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Radon levels in household waters Monika Kusyk,
. Kalina Mamont-Ciesla
in southern Poland

Abstract Determination of radon concentrations in household waters were performed in 1997 in three regions of south-west-
ern Poland which are considered to have an enhanced natural radioactivity level: in the Jelenia Gora and Walbrzych regions
(both in south-western Sudety Mountains) and in the Upper Silesian Coal Basin. Water samples were collected from taps,
wells and springs and were analyzed in a liquid scintillation counter. In the Upper Silesian Coal Basin all values are below 50
Bg/dm? with a maximum of 32 Bq/dm? and in the Sudety Mts. the radon concentration in water exceed this level in 68% of
houses, reaching a maximum value of ca. 1400 Bq/dm? in drilled well water in the Jelenia Gora region. The annual ingestion
dose calculated for this value equals to ca. 0.5 mSv for infants, 0.4 mSv for children and 0.3 mSv for adults. The average an-
nual effective whole body doses calculated for tap water samples for a representative population in the investigated regions
range from about 0.02 mSv to 0.32 mSv and the maximum value reaches 1.39 mSv. The inhalation doses corresponding to the
unit of water-borne radon concentration are about one order higher than the ingestion ones for tap water supplies.
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Introduction

Radon in household water contributes to the internal
exposure, resulting both from ingestion and also from
inhalation, because radon is easily released to the indoor
air during various household water uses like heating,
shower, flushing, dishwashing. It is estimated that de-ema-
nation of radon from tap water constitutes about 2 per-
centage contribution in radon concentration in the air for
the model masonry building in a temperate climate [17].
However, in many houses served by private drill wells in
Finland [2] and in the USA [12] (about 2% of the US hous-
ing stock), which reach a very high average radon concen-
tration, of the order of 100 to 1000 Bq/dm?, the contribu-
tion of water radon to indoor concentration may be about
50 Bg/m? or more.

There are many results published of radon level measure-
ments in waters of various origin [2-7, 10, 13-16] but the
knowledge regarding the health risk associated with radon
and radon daughters in drinking water is still limited and is
altering. The estimate of the ingestion dose coefficient for
water-borne radon recommended in United Nations
Scientific Committee on the Effect of Atomic Radiation
(UNSCEAR) 2000 [18] is about five times lower than the
one in UNSCEAR 1993 [17] for a representative popula-
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Private water supplies (Bq/dm?)

Public water supplies (Bq/dm?)

Table 1. Reference levels of
radon concentration in water

Country supplies in various countries [1].
Enforced level Advisory level Enforced level Advisory level
Czech Republic 200 300 50
Finland 300
Norway 500
Russia 120 120
Slovak Republic 1000 50 1000 50 e . .
. o x o fit f h -
Sweden 100, 1000 1007, 1000 it for consumption with reser
vations.
UK 100 tionunf1t for human consump
USA 150" :

") for public waters.

significantly. Poland does not have any regulations concern-
ing radon level in drinking water.
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Fig. 1. Radon in household waters in the Jelenia Gora region.
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Fig. 2. Radon in household waters in the Walbrzych region.
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Fig. 3. Radon in household waters in the Upper Silesian Coal Basin.

In this paper we present results of radon concentration in
household waters measured in 422 houses in three areas: in
the Jelenia Gora region — 160 houses, the Walbrzych region
— 63 houses, and in the Upper Silesian Coal Basin (USCB)
— 199 houses. We also assess annual effective doses to lung
and stomach corresponding to the mean and maximum
radon levels measured in tap public system waters accord-
ing to the model adopted by UNSCEAR 2000 [18].

Sampling and analytical technique

The water samples were collected from 422 households.
There were three types of water sources: taps, wells and
springs. A special attention was drawn to minimize aeration
and fill a vial to the brim without leaving any space for
trapped air. The collected samples were delivered to the
Laboratory during one day to be eluted with an Opti-Fluor
O liquid scintillation cocktail from NITON Co. After 3
hours of waiting for the equilibrium between radon and its
progeny, the samples were analyzed in a Liquid Scintillation
Analyzer Canberra-Packard model TRI CARB 1900TR
using parameters and procedures described in Packard
PicoRad 5.9 program for radon in water measurements.
The lower limit of detection of this method is ca. 3 Bq/dm?
for a 10 min count.

Results and conclusions

Radon concentrations

The distributions of results for the tree investigated areas
with the mean, mode, median, maximum values are shown

Table 2. Arithmetic means and ranges of radon concentrations for
three types of water supplies (number of samples in brackets).

Region
Supplies Jelenia Gora Walbrzych USCB
(Bg/dm?) (Bg/dm?) (Bg/dm?)
Tap water
mean 74 (60) 116 (28) 8 (199)
range <3-253 5-512 <3-32
Wells
mean 207 (98) 174 (25) -
range <3-1378 16-466
Springs
mean 283 (2) 131 (9) -
range 264, 302 8427
All
mean 158 (160) 140 (63) 8 (199)
range <3-1378 5-512 <3-32
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Table 3. The population-

Region Rn concentration Investigation dose Inhalation dose Whole body dose -weighted annual effective

(Bg/dm?) (uSviy) (uSviy) (uSviy) doses from radon in tap

. . waters (for arithmetic

Jelenia Gora f:;th' r:lei,n 2;3 ;61 égg ég; means and maximum values

x. valu .
Walbrzych arith. mean 116 25 290 315 of radon concentrations).

max. value 512 109 1280 1389
USCB arith. mean 8 2 20 22
max. value 32 7 80 87

in Figs. 1-3. The average water-borne radon concentrations
in the Jelenia Gora — 158 Bg/dm? and in the Walbrzych
region — 140 Bg/dm? are significantly higher than in USCB
— 32 Bg/dm?, because of the enhanced natural radioactivity
in these two regions due to geological bedrock rich in gneiss
and granites. The highest value of 1378 Bq/dm? was de-
tected in the Jelenia Gora region in a drilled well water.

The water samples were also grouped by three types of
water supplies: tap water, wells and springs (Table 2). The
mean values for the three groups in the Walbrzych region:
116, 174 and 131 Bg/dm? do not differ essentially. The high-
est mean value of 207 Bq/dm? corresponds to drilled wells
in the Jelenia Gora region.

The number of households with radon concentration in
water exceeding Czech and Slovak limit of 50 Bq/dm? is the
same in the Jelenia Gora and Walbrzych regions and con-
stitutes 68 % of all results. In the Upper Silesian Coal Basin
the highest value of 32 Bg/dm? was found.

In all households covered under this project the survey of
indoor radon was also conducted [9]. Investigation of the
correlation between radon concentration in water and
radon concentration in indoor air in the same household
gave negative results for all three regions.

Water-borne radon doses

It is believed that water-borne radon may cause higher
health risk than all other contaminants combined appearing
in drinking water [15]. It enters human body through the
gastro-intestinal tract when is drunk in water and other
drinks and through the respiratory tract when released from
water is inhaled with the air. Thus, water-borne radon is a
source of radiation dose to stomach and to lungs. In order
to calculate the annual effective doses to these organs and
to the whole body we adopted patterns in accordance with
UNSCEAR 2000 [18]. For the ingestion dose the following
parameters were applied:

— the ingestion dose coefficient after NRC 1998 [11] equal
to 3.5 nSv/Bgq;

— annual intakes by infants, children and adults of about
100, 75 and 50 dm?, respectively;

— the proportion of these groups in the representative popu-
lation is 5% infants, 30% children and 65% adults.

The annual effective dose to stomach corresponding to
1 Bg/dm? is equal to 0.35 USv/y for infants, 0.26 YSv/y for
children, 0.18 pSv/y for adults and 0.21 puSv/y for the repre-
sentative population (the weighted estimate of consump-
tion of 60 dm?/y).

For the inhalation dose assessment we used:

— ratio of radon in air to radon in the tap water supply of
about 1074

— indoor occupancy of 7000 hours/y;

— equilibrium factor between radon and its progeny of 0.4;

— dose conversion factor for radon exposure equal to
9 nSv/Bq~' h™! m3.

The annual effective dose to lungs corresponding to the
concentration of 1 Bq/dm? in tap water is equal to 2.5 USv/y.
Thus, water-borne radon concentration of 1 Bq/dm? causes
the whole body effective dose of about 2.71 USv/y.

The population-weighted annual effective dose estimated
for the maximal value of 1378 Bg/dm?® found in a private
drilled well (Jelenia Gora region) is equal to 289 puSv/y from
ingestion and, if it were a tap water, equal to 3445 uSvly
from inhalation which gives a sum of 3734 uSv/y for the
whole body. It should be noted that, because this well like
all others investigated under this project is manually oper-
ated and water is carried in buckets, the ratio of radon in air
to radon in the water may differ significantly from the
adopted for tap supply value of 10 and the estimation of
the inhalation dose in real condition may be much lower.
Therefore, in Table 3 there are given effective doses esti-
mated only for tap water supplies in the investigated
regions. The inhalation doses are about one order higher
than the ingestion ones. The average annual effective whole
body doses range from about 22 pSv in USCB to 315 pSv in
the Walbrzych region and the maximal value found also in
this region reaches 1389 JSv.
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