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ABSTRACT 

A year-long, mu1 t i po l lu tan t ,  indoor a i r  qua1 i t y  study invo lv ing  70 
occupied houses i n  fou r  s ta tes was completed i n  1987. A l l  o f  t he  houses 
included i n  the study had a p a r t i a l  o r  complete basement w i t h  a concrete 
slab f l o o r  and block walls. On an approximately quar te r l y  schedule, 
i n tegra t ing  monitors f o r  short-1 i ved radon progeny, N02, HCHO, and H20 
were exposed f o r  one week i n  each house on both the  basement and main 
1 eve1 s. 

A t  the beginning o f  the study, a p a i r  o f  alpha t r ack  detectors were 
placed both on top o f  the r e f r i g e r a t o r  i n  the  k i tchen ( o r  some other 
sampling s i t e  on the  main f l o o r )  and a t  a sampling s i t e  i n  the basement. 
One detector  a t  each sampl ing  s i t e  was l e f t  i n  p lace f o r  a year. The 
other detector  a t  each sampling s i t e  was re t r i eved  a f t e r  about three 
month's exposure and replaced w i t h  another detector  f o r  the  next quarter. 
I n  addit ion, short-term samples o f  radon and radon progeny were made a t  
a l l  sampl ing s i t es  once per quarter. I n  t h i s  paper, comparisons w i l l  be 
made between: (1) seasonal and annual averages, (2) summer and win ter  
averages, and (3) short  and long term measurements. 



INTRODUCTION AND STUDY OVERVIEW 

Recently, houses have been discovered w i th  l e v e l s  o f  radon1 and i t s  
short-1 ived progeny i n  excess o f  federal 1 y mandated occupational exposure 
l i m i t s .  Radon i n  i t s  gaseous s ta te  i s  not  thought t o  be a potent  lung 
carcinogen bu t  i s  the precursor o f  short-1 i ved, a1 pha-emi tt i n g  progeny 
which are carcinogenic. Excessi ve exposure t o  radon progeny resu l ted  i n  
excess deaths from lung cancer i n  mining populations (1). Nero e t  a1. (2) 
have es t  'm t e d  tha t  about one m i l  1 ion  homes have l e v e l s  i n  excess of 
300 Bq/m3.j The discovery o f  homes w i t h  markedly elevated radon leve ls  
has resu l ted i n  increased awareness of the need f o r  surveys o f  radon 
l eve l s  i n  t yp i ca l  American homes. 

An indoor a i r  qua1 i t y  study o f  seventy houses i n  fou r  s ta tes  during 
1985-87 has been completed by the s t a f f  o f  Oak Ridge National Laboratory 
(ORNL) and t h e i r  c o l l  aborators. Table 1 describes the d i s t r i b u t i o n  of 
study houses among seven c i t i e s  and the schedule o f  v i s i t s  t o  the  houses 
f o r  sampling. Core a c t i v i t i e s  were conducted i n  each house each season. 
One-week average leve l  s o f  the f o l  1 owing were determined: radon progeny, 
n i t rogen dioxide, water vapor, formaldehyde, vapor-phase pol  ynucl ear 
aromatic hydrocarbons, and a i r  exchange rate. I n  addi t ion,  instantaneous 
1 evel s o f  radon and radon progeny and three-month and twel  ve-month 1 evel s 
of radon were determined. A l l  o f  these measurements, except one-week 
average l eve l s  o f  radon progeny, were general ly made a t  two sampling s i t es  
i n  each house. The "downstairs" s i t e  was i n  the basement and the 
"upstai rs"  s i t e  was on the f l o o r  immediately above (i.e., t h e  main f l oo r ) .  

Supplemental information was gathered i n  a number o f  ways. A 
deta i  1 ed questionnaire concerning house charac te r i s t i cs  and occupant 
a c t i v i t i e s  was administered t o  each homeowner. A f l o o r  p lan o f  each house 
was recorded along w i th  a de ta i led  survey o f  the gamma r a d i a t i o n  f i e l d  i n  
and near the house. A de ta i led  character izat ion o f  energy use and 
weatherizat ion status o f  each house was performed by u t i l i t y  t ra ined 
personnel i f the homeowner agreed. 

Several special studies were pa r t  o f  the overa l l  study. A de ta i led  
instrumental character izat ion o f  res iden t i  a1 microenvi ronments occurred i n  
s i x  houses dur ing the summer o f  1985. A monitoring and data acqu is i t i on  
system was i n s t a l  l e d  and operated f o r  one week i n  each house. Data were 
co l lec ted from four  sampl i ng  s i tes :  two upstairs, one downstairs, and 
outdoors. About every three minutes, acqu is i t ion was made o f  data on 
leve ls  o f  s u l f u r  oxides, n i t rogen oxides, carbon oxides, ozone, and freon, 
a t r ace r  f o r  a i r  exchange studies. Another special study invo lved making 
t racer  decay a i r  exchange measurements i n  twenty houses, once i n  the 

l ~ 1 1  references t o  radon i n  t h i s  paper refer  t o  the isotope R̂; unless 
indicated otherwise. 

h e  pCi/L equals 37 ~ ~ / m ~ .  
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and once i n  t h e  w in ter .  A r a d i o l o g i c a l  survey was made o f  Madison 
, AL, t o  cha rac te r i ze  p o t e n t i a l  radon sources i n  t h a t  region.  

STUDY DESIGN AND EXPERIMENTAL METHODS 

i n g l e  fami ly  detached dwel l  ings, most w i t h  basements, were se lec ted 
i n  four s ta tes .  The study houses were o f  var ious  ages, s ty les ,  and 
const ruc t ion  ma te r ia l s .  Several methods were t r i e d  i n  our  e f f o r t s  t o  
r e c r u i t  vo lunteer  p a r t i c i p a n t s  f o r  t h e  study. I n i t i a l  e f f o r t s  cons is ted  
o f  ob ta in ing  m a i l i n g  l i s t s  from l o c a l  e l e c t r i c  power d i s t r i b u t o r s  and 
sending sol  i c i  t a t i o n  1 e t t e r s .  There were no p a r t i c i p a n t s  success fu l l y  
r e c r u i t e d  i n  t h i s  way. There were a l so  no successful  p a r t i c i p a n t s  
r e c r u i t e d  when the  i n i t i a l  contac ts  were made v i a  telephone. Most o f  t h e  
p a r t i c i p a n t s  were r e c r u i t e d  a f t e r  a se r ies  o f  t a l k s  desc r ib ing  t h e  study 
were g iven t o  academic, i n d u s t r i a l  and c i v i c  groups near t h e  ta rge ted  
c i t i e s  (i .e., Chattanooga, Rossvi l  l e ,  Birmingham, H u n t s v i l l e ,  Florence, 
and Tupelo). When members of t he  audience reac ted favo rab ly  t o  our  
request f o r  volunteers, we expla ined t o  them t h a t  t h e  requirements1 o f  t h e  
study inc luded presence o f  b lock  wa l l  cons t ruc t i on  i n  t h e  lowest  l e v e l  o f  
s tud ied houses w i t h  a t  l e a s t  one o the r  h igher  l e v e l  and t h a t  a t  l e a s t  
e i g h t  v i s i t s  would be made t o  each house. I f  they were s t i l l  i n te res ted ,  
then we encouraged them t o  discuss t h e  study w i t h  t h e i r  neighbors and 
encourage a c l u s t e r  o f  homes t o  volunteer .  Th is  r e s u l t e d  i n  a 
geographical d i s t r i b u t i o n  o f  homes t h a t  f a c i l i t a t e d  . t he  l o g i s t i c a l  
operat ion o f  t h e  study. Another method by which i n t e r e s t e d  p o t e n t i a l  
p a r t i c i p a n t s  were i d e n t i f i e d  was t h e  placement o f  news a r t i c l e s  i n  
newspapers i n  t h e  ta rge ted  c i t i e s .  People who responded t o  these a r t i c l e s  
were a l so  encouraged t o  d iscuss t h e  study w i t h  t h e i r  neighbors. 

Much use was made o f  i n t e g r a t i n g  samplers i n  t h e  study. A photograph 
o f  t h e  i n t e g r a t i n g  samplers used i s  shown i n  F igu re  1. Alpha t r a c k  
monitors were used t o  measure longer- term average l e v e l s  of radon i n  t h e  
homes. The moni tors were obta ined commerci a1 l y 2  and are  func t i ona l  l y  
s i m i l a r  t o  those descr ibed by A l t e r  and F l  iescher  (3) .  Study personnel 
placed and r e t r i e v e d  t h e  monitors, which were o r i e n t e d  as shown i n  
Figure 1. Moni tors were genera l l y  placed a t  t h e  two sampling l o c a t i o n s  i n  
each house, u p s t a i r s  and downstairs. Modi f i ed thermol uminescent (TLD) 
dosimeters ( r e f e r r e d  t o  as MODS) were used t o  measure one-week average 
progeny l e v e l s  (4).  Analys is  o f  t he  TLD ch ips  was performed a t  TVAfs 
Western Area Rad io log ica l  Laboratory (MARL) by C. N. Evans. 

Modi f ied  Lucas alpha s c i n t i l l a t i o n  c e l l s  were used t o  measure 
short - term average l e v e l s  o f  radon. The c e l l s  were made a t  ORNL and are 
f u n c t i o n a l l y  s i m i l a r  t o  those described by Volchok and dePlanque (5).  The 
c e l l s  were counted p r i o r  t o  use t o  o b t a i n  a background count. For  each 

^or the  f i n a l  10 houses i n  the  Birmingham area t h e  requirements were l e s s  
r e s t r i c t i v e .  

^erradex Corporat i  on, 3 Science Road, G l  enwood, I L ,  60425-1579. 



measurement, a 500-mL a i r  sample was drawn i n t o  a c e l l  and the  c e l l  was 
held f o r  a t  l e a s t  th ree hours p r i o r  t o  counting. A modi f ied motor home 
contained the pulse counting system used f o r  the ORNL c e l l s .  Figure 2 i s  
a photograph showing the mobile laboratory  veh ic le  parked i n  f r o n t  o f  one 
o f  the study houses. Other radiat ion- induced pulse counting systems and 
computers were a lso contained i n  t h i s  vehic le.  Each quar ter  t h i s  veh ic le  
v i s i t e d  each o f  the houses i n  the study. 

A1 pha spectroscopic analysi s o f  materi  a1 c o l l  ected on 0.45-M f i 1 t e r s  
from ten-minute a i  o f  100-200 9. was used t st imate o r t - te rm 
average l eve l s  o f  i?1g71fS4Bi, 2 1 4 ~ o  and sometimes ^Pb and 2fbBi. The 
counting system used has been described (6,7) and was contained i n  t he  
veh ic le  shown i n  Figure 2. The r e s u l t s  were analyzed with a computer 
program t h a t  makes use o f  mathematical techniques suggested by 
Martz e t  a1. (8) and by Duggan (9). Figure 3 i s  a photograph o f  the a i r  
sampling pump i n  one o f  the study homes. 

I n  most cases, one in teg ra t ing  sampler o f  each type was l e f t  a t  both 
the upsta i rs  and downstairs s i t e s  each quarter. About 5% o f  the  samplers 
used were deployed i n  e i t h e r  t r i p l i c a t e  o r  dup l i ca te  t o  est imate 
precis ion.  About 5% o f  the samplers were kept a t  ORNL, never exposed, and 
returned t o  the vendor's laboratory  f o r  analysis t o  a l low us t o  est imate 
ana ly t i ca l  background va ues. O f  24 unexposed alpha t r a c k  monitors, t he  

t i mean l eve l  was .66 Bq/m w i t h  the standard dev ia t ion  o f  the  d i s t r i b u t i o n  
being 3.33 Bq/m . Data reported here were no t  corrected f o r  these glank 
values because the mean blank response i s  no t  greater  than zero 
(P > 0.05). Variance among the r ep l  i c a t e  exposures were s t a t i s t i c a l l y  
analyzed i n  groups determined according t o  the mean l e v e l s  detected by 
sets o f  rep l  i ca te  monitors. Table 2 summarizes t he  r esu l t s .  The accuracy 
o f  the monitors was determined by the vendor (10). Monitors from two 
manuf ac tu r i  ng 1 o ts  were exposed under we1 1 con t ro l  1 ed experimental 
condit ions. On each occasion, exposure occurred i n  two d i f f e r e n t  radon 
chambers and ca l  i b ra t i on  coe f f i c i en t s  were determined. The re1 a t i v e  
standard e r ro rs  f o r  each group o f  monitors were 2.5% and 2.4% o f  the  mean. 
Based on these resu l t s  we estimate t h a t  the t o t a l  e r r o r  i n  our radon 
measurements t o  be less  than Â±20 under f i e l d  condi t ions.  

The c e l l s  w i t h  which short - term ( i  .e., near ly  instantaneous) 
measurements o f  radon were made were ca l  i brated on several occasions. 
Var ia t ion i n  the cal  i bra t  i on f ac to r  was t y p i c a l l y  about Â±20% 

About 10% o f  a l l  MOD placements were u t i l i z e d  t o  monitor the  q u a l i t y  
of the in tegra ted measurements under f i e l d  condi t ions.  On 57 occasions, 
MODS were deployed i n  pa i rs .  The variance i n  the r ep l i ca ted  data values 
was analyzed the mean and standard e r r o r  were found t o  be 
325 I 125 nJ/m3yd On 25 occasions, unexposed TLD chips were returned t o  
the laboratory f o r  analysis. The mean and standard dev ia t ion  o f  the  
blanks (based on a ominal exposure t ime o f  168 h and f l ow o f  0.1 L/min) s were 0.4 Â 3.6 nJ/m , which i s  not  s i g n i f i c a n t l y  d i f f e r e n t  from zero 



(P > 0 .50 )~ .  The accuracy o f  these measurements was estimated from data 
obtained i n  the radon progeny chamber a t  the U.S. Department o f  Energy's 
Environmental Measurements Laboratory (EML) i n  New York. On two 
occasions, n ine samplers were exposed i n  sets o f  th ree  f o r  one, two, o r  
three days i n  the chamber a t  EML. On both occasions, th ree unexposed 
samplers were sent w i t h  the  exposed samplers t o  the  labora to ry  a t  MARL f o r  
thennoluminescent analysis.  Experimental 1 y observed resu l  t s  were 
regressed onto expected (EML) resu l t s .  The 1 inear  regression est imate 
(Â standard e r ro r )  o f  the slope was 1.159 Â 0.085 and o f  the  i n t e r cep t  was 
3180 Â 22900 ( n ~ / m ~ ) - h .  The slope i s  no t  d i f f e r e n t  from u n i t y  (P > 0.05) 
and the in te rcep t  i s  no t  d i f f e r e n t  from zero ( P  > 0.05). Based on these 
resu l t s ,  we est imate the ove ra l l  e r r o r  under f i e l d  cond i t ions t o  be around 
Â±40 f o  potent  i a1 a1 pha energy concentrat i on (PAEC) 1 eve1 s be1 ow s 500 nJ/m and l ess  than Â±20 f o r  higher leve ls .  

I n  August, 1986, the a1 pha spectroscopic measurement system used f o r  
short - term progeny measurements was taken t o  the U. S . Envi ronmental 
Pro tec t ion Agency's Eastern Environmental Radiat ion F a c i l i t y  (EERF) i n  
Montgomery, AL, f o r  i ntercompari son w i t h  t he  EERF measurement system. 
Twelve sets o f  measurements were made and good agreement between ORNL and 
EERF was obtained and we est imate t h a t  e r r o r s  are probably l ess  than 25% 
f o r  i so top ic  measurements under f i e l d  cond i t ions .2 

RESULTS 

Prel iminary comparisons have been made between annual average radon 
l eve l s  and corresponding seasonal average values. The r a t i o  o f  t he  
measured annual average radon l e v e l  t o  the time-weighted average o f  t he  
fou r  measured seasonal average radon l e v e l s  ranged from l e s s  than 0.5 t o  
over 2.5 (see Figure 4) w i t h  t y p i c a l  values being around 0.80. Annual 
average radon l eve l s  were regressed onto t he  weighted average o f  f ou r  
seasonal averages f o r  data from both sampling s i t e s  (see top panel o f  
Figure 5). The i n t e r cep t  i s  no t  s i g n i f i c a n t l y  ( P  > 0.05) d i f f e r e n t  from 
zero. The slope i s  s i g n i f i c a n t l y  (P < 0.05) l e s s  than un i t y .  To 
invest igate  t h i s  f i n d i n g  fu r the r ,  regression analyses were performed on 
subsets o f  the data. Because ai rborne dust l e v e l s  might be t y p i c a l l y  
higher i n  basements compared t o  l i v i n g  areas, regression analyses were 
performed sep r a t e l y  on basement and 1 iv ing-area r e s u l t s  t h a t  were l ess  3 than 300 Bq/m (see bottom panel of F igure 5). No s i g n i f i c a n t  d i f f e rence  
(P > 0.05) was found between the basement and 1 iv ing-area regressions. I n  
f u t u re  work, these data w i l l  be f u r t h e r  analyzed t o  e luc ida te  the  
po ten t i  a1 causes f o r  these f ind ings.  

Comparisons have been made between annual radon measurements taken i n  
basement and 1 iv ing-area locat ions.  The average and range o f  annual alpha 

hats reported here were no t  corrected f o r  these blank values 
~ e c a u s e  o f  the shor t  1 i f e t imes  o f  these isotopes, i t  was impossible t o  
obta in  rep1 i c a t e  measurements i n  the occupied houses. 



t rack  measurements i n  the d i f f e r e n t  c i t i e s  f o r  measurements taken i n  the 
basement and i n  the 1  i v i n g  area are summarized i n  Figure 6. Basement 
r esu l t s  are cons is tent ly  higher than 1  i v i  ng-area r e s u l t s  a1 though the 
d i f ference i s  not  as great  as t ha t  among c i t i e s .  Comparisons were made 
between summer and win ter  seasonal a1 pha t r ack  measurements. The 
comparisons f o r  basement and 1 i v i  ng-area r e s u l t s  are summarized i n  
Figure 7. The d i f ference between summer and w in te r  r esu l t s  was found t o  
be smal 1. 

Because of the  r e l a t i v e l y  h igh l eve l s  o f  radon found i n  the 
Huntsv i l l e  houses, we attempted t o  characterize the source o f  radon i n  
these houses. Samples o f  bu i ld ing  mater ia ls  were analyzed by energy 
dispersive X-ray analysis f o r  ind icat ions o f  F l o r i da  phosphate. S l e s  

bu i l d i ng  l % t e r i a l ,  s o i l ,  and outcropping rocks were analyzed f o r  &la, 
%h, and K using high-resol u t i on  gamma spectroscopy. The radium 
content of the mater ia ls i n  o r  near these houses d i d  not  seem t o  be great  
enough t o  f u l l y  account f o r  the radon l eve l s  observed. Geologists from 
ORNL's f i e l d  o f f i c e  i n  Grand Junction made a survey t r i p  t o  Madison County 
during August, 1986. The radium content o f  each o f  the geological s t r a t a  
t ha t  outcrop i n  the county was determined. Chattanooga Shale had a radium 
content o f  30 pCi/g whi le a l l  other s t r a ta  had l eve l s  less  than 2.0 pCi/g. 
The houses are separated from the Chattanooga Shale l aye r  below them by 
about 300 feet .  The intervening mater ia l  i s  known t o  be q u i t e  f rac tured 
and i t  may be possib le f o r  a  substant ia l  f low o f  radon-laden gas t o  move 
from the shale layer  t o  the surface. 

So i l  character i  s t i c s  may a1 so a f f ec t  radon t ranspor t  i n t o  houses. 
For each o f  the houses i n  the study, s o i l  survey data from the So i l  
Conservation Service was examined. Three-month average radon 1 evel s  
measured dur ing the f i r s t  two quarters were compared w i t h  charac te r i s t i cs  
o f  s o i l  near the house. I n  a  va r i e t y  of analysis o f  variance tes ts ,  the 
ava i lab le  data seem t o  suggest t ha t  the drainage and slope o f  surface s o i l  
may s i g n i f i c a n t l y  be associated w i t h  indoor radon leve ls .  This f i nd ing  i s  
consistent w i th  the f a c t  t h a t  houses on o r  near r i dge  l i n e s  tend t o  have 
elevated radon 1 evel s  compared t o  neighboring houses i n  nearby v a l l  eys . 

Over 400 sets o f  short-term measure ents r e  ma 
each o f  2ypc! included n 1y simultaneous values o f  ^ z R ~ ,  %8Po, %$Pb and 

Level f P̂o were found t o  be c losest  t o  being i ocular i 1  i brium 
w i t h  R̂n ( i  .e., progeny r a t i o  equals un i ty ) ,  w i t h  'liPb and ^"Bi being 
increasingly f a r t he r  from equi l  i b r i  um. Progeny r a t i o s  were not  markedly 
d i f f e ren t  between basement and 1 iv ing-area locat ions,  suggesting t ha t  
there was ra ther  rap id  t ransport  o f  radon-laden s o i l  gas from the po in t  o f  
ent ry  (presumably the basement) t o  the r e s t  o f  the  house. Progeny r a t i o s  
were also examined on a  house-by-house basis ( r esu l t s  not  shown) and no 
s ign i f i can t  d i  f ference was seen between 1 i v i  ng-area and basement resu l  t s  . 

Airborne pa r t i cu l a te  l eve l s  are thought t o  p lay  a  major r o l e  i n  
determining the f a te  o f  newly generated radon progeny ( 1 , l l ) .  I n  b r i e f ,  a 
newly generated progeny i s  an airborne, i o n i c  species which can undergo 



. one o f  three outcomes: i t  can at tach t o  an ai rborne p a r t i c l e  and become 
pa r t  o f  the attached f rac t ion ,  i t  can p l a t e  ou t  on a wal l  o r  other surface 
and cease t o  be airborne, o r  i t  can undergo rad ioac t i ve  decay before 
e i t h e r  o f  the f i r s t  two events occur. I f  the  concentrat ion o f  a i rborne 
p a r t i c l e s  were t o  be reduced wi thout  markedly increasing the a i r  exchange 
rate,  then more progeny would undergo p l  ate0 t o r  rad ioac t i ve  decay. 
Therefore, i t  i s  expected tha t ,  per u n i t  o f  "̂Rn a c t i v i t y ,  l e v e l s  o f  

Po w i l l  be l i t t l e  a f fec ted by reduced p a r t i c u l  e leve ls ,  l e v e l s  o f  z f i  ^ ~ b  w i l l  be somewhat reduced, and l e v e l s  o f  B i  w i l l  be markedly 
reduced. 

One of the Knoxv i l l e  houses (House #942) had an e l e c t r o s t a t i c  
p rec ip i t a to r  operat ing w i t h i n  the plenum o f  the a i r  hand1 i n g  system o f  the 
home heating system. The p r e c i p i t a t o r  resu l ted  i n  much lower l eve l s  o f  
airborne resp i rab le  p a r t i c l e s  compared t o  other houses i n  the study. For 
data from the s i x  house i n  t h  i c i n i t y  of o x v i l l e ,  sca t te r  p l o t s  o f  . 
short-term 1 evels o f  ^18Po, l̂iBbt and versus simul taneously 

ermined, short-term 1 eve1 s o f  
%o 

Rn were examined. I n  the case o f  
, there i s  no d iscern ib le  d i f fe rence  i n  the a ta  t r e n  

House (942 compared t o  the other houses. I n  the cases o f  $l4Pb and %4iyr 
the progeny r a t i o s  f o r  House #942 are c l e a r l y  l ess  than f o r  the  other 
houses, which i s  consistent  w i t h  the lower l e v e l s  o f  resp i rab le  p a r t i c l e s  
found i n  t h i s  house. 

DISCUSSION 

The most s t r i k i n g  pa t te rn  i n  the radon data i s  the very l a rge  
d i f ference between data from d i f f e r e n t  c i t i e s .  Because o f  the r e l a t i v e l y  
high l eve l s  observed i n  Huntsv i l le ,  pre l iminary  r e s u l t s  from the f i r s t  
h a l f  o f  the study have been reported prev ious ly  (12). Prel iminary e f f o r t s  
a t  source character izat ion have revealed t h a t  radium content o f  geological  
s t r a t a  l y i n g  above Chattanooga Shale i s  very low i n  the Hun tsv i l l e  area. 
Future work w i l l  address the p o s s i b i l i t y  t h a t  radon may migrate almost 
300 f ee t  i n  t h i s  area t o  reach the  earth's surface. 

Another s t r i k i n g  pa t t e rn  i s  the absence o f  markedly elevated radon 
l eve l s  i n  the win ter  i n  many of the c i t i e s  studied. Current federal  
guidel ines f o r  radon surveys encourage homeowners t o  t e s t  t h e i r  homes i n  
the win ter  because w in te r  l e v e l s  are thought t o  be higher. This may o r  may 
not  be the case i n  some par ts  of the southeastern U.S. 
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Figure 1. MOD and sampling rack containing pass ive  monitors. (The 
cup s i t t i n g  on the rack measures radon. The o t h e r  pass ive  samplers, from 
1 ef t  t o  r i g h t ,  measure water  vapor, p e r f l  uorocarbon t r a c e r s ,  polynucl e a r  
aromatic vapors, ni trogen dioxide,  and formaldehyde. The MOD measures 
radon progeny. ) 

Figure 2. Mobile radio logica l  labora tory  i n  f r o n t  of  a house i n  
study. 



Figure 3. An a i r  sampling pump col lect ing airborne ions f o r  
spectroscopic analysis o f  a1 pha emitters. 
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Figure 4. D ist r ibut ion o f  ra t ios  o f  annual radon measurement divided 
by average o f  seasonal measurements. 
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Figure 5 .  Regression analyses o f  annual and seasonal (summed) radon 
measurements. 
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Figure 6. Compari son of annual radon measurements between 1 i vi ng- 
area and basement sites. 
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Figure  7. Comparison o f  summer and w i n t e r  seasonal radon 
measurements f o r  basement ( t op  panel ) and 1 i v i n g - a r e a  (1 ower panel ) s i t e s .  



TABLE 1. SCHEDULE OF INDOOR A I R  QUALITY SAMPLING VISITS 
TO SOUTHEASTERN C I T  I ES 

C i t y  Number Summer Autumn Winter Spring 
o f  Houses V i s i t  V i s i t  V i s i t  V i s i t  

Birmingham, AL* 20 
10 

Huntsvi l le,  AL 8 

Florence, AL 8 

Rossvi 11 e, GA 4 

Tupelo, MS 4 

Chattanooga, TN 10 

Knoxvi 1 1 e , TN 6 
- - -- - -- 

* 
Ten houses i n  the Birmingham area jo ined the study i n  1/86. 

TABLE 2. ANALYSIS OF REPLICATE RADON DATA 

Range o f  Re l i c a t e  Mean s Standard CV Number o f  
Means (Bq/m ) (Bq/m3) Deviat ion (%) Rep1 icates 


