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ABSTRACT 

The combination of vi t reous glass  as  substrate,  alpha-emitting Po-210 a s  
tracer,  and a pu lse  i o n i z a t i o n  chamber a s  d e t e c t o r  i s  a v e r y  promis ing  
retrospective radon exposure system fo r  dwellings. The d i f f i c u l t i e s  en- 
countered a t  the moment a r e  mainly concerned with the problem of finding 
glass ' sheets  wi th  w e l l  known radon exposure h i s t o r i e s  i n  o r d e r  t o  tes t  
the accuracy of the  method. Results from sheets  of glass taken from s i x  
d i f fe ren t  houses are reported.  The Po-210 a c t i v i t y  P (Bq m-2) of  t h e  
glass  surface cor re la tes  w e l l  with the cumulated radon concentration C 
(kBq y m-3) e s t i m a t e d  from long-term radon o r  radon daughter  measure- 
ments. The cor re la t ion  coeff ic ient  is  0.96 and l i nea r  regression analysis  
gives a s  bes t  f i t  (+/- 1 S.D.) t he  equa t ion  P = (0.91k0.11)C + (0.811.2). 
As a retrospective radon system the presented glass-polonium method has 
the potential  t o  "see" several  decades back i n  time, a s  w e l l  a s  being an 
excellent and t r u l y  long-term perspective radon detector. 



INTRODUCTION 

I n  any e p i d e m i o l o g i c a l  s tudy  an a p p r o p r i a t e  and e x a c t  ' exposure '  
measure i s  d e s i r a b l e .  I n  t h e  case  o f  radon t h e  long  d e l a y  between radon  
exposure and t h e  m a n i f e s t a t i o n  o f  lung cancer  i s  a s e r i o u s  problem. A 
radon o r  radon daughter de tec to r  tha t  could look backwards i n  t ime  would 
be ideal.  With such a re t rospect ive  detec tor  we should be a b l e  t o  de te r -  
mine the exposure re levant  f o r  today's cancer cases. 

A r e t r o s p e c t i v e  radon system can be based on two d i f f e r e n t  p r i n -  
ciples. E i t h e r  you look f o r  t h e  r a d i a t i o n  damage l e f t  behind a f t e r  t h e  - - 
decays o r  you t r y  t o  d e t e c t  t h e  f a i n t  a c t i v i t y  o f  t h e  l o n g - l i v e d  radon 
daughter Pb-210 o r  i t s  decay products. I n  o r d e r  t o  be o f  g e n e r a l  u s e  t h e  

. subs t ra te  f o r  the  rad ia t ion  damage o r  the  mate r i a l  containing t h e  Pb-210 
a c t i v i t y  must be present i n  a l l  dwellings. Alpha t r ack  damage d e t e c t o r s  
f a i l  i n  t h i s  r e s p e c t  a s ,  u n f o r t u n a t e l y ,  t h e  t r a c k s  can be made v i s i b l e  
only i n  ce r t a in  p l a s t i c s  not found i n  a l l  dwellings. For a re t rospec t ive  
radon system we a r e  thus l e f t  with the problem of f inding i f  a home has a 
'memory' of  i t s  cumulated radon c o n c e n t r a t i o n  v i a  Pb-210 (or  i ts  daugh- 
t e r s )  and i f  t h i s  'memory' i s  strong and r e l i a b l e  enough. J u s t  recent ly ,  
our radon group i n  Lund showed t h a t  t h e  a c t i v i t y  o f  Po-210 (a d a u g h t e r  
product of Pb-210) i n  g l a s s  s h e e t s  from d w e l l i n g s  was d e t e c t a b l e  and 
highly correlated t o  t h e  cumulated radon exposure (1). I n  the  rest of my 
t a l k  I w i l l  explain t h e  p r inc ip les  under ly ing  t h i s  r e t r o s p e c t i v e  radon 
method and report  our l a t e s t  results: 

FUNDAMENTALS 

I n  F i g u r e  1 t h e  decay scheme o f  radon i s  shown t o  t h e  l e f t ,  and t h e  
right-hand p a r t  i l l u s t r a t e s ,  v e r y  s c h e m a t i c a l l y ,  t h e  p r i n c i p l e s  behind 
t h e  method. s o m e s h o r t - l i v e d  daugh te r s  a.re o f  c o u r s e  v e n t i l a t e d  away, 
some decay i n  t h e  a i r  etc., b u t  t h e  i m p o r t a n t  pathway t o  us  is th rough  
the deposition of some daughters on macroscopic surfaces. This adsorbed 
a c t i v i t y  is only loosely  at tached t o  hard surfaces,  but there is  a way i n  
which t h e  a c t i v i t y  can  be permanantly caught.  The d e f i n i t e  p e n e t r a t i o n  
i n t o  a s u r f a c e ,  subsequen t  t o  a n  a l p h a  decay,  i s  a p l a i n  and s i m p l e  
r e c o i l  process already described by Hahn and Meitner i n  1909 (2). I n  50% 
of the  alpha decays t h e  alpha pa r t i c l e  is  emit ted  outwards and t h e  daugh- 
ter nucleus inwards. The maximum range i n  g l a s s  of the  reco i l ing  nucleus 
i s  a b o u t  0.1 mic romet res ,  deep  enough t o  save  t h e  r e c o i l i n g  a tom from 
being scavenged even by t h e  most elaborate household cleaning pract ices .  

I n  hard mater ia ls ,  such a s  stone and glass ,  migration of l a rge  non- 
gaseous atoms is  a very slow process. That is t o  say t h a t  during constant  
radon and room condit ions w e  have a constant ly  increasing number of Pb- 
210 a toms absorbed s u p e r f i c i a l l y  and pe rmanen t ly  i n  ha rd  m a t e r i a l  s. 



Figure 2 i l l u s t r a t e s  the  increase  i n  absorbed Pb-210 a c t i v i t y  over a 50- 
year period.  The growth c u r v e  d i s p l a y e d  i s  t h e  r e s u l t  of  t h e o r e t i c a l  
ca lcula t ions  w i t h  a compartment model u s i n g  t y p i c a l  r a t e  c o n s t a n t s  f o r  
the indoor environment. We conclude from t h i s  s l i d e  t h a t  during idea l i zed  
conditions the  'Pb-210 memory' is  useful  over s e v e r a l  decades, but  a 180, 
i n  o r d e r  t o  r e n d e r  t r u e  l i n e a r i t y ,  w e  have t o  make c o r r e c t i o n s  f o r  
radioactive decay o f  Pb-210 f o r  radon exposure  times i n  e x c e s s  o f  a b o u t  
10 years .  . 

DETECTAB IL ITY 

Again u s i n g  r e a s o n a b l e  r a t e  c o n s t a n t s  f o r  t h e  i n d o o r  s i t u a t i o n  w e  
can p red ic t  the Pb-210 a c t i v i t y  absorbed on hard surfaces  a s  a funct ion 
of cumulated radon exposure. Such order-of-magnitude ca lcu la t ions  reveal  
t h a t  fol lowing an exposure of 1 kBq y m-3 radon-222 (27 pCi y 1-1) we can 
ex ec t  a s u r f a c e  a c t i v i t y  of  Pb-210 n o t  t o o  f a r  f rom t h e  range  1-10 B q  
m (2.5-25 pCi fto2). A surface  a c t i v i t y  of Pb-210 wi th  such low in ten-  
s i t y ,  t h e  l o w e r  l i m i t  c o r r e s p o n d s  t o  a p p r o x i m a t e l y  one decay p e r  cm2 
every t h i r d  hour, is indeed d i f f i c u l t ,  i f  not impossible, t o  resolve  from 
the background i n  beta  and gamma spectrometers. (In 4% of i ts  decays Pb- 
210 emits a gamma quantum o f  energy 47 k e ~ ) .  

To be a b l e  t o  d i s c l o s e  1 Bq m-2 i t  i s  b e t t e r  t o  t u r n  t o  Po-210, t h e  
alpha-emitting granddaughter of  Pb-210, and t o  large-area alpha spectro-  
meters. A pulse  i o n i s a t i o n  chamber can analyse  t h e  5.3 MeV a lpha  from Po- 
210 over a surface  of  severa l  hundreds of square cent imetres  and such a 
de tec to r  was our choice when w e  s t a r t e d  t o  look f o r  a lpha  a c t i v i t i e s  on 
g lass  shee t s  about a year ago. 

The a l p h a  s p e c t r o m e t r i c  method h a s  t h e  a d v a n t a g e  o f  b e i n g  r a d i o -  
nuclide s p e c i f i c  and, i n  addi t ion ,  it is easy t o  d i s t i n g u i s h  between t h e  
s u p e r f i c i a l  a c t i v i t y  w e  a r e  look ing  f o r  and a l p h a  a c t i v i t y  d i s t r i b u t e d  
homogeneously i n  t h e  g l a s s  body. The o n l y  d i s a d v a n t a g e  o f  u s i n g  Po-210 
ins tead of Pb-210 i s  t h a t  t h e  a c t i v i t y  of  Po-210, according t o  theory, is  
lower than t h a t  of Pb-210 and more dependent on radon exposure time. The 
expected a c t i v i t y  r a t i o  ~ 0 - 2 1 O / ~ b - 2 1 0  i n  g l a s s  a s  a f u n c t i o n  o f  r adon  
exposure dura t ion is shown i n  Figure 3. 

RESULTS AND DISCUSSION 

So f a r  w e  have a n a l y s e d  g l a s s  s h e e t s  from s i x  d w e l l i n g s ,  f o u r  i n  
Sweden and two i n  Finland. The r e l a t i o n  between Po-210 a c t i v i t y  absorbed 
on t h e  g l a s s  s u r f a c e  and t h e  cumulated  radon  c o n c e n t r a t  i o n  i s  g i v e n  i n  
Figure 4. A l l  e i g h t  g l a s s  s u r f a c e s  showed e a s i l y  d e t e c t a b l e  amounts o f  



Po-210, due t o  t h e  h igh  s e n s i t i v i t y  of  t h e  d e t e c t o r .  G l a s s  s a m p l e s  from 
houses 5 and 6 were smal l  enough t o  fit i n t o  the  de tec to r  d i r e c t l y .  A l l  
o ther  s h e e t s  were c u t  t o  an a r e a  o f  abou t  210 cm2. I n  houses  where o n l y  
radon daughter measurements. have been performed, w e  used an equi l ibr ium 
f a c t o r  of P0.5 t o  convert t o  radon concentration. 

In  F igure  4 t h e  g l a s s  s h e e t  from house No. 6 seems t o  be a n  o u t l i e r  
yielding t o o  low a Po-210 va lue .  This  g l a s s  s h e e t  i s  d i f f e r e n t  f rom t h e  
o thers  a s  i t  i s  s l i g h t l y  e t c h e d  on t h e  exposed s i d e .  I n  o u r  o p i n i o n ,  
however, t h i s  cannot e x p l a i n  t h e  low polonium a c t i v i t y  and i n  o r d e r  t o  
get more information than j u s t  t h e  cumulated radon concentration value  w e  
contacted D r  R. Mustonen who s e n t  u s  t h e  sample. H e  conf i rmed t h a t  t h e  
house i n  which the  g lass  sheet  had been exposed had very w e l l  documented 
radon l e v e l s  and t h a t  t h e  e s t i m a t e d  exposure ,  17.8 kBq y m-3, must  b e  
q u i t e  c l o s e  t o  t h e  t r u t h ,  bu t  a l s o  t h a t  t h e  f rame h o l d i n g  t h e  g l a s s  had 
been standing i n  a bookshelf. Our hypothesis is  now t h a t  the s t a t i o n a r y  
a i r  i n  t h e  bookshelf  g i v e s  r i s e  t o  a lower  p l a t e - o u t  r a t e  t h a n  i n  t h e  
open, where the radon daughter measurements a r e  taken. This phenomenon 
may be wholly responsible f o r  the  low Po-210 value f o r  the  g l a s s  sample 
from house No. 6. Awaiting new g lass  samples from t h e  house t h e  value i n  
Figure 4 i s  cons ide red  a s  a n  o u t l i e r  and exc luded  from t h e  r e g r e s s i o n  
analysis .  

That t h e  g l a s s  s h e e t  must be openly  exposed t o  t h e  room a e r o s o l  i n  
order t o  be u s e f u l  i s  suppor ted  by o u r  r e s u l t s  from one o f  t h e  g l a s s  
sheets  from house No. 2. For  t h i s  cupboard g l a s s  t h e  Po-210 a c t i v i t y  on 
the  s i d e  f a c i n g  i n t o  t h e  cupboard i s  o n l y  52% o f  t h e  a c t i v i t y  on t h e  
outward f a c i n g  s i d e  g i v e n  i n  F i g u r e  4. I n  F i g u r e  4 w e  a l s o  n o t i c e  t h a t  
the  Po-210 a c t i v i t i e s  on the  two s ides  of the  door g l a s s  from house No. 4 
a r e  d i f fe ren t ,  indica t ing t h a t  the radon l e v e l s  o r  plate-out  i n t e n s i t i e s  
have been d i f f e r e n t  i n  t h e  two rooms separated by the  door. Unfortunate- 
ly ,  t h i s  hypothesis could not be t e s ted  a s  countermeasures agains t  radon 
have recent ly  been taken i n  the  house. 

Applying l i n e a r  r e g r e s s i o n  a n a l y s i s  t o  t h e  d a t a  i n  F i g u r e  4 (ex- 
cluding d a t a  from house No. 6)  y i e l d s  a n  i n t e r c e p t  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from ze ro ,  0.9 2 1.2 Bq m-2 and a s l o p e  of 0.912 0.11 in k y w l .  
The e r r o r  i n t e r v a l  g i v e n  i s  1 S.D. The c o r r e l a t i o n  c o e f f i c i e n t  h a s  t h e  
value 0.96. Considering t h e  d i f f i c u l t i e s  i n  obtaining the c o r r e c t  radon 
exposure values f o r  t h e  g l a s s  sheets  and t h e  complexity of radon aerosol  
chemistry and plate-out,  the  spread i n  Figure 4 i s  as tonishingly  small. 

The " w e l l  behaved" d a t a  i n  F igure  4 i s  presumely due t o  s e v e r a l  
f ac to r s  : 

1 )  Long-term r a d o n  m e a s u r e m e n t s  p e r f o r m e d  by r e p u t a b l e  
labora tor ies .  



2) Carefully selected houses with no o r  small  building and vent i -  
l a t i on  a l t e r a t i o n s  du r ing  t h e  exposure t ime. (The g l a s s  s h e e t  
exposed f o r  25  y e a r s  i n  house No. 2 i s  an except ion  t o  t h i s  and 
i n  house No. 1 the radon concentration was remeasured a f t e r  the 
i n s t a l l a t i on  of a new vent i l a t ion  system.) 

3) Large surface and low e l e c t r o s t a t i c  charging of the  subs t ra te  
glass.  

4) Most g l a s s  s h e e t s  a r e  t r u e  indoor  ones. On windows the  v a r i a -  
t ions  are  probably larger. 

5) A s imple  phys i ca l  e f f e c t  (nuc leus  r e c o i l )  i s  r e s p o n s i b l e  f o r  
the absorption of Po92 10. 

The c o r r e l a t i o n  i n  F igure  4 could have been even b e t t e r  i f  w e  had 
known the radon exposure of the  g lass  more accurately. Only i n  one house 
(No. 3) has the radon measurement been taken close t o  the posit ion of the  
glass  shee t .  

The s ides  protected from room a i r  show no, o r  a t  l e a s t  very l i t t l e ,  
t races  of Po-210. This f ac t  is  i l l u s t r a t e d  i n  Figure 5. The narrowness of 
the alpha peak proves t ha t  the Po-210 a c t i v i t y  i s  confined t o  the outer- 
most l aye r  of t h e  g l a s s .  

CONCLUSIONS 

The presented glass-polonium method c o n s t i t u t e s  a breakthrough i n  
the a b i l i t y  t o  measure radon i n  dwellings re t rospect ively  and has put a 
long-term radon detector  i n  a l l  houses t ha t  have g l a s s  windows o r  other  
glass  shee t s .  The method i s  not r e s t r i c t e d  t o  g l a s s ,  i n  p r i n c i p l e  any 
hard non-electrostatic ma te r i a l  with a f l a t ,  large surface area tha t  is  
openly exposed t o  t h e  s h o r t - l i v e d  radon daugh te r s  w i l l  do provided t h e  
frequency of c l ean ing  i s  less t h a n  say  once per  day. With a p u l s e  i o n i z -  
ing chamber a s  a d e t e c t o r  f o r  t he  Po-210 a c t i v i t y ,  t h e  s e n s i t i v i t y  i s  
high enough fo r  the  method t o  be used even i n  houses with with low radon 
levels,  provided the  exposure t i m e  is  long enough. Today. the experimental 
r e su l t s  a r e  too scarce t o  va l ida te  any f i n a l  judgement of the  usefulness 
of the method but the data so f a r  a r e  very promising. Future investiga- 
t ions  should be focussed on the inherent v a r i a b i l i t y  i n  the  method caused 
by var ia t ions  i n  radon daughter plate-out and o ther  phenomena influencing 
the t ransfer  of a c t i v i t y  from radon-222 i n  t he  room a i r  t o  the absorbed 
Po-210 i n  ha rd  m a t e r i a l s .  The b e s t  way t o  ' c a l i b r a t e '  t h e  method i s  by 
the i n v e s t i g a t i o n  of  g l a s s  samples exposed t o  radon a u t h e n t i c a l l y  i n  
dwellings under well-controlled conditions. 

The work desc r ibed  i n  t h i s  paper  was not funded by 
the U.S. Environmental  P r o t e c t i o n  Agency and t h e r e f o r e  t h e  
contents do not necessari ly r e f l e c t  the  views of the Agency and 
no o f f i c i a l  endorsement should be inferred.  
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Figure 1. A schematic i l l u s t r a t i o n  of how the short-l ived radon daughters 
a r e  attached t o  a macroscopic surface (glass)  by plate-out and 
how the subsequent alpha decays pennanately embed the daughter 
nucleus i n  the  outermost layer of the  g lass  by a r e c o i l  e f fec t .  
From measurements o f  t h e  Po-210 a c t i v i t y  of t h e  g l a s s  u s i n g  
alpha spectrometry, the  accumulated radon concentration can be 
determined . 
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The growth curve of Pb-210 ac t i v i t y  absorbed i n  a hard mater ia l  
due t o  a lpha  r e c o i l  e f f e c t s  a s  a f u n c t i o n  of radon exposure  
time, assuming a cons t an t  radon sou rce  i s  opened a t  t ime  z e r o  
(theory). The i n i t i a l  slope of the  curve is  a l so  shown. 

Activity ratio 
1.0 

Figure 3. The same a s  i n  F igure  2, bu t  showing the  a c t i v i t y  r a t i o  
between Po-2 10 and Pb-210. 



Figure 4. The Po-210 a c t i v i t y  i n  g lass  per u n i t  a rea  a s  a function of the  
estimated integrated En-222 a c t i v i t y  concentration. The l i n e a r  
regression l i n e  exc lud ing  house No. 6 i s  shown (see  t ex t ) .  For  
the  i n t e r i o r  door g l a s s  (house No. 4) t h e  a c t i v i t y  on bo th  
s ides  of t h e  g l a s s  i s  p lo t t ed .  (1 Bq - 2 7  pCi, 1 kBq y m - 3  = 27 
pci  y 1-1). 

Legend: a House: 1 Exp.time: 17y Glass: photograph 
0 House: 2 Exp.tirne: 10y,25y Glass: cupboard,window 
0 House: 3 Exp. time: 10y Glass: p ic ture  
A House: 4 Exp.time: 14y Glass: door 
Â House: 5 Exp-time: 5y Glass : photograph 

House: 6 Exp.time: 4y Glass: photograph 
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Figure 5 .  Alpha spectra  from the  g l a s s  s h e e t  ( t h e  l e a s t  exposed sample) 
from house No. 1, obtained i n  a pulse ionization chamber. 

a .  Side facing the room. 

b.  Side facing the photograph. 


