ,  t h i  
a v e r a g e  l e v e l s  p e r  gram o f  t i s s u e  were 4-40 
times t h a t  found i n  s m o k e r ' s  parenchyma. 
Excep t  f o r  t h e  pu lmonary  t i s s u e s ,  n o  
d i f f e r e n c e  i o  Po-210 l e v e l s  i n  smokers  and 
non-smokers  was o b s e r v e d ,  a l t h o u g h  u r i n a r y  
e x c r e t i o n  of Po-210 was h i g h e r  i n  smokers .  
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AESTRACT: The a u t h o r  h a s  i n v e s t i g a t e d  t h e  amount  

and  s o u r c e s  of t h e  a l p h a  a c t i v i t y  of t o b a c c o ,  
a s  well a s  t h e  p o s s i b l e  i n f l u e n c e  o f  po lon ium 
on t h e  i n c i d e n c e  of l u n g  c a n c e r  i n  c i g a r e t t e  
smokers .  The t o b a c c o s  showing  t h e  h i g h e s t  
a l p h a  a c t i v i t y  a r e  t h o s e  grown on s o i l s  of 
low pH. These  s o i l s  a r e  d e r i v e d  f rom 
r a d i o a c t i v e  o l d e r  g r a n i t e s  o c c u r r i n g  i n  p a r t s  
of S o u t h e r n  R h o d e s i a ,  Nor th  Q u e e n s l a n a ,  and 
e l s e w h e r e .  T h e r e  is a p p a r e n t l y  some s m a l l  
e f f e c t  of po lon ium f a l l o u t  on t o b a c c o  p l a n t  
a c t i v i t y ,  b u t  i n  t h e  c a s e  o f  h i g h e r  a c t i v i t y  
t o b a c c o  it is o n l y  a minor f a c t o r  compared 
w i t h  a c t i v i t y  d e r i v e d  f rom s o i l  t h r o u g h  t h e  
r o o t s .  The a u t h o r  n o t e s  t h a t  a man i n h a l i n g  
t h e  smoke o f  25 a v e r a g e  B r i t i s h  c i g a r e t t e s  a 
day p r o b a b l y  d e p o s i t s  on  h i s  l u n g s  and 
t r a c h e a  some 8 pCi /day  o f  polonium. He 
s u b s t a n t i a t e s  t h e  i n f l u e n c e  of polonium on 
l u n g  c a n c e r  i n  c i g a r e t t e  smoker s  by p o i n t i n g  
o u t  t h e  c o r r e s p o n d e n c e  o f  i n c r e a s e d  i n c i d e n c e  
of  l u n g  c a n c e r  t o  i n c r e a s e d  i m p o r t a t i o n  of 
S o u t h e r n  Rhodes i an  t o b a c c o .  H e  a l s o  p o i n t s  
o u t  t h a t  t h e  r a t i o  of d e a t h  r a t e s  from lung  
c a n c e r  f o r  f o u r  c o u n t r i e s  s t u d i e d  showed a 
g e n e r a l  r e l a t i o n s h i p  t o  t h e  amount of 
po lon ium a c t i v i t y  i n h a l e d  f rom c i g a r e t t e s .  

I n h a l e d  o r  I n g e s t e d  Polonium 
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ABSTRACT: The a u t h o r  r e v i e w s  some of t h e  e v i d e n c e  
t h a t  r a d i o a c t i v i t y  p r e s e n t  i n  t o b a c c o  i s  
r e s p o n s i b l e  f o r  mos t  o f  t h e  l u n g  c a n c e r  
o b s e r v e d  i n  man. H e  n o t e s  t h a t  l u n g  c a n c e r  
d e a t h  r a t e s  o v e r  t h e  y e a r s  h a v e  i n c r e a s e d  
s e v e r a l  times more r a p i d l y  t h a n  t h e  p e r  
c a p i t a  consumpt ion  o f  t o b a c c o .  However, t h e r e  
i s  a d i r e c t  c o r r e s p o n d e n c e  be tween  d e a t h  
r a t e s  f rom l u n g  c a n c e r  i n  t h e  U n i t e d  Kingdom 
and i n c r e a s i n g  i m p o r t a t i o n  of Rhodes i an  
t o b a c c o .  Rhodes i an  t o b a c c o  is p a r t i c u l a r l y  
h i g h  i n  a l p h a  a c t i v i t y .  The a u t h o r  a l s o  
d i s c u s s e s  t h e  r e p o r t e d  s m a l l  l u n g  c a n c e r  
d a a t h  r a t e  i n  R u s s i a .  R u s s i a n  grown t o b a c c o  
i s  u s u a l l y  open a i r  d r i e d ,  which p r o d u c e s  a 
t o b a c c o  smoke which is less  a c i d  a n d  
t h e r e f o r e  less l i k e l y  t o  a d s o r b  t h e  more 
v o l a t i l e  s a l t s  of polonium. The a r t i c l e  g o e s  
on t o  c o n s i d e r  t h e  c o n n e c t i o n  be tween  c a n c e r  
i n  man and po lon ium i n  t h e  a t m o s p h e r e  and 
f o a d s t u f f s .  

<45> 
A U T H O R :  Marsden, S i r  E r n e s t ;  C o l l i n s ,  M. A.  
TITLE: A l p h a - P a r t i c l e  A c t i v i t y  and P r e e  R a d i c a l s  

PUB DESC: N a t u r e  198:962-964 
PUB DATE: 1963 
ABSTRACT: The a u t h o r s  comment on  t h e i r  

f rom Tobacco 

r e - e x a m i n a t i o n  o f  f a c t o r s  d e a l t  w i t h  i n  a 
p a p e r  by T u r n e r  a n d  Rad ley  [ L a n c e t ,  1197 
(1960) ] on t h e  r a d i a t i o n  h a z a r d s  o f  c i g a r e t t e  
smoking.  T h e i r  r e su l t s  i n d i c a t e  t h a t  s a m p l e s  
o f  c i g a r e t t e  t o b a c c o  l e a f  h a v e  s e v e r a l  times 
t h e  a l p h a - a c t i v i t y  of t h e  maximum q u o t e d  b y  
T u r n e r  and R a d l e y ,  and t h a t  s e v e r a l  b r a n d s  o f  
c i g a r e t t e s  a r e  much more r a d i o a c t i v e  t h a n  
t h a s e  c i t e d  p r e v i o u s l y .  They d o  n o t  c l a i m  t o  
a d v a n c e  p r o o f  o f  c a r c i n o g e n i c  a c t i o n  of 
r a d i a t i o n  f rom c i g a r e t t e  t o b a c c o ,  b u t  m e r e l y  
p r e s e n t  a c a s e  for  f u r t h e r  e x a m i n a t i o n  of t h e  
q u e s t i o n  by t h o s e  w i t h  t h e  n e c e s s a r y  
f a c i l i t i e s .  P r e e  r a d i c a l s  i n  t o b a c c o  and  
t h e i r  e f f e c t  on l u n g  c a n c e r  h a z a r d  a n d  t h e  
i n h e r e n t  a l p h a - a c t i v i t y  of t o b a c c o  a r e  a l s o  
d i s c u s s e d .  

<46> 
A U T H O R :  M a r t e l l ,  E. A. ' T I T L E :  R a d i o a c t i v i t y  of Tobacco  T r i c h o m e s  and 

I n s o l u b l e  C i g a r e t t e  Smoke P a r t i c l e s  
PUB DESC: N a t u r e  249:215-217 
PUB DATE:  1974 
ABSTRACT: A p o s s i b l e  s e q u e n c e  o f  e v e n t s  t h a t  may 

a c c o u n t  f o r  b r o n c h i a l  c a n c e r  among smoker s  i s  
p r e s e n t e d .  T h e r e  i s  e x p e r i m e n t a l  e v i d e n c e  
t h a t  r a d o n  d a u g h t e r s  i n  a i r  a r e  c o n c e n t r a t e d  
on sub-mic ron  p a r t i c l e s .  T h e s e  p a r t i c l e s  t h e n  
d i f f u s e  t o  t h e  s t i c k y ,  e x u d a t e  c o a t e d  t i p s  o f  
t o b a c c o  t r i c h o m e s  ( h a i r s )  on t h e  l e a f  
s u r f a c e s .  L a t e r ,  d u r i n g  c u r i n g ,  t h e  s t i c k y  
e x u d a t e  p o l y m e r i s e s  t o  e n c a p s u l a t e  t h e  
a e r o s o l s  i n  h i g h l y  i n s o l u b l e  p a r t i c l e s .  
D u r i n g  smok ing ,  t h e s e  h i g h l y  i n s o l u b l e  
p a r t i c l e s  a c c u m u l a t e  i n  t h e  b r o n c h i a l  
e p i t h e l i u m  b i f u r c a t i o n s  of s m o k e r s  and  g i v e  
r i s e  t o  a h i g h  d o s e  i n  a s m a l l  volume o f  
t issue.  

(47) 
AUTHOR:  M a r t e l l ,  E. A. 
TITLE:  Tobacco R a d i o a c t i v i t y  and  C a n c e r  i n  Smokers 
PUE D E S C :  A m .  S c i .  63:404-412 
PUP DATE: 1975 
ABSTRACT: The a u t h o r  b e l i e v e s  t h a t  l u n g  c a n c e r  i n  

s m o k e r s  i s  c a u s e d  a s  a r e s u l t  o f  t h e  
3 e p o s i t i o n  o f  h i g h l y  i n s o l u b l e  
c i g a r e t t e - s m o k e  p a r t i c l e s  o f  v e r y  h i g h  
s p e c i f i c  l e a d - 2 1 0  a c t i v i t y  i n  l o c a l i z e d  a r e a s  
a f  t h e  l u n g .  While  t h e  v a r i o u s  s u s p e c t e d  
c h e m i c a l  c a r c i n o g e n i c  a g e n t s  i n  t o b a c c o  
smoke, a s  well a s  c e r t a i n  c h e m i c a l s  and  

h i  
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<47> CONT. 
f i b r o u s  d u s t s ,  a r e  n o t  t h e  p r i m a r y  c a u s e  of 
l u n g  c a n c e r  i n  c i g a r e t t e  smokers ,  t h e y  may 
p l a y  a s i g n i f i c a n t  r o l e  i n  e n h a n c i n g  tumor  
r i s k s  b y  i n h i b i t i n g  c l e a r a n c e  and mod i fy ing  
t h e  d i s t r i b u t i o n  of i n h a l e d  i n s o l u b l e  
r a d i o a c t i v e  p a r t i c l e s .  S i n c e  s t u d i e s  h a v e  
shown t h a t  r a d i o a c t i v e  p a r t i c l e s  d e p o s i t e d  i n  
pulmonary s p a c e s  a r e  s l o w l y  t r a n s l o c a t e d  t o  
o t h e r  s i t es  i n  t h e  body v i a  b l o o d  and lymph 
c i r c u l a t i o n s ,  t h e  a u t h o r  p o s t u l a t e s  t h a t  
a t h e r o s c l e r o s i s ,  c a n c e r  and  o t h e r  d i s e a s e s  i n  
t h e  a g i n g  p r o c e s s  may b e  t h e  r e s u l t  of 
r a d i a t i o n - i n d u c e d  chromosome changes .  

<4 8> 
AUTHOR: McLaughlin,  M.: S t o p p s ,  G.  J. 
TITLE:  Smoking and Lead 
PUE DESC: Arch. Env i ron .  H e a l t h  26: 131-136 
PUB DATE: 1973 
ABSTRACT: Over 4 ,000 Dupont employees were 

s u b j e c t s  for a l o n g i t u d i n a l  s t u d y  on u r i n e  
and b lood  l e a d  l e v e l s  i n  r e l a t i o n  t o  smoking 
h a b i t s .  A mean u r i n e  l e a d  l e v e l  o f  27.1 u 
g / l i t e r  was f o u n d  f o r  nonsmokers ,  28.6 u 
g / l i t e r  f o r  c i g a r e t t e  smoker s ,  and 29.0 u 
g / l i t e r  f o r  p i p e  and /o r  c i g a r  s m k e r s .  The 
mean b lood  l e a d  l e v e l  o f  t h e  nonsmokers  was 
f o u n d  t o  be  19.1 u g/100 m l ,  w h i l e  t h a t  of  
c i g a r e t t e  s m o k e r s  was 19.9 u g/lOO m l  and  
t h a t  o f  p i p e  a n d  c i g a r  s m o k e r s  was 17.3 u 
g/100 m l .  The d a t a  was s u b m i t t e d  t o  a 
m u l t i p l e  r e g r e s s i o n  a n a l y s i s  t o  d e t e r m i n e  i f  
t h e  d i f f e r e n c e s  i n  g r o u p s  were a s s o c i a t e d  
w i t h  smoking h a b i t s  or a r e f l e c t i o n  of 0th.r  
v a r i a b l e s .  No e v i d e n c e  was found  t h a t  
nonsmokers  had s i g n i f i c a n t l y  d i f f e r e n t  b l o o d  
l e a d  l e v e l s  from smoker s ,  a n d ,  w h i l e  t h e  
i n f l u e n c e  of  smoking on u r i n e  l e a d  l e v e l s  was 
s t a t i s t i c a l l y  s i g n i f i c a n t ,  it was v e r y  s m a l l  
compared w i t h  t h e  t o t a l  v a r i a b i l i t y  of  t h e  
d a t a  and  p r o b a b l y  of no b i o l o g i c a l  
s i g n i f i c a n c e .  The a u t h o r  n o t e s  t h a t  a l l  
f a c t o r s  c o n s i d e r e d  i n  t h e  m u l t i p l e  r e g r e s s i o n  
a n a l y s i s  a c c o u n t  fo r  o n l y  2.5% of t h e  t o t a l .  
v a r i a t i o n  i n  t h e  u r i n e  d a t a  and 10 .7% o f  t h e  
v a r i a t i o n  i n  t h e  b l o o d  d a t a ,  t h u s  i n d i c a t i n g  
t h a t  a l l  t h e  f a c t o r s  s t u d i e d  p l a y  a v e r y  
s m a l l  role a s  a s o u r c e  o f  l e a d  compared t o  
o t h e r  s o u r c e s ,  s u c h  a s  i n g e s t e d  l e a d  f rom 
f o o d  and  wa te r .  

(49) 
AUTHOR: Michelson,  I. 
TITLE: C i g a r e t t e s :  Polonium-21 0 
PUP DESC: S c i e n c e  1 4 3 ~ 9 1 7  
PUB DATE: 1964 
AESTRACT: The a u t h o r  q u e s t i o n s  a n  e a r l i e r  r e p o r t  

by Radfo rd  and Hunt C S c i e n c e  143 ,247  (1964) ] 
which s t a t e d  t h a t  t h e r e  were n o  s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  Po-210 c o n t e n t  of i n h a l e d  
smoke from f i l t e r  a n d  n o n f i l t e r  c i g a r e t t e s .  
R e c a l l i n g  t h a t  t h e i r  d a t a  showed t h a t  f i l t e r  
c i g a r e t t e s  y i e l d  2 8  p e r c e n t  less polonium i n  
t h e  ma ins t r eam smoke t h a n  n o n f i l t e r  
c i g a r e t t e s ,  t h e  a u t h o r  s t a t e s  t h a t  it may b e  
more t h a n  a c o i n c i d e n c e  t h a t  t h e  y i e l d  of  
smoke p a r t i c l e s  from s u c h  c i g a r e t t e s  was 
found  t o  be  i n  a s i m i l a r  r a t i o  by t h e  
Consumers Union. A l though  t h e  28  p e r c e n t  
r e d u c t i o n  found  by B a d f o r d  and Hunt m i g h t  
seem t o o  small t o  show t h e  v a l u e  o f  c i g a r e t t e  
f i l t e r s ,  t h e i r  d a t a  compare o n l y  two f i l t e r  
c i g a r e t t e s  with two n o n f i l t e r  c i g a r e t t e s .  The 
Consumers Union 1961 t es t s  r e v e a l e d  t h a t  some 
k i n g - s i z e  f i l t e r  c i g a r e t t e s  y i e l d  a s  much a s  
70 p e r c e n t  l e s s  t a r s  t h a n  o t h e r  b r a n d s ,  and 
o n e  c i q a r e t t e  seems t o  a f f o r d  a r e d u c t i o n  o f  
85 p e r c e n t .  I f  t h e  polonium-210 y i e l d s  a r e  
s i m i l a r l y  r e d u c e d ,  o n e  migh t  c o n c h a e  t h a t  
c i g a r e t t e  f i l t e r s  c a n  e f f e c t  a s i g n i f i c a n t  
r e d u c t i o n  i n  h a z a r d .  

<SO> 
AUTHOR:  Mogro-Campero, A.: F l e i s c h e r ,  R.L. 
TITLE:  Upper L i m i t s  of A l p h a - R a d i o a c t i v i t y  Per  

P a r t i c l e  o f  C i g a r e t t e  Smoke 
PUB DESC: H e a l t h  Phys., 32 (1) : 39-40 
PUB DATE: 1977 
ABSTRACT: Measurements  of t h e  a l p h a - a c t i v i t y  p e r  

p a r t i c l e  of t o b a c c o  smoke, which a r e  
n e z e s s a r y  i n  e v a l u a t i n g  t h e  l i k e l i h o o d  of 
r a d i a t i o n  i n d u c e d  c a n c e r  from c i g a r e t t e  
smok ing ,  a r e  r e p o r t e d .  The r e s u l t s  shown o n  
a u t o r a d i o g r a p h s  i m p l y  t h a t  e a c h  r a d i o a c t i v e  
smoke p a r t i c l e  must c o n t a i n  less t h a n  2.OE-6 
p 2 i  of Po-210 o r  1.OE-5 pCi of Pb-210. From 
t h i s  i t  would a p p e a r  t h a t  a t  most  a few 
t o b a c c o  t r i c h o m e s  c a n  b e  i n c o r p o r a t e d  i n t o  
one r a d i o a c t i v e  smoke p a r t i c l e .  

<51> 
AUTHOR:  P u r k a y o s t h a ,  B.C.: B h a t t a c h a r y y a ,  D.K. 
T I T L E :  E s t i m a t i o n  of  Rare  a n d  R a d i o a c t i v e  

C o n s t i t u e n t s  i n  Samples  of I n d i a n  Tobacco  
w i t h  t h e  Aid of  Low-Level B e t a  C o u n t e r  

PUP DESC: J. R a d i o a n a l .  Chem. 27:345-351 
PUB DATE: 1975 
ABSTRBCT: T h i s  s t u d y  of  t h e  N i c o t i a n a  r u s t i c a  

v a r i e t y  of t o b a c c o  from North Benga l  r e v e a l e d  
t h a t  t h e  r e s p e c t i v e  amounts  o f  r a d i o a c t i v e  
n u c l e i  K-40, Y-90 and r a r e  e a r t h  a c t i v i t y  a s  
w e l l  a s  Pb-210 were found  t o  be  4.04, 2.42, 
4.52, and 0.052 p c i / g  o f  c u r e d  l e a v e s .  I n  
a n o t h e r  i n v e s t i g a t i o n  w i t h  N i c o t i a n a  t abaccum 
v a r i e t y  f rom Rajahmundri ,  Andhra P r a d e s h ,  
c o n t e n t s  o f  K-40, Sr-90,  Y-90 and r a r e  e a r t h  
a c t i v i t y ,  and Pb-210 were  o b s e r v e d  t o  b e  
4.36, 1.02, 3.44 and 0.20 pCi/g o f  c u r e d  
l e a v e s ,  r e s p e c t i v e l y .  R e s u l t s  i n d i c a t e  t h a t  
t h e  amount o f  polonium which i s  p resumab ly  i n  
e q u i l i b r i u m  w i t h  RaD i n  t h e s e  two v a r i e t i e s  
of  I n d i a n  t o b a c c o  l e a v e s  is v e r y  small. 
D e t a i l e d  s t u d i e s  on d i f f e r e n t  v a r i e t i e s  of 
I n d i a n  t o b a c c o  a r e  i n  p r o g r e s s .  

< 52) 
AUTHOR: R a d f o r d ,  Jr., E.P. 
TITLE: Polonium-210 Alpha R a d i a t i o n  a s  a Cance r  

PUB DESC: P r e s e n t e d  a t  t h e  5 t h  I n t e r n a t i o n a l  
I n i t i a t o r  i n  Tobacco Smoke 

C o n g r e s s  of R a d i a t i o n  R e s e a r c h ,  J u l y  14-20, 
1974 ,  S e a t t l e ,  Wash. 

d a u g h t e r s  h a s  been f i r m l y  e s t a b l i s h e d  a s  
i n c r e a s i n g  t h e  r i s k  of b r o n c h i a l  c a n c e r  among 
u n d e r g r o u n d  miners .  Polonium-210 a n d  l ead -210  
a c e  f o u n d  i n  t o b a c c o  smoke, and  i n c r e a s e d  
po lon ium a c t i v i t y  i s  found  i n  b r o n c h i a l  
t i ssues  o f  smokers. T h e r e f o r e  po lon ium a l p h a  
r a l i a t i o n  may be a s i g n i f i c a n t  i n i t i a t o r  i n  
c i g a r e t t e -  i n d  uced b r o n c h i a l  c a n c e r .  
Q u a n t i t a t i v e  a s s e s s m e n t  of i t s  i m p o r t a n c e  a s  
a n  i n i t i a t o r  d e p e n d s  on compar ing  t h e  
c u m u l a t i v e  r a d  d o s e  t o  t h e  b r o n c h i a l  
e p i t h e l i u m  of smoker s  t o  d o s e - r e s p o n s e  d a t a  
i n  mine r s .  T h i s  compar i son  d e p e n d s  l a r g e l y  3n  
w h e t h e r  l o c a l  8vhot-sp?t8t d o s e s  a r e  c o m p a r a b l e  
t o  t h e  d i f f u s e  b r o n c h i a l  d o s e  r e c e i v e d  by 
mine r s .  The a u t h o r  s t a t e s  t h a t  po lon ium d e c a y  
a s  a n  i n i t i a t o r  a c c o u n t s  f o r  a s u b s t a n t i a l  
f r a c t i o n ,  i f  not a l l ,  o f  c i g a r e t t e - i n d u c e d  
l u n g  c a n c e r s  i n  males .  He a l s o  d i s c u s s e s  t h e  
r o l e  o f  o t h e r  smoke c o n s t i t u e n t s  o r  v i r u s e s  
i n  l u n g  c a n c e r  p r o d u c t i o n ,  and  t h e  o b s e r v e d  
c e l l  t y p e s  of b r o n c h i a l  c a n c e r  i n  smoker s  and  
m i n e r s .  

PUB DATE: 1974 
ABSTRACT: E x p o s u r e  t o  a l p h a - e m i t t i n g  r a d o n  

< 53) 
AUTHOR:  R a d f o r d ,  Jr., E.P.: Hunt ,  V.R.: L i t t l e ,  

TITLE:  Polonium-210 i n  C i g a r e t t e  Smokers  
PUB DESC: S c i e n c e  146:87 

J . P .  



<53> 
14 

<53> CONT. 
PUJE DATE: 1964 
ABSTRACT: I n  r e p l y  t o  an a r t i c l e  by S k r a b l e ,  

Haughey, a n d  A l e x a n d e r  [ S c i e n c e  
146,87(1964)  3 ,  t h e  a u t h o r s  s t a t e  t h a t  t h e  
b r o n c h i a l  e p i t h e l i u m  is  t h e  c r i t i c a l  o r g a n  
f o r  i n h a l e d  i n s o l u b l e  a e r o s o l s  c o n t a i n i n g  
a l p h a - e m i t t e r s ,  a f a c t  which t h e y  f e e l  t h e  
I n t e r n a t i o n a l  Committee on R a d i a t i o n  
P r o t e c t i o n  (ICEP) h a s  n o t  a d e q u a t e l y  
c o n s i d e r e d  i n  s e t t i n g  t h e  maximum p e r m i s s i b l e  
c o n c e n t r a t i o n  of  t h e  r e l a t i v e l y  l o n g - l i v e d  
a l p h a - e m i t t i n g  e l e m e n t s .  They d o  n o t  f e e l  
t h a t  t h e  ICBP model fo r  c a l c u l a t i n g  minimum 
c r i t i c a l  d o s e  for  i n h a l e d  Po-210 a p p l i e s  t o  
c i g a r e t t e  smoke b e c a u s e  c i g a r e t t e  smoke 
p a r t i c l e s  a r e  n e a r l y  a l l  s m a l l e r  t h a n  0.4 
micron. F u r t h e r m o r e ,  t h e  a u t h o r s  d e f e n d  t h e i r  
a s s u m p t i o n  t h a t  a l l  of t h e  smoke d e p o s i t e d  i s  
i n i t i a l l y  on t h e  a l v e o l a r  s u r f a c e  on t h e  
b a s i s  t h a t  t h e  s u r f a c e  a r e a  of t h e  a l v e o l i  o f  
a no rma l  a d u l t  is 100  times g r e a t e r  t h a n  t h e  
s u r f a c e  a r e a  o f  t h e  c i l i a t e d  b r o n c h i .  The 
a u t h o r s  m a i n t a i n  t h a t  t h e i r  e s t i m a t e d  d o s e  o f  
36 rem a r i s i n g  f rom a l l  Po-210 d e p o s i t e d  i n  
t h e  l u n g s  and  c l e a r e d  v i a  t h e  b r o n c h i a l  t r e e  
may be t o o  h i g h  o r  t o o  low f o r  many r e a s o n s  
o t h e r  t h a n  t h e  q u e s t i o n  of  i n i t i a l  d e p o s i t i o n  
r a i s e d  by S k r a b l e  e t  a l .  They s t i l l  b e l i e v e  
t h a t  t h e i r  " m i n i m u m  d o s e "  e s t i m a t e s  a r e  
c o n s e r v a t i v e  fo r  po lon ium c a r r i e d  o u t  i n  t h e  
mucus s h e e t  and  t h a t  t h e  " i n - t r a n s i t  dose"  is 
of  minor  s i g n i f i c a n c e  compared t o  t h e  d o s e  
from polonium a b s o r b e d  i n  t h e  e p i t h e l i u m .  
While  t h e  ICRP model f o r  i n s o l u b l e  p a r t i c l e s  
is  b a s e d  on t h e  a s s u m p t i o n  t h a t  1 2  1/2 
p e r c e n t  o f  i n h a l e d  p a r t i c l e s  a r e  c l e a r e d  f r o m  
t h e  l u n g s  d i r e c t l y  i n t o  t h e  b l o o d ,  t h e  
a u t h o r s  c o n c l u d e  t h a t  less t h a n  5 p e r c e n t  o f  
d e p o s i t e d  po lon ium is c l e a r e d  d i r e c t l y  i n t o  
t h e  blood.  T h e i r  measu remen t s  i n  l u n g  
parenchyma of s m o k e r s  s u p p o r t  t h e  c o n c l u s i o n  
t h a t  most Po-210 is c l e a r e d  b y  way of t h e  
b r o n c h i  i n  a r e l a t i v e l y  s h o r t  h a l f - l i f e  of  a 
few days.  
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c o n c e n t r a t i o n  of polonium-210 i n  c i g a r e t t e s  
and  c i g a r e t t e  smoke. C i g a r e t t e s  were p u f f e d  
a r t i f i c i a l l y  i n  a manner s i m u l a t i n g  c i g a r e t t e  
smoking by human s u b j e c t s ,  and polonium 
c o n c e n t r a t i o n s  were d e t e r m i n e d  f o r  whole 
c i g a r e t t e s ,  a s h ,  b u t t ,  t o t a l  smoke, 
ma ins t r eam smoke, a n d  s i d e s t r e a m  smoke. The 
a u t h o r s  e s t i m a t e d  t h a t  t h e  minimum r a d i a t i o n  
d o s e  f o r  an i n d i v i d u a l  smoking two p a c k s  o f  
c i g a r e t t e s  a d a y  f o r  25 y e a r s  would be a b o u t  
36 rem. Doses t o  t h e  b r o n c h i a l  e p i t h e l i a l  
w a l l  from l o c a l i z e d  c o n c e n t r a t i o n s  of 
polonium wers e s t i m a t e d  t o  be 125 rem i n  25 
y e a r s .  Us ing  d o s e  r e s p o n s e  r e l a t i o n s h i p s  t o  
c a l c u l a t e  t h e  l u n g  c a n c e r  d e a t h  r a t e  i n  
m i n e r s  exposed t o  r a d o n  d a u g h t e r s ,  t h e  
r a d i a t i o n  d o s e  n e c e s s a r y  t o  a c c o u n t  f o r  t h e  
l u n g  c a n c e r  d e a t h  r a t e  i n  ma les  smoking 40 
c i g a r e t t e s  a d a y  o r  more was e s t i m a t e d  t o  be  
1300 rem o v e r  a 2 5  y e a r  p e r i o d .  The a u t h o r s  
c o n c l u d e  t h a t  w h i l e  polonium-21 0 i n h a l e d  i n  
c i g a r e t t e  smoke may a c t  a s  an i m p o r t a n t  
i n i t i a t o r  i n  t h e  p r o d u c t i o n  of b r o n c h o g e n i c  
c a  rc inoma,  o t h e r  c h e m i c a l  and  p h y s i o l o g i c a l  
f a c t o r s  p r o b a b l y  p l a y  a n  i m p o r t a n t  p a r t  i n  
t h e  g e n e s i s  of b r o n c h i a l  c a n c e r  i n  smokers .  
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3 f  R e s i d e n c e  T i m e s  o f  I n s o l u b l e  P a r t i c l e s  
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c a l c u l a t e  t h e  mean r e s i d e n c e  time of 
i n s o l u b l e  p a r t i c l e s  i n  t h e  l u n g .  The  method 
d e p e n d s  on measurement  o f  t h e  r a t i o  o f  
polonium-210 a c t i v i t y  t o  l ead -210  a c t i v i t y  i n  
t h e  l u n g s  o f  c i g a r e t t e  s m o k e r s ,  t h e  b u i l a u p  
of po lon ium d a u g h t e r s  b e i n g  t h e  measu re  o f  
t i m e  s i n c e  t h e  p a r t i c l e  was i n h a l e d .  
A s s u m p t i o n s  made b y  t h e  a u t h o r s  a r e  t h a t  (1) 
i n s o l u b l e  p a r t i c l e s  i n  c i g a r e t t e  smoke 
c o n t a i n i n g  l ead -210  a r e  s t r i p p e d  of 
polonium-210 a t  t h e  time o f  smoking:  (2)  a s  
l e a d - 2 1 0  d e c a y s  i n  t h e  body a f t e r  i n h a l a t i o n ,  
t h e  d a u g h t e r s  r e m a i n  l o c a l i z e d :  (3) t h e  
polonium-210 i n h a l e d  b y  smoker s  i n  a v o l a t i l e  
fo rm d o e s  n o t  r ema in  i n  t h e  pu lmonary  or  
b r 3 n c h i a l  t i s s u e s :  (4) s o l u b l e  l ead -210  w i l l  
n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  a c t i v i t y  i n  
b r o n c h i a l  t i s s u e s .  A mean r e s i d e n c e  time o f  
i n s o l u b l e  p a r t i c l e s  i n  t h e  b r o n c h i a l  
e p i t h e l i u m  of smoker s  of 3-5 months was found .  
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a s s e s s e d  i n  s e v e r a l  b r a n d s  of c i g a r e t t e s ,  and  
t h e  Po-210 c o n t e n t  was measured i n  d i f f e r e n t  
p a r t s  of t h e  l u n g  of c i q a r e t t e  s m o k e r s  and 
nonsmokers .  On t h e  a v e r a g e ,  10 p e r c e n t  of 
Po-210 p r e s e n t  i n  o n e  c i g a r e t t e  was d e t e c t e d  
i n  t h e  main s t r e a m  smoke, 1 5  p e r c e n t  i n  t h e  
c i g a r e t t e - a s h ,  and 35 p e r c e n t  i n  t h e  b u t t .  
For f i l t e r  c i g a r e t t e s ,  t h e  maximum Po-210 
a c t i v i t y  d e t e c t e d  i n  t h e  f i l t e r  was 5 
p e r c e n t ,  i n d i c a t i n g  t h a t  a f i l t e r  h a s  no  
n o t i c e a b l e  p r o t e c t i v e  effect  a g a i n s t  po lon ium 
i n h a l a t i o n .  A d a i l y  Po-210 i n h a l a t i o n  r a t e  o f  
2 p C i  was c a l c u l a t e d  fo r  a n  i n d i v i d u a l  
smok ing  20 c i g a r e t t e s  a day. a s  compared t o  
t h e  e s t i m a t e d  r a t e  of 0.02 pCi p e r  d a y  due t o  
i n h a l a t i o n  of Po-210 i n  t h e  open  a i r  
c a l c u l a t e d  i n  a p r e v i o u s  s t u d y .  The l u n g  
t i s s u e  d i s s e c t e d  f rom h e a v y  s m o k e r s  was shown 
t o  c o n t a i n  t h r e e  t o  f o u r  times t h e  Po-210 
a c t i v i t y  f o u n d  i n  t h e  l u n g s  of nonsmoker s ,  
and t h e  s p e c i f i c  a c t i v i t y  of t h e  e p i t h e l i u m  
was a b o u t  t e n  times t h e  v a l u e  a s s e s s e d  i n  t h e  
r e m a i n i n g  l u n g  t i s s u e .  The a l p h a  d o s e - r a t e  i n  
t h e  b r o n c h i a l  e p i t h e l i u m  was d e t e r m i n e d  t o  b e  
41 mrem p e r  y e a r  for  t h e  b a s a l  c e l l  l a y e r  of 
t h e  s u b s e g m e n t a l  b r o n c h i  and  7 9  mrem p e r  y e a r  
f o r  t h e  t e r m i n a l  b r o n c h i ,  s m a l l  v a l u e s  a s  
compared t o  t h e  1-2 rem p e r  y e a r  o r i g i n a t i n g  
from t h e  d e c a y  of n a t u r a l l y  o c c u r r i n g  r a d o n  
and t h o r o n .  T h i s  would seem t o  show t h a t  
c a r c i n o g e n e s i s  c a u s e d  by t h e  i n h a l a t i o n  of  
Po-210 w i t h  t o b a c c o  smoke i s  u n l i k e l y .  
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s t u d y  t o  d e t e r m i n e  t h e  i n t r a b r o n c h i a l  
d i s t r i b u t i o n  p a t t e r n  o f  d e p o s i t e d  a e r o s o l s  
and  t h e  f r a c t i o n a l  d e p o s i t i o n  e f f i c i e n c i e s  a t  
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v a r i o u s  b r a n c h i n g  l e v e l s  w i t h i n  t h e  
t r a c h e o b r o n c h i a l  tree. A l s o  s t u d i e d  was t h e  
d e p o s i t i o n  of powder a e r o s o l s  used f o r  
i n h a l a t i o n  b ronchography .  T h i s  t e s t  series 
s t r e n g t h e n s  t h e  a s s o c i a t i o n  b e t  ween l o c a l i z e d  
r e g i o n s  of  s e l e c t i v e  d e p o s i t i o n  and p r i m a r y  
c a n c e r  s i t e s .  
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H u n t ' s  [ S c i e n c e  143,247 (1964) ] a s s u m p t i o n s  
and m a t h e m a t i c a l  model  and t h o s e  of t h e  
I n t e r n a t i o n a l  C o u n c i l  f o r  R a d i a t i o n  
P r o t e c t i o n  (ICRP) f o r  c a l c u l a t i n g  minimum 
c r i t i c a l  d o s e  from i n h a l e d  Po-210 c o n t a i n e d  
on p a r t i c l e s  o f  c i g a r e t t e  smoke. They p o i n t  
o u t  t h a t  Badfo rd  and Hunt 's  minimum d o s e  
e s t i m a t e  of 3 6  rem t o  t h e  b r o n c h i a l  
e p i t h e l i u m  f a r  e x c e e d s  t h e  d o s e  of 1.1 rem t o  
t h e  e n t i r e  l u n g  a s  c a l c u l a t e d  from t h e i r  d a t a  
and  t h e  r ecommenda t ions  of  t h e  ICRP. I n  
Radfo rd  and H u n t ' s  c a l c u l a t i o n  t h e  b r o n c h i a l  
e p i t h e l i u m  is c o n s i d e r e d  a s i n g l e  u n i f o r m  
s h e e t  o v e r  which a l l  t h e  Po-210 a e p o s i t e d  i n  
t h e  a l v e o l i  p a s s e s  w i t h  a mean r e s i d e n c e  t i m e  
of 3 6  h o u r s ;  b u t  some p o r t i o n s  of t h e  
b r o n c h i a l  e p i t h e l i u m  would i n  f a c t  r e c e i v e  
o n l y  t h a t  Po-210 o r i g i n a t i n g  f rom a l v e o l i  
c o n n e c t e d  t o  them. The I.C.R.P. a s sumes  t h a t  
o n l y  12 1/2 p e r c e n t  o f  t h e  t o t a l  number o f  
p a r t i c l e s  i n h a l e d  a r e  removed i n  a s h o r t  
p e r i o d  of  t i m e ,  i n d i c a t i n g  t h a t  Radfo rd  and 
H u n t ' s  dose  e s t i m a t e  t o  t h e  b r o n c h i a l  
e p i t h e l i u m  might  be t o o  h i g h  b y  a f a c t o r  of 
8. Radfo rd  and Hun t ' s  a s s u m p t i o n s  t e n d  t o  
o v e r e s t i m a t e  t h e  t o t a l  q u a n t i t y  o f  Po-210 
p a s s i n g  o v e r  t h e  b r o n c h i a l  e p i t h e l i u m ,  and 
h e n c e  t o  o v e r e s t i m a t e  t h e  dose.  The a u t h o r s  
c o n c l u d e  t h a t ,  i n  r e a l i t y ,  p r o b a b l y  n e i t h e r  
Radfo rd  and H u n t ' s  model and  a s s u m p t i o n s  n o r  
t h o s e  o f  t h e  ICRP a c t u a l l y  d e s c r i b e  t h e  
s i t u a t i o n  i n  t h e  l u n g .  

A lexande r ,  E. L. 

<59> 
AUTHOR:  Smi th ,  D. fi.; Anderson,  E.C. : P r i n e ,  J .R . :  

H o l l a n d ,  L. M. ; Richmond, C. R. 
TITLE: B i o l o g i c a l  Effect  of  F o c a l  Alpha R a d i a t i o n  

on t h e  Hamster  Lung 
PUB DESC: Proc.  o f  t h e  Symposium on B i o l o g i c a l  

E f f e c t s  of LOW L e v e l  R a d i a t i o n  P e r t i n e n t  t o  
P r o t e c t i o n  of Man and  H i s  Env i ronmen t ,  
Ch icago ,  I L .  Nov 3-7 

c e r a m i c  m i c r o s p h e r e s ,  c o n t a i n i n g  v a r y i n g  
amounts  of Pu-210 d i o x i d e  or  Pu-23R d i o x i l s  
were i n j e c t e d  i n t o  t h e  j u g u l a r  v e i n  o f  
h a m s t e r s .  These b i o l o g i c a l l y  i n e r t  
m i c r o s p h e r e s  l o d g e d  s u b s e q u e n t l y  i n  pu lmonary  
c a p i l l a r i e s .  N O  c o n s i s t e n t  a l t e r a t i o n  of  
l i f e s p a n s  p o s t - e x p o s u r e  was s e e n  i n  t h e  
e x p e r i m e n t a l  h a m s t e r s  compared with c o n t r o l s .  
Pulmonary t issue r e s p o n s e s  were min ima l ,  w i t h  
o n l y  0.5% o f  t h e  i n j e c t e d  a n i m a l s  u l t i m a t e l y  
d e v e l o p i n g  p r i m a r y  t u m o r s  of t h e  lung .  
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smoke t a g g e d  w i t h  Po-210, and s a c r i f i c e d  a t  
v a r i o u s  t i m e  i n t e r v a l s  f o l l o w i n g  exposure .  

A u t o r a d i o g r a p h s  were made from s e c t i o n s  of 
t h e  a n i m a l s ,  and i t  was found  t h a t  t h e  
h i g h e s t  d e p o s i t i o n  of Po-210 was i n  t h e  n a s a l  
c a v i t i e s ,  t r a c h e a  and b r o n c h i ,  t h e  l u n g s ,  and  
i n  t h e  s tomach.  T h i s  l a t t e r  was p r o b a b l y  due  
t o  t h e  l i c k i n g  of  smoke from t h e  f u r .  Up take  
of Po-210 i n t o  t h e  i n t e s t i n a l  t r a c t ,  l i v e r  
and  k i d n e y s  was n o t i c e d .  A s l i g h t  u p t a k e  i n  
t h e  v e r t e b r a e  was e v i d e n t .  The d i s t r i b u t i o n  
t h r o u g h o u t  t h e  l u n g  was n o t  homogeneous,  w i t h  
t i s s u e  d e s t r u c t i o n  o c c u r r i n g  i n  t h e  a r e a s  o f  
h i g h  c o n c e n t r a t i o n s  of Po-210. An e a r l i e r  
e x p e r i m e n t  where mice were g i v e n  i n t r a v e n o u s  
i n j e c t i o n s  of Po-210 r e s u l t e d  i n  a un i fo rm 
d i s t r i b u t i o n  o f  Po-210 i n  t h e  l u n g s .  

<61> 
A U T H D R :  T o l a ,  S.: Nordman, C.H. 
T I T L E :  Smoking and  Blood Lead  C o n c e n t r a t i o n s  i n  

Lead Exposed a n d  Onexpose3 P o p u l a t i o n s  
PUB DESC: E n v i r o n .  Res. 13:250-255 
PUB DATE:  1977 
ABSTRACT: Blood l e a d  (Pb-B) c o n c e n t r a t i o n s  were 

me3sured and t h e  smoking h i s t o r y  was t a k e n  
from 355 men r e p r e s e n t i n g  t h e  g e n e r a l  
p o p u l a t i o n  and 2209 men o c c u p a t i o n a l l y  
e x p o s e d  t o  l e a d  i n  a s t u d y  o f  t h e  a s s o c i a t i o n  
be tween  smok ing  and Pb-B c o n c e n t r a t i o n s  of  
men w i t h  d i f f e r e n t  d e g r e e s  o f  o c c u p a t i o n a l  
l e a d  e x p o s u r e .  No a s s o c i a t i o n  be tween  smok ing  
and Pb-B c o u l d  be d e m o n s t r a t e d  i n  men from 
t h e  g e n e r a l  p o p u l a t i o n ,  b u t  a d o s e  r e s p o n s e  
r e l a t i o n a h i p  was found  between t h e  amount o f  
s m a k i n g  and  t h e  Pb-B o f  men o c c u p a t i o n a l l y  
exposed  t o  l e a d .  The smoker s  i n  t h i s  group 
had s i g n i f i c a n t l y  h i g h e r  Pb-B l e v e l s  t h a n  
nonsmokers .  The r e s u l t s  o f  t h i s  s t u d y  c a n  
p r o b a b l y  b e  a t t r i b u t e d  t o  t h e  c o n t a m i n a t i o n  
of f i n g e r s  a n d  c i g a r e t t e s  i n  t h e  l e a d  exposed  
w o r k p l a c e s  r a t h e r  t h a n  t o  t h e  s m a l l  amount o f  
l e a d  c o n t a i n e d  i n  t h e  c i g a r e t t e s .  Moreover ,  
t h e  e f f e c t  o f  smoking on l e a d  a b s o r p t i o n  i n  
w o r k e r s  e x p o s e d  t o  l e a d  may be  p a r t i a l l y  
e x p l a i n e d  by a n  impa i rmen t  o f  t h e  l u n g  
d e f e n s e  mechanisms due t o  d e p r e s s e d  c i l i a r y  
a c t i v i t y .  

<62> 
A U T H D R :  Tso, T.C.: P e r r i ,  E.S.; B a r a t t a ,  E.J. 
T I T L E :  Agronomic F a c t o r s  A f f e c t i n g  Polonium-21 0 

and Lead-210 L e v e l s  i n  Tobacco. 11. Varieties 
and C u r i n g  Nethods 

PUB DESC: Agron. J. 60:650-652 
PUB DATE: 1968 
ABSTFACT: Tobacco  p l a n t s  a c c u m u l a t e  Pb-210 and 

Po-210 a t  h i g h e r  l e v e l s  t h a n  t h a t  found  i n  
t h e  s o i l .  V i g o r o u s  young s e e d l i n g s  a c c u m u l a t e  
more Pb-210 and  Po-210 t h a n  s l o w e r  g rowing  
s e e d l i n g s .  A t  l a t e r  s t a g e s  o f  deve lopmen t ,  
f a s t e r - g r o w i n g  and h i g h e r - y i e l d i n g  v a r i e t i e s  
were shown t o  have a h i g h e r  d i l u t i o n  f a c t o r  
f o r  t h e  r a d i o e l e m e n t s .  Tobacco s e e d  was shown 
t o  t a k e  up less Pb-210 and Po-210 t h a n  t h e  
l e* f ,  w i t h  a p r e f e r e n t i a l  a c c u m u l a t i o n  of  
l e a d  o v e r  polonium s u g g e s t e d .  D i f f e r e n t  
c u r i n g  me thods  were s t u d i e d  t o  f i n d  o u t  i f  
t h e y  would c o n t r i b u t e  s i g n i f i c a n t  l e v e l s  o f  
Po-210 or  Pb-210 t o  t h e  t o b a c c o  l e a v e s ,  and  
i t  was found  t h e y  would n o t .  

<63> 
AUTH3R: TSO, T.C.: F i s e n n e ,  I. 
T I T L E :  T r a n s l o c a t i o n  and  D i s t r i b u t i o n  o f  Lead-210 

PUB DES:: R a d i a t .  Bot. 8:457-462 
PUB D A T E :  1968 
ABSTRAZF: Lead-210 and polonium-210 were s u p p l i e d  

t o  t o b a c c o  p l a n t s  ( N i c o t i a n a  t abacum L. cv.  
m a r y l a n d  c a t t e r t o n )  f rom s o i l ,  stem, and l e a f  
s u r f a c e  t o  s t u d y  t h e  p a t t e r n s  o f  
t r a n s l o c a t i o n  and d i s t r i b u t i o n  o f  t h e s e  
e l e m e n t s .  T e s t  p l a n t s  t o o k  up Po-210 and 

and Polonium-210 S u p p l i e d  t o  Tobacco Leaves  
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Pb-210 from r o o t s  o r  stems and t h e  e l e m e n t s  
were d i s t r i b u t e d  t o  v a r i o u s  t issues.  Direct 
a b s o r p t i o n  of  Po-210 is t h e r e f o r e  c o n s i d e r d d  
a m a j o r  s o u r c e  of Po-210 s u p p l y ,  i n  a d d i t i o n  
t o  t h a t  f rom i n g r o w t h  o f  Pb-210 i n  l e a f  
t o b a c c o .  Only 2% of t h e  Pb-210 and 6% o f  t h e  
Po-210 was t a k e n  up from t h e  s o i l  i n t o  t h e  
l e a v e s  and  s tems.  When t h e  r a d i o n u c l i d e s  were 
a p p l i e d  t h r o u g h  t h e  stems, it was found t h a t  
Po-210 and Pb-210 a c c u m u l a t e d  i n  t h e  l e a v e s  
i n  d i f f e r e n t  manners.  A h i g h e r  c o n c e n t r a t i o n  
of  Pb-210 a c c u m u l a t e d  i n  younger  u p p e r  l e a v e s  
t h a n  i n  o l d e r  lower l e a v e s ,  w h i l e  a h i g h e r  
c o n c e n t r a t i o n  of Po-210 accumula t  ed i n  o l d e r  
lower l e a v e s  t h a n  i n  younger  u p p e r  l e a v e s .  
When t h e  two e l e m e n t s  were a p p l i e d  t o  t h e  
l e a f  s u r f a c e ,  l i t t l e  t r a n s l o c a t i o n  o r  
r e d i s t r i b u t i o n  of Pb-210 was found from one 
l e a f  a r e a  t o  t h e  o t h e r  l e a f  a r e a s ,  b u t  a v z r y  
s m a l l  p o r t i o n  of Po-210 a p p l i e d  on younger  
u p p e r  l e a v e s  t r a n s f e r r e d  t o  o l d e r  l o w e r  
l e a v e s .  Po-210 a p p l i e d  on  o l d e r  l o w e r  l e a v e s ,  
however ,  r e m a i n e d  where p l a c e d .  

<64> 
A U T H O R :  Tso,  T.C.; B a l l d e n ,  N.A.: A lexande r ,  L.T. 
TITLE:  Radium-226 and Polonium-210 i n  Leaf 

Tobacco and Tobacco  S o i l  
PUE DESC: S c i e n c e  146: 1043-10US 
PUE DATE: 1964 
AESTRACT: The n a t u r a l  r a d i o a c t i v i t y  i n  d i f f e r e n t  

t y p e s  o f  l e a f  t o b a c c o  a n d  t o b a c c o  s o i l  was 
examined i n  a n  a t t e m p t  t o  measure t h e  Po-210 
c o n t e n t  of  t o b a c c o  a n d  e s t a b l i s h  i ts  o r i g i n .  
The radium-226 and  polonium-210 c o n t e n t s  i n  
t o b a c c o  and  s o i l  v a r y  w i t h  t h e  s o u r c e ,  w i t h  
t h e  d i f f e r e n c e s  seeming  t o  r e s u l t  from 
p r o d u c t i o n  l o c a l i t y ,  c u l t u r e ,  and method of 
c u r i n g .  F e r t i l i z e r  added  t o  t h e  s o i l  may 
c o n t r i b u t e  t 3  t h e  h i g h  Ra-226 c o n t e n t  of  some 
s o i l s .  Polonium-210 i n  t o b a c c o  p l a n t s  i s  
d e r i v e d  from e i t h e r  t h e  s o i l  o r  t h e  a i r .  I t  
may be  t a k e n  up d i r e c t l y  from t h e  s o i l  o r  
r e s u l t  from t h e  r a d i o a c t i v e  decay o f  l e a d - 2 1 0  
o r  radium-226 t a k e n  up from t h e  s o i l .  I t  may 
a l s o  r e s u l t  f rom r a d i o a c t i v e  d e c a y  of t h e  
d a u g h t e r s  of r adon-222  d e p o s i t e d  on  t h e  
l e a v e s .  

<65> 
A U T H O R :  Tso, T.C.; H a r l e y ,  N.: Alexander ,  L.T. 
TITLE:  S o u r c e s  o f  Lead-210 and Polonium-210 i n  

Tobacco  
PUB DESC: S c i e n c e  153:880-882 
PUE DATE: 1966 
ABSTRACT: I n  e x p e r i m e n t s  c o n d u c t e d  t o  d e t e r m i n e  

t h e  s o u r c e  of Pb-210 and Po-210 i n  t o b a c c o ,  
t o b a c c o  p l a n t s  were grown i n  a n  a t m o s p h e r e  
e n r i c h e d  wi th  Rn-222 g a s ,  i n  a f i e l d  w i t h  
d i f f e r e n t  s o u r c e s  of p h o s p h a t e - c o n t a i n i n g  
f e r t i l i z e r ,  a n d  i n  a n u t r i e n t  s o l u t i o n  
c o n t a i n i n g  Pb-210 as l e a d  n i t r a t e  i n  
e q u i l i b r i u m  w i t h  Po-210. R e s u l t s  i n d i c a t e  
t h a t  a t m o s p h e r i c  Rn-222 is no t  a m a j o r  s o u r c e  
of Po-210 i n  t o b a c c o .  The a d d i t i o n  of 
p h o s p h a t e  f e r t i l i z e r ,  however,  r e s u l t e d  i n  a n  
a p p a r e n t  i n c r e a s e  i n  t h e  a c t i v i t y  of  Po-210 
i n  s o i l  and i n  t h e  t o b a c c o .  P l a n t s  grown i n  a 
n u t r i e n t  s o l u t i o n  w i t h  l ead -210  n i t r a t e  i n  
e q u i l i b r i u m  w i t h  Po-210 a d s o r b e d  and 
t r a n s l o c a t e d  Pb-210 and Po-210 from s o l u t i o n  
c u l t u r e s .  The a u t h o r s  c o n c l u d e  t h a t  t h e  
p r i n c i p l e  source of Pb-210, and  t h u s  of  
Po-210, i n  t o b a c c o  i s  its a d s o r p t o n  f rom t h e  
s o i l  by t h e  p l a n t  r o o t s .  However, o t h e r  
f a c t o r s ,  s u c h  a s  t h e  method of c u r i n g  and  t h e  
s t a g e  of l e a f  deve lopmen t .  may a l s o  
c o n t r i b u t e  t o  t h e  f i n a l  c o n c e n t r a t i o n  o f  
Po-210 i n  t o b a c c o .  

<66> 
AUTHOR:  TSO, T.C.: S t e f f e n s ,  G.L.: F e r r i ,  E.S.; 

E a r a t t a ,  E . J .  
TITLE: Agronomic F a c t o r s  A f f e c t i n g  Polonium-210 

and Lead-210 L e v e l s  i n  Tobacco.  I. S o i l  and  
F e r t i l i z e r  

PUB DESC: Agron. J. 60:647-649 
PUB DATE:  1968 
ABSTRACT: E x a m i n a t i o n  o f  s o i l  s a m p l e s  f rom an 

a r e a  showed d i f f e r e n t  l e v e l s  of Po-210 and 
Pb-210 b e f o r e  and a f t e r  f e r t i l i z a t i o n  and 
a f t e r  h a r v e s t i n g  o f  t h e  t o b a c c o  c r o p ,  
i n d i c a t i n g  a r e m o v a l  o f  t h e s e  e l e m e n t s  by t h e  
p l a n t s .  Crop r o t a t i n g  p r a c t i c e s ,  a m o u n t s  o f  
f e r t i l i z e r  u s e d ,  a s  w e l l  a s  t h e  p a r e n t  
m a t e r i a l  o f  t h e  s o i l  were shown t o  i n f l u e n c e  
t h e  l e v e l s  of r a d i o e l e m e n t s  i n  t h e  s o i l .  
P l a n t s  grown i n  p o t s  w i t h  f e r t i l i z e r s  o f  
v a r y i n g  amoun t s  o f  r a d i o a c t i v i t y  d i d  n o t  show 
any c o n s i s t e n t  d i f f e r e n c e s  i n  l e a f  up take .  
P l a n t s  grown i n  a minimum a v a i l a b l e  n u t r i e n t  
s u p p l y  d i d  t a k e  up more Po-210 and Pb-210, 
however  ( p o s s i b l y  due t o  " h u n g e r  s ta te"  o f  
p l s n t s ) .  P h o s p h a t e  i s  t h e  main s o u r c e  of  
Ra-226, Pb-210 and Po-210 i n  c o m m e r c i a l  
f e r t i l i z e r .  It was found  t h a t  s i n g l e  
a p p l i c a t i o n s  of a f e r t i l i z e r  may n o t  h a v e  a 
s i g n i f i c a n t  e f f e c t  on t h e  i m m e d i a t e  c r o p ,  b u t  
t h e r e  i s  a b u i l d u p  of  t h e  e l e m e n t s  (Po-210, 
Ra-226, Pb-210) i n  t h e  s o i l  from t h e  
p h 3 s p h a t e  a p p l i e d  which w i l l  become a v a i l a b l e  
t o  l a t e r  c r o p s .  

< 67) 
AUTHOR:  T u r n e r ,  R.C.: Rad ley ,  J.M. 
TITLE:  N a t u r a l l y  O c c u r r i n g  Alpha A c t i v i t y  o f  

PUB DESC: L a n c e t  1:1197-1198 

ABSTRACT: The a l p h a  a c t i v i t y  d u e  t o  t h e  n a t u r a l l y  
o c c u r r i n g  r a d i u m  and  t h o r i u m  s e r i e s  was 
me3sured i n  t h e  a s h  of 51  b r a n d s  o f  c i g a r e t t e  
and c i g a r  t o b a c c o s  and i n  t h e  raw t o b a c c o  of 
t w 3  b r a n d s .  Wi thou t  e x c e p t i o n  t h e  a l p h a  
a c t i v i t i e s  i n c r e a s e d  d u r i n g  t h e  f i r s t  28 d a y s  
a f t e r  a s h i n g  and t h e n  r e m a i n e d  c o n s t a n t ,  
i n d i c a t i n g  t h a t  most o f  t h e  e q u i l i b r i u m  
ra3on-222  i s  r e l e a s e d  d u r i n g  t h e  smok ing  
p r 3 c e s s  and  r e c o v e r s  t o  e q u i l i b r i u m  a c t i v i t y  
d u r i n g  t h e  s u b s e q u e n t  28 days.  The a u t h o r s  
s t a t e  t h a t ,  i n  view of t h e  v o l a t i l e  n a t u r e  o f  
p3lonium-210,  t h e  a b s e n c e  o f  any  f u r t h e r  
g rowth  of a l p h a  a c t i v i t y  i n  t h e  a s h  a f t e r  28 
d a y s  p o i n t s  t o  t h e  f a c t  t h a t  l ead -210  and 
p ~ l o n i u m - 2 1 0  a r e  n o t  p r e s e n t  i n  raw t o b a c c o  
a t  l e v e l s  of a c t i v i t y  o f  t h e  same o r d e r  a s  
r a d i u m  226. F u r t h e r m o r e ,  n o  a p p r e c i a b l e  
f r a c t i o n  o f  t h e  l o n g l i v e d  a l p h a  a c t i v i t y  o f  
t h e  t o b a c c o  i s  l o s t  d u r i n g  t h e  smoking 
p r 3 c e s s .  The a u t h o r s  c a l c u l a t e  a d a i l y  i n t a k e  
o f  16 p c i  of r a d o n  i n  t h e  c a s e  of a p e r s o n  
smok ing  50 p e r  day  o f  t h e  most a c t i v e  b r a n d  
o f  E n g l i s h  c i g a r e t t e .  They c o n c l u d e  t h a t ,  
e v e n  i n  t h e  c a s e  o f  t h e  heavy  smoker ,  t h e  
a d d i t i o n a l  a l p h a  a c t i v i t y  t a k e n  i n t o  t h s  
l u n g s  p e r  day due t o  t h e  r a d i u m  c o n t e n t  of 
t h e  c i g a r e t t e s  t h e m s e l v e s  is less t h a n  one 
p e r c e n t  of  t h e  a t m o s p h e r i c  r a d o n  i n h a l e a  p e r  
day by b o t h  smoker  and nonsmoker.  

JI C i g a r e t t e  Tobacco 

PUB DATE: 1960 

<68> 
AUTHOR:  P a l s h ,  P.J.  

Due t o  I n h a l a t i o n  o f  C i g a r e t t e  Tobacco  Smoke 
PUB DESC: P r e s e n t e d  a t  t h e  R a d i a t i o n  i n  Consumer 

P r o d u c t s  Symposium, 2-4-77, A t l a n t a ,  Ga .  
P U B  DATE: 1977 
ABSTRACT: The a u t h o r  p o i n t s  o u t  t h a t  t h e  maximum 

i n t a k e  of l ead -210  and polonium-210 r e c e i v e d  
by a two  p a c k  p e r  day smoker  would be  a b o u t  
2-4 pCi/day,  w h i l e  t h e  i n t a k e  d u e  t o  
c o n t i n u o u s  e x p o s u r e  t o  background  l e v e l s  o f  
r a d o n  d a u g h t e r s  would b e  a b o u t  200-2000 

1 -  T I T L E :  R a d i a t i o n  Dose t o  t h e  R e s p i r a t o r y  T r a c t  
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pCi/day. The a u t h o r  t h u s  c o n c l u d e s  t h a t  t h e  
h i g h e r  l e v e l s  o f  r a d i o a c t i v i t y  i n  t h e  l u n g s  
of smoker s  c o u l d  be  due t o  r e d u c e d  l u n g  
c l e a r a n c e  due t o  smoking and  n o t  from t h e  
r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t obacco .  w i t h  
r e g a r d  t o  t h e  “ h o t  s p o t s * g  a t  b r o n c h i a l  
b i f u r c a t i o n s ,  t h e  a u t h o r  p o i n t s  o u t  t h a t  t h e  
h i g h e s t  d o s e s  t o  b i f u r c a t i o r s  i n  smokers’  
l u n g s  a r e  c o m p a r a b l e  t o  t h e  a v e r a g e  d o s e s  t o  
t h e  e n t i r e  t r a c h e o b r o n c h i a l  e p i t h e l i u m  due t o  
background  l e v e l s  of r a d o n  d a u g h t e r s ,  and  
t h a t  d o s e s  t 3  b i f u r c a t i o n s  o v e r  a 5 0 - y e a r  
p e r i o d  a r e  a b o u t  a n  o r d e r  of magnitude lower 
t h a n  d o s e s  a s s o c i a t e d  w i t h  a n  a p p r o x i m a t e  
d o u b l i n g  i n  l u n g  c a n c e r  i n c i d e n c e  f o r  u ran ium 
m i  ne  rs. 

<69> 
AUTHOR:  Wynder, E.L.; Hoffman, D. 
T ITLE:  Expe r imen t  a 1  Tobacco  C a r c i  noge ne si s 
PUB DESC: S c i e n c e  162: 862-871 
PUE DATE: 1968 
AESTPACT: A r e v i e w  o f  t h e  r e l a t i o n s h i p  between 

smoking and  cancer i n  man is g iven .  However, 
t h e  p o s s i b l e  c a r c i n o g e n i c  r o l e  of 
r a d i o a c t i v i t y  i n  t o b a c c o  smoke is n o t  
d i s c u s s e d .  Tobacco  smoke is t h o u g h t  t o  have 
an i r r e v e r s i b l e  e f f e c t  on  t h e  g e n e t i c  
a p p a r a t u s  of t h e  cel l ,  l e a d i n g  t o  a vvdormantt* 
t u r m o r  cell .  A s i g n i f i c a n t  p a r t  o f  t h i s  
i n i t i a t i n g  a c t i v i t y  o f  t o b a c c o  smoke i s  due 
t o  t h e  p r e s e n c e  of  p o l y n u c l e a r  a r o m a t i c  
hydroca rbons .  Tobacco  smoke is a l s o  t h o u g h t  
t o  c o n t a i n  tumor p r o m o t e r s ,  which a r e  
i n a c t i v e  by t h e m s e l v e s .  They c a n ,  however ,  
evoke  t h e  i n i t i a t e d  c e l l ,  t h u s  c a u s i n g  tumor 
i n d u c t i o n  and p r o l i f e r a t i o n .  The r o l e  o f  
s e v e r a l  s u s p e c t e d  c a r c i n o g e n s  :n tobaEco  i s  
d i s c u s s e d .  E x p e r i m e t a l  s t u d i e s  h a v e  shown 
t h a t  bo th  t h e  g a s  a n d  p a r t i c u l a t e  phase  o f  
t o b a c c o  smoke c o n t a i n  c i l i a t o x i c  a g e n t s .  The 
p o s s i b i l i t y  is p r e s e n t e d  t h a t  t h e  impa i rmen t  
of  t h e  n a t u r a l  d e f e n s e  mechanism of t h e  
r e s p i r a t o r y  system a g a i n s t  i n h a l e d  
t u m o r i g e n i c  compounds i s  a f i r s t  s t e p  i n  
r e s p i r a t o r y  c a r c i n o g e n e s i s .  
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s p e c t r o s c o p i c a l l y  and  measu re  t h e  amount of  
Po-210 and o t h e r  polonium i s o t o p e s  i n  
c i g a r e t t e s .  A Po-210 a c t i v i t y  of 0.45 p l u s  or 
minus  0.10 p c i  p e r  c i g a r e t t e  was measured i n  

A n a l y s i s  

u n b u r n e d  c i g a r e t t e s ,  w i t h  no a l p h a - a c t i v i t y  
due t o  any  o t h e r  polonium i s o t o p e s  o b s e r v e d .  
A measu re  of polonium i n  smoked c i g a r e t t e s  
i n d i c a t e s  t h a t  most of t h e  po lon ium was 
c a r r i e d  i n  t h e  smoke. Assuming t h a t  1 0  
p e r c e n t  o f  t h e  polonium c o n t e n t  o f  t h e  
c i g a r e t t e  e v e n t u a l l y  d e c a y s  i n  t h e  l u n g ,  t h e  
amount  of Po-210 a c t i v i t y  a t  e q u i l i b r i u m  for 
a p e r s o n  smok ing  50 c i g a r e t t e s  a d a y  c a n  
r e a c h  a l e v e l  of 400 pCi .  
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a e r D s o l  of Po-210 f o r  d i f f e r e n t  p e r i o d s  o f  
time, and t h e  deve lopmen t  o f  l u n g  t u m o r s  was 
r e c o r d e d ,  a s  well a s  o t h e r  p a r a m e t e r s  such  a s  
s h 3 r t e n i n g  o f  l i f e  s p a n ,  s u s c e p t i b i l i t y  t o  
i n f e c t i o n  and  t h e  o c c u r r e n c e  o f  r a d i a t i o n  
p n e u m o n i t i s .  L i f e  s p a n  o f  t h e  h i g h e s t  dose  
g r o u p  was s h o r t e n e d ,  w i t h  0 1 %  o f  t h e  a n i m a l s  
d y i n g  w i t h i n  one y e a r  a f t e r  e x p o s u r e ,  
compared t o  35% f o r  c o n t r o l s .  I n c r e a s e d  
i n c i d e n c e  and s e v e r i t y  of a c u t e  pneumonia was 
t h e  c h i e f  c a u s e  of  t h e  h i g h  m o r t a l i t y .  No 
p r i m a r y  l u n g  t u m o r s  d e v e l o p e d  i n  c o n t r o l  
r a t s ,  b u t  44 were found  i n  288 e x p o s e d  r a t s  
(15s.)  Squamous c e l l  c a r c i n o m a  was t h e  most 
common tumor t y p e ,  a c c o u n t i n g  f o r  5596 o f  t h e  
t o t a l  number found.  
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i n  t h e  Blood 
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PUB DATE: 1972 
ABSTRACT:  The Po-210 c o n t e n t  o f  t o b a c c o  of t h e  

most  f r e q u e n t l y  smoked Hungar i an  c i g a r e t t e s  
( K 3 s s u t h ,  P e c s k e ,  Munkos) was measured.  The 
r e s u l t s  were  compared w i t h  s i m i l a r  
measu remen t s  from o t h e r  c o u n t r i e s  i n  o r d e r  t o  
o b t a i n  r e l a t i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  
d o s e  l o a d i n g  of t h e  b r o n c h i a l  sys t em.  It was 
d e m o n s t r a t e d  t h a t  a b o u t  25 p e r c e n t  of  Po-210 
can  g e t  t o  t h e  r e s p i r a t o r y  t r a c t .  Blood 
s a m p l e s  of smoking and nonsmoking p e r s o n s  
were a n a l y z e d  for  Po-210 a n d  i t  was found  
t h a t  a s i g n i f i c a n t  i n c r e a s e  o f  Po-210 a p p e a r s  
i n  t h e  b l o o d  s a m p l e s  of  smoking p e r s o n s .  
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3-- - - - - -  _ _  
# C i g a r e t t e s :  Polonium-210* 000049 
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# I n  Vivo S t u d i e s  of  t h e  C i l i a s t a t i c  E f f e c t s  of Tobacco Smoke* 000030 

o f  Normal S u b j e c t s  - Smokers and  # D e p o s i t i o n  and C l e a r a n c e  o f  2 u P a r t i c l e s  i n  t h e  T r a c h e o b r o n c h i a l  Tree 000035 - I d e n t i f i c a t i o n  o f  C a r c i n o g e n s ,  Tumor P romoto r s  and Coca rc inogens  i n  Tobacco Smoke* #Di sc uss i o n  0 00 0 2 5 
P a r t i c  l e  s* # C o n c e n t r a t i o n  and  P a r t i c l e  Size o f  C iga re t t e -Smoke  000034 
* #Smoking and  Blood Lead C o n c e n t r a t i o n s  i n  Lead Exposed a n d  Unexposed P o p u l a t i o n s  000061 
T i s s u e s *  # C o n c e n t r a t i o n s  o f  210-Pb and 210-Po i n  Human S o f t  000009 
o f  Low-Level Beta # E s t i m a t i o n  of Rare  and  R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples of I n d i a n  Tobacco w i t h  t h e  Aid 000051 
Due t o  Smoking.* # Contamina t ion  w i t h  Polonium-210, Uranium and  Radium-226 000033 

of I n d i a n  Tobacco w i t h  t h e  Ai3 o f  Low-Level Beta  Counter*of  Rare  and  R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples  000051 
#Polonium-210 i n  Leaf Tobacco f rom Four  C o u n t r i e s *  000023 

#Polonium-210 A n a l y s e s  o f  V e g e t a b l e s ,  Cured a i d  Uncured Tobacco, and  A s s o c i a t e d  Soi l s*  000006 
210 and Lead-210 L e v e l s  i n  Tobacco. 11. V a r i e t i e s  and Cur ing  methods* #Agronomic F a c t o r s  A f f e c t i n g  Polonium- 000062 
from an  I n s o l u b l e  Alpha-Emit t ing  Aerosol  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s s u e *  o f  t h e  C a r c i n o g e n i c  R i s k  000021 
from a n  I n s o l u b l e  A l p h a - E n i t t i n g  Aerosol  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s sue :  Addendum*the C a r c i n o g e n i c  R i s k  000022 

R i sk  from an  I n s o l u b l e  Alpha-Emit t ing  Aerosol  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s s u e *  t h e  C a r c i n o g e n i c  000021 

T r a c h e o b r o n c h i a l  Tree o f  Normal S u b j e c t s  - Smokers ana  # D e p o s i t i o n  and C l e a r a n c e  of 2 u P a r t i c l e s  i n  t h e  000035 
Lunq Cancer ,  # S t u d i e s  of  I n t r a b r o n - h i a l  P a r t i c l e  D e p o s i t i o n  Using  Hollow B r o n c h i a l  Casts,  E x p e r i m e n t a l  000057 
RaF), a Na tu ra l  R a d i o a c t i v e  Element from C i g a r e t t e ,  and  D e t e c t i o n  o f  t h e  I s o t o p e  I n h a l e d  by Smoking i n  t h e  Blood 000072 
To tacco  Leaves* # T r a n s l o c a t i o n  and D i s t r i b u t i o n  o f  Lead-210 and Polonium-210 S u p p l i e d  t o  000063 
C i g a r e t t e  Smokers* # D i s t r i b u t i o n  o f  Polonium i n  Pulmonary T i s s u e s  of 000040 

I n h a l a t i o n  of Polonium-210-Tagged Tobacco Smoke* # D i s t r i b u t i o n  o f  Polonium-210 i n  mice Fo l lowing  000060 
C i g a r e t t e  Tobacco Smoke* #Rad ia t ion  Dose t o  t h e  R e s p i r a t o r y  T r a c t  Due t o  I n h a l a t i o n  of 000068 

#Lung Cance r  Induced  i n  Hamsters  by Low D O S e S  of Alpha R a d i a t i o n  from Polonium-210* 000036 
o f  t h e  C a r c i n o g e n i c  R i s k  f rom a n  I n s o l u b l e  Alpha- E m i t t i n ?  Aeroso l  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s s u e *  000021 
o f  t h e  C a r c i n o g e n i c  R i sk  f rom a n  I n s o l u b l e  Alpha- E m i t t i n g  Aeroso l  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s sue :  000022 

#Alpha- E m i t t i n g  P a r t i c l e s  i n  Lungs* 000005 
#Po-210 En t ry  i n t o  P l a n t s *  000018 

R e l a t i o n  t o  Lung Cancer*  #Changes i n  B r o n c h i a l  E p i t h e l i u m  i n  R e l a t o n  t o  C i g a r e t t e  Smoking and i n  000004 
#Polonium-210 i n  B r o n c h i a l  E p i t h e l i u m  of C i g a r e t t e  Smokers* 000027 
#Polonium-210 i n  B r o n c h i a l  Ep i the l ium o f  C i g a r e t t e  Smokers* 000041 

of t h e  H i s t o p a t h o l o g y  of T r a c h e a l  and  B r o n c h i a l  Ep i the l ium o f  Smokers and  Nonsmokers* #A Comparison 000029 

I n s o l u b l e  P a r t i c l e s  f rom C i g a r e t t e  Smoke i n  B r o n c h i a l  Epi the l ium*210 R a t i o s  as an Index  o f  Res idence  T i m e s  of 000055 
Samples  of I n d i a n  Tobacco w i t h  t h e  Aid of Low-Level # E s t i m a t i o n  o f  R a r e  and  R a d i o a c t i v e  C o n s t i t u e n t s  i n  000051 

#Smoking and  Blood Lead C o n c e n t r a t i o n s  i n  Lead Exposed and  Unexposed P o p u l a t i o n s *  000061 

210 and  Lead-210 L e v e l s  i n  Tobacco. I. S o i l  and  F e r t i l i z e r *  #Agronomic F a c t o r s  A f f e c t i n g  Polonium- 000066 

tB io lo r J i ca1  E f f e c t  o f  F o c a l  Alpha R a d i a t i o n  on  t h e  Hamster Lung* 000059 
Benzo(a1pha) py rene -Hemat i t e  and  Hematite-210Po i n  t h e  Hamster Lung Fo l lowing  I n t r a t r a c h e a l  I n s t i l l a t i o n *  o f  000032 

# B i o l o g i c a l  Ef fec t  o f  F o c a l  Alpha R a d i a t i o n  on  t h e  Hamster Lung* 000059 
210* #Lung Cance r  Induced  i n  Hamsters by Low Doses o f  Alpha R a d i a t i o n  f rom Polonium- 000036 

P a r t i c l e s  i n  t h e  I n d u c t i o n  o f  B r o n c h i a l  Cance r  i n  Hamsters  by Polonium-210 Alpha R a d i a t i o n *  o f  C a r r i e r  000024 
Rad ia t ion*  # R e s p i r a t o r y  T r a c t  Tumors i n  Hamsters  I n d u c e d  by Benzo(a1pha) py rene  and  Po-2 10 Alpha- 000039 

#The T r a n s p o r t  and  L o c a l i z a t i o n  o f  Benzofa lpha )  py rene -  Hemat i te  a n d  Hematite-21OPo i n  t h e  Hamster Lung 000032 
and  L o c a l i z a t i o n  o f  Benzo(a1pha)pprene-Hematite and Hematite-21OPo i n  t h e  Hamster Lung Fo l lowing  000032 

Smokers and Nonsmokers* #A Comparison o f  t h e  H i s t o p a t h o l o g y  of T r a c h e a l  and  B r o n c h i a l  E p i t h e l i u m  o f  000029 
# S t u d i e s  o f  I n t r a b r o n c h i a l  P a r t i c l e  D e p o s i t i o n  Using Hollow B r o n c h i a l  C a s t s ,  E x p e r i m e n t a l  Lung Cancer ,  000057 

#Measurement of Polonium-210 i n  Human Blood* 000037 
#Polonium-210 i n  Tobacco, C i g a r e t t e  Smoke, and S e l e c t e d  Human Organs* 000015 

# C o n c e n t r a t i o n s  of 210-Pb and  210-Po i n  Human S o f t  T i s sues*  000009 
#Polonium-210 i n  Tobacco P r o d u c t s  and Human T i s s u e s *  000014 

E f f e c t s  o f  C i g a r e t t e  Smoking on  B r o n c h i a l  C l e a r a n c e  i n  Humans* #Short-Term 000001 
Cocarc inogens  in Tobacco Smoke* #Discuss ion  - I d e n t i f i c a t i o n  o f  Carc inogens ,  Tumor P romoto r s  and  000025 

#Short-Term E f f e c t s  o f  C i g a r e t t e  Smoking on B r o n c h i a l  C l e a r a n c e  i n  Humans* 000001 

Risk  from an  I n s o l u b l e  Alpha-Emit t ing  Aeroso l  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s s u e :  Addendum* 000022 

P lan t s*  #Uptake  and  D i s t r i b u t i o n  of Polonium-210 and  Lead-210 i n  Tobacco 000002 

#Th ickness  o f  B r o n c h i a l  E p i t h e l i u m  wi th  R e l a t i o n  t o  Exposure  t o  Radon* 000020 

#Th ickness  o f  B r o n c h i a l  E p i t h e l i u m  wi th  R e l a t i o n  to Exposure  t o  Radon* 000020 

#Polonium-210: Removal f rom Smoke by Res in  F i l t e r s *  000010 

I n g e s t e d  Polonium* # I n c i d e n c e  and  P o s s i b l e  S i g n i f i c a n c e  o f  I n h a l e d  o r  000043 
C i g a r e t t e  Smoke i n  #Polonium-210: Lead-210 F a t i o s  as a n  Index  of Res idence  T i m e s  of I n s o l u b l e  P a r t i c l e s  from 000055 

o f  Rare and  R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples of I n d i a n  Tobacco w i t h  t h e  Aid o f  Low-Level Be ta  Coun te r*  000051 
# I n c i d e n c e  and  P o s s i b l e  S i g n i f i c a n c e  o f  I n h a l e d  o r  I n g e s t e d  Polonium* 000043 

#Lung Cance r  Fol lowing  Polonium-210 I n h a l a t i o n  i n  R a t s f  000071 
#Rad ia t ion  Dose t o  t h e  R e s p i r a t o r y  T r a c t  Due t o  I n h a l a t i o n  o f  C i g a r e t t e  Tobacco Smoke* 000068  
# D i s t r i b u t i o n  of Polonium-210 i n  Nice Fo l lowing  I n h a l a t i o n  of Polonium-210-Tagged Tobacco Smoke* 000060 

# R a d i o a c t i v e  Ing rowth  o f  210-Po i n  Tobacco P l a n t s *  000019 

Element from C i g a r e t t e ,  and D e t e c t i o n  of t h e  I s o t o p e  I n h a l e d  by Smoking i n  t h e  Blood*, a N a t u r a l  R a d i o a c t i v e  000072 

# I n c i d e n c e  and P o s s i b l e  S i g n i f i c a n c e  of I n h a l e d  o r  I n g e s t e d  Polonium* 000043 
#Polonium-210 Alpha R a d i a t i o n  a s  a Cancer I n i t i a t o r  i n  Tobacco Smoke* 000052 

# S y s t e m i c  Absorp t ion  of Polonium-210 I n h a l e d  i n  C i g a r e t t e  Smoke* 0000 38 

#An A n a l y s i s  o f  t h e  Carc inogen ic  Risk  from a n  I n s o l u b l e  Alpha-Emit t ing  Aeroso l  D e p o s i t e d  i n  Deep 000021 
#An A n a l y s i s  o f  t h e  C a r c i n o g e n i c  Risk  from a n  I n s o l u b l e  Alpha-Emit t ing  Aeroso l  D e p o s i t e d  i n  Deep 000022 

# R a d i o a c t i v i t y  of Tobacco Tr ichomes  and I n s o l u b l e  C i g a r e t t e  Smoke P a r t i c l e s *  000046 
210: Lead-210 R a t i o s  as an Index  o f  Res idence  T i m e s  of I n s o l u b l e  P a r t i c l e s  from C i g a r e t t e  Smoke i n  B r o n c h i a l  000055 

210Po i n  t h e  Hamster Lung Fo l lowing  I n t r a t r a c h e a l  I n s t i l l a t i o n *  Benzo(a1pha) py rene -Hemat i t e  and  Hematite- 000032 

I n t r a t r a c h e a l  I n s t i l l a t i o n *  Benzo(a1pha)  pyrene-Hemat i te  000032 
E l e m e n t  f rom C i g a r e t t e ,  and D e t e c t i o n  o f  t h e  I s o t o p e  I n h a l e d  by Smoking i n  t h e  Blood* R a d i o a c t i v e  000072 

B r o n c h i a l  C a s t s ,  E x p e r i m e n t a l  Lung Cancer ,  # S t u d i e s  of I n t r a b r o n c h i a l  P a r t i c l e  D e p o s i t i o n  Us ing  Hollow 000057 
and Hematite-21OPo i n  t h e  Hamster Lung Fo l lowinq  

#Polonium-210 i n  I t a l i a n  Tobacco* 000011 
Popu la t ions*  #Smoking and Blood Lead C o n c e n t r a t i o n s  i n  Lead Exposed a n d  Unexposed 000061 

000061 
#Smoking and Lead* 000048  

Smokers* # Lead-213 a n d  Polonium-210 i n  T i s s u e s  o f  C i g a r e t t e  00002R 
#Sources  o f  Lead-210 a n d  Polonium-210 i n  Tobacco* 000065 

# T r a n s l o c a t i o n  and  D i s t r i b u t i o n  of Lead-213 a n d  Polonium-210 S u p p l i e d  t o  Tobacco  Leaves*  000063 
# Lead-213 i n  Tobacco  and  C i g a r e t t e  Smoke* 000016 

#Agronomic F a c t o r s  A f f e c t i n g  Polonium-210 and Lead-210 L e v e l s  i n  Tobacco. I. S o i l  and  F e r t i l i z e r *  000066 

(Smoking and  Elood Lead C o n c e n t r a t i o n s  i n  Lead Exposed a n d  Unexposed P o p u l a t i o n s *  

#Uptake a n d  D i s t r i h u t i o n  of Polonium-210 and  Lead-210 i n  Tobacco P l a n t s *  on0002 

Nethods* #Agronomic F a c t o r s  A f f e c t i n q  Polonium-210 and  Lead-210 L e v e l s  i n  Tobacco. 11. Variet ies  and  Cur ing  000062 

s 
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I n s o l u b l e  P a r t i c l e s  f rom C i g a r e t t e  Smoke #Polonium-210: Lead-210 R a t i o s  a s  a n  I n d e x  o f  Res idence  T i m e s  o f  000055 
#Radium-226 and  Polonium-210 i n  Leaf Tobacco and  Tobacco S o i l *  000064 

#Polonium-210 i n  Leaf Tobacco from Four C o u n t r i e s *  000023 
o f  Lead-210 and  Polonium-210 S u p p l i e d  t o  Tobacco Leaves*  # T r a n s l o c a t i o n  and D i s t r i b u t i o n  000063 

Smcke* #Upper L i m i t s  o f  A l p h a - R a d i o a c t i v i t y  Pe r  P a r t i c l e  o f  C i g a r e t t e  000050 
Hematite-21OPo i n  t h e  Hamster Lung #The T r a n s p o r t  and L o c a l i z a t i o n  o f  Benzo ( a lpha )  pyrene-Hemat i te  and 000032 

#Lung Cance r  Induced  i n  Hamsters  by Low Doses  o f  Alpha R a d i a t i o n  from Polonium-210* 000036 
i n  Samples  o f  I n d i a n  Tobacco w i t h  t h e  Aid o f  Low-Level Be ta  Counter*  and  R a d i o a c t i v e  C o n s t i t u e n t s  000051 

# Lung Cancer Fo l lowing  Polonium-210 I n h a l a t i o n  i n  R a t s *  000071 
R a d i a t i o n  from Polonium-210* # Lung Cance r  Induced  i n  Hamsters  by Low Doses of Alpha 000036 

#Some Aspec t s  o f  t h e  R e l a t i o n s h i p  of R a S i o a c t i v i t y  t o  Lung Cance r*  000044 
i n  R e l a t o n  t o  C i g a r e t t e  Smoking and  i n  R e l a t i o n  t o  Lung Cancer*  #Changes i n  B r o n c h i a l  E p i t h e l i u m  000004 

D e p o s i t i o n  Using Hollow B r o n c h i a l  Cas t s ,  Expe r imen ta l  Lung Cancer,  C a r c i n o g e n e s i s  and B ioassays*  P a r t i c l e  000057 
a lpha)  pyrene-Hemat i te  a n d  Hematite-21OPo i n  t h e  Hamster Lung Fo l lowing  I n t r a t r a c h e a l  I n s t i l l a t i o n *  o f  Fenzo ( 000032 

E f f e c t  o f  F o c a l  Alpha R a d i a t i o n  on t h e  Hamster Lung* # B i o l o g i c a l  000059 

#Polonium-210 A c t i v i t y  i n  t h e  Lungs o f  C i g a r e t t e  Smokers* 000056 
#Alpha-Emitting P a r t i c l e s  i n  Lungs* 000005 

#Polonium-21 0 Con ten t  o f  Mains t resm C i g a r e t t e  Smoke* 000031 
#Polonium-210 i n  Man* 000026 

# Measurement o f  Polonium-210 i n  Human Blood* 000037 

Detection o f  t h e  #De te rmina t ion  of 210-Po (RaF), a N a t u r a l  R a d i o a c t i v e  Element from C i g a r e t t e ,  and 000072 
# N a t u r a l l y  O c c u r r i n g  Alpha A c t i v i t y  o f  C i g a r e t t e  Tobacco* 000067 

of T r a c h e a l  and B r o n c h i a l  Ep i the l ium o f  Smokers and  Nonsmokers* #A Comparison o f  t h e  H i s t o p a t h o l o g y  000029 
T r a c h e o b r o n c h i a l  Tree o f  Normal S u b j e c t s  - Smokers and  Nonsmokers* and C l e a r a n c e  o f  2 u P a r t i c l e s  i n  t h e  000035 

o f  2 u P a r t i c l e s  i n  t h e  T r a c h e o b r o n c h i a l  Tree  o f  Normal S u b j e c t s  - Smokers and  Nonsmokers* a n d  C l e a r a n c e  000035 
210 i n  Tobacco, C i g a r e t t e  Smoke, and  S e l e c t e d  Human Organs* #Polonium- 000015 

#Alpha- P a r t i c l e  A c t i v i t y  and F r e e  R a d i c a l s  from Tobacco* 000045 
Exper imen ta l  Lung Cancer ,  # S t u d i e s  o f  I n t r a b r o n c h i a l  P a r t i c l e  D e p o s i t i o n  Using Hollow B r o n c h i a l  C a s t s ,  000057 

# C o n c e n t r a t i o n  and P a r t i c l e  S i z e  o f  Cigare t te -Smoke P a r t i c l e s *  000034 
210 R a t i o s  as an Index  o f  Res idence  Times of I n s o l u b l e  P a r t i c l e s  from C i g a r e t t e  Smoke i n  B r o n c h i a l  Ep i the l ium*  000055 

S u b j e c t s  - Smokers and  # D e p o s i t i o n  and C l e a r a n c e  o f  2 u P a r t i c l e s  i n  t h e  T r a c h e o b r o n c h i a l  Tree of Normal 000035 
#Alpha-Emit t ing  P a r t i c l e s  i n  Lungs* 000005 

#Aeroso l  P a r t i c l e s  on Tobacco  Trichomes* 000017 
# C o n c e n t r a t i o n  and  P a r t i c l e  S i z e  o f  Cigare t te -Smoke P a r t i c l e s *  00003U 

o f  Tobacco Tr ichomes  a n d  I n s o l u b l e  C i g a r e t t e  Smoke P a r t i c l e s *  lRad ioac  t i v i t y  0000 46 
# C o n c e n t r a t i o n s  o f  210- Pb and 210-Po i n  Human S o f t  T i s s u e s *  000009 

#Upper L i m i t s  of A l p h a - R a d i o a c t i v i t y  Pe r  P a r t i c l e  o f  C i g a r e t t e  Smoke* 000050 
#Po-210 E n t r y  i n t o  P l a n t s *  0000 18 

# R a d i o a c t i v e  Ing rowth  o f  210-Po i n  Tobacco P l a n t s *  000019 
D i s t r i b u t i o n  of Polonium-210 and  Lead-210 i n  Tobacco P l a n t s *  #Uptake and 000002 

and  D e t e c t i o n  of t h e  I s o t o p e  #De te rmina t ion  o f  210- Po (RaF),  a N a t u r a l  R a d i o a c t i v e  E l e m e n t  f rom C i g a r e t t e ,  000072 
as # C o n c e n t r a t i o n s  o f  210-Pb and  210- Po i n  Human S o f t  T i s s u e s *  000009 

# R a d i o a c t i v e  Ing rowth  o f  210- Po i n  Tobacco P l a n t s *  000019 
Tumors i n  Hamsters  Induced  by  Benzo(a1pha) py rene  and Po-210 Alpha-Radia t ion*  # R e s p i r a t o r y  Tract 000039 

# Po-210 E n t r y  i n t o  P l a n t s *  000018 
# Polonium i n  C i g a r e t t e s  - S p e c t r o s c o p i c  Ana lys i s*  000070 

# D i s t r i b u t i o n  of Polonium i n  Pulmonary T i s s u e s  o f  C i g a r e t t e  Smokers* 000040 
# Polonium i n  Tobacco* 000012 

and P o s s i b l e  S i g n i f i c a n c e  o f  I n h a l e d  o r  I n g e s t e d  Polonium* # I n c i d e n c e  000043 
# Polonium-210 and  B ladde r  Cancer* 0000 1 3  

d 

#Polonium-210 i n  Lungs and S o f t  T i s s u e  o f  C i g a r e t t e  Smokers* 000042 

Tobacco Smoke* # D i s t r i b u t i o n  o f  Polonium-210 i n  Mice Fo l lowing  I n h a l a t i o n  of Polonium-210-Tagged 000060 

#Upper L i m i t s  of A l p h a - R a d i o a c t i v i t y  P e r  P a r t i c l e  o f  C i g a r e t t e  Smoke* 000050 

Hamsters  by  Polonium-210 Alpha #Role o f  C a r r i e r  P a r t i c l e s  i n  t h e  I n d u c t i o n  of B r o n c h i a l  Cancer  i n  00002u 

# S y n e r g i s t i c  Effect o f  Polonium-210 and C i g a r e t t e  Smoke i n  Rats*  OOOO O R  
#Uptake and  D i s t r i b u t i o n  o f  Polonium-21 0 and  Lead-210 i n  Tobacco P l a n t s *  000002 

Smokers* # Polonium-210 i n  B r o n c h i a l  E p i t h e l i u m  o f  C i g a r e t t e  000041 

and  F e r t i l i z e r *  #Agronomic F a c t o r s  A f f e c t i n g  Polonium-21 0 and  Lead-210 L e v e l s  i n  Tobacco. I. S o i l  000066 
V a r i e t i e s  and  Cur ing  #Agronomic F a c t o r s  A f f e c t i n g  Polonium-210 and  Lead-210 L e v e l s  i n  Tobacco. 11. 000062 

Smokers* # Polonium-21 0 i n  B r o n c h i a l  E p i t h e l i u m  o f  C i g a r e t t e  000027 
# Polonium-210 i n  C i g a r e t t e  Smoke* 000003 
# Polonium-210 i n  C i g a r e t t e  Smokers* 000058 
# Polonium-21 0 i n  C i g a r e t t e  Smokers* 000053 

#Measurement o f  Polonium-210 i n  Human Blood* 000037 
# Polonium-210 i n  I t a l i a n  Tobacco* 000011 

#Radium-226 and Polonium-210 i n  Leaf Tobacco and Tobacco  S o i l *  000064 
# Polonium-210 i n  Lea f  Tobacco from Four  C o u n t r i e s *  000023 

Smokers* # Polonium-210 i n  Lungs and  S o f t  T i s s u e  o f  C i g a r e t t e  000042 
# Polonium-210 i n  Man* 000026 

210-Tagged Tobacco Smoke* # D i s t r i b u t i o n  o f  Polonium-210 i n  Mice F o l l o w i n g  I n h a l a t i o n  of Polonium- 000060 

# Polonium-210 i n  Tobacco P r o d u c t s  and Human T i s s u e s *  000014 
11 Polonium-210 i n  Tobacco* 000007 

#Sources  o f  Lead-210 and  Polonium-210 i n  Tobacco* 000065 
Human Organs* # Polonium-210 i n  Tobacco, C i g a r e t t e  Smoke, and  S e l e c t e d  000015 

# Polonium-210 A c t i v i t y  i n  t h e  Lungs o f  C i g a r e t t e  Smokers* 000056 
Tobacco Smoke* # Polonium-210 Alpha R a d i a t i o n  a s  a Cancer I n i t i a t o r  i n  000052 

Tobacco, and  A s s o c i a t e d  S o i l s *  # Polonium-210 Ana lyses  o f  V e g e t a b l e s ,  Cured and Uncured 000006 
t Polonium-21 0 C o n t e n t  of Mainstream C i g a r e t t e  Smoke* 000031 

#Lung Cancer  Fo l lowing  Polonium-21 0 I n h a l a t i o n  i n  Rats*  000071 
#Sys temic  Absorp t ion  o f  Polonium-210 I n h a l e d  i n  C i g a r e t t e  Smoke* 000038 

i n  Hamsters by Low Doses  of Alpha R a d i a t i o n  from Polonium-210* #Lung Cancer  Induced  000036 
of Polonium-210 i n  Mice Fo l lowing  I n h a l a t i o n  o f  Polonium-210-Tagged Tobacco Smoke* # D i s t r i b u t i o n  000060 

#Con tamina t ion  wi th  Polonium-210, Uranium and Radium-226 D u e  t o  Smoking.* 000033 
t Polonium-210: A V o l a t i l e  Radioe lement  i n  C i g a r e t t e s *  000051a 

#Lead-210 and  Polonium-210 i n  T i s s u e s  o f  C i g a r e t t e  Smokers* 000028 

-, i n  t h e  I n d u c t i o n  o f  B r o n c h i a l  Cance r  i n  Hamsters  by Polonium-21 0 Alpha Radia t ion*#Role  of Carr ier  P a r t i c l e s  000024 

u # T r a n s l o c a t i o n  a n d  D i s t r i b u t i o n  o f  Lead-210 and Polonium- 210 S u p p l i e d  t o  Tobacco Leaves* 000063 
# c i g a r e t t e s :  Polonium-210* 000049 
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T i m e s  of I n s o l u b l e  P a r t i c l e s  from C i g a r e t t e  Smoke i n  A Polonium-210: Lead-210 R a t i o s  a s  an I n d e x  of R e s i d e n c e  000055 
# Polonium-210: Removal from Smoke by Res in  F i l t e r s *  000010 

Blood Lead C o n c e n t r a t i o n s  i n  Lead Exposed and unexposea P o p u l a t i o n s *  #Smoking and 000061 
#Polonium-21 0 i n  Tobacco P roduc t s  and Human T i s sues*  000014 

# D i s c u s s i o n  - I d e n t i f i c a t i o n  o f  Carc inogens ,  Tumor P romoto r s  and Coca rc inogens  i n  Tobacco Smoke* 000025 

T r a c t  Tumors in Hamsters  Induced  by Benzo ( a l p h a )  py rene  and Po-210 Alpha-Radiat ion* # R e s p i r a t o r y  000039 
#The T r a n s p o r t  and L o c a l i z a t i o n  o f  Benzofa lpha )  py rene -Hemat i t e  and  Hematite-21OPo i n  t h e  Hamster Lung 000032 

#Polonium-210 Alpha R a d i a t i o n  a s  a Cancer  I n i t i a t o r  i n  Tobacco Smoke* 000052 
#Lung Cancer  I n d u c e d  i n  Hamsters  by Low Doses of Alpha R a d i a t i o n  from Polonium-210* 000036 

# B i o l o g i c a l  E f f e c t  o f  F o c a l  Alpha R a d i a t i o n  on  t h e  Hamster  Lung* 000059 
I n h a l a t i o n  of  C i g a r e t t e  Tobacco Smoke* # R a d i a t i o n  Dose t o  t h e  R e s p i r a t o r y  T r a c t  Due t o  000068 
Hamsters Induced by Benzo ( a1pha )pyrene  and Po-210 Alpha- R a d i a t i o n *  # R e s p i r a t o r y  T r a c t  Tumors i n  000039 

cf  B r o n c h i a l  Cancer  i n  Hamsters  by Polonium-210 Alpha R a d i a t i o n *  #Role of C a r r i e r  P a r t i c l e s  i n  t h e  I n d u c t i o n  000024 
# A l p h a - P a r t i c l e  A c t i v i t y  and F r e e  R a d i c a l s  f rom Tobacco* 000045 

with t h e  Aid of Low-Level Beta  # E s t i m a t i o n  of Rare and R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples o f  I n d i a n  Tobacco 000051 
t h e  I s o t o p e  #De te rmina t ion  o f  210-Po (RaF), a N a t u r a l  R a d i o a c t i v e  E lemen t  from C i g a r e t t e ,  and D e t e c t i o n  of  000072 

#Tobacco R a d i o a c t i v i t y  and Cancer i n  Smokers* 000047 
C i g a r e t t e  Smoke P a r t i c l e s *  # R a d i o a c t i v i t y  of Tobacco Trichomes and I n s o l u b l e  000046 

#Upper L i m i t s  of  Alpha- R a d i o a c t i v i t y  P e r  P a r t i c l e  o f  C i g a r e t t e  Smoke* 000050 
#Polonium-210: A Y o l a t i l e  Rad ioe lemen t  i n  C i g a r e t t e s *  OOOP54 

S o i l *  # Radium-226 and Polonium-210 i n  Leaf Tobacco and Tobacco 000064 
#Contaminat ion w i t h  Polonium-210, Uranium and Radium-226 Due t o  Smoking.* 000033 

of B r o n c h i a l  E p i t h e l i u m  w i t h  R e l a t i o n  t o  Exposure t o  Radon* #T h ickn  ess 000020 
D e t e c t i o n  o f  t h e  I s o t o p e  #De te rmina t ion  of 210-Po ( RaF),  a N a t u r a l  R a d i o a c t i v e  Element f rom C i g a r e t t e ,  and 000072 
Tobacco wi th  t h e  Bid of Low-Level Beta # E s t i m a t i o n  of  Rare  and R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples  of  I n d i a n  000051 
P a r t i c l e s  from C i g a r e t t e  Smoke #Polonium-210: Lead-210 R a t i o s  a s  a n  I n d e x  of  Res idence  Times of I n s o l u b l e  000055 

#Lung Cancer  F o l l o w i n g  Polonium-210 I n h a l a t i o n  i n  Ra t s*  000071 
E f f e c t  o f  Polonium-210 and  C i g a r e t t e  Smoke i n  Rats* # S y n e r g i s t i c  000008 

Cancer* #Changes i n  B r o n c h i a l  E p i t h e l i u m  i n  F e l a t o n  t o  C i g a r e t t e  Smoking and i n  R e l a t i o n  t o  Lung 000004 
Smoke i n  #Polonium-210: Lead-210 R a t i o s  a s  an I n d e x  of  Res idence  T i m e s  of  I n s o l u b l e  P a r t i c l e s  from C i g a r e t t e  000055 

an I n s o l u b l e  Alpha-Emit t ing Aerosol  Depos i t ed  i n  Deep R e s p i r a t o r y  T i s s u e *  of  t h e  C a r c i n o g e n i c  R i s k  from 000021 
an I n s o l u b l e  Alpha -Emi t t ing  Aeroso l  Deposi ted i n  Deep R e s p i r a t o r y  T i s s u e :  Addendum*the C a r c i n o g e n i c  R i s k  from 000022 

To tacco  Smoke* # R a d i a t i o n  Dose t o  t h e  R e s p i r a t o r y  T r a c t  Due t o  I n h a l a t i o n  of  C i g a r e t t e  000068 
alFha)  py rene  and Po-210 Alpha-Radiat ion* # R e s p i r a t o r y  T r a c t  Tumors i n  Hams te r s  Induced  by B e r z o (  000039 
i n  Deep R e s p i r a t o r y  #An A n a l y s i s  of  t h e  C a r c i n o g e n i c  R i s k  from a n  I n s o l u b l e  Alpha-Emit t ing Aeroso l  D e p o s i t e d  000022 
i n  Deep R e s p i r a t o r y  #An A n a l y s i s  of t h e  C a r c i n o g e n i c  R i s k  from a n  I n s o l u b l e  Alpha-Emit t ing A e r o s o l  D e p o s i t e d  000021 

#Polonium-210 i n  Tobacco, C i g a r e t t e  Smoke, and S e l e c t e l  Human Organs* 000015 

Res idence  T i m e s  of I n s o l u b l e  P a r t i c l e s  f rom C i g a r e t t e  Smoke i n  B r o n c h i a l  Epithelium*210 R a t i o s  a s  an I n d e x  of  000055 

# C o n c e n t r a t i o n  and P a r t i c l e  S i z e  of  C i g a r e t t e -  Smoke P a r t i c l e s *  000034 
of Tobacco Trichomes and I n s o l u b l e  C i g a r e t t e  Smoke P a r t i c l e s *  # R a d i o a c t i v i t y  000046 

#Lead-210 i n  Tobacco and C i g a r e t t e  Smoke* 000016 
#Polonium-210 i n  C i g a r e t t e  Smoke* 000003 

# I n  Vivo S t u d i e s  of t h e  C i l i a s t a t i c  E f f e c t s  of Tobacco Smoke* 000030 
#Polonium-210 Con ten t  o f  Mainstream C i g a r e t t e  Smoke* 000031 

L i m i t s  o f  A l p h a - R a d i o a c t i v i t y  P e r  P a r t i c l e  of C i g a r e t t e  Smoke* #Upper 000050 
210 Alpha R a d i a t i o n  a s  a Cancer  I n i t i a t o r  i n  Tobacco Smoke* R Polonium- 0 000 52 

Absorpt ion o f  Polonium-210 I n h a l e d  i n  C i g a r e t t e  Smoke* #Sys temic  000038 
T r a c t  Due t o  I n h a l a t i o n  o f  C i g a r e t t e  Tobacco Smoke+ # R a d i a t i o n  Dose t o  t h e  R e s p i r a t o r y  000068 

Fo l lowing  I n h a l a t i o n  of Polonium- 2 1 0-Tagged Tobacco Smoke* # D i s t r i b u t i o n  of Polonium-210 i n  Mice 000060 
Tumor P romoto r s  and Coca rc inogens  i n  Tobacco Smoke* # D i s c u s s i o n  - I d e n t i f i c a t i o n  of  Carc inogens ,  000025 

#Polonium-210 i n  Tobacco, C i g a r e t t e  Smoke, and S e l e c t e d  Human Organs* 000015 
His topa tho logy  o f  T r a c h e a l  and B r o n c h i a l  E p i t h e l i u m  of  Smokers and Nonsmokers* #A Comparison of t h e  000029 

i n  t h e  T r a c h e o b r o n c h i a l  T ree  of Normal S u b j e c t s  - Smokers and Nonsmokers* and C l e a r a n c e  o f  2 u P a r t i c l e s  000035 

#Poloniu!n-210 i n  B r o n c h i a l  Ep i the l ium of C i g a r e t t e  Smokers* 000041 
#Polonium-210 i n  B r o n c h i a l  Ep i the l ium o f  C i g a r e t t e  Smokers+ 000027 

#Polonium-210 i n  C i g a r e t t e  Smokers* 000053 
#Tobacco R a d i o a c t i v i t y  and Cancer  i n  Smokers* 000047 

#Polonium-210 A c t i v i t y  i n  t h e  Lungs of  C i g a r e t t e  Smokers* 000056 
#Polonium-210 i n  C i g a r e t t e  Smokers* 000058 

of Polonium i n  Pulmonary T i s s u e s  of C i g a r e t t e  Smokers* # D i s t r i b u t i o n  000040 
Changes i n  Bronch ia l  E p i t h e l i u m  i n  Re la ton  t o  C i g a r e t t e  Smoking and i n  R e l a t i o n  t o  Lung Cancer* # 000004 
and Unexposed P o p u l a t i o n s *  # Smoking and Blood Lead C o n c e n t r a t i o n s  i n  Lead Exposed 000061 

# Smoking and Lead* 000048 
from C i g a r e t t e ,  and D e t e c t i o n  o f  t h e  I s o t o p e  I n h a l e d  by smoking i n  t h e  Blood* , a N a t u r a l  R a d i o a c t i v e  Element  000072 

with Polonium-210. Uranium and Radium-226 Due t o  Smoking. * #Conta minat  i o n  0000 3 3 
#Polonium-210 i n  Lungs aiid S o f t  T i s s u e  of C i g a r e t t e  Smokers* 000042 

# C o n c e n t r a t i o n s  o f  210-Pb and 210-Po i n  Human S o f t  T i s s u e s *  000009 
Polonium-210 and Lead-210 L e v e l s  i n  Tobacco. I. S o i l  and F e r t i l i z e r *  #Agronomic F a c t o r s  A f f e c t i n g  000066 

Radium-226 and Polonium-210 i n  Leaf Tobacco and Tobacco S o i l *  # 000064 
Vege tab le s ,  Cured and Uncured Tobacco, and A s s o c i a t e d  S o i l s *  #Polonium-210 Analyses  o f  000006 

11 Sources  o f  Lead-210 and Polonium-210 i n  Tobacco* 000065 
#Polonium i n  C i g a r e t t e s  - S p e c t r o s c o p i c  A n a l y s i s *  000070 

and  C l e a r a n c e  000035 o f  2 u P a r t i c l e s  i n  t h e  T r a c h e o b r o n c h i a l  T r e e  of Normal S u b j e c t s  - Smokers and Nonsmokers* 
# T r a n s l o c a t i o n  000063 

i n  Rats* # S y n e r g i s t i c  Effect of Polonium-210 and C i g a r e t t e  Smoke 000008 
C i g a r e t t e  Smoke* # Sys temic  Absorp t ion  of Polonium-210 I n h a l e d  i n  000038 

210 i n  Mice F o l l o w i n g  I n h a l a t i o n  of  Polonium-210- Tagged Tobacco Smoke* # D i s t r i b u t i o n  of Polonium- 000060 
C lea rance  i n  Humans* 

# D i s t r i b u t i o n  of Polonium i n  Pulmonary T i s s u e s  o f  C i g a r e t t e  Smokers* 000040 z 

# R a d i o a c t i v e  Ing rowth  o f  210-Po i n  Tobacco P l a n t s *  000019 

#Some Aspec t s  of t h e  R e l a t i o n s h i p  of R a d i o a c t i v i t y  t o  Lung Cancer* 000044 

#Polonium-210: Removal from Smoke by Resin F i l t e r s *  000010 

#Polonium-210: Removal from Smoke by R e s i n  F i l t e r s *  000010 

# S y n e r g i s t i c  Effect o f  Polonium-210 and  C i g a r e t t e  Smoke i n  Ra t s*  000008 

#Polonium-210 i n  Lungs and S o f t  T i s s u e  o f  C i g a r e t t e  Smokers+ 000042 

#Lead-210 and Polonium-210 i n  T i s s u e s  of  C i g a r e t t e  Smokers* 000028 

#Short-Term E f f e c t s  of C i g a r e t t e  Smoking on B r o n c h i a l  C l e a r a n c e  i n  Humans* 000001 

and D i s t r i b u t i o n  o f  Lead-210 an3 Polonium-210 S u p p l i e d  t o  Tobacco Leaves* 

# S h o r t -  Term E f f e c t s  of C i g a r e t t e  Smoking on  B r o n c h i a l  000001 
Exposure t o  Radon* # Thickness  o f  B r o n c h i a l  E p i t h e l i u m  w i t h  R e l a t i o n  t o  000020 
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#Polonium-210 i n  Lungs and S o f t  
Alpha-Emit t ing A e r o s o l  Depos i t ed  i n  Deep R e s p i r a t o r y  
Alpha-Emit t ing A e r o s o l  D e p o s i t e d  i n  Deep R e s p i r a t o r y  

#Lead-210 and Polonium-210 i n  
# D i s t r i b u t i o n  of Polonium i n  Pulmonary 

# C o n c e n t r a t i o n s  of 210-Pb and 210-Po i n  Human S o f t  
#Polonium-210 i n  Tobacco P r o d u c t s  and Human 

#Lead-210 i n  
#Radium-226 and Polonium-210 i n  Leaf 

Rare and R a d i o a c t i v e  C o n s t i t u e n t s  i n  Samples  of  I n d i a n  
#Exper imen ta l  

D i s t r i b u t i o n  of Lead-210 and Polonium-210 S u p p l i e d  t o  
# R a d i o a c t i v e  Ingrowth of 210-Po i n  

Uptake and D i s t r i b u t i o n  o f  Polonium-210 and Lead-210 i n  
t p o l o n i u  m- 2 1 0  i n  

#Eolonium-210 Alpha R a d i a t i o n  a s  a Cancer  I n i t i a t o r  i n  
# I n  Vivo S t u d i e s  o f  t h e  C i l i a s t a t i c  E f f e c t s  o f  

t o  t h e  R e s p i r a t o r y  T r a c t  Due t o  I n h a l a t i o n  of C i g a r e t t e  
210 i n  Mice Fo l lowing  I n h a l a t i o n  o f  Polonium-21 0-Tagged 

of Carc inogens ,  Tumor Promotors  and Coca rc inogens  i n  
#Radium-226 and Polonium-210 i n  Leaf Tobacco and 

P a r t i c l e s *  t R a 3 i o a c t i v i t y  of  
#Aeroso l  P a r t i c l e s  on 

F a c t o r s  A f f e c t i n g  Polonium-210 and Lead-210 L e v e l s  i n  
F a c t o r s  A f f e c t i n g  Polonium-210 and Lead-210 L e v e l s  i n  

#Sources  o f  Lead-210 and Polonium-210 i n  
# N a t u r a l l y  O c c u r r i n g  Alpha A c t i v i t y  of  C i g a r e t t e  

#Polonium-210 i n  I t a l i a n  
#Polonium i n  

#Polonium-210 i n  
# A l p h a - P a r t i c l e  A c t i v i t y  and F r e e  R a d i c a l s  from 

#Polonium-210 Ana lyses  o f  Vege tab le s ,  Cured and Uncured 
#Polonium-210 i n  

Ncnsmo k e  rs* #A Comparison o f  t h e  H i s t o p a t h o l o g y  of  
# D e p o s i t i o n  and C l e a r a n c e  of  2 u P a r t i c l e s  i n  t h e  

# R a d i a t i o n  Dose t o  t h e  R e s p i r a t o r y  
and Po-2 10  Alph a-E a d i a t  i o  n* # R e s p i r a t o r y  

Hemati te  and Hematite-21OPo i n  t h e  Hamster Lung #The 
and C l e a r a n c e  of 2 u P a r t i c l e s  i n  t h e  T r a c h e o b r o n c h i a l  

#Rad i o a  c t  i v  it p of Tobacco 
# A e r o s o l  P a r t i c l e s  on Tobacco 

# D i s c u s s i o n  - I d e n t i f i c a t i o n  of Carc inogens ,  
2 10 A 1  pha-Radiat ion* # R e sp  i r a t  ory T r a c t  
S u b j e c t s  - Smokers and  @ D e p o s i t i o n  and C l e a r a n c e  of  2 

#Polonium-210 A n a l y s e s  of Vege tab le s ,  Cured and 
and Flood Lead C o n c e n t r a t i o n s  i n  Lead Exposed and 

C i g a r e t t e  Smoke* il 
Totacco  P l a n t s *  n 

#Con tamina t ion  wi th  Polonium-210, 
Polonium-210 and Lead-210 L e v e l s  i n  Tobacco. 11. 

Soils* #Polonium-210 Analyses  o f  * # I n  
#Polonium-210: A 

* 

4 #Poloniam-210 i n  Leaf  

a 
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