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Abstract
The variation of Rn concentrations in 134 o$ces with di!erent covering materials cladded on
internal building surfaces, including walls, ceilings and #oors, were measured. The three
commonest combinations (87 sites) of covering materials for the walls, ceilings and #oors in
Hong Kong are (A): wall paper, "bre board, carpet; (B): paint, paint and plastic tile and (C):
paint, "bre board, plastic tile. The average Rn concentrations for combinations (A) and (B) were
about the same, while that for combination (C) was signi"cantly lower than those for (A) and
(B). A person working in an o$ce with combination (C) can receive an average annual
tracheobronchial equivalent dose smaller than one working in an o$ce with combinations (A)
and (B) by an amount as large as 0.8 mSv.  1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Comprehensive studies on the sources and the health e!ects of environmental Rn
have been carried out following the linking of Rn and lung cancer. Surveys on the level
of environmental Rn in Hong Kong showed that the levels here are signi"cant (Yu,
Young, Stokes, Luo & Zhang, 1992; Yu, Young & Li, 1996b; Yu, Young, Stokes, Guan
& Cho, 1997; Yu, Young, Stokes & Tang, 1998). Extensive e!orts were made to
identify e$cient mitigation methods to remedy the situation, which included applying
ion generators, employing air conditioning, providing smoke-free working environments and using lightweight concrete in the building industry (Yu, Guan, Liu, Young,
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Stokes & Cheung, 1995a,b; Yu, Young, Guan & Liu, 1996a; Yu, Young, Stokes & Lo,
1996d; Yu, Young, Stokes & Tang, 1996e). In a previous investigation (Yu, 1993),
the e!ects of typical covering materials used in Hong Kong on the Rn exhalation
rate from concrete surfaces were studied in the laboratory. These covering materials
were wall paper, plaster, ceramic mosaics and glazed ceramic. It was found that
some covering materials could satisfactorily inhibit the Rn exhalation and reduce the
corresponding indoor Rn concentration. Nevertheless, it was remarked that care
should be taken in transferring the results to real buildings, and we should not
be over-optimistic that the results would be as good as expected when such covering
materials are actually applied to internal surfaces of real buildings.
In the present work, Rn concentration and the total potential a energy concentration of Rn progeny (PAEC) for 134 o$ces with typical covering materials on internal
building surfaces, including walls, ceilings and #oors, were surveyed, in order to
identify realistic e!ects of covering materials on the indoor Rn properties. There were
three objectives. First, the major combinations of covering materials for the walls,
ceilings and #oors in Hong Kong were identi"ed. Second, the di!erences in the
average indoor Rn concentrations for sites with di!erent combinations of covering
materials for the walls, ceilings and #oors were found. Third, the average annual
tracheobronchial equivalent dose were calculated using di!erent contemporary
dosimetric lung models.
While it was believed that only the Rn concentrations (or the Rn exhalation rate
from building surfaces) would be a!ected by di!erent covering materials, the PAEC
was used together with the Rn concentration to calculate the equilibrium factor F,
which cross-checked whether the variation in the Rn concentrations could be solely
attributed to the di!erent covering materials (see discussions below).
2. Materials and methods
The experiments were carried out in the summer and autumn months
(July}December) in 1995 and 1996. A total of 134 o$ces were surveyed on a random
basis. The air sampling points were chosen to be as stagnant as possible; i.e., they were
away from windows, doors and air-conditioning units, since the concentrations of Rn
and its progeny would be greatly in#uenced by air #ow. The three-count "lter method
or the modi"ed Tsivoglou method (Thomas, 1972) was employed using the Thompson}Nielson TN-WL-MS "lter with a diameter of 22 mm. The time for collection
was 30 min. An air #ow rate of 8 l min\ and thus a screen face velocity of 35 cm
s\ were employed. The counting periods of 2}5, 6}20 and 21}30 min were employed
after the end of sampling, giving counts N , N
and N
, respectively. The
   
 
PAEC is then calculated by
1
PAEC" (0.0490N !0.0196N
#0.0374N
),

 
 
veg

(1)

where v is the air #ow rate (l min\), e is the e$ciency of the "lter paper and g is the
instrumental detection e$ciency of a particles. The "lter was counted by the Canada
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RDA-200 Rn/Rn progeny detector. The Rn concentration was also measured by the
RDA-200 detector, with the sampled air being drawn through the "lter into the ZnS
scintillation cell with a volume of 160 ml, and counted for 30 min after a waiting time
of 30 min to allow equilibrium. At each site, the Rn concentration and PAEC were
simultaneously measured.

3. Results
Within the 134 surveyed o$ces, 11 sites were either on the ground #oor or with
natural ventilation. Since the sites on the ground #oor have larger indoor Rn
concentrations due to the additional Rn source in the soil under the building, and the
sites with natural ventilation have smaller indoor Rn concentrations due to higher air
exchange with outdoor air (Yu, Young & Li, 1996c; Yu, Young, Stokes & Tang, 1998),
these sites were excluded in our analysis. It is a common practice in Hong Kong that
the air-conditioned o$ces have all their windows closed all the time, even after o$ce
hours when the air-conditioning is switched o!.
The majority (87) of the remaining 123 sites had one of the three combinations of
covering materials described below. The commonest combination (62) of covering
materials for the walls, ceilings and #oors was (wall paper, "bre board, and carpet,
respectively). The second (13) and third (12) common combinations were (paint, paint
and plastic tile) and (paint, "bre board and plastic tile), respectively. These are hereafter
referred to as combinations (A), (B) and (C). Other combinations included (paint, "bre
board, carpet) with 7 sites, (paint, paint, ceramic tiles) with 4 sites, (paint, paint, carpet)
with 4 sites, etc. In the present paper, wall paper refers to plastic-lined wall paper.
Only the 87 sites for combinations (A), (B) and (C) were considered because the
sample sizes of the other combinations were not large enough to give good statistics.
The experimental data of the Rn concentration and the PAEC obtained from direct
indoor measurements for these 87 sites are shown in Table 1, from which the
equilibrium factor F has also been calculated. Simple observations reveal that the
equilibrium factors for the three combinations are commensurate with each other.
This is in fact an expected and desired result, because the covering materials should
only a!ect the Rn exhalation and thus the indoor Rn concentration and PAEC, but
not F. Signi"cantly di!erent F values show that there are factors other than the

Table 1
The radon concentration (RC), PAEC and equilibrium factor F for o$ces with di!erent covering materials
for walls, ceilings and #oors
Combination Wall

(A)
(B)
(C)

Ceiling

Wall paper Fibre board
Paint
Fibre board
Paint
Paint

Floor

Sites

RC
(Bq m\)

PAEC
(mWL)

F

Carpet
Plastic tile
Plastic tile

62
12
13

50.30$30.66
52.09$29.11
32.69$11.23

5.25$5.45 0.41$0.28
5.66$4.00 0.39$0.11
3.29$1.54 0.37$0.08
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Table 2
The signi"cance level (%) for di!erence in Rn concentrations for o$ces with di!erent combinations of
covering materials
Comparisons between

Signi"cance level (%)

(A) and (B)
(A) and (C)
(B) and (C)

15.1
99.9
95.2

covering materials which are a!ecting the Rn properties, such as meteorological
conditions (Yu et al., 1996c, 1997).
On the other hand, a clear picture of the di!erence among the Rn concentrations of
the three combinations can only be made by performing t-tests on the data. The
results of the t-tests are shown in Table 2. Here the signi"cance level (%) for di!erence
in Rn concentrations for o$ces with di!erent combinations of wall covering materials
are shown. From Table 2, it can be observed that the average Rn concentrations for
combinations (A) and (B) are about the same, while that for combination (C) is
signi"cantly lower than those for (A) and (B).

4. Annual tracheobronchial equivalent dose
The annual tracheobronchial equivalent doses (mSv y\) from Rn for people
working in o$ces with di!erent combinations (A)}(C) of covering materials were
calculated for di!erent common lung dose models, including the Jacobi}Eisfeld (J}E)
model (Jacobi & Eisfeld, 1980), the James}Birchall (J}B) model (James, Greenhalgh
& Birchall, 1980), the James model (James, 1988) and the model of the National
Research Council (1991) (NRC model).
For the J}B and J}E models, the formulae for the conversion factors were taken
from the Nuclear Energy Agency (1983), i.e., (5.0#62f ) and (5.3#15f ) mGy


WLM\. For the James model, the formula was given by James (1988) as
¹
"f D #(1!f )D (mGyWLM\),
(4)
2\
 

where D and D were the dose conversion factors for unattached and attached

progeny, which were 150 and 7 mGy WLM\, respectively, for Rn progeny. For the
NRC model, Eq. (4) was still valid. The dose conversion factors for Rn progeny for an
adult male under light exercise were adopted for comparison. In particular, factors
corresponding to the nasal deposition according to Cheng, Swift, Su and Yeh (1989)
and corresponding to an AMD of 0.15 lm for attached progeny were used. Under
such conditions, D and D were 80.9 and 7.86 mGy WLM\, respectively.

The average unattached fraction of 0.13 (Yu et al., 1998) was employed in all the
calculations. The annual tracheobronchial equivalent doses calculated for these lung
dose models are shown in Table 3. It can be seen that the values vary to a great extent,
and the more recent models give greater values. A person working in an o$ce with
combination (C) receives an average annual tracheobronchial equivalent dose smaller
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Table 3
Annual tracheobronchial equivalent doses (mSv y\) calculated for o$ces with di!erent combinations of
covering materials
Combination

NRC

James

J}B

J}E

(A)
(B)
(C)

1.28
1.38
0.80

1.89
2.04
1.19

0.97
1.04
0.61

0.39
0.42
0.24

than one working in an o$ce with combinations (A) and (B) by an amount as large as
0.8 mSv when using the James model, which is a signi"cant value.

5. Conclusions
(1) The three commonest combinations of covering materials for the walls, ceilings
and #oors in Hong Kong were (A) wall paper, "bre board and carpet; (B) paint, paint
and plastic tile and (C) paint, "bre board and plastic tile.
(2) The average Rn concentrations for combinations (A) and (B) were about the
same, while that for combination (C) was signi"cantly lower than those for (A) and (B).
(3) The annual tracheobronchial equivalent doses from Rn for people working in
o$ces were calculated using di!erent common lung dose models. It was found that
a person working in an o$ce with combination (C) could receive an average annual
tracheobronchial equivalent dose smaller than one working in an o$ce with combinations (A) and (B), by an amount as large as 0.8 mSv when using the James model.
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