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Abstract

Among various indoor air pollutants, radon is a ubiquitous and imperceptible substance that has
long-term harmful effects on the human body; however, it can be effectively removed through
indoor/outdoor air exchange. In this study, we collected data on the variations in indoor radon
levels caused by airtightness performance, window opening, and bathroom exhaust fan
operation. The levels of indoor radon fluctuated more irregularly in less airtight conditions,
while the highest concentrations were observed in an apartment house with good airtightness
performance (<1.5 ACHS50). Opening the windows to allow for cross ventilation during the first
hour of the experiment significantly increased the removal efficiency. The percentage of
removal increases as the size of the window opening increases. Nevertheless, accidental
variations in ventilation volumes brought on by weather-related factors, such as wind,
temperature, and air pressure, makes this unmaintainable. The indoor radon levels of the entire
apartment house did not significantly change when the bathroom exhaust fan was operating.
Smaller areas, such as a single bedroom, can have their indoor radon concentrations reduced to
less than 100 Bg/m’. This implies that in situations where the ventilation system is inadequate,
the bathroom exhaust fan can function as a substitute instrument.

Keywords: AU 2h=(Indoor radon), -5-&El(Apartment house), 7|8 d-5(Airtightness
performance), %2 7H%(Window opening), €4 i 7] (Bathroom exhaust fan), 24571
Z(Indoor air quality)
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Fig. 1 The floor plan of an apartment house for experiments
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Table 1 Basic information of continuous radon measurement
Items Specifications
Instrument RAD7 (Durridge, USA)
Principle of operation  Electrostatic collection of alpha-emitters with passivated ion-implanted planar silicon detector
Flow rate Typically 800 mL/min for sample pumping
Measurement accuracy  +5% absolute accuracy (0 ~ 100% RH)
Nominal sensitivity ~ 0.0067 cpm/(Bg/m’) at Sniff mode
Intrinsic background 0.2 Bg/m’ or less
Measurement range 4.0 ~ 750,000 Bq/m’
Operating range Temperature 0 ~ 45°C, Humidity 0 ~ 100% (non-condensing)
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o FF5H o= AeE AT
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Table 2 Experimental conditions and parameters for measuring indoor radon variations

Parameter Indoor radon level Description
< 1.5 ACH50
Typical level (about 148 Bg/m®) 2.0 ~ 3.0 ACH50
Airtightness 4.0 ~5.0 ACH50
< 1.5 ACH50
Elevated level (higher than 300 Bq/m”) 2.0 ~3.0 ACH50
4.0 ~5.0 ACH50
) ) slightly opened (0.15 m?)
Xﬁii}‘:&ﬁ;ﬁﬁi Typical level (about 148 Bg/m”) halfly opened (0.45 m?)
fully opened (0.75 m?)
Typical level (about 148 Bq/n’) without exhaust fan motor operation
Bathroom exhaust fan operating fan motor continuously

. 3 without exhaust fan motor operation
Elevated level (higher than 300 Bq/m”) ) )
operating fan motor continuously
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Table 3 A statistics of indoor radon concentrations with various airtightness performance

(a) at the typical level of indoor radon

Airtightness < 1.5 ACH50 2.0 ~3.0 ACH50 4.0 ~5.0 ACH50
Arithmetic mean 147.3 Bg/m’ 149.5 Bg/m’ 143.5 Bg/m’
Median 148.0 Bg/m’ 151.0 Bg/m’ 146.0 Bg/m’
Standard deviation 19.4 Bg/m’ 26.5 Bg/m® 24.7 Bg/m®
Minimum 103.0 Bg/m® 86.0 Bg/m’ 82.0 Bg/m’
Maximum 191.0 Bg/m® 208.0 Bg/m’ 202.0 Bg/m’

(b) at the elevated level of indoor radon

Airtightness <1.5 ACH50 2.0 ~3.0 ACH50 4.0 ~5.0 ACH50
Arithmetic mean 295.3 Bg/m’ 276.6 Bg/m’ 335.9 Bg/m’
Median 297.5 Bg/m’ 267.0 Bg/m’ 339.5 Bg/m’
Standard deviation 67.3 Bg/m’ 73.7 Bg/m® 95.1 Bg/m’
Minimum 122.0 Bg/m’ 114.5 Bg/m’ 141.0 Bg/m’
Maximum 479.0 Bg/m’ 472.5 Bg/m’ 535.0 Bg/m’
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Fig. 2 Time series patterns of indoor radon concentrations at different levels of airtightness performance
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