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ABSTMCT 

Autoradiography has  been used t o  determine t h e  d i s t r i b u -  

t j o n  and t h e  n a t u r e  of plutonium p a r t i c u l a t e  material. on a 

high-ef f i c i e n c y  p a r t i c u l a t e  air  (HEPA) f i l t e r  used t o  f i l t e r  

23gPu-containing dust .  Higher concen t r a t ions  of a lpha-act ive 

material on upstream and downstream f o l d s  of t h e  f - i l t e r  i nd i -  

cate uneven a i r f l o w  through t h e  f i l t e r .  Observations oE 

aggregate  r e c o i l  par t ic les  on the downstream f a c e  a€ t h e  

f i l t e r  suggest  t h a t  aggregate  r e c o i l  t r a n s f e r ,  a mechanism 

wkich may reduce long-term HEPA f i l t e r  e f f i c i e n c y ,  may be 

occur r ing .  Amounts of a lpha  a c t i v i t y  found on downstream 

f i l t e r s  confirm t h i s  suppos i t i on .  

1. LNTRODUCTION 

132 Aggregate r e c o i l  t r a n s f e r  is  a phenomenon s p e c i f i c  t o  s u r f a c e s  

of alpha-emitt ing r a d i o a c t i v e  material. where, due t o  t h e  k i n e t i c  energy 

made a v a i l a b l e  by a lpha  decay, c l u s t e r s  of atoms are e j e c t e d  i n t o  t h e  

surrounding medium. Such atom c l u s t e r s ,  known as aggrega te  r e c o i l  

6  particle^,^ may c o n t a i n  up t o  10 atoms. P a r t i c l e s  of alpha-emitt ing 

material, which are c o l l e c t e d  i n  normal HEPA f i l t e r  ~ p e r a t i o n ~ - ~  w i t h  

n e a r  100% e f f i c i e n c y ,  may be sources of aggrega te  r e c o i l  p a r t i c l e s .  

Aggregate r e c o i l  p a r t i c l e s  produced from a l a r g e r  c o l l e c t e d  p a r t i c l e  may 
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undergo re-entrainment 

t i o n  downstream i n  t h e  

i n  t h e  moving airstream and subsequent redeposi-  

f i l t e r .  I f  an a lpha  decay event  occurs  wi th in  

t h i s  partic1.e aga in ,  re-entrainment and r edepos i t i on  may occur.  This  

process  3.eads t o  a n e t  t r a n s f e r  of r a d i o a c t i v e  material i n  t h e  downstream 

d i r e c t i o n .  

It is p o s s i b l e  to i d e n t i f y  aggrega te  recoi l .  p a r t i c l e s  by auto- 

radiography. The image c h a r a c t e r i s t i c s  i n  an au toradiograph  of 

aggrega te  r e c o i l  p a r t i x l e s  are d i f f e r e n t  from those  of l a r g e r  alpha- 

emi t t i ng  p a r t i c u l a t e  matter. * 11:xamples of aggrega te  r e c o i l  par t ic les  

of 212Pb i n  t r a n s i e n t  equi l ibr ium wi-th 212Pb daughter products  and a 

dus t  p a r t i c l e  w i th  adhering 2n-2Pb and daughter  s p e c i e s  are shown i n  

Figs .  1 and 2 r e spec t ive ly .  The aggrega te - r eco i l -pa r t i c l e  "star" 

c o n s i s t s  of t r a c k s  moving r a d i a l l y  outward froin a c e n t r a l  p o i n t ,  whi le  

* 

the t r a c k s  from t h e  dus t  p a r t i c l e  emanate i n  a l l  d i r e c t i o n s  thereby 

de f in ing  t h e  s i z e  and shape of t h e  p a r t i c l e .  

I n  gene ra l ,  t h e  iiiiages produced i n  au toradiographic  emulsions by 

l a r g e r  p a r t i c u l a t e  m a t t e r  are asymmetric i n  shape and correspond t o  t h e  

shape of t h e  p a r t i c u l a t e  matter, whereas aggrega te - r eco i l -pa r t i c l e  stars 

appear as uniform c i r c l e s .  I f  i n t i m a t e  con tac t  of the p a r t i c l e  w i th  

t h e  f i l m  i s  n o t  achieved,  t h e  aggrega te  star may look l i k e  t h e  one i n  

Fig. 3. T h i s  aggrega te  r e c o i l  p a r t i c l e  of 212Pb i n  t r a n s i e n t  equ i l ib r ium 

w i t h  i ts  daughter products  w a s  c o l l e c t e d  on a Gelman G l a s s  F ibe r  (Type A) 

f i l t e r  medium and i s  i n t e r p r e t e d  as being on a subsur face  f i b e r ;  hence, 

the p a r t i c l e  d id  no t  make i n t i m a t e  con tac t  w i th  t h e  au toradiographic  

emulsion. 

--- -___ * 
Used by permission of G. E. Chabot, Un ive r s i ty  of Lowell, Lowell, Mass. 
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Fig .  1. Examples of "star" t r a c k  p a t t e r n  produced by aggrega te  
r e c o i l  p a r t i c l e s  ( 2  "Pb daugh te r s ) .  
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PHOTO 051 8-77 

F i g .  2 .  Autoradiograph of a lpha-ac t ive  mater ia l  on d u s t  p a r t i c l e .  
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F i g .  3 .  Alpha  tracks from an aggregate recoil par t ic le  not in 
intimate contac t  w i t h  t h e  photographic emulsion. 
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2 e EXPERIMENTAL PROCEDURE 

The HEPA f i l t e r  examined was t h e  f i r s t  i n  a plenum of fou r  i n  

series and received p r e f i l t e r e d  a i r  from glove boxes, Since t h i s  

plenum was used t o  f i l t e r  t h e  glove-box e x i t  a i r  where an 8- by 8-hi. 

IEPA f i l t e r  w a s  used a t  each glove box, t h e  f i r s t  plenum f i l t e r  w a s  

a c t u a l l y  t h e  secoxid f i l t e r  downstream of t h e  cha l l eng ing  ae roso l .  

Samples of t h i s  f i l t e r  material w e r e  placed i n  i n t i m a t e  c o n t a c t  w i t h  

Kodak Type A Persona l  Neutron Monitoring Film f o r  pe r iods  of 1 h r  atid 

24 h r  each. Cal.culations i n d i c a t e  t h a t  an exposure of 24 h r  should be 

s u f f i c i e n t l y  long t o  ensure t h a t  t h e  Larger (106-atom) aggrega te  r e c o i l  

p a r t i c l e s  can be v i s u a l i z e d .  Autoradiographs of both t h e  upstream and 

downstream s i d e s  of t h e  f i l t e r  material w e r e  taken,  The f i l m  w a s  

developed according t o  t h e  procedure o u t l i n e d  by t h e  Eastman Kodak 

Company. 
9 

3 .  RESULTS .AND DISCUSSION 

3.1. Evidence f o r  Recoi l  Par t ic le  P e n e t r a t i o n  

A photomicrograph of an autoradiograph of t h e  u p s t r e m  s i d e  O F  t h e  

f i r s t  f i l t e r  i s  shown i n  Pig. 4 .  A dense d i s t r i b u t i - o n  of t r a c k s  wi th  

p a r t i c l e s  v i s i b l e  as completely b l ack  areas i s  seen. The more asymmetric 

s p o t s  are probably s m a l l  p a r t i c l e s  (0.2 t o  0.4 p) t h a t  pene t r a t ed  t h e  

glove-box f i.lters. Stars are a l s o  p r e s e n t ,  i n d i c a t i n g  t h a t  mwh smaller 

p a r t i c l e s  may be buried below t h e  s u r f a c e  of the f i l t e r .  Very s l i g h t  

normal p e n e t r a t i o n  by such s m a l l  p a r t i c l e s  would be expected. 
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Fig.  4 .  Autoradiograph of t h e  upstream surEace of HEPA filter material. 
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Figures  5 ,  6 ,  and 7 are photomicrographs of t h e  downstream s i d e  of 

24-hr autoradiographs.  

r e c o i l - p a r t i c l e  migrat ion.  F igu re  5 con ta ins  several s t a r l i k e  arrange- 

ments of t r a c k s  t h a t  appear t o  be aggregate  r e c o i l  p a r t i c l e s  which under- 

went t r a n s f e r  through n e a r l y  t-he e n t i r e  f i l t e r  t h i ckness .  Figure 6 shows 

ano the r  star i n  a f i e l d  of much s h o r t e r  t r acks .  These s h o r t e r  t r a c k s  

r e s u l t  when an a lpha  p a r t i c l e  e n t e r s  t h e  emulsion a t  an ang le  nea r  90" 

and i n d i c a t e  t h a t  most of t h e  material w a s  c o l l e c t e d  nea r  t h e  upstream 

s i d e  of t h e  f i l t e r .  Y e t  the  aggregate  r e c o i l  p a r t i c l e  shown d i d  p e n e t r a t e  

t h e  Eilter. As Fig. 7 sugges t s ,  varying degrees  of p e n e t r a t i o n  by 

aggregate  r e c o i l  p a r t i c l e s  are p o s s i b l e .  The ra te  of p e n e t r a t i o n  of 

aggregate  recoi.1 p a r t i c l e s  through a HEPA f i l t e r  i s  r e l a t e d  t o  t h c  

s p e c i f i c  a c t i v i t y  of t h e  alpha-emitt ing material and t h e  p a r t i c l e  s i z e .  

All t h r e e  show evidence sugges t ing  aggregate- 

The number of p a r t i c l e s  i n i t i a l l y  generated by t h e  source is  d i r e c t l y  

r e l a t e d  t o  t h e  amount of a c t i v i t y  p r e s e n t  and t h e  p r o b a b i l i t y  of a 

p a r t i c l e  migrat ing i s  then p r o p o r t i o n a l  t o  t h e  p r o b a b i l i t y  of an a lpha  

decay w i t h i n  an i n d i v i d u a l  p a r t i c l e  m u l t i p l i e d  by t h e  number of p a r t i c l e s  

p r e s e n t  e 

3.2 A c t i v i t y  D i s t r i b u t i o n  on t h e  F i l t e r  

Some obse rva t ions  have been made concerning t h e  g r o s s  d i s t r i b u t i o n  

of a c t i v i t y  on t h i s  HEPA f i l t e r .  Figure 8 shows a schematic v i e w  of a 

HEPA f i l t e r .  An a n a l y s i s  of s p e c i f i c  s e c t i o n s  of t h e  f i l t e r  showed t h a t  

t h e  a c t i v i t y  w a s  d i s t r i b u t e d  nonuniformly. The h i g h e s t  l e v e l  of ac t iv i ty  

w a s  found on t h e  upstream f o l d s ,  followed by t h e  q u a n t i t i e s  found on the  

downstream f o l d s  and t h e  f il.ter f a c e s  I 
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. 

Fig. 5. Photomicrograph of autoradiograph of the downstream side 
of the filter material. The star-shaped alpha-track patterns are in 
the range of 100 to 200 !A in diameter. 
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F i g .  6 .  Aggregate r e c o i l  p a r t i c l e  t r a c k s  ( c e n t e r ,  approximately 
50 i n  diameter)  con t r a s t ed  wi th  a l p h a  p a r t i c l e  p e n e t r a t i o n  from 
deeper  i n  t h e  f i l t e r ;  photomicrograph of au toradiograph  of downstrearn 
side of HEPA Eilter material .  
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Fig .  7 .  Photomicrograph of au toradiograph  of downstream s i d e  of 
HEPA f i l t e r  material showing s ta rs  t h a t  appear t o  o r i g i n a t e  from 
p a r t i c l e s  a t  d i f f e r e n t  depths  i n  t h e  f i l t e r  m a t e r i a l .  
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F i g .  8. Schematic vi.ew oE a HEPA fi.l.ter. 
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I f  u n i t y  i s  assumed f o r  t h e  amount of a c t i v i t y  found on t h e  upstream 

f o l d s ,  t h e  relative amounts on t h e  downstream f o l d s  and f a c e s  are 0.65 

and 0.53, r e s p e c t i v e l y .  This  d i s t r i b u t i o n  of a c t i v i t y  roughly corresponds 

t o  t h e  amounts of d u s t  observed on each s e c t i o n .  An autoradiograph of 

t h i s  f i l t e r  (Fig.  9) a l s o  shows t h a t  t h e  aluminum support  s h e e t s  i n h i b i t  

f low a long  t h e  l i n e s  where they  are i n  c o n t a c t  w i th  t h e  f i l t e r .  

These r e s u l t s  i n d i c a t e  t h a t  d e p o s i t i o n  i s  n o t  uniform over t h e  

e n t i r e  area of t h e  f i l t e r .  Th i s  imp l i e s  t h a t  l i n e a r  flow through t h e  

f i l t e r  may n o t  be uniform. 

3 . 3  D i s t r i b u t i o n  of A c t i v i t y  t o  Downstream F i l t e r s  

T h e  s u p p o s i t i o n  of aggregate  r e c o i l  mig ra t ion  de r ived  from t h e  auto- 

radiographs is s t r o n g l y  supported by t h e  a c t i v i t y  ana lyses  of t h e  down- 

stream f i l t e r s  of t h i s  set and of t h o s e  of a companion set. These 

ana lyses ,  which w e r e  done by l i q u i d  s c i n t i l l a t i o n  methods, lo'll w i l l  be 

desc r ibed  more f u l l y  i n  a s e p a r a t e  r e p o r t .  The a c t i v i t y  found and t h e  

decontamination f a c t o r s  (DFs) c a l c u l a t e d  f o r  t h e  f i l t e r s  are summarized 

i n  Table  1. I f  normal r e t e n t i o n  of a e r o s o l s  is  assumed, t hen  t h e  amount 

of material should dec rease  by a f a c t o r  of % l o 3  from f i l t e r  t o  f i l t e r .  

This  i s  n o t  t h e  case; i n  f a c t ,  t h e  DFs observed f o r  t h e  last f i l t e r s  are 

ve ry  low. The  p a t t e r n  of a c t i v i t y  found on t h e s e  f i l t e r s  i s  s i m i l a r  

t o  t h a t  found on t h e  f i l t e r s  i n  t h e  l a b o r a t o r y  experiments made t o  

i n v e s t i g a t e  aggrega te  r e c o i l  phenomena. 
2 
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F i g .  9. Autoradiograph of t h e  upstream s lde  of HEPA filter material 
showing interference in a i r f l o w  by corrugated aluminum d i v i d e r s .  



1
5

 

IA
 0
 

T
i 

x 
m

 

\D
 

r
l 

0
 

0
 

6
0
 

cn 

0
 

0
 

0
 

N
 

ul 
m
 m

 

rJ 
h

 

r
l 

e4 

u
-
 

p
*
 

d
 

ul 
r
l 

0
 

0
 

m
 

a3 

0
 

m
 

hl 

N
 

@
.I 

r-l 

e4 

N
 

m
 

0
 

0
 

0
 

e
 

m
 

4
 

0
 

-3- 

m
 

m
 

r
l 

e
 

c.l 
0

 
0

 

0
 

W
 

N
 

r-l 

0
 

m
 

.
j
 

4
- 0
 

4
 

m
 

x
o

e
 

m
 

4
- 

cx, 
0
 

0
 

cn r-l 

m
 
e
 

cn 
N

 
e4 rn 

W
 
W
 

r
l 

(r\ 

0
 

ul 
0

 
0

 

0
 

cn 
e
 

ul 0
 

m
 

e4 

rn 
4

 

m
 
0
 

0
 
0
 

0
 

e
 
e
 

r
l 

0
 

0
 

m
 

vl 

co a, 
E 
4

 
U

 

bo 
C

 
-4

 
u
 C
 

=r 0
 

L) 

r
l 

ld 
U

 
0
 

u
 

-d C
 

cd 

a
 C
 

5
 
0
 

s4 
M

 

ld 
P

 
r
l 

cd 
u
 

0
 

u
 

a
 

a, 
u
 

u a, 
r
l 

r-l 
0
 

t) 

tll 
U

 

0
 

u 
4

 
cd 
u
 
0
 

w
 rn 

-2 I
 

5 E s4 
w

 

Q
 

a, 
4.J cd 
T

i
 

3
 

CJ 
T

i 
cd 
V
 

(d 



16 

4 .  REFERENCES 

2. 

3. 

4 .  

5 

6. 

7 .  

8. 

M. T. Ryan? K. W. Skvable, and G.  E. Chabot, IIeaIth Phys. 2, 

"Retention and Penetration Characteristics o f  a Glass Fiber F'llter 

for Yb Aggregate Recoil Particles," 796-98 (1975). 212 

W. J, McDowell, F. G. Seel-ey, and M. T. Ryan, "Penetration of HEPA 

Filters by Alpha Recoi l  Aerosols ,"  in Proceedings of the 14th ERDA 

Air Cleaning Conference Sun Valley, Idaho ( i n  p r e s s ) .  

R. 1-4'. Lawson, "The Aggregate Recoil. 01 Radioactive Substances 

____.-..-9 - 

Emitting a-Rays," Nature - 102, 464-  65 (1919)  (j 

C. N. Davies, Air Filtration, Academic, New York, 1973 I* 

W. B. Seefeldt, W. J. Mecham, and M. J. Steindler, Characterization 

-I of ._.. Particulate . Plutonium Released i n  Fuel Cyc.l.e Operations, ANL-75-78 

(1970). 

R. J. Davis, A Nuclear Safety Particle Primer, OWL-4337 (1969). 

J. A. Hayden, "Characterization of Environmental Plutonium by Nuclear 

Track Techniques," pp.  648-60 in Atmosphere - Surface Exchange of 

Particulate and Gaseous Pollutants (1974) (Proceedings of a 

symposium held at Richland, Wash., Sept. 4 - 6 ,  1 9 7 4 ) ,  CONF-740921 

( 1 9 7 6 ) .  

N. W. Nathans, R. Reinhart, and W. D. Holland, "Methods of Analysis 

Useful in the Study of Alpha-Emitting and Fissionable Material- 

containing Particles," pp. 661-73 in Atmosphere - Surface Exchange of 

Particulate and Gaseous Pollutants ( 1 9 7 4 )  (Proceedings of a 

symposiim held at Richland, Wash. , Sept. 4-6, 1974) , CONF-740921 
(1976). 



17 

9. Eastman Kodak Company, Data Release, Kodak Materials f o r  Nuclear 

Physics and Radiography. 

10. W. 3 .  McDowell, D. T. F a r r a r ,  and M. R. Billings, "Plutonium and 

Uranium Determination in Environmental Samples: 

Extraction-Liquid Scintillation Method," Talanta - 21, 1231-45 ( 1 9 7 4 ) .  

11. W, J. McDowell and J. F. Weiss, "Liquid Scintillation Alpha Counting 

Combined Solvent  

and Spectrometry and i t s  Application to Bone and Tissue Samples," 

Health Phys. (in press). 





19 

ORNL/TM-5765 

INTERNAL DISTRIEWION 

1. J. A. Auxier 
2. K. B. Brown 
3. W. D. Burch 
4. C. A. Burchstead 
5. T. J.  Burnet t  
6 .  H. M. B u t l e r  
7. C. F. Coleman 
8. F, L. C u l l e r  
9. D. E. Ferguson 
10. J. E. Kahn 
11. R. A. Lorens 
12. A. P, Malinauskas 

13-22. W, J. McDowell 
23. E, L. Nicholson 
24. G. W. Parke r  

25-29. 
30. 
31. 
32. 
33. 
34. 
35. 
36.  
37. 
38- 

39-40. 
41. 

42-51. 
5 2 .  
53. 

EXTERNAL DISTRIBUTION 

M. T. Ryan 
F. G. Seeley 
R. R. Shoun 
B. I,. Vondra 
R. G. Wymer 
0. 0. Yarbro 
A. Zucker 
C. H .  Ice (Consultant)  
E. L. Gaden (Consultant)  
R. B. Richards (Consul tant)  
Cen t ra l  Research L ib ra ry  
Document Reference Sec t ion  
La bora t o ry R e  co rd s 
Laboratory Records-RC 
ORNt P a t e n t  O f f i c e  

54 .  H. J. E t t i n g e r ,  Un ive r s i ty  of C a l i f o r n i a ,  Los  Alamos, S c i e n t i f i c  
Laboratory,  P.O. Box 1663, Los Alamos, NM 87545. 

55. R. D. Gaskins, Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t ,  P.O. 
Box 888, Golden, CO 80401. 

56. Research and Technical  Support D iv i s ion ,  ERDA, ORO. 

57-83, Technical  Information Center, Oak Ridge, TN 37830. 

8 4 .  Ed Vejvoda, Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t ,  P.O. 
Box 888, Golden, CO 80401. 

85. Dick Woodard, Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t ,  P.O. 
Box 888, Golden, CO 80401. 


