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I Lritroduction 

, The second meeting of t h i s  panel took place a t  Stanford Research 
S s t i t u t e ,  Menlo Park, California,  t o  evaluate f u r t h e r  and t o  summarize 
b r i e f l y  the  avai lable  information on t h e  e f fec ts  .of inhaled radioactive 
p a r t i c l e s  on t h e  r e s p i r a t o r y t r a c t .  
sources and nature of  such p a r t i c l e s  and t o  t h e  numerous physical and 
biological  fac tors  involved. 
meters, t o  determine gaps i n  ex is t ing  bowledge, and t o  formulate 
recommendations for needed research. 
on radioactive par t ic les ,  it was found n e c e s s a r y t o  consider  a l s o  the 
general  problem of t h e  effects of radiat ion on t h e  lung, whether the  
source was external  or internal. 

Consideration was given t o  the 

An attempt was made t o  def ine known para- 

Although t h e  primary emphasis was 

I1 Sources and Nature of Airborne Radioactive Par t ic les  

Radioactive particles containing t h e  daughter products of radon 
and thoron* a re  a normal const i tuent  of our atmosphere and are contin- 
u a l l y  being inhaled by man. 
half- l ives  and thus decay r a p i d l y t o  insignif icant  levels .  The comen- 
t r a t io r .  of t h e  radon and thoron products i n  the atmosphere does not 
normally exceed one-thousandth of t h a t  l e v e l  present ly  considered to  be 
safe  f o r  man. 
quant i t ies  of radium o r  thorium are stored.)  l'lankind is therefore  abie 
t o  breathe continuously a i r  containing s.na11 numbers o+" radioact ive 
? a r t i c l e s  w i t h  no s igni f icant  harm t o  health. 

Most of t h e  daughter products have short  

(Exceptions occur i n  some mines and i n  loca t ions  where 

Xith the recent  increase in the  quant i t ies  of a r t i f i c i a l  radio- 
a c t i v e  substances produced, t h e  possible  sources of airborne radioactive 
pa-rticles have g r e a t l y  increased. 
explosions, nuclear production and power plants, experimental reactors,  
and i n d u s t r i a l  and research appl icat ions of radioisotopes.  The contam- 
ina t ion  resul t ing f romthese  sources can be divided i n t o  two categories,  
(1) t h e  worid-wide d i s t r i b u t i o n  f r o m  nuclear  explosions, and (2)  t h e  
e s s e n t i a l l y  l o c a l  d i s t r ibu t ion  from t h e  other  sources. 

Signif icant  sources include nuclear 

A. Nuclear Detonations 

The charac te r i s t ics  of t h e  radioact ive p a r t i c l e s  from a nuclear 
detonation and  t h e i r  d i s t r ibu t ion  in t h e  atmosphere are determined by 
many physical factors ,  including t h e  tvpe of device, t h e  a l t i t u d e  of 
t h e  detonation, and t h e  meteorological conditions. The more powerful 
devices r e s u l t  i n  t h e  t ranspor t  of radioact ive p a r t i c l e s  i n t o  t h e  
s t ra tosphere with subsequent d i s t r ibu t ion  over the face of t h e  ear th  (1). 
The small par t ic les ,  c a r r i e d  t o  great  heights,  f a l l  back i n t o  our 
atmosphere months and p a r s  af ter  t h e  detonation. I n  addi t ion t o  t h e  

Radon and thoron 
ear th ' s  crust .  

gases produced from radium and thorium i n  t h e  
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world-wide d i s t r ibu t ion  produced by a l l  large-yield devices, low bursts 
(surface and sub-surface) also crea te  inhalation hazards over loca l  
areas (up t o  1 0 , ~ o  square miles). 

f i s s ionable  material ,  and ac t iva ted  materials f r o m  t h e  environment. 
This debris is produced in various pa r t i c l e  s izes  ranging f r o m  subrriicron 
t o  millimeter s i zes ,  with t h e  l a rge r  pa r t i c l e s  deposited i n  the  loca l  
area of t h e  detonation. 
hundreds of miles o r  more cons is t s  l a rge ly  of pa r t i c l e s  in the respirable 
range, although some pa r t i c l e s  as l a rge  as  1000 microns i n  diameter m y  
be transported similar distances (1). 
micron map remain suspended i n  t he  stratosphere f o r  years, gradually 
f a l l i n g  in to  man’s environment, where they may be inhaled. 

The r a t e  of radioactive decay of these  substances decreases w i t h  
t h e i r  age with the  i n i t i a l  r a t e  being extremely rapid. 
t r a t e s  t he  percentages of f i s s i o n  products remaining a t  various times 
following a detonation. 
end o f  one year t h e  res idua l  a c t i v i t y  of a 20-kiloton device w i l l  still  
be on the  order of 100,000 cur ies  (2 ) .  
f i ss ionable  substances a r e  small i n  comparison with the  f i s s i o n  proiucts 
but they  provide a possible source of very long-lived, alpha-emitting 
materials. 
the  environment of t h e  detonation. 
short-lived and long-lived materials, with t h e i r  qua l i t a t ive  behavior 
Kith time s imi l a r  t o  t h a t  of t he  f i s s ion  products. 

These radioactive pa r t i c l e s  contain f i ss ion  products, nonconswned 

Atmospheric contamination a t  distances of 

Par t ic les  of t h e  order of 1 

Table I illus- 

In  s p i t e  of these rapid decay r a t e s ,  a t  the 

The quant i t ies  of unconsumed 

The ac t iva ted  products of a nuclear detonation depend upon 
In  general t hey  cons is t  of both 

Table I 

PERCENT OF ACTIVITY W I N I N G  FOLJDWING THE DETONATION *, 

OF A NUCLEAR DEVICE (3) 

Time Since Formation 
( t  ) 

1 day 
1 month 
1 year 

% of Activity Present a t  1 Minute 

0.016 
0.00028 
0.0000lh 

t ha t  Remains a t  Time, t 

Because of t h e  immense d i lu t ion  tha t  occurs in the  atmosphere, the 
probabi l i ty  of inhaling s ign i f i can t  amounts of such p a r t i c l e s  i s  st i l l  
exceedingly s l i g h t ,  except i n  the v i c i n i t y  of nuclear detonations. 

B. Other Sources 

The o ther  sources of airborne radioactive p a r t i c l e s  present a 
po ten t ia l  hazard to small numbers of people working i n  and near t h e  
area uhere t h e  operations take  place. 
handling radioactive materials i n  reactors,  nuclear processing plants, 
research labora tor ies ,  and o the r  radioisotope applications.  

These p a r t i c l e s  a r i s e  from 
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The p a r t i c l e s  may contain any of t h e  hundreds of individual radio- 
isotopes e i t h e r  alone or i n  combination. 
isotopes have long half-lives, may have high spec i f i c  activities, and 

Although normal control prac t ices  pro tec t  t he  workers under most c i r -  
cumstances, t he  probabi l i ty  o f  exposure from an accident remains signi- 
f ican t .  The most spectacular hazard would be t h e  accidental  release o f  
l a rge  quant i t ies  of radioisotopes from a nuclear reactor. 

111 Description of t h e  Respiratory Tract, Anatomy and Physiolow 

I n  many cases these radioactive 

'*my vary i n  s i z e  from less than one micron t o  seve ra l  millimeters. 

The descr ip t ive  and functional information given below is l b i t e d  
t o  t h a t  per t inent  t o  inhalation of par t icu la te  material ,  and i t s  f a t e  
once it enters  t h e  resp i ra tory  system. The function of the resp i ra tory  
t r a c t  i s  t o  convey a i r  t o  t h e  pulmonary a lveo l i  for oxggen and carbon 
dioxide exchange. During t h e  passage of t he  a i r  from the  outside t o  
t he  a lveol i ,  moisture is added to  t h e  a i r  and much of t h e  extraneous 
material present in a i r ,  such as  dust pa r t i c l e s  and pollens, which a re  
of no importance i n  gas exchange, is removed before the  a i r  reaches the 
alveoli .  

The nasa l  passages, trachea, and bronchi through which a i r  passes 
a re  l ined  by a membrane, which constantly secre tes  nrucus and is l ined  
throughout most of i t s  course with c i l i a t e d  c e l l s  which constantly move 
t h e  mucus away f r o m  the  terminal bronchi, i n  t h e  case of t he  nasal 
passages toward t h e  throa t  and i n  case of the  trachea and bronchi tonard 
the  pharynx where it is e i the r  expectorated o r  swallowed. The nasal 
a i r  passages a r e  tortuous and a re  so constructed t h a t  t h e  a i r  must pass 
over a la rge  sur face  of t h i s  mucus-covered membrane which ac t s  as  an 
e f fec t ive  f i l t e r  for par t i c l e s  l a rge r  than $ microns. 
does not have t h i s  protective function. 

The trachea is a moderately r ig id ,  car t i lag inous  s t ruc tu re  approx- 
imately 2 cn  i n  diameter i n  the  adul t  male; it extends from t h e  pharynx 
i n t o  the  thorax, where it divides in to  two major bronchi which convey 
a i r  t o  t h e  lungs. These bronchi penetrate t he  lungs, repeatedly divide, 
and with each d iv is ion  decrease i n  s i z e  u n t i l  t h e y  en te r  t h e  pulmonary 
lobule, a t  which point t hey  a r e  0.15 t o  0.20 mm in diameter. 
bronchi and bronchioli, except t h e  " resp i ra tory  bronchioli," a re  l ined 
with c i l i a t e d  and mucus-secreting ce l l s .  

that penetrates no f a r the r  than the terminal bronchi i s  moved oat of 
the  lung by  c i l i a r y  action, but that which passes beyond t h e  t e r r i n a l  
bronchi is handled by a d i f f e ren t  mechanism. 

The primary lobule of t he  lung cons is t s  of a terminal bronchus 
surrounded by a l v e o l i  (air sacs)  In &ich exchange of gases between the  
air and blood takes  place. The a lveo l i  cons i s t  of c a p i l l a r i e s  l ined 
with endothelium, which is  In contact with t h e  blood, and epithelium, 
which is i n  contact with air .  Also within t h e  a l v e o l i  t h e r e  a re  
phagocytic c e l l s  ( s ep ta l  c e l l s ) .  

Mouth breathing 

The 

I n  t h e  normal hea l thy  rep i ra tory  t r a c t  fore ign  pa r t i cu la t e  material 
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NOTES 

The lymphatics consis t  of a closed, endothel ia l  tubular  s t ructure ,  
somewhat resembling a vascular system; it c o l l e c t s  i n t e r s t i t i a l  f l u id  
(1gmph)and cel ls ,passes  through l p p h  nodes and f i n a l l y  in to  the  veRa 
cava. 
from t h e  lymph phagocytic c e l l s  cantaining foreign or  endogenous par t i -  
cu la te  material. The a lveol i  probably do not  contain 1- vessels,  
t he  smallest  and first lymph vessels being fcrund i n  t h e  malls of the 
terminal bronchi. From t h i s  point the  vesse ls  pass e i the r  along the 
pulmonary a r t e r i e s  and bronchi or t o  t h e  surface of t h e  lung and form 
t he  p leura l  plexus. In e i the r  case t h e  lymph u l t imate ly  passes through 
t h e  plexuses about t h e  la rge  bronchi and trachea.  
bronchi there  a r e  a large number of lymph nodes through which the  lymph 
must pass before it reaches t h e  thoracic duct. 

phagocytic ce l l s .  
car r ied  with the  lymph t o  the nodes a t  the  hilum of t h e  lungs. 
phagocytic c e l l s  may migrate t o  the  bronchi and be car r ied  upward i n  the  
bronchi by c i l i a r y  action. Small amounts of par t icu la te  material become 
lodged f r ee  i n  t h e  i n t e r s t i t i a l  t i s s u e  usua l ly  a t  points  of bifurcation 
of bronchi and blood vessels and about t he  lymphatics of t h e  pleura. 
Par t icu la te  mater ia l  may remain in the  lung f o r  some period of time, 
depending on t h e  chemical and physical propert ies  of t he  material. 

The lymph nodes function as a f i l t e r i n g  s t ruc tu re  and remove 

Surrounding t h e  

Par t icu la te  mater ia l  which reaches the a lveo l i  may be engulfed cy 
These c e l l s  migrate t o  t h e  lymphatic vessels  and are  

Some 

I V  Fate of Inhaled Par t ic les  

A. General Statement 

hraluat ion of t h e  potent ia l  hazard from inhal ing radioactive 
airborne materials requires carefu l  consideration of numerous physical 
f ac to r s  and of t h e  physiological functions of t he  resp i ra tory  system, 
Among t h e  physical f ac to r s  the  more important are: (1) par t ic le  s ize ,  
(2 )  so lub i l i t y ,  (3 )  density, (&) aggregation of pa r t l c l e s ,  ( 5 )  the  
r e l a t ive  amount of rad ioac t iv i ty  In par t i c l e s  of t h e  respirable  s ize  
range, (6) duration of exposure, and (7) t he  chemical and physical 
nature  of t h e  radioact ive par t ic les .  
fac tors  concerned i n  the  removal and absorption of inhaled par t ic les  
include: 
ing e f f ec t  of  t he  upper resp i ra tory  passages, (h) var ious clearance 
mechanisms, and ( 5 )  vascular i ty  of cap i l l a ry  beds i n  t h e  respiratory 
mucosa. 

The more important physiological 

(1) mouth versus nose breathing,(2) minute volume, (3) f i l t e r -  

.Most pa r t i c l e s  l a r g e r  than f ive microns b diameter adhere t o  the 
mucous membranes of t he  nose and l a rge r  bronchi,especially a t  t he  points 
of angulation or branching of t h e  resp i ra tory  tree, and do not penetrate 
t o  the  deeper a i r  passages. 
and l a rge r  f rac t ion  of t h e  inhaled mater ia l  reaches t h e  alveolar  ducts 
and sacs.  
be retained. The amount f i n a l l y  retained in t h e  lung is Btermined in 
part  by the  shapes of t h e  pa r t i c l e s  (e.g. a long,thin asbestos f ibe r  may 
be retained while spherical  o r  cuboidal s i l i c a  pa r t i c l e s  may not) and 

As t he  p a r t i c l e  size decreases, a larger  

Much of t h i s  is exhaled again, but appreciable f ract ions may 

h 
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t h e i r  density,  but is l a rge ly  dependent on chemical factors.  
soluble materials en te r  t h e  c i rcu la t ion  and a r e  car r ied  t o  o ther  organs 
by the blood stream,uhereas insoluble materials may remain i n  the  lung 
fop long periods. 
mechanisms for removal of foreign bodies from the  resp i ra tory  sgstem. 
These include (1) re f l ex  coughing and sneezing, (2) t h e  constant 
a c t i v i t y  of c i l i a  i n  t h e  bronchiolar epithelium, which brings material 
f r o m  t h e  deeper resp i ra tory  passages t o  t h e  mouth where they  a re  e i t h e r  
expectorated or swallowed, (3) engulfment by phagocytic c e l l s  with sub- 
sequent movement e i t h e r  up the  resp i ra tory  t r a c t  as in (2) or t o  the 
lynphatic system with possible concentration i n  lymph nodes or other  
sec t ions  of t he  lymph drainage system, (h)  entanglement and dilution i n  
mucus 
and ( 5 )  possible d i r e c t  en t ry  i n t o  the  lymphatic system without the 
mediation of phagocytic ce l l s .  

for l a rge r  p a r t i c l e  s i zes ,  they may accumulate appreciable quant i t ies  
of inhaled material  i f  the  mean p a r t i c l e  s i ze  i s  la rge  (grea te r  than 
5 microns). On t h e  other hand, t he  lung i t s e l f  may be exposed t o  the  
highest concentrations of  a material  of a smaller s ize ,  espec ia l ly  i f  
i t  i s  a l so  insoluble. Other organs of the  body w i l l  receive material 
from lungs or upper resp i ra tory  passages if it i s  (1) soluble or (2 )  
brought t o  them as a r e s u l t  of the  lung clearance a c t i v i t i e s  described 
above. If exposure i s  repeated, both t h e  lung and other organs may 
contain appreciable amounts simultaneously. Also ,  on repeated exposure 
t o  insoluble substances the  amount permanently retained i n  the  lower 
resp i ra tory  passages may increase considerably u i t h  time. 

c a l l y  i n  t h e  following sections,  but mention should be made here o f  ' 

the compendia and reviews by Dalla Valle (b) , Davies ( 5 )  , Drinker and 
Hatch (6) and Eisenbud (71, and t o  t h e  s tud ies  of Drinker and colleagues 
(8),  Landahlan? Hermann (91,  etc. 

oxides which have a l imi ted  s o l u b i l i t y  i n  body f lu ids .  Further, t he  
airborne pa r t i c l e s  u i t h  which r ad ioac t iv i ty  i s  associated a re  for the 
most part  considerably l a rge r  than t h e  optimum size for deposition and 
retention i n  the  a lveolar  t i s s u e  of t h e  lung. Thus, t he  probabili ty of 
long-term re ten t ion  of s ign i f icant  amounts of inhaled f a l l o u t  material 
i n  the lower r e sp i r a to ry  passages i s  not appreciable following an acute 
exposure. 
can produce injurious e f fec t s  may be minute because of t he  c lose  
proximity of the  p a r t i c l e s  t o  the t i s s u e  which they  i r r a d i a t e  and t h e i r  
high spec i f i c  a c t i v i t i e s .  There is, i n  f a c t ,  some pre l iminarywidence  
t h a t  s ing le  ac t ive  pa r t i c l e s  of plutonium lodged i n  t h e  mouse lung can 
induce epidermoid carcinoma (10). 

Readily 

The removal of the  l a t t e r  depends on the  physiological 

l i n ing  the  resp i ra tory  t r e e  and propulsion with t h e  mucus a s  above, 

Since the  upper r e sp i r a to ry  passages a c t  a s  a f i l t e r i n g  mechanism 

The keneral relationships described above a r e  documented spec i f i -  

The radioactive elements formed i n  nuclear f i s s i o n  a r e  predominantly 

However, t h e  amaint of inhaled rad ioac t ive  material  which 

5 
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/’ E. Clin ica l  m r i e n c e  

A considerable body of c l i n i c a l  data has been gathered on human 
hihalat ion of various par t iculate  materials.  Some of these agents 
produce diseases which have a f a i r l y  charac te r i s t ic  c l i n i c a l  Course 
and pathological s t ructure .  
causing pulmonary f ibros is ;  beryllium, causing granulomatosis; and 

Examples of t h e s e  are s i l i c a  and asbestos, 

-1, and asbestos,  leading t o  carcinoma of t he  lung. 
Many p&ticulates, such-as non-crystalline s i i i c a ,  carbon, and i ron,  have 
been demonstrated t o  be biological ly  i n e r t  and not t o  lead  t o  disease 
i n  t h e  resp i ra tory  system. 

Invest igat ions of dust hazards i n  indus t ry  have yielded some 
information on the f a t e  of the inhaled pa r t i c l e s  i n  the huauan respira- 
t o r y  t r a c t .  The majority of these invest igat ions per ta in  t o  t h e  to ta l  
quant i ty  of dust  re ta ined under a very  general ly  defined s e t  of condi- 
t ions .  Very divergent r e su l t s  have been obtained, as i s  summarized by 
Davies ( 5 ) .  Properties such a s  p a r t i c l e  size d is t r ibu t ion  and the 
physical propert ies  of par t ic les  which determine t h e i r  impaction and 
s e t t l i n g  r a t e s  a re  important, and t h e  breathing charac te r i s t ics  of the 
subject  may exert  a modifying influence. Although we have gained a 
general p ic ture  of the  f a t e  of inhaled mater ia ls  i n  the  respiratory 
t r a c t  from such work, quant i ta t ive information i s  not  i n  general 
avai lable .  The impression is always t h a t  individual  substances pose 
i n d i v i h a l  problems and tha t  simplifying general izat ions have not been 
possible. 

Because of t h e  greater  ease of measurement, espec ia l ly  in the  
presence of an energetic gamma component, t h e  f a t e  of radioactive dust 
may be followed somewhat more e a s i l y  i n  man than t h a t  of non-radioactive 
mater ia ls .  However, work i s  j u s t  s t a r t i n g  in this f i e ld .  Marinelli; 
Norris, e t  al. (ll), could follow t h e  clearance of radium su l f a t e  from 
the  lungs of six persons who suffered accidental  exposure t o  radium 
sulfate dust. They used a gama-ray scanning device. There vas an 
early rapid elimination from t h e  lung followed by a progressively 
slower loss. The half-time f o r  re tent ion var ied  from 32 days i n i t i a l l y  
t o  fi0 days within s ix  months a f t e r  caposure. Albert and Arnett (121, 
measured r a t e s  of loss from the  lungs of thoron daughter products 
adsorbed on kaolin and of a radioactive i ron  dust. These substances 
l e f t  t h e  lung much more rapidly than t h e  radium su l f a t e  c i ted  above. 
The re ten t ion  half-time was about 9 hours. Tvo d i s t i n c t  phases appeared 
i n  t h i s  e a r l y  bronchiolar clearance, a very  rapid one ending i n  2 t o  L 
hours, and a second phase ending i n  about 30 hours. Their r e l a t ive  
importance var ied with the average p a r t i c l e  size .  

therapeut ica l ly  ?Jffective radiat ion dosages t o  regional  lymph nodes by 
odndnistering radioactive col loids  in t ra t rachca l ly .  Hahn, et 91. (131, 
have shorn t h a t  such co l lo ida l  suspensions may remain f ixed  loca l ly  for 
long periods. This I s  i n  l i n e  wlth earlier information obtained with 
co l lo ids  of thorium (e.g. thoro t ras t )  which have been found t o  remain 

Recently, i n t e r e s t  has developed in t h e  poss ib i l i t y  of bringing 

I111231 
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in s i t u  f o r  period of p a r s .  Final ly ,  prelipdnpry s tudies  of t h e  r a t e  
3 transfer of insoluble plutonium deposited in the lungs of humans 
indicate movement with half-times of t he  order  of two years (lk). 

* 

Thus, t h e  infornation on deposition and retent ion in human lungs 
is scanty in many par t icu lars  and permits few generalizations. 
i n  a l l  p robabi l i ty  each substance represents  a separate  s i tua t ion ,  and 
general izat ions t o  a broad evaluation of t he  hazard of inhaling radio- 
ac t ive  mater ie ls  cannot be made a t  present. 

Indeed, 

C. b r p e r h e n t a l  Observations in Animfls 

Obviously, much detai led in fo rmt ion  regarding the  deposition, 
re tent ion,  and clearance of inhaled mater ia l s  t h a t  cannot be obtained 
f r o m  clinical observations can be obtained from expe rhen ta l  work with 
animals. 
a t ion  from animals t o  man are  recognized, a shor t  summary of the  current  
s t a t u s  of  information in t h i s  f i e l d  may be useful .  

Although the  d i f f i c u l t i e s  of t r a n s f e r  of expe rhen ta l  inform- 

1. Non-Radioactive Materials 

Exposure of animals t o  dus ts  of t h e  type important i n  indus- 
t r i a l  medicine has yielded valuable bas ic  l n f o w t i o n  on the  f a t e  of 
various substances (Oardner (1s) and Lanza (16)). 
previously discussed provlde Important physiological s a fe ty  fac tors  i n  
respect  t o  the  poten t ia l  racklation damage t o  t h e  resp i ra tory  system. 
The ef f ic iency  of these mechanism var ies ,  a s  s t a t e d  above, with t he  
physical and chemical properties of t he  par t icu la te  material and the  
components of t h e  resp i ra tory  system. 
l y  by Eisenbud (7). 
f r o m  the  nasa l  passages and bronchial tree during t he  f i r s t  few hours 
o r  days by c i l i a r y  act ion and mucus secre t ion .  . Materials i n i t i a l l y  
deposited in lung parenchpa distal t o  the  c i l i a t e d  air  passages remain 
in these a reas  f o r  a longer period (weeks or  months) and a r e  removed 
more sbwly and less e f f i c i a t l y  by phagocytosis. They may be subse- 
quent ly t rans loca ted  t o  organs of the  reticulo-endothelial system by 
way of the  pulmonary lymphatics (17). 
density, such as bac ter ia l  spores (le), ind ia  ink, and prodigiosin (19), 
a r e  more r ap id ly  and e f f ec t ive ly  removed f r o m  both major compartments of 
t h e  resp i ra tory  system than a r e  similar pa r t i cu la t e  materials of grea ter  
dens i ty  (20) such a s  s i l i c a  and beryllium su l f a t e .  With unit dens i ty  
mater ia ls ,  the  upper passages a re  c leared  within a feu hours and the  
lower passages within a few days. With t h e  higher  dens i ty  materials, 
although t h e  upper passages are still c leared  in hours, removal from 
the  lung parenchyma requires  much longer  periods. The nost important 
aspect is that in these cases a small percentage o f  the  a r t e r i a l  
init ially deposited in t h e  distal prt of t h e  pulmonary tree is re tained 
f o r  very long periods. Furthermore, on repeated inhalat ion exposures, 
t he re  is a gradual increase in the amaunt permPnmtly retained (21). 

Clearance mechanisms 

T h i s  haa been reviewed adequate- 
In  general, fore ign  pa r t i c l e s  a re  rapidly removed 

Insoluble  materials of unit 
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A c l e a r  demonstration of t he  importance of pa r t i c l e  s ize  t o  
t o x i c i t y  is found i n  the  studies of Wilson, e t  al . ,  on uranium dioxide 
dust (22). 
of kidney damage as c r i t e r i a ,  they  showed i n  rats and rabbits,  t h a t  
uranium dioxide dust with a mess-median p a r t i c l e  diameter o f  0.5 micron 
was consfderably more toxic than t h e  same inhaled concentration having a 
mass-median pa r t i c l e  diameter of 2.3 microns. Similarly, t he  a b i l i t y  of 
beryllium oxide (23) t o  produce an acute  eumonitis and of s i l i con  
dioldde t o  induce s i l i c o s i s  in animals ( 2 5  i s  found to increase a s  
average p a r t i c l e  s i z e  decreases. This may be re la ted  t o  the la rger  
surface area of the smaller par t ic les .  

Using lung damage, lung weight, body weight loss, and evidence 

2. Radioactive Materials 

During t h e  war years, experimental s tud ies  uere made of t h e  
re ten t ion  and f a t e  o f  inhaled f i s s ion  product aerosols and of various 
individual radioactive materials, including alpha emitters. 
primarily acute  exposures and provided useful preliminary f igures  re- 

! 25) showed t h a t  Strontium 89 l e f t  t h e  lungs qu i t e  rapidly but t ha t  
Zirconium 95,Yttrium 91, and Cerium 1Lh were eliminated much more slowly. 
Translocation t o  the  skeleton occurred i n  each case. These same authors 
investigated t h e  f a t e  of inhaled plutonium aerosols (26) and showed t h a t  
valence s t a t e  and the  presence of complexin? agents are important in 
pulmonary retention. The deposition and f a t e  of plutonium, uranium, and 
t h e i r  f i s s i o n  p r o h c t s  were studied i n  d e t a i l  by Hamilton and h i s  
assoc ia tes  (27 ) .  
found by Fink, e t  a l .  (28) t o  be s M l a r  t o  t h a t  which occurs a f t e r  
intravenous injection. 

These were 

ar3inp re ten t ion  and subsequent d i s t r ibu t ion  t o  t i s sues .  Abrams, e t  a l . ,  

The d is t r ibu t ion  of  Polonium 210 inhaled by r a t s  was 

Another aspect of the  problem is  illustrate:! by work with radon. 
Radon i t s e l f  i s  a noble gas and behaves i n  t h e  bodvin  accordance with 
i t s  s o l u b i l i t y  i n  body fluids.  
r e l a t i v e l y  shor t  periods and constant exposure would be necessary t o  
produce s ign i f i can t  lung damage. 
gases occurring i n  nuclear f i ss ion .  
by Bale ( 2 9 )  and subsequently shown experimentally by Cohn, e t  al. (30) 
and by Shapiro and Bale (31), the  decay products of radon may deposit 
on atmospheric dust and be of primary importance. The dust par t ic les  
with t h e i r  contained radon decay products may remain i n  the  resp i ra tory  
t r ee ,  being d is t r ibu ted  more or l e s s  as a function of pa r t i c l e  s i ze ,  and 
contribute much l a rge r  radiation doses than radon i t s e l f .  Although t h i s  
i s  of more importance t o  mining and ore  processing operations than t o  
f i s s i o n  product l lfallout,” t he  importance of considering c a r r i e r  dust 
and decay products i s  i l l u s t r a t e d  by t h i s  work. 

hazard t o  the  lung depends upon t h e  compound inhaled and i t s  phgsical- 
chemical state. This has been borne out by more recent work, I n  which 
animals have been exposed t o  “ fa l lou t”  or simulated f a l l o u t  and f i s s i o n  
products a s  reviewed i n  the succeeding paragraphs. 

The pas i t s e l f  remains i n  t h e  lungs f o r  

The same muld  apply t o  the  radioactive 
However, a s  was f i r s t  pointed out 

All of these acute s tud ies  ind ica t e  tha t  evaluation of t h e  

1 1 1 1 2 3 9 .  
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Studies involving t h e  exposure of animals t o  airborne radio- 
a c t i v e  particles have been made both in t h e  f i e l d  and i n  the  laboratory.  
The results of tests conhcted  a t  t h e  Nevada Roving Grounds during the 
past few years indicate  t h a t  t h e  re ten t ion  of  par t icu la te  matter i n  t h e  
r e s p i r a t o r y  system of exposed animals was insienif icant ,  even i n  t h e  
presence of an appreciable ex terna l  radiat ion f lux  (20). 

I n  t h e  Pacif ic  t e s t  of March 1, 195&, a large number of human 
beings and animals were accident ly  exposed t o  f a l l o u t  from nuclear  det- 
onat ion (32, 33). In  t h i s  s i t u a t i o n  considerablv la rger  amounts of 
radionuclides were taken up and retained than i n  the  cont inental  tests. 
I n  t h e  Pacif ic  exposure, t h e  type of detonation and t h e  c a r r i e r  mater ia l  
of t h e  fa l lou t  differed from those encountered i n  the  Nevada tests. 

Studies of t h e  animals exposed t o  the f a l l o u t  from t h e  above- 
mentioned Pacif ic  nuclear detonation provided data on the  uptake, dis-  
t r ibu t ion ,  and retent ion of the  various f i s s i o n  proiucts (33). Routes 
of e n t r y  f o r  t h e  material were both inhalat ion and ingestion, with t h e  
l a t t e r  the  more important. 

t h e  environment, r e l a t i v e l y  few gained en t ry  i n t o  the body. 
included Strontium 39, Barium IhO, Iodine 131, an.? some of the  rare e a r t h  
elements. The elements nhich e n t e r  t h e  body are Characterized c h i e f l y  
by  t h e i r  so lubi l i ty .  BioloFical removal an3 radioactive decay reduced 
l e v e l s  of rad ioac t iv i ty  i n  t h e  lungs of pigs rapidly,  so t ha t  a t  t h r e e  
months o n l y  0.02% of t h e  beta-ray a c t i v i t y  of t h e  en t i re  body was present 
i n  t h e  lungs. 
l e v e l s  i n  t h e  lungs of pigs  were bare ly  detectable.  

' 

inhalat ion and ingestion of t h i s  f a l l o u t  mater ia l  was i n s u f f i c i e n t  t o  
cont r ibu te  t o  the  acute  radiat ion e f f e c t s  observed. The p o s s i b i l i t y  of 
delayed e f f e c t s  occurring from i n t e r n a l l y  deposited radioactive mater ia l  
is  very small. 

Although a la rge  number o f  f i s s ion  products were present i n  
These 

A t  s i x  months a f t e r  t h e  detonation, the rad ioac t iv i ty  

The amount of f i s s i o n  products deposited i n  t h e  body from 

Studies i n  t h e  laboratory designed t o  provide data  on t h e  
r e s u l t s  of exposinn small animals t o  f a l l o u t  material  have been of two 
tvpcs: those which u t i l i z e  pulverized radioactive mater ia l  from t h e  
f i e l d ,  and those which attempt t o  reproduce f a l l o u t  material .  

I n  t h e  former s tudies ,  rabbi t s  were exposed t o  aerosols  (0-3 
microns i n  diameter; developed from mater ia ls  collected f r o m  t h e  Nevada 
Roving  Grounds (21). The mater ia ls  were used several  months a f t e r  t h e  
contaminating wen t ,  so t h a t  o n l p t h e  long-lived f i s s i o n  products were 
present.  
were s i l iceous  and therefore  h ighly  insoluble  (one percent in u a t e r )  . 
l,uc/m3 with p a r t i c l e s  having a mean diameter of 0-3 microns, t h e  amount 
i n i t i a l l y  re ta ined i n  t h e  lungs (369 d/s) was about one-ninth t h a t  found 

The mater ia ls  were f u r t h e r  characterized by the  fact  t h a t  t h e y  

Following s ingle  &-hour exposures t o  a dust  concentration o f  
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in t h e  stomach (2326 d/s). 
inal t r a c t  was p rac t i ca l ly  complete by 96 days (0.8 d/s and 5.2 d/s 
respectively).  
and followed an exponential function, with about 85% lung clearance i n  
7 days and about 95% clearance f r o m  t he  gas t ro in tes t ina l  t r a c t  i n  the 
same time . 

Clearance from the lung and t h e  gas t ro in tes t -  

Values for the clearance f r o m  both sF tems  were pa ra l l e l ,  

Products from two-day-old neutron bombarded uranium were 
employed in t h e  various simulants used i n  the  laboratory experiments, 
designed t o  re-create various types of f a l l o u t  (3L, 35). 
inha la t ion  experiment the  animals received many of t h e  short-l ived 
f i s s i o n  products i n  addition t o  t h e  longer-lived radiosiotopes. The 
d i s t r ibu t ion  and retention of t h e  f i s s i o n  products i n  these  animals con- 
f i r m e d  tha t  f a c t  mentioned previously t h a t  the uptake and metabolism of 
the inhaled radioactive p a r t i c l e s  depends l a rge ly  on the  ph-mica1 and 
chemical charac te r i s t ics  of t h e  carrier material. It was found t h a t  the 
r e t en t ion  and metabolism by t h e  lungs and other t i s sues  could be a l t e r ed  
by t h e  in jec t ion  of the  chemical, zirconium c i t r a t e ,  m e d i a t e l y  pre- 
ceding or soon a f t e r  exposure (35) .  

I n  t h i s  

The quant i ty  of f i s s i o n  products retained by the mice as a 
result of inha la t ion  exposure was proportional both t o  t h e  length of 
exposure and t o  t he  concentration of airborne ra f ioac t iv i tp .  
n a l l y  deposited r ad ioac t iv i ty  i n  t h e  lungs, as well as  i n  the  skeleton 
and s o f t  t i s sues ,  decayed rapidly.  
a c t i v i t y  of t h e  aerosol MS contributed c h i e f l p b y  radioisotopes of s h o r t  
half-lives, and t h a t  the  b io loe ica l  turnover i n  t h e  lungs and s o f t  t i s sues  
was rapid. 

t h e  labora tory  and f i e l d  s tud ie s  a l l  point t o  t h e  conclusion t h a t  t H e  
i n t e r n a l  rad ia t ion  hazard following an acute exposure t o  f a l l o u t  i s  very 
small i n  comparison with t h e  overwhelming external dose. This conclusion, 
of course, appl ies  t o  the  inha la t ion  hazard inmediatelp following exposure 
t o  a nuclear detonation, and would not necessar i ly  apply t o  t h e  e f f e c t s  
produced by acute exposure t o  long-lived radioisotopes such as Strontium 
90 and Plutonium 239, o r  t o  chronic exposure t o  small amounts of long- 
l i v e d  f i s s i o n  products. 

In  repeated exposure s tud ie s  (211, in which r abb i t s  and r a t s  
were given as many as 60 6-hour exposures f i v e  days each week t o  t h e  
s i l i ceous  radioactive mater ia l  (from Nevada) using dust concentrations 
of O . O l p c / m 3 ,  pubnary  re ten t ion  increased in proportion t o  thc  number 
of exposures. 
subjected t o  a single exposure, being only  a b u t  30% i n  30 days, and 

V Radiation Effects am t he  Respiratory Troct 

The in te r -  

This resulted f r o m  t he  f a c t  t h a t  t h e  

The accumulated evidence f r o m  these  controlled experiments i n  

Lung clearance values were much lower than for anilnals 

70-75% in 60 dap.  

Insofar  as is knoun, the amuunt of damage suffered by m y  t i s s u e  
depends upon t h e  amount of energy absorbed. The determinants are: 

10 
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2. Time 

The nature and i n t e n s i t y  of t he  source 

a. Duration of exposure 
b. Rate 
c. Whether exposure i s  continuous or intermittent.  

As regards such late e f f e c t s  as neoplasia, when the  radioactive 
p a r t i c l e  has an i nde f in i t e  biological half-life, and is  f ixed  by some 
mechanism ni th in  the  tissue, t h e  t o t a l  volune of t i s s u e  a f fec ted  may be 
small, but nevertheless of g rea t  significance; it i s  theo re t i ca l ly  
possible tha t  a s ing le  c e l l  exposed t o  a s ing le  radioactive p a r t i c l e  may 
be the  source of a neoplastic c e l l  l ineage that  can u l t imate ly  des t roy  
the  host. 
chance of such an event becomes greater.  

c l a s s i f i e d  as  acute or chronic. 

Of course, with l a r g e r  numbers of ce l l s  exposed, t he  s t a t i s t i c a l  

Within the  above parameters t he  e f fec ts  t o  be expected may be 

A. Acute Effects 

Acute e f fec ts  may be a r b i t r a r i l y  defined as e f f ec t s  occurring within 

Information t h a t  has accrued on the  pathology of acute e f f ec t s  is 
l a r g e l y  based on changes produced by ex terna l ly  applied x-rays i n  t he  
treatment of cancer of t h e  breast .  
thousand t o  f i f t een  thousand raentgens, some cases showed l e s ions  tha t  
consisted of a l te ra t ions  i n  the  cells of distal a i r  passages. 
enlargement of the passages, and sometimes an increased basophilia of 
the  cytoplasm. 

the  f i r s t  s i x  neeks. 

With adequate exposure, two or th ree  

There was 

The nucleo l i  l ikewise became very prominent. 

Distinctive acidophilic hyoline membranes were of ten  formed e a r l y  
i n  t h e  t i s sue  response t o  irraciiation of t he  lung. 
absorption f i n a l l y  but not organization. 

These underwent 

A cha rac t e r i s t i c  and e a r l y  change was edema of the  a l v e o l i  together 
with congestion. The c e l l u l a r i t y  of the  walls of t h e  a lveo l i  was in- 
creased, i n  part by swelling of t h e  l i n ing  c e l l s  and endothe l ia l  elements, 
and sometimes by i n f i l t r a t i o n  of small numbers of lymphocytes, plasma 
c e l l s ,  and l a rge  mononuclear elements. 

Pulmonary scarring occurred only with t h e  l a r g e r  doses of x-rays. 

The lymphatics and small blood vessels became congested early. 
With la rge  doses, t h e  l a rge  vesse ls  showed a s t r ik ing  edema of t h e i r  
-113, and occasionally c e l l u l a r  i n f i l t r a t i o n .  
reduplicated and focally coarsened. 
pray atrophy, as elsewhere, but when t h e  doses are appropr ia te ly  spaced 
regenerative a c t i v i t y  may keep pace with t h e  destructive ac t ion  of t h e  
ionizing radiations. 

Thr e l a s t i c a  m y  become 
The l p p h o i d  t i s s u e  within t h e  lungs 
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From avai lable  data, it would seem tha t  s ing le  doses appl ied loca l ly  
i n  excess of 2OOO-~OOO roentgens a t  150 t o  200 kv a r e  necessary t o  pro- 
duce these acute t i s s u e  responses in the  lung. 
vhen r a t s  a r e  in jec ted  with 30 t o  159 microcuries of Phosphorus 32, 
changes resembling those of the  acute  t i s sue  response i n  the  lung t o  
x-rays appear within seven days. 

It has been found tha t  

E. Long-Term Effects  

Experiments of Lorenz, et a l .  with s t r a i n  A mice chronica l ly  exposed 
t o  gamma rays for a t o t a l  of 2000 rad have shown an incidence of lung 
tumors 505 higher i n  experimental than in the cont ro l  mice a t  nine and 
one-half months (37). 
of rarlioisotopes can produce neoplasia. 
of bone a f t e r  the  re ten t ion  of a s  l i t t l e  a s  1 d c r o c u r i e  of radium. 
l e s s e r  amounts, of the order  of 0.L microcurie, have recent ly  been shown 
t o  p rohce  bone necrosis  in man (38). 
reported work by other  groups, suggest that occupational exposure t o  
appreciable amount of ionizing radiat ion has been c o m n  among miners 
and has existed f o r  a long time (39). Eer l ie r  reports  indicated tha t  
radon inhalat ion by t h e  J a c k p v  miners resul ted i n  lung carcinoma (h3). 
Unquestionable evidence t h a t  carcinoma resul ted from exposum t o  radon 
i n  these miners does not eds t .  

It has long been known t h a t  extremely small doses 
A c l a s s i c a l  example i s  Sarcom 

Even 

These s tudies ,  together  u i th  un- 

C. Effects of h d i o a c t i v e  Par t ic les  ( In te rna l  Emitters) on the  
Respiratory Tract 

Available experimental data  include the  production of epidermoid 
carcinoma (10) of t h e  lung within one year i n  mice of the  BAFl s t r a i n  
(a s t r a i n  known t o  have a low prevalence of na tu ra l ly  occurring lung tumors) 
by a s  l i t t l e  a s  0.06 laicrocuries of co l lo ida l  plutonium oxide administer- 
ed intratracheal ly .  An early r e s p n s e  t o  t h i s  material t h a t  occurred 
within three  months was fibrosis and a typica l  ep the l i a l  p ro l i fe ra t ion  in 
the  terminal r e sp i r a to ry  passages. Within three  months, laice exposed 
s imi l a r ly  t o  Ruthenium oxide (Ib1060a) in doses of 1.5 t o  2.5 microcuries, 
showed foca l  scarr ing of t h e  pulmonary parenchyma. A t  one p a r  there  
was apparently no progression in the  scar r ing  (10). I n  t h e  lungs of 
r a t s  exposed by Cember and h i s  group (&l) t o  Barium s u l f a t e  (e60,) 
par t i c l e s  for a period of a year t he re  were doubtful minute foc i  of 
f i b ros i s .  A number of 1-2 gear 
experiments i n  which animals were exposed d a i l y t o  varying doses of x-rays 
and neutrons have produced no demonstrably pulmonary e f f e c t s  (u). Another 
per t inent ,  although negative, experiment map be cited: 5bm par t i c l e s  
of s i l iceoup atomic debr i s  . f r o m  a Nevada test s i te  
taining 10- nricrocuries of alpha emitters and 10-s microcuries of beta 
emitters per particle, were impl&nted in the  lungs of rats. 0111s a 
foreign body response comparable t o  t h a t  of non-radioactive s i l i ceous  
mater ia l  occurred after one year (21). 

No neoplast ic  changes were observed. 

each p a r t i c l e  con- 

Information obtained with other  t i s s u e s  may given an indicat ion of 
the  mechanism for the damage t o  the  r e sp i r a to ry  tract p o b e d  by radio- 
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ac t ive  par t ic les .  
experiments t o  determine t h e  incidence of skin tumors in rats exposed 
t o  beta radiat ion f r o m  point sources of Strontium W-Rtrium 90. The 
eff ic iency of tumor production in these rats decreased as t h e  amount 
of radioact ive mater ia l  in the  individual point sources was increased (u). This decrease i n  e f f ic iency  is presumably dependent on the  
wasting of rad ia t ion  energy on those t i s sues  which a r e  k i l l e d  by the  
high radiat ion levels present a t  short  dis tances  from the  m i n t  sources. 
Calculations (b5) ind ica te  that if the  tumor production is a l i nea r  
function of the  rad ia t ion  in tens i ty ,  t he  eff ic iency of tumor production 
w i l l  increase a s  t he  amount of radioactive material i n  t h e  individual 
point sources is decreased. If the  tumor production depends upon the  
square o r  higher power of t h e  radiat ion in tens i ty ,  the  e f f ic iency  of 
tumor production will exhib i t  a maxFnnun f o r  some d e f i n i t e  amount of 
radioactive mater ia l  in the  point sources. 

For instance, Passomeau (&3) has performed Some 

VI Conclusions 

1. With reference t o  f a l lou t  from nuclear detonations,consideration 
of physical fac tors  (such a s  s t rength an3 t p  of detonation, par t ic le  
s i ze  d is t r ibu t ion ,  decay ra tes ,  meteorological fac tors ,  airborne 
rad ioac t iv i ty  levels,  and percentages of r ad ioac t iv i ty  i n  the  respirable  
s i ze  range), and ac tua l  experience, indicate  t h a t  t he  acute  external 
beta-gamma rad ia t ion  hazard is many times g rea t e r  than t h a t  from inhala- 
t ion.  

An addi t ional  s a f e t y  f ac to r  for the lung (of perhaps 10) is repre- 
sented by t h e  r e sp i r a to ry  clearance mechanisms. 

isotopes, s i tua t ions  may occur wherein r e l a t i v e l y  small numbers of people 
may receive s ign i f i can t  radiat ion exposure t o  parts of the resp i ra tory  
system from inhaling radioact ive pa r t i c l e s  containing long-lived isotopes 
of high spec i f ic  a c t i v i t y ,  without simultaneously exceeding tolerance 
leve ls  for whole body exposure. 

Little information is avai lab le  on the  poten t ia l  hazard t o  the  
resp i ra tory  system and o ther  organs fol lowirq chronic exposure t o  small 
amounts of lonp-lived radioisotopes such a s  Strrrntium 90 and Plutonium 
239. The occurrence of epidenaDi3 careinom in t h e  lungs of mice a f t e r  
exposure t o  plutonium particles suggests t h a t  accumulations of such 
mater ia ls  m y  present a s M l a r  hazard t o  mn. 

2. In indus t r i a l  or research work with nuclear  reac tors  and radio- 

3. 

VI1 Recommendations 

1. bre in fomat ion  should be obtained on s torage and clearance 
mechanisms, immediate and long-term, in respect to various radioisotopes 
in various chemical form and perWcle sixes, in both t h e  upper and lower 
resp i ra tory  t r ac t s .  

13 
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2. A concerted e f f o r t  should be =de t o  compare the  behavior and 
e f f ec t s  of inhaled radioactive and non-radioactive pa r t i c l e s  with the 
objective of u t i l i z i n g  the large amount of da t a  a l ready  available on 
non-radioactive materials. 

3. Possible cumulative storage wi th in  t h e  r e sp i r a to ry  t r a c t ,  
following repeated exposure t o  long-lived isotopes,  should be given 
s p e c i a l  a t ten t ion .  

b .  Analyses of human lungs for radioactive p a r t i c l e s  should be 

5. Spatial-dose relationships should be f u r t h e r  worked out and 

made; t h e  s tudy  of lungs containing tumors may be espec ia l ly  f r u i t f u l .  

ca re fu l ly  considered i n  studfing t h e  chronic e f f e c t s  of par t ic les  con- 
ta in ing  long-lived radioisotopes on t i s sues  i n  general and on the 
resp i ra tory  t r a c t  i n  par t icu lar .  

6. Species differences must be considered in evaluating t h e  e f fec ts  
of ionizing rad ia t ions  on the  lungs; spec ia l  a t t en t ion  should be paid 
t o  spec ies  with a long l ifespan in consideration of time-intensity 
fac tors .  

7. Further s tud ie s  should be made of t h e  combined e f f e c t s  of 

8. 

external and in t e rna l  radiations on the  lungs. 

for t he  preparation and co l lec t ion  of rad ioac t ive  aerosols with parti-  
cu l a r  a t t en t ion  to the  physical parameters needed for in te rpre t ing  
b io logica l  experiments. 

Further work should be done on t h e  development of instruments 

I 1 1 1 2 4 5  



_ _  _____I_- 

WCVYEriTscuRCE 
University of Caliornia at Los Af lgeb  

University Archives 
SERIES T i n E  

BIBLIGGRAPHY 

s. 
2. 

3. 

h. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 

I&. 

15 

16. 

17. 

18 . 
19. 

20. 

Eisenbud, M. and Harley, J. H., Science 117, 113-7, 1953. 

Las Alamos S c i e n t i f i c  Laboratory, "The Effects  of Atomic Weapons" 
p. 251, G.P.O., Washington, b. C., 1950. 

Way, K. and Wiper,  E. P., Phys. Rev. 73, 11, 1318-1330 (19116) 

Dalla Valle, J. M., "Micromeritics, The Technology of Fine 
Part ic les" ,  2d ed., Pitman Publishing Corp., Neu Yo&, 19&8 

Davies, C. N., B r i t .  J. of Ind. Ied. 9, 120 (1952) 
Drinker, P. and Hatch, T., " Industr ia l  hs t" ,  New Yo*, McGraw-Hill 
Book Co., 1951, 

Eisenbud, M., A.M.A. Arch. Indust. H y g .  & Occupational Med. 6, 

Drinker, C. K. and Field, W. E., "Lgmphatics, Lsmph and Tissue 
Fluid", The Williams & Wilkins Co., Baltimore, 1933 

21&-25; 1952 

Landahl, H. P. and Hermann, R. S., J. (g) Indust. Hyg. & Todcol., - 30: 181, 19&8 

Wager, R . W. 
500, (1955) (Unclassified) 

al, Biology Section Annual Report - Document mu, 

Marinell i ,  L. D. 2 al, Radiol., 61r903, 1953 

Albert, R. E. and Amett, L. C., A.I.A. Arch. Indnst. Health, 2, 
99-16 (1955) 

H a ,  P. F., 2 9, J. blb. 6r C l h .  b e d o  9, 62h, 1952 
Heally, J. Private  C o m i c a t i o n  

Gardner, L. U., J.A.M.A., 111, 1925, 1938 

Ianza, A. J., "Silicosis 61 Asbestosis", oxford W i w r s i t Y  -88, 
Neu Yo* (1936) 

Taplin, 0. V., a t  a1, Annals of Allergy, ll, 1, 1953 

Taplin, 0. V. 

Taplin, 0. V. et iL, Annals of Allergy, 2, 703, 199 

Taplin, 0. V. 

al, Annals of Allem, 2, 397, 1952 

al, ABC Report IJCU 297, 1953 

15 



r C l r ~ M C l S i  auu- 
University of CalHomla at Los Angek 

Unkersity Archives 
SERIES TITLE 

NOTES 

%3 I 

21. 

22. 

23 

2k. 

25 

26. 

27. 

28. 

29 

30. 

31. 

32 

33. 

3Ir. 

35.. 

36. 

37. 

38. 

Taplin, 0. V. ett, AD2 Report UCLA 260, 1952 

Wilson, H. B. sal, Arch. Ind. Hgg. 6r Occup. fid. 2:93-1Oh (1952) 

Stokinger, H. E. 
379, 1950 

Tebbens, B. D. 

Abrams, R. 

Abrams, R. 

Scott ,  K. 0. al, Arch. Path. &, 31, 19b9 
Fink, R. N., Ed. Biological Studies v i t h  Polonium, Radium, and 
Plutonium, N.N.E.S. VI-3, Mc0raw-Hill Book Company, Inc. 1950 

al,  A.N.A. Arch. Ind. Hgg. dr Occup. Ked., 1, 

al, J. Ind. Hyg. & Toxicol., 27, 199, 19&5 

al, A E ,  HDDC - 218, May 2k, 1916 

al, AEC, llDDc - 677 

Bale, W. F., Memo. t o  files, Div. Biol. & Hed. U.S.A.E.C., July 17, 
1951 

Cohn, S. H. 6 al, A.M.A. Arch. Ind. Hyg. & Toxicol. 2, 508, 1953 
Bale, W. F. k Shapiro, J. V., Geneva Conference, Paper No. 76 
(July 6, 1955) 

Cronkite, E. P. & 9, J.A.N.A., October 1, 1955 

Cohn, S. H. et a l ,  Chapter V - In t e rna l  Deposition of Radionuclides 
i n  Human Bein i i sxd  Anbmla f r o m  mnograph "The Effects  of Ionizing 
Radiation on Human Beingsr A Report on t h e  Marshallese & Americans 
Accidentally Exposed t o  Radiation f r o m  Fal lout"  ( i n  P ~ S S ) ,  U. S. 
Oovt. Print ing Office 

Cohn, S. H. 

Cohn, S. H. et al, Unpublished Observations "Mrborne Simlants of 
Fal lout  f rom-hzear  Btonat iont  Preparation & Biological 
Applications 

Uarren, 5. and Gates, D., Arch. Path., 30: bo, 19bO 
Fried, J. R. and Ooldberg, H., Am. J. Roentgen, &: 877, 19bO 

Lorenz, E. e t  01, J. Nat. Cancer I n s t i t u t e  3&9, (19bS) 

Zirkle, R. E., Ed., Biological Effects of External I( and Ommm 
Radiation, N.N.E.S. IV-22B. 
195Ir 

honey,  U. D. 2 al, Am. J. Bocnt. & Radium Therap., 3, 1006, 1955 

al, IwNRaL - TR. 77, December 1955 

L- 

L W  TO*, k O ~ ~ - B i l l  Bo& Co., Inc. 

16 


