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TECHNICAL DATA

The Levelsof Indoor Thoron and ItsProgeny in Four Areasin China
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Small surveys on thoron, radon and their progeny were carried out in four areas in China. Both high thoron con-
centrations near to walls and high thoron progeny concentrations were found in some dwellings through the surveys.
It is suggested from the limited data that attention shall be paid to the exposure from the inhalation of thoron and its
progeny in some kinds of dwellings or areas, and much works on thoron study in detail is necessary.
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I. Introduction in some special areas. This paper summarizes a preliminary

Radon-220, commonly called thoron, is an isotope oqusults of local surveys on thoron, radon and their progeny.

radon. Thoron is a natural product of thoriug¥aTh) se- .
ries, and produced in the earth’s crust, such like sail, rocl@' Materialsand Methods
and also in building materials. Thoron also can migrate to the M easurements of Thoron and Radon Concentrations
earth’s atmosphere, exist both indoors and outdoors, and carmrhe measurements of thoron and radon concentrations
be inhaled, mainly its progeny, into our body through breathwere carried out by passive integrating Rn—Tn cup monitors
The international database on radé#fign) and its progeny with solid state nuclear track detectors (SSNTD) of CR-39.
has improved steadily since 1970s, while representative datie monitors were developed by Nagoya University, Japan,
on thoron and its progeny are still scare or non-existent iind more detailed technical information on the monitors is
some areas. The main reason leading to this situation is thfown in lidaet al.®) Since the distribution of thoron concen-
the levels of thoron and its progeny are considered to be vemtions depends on the distance from its sources, Rn—Tn cup
low due to the short half-life of thoron (55.6s), and the dosgonitors were located in the places 5-20 cm far from walls
contribution from thoron and its progeny to the public woulduniformly during our surveys. After having been exposed for
be ignored compared with that from radon and its progeny i® months, the CR-39 detectors were sealed by an aluminium
natural radiation protection filed. As the half-life of thoronpag and then were etched for 5h at80n 6.25 N NaOH so-
progeny ¢'?Pb, 10.64h) is much longer than that of radonution in laboratory. Thoron and radon concentrations can be
progeny, and the alpha energy emitted from thoron progericulated as follows:

is high f*?Po, 8.78 MeV), the effective dose per unit equilib- Ngn — B

rium equivalent concentration of thoron progeny is near 4.4  Qrn= =g — " 1)
times higher than that of radon progenyn the report of UN- Rn

SCEAR 1993 the annual effective dose from thoron andits ~ Qq, = M, )
progeny was evaluated to beZSv, only 6% of that of radon ChmxT

and its progeny. The annual effective dose from thoron anthere Nr, and Np, is etched-track densities of radon
its progeny was evaluated to be up to 9% of that of radon arhd thoron cup monitors (trackscf); B is the back-
its progeny in the report of UNSEEAR 2060. ground track density of CR-39 (tracksch), CFgr, and

In the early years of 1990s, however, some high thoro@ Fr,, the calibration factors of Rn and Tn monitors, are
concentrations were reported in the traditional Japanese stf#d 7x 10-3tracks cnr? (Bg-m~3-h)~* and 06x 1072 tracks
wooden house with mud/soil walls, and the potential risk ofm~2 (Bg-m~3-h)~%, respectively. Andr is exposure time in
indoor thoron and it progeny was indicated). People begin h.
to pay more attention to thoron and its progeny in recent yearsFrom the point of view of dose evaluation, the contribution
world widely. In China, as pointed o2,232Th contents of from thoron can be ignored compared with that from thoron
both in soil and in some building materials widely used ar@rogeny, the integrating measurement of equilibrium equiva-
high, and brick made of coal cinder or made of soil is stillent concentration (EEC) of thoron is desired and enough as
the main building materials nationwide. It is suggested thavell for dose evaluation generally. However as for integrat-
thoron and its progeny may be a significant indoor pollutaring measurement for investigation, only the passive integrat-
in some regions or some specific dwellings. The purpose ofg Rn—Tn cup monitors mentioned above was well studied
our study is to see the outline of thoron and its progeny levend applied at the early stage of thoron research. In the other
hand, thoron levels is also an important reference to know the
source as well. Both thoron concentration and the concentra-
tion of its progeny were investigated in our small survey.

*Corresponding author, Tel86-10-6275-5403,
E-mail: gjguo@pku.edu.cn

799



Downloaded by [Peking University] at 23:03 20 March 2014

800 Q. GUOet al.

@ Bei jing
@ Guangzhou
® Zhuhai

@ Pingliang

Fig. 1 The locations of the four survey areas in China

2. Measurements of Thoron and Radon Progeny the table. It is necessary to point out here that there is no
The equilibrium equivalent concentration (EEC) of radortlirect relationship between indoor concentrations of thoron

and thoron were measured by counting all the alpha particles its progeny and sof®2Th contents. There are some other

deposited on the sampling filter. The flow rate of samplingactors affecting on thoron exhalation, such as porosity, grain

was 004 n?-min—1. For EEC of radon, we counted from 7 to size, moisture of the surface of building materials, are more

10 min after 5min sampling; for EEC of thoron, we countedmportant tharf*2Th contents.

for 10 min from 217.3 min after 10 min sampling. The EEC The measurements of thoron and radon progeny were per-

of radon and thoron was calculated as follows: formed both indoors and outdoors in Beijing, Zhuhai and
ingli hou.
EEGay = (403 x Nr_10)/(13.000x 3.77F V), Pingliang areas except Guangzhou
EEGH = (94 x N217-229/(13,000x 0.275FV), I1l1. Resultsand Discussions

wheren is the counting efficiency of detectdF, is the col- 1. Thoron and Radon Concentrations
lecting efficiency of filter including self absorptiok, is the The result of thoron and radon concentrations in
flow rate of samplingN7_10andNy17_207are counts from 7 to - Guangzhou city was shown in detail Tiable 2. The range of
10 min and from 217 to 227 min after sampling, respectivelytadon concentrations was from 28.1-Bqy° to 138.5 Bgm~3,
and the average concentration during the measuring period
3. Protocols of the Survey on Thoron, Radon and Their  was 612+28.8 Bgm~3. For thoron concentrations, it varied
Progeny from 46.6 Bgm~ to 531.0 Bgm~3, and the average concen-
The locations of the four survey areas of our survey angation was 19841634 Bgm~2, around the places 10cm
shown inFig. 1. Beijing is a big city in the North of China, from walls.
and Guangzhou and Zhuhai are both big cities of Guangdonglt suggested from Table 2, in despite of the number of the
province located in the South of China. Comparatively withiwelling measured were still very limited, that the dwellings
the three big cities with large population density, Pingliangvith the brick made of coal cinder have a trend toward a
is a rural area of Gansu province in the Northwest of Chindigher radon and thoron concentrations than the dwellings
and the main style of dwellings in the area is cave. There igith other building materials. Coal is the main natural re-
generally no decoration in the interior surface of walls. Thgource in China, and coal cinder, as a component of build-
building materials widely using in the area is adobe, the suimg materials, is getting widely used during recycling in re-
dried mud brick. cent years. The representative value?$Th contents in
The outline of the survey is shown ifeble 1. For ref- the brick made of coal cinder nationwide was reported to be
erence, soiP*’Th contents in each area were also shown i80Bgkg 18 in China. On the other hand, tHé&2Th con-
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Table 1 The outline of the local surveys on Tn and Rn concentrations

Soil 223Th contents in

Areas Measuring period Dweliings  the areas (Bég )"
number
Mean Range
Beijing July—Dec. 1998 10 34.1 17.0-63.0
Guangzhou Nov. 1997-Feb. 1998 17 80.4 15.5-152.7
Zhuhai Mar.—Sep. 1999 54 193.0 11.0-644.5
Pingliang Nov. 1996-Dec. 1997 24 42.4 16.4-105.5

Table 2 Tn and Rn concentrations in different dwellings in Guangzhou city

; —3
Building materials Decoration of  Concentration (Ban™)

No. of walls wall surface 220Rp 222Rp
1 Red brick Latex paint 52.2 46.9
2 Red brick Calcareousness 49.4 42.8
3 Red brick Lacquer 49.4 43.0
4 Red brick Calcareousness 64.7 52.3
5 Red brick Lacquer 149.6 50.1
6 Red brick Latex paint 303.3 43.8
7 Red brick Calcareousness 357.9 28.1
8 Red brick Calcareousness 258.2 46.3
9 Red brick Latex paint 46.6 56.4
10 Concrete Wood block 122.2 63.6
11 Concrete Wood block 46.9 84.1
12 Concrete Wood block 50.8 51.6
13 Brick made of Lacquer 429.7 117.0
coal cinder
14 Brick made of Wood block 93.9 36.2
coal cinder
15 Brick made of Lacquer 208.2 75.8
coal cinder
16 Brick made of Latex paint 531.0 64.2
coal cinder
17 Brick made of Lacquer 429.7 138.5
coal cinder
AveragetSD 1908+1634 612+288

tents of brick made of clay and concrete was reported to bate to approve it.
63Bgkg~! and 38 Bakg !, respectively. It is important to It is necessary to point out here that all the thoron con-
notice that the wide use of coal cinder in dwelling construceentrations given in Table 3 was around the places very near
tion is possible to enhance the exposure level from naturld walls (5—-20 cm). Unlike the spatial distribution of radon
radiation. concentrations in dwellings, thoron concentrations is in expo-
Thoron and radon concentrations of the four areas is showential decrease with the distance from the walls due to its
in Table 3. High thoron concentrations were found inshort half-life2* Furthermore, for the very limited dwellings
Guangzhou, Zhuhai, where the sGATh contents of the areas numbers, we do not think the results shown in Table 3 is the
are rather high as showing in Table 1. The most highest thoroepresentative data of the areas. It should be careful while
concentration was found in the cave dwellings in Pingliangomparing thoron concentrations obtained in different envi-
area, Gansu province, whereas tf&@h contents both in soil ronmental surveys.
and in building materials are not high (427.6 Bgkg™),
however. The walls of the cave dwellings in Pingliang are@. Concentrations of Thoron and Radon Progeny
were made of mud or adobe, the sun-dried mud brick. As Equilibrium Equivalent Concentrations (EEC) of thoron
mentioned above, there was nearly no any decorating in th@d radon both indoor and outdoor air were surveyed in Bei-
surfaces of walls, it may make thoron exhaling from buildinging, Zhuhai and Pingliang except Guangzhou, and the results
materials easily. This may be the reason of the high thoraare shown inTable 4. We can see from the table that in the
concentration in cave dwellings, still there is no exhalatiofour areas, the levels of thoron progeny in dwellings is 3-9
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Table 3 Tn and Rn concentrations of the local surveys

Dwellings Tn concentrations (Bq—3) Rn concentrations (Bq~3)
Areas
number Range Average Range Average
Beijing 10 <LLD-106.5 56.4 12.6-106.1 24.6
Guangzhou 17 46.4-531.0 190.8 28.1-138.5 61.2
Zhuhai 54 25.0-827.0 127.9 16.6-245.2 60.4
Pingliang 24 <LLD-1,326.4 493.5 18.9-148.6 71.6
Table 4 Equilibrium equivalent concentrations (EEC) of Tn and Rn
Areas Dwellingsor ~ EECm (Ba:m™) EEGan (Ba-m™)
point number  \jean Range Mean Range
Indoors
Beijing 15 0.9 <LLD-3.08 12.3 1.4-483
Guangzhot! 80 11 0.1-4.3 106 1.9-22.2
Zhuhai 14 2.7 0.3-4.7 204 2.2-93.2
Pingliang 8 2.0 0.4-5.9 86 2.7-57.0
Outdoors
Beijing 31 0.4  <LLD-0.9 48 1.1-14.7
Guangzho® 20 06 <LLD-0.8 8.8 3.9-12.0
Zhuhai 11 0.8 0.1-1.2 123 15-17.3
Pingliang —
Table 5 The estimated annual effective do$g) {n each areas
Rn progeny Tn progeny Dose radio of
Areas Tn progeny to
EEC(Bgm™3) E(mSv) EEC(Bgn®) E(mMSV) Rrp progeny
Beijing 123+8.9 0.78 09+1.3 0.25 0.32
Guangzhou 16+1.3 0.67 19+0.1 0.53 0.79
Zhuhai 204+216 1.29 27+0.9 0.76 0.59
Pingliang 86+8.6 0.54 20+1.0 0.56 1.04
times higher than the world averay®,0.3 Bgm3. (2) Exposure from the Inhalation of Thoron Progeny
To evaluate the radiation exposure from radon progeny,
3. Dose Evaluation equilibrium factor between radon and its progeny is often
(1) Exposure from the Inhalation of Thoron used to estimate radon progeny. However, different proce-

The ratio of the effective dose conversion factor for thorowlure should be followed in the case of thoron and its progeny
to that for its progeny is 3/1,000 according UNSCEAR Reporgince the different distribution pattern between thoron and its
1993, so the exposure from the inhalation of thoron itself caprogeny. For a precise assessment of the thoron progeny ex-
be ignored generally. However in some special environmemgpsure, the data obtained from direct progeny measurements
for example the cave dwellings in Pingliang area, thoron comare preferred.
centration near walls can be as high as over 1,000B% A brief calculation of exposure from the inhalation of
and bed is often placed near walls. If a person is 8 h daily ithoron, radon progeny in dwellings was tried as follows:
such an environment, the effective dose caused from the in- Er — EEGr x fre x T 3)
halation of thoron gas would be 0.32m@v?'. Unlike the i 2 T 2
inhalation of radon gas, the rather long half-life of thoron Ern= EEGgn X fran x T, (4)

12 212n;i H
progeny {?Pb, 10.64h?"*Bi, 60.6 min) makes the exposure where the conversion factoffs,, and fr,, were adopted as 40

e L o 1 tieing 5 (e ) o thoro and radon, espectvel
P 9, gans, he exposure timd is 6,720 h for the occupancy factor in-

ney, liver or born marrow. door is assumed to be 0.8. The results was showralie 5.
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It is indicated that in Guangzhou and Zhuhai, the dose cofliation exposure.
tribution from thoron progeny is over half of that from radon
progeny, and in the cave dwellings in Pingliang area, the dogecknowledgment

contribution from radon and thoron are nearly the same. Even.l.he work reported here was founded by the State Key Lab

though the survey is small and the data is limited, the resul& article Technology and Radiation Imaging of Tsinghua
suggested it is necessary to pay attention to the presenceLRﬁ?/ersity

high thoron progeny in some areas for accurate dose assess-
ment in radiation protection field.
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