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Assessment of Human Exposures to Indoor Radon
Released from Groundwater
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Abstract

A report by the National Research Council in the United States suggested that rhany lung cancer deaths each
year are associated with breathing radon in indoor air. Most of the indoor radon comes directly from soil beneath
the basement or foundation. Recently, radon released from groundwater is found to contribute to the total

inhalation risk from indoor air. This study presents the assessment of a human exposure to radon released from the
groundwater into indoor air. At first, a 3—compartment model is developed to describe the transfer and distribution
of radon released from groundwater in a house through showering, washing clothes, and flushing toilets. The model
is used to estimate a daily human exposure through inhalation of such radon for adults based on two sets of
exposure scenarios. Finally, a sensitivity analysis is used to identify important parameters. The results obtained
from the study would help to increase the understanding of risk assessment issues associated with the indoor radon

released from groundwater.
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Fig. 1. Radon concentration profile in groundwater of Taejon: measured data vs. a fitted lognormal curve.
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Fig. 2. A three-compartment model for simulating the transfer of radon from groundwater to indoor air.
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Table 1. Summary of parameters used to calculate indoor
radon concentrations for three compartment

model.
o Representative
Description value
Vs volume of shower 6,300L
R, residence time of air in shower stall 20 min
V, volume of bathroom 12,600 L
Rs residence time of air in bathroom 30 min
V. volume of remaining house 248.000L
R, residence time of air in household air 120 min

fraction of air leaving bathroom
0.10
exhausted outdoors

I, water used in showers and baths 248L

I, water used in toilet 248L

I, water for other household uses 3312L
Tsnr duration of shower per individual 10 min
70 time when shower water use begins 7a.m.

T} time when shower water use ends 8a.m.

) time when toilet water use begins 12a.m.
75 time when toilet water use ends 12am:
72 time when other household water use begins 7am.
T} time when other household water use ends 11am.
transter efficiency from shower/bath water "
D . 0.7
to air for radon
transfer efficiency from toilet water x
P, ; 03
to air for radon
transfer efficiency from other household 0.66*

a

water to air for radon

*: Prichard, HM. and Gesell, T.F. (1981) An estimate of population
exposures due to radon in public water supplies in the area of
Houston, Texas, Health Phys., vol. 41, 599-606.
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Fig. 3. Estimated concentration of radon in the three
compartments for the base case (man).
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Table 2. Summary of estimated contribution of the amounts of human inhalation at each compartment and total
internal dose by inhalation.

(a) base case (man)

Compartment Morning shower Bathroom  The remainder Evening shower Bathroom The remainder
Accumulated amount (pCi/d) 550.0 158.8 490.7 559.2 167.7 994.2
Contribution (%) 459 132 409 325 9.7 578
Internal dose (pCi/kg - d) 183 26.3
(b) base case (woman)

Compartment Morning shower Bathroom  The remainder Evening shower Bathroom The remainder
Accumulated amount (pCi/d) 365.5 105.5 1186.8 3713 1110 1123.7
Contribution (%) 220 6.4 71.6 23.1 6.9 700
Internal dose (pCi/kg - d) 303 294
(c) worst case

Man Woman
Compartment
Momning shower Bathroom  Theremainder =~ Morning shower Bathroom The remainder
Accumulated amount (pCi/d) 2193.3 6329 35384 1457.8 420.7 2373.6
Contribution (%) 345 99 556 343 99 558
Internal dose (pCi/kg - d) 973 778
30 35
—— Morning shower —-— Morning shower
o~ 27| Evening shower = Rk Evening shower
© ©
- 5 251
2 20 { e
(3] G 204
T :
8 § "
? 10 Té, ol
2 2
[y c
- 89 s
0 - o, —
o 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Time {min) Time (min)
(a) man (b) woman

Fig. 4. Estimated total amount of radon accumulated in a human body for the base case.
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Fig. 5. Estimated total amount of radon accumulated in a
human body for the worst case.

Table 3. Sensitivity of parameters for the model in case of
a man with a morning shower for the base-case.

Local relative

Parameter (x) sensitivity,
| dF/dx |

Fraction of radon inhaled available for uptake 10

Ratio of breathing rate to body weight 1.0

Transfer efficiency from shower water to air 0.76
Water used in shower 0.76
Duration of shower 0.63
Volume of shower stall 0.37
Residence time of household air volume 0.37
Volume of house 0.36
Household occupancy from during the day 0.30
Volume bathroom 0.22
Amount of time spent in bathroom 0.17
Residence time of bathroom air volume 0.14
Water used in other household activity 0.14
Transfer efficiency from household activities 0.14
Residence time of air in shower stall 0.09
Transfer efficiency from toilet to bathroom air 0.07
Water used in toilet 0.07
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