
L M F - 7 0  

705075 

L M F - 7 0  

uc-48 

I 

A U X I L I A R Y  B U I L D I N G  

G . M .  K A N A P l L l - Y  

J . A .  S T A N L E Y  
G . J .  N E W T O N  

B . A .  W O N G  
P.B .  D e N E E  

J A N U A R Y  1 9 8 1  

. , I .  - . ,  . -  T - r> I Y . .  . . ' A ' .  



IIIIII 

: I '  , - ? -  



7 :  

.. . 



I 



I '  

I 

, ; , *  - I -  ' 
! '  



P 
! 

. . . . . . . . , , . . ! 

_ i  i I . .  1 

. . " . . .  

. . .  

. I  

. .  

1 
" I  

. .  

. .  

' 

1 



, . . - '-., 
i ,  

I .  ' 







I ' / '  , , , 

I ' +  





The d i s s o l u t i o n  data  obtained in  the flow-through and s t a t i c  systems a r e  summarized i n  Fig- 
ures  3 and 4 ,  r e s p e c t i v e l y ,  a s  f r a c t i o n s  of undissolved a c t i v i t y  remaining on the  f i l t e r  versus 
elapsed time. Total gamma a c t i v i t y  was d i r e c t l y  determined on t h e  f i l t e r s  before the  samples 
were subjected t o  d i s s o l u t i o n .  The i n i t i a l  t o t a l  beta a c t i v i t i e s  on these  f i l t e r s  were calcu-  
l a t e d  from the r a t i o  of t o t a l  beta counts in  the  Wide Beta 11 counter  t o  1 3 7 C ~  in  segment 4 and 
t h e  137Cs count on segment 1 (flow-through system) and segment 2 ( s t a t i c  system).  
solved f r a c t i o n s  were ca lcu la ted  on the  bas i s  of beta counts .  The 9oSr-90Y a c t i v i t y ,  both i n i -  
t i a l  and those in  the  s o l u t i o n s  were determined radiochemically. Summation of a l l  d issolved 
r a d i o a c t i v i t e s  and those remaining on t h e  f i l t e r  provided es t imates  of i n i t i a l  amounts of rad io-  
a c t i v i t i e s  within a few uercent  o f  those a c t i v i t i e s  shown in Table 1. 
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Scanning e l e c t r o n  m ic rog raphs  o f  p a r t i c l e s  f r o m  Segment 3, wh ich  r e p r e s e n t s  t h e  o r i g i n a l  

ae roso l  sample, and those  f r o m  Segment 1 a f t e r  d i s s o l u t i o n  i n  t h e  f l o w - t h r o u g h  system a r e  shown 

i n  F i g u r e s  5 and 6, r e s p e c t i v e l y .  Average e lemen ta l  c o m p o s i t i o n  o f  a l a r g e  number of  p a r t i c l e s  

f rom Segment 3 and 1 a r e  shown i n  Tab le  2. 

An a lpha  spec t rum o f  t h e  o r i g i n a l  a e r o s o l  i s  shown i n  F i g u r e  7. Based on 137Cs counts ,  t h i s  

sample r e p r e s e n t e d  abou t  4 %  of t h e  t o t a l  sample. 

and 236Pu i n  t h i s  sample i s  0.50 dpm. 

v i t y  on t h e  o r i g i n a l  ae roso l  was c a l c u l a t e d  t o  be 13 dDm. 

The t o t a l  a c t i v i t y  of  239Pu, 238Pu o r  241Am, 
On t h i s  b a s i s ,  an e s t i m a t e  of  t o t a l  a c t i n i d e  a lpha  a c t i -  

, 

F i g u r e  5. 
o r i g i n a l  ae roso l  sample f r o m  Segment 3 o f  t h e  
TMI f i l t e r .  M a g n i f i c a t i o n  3000 X .  

Scanning e l e c t r o n  m ic rog raphs  o f  

Element 

F i g u r e  6. 
a e r o s o l  p a r t i c l e s  f r o m  Segment 1 o f  t h e  TMI 
f i l t e r  a f t e r  d i s s o l u t i o n  exper imen t  i n  t h e  f l o w -  
t h r o u g h  system. M a g n i f i c a t i o n  3000 X .  

Scanning e l e c t r o n  m ic rog raph  o f  

Tab le  2 

E lementa l  Compos i t ion  o f  t h e  TMI Aeroso l  F i l t e r  Sample 

as Determined by Energy D i s p e r s i v e  X-Ray A n a l y s i s  

Weight 
(%)  

Segment 3 Be fo re  D i s s o l u t i o n  

Mg 
A1 

S i  

S 

Ca 

Fe 

7 .2  

16.2 

2 7 . 1  

17 .3  

18. o 
14.3 

Segment 1 A f t e r  D i s s o l u t i o n  

A1 63 .8  

S i  36.2 

A t o n i c  
( % I  

9.6 

19.3 

3 1 . 1  

1 7 . 4  
14 .4  
8.2 

64 .8  

35 .3  . .  
7 

S tandard  
Dev i a t  i on 

2.9 

1.6 

1 . 5  

1.1 
0 .93  

1 . 0  

7 .9  

3.2 
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4724 4907 5089 5272 5456 5637 5820 6003 

K . E . V .  

F i g u r e  7.  An a l p h a  spec t rum 
o f  t h e  TMI a e r o s o l  sample 
de te rm ined  on an  e l e c t r o p l a t e d  
sample by u s i n g  a s u r f a c e  
b a r r i e r  d e t e c t o r  and p u l s e  
h e i g h t  a n a l y z e r .  

DISCUSSION 

A n a l y s i s  o f  t h e  gamma spec t rum ( F i g .  2 )  i n d i c a t e d  t h a t  137Cs and 134Cs were t h e  p r i m a r y  

gamma-emit t ing r a d i o n u c l i d e s  on t h e  f i l t e r .  The d a t a  s u p p l i e d  by G P U  suggested  t h e  presence o f  

s m a l l  q u a n t i t i e s  o f  140Ba, 140La and 6oCo. 
a month a f t e r  t h e  ae roso l  was c o l l e c t e d ,  i t  was expec ted  t h a t  no 140Ba o r  140La wou ld  be ob- 

se rved .  

personne l  as t h a t  o f  58C0 and 6oCo. 
t h a n i d e  i s o t o p e s ,  such as 144Ce, p r e s e n t  i n  t h e  sample. 

S ince  t h e  gamma spec t rum ( F i g .  2 )  was o b t a i n e d  abou t  

The energy peaks a t  1168 and 1365 keV, f r o m  134Cs, c o u l d  have been i n t e r p r e t e d  by TMI 
I t  i s  no tewor thy  t h a t  t h e r e  was no i n d i c a t i o n  of  any l a n -  

The q u a n t i t i e s  and p r o p o r t i o n s  o f  134Cs, 9oSr-90Y and 8 9 S r  (Tab le  1) were s i m i l a r  t o  t h e  

e s t i m a t e s  p r o v i d e d  by GPU. 
8 9 S r  and goSr -90Y.  

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

o f  9 o S r - 9 0 Y .  

a n i d e  i s o t o p e s .  The observed a c t i n i d e  r a d i o n u c l i d e s  ( F i g .  7 )  were unexpected .  A l though  t h e  

a l p h a  a c t i v i t y  was o n l y  13 dpm i n  t h e  t o t a l  ae roso l  sample, i t  i s  a s i g n i f i c a n t  o b s e r v a t i o n  t h a t  

t h e r e  were a c t i n i d e  n u c l i d e s  p r e s e n t  i n  t h e  a e r o s o l .  S ince  t h e  phys i cochemica l  b e h a v i o r  o f  

l a n t h a n i d e  and a c t i n i d e s  a r e  s i m i l a r ,  t h e r e  may have been m inu te  b u t  u n d e t e c t a b l e  amounts o f  

gamma- and b e t a - e m i t t i n g  l a n t h a n i d e  r a d i o n c l i d e s  a l s o  p r e s e n t  i n  t h e  o r i g i n a l  a e r o s o l .  

A l l  da ta  i n d i c a t e d  t h a t  t h e  m a j o r  r a d i o n u c l i d e s  were 134Cs, 137C5, 

I f  t h e r e  were o t h e r  b e t a - e m i t t i n g  l a n t h a n i d e s ,  they  wou ld  have been n o t i c e -  

The h a l f - t i m e  o f  decay o f  t h e  f r a c t i o n  i n d i c a t e d  no ma jo r ,  l o n g - l i v e d  l a n t h -  

The presence o f  ma jo r  i s o t o p e s  o f  a l k a l i  and a l k a l i n e  e a r t h  e lements ,  wh ich  a r e  g e n e r a l l y  

w a t e r  s o l u b l e ,  b u t  n o t  o t h e r  f i s s i o n  p roduc ts  such as 144Ce and "Y i n  d e t e c t a b l e  q u a n t i t i e s  sug- 

g e s t  t h a t  t h e  ma jo r  r e l e a s e  mechanism was p r o b a b l y  one o f  d i s s o l u t i o n  i n  w a t e r  and t h e n  d i s p e r -  

s i o n  i n  t h e  a u x i l i a r y  b u i l d i n g .  I n  a d d i t i o n ,  t h e  presence o f  t h e  s m a l l  amount o f  i n s o l u b l e  

a c t i n i d e  suggests  o t h e r  p o s s i b l e  mechanisms o f  p a r t i c l e  r e l e a s e  as a m i n o r  c o n t r i b u t i n g  f a c t o r .  

The e lemen ta l  a n a l y s i s  ( T a b l e  2 )  suggests  t h a t  t h e  a e r o s o l  c o n s i s t e d  o f  n o n r a d i o a c t i v e  m a t e r i a l s .  

Comparison o f  t h e  c o m p o s i t i o n  b e f o r e  and a f t e r  d i s s o l u t i o n  suggests  t h a t  o n l y  A1 and S i  were 

i n s o l u b l e  and t h e  o t h e r  e lements  were Dresent  as s o l u b l e  m a t e r i a l s .  The r a d i o n u c l i d e s  were 

1 0 0 1 2 5 4  
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present  as  minor components in  a heterogeneous matr ix  c o n s i s t i n g  of  Fe, Ca, S,  Mg, A l ,  Si and 
carbonaceous mater ia l .  The aluminum and s i l i c o n  represented 43% of  t h e  t o t a l  inorganic  mass. I t  
should be noted t h a t  the E D X A  was incapable  of  determining C ,  0 2 ,  H2, e t c .  The f i l t e r  sample was 
black both before  and a f t e r  d i s s o l u t i o n  which suggested the  presence of soot  o r  o t h e r  carbonac- 
eous mater ia l s .  

The s i z e s  of the  aerosol  p a r t i c l e s  were est imated from the e l e c t r o n  micrographs (F igs .  5 and 
6 ) .  Respirable-s ized p a r t i c l e s  a s  well a s  l a r g e r  p a r t i c l e s  ranging u p  t o  10 were observed. 
Although the  r e l a t i v e  number dens i ty  of  t h e  p a r t i c l e s  i n  t h e  e l e c t r o n  micrograph a f t e r  d i sso lu-  
t i o n  (F ig .  6 )  was l e s s  than t h a t  before  d i s s o l u t i o n  (F ig .  5 ) ,  t h e r e  was no apparent  s i z e -  
dependent, p r e f e r e n t i a l  d i s s o l u t i o n  of p a r t i c l e s  from t h e  f i l t e r .  Therefore ,  i t  i s  not poss ib le  
from our  study t o  deduce t h e  s i z e  d i s t r i b u t i o n  of the so luble  f r a c t i o n  which contained the  r a -  
dionucl ides .  However, i t  i s  reasonable  t o  conclude t h a t  a t  l e a s t  a f r a c t i o n  of t h e  radionucl ides  
were assoc ia ted  with t h e  r e s p i r a b l e - s i z e  p a r t i c l e s .  

T h e  d i s s o l u t i o n  data  (F igs .  3 and 4 )  show rapid d i s s o l u t i o n  of > 90% of a l l  i so topes .  The 
Cs isotopes appear t o  d i s s o l v e  almost e n t i r e l y  i n  both d i s s o l u t i o n  systems. Less than 2% of  the  
Cs isotopes could be de tec ted  on the f i l t e r s  a f t e r  the  d i s s o l u t i o n  experiments. The  da ta  show 
t h a t  within 5 hours, more than 95% of t h e  Cs i so topes  d isso lved  i n  both systems. The t o t a l  beta 
d i s s o l u t i o n  r a t e s  were somewhat slower than the  d i s s o l u t i o n  r a t e s  of  t h e  Cs i so topes .  I t  should 
be remembered t h a t  t h e  t o t a l  beta a c t i v i t y  was the  sum of 89Sr,  goSr-90Y, 134Cs and 137Cs beta 
a c t i v i t i e s .  
t h e  a c t i v i t y ,  was r e l a t i v e l y  inso luble  compared with Cs. This undissolved f r a c t i o n  of the Sr was 
present  i n  both d i s s o l u t i o n  systems. 

90 The 'OS,- Y d i s s o l u t i o n  r a t e s  suggest  t h a t  a s l i g h t l y  higher  f r a c t i o n ,  5 t o  10% of 

The In te rna t iona l  Commission o n  Radiological Protect ion ( I C R P )  has grouped s p e c i f i c  chemical 
forms of radionucl ides  i n t o  t h r e e  c l a s s e s  (D, W, and Y )  t o  descr ibe  t h e i r  expected p a t t e r n s  of 
r e t e n t i o n  i n  d i f f e r e n t  por t ions  of the  r e s p i r a t o r y  t r a c t . 8  T h e  t h r e e  c l a s s e s ,  days ( D ) ,  weeks 
( W ) ,  and years  ( Y )  descr ibe  both t h e  expected c learance  by mechanical and d isso lu t ion /absorp t ion  
pathways. These c l a s s i f i c a t i o n s  have been der ived f o r  s i n g l e  rad ionucl ides  i n  known chemical 
forms based on a v a i l a b l e  in vivo and in u i t r o  d a t a .  However, t h e  I C R P  s o l u b i l i t y  c l a s s i f i c a t i o n  
scheme does not include predic t ions  f o r  heterogenous mixtures such a s  t h e  one present  on the  
sample analyzed here .  

Results from the  in v i t r o  d i s s o l u t i o n  t e s t s  performed on t h i s  sample demonstrate t h a t  most 
of  the radionucl ides  present  dissolved very quickly (wi th in  5 hr) i n  t h e  SUF plus DTPA s o l v e n t .  
Although an exac t  correspondence between in vitro and in vivo d i s s o l u t i o n  c h a r a c t e r i s t i c s  has n o t  
been es tab l i shed  f o r  these  radionucl ides  i n  t h i s  form and mixture ,  i t  seems reasonable  t o  assume 
t h a t  a s i m i l a r  rapid d i s s o l u t i o n  would occur in vivo. 
observed in vitro d i s s o l u t i o n  c h a r a c t e r i s t i c s  of the present  sample, i t  i s  appropr ia te  t o  eval-  
ua te  observed a i r  concentrat ions with r e s p e c t  t o  der ived a i r  concent ra t ions  ( D A C )  by c l a s s i f y i n g  
t h e  radionucl ides  as  c l a s s  D m a t e r i a l s .  

Thus, based on t h i s  assumption and t h e  

This study has demonktrated t h e  a p p l i c a b i l i t y  o f  t h e  above techniques f o r  c h a r a c t e r i z i n g  
a i rborne  rad ionucl ides  of unknown physical  a n d  chemical composition. The data  may be useful i n  
determining the body burden of these  radionucl ides  from bioassay data  and helping t o  es t imate  t h e  
dose d i s t r i b u t i o n s  r e s u l t i n g  from i n h a l a t i o n  of t h e  aerosol .  

1 0 0 1 2 5 5  
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