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The concentration of Ra and Ra in the environmental water can be determined

from the amount of radium isotopes recovered in the two successive batch operations

using cation exchange resin. The radium isotopes are collected on the cation exchange

resin by a successive collection procedures : the second collection procedure is applied to

the same sample water after the removal of the resin in the first procedure. The con-

centration of radium isotopes in the sample water can be estimated from the amount of

radium isotopes recovered in the two operations by calculation. The amount of Ra and

Ra on the resin are obtained by a -ray spectrometry for the keV -ray from Pb

and for the keV -ray form Ac, both in radioactive equilibrium, respectively. The

present analytical method is applicable to L of sample water having Ra concentra-

tion of larger than mBq/L and is also applicable to the ordinary underground water of

less than mBq/L by use of L of sample water.

Key words : radium, radioactivity, radium isotopes, gamma-ray spectrometry, cation

exchange resin
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Application to the Field Works

A Method for Determination of Radium

Concentration in Hot Spring Water
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Table Barium concentration, sample volume and collection methods

used in the experiments.

Fig. Collection curve of barium ion onto cation exchange resin.
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Barium conc. (ppm)/Volume (L) Collection method

/ Batch method
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/ Circulation method ( L/min.)
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Table Concentration of Ra, Pb and Bi (in cps), and activity ratios of Pb/ Ra and Bi/ Ra.
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Container Ra ( keV) Pb ( keV) Bi ( keV) Pb/ Ra Bi/ Ra

Polypropylene

Glass culture dish

Steel (Tin can)

L L

. M

g Dowex W-X

C resin L g

mm cm L min

C resin L

. Araldite

Rn

HPGe Ra : keV,

Pb : keV, Bi : keV Ac : keV

C C resin C C

.

K : . K

K

,,0 ,+. ,+. ,+. ,,0 ,+. ,,0,

,,0 ,+. ,+. ,+. ,,0 ,+. ,,0

+

,

,,,

,,0

,+. ,+. ,,2

+ , * ,

.* 3 .*

.*

+20 -/, 0*3

,4,2 *4,* +4/1 *4*- *403 *4*0

,4+, *4+3 +40- *4*- *411 *4*1

+4,, *4-- *423 *4*. *41- *4,*

,4+, *4-- +40- *4-- *411 *4+,

+4-3 *4+, *4/, *4*, *4-1 *4*.

*413 *4+* *4*0 *4*, *4*2 *4*,

*423 *4-+ *432 *4*/ *422 *4*/ +4+* *4-3 *433 *4-/

/4,+ *4/. /4** *4+* .4-2 *4+* *430 *4+* *42. *4*3

-40* *4/- -4*- *4*2 ,41, *4*3 *42. *4+- *410 *4++

*421 *4,3 +4** *4*/ *43- *4*/ +4+/ *4-3 +4*1 *4-0

0* ,*+*

1 +, +

/ +* /*

* +

-* /* 2 +/

+* /* -*

/2 2 0 -*

+/ +*

/*

-*

- -

+

+20

-/, 0*3 3++ + +.

+ **

+ ,- +*

- .

- /

f

a
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Table Concentration and activity ratios of radium and the progenies in environmental waters.

Reported Conc.
Concentration (unit : mBq/L) Activity ratio

(unit : mBq/L)
Volume

Sample
(unit : L)

Ra- Pb- Bi- Ac- Ra/ Ra
Ra- References

( keV) ( keV) ( keV) ( keV) ( Ac/ Pb)

Tamagawa Yokoyama ( )

Sarugajo Sato ( )

Horiuchi
Masutomi

( )

Yamamoto
Masutomi

( )

Masutomi

Arima Yokoyama ( )

Arima Ikeda ( )

Onogawa

Onogawa

Misasa Yokoyama ( )

Misasa

Hijiori

Kasawaki*

* Well water

, mL

mL

mL

INSTA-GEL PLUS mL

mL INSTA-GEL PLUS

mL

: S- Gain

lower level discriminator channel upper

level discriminator : o

channel number

channel

X

K

Ra Ra Table Table Ra

L mBq L L mBq L

et al.

et al

et al

-

,,2 ,,0

,,2 ,+.

.*

,,2 ,,0 ,,0

,,0 ,+. ,+. ,,2 ,,0+20 -/, 0*3 3++

+* +-. 1- 0/ 3 .3 3 ++3* .* +2 - // ,1* +3//

+* +** ./ .+ - .- . 0 ++* +31/

+ +* +3 - +* , +0* -** +312

, +* /* 0 /3 ++ +4, *4, -1 / +33.

- +* +12* ++/* +*1* 3* +*3* +-* ,,1* +.* ,4+ *4,

+ +* ,*- +. +02 +, 0. ,0 *4-- *4+. -1 11/* +3//

, +* 03 +* 1* ++ .3 +. *41+ *4,, +3//

+ +* ,3/ +-2 -/+ -0 -*. -. /,/ 0. +4/ *4,

, 1 .0. +.0 -.. ,/ ,32 ,/ /0/ ., +40 *4,

+ +* .0 +/ .2 + .1 , ++, / ,4- *4+ -1 //* +3//

, +* +.0 -1 /, 3 .. +, +*+ +0 +43 *4.

3 +. , ++ , -, - ,4, *4.

/* *40. *4+/

/** + ***

+**

/*

/*

/*

/*

-* +,01

/ .* 1* +**

# + ,

*
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1 +, +
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+* +* /* +

4
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Ra

mBq L

keV Ra

Ra Pb Bi

Ra

U

. . keV .

. keV keV HPGe

Ra

Ra keV . Pb Bi keV

keV

Ra keV

Pb Bi

C C .

mesh

mesh mesh Masutomi ,

Onogawa L . C C

Table Table

Onogawa , Hijiori

Table Table
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Table Radium concentration obtained in di erent experimental conditions.

Table Radium concentrations obtained during the field work and in the laboratory work.

340

Concentration (unit : mBq/L) Collection e ciency ( )
Volume Resin size

Sample
(L) (mesh)

Ra ( Pb) Ra ( Bi) Ra ( Ac) Pb Bi Ac

Masutomi

Masutomi

Onogawa

Onogawa

Sample Ra ( Pb) Ra ( Bi) Ra ( Ac) Ra/ Ra ( Pb)

Onogawa (lab.)

Onogawa (field)

Hijiori (lab )

Hijiori (field)

. , mL

Masutomi Onogawa

. LSC

X XRF K

K U, Th

Th, Th, Th pH U, U

Fig. Ra Bi Ra Ac

. M

Ra Th : .

Pb

Ra Ac Ra

Pb keV

Masutomi

Table Table Th

Th

Masutomi Pb

Th Onogawa Pb

Ac Th

Table Table

K

K

. #

/
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Table Build up concentration of Th in stored hot spring waters.

Table Concentration of Ra and the progenies in hot spring waters by

di erent method (in Bq/L).

341

Date of Th ( Pb) Th ( Pb) Concentration
Sample

measurement C (cps ) C (cps ) (Bq/L)

Masutomi Jun. ,

Masutomi Apr. ,

Ra daughters K Ra daughters Ra daughters
Sample

(LSC) (LSC-XRF) (HPGe)

Masutomi

Onoawa

Masutomi

Ra Ra

Ra Ra

Table Ra Ra .

Ra, Ra Th Ra Ra

Fig. Figure

Ra Ra Ra

Th

Th

L

L

L mBq L L mBq L Ra
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Fig. Concentration of radium isotopes and the progenies, and

activity ratios of Ra/ Ra in Tamagawa hot spring water.

: Ra ; : Ra ; : Th ; : Ra/ Ra
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