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�_f�>uqzb@��>fLangmuir&eknH/

�>$f�_fxq~
�#�C����hf-!'Cs f�>�t|w�, J. Jpn. Soc. Soil Phys., No. 126, p.11 – 21, 2014ekn�Qe�`Y�
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��7C?Cs=Sr?!�"�@�>*9Langmuir�?+�)�<.%
H��3��@�1'�,7CCs>:6;?B*94I

[Cs-S]= [Cs-So]+[Cs-Ss]+[Cs-Sf] (1)

[Cs-So]= [Somax]bCs-So[Cs+]/(1+ Sibi-So [Mi]) (2)

[Cs-Ss]= [Ssmax]bCs-Ss[Cs+]/(1+ Sibi-Ss [Mi]) (3)

[Cs-Sf]= [Sfmax]bCs-Sf[Cs+]/(1+ Sibi-Sf [Mi]) (4)

88<3

[Cs+] J���Cs+?!��"�Hmeq/mLI

[Mi]J2EFGi?!��"�Hmeq/mLI

[Cs-S]J���Cs���()0

[Cs-So], [Cs-Ss], [Cs-Sf] JSo�3Ss�3Sf�)�A?���Cs)0Hmeq/gI

�@�-��K
�@(mL/meq)L
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 VZ�3XWF"�BS�7��&G"� GK34� �U1:RGBS

G7���CsK"�'ECs (%)L��F-@TS8

ECs=100R[Cs+]/(R[Cs+]+a[Cs-S]+(1-a)[Cs-W])

= 100/( 1+(a/R)[Cs-S]/[Cs+] + ((1-a)/R)[Cs-W]/[Cs+]) (5)

??F7

RY� �

[Cs-W]Y�1��&�K��U5>�*��MK���Cs�+4Vmeq/gW

aL�1��&�J	PS��K24�F9R7NDC>��=!�AE

:I:�=a=07�E��KOK�=a=1GIS8

I;7)�46�/6V� �1:10FK�MK"�/6WK�JLR=10

$.�,I�9R
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�;\Cs\BUe�4 ZSX^JSf��4 ]AO%a�RMQZNcJCs]��
\^J��UeCs]8AOSf��4 ]8Ah 0.2(µmol/g)5�ibda�	\�RM
��^J(1)�(4)!O#6SJCs]A\-�=C7(O��S[P[eZ&"K

�j HIDEFFZHIDEFGY]��]1�3,�Z-�2

�j^�$�.9'��h��J��AZ<@i\Csf+
SJ1�3SW��Nc]Cs
-�2fJCs-134Y0.0194(pmol/g)if+
SW��ZJV]105�5�]Ah+
A^
Cs-133Y3.76(nmol/g)i]��Csf+
SW��Y)?←_`�T7(
��CsYa�C�:g
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�$-B�L��M% FXW��P)�.]a=1P��^
0�467<Y6KI��]R=10P��^Q=���RP�4Z[\P)�;
Q�FD=1+ Sibi-So [Mi]QTU1M9��5NHWN=(2)�(4)�Q&�M9�

[Cs-So]= [Somax]bCs-So[Cs+] (6)
[Cs-Ss]= [Ssmax]bCs-Ss[Cs+] (7)
[Cs-Sf]= [Sfmax]bCs-Sf[Cs+] (8)

EPNC=(5)�QR=10, a=1NGL&�NOW>

ECs=100/( 1+(1/10)[Cs-S]/[Cs+])
=100/(1+[Somax]bCs-So/10+[Ssmax]bCs-Ss/10+[Sfmax]bCs-Sf/10) (9)

"��CsP�2QSf�RP�2B!:1M?WNHWN=

[Cs-S]= [Sfmax]bCs-Sf[Cs+]=KdCs-Sf[Cs+]=KdCs[Cs+] (10)

EEM=KdCs`CsP3�2�RP	:�#(mL/g)
�_M=��AY500℃3�M,�/GI��MQ"��CsP)�.B0.1%JAV=
EPNCP[Sfmax]bCs-Sf=KdCsP�Q10000 (mL/g)3�a���N'SL��>
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��5��8:- G"� 4HACs�	#X0≦a≦1A�Y

(1)�(4)�@31;���CsA��CA�&+[Cs-S]B.E=L>5Sf��&�C
A�&+[Cs-Sf]<0I=9I/7AUVMTNRQPMSCACsA�&@31;.'
��&,�@0IMOW=8;.K+AFK(2I=.

[Cs-S]= [Cs-Sf] = [Sfmax]bCs-Sf[Cs+]/(1+ bK-Sf [K+]) (11)

- 1g@1.3m molAK5��9I- A<B.��=- AK1:1<�8:�.
[K+]A�B[Cs+]A�@�D.��%@�61/��=- Ka:1-a (0≦a≦1)<�
9I�.- CACsA�&+K!)9I=��&�A���&+Ba�=?I
4H.(5)�<- CACsA�&+K!)9I=.

ECs=100R[Cs+]/(R[Cs+]+a[Cs-S]) = 100/( 1+(a/R)[Cs-S]/[Cs+]) (12)

7J@(11)�K��8;.
ECs=100R[Cs+]/(R[Cs+]+a[Cs-S]) = 100/( 1+(a/R) [Sfmax]bCs-Sf/(1+ bK-Sf [K+]))

=100/( 1+(a/R)/(1/KdCs-Sf+[K+]/RIP)) (13)

77<.RIP= [Sfmax]bCs-Sf /bK-Sf = [Sfmax]([Sfmax]bCs-Sf / [Sfmax]bK-Sf ) = [Sfmax]KdCs-Sf/KdK-Sf
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�p ��N'�UWFDE,*Mi_CG)	0

��N'�UWA*g,*Mi_Cs)	0n0≦a≦1_��o n7Oo

�HKdCs-Sf`10000 (mL/g)5�_�[��TlYLjHRIP_�`-�1Vk
_
��ZH0.2(m mol/g)5�ZJXWR[MiH[K+]N0.001(m mol/mL)5�hj�OQ
laH1/KdCs-Sf`[K+]/RIP^#bY+<ZOkIR_[OH(13)�`H

ECs=100/( 1+(a/[K+])RIP/R) (14)

(14)�_@�N�:�!/_
,*[��_'�/Zf�
6VkR[mHSd��.�
(RDF)_,*m2KW�BZ
4=n�poIa=0.655�cZ`
���[�(�N;P�9I

(14)�`HJk5�H��N
'�UW,*]\m%&�
1Vk��^H3"[Vk%
&�0m�kWe_%& �
m$ekWe^�2�8I
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ECs=100/( 1+(a/[K+])RIP/R (14)
CsW5	7_@P(14)#TXRIPX��:U��W�_�9H�20RX�$�*

↓
a/[K+]L^K]Y[IH
�)�?�X=
-�T!A6W [K/Si0]_4�H
��W��L�I��XG/#WD�L&;H

a/[K+]=R/{1000rSi([K/Si0]-rK/rSi)/MK-[CEC]soil} (15)

NNTG
rSi:���Si��0GrK:���F�(%K��0G
MK:KW��CG[CEC]soilh��WE`af�( C

[RSG��W�,:cedgbg_4�OSJMYG
[K/Si0]K\a/[K+]_1ZSG(14)#TCsW5	C_'��>H
↓
8�T0B:<V��;!A6K\WCs5	C_'��>H
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(14)�B���A0�G.�H&	4G�C@��I:F?E5!�=3��,6

ECs=100/(1+(RIP)MK/(1000rSi[K/Si"]) (16)

RIP=1.0(m mol/g)5rSi=0.2A>85�+�1(A���Cs'�7C(Bq/kg)?E5
&	$'�B5 0.1C/(1+0.20/[K/Si"])   (Bq/L) (17)

-)� C(Bq/kg) [K/Si"] ��&	'�
(Bq/L)

No.1 1000 0.130 39

No.2 3500 0.220 183

No.3 2800 0.150 120

No.4 4200 0.080 120

No.5 1600 0.190 78

No.6 800 0.060 18

No.7 7900 0.230 423

No.8 4400 0.160 196

No.9 1800 0.090 56

No.10 2600 0.180 123

-)� C(Bq/kg) [K/Si"] ��&	'�
(Bq/L)

No.1 2250 0.175 105

No.2 2250 0.175 105

No.3 2800 0.150 120

No.4 4200 0.080 120

No.5 1600 0.190 78

No.6 3400 0.145 143

No.7 3400 0.145 143

No.8 3100 0.125 119

No.9 3100 0.125 119

No.10 2600 0.180 123

No.1>No.2
No.6>No.7
No.8>No.9
�2G%;
</C*9

�<A��
&	'�G
150Bq/L��
@=8F6
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$8
<���5&
OHQN%��0"U�-
↓
NH4

+O(�U�CI<�5&
*OCs(�U4�=
NH4

+PVca^V[]b\_cZ"J9�ERF>=←�#�,J�	=

1. NST'� NH4HCO3�0.56mol/L�NST'�

pH Sr(�
(mg/L)

Sr�.
+(%)

Cs(�
(mg/L)

Cs�.+
(%) pH Sr(�

(mg/L)
Sr�.
+(%)

Cs(�
(mg/L)

Cs�.+
(%)

��A��, 5.2 0.75 89.9 0.0080 99.4 9.2 0.15 98.0 0.45 67.9

��A)�, 6.8 0.57 92.3 0.0037 99.7 9.2 0.22 97.0 0.86 38.6

��B��, 6.0 0.62 91.6 0.0105 99.3 8.6 0.29 96.1 1.01 27.9

��B)�, 7.3 0.63 91.5 0.0026 99.8 9.0 0.32 95.7 0.70 50.0

(14)�O�K��O6�U2?K<

Cs�.+(%)=100-100/(1+(1.5/R) /[NH4
+]) (18)

(18)�J<!QTCs�.+NMTS?N< NH4
+(�U4�=

Sr�.+PpHO�;U�A�BT=
Sr2+U'�DGTNPCa2+MLO��:WYc@�3=
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F/C?:41%�H@732
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<0AG

FNaOH���H5-14MI

F %6G8 (JIS1�)�&

/C3B���

+

���J30g/�

��(�,.-Cs���
K 90.9 (%)
�#(�,.-Cs���
K 97.6 (%)



�� �
�� �� (%) �	��

O 35.8 XRF
Cl 28.3 XRF
Na 15.5 XRF
K 6.95 XRF
C 5.62 XRF
Ca 5.16 XRF
Fe 1.25 XRF
Cs 2.72 ICP-MS
S 0.375 XRF
Zn 0.109 XRF
P 0.104 XRF
Si 0.067 XRF
Mg 0.050 XRF
Rb 0.034 XRF
Cu 0.030 XRF
Al 0.021 XRF
Mn 0.023 XRF
Pb 0.015 XRF
Cr 0.011 XRF
Ni 0.006 XRF
Br 0.005 XRF
Ga 0.004 XRF
Sr 0.003 XRF

�� �
�� ��(%) �	��

Cl 28.5 XRF
O 24.4 XRF
K 24.3 XRF
Na 8.3 XRF
C 6.09 XRF
S 2.57 XRF
Si 2.25 XRF
Ca 1.85 XRF
Al 0.91 XRF
Fe 0.40 XRF
Cs 0.326 ICP-MS
Rb 0.091 XRF
Mg 0.070 XRF
Sn 0.047 XRF
P 0.033 XRF
Pb 0.025 XRF
Zn 0.020 XRF
Br 0.018 XRF
Cr 0.014 XRF
Cu 0.011 XRF
Sr 0.006 XRF
Zr 0.005 XRF
Ni 0.005 XRF
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