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� țĩ�-ƠÚ�B"Pj�lK}̂Gd̃,+.Ŗě˸Ëɖ/�ǢȜȜȑ<ǢȜȜ
ſɒ-¶��?.źũ˰Eó6�úɯŷ�ƁŴ�BA�ƾȷɇ)/7��ĭƛŐ.�

ǯ��ǯġǦŐǢ�>2�ǢÙȚǯÏǢEƒö��Ŗě˸ 14 ËɖEQ��ięȱƋ
ÚǪ / ICP-MSǪ->@ļˑ�"ɛǅ�Gd*��b�̂Lã.Ȉşȧř�ʑŃ�B
"�Ȓ- GdȈş/�ǢÙȚƠǯǢĀǯŬ-ŶȆ-�ƫ�A�*�?�ìɽČȟǁ)
�A�*�ȼď�B"�ˀò.ĥć*ƾȷɇɛǅ.ǟʰ�?��. 20 Ŝ.˚-ĭƛ
ŐǦŐǢ�. GdȈş� 3~4Â-Īå�(
A�*�ȼ�B"�Gd.țĩ�.īè
Ś<èſ�ƭ?�*,%(
,
":Ʀʔ/)�,
��ǦŐǢ�-ǌÚ�B" Gd
/ìɽČ̂MRIʺũã̃ȟǁ)�A�*�?�ǦŐ�. GdȈş/¥Ŭ;Īå�(

�úɯŷ�˽
�¥Ŭ�ǦŐǢ�. GdȈşEǬʏ�(
�Ųʌ��A� 
� Ǖ-�Gd ąƹìɽČ�>2ƒö�"ǦŐǢ.Ǟŷũ˰Eǌʖ�"�˽Ȉş. Gd
ąƹìɽČ/Ht�Of~PM�ȟǁ A8ɘɮ).ˇ¯ĵȫȘ.���*÷ɑð.ȫ
Ȝȧř̂µʮ.ŊƵ�>2˶ˈŦƂ�ÐE°�ıŦ̃EŢ�ʪ��"�����ˇ¯

ĵȫȘīèEżʪ�AʭÖĔĵ.Ǯŷé/ʜ:?B,�%"��?-ǦŐǢEÙȚ�

"*�C�ą7BA Gd.ũ˰/ƭȹ)/,
;..�ʭÖĔĵ̂AP-1< NF-kB̃
.Ǯŷé�ʍ?B�÷ɑð.ȫȜȧř�ʑŃ�B"�Gd ïµE¸%"Ǟŷʛ˼.ɛ
ǅ�?/�ȘĜ.ǦŐǢȈş. Gd�ǢȜȜȑ̂Ht�Of~PM�̃ȟǁĢ˺ɘɮ
�>2÷ɑð3.ǞŷEȼ�úɯŷ/ņ�
*ŵDB"�����ƾȷɇ)ƒö�"

ǦŐǢ .;.);Ģ˺ɘɮ�>2÷ɑð3.Ǟŷ�ʜ:?B"��B?.ɛǅ�?�

ǦŐǢ�-ą7BA GdªĬ.ƂÛ->Aũ˰��A
/ B?ƂÛ* Gd*.ʋĀ
ũ˰.úɯŷ�ɧ�?B"�¥Ŭ�ǢȜȜȑ-ń�(ǞŷEó6�ǦŐ�ƂÛ.Ɠɗ

ȷɇ*�Gd.˛�Eƭ?�-�AŲʌ��A� 
 

���)$�

� Oj|K}�Ǣ˕�¡˔,+.ˏ˒Ō˸->AǦŐ.Ǥǆ/�ǢȜȜȑ<qi-ń

�(źũ˰Eó6��*�?�țĩģȀ�ļ:?B(
A�7"� .§.ˏ˒Ō-

&
(;ʌȭʏ˳ȯ�ʌʟǇ˳ȯ*�(� .ǦŐ�Ȉş�Ǭʏ�B(
A��Ƨ�

ƪřȬ-ǽļ�ʂDB(
,
Ŗě˸Ëɖ->%(;�ȅĜȬ,țĩǤǆ�ʪ�%(


A�*�ƭ?�*,%(�"�¹�0 2000ŜâŬ�?�ĚÔĬ.ˉŔġǦŐǢ�
)Ŗě˸Ëɖ.Pj�lK}̂Gd̃.ķĜş�˧Ɣ�A§.Ŗě˸Ëɖ-ǟ4(Ȓ
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-˽
�*̂Gd.Ȉşȧř̃�ĥć�B(
A�1̎6)�.ʌĔ*�(/�Ȩˠ)¤µ

ƦōÖȲƝũư-àȝ�BA MRÎȺǡÒ˿ȢÊʙƦǪ̇magnetic resonance 
imaging̃.ʺũã)�APj�lK}éĀȑ->A�*�ȹʜ�B(
A��.é
Āȑ/¤µ-ƈ��B"Ŭ��ŉ*�(ƑÚ�B��ǢÙȚ)ĻÐ-ˡò�B�-ț

ĩǢ�-ǯÚ�"*ɧ�?B�ǢȜȜȑ<ǢȜȜſɒ-ó6�ũ˰�ƁŴ�B(
A� 
� Ʒʴ);ĚĬ)/ǦŐǢ� Gd.Ȉşȧř-˛�Aȷɇ/ĪåÈă-�@�éĸŦ
ſßÛǄ<ǢȜȜȑ3.ö@ʳ8�ǢˁǢ3.ǷÏ,+ǐ�,ʑȋ�?ǌʖ�B(


A�7-12)  ���,�?ƪƾĚÔ)/ 2010Ŝ˲7)/ǂ£�Į˜�Ăùŋ.ˉŔǦŐ
Ǣ-&
(ĥć�B(
A��2010Ŝª˞/5*F+ĥć�,
�MRI¿ƹûƢ�
�ȣɊ 2 ³)ˉŔġ-¤ø�˩��AƪƾĚÔ-�
(;�Gd .ȅĜȬǤǆ.Șȓ
EƆƘ�AŲʌ��A� �)­ɾ��ːE�ű-�Gd .ȅĜȬǤǆ.ȘȓƆƘE
ȯȬ*�"ǌʖEʂ%"�ÓµȬ-/�ĭƛŐǦŐǢ.�ǯġ�?Ǧøġ7).�4

(.Ŗě˸ËɖE�ICP-MŜʝŅɛĀv�]{ʧˑÛǄ̇Inductively Coupled 
Plasma-Mass Spectrometrỹ->AȰƔļˑ#�),��Q��ięȱƋÚǪ->
AâȈɠEʂ%"Ŭ ICP-MS)ǽļE�A�*->@ɑłļˑEʛ8"��.ɛǅ�
?Ŗě˸ËɖķĜşpb��̂Ŗěpb��̃E·Ƃ��Ŗě˸Ëɖ.Ȉşȧř-&


(ɧŃEʂ%"��?-�¤Ȍʪǿȑʧ.ǯÏEȹʜ�A":-�ǢÙȚĦ.âŬ

.ǦŐǢó2�ǢÙȚƠǯǢ.ǽļ;ʂ%"�7"�Ŗěpb���? Gd.Ȉşȧ
ř.ɂşEȧřş*�(ƢÄé�"�ŭ?B"ɛǅ�?�Ŗě˸ËɖȈşīéE�Ǣ

ÙȚƠǯǢ�?ǯÏ�A¤ȌʪǿËɖ.ũ˰*˛ʻ'�(ɧŃ��ȘĜ.ĭƛŐ-�

�AŖě˸Ëɖ.ȅĜȬǤǆ.ȓǧEʚ¼�"� 
� âʶ.ʸ@�țĩ�-ƠÚ�B" Gd,+.Ŗě˸Ëɖ/�ǢȜȜȑ<ǢȜȜſɒ
-¶��?.źũ˰Eó6�úɯŷ�ƁŴ�BA�����Ŗě˸Ëɖ.ǢȜȜȑ-

ń�AȜµũ˰ʚ¼Eʂ%(
A¹/ɼ��Ň,
��ˈ.éĀȑ-&
(/�ɿ˸

.Ȝ˗˝ŀ<˾˸�Ƞǜ˸,+-ń�AǞŷʛ˼�ʂDB(
A��ȅĜȬ,Ǥǆ�

ʽʂ�(
A�*�ƁŴ�BAŖě˸Ëɖ.ũ˰Eɧ�A�)/�>@ʯů,Ȝµũ

˰E�ǽ)��ǞŷȫȘǓǏE˸ƕ)�AĽ˼ɒ�ƺ7�
�ȷɇ©ʆɨ)�A˛ƾ

��B7)-ȷɇEʽ:(�"Ǟŷĸ˵ġ)/�ˏ ˒Ō˸.ǞŷȫȘǓǏEʒǄ�A

ȯȬ)�Ģ˺ɘɮ<ǑȬɵđ).ǞŷoJN{�O�̂ǞŷȒȧȬ-ȫȘīè�Aˇ

¯ĵ�b�pSʧ̃EƎǑ*�"ʒǄ�ʽ:?B(
A��.ƅǪEțĩ�.Ŗě˸

Ëɖ-&
(;˅ȝ�B0�ǞŷoJN{�O�.ȫȘīèEƎǑ*�"Ŗě˸Ëɖ

->AǤǆ.ǌÚ<�Ȝµũ˰.ʚ¼�úɯ*,A� 
�  �)˛ƾE�ű-�ǢȜȜȑȟǁɘɮ-��AǞŷoJN{�O�.ȫȘīèE

ƎǑ*�(�ĭƛŐEȅĜȬ-Ǥǆ�(
Aúɯŷ��AŖě˸Ëɖ.ũ˰Eƭ?�

*�A�*EȯȬ*�"�ÓµȬ-/�Ht�Of~PM�̂Xenopus laevis̃ɩɵ
ȟǁ A8 ɘɮ�>2KkRɩɵȟǁ Hepa-E1 ɘɮEȝ
(�Ƀ�ˏ˒Ō7"/ Gd
ąƹìɽČÙȚ->AɘɮǞŷE Alamar Blue Assay->@ǌʖ�"��?-�ˏ
˒Ō7"/ Gd ąƹìɽČEÙȚ�" A8 ɘɮ-��AoJN{�O�ˇ¯ĵȫȘī
èEļˑȬ�H�bJ} PCR Ǫ->@ǽļ�"��?-��B?ˇ¯ĵȫȘEáŮ
�(
AʭÖĔĵ.ǮŷīéEɏ½-�lb��T)�A�ZtL��_�z�b

�ɘɮǈE·Ƃ��GdąƹìɽČ<țĩǢ.Ȝȑũ˰Eʚ¼�"� 
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� �?-�ǃ E�ű-�Gd �ǢȜɱǋèȑÝƻȫȜư.ŦſŦƂ-ó6�ũ˰-
&
(�Ht�Of~PM�Eȝ
�3&.ʛ˼Eʂ%"��.ʛ˼)/�Ht�O
f~PM�Ýƻɭ3. Gd ƴˮ->Aǘ¢ȗ<ŦſŦƂȧř.ȫȜȗEƎǑ*�(
	GdǞŷʚ¼-&
(�Ht�Of~PM�3.ũ˰�Ʃȵ)�Aˏ˒Ō*.ǟʰ

	Gd .ȍǓſ)�Aħé Gd �>2ìȪȝ Gd ʊã-&
(ŶŷǞŷʛ˼
	˽Ȉ
ş. Gd->AȅĜȬǤǆ�ĥć�B"ĭƛŐ̂ǂ£ˉ̃.ǦŐǢEȝ
ŶŷǞŷʚ
¼ʛ˼
E B!Bʂ%"� 
 

���*!	���

3-1̅ÛǄ-àȝ�"ʈɣ 
� ƾĽ˼-��AǦŐǢ�Ŗě˸Ëɖ.ǽļ-/�W�[���HSZ��^�Eƚ

ʱ�"Ēˏǎğ.ʝŅɛĀv�]{ʧˑÛǄʈɣ̂ICP-MS�H[��igSn�[
̄ʊ 7700x̃E¸ȝ�"�pHǽļ-/ɏƮğ pH~�b�̂ĤĦʊ·Ƅʊ Twin pH
~�b̃Eȝ
"�b�pSļˑư.ĆÍşǽļ�>2 Alamar Blue Assayư.ʀ
Íǽļ-/{�dv��i��c�̂ DStG�{oJN~hIO�Ƚʊ p��\Q
��MX BT-SMATBL Ẽ��ZtL��_He^Jư.ȫÍǽļ-/{JS�v�

�iğ�|n~�b̂ATTOȽʊ AB-2350tL�N\̃E�ˇ¯ĵȫȘˑ.ǽļ-
/�H�bJ} PCRZ\g}̂ Applied BiosystemsȽʊ StepOne Ẽ B!B¸ȝ

�"� 
 
3-2̅¸ȝèȑ�>2ɘɮ 
� Ht�Of~PM� Xenopus laevis /˪˨ȜµEǱǃȜȑơƿ̂ǈ̃>@ʨÏ�
(¸ȝ�"�Ht�Of~PM�ɩȟǁ A8ɘɮ̂ RCB0773 �̃KkRɩȟǁHepa-T1
ɘɮ̂RCB1156�ťÝ/gI�sHȟǁ*�(
"��ŬƪKkRȟǁ)�A�*
�Þƭ�"̃�qiɩP�ȟǁHepG2ɘɮ̂RCB1886̃/ȚȷoJN�`�\^�
b�>@Û�E÷�"�{K\ɩP�ȟǁHepa1c1c7ɘɮ̂ CRL-2026 /̃ American 
Type Culture. Collection̂ATCC̃>@Ïƅ�(¸ȝ�"� 
� A8ɘɮ/ģȻĢĝE L-15Ģĝ̂ SIGMA-ALDRICH *̃��KZɬÎʁǹ̂ FBS�
Bio seraȽ�ƷəȈş 10%̃�100ÂȈɠ ƉȜȑʧ-ƉȲɻãǷĀȁǶ̂kO�Jg
\S�ƷəȈş 1 ẪEǸå�"ĪǚȝĢĝ-(�ʸřĮǡ)ł˘��25˚C )Ģ˺
�"� 
� Hepa-T1/ģȻĢĝE E-RDFĢĝ̂ǎǂʊɽǈš®Ƚ̃*��ɘɮĢ˺ȝĢĝǸ
åã RD-1̂ ǎǂʊɽǈš®Ƚ �̃KZɬÎʁǹ̂ FBS�Bio seraȽ�ƷəȈş 10% �̃

100ÂȈɠ ƉȜȑʧ-ƉȲɻãǷĀȁǶ̂kO�Jg\S�ƷəȈş 1ẪEǸå�
"ĪǚȝĢĝ-(�ʸřĮǡ)ł˘��28˚C)Ģ˺�"� 
� HepG2�>2 Hepa1c1c7/ģȻĢĝE DMEM̂ƪǢʊɽǈš®Ƚ̃*��KZ
ɬÎʁǹ̂FBS�Bio seraȽ�ƷəȈş 10%̃�100ÂȈɠ ƉȜȑʧ-ƉȲɻãǷĀ
ȁǶ̂ kO�Jg\S�ƷəȈş 1Â ẼǸå�"ĪǚȝĢĝ-(�5%CO2ǀ¬��

37˚C)Ģ˺�"� 
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3-3̅ʛɽ 
� ǌˑɞ·Ƃȝ-/ ICP-MSǽļ-�
(ʯŖě˸Ëɖ�?�Ŗě˸Ëɖ-�7"/
�Ŗě˸Ëɖ�?ˏŖě˸Ëɖ-\xSi�śǺE���ŸB��A":�ÿËɖ.

˛ǂéĸʊ.ñĵĆÍÛǄȝǑȀȁǶ̂ 1000 mg L-1 ẼʯŖě˸Ëɖ̂ La�Ce�Pr�
Nd̃��Ŗě˸Ëɖ̂Sm�Eu�Gd�Tb�Dỹ�ˏŖě˸Ëɖ̂Ho�Er�Tm�
Yb�Lũ. 3&-Û�(ǷĀ�Ŗˎ�(�1 µg L-1�10 µg L-1�100 µg L-1.ǷĀǑ

ȀȁǶEʟʊ�"�Q��ięȱƋÚǪ-��AǸåēõȗĽ˼)ȝ
AǸåȁǶ/

SPEXȽʊ.Ŗě˸Ëɖ 16ËɖǷĀǑȀǶ̂10 mgL-1Ğ�̃EŖˎ�( 1 mg L-1.

ǷĀȁǶEʟʊ�(ȝ
"̅7"�ICP-MSǽļ-�
(ÔǑȀʉǗ-ȝ
"ÔǑȀ
Ëɖ/ Be�ReEˆƊ��˛ǂéĸʊ.ñĵĆÍÛǄȝǑȀȁǶ̂1000 mg L-1̃E

ȝ
(�Be 100 µg L-1* Re 10 µg L-1Eą9ÔǑȀËɖǷĀȁǶ̂1 MȸˍȁǶ̃-
ʟʊ��ȸˍ�ˋˍó2H��lHǢ/˛ǂéĸʊ.˭ĵőǍȝʛɽ̂EL̃E¸ȝ
�". ˋˍH��lK}*�(¸ȝ�AĦĀ/�ˋˍ*H��lHǢEɋ��ˑ�&
ǷĀ�� B!B.ȁǶ) pHEʟƣ�(ȝ
"�ʛƥȁǶ.ʟʊó2Ŗˎ�Ľ˼đ
Ó.ǭǰ-/�4(MilliporeȽ.ʫɕǢʊʺǓ)·ʊ�"|� QǢ̂ʫɕǢ̃E¸
ȝ�"� 
� Ht�Of~PM�Ģ˺ɘɮ�>2Áµ-ń�AoJNHe^J-/ˏ˒ŌéĀ

ȑ�>2ìɽČEʨÏ��Ȃɻ�"|� QǢ-ȁʒ�(¸ȝ�"�ħé˖Ɋ�Ǣċȑ
̂99%̃�ħéWo�î ̃̂ȍǢ̃̂97%̃�ħéOj|K}̂99%̃�ħé¡
˔̂ 97%�ċÍɕɽőǍ �̃ħéleU�̂  Ñ̃Ǣċȑ̂ 99% �̃ħé{�P�̂  ̃

ĒǢċȑ̂ 99.9% �̃ħéǢ˕̂  ̃̂ 99.5% �̃ħéPj�lK}ÑǢċȑ̂ 99.9% �̃

ħé^�K}�Ǣċȑ̂99.9%̃��S�}ˍki�K}�Ǣċȑ̂99́̃��>2
1ɖǑȀǶ̂1 mg/mL̃/ċÍɕɽőǍ.;.EʨÏ�¸ȝ�"�{Tm\W�v
̂Gd-DOTA�V�w�[�p�ǈš®Ƚ̃�{Tmr\îGd-DTPA�oJM�ɽ
Čǈš®Ƚ̃�>2N}l\Q��̂Gd-DTPA-BMA�Ɋ��Òǈš®Ƚ̃/
�B
;ìȪȝ.;.EʨÏ�"� 
 
3-4̅ǦŐǢʛƥ 
� ĭƛŐ�ǯġ�?Ǧøġ7).ƒǢĝȋE Fig. 1-ȼ��ǦŐǢʛƥó2�ǢÙȚ
ƠǯǢ.ƒǢ/� 2017Ŝ. 7Ƹ�? 12Ƹ-��(��ǯġ̂ǂ£ˉȿȜŔ̃�?
Ǧøġ̂ǂ£ˉĮȞë̃7). 13ĝȋ̂TM-1̎13̃��ǢÙȚƠǯǢ/ǂ£ˉɄĠ
Ŕ̂TM-ST-1̃�ǂ£ˉŞ�Ŕ̂TM-ST-2̃�ŐŏŔ̂TM-ST-3̃. 3 ĝȋ)ƒǢ
�"�ƒǢ�"ʛƥEéĸÛǄ-º�AĦĀ-/�Milliporeʊ.Ķū 0.45 µm.~
�u��tI�b�̂JH�N}lzHtI�b��Ȱū 47 mm̃)ȉˀŬ�0.1 M
.ȸˍȁǶ*,A>�-ȈȸˍEǸå��z�Md��ʊŁđ-¿ķ�"�
�B.

ʛƥ;�ȸˍEǸå�( 1ʼ˚ª�ɚˀŬÛǄ-º�"� 
� Ht�Of~PM�Ģ˺ɘɮ�>2÷ɑðEȝ
"oJNHe^J-/�2018 Ŝ
. 10Ƹ�>2 2019Ŝ. 2Ƹ-ĭƛŐ.�ǯġ̂TM1~5̃)ƒö�";.E¸ȝ�
"�ƒǢ�"ǦŐǢ/ƒö�"ǦŐǢ/Įĸ-ŘȴŬ���--30˚C-(Øɛ¿ķ�
"�ǽļȰâ-ȁʒ��Ųʌ-ų�(Milliporeʊ.Ķū 0.45 µmPVDF~�u��
tI�b�̂{J�S\-HV tI�b�̃)ȉˀŬ�Ģĝ-Ƿċ�(¸ȝ�"� 
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3-5̅Q��ięȱƋÚǪ 
� Q��ięȱO�}/�12 mL.[�M�XJM�\Ƚʊ. InertSep®ȝM�vg
I�Y�o�-Q��ięȱ̂[�M�XJM�\Ƚʊ InertSepME-2̃E 250 mg
ÌĨ�(·Ƃ�"� Q��ięȱO�}.W�hIZ�l�T/�Mbn�� 5 mL�
2 Mȸˍ 12 mL�ʫɕǢ 24 mL�0.1 MˋˍH��lK}ȁǶ 5 mLE˴ǕʸǶ��
íÛ-ǭǰ�(�?¸ȝ�"��  
� Ǹåēõȗʛ˼ȝ.Ŗě˸ËɖǷĀǑȀǶE 1 µgL-1*,A>�-ǦŐǢ-Ǹå�

"Ǹåʛƥ�ǦŐǢ.8.ȍǸåʛƥ� B!B 50 mL Ez�v�s��ʊd��
û[�M�XJM�\Ƚʊ h[d��ũ-Ûö��Q��ięȱƋÚǪ)ɲħ
ȈɠEʂ%"�Q��ięȱƋÚǪ->AɲħȈɠƞ·/ª�.ʸ@)�A� 
7���4(.ʛƥ- pHEȯʏ);ȹʜ)�A>� 0.5 %~d��ejȁǶE 50 

µLå�"�7"�ɟʅ·ȝEŭA":- 0.1 MˋˍH��lK}ɟʅȁǶE 5 mL
å�"��4(.ʛƥEɔ 8.0 MH��lHǢȁǶ) pH=5.0±0.1-ʟƣ�"Ŭ��
:W�hIZ�l�TEʂ%"Q��ięȱO�}-ǯʹ 1 mL min-1)ʸǶ�A�

*)ůˑ˒ŌEƏ˩�"� .Ŭ�O�}�-ǙĜ�(
A�ƂÛËɖEǭǰ�A"

:�ʫɕǢ 50 mLEʸǶ�"�ƷŬ- 1 Mȸˍ 5 mL̂2.5 mL×2ē̃)O�}-Ə
˩Ćȴ�B"Ŗě˸ËɖEȁÚ��10ÂȈɠǶEŭ"�ȍǸåʛƥ-&
(/Ȕɉ 3
ē.ÛǄEʂ%"�  
� 7"�Ǹåʛƥ*ȍǸåʛƥ�.ÿËɖȈş*ȈɠŬ.Łˑ̂5 mL̃�?ȈɠǶ
�.ÿËɖ.ɜńˑEǣ:�ÿËɖ-&
(Ǹåʛƥ.ɜńˑ�?ȍǸåʛƥ.ɜń

ˑEŢ
"ˑE�Ľ˦-Ǹå�"ɜńˑ̂ÿ 50 ng̃-ń�AäĀEQ��ięȱƋ
ÚǪ-��Aēõȗ̂́̃*�(�ǽļÄ.ʉǗ-ȝ
"� 
 
3-6̅ICP-MSǽļǪó2ǽļǀ¬ 
� 3-5 )Ǹåʛƥó2ȍǸåʛƥ-&
(Q��ięȱƋÚEʂ%(ŭ?B"ȈɠǶ
E ICP-MS)ǽļ�"�Table 1- ICP-MS.ǽļǀ¬Eȼ��  
� ICP-MSǽļ-�
(/�Be�ReEÔǑȀËɖ*�(ȝ
AÔǑȀʉǗEʂ%"� 
ICP-MSǽļư-ʛƥȁǶ*�ļˑǷĀ�,�?ʈɣÔ-ŅÏ�"� 
� 7"�Table 2-ǦŐǢ�Ŗě˸ËɖEļˑ�A˦-ʍ?BA\xSi�śǺ*ś
ǺʉǗ¾ƢEȼ�� Table 2-ȼ�>�-�ʛƥȁǶ�.Sb� 123Sb16O+*�( 139La+

-�Ba� 137Ba16O+*�( 153Eu+-�Gd� 141Pr16O+*�( 157Gd+-�Tm� 153Eu16O+

*�( 169Tm+-�Lu � 159Tb16O+*�( 175Lu+-� B!B\xSi�śǺEŢ�

ʪ��":��B?.Ëɖ.ÀþŤşE\xSi�śǺʉǗ¾ƢǪ 4̃->@ʉǗ�"��   
 
3-7̅ɘɮǘHe^ĴAlamar Blue Assaỹ 
� ÿɘɮ-ńų�AĢĝ�- HepG2 ɘɮ�Hepa1c1c7 ɘɮó2 A8 ɘɮ/ 2×104 

cells/mL�Hepa-T1 ɘɮ/ 1×104 cells/mL�*,A>�- B!BƁȇ�"Ŭ�96
KL�v��i.ÿKL�- 100 µL�&ƜɃ���ʗ.ǀ¬) 24ư˚âĢ˺�"�
âĢ˺Ŭ�12Ƀ˸.˒ŌéĀȑE B!BƷəȈş)Ǹå�"�ʛɽǸå�? 24ư
˚Ŭ-ĢĝEö@ˡ��80 µL . PBS )ǭǰ� .Ŭ�5% Alamar Blue ȁǶ
̂InvitrogeñEąF# B!B.ĢĝEÿKL�- 100 µL�&Ǹå��ÿɘɮ.
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Ģ˺ǀ¬�) 3ư˚Ģ˺�"� .Ŭ��ǹ 80 µLEʀÍǽļȝ 96 well Black well
v��i3Ɂ��{�dv��i��c�)ʀÍŤş̂çʪǫ˗̇535 nm�ǽļǫ
˗̇595nm�žş̇60̃Eǽļ�"��   
 
3-8̅ˇ¯ĵȫȘˑ.ǽļ̂RT-qPCR̃ 
� ʛɽÙȚE�"ɘɮ>@ɝ RNAE^pa��̂kO�Jg\S̃Eȝ
(ï˫�
"�ɝ RNAˑ/ĆÍşE;*-ȈşEʕɌ��RNase FreeǢ̂kO�Jg\S̃
Eå�ȈşEĞ�-ʟƣ��ɝ RNAȁǶ*�"�ɝ RNAȁǶE 65℃) 15 ÛåǼ
�(Ȑīŷ��".$�High Capacity cDNA Reverse Transcription Kit̂Applied 
Biosystems̃EǸå��25℃) 10 Û˚�37℃) 120 Û˚�85℃) 5 Û˚åǼ�A
�*->@ʷʭÖˌɖôųE��,%"�ôųə�Ŭ�RNase FreeǢEå�Ŗˎ��
RT ôųǶ*�"��. RT ôųǶ- Fast SYBR® Green Master Mix̂Applied 
Biosytems̃*ˇ¯ĵȒȧȬv�J{�Eå��StepOnêApplied Biosystems̃E
ȝ
( qPCRôųEʂ%"� 
 
3-9̅�ZtL��_�z�b�He^J 
� ʭÖĔĵ.ǮŷéEǽļúɯ,�ZtL��_�z�b�v�\|j*�(�ɹ˻

ƨȊéǢɖ÷Łµ̂AhR̃.ɛĀˊÜ̂XRẼEąF# XRE-Luc�ʭÖĔĵNF-kB
.ɛĀˊÜEąF# pGL4.32�ʭÖĔĵ p53.ɛĀˊÜEąF# pGL4.38�>2ʭ
ÖĔĵ AP-1.ɛĀˊÜEąF# pGL4.44Eȝ
"�XRE-Luc/˛ƾ�ßȷɇ->
@·Ƃ�";.E¸ȝ�"�7"�pGL4.32�pGL4.38�>2 pGL4.44/ Promega
Ƚ.;.EʨÏ�¸ȝ�"� 
� A8 ɘɮ-ń�(��ʗ�ZtL��_�z�b�v�\|jE Lipofectamine 
LTX Reagent̂ThermoFisher ScientificȽ̃Eȝ
(ˇ¯ĵŅÏ�"�ŅÏ�"ɘ
ɮEÕşƜɃ��500 µg/mL.Hygromycin BEąF#Ģĝ->@ 3ʼ˚Ģ˺�A
�*)��ZtL��_�z�b�ˇ¯ĵ�ĺļȬ-ȫȘ�" A8-XRE-Luc�
A8-pGL4.32�A8-pGL4.38 �>2 A8-pGL4.44 Eŭ"��B?E�z�b�ɘɮ*
�A�ÿ�z�b�ɘɮǈE 1 x 104 cells/100 µLĢĝ/KL�*,A>�- 96Ɇv�
�i-ƜɃ�� 24 ư˚âĢ˺�"�24 ư˚Ŭ�ˏ˒Ō< 50%țĩǢEąF#Ģĝ
EÙȚ��6ư˚Ģ˺�"�ÙȚŬ�ĢĝEˡò��PBS)ǭǰ�"Ŭ-�40 µL.
1×Reporter Lysis Buffer̂PromegãEå� 15ÛåǼŬ�-80˚C)Øɛ�A�*-
>%(ɘɮȁʒǶEʟʊ�"��.ɘɮȁʒǶ 10 µL-ń�( 200 µL.�ZtL�
�_ģʧǶ̂Gold Biov�iW��->@·Ƃ̃EǸå��Ȝ�"ȫÍE�|n~�
b�->@ǽļ�"�7"�BCA-protein assay kit̂TAKARÃEȝ
(ɘɮȁʒ
Ƕ�.b�pSȈşEǽļ��b�pS�"@.ȫÍŤşEɌÚ�"� 
 
3-10̅Ht�Of~PM�÷ɑðEȝ
"ÝƻȫȜ.ʑŃ 
� Pj�lK}̂ Gd �̃ǢȜɱǋèȑÝƻȫȜư.ŦſŦƂ-ó6�ũ˰-&
(�
Ht�Of~PM� Xenopus laevis Eȝ
"ʛ˼Eʂ%"�Ht�Of~PM�.
ð/ȫȜŬɔ 72ư˚)Ĺé-˂�A��.�*�?�ƾʛ˼/÷ɑȹʜŬ�? 3ƪ
ȯ7).Ht�Of~PM�ÝƻȫȜ-ń�AŶŷǞŷʚ¼ʛ˼*�(ʂ%"�¤ő
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Ɛɑ->%(ȫȜ\g�[.Ɩ%"÷ɑðEŭ�Ľ˼-º�"�1ê.~\�? 1ē
.ƒð)ɔ 200�300ð�ŭ?BA�*�?�Ľ˼/ā�S�edðEʋƢ.ǀ¬ɥ
-Û�(ʘļ�"�¤őƐɑŬ.ð/ȫȜȝoetG��) 20℃��12 ư˚.ƭƲ
Ĉƻ)ȫȜ��"�÷ɑ.Ƃɉ/÷ɑŬ 1̎1 ư˚îŬ-ʪ�Aðä.ƹȍ->%(
Þß��÷ɑð.8EĽ˼-º�"�ʐ.ð.ȓſ�÷ɑȗó2ȫȜȗ3ó6�ũ˰

EŇ,��A":�1S�ed.÷ɑȗ� 80%ª�.;..8EĽ˼-ȝ
"� 
� Ľ˼�̂Gd *§.ˏ˒ŌEȝ
"ŶŷǞŷǟʰʛ˼̃)/÷ɑðEȍÙȚ)Ƴˮ
Ľ˼-ȝ
�Ľ˼ ̂FETAX ǪEȝ
" Gd ó2ìȪȝ Gd ʊã.ũ˰ʚ¼̃�>
2�̂ĭƛŐǦŐǢEȝ
"ʛ˼̃)/ɲ_��ÙȚEʂ%(ðĈė._��ōEˡ

ò�"�Ľ˼�ó2�/ 10 cmZ���- 40 mL.ƳˮǢEȀÇ� 20ðɂş.ðƢ
)Ľ˼Eʂ
�Ľ˼ / FETAXǪ̂ASTM�1993̃Eȝ
�2 mL.ƳˮǢ- 1Á
.÷ɑð)ʛ˼Eʂ%"�ȫȜ\g�[ʆ/ Gosner̂1960̃Eȝ
�ʛ˼Ŭ.Áµ
/y�{��ǴȄǑƾ*�"� 
 

��	�'�

4-1̅ĭƛŐǦŐǢ�Ŗě˸ËɖȈş 
� Table 3 - 2017 Ŝ 7 Ƹ-ƒǢ�"ĭƛŐ�ǯġ.�ǢÙȚƠǯǢǯÏŬ.ʛƥ
̂Fig. 1 .ƒǢĝȋ TM-5̃.Q��ięȱƋÚǪ / ICP-MS Ǫ->@ǽļ�" 14
Ëɖ.ļˑÄ�Ȕɉ 3ēǽļ->@ŭ?B"ȱńǑȀÅœ̂RSD̃�Q��ięȱƋ
Úƞ·-��AǸåēõȗ�Ɉʛ˼Ä�ÛǄǌÚ˟ȣEȼ��ÛǄǌÚ˟ȣ/�ICP-MS
.ʈɣǌÚ˟ȣ�?Q��ięȱƋÚƞ·-��AȈɠÂȗ̂10 Ẫ*ēõȗEɧ
ƀ�(ǣ:"�ʈɣǌÚ˟ȣ/ ICP-MS )u��SȁǶ̂1MȸˍȁǶ̃E 10 ēǽ
ļ�"*�.ÿËɖ.m/z-��AÀþŤş.ǑȀÅœ̂σ̃. 3Â̂3σ̃-ȱť�
AȈş*�"� ƾǪ-��AŖě˸Ëɖ.ÛǄǌÚ˟ȣ/�0.01̎0.03 ng L-1)�

@�țĩǢ�.Ŗě˸ËɖEļˑ�A�)íÛ´
Ä)�%"�Table 3�?D�A
>�-�TM-5)ƒǢ�"ĭƛŐǦŐǢ�Ŗě˸Ëɖ/ Gd. 65.0 ng L-1�? Euó
2 Tb. 0.41 ng L-1)�4(Ŗě˸Ëɖ��ȱńǑȀÅœ̂RSD̃2̎10́.ɸĲ,
ÛǄɑş)ļˑ�A�*�)�"�Q��ięȱƋÚƞ·-��AŖě˸Ëɖ.Ǹå

ēõȗ/ 100̎120́)�@�Ëɖ.ēõ/ļˑȬ-ʂDB"*ɧ�?BA�7"�
Ɉʛ˼Ä/
�B.Ëɖ; 0.1 ng L-1ª��A
/ǌÚ˟ȣª�)�@�ļˑÄ*ǟ

4(ȍʏ)�AȈş�w�)�%"� 
 
4-2̅ā�ĝȋ)ȧ,Aưƻ-ƒǢ�"ĭƛŐǦŐǢ�Ŗě˸ËɖȈş  
� Table 4-ā�ĝȋ(TM-1))ȧ,Aưƻ-ƒǢ�"ĭƛŐǦŐǢ� GdȈşEȼ��
Table 4�?D�A>�-��ǢÙȚƠǯǢĀǯŬ. TM-5)/�ƒǢưƻ->@ Gd
Ȉş� 46.1̎112 ng L-17)īé�(
A�*�ƭ?�-,%"�ƒǢưƻ->@�

,@Ȉş-˃
��A��TM-1̎TM-4.�ǢÙȚƠǯǢ�Āǯ�(
,
ĝȋ).
GdȈş� 1̎3 ng L-1ɂş)�%"":��ǢÙȚƠǯǢ.Āǯ->@�ř-˽
Ä

)ƕɁ�(
A�*�ƭ?�-,%"� 
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4-3̅ĭƛŐǦŐǢ�Ŗěpb��*Ȉşȧř 
� ÿǦŐǢʛƥ�Ŗě˸Ëɖ.ȱńķĜˑEǟʰ��Ȉşȧř.ƹȍEȹʜ�A":

-Ŗěpb��E·Ƃ�"�Fig. 2-ĭƛŐǦŐǢ�Ŗěpb��Eȼ��Ŗěpb
��E·Ƃ�A˦�ʸř/ Leedey Chondrite˥ȶ�.Ŗě˸ËɖȈş)ʎǉé�A
����)/�ÿǦŐǢʛƥ�Ŗě˸ËɖȈşEN�\i��H.˱Ŏ̂ Post-Archean 
Australian average shalėPAAS̃�Ŗě˸ËɖȈş)ʎǉé�"�țĩǢ)/�
˱Ŏ->@ʎǉé�"Ŗěpb���ɸ�ȝ
?BA� 
� Fig. 2�?D�A>�-��ǢÙȚƠǯǢ�ǯÏ�Aâ.ʛƥ̂TM-1̎TM-4̃)
/ La̎Lu7)ȃ?�,Ȱɞ*,AțĩǢȒƹ.Ŗěpb��Eȼ�"���ǢÙȚ
ƠǯǢĀǯĝȋ>@�ǯ.ʛƥ̂TM-5�TM-13̃)/ Gd .ķĜş�˧Ɣ�A§.
Ŗě˸Ëɖ>@;ƭ?�-˽
�*�ȹʜ�B"��. Gd .Ȉşȧř/�TM-5 �
? TM-16 .Ǧøġʛƥ7).�4(.ʛƥ)ȹʜ�B"��B7).ĚÔĬ)ĥć
�B(
A>�-�ˉŔġǦŐǢ-ʍ?BA Gd .Ǘ.Ȉşȧř/Ȩˠ) MRI .ʺ
ũã*�(¤µ-ƈ��B" Gd.éĀȑ���ŉ*�(ƑÚ�B"Ŭ��ǢÙȚĦ
);ĻÐ-ˡò�B�-�ǦŐǢ-ǯÚ�"":-Ţ�ʪ��B"*ɧ�?BA� 
� Fig. 3-ĭƛŐ.�ǢÙȚƠǯǢ.Ŗě˸ËɖķĜşpb��Eȼ��Fig. 3�?
D�A>�-�ĭƛŐ-�
(�ǢÙȚƠǯǢ�?Gd.Ǘ.Ȉşȧř�ȹʜ�B"�
�?-�Fig. 3�? Gd.§- La.Ȉşȧř�ȹʜ�B"� āǐ.Ȉşȧř/jJ
f.ǦŐǢ);ʑǽ�B(�@�őǍȝ.ʓĴʪǿ*ƕŃ�B(
A�  
 
4-4̅GdȈşó2 Gdȧřş.ĝȋ˚.ǟʰ 
� Fig. 4-ĭƛŐǦŐǢ�.�ǯġ�?Ǧøġ-��Aĝȋ˚. GdȈşīéEĘȼ
�A�Fig. 4�?D�A>�-�ƭ?�-�ǢÙȚƠǯǢĀǯŬ- Gd.Ȉş�ŶȆ
-�ƫ�� .ŬǻŇ�A�*Eɢ@ʵ�[TYT.ÛŕEȼ�"�Ȓ- 4�Ƅ.�
ǢÙȚƠǯǢ�Āǯ�"ȰŬ. TM-5)Ʒ;Ȉş�˽���.*�. GdȈş/ 65.0 
ng L-1)�%"��.Ä/ƾȷɇ-��AƷ�ǯ.ƒǢĝȋ)�A TM-1*ǟ4A*
ɔ 40Â˽
Ä)�A� 7"�TM-9-�
(āĝȋ).ˀò.ƤȕÄ 13)*ǟʰ�A

*�ɔ 4Â˽
ÄEȼ�"��"�%(�17Ŝâ-ǟ4( Gd.ȅĜȬǤǆ�>@ʽ
ʂ�"úɯŷ�ȼď�B"�����4�2-ȼ�">�-�ƒǢưƻ->@ GdȈş
/�,@ȧ,A":�īèŚEƭ?�-�"��)ʤʠ�AŲʌ��A�7"�+.

ĝȋ;�ǢÙȚƠǯǢ*ǦŐǢ.ĀǯŬ/ Gd Ȉş�ǻŇ�(
A�*�?�Gd Ȉ
ş�´
ǦŐǢ)Ŗˎ��A
/Ɓȇɐĵ-Ćȴ�(ö@ʳ7B"úɯŷ��A*ɧ

�?BA� 
� �����.>�-ĝȋ˚<ˀò.h�b* GdȈşEǟʰ�AĦĀ�Ë�ą7B
(
AŖě˸Ȉş�w��įÃ,+->%(Œý�BA":�Gd .ȅĜȬǤǆ.ʽ
ʂşĀEǟʰ�A˦-/ǬŽ�Ųʌ)�A�  �)�ÿǦŐǢʛƥ˚�ó2ˀò.
h�b. Gd.Ȉşȧř.ǟʰEľʑȬ-ʂ�":-�Gd.Ȉşȧř.Į��E Gd
ȧřş*�(ƢÄé�A�*Eʛ8"�  
� ĭƛŐ�ǯġ-³ɣ�A TM-5.ÄEȝ
(�Fig. 5- Gdȧřş.ɌÚǪE¹ȼ
�A 4̃�Gdȧřş/Ŗě˸ËɖķĜşpb��-��AǗ. GdȧřşEƢÄé�
";.)��š.>�-ļɦ�"� 



 

 9 

 Gdȧřş=̌̉Gd̊shale-̉Gd̊'shale̍/̉Gd̊'shale� ×100̂́̃  

̉Gd̊'shale / Gd .Ȉşȧř�,
*«ļ�"ĦĀ.ʴ²ʎǉÄ)�A�ÿǦŐǢ
ʛƥ�. GdȈş. PAASʎǉéÄẺGd̊shale�GdȈşȧř�Ð�ķĜ�,
*
«ļ�"ĦĀ.ȚʠȬ,̂ʕɌ�.̃ʎǉéÄẺGd̊'shale*�"�̉Gd̊'shale/

Gd*ñĵȦþ�˧Ɣ�AËɖ.��?�Sm�Tb�DyEˆ2��B?.Ëɖ. PAAS
ʎǉéÄEȝ
(Ʒņ��Ǫ)Ȱɞʴ²�(ǣ:"�"#��Eu / Gd -˧Ɣ�A
��Ȉşȧř�ʍ?BAĝȋ;�%"":�Ȱɞʴ²-/ȝ
,�%"� 7"�ˀ
ò.h�bEȝ
A˦�Tb .h�b�,�%"ĝȋ��A
/ Sm .Ä�˧Ɣ�A
§.Ŗě˸Ëɖ>@;˽
ÄEȼ�(
"ĝȋ)/¹Ĭ*�(NdEȝ
(Ȱɞʴ²
�"�TM-5 ).ȧřş/ 3065 #%"��.Ä/ǹǰĝȋ. TM-1 *ǟ4ɼ��˽

ÄEȼ�"� 
� Fig. 6-ĭƛŐ.�ǯ�?�ǯ-��(. GdȧřşEȼ��Fig. 6�?D�A>
�-�TM-1̎TM-4ĭƛŐ.�ǢÙȚƠǯǢ.Āǯ�,
�ǯ.ĝȋ)/ Gdȧřş
� 7̎11*´��Gd.Ȉşȧř/5*F+ʑǽ�B,�%"��Fig. 5. GdȈş
.ĦĀ*āǐ-�ǢÙȚƠǯǢĀǯŬ- Gdȧřş.�ƫ�ʍ?B"�����Fig. 5
-ȼ� GdȈş)/�TM-5�Ʒ;˽
ÄEȼ�"��Fig. 6-ȼ� Gdȧřş)/�
TM-11) 6107*Ʒ;˽
 GdȧřşEȼ��Fig. 5. GdȈş�Ʒ;˽�%"ĝȋ
* Fig. 6. Gdȧřş�Ʒ;˽�%"ĝȋ�ȧ,Aɛǅ*,%"� TM-5)/�Gd
Ȉş�˽
�āư-§.Ŗě˸ËɖȈş;�ƫ�"�*�ȼď�BA��B-ń�(

TM-6)/ GdȈş.�ƫ/ǟʰȬɅ<�-ʪ�A��§.Ŗě˸Ëɖ*ǟ4A* Gd
.Ȉşȧř.ɂş�ǟʰȬ˽
*
�A��.�*�?�ǦŐǢ�. GdȈş�˽�
(;Ų��;ȧřş;˽
*/˟?,
�*�D�A� 
  
4-5̅ Gdȧřş.ˀòh�b*.ǟʰ 
� Table 5-ƾȷɇ)ǽļ�"ĭƛŐ-��A GdȈş* GdȧřşEˀò.Ƥȕh
�b*.ǟʰ�"ʆEȼ��Table 5�?D�A>�-�Ǧø̂ TM-13 -̃�
(/�

Y. Nozaki2)?.Ƥȕ)/ 1995Ŝ. GdȈş/ 3.93 ng L-1�Gdȧřş/ 151)�%
"��2017Ŝ. GdȈş/ 11.5 ng L-1� Gdȧřş/ 580* 22Ŝ.˚- GdȈş/
ɔ 3Â�Gdȧřş;ɼ��˽�,%"�7"��ǯ (TM-9) -�
(/�ʩƼ?.
ĥć 13)->A* 2000Ŝ. GdȈş/ 6.32 ng L-1�Gdȧřş/ 169)�%"��2017
Ŝ. GdȈş/ 24.9 ng L-1�Gdȧřş/ 3895)�@�17Ŝ.˚- GdȈş/ɔ 4
Â�Gdȧřş;ɼ��˽�,%(
"� >%(� �. 20Ŝɂ.˚-ĭƛŐ)/�
ǯġ�ǦøġÒ-�GdȈş* Gdȧřş��ƫ�(
A�*�Û�%"� 
 
4-6.ˏ˒ŌÙȚ�>2 GdąƹìɽČÙȚ->A in vitroɘɮǞŷ.ǌʖ 
� țĩʛƥǢ�-/Ŗě˸Ëɖ.§-;�ǐ�,ƹǓȑ<ȍǓȑ�ķĜ�(
A":�

 .ǢȜȜȑ3.Ǟŷ/ʋĀȬ,;.*,@�ʒǄ/ĖˬEǎ:A� �)7��Ŗ

ě˸Ëɖ .;.�Ģ˺ɘɮǈ-ǞŷEƹ�A�Ą�E�Ŗě˸Ëɖ̂ɕȑʧ̃Eȝ


(ʒǄ�"�,��In vitroʛ˼)/�ǢȜȜȑɘɮǈ*�(Ht�Of~PM�
ɩȟǁ A8 ɘɮ*KkRɩȟǁ Hepa-T1 E�7"�ǟʰńʥ.Ď�˸ɘɮǈ*�(
qiɩ�FȟǁHepG2ɘɮ*{K\ɩ�FȟǁHepa1c1c7ɘɮE B!Bȝ
"� 
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� �ʗɘɮǈ-7��Ŗě˸Ëɖ̂Ce* Gd̃ȍǓħ�țĩģȀ�ļ:?B(
Aˏ
˒Ō̂As�Cd�Cr�Hg�Pb�>2 ZñȍǓħ��?-�ʌȭʏ�ʟǇ˳ȯ*,%
(
Aˏ˒Ō̂ Co�Cu�Mn�>2Ni ȍ̃ǓħEÙȚ�� .ɘɮǞŷEǟʰ�"�
 .ɛǅ�As�Ce�Co�Cu�Gd�Ni�Mn�Pb�>2 Zn/˽Ȉş̂ As.8 5 µM�
§/ 100 µM̃EÙȚ�(;˷ɼ,ɘɮǞŷEȼ�,�%"�Hg /Ð(.ɘɮǈ)
Ť
ɘɮǞŷ̂Ȝķȗ 20%ª�̃Eȼ�"��?-�Cd �>2 Cr / HepG2�
Hepa1c1c7�>2Hepa-T1-ń�(Ť
ɘɮǞŷEȼ�.-ń��Cr/ A8ɘɮ-
ń�(ţ
ɘɮǞŷ̂Ȝķȗ 40%ɂş̃��ȼ���7"�Gd / A8 ɘɮ-ń�(
ɘɮǞŷEȼ�,�%"̂Figs. 7�>2 8̃� �)�Cd�Cr�>2 Hg. 24ư
˚�>2 72ư˚ÙȚ->AɘɮǞŷ.Ȉş»ķŷEǌʖ�"�A8ɘɮ)/�Cd-
>AɘɮǞŷ� 24 ư˚)/ƷĮȈş̂100 µM̃);ʜ:?B,�%"��72 ư˚
)/ 100 µMÙȚɥ).8ɘɮǞŷ�ʜ:?B"��Ƨ�§.ɘɮ. 24ư˚ÙȚ)
/�12.5~25 µM. Cd->@ɘɮǞŷ�ʑŃ�B"�7" Cr/�A8ɘɮ-ń�(
24 ư˚>@; 72 ư˚)>@´Ȉş�?ǞŷEȼ��� .·ȝ/ Hepa-T1 )ʍ?
BA;.>@ţ
�*�ȹʜ�B"̂Figs. 9A�>2 B̃��B?.ɛǅ�?�Ď�
˸ȟǁɘɮ*ǢȜȜȑȟǁɘɮ.˚)
�&�.țĩǤǆˏ˒Ō.Ǟŷũ˰�ȧ,

A�*�ȼ�B"�Ȓ-�Ht�Of~PM�ɩȟǁ A8 ɘɮ/ Cd -´ž÷ŷ)�
Aúɯŷ�ɧ�?B"��.ž÷ŷ.˃
/�ȝ
"ɘɮ˚).	ˏ˒Ō.öʳ�Ƒ

Ǩ
	ˏ˒ŌǞŷȫȘ-˛DAɘɮÔĔĵ
	Ģ˺ǀ¬
.ȱ˃-ʪĔ�A�*�ɧ

�?B"� 
� �?-�GdEąƹ�AìɽČ)�APjg�ˍ~T�|�̂Gd-DOTA�ĐČĂ̇
{Tm\W�v �̃Pj[H|jǢċȑ̂ Gd-DTPA-PMA�ĐČĂ̇ N}l\Q�� �̃

Pjx�giˍ[~T�|�̂Gd-DTPA�ĐČĂ̇{Tmr\ĩ.ɘɮǞŷ-&

(;ǌʖ�"� .ɛǅ��B?ìɽČ/ GdȍǓħ*āǐ�ʛ˼�" 4ɘɮǈ-
ń�( 100 µM�72ư˚7)ɘɮǞŷEȼ�,�%"̂Figs.9C�>2 D̃��.ɛ
ǅ�?�Gd̂ ȍǓħ̃�>2 GdąƹìɽČ/˷ɼ,ɘɮǞŷEƍ",
�*�ƭ?
�*,%"�¥ēʛ˼�"ƷĮȈş̂ 100 µM /̃ Gdˑ*�( 15.7 mg/L-ȱť��
Ľ˼ 4-1)ŭ?B"țĩǢ�.ƷĮȈş̂65 ng/L̃.ɔ 24,000Û. 1-ˀ�,
�
�.�*Eɧ�A*�țĩ�. Gdïµ)/ɘɮǘEģȮ*�"ǞŷEʪ��úɯŷ
/´
;.*ŵDBA� 
 
4-7. ˏ˒ŌÙȚ�>2 GdąƹìɽČÙȚ->AoJN{�O�ˇ¯ĵ.ȫȘīè 
� â˳ 4-6 .ǌʖ�?�Gd /˷ɼ,ɘɮǞŷEȼ�,
�*�ƭ?�*,%"�*
�C)�ǐ�,éĸȑʧ.ÙȚ->@�Ht�Of~PM�.ŦſŦƂȧř�Ȝ�A

�� .˦-ǐ�,ˇ¯ĵ.ȫȘīè�ʪ�A�*�ȵ?B(
A�14-22)  �)�

A8ɘɮEÿɃˏ˒Ō) 24ư˚ÙȚ��Table 6-ȼ�"ÿɃˇ¯ĵ.ȫȘīèEǞ
ŷ.oJN{�O�̂ƎǑ̃*�(�ÿɃˏ˒Ō�ɘɮ-ń�(+.>�,·ȝEȼ

�.�E qPCRǪ->@ǌʖ��ÿɃˏ˒Ō.Ûĵ�w�).Ǟŷũ˰EʒǄ�ɧŃ
�"�Fig. 10 -/ÔÛǩ���·ȝ.ƎǑ*,AH�j�V�÷Łµ̂Androgen 
receptoṙ AR *̃cJNQZ�ǐ·ȝ.ƎǑ*,AZiS�} P450IA7̂ CYP1A7̃



 

 11 

.ˇ¯ĵȫȘˑEȼ�"�,��ˇ¯ĵȫȘˑ/ÔˈǑȀ)�A RPL27 .ȫȘˑ)
ǑȀé��ńȏɥ*.ȱńǟ)ȼ�"� 
� AR/W�i���*ǟʰ��Pb�Ni�Mn�GdªĬ.ˏ˒ŌƳˮɘɮ).ȫȘǻ
Ň�8?B�Ȓ- Cu)/ńȏɥ. 0.1Âª�.˷ɼ,ǻŇ�ȹʜ�B"� .�Ƨ�
GdÙȚ)/ńȏɥ. 10Âɂş.˷ɼ,Īå�ȹʜ�B"�CYP1A7/ Cu< CrÙ
Ț)ȫȘˑ.ǻŇ�ȹʜ�BA�Ƨ�Gd ÙȚư-/ńȏɥ. 5 Âª�.˷ɼ,Īå
�ȹʜ�B"�ÿˇ¯ĵ.ȫȘˑE��c�d��ié�(ǟʰ�"*�C�Cu )
/Ðˇ¯ĵ.ȫȘ�ńȏɥ>@;´��A�Ƨ)�Gd /Ðˇ¯ĵ.ȫȘ�ńȏɥ>
@;Īå�A�*�ȼ�B"��B?.�*�?�Gd̂ȍǓħ̃/˷ɼ,ɘɮǞŷ
Eƍ",
;..�ˇ¯ĵȫȘ�w�)/ Cu*/Ð�ʷ.�ȒŰȬ,ˇ¯ĵȫȘp
b��Eȼ��*�D�%"�Ǖ-�Gd̂ȍǓħ̃�>2 GdąƹìɽČE A8ɘɮ
- 24 ư˚ÙȚ��oJN{�O�ˇ¯ĵ.ȫȘE��c�d��ié�( Fig. 12
-ȼ�"� .ɛǅ�Gd ąƹìɽČ/
�B; Gd *āǐ.ˇ¯ĵȫȘpb��E
ȼ�"� 
� oJN{�O�ˇ¯ĵ.ȫȘīèEƎǑ*�"ǌʖ�?�˽Ȉş. Gd �>2 Gd
ąƹìɽČ/cJNQZ�ǐ·ȝ<ÔÛǩ���·ȝEȼ�úɯŷ�ȼď�B"�Ľ

˦-qiȾɚĢ˺ɘɮEȝ
"ǌʖ)/�Gd ąƹìɽČ�Źřŷy���̂i��
�jd�l�̇T3 .̃·ȝE����A�*)ȾɚÛéE˝ŀ�A�*�ȼ�B(�

@�23) ƾȷɇɛǅ*.˛ʻŷ-ɷĉ�ƍ"BA�țĩ�Ȉş�w� Gd ->AoJ
N{�O�ˇ¯ĵ.ȫȘīè/7#ƭ?�-Úǁ(
,
��Gd /ǐ�,ʭÖĔĵ
EǮŷé̆Ƈá�A�*)�̠ ƻȬ-/Ƀ�ˇ¯ĵ.ȫȘīèE¦�(ĭǐ,ǞŷE

żʪ�Aúɯŷ�ɧ�?B"� 
�  
4-9. �z�b�ɘɮǈEȝ
"țĩǢ�>2 GdąƹìɽČ.ũ˰ʚ¼ 
� �z�b�ˇ¯ĵHe^J/�țĩ�éĸȑʧ.�lb��T-ɡȝ�B(
A�

ȷɇ©ʆɨ)�A˛ƾ;Ľ˦-�B7)�qi<Ľ˼èȑȟǁɘɮǈEȝ
(cJN

QZ�ǐéĀȑ.�z�b�ɘɮǈEǒɉ�(�"�24)25)  �)��.ƅǪEųȝ��

ǐ�,�z�b�v�\|jEŅÏ�" A8ɘɮE·Ƃ�A�*)�ǞŷoJN{�
O�ˇ¯ĵȫȘ-˛ʻ�AʭÖĔĵ.ǮŷéEʚ¼�A�*Eʛ8"�ʭÖĔĵ)�

A AhR�AP-1�NF-kB�>2 p53.ǮŷéEǽļ)�A�ZtL��_�z�b�
v�\|jE A8ɘɮ-ŅÏ��ˆƊĢĝ)Ģ˺�A�*->@ĺļȫȘɘɮE·Ƃ
�"̂Fig. 12̃��B-�X�v��T�"ĭƛŐ.țĩǢ�>2Ƀ�Ȉş. Gdé
Āȑ̂GdCl2�Gd-DOTA�Gd-DTPA �>2 Gd-DTPA-PMÃEǸå��6 ư˚Ŭ
-��AÿʭÖĔĵ.ǮŷéE�ZtL��_He^J->@ǽļ�"� 
� A8 �z�b�ɘɮ-�2019 Ŝ 2 Ƹ-X�v��T�"ĭƛŐ 6 ĝȋ.ǦŐǢ
̂TM-1�TM4�TM4D�TM5U�TM5̃�>2 TM4~TM5.˚-Ơǯ�BAƠǯǢ
̂ST-A �>2 ST-B̃EĢĝ�- 50%*,A>�-å�ÙȚ��ʭÖĔĵ.Ǯŷé
̂�ZtL��_Ǯŷ.īé̃Eǽļ�"�NF-kB Ǯŷ�>2 AP-1 Ǯŷ/ƠǯǢ
̂ST-Ã)ńȏ. 3 Âª�.˽ÄEȼ���.ƠǯǢ�ǯÏ�AǦŐǢ̂TM4D�
TM5U �>2 TM5̃);˽ÄEȼ�"�7"��B?.Ǯŷé/CˀÙȚ->%(
;īé�,�%"̂Figs. 13C�>2 D̃��Ƨ�AhRǮŷ�>2 p53Ǯŷ/ƠǯǢ
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̂ST-Ã)D��-˽ÄEȼ�"���.Ǯŷé/ 0.45 µmtI�b�->ACˀ
ÙȚEʂ��*->@ǵİ�"�7"�ǦŐǢ)/˷ɼ,Ǯŷ.īè/ʍ?B,�%

"̂Figs. 13A�>2 B̃� 
� oJNHe^J)¸ȝ�"țĩǢ�. Gd Ȉş/ƽǽļ,�?�4-2 .ǌʖ�?ț
ĩǢ̂TM-5̃�>2ƠǯǢ̂ST-Ã-/ǟʰȬ˽Ȉş) Gd �ą7B(
A�*�
ƕļ�BA��ǢÙȚƠǯǢ�ǯÏ�Aâ.ʛƥ̂TM-1 �>2 TM-4̃-ǟ4(�
�ǢÙȚƠǯǢ.ǯÏ�Żļ�BAʛƥ̂TM4D�TM5U �>2 TM5̃�A
/Ơ
ǯǢ̂ST-Ã.ÙȚ->@ʭÖĔĵ AP-1�>2 NF-kB.Ǯŷé�ʜ:?B"�*
�?��.țĩǢ<ƠǯǢ-ąƹ�BA GdéĀȑ-;āǐ.·ȝ��A�*�ƁŴ
�BA� �)�Gd éĀȑEȝ
(��B?ʭÖĔĵǮŷé3.ũ˰Eǌʖ�"�
cJNQZ�ǐ·ȝEƍ&ƹǓéĸǤǆȑʧ)�A 3-~d�W��\��̂MC̃)
�B?ʭÖĔĵ.Ǯŷé�Ȉş»ķȬ-ʜ:?B"��țĩ�-Ǚȥ�(
A�*�

ȵ?BAƉɻɽi�S�X��Ǟŷˏ˒Ō*�(ȵ?BA Cd-/˷ɼ,Ǯŷīè/
ʜ:?B,�%"̂ Fig. 14 �̃7"�
�B. GdéĀȑ̂ GdCl2�Gd-DOTA�Gd-DTPA
�>2 Gd-DTPA-PMÃEƷĮȈş̂100 µM̃7)ÙȚ�(;Ǯŷ.īé/ʜ:?
B,�%"̂Fig. 15̃� 
� Gd éĀȑïȔÙȚ)/ʭÖĔĵ.Ǯŷé�ʜ:?B,
�*�?�țĩǢ<Ơǯ
ǢÙȚ->AʭÖĔĵ.Ǯŷé/�țĩǢ<ƠǯǢ�-ą7BA§.ȅĜȬǤǆȑʧ

->A·ȝ��A
/§.ȅĜȬǤǆȑʧ* Gd->AʋĀũ˰->@ʪ�%(
A
úɯŷ�ɧ�?B"�7"�ƠǯǢ̂ST-Ã�ƹ�A AP-1Ǯŷ�>2 NF-kBǮŷ
�tI�b�ÙȚ->@Ǯŷ�´��A�*�?� .ǮŷéEȼ�ƂÛ.�ˈ/ɐ

ĵĆȴſ)�A�*�ȼď�B"� 
 
4-10. Gd*§.ˏ˒ŌEȝ
" in vivoȫȜũ˰ʚ¼ 
� Gd*§.Ŗě˸Ëɖ.ũ˰Eǟʰ�A":�ħé Gd�ħéOj|K}�>2�S
�}ˍki�K}Eƴˮńʥ*�"�ħéOj|K}/Ht�Of~PM�ÝƻȫȜ

3.ũ˰�Ʃȵ)�A":�Ǟŷʚ¼.ˣŷńȏȑʧ*�"�ÿȑʧ.ƴˮȈş/

50�75�100 µM�>2 0 µM̂ˢŷńȏɥ̃*�"� 
� ɛǅ�3&.ƴˮɥ.�$�ˣŷńȏ*�"ħéOj|K}ƴˮɥ-�
(Ʒəǘ
¢ȗ/Ð(.ʘļȈş) 100́*,%"��Ƨ)�ħé Gdƴˮɥ.Ʒəǘ¢ȗ/�
17-24́��S�}ˍO�K}ƴˮɥ.Ʒəǘ¢ȗ/�11-45́)�%"�ˢŷńȏɥ
-��AƷəǘ¢ȗ/ 16́)�%"̂Table 7̃�ˢŷńȏɥ* Gdƴˮɥ˚.ǘ¢
ȗ-ƹŽ,œ/8?B,�%"�ħé Gdƴˮɥ)/ıŦÁµ���S�}ˍki�
K})/ȫȜʿŠ.Áµ�ʑŃ�B"��.�*�?�Gd /ǢȜɱǋèȑ.Ȝķȗ
-ń�Aũ˰/Ň,
�*�ȼď�B"�����ıŦ.ȫȜ�8?B"�*�?�

ǢȜɱǋèȑ.ÝƻȫȜ-�
(¶?�.ũ˰Eó6�úɯŷ;Ǚ�B"� 
 
4-11. FETAXǪEȝ
" Gdó2ìȪȝ Gdʊã. in vivoȫȜũ˰ʚ¼ 
� Ǖ-�ŶŷǞŷʛ˼)�A frog embryo teratogenesis assay-XenopuŝFETAX̃
26) .īǪEȝ
�ɭ-ń�Aũ˰E>@ȰƔȬ-ʛ˼)�AƧǪ)ħé Gd �>2
GdéĀȑ̂Gd-DOTÃ.ŶŷǞŷʛ˼Eʂ%"̂ASTM, 1993̃�ȍǓſ Gd,�ȑ
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ʧ*;-ƴˮȈş.ʘļ/ÿ��25�50�75�100� 300 µM�>2 0 µM̂ˢŷń
ȏ̃*�"�Ľ˼�.ƗǢ/ʂD��20℃�) st8-9̂ǊĽɭƻ-ɮɭƻŬƻ̃�?÷
ɑ 72 ư˚Ŭ7)ʑŃ�"�7"�˹ɪǢ*�(¸ȝ�" FETAXȁǶ/Ľ˼â-ȉ
ˀȂɻ�MH��Z��ÙȚEʂ%"�¸ȝ�"ɭ/�ɲ_��Ŭ�Ǘř-ȫȜ�(


AɭEˆß�(ȝ
"� 
� ɛǅ�ħé Gd�>2{Tm\W�v.�4(.ƴˮɥ-�
(�ɭ.Ʒəǘ¢ȗ
/ 10́ª�)�%"�ˢŷńȏɥ-��AƷəȜķȗ/ 6́*,%"̂Fig.16̃�ħ
é Gd�>2 Gd-DOTAƴˮɥ-�
(ıŦÁµ�ÚȘ�"�s ŷńȏɥ-�
(;

ıŦ.ȫȜ�8?B"�� .ʆȘŦ/ˢŷńȏɥ* Gd ƴˮɥ)/ȧ,%(
"
̂Fig.17̃� 
� ˢŷńȏɥ)ȹʜ�B"ıŦ/�ʬµ.�ˈÛ.ǲɳ�µʮ±˗ȧř�µʮ.ɴÆ

Æ3.ŊƵ�˶ˈŦƂȧř)�%"�ƴˮɥ)/�ˢŷńȏɥ-āǐ.ıŦ-å��

ņȳȩ�Ðʬŷ.ˏş.ıŦ�8?B"� 7"�µʮȧř.�);ɴˈ*ňˈ.ĩ
ȣ¨ʴ�ŊƵ�AıŦ/�ƴˮɥ.8)ʑŃ�B"̂Fig. 18̃� 
 �ʗ.�)�ħé Gd �>2{Tm\W�vƴˮɥ-�
(ˢŷńȏɥ>@ĭ�ʑ
Ń�B"ıŦ/�µʮ.ɴÆ3.ŊƵ*�˶ˈŦƂȧř̂˶ˈǔƙ�ȳș.ǔƙ7"

/ņȳȩ̃)�%"�"#��ıŦ.ȫȜȗ<ıŦ.ˏɎŷ/�ʐÁµ.�ei<ʛ

˼->%(œ��@��ǐ,Èă/8?B,�%"�ħé Gd�>2{Tm\W�v
ƴˮɥ.ıŦȗEǟʰ�A*�Gd-DOTA>@;ħé Gdƴˮɥ-�
(ıŦȗ�˽
�%"̂Figs. 16�>2 17̃� 
 ʬµ.�ˈÛ-Ȝ�Aǲɳ.ȫȜư˚/ st.13-14̂Ⱦɚɭ̈÷ɑŬ 24ư˚Ŭ̃�?
st.21̂Ĺé̈÷ɑŬ 72ư˚̃)/�:(ʑŃ�BA7)ǐ�)�%"�µʮȧř�
>2±˗ȧř-˛�(/�±˗�Ļ��A st.19̂÷ɑŬ 48ư˚̃�?ȘB"�˶ˈ
.ŦƂȧř-˛�(/�ȳșŦƂŬ)�A st.19̂ ÷ɑŬ 48ư˚̃�?ȳșǔƙÁµ
�ȹʜ�Bĳ:"�ņȳȩ.Áµ/�ȳșŦƂ.Ýƻ-/ǗřÁµ*ʍÛ��¨���

st.20̂÷ɑŬ 51-53 ư˚̃)§Áµ*.œ�˷ɼ-,%"�ıŦ->%(/Ȝķ�
(/
A�ȫȜ\g�[�ǖ7AȘʥ�ȹʜ�B"�ʯů,µʮŦƂȧř/�st.19
̂÷ɑŬ 48ư˚̃-ıŦ*�(ʑŃ�B"Ŭ�st.21-22̂÷ɑ 72ư˚Ŭ̃)/ʑŃ
�B,�,%"�*;�%"� 
� Ľ˼ 4-11 .ƴˮɥ-�
(ʑŃ�B"µʮ.ŊƵ�>2˶ˈŦƂ�Ð/�Ȓ-ƴ
ˮɥ-�
(ĭ�ʑŃ�B"":�Gd .ũ˰E÷�(
Aúɯŷ�ȼď�B"�ˢ
ŷńȏɥ-�
(;ıŦÁµ/ÚȘ�"":�ƾǁıŦ*,AĔĵEƍ%(
"Áµ

� Gd->%(ıŦ�ʝȫ�B"úɯŷ;ɧ�?BA�7"�ņȳȩ�>2ɴÆ3.
µʮ.ŊƵ/ˢŷńȏɥ)/ʑŃ�B,�%"":�§.ıŦ.ʆȘŦ>@; Gd.
ũ˰EôƯ�(
Aúɯŷ��A�,��Fig. 16�>2 Fig. 17-ȼ�ɛǅ�?��
B?.ıŦȫȜȗ/�ħé Gd-�
(Ȉş»ķȬ-˽�,A�*�ɧ�?BA�ƾ
Ľ˼-��Aħé Gd* Gd-DOTA->AıŦȗ.œ/�Gd .éĸȬŦſ.˃
-
ʪĔ�A;.*ɧ�?BA��B/�Ľ˼-¸ȝ�"{Tm\W�v/ìɽČ)�@�

Ȝµ3.ũ˰.Ň,
>� Gd-Q��iǏʺE¨å�ʊʺ�B(
A":�ȍǓſ
)�Aħé Gd>@;éĸôų.ôųŷ�Ƈ�?B�ŶŷǞŷ�ņ��,%"*ɧ�
?BA":)�A�ʐÁµ<Ľ˼ǝ.ıŦȫȜȗ.œȧ/�ɭ.c~�[.ȓſ->
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%(Gd.ó6�ũ˰�īé�"":*ɧ�?BA��B/�ʐÁµ<ð.ȓſ.œ�
ɲ_��ÙȚ)ɭƾµ�÷�Ac~�[.œɋ�ɧ�?BA� 
 
 
4-12. ĭƛŐǦŐǢEȝ
" in vivoȫȜũ˰ʚ¼ 
� ĭƛŐǦŐǢ�Ht�Of~PM�ÝƻȫȜ-ó6�ũ˰Eʚ¼�A":�ĭƛŐ

.ʋƢzJ�i)ƒǢ�B"ǢEȝ
"ʛ˼Eʂ%"�ð.ɲ_��Ŭ�1Z���
�"@ 40 mL.ʛ˼ǢEå��1Z���ðƢ 30Á�ƗǢ/ʂD� 20℃)˹ɪɍȚ
��÷ɑ 72 ư˚Ŭ7)ʑŃ�"�ʛ˼Ǣ/ Gd Ȉş�ǟʰȬ´Ä)�A�*�ƕļ
�BAzJ�î2018 Ŝ 10 Ƹƒö�TM-4̃�ǟʰȬ˽Ä)�A�*�ƕļ�BA
zJ�î 2018Ŝ 10Ƹƒö�Point A* TM-5 .̃ 2&Eȝ
"�s ŷńȏɥ-/�

ǢˁǢE�Ʊª�ǥ8ɣ��";.Eȝ
"� 
� ǦŐǢEȝ
"ʛ˼)/�Ľ˼ 4-11 *āǐ.µʮ.ŊƵ7"/˶ˈŦƂ�ÐEȼ
�"ıŦÁµ�ÿɥ) 1Áµª�ʑŃ�B"�ʛ˼Ǣ a-�
(ƷəıŦȗ�ǻŇ�
"./�âē.ʑŃ)ʍ?B"ůņ,µʮȧř�>2±˗ȧřÁµ�Ǘř*ÞƦ)�

Aȓſ-,%"":)�A�,��ǘ¢ȗ/ʛ˼Ǣ̋-�
( 13́*,@Ʒ;˽�
%"̂Figs. 19�>2 20̃� 
� �.Ľ˼)/�¸ȝ�"ǦŐǢ�-�Gd ªĬ.ˏ˒ŌE/�:*�Aéĸȑʧ;
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6. T. Ogata, Y. TerakadȯRare earth element abundances in some seawaters and related 
river waters from the Osaka Bay area, Japan: Significance of anthropogenic Gd, 
Geochemical J., 40, 463 (2006). 

7. S. Kulaksiz, M. Bau̇Anthropogenic dissolved and colloid/nanoparticle-bound samarium, 
lanthanum and gadolinium in the Rhine River and the impending destruction of the 
natural rare earth element distribution in rivers, Earth Planet. Sci. Lett., 362, 43-50 
(2013). 

8. V. Hatje, K. W. Bruland, and A. R. Flegal̇Increases in Anthropogenic Gadolinium 
Anomalies and Rare Earth Element Concentrations in San Francisco Bay over a 20 Year 
Record, Environ. Sci. Technol., 50, 4159-4168 (2016). 
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ICP-MS : Agilent 7700x
 Plasma conditions :
   RF power 1.55 kW
   Plasma gas flow rate
   Auxiliary gas flow rate
   Makeup gas flow rate
   Carrier gas flow rate
   Sampling depth (mm from load coil) 8.0 mm
   Cell gas

   Nebulizer
   Sample uptake rate

 Data acquisition : 
   Accumulation time
   Data point
   Repetition 3 times

0.45 mL min-1

3 point / peak

Micro Mist

15.0 L min-1 Ar
0.90 L min-1 Ar

1.05 L min-1 Ar

He mode:4.3 mL min-1

H2 mode:6.0 mL min-1

0 L min-1 Ar

0.3-1.0 s / point

Table 1 ICP-MS�����
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Table 2  ICP-MS	��
������

La 139 123 Sb 16 O + 0.546

Eu 153 137 Ba 16 O + 0.137

Gd 157 141 Pr 16 O +
34.5

Tm 169 153 Eu 16 O +
0.256

Lu 175 159 Tb 16 O + 6.48

Interfered
element

Isotope
Interfering

polyatomic ion

Interference correction
coefficient
(ppt/ppb�
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Table 3  ������
�/ICP-MS����������TM-5��	��������


concentrationa) RSDb) recovery blank value analytical detection
limitc)

/ng L-1 /% /% /ng L-1 /ng L-1

La 139 4.70 3.2 112 0.071 0.018
Ce 140 4.04 1.8 105 0.039 0.012
Pr 141 0.893 5.5 112 <0.037 0.011
Nd 146 3.95 2.1 104 <0.11 0.032
Sm 147 1.08 7.7 115 n.d. 0.023
Eu 153 0.407 4.6 114 n.d. 0.016
Gd 157 65.0 1.6 120 n.d. 0.020
Tb 159 0.409 3.9 120 n.d. 0.012
Dy 163 3.41 2.3 110 n.d. 0.029
Ho 165 1.27 2.5 115 n.d. 0.011
Er 166 5.36 1.9 105 n.d. 0.012
Tm 169 1.13 2.5 109 n.d. 0.012
Yb 172 10.3 2.4 105 n.d. 0.018
Lu 175 2.41 3.4 100 n.d. 0.011

element m/z

a)  mean values of independent 3-times measurement,             b)  relative standard deviation (n=3),
c)  analytical detection limit was calculated from instrument detection limit by taking into consideration of

concentration factor and recovery,         d)  not detected     
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Table 4 ���
(TM-5)����
��	������������ (ng/L)

���� ����

�����	 ��

�����
 �	�	

�����
 ���

�����
 ����


����� 	���

20



Table 5 Gd��	����������



�
�

Gd
��	(ng L-1)

Gd
��	

�
Gd

��	(ng L-1)
Gd
��	

������
 1995 3.93 151 2017 11.5 580

������ 2000 6.32 169 2017 24.9 3895
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Table 6 �����������
�	����
��������
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Table 7 Gd

�����
�in vivo���	��

濃度
�	�%���
�

暴露
個体数

死亡率���
括弧内は死亡個体数

st12-13 st21

塩化ガドリ
ニウム

50 29 24(8) 24(8)
75 31 16(5) 19(6)
100 41 22(9) 22(10)

二クロム酸
ナトリウム

50 30 17(5) 100(30)
75 32 96(31) 100(32)
100 34 74(26) 100(34)

塩化カドミ
ウム

50 46 11(5) 11(5)
75 39 39(15) 45(18)
100 29 17(5) 2(9)

陰性対照 0 96 11(11) 16(15)
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Fig. 1 �������
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Fig. 2 ���������
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Fig. 3 ��������	��
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Fig. 4 �	�
��������� Gd
���
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Fig. 5 Gd�������
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Fig. 7 �����%()���&���
���+ *!*&��
�%#����"
�����+���	100 µM,As&'5 µM-$24��
���"�24��
�Alamar Blue assay+��������+���"�
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Fig. 8 ��
��(*+���)����

���-#,$,)����(&���"%� ��
�-����100 µM'24����"%!24�
�� ��)��-�	" ���
"%!

�������
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Fig. 9 ���#-,Gd�������*-.���+�
�
���0%/&/+	���*(�	�$'
 ����#-,Gd�����0����)24~72�
���$'!��
 Alamar Blue assay0�" ���
�0��$'!
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Fig. 10 &(���A8 #8./?%�	����
A8 #8&(�*O100 µMPA6�)��2495,RT-qPCR�8<>��JBCKNDN%�	9�
�'A�
24OA)-HNE:��"A1724����+�����
726�24-1=8,0@=%�
	9��'AMNFNGLNI�24OBP -�$9!:����O����'=1PA,;4,�$24!:
��3?&(����9��'A�3-

(A) (B)
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Fig. 11 #%
*75Gd���!���A8��2*+:"�
����
A8��2#%
'*75Gd���!�H100 µMI<6�&��.031(RT-qPCR�279��C=>
DG?G"�
3��$<��.0)-82(,;8"�
3��$<FG@GAEGB�.0)� 3�
4�	��H����$=1I<(60(� .0�4��/:#%
604Gd���!����3��
$<�/)
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Fig. 12 ���	�
�������
���

(A)

(B)
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Fig. 14 Gd2>=�(!9���,@��45A8 �YR\K\%':23?
-��
;���
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Fig. 15 Gd���%�9��01A8��IDJ?J"$5./8)�	�6���
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Fig. 16 Gd, Gd-DOPA��(FETAX�)�-
�	.���
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Fig. 17 Gd, Gd-DOPA���%���!�
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Fig. 19 
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	(n=70)
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