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The results of measurement of atmospheric radon concentration in Beijing, China, are reported. Continuous observation was
performed hourly throughout 2003 to provide data on annual average radon concentration as well as the variation of radon
concentration. An arithmetic annual mean value of 14.1+5.5 Bq m > was obtained. The value was slightly higher than the
world average and the national average. For the monthly average radon concentration, the maximum was 18.5 +5.0 Bq m~3
in November, while the minimum was 9.9 +4.1 Bq m > in May. Diurnal variation was also observed, and the average daily
pattern of radon concentration consisted of a minimum in the late afternoon and a maximum in the early hours of

the morning.

INTRODUCTION

Radon (**Rn) is the gaseous radioactive decay
products of the radium isotope **Ra, which is
present in all terrestrial materials. Over the past
few decades, there has been an increased scientific
interest in the study of environmental radon. One of
the main reasons is the health hazard associated with
it, another is its widespread use as an environmental
tracer"?. The atmospheric radon levels in China
have been measured and reported previously>¥,
however, nearly all the results reported were
obtained by grab sampling. Considering the variation
in atmospheric radon concentrations, a continuous
measurement was essential for the evaluation of
outdoor radon levels.

A project named Measurements of Radon as a
Tracer of Air Pollutants in East Asia was started
several years ago, and the measurement of atmo-
spheric radon concentrations at various locations in
east Asia have been carried out. Being a member
of the project, an Electrostatic Continuous ***Rn
Monitor (ERM) was installed in our laboratory,
and a continuous measurement of atmospheric
radon concentration was was carried out. All the
data measured throughout 2003 in Beijing were ana-
lysed and reported in this paper. Both the seasonal
as well as diurnal variation were discussed.

METHODS AND MATERIALS
Observation location

Atmospheric **?Rn concentrations have been con-
tinuously observed in our laboratory which is
located on the fourth floor (15 m from the ground)
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of the building (39.59°N, 116.19°E). Outdoor air
was pumped continuously into the radon monitor.
There were no closely located buildings in the vicin-
ity. Unlike indoor 222Rn concentrations, atmos-
pheric *?Rn levels are influenced by the radon
flux rate from the ground and the meteorological
conditions of the local area; therefore, it could be
said that the atmospheric air that is characteristic
of Beijing, a city in the northern part of China,
was sampled.

Continuous radon measurement equipment

Atmospheric radon concentrations were sampled
and measured with the Electrostatic Radon Monitor
(ERM-BI1) which is illustrated in Figure 1*®. Out-
door air was pumped continuously into the monitor
and filtered with a cellulose nitrate membrane filter
(pore size 0.8 pm) to remove aerosols and atmo-
spheric radon decay products and then dried with
P,O5 powder before being passed into a 16.8 1 hemi-
spheric vessel. Radon decays inside the vessel and
positive 2'®Po ions are collected electrostatically on
the electrode of aluminised Mylar coated with a
ZnS(Ag) scintillator. The scintillations due to alpha
particles are detected by a photomultiplier tube. The
scintillation pulse, which is amplified and processed,
is then fed into a computer. Radon concentrations
are calculated automatically every hour from the
accumulated alpha counts.

RESULTS AND DISCUSSION

Atmospheric radon concentrations in Beijing were
continuously observed throughout 2003, and aver-
age hourly radon concentrations were measured
using the ERM-BI1. The variability in the hourly
radon concentrations for January is illustraded in
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Figure 1. The electrostatic radon monitor (ERM).
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Figure 2. Hourly radon concentrations in January 2003.

Figure 2. It should be pointed out here that the
measurement of data for August and September
were not completed because of some hindrances;
however, typical monthly data could be obtained
and the annual variation tends were still clear.

Diurnal variation

The monthly average concentration at each time
point was calculated to evaluate diurnal variation,
so that 24 data, on an average day of each month
was obtained to show the diurnal trends, and the
result was shown in Figure 3 (except for August
and September when the data was incomplete). The
diurnal variation of radon concentrations for each
month showed the same pattern: a minimum in the
late afternoon (16:00 to 18:00) followed by a

maximum in the early hours of the morning (6:00
to 8:00). The lowest concentration of the year
was 2.7 Bq m~® in May, while the highest was
40.4 Bq m > in October. Furthermore, the curve
from 14:00 to 20:00 shows a moderate variation indi-
cating a limited variation of radon concentrations.

On the other hand, annual variation was also
shown in Figure 3. The curves for October and
November were at the top of the figure, whereas
the curves for April and May were at the
bottom.

In addition, for a detailed analysis of diurnal var-
iation, the frequency distribution of both the mini-
mum and the maximum appearances at different
time points were analysed statistically and the results
are shown in Figure 4. The percentage of the mini-
mum appearances in the period from 16:00 to 18:00
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Figure 3. Diurnal variation based on an average day of each month (except for August and September).

50

45 F

ONaxima EMinima

40
B r
30 1
25

Frequency

a0 r
15
10

; I
; RIS )

01 2 3 4 5 6 7T 8 91011 1213141516 171819 20 21 22 23

Time

Figure 4. Frequency distribution of daily maximum and minimum appearances in 2003.

was 37.2%, whereas the percentage of the maximum
appearances from 6:00 to 8:00 was 31.2%. It was
noticed that both the minimum and the maximum
appearances during the period between 23:00 and
24:00 also had a rather high frequency, ~13% and
10%, respectively.

Seasonal variation

From all the data measured in 2003 it was ascer-
tained that average radon concentrations were
higher in October and November but lower in

April and May. The average radon concentrations
for each month is shown in Figure 5. The average
annual radon concentration was 14.1 +5.5 Bq m~>
(arithmetic mean), which was higher than the world
average'® and the reported national average®® of
10 Bq m . The maximum was ~18.5+ 5.0 Bq m >
in November, while the minimum was ~9.9+
4.1 Bqm~ in May.

Figure 6 gives the frequency distribution at each
radon concentration interval for monthly radon
concentrations in 2003. The same results can be
obtained for monthly radon concentration.
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Figure 5. Monthly average radon concentrations in 2003.
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Figure 6. Frequency distribution of radon concentrations for each month in 2003 (except August and September).

CONCLUSIONS

From the continuous measurement data in 2003,
average annual atmospheric radon concentration in
Beijing was found to be 14.1+5.5 Bq m~ (arith-
metic mean), while monthly concentrations varied
between a maximum in November and a minimum
in May. Although diurnal variation patterns also
varied according to the prevailing meteorological
conditions, hourly radon concentrations tended to
be at a maximum in the early morning and at a
minimum in the late afternoon.

The process of continuous measurement is still
being carried out and presently the effect of meteor-
ological conditions on atmospheric radon concentra-
tions is being studied.
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