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Abstract

A study involving thoron daughters implanted at the surface of glasses or other materials can be useful in the
simulation of radon progeny implantation. This simulation is possible due to the equilibrium of implantation obtained
in a short time (about 50 h) compared to about 100 years in the case of ?’Rn. The purpose of this work is to obtain
some implantation characteristics using alpha spectra for thoron daughters implanted into the surface of different
materials and to show the possibility of this method to simulate the radon progeny implantation. Measurements were
made using a Canberra PIPS detector (900 mm?) with 25 keV energy resolution. The samples were obtained by exposure
of different materials in a small (0.3 1) thoron vessel containing 200 g of Th(NOs), - SH,O as a source of thoron. The
first results showed that alpha spectra of implanted thoron progeny can be obtained and that the width of the alpha
peaks depends on the exposed materials. The constant of implantation estimated for all used samples varies between
8 and 52 mBq/m?:Bq/m? for the case of equilibrium. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction committee estimated that about 15,400 or 21,800

lung cancer deaths per year can be attributed to

In order to estimate the risk of indoor radon in
producing lung cancer, a lot of epidemiological
studies were developed, using underground miners
data. Extrapolating these results for the general
public, based on the linear no-threshold relation-
ship between radon exposure and lung cancer risk,
is now a problem widely discussed by the scientific
world [1,2]. In the US, for example, the BEIR 1V
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radon among eversmokers and neversmokers.
Considering the results of the latest epidemiologi-
cal studies, the BEIR VI committee, based on the
uncertainties of these analyses, extended this in-
terval to 3000-32,000 deaths per year. However,
the committee admits that it could not exclude the
possibility of a threshold relationship between ex-
posure and lung cancer risk at very low levels of
radon exposure.

To improve the results of the latest epidemio-
logical case—control studies, and therefore to di-
minish the influence of the multiple parameters
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involved in radon relative risk estimation, an al-
ternative would be a correct assessment of the past
radon exposure of each subject in these case—con-
trol studies. This past exposure parameter is very
important and the reduction of its uncertainties
can be done using dose reconstruction of past ra-
don exposure [3.,4]. Many retrospective studies
regarding past radon exposure are based on the
accumulation of 2'Pb on the surface of glass
objects or other materials, and measuring the
specific alpha-activity of *'°Po (Tj, = 138 d, E, =
5.3 MeV) resulting from radon daughters im-
planting due to their alpha recoil. Because >'°Pb,
grandmother of 2'°Po, has a lifetime of 22.3 yr, the
glass acts as a memory for the airborne radon-
activity over several decades. Another way [5] to
measure the specific surface-activity of implanted
radon daughters is beta-activity counting of ?!°Bi
(parent of 2'’Po). The measurement of implanted
210Po or 2!9Bi activity can be correlated to the av-
erage past exposure using the Jacobi room model
[6-9]. In the case of thoron exposure (**°Rn) this
method is not applicable because there is not a
long lifetime daughter to allow a significant accu-
mulation over many years of any descendant. The
longest lifetime of thoron progeny is that of 2!2Pb
(T1» =10.6 h). But a study involving thoron
daughters implanted on surface of glasses or other
materials (plexiglass, paper, wood, copper, alumi-
num or other metals) can be useful for the simu-
lation of radon progeny implantation and for the
study of aerosol influence on this phenomenon. By
following the intensity modification of implanted
activity of alpha peaks over time in different con-
ditions it could be possible to assess the desorption
constant of the implanted atoms. This simulation
is possible due to the equilibrium of implantation,
which is obtained in a short time (about 50 h)
compared with 100 yr in the case of radon
daughters. The alpha spectroscopy method used
for the plate-out of radon and thoron progeny was
that of Bigu [10]. Some studies characterizing the
adsorption—desorption of thoron daughters on
aerosols have also been made lately [11-13].

The purpose of this work is to obtain alpha
spectra for thoron daughters implanted on the
surfaces of different materials and to find some
characteristics of the implantation process.

2. Experimental methods

Alpha spectrometry was carried out using a
Canberra PIPS alpha detector (900 mm?) with 25
keV energy resolution operated under vacuum
conditions and connected to a pulse height ana-
lyzer of the type ICA-70-Hungary. Alpha energy
calibration was determined using the internal
standard pulses generated by the alpha spectrom-
eter. The detection efficiency was calculated taking
into consideration the solid angle under which the
detecting surface (900 mm?) is seen from the
sample area. The samples consisting of squares of
1 cm side are placed on the detector axis, at 5 mm
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Fig. 1. Geometric arrangement for solid angle calculation (de-
tection efficiency).



C. Cosma | Nucl. Instr. and Meth. in Phys. Res. B 179 (2001) 255-261 257

distance. The solid angle for this arrangement
(Fig. 1) was computed by solving the following
triple integral [14]:

A R
Q:(a/nAz)/ ZTcxode/ rdr
0 0
2n
></ dqo/(rz-i-x%—kaz—2rxocosgo)3/27 (1)
0

where @ = 5 mm is the distance between the sam-
ple and the entrance of detector, R is the detector
radius and 4 = 5.64 mm is the equivalent radius of
a circle having the same area as the samples (100
mm?). The efficiency calculated in this way was
35.5%.

3. Samples exposure

Two hundred grams of Th(NO;), -5H,O
powder were put into a metallic box of 8.5 cm
diameter and 5.0 cm height, Fig. 2. This substance
was purchased over 25 years ago, therefore the
equilibrium between 2*’Th and ?**Ra is almost
reached (95%). A thin plastic sieve was placed on
the thorium nitrate. The thickness of the
Th(NOs), - 5H,0 layer was 2.9 cm and that of the
layer of air above was 2.1 cm. Taking into account
the very short live time of thoron (1 min), the
equilibrium concentration is quickly reached in V3
(165 cm?) after closing the box. We considered that
a time period of about 30 min allows the diffusion
of the thoron generated from V5 = 165 cm® into
V; = 120 cm?. The amount of thoron in volume V;
was determined in a separate experiment by iso-

Metalic can

S 1 Thoron
ampie 2,1 cm

L Plastic sieve V)

2,9 cm

Fig. 2. The container for the irradiation of samples with thoron.

lating the thorium nitrate in a 0.5 1 plastic bottle
hermetically closed, the thickness of thorium ni-
trate being the same as in the box from Fig. 2.

The equilibrium concentration of thoron above
the thorium nitrate in the bottle was measured
with the LUK 3A Pich device using the RnTh+
mode. Using this mode, the device can measure
both the radon and thoron concentrations when
their values are higher than 1 kBg/m? [15]. In this
particular case, the Janet syringe (part of the LUK
3A Pich device) was used to extract a precise
quantity of air out of the plastic bottle. The ex-
traction was done using this syringe (150 cm?)
fitted with a very thin medical needle and pricking
the cork and lateral sides of the bottle. The average
of five extractions leads to a value of 1210 & 85 Bq.
The same equilibrium quantity is found in the
canister in Fig. 2, where the thoron concentration
in volume ¥ is 49 = 6.0 MBq/m?. This value will
be used to determine the implantation factor under
equilibrium conditions. Considering the lifetime of
the descendant with the longest life 2'2Pb
(Ti» =10.65 h), the implantation equilibrium
could be reached in two days (48 h). Calculations
show that after this time interval 95.6% of the
equilibrium is reached. The samples exposed to
implantation (glass, paper, polyethylene, alumi-
num, etc.) are squares of 1-2 mm thickness and
1 cm? area, placed in the thoron exposure vessel as
shown in Fig. 2, above the plastic sieve. In each
case, the implantation was measured on the upper
side face. Before measuring the implanted activi-
ties, the samples were cleaned by wiping with a soft
material and ethanol.

4. Results and discussions

Fig. 3 shows the alpha spectrum obtained for
the glass sample. The spectrum peaks are only
those at the energy of 6.05 and 8.78 MeV. The first
peak is obtained from alpha disintegration of ?'>Bi
(36%) and the second from 2"’Po disintegration
generated by the beta disintegration of 2!2Bi (64%).
The 6.5, 7.5 and 8.5 MeV peaks from this spectrum
are peaks identified to be at these energies by the
standard pulse generator of the spectrometer, in
order to be used at energy calibration. If in integral
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Fig. 3. The alpha spectrum obtained for the glass sample.

mode the energy threshold is used for the energies
E; =5 MeV (V) and E, = 7 MeV (IV,), the areas
of these two peaks can be obtained.

Ay =N —N;, Ay=N,. (2)

One can also calculate the alpha weighting factors
at the ?'?Bi disintegration:

2(6.05 MeV) = 4, /(4; + 4;) = (N} — N>) /Ny,

As this spectrum shows, the peaks are relatively
narrow, especially the 8.78 MeV peak. The width
of the peaks depends much on the degree of the
surface roughness as is presented in Fig. 4, where
the alpha spectrum for a Cu sample is shown. This
sample was previously chemically cleaned using a
HNO; solution.

The width of the lines is in this case four times
larger than that in the case of the glass sample. For
a mechanically polished Cu sample the lines are
thinner. A similar spectrum to that of the glass

Cu+HNO;

6.05 MeV
w378 MeV

Fig. 4. Alpha spectrum of a copper sample cleaned with HNO;.

sample was obtained in the case of polyethylene,
the widths of the lines being very alike, Fig. 5 and
Table 1.

Table 1 presents the implantation data obtained
from eight types of samples. As one can see from
this table, the weighting factor (64%) for beta de-
cay of 21?Bi was found. The average value for these
results is 63.25 £ 0.95% obtained from the third
column of this table. The width AE of the line
depends on the nature and degree of the material
processing. The narrowest lines were recorded
when working with glass and plexiglass, these
materials having a very glossy surface. Taking for
glass and plexiglass samples an average width of
50 keV for the 8.78 MeV peak (Table 1) and
considering that the alpha detector protective
cover introduces a supplementary width of the
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Fig. 5. Alpha spectrum for a polyethylene sample.

line, from 25 to 35 keV, we can calculate that the
excess width of 15 keV is the result of a depth
implantation of about 100 nm for 2'Pb. Com-
pared with other depth implantation data this
value is almost the same [16].

The large width (221 keV) for the Cu sample
treated with HNO; suggests that the implantation
of thoron and radon progeny could be used in the

Table 1

study of surface roughness. When the sample was
mechanically polished, it gives approximately only
half of the width of the chemically treated sample.
A similar value can be also found for the Al
sample. Another remark refers to glossy paper,
with intermediary values of the line width. The
last but one column in Table 1 represents the
implantation factor at equilibrium (f;), obtained in
these experiments. This factor is defined as the
implanted activity on the material surface (Bq/m?)
divided by the thoron concentration in the
chamber (Bg/m?®). Higher values of the implanta-
tion factor are obtained in the case of glass and
paper these being over six times higher as in the
case of Al sample. The increasing of the surface
roughness leads to increase of the implantation
factor as shown by the comparison of rows 5 and
6 in Table 1, respectively, for Cu samples me-
chanically and chemically cleaned. Comparing the
value found for glass in the case of equilibrium for
thoron (*?Pb), 52 (Bg/m?)/(kBq/m?) those found
experimentally for radon (*'°Pb), about 25 (Bg/
m?)/(kBg/m?) [17], a significant difference is ob-
served. This may be explained by important losses
due to glass corrosion and diffusion of 2'°Pb from
the glass surface as remarked in the works [9,18].
For the glass sample, the exposure was repeated
placing the sample at four different heights: 2, 6,
10 and 16 mm above the thorium level in the box.
The implantation result is observed in Fig. 6. The
quantitative values of implanted 2'’Pb decrease.
This is similar to the gradient of thoron and its
progeny one may observe as one moves away

Some characteristics of thoron progeny implanted in different materials

Nr Sample material g (8.78 MeV) (%) AE (keV) Ny (c/100 s) f; (Bq/m?:Bg/m?) Obs.

1 Glass 63.7 55 1080 0.052 Normal

2 Polyethylene 61.8 64 672 0.032

3 Paper 62.6 89 1010 0.048 Glossy

4 Plexiglas 65.1 46 355 0.017

5 Cu 63.3 137 620 0.030 Mechanically
polished

6 Cu+ HNO; 63.2 221 862 0.040 Chemically
cleaned

7 Al 63.5 146 175 0.008 Metallic foil

8 PdAg 62.8 74 340 0.015 Alloy
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Fig. 6. Influence of the sample position in the thoron chamber
on implanted 2'>Pb.

from the walls of a room which is producing
thoron.

In addition, another experiment was made for
the glass sample, consisting of five consecutive
measurements as follows. The first measurement
was made after the sample was removed from the
container, without touching the implanted surface
(a). After this, the sample was carefully cleaned
with a soft material and re-measured (b). The
sample was again removed from the spectrometer
chamber and cleaned with ethanol solution 95%,
then re-measured (c). The operation (c) was re-
peated (d). Finally the sample was measured again
the next day, after 19 h (e). The results are shown
in Table 2. In each case, three measurements of
100 s were made over the whole spectrum. The first
four operations (a)—(d) took 0.5 h total. In the first
case (a) there is a great contribution of the aerosols
gathered on a surface, which can be easily removed
(b). A cleaning operation with ethanol (c) removes
a part of the 2'*Pb and 2'’Bi atoms implanted even
on the surface, but by repeating this operation the
quantity implanted is very little influenced (d).
Calculating the lifetime of the implanted progeny,

Table 2

The influence of surface cleaning on the implantation parameters

from the values (d) and (e) a value of Tj,, = 10.55
h is obtained, very close to the value of the lifetime
constant of 2!>Pb.

All our samples in Table 1 underwent the op-
erations (a)—(c) before being measured. If we look
at Fig. 7 and we compare the implantation schema
from this figure with those of the radon progeny
implantation [9] one can see that in the thoron case
this mechanism is much simpler. Only the alpha
decay of 2'Po can cause implantation in the case
of thoron progeny whereas in the case of radon
progeny there are two possibilities of implantation
namely 2"*Po and '“Po recoil.

Also in the case of thoron progeny the attach-
ment to aerosols may probably be neglected due to
the short age of 2'°Po (0.15 s). Porstendorfer and
Reineking [11] showed that the time of attachment
is much longer of about 2-100 s. The coefficients in
Fig. 7 are of the same significance as in the case of
radon progeny implantation [9]. The deposited
part of thoron progeny is also possible to be
studied because the cleaning can be done at dif-
ferent times after the sample is extracted from the
container and after different cleaning operations.

5. Conclusion

The measured alpha spectra prove that the
implantation of thoron progeny can take place in
various materials. The implantation efficiency de-
pends strongly on the material type and surface
properties. Between the implantation efficiency
and the roughness of surface there is a direct re-
lation. In the case of a copper surface cleaned with
HNO; solution before thoron exposure it was
found that the peak width was doubled in size
compared with the same sample mechanically
polished. Therefore, the implantation ?°Rn prog-

Sample (a) (b)
Untreated

Soft cleaned

Delay time (min/h) 0 10 min
Intensity (counts/s) 28.40 14.60

(© (d) (e)

Ethanol 1 Ethanol 2 Re-measured
20 min 30 min 19 h

9.82 9.65 2.77
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(attached) (unattached) (deposited) (implanted))
F'Rn & source (g)
7\'Rn o
8.78 MeV
B16p, X R16p, R16p, 212p,
\ Kda
1-pdM pih (1-a)Ay N B 64%
M1 (0.155) s
A | I
p12py, X’ P12py, Ad p12py, z:sz
Bi
A 0 0, 0. 36%
? ? 2 6.05 MeV
X"
pi2py pi2p, pi2py 208y

Fig. 7. The schematic decay of thoron as a daughter product from a thoron source (g). /rn, 41 and /4, are decay constants of >’Rn,
216Pb and 2'*Pb; X, X' and X" - attachment rates to aerosols; 2,* — deposition velocity of unattached ?'°Pb; 2,* — deposition velocity of
attached 2'°Po; P, — recoil probability from aerosol for 2!>Pb; a; — implantation probability of 2'?Pb.

eny could be used in the studies of different sur-
faces. Because the implantation mechanism is
much simpler in the case of thoron daughters these
kinds of experiments are adequate for the simula-
tion of the radon progeny implantation and
therefore will assist in obtaining realistic values for
the parameters used in the Jacobi model.
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