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Abstract

Measurement of radon concentration in indoor air and in spring water and bath was

performed in a hot-spring hotel to estimate the human dose due to radon decay products.

Radon concentration was -*�1/ Bq/m- for indoor air, -/** Bq/L for spring water and ,0*

Bq/L for bath water. The tentative diurnal dose was estimated from calculation to

become /.- mSv for staying person and ..+ mSv for hotel stu#, respectively. The tentative

annual dose was calculated from the diurnal dose to become 0* mSv for staying person

and ,.2 mSv for hotel stu#, respectively. These estimated doses are about , times higher

comparing with world mean dose due to natural radon. It is concluded that these values

are able to be ignored for consideration of human health.

Key words : Hot-spring hotel, Radon concentration, Indoor air, Hot-spring water, Tenta-

tive dose estimation
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Fig. + Measuring room in air and setting position of Rn-Tn monitor.

Fig. , Radon concentration in indoor air.

���)^�c��)89:;<I�� ��U� //� �,**0� 179



��������� , �	
 + �	�� +�,* ��
������
���
�� +/� +* � -*��� �	����� ��� + �	� , �	� �� + �	� , �	 

!"�#�$%&� �	��$'(
 +* � -*� +0 ')� ����$'(
	 -*� ,* ')� ��
��$'(
	 -+� 2 ')�*��
�+������,
�
� -./�012�34�#��&354�67148�� �
� ,

9: #��%&� ;��
� ��<�=� , >?���� ����	!"��%� @;����
��;�ABC.D�# -�E�F�%� GH�IJKL�M,%&� �"�&��# Table + �
N%&� O�� �+�PQ
ABC.D�;��A�RS#NT�

-� �������

-�+ 	
���
�
��U���V�
� W1XYZ	�[\%����]^_`abcd�<�=��?\e?�

�f�'(��g���*�� <h�� <�=�� +��iO'(�jk�f#lm%&no#
Fig. - �N%&� h�lm
� pq"g�]^_bcd�r�_st#u��v&kwx%&y�
�z%&{��� |�]^� bcd�}T���Or�~����{��
O�� bcdg�]^
�k{�����'(#��%&�
� ������!&Ef� Z	��
g���*�h_O�
�� %&� �&� ��?�[\'(#��%&�
� !����"#���#T�_�
%<�
'(# -*�_%&&��*�� O�� �]^
 +�(� - �([\%� bcd
 +�($%��\
T�_�
%&�

-�, �������
� ��+����!�����U�
��+����#�!T�h_���*��(���U� D �mSv� ��V�
� �%�H�d

�&���L����'�"�� � � ,*** �
D¡K·T·F·Q �

&¢%�K
U�£m¤u� 3¥+*¦0mSv��Bqh�m- � T
*�e?��*��(�&_�§� +�
� +�O� �?\'( �h� �*L�� ?\T�(u�e?���%&'(�*�� F
���¨
)©�ª«�����}T�¬­�4®.¯.°±/².³1�*�� hh�
´+�µ_%�
*.. #�´¶�µ_%� *./ #��%& ��%�H�d�� ,**+ � Q
��+������ �Bq�m-�
�� �(�·,O��U�#m¸T�e¹� �(���)�st#-º%&y�»�µ ��·µO

Table + Radon concentration in spring water and bath water

Spring water & bath water Rn in Bq/L Ref4 Spring water Rn in Bq/L

Spring water -5/**¼-1

.51** (Aug +0, 3/), -5.** (Oct ,/, *,)

-53** (Apr ,, *-), ,5.** (Aug ,-, *-)

-53** (Sep ,., *-)

Water of bathtub for male +

Water of bathtub for male ,

Water of bathtub for female +

Water of bathtub for female ,

Mean of bathtub water
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Fig. - Diurnal occupancy time, (a) Stay person, (b) Hotel stu#.
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Table , Parameters and diurnal dose and total diurnal dose

(a) Stay person

Dose conversion

factor

[mSv/(Bq h mk-)]

Diurnal

occupancy

time

[h]

F value

[k]

Radon

concentration

in indoor air

[Bq/m-]

Diurnal

dose

[mSv]

Guest RM

Dining RM

Dressing RM

Bath RM

Outdoor

(sum)

3l+*k0

3l+*k0

3l+*k0

3l+*k0

3l+*k0

3l+*k0

+.4/

,4*

*4/

*4/

04/

,.

*4.

*4.

*4.

*4.

*4/

m

/-n+*

/3n 2

/.n 3

/.n 3

04-

m

,41n*4/

*4.n*4*0

+4*n*4,

+4*n*4,

*4+2

/4-n*40

(b) Hotel stu#

Dose conversion

factor

[mSv/(Bq h mk-)]

Diurnal

occupancy

time

[h]

F value

[k]

Radon

concentration

in indoor air

[Bq/m-]

Diurnal

dose

[mSv]

Guest RM

Dining RM

Dressing RM

Bath RM

Outdoor

(sum)

3l+*k0

3l+*k0

3l+*k0

3l+*k0

3l+*k0

3l+*k0

+*4/

24*

+4*

*4/

.4*

,.

*4.

*4.

*4.

*4.

*4/

m

/-n+*

/3n 2

/.n 3

/.n 3

04-

m

,4*n*4.

+41n*4,

*4,n*4*-

*4+n*4*,

*4++

.4+n*4.

Table - Diurnal dose due to radon emanated from bath water

Case Radon content in

bathtub [Bq/L]
Dose [mSv]

Remarks

(values of factor in Eq4 (+) and (,))

(+)

(,)

Mean of (+) and (,)

+/*

-0

,0*

*4*,1

*4*00

*4*.0

Po+*k., Ko3l+*k0, To*4/, Fo*4.

Po+*k., Ko3l+*k0, To*4/, Fo*4.

Po+*k., Ko3l+*k0, To*4/, Fo*4.
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Table . Dose due to radon

Stay person Hotel stu# Mean value in Japan

Diurnal dose 140 mSv

Rn in air /4.

Rn in water *4*.0

Drinking ,4,

.4+ mSv +4, mSv

Annual dose *40 mSv : - months stay

,42 mSv : one year stay +4/ mSv *4.- mSv

Rn concentration in Japan

Annual occupation time

(UNSCEAR,**+)

(used for upper column)

Indoor : +/40 Bq/m-

Outdoor : 04- Bq/m-

Indoor : 1*** h

Outdoor : +10* h
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