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Abstract
In the radioactive decay chain following 222Rn (radon) the first long-lived product 210Pb (t^ = 22.3
y) acts like a stopper and its decay products can be utilized as integrators of passed radon gas levels
and a tracer reflecting long-term aerosol particle deposition processes. Long-term integration is
feasible only if the LRnD activity is hidden away from the destructive practices of everyday life,
such as cleaning and refurbishing. Three type of LRnD hide away places (traps) can be identified:
i) Inside the human body, ii) Inside porous volumes, and iii) In surface implants. The volume trap
(ii) is advantageous as it is a pure radon gas detector and as such not influenced by the indoor
aerosol conditions. The drawbacks are that suitable samples is difficult to find and that tedious
radio chemistry is mandatory. Alpha-recoil implanted LRnD activity (iii) into hard surfaces is the
only type of trap that is suitable for large-scale retrospective measurements and the main emphasis
of this contribution will be on implanted activity. Fortunately, cheap in-situ track-etch methods are
. now available for specific detection of implanted 210Po into flat glass surfaces. In the ongoing
Swedish non-smoker radon study only samples older than 20 years are accepted and a tentative
calibration factor of 0.84 Bq-m*2 of implanted 210Po per kBq-ym"3 radon gas exposure is used.

Introduction
The long-lived group of nuclides, i.e. 2l0Pb <Jy= 22 y) - 210Bi - 210Po - ^ P b (stable),
following 222Rn (TM= 3.8 d) in the Uranium decay series is applied as natural tracers in
many areas of earth and environmental sciences. The ambition of this contribution is to
draw your attention to a fairly recent field of application in the radon indoor environment,
where long-lived radon daughters (LRnD) are used to indicate past radon concentration
levels.

The incentives for radon investigations in homes and accurate exposure estimates can be
summarized as
• The cancer cases eventually caused by radon exposure today is caused by yesterdays exposure
• The radon levels in homes in many countries may be a significant lung cancer risk
*• To prove a causal relationship past time radon exposures must be assessed
» The expected risk levels are low, meaning that accurate exposure estimates are needed.
Conventional retrospective radon exposure estimates are based on costly "almost-every-
home" identification and measurements. If not all homes are found and measured, in many
cases an impossible mission, the radon exposure estimate is not very accurate. According
to the Monte-Carlo calculations by Baverstam and Swedjemark (1991) last-home-only
measurements, for instance, are largely biased (-0.40) and the correlation true-measured
exposure is poor (r2-= 0.11).

Thus, there are reasons to look for complementary and hopefully cheap and accurate radon
exposure estimates in epidemiological studies. Since 1988 a RARE (Retrospective



Assessment of Radon Exposure) research group, with the objectives of developing
retrospective radon methods based on LRnD, has worked with support from the European
Communities' (EC) Fission Safety Programme. At the moment the RARE laboratories
involve University College, Dublin (J. McLaughlin), SSI, Stockholm (R. Falk), Gent
University (A. Poffijn), SCK, Mol (H. Vanmarcke) and myself. Many other laboratories are
developing and applying RARE techniques, for instance, PNL, Richland USA (J.
Mahaffey), BfS, Berlin (P. Hamel), and CCRV, Verona, Italy (F. Trotti).

General principles of RARE based on LRnD
In the decays following 222Rn (radon), 210Pb of half-life 22 years constitutes a stop nuclide
and analysing for210Pb, or its progenies,
in the indoor environment integrates past
radon gas levels over a time span of
several decades. The prerequisite is of
course that the ingrowth of 210Pb is left
undisturbed by factors other than the
radon-in-air itself. Where in the indoor
environment do 2l0Pb hide away and rest
in peace for decades?

The first thought is that surface deposits
cannot be used, as they sooner or later !_ . . ^ IT""1 ~: T^T , ._ ' . . ,
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a substantial part of the superficially
deposited activity is implanted into the upper surface layer. Implantation depth in glass
surfaces is approximately 100 run, and this is enough to prevent removal by household
cleaning procedures. In fact, by the process of implantation, the deposited short-lived
progenies feed a nearly ideally thin 210Po alpha source in all exposed indoor surfaces. In
dwelling investigations a glass sheet is the substrate of choice, as such objects are plentiful
available and the material hard enough to make subsequent removal by diffusion less likely.

A second type of trap for left behind LRnD is porous volumes, such as mattresses,
upholstered furniture and pieces of wood. Many objects in a home is porous enough to be
fairly transparent to radon gas, but impermeable to the radon progenies. In the interior of
such objects, the activity of 2I0Pb is growing with a rate proportional to the airborne radon
gas concentration. A third category of LRnD trap for RARE purposes is the human body
itself. In this case the sampling of airborne activity is an active process governed by
inhalation. The body as a sink for LRnD activity is attractive as it constitutes a true personal
exposure meter, while the surface and volume traps mostly reflects an exposure of a single
house. Unfortunately, the intake of LRnD by food and smoking in most cases dominates
over the inhaled component and this fact, in combination with large metabolic variations
on the individual level and elaborate measurement techniques, makes the human body less
recommendable for RARE purposes. This authors personal opinion on the pros and cons
of surfaces, volumes and human traps is given in Table 1. In the following, the main
emphasis will be on the issue of surface traps, as this RARE technique has dominated
LRnD methods in modern radon investigations. The reason for this dominance is the high
degree of availability of suitable samples and the existence of large-scale in situ track
detectors for implanted 2I0Po.



Surface implantation
The recoil energy picked up by the daughter nucleus subsequent to the emission of an
outward directed alpha particle is large enough to implant the nucleus into the underlying
material. In a radon environment all macroscopic surfaces are contaminated by short-lived
decay products, SRnD, (?wPo a, 3min -214Pb p, 27min -2 MBi p, 20min -214Po a, 0.16ms)
—, and this deposited activity is the fount of alpha recoil implantation. Ordinary cleaning
methods will not remove implanted activity from glass ware for instance, a fact the initially
puzzled the pioneers of radioactivity, but already in 1909 was the mystery of alpha recoil
implantation was explained by Hahn and Meitner.

Due to the very low activities of LRnD implanted, typically of the order of a few Bq/nf,
direct determination of the beta emitter 2l0Pb is avoided in preference of alpha spectrometry
analysis of its granddaughter 210Po. The small implantation depth favours high-resolution
alpha spectrometry but raises questions of long-term durability and interference from dirt
on the surface. Alpha spectrometry also naturally solves the problem sample background.
The alpha background originating the glass constituencies may vary substantially and only
detection methods that can distinguish 210Po from background are of interests (cf Trotti et
al 1996).The major drawback with surface traps is that the deposition rate of SRnD varies
substantially in the indoor environment due to aerosol, air-flow, and local geometry
conditions and therefore the strategy of selecting implantation samples may be critical.
Fortunately, the development of cheap track-etch devices for in situ measurements of both
local particle deposition rates and implanted 2l0Po, has the potential to neutralize this
drawback.

Volume traps.
Radon gas in a dwelling penetrates porous objects by diffusion and the LRnD activity
accumulates inside the object. From the RARE point of view, volume traps like foamed
plastic, upholstered furniture and the alike, are attractive as they are pure radon gas
monitors not influenced by indoor aerosol conditions. Large scale sampling of volume traps
is missing but there are many reasons to believe that if samples can be obtained, they will
be insensitive to aerosols, humidity, and position. Laboratory evaluation of the performance
of polyester foam samples (Oberstedt 1996) give supports the idea that volume traps are
well-behaved. In field studies the accessability of suitable volume traps is believed to be
a problem, as the radioactivity analysis demands that samples are brought to the lab and
dissolved, and many dwelling owners are therefore unwilling to permit sample taking.
Wood has also been tested as radon gas traps, but the usefulness of wooden samples is
limited to high exposure levels only, as the background levels in wood varies (Falk 1997a).

Detectors for implanted 210Po.
As reference detectors in the lab the normal solid state alpha spectrometer lacks sensitivity
due to its small area. Instead open-flow pulse ionizau'on chambers (PIC) accommodating
semi-infinite glass samples undestructively has been developed (Johansson 1992). Such a
detector exhibits an energy resolution of the alpha peak from 210Po of better than 40 keV
(FWHM) for a 12-hour measurement and a sample diameter of 20 cm. We have utilized
PICs extensively for investigating glass sheet samples from dwellings and from exposures
in our radon steel-room facility and to "produce" samples for intercomparison purposes. As
we are talking about single-peak alpha spectrometry of very thin samples the alpha
background emanating from the bulk material, is very efficiently discriminated. A benefit



of the open-flow geometry is that semi-infinite glass sheets can be analysed. Thus, samples
from dwellings can be brought to the lab, measured overnight, and than given back to its
owner as intact.

Disadvantages of PIC detectors are that they are sensitive to disturbances and have more
failures then solid state spectrometers, furthermore field use is elaborate and awkward.
Fortunately, due to developing work by Falk in Stockholm and McLaughlin in Dublin, so
called retro detectors are now in use, detectors intended for large-scale in situ measurements
of implanted 210Po into flat surfaces. The principle behind the retro detector is to use two
different alpha track detector materials, one sensitive to 2l0Po alpha plus background (CR-
39) and the other sensitive to sample background only (Kodak LR-115). The retro device
is attached to the surface to measure and exposed for typically a few months. Additional
track detectors can be included in the device in order to simultaneously integrate radon gas
levels and contemporary plate out rates. The sensitivity of the retro detector for surface
2l0Po depends on exposure time and etching conditions. Falk reports that values below 1
Bq-m'2 during field conditions using a exposure time of 3 months (Falk 1996b)..

Results
Retro detectors are used in an ongoing radon epidemiological study on lung cancer among
non-smokers in Sweden, but the experience and results from this study is not published yet
One basic problem attached to the use of LRnD for radon retrospective purposes is the lack
of samples for "calibration", i.e. few, if any, dwellings exists of which we know the true
radon concentration levels over decades of years. Tests covering a few years of implantation
exists however and our results from a 3.5 years exercise in a dwelling are given in Figure
1. Four fresh glass sheets were placed in the dwelling, two of them in deliberate recessed
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Figure 1. Calibration curves for four glass sheets exposed in a radon dwelling for

3.5 years. The measured 210Po values has been converted to the corresponding 210Pb
activity
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Figure 2. The radon gas was monitored at each four object
locations. B = blocked view, OP = open view positioned glass
sheet.

positions in order to
quantify the impact of
lower plateout rates. At
each of the four glass sheet
positions, the radon gas
was measured with closed-
type radon alpha track
detectors. The radon cup
detectors were renewed
each time the four samples
were brought to lab for
alpha spectrometry
analysis. As shown in
Figure 2, the radon levels
varies strongly with season,
but despite this variation,
the growth of implanted
210Pb levels out to a close to
linear increase (cf. Figure
1), corresponding to about
2 Bq m*2 per kBq y m"3 of
radon gas exposure in open
positions. In the two

deliberately chosen recessed locations 210Pb activity increase per unit radon exposure is
about 40% lower. Larger variations in SRnD plate-out rates could, however, be expected
near radiators and other air-flow generators.

In Figure 3 the results from Figure 1 for the two openly exposed sheets are plotted together
with implanted 210Pb measured on eight glass sheets of different ages belonging to the
house. These eight sheets were analysed at two occasions a few years apart and the radon
exposure take-off for each sheet has been plotted, assuming the radon levels has constant
throughout the whole exposure period. The low absolute values of implanted activity for
old glass-sheets in Figure 3 indicate that either the radon levels in the past has been
significantly lower or that the implanted activity is removed by other mechanisms than
decay. In fact many authors have found that older glass samples taken from dwellings tend
to have lower 2IOPo/Rn-exposure ratios than predicted by the hypothesis of constant radon.
However, experimental proof of other removal mechanism beside decay do not exist and
until the question of the durability of implanted activity in household glass is settled a
tentative approach is followed. In the Swedish non-smoker study, for instance, only glass
samples exposed for at least 20 years are accepted and a the conversion factor 210Po to radon
exposure corresponds to 0.84 Bq-m"2 per kBq-ym"3, rather than the slope in Figure 1 (Falk
1997b).

Conclusions
Our knowledge of our living indoor environment with respect to long-lived daughter
activity is only in its infancy and the final decision on the optimum way to design
retrospective radon studies remains to be made. But without doubt, both porous radon gas
traps and alpha implantation recoil traps, applied with care, will play an important role in
the future radon risk scenario.
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Figure 3. The growth of implanted 2l0Pb in surfaces of two new and
openly exposed glass-sheets and in existing in-house glass objects of
different ages. Normal living conditions in a high level radon house.
For the in-house objects the exposure estimate is based on the
hypothesis that present radon levels have persisted throughout the
whole time of exposure.
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