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ABSTRACT 

It is well known that radon decay products attach to 
surfaces inside houses, and the famous Watrass house with a very 
high indoor radon concentration was discovered in the early 1980s 
when the radiation from these decay products was detected on the 
clothes of the Mr. Watrass after he left the house. This paper 
describes some preliminary experiments on decay product screening 
that suggest that this method might be useful in screening for 
houses with moderately elevated radon concentrations. In one 
experiment, alpha decay screening on clothing worn in two houses 
with indoor concentrations of about 10 pCi/L produced significant 
alpha counts for at least one hour after exposure. This effect 
appears to be highly sensitive to both the clothing fabric and to 
where on the body it is worn. In a second experiment, wipe 
samples from TV screens in two houses with indoor concentrations 
of about 4 pCi/L produced significant alpha counts for at least 
one hour after the wipe. Screening tests of alpha decay on 
clothing might used to survey people in public places, like 
shopping malls, who would be likely to have recently come from 
their homes. Wipe tests from TV screens might be used to survey 
targeted groups, such as the workers in an office building, who 
could be asked wipe a tissue across their TV screen just before 
leaving for work. 



INTRODUCTION 

It has proven to be much more difficult than anticipated to 
encourage widespread radon testing in order to find houses with 
elevated levels. One reason for this apathy may be the fact that 
conventional radon screening test methods require special test 
devices that must be brought into the home, and these test 
methods do not directly indicate any effect on anyone or anything 
in the house. It is difficult to become alarmed over long-term, 
invisible, abstract risks, and so radon is easy to ignore. A 
radon screening method that directly indicated a personfs body, 
clothing and possessions were radioactive might be perceived as a 
more significant risk. 

This report discusses a two methods for directly 
demonstrating that home radon concentrations can make the 
occupants and their possessions measurably radioactive, even 
after they leave the house. In addition to increasing the 
awareness of radon so that more people will be encouraged to test 
and mitigate, this technique could provide a method to screen for 
high radon houses. The technique consists of screening for the 
radiation emitted by radon decay products deposited on people and 
television (TV) screens sets inside the home. Ironically, one of 
the first indications of the U.S. indoor radon problem came in 
the early 1980s when the decay products deposited on Stanley 
Watrass led to the identification of very high radon levels in 
his house. These decay products were detected by portal monitors 
at the Limerick nuclear power plant where Watrass worked. 
However, decay product screening (DPS) does not seem to have been 
suggested as a screening tool for houses with moderate radon 
levels. 

Preliminary experiments by GEOMET in houses with moderate 
radon levels confirm that radon decay products can build up on 
clothing and on television screens within a few minutes to levels 
that can be detected for an hour or more with inexpensive 
radiation monitors. This suggests that DPS could be used to 
screen for houses with high radon by either testing for decay 
products on clothing, or by asking the occupants to bring a 
sample of dirt collected by wiping a tissue across the face of 
their television screen. The demonstration that radioactivity in 
their houses would provide a graphic demonstration of the indoor 
radon problem. 

THEORY AND PREVIOUS MEASUREMENTS 

Decay Rate of Radon Decay Products 

How fast do radon decay products decay? Figure 1 shows the 
theoretical alpha activity and the gamma activity of the radon 
decay products versus time. These plots were calculated using 
the familiar Bateman equations published in 1910. The 
approximate half life is about 45 minutes for a mixture of radon 
decay products. This rate suggests that any screening program 



should concent ra te  on persons who have l e f t  t h e i r  houses wi th in  
one o r  poss ib ly  two hours.  Figure 2 shows t h e  ind iv idua l  
con t r ibu t ions  t o  alpha a c t i v i t y  of t h e  va r ious  radon decay 
products .  

Gamma Versus' Alpha Detect ion 

I t  i s  not  obvious from t h e  decay curves whether a lpha o r  
gamma r a d i a t i o n  should be used f o r  screening .  Our i n i t i a l  guess  
i s  t h a t  alpha is p r e f e r a b l e  s i n c e  t h e r e  i s  no s i g n i f i c a n t  
background, and t h e r e f o r e  every count i s  susp ic ious .  A hand-held 
d e t e c t o r  can be used f o r  alpha,  and t h e  o r i e n t a t i o n  of t h e  
d e t e c t o r  i s  not  s i g n i f i c a n t  wi th  regard  t o  environmental 
background. Gamma may be more d i f f i c u l t  t o  e v a l u a t e  because 
t h e r e  i s  a background l e v e l  from t h e  e a r t h  and b u i l d i n g  t h a t  
makes it d i f f i c u l t  t o  use  an unshielded hand-held monitor.  
Changes i n  t h e  gamma d e t e c t o r  o r i e n t a t i o n  may s i g n i f i c a n t l y  
change t h e  background count r a t e .  Therefore most of t h e  GEOMET 
experiments have t h e r e f o r e  been done with an a lpha  r a d i a t i o n  
monitor. Both types  of d e t e c t o r s  would have t o  be he ld  i n  
contac t  o r  very c l o s e  t o  t h e  m a t e r i a l  be ing  screened. 

Attachment of Decay products  t o  Skin and Clothing 

Weknow from t h e  Watrass case  t h a t  very high indoor radon 
concent ra t ions  (over 1000 pCi/L) w i l l  produce measurable decay 
product r a d i a t i o n  f o r  s e v e r a l  hours, but  what about 
concent ra t ions  c l o s e r  t o  10 pCi/L? One r e l e v a n t  r e fe rence  on 
radon decay product depos i t ion  i n  houses i s  Arthur  S c o t t ' s  paper 
on radon daughter depos i t ion  (1). S c o t t  r e p o r t s  t h e  depos i t ion  
r a t e s  oh a v a r i e t y  of s t a t i o n a r y  v e r t i c a l  and h o r i z o n t a l  s u r f  aces  
(walls,  f l o o r s  and tables) .  No d a t a  f o r  depos i t ion  on people was 
reported.  

S c o t t ' s  d a t a  sugges ts  t h a t  if depos i t ion  r a t e s  on people are 
similar t o  t h e  depos i t ion  rates on walls and f l o o r s ,  t h e  w e  could 
measure t h e  alpha a c t i v i t y  shown i n  Figure  3 with a t y p i c a l  a lpha 
monitor. For ins tance ,  one hour after  l eav ing  a house wi th  10 
pCi/L, an alpha monitor (Ludlum Model 1000 scaler with Model 43-2 
alpha s c i n t i l l a t o r )  would p ick  up about 2 counts  p e r  minute (cps)  
on t h e  s k i n  o r  c l o t h e s .  If t h e  house were 100 pCi/L t h e  count 
r a t e  would be about 20 counts  p e r  minute. These count r a t e s  
suggest t h a t  it would t a k e  s e v e r a l  minutes t o  screen  a person who 
had j u s t  l e f t  a house wi th  10 pCi/L. However, t h i s  c a l c u l a t i o n  
does no t  t a k e  i n t o  account t h e  p o s s i b i l i t y  t h a t  c e r t a i n  f a b r i c s  
o r  p a r t s  of t h e  body may have s i g n i f i c a n t l y  d i f f e r e n t  attachment 
rates than  t h e  m a t e r i a l s  t e s t e d  by S c o t t .  

I n i t i a l  : ~ x ~ e r i m e n t s  

1n .o rde r  t o  determine t h e  p o t e n t i a l  f o r  us ing  DPS on houses 
a t  moderately e l e v a t e d  l e v e l s ,  an experiment was,conducted on 
March 19, 1993. David Saum e n t e r e d  t h e  house with moderately 
e l eva ted  radon l e v e l s  on 3/19/93 and worked f o r  25 minutes i n  t h e  
basement where a continuous radon monitor i n d i c a t e d  about 10 



pCi/L. H e  then  re tu rned  t o  t h e  GEOMET l a b  within 15 minutes and 
used a  hand-held alpha d e t e c t o r  t o  measure t h e  alpha and gamma 
a c t i v i t y  of h i s  s k i n  and c l o t h e s .  Levels a s  high as 67 cpm were 
measured on t h e  knee of t h e  pan t s .  The pan t s  were made of a  
60/40 polyes ter  blend f a b r i c .  Measurements on sk in ,  socks, h a i r  
and s h i r t  were much lower (1 t o  6 cpm). On 3/29/93 a  s i m i l a r  
experiment i n  t h e  same house produced s i m i l a r  r e s u l t s .  These 
measurements demonstrate t h a t  b r i e f  exposures t o  moderate home 
radon concentrat ions produce measurable alpha a c t i v i t y  on some 
types  of c lo th ing .  

On 4/12/93, wipe t e s t s  were conducted on TV sc reens  i n  two 
houses with radon concent ra t ions  of about 4 p C i / L .  A f a c i a l  
t i s s u e  was wiped ac ross  t h e  f ace  of t h e  TV screens  i n  each house 
( t h e  s e t s  were on) and a f a i n t  d i r t  depos i t  was noted on both  
t i s s u e s .  Within 45 minutes t h e  t i s s u e s  were t e s t e d  f o r  a lpha 
a c t i v i t y  a t  t h e  GEOMET l a b  and a c t i v i t i e s  of 97 and 45 cpm were 
measured. These measurements suggest t h a t  charged TV sc reens  
a t t r a c t  dus t  p a r t i c l e s  with a t t ached  decay products,  and t h e s e  
decay products could be used t o  screen  f o r  moderately e l e v a t e d  
radon concentrat ions.  

S e n s i t i v i t y  t o  Clothing Fabr ic  

The 3/19/93 c l o t h i n g  DPS experiment sugges ts  t h a t  c e r t a i n  
f a b r i c s  have a  much h igher  a f f i n i t y  f o r  radon decay products  than  
t h e  Sco t t  paper would suggest .  Figure 3 shows t h e  measured 
a c t i v i t y  on two types  of c l o t h i n g  af ter  t h e  20 minute exposure t o  
approximately 10 pCi/L. The diamonds show t h e  measurements nea r  
t h e  knee of pants  made of 60/40 co t ton  p o l y e s t e r  blend f a b r i c .  
The ovals  show measurements made on or lon  socks.  A 100% co t ton  
s h i r t  showed p r a c t i c a l l y  no a c t i v i t y .  Hair,  sk in ,  and l e a t h e r  
showed s l i g h t  a c t i v i t y .  This d a t a  suggests  t h a t  c e r t a i n  f a b r i c s  
(e.g. po lyes te r )  a t t r a c t  many more radon decay products  than  
o t h e r s  (e.g.  c o t t o n ) .  If w e  knew which f a b r i c s  had t h e  h ighes t  
a t t r a c t i o n ,  then  w e  could screen  people more quickly.  Rubbing 
t h e  f a b r i c  d i d  not  seem t o  have much e f f e c t  on t h e  alpha 
a c t i v i t y .  

The measurements on t h e  pants  and socks v a r i e d  considerably 
across  t h e  f a b r i c .  The knee of t h e  pan t s  showed much more 
a c t i v i t y  than t h e  sides of t h e  l e g  o r  t h e  bottom of t h e  pants .  
The sock a c t i v i t y  was h igher  a t  t h e  bottom than  a t  the t o p .  This  
suggests  t h a t  t h e r e  may be a  s e n s i t i v i t y  decay product attachment 
t o  motion o r  some o t h e r  f a c t o r .  If w e  understood t h i s  v a r i a t i o n ,  
then  i t 'might  allow u s  t o  speed up the  screening  procedure.  

1 

  he EPA Las Veqas Laboratory has conducted some recen t  radon 
chamber i e ~ ~ e r i m e n t s w i t h  a c lo thed  dummy exposed t o  a  
concentrat ion of 100 pCi/L t h a t  f a i l  t o  show s i g n i f i c a n t  a lpha 
a c t i v i t y  on t h e  c l o t h i n g  ( 2 ) .  This may i n d i c a t e  t h a t  motion of 
t h e  human body i n s i d e  c l o t h i n g  i s  a  v i t a l  component i n  t h e  
attachment of t h e  decay products  t o  t h e  c lo thes .  The movement 
might b u i l d  a  s t a t i c  charge t h a t  inc reases  t h e  attachment r a t e .  



Conclusions from Initial Experiments 

The GEOMET experiments suggest that after relatively short 
exposure in a house with moderate radon levels, some items of 
clothing and TV screens can pick up enough radon decay products 
so that a quick alpha screen can detect them up, even after one 
to two hours. More work needs to be done to identify the fabrics 
and locations on the body with the highest decay product 
attachment potential. 

Test Equipment Required for DPS 

Alpha monitors that could be used for quick decay product 
screening are available for around $1,000 or less. Besides 
sensitivity and ease of use, some useful features include: a 
speaker that allows the unit to "beepu with each count, and a 
timed counter that automatically tallies cpm. For example, the 
current Ludlum Measurements, Inc. catalog lists at least three 
monitors suitable for DPS, ranging in cost from $700 to $1200. 

POTENTIAL USE OF DPS 

DPS utilizing clothing might be done in a public place like 
a shopping mall. The person doing the screening would have a 
hand-held alpha counter, and they would have to be trained to 
identify the types of clothing and locations that have the 
highestdecay-product attachment potential. Anyone volunteering 
to be tested would be asked how long it has been since they left 
their house. Of course, anyone being tested would be told that 
DPS is not a calibrated measurement of indoor radon, and just 
because they test low, they should still test their house with a 
multi-day screening test. In addition, the low risk from the 
radiation being measured on their clothing should be explained, 
while the much higher risk from inhaling decay products when they 
are in their houses should be emphasized. 

DPS using wipe tests from TV screens might be useful in 
screening targeted groups such as the workers in an office 
building. An announcement could be made that the test would be 
conducted on a given morning, and that anyone who wished to 
participate should turn their TV set on in the morning for a few 
minutesoand then wipe a tissue across the screen just before they 
left the house. These tissues would be collected as the workers 
arrive at the office, and the alpha activity of each tissue could 

. be measured in about one minute. High readings would be followed 
up with.conventiona1 screening tests. 

CONCLUSIONS 

Onthe basis of GEOMETIs preliminary look at the theory and 
the initial test results, DPS appears to be a very promising 
approach to graphically demonstrating the threat of indoor radon 
and for screening for hot houses. Some initial conclusions: 



1. alpha de tec t ion  looks more promising than  gamma 
detec t ion ,  

2 .  houses a s  low as 4 pc i /L  might be d e t e c t e d  i f  t h e  
screening i s  done within an hour, 

3.  DPS i s  very s e n s i t i v e  t o  f a b r i c  type  and p o s i t i o n  
t h e  body, 

a lpha  

on 

4 .  The count r a t e  f o r  simple alpha d e t e c t o r  is  high enough 
t o  do a scan i n  a few seconds f o r  ho t  houses and a more 
d e t a i l e d  scan i n  a couple of minutes. 

5.  The alpha monitor c o s t  i s  $700 t o  $1100. 

RECOMMENDATIONS FOR FURTHER DPS DEVELOPMENT 

In  order  t o  determine the  p o t e n t i a l  of DPS, t h e  i n i t i a l  
experiments need t o  be confirmed and extended: 

Radon chamber s t u d i e s  should be conducted t o  measure 
t h e  p r e c i s e  r e l a t i o n s h i p s  between decay product 
deposi t ion and c l o t h i n g  type,  movement, radon 
concentrat ion,  etc. Simi lar ly ,  TV screen  depos i t ion  
r a t e s  should be s t u d i e d  i n  radon chambers. 

P i l o t  s t u d i e s  should be conducted t o  s e e  how t h e s e  
techniques work under f i e l d  condi t ions .  Follow-up 
tests with conventional radon test k i t s  should be made 
t o ' s e e  what radon l e v e l s  a r e  a c t u a l l y  found i n  homes 
where t h e  occupants have measurable a lpha  a c t i v i t y .  

The following ques t ions  may warrant a l i t e r a t u r e  search  
and more extens ive  experiments: 

a .  How much exposure t ime i s  requi red  t o  b u i l d  up an 
equi l ibr ium l e v e l  of decay products? 

b. What types  of a lpha emitters could cause f a l s e  
alarms i n  DPS t e s t i n g ,  and is  gamma screening  
p re fe rab le  i n  some s i t u a t i o n s ?  

c. .Are t h e r e  any o t h e r  r e l evan t  f a c t o r s  t h a t  may be 
important such a s  humidity, motion, bu i ld ing  operat ion,  
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Figure 1 Theoretical Decay of Radon Decay Products 
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Figure 2 Theoretical Alpha Activity of Radon Decay Products 
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Figure 3 Alpha Activity:  heo ore tical and Measured 


