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Thoron exhalation rate can be obtained through the combination of the “accumulation cham-
ber” technique and RAD7. Thoron’s rapid decay causes the intake path and the air flow rate
to become important factors in calibration. In field conditions, since the flow rate of the inter-
nal pump in RAD7 will change as the voltage of the battery decreases, the big drying tube is
more suitable for a long measurement than the small drying tube. We developed the method
for recalibration of the thoron concentration reading of RAD7 based on the calibration factor
for 222Rn, and obtained the thoron exhalation rate from soil surface near by the Radon Labo-
ratory of the University of South China. This method can be applied to develop and improve
instruments for measuring the radon exhalation rate.
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INTRODUCTION

220Rn, also known as “thoron” is a natural decay
product of thorium. It has a half-life of 55.6 seconds
and emits alpha radiation. Indoor surveys in Europe
and Asia revealed that the dose contribution due to the
inhalation of 22°Rn and its progeny can equal or even
exceed that of 22?Rn and its progeny [1]. Nowadays,
the significance of 22?Rn has been recognized and the
interest in the measurement of the indoor *?°Rn con-
centration has been increased [2-4]. Major part of
220Rn comes from the top layer of the earth. Measuring
the exhalation rates for thoron indicates significant
presence of thoron in indoor environment which is
also supported by indoor measurements of thoron and
its progeny [5]. Thoron exhalation rate measurements
may be performed by the “accumulation chamber”
technique [6]. The experimental set-up for thoron ex-
halation rate measurement is conducted by a solid state
nuclear track detector. However, this method needs a
long time to obtain the results.

RAD7 is much less susceptible to radon-thoron
interference due to its ability to distinguish the isotopes
by their unique alpha particle energies. It separates ra-
don and thoron signals and counts the two isotopes at
the same time with a little interference from each other.
Some researchers had used RAD7 in a laboratory to de-
terminate the >’Rn and 2*°Rn exhalation rates from
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building materials, simultaneously [7]. As the manual
of RAD7 indicates, the RAD7 calculates thoron con-
centration on the basis of the count rate of the 6.78 MeV
alpha line of 2'°Po. Thoron’s rapid decay causes the in-
take path and the air flow rate to become important fac-
tors in calibration. The RAD7 factory calibration for
thoron is based on a standard RAD7 inlet filter, a stan-
dard 3-foot long, 3/16 inch inner diameter vinyl hose,
and a standard small (6 inch) drying tube. The thoron
concentration in the internal cell of RAD7 is about 50%
of the original sample; the thoron reading is intended to
compensate, already, for the loss of the sample by de-
cay. It means that the reading value of thoron concentra-
tion from RAD7 is the double of the real thoron concen-
tration in the internal cell. Deviation from this
arrangement can change the thoron results.

Generally, a small drying tube is suitable for
measuring thoron concentration. In this case, the
interspace volume of the small drying tube is so small
that can be ignored. The manual of RAD7 also indi-
cates that the big drying tube will last for days under
continuous operation at high humidity in the NOR-
MAL mode, before it needs regeneration. But the
small drying tube containing 30 g of desiccant will
last for only a few hours. The big drying tube is more
suitable for long measurements than the small drying
tube.

The manual of RAD7 indicates that RAD7 has
enough battery capacity to go for two to three days
without any external power source. So, RAD7 can be
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used to perform the thoron exhalation rate measure-
ments from soil surface in field conditions. However,
the flow rate of the pump will change as the voltage of
the battery decreases, and the big drying tube is more
suitable for long time measurements than the small
drying tube. In this paper, we will present the method
for recalibration of thoron concentration reading in or-
der to obtain the accurate thoron exhalation rate. All
the users of RAD7 can use this method and the data to
recalibrate the thoron concentration reading of RAD7
without a standard thoron source.

METHOD FOR MEASURING
THORON EXHALATION RATE
FROM SOIL SURFACE

The experimental set-up for thoron exhalation
rate measurement conducted by RAD7 is presented in
fig. 1. Because the linked pipeline is short, the thoron
concentration in the accumulation chamber is deter-
mined by the following differential equation
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where Cy is the thoron concentration in the accumula-
tion chamber, Cy — the thoron concentration in the in-
ternal cell of RAD7, J— the thoron exhalation rate, S —
the area of the chamber bottom, V' — the volume of the
accumulation chamber, V|, — the internal hose volume
from the internal cell to the accumulation chamber, L —
the flow rate of the pump, A — the decay constant of
thoron, A, — the chamber leakage coefficient, and A,
— the back-diffusion coefficient. JS/V presents the
yield of the thoron exhalation, (1 + A e +Ap)Cy pres-
ents the yield of the thoron decay, leakage and
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Figure 1. Thoron exhalation rate measurement scheme.
(the volume of the accumulation chamber is 4 L, the
interspace volume of the big drying tube and the pipe vol-
ume from the accumulation chamber to the inlet or
RAD7 is 450 ml, the internal hose and dust filter volumes
in the RAD7 is 29 ml, the volume of the internal cell of
RAD7is 0.723 L)

back-diffusion, (L/V)Cy presents the yield of thoron
drawn to the internal cell of RAD7 by the internal
pump, and (L/V)C Re_’1 To/L) presents the yield of
thoron sent back from the internal cell by the internal
pump.

As far as thoron exhalation rates are regarded,
the effects of leakage and back diffusion were not ob-
served and evaluated because of the short half-life of
thoron. The half-life is only 55.6 s and we confirm that

}« >>ﬂ'lcak +A‘b (2)
Since ¥, is small, eq. (1) can be predigested as
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According to the smooth flow equation [8], the
thoron concentration at the inlet of the RAD7, C}, can
be expressed as _h

C,=Cye * “4)

where V7 is the interspace volume of the big drying
tube and the pipe volume.

The sample decays slightly as it passes from the
RAD7 inletto the internal cell, and the air flow is also a
smooth flow and the internal cell inlet concentration,

C,, can be calculated as
VZ

C,=Cpe L (5)

where V), is the internal hose and dust filter volume,
which is 29 ml.

Within the RAD7 internal cell, the air flow is tur-
bulent. According to the turbulent flow equation [8],
the equilibrium thoron concentration, Cy, will be de-
termined by the formula

_AVﬁVz
C e L
Cr = : =Cy (6)
1+AV3 1+1V3

where V5 is the volume of the internal cell of RAD7.
Equation (6) is just the same as the formula given in the
manual of the RAD7.

When the thoron concentration in the accumula-
tion chamber reaches the steady-state,

=0 7
P (7
Thus, eq. (3) can be rewritten as
14 L
J=—|ACy +=(Cy -C 8
S [ v V( v —Cr )} ®)
Equation (6) can be rewritten as
1+ &
Cy =Cp—L_ )
Y R 7)VVI+V2
e L

By inserting eq. (9) into eq. (8) the following
equation is obtained
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THE METHOD FOR RECALIBRATION
OF THE READING OF RAD7 AND
ESTIMATION OF V;

The reading of thoron concentration from RAD7
is double of the real thoron concentration in the inter-
nal cell. Some researchers proposed that the measure-
ment sensitivity of the RAD7 for *?°Rn is about 30%
less than its sensitivity to 2?Rn. The reports of Japa-
nese Institute of Radiological Sciences (NIRS) indi-
cate that the calibration factor of the RAD7 for >*’Rn is
roughly 1.25-1.3 9, 10]. The reports of the University
of South China indicate that the calibration factor is
1.40[11]. In this paper, we determined that the calibra-
tion factor of RAD7 for 2°Rn is 1.35 and it is the mean
value of the reports of NIRS and University of South
China.

Thus, eq. (10) can be written as
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Akind of self-made thoron flow-through solid
source was used as thoron standard, which is stable
enough with a relative deviation of 2.5% over 5
year, with relative humidity range from 50% to 90%.
The emanation percentage of this thoron source is
96.5 + 3.0%.

For the including the interspace volume of the
big drying tube filled with desiccant, the accurate
interspace volume of the desiccant is not known. Fig-
ure 2 shows the solid flow-through thoron source [8]
was used to accurately measure the interspace volume
of the big drying tube and the pipe volume. /| can be
determined by eq. (12)

_W*%

Cr =% (12)

where is A4 is the thoron activity emanated from the
solid flow-through thoron source.

¥, =450mL (13)

Figure 2. V| measurement scheme

EXPERIMENT AND RESULTS

RAD7 with calibration factor for ??Rn of 1.12 is
used to perform the thoron exhalation rate from soil
surface measurement near by the Radon Laboratory of
the University of South China. The area of the cham-
ber’s bottomis 430 cm?, whereas the volume is 4 L; the
volume of the internal cell of RAD7 is 0.723 liters
(Provided by Dr. Derek Lane-Smith, the president of
DURRIDGE Company, Inc.); the decay constant of
thoron is 0.756 min~'.

The settings of RAD7 are as follows: cycle, 30
min; mode, sniff; protocol, thoron. Because there is no
external power source in field condition, this measure-
ment was performed only by the battery in the RAD7.
Since the flow rate of the pump changes with decreas-
ing of the battery voltage, we recorded the voltage of
the battery in each cycle, and obtained the flow rates of
the internal pump for various battery voltages, in the
laboratory.

Because sufficient time is needed for the thoron
concentration in the chamber and the internal cell of
the RAD7 to achieve equilibrium, the first datum is
discarded. Table 1 lists the experiment data and the
thoron exhalation rates obtained by eq. (11).

From tab. 1, we can find that the thoron exhalation
rates from soil surface are relatively stable when the
weather conditions are relatively stable. The average thoron
exhalation rate in two hours is 2.85 + 0.23 Bgs/m?.

Some researchers indicated that thoron diffusion
length in the air is very short (2.9 cm); therefore, in
usual chambers with dimensions of 10 cm magnitude
order, uniformity of thoron concentration is not feasi-
ble [6]. However, in tab. 1, a correlation between the
flow rate and thoron exhalation rate do not exist.
Maybe the internal pump of RAD7 forces the air mix-
ing in the accumulation chamber.
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Table 1. Experiment data and the thoron exhalation rates

Cycle Measured valgle x1.12 | Air pressure Temgerature Relation humidity | Battery voltage | Flow rate Thoron exbfllafzion rate
[Bg/m’] [hPa] [°C] [%] V] [mlmin_] [Bgs m ]
2 580 + 186 1017 8.4 73.2 6.18 430 2.70 + 0.87
3 542 £ 180 1017 6.7 78.7 6.12 415 2.65+0.88
4 556+ 182 1017 6.5 82.6 6.09 395 2.91+0.95
5 582+ 186 1017 5.9 83.1 6.06 385 3.15+£1.01
CONCLUSIONS [3] Calamosca, M., Penzo, S., A New CR-39 Nuclear

The alpha detector, which is much less suscepti-
ble to radon-thoron interference due to its ability to dis-
tinguish the isotopes by their unique alpha particle en-
ergies, can be used to measure the thoron concentration
in the “accumulation chamber” and the thoron exhala-
tion rate can be obtained. In field conditions, the flow
rate of the internal pump in RAD7 will change while
the voltage of the battery decreases, the big drying tube
is more suitable for long measurements than the small
drying tube. These parameters are very important for
measuring thoron concentration. Thus, the calibration
factor for thoron is not suitable to calibrate the thoron
concentration reading of RAD7. We developed the
method for recalibrating the thoron concentration read-
ing of RAD7 based on the calibration factor for 2>’Rn.
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Janmmanr TAH, letao KCUAO

METOJA PEKAJIMBPALIMJE RAD7 3A OYUTABAIE KOHHEHTPAIIMJE
TOPOHA U OJPEBUBAIE BP3UHE EKCXAJAIUJE TOPOHA
CA NNOBPUNIMHE 3EM/bMIITA

Bp3una excxanamuje TOpoHa MOXe ce OAPEAUTH KOMOMHAIMjOM “aKyMyJaluoHe KoMope” U
RAD7. TopoHnoB 6p3 pacmnaj] pa3Jior je 3allTo Cy IyTamka yHoca 1 Op3uHa IPOTOKA Bas3jlyXxa OUTHU (pakToOpH
3a Kanmbpanujy. Y TEepeHCKHM YyCIOBHMa, Op3WHAa MpOTOKa YHyTpamme mymmne y RAD7 mema ce
CcMambeHeM HalloHa OaTepuje, Te je BEJIMKa [EB 3a CYIISH-¢e MIOrOfIHUja 3a IyrOTpajHa Mepema y OMHOCY Ha
KpaTKy 1ieB. Pa3Bumu cMo MeTofy 3a pekanuopalyjy ounTaBamka KOHIEHTpallje TOPOHA 3aCHOBAaHY Ha
Kanu6panuonoM ¢akTopy 3a *?Rn u ofipeuiu Gp3uHY eKcxanalyje ca MOBPIIMHE 3eMI/bHIITA Y GIU3HHHA
Pagoncke naGoparopuje YuuBep3urera Jyxkae Knne. OBa MeTofa MOKe ce IPUMEHHTH 32 pa3BUjambe U
yHanpebeme nHcTpyMeHaTa 3a onpebuBame Op3uHe ekcxananuje pajoHa.

Kmwyune peuu: 6p3una excxanrayuje ilopona, semmpuuuitie, RAD7




