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ABSTRACT 

In January 1987. the Nat ional  Park Service (NFS) i n i t i a t e d  a radon t es t i ng  
program i n  bu i ld ings owned by the NPS. The U.S. Centers f o r  Disease Control 
and the Environmental Protect ion Agency provided techn ica l  assistance w i t h  
the survey. I n  t h i s  paper we provide resu l t s  from the sampling o f  3,045 
bui ld ings.  



INTRODUCTION 

I n  January 1987 t h e  Nat iona l  Park Service (NPS) i n i t i a t e d  a radon t e s t i n g  
program i n  bu i l d ings  owned by t h e  park serv ice (1) .  NPS was one o f  t h e  f i r s t  
federa l  agencies t o  decide t o  t e s t  f o r  indoor radon i n  i t s  own b u i l d i n g s .  
The U.S. Centers fo r  Disease Contro l  (CDC) and t h e  U.S. Environmental 
Pro tec t ion  Agency (â‚¬P co l labora ted w i t h  NPS by p rov id ing  techn ica l  
assistance w i t h  t h e  p ro toco l  design and prov id ing  in format ion  on t h e  hea l th  
e f f e c t s  o f  radon exposure. The o v e r a l l  goal  o f  t he  NPS program was t o  ob ta in  
accurate and a f fo rdab le  radon measurements w i t h  a p ro toco l  t h a t  would a l l o w  
f o r  t ime ly  recommendations about t h e  need f o r  m i t i g a t i o n .  

BACKGROUND 

The Nat ional  Park Service i s  d iv ided i n t o  10 regions conta in ing  240 parks 
w i t h  more than 3,000 d i f f e r e n t  bu i ld ings .  Table 1 shows t h e  d i s t r i b u t i o n  by 
reg ion o f  t h e  number o f  parks, bu i ld ings ,  and residences. The number o f  
parks per region var ies  from 5 i n  Alaska t o  40 i n  the  Southeast. The number 
and type o f  bu i l d ings  w i t h i n  an ind i v idu f f l  park i s  a func t i on  o f  t h e  size, 
type o f  usage, and loca t ion  o f  t h e  park so t h a t  t h e  average number o f  
bu i l d ings  per pork ranges from 30 i n  the  Western reg ion t o  3.2 i n  t h e  
Midwest. We analyzed radon measurements f o r  3.045 bu i ld ings ,  i nc lud ing  
admin is t ra t ion  bu i ld ings ,  other  s t r u c t u r e s ~ s u c h  as schools and v i s i t o r  
c e n t e r s ~ a n d  residences, both s i n g l e  and apartment types. Overa l l ,  about 
79% o f  the  t o t a l  radon measurements are  from residences. 

METHODS 

The indoor radon sampling program began w i t h  charcoal can is te r  screening 
measurements made i n  the  w in ter  o f  1987. A l l  bu i l d ings  occupied year-round 
were tested f o r  radon. Seasonal housing was tes ted l a t e r  i n  parks where one 
o r  more o f  the  permanently occupied s t ruc tures  had i n i t i a l  screening r e s u l t s  
o f  4 p c i j l  o r  more. Since some parks d i d  no t  have permanently occupied 
bu i ld ings .  t h e  survey p lan  inc luded t e s t i n g  a t  l e a s t  one s t r u c t u r e  a t  each 
park. Some admin is t ra t ive  and other  bu i l d ings  were sampled dur ing  nonwinter 
months and may need a d d i t i o n a l  measurements. 

Under on agreement w i t h  t h e  EPA, charcoal can is te rs  were provided and 
analyzed by the  EPA l abo ra to r ies  i n  Montgomery. Alabama, f o l l o w i n g  t h e  
I n t e r i m  Indoor Radon and Radon Decay Product Measurement Pro toco l  (2 ) .  With 
t h i s  p ro toco l ,  the  e r r o r  i n  prec is ion  between can is te rs  i s  l ess  than 10s a t  4 
p c i / l .  The minimal detectable a c t i v i t y  (MDA) fo r  t h i s  method i s  0.5 p c i / l .  
A l l  samples t h a t  were l e s s  than 0.5 p c i / 1  were s e t  equal t o  t h e  MDA f o r  
analys is .  A t o t a l  o f  837 bu i l d ings  had radon l e v e l s  a t  o r  below 0.5 p c i / l .  

Charcoal can is ters  were chosen f o r  screening measurements and l a t e r  f o r  
fol low-up measurements f o r  a number o f  p r a c t i c a l  and s c i e n t i f i c  reasons. The 
a v a i l a b i l i t y  o f  the  â‚¬ labora tory  f o r  processing t h e  can is te rs  al lowed f o r  
good q u a l i t y  cont ro l ,  quick turnaround times, and a computerized data base. 



Alpha track devices were considered, but  several researchers had reported 
slow processing and la rge  e r ro rs  i n  accuracy w i t h  some alpha t rack devices 
(personal communications). I n  addi t ion,  the park serv ice wanted data qu ick ly  
t o  determine the general magnitude o f  i t s  radon problem f o r  planning and 
budgeting and t o  minimize add i t i ona l  radon exposure o f  employees during the 
tes t ing  process. 

During the screening measurements, charcoal can is ters  were placed i n  the 
lowest habi table area f o r  2 days under closed-house condi t ions (occupants 
were asked t o  keep the bu i l d i ng  closed). O f  a l l  screening measurements only 
14.86 were completed i n  basements and 80% were taken on the f i r s t  f l o o r ,  so 
most measurements r e f l e c t  radon l eve l s  i n  f u l l y  occupied areas. 

Follow-up measurements were made w i th  the same protoco l  bu t  w i t h  two 
canisters placed on d i f f e r e n t  f l o o r s  o f  a bu i ld ing .  The number o f  follow-up 
measurements and the t ime o f  year they were taken depended on the r e s u l t s  
from the screening measurements. Table 2 out l i nes  the t imetable f o r  making 
follow-up measurements. This t imetable was developed t o  l i m i t  the exposure 
o f  occupants o f  a bu i l d i ng  wh i le  follow-up measurements were being completed 
by l i m i t i n g  the t o t a l  number o f  measurements and the number o f  seasons over 
which they were taken. Since the goal  of the program was t o  determine which 
bu i ld ings had radon l eve l s  equal t o  o r  greater than 4 p c i / l ,  i t  was decided 
t ha t  measurements over mu l t i p l e  seasons were not  necessary i n  some 
bui ld ings.  

For example, when winter  screening r e s u l t s  were more than 50 pciJ1,  the 
average annual radon l e v e l  would be over the 4 p c l / 1  remedial ac t ion 
guidel ine recommended by EPA and CDC. I n  these bu i ld ings,  an immediate 
confirmatory measurement was made fol lowed by remedial act ion.  I n  bu i ld ings 
where win ter  radon l eve l s  were between 20 p c i / l  and 50 p c i / l .  one se t  o f  
follow-up measurements was taken i n  the spring. Addi t iona l  measurements were 
made i n  the spring and summer i n  bu i ld ings w i t h  radon l eve l s  o f  4 t o  20 p c i / l  
and i n  the winter of 1988 f o r  those bu i ld ings w i t h  radon l eve l s  between 4 and 
10 p c i l l .  I n  bu i ld ings w i t h  radon l eve l s  below 4 p c l / 1  but  greater than 5 
p c i / l ,  no follow-up has yet  been completed, although add i t i ona l  work i s  
planned f o r  most o f  these bu i ld ings.  

An average measurement value was calculated f o r  each bu i l d i ng  by tak ing 
the mean o f  screening and follow-up resu l ts .  We ca l l ed  t h i s  value a 
cumulative average ra ther  than an annual average, s ince we cannot be cer ta in  
how we l l  these measurements approximate on annual average. 

As shown i n  Table 3. Indoor radon measurements were d i s t r i bu ted  
throughout the year, representing a l l  seasons, though not  equal ly. Since 
follow-up measurements were taken only i n  bu i ld ings t ha t  had screening l eve l s  
o f  4 p c i / l  or greater, there are  fewer follow-up measurements and they were 
made p r imar i l y  i n  warmer months. The co ld  weather season var ies  considerably 
by region, however, and may begin i n  September i n  some regions and not  u n t i l  
November I n  others. A t  the t ime these data were analyzed, 344 bu i ld ings  had 
a t  l eas t  three measurements taken a t  d i f f e r e n t  t imes o f  the year. 



RESULTS 

The indoor radon l e v e l s  i n  the  NPS survey are  normally d i s t r i b u t e d  w i t h  
a  mean cumulative average o f  2.5 p c i / 1  and a  standard e r r o r  o f  0.09 p c i f l .  
The d i s t r i b u t i o n  o f  indoor radon l e v e l s  f o r  a l l  bu i l d ings  i s  given i n  
Table 4. Based on the  cumulat ive average, 332 b u i l d i n g s  (10.8$) r e q u i r e  
remedial ac t i on  because they have l e v e l s  4 p c i / 1  o r  h igher.  

The mean indoor radon l e v e l s  from the  screening r e s u l t s  and t h e  
cumulative average r e s u l t s  a re  given by reg ion i n  Table 5. The mean radon 
l e v e l s  i n  the Nat ional  Cap i to l .  Midwest and Rocky Mountain regions a re  
s i g n i f i c a n t l y  higher than those found i n  the  four  lowest regions, t he  North 
A t l a n t i c ,  Southeast, Western, and the  P a c i f i c  Northwest. 

The mean radon l e v e l  f o r  a  region does n o t  c l e a r l y  i l l u s t r a t e  t h e  
seve r i t y  o f  the  indoor radon problem f o r  a  p a r t i c u l a r  area. Another 
perspect ive o f  t h e  radon problem i s  given i n  Table 6 ,  where b u i l d i n g s  ore  
d iv ided i n t o  four  t i e r s  o f  radon concentrat ion. The area w i t h  the  h ighest  
number o f  bu i l d ings  w i t h  radon l e v e l s  greater  than 20 p c i / l  i s  t h e  Rocky 
Mountain region, even though two other  regions have h igher mean radon 
leve ls .  Bu i ld ings  w i t h  average radon l e v e l s  greater  than 50 p c i / 1  were a l s o  
found i n  f i v e  other regions. 

The sampling r e s u l t s  i n  terms o f  the  number of bu i l d ings  w i t h  average 
indoor radon l e v e l s  o f  4 p c i j l  o r  more are  given i n  Table 7 f o r  each reg ion.  
Sixty-n ine percent o f  the  bu i l d ings  w i t h  l e v e l s  of 4 p c i / 1  o r  greater  a r e  
located i n  four  regions. These regions ore  t h e  Rocky Mountain region,  w i t h  
137. t h e  Mid-At lan t ic .  w i t h  32, t h e  Southeast, w i t h  31, and the  Western, w i t h  
30. Since the  number o f  bu i l d ings  per park var ies  so dramat ica l ly ,  perhaps a  
be t te r  i n d i c a t o r  o f  the  p o t e n t i a l  f o r  h igh  l e v e l s  o f  radon i n  a  reg ion i s  
expressed by the  percentage o f  bu i l d ings  w i t h  average indoor radon l e v e l s  o f  
4 p c i / l  or  greater .  I n  t h a t  case, the  Rocky Mountain. Alaska, Midwest, and 
Nat iona l  Cap i to l  regions have the  h ighest  p o t e n t i a l  f o r  elevated radon 
leve ls .  

I n  choosing t h e  remedial ac t i on  l e v e l  o f  4 p c i / l ,  we were aware t h a t  such 
a  cut-of f  p o i n t  was a r b i t r a r y .  Bu i ld ings  t h a t  had screening l e v e l s  below 4.0 
p c i / 1  bu t  above 3.0 t o  3.5 p c i / l  w i l l  cont inue t o  be evaluated. Table 7 
shows t h a t  a  considerable number o f  houses have radon l e v e l s  below t h e  
remedial ac t i on  gu ide l i ne  b u t  above an average background l e v e l .  I n  the  NPS 
survey, more than 10s o f  t h e  bu i l d ings  had screening values between 3 and 4 
p c i f l .  I f  the  remedial a c t i o n  gu ide l ine  was decreased t o  3 p c l / l ,  the  number 
o f  bu i l d ings  r e q u i r i n g  remedial ac t i on  would almost double ( f rom 332 t o  
641).  I f  the gu ide l ine  was ra i sed  t o  5 p c i / l ,  however, t h e  number o f  houses 
t o  be m i t i ga ted  would on ly  be reduced by 81. 

When measurement techniques ore used t h a t  est imate the  annual average 
Indoor radon l e v e l  based on seasonal measurements, there  i s  probably no r e a l  
d i f fe rence between r e s u l t s  o f  4 p c i / 1  and 3 p c i f l .  Decisions about remedial 



act ion and cont inuat ion o f  monitoring should be made w i t h  these two p rac t i ca l  
problems i n  mind. 

As shown i n  Table 8, 32 parks have mean indoor radon l eve l s  i n  bu i ld ings 
a t  or  above 4 p c i / l ,  but  25 o f  these have fewer than 10 bu i ld ings  sampled. 
However, bu i ld ings i n  Glacier  Nat ional  Park (113165) have a mean indoor radon 
l e v e l  o f  5.85 + 0.78 p c i / l .  

Ten parks have 47% o f  the t o t a l  bu i ld ings w i t h  an average indoor radon 
l e v e l  o f  4 p c i / l  o r  higher. The parks shown i n  Table 9 have e igh t  o r  more 
bu i ld ings w i th  l eve l s  above 4 p c i / l .  A la rge propor t ion o f  the bu i ld ings 
requ i r ing  remedial ac t ion  a re  scat tered throughout the country, w i t h  many 
parks having only one o r  two houses requ i r ing  m i t iga t ion .  This w i l l  make 
mi t iga t ion  more d i f f i c u l t ,  s ince i t  may be impract ica l  t o  buy equipment and 
t r a i n  personnel i n  each park t o  remediate bu i ld ings.  

CONCLUSION 

The NPS indoor radon survey enabled the NPS t o  measure radon l eve l s  i n  
more than 3,000 bu i ld ings,  t o  I d e n t i f y  bu i ld ings l i k e l y  t o  have average radon 
l eve l s  o f  4 p c i / l  o r  more, and t o  begin m i t i ga t i on  work on bu i ld ings w i t h  
indoor radon l eve l s  above 20 p c i / l  w i t h i n  1 year. Therefore, the measurement 
protocol  f u l f i l l e d  the needs o f  NPS f o r  affordable and r e l i a b l e  radon 
measurements w i t h i n  a reasonable timeframe. 

There are, however, uncer ta in t ies  regarding how w e l l  a l i m i t e d  number o f  
charcoal canister  measurements can p red ic t  an annual average because o f  the 
natura l  v a r i a b i l i t y  o f  radon on a d a i l y  and seasonal basis ins ide  a 
bu i ld ing.  For NPS, t h i s  po in t  was of primary concern when radon l eve l s  were 
close t o  the remedial ac t ion  l e v e l  (e.9.. approximately 3 t o  5 p c i / l ) .  
Addi t ional  measurements are under way i n  some of these bu i ld ings,  which 
should provide some i n s i g h t  i n t o  the a b i l i t y  t o  estimate an annual average 
based on multiseasonal charcoal canister  measurements. 

The d i f f i c u l t y  a t  lower concentrations i s  not  l i m i t e d  t o  co r rec t l y  
est imating the annual average. The a r t i f i c i a l  nature o f  an exact remedial 
ac t ion leve l ,  such as 4 p c l / l ,  i s  important t o  acknowledge. Those 
ind iv idua ls  or  agencies involved i n  large-scale radon survey and m i t i ga t i on  
e f f o r t s  should r e a l i z e  t h a t  the number o f  bu i ld ings  a t  l eve l s  s l i g h t l y  below 
4 p c i / 1  may be s i g n i f i c a n t  and t ha t  the po ten t i a l  human exposure from these 
bu i ld ings may i n  f a c t  be higher Than t ha t  from a few bu i ld ings  a t  much higher 
leve ls .  NPS should continue t o  monitor radon l e v e l s  i n  these bu i ld ings  and 
invest igate  the po ten t i a l  f o r  lowering the radon l eve l s  i n  these bu i ld ings.  

I n  add i t ion t o  meeting the program requirements f o r  NPS, the data f r o m  
t h i s  indoor radon survey can provide i ns i gh t  i n t o  many o f  the cur rent  
concerns about radon measurement i n  bu i ld ings.  Plans are under way t o  make 
annual measurements i n  some bu i ld ings by using alpha t rack and charcoal 
canister  measurements t o  determine i f  some consistent  r e l a t i onsh ip  can be 
establ ished between the two types o f  measurement prOtoc01~. The data can 



also be used t o  evaluate the v a l i d i t y  o f  such common assumptions as basement 
radon leve ls  are higher than f i r s t - f l o o r  readings and winter  measurements are 
higher than those taken i n  the summer. 

The work described i n  t h i s  paper was not funded by the U.S. Environmental 
Protect ion Agency and therefore the contents do not  necessari ly r e f l e c t  the 
views o f  the Agency and no o f f i c a i l  endorsement should be in fer red.  
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TABLE 1. NUMBER OF PARKS I N  EACH REGION WITH 
CHARCOAL CANISTER RESULTS 

Nat ional  Park Service 
Indoor Radon Survey, 1987 

Number o f  
Number o f  Parks Bui ld ings Sampled 

Region i n  Each Region (Residences on ly)  

Mid-Atlantic 19 232 (191) 

Midwest 2 6 84 (69) 

North A t l a n t i c  24 - 164 (123) 

Nat ional  Capi to l  14 80 (49) 

Pac i f i c  Northwest 12 123 (112) 

Rocky Mountain 34 725 (586) 

Southeast 40 380 (289) 

Southwest 33 220 (177) 

Western 33 976 (763) 

Total 240 3.045 (2,398) 



TABLE 2 .  TIME FRAMES FOR FOLLOW-UP MEASUREMENTS 
BASED ON SCREENING RESULTS 

Not ional  Park Service 
Indoor Radon Survey, 1987 

Screen Immediate Spring Summer Winter 
Winter 1987 Winter 1987 1987 1987 1 988 
( p c i / l )  

* Selected measurements i n  residences close t o  4 p c i / l .  

Twhen the average measurement was close t o  4 p c i / l ,  

winter 1988 measurements were taken. 

t ~ i t i ~ o t i o n  began immediately a f t e r  confirmatory 

measurement. 



TABLE 3. DISTRIBUTION OF INDOOR RADON MEASUREMENTS BY QUARTER 

Na t iona l  Park Serv ice 
Indoor Radon Survey, 1987 

Screening Measurements Follow-up Measurements 

Month N Percent N Percent 

Jan. - March 2,018 82.14 89 5.9s 

A p r i l  - June 222 9.04 567 37.896 

Ju ly  - Sept. 167 6.8% 412 27.5s 

Oct. - Dec. 5 0 2.0% 4 32 28.84 

TABLE 4. DISTRIBUTION OF RADON LEVELS 
I N  NATIONAL PARK SERVICE BUILDINGS 
BASED ON CHARCOAL CANISTER RESULTS 

Na t iona l  Park Service 
Indoor Radon Survey, 1987 

- - - 

Number o f  Bu i l d inqs  
~ c i / l  Cumulative 

Screen Average 

< 4 2.605 2.713 

4 t o  < 20 390 298 

20 t o  < 50 37 26 

50 and more 13 8 

4 o r  g reater  440 332 
(percent)  (14.4%) (10.996) 



TABLE 5 .  MEAN AND STANDARD ERROR FOR SCREENING AND CUMULATIVE 
AVERAGE RADON LEVELS FOR ALL BUILDINGS. BY REGION 

Nat iona l  Park Service 
Indoor Radon Survey, 1987 

Region Screen Cumulative Average 

Alaska 

Mid-Atlantic 

Mid-west 

A t l a n t i c  

Nat iona l  Capi to l  

P a c i f i c  Northwest 

Rocky Mountain 

Southeast 

Southwest 

Western 



TABLE 6. DISTRIBUTION OF RADON CANISTER MEASUREMENTS 
FOR ALL BUILDINGS. BY NATIONAL PARK SERVICE REGION 

Nat ional  Park Service 
Indoor Radon Survey, 1987 

Region 

percent 
p c i / l  4 p c i / l  

< 4 4 t o  < 20 20 t o  < 50 50 or  > o r  more 

Alaska Screen 46 15 
Average 46 15 

Mid-Atlantic Screen 186 42 2 
Average 200 30 1 

Mid-west Screen 58 2 1 
Average 62 17 

North A t l an t i c  Screen 135 2 7 2 
Average 143 2 0 

National Capi to l  Screen 57 2 1 
Average 62 16 1 

Pac i f i c  North- Screen 119 4 
west Average 120 3 

Rocky Mountain Screen 577 120 22 
Average 588 118 16 

Southeast Screen 332 45 3 
Average 349 29 2 

Southwest Screen 185 33 
Average 197 21 

Western Screen 910 62 3 1 
Average 946 29 1 3 



TABLE 7. DISTRIBUTION OF AVERAGE INDOOR 
RADON LEVELS I N  ALL BUILDINGS 

N a t i o n a l  Park Serv ice  
Indoor Radon Survey, 1987 

p c i / l  
Average Measurement Number o f  Bu i ld ings  Percent  



TABLE 8. PARKS WITH AN AVERAGE RADON LEVEL 4 PCI/L OR MORE 
WITH A SAMPLE SIZE OF MORE THAN NINE BUILDINGS 

Nat ional  Park Service 
Indoor Radon Survey, 1987 

Park Name State Mean - + Std Er ro r  N 

Harpers Ferry NHP West V i r g i n i a  6.47 3.13 23 

Minute Man NHP Massachusetts 4.13 1.50 10 

Buf fa lo  NR Arkansas 8.56 6.92 17 

Denali NP/P Alaska 4.14 0.76 3 5 

Chiricahua NM Arizona 10.55 4.77 1 1  

Morristown NHP New Jersey 7.81 4.28 12 

Glacier NP Montana 5.85 0.78 165 

NHP - Nat ional  H i s t o r i c  Park 
NR - National Recreational Areas and Parkways 
NP/P - National Park and W i l d l i f e  Preserve 
NM - National Monument 



TABLE 9. PARKS WITH THE MOST BUILDINGS 
HAVING RADON LEVELS OF 4 p c i / 1  OR HIGHER 

National Park Service 
Indoor Radon Survey, 1987 

4 p c i / 1  o r  Bui ld ings 
Region Pork Higher ($1 Tested 

Rocky Mountain 

Southwest 

Rocky Mountain 

Southeast 

Alaska 

Mid-Atlantic 

Western 

Mid-Atlantic 

Rocky Mountain 

Rocky Mountain 

Glacier 

B ig  Bend NP 

Grand Teton UP 

Great Smokey Mtns 

Denali  NP/P 

Delaware Water G 

Sequoia NP 

Valley Forge NHP 

Rocky Mountain NP 

Yellowstone NP 

NHP - National H i s to r i c  Park 
NP/P - National Park and W i l d l i f e  Preserve 
NP - Notional Park 


