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ABSTRACT 

The U.S.  Environmental P ro tec t i on  Agency's standard operat ing procedure 

f o r  the charcoal can is te r  method of determining a i rborne radon-222 

concentrat ion has some ser ious  moisture c o r r e c t i o n  problems. The problems 

w i th  tha t  methodology show up espec ia l l y  i f  the  can is te rs  are  used under 

condi t ions o f  very h i g h  o r  very low humidi t ies.  Furthermore, i n  us ing  t h e i r  

humidity adjustment curves, s l i g h t  weight gain d i f f e r e n c e  r e q u i r i n g  the use o f  

d i f f e r e n t  c a l i b r a t i o n  curves can cause t h e  ca l cu la ted  radon a c t i v i t y  t o  d i f f e r  

by as much as a f a c t o r  of 2.6. The authors have developed an improved 

methodology whereby the  same can is ters ,  count ing equipment and s i m i l a r  system 

c a l i b r a t i o n  procedures can be used t o  o b t a i n  more c o n s i s t e n t l y  r e l i a b l e  

resu 1 ts.  

We, as others, have found t h a t  the  r a t e  a t  which radon i s  absorbed on the  

charcoal i n  the  can is te rs  i s  a f fec ted  by the  amount o f  water and radon a l ready 



absorbed i n  the  charcoal.  We have found t h a t  under low humidi ty  cond i t i ons  
qj 

and s t a r t i n g  w i t h  oven d r i e d  canisters,  the radon concentrat ion i n  a  c a n i s t e r  

w i l l  reach an e q u i l i b r i u m  value which i s  d i r e c t l y  p ropor t i ona l  t o  the  average 

ambient radon concentrat ion.  Furthermore, we f i n d  t h a t  a  s i n g l e  moisture 

co r rec t i on  fac to r  curve, based on can is ter  weight gain, can be used t o  c o r r e c t  

the measured c a n i s t e r  a c t i v i t y  t o  the low moisture cond i t i on  whereupon the  

average radon concentrat ion can be d i r e c t l y  calculated.  

Thus we recommend the  use o f  oven d r ied  can is ters  and an exposure t ime 

s u f f i c i e n t  f o r  the  can is te rs  t o  approach e q u i l i b r i u m  w i t h  the environmental 

radon, which i s  th ree t o  seven days i n  our test .  Our paper a l s o  shows how t o  

ob ta in  the moisture c o r r e c t i o n  fac to r  curve from procedures s i m i l a r  t o  the  EPA 

recommended c a l i b r a t i o n  procedures. 
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INT RODUCT I ON 

The U.S. Environmental Protect ion Agency's standard operating procedure 

f o r  the act iva ted charcoal canister  method o f  determining a i rborne radon-222 

concentrations has some serious problems. Th is  i s  espec ia l ly  t r u e  i f  the 

canisters are employed under condit ions o f  very low or  very high humidity. 

The authors have developed an improved method i n  which the  same canisters can 

be employed, bu t  more re1 i ab le  r esu l t s  can be obtained under a l l  humidity 

condit ions. 

EPA PROCEDURES 

The EPA procedures are given i n  a 1987 pub l i ca t ion  o f  t h e i r  Eastern 

Environmental Radiat ion Fac i l  i t y  (EERF) (EPA 1987). This pub1 icat ion,  

en t i t l e d  "EE RF Standard Operating Procedures f o r  Rn-222 Measurement Using 

Charcoal Canisters," i s  based on the work o f  A.C. George o f  The U.S. 

Department o f  Energy' s Environmental Measurement Lab (George 1984). These 

procedures describe the spec i f ica t ions f o r  the standard EPA canisters,  which 

are now ava i lab le  from several commercial sources. They a lso describe 

recommended detector  ca l i b ra t i on ,  r ad ia t i on  counting, and radon concentrat ion 

ca lcu la t ion procedures. Canisters are weighed and employed as received from 

the manufacturer. No e f f o r t  i s  made t o  remove the several grams of water 

absorbed on the charcoal dur ing the manufacture o f  the canisters. A f t e r  

exposure, the canisters are again weighed t o  determine the water absorbed 

dur ing the exposure period. The canisters are employed only once and are then 

d i scarded . 
Airborne radon concentrations are determined using two types o f  

ca l i b ra t i on  curves. The f i r s t  i s  a water gain versus c a l i b r a t i o n  f a c t o r  f o r  a 

two day can is ter  exposure t ime and covers a weight gain from zero t o  19 grams 

o f  water. The second c a l i b r a t i o n  curve p l o t s  exposure time versus humidi ty 



adjustment factors for condi t ions of low (20%), medium (50%) and h igh (80%) /^Wtj\ 

r e l a t i v e  humidity. One uses the low humidity curve i f  the can is ter  gains less 

than 1.0 grams, the medium humidity curve i f  the canisters gains between 1.0 

and 4 grams, and the high humidity curve i f  the can is ter  gains greater than 4 

grams. The problems w i t h  t h i s  technique are as fol lows: Canister weight 

gained i s  i n  pa r t  a funct ion of the amount o f  moisture already on the can is te r  

a t  the beginning o f  the exposure period, but  t h i s  i s  not  determined i n  the EPA 

procedures and may vary w i th  manufacturers and batch t o  batch from the same 

manufacturer. Weight gain i s  a lso a funct ion o f  exposure time, and the 

procedures, as wr i t ten,  a l low f o r  an exposure time o f  up t o  s i x  days. 

Furthermore, i f  the humidity i s  s u f f i c i e n t l y  low, the canisters may ac tua l l y  

lose weight during exposure, and the procedures do not  take t h i s  i n t o  account. 

Also, depending on the exposure time and the i n i t i a l  moisture content, i t  i s  

possible under low humidity condi t ions t o  end up w i th  a weight gain large 7 
enough t o  require use o f  the medium humidity curve and under medium humidity 

condit ions end up using the high humidity curve. These curves are 

s u f f i c i e n t l y  d i f f e r e n t  such tha t  0.1 gram d i f ference i n  weight r equ i r i ng  a 

s h i f t  i n  ca l i b ra t i on  curves could change the f i n a l  r esu l t s  by as much as a 

fac tor  o f  2.6. Such po ten t i a l  er rors  are too large t o  make t h i s  an acceptable 

procedure. 

PENN STATE CONCEPT 

I n  our procedures, the same standard EPA canis ters  are employed and they 

are exposed and counted using the EPA procedures. The changes i n  procedure 

include predrying the can is ters  t o  near ly constant weight by opening them and 

heating them f o r  s i x  t o  e i gh t  hours a t  a temperature of 6 5 O C .  The canisters 

are a lso reused a f t e r  s u f f i c i e n t  time i s  allowed f o r  the decay o f  any absorbed 

radon (>30 days). The b i g  change involves the radon concentrat ion ca l cu la t i on  



procedures. These procedures are  based i n  p a r t  upon work o f  Cohen and Nason, 

(Cohen and Nason 1986) who demonstrated t h a t  under low humid i ty  cond i t ions  the 

movement o f  radon gas through a d i f f u s i o n  b a r r i e r  and onto charcoal fo l lows 

t h e  we l l  known a c t i v a t i o n  equation, and t h a t  when a can is te r  conta in ing  radon 

absorbed under dry  a i r  cond i t ions  i s  then exposed t o  low humidi ty  a i r  having a 

low radon concentrat ion, t he  c a n i s t e r  a c t i v i t y  w i l l  exponent ia l l y  decrease 

1 i k e  the  we l l  known r a d i a t i o n  decay equation. Under these two cond i t ions ,  the  

radon gas has t h e  same e f f e c t i v e  decay constant,  which i s  t h e  sum o f  t h e  t r u e  

decay constant o f  radon-222 and a constant determined by the  r a t e  a t  which 

radon passes through the  c a n i s t e r  d i f f u s i o n  b a r r i e r .  Thus, w h i l e  t h e  t r u e  

h a l f - l i f e  o f  the radon-222 i s  about 92 hours, t he  e f f e c t i v e  h a l f - l i f e  o f  the 

radon on the can is ters  used i n  t h i s  work and exposed under these cond i t i ons  i s  

only about 30 hours. 

When one exposes can is te rs  t o  a i r  above a r e l a t i v e  humidi ty  of about 20% 

f o r  longer than one day, the  amount o f  radon absorbed on t h e  c a r t r i d g e  i s  

found t o  be less  than t h a t  obtained under d ry  a i r  cond i t ions .  The greater  the  

humidi ty ,  the greater  the  reduc t ion  i n  radon a c t i v i t y .  This reduct ion  may be 

due t o  a reduct ion  o f  the number of charcoal absorp t ion  s i t e s  a v a i l a b l e  t o  the  

radon and/or t o  the p a r t i a l  b lock ing  by t h e  water molecules o f  the pores 

leading i n t o  the i n t e r i o r  o f  the charcoal granules. We have determined t h a t  

s i m i l a r  t o  those used t o  o b t a i n  the  EPA c a l i b r a t i o n  

i n g l e  mois ture  c o r r e c t i o n  f a c t o r  curve, based on 

one can use procedures 

curves t o  generate a s 

c a n i s t e r  weight gained 

can is te r  e f f i c i e n c y  du 

above i ts d r y  weight,  t o  c o r r e c t  f o r  t h e  l o s s  i n  

e t o  humid i ty  e f f e c t s .  

EXPERIMENTAL EQUIPMENT AND TEST PROCEDURE 

A l l  o f  t h e  r e s u l t s  repo r ted  i n  t h i s  study i n v o l v e  the exposure o f  opened 

charcoal can is ters  i n  a small  radon c a l  i b r a t i o n  chamber assembled by the 



authors. The can is ters  are  10 cm (4 inch)  diameter, open face EPA design (F&J 

Specia l ty  Products, Inc., P. 0. Box 660065, Miami Springs, F l o r i d a  33266-0065). 
-Ã 

The chamber was constructed from a 19 1 i t e r  ( f i v e  ga l l on )  s t e e l  p a i l ,  sealed 

w i t h  a s tee l  l i d  and conta in ing  a she l f  f o r  the p o s i t i o n i n g  o f  a charcoal 

can is te r  i n  the center o f  the chamber., Due t o  the small  chamber s i z e  on ly  

one can is te r  i s  placed i n  the chamber per t e s t  t o  reduce the p o s s i b i l i t y  o f  a 

lower ing of the chamber radon concentrat ion due t o  radon adsorpt ion by the  use 

o f  mu1 t i p l e  canisters.  

Dry a i r  i s  produced by drawing a i r  through a desiccant and then pumping 

i t  through a Pylon model 1025 radon source (Pylon E lec t ron ic  Development 

Company, Ltd., 147 Colonnade Rd., Ottawa, Ontario, Canada K2E 7L9). The radon 

output generated by t h i s  source i s  12.6 Bq min"' (340 pCi mind'). The radon 

concentrat ion i n  the a i r  l eav ing  the source i s  a d i r e c t  f unc t i on  o f  the 

a i r f l o w  r a t e  through the  radon source. The radon conta in ing  a i r  then passes -+I 

through a rotometer t o  measure the a i r f l o w  ra te .  During a t e s t ,  p e r i o d i c  

checks are made o f  t h e  rotometer reading t o  insure  t h a t  the  f low r a t e  stays 

constant and a t  the des i red  l e v e l .  The radon conta in ing  a i r  i s  then pumped 

through an i n l e t  located a t  the bottom o f  the exposure chamber and then ou t  

the top o f  the chamber l i d  and i n t o  a vent l ine .  I n  order t o  conf i rm the 

c a l i b r a t i o n  o f  the Pylon radon source and the  rotometer, a i r  samples from the  

exposure chamber are p e r i o d i c a l l y  co l l ec ted  and assayed using a s c i n t i l l a t i o n  

c e l l  and counting system which has been c a l i b r a t e d  against  radon-222 gas 

emit ted from a National Ins t i  t u t e  o f  Standards and Technology t raceab le  

radium-226 so lu t ion .  

Constant r e l a t i v e  humidi ty  condi t ions a re  obta ined by p lac ing  on the 

bottom o f  the exposure chamber one o r  more open conta iners o f  water having 

s u f f i c i e n t  l i q u i d  t o  l a s t  through the exposure period. The humidi ty  i ns ide  7 



the  chamber i s  c o n t r o l l e d  by the  amount o f  l i q u i d  sur face area exposed t o  the 

chamber i n t e r i o r .  The humid i ty  and temperature o f  t h e  a i r  leav ing  the  chamber 

are determined r e g u l a r l y  du r ing  a t e s t  us ing an OMEGA Rh-201Â° Humidity and 

Temperature Gauge (OMEGA Engineering, Inc., P. 0. Box 4047, Stanford, CT 

06907-0047). As needed, a water cooled condenser i s  used t o  mainta in un i fo rm 

a i r  temperature i n  the  chamber. 

The fo l lowing procedures are used t o  produce successive measurement from 

a can is te r  f o r  each experimental run. Every one t o  th ree days the exposure 

chamber i s  opened, the  open c a n i s t e r  i s  qu i ck l y  removed and i t s  l i d  replaced 

and sealed. The exposure chamber i s  a lso  q u i c k l y  resealed t o  he lp  main ta in  

t e s t  condi t ions.  The c a n i s t e r  i s  then counted using a standard NaI(T1) 

de tec tor  connected t o  a Nucleus PCA computer based pu lse  he ight  analyzer (The 

Nucleus Inc., 791 Emory Val l e y  Road., P. 0. Box 2561, Oak Ridge, TN 

37831-2361). 

I n  a h a l f  hour o r  l ess  a f t e r  the can is te r  i s  removed from the exposure 

chamber, the can is te r  i s  again opened and re inse r ted  i n t o  the exposure chamber. 

The t ime dur ing  which t h e  c a n i s t e r  i s  ou t  o f  t he  exposure chamber i s  no t  

included i n  the determinat ion  o f  i t s  exposure time. Since the time i t  i s  o u t  

o f  the chamber i s  small  compared t o  the t o t a l  exposure time and t o  the 

h a l f - l i f e  o f  radon-222, no o ther  co r rec t i on  needs t o  be made t o  account f o r  

t he  f a c t  t h a t  the c a n i s t e r  was p e r i o d i c a l l y  removed from the chamber du r ing  a 

t e s t  run. - 
PROCEDURES AND DEFINITION OF TERMS 

1. Decay Factor 

The standard decay fac to r  (DF) i s  determined from the end o f  the  exposure 

pe r iod  t o  the  beginning o f  the counting pe r iod  and i s  ca l cu la ted  as 

fo l lows:  



(dimensionless) 

where: 

Ar = the decay constant of radon-222 ( t ime" ' )  

t d  = the  time ( i n  t h e  same u n i t s  as Ar) from t h e  end o f  the  exposure 

period t o  the s t a r t  o f  the counting per iod  (t ime) 

2. Counting t ime co r rec t i on  fac tor .  

The counting t ime co r rec t i on  fac to r  (CTF) i s  ca lcu la ted as fo l lows:  

(minutes ) 

where tc = counting t ime i n  the same u n i t s  as Ar. 

When counting t ime i s  much shor ter  than the h a l f - 1  i f e ,  such as a  15-minute 

count  time compared t o  the 3.8-day h a l f - l i f e  o f  radon-222, then: 

CTF = Tc (minutes) 

3.  System ca l  i b r a t i o n  f a c t o r  i n  dry  a i r .  

The system c a l i b r a t i o n  f a c t o r  i n  d ry  a i r  CF(d) i s  determined by exposing, 

i n  the c a l i b r a t i o n  chamber, the can is ters  t o  a known radon concent ra t ion  

(RN) i n  dry  a i r .  The equation used t o  determine each po in t  on t h e  

c a l i b r a t i o n  curve i s  as fo l lows:  

CF(d) = 
C(d) 

(CTF) ( RN) ( OF) 
(cpm x  Bq-I x  L) o r  (cpm x p C V 1  x  L) (3)  



where: 

C(d) = the  net  counts i n  the reg ion o f  i n t e r e s t s  ( R O I )  f o r  t he  can is te r  

exposed t o  radon gas i n  d ry  a i r  f o r  t ime te (days) ( the  gross 

counts minus the background counts f o r  t h a t  day) 

RN = exposed radon concentrat ion (Bq x L - I )  o r  (pCi x L - I )  

The exper imental ly  determined values of CF(d) are  then f i t t e d  t o  the 

fo l l ow ing  equat ion t o  determine the co r rec t  values f o r  CF(m) and A s .  

where: 

CF(m) = the d r y  a i r  c a l i b r a t i o n  fac tor  f o r  an i n f i n i t e  exposure t ime 

A s  = Ar+Ad (days-') 

\^ = the.. decay cons tan t o f  radon-222 (days" ) 

Ad = the d i f f u s i o n  constant o f  radon i n t o  o r  ou t  o f  t he  can is te r  

(days- ) 

Figure 1 i s  a p l o t  o f  three data sets. Canisters A-157 and A-71 were 

tested under d ry  cond i t ions  and can is te r  A-122 was t e s t e d  w i t h  t h e  

r e l a t i v e  humid i ty  va ry ing  i n  the range o f  seven t o  e igh t  percent r e l a t i v e  

humidity.  The best  f i t  expression f o r  t h i s  combined data set  i s :  

I n  S I  un i t s :  

CF(d) = 2780(l-e -0.605t 

and i n  conventional un i t s :  



since A s  = 0.605 days-' the e f f e c t i v e  h a l f  l i f e  f o r  t h i s  combined data  s e t  

i s  1.15 days. (27.5 hours)  

Assuming no humid i ty  e f f e c t s ,  one can now determine the proper CF(d) f o r  

the actual  exposure t ime o f  a canister .  But s ince humid i ty  w i l l  always be 

present under r e a l  wor ld condit ions, one must add a humid i ty  c o r r e c t i o n  

fac to r .  

4. System c a l i b r a t i o n  f a c t o r  i n  humid a i r .  

The system c a l i b r a t i o n  fac to r  i n  humid a i r  CF(h) i s  determined by 

exposing, i n  the c a l  i b r a t i o n  chamber, the can is te rs  t o  a known radon 

concentrat ion (RN) i n  a i r  o f  a known humidity.  The percent humid i ty  i n  

the chamber i s  d i r e c t l y  r e l a t e d  t o  the increase i n  can is te r  mass du r ing  

the exposure period. The equation i s  as fol lows: 

CF(h) = 
C(h) 

(CTF) (RN) ( W  
(cpm x Bq-I x L) o r  (cpm x pC i - I  x L) (7)  

where C(h) = the n e t  counts f o r  the  can is te r  exposed t o  humid a i r  o f  radon 

concentrat ion RN 

Figure 2 shows a p l o t  o f  CF(h) as determined f o r  seven d i f f e r e n t  percent  

re1 a t i v e  humidi ty  cond i t ions  (%RH) . 

5. Hurnidi t y  c o r r e c t i o n  f a c t o r .  

The humidi t y  c o r r e c t i o n  fac to r  (HF) co r rec ts  the system c a l  i b r a t  i o n  f a c t o r  

obtained from the d ry  a i r  exposure fo r  l o s s  i n  radon absorpt ion a b i l i t y  

due t o  moisture absorpt ion as fol lows: 



(Dimensionless) 

Note: The value o f  t h i s  f a c t o r  should vary between one and zero. 

This  f a c t o r  i s  determined f o r  a t  l e a s t  three humid i ty  cond i t i ons  over the 

expected humidi ty  range and a curve i s  generated o f  t h i s  f a c t o r  versus 

can is te r  mass gain du r ing  exposure. A polynomial l e a s t  squares f i t  o f  the  

data i s  then obtained. Thus f o r  any mass gain, the  c o r r e c t  l oss  i n  

absorpt ion e f f i c i e n c y  can be obtained from t h i s  curve. 

F igure 3 shows the  p l o t  o f  62 humid i ty  f a c t o r s  ca l cu la ted  from 12 

d i f f e r e n t  sets o f  c a n i s t e r  measurements. D i f f e r e n t  charcoal c a n i s t e r s  and 

d i f f e r e n t  humid i ty  cond i t i ons  were employed f o r  each o f  t h e  data set.  

Over the per iod  o f  t ime these measurements were taken, ambient temperature 

var ied  from a low o f  16OC (61Â°F t o  a h igh  o f  31Â° (8gÂ°F) Only data 

co l l ec ted  from the  t h i r d  day on was used i n  generat ing t h i s  curve. 

Despite the  p o t e n t i a l  f o r  e r r o r s  from var ious  sources such as c a n i s t e r  

var ia t ions ,  temperature e f fec ts  and f l u c t u a t i o n  i n  system radon-222 f l o w .  

ra te ,  Fig.3 shows t h a t  there  i s  a remarkably smal l  amount o f  s c a t t e r  o f  

the data about the f i t t e d  l i n e .  

The best f i t  polynomial f o r  the  da ta  i n  Fig.3 was found t o  be 

H F a  1.072 -8 .63  x 10-'(w) + 3.32 x 10-'(U2) -5 .76  x 10-'('A3) (9 )  

(dimensionless) 

where U = increase i n  c a n i s t e r  weight (grams) 

Since the HF cannot exceed u n i t y ,  i t  can be shown by the  above equat ion 

tha t  HF w i l l  remain u n i t y  u n t i l  a weight ga in  increase o f  about 0.8 grams. 



One could ob ta in  a very s i m i l a r  HF curve i f  on ly  the data from the 28-30% 

RH, the 47-51? RH, and the 79-87% RH curves i n  Fig.2 were employed i n  

conjunct ion w i t h  the data from a s i n g l e  0% RH curve. Thus the amount o f  

e f f o r t  needed t o  o b t a i n  the HF c o r r e c t i o n  f a c t o r  i s  n o t  much more than i s  

requ i red  t o  generate the â‚¬ recommended Adjustment Factor  Curves (EPA 

1987 ) . 

6 .  Calcu la t ion  of  radon concentrat ion from a c a n i s t e r  exposed t o  an unknown 

radon concentrat ion.  

With the various c a l  i b r a t i o n  fac to rs  ca l cu la ted  prev ious ly ,  the 

environmental radon concentrat ion Rn (u) t o  which a can is te r  has been 

exposed can now be detsr'm'ned frm the count r a t e  recorded i n  the two 

regions o f  i n t e r e s t  as fo l lows:  

RN(u) CTFxCFoxHF(u)xDF c f u )  (Bq x L - I )  o r  (pCi x L - I )  

where: 

C(u) = ne t  counts i n  the  ROI f o r  the sample radon can is te r .  

HFfu) a humidi ty  c o r r e c t i o n  f a c t o r  based on increased can is te r  mass. 

OTHER OBSERVATIONS AND TESTS 

As seen i n  Fig.2, t h e  radon concentrat ion changes most r a p i d l y  w i t h  

exposure t ime over the f i r s t  two t o  th ree  days. I n  developing the humid i ty  

f a c t o r  curve, i t  was found t h a t  t he re  was considerable f l uc tua t i ons  i n  the 

fac tors  ca lcu la ted  from the  data c o l l e c t e d  over the f i r s t  two t o  th ree  days. 

I t  appears t h a t  du r ing  t h i s  pe r iod  of time, t he  amount o f  radon adsorbed on 

the charcoal i s  most s e n s i t i v e  t o  v a r i a t i o n s  such as can is te r  or  temperature 1 



differences. Yet most procedures f o r  charcoal can is ters  recommend only a one 

o r  two day exposure time. With exposure times o f  three days o r  more the 

humidity fac to r  appears t o  be independent o f  can is ter  d i f ferences and 

temperature di f ferences (over t he  temperature range tested).  When one 

normalizes the data t o  the d ry  exposure condit ions, the humidity fac tor  i s  

a lso independent o f  exposure time. 

These charcoal can is ter  procedures were a lso tes ted under f l uc tua t i ng  

radon concentration condi t ions more t yp i ca l  o f  home radon measurements. 

Because o f  the decay o f  radon-222 adsorbed on the charcoal, charcoal canisters 

are  not t r u e  in tegra to rs  o f  t he  radon dose. Also used i n  these tes ts  were 

E-Perms using short  term e lec t re ts .  (Rad Elec. Inc., 5330J Spectrum Drive, 

Frederick, MO 21701) This type o f  detector operates as a gas f i l l e d  ion 

chamber and i s  ca l ib ra ted  t o  act  as a t r ue  radon dose in tegrator .  Once each 

day from the t h i r d  day t o  the seventh day o f  exposure, the detectors were 

closed, removed from the t e s t  room and measured. Then they were quickly 

returned t o  the t es t  room and reopened. The r e s u l t s  o f  one o f  these tes ts  are 

shown i n  Table 1. For the E-Perms the average radon concentrat ions were 

calculated f o r  both the t o t a l  exposure time and the exposure time between 

successive readings. As can be seen from t h i s  table,  there i s  good agreement 

between the resu l t s  obtained from the charcoal can is ter  and those obtained 

from the two E-PERM detectors. 

CONCLUSIONS 

The charcoal canister  procedures developed a t  Penn State have the 

fo l lowing advantages over the EPA recommended procedures. They have a b e t t e r  

theore t i ca l  basis f o r  the cor rect ion factor .  They are be t te r  ab le  t o  handle 

low humidity condi t ions.  The use o f  oven d r ied  charcoal canisters al lows the 



use o f  a s i n g l e  c o r r e c t i o n  f a c t o r  determined from the weight ga in  o f  the 

can is te r ,  t o  account f o r  humid i t y  correct ions.  Thus they avo id  t h e  l a r g e  
7 

d i s c o n t i n u i t y  i n  determined values r e l a t e d  t o  can is te r  weight  gains of 1.0 and 

4.0 grams. They avoid u n c e r t a i n t i e s  r e s u l t i n g  from one o r  two day exposure 

t imes and they a l l ow  fo r  t he  reuse o f  the charcoal can is te rs .  
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TABLE AND FIGURE CAPTIONS 

TABLE 1. Comparison Between Two â‚¬-Pe Detectors and A Charcoal Canister 

Employing The Penn S t a t e  Method 

FIGURE 1. Radon Adsorption i n  Charcoal Canisters Under Low Humidity 

Conditions as a Function o f  Time 

FIGURE 2. Radon Adsorption i n  Charcoal Canisters as a Function o f  Time and 

Humidi t y  

FIGURE 3. Humidity Factor (HF) as a Function o f  Charcoal Canister Weight Gain 



Exposure 
Time 
(days 1 

RADON COIICENTRATIONS 8q x L-1 

â‚¬-PE Detectors Charcoal 
Ave. over Value between Can i s t e r  
t o t a l  time measurements Value 

#1 #2 #l 
3.10 

#2 
0.80 0.75 0.80 0.75 

3.91 
0.92 

0.80 0.76 0.80 0.81 
4.82 

0.87 
0.80 0.77 0.83 0.83 

5.67 
0.76 

0.82 0.79 0.91 0.88 0.87 
6.45 0.81 0.78 0.75 0.76 0.79 

Ave . Â± o 0.81k0.01 0.77k0.02 0.82k.06 0.81+0.05 0.84k0.07 





4 6 

Exposure Time (days) 



Canister Weight Gain (grams) 


