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INTRODUCTION
Exposure to radon gas is known as the major contributor to the general public exposure to
ionizing radiation [1]. The typical radon concentration in Israeli houses with a direct ground
contact is about 50 Bq/m3, attributed mainly to soil gas penetration into the house. All newly
constructed buildings (since 1991) must include Dwelling Shielded Spaces (DSS) which are
rooms made of massive solid concrete, equipped with air-tight steel door and window. The
DSS serve as shelters against both explosive and chemical warfare. In normal practice, the
DSS serves as a conventional room in the household. Standard size DSS contain a mass of
around 35 tons of concrete with typical 226Ra activity concentration of 30 Bq/kg. This mass of
concrete is expected to increase the radon concentration in the DSS room due to exhalation
from the building material. Published exhalation rate values from concrete in the US and
Europe vary from 0.1 to 8 mBq/m2sec. (0.5 – 30 Bq/m2h) [2,3].
This work presents short and long-term radon measurements performed in high-rise building
DSS’s. Measurements of the free exhalation rate and wall exhalation rate as well as
ventilation rate in DSS are also presented and the relation between these quantities is
analyzed.

MATERIAL AND METHODS
Indoor radon measurements in Israel are performed according to the procedures of the
normative Israeli Standard 4175 [4]. Short term measurements are performed in closed rooms,
while long term measurements are performed in normal living conditions.
The activity concentration in a room is described by the following expression:
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Where q is the rate of entrance atoms into the room from the source, �Rn is the radon decay
constant, D is the back diffusion rate, and �v is the ventilation rate. Solving this equation
neglecting the back diffusion, for a room of surface area S and volume V, the radon
concentration at any time is: 
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Where E’ is the wall exhalation rate. Cmax can be measured by different techniques using
passive detectors or continuous radon monitor.
E’ is related to the free exhalation rate E, which can be measured from a small-scale sample in
a laboratory setup. This relation depends on several factors such as diffusivity of radon atoms



in the concrete, environmental factors (temperature, air pressure and humidity), sample
geometry, back diffusion and measurement technique. 
Radon measurement in a room using time dependent calibrated charcoal canister allows the
calculation of Cmax by
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Where Acan(t) is the canister activity after t days of exposure and Vcan(t) is the effective
canister absorption volume at time t. 
Short-term measurement at sixty DSS around the country was performed using standard EPA
charcoal canisters [5] exposed for periods of 4 – 9 days. The canisters containing 27-gram
activated charcoal beneath a diffusion barrier were analyzed by gamma ray spectroscopy.
During the short term measurements the rooms were kept closed, practically eliminating the
effect of ventilation due to the hermetical sealing occurring in DSS rooms. 
Long term measurements in the above sixty DSS rooms were performed using Soreq NRC
designed alpha track detector [6] based on CR-39 (polyallydiglycol carbonate) detectors
exposed for periods between 90 to 200 days. The long-term measurements represent the
annual average radon exposure of the inhabitants of the room under normal living conditions. 
The wall exhalation rate in DSS rooms was measured using a continuous radon monitor
model AlphaGuard PRO 2000 (Genitron). Free exhalation rate was measured from small scale
concrete samples similar in composition to those used in some investigated DSS rooms. The
exhalation measurements were performed by the closed chamber technique [7] in a cubic
sealed chamber of 55 liter volume. The monitor reordered environmental parameters in
addition to radon.  
Ventilation rate was measured by standard tracer technique using inert SF6 gas detected with a
portable leak detector.

RESULTS
The ventilation rate and the wall exhalation rate have a considerable influence on the radon
concentration C(t) and Cmax as can be seen in equation (1). The wall exhalation rate depends
mainly on the characteristic of the concrete. The ventilation rate under sealed conditions
differs from one DSS to another, mainly due to construction and sealing quality. Different
living conditions govern the room ventilation; some of them are used as bedrooms,
storehouse, playroom etc. This explains the wide range of radon concentrations achieved by
short and long-term measurements.  
A summary of the radon measurements results is shown in table 1.



Parameter Short term
[Bq/m3]

Long term
[Bq/m3]

Ratio 
short/long

Average 962 77 12
Standard Deviation 554 50
Geometrical Mean 806 66 12
Maximum 3089 312
Minimum 142 16

Table 1: Short and long term average radon concentration measured in sixty DSS rooms.

The wall exhalation rate and the ventilation rate are calculated by curve fitting of the
measured points achieved by continuous radon monitoring. E’ was found to be 1.475 ± 0.113
mBq/m2sec (5.31 Bq/m2h). Continuous measurement of the radon concentration in a sealed
DSS is shown in figure 1
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Figure 1: Radon ingrowth in a closed DSS room.

Concrete samples produced by companies located at different geographic areas showed
different exhalation rates and 226Ra activity characteristics. This is due to the geographic
source of the raw materials having very different 226Ra activities [7,8], concrete age, water
content, source of cement, fly ash content, etc.  Free exhalation rate of five concrete samples
from different areas in the country are summarized in table 2.



Material Em 
[mBq/kg*h]

E*
[mBq/m2sec]

226Ra
 [Bq/kg]

Dimension
[cmxcmxcm]

Comments

Concrete 1 26.9 ± 2.3 2.59 ± 0.22 16.1±0.6 15x15x15
Concrete 2 35.0 ± 3.1 3.31 ± 0.30 36.4±2.0 15x15x15
Concrete 3a 19.9 ± 1.7 1.22 ± 0.10 28.8±1.5 10x10x10 With fly ash
Concrete 3b 23.0 ± 2.0 1.46 ± 0.13 15.5±0.6 10x10x10 No fly ash
Concrete 4 28.5 ± 2.5 1.94 ± 0.17 20.9±0.9 10x10x10
Concrete 5 15.0 ± 1.3 1.93 ± 0.17 17.3±0.7 20x20x20

Table 2: Free exhalation rate and 226Ra activity from different concrete samples.

The exhalation rate that was measured on concrete samples was translated into wall
exhalation rate by assuming that all the exhaled gas from a small sample finds its way out
through the two open faces of the wall. This approximation is valid when the mean free path
is long compared with the size of the sample. 
The results of the radon concentration in fig. 1 were taken in a DSS built of concrete 3a in
table 2, thus the agreement between measured values of the two methods agree within 20%.
The measured ventilation rate of a hermetically closed DSS was found to be one air exchange
in more than 600 hours (�v > 6*�Rn) owing evidence to the good sealing.

CONCLUSIONS
Radon measurements were performed in high rise DSS rooms. The relatively high radon
concentrations found are attributable to exhalation from the large mass of concrete. 
Short-term measurements under hermetically closed conditions emphasized the influence of
lack of ventilation on the ingrowth of radon in the room. It must be emphasized that life is
impossible in a standard size DSS hermetically closed for extended periods of time.
The average long-term radon concentration of 77 Bq/m3 in DSS is slightly higher than the
National average indoor radon concentration of about 50 Bq/m3. But this value is well below
the recommended action level of 200 Bq/m3 in Israel.
Good agreement was found between the measured wall exhalation rate and the predicted and
measured radon concentration in the room.
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