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Abstract 

Eleven portable a i r cleaning devices have been evaluated for control 

of indoor concentrations of respirable par t ic les , and the i r concomitant 

effects on radon progeny concentrations have been investigated. Of the 

devices we examined the electrostat ic precipi tators and extended surface 

f i l t e r s had s igni f icant par t ic le removal rates, while the par t ic le remo

val rates for several small pane l - f i l t e rs , an ion-generator, and a pair 

of mixing fans were found to be negl ig ib le. The evaluation of radon 

progeny control produced simi lar results; the a i r cleaners which we^e 

ef fect ive in removing part ic les were also ef fect ive in reducing radon 

progeny concentrations. Furthermore, at the low per t ic le concentra

t ions, plateout of the unattached radon progeny was found to be a s ign i 

f icant removal mechanism. The overall removal rates due to deposition 

of attached and unattached progeny have been estimated from these data, 

and the equil ibrium factors for total and unattached progeny concentra

tions have been calculated as a function of par t ic le concentration. 

Introduction 

As average residential vent i la t ion rates decrease, due to weatheri-

zation measures o- new construction practices, indoor pol lutant concen

trat ions may increase. Ai r cleaning may mit igate the resul t ing 

increases in indoor par t ic le concentrations, although the effectiveness 

of a i r cleaners w i l l depend upon the i r actual design and operating 

character ist ics, the removal method employed, the indoor environmental 

conditions, and the par t ic le character ist ics. A i r cleaning may also 

reduce the radon progeny concentrations that are present in indoor a i r . 

There are many sources of indoor par t ic les , among them are indoor 

emissions related to human ac t i v i t i es , such as tobacco smoking, food 
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preparation (fuel combustion, cooking emissions), and space heating 
(unvented gas and kerosene heaters, fireplaces, wood stoves), and infil
trating outdoor pollutants, such as atmospheric dust, combustion emis
sions, and plant pollens. Indoor particle concentrations can often 
exceed outdoor concentrations (3), and the concentration and size dis
tribution of indoor particles are important factors in determining the 
human exposures to airborne particles (7). 

Radon and its immediate radioactive decay products are also present 
in indoor air, with typical annual average radon concentrations ranging 
from 5 to 150 Bq m , although radon concentrations in excess of 400 Bq 
m~^ have been observed (4). The health risk associated with radon is 
due to the alpha decay of two of the short-lived progeny, Po-218 and 
Po-214. These isotopes, along with other radon decay products, are 
chemically active and can attach to surfaces, such as airborne parti
cles, walls, and lung tissue. Dosimetric modeling indicates that the 
alpha dose to the lungs from radon progeny not attached to particles is 
larger than from radon progeny attached to particles (2). Thus the 
indoor particie concentration is an important consideration in estimat
ing the health effects associated with indoor radon concentrations. 

This paper presents an U± situ evaluation of the effects of several 
types of air cleaners on particle concentrations and size distributions, 
and the concomitant effects on radon progeny concentrations and 
behavior. More experimental and analytical detail are presented in 
Reference 5. 
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Experimental Procedure 

These experiments were conducted ax. the LBL Indoor Air Quality 

Research House (IAQRH), a two story, wood-frame structure with a three-

room test space that has been extensively weatherized to reduce the 

infiltration rate to "0.05 air changes per hour. Measurements were per

formed in one room, which has a volume of 36 m . A cigarette smoking 

machine, the air cleaning device being examined, and instrumentation for 

the measurement of radon progeny were all placed inside the test 

chamber. 

Instrumentation 

The instruments used in th is study are part of an automated 

computer-controlled data acquisi t ion and monitoring system ins ta l led at 

the IAQRH. Radon concentrations in the test space are measured using 

three continuous-flow s c i n t i l l a t i o n cel l /photomul t ip l ier tube assem

b l ies , v i t h data logged every 30 minutes. Real-time data for radon pro

geny are taken with an automated sampler, the Radon Daughter Carousel 

(RDC), which col lects radon progeny on a f i l t e r (usually for a f i ve -

minute sampling period), then places the f i l t e r beneath a surface-

barr ier detector fo r alpha par t ic le counting. A radon progeny sample is 

collected every 30 minutes. F i l t e r grab samples are also taken per iod i 

cal ly and analyzed using alpha spectroscopy to supplement the RDC data. 

Instruments for the rea l - t ine determination of oar t ic le size and 

concentration are located on the second f loor of the IAQRH and connected 

to the test chamber with a 6-m-long, 1-cm-diameter copper sampling l i ne , 

through which a i r is continuously drawn at "5 l i t e rs /m in . Total p a r t i 

cle concentrations are measured with a Condensation Nucleus Counter 
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(CNC). The CNC is also used to sample the output of an electrostat ic 

c lass i f i e r , which provides par t ic le size and concentration data for par

t i c l e diameters between 0.01 and 0.3 urn. An optical par t i c le counter 

with a specially-adapted dynamic range measures part ic le concentrations 

and size distr ibut ions for par t ic le diameters between 0.1 and 3.u urn. 
1 i 

Measurement Sequence 

Concentrations of part ic les were generated in the chamber using a 

cigarette smoking machine. A typical six-minute c.garette burn consumed 

"600 mg of tobacco and produced a peak concencration of "150,000 p a r t i 

cles cm" 3. After cigarette i gn i t i on , radon was injected into the test 

chamber by passing a i r through a Ra-226 source that had previously been 

vented and then allowed to accumulate for about 24 hours. This resulted 

in an i n i t i a l radon concentration of "18,000 Bq m"3 in the chamber. 

Following par t ic le production and radon in jec t ion , the room a i r was 

allowed to mix natural ly for four hours, which was suf f ic ient time to 

establish a steady par t ic le decay rate and to achieve radioactive 

equil ibrium of the radon and radon decay products. After th is period, 

the control device was switched on for a three-to- f ive hour operating 

period. A portable dehumidifier was operated in the chamber before each 

experiment to produce an i n i t i a l re lat ive humidity of 35 to 50 percent. 

The re lat ive humidity slowly increased by 5 to 10 percentage points dur

ing the test sequence, while the indoor temperature varied between 18 

and 22° C. 
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Results and Discussion 

Particles 

The effect of air cleaner operation on particle concentration can be 
parameterized in two ways, the effective cleaning rate (ECR) and the 
system efficiency. The ECR is the difference in particle concentration 
decay ratf;s observed with and without operation of the air cleaner mul
tiplied by the test chamber volume. Thus the ECR is the effective flow 
of panicle-free air that would produce the observed reduction in parti
cle concentration. For those air cleaners with fans (all but the ioniz
ers had fans), the system efficiency is the ECR divided by the air flow 
rate through the device; the air flow rates were measured in a separate 
set of experiments using an orifice plate flowmeter. The ECR for each 
device was determined for each particle size fraction and for the total 
particle concentration. Little variation in ECR as a function of parti
cle siz? was observed for particle diameters between 0.09 and 1.25 urn. 

For comparative purposes the ECR for each air cleaner is based on the 
data for 0.45 urn diameter particles, which is close to the mass median 
diameter for tobacco smoke and thus is a reasonable index for the total 
mass decay rate of the aerosol. With no 3ir cleaner operating, the 
decrease in particle number concentration due to natural removal mechan
isms was 0.16 hr" 1, corrected for the infiltration rate. We attribute 
this decay rate to particle deposition on room surfaces. 

lhe results for the air cleaners examined are displayed in Figure 1, 
where the height of the unshaded bar represents the effective cleaning 
rate and the shaded bar the measured air flow rates. The ratio of the 
height of the unshaded bar to that of the shaded bar yields the air 
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cleaner system ef f ic iency. The small, table-top panel f i l t e r s , devices 

1 through 4 in Fig. 1 , have low ef fect ive cleaning rates and system 

ef f ic iencies of 0, 11, 16, and 39 percent respectively. The low pa r t i 

cle removal rates appear to be due to the low tota l a i r flow rates and 

the large f ract ion of the a i r flow that bypasses the f i l t e r s in these 

devices. S imi lar ly , negl igible par t ic le removal rates were observed 

using two osc i l la t ing fans as a means of evaluating the effect of 

increased a i r c i rcu la t ion on par t ic le removal (device 11). 

The devices with the highest system ef f ic iencies were those with 

extended surface f i l t e r s , which were 86 and 100 percent e f f i c ien t for 

cigarette smoke par t ic les , while both of the electrostat ic precipi tators 

tested had system ef f ic iencies of "56 percent. Two negative ion genera

tors were evaluated. The uni t with the lower ECR had both an emitter 

operating at -19 kV and a positively-charged col lector surface, which 

appears to l i m i t the ranga of the ion f i e l d and thus reduce the a i r 

cleaning effectiveness. The other ionizer operated at -32 kV and had no 

col lector so that part ic les are removed by col lect ion on room surfaces. 
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Radon Progeny 

In order to estimate the effects of air cleaning, radon and radon 
progeny concentrations measured as part of each air cleaner experiment 
were tabulated as a function of observed particle concentration. These 
data were used to calculate the equilibrium factor, F, which can be 
written as: 

Ki Ai ' Ko Ao "•" Kq n-i 

where the subscripts i = 0 to 3 refer to Rn-222, Po-218, Pb-214, and 
Bi-214, respectively. Aj are the radon or radon progeny concentrations 
and the coefficients k^ account for the potential alpha decay energy and 
the radioactive decay constant for each radon decay product. These 
results are shown in Figure 2 (solid circles). 

Removal of airto.-ne radon progeny can occur through several mechan
isms (associated rates are shown in parentheses): deposition on surfaces 
by progeny either attached U D

a ) or unattached Up/) to airborne parti
cles; direct filtration by an air cleaning device (Ap-); ventilation 
M y ) ; and radioactive decay M,-). The radioactive decay constants are 
known, while the ventilation rate can be obtained directly from the 
radon concentration measurements. We have assumed that the direct remo
val of radon progeny by the control device occu~s at essentially the 
same rate as for particles. Based on the steady-state equations derived 
by Jacobi (1) and Porstendoerfer (6) for the various radon progeny remo
val modes, the overall progeny removal rate, A;, can be found in terms 
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of the progeny activities, An-: 
Ai-1 A,- = ̂ . [-^- - 2] where 

1 (2) 

An- is a function of the removal processes noted above and the relative 
concentration of progeny not attached to particles. This latter term, 
referred to as the unattached fraction, f.,-, can be estimated from our 
data as a function of particle concentration. From these results we 
then estimate the deposition rate of unattached progeny to be 15 hr , 
which, when combined with our estimated average particle deposition 
rate, 0.16 hr"*, provides an overall removal rate due to deposition of 
unattached and attached radon progeny. Combining equations 1 and 2, the 
equilibrium factor can then be written as 

K l + \ l h + A 2 2 3 *3 + A 3 

Results using th is equation are shown for d i f ferent par t ic le concentra

tions as the sol id l ine in Figure 2. The equil ibrium factor for unat

tached progeny can also be calculated from equation 3 by f i r s t mult iply

ing each k.,- term by the respective unattached f rac t ion , f^. The results 

are shown as the dashed l ine in F ig. 2. As can be observed in the f i g 

ure, at par t ic le concentrations below 500 part ic les cm" 3 , the e q u i l i 

brium factor is primari ly associated with unattached progeny. The re la

t ive concentration of unattached progeny declines with increasing p a r t i 

cle concentration. The total equil ibrium factor (so l id l ine) increases 

as par t ic le concentration increases from "1000 to 25,000 part ic les cm" 3 , 
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a range typical of indoor environments. 

Conclusions 

Air cleaning can have a s ign i f icant effect on indoor par t i c le con

centrations, although the a i f ferent types of devices exhibi t a wide 

range in performance. Operation of an ef fect ive part ic le-contro l device 

w i l l also remove airborne radon decay products, not only by d i rect f i l 

t ra t ion of unattached and attached radon progeny, but also by producing 

low par t ic le concentrations where deposition of unattached progeny i s 

the dominant removal mechanism. The re la t ive importance of unattached 

progeny concentrations can be seen frum Fig. 2. Depending upon the 

re la t ive radiological dose assigned unattached and attached progeny, 

radon concentrations in indoor a i r with less than 10,0U0 part ic les cm-3 

may have larger health consequences than i:,rerred from the total progeny 

equil ibrium factor. 
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Fig. 2. Equilibrium factoi, F, versus particle concentration. Measured 

data and representative uncertainties are indicated by the solid 

circles and error bars. The solid lire is based on calculated 

values for total radon progeny while the dashed line indicates 

calculated values for unattached radon progeny (see text). 
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