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S e r u m  C e r u l o p l a s m i n  in  M i c e  w i t h  E h r l i c h  A s c i t e s  C a r c i n o m a  

H i g h  va lues  of s e r u m  c e r u l o p l a s m i n  were  r e p o r t e d  b y  
severa l  a u t h o r s  in  h u m a n  p a t i e n t s  w i t h  m a l i g n a n t  neo- 
p la sms .  SULLIVAN a n d  HART 1 obse rved  t h i s  increase  of 
c e r u l o p l a s m i n  in  sera  of p a t i e n t s  w i t h  m e t a s t a t i c  car-  
c inoma .  These  f ind ings  were  conf i rmed  b y  PJNEDA, RAVIN 
a n d  RUTENBURG s desc r ib ing  h i g h  levels  of t h e  s e r u m  
ox idase  in  h u m a n  cases w i t h  h e p a t i c  m e t a s t a s i s  a n d  
m a l i g n a n t  bi le  d u c t  obs t r uc t i on .  NEISH 3 r e p o r t e d  in r a t  
l ive r  azo dye  carc inogenesis ,  a n  in i t i a l  i n h i b i t i o n  of 
s e r u m  c e r u l o p l a s m i n  fol lowed b y  a r ise to  n o r m a l  levels  
in  sp i t e  of t h e  d e v e l o p m e n t  of t h e  t u m o r s  (cholangio-  
c a r c i n o m a t a ) .  THOMAS a n d  CONSTANTINESCU 4, THOMAS, 
OLINESCU a n d  CONSTANTINESCU5 w o r k i n g  w i t h  r a t s  w i t h  
J e n s e n  c a r c i n o m a  a n d  O-Ya  t u m o r ,  respec t ive ly ,  o b t a i n e d  
s ign i f i can t  e l eva t ions  of s e r u m  ce ru lop lasmin .  Our  s tud ies  e 
in  r a t s  w i t h  a t r a n s p l a n t a b l e  f i b r o s a r c o m a  showed  t h a t  
t h e  neop las t i c  process  is a c c o m p a n i e d  b y  v e r y  h i g h  va lues  
of s e r u m  c e r u l o p l a s m i n  a c t i v i t y  on ly  c o m p a r a b l e  to  those  
o b t a i n e d  in  acu t e  i n f l a m m a t i o n  p r o d u c e d  b y  i .m. a d m i n -  
i s t r a t i o n  of t u r p e n t i n e  oil. 

T h e  E h r l i c h  asc i tes  t u m o r  is wide ly  used in b i o c h e m i c a l  
i nves t iga t ions .  Howeve r ,  ser ia l  d a t a  on  s e r u m  cerulo-  
p l a s m i n  a c t i v i t y  in  mice  bea r i ng  t h i s  i m p o r t a n t  k i n d  of 
c a r c i n o m a  are  lacking .  T h e  p r e s e n t  p a p e r  will  descr ibe  
t h e  r e su l t s  o b t a i n e d  on  t h i s  sub jec t .  

Material  and methods. Male Swiss mice  (25 g m e a n  
b o d y  weight )  h a v e  b e e n  used  t h r o u g h o u t  all  e x p e r i m e n t s ;  
t h e y  rece ived  ad  l i b i t u m  a s t a n d a r d  b a l a n c e d  d ie t  a n d  
water .  A g roup  of 16 mice  was  used as n o r m a l  non-  
i n o c u l a t e d  cont ro ls .  T h e  o t h e r  mice  used  were  in jec ted ,  
b y  i.p. route ,  w i t h  a c lear  n o n - h e m o r r a g i c  cell suspens ion  
of E h r l i c h  asc i tes  c a r c i n o m a  r e m o v e d  f rom a mouse  
t r e a t e d  s imi l a r l y  10 d a y s  before.  T he  asci t ic  f luid d i lu ted  
in  phys io log ica l  sa l ine  a t  t h e  c o n c e n t r a t i o n  of 2 .0×  l0  s 
E h r l i c h  cells/0.1 m l  was  i m m e d i a t e l y  admin i s t e red ,  a t  
t h i s  dose level,  t o  t h e  r ec ip i en t  an ima l s .  

Mice were  k i l led  b y  d e c a p i t a t i o n  a t  4, 7, 10 a n d  14 days  
a f t e r  t h e  inocu la t ions ,  b lood  s am p l e s  were col lected a n d  

t h e  sera  were  s e p a r a t e d  a n d  s to red  a t  - - 1 5 ° C .  T h e  
m a x i m u m  t i m e  of s to rage  was  24 h. Ce ru lop la smin  was  
d e t e r m i n e d  e n z y m a t i c a l l y  b y  t h e  m e t h o d  of RAVIN ~, 
a n d  va lues  were  expressed  in mg/100  m l  of se rum.  T h e  
s igni f icance  of t h e  d i f fe rences  b e t w e e n  n e o p l a s m  b e a r i n g  
a n i m a l s  a n d  c o n t r o l  mice  were  s t a t i s t i ca l ly  e v a l u a t e d  b y  
the  t - tes t  8. 

Results and discussion. F r o m  t h e  resu l t s  p r e s e n t e d  in  
t he  Table ,  i t  is c lear  t h a t  t h e  n e o p l a s m  does n o t  i nduce  
s ign i f ican t  v a r i a t i o n s  in  s e r u m  c e r u l o p l a s m i n  levels  up  
to t he  s e v e n t h  d a y  a f t e r  inocu la t ions .  However ,  in  more  
a d v a n c e d  s tages  (10 a n d  14 d a y s  pos t - inocu la t ion )  of 
Eh r l i ch  c a r c i n o m a  d e v e l o p m e n t  s t a t i s t i c a l l y  s ign i f i can t  
decreases  of t h e  e n z y m e  were  o b t a i n e d .  

The  resu l t s  of t he  e x p e r i m e n t s  c l ea r ly  show t h a t  t h e  
response  of mice  to  t h e  i n o c u l a t i o n  of E h r l i c h  c a r c i n o m a  
is d i f fe ren t  f rom t h a t  o b s e r v e d  in h u m a n  p a t i e n t s  1,* 
w i t h  a v a r i e t y  of m a l i g n a n t  t u m o r s  a n d  in  r a t s  b e a r i n g  
e x p e r i m e n t a l  n e o p l a s m s  *-e. I t  seems  t h a t  t h e  depress ion  
of t he  ox idase  levels  in  mice  s e c o n d a r y  to  t h e  i n j e c t i o n  
of Eh r l i ch  c a r c i n o m a  is a p r o p e r t y  of t h a t  t u m o r .  I n  t h i s  
connec t ion  i t  is i n t e r e s t i n g  to  r e m e m b e r  t h a t  MAYER 9 
found  E h r l i c h  t u m o r  cells in  t h e  h e a r t  a n d  b lood  vessels  
of liver,  k i d n e y  a n d  men inges  of mice  f rom 7 d a y s  o n w a r d s  
pos t - inocu la t ion .  P e r h a p s  t he  p resence  of E h r l i c h  m e t a -  
s tas is  in t h e  l ive r  or  t h e  sy s t emica l l y  c i r cu la t ing  c a r c i n o m a  
cells in te r fe res  in  some  way  w i t h  t h e  s y n t h e s i s  of t h e  
enzyme,  s ince  low levels  of s e r u m  c e r u l o p l a s m i n  were  
on ly  seen in t h e  a d v a n c e d  s tages  of evo lu t ion .  

Rdsum& On m o n t r e  que  la  p r6sence  du  c a r c i n o m e  
d ' E h r l i c h  p r o v o q u e  une  d i m i n u t i o n  s t a t i s t i q u e m e n t  signi-  
f i ca t ive  des  t a u x  de la c6 ru lop l a smine  s6r ique des  souris  
a u x  d ix i~me e t  q u a t o r z i ~ m e  jours  apr~s  l ' i nocu la t ion .  
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Serum ceruloplasmin in mice bearing Ehrlich ascites carcinoma 

Days after No. of Ceruloplasmin a t-Test 
inoculation mice Mean 4- S.E.M. b 

4 9 19.74- 1.3 t0.023, P > 0 . 5  
7 10 19.3 + 1.2 t0.048, P > 0 . 5  

10 8 13.5 4- 0.6 t 3.166, P < 0.01 
14 9 10.2 4- 0.3 t 5.202, P<0.001 
Non-inoculated 
Controls 16 19.2 4- 1.7 

S mg[100 ml of serum, b S.E.M., standard error of mean = 

n (n --  1) 
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T h e  T h o r i u m - S e r i e s  in  C i g a r e t t e s  a n d  in  L u n g s  of  S m o k e r s  

F r o m  1958 t h r o u g h  1965 W. V. MAYNEORD et  al. 1-3, 
u s ing  a n  or-spectrometr ic  m e t h o d ,  ca r r i ed  o u t  a n  ex t en -  
s ive i n v e s t i g a t i o n  a b o u t  t h e  level  of t h e  2 n a t u r a l  rad io-  
a c t i v e  series of t h o r i u m  a n d  r a d i u m  occur r ing  in m a n  a n d  
h i s  e n v i r o n m e n t :  soils, v ege t a t i on ,  a n i m a l  t issues,  h u m a n  
foods, d r i n k i n g - w a t e r ,  h u m a n  t issues.  On  th i s  t r end ,  

TURNER a n d  RADLEY 4 found  ***Ra a n d  22SRa in all  a shes  
of c iga re t t e  b r a n d s  issued f rom a r o u n d  t h e  whole  wor ld .  
C o m p a r i n g  t h e  r a d o n  i nha l ed  d u r i n g  s m o k i n g  a n d  t h a t  
i nha l ed  c o n t i n u o u s l y  w i t h  a m b i e n t  a i r  t hese  a u t h o r s  
conc luded  t h e  f i rs t  i nha l ed  r a d i o a c t i v i t y  m u s t  be  negl i -  
gible  c o m p a r e d  w i t h  t h e  second one. M e a s u r i n g  *l°Po in  
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whole  c igaret tes ,  ash,  b u t t ,  t o ta l  smoke  a n d  m a i n  s t r e a m  
(inhaled) smoke,  RADFORD and  HUNT ~ showed  t h a t  a b o u t  
hal f  of t h e  p o l o n i u m  of smoke,  or  20 -25% of ~ ° P o  in 
c igare t tes  m u s t  be  inha led  w i t h  t h e  m a i n  s t r e a m  and  
depos i t ed  w i t h  t h e  smoke  par t i c les  in  a lveolar  ep i the l ium.  
Suppos ing  t h e  rad ioac t ive  par t ic les  are  car r ied  o u t  w i t h  
a m u c u s  f low of 3 cm 3, hav ing  an  average  t r a n s i t  t ime  
t h r o u g h  the  b ronch ia l  ep i the l ium of 3 6 h ,  t h e  t o t a l  
ca lcu la ted  doses  a m o u n t  to  36-100 r ems  in 25 years  for 
a smoker  of 40 c igare t tes  daily.  In  f u r t he r  researches  on 
sz°po in man ,  HILL e measu red  too  in  d i f fe ren t  r aw  
tobaccos  2X°Po ac t iv i ty  of 240 to  670 pCi kg -L  Ana lyz ing  
t h e  smok ing  process,  he f inds  t h a t  a b o u t  10 % of po lon ium 
is d r a w n  f rom c igare t tes  in t he  m a i n  s t r e am to  t h e  lungs. 
Assuming  a th ickness  of 100 [zm for the  i r r ad ia t ed  surface 
a n d  a t r ans i t  t ime  of 10 days,  he  ca lcula tes  a dose ra te  
of 1 re in  per  year  in smoke r ' s  lungs.  

In  t h e  p rev ious  p a pe r s  t he  i nves t iga t ion  of smok i n g  
has  been  l imi ted  t o  ~mpo a n d  t h e  r e m a i n d e r  of t h e  ~SRa- 
a n d  **sRa-series seems  n o t  h a v e  been  considered.  Y e t  
TURNER a n d  RADLI~Y 4 m e a s u r e d  **~Ra a n d  ~SRa in  
c iga re t t e s  b o t h  in t h e  s a m e  magn i tude ,  w i t h  ac t iv i t ies  
of 7 up  to  22 pCi per  100 g r a w  tobacco .  A n d  HILL ~ in 
a fo rmer  p a p e r  has  s h o w n  in no rma l  lung  ash,  t he  accu- 
mu la t ion  of measu rab le  a m o u n t s  of  *~Th, 2~sU and  
near ly  all the i r  decay  p roduc t s .  Las t ly ,  HOLTZMANN et  
al. s, in measu r ing  *~°Pb and  *x°Po in t he  wood  r ings  
of t rees  (oaks and  hickory) ,  found  equal ly  ~ R a  w i t h  a 
2-10 t imes  lower ac t iv i ty  t h a n  t h a t  of t h e  p rev ious  iso- 
topes .  I t  seems t h a t  t he  roo ts  of p l an t s  are  able  to  d r a w  
r a d i u m  di rec t ly  f rom t h e  soil b u t  t h a t  a h igher  ac t iv i ty  
issued f rom the  a m b i e n t  r a d o n  in air  is ad so rbed  b y  the  
leaves  (~V[AYNEORD et  al.~). I n  tobacco  p lan t s ,  ~ " R a  and  
~aSRa are t a k e n  up  in soil and  t h e  decay  p r o d u c t s  of 
~ R n  as ~z°Po are depos i t ed  on t h e  leaves t h r o u g h  rain.  

A t  t h e  o p p o r t u n i t y  of mon i to r ing  t h e  lungs  of workers  
exposed  dur ing  severa l  decades  to  t h e  smoke  o f - a r c -  
l amps  re leas ing t h o r i u m  vapors ,  I obse rved  t h a t  t h e  
thor ium-ser ies  is a c c u m u l a t e d  b y  t h e  lungs and  t h a t  
v e r y  smal l  a m o u n t s  induced  acu te  in~urious effects .  An 
accumula t ion  of 5 up  to  10 mg  t h o r i u m  leads, a f te r  30-40 
years  exposure ,  to  severe  f ibrosis  w i t h  d y s p n o e a  and  
p e r m a n e n t  i ncapac i ty  for working.  F o r  th~s reason I 
cons idered  here,  f irst ly,  a possible  c o n t a m i n a t i o n  of t he  
lungs t h r o u g h  the  decay  p roduc t s  of t h o r i u m  in tobacco,  
a haza rd  wh ich  seems no t  have  been  s tud ied  so far. 

The Thor ium-Ser ies  i n  Cigarettes. The  a d v a n t a g e  of 
t h e  V-spectroscopy over  t h e  c,'s is t h a t  ash ing  and  che-  
mical  t r e a t m e n t  are no longer  necessa ry  a n d  t h e  ma te r i a l  

I Ci8 
/ i  

l Scale / 
f-  . . . . . .  10 ~ . . . . .  ].~4- . . . .  10 z - - - - - / - - -  / 

1! (I[ l g  / 
/ 

VleV 
3.o 

I ~ 10'9 q'~= 9'Srntn- I / "  

I- ~ ~o.~.ev I l l /  

IU I~ ~ycs MThz//lil"__ 
 Lf'i  fiJ'/ I,. The" 111 

Fig. I. Spectrum of 120 cigarettes of an usual brand. One sees, 
beside 4°K and z37Cs, the ThB, MTh 2 and TbC" main y-peaks. 
One fourth of the 0.35 y's of RaB is subtracted from the 0.24 7's. 
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Table I. y-composition of the 3 windows and calibration 

Main lines Window-width 
(~eV) (MeV) 

Nuclides 7's Intensity min -z per mg 
MeV in the window Th-equiv. 

(%) 

0.239 0.198-0.280 ThB (~l~pb) 
MTh 2 (2~SAc) 

ThX (~4Ra) 
The" (2°ST1) 

0.91-0.97 0.82-1.06 s MTh 2 (Z2SAc) 

The" (2°8TI) 

2.615 2.43-2.80 ThC" (2°ST1) 

0.239 47 
0.209 3 
0.270 2 
0.24i 4 
0.277 1 

0.912 23 
0.966 20 
0.836 1.5 
0.796 1.5 
0.860 3 

2.615 36 

18.8 

4.6s 

2.7 s 

Branching ratio for ThC: 0.36, 
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of samples  can be measured  in raw condit ions.  In  a 
whole -body  spec t romete r  wi th  a steel  room, according  
to 1V[ARINELLI 1° and MILLER 11, descr ibed elsewhere ~*, 
the  ? - spec t rum of c igare t te  brands  h a v i n g  a r eady  sale 
in  Switzer land,  was recorded .  120 c igare t tes  of each 
brand,  each bough t  in B or  4 d i f ferent  shops, were  pu t  
in a cyl indr ica l  Plexiglas  box,  gas - t igh t  closed, in order  
to  ob ta in  equi l ib r ium of t he  decay-produc t s  of t ho ron  
(~2°Rn). E a c h  box  has  been  placed agains t  and coaxia l  
in f ron t  to the  8 inches d i ame te r  NaI(T1)-Crystal .  Back-  
ground and  full  box  were recorded one  a f te r  ano the r  
for 500 min  each. E v e r y  sample  has  been measured  twice,  
respect ive ly  wi th  2 energy  scales of 1.6 and 3.2 MeV. 
F igure  1 shows such a spec t rum.  

For  the  ca l ibra t ion  of the  spectra,  a source of old 
Th(NO3) 4. 4 H20  'analar ' ,  pu r i t y  98.4%, has been used 
in condi t ions  reproducing  the  average  solid angle and 
the  au toabsorp t ion  of t he  c igare t te  samples.  This  spec t rum 
includes  5 clear ly  def ined peaks a t  0.06, 0.24, 0.58, 
0.91-0.97 and 2.62 MeV. As tobacco a lways conta ins  
radium,  we did no t  use the  2 peaks  which  m a y  be super-  
posed or  mingled  wi th  one of the  radium-series.  The  
0.06 MeWs is too  near  the  0.078's and the  0.58 is near ly  
superposed upon the  0.61-line of RaC. Thus 3 peaks only  
m a y  be used for cal ibrat ion,  n a m e l y  these  of T h B  (0.24), 
MTh z (0.91-0.97) and T h C "  (2.62). Window-width ,  com- 
posi t ion of the  peaks and  ca l ibra t ion  in min  -1 per  mg  
Th-equ iva l en t  are g iven  in Tab le  I. The  radia t ions  fre- 
quency,  expressed as percen tage  of the  to ta l  decays,  
is, as one knows,  somewha t  uncer ta in .  The  in tens i ty  of 
the  0.242-?'s of RaB,  which  appears  in t he  ThB-window,  
is de te rmined  af te r  i ts  r a t io  to  the  0.352-? of t he  same 
nucl ide  and deduced f rom t h a t  peak.  

The  ave rage  va lues  of t he  Th -con t en t  for 120 c igare t tes  
is g iven  in Table  I I  for 8 d i f ferent  t r ade  marks.  The  
S.D. amoun t s  to ± 0.04 m g  Th  per  sample.  Knowing  the  
a c t i v i t y  of one mg  2~2Th equals  109 pCi, we see t h a t  our  
samples have  ac t iv i t ies  h igher  by  a fac tor  of  abou t  2 
t h a n  the  ac t iv i t ies  found by  TURNER and RADLEY 4 for 
~2SRa in raw tobacco.  I n  the  last  co lumn of Tab le  I I ,  
the  t ho r ium w e i g h t  is g iven  for 9000 cigaret tes  cor- 
responding  fa i r ly  well  to the  annual  supply  of a smoker  
of 25 c igaret tes  daily.  These weights,  i t  is wor th  while  
to  note, are no t  a t  all  negligible,  even  if 10% only  is 
inhaled  into  t he  lungs. 

The  0.35 y 's  of R a B  is present  in all samples (Figure 1), 
but,  the  bui ld-up  t ime  of one m o n t h  for radon hay-  

ing no t  been observed,  the  a c t i v i t y  of t he  r ad ium-  
series has no t  been  calculated.  The  13~Cs a c t i v i t y  var ies  
s t rongly  f rom one sample  to another ,  this  a c t i v i t y  
depending  on the  l a t i tude  of the  p l an ta t ion  f rom which  
the  tobacco  comes.  137Cs is v e r y  h igh  in Turk i sh  tobacco  
and  ful ly  miss ing  in t h a t  of :Rhodesia. Potass ium,  a 
physio logica l  e lement ,  appears  to  be  near ly  cons t an t  in  
the  8 samples  of cigaret tes .  

Tke Thorium-Series in  Lungs  o! Smokers. So far, i t  
seems t h a t  the  lung a c t i v i t y  of smokers  has  no t  been  
observed in v ivo .  I n  t he  whole  body  spec t romete r  pre-  
v ious ly  descr ibed 1~ the  ? - spec t rum of t he  ches t  has  been  
recorded on 10 smokers  and  2 non-smokers  in the  steel  
room. Af te r  a shor t  check on superf ic ia l  a c t i v i t y  of  t he  
head, hands  and forearms,  a shower  was t aken  by  the  
subject  before  dressing in pape r  py jamas .  In  t he  steel  
room, the  s t andard  NaI(T1)-crysta l  has  been set  agains t  
the  chest  of t he  subject ,  an te r io r  close to  t he  s te rnum,  
a t  mid-he igh t  of b o t h  lungs, Before  or  af ter  the  record 
of 5 0 m i n  exposure,  the  background  of a Plexiglas  
p h a n t o m  of the  chest  is regis tered nega t ive ly .  

Figures  2 and  3 show the  spectra  recorded in th is  w a y  
on 2 smokers.  One sees again  the  3 peaks  of ThB,  MTh~ 
and ThC" .  T h e y  are  no t  so clearly defined as for c igare t te  
samples because,  w i th  intensi t ies  in about  the  same figure,  
the  recording  dura t ion  is 10 t imes  shorter .  Fur ther ,  owing  
to  some fa l lou t  nucl ides  such as 144Ce (0.134 MeV), l*lCe 
(0.145 MeV), 125Sb (0.176 MeV) and  the  backsca t te r ing-  
l imi t s  of lsTCs and  *oK, t he  lower  l imi t  of the  T h B  peak  
is of ten  so bad ly  def ined as in F igure  3. W e  t o o k  in to  
accoun t  t he  cases on ly  where  t he  3 peaks  (ThB, M T h ,  
and  T h C " )  are  s imul taneous ly  present .  On accoun t  of 
p r edominance  of t he  back  ground  va lues  in t he  calcula-  
t ion,  t h e  s t anda rd  dev ia t ions  shown in l~igures 2 and 3 
for the  MTh~ and T h C "  windows are  cons t an t  in al l  our  
measurements .  

The  d i s t r ibu t ion  of t ho r ium in lungs being unknown,  
the  ca l ib ra t ion  was per formed  in a conven t iona l  geome t ry  
wi th  a cen t ra l  source of 252 mg  thor ium,  set  on the  axis  
14.3 cm from the  crys ta l  front ,  w i th  a f i l ter  of 3.25 g c m  -2 

10 L. D. MARINELLI, Br. J. Radiol., Suppl, 7, 38 (1957). 
11 C. E. MILLER, Argonne National Laboratory Report ANL-5829, 

144 (1957). 
12 G. JOYET and A. 13AUDRAZ, Experlentia 24, 865 (1968}. 

Table II. Equivalent-thorium 232 weight in cigarettes 

Spectrum Trade mark Tobacco Weight for Th-Equiv. weight (rag) 
120 cigarettes for cigarettes No. 

(g) 120 9000 

Ci 1 Parisiennes Maryland FJB 
Ci 2 Lucky Strike Turkish-American BAT 
Ci 3 Craven A Virginia, English C L 
Ci 4 Gauloises bleues Caporal RF 
Ci 5 Mary Long Maryland BAT 
Ci 6 Kent, King Size ? PLCo 
Ci 7 Chesterfield Tllrkish-American LM 
Ci 8 Camel Turkish-American R JR 

107.0 0.247 18.~ 
124.7 0.274 20. s 
128.2 0.344 25. s 
112.8 0.179 13.4 
100.2 (F) 0.12~. 9.2 
109.5 (F) 0.47 s 35. 9 
125.3 0.21~ 15. 9 
121.2 0.33, 25., 

(F), filter cut up. 1 mg Th = 109 pCi. S.D. :k 0.04, 
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P l e x i g l a s  a g a i n s t  t h e  c r y s t a l .  T h e  w i n d o w - w i d t h s  b e i n g  
t h e  s a m e  a s  in  T a b l e  I,  t h e  c a l i b r a t i o n  c o n s t a n t s  a re ,  i n  
r a i n  -x p e r  m g  T h - e q u i v a l e n t ,  3 .39  for  T h B ,  2 .14  fo r  

M T h ~  a n d  0.845 fo r  T h C " .  O n  t h e  who le ,  in  t h e s e  t e s t s ,  
t h e  s t a n d a r d  d e v i a t i o n  of  a t h o r i u m  d e t e r m i n a t i o n  in  
m a n  a m o u n t s  t o  0,6 m g  T h - e q u i v a l e n t .  

Km 

Z.0. 4~Y. o i  

80al6_. _ IOZ 

(~tmin -~ 
~7 CS 

l ,, -4 ) / "  

2..4mg Th- EL. 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

,/ 
/ 

/ 
/ 

/' 

/ 
/ 

J J /. 
/ 

/ 
/ 

/ 

MThZ ~.~ " i  

.52nlin -i ±I,B 

11 

I / 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

Ih O" 

!~G , '.~l.smin_1+_O. 7 

tO 

' ' ""V 
.............. 

o o.s i.~ 1;s z~ is  i ~ 3.o~M~v 
Fig. 2. Spectrum of the chest of a 43 years old smoker, smoking 35 cigarettes daily since his twentieth. One sees the Tht3, MTh 2 
and ThC ~ peaks. 
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Fig. 3. Spectrum of the chest  of a 46 years old smoker, smoking 25 cigarettes daily since 15 years. One sees the  MThe, ThC ~ and - less 
clearly - the ThB peaks. 
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Table III. Smokers and non-smokers: 23~Th-equivalent in lungs 
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Spectrum Subject Sex Age Cigarettes Trade mark ~ZZTh-Equiv. 
daily (mg) 

Smokers 
Klo 4 K.A. ~ 44 25 Marlboro (F) 0.8 
Kx03 V.W. c~ 46 25 Stella (F) 1.7 
Kl00 Z.0. ~ 43 35 Dumouriez (F) 2.4 
Kgs C.R. ~ 30 20 Parisiennes (F) 0 
K98 H.F. C~ 58 25 Marocaines (F) 0 
K97 W.V. ~ 26 25 Gauloises (F) 0 
Kga L.S. c{ 54 35 Mary Long (F) 1.7 
K92 S.M. c~ 64 40-30 Frdgate (F) 0 
Kgt D.K. c~ 40 30 Parisiennes 2.0 
K~3 H.D. ~ 51 25 Muratti Amb. (F) 1.8 

Non-smokers 
Klo x B.C. ~ 22 0 - 0 
Klo 2 B.M. ~ 21 0 - 0 

(F), filter. 1 mg Th = i09 pCi. S.D. ~:0.6. 

Resu l t s  of the  f i rs t  m e a s u r e m e n t s  in 10 smokers  and  
2 non - smoke r s  are  g iven in Table  I l l .  I n  5 smokers,  
t h o r i u m  appea r s  for a ce r t a in ty ,  r ang ing  f rom 1.7 to  
2.4 4- 0.6 rag. I t  is unce r t a in  or negligible in t he  5 o ther  
cases. In  t he  2 non-smokers ,  none  of t he  3 peaks  is present .  

The  p o t e n t i a l  haza rds  of t he  up t ake  of t he  thor ium-  
series in lungs is d e p e n d e n t  on the  r ad ia t ion  dose del ivered 
to  t h e  t issues.  The  ca lcula t ion  of th i s  dose is subord ina t ed  
to  t h e  d i s t r i bu t ion  of r ad ioac t ive  par t ic les  in t he  lungs. 
F o r  an  i m p r o b a b l e  homogeneous  d i s t r i bu t i on  of 2 mg  
t h o r i u m  w i t h  all decay  p roduc t s ,  in  a conven t iona l  lung 
mass  of 480 g (according to  SNVD~-R ~3) and  2 :E(RBE)  = 
360 MeV for all m-rays e m i t t e d  in t he  series, t he  accu- 
m u l a t e d  dose  for 30 years  a m o u n t s  to  92 reins,  or a 
dose  r a t e  of 3 reins per  year .  These  values  should  a m o u n t  
to  276 rems  and  9 re ins  respec t ive ly  in a more  l ikely 
i nhomogeneous  d i s t r ibu t ion  l imi ted  for ins tance  to  a t h i r d  
of lung mass  only  14. Such accumula t ed  or year ly  doses  
would  be j u s t  accep tab le  for occupa t iona l  workers  
exposed  to  ionizing radia t ion ,  b u t  t h e y  are no t  pe rmis -  
sible for t he  whole  popu la t ion  a t  large. Fo r  th is  t y p e  of 
popu la t ion ,  according  to  the  last  regulat ion,  the  m a x i m u m  
permiss ib le  dose r a t e  sugges ted  for o t h e r  o rgans  t h a n  
gonads  is 1.5 r em per  yea r  (K. Z. MORGAN15). 

Accord ing  to  m y  own exper ience,  t h e  ser ious of t h e  
h a z a r d  issued f r o m  t h o r i u m  inha la t ion  has  been  s h o w n  in  
2 workers  exposed  to  t he  t h o r i u m  vapo r s  of an  a r c - l amp  x% 
The  f i rs t  one, a f t e r  42 years  exposure ,  h a v i n g  a c c u m u l a t e d  
6.5 mg  Th-equiv . ,  h a d  a f ibrosis  w i t h  d y s p n o e  and  a 
r educ t ion  of h i s  work ing  capac i ty .  The  second one, a f te r  
46 years  exposure  in the  s ame  workshop ,  showed  a lung 
b u r d e n  of 10.6 mg  Th-equiv .  and  h a d  to  unde rgone  a 
surgical  l obec tomy .  W i t h  a severe  dyspnoe ,  he  had  a 
p e r m a n e n t  work ing  incapac i ty  17. 

In  conclusion,  th is  f i rs t  s tudy ,  w h i c h  shows the  accu- 
m u l a t i o n  of t he  thor ium-ser ies  in lungs of some c igare t te  
smokers ,  has  to  be carr ied on sys t ema t i ca l l y  on a large 
n u m b e r  of smokers  w i t h  improved  precis ion (larger 
crys ta l ,  14 inches  d i a m e t e r  × 8 inches height ,  background  
r educ t ion  w i t h  inac t ive  p h o t o m u l t i p I i e r s  and  a l eng th-  
en ings  of m e a s u r e m e n t  t ime) .  Fu r the r ,  in t he  s ame  
appa ra tu s ,  t he  s p e c t r u m  of lungs  and  p a r t s  of lungs 
( lymph  g lands  and  t u m o r s  especially) has  to  be recorded  
p o s t  m o r t e m  ~. 

Rdsumd. Le spec t re  de c igare t tes  couran tes  r6v~le 
s y s t 6 m a t i q u e m e n t  la s6rie r ad ioac t ive  du tho r ium,  
ra i son  de 9 ~ 36 mg  de 232Th-equiv. pour  9000 c igaret tes ,  
la consomrha t ion  annuel le  d ' u n  g rand  fumeur .  Dans  
l ' an th ropospec t rom~t r e ,  le t h o r a x  de la moit i6 des fu- 
meurs  mesur6s  m o n t r e  les ta les  de la m~me s~rie avec 
1,7 ~ 2,4 :k 0 ,6 rag  de ~aaTh-~quiv. pa r  sujet .  

G. JOYET 1~ 

Laboratory [or Dosimetry and Protection, 
University o/Zi~rich 2o (Switzerland), 1 ? August 1970. 

13 R. S. SNVDER in K. Z. MORGAN and J. E. TURNER, Principles o[ 
Radiation Protection (J. Wiley, New York 1967), p. 330. 

1~ In this calculation, I admit the lungs burden of the thorium-series 
is constant, that is an equilibrium between intake and elimination 
has been reached. Further, I suppose that ZaZTh is present in the 
chain, what is not at all sure. The peak of MTh~ (**SAc) with a 
half-life of 6.1 h being always present, one may only affirm, 
therefore, that 22SRa is present too. The energy of Z32Th m' rays 
being weak (4.0 MeV), the absence of the head of the series would 
not modify substantially this dosimetry. Lastly it is for simplicity 
that the lung burden is given in mg thorium-equivalent instead 
as activity units. One must remember that the activity of 1 mg 
thorium-element equals 4.03 des. sec -1 = 109 pCi. 

15 K. Z. MOR6AN, in Principles o[ Radiation Protection (Eds. K. Z. 
MORGAN and J. E. TURNER; J. Wiley, New York 1967}, p. 508 

18 The carbon electrodes of the arc-lamp showed clearly all the 
characteristic y-lines of the Th-series. 

lr The investigation of these cases has been performed on behalf 
of 'Schweizerische Unfall-Versicherungsanstalt'. 

18 Acknowledgments are due to the Swiss National Fund for Scien- 
tific Research which financed all the equipment for the whole- 
body spectrometer and specially to Prof. Dr. HANS STAUB for 
support and helpful discussions. Further I should like to thank 
Mrs. M.-L. JovRT for her constant technical collaboration and 
all the vohmtary smokers and non-smokers for their kind under- 
standing help. 

t0 Present address: Fritz-Fleiner-Weg 4, CH-8044 Zurich (Switzer- 
land). 

s0 Theses researches were performed before leaving this laboratory 
mid-January 1970. Paper delivered at '12~me Table Ronde snr 
l'exploration fonctionnelle par les isotopes radioaetifs' on May 23, 
1970, Strasbourg. 


