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��������µ0��=D�RGUH_LYDQMH�NROLaLQH�KORURILOD�D�L�E
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NRMRM�MH�GR^OR�GR�VWYDUDQMD�QDMYH`H�NROLaLQH�KORUR�
ILOD�D�L�E��������µPRO�/��L]QRVLOD�MH����µ0��̂ WR�LQDaH
SUHGVWDYOMD�L�QDMYH`X�RVWYDUHQX�XNXSQX�NRQFHQWUDFLMX
KORURILOD��GRN�MH�DQDORJQD�NRQFHQWUDFLMD�613��QD�NRMRM
MH�SULVXWQR�������µPRO�/�KORURILOD��L]QRVLOD�����µ0�
1D� SRYH`DQMH� NRQFHQWUDFLMH� KORURILOD� E� XWLFDR� MH
.�[)H�&1��]��GRN�MH�VD�GUXJH�VWUDQH�613�GRYHR�GR
SRYH`DQMD� NROLaLQH� KORURILOD� D�� $]RW�PRQRNVLG� MH
RVWYDULR�EROML�HIHNDW�QD�XNXSQX�NRQFHQWUDFLMX�KORUR�
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0H_X�VYLP�HOHPHQWLPD�NRMH�ELOMNH�XVYDMDMX�L]
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ERGDQ�PROHNXODUQL�D]RW��1���SRWSXQR�MH�QHSULVWXSDaDQ
YL^LP�ELOMNDPD��6WRJD�OLVWRYL�L�NRUHQ�ELOMDND�PRJX�XV�
YDMDWL�D]RW�X�YLGX�MHGLQMHQMD��DPRQLMDND��RNVLGD�L�VROL
D]RWD���SULVXWQLK�X�]HPOML^WX�L�DWPRVIHUL��1MLKRYD
NROLaLQD�X�YD]GXKX�MH�WROLNR�PDOD�GD�QLMH�GRYROMQD�]D
QRUPDOQR�UD]YL`H�ELOMDND��WDNR�GD�VYRMH�SRWUHEH�]D�D]R�
WRP�X�QDM�YH`RM�PHUL�ELOMNH�SRGPLUXMX�L]�]HPOML^WD�
9UOR�YDCQX�XORJX�X�UD]YRMX�ELOMDND�PH_X�D]RWRYLP�RN�
VLGLPD�]DX�]LPD�D]RW�PRQRNVLG��12���12�MH�HVHQFL�
MDOQL��YUOR�GLIX]DQ�PROHNXO�NRML�QDVWDMH�NDR�SURGXNW
PHWDEROL]PD�CLYLK�RUJDQL]DPD��6PDWUD�VH�GD�12��JD�
VRYLWL�SUHQRVLODF�VLJQDOD��SRVWXSD�NDR�ELOMQL�KRUPRQ
NRML�MH�HNYLYDOHQW�HWLOHQX��<DPDVDNL��������$]RW�
PRQRNVLG�EU]R�SUROD]L�NUR]�ELROR^NH�PHPEUDQH��VWRJD
]D�NUDWNR�YUHPH�RPRJX`DYD�UD]OLaLWH�SURFHVH��%HOLJQL
L�/DPDWWLQD��������12�LPD�YL^H�IXQNFLMD�NRG�ELOMDND�¬
UHJXODWRUQX��VLJQDOL]LUDMX`X��FLWRWRNVLaQX�L�FLWR]D^WLWQX
IXQNFLMX��*UD]LDQR�HW�DO���������3ULWRP�D]RW�PRQRNVLG
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MH�X]HW�NDR�GUXJD�NRQWUROD�NDNR�EL�VH�HOLPLQLVDR
PRJX`L�XWLFDM�WURYDOHQWQRJ�JYRC_D�QD�SRYH`DQMH
NRQFHQWUDFLMH�KORURILOD�X�613��7RNRP�LVSLWLYDQMD�NR�
UL^`HQH�VX�aHWLUL�NRQFHQWUDFLMH�NRPSOHNVQLK�MHGLQMH�
QMD�¬��������������L�����µ0�
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VX�L]�UD]ORJD�^WR�VX�X�����QRP�DFHWRQX�KORURILOL�D
L�E�QD�PDNVLPXPX�DSVRUSFLMH�X�FUYHQRM�REODVWL�L
LPDMX�VOHGH`H�PLOLPRODUQH�HNVWLQNFLRQH�NRHILFLMHQWH�
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QP�RGX]LPDQD�RG�YUHGQRVWL�GRELMHQLK�QD�����QP�L

����QP��SD�VX�L]�WLK�UH]XOWDWD�L]UDaXQDWH�VUHGQMH
YUHGQRVWL�NRMH�SUHGVWDYOMDMX�NRQDaQH�DSVRUEDQFH�]D
VYDNL�RG�GHYHW�HNVWUDNDWD�

1DNRQ�GRELMDQMD�NRQDaQLK�DSVRUEDQFL�QMLKRYH
YUHGQRVWL�VX�]DPHQMHQH�X�IRUPXODPD�]D�RGUH_LYDQMH
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WDODVQRM�GXCLQL�����QP�LPD�QDMPDQMX�YUHGQRVW
�������NRG�JUD^ND�JDMHQRJ�X�YRGL��.����D�QDMYH`X
�������NRG�JUD^ND�JDMHQRJ�X�.�[)H�&1��]�NRQFHQ�
WUDFLMH�����µ0��+ORURILO�JUD^ND�WUHWLUDQRJ�NDOLMXP�
KHNVDFLMD¬QRIHUDW�,,,��RP��.��� LPD� QDMPDQMX
DSVRUEDQFX� ������� SUL� NRQFHQWUDFLML� �� µ0
.�[)H�&1��]��D�QDMYH`X��������SUL�NRQFHQWUDFLML����
µ0�RYRJ�MHGLQMHQMD��3UL�NRQFHQWUDFLML�����µ0�613
DSVRUEDQFD�KORURILOD�MH�QDMPDQMD�L�L]QRVL�������D�SUL
NRQFHQWUDFLML�����µ0�613�QDMYH`D�¬�������'DNOH�
QDMYH`D�YUHGQRVW�DSVRUEDQFH�KORURILOD�QD�����QP�GREL�
MHQD� MH� SUL� PLQLPDOQRM� ����� µ0��NRQFHQWUDFLML
.�[)H�&1��]��RGQRVQR�PDNVLPDOQRM������µ0��NRQ�
FHQWUDFLML�613��

$SVRUEDQFD�KORURILOD�QD�WDODVQRM�GXCLQL�����QP
LPD�QDMPDQMX�YUHGQRVW��������NRG�JUD^ND�JDMHQRJ�X
YRGL��.����D�QDMYH`X��������NRG�JUD^ND�JDMHQRJ�X
613�NRQFHQWUDFLMH�����µ0��+ORURILO�JUD^ND�WUHWLUD�
QRJ�NDOLMXP�KHNVDFLMDQRIHUDW�,,,��RP��JUXSD�.���LPD
QDMPDQMX�DSVRUEDQFX��������SUL�NRQFHQWUDFLML���µ0
.�[)H�&1��]��D�QDMYH`X��������SUL�NRQFHQWUDFLML���
µ0�RYRJ�MHGLQMHQMD��3UL�NRQFHQWUDFLML�����µ0�613
DSVRUEDQFD�KORURILOD�MH�QDMPDQMD�L�L]QRVL�������D�SUL
NRQFHQWUDFLML�����µ0�613�MH�QDMYH`D���������

,]�WDEHOH�PRCH�VH�XRaLWL�UD]OLND�L]PH_X�XNXSQLK
NRQFHQWUDFLMD�KORURILOD�D�L�E�NRG�JUD^ND�JDMHQRJ�X
YRGL�L�JUD^ND�WUHWLUDQRJ�613�RP��RGQRVQR�NDOLMXP�
KHNVDFLMDQRIHUDW�,,,��RP�
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.DR�̂ WR�VH�PRCH�YLGHWL�L]�WDEHOH��XNXSQD�NROLaLQD
KORURILOD� D� L� E� YUVWH� 3LVXP�VDWLYXP�WUHWLUDQH
.�[)H�&1��]�NRQFHQWUDFLMH�����µ0��YH`D�MH�]D����
QHJR�NRG�LVWH�NRQFHQWUDFLMH�613��1D�NRQFHQWUDFLML
��µ0�GROD]L�GR�SURPHQH��613�MH�RVWYDULR�EROML
HIHNDW�]D�����.DR�L�X�SUYRP�VOXaDMX��SUL�NRQFHQ�
WUDFLML����µ0�NRQWUROD���VH�SRND]DOD�HILNDVQLMRP�]D
����RG�WHVW�VXSVWDQFH��1D�����µ0��GR�YH`HJ
SRYH`DQMD�NROLaLQH�KORURILOD�D�L�E�SRQRYR�GRYRGL�ND�
OLMXP�KHNVDFLMDQRIHUDW�,,,���UD]OLND�MH����

.RQFHQWUDFLMD�.�[)H�&1��]�QD�NRMRM�MH�GR^OR�GR
VWYDUDQMD� QDMYH`H� NROLaLQH� KORURILOD� D� L� E
�������µPRO�/��L]QRVL����µ0��^WR�LQDaH�SUHGVWDYOMD
L�QDMYH`X�RVWYDUHQX�XNXSQX�NRQFHQWUDFLMX�KORURILOD�
D�NRG�613��������µPRO�/��L]QRVL�����µ0��

=DNOMXaDN
8NXSQD�NRQFHQWUDFLMD�KORURILOD�D�L�E�JUD^ND�WUH�

WLUDQRJ�D]RW¬PRQRNVLGRP��aLML�MH�GRQRU�613��ELOD�MH
YH`D�QHJR�X�JUD^NX�L]UDVORP�X�YRGL��.DOLMXP¬KHN�
VDFLMDQRIHUDW�,,,��MH�LPDR�EROML�HIHNDW�QD�SRYH`DQMH
NRQFHQWUDFLMH�KRORURILOD�RG�12��2YDNYL�UH]XOWDWL
XND]XMX�QD�WR�GD�WURYDOHQWQR�JYRC_H�QLMH�ELOR�RG�SUH�
VXGQRJ�XWLFDMD�QD�SRYH`DQMH�NRQFHQWUDFLMH�KORURILOD�
WH�VH�NDR�PRJX`H�REMD^QMHQMH�GRELMDQMD�YH`LK�NRQ�
FHQWUDFLMD�KORURILOD�X�JUD^NX�WUHWLUDQRP�.�[)H�&1��]
X]LPD�XWLFDM�NDOLMXPD�

8�KORURSODVWLPD�QDMYH`L�SURFHQDW��PH_X�SLJPHQ�
WLPD��]DX]LPD�KORURILO�D��]DWLP�KORURILO�E��GRN�QDMPDQMH
LPD�NDURWHQRLGD��.RML`��������*HQHUDOQR�JOHGDQR�
KORURILO�D�GRPLQLUD�X�RGQRVX�QD�KORURILO�E�X�OLVWRYLPD

JUD^ND�NRUL^`HQRJ�X�WRNX�RYRJ�LVWUDCLYDQMD��'R�YH`LK
SURPHQD�GROD]L�X�GUXJRM�NRQWUROL�SUL�NRQFHQWUDFLML����
µ0�JGH�KORURILOD�E�LPD�]D�����YL^H�RG�KORURILOD�D�

1D�SRYH`DQMH�NRQFHQWUDFLMH�KORURILOD�E�QDMSR�
YROMQLMH�XWLaH�.�[)H�&1��]��PDNVLPDOQL�HIHNDW�MH
RVWYDUHQ�SUL�NRQFHQWUDFLML�����µ0��6�GUXJH�VWUDQH�
613�GRYRGL�GR�SRYH`DQMD�NROLaLQH�KORURILOD�D�L�QDM¬
EROML�HIHNDW�RVWYDUXMH�QD�NRQFHQWUDFLML�����µ0�

=DKYDOQRVW��$XWRUL�VH�]DKYDOMXMX�VYRP�PHQWRUX
-HOHQL�6DYL`�L�UXNRYRGLRFX�VHPLQDUD�ELRORJLMH9ODGLPLUX
-RYDQRYL`X�QD�VWUXaQLP�VDYHWLPD�L�SRPR`L�X�UHDOL]DFLML
SURMHNWD��9HOLND�]DKYDOQRVW�VH�XSX`XMH�L�1HPDQML�0DUL�
MDQRYL`X��VWDULMHP�SROD]QLNX�VHPLQDUD�ELRORJLMH��VDGD
VWXGHQWX�SUYH�JRGLQH�PROHNXODUQH�ELRORJLMH�X�%HR�
JUDGX���]D�X]JRM�ELOMDND�JUD^ND�

/LWHUDWXUD
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*UD]LDQR�0���%HOLJQL�0�9���/DPDWWLQD�/�������1LWULF�R[LGH�LPSURYHV�LQWHUQDO�DYDLODELOLW\�LQSODQWV��3ODQW�3K\VLRORJ\������������
.RML`�0����������%RWDQLND��%HRJUDG��1DXaQDNQMLJD
.RS\UD�0���*ZR]G]�(�$��������1LWULF�R[LGHVWLPXODWHV�VHHG�JHUPLQDWLRQ�DQG�FRXQWHUDFWV�WKH

7DEHOD����.RQFHQWUDFLMH�KORURILOD�D�L�E�X�HNVSHULPHQWDOQLP�JUXSDPD��&D�¬�NRQFHQWUDFLMD�KORURILOD�D��&E�¬�NRQFHQWUDFLMD�KORURILOD�E�L�&D�E�¬�XNXSQD�NRQFHQWUDFLMD�RED�KORURILOD�NRG�3LVXP�VDWLYXP
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/HVKHP�<�<���:LOOV�5�%�+���9HQJ�9D�.X�9�������(YLGHQFH�IRU�WKH�IXQFWLRQ�RI�WKH�IUHHUDGLFDO�JDV�¬�QLWULF�R[LGH��12��¬�DV�DQHQGRJHQRXV�PDWXUDWLRQ�DQG�VHQHVFHQH�UHJXODWLQJIDFWRU�LQ�KLJKHU�SODQWV��3ODQW�3K\VLRO��%LRFKHP����������
0DNVLPRY�1��������)L]LRORJLMD�ELOMDND��1RYL�6DG�'QHYQLN
1HLOO�6�-���'HVLNDQ�5���+DQFRFN�-�7��������1LWULFR[LGH�VJQDOOLQJ�LQ�SODQWV��1HZ�3K\WRORJLVW�����������
1H^NRYL`�0���.RQMHYL`�5���@XODIL`�/M�������)L]LRORJLMD�ELOMDND��%HRJUDG��11.�,QWHUQDWLRQDO
6DUL`�0��������)L]LRORJLMD�ELOMDND��%HRJUDG�1DXaQD�NQMLJD
<DPDVDNL�+��������7KH�12�ZRUOG�IRU�SODQWV�DFKLHYLQJ�EDODQFH�LQ�DQ�RSHQ�V\VWHP��3ODQW��&HOODQG�(QYLURQPHQW���������

'DQLMHOD�0LORUDGRYL`�DQG�-HOHQD�0LNL`
(IIHFW�RI�12�RQ�&RQFHQWUDWLRQV�RI
&KORURSK\OOV�D�DQG�E�LQ�6SHFLHV
3LVXP�VDWLYXP�/�

7KH�LQIOXHQFH�RI�12�RQ�FRQFHQWUDWLRQV�RI�FKOR�
URSK\OOV�D�DQG�E�RI�SHDV�¬�3LVXP�VDWLYXP��®0DOL
SURYDQVDODF¯��ZDV�H[SORUHG��7KH�H[SHULPHQW�LQ�
FOXGHG�WKUHH�JURXSV�RI�FRPSRXQGV��ZDWHU�DV�WKH�ILUVW
FRQWURO��.����.�[)H�&1��]@� DV�WKH�VHFRQG�FRQWURO
�.����DQG�613�DV�DQ�12�GRQRU�¬�ZKHUH�SHDV�SODQWV
ZHUH�FXOWLYDWHG��&RQFHQWUDWLRQV�LQ�.�� DQG�613
JURXSV�ZHUH�IOXFWXDWHG�IURP��������������WR�����µ0�
)RU�PHDVXULQJ�WKH�FRQFHQWUDWLRQ�RI�FKORURSK\OOV�D
DQG�E�WZR�PHWKRGV�ZHUH�XVHG��H[WUDFWLRQ�RI�FKORUR�
SK\OOV�IURP�WKH�DHULDO�SDUW�RI�SHDV�SODQWV�DQG�VSHF�
WURSKRWRPHWU\�RI�H[WUDFWV�

7KH�ELJJHVW�FRQFHQWUDWLRQ�RI�FKORURSK\OO�D�DQG�E
�������µPRO�/��ZDV�SUHVHQW�LQ�SODQWV�JURZLQJ�LQ����µ0
RI�.�[)H�&1��]��DQG�WKH�DQDORJLFDO�FRQFHQWUDWLRQ�RI
613�LV�����µ0��������µPRO�/���.�[)H�&1��]�KDG
DQ�DPSOLI\LQJ�LQIOXHQFH�RQ�WKH�FRQFHQWUDWLRQ�RI
FKORURSK\OO�E��WKH�613�UHOHDVH�DPSOLILHG�FRQFHQWUD�
WLRQV�RI�FKORURSK\OO�D��DQG�WKH�EHVW�UHVXOW�ZDV�UHDO�
L]HG�RQ�WKH�����µ0�FRQFHQWUDWLRQ��12�KDG�D�JUHDWHU
HIIHFW�RQ�WKH�WRWDO�FRQFHQWUDWLRQ�RI�FKORURSK\OOV�D
DQG�E�LQ�3LVXP�VDWLYXP�LQ�UHOHYDQFH�WR�ZDWHU��EXW
.�[Fe(CN)6] ZDV�EHWWHU�WKDQ�12�IRU�������
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