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Intercomparison of Retrospective Radon Detectors
R. William Field,! Daniel J. Steck,? Mary Ann Parkhurst? Judy A. Mahaffey,? and Michael C.R. Alavanja*®

'Department of Epiderniology, Coliege of Public Health, University of lowa, lowa City, lowa, USA; Physics Department, St. John's
University, Collegeville, Minnesota, USA; Pacific Northwest National Laboratory, Richland, Washington, USA; 4Natioral Cancer
Institute, Bethesda, Maryland, USA

We performed both a faberatory and a field intercomparison of two novel glass-based retrospec-
tive radon detectors previously used in major radon case—control studies performed in Missouri
and Towa, The new detectors estimate retrospective residential radon exposure from the accmmu-
lation of a long-lived radon decay product, 21%Pb, in glass. The devectars use crack registration
material in direct contact with glass surfaces to measure the ¢r-emission of a 2'9Pb-decay product,
210pg, The detector's track density generation rate (tracks per square centimeter per hour) is pro-
portional to the surface Ct-activity. In the absence of ather strong sources of (t-emission in the
glass, the implanted surface @-activity should be propertional to the accumulated %P0, and
hence to the cumalative radon gas exposure. The goals of the intercomparison were to #) perform
collocated measurements using two different glass-based reteospective radon detectors in a con-
trolled laboratory environment to compare their relative response o implanted polonium in the
absence of environmental variation, 4} perform collocated measurements using two ditferent ret-
rospective raden progeny detectors in a variety of residential settings to compare their detection
of glass-implanted polonium activities, and ¢} examine the correlation between track density rates
and contemporary racdon gas concentrations, The laboratory resubts suggested that the materials
and methods used by the studies produced similar track densities in detectors exposed to the same
implanted 21°Po activity. The field phase of the intercomparison found excellent agreement
between the track density rates for the two types of retrospective detectors. The corzelation
between the track density rates and direct contemporury radon concentration measurenients was
relatively high, considering that no adjustments were performed to account for either the residen-
tial depositional environment or glass surface type. Preliminary comparisons of the models used
to translate track rate densities to average long-term radon concentrations differ between the two
stuclies. Further cafibration of the retrospective detectors’” models for interpretation of track rate
density may allow the pooling of studies thar use glass-based retrospective radan detectors to
determine historic residential radon exposures. Key words: case~control studies, dose-response
relationship (radiation), epidemiologic methods, epidemiologic studies, lung neoplasms, radon,
radon progeny, smoking. Enviren Health Perspect 107:905-910 (1999). [Online 15 October 1999]

besp:ilehpner]. nichs.nib.govidocs/ 1999/107p905-91Ofteldiabstract.htmi

The National Research Council of the
Nacional Academy of Sciences (NAS) esti-
mates that approximately 18,600 lung can-
cer deaths (range 3,000-32,000) in the U.S.
population each year may be caused by resi-
dential exposiere o radon-222 (radon) decay
products (7). NAS researchers caution that
these risk estimares derived from radon-
exposed underground miners and applied
to the general nonoccupasonally exposed
population must be cautiously interpreted
because of inherent differences in lifestyle
factors between these populations, as welt
as differences between the mine and the
home environments.

The most direct way to derive risk esti-
mates for residential radon decay product
(progeny) exposure is to compare tesidential
radon progeny exposure among people who
have lung cancer with the exposure reccived
by individuals who have not developed lung
cancer. Numerous case~control epidemiolog-
ic investigations have atempred to examine
the relationship between residential radon gas
exposure and lung cancer (2-1 D). The historic

reconstruction of raden exposure presents a
formidable challenge in these studies. The
major obstacles impeding accurate radon
exposure estimates for the epidemiologic scuel-
ies (1.2) include the studies’ inabilicy to
account for missing radon measurements for
homes that were previously occupied by the
subjects and were inaccessible for radon test-
ing (2-10), temporal and spatial variation of
residential radon concentrations {2-11), and
the use of current residendal radon gas con-
centrations as 2 surrogate for past resiclential
radon progeny concentrations (2-17).
Previous residential radon case—control
epidemiologic studies have impured from 17
to 40% of their radon measurements for
dswellings occupied by the study participants
for the 20-year period preceding study
enrollment (2—70). The missing measure-
menc dara create significant gaps in the par-
ticipants’ exposure histery, which compel
the investigazors either to analyze a reduced
data set or ro impute radon concentrations
for missing homes (£3). These gaps in radon
measurements seriously decrease a study’s
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statiscical power to detect an association
(14, especially if the gaps occur 5-15 years
betore study enrollment (3.

Studies that fail o consider temporal
radon gas and progeny variation will also have
higher exposure misclassification. Residential
radon gas and progeny concentrations vary
houtly, dinraally, monchly, seasonally, and
annually. These variations aze influenced by
numerous factors including radon infilration
tates, heating and air conditioning system
design and usage, pressure differentials, soil
chasacreristics, house construction methods
and materials, water usage, weather condi-
tions {e.g., rainfall, wind speed), and occu-
pant behavior (/3-17,

The epidemiologic studies published to
dare have examined the relationship berween
tadon gas exposure and lung cancer {2-11).
However, it is radon progeny rather than
radon gas irself that delivers the acual radia-
tion dose to the fung vissaes (7). The effec-
tive dose conversion coefficient for radon
progeny strongly correlates with the size of
che aerosol cluster associated with the radon
progeny. Radioactive clusters in maost
domestic atmospheres usually contain mali-
ple size fractions. The smalier parricles (3—1)
nm} provide greater exposure 1o the alrways
than radon progeny that arc attached w larg-
er aerosols (diameters of ~ 100 nm), primari-
ly because of their high rate of deposition in
the bronchial region. The particle size diserib-
urion varies wich changes in radon concentra-
tion and changes in the domestic atmosphere
that include aerosol density, air movement,
and the air exchange rate. Thus, both natural
factors (e.g., weather patterns) and home-
owner activities {e.g., cooking} can dramati-
cally alter che delivered dose over short
periods. The use of radon gas rather than
progeny concentrations alone can routinely
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introduce an uncertainty of 50% in the
exposure estimates (/8). Improved residen-
tial radon exposure estimates require mea-
surements that depend on actual airborne
rzdon decay producr concentrations.

To overcome these exposure assessment
obstacles, detectors that analyze the ct-activi-
ty implanted in glass surfaces have been
developed for reconstructing past residential
progeny concentzations ({9-23). The persis-
tent Ol-activity in glass was observed early in
this century by Crookes (24), but its use as a
retrospective radon—raden progeny monitor
is recent (25,26). The new detectors use the
accumulation of a long-lived radon decay
product, 20Dy, in glass. Radon’s radicactive
decay chain produces a daughter product,
210ph, with a long half-life (approximately
22 years). A fraction of the *'9Pb implants in
glass surfaces in a room, which provides a
iong—lasrmg marker for past radon concen-
trations. *19Pb produces a shorter lived
daughter product, 2190, The 2'%Po decay
ean be captured by measuring the etched
tracks created in a suitable piece of plastic by
thie eritred O-particles.
£ Fhe possibitity of using household glass
‘a5 an indicator of historical radon concentra-
stions-is parentially of great imporrance 1o
' ._epxdemloiog:sts seudying radon, because ret-
 fospectivé.radon exposure assessment over
“'many years otherwise usually requires going

into. individuals' former homes and making
) long—term radon measurements. However,
‘many of those homes may no longer exist,
“others may have cugrent owners not interest-
&< “in” caoperating with the study, and still
‘other homes may have been modified in
“ways that affect the residential raden con-
centragions. On the other hand, a piece of
glass (c.g., that in front of a treasured family
‘picture) may have been owned for a long
time, ‘relocated with the subject, and been
displayed-in the current and former homes.
“Thus, such-glass can serve as a long-term

" eXpOSuLe integrator.

“210pg oremissions can be measured by a
variety- of detecting techiiiques. Track regis-
tration detectors are-suited to this task for
domestic sufveys. The o-particles from the
glass’ produce microscopic damage reacks in
- the: plastic that can ‘be easily developed and
measuréd:- The rrack generation rate is then 4

: mieasure of O-activity of the surface. Previous

work has-demonstrated that an excellent cor-
‘relation exists between cumulitive radon

exposure and the activity of implanted 21%Po

for glass surfaces exposed under [aboratory
conditions {/9). Addirtional studies of this
refationship in a sample of homes have also
shown moderate to good cotrelation berween
contemporary year-long radon gds'concentra-
tions and historically derived radon gas
concentrations from detecrors that measure

906

the implaneed progeny in glass (19-21,27).
The ratio between the cumulative radon
exposure and the implanted actvity can vary
with the aerosol and aunospheric conditions
in each room. This behavior presents a chal-
lenge in accurately reconstructing either the
airborne radon concentration or the radon-
related dose based on implanted activity
alone. However, this behavior also presents
an opportunity to reconstruct the airborne
concentrations when the implanted activity is
combined with contemporary radon gas and
deposited radon progeny measurements.

"This paper repotts the resulis of an inter-
comparison study between two devices for
assessing historical exposure to radon proge-
ny using household glass. The goals of this
study were to perform collocated measure-
menes using two retrospective glass-based
radon detectors in a controlled laboratory
environment to compare their refative
respense to implanted polonium in ¢he
absence of environmental variation, perform
collocated measurements using two retro-
spective radon progeny detectors in a varlety
of residential setrings to compare their detec-
tion of O-decays due to implanted poloni-
um, and examine the correlation between
a-track density rates and contemporary
radon gas concentrations.

Methods

The two detectors compared in this paper
have been used in major epidemiologic resi-
dential radon studies (28--30) to estimate
exposure from long-term radon progeny
delivered to individuals in their homes. The
Missouri Radon Lung Cancer Srtudy
IMRLCS; (28)] and the lowa Radon Lung
Cancer Study [IRLCS; (29] were case—con-
trol epidemiologic studies that evaluated the
lang cancer risk posed by residential radon
exposure. The studies used both traditional
CO]!(CmPO!’al’Y radon gﬂs dﬂtectors and'retro-
spective tadon gas and progeny deteceors to
estimate historic radon concentration. The
MRLCS inclusion criteria allowed subjects
6 have lived in more than one home over
the 20 years before enrollment. The IRLCS
limited enrollment of subjects to those indi-
viduals who lived in the current home a

- minimum of 20 years.

Retrospective surface monitor (RSM).
The RSMs for the MRLCS were developed
by Pacific Norcthwest National Laborarory in
Richland, Washington. The RSM measures
implanted *1%Po activity in glass surfaces.
The RSMs were produced from dosimerry

. grade' CR-39 plastic sheets manufactured by

American Technical Plastics, Inc. (Scratford,

~CT). Each 5 em % 5 ¢m monitor had a pro-
" tective polyethylene film, which was removed

before placerment. The detecting side of the

RSM was placed. against a glass surface and

held in place by taping the perimeter of the
monitor with polypropylene tape.

During the MRLCS study, the RSMs
were affixed to the glass surface for 4--3
wecks. On their return to the laboratory, the
RSMs were chemically erched ina 75°C
solution of 6.25-N NaOH for 5.5 hr. Afeer
the RSMs were erched, a matrix of 50-100
fields {0.002 cm?/field) depending on track
density, was manually evaluated under an
optical microscope at 200X magnification.
The number of @-tracks counted was con-
verted to tracks per square centimeter and
divided by the exposure duration (in hours)
of the RSM on the glass surface to produce
the track density rate (tracks per square cen-
timeter per hour). Additional derails con-
cerning the RSM, which was previously
identified as the CR-39 surface monitor, are
available elsewhere { 21,22, 28).

Retrospective reconstruction detector
(RRD), The RRIDs used in the IRLCS were
developed by the Physics Deparement at St.
John’s University in Collegeville, Minnesora.
Both the RREY and the RSM measure the
20Po activity implanted in glass surfaces,
but the more complex, multicomponent
RRD also measures the activities of the con-
temporary airborne radon gas concentration
and surface-deposited 21%Po and 24py The
detecror (3 cm % 8 cm % | cm) (Figure 1),
manufactured from dosimetry grade CR-39
plastic sheets obtained from Landauer, Inc.
(Glenwood, IL), used three track regiscration
chips per detector. Chip G, which measured
surface-implanted *°Po, faced the glass sur-
face (similar to the RSM), whereas the con-
temporary surface-deposited radon progeny

7
7

Figure 1. Schematic diagram of the retrospective
reconstruction detector showing the three chips.
Chip C (light blue) measures radon gas inside the
filtered detector enclosure by the tracks pro-
duced onregion T. Chip G {red} measures the
total surface a-activity from tracks in region G
and the high-energy a-activity from inside the
glass from tracks in region F. Chip D {dark blue}
measures the surface-deposited 212Po in region 2,
the surface-deposited 2*Pa in region 4, and the
total surface-deposited c-activity in region T,
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