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ABSTRACT 

A room a i r  cleaner containing HEPA-type and act ivated carbon f i l t e r s  was 
exposed t o  a control led chamber environment i n  which the concentrations o f  
radon and condensation nuclei  were capable o f  being se lect ive ly  varied . 
Experiments were conducted using specif ied ran es o f  a i r  cleaner f low rates 
(80-150 cfm) , radon concentrations (13-33 pCi/ ? ) , and condensation nuclei  
concentration (3000-47500 cm-3) . Prel iminary reduction tes ts  moni t o r i n  
Working Level over time during a i r  cleaner operation rovided t iming i n  or-  E ? 
mation f o r  the subsequent steady-state protocol. Gra and semi-continuous 
moni t o r i n  o f  radon and f i  l t e r  sampl ing  f o r  determination o f  2 1 8 ~ o ( ~ a ~ ) ,  
214Pb(RaB), and 214~i(RaC) were obtained a t  steady-state levels  p r i o r  t o  and 
a f t e r  operation o f  the a i r  cleaner. A1 pha-decay monitors and modified 
Tsivoglou counting techniques were employed f o r  analysis o f  the Working Level. 
The chamber conditions : radon and condensation nucle i  concent rat ions , i n f  i 1 - 
t r a t i o n  rate, temperature, and dew point  were monitored during a1 1 tests.  A 
reduction i n  radon concentration was not observed. However, the t o t a l  Working 
Level was reduced wi th  an average removal o f  86.5% over a var ie ty  o f  t e s t  
conditions . 



INTRODUCTION 

Epidemiological studies associated w i t h  exposure t o  elevated l eve l s  o f  
radon have shown an increased r i s k  of developing 1 ung cancer i n  humans 
(1,2,3). The Environmental Protect ion A ency (EPA) repor ts  t h a t  about 5,000 
t o  20,000 lun  cancer deaths a year i n  t 1 e United States may be a t t r i b u t e d  t o  
indoor radon (3 . It has been shown tha t  the hazards o f  radon do no t  come 
from radon i t s e  1 f, but  from the  rad ioact ive decay products formed i n  t he  
natural  breakdown o f  radon (1,2,3). These radon decay products are  charged 
atoms o f  heavy metals t ha t  r ead i l y  at tach themselves t o  a i rborne p a r t i c -  
ulates. The main hea l th  problems stem from inha l ing  the  unattached radon 
deca products and dust p a r t i c l e s  car ry ing radon decay products (1,2,3). As 
one i! reathes, the radon deca products become trapped w i t h i n  the  lung. As 
these decay products natura l  1 y decay, they release small bursts o f  energy i n  
the  form o f  alpha, beta and gamma rad ia t ion  which can damage t issues i n  t he  
lung and lead t o  lung cancer (1,2,3). An i 11 us t ra t i on  o f  the radium decay 
ser ies along w i t h  the  t o t a l  alpha energy associated w i t h  the  natura l  decay o f  
the ind iv idua l  radon decay products i s  presented i n  Figure 1. 

The standard measure o f  concentrat ion o f  radon decay products i s Working 
Level (WL) , and prolonged exposure t o  radon decay products over t ime i s  
measured i n  Working Level Months (WLM). WL i s  a u n i t  o f  measure o f  t he  
concentrat ion o f  radon decay roducts de ned as the uan t i t y  o f  short-1 i ved  
deca products [ 2 1 8 ~ o ( ~ a ~ )  , 2f4Pb (RaB) "4Bi (RaC) , 2 ^ ~ o ( R a ~  ' ) ] t h a t  w i  1 1 
resu \ t i n  1.3 x 105 MeV o f  po ten t ia l  alpha energy per  l i t e r  of a i r  (3). This 
i s  approximately the amount o f  alpha energy emitted by one WL o f  radon decay 
products when i n  secular equi 1 i brium w i t h  100 pCi/L o f  radon (222~n)  . Due t o  
a v a r i e t y  o f  reasons, the EPA assumes an equi 1 i brium f a c t o r  o f  0.5 between 
radon and radon decay products i n  t yp i ca l  home environments. Therefore, one 
ML o f  radon decay products i s  i n  equ i l i b r ium w i t h  200 pCi/L o f  radon. WLM i s  
defined as a u n i t  o f  radon ex osure equivalent t o  one WL o f  radon decay 
products f o r  one working mont I! , o r  170 hours. This i s  h i s t o r i c a l l y  der ived 
from the t yp i ca l  durat ion o f  occupational exposure o f  miners i n  one month (3). 

The EPA cur ren t l y  combines WL measurements w i t h  epidemiological studies of 
underground miners t o  est imate the r i s k  o f  developing lung cancer from 
exposure t o  radon t o  the general population. These r i s k  estimates are  based 
on the  e f f e c t i v e  cummulative l i f e t i m e  exposure t o  radon i n  WLM adjusted f o r  
inha la t ion  rates and durat ion o f  exposure by tak ing i n t o  account t h a t  miners 
have higher breathing ra tes and shorter  exposure times than the general 
populat ion (3). EPA s r i s k  estimates assume a minimum induct ion per iod o f  ten  
years w i t h  a r e l a t i v e  r i s k  o f  1% t o  4% chance o f  developing lung cancer per  
WLM. It a lso estimates a 1 inear  dose/response re la t ionsh ip  w i th  no threshold  
leve l .  Based on t h i s  assum t i on ,  a higher cumulative exposure t o  radon w i l l  
r e s u l t  i n  a p ropor t iona l l y  I! igher  r i s k  o f  developing lung cancer (3). 



In this study, a room air cleaner was tested for its abilit to reduce 
both radon gas and total WL of radon decay roducts in a test c amber held \ {; 
under conditions representative of home dwe 1 ings. The purpose of this study 
was to evaluate the potential role of utilizing a room air cleaner in reducing 
the concentration of radon decay products in rooms unti 1 primary mitigation of 
indoor radon occurs v i a EPA recommended gui del i nes . 

Therefore, the following ob'ectives were established for this study in 
order to verify this concept: 1 f to determine if a room air cleaner contain- 
ing both activated carbon and HEPA-type filters could be used to reduce radon 
gas and the WL of radon decay products in a room under controlled stead - 
state conditions representative of home environments; 2) to determine w {; at 
conditions would affect the removal of radon decay products in a room b an 
air cleaner (i .e., by varying the radon concentration, condensation nuc { ei 
concentration and air cleaner flow rate); 3) to determine the removal of each 
individual short-lived radon decay product (RaA, RaB; and RaC) by a room air 
cleaner under a variety of steady-state conditions; 4) to determine if a room 
air cleaner containing a HEPA-type filter could reduce the concentration of 
condensation nuclei in the size range t pica1 ly found in home dwell ings; 5) to 
establish the maximum size room in whic i! an air cleaner could be used and 
still effective1 reduce the WL of radon decay products; and 6) to determine 
the environmenta { 1 imitations within the home and operational conditions of 
the air cleaner for optimum performance in reducing radon decay products. 

PROCEDURE AND EQUIPMENT 

A consumer product currently being marketed as a room air cleaner for the 
removal of airborne particulates was tested to determine if it could reduce 
the WL of radon deca products in a room. The room air cleaner as shown in 
Fi ure 2 is a portab e stand-alone cabinet design which utilizes five separate ? z 
fi ters: 1) a final filter containing activated carbon impre nated into non- 
woven polyester material ; 2) a HEPA-type filter designed wit 1 over 41 square 
feet of HEPA-type material to remove particles down to and below 0.01 microns 
in size; 3) two activated carbon filters each covered with a layer of non- 
woven polyester containing 4 1/4 pounds of activated carbon held in place by a 
honeycomb matrix to prevent settlin inside the filter; and 4) a refilter 
made of open-cell ul ar polyurethane ? oam material . The room air c ? eaner was 
capable of operating at four separate flow rates representing airflows of 40, 
80, 120 and 150 cubic feet per minute, respectively. During this study, only 
the three highest air flow rates were tested. 

The room air cleaner was tested by lacing it into a chamber capable of 
representin conditions within home dwe lings. The chamber utilized for this ? ? 
study is i 1  ustrated in Figure 3 and was the Radon/Radon Daughter Environ- 
mental Chamber at the Department of Energ Technical Measurements Center, 
Grand Junction, Colorado. This test cham I er has the ability to vary radon 



concentrat ion, condensation nuc le i  concentration, i n f i l t r a t i n  a i r f l o w  ra te ,  I temperature and dew po in t .  The environmental parameters o f  t e t e s t  chamber 
were he ld  as constant as oss ib le  and were intended t o  represent a t y  i c a l  
home environment ( a i r  exc E ange rate,  200 1 i ters/minute o r  0.5 a i r  exc ! anges 
per hour; temperature 17-22OC; and dew po in t  1-15OC). The radon concentrat ion 
was maintained a t  one o f  two experimental ly selected ran es o f  13-15 pCi/L o r  
29-33 pCi/L. The condensat ion  nuc le i  concentrat ion (CNC ? was s e l e c t i v e l y  
v a r i  ed between 3,000-47,500 p a r t  i c l  es/cm3. Concent r a t i  on o f  RaA, RaB , and RaC 
were obtained from the t e s t  chamber by measurement o f  the  alpha-decay o f  
p a r t i c l e s  on sample f i l t e r s  co l lec ted  from a i r  sampled dur in  the  steady-state ! condi t ions w i t h i n  the  chamber. The t es t i ng  protocol  u t i  1 i z e  a combination o f  
standard radon and radon decay product sampling rocedures (4 ,5) .  The concen- 
t r a t i o n  of RaA, RaB, RaC and t o t a l  WL were calcu ? ated using a modi f ied 
Tsivoglou counting procedure (5). This procedure takes measurements o f  alpha 
decay counts a t  i n t e r va l s  o f  2-5, 6-20 and 21-30 minutes f o l  lowin the  end o f  1 the  f i v e  minute sampling period. The volume o f  a i r  pu l l ed  throug the  f i l t e r s  
dur in  t h i s  f i v e  minute sampl ing  per iod i s  recorded and used i n  t he  
ca l  cu ? a t  i ons . 

Throughout the e n t i r e  se t  o f  experiments, the temperature and a i r  exchange 
r a t e  w i t h i n  the chamber were held constant. . The concentrat ion o f  radon and 
condensation n u c l e i  were adjusted t o  spec i f i c  l eve l s  as designed f o r  the  
ind iv idua l  experiments. The radon concentrat ion w i t h i n  the chamber was 
adjusted by varying the r a t i o  of the supply a i r  through the radium 226 
sources. The concentration o f  condensation nuc le i  w i t h i n  the t e s t  chamber was 
changed by ad'ust ing the s e t t i n g  o f  a rotometer which con t ro l led  the  uptake o f  
the 0.2% (w/w) f luorescein solut ion.  The so lu t ion  was then aerosol i zed  by 
means o f  a nebul izer i n t o  the  i n f i l t r a t i n g  a i r  t o  the  t e s t  chamber. 

During a ! iven set o f  experiments, the room a i r  cleaner was i n s t a l l e d  w i t h  
a new set  o f  i l t e r s  and placed i n t o  the center o f  t he  t e s t  chamber and 
connected t o  an ex te rna l l y  con t ro l led  power ou t le t .  The room a i r  c leaner was 
programmed t o  operate a t  a preset  a i r f low r a t e  when the  remote power swi tch 
was act ivated. Once the i n i t i a l  steady-state condi t ion has been reached, t he  
condi t ions w i t h i n  the t e s t  chamber were monitored. The a i r  cleaner was then 
act iva ted u n t i  1 a new steady-state was establ ished. I n  order t o  measure t h e  
t ime required t o  reach the a i r  cleaner operating steady-state condi t ion,  
pre l iminary  t es t s  were designed t o  measure the actual  a i r  cleaner reduct ion 
t ime period. 

The concentrat ion o f  radon decay products were measured u t i  1 i z i  ng a f i v e  
minute, open-faced f i l t e r  sampling technique f o r  both i n i t i a l  and f i n a l  
steady-state condit ions . When the  a i  r cleaner was turned on, several open- 
faced f i l t e r s  were u t i l i z e d  f o r  the fo l lowing 20-60 minutes i n  order t o  
monitor the reduction o f  the  WL o f  radon decay products i n  the t e s t  chamber. 



The reduction of condensation nuclei within the test chamber was also 
monitored as an indicator of when steady-state conditions were obtained. 
Steady-state conditions were considered to be achieved when no si gni f i cant 
change in the concentration of condensation nuclei occurred over time. In 
addition to the observed steady-state condition of condensation nuclei, the 
time between the ini ti a1 stead -state and air cleaner steady-state conditions 
were determined based on the t f; eoretical CN removal curve as determined by a 
mass balance equation (6). The time to achieve 98% theoretical reduction in 
CN is given in Table 1. For the purposes of this study, the minimum time used 
to measure the radon decay products was one hour after air cleaner operation 
at 150 cfm. During May 1987, experiments were conducted utilizing a room air 
cleaner to determine the timing protocol for the steady-state procedure. In 
order to obtain additional data on the room air cleaner, performance studies 
from July to August 1987 employed two air cleaners which were used in 
successive experiments within the same testing day. The use of the second-air 
cleaner occurred immediately after measurements of the first air cleaner 
operating steady-state. The first air cleaner was turned off and the second 
air cleaner was activated. The necessar equilibration time had to elapse 
prior to measurement of the second air c y eaner steady-state condition. An 
i 1 1  ustration of the single and successive room air cleaner steady-state 
procedure is given in Figure 4. 

Actual data obtained during the initial steady-state and air cleaner 
operating steady-state is shown in Figure 5. Results indicate that when the 
air cleaner is activated, it takes 30-35 minutes to remove about 90% of 
the WL of radon decay products. This is in ood agreement with the 
theoretical predictions based on the mass ba ? ance equations for CN removal. 
Furthermore, Figure 6 indicates that only 58.6% of RaA is removed while 94.0% 
of RaB and 97.8% of RaC is removed by the room air cleaner once steady-state 
conditions have been reached. These studies also found that the room air 
cleaner did not reduce the radon concentration in the test chamber under any 
conditions. Since radon is not removed, it will always produce RaA before the 
air cleaner can remove it completely. Determination of the size distribution 
of CNC within the test chamber was found to have the majority of CN in the 
range of 0.04222-0.2371 urn based on midpoint diameter. This size range has 
been found to be within the typical size range of CN in home envi,ronments (7). 

RESULTS AND DISCUSSION 

The reduction in WL of radon decay products by the room air cleaner 
operating in a test chamber under steady-state conditions is presented in 
Tables 2 and 3. Results indicate that the air cleaner can significantly 
reduce the WL by an average of 86.5%. These results were obtained under a 
variety of test conditions and involved a total of 27 studies. The airflow 
rate of the air cleaner was shown to have the greatest impact on reducin the 
WL as would be expected since a lower airflow rate o f  the air cleaner wi 1 not 
process as much filtered air in a given time period under steady-state 

! 



condit ions. Test resu l t s  ind ica te  t h a t  the a i r  cleaner reduced t h e  WL by an 
average o f  86.9% a t  150 cfm, and 82.7% a t  80 cfm. Table 3 demonstrates t h e  
accuracy and precis ion o f  the t e s t  procedure under a va r i e t y  o f  stead -s ta te  
condit ions. The comparison o f  performance a t  150 cfm and 80 cfm can i e 
u t i l i z e d  f o r  determining the a i r  cleaners performance i n  various s i z e  rooms. 
A reduction i n  a i r f l o w  from 150 cfrn t o  80 cfrn i n  an 850 f t 3  chamber would 
y i e l d  a modeled condi t ion o f  a chamber volume of approximately 1,600 f t 3  w i t h  
the  a i r  cleaner operating a t  150 cfm. Although these assumptions do not take 
i n t o  account surface t o  volume r a t i o s  and mixing factors  w i t h i n  t he  chamber, 
i t  s t i l l  allows one t o  estimate the largest  s ize room f o r  which the  a i r  
cleaner would be e f f ec t i ve  i n  reducing the WL. I n  addi t ion t o  these 
assumptions, theoret ica l  using the resu l t s  
obtained when the a i r  cleaner was o by using a mass balance 
equation which takes i n t o  account t -s ta te  condi t ions o f  the  t e s t  
chamber (6). These ca lcu la t ions a t  the  a i r  cleaner would be 

operating a t  150 cfm. 
e f f e c t i v e  i n  removing radon decay products i n  rooms a t  l eas t  1,600 f t 3  whi 1 e 

Test resu l t s  showing the reduction o f  condensation nuc le i  concentrat ion 
(CNC) by the a i r  cleaner as monitored b a TSI Model 3020 Condensation Nuclei 
Counter are shown i n  Tables 4 and 5. T {; e i n i t i a l  steady-state condi t ions f o r  
CNC ranged from 3,000-47,500 particles/cm3 which has been found t o  be w i t h i n  
the t yp i ca l  range o f  CNC i n  home dwellings (7). Results ind ica te  t h a t  the  a i r  
cleaner reduced the CNC by an average of 82.8% fo r  27 studies under a v a r i e t y  
o f  steady-state conditions. The a i r f l o w  r a t e  o f  the a i r  cleaner was a lso 
found t o  have the greatest impact on the  reduction o f  CNC w i t h i n  the  t e s t  
chamber. Results ind ica te  t h a t  the a i r  cleaner reduced the CNC by an average 
o f  84.1% a t  150 cfm, 83.9% a t  120 cfrn and 75.9% a t  80 cfm. Table 5 
demonstrates the accuracy and precis ion o f  the t e s t  procedure f o r  moni tor ing 
the  reduction of CNC by the a i r  cleaner w i th in  the t e s t  chamber. Results 
displayed i n  Tables 2-5 ind ica te  t h a t  a strong cor re la t ion  between reduct ion 
o f  the WL o f  radon decay products and the removal o f  CN even a t  low CN l eve l s  
where the f ract ion o f  unattached radon decay products i s  high (7). This 
supports the possi b i  1 i t y  t h a t  both attached and unattached radon decay 
products ma be removed by the  a i r  cleaner since the  reduction i n  WL i s  , 
approximate \ y the same a t  higher CN levels. The increase i n  p l a t e  out o f  
unattached radon decay products on the surface o f  the  chamber as the  a i r  
cleaner i s  removing the CN w i t h i n  the chamber may a lso help i n  the reduct ion 
o f  WL. 

CONCLUSIONS 

Based on the resu l t s  o f  t h i s  study, the fo l lowing conclusions can be 
stated: 1) Test resu l t s  ind ica te  t h a t  radon gas was not removed by the  room 
a i r  cleaner under any o f  the t e s t  conditions. 2) The room a i r  cleaner was 
found t o  e f f ec t i ve l y  reduce the  WL o f  radon decay products b an average o f  
86.5% over a var ie ty  o f  t e s t  conditions. The change i n  a i r f  \ ow r a t e  was found 
t o  be the biggest f ac to r  i n  removing the WL w i t h i n  the  t e s t  chamber as would 



be expected. Results show an average reduction i n  WL o f  86.9% a t  150 cfm, 
88.7% a t  120 cfm, and 82.7% a t  80 cfm under steady-state condit ions. 3) While 
the room a i r  cleaner was i n  operation, i t  was found t o  reduce t he  i nd i v i dua l  
shor t - l ived radon decay products by approximately 58.6% f o r  RaA, 94.0% f o r  
RaB, and 97.8% f o r  RaC w i t h i n  the  t e s t  chamber. Since t he  a i r  cleaner could 
not remove radon gas, the  leve l  o f  RaA was not  reduced as much as the  other  
decay products because o f  the  equi l ib r ium t h a t  ex i s t s  between radon and i t s  
decay products. 4) The room a i r  cleaner e f fec t ive ly  reduced the  concentrat ion 
o f  condensation nuc le i  w i t h i n  t he  t e s t  chamber by an average o f  82.8% over a 
var ie ty  o f  t e s t  condit ions. The change i n  a i r f l o w  of t h e  room a i r  cleaner was 
found t o  have the biggest impact on reducing the CNC w i t h i n  t h e  t e s t  chamber 
under steady-state condit ions. Results ind ica te  an average removal o f  84.1% 
a t  150 cfm, 83.9% a t  120 cfm, and 75.9% a t  80 cfm. 5) The s ize  d i s t r i b u t i o n  
o f  CN w i t h i n  the t e s t  chamber was p r ima r i l y  between 0.0237 and 0.7499 um w i t h  
the ma jo r i t  o f  t he  CN around 0.04220 t o  0.2371 urn based on midpoint diameter. 
This i s  w i t  I i n  the t y p i c a l  s i ze  range o f  CN found w i t h i n  a home dwe l l i n  
assuring t h a t  the a i r  cleaner w i l l  work under normal use condit ions. 6) Test 
resu l t s  obtained on the  a i r  cleaner operating a t  an a i r f l o w  r a t e  o f  80 cfm i n  
t h i s  t e s t  chamber (850 f t 3 )  ind ica te  t h a t  the  a i r  cleaner could reduce the  WL 
o f  radon decay products by 82.7% i n  a room the  s i ze  of approximately 1,600 f t 3  
whi le  operating a t  150 cfrn under steady-state condit ions. 7) The room a i r  
cleaner may have u t i l  i t y  when used i n  rooms w i t h  radon leve ls  between 4-20 
pCi/L o r  0.02-0.1 WL as an i n t e r i m  m i t i ga t i on  measure f o r  reducing radon decay 

roducts t o  below the act ion leve l  o f  4 pCi/L o r  0.02 WL i n  rooms up t o  a t  
feast  1,600 f t 3  u n t i l  r imary m i t i ga t i on  occurs w i t h i n  t he  t ime frame 
recommended by E M .  8) The a i r  cleaner should be operated a t  the  highest 
a i r f l o w  r a t e  o f  150 cfm f o r  optimum performance i n  rooms up t o  a t  l e a s t  1,600 
f t 3  f o r  reducing the WL o f  radon decay products. 

SUMMARY 

Results obtained under a va r i e t y  o f  cont ro l  1 ed 1 aboratory t e s t  condi t ions 
sug es t  t ha t  the  room a i r  cleaner incorporat ing a HEPA-type f i l t e r  may have 'i u t i  i t y  when used t o  e f f e c t i v e l y  reduce the  leve l  o f  radon decay products i n  
rooms up t o  a t  l eas t  1.600 f t 3  and reduce the  hazards associated w i t h  indoor 
radon based on WL measurements. 
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T 218 Po A1 pha Energy (MeVIpCi 1 
a & T, = 3.11 minutes 137 

I 
Radon 

1 

T, = 26.8 minutes 
Decay 2 1 4 ~ 1  8 

Products 0 4 T = 19.7 minutes 484 

1 a TPO T = 1 x 10-6 minutes 6 x 10-5 

1281 MeV/pCi/L = 0.01 WL 
2 1 0 ~ b  

T, = 22.3 years 

Figure 1. Radi um Decay Series 

Figure 2. Room A i  r Cleaner 



Chamber Environment Specifications 

Volume 
Air Flow Rate 
Radon 
Temperature 
Dew Point 
Condensation Nuclei 

24,000 1 
0 - 4000 1/min 
1 - loo0 p c y 1  
0-45 C 
-10 C to saturation 
10-100,000 /cc 

Figure 3. Test Chamber and Environmental Spec i f ica t ions .  



i n i t i a l  steady-state 

7 - 
clean reduction (1) 

3 
a8 
e 
Ã 
a* 

h \ - 
v a i r  cleaner I \ a i r  cleaner 

operating 
steady-state ( 2 )  

operating 
steady-state (1) ---- B 5 

'7 - ---- - - A 

Time z 
0 A denotes s l i g h t l y  more - - _ e f f i c i e n t  a i r  cleaner - 

B denotes s l i g h t l y  less - 
e f f i c i e n t  a i r  cleaner 

Figure 4. Single and Successive Room Ai r  Cleaner Steady State Procedure. 

REDUCTION OF WORKING LEVEL VERSUS TIME 
BY A ROOM AIR CLEANER 

0.20 i 
4 INITIAL 

STEADY -STATE 
C . ' S  :-- 

ec. ', 
Ã‡ > AIR CLEANER OPERATING 

STEADY STATE . 
0.00 A Ã£"" " s b " " 7 5 " ' i 6 0 " i ~ ~ " i i 6 "  

TIME (MINUTES) 

Figure 5. Reduction of WL Versus Time by a Room Air Cleaner. 



* *  RaA 58.6% REDUCTION 
0 o - o ~  ROB 94.0% REDUCTION 

ROC 97.8% REDUCTION 

Figure 6. Reduction of Ind iv idua l  Radon Decay Products Versus Time by a Room 
Air Cleaner. 

REDUCTION OF INDIVIDUAL RADON 
DECAY PRODUCTS VERSUS TIME 

30 ;.. 

TABLE 1. TIME TO ACHIEVE 98% THEORETICAL REDUCTION 

A I R  CLEANER A I R  FLOW TIME TO 98% MINIMUM TIME USED 
SPEED (CFM) REDUCT I ON TO MEASUREMENT 

- - 
n - 
<25 - - . - 
0 1 
Q - 

4 150 35 min 60 min 
3 120 45 min 60 min 
2 80 64 min 75 min 
1 4 0 120 min not tested  

s 

^ .  -. 
-.*.. -. 

INITIAL '? 
STEADY STATE ;',, 

' I 
I I 
' 1  

AIR CLEANER OPERATING 
STEADY STATE 



TABLE 2. SUMMARY OF WORKING LEVEL MEASUREMENTS 

A1 R RADON WORKING LEVEL 
CLEANER ( p C 1 / 1 )  MEAN I N I T I A L  MEAN F I N A L  % REDUCTION I N  

DATE SPEED WORKING LEVEL 

TABLE 3. SUMMARY OF WORKING LEVEL REDUCTION 

A I R  FLOW (CFM) STUDIES MEAN STD.DEV. REL. STD.DEV. RANGE 



TABLE 4. SUMMARY OF CONDENSATION NUCLEI MEASUREMENTS 

A1 R CONDENSATION NUCLEI CONCENTRATION 
CLEANER RADON MEAN (parti cl es/cc) MEAN % REDUCTION OF 

DATE SPEED (pCI  / I )  I N I T I A L  F INAL CONDENSATION NUCLEI 

TABLE 5.  SUMMARY OF CONDENSATION NUCLEI CONCENTRATION REDUCTION 

A I R  FLOW (CFM) STUDIES MEAN STD.DEV. REL. STD.DEV. RANGE 


