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&KDSWHU � ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � �

&KDSWHU � %DFNJURXQG � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ,PPXQH�5HVSRQVHV�WR�)RUHLJQ�0DWHULDOV � � � � � � �

����� ,QWURGXFWLRQ�WR�WKH�,PPXQH�6\VWHP � � � � � �
����� 2UJDQV�RI�WKH�,PPXQH�6\VWHP � � � � � � � � ��
����� +XPRUDO�,PPXQLW\�DQG�$QWLERGLHV � � � � � � ��

��� &XUUHQW� (Q]\PH� (QFDSVXODWLRQ� 7HFKQRORJLHV� IRU
3URWHFWLRQ�IURP�WKH�,PPXQH�6\VWHP � � � � � � � � � ��

&KDSWHU � 1DQRPDVNLQJ�0HWKRG�DQG�)DEULFDWLRQ�RI�0HVRSRURXV
1DQRVSKHUHV��6+06� � � � � � � � � � � � � � � � � � � � � � ��
��� 2YHUYLHZ�RI�+ROORZ�1DQRSDUWLFOH�7HFKQRORJLHV � � ��
��� 1DQRPDVNLQJ�0HWKRG � � � � � � � � � � � � � � � � � ��
��� 6WUXFWXUDO�3URSHUWLHV � � � � � � � � � � � � � � � � � � ��
��� 'HJUHHV�RI�)UHHGRP�RI�6\QWKHVLV � � � � � � � � � � � ��
��� 0DWHULDOV � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3UHSDUDWLRQ� RI� 0HVRSRURXV� 1DQRVSKHUHV
�6+06� � � � � � � � � � � � � � � � � � � � � � � ��

����� &KDUDFWHUL]DWLRQ � � � � � � � � � � � � � � � � ��

&KDSWHU � 6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG�1DQRVSKHUHV��6+(/6� ��
��� /RDGLQJ� 6HDOLQJ� DQG�)RUPDWLRQ�RI�6+(/6 � � � � � ��
��� &KDUDFWHUL]DWLRQ�RI�6+(/6
 /RDGLQJ� (Q]\PDWLF�$F�

WLYLW\� DQG�3URWHFWLRQ�&DSDELOLWLHV � � � � � � � � � � ��
��� ,PPXQH�5HVSRQVH�$JDLQVW�6+(/6 � � � � � � � � � � � ��

����� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � ��
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����� 3UHSDUDWLRQ� RI� 6\QWKHWLF� +ROORZ� (Q]\PH
/RDGHG�1DQRVSKHUHV��6+(/6� � � � � � � � � � ��

����� 3UHSDUDWLRQ� RI� 6LOLFD� +ROORZ� 1DQRVSKHUHV
�6+6� � � � � � � � � � � � � � � � � � � � � � � � � ��

����� )XQFWLRQDOL]DWLRQ�RI�6+(/6 ZLWK�3RO\HWK\OHQH
*O\FRO��3(*� � � � � � � � � � � � � � � � � � � � ��

����� /DEHOLQJ�3HQLFLOOLQDVH�ZLWK�&\� � � � � � � � � ��
����� 0HDVXUHPHQW�RI�(QWUDSPHQW�&DSDFLW\ � � � ��
����� 1LWURFHILQ� $VVD\� IRU� WKH� 0HDVXUHPHQW� RI

3HQLFLOOLQDVH�$FWLYLW\ � � � � � � � � � � � � � � ��
����� 0HDVXUHPHQW�RI�$QWLERG\�%LQGLQJ � � � � � ��
����� 0HDVXUHPHQW�RI�LQ�YLYR�$FWLYLW\ � � � � � � � ��
����� ,PPXQL]DWLRQ�RI�0LFH � � � � � � � � � � � � � ��
������ &\��/DEHOLQJ�RI�6+06 � � � � � � � � � � � � � ��
������ 6XVWDLQHG�$FWLYLW\�7HVW�LQ�,PPXQL]HG�6HUXP ��
������ &KDUDFWHUL]DWLRQ � � � � � � � � � � � � � � � � ��
������ (Q]\PH�.LQHWLFV�&DOFXODWLRQV � � � � � � � � � ��

&KDSWHU � 7KHUDSHXWLF�$SSOLFDWLRQV�RI�6+(/6 � � � � � � � � � � � � � ��
��� /�DVSDUDJLQDVH� (QFDSVXODWLRQ� ZLWKLQ� 6+(/6�

6+(/6SDU � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /�DVSDUDJLQDVH � � � � � � � � � � � � � � � � � ��
����� 6LGH�(IIHFWV�RI�/�DVSDUDJLQDVH � � � � � � � � ��
����� 7KH�8VH�RI�/�DVSDUDJLQDVH�IRU�WKH�7UHDWPHQW

RI�$FXWH�/\PSKREODVWLF�/HXNHPLD��$//� � � ��
����� 3RO\HWK\OHQH�*O\FRO��3(*� )XQFWLRQDOL]DWLRQ

RI�$VSDUDJLQDVH � � � � � � � � � � � � � � � � � ��
����� (QFDSVXODWLRQ�RI�/�DVSDUDJLQDVH�ZLWKLQ�5HG

%ORRG�&HOOV � � � � � � � � � � � � � � � � � � � � ��
����� (QFDSVXODWLRQ�RI�$VSDUDJLQDVH�ZLWKLQ�6+(/6 ��

��� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /DEHOLQJ�$VSDUDJLQDVH�ZLWK�&\� � � � � � � � ��
����� 0HDVXUHPHQW� RI� $FWLYLW\� RI� 3HQLFLOOLQDVH

ZLWK�&&)� � � � � � � � � � � � � � � � � � � � � ��
����� 1HVVOHU
V�$VVD\�IRU�WKH�0HDVXUHPHQW�RI�$V�

SDUDJLQDVH�$FWLYLW\ � � � � � � � � � � � � � � � ��
����� (Q]\PH�.LQHWLFV�&DOFXODWLRQV � � � � � � � � � ��

��� 0HWKLRQLQDVH�(QFDSVXODWHG�ZLWKLQ�6+(/6��PHW6+(/6 ��
����� 0HWKLRQLQDVH� 'HSOHWLRQ� DV� D� 7KHUDSHXWLF

$SSURDFK � � � � � � � � � � � � � � � � � � � � ��
����� 0HWKLRQLQDVH� (QFDSVXODWHG� ZLWKLQ� 6+(/6

�PHW6+(/6� � � � � � � � � � � � � � � � � � � � � ��
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��� 8ULFDVH� (QFDSVXODWHG�ZLWKLQ� 6+(/6 IRU� WKH� 7UHDW�
PHQW�RI�5HIUDFWRU\�*RXW� XUL6+(/6 � � � � � � � � � � ��
����� *RXW � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7UHDWPHQW�RI�*RXW � � � � � � � � � � � � � � � ��
����� 0RWLYDWLRQ�EHKLQG�XUL6+(/6 � � � � � � � � � � ��

&KDSWHU � 'LDJQRVWLF�$SSOLFDWLRQV�RI�6+(/6 � � � � � � � � � � � � � � ��
��� &DWDODVH�(QFDSVXODWLRQ�ZLWKLQ�6+(/6 IRU�,Q�9LYR�+\�

GURJHQ�3HUR[LGH�6HQVLQJ� FDW6+(/6 � � � � � � � � � ��
����� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � ��
����� 0HWKRGV � � � � � � � � � � � � � � � � � � � � � ��

��� *OXFRVH� 2[LGDVH� (QFDSVXODWLRQ� ZLWK Ru(phen)+2
3

'RSHG�6+(/6��J5X6+(/6 � � � � � � � � � � � � � � � � ��
����� %DFNJURXQG � � � � � � � � � � � � � � � � � � � ��
����� &XUUHQW�%ORRG�*OXFRVH�0RQLWRULQJ�7HFKQLTXHV ��
����� ,GHDO�*OXFRVH�0HDVXUHPHQW�7HFKQLTXH � � ���
����� *OXFRVH� 2[LGDVH� (QFDSVXODWLRQ� ZLWKLQ

Ru(phen)+2
3 GRSHG�6+(/6��J5X6+(/6 � � � � � ���

����� )DEULFDWLRQ�RI�J5X6+(/6 � � � � � � � � � � � � ���
����� 'LVFXVVLRQ � � � � � � � � � � � � � � � � � � � � � ���
����� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � ���

&KDSWHU � &RQFOXVLRQV�DQG�)XWXUH�3RWHQWLDO�RI�6+(/6 � � � � � � � � ���
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)LJXUH ���� ,QQDWH�DQG�DGDSWLYH�LPPXQLW\ � � � � � � � � � � � � � � � �
)LJXUH ���� $ JUDSKLF�LOOXVWUDWLRQ�RI�WKH�VWDJHV�RI�WKH�FODVVLFDO�FRP�

SOHPHQW�SDWKZD\ � � � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� $ JUDSKLF�LOOXVWUDWLRQ�RI�WKH�RYHUDOO�VWUXFWXUH�RI�DQ�DQWLERG\ ��
)LJXUH ���� &RPSDULVRQ�RI�FXUUHQW�HQ]\PH�SURWHFWLRQ�DQG�HQFDS�

VXODWLRQ�DSSURDFKHV � � � � � � � � � � � � � � � � � � � � � � ��

)LJXUH ���� 7KH�QDQRPDVNLQJ�PHWKRG � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� 7KH�VWUXFWXUDO�SURSHUWLHV�RI�V\QWKHWLF�KROORZ�PHVRSRURXV

QDQRVSKHUHV��6+06� � � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� '\QDPLF�OLJKW�VFDWWHULQJ�GDWD�RI�6+(/6 � � � � � � � � � � ��

)LJXUH ���� 6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG�1DQRVSKHUHV � � � � � ��
)LJXUH ���� (Q]\PH�ORDGLQJ�DQG�VHDOLQJ � � � � � � � � � � � � � � � � � ��
)LJXUH ���� LQ�YLWUR�HYDOXDWLRQ�RI�SURWHFWLRQ�IURP�DQWLERGLHV�DQG�SUR�

WHLQDVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� $FWLYLW\�SORWV�RI�IUHH�%DFLOOXV�FHUHXV�SHQLFLOOLQDVH�ZLWK�DQG

ZLWKRXW�LQFXEDWLRQ�ZLWK�SURWHLQDVH�. � � � � � � � � � � � � ��
)LJXUH ���� %DFLOOXV�FHUHXV�SHQLFLOOLQDVH�VWDQGDUG�FXUYH � � � � � � � � ��
)LJXUH ���� $FWLYLW\�SORWV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�IUHH�%DFLOOXV

FHUHXV�SHQLFLOOLQDVH�FRPSDUHG�WR�%��FHUHXV�SHQLFLOOLQDVH
HQFDSVXODWHG�ZLWKLQ�����QP�6+(/6 � � � � � � � � � � � � � ��

)LJXUH ���� /RDGLQJ�FXUYH�RI�����QP�6+(/6� � � � � � � � � � � � � � � � ��
)LJXUH ���� (Q]\PH�DFWLYLW\�ZLWK�UHVSHFW�WR�WKH�ORDGLQJ�FRQFHQWUD�

WLRQ�RI�����QP�6+(/6� � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� LQ�YLYR�DQG�H[�YLYR�HYDOXDWLRQ�RI�6+(/6 � � � � � � � � � � ��
)LJXUH �����/XPLQHVFHQFH�SORWV�RI�OLJKW�UHDFWLRQV�RI�*DXVVLD�SULQFHSV ��
)LJXUH �����(/,6$ DEVRUEDQFH� �DW� ����QP�� YDOXHV�RI� WZR�IROG�GLOX�

WLRQV�RI� VHUXP�IURP�PLFH� LPPXQL]HG�ZLWK� IUHH�SHQLFLOOL�
QDVH� �IUHH�3(1� DQG�SHQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ
6+(/6 �6+(/6�3(1�� � � � � � � � � � � � � � � � � � � � � � � � ��

)LJXUH �����(/,6$ DEVRUEDQFH��DW�����QP��YDOXHV�RI�WZR�IROG�GLOXWLRQV
RI� VHUXP� IURP� PLFH� LPPXQL]HG� ZLWK� SHQLFLOOLQDVH� HQ�
FDSVXODWHG�ZLWKLQ�EDUH� DPLQR�� DQG�3(*�IXQFWLRQDOL]HG
6+(/6 �6+(/6�3(1��$PLQR�6+(/6�3(1��3(*�6+(/6�3(1��UH�
VSHFWLYHO\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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)LJXUH �����(/,6$ DEVRUEDQFH��DW�����QP��YDOXHV�RI�WZR�IROG�GLOXWLRQV
RI� VHUXP� IURP�PLFH� LPPXQL]HG� ZLWK� IUHH� SHQLFLOOLQDVH
�)UHH�3(1� DORQH� SHQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ�3(*�
IXQFWLRQDOL]HG� 6+(/6 �3(*�6+(/6�3(1��� DQG� IUHH� SHQL�
FLOOLQDVH�DGPLQLVWHUHG�WRJHWKHU�ZLWK�3(*�IXQFWLRQDOL]HG
HPSW\�6+(/6 �3(*�6+(/6 ��)UHH�3(1�� � � � � � � � � � � � � ��

)LJXUH �����(/,6$ DEVRUEDQFH��DW�����QP��YDOXHV�RI�WZR�IROG�GLOXWLRQV
RI�VHUXP�IURP�PLFH�LPPXQL]HG�ZLWK�SHQLFLOOLQDVH�HQFDS�
VXODWHG�ZLWKLQ�3(*�IXQFWLRQDOL]HG�6+(/6 �6+(/6�3(1�3(*�
DORQH� 6+(/6�3(1�3(* ZLWK���� µJ�PO�&S* �3(*�6+(/6�
3(1 ��/ &SJ�� DQG��� µJ�PO�&S* �3(*�6+(/6�3(1 ��+
&S*�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

)LJXUH ���� 0HFKDQLVP� RI� DFWLRQ� RI� 5%& HQFDSVXODWLRQ� RI� O�
DVSDUDJLQDVH � � � � � � � � � � � � � � � � � � � � � � � � � � ��

)LJXUH ���� 0LFKHDOLV�0HQWHQ�SORW�RI�(OVSDU�DQG�6+(/6SDU � � � � � � ��
)LJXUH ���� LQ�YLYR�O�DVSDUDJLQDVH�GHSOHWLRQ�LQ�PLFH� � � � � � � � � � ��
)LJXUH ���� (OVSDU�QHXWUDOL]DWLRQ�DVVD\ � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� $QWL�WXPRU�HIILFDF\�RI� 6+(/6SDU� LQ� WKH�3DQF2��PRXVH

PRGHOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� LQ�YLWUR�DFWLYLW\�RI�IUHH�DQG�6+(/6�HQFDSVXODWHG�PHWKLRQ�

LQDVH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
)LJXUH ���� LQ�YLYR�PHWKLRQLQH�GHSOHWLRQ�LQ�QDLYH�PLFH� � � � � � � � � ��

)LJXUH ���� &DWDODVH�FRQWDLQLQJ�6+(/6 �FDW6+(/6� DQG�WKHLU�V\QWKHVLV ��
)LJXUH ���� &DWDODVH�FRQWDLQLQJ�6+(/6 �FDW6+(/6� FDXVH�R[\JHQ�PL�

FUREXEEOH�DFFXPXODWLRQ� LQ�UHVSRQVH�WR�HQYLURQPHQWDO
K\GURJHQ�SHUR[LGH� � � � � � � � � � � � � � � � � � � � � � � ��

)LJXUH ���� 'HSHQGHQFH�RI�PLFUREXEEOH�IRUPDWLRQ�RQ�SDUWLFOH�VL]H�
FDWDODVH�FRQFHQWUDWLRQ� DQG�SDUWLFOH�QXPEHU� � � � � � � ��

)LJXUH ���� (QGRJHQRXV� K\GURJHQ� SHUR[LGH� IURP� KXPDQ� DEVFHVV
IOXLG�LV�GHWHFWDEOH�E\�FDW6+(/6 H[�YLYR� � � � � � � � � � � ��

)LJXUH ���� 7KH�IOXRUHVFHQFH�VSHFWUD�RI Ru(phen)+2
3 LQ�WKH�DEVHQFH

DQG�SUHVHQFH�RI�JOXFRVH � � � � � � � � � � � � � � � � � � � ���
)LJXUH ���� )OXRUHVFHQFH�VSHFWUD�RI Ru(phen)+2

3 LQ�WKH�DEVHQFH�DQG
SUHVHQFH�RI������� ����� ������ DQG��� H2O2 �H[FLWDWLRQ
DW�����QP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ���� 7KH� WLPH� HYROXWLRQ� RI� WKH� IOXRUHVFHQFH� LQWHQVLW\� RI
Ru(phen)+2

3 DW���������QP�LQ�WKH�SUHVHQFH�RI�JOXFRVH�R[�
LGDVH�ZLWK������ ����DQG���PJ�PO�FRQFHQWUDWLRQV� � � � � ���

)LJXUH ���� �$� 7KH�QDQRPDVNLQJ�PHWKRG�IRU�WKH�IDEULFDWLRQ�RI�6+06
�%� Ru(phen)+2

3 GRSLQJ� RI� 6+06 DQG� JOXFRVH� R[LGDVH
ORDGLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

YLLL



)LJXUH ���� 7KH� WLPH� HYROXWLRQ� RI� WKH� IOXRUHVFHQFH� LQWHQVLW\� RI
J5X6+(/6 DW���������QP � � � � � � � � � � � � � � � � � � � ���

)LJXUH �����7KH� WLPH� HYROXWLRQ� RI� WKH� IOXRUHVFHQFH� LQWHQVLW\� RI
J5X6+(/6 DW���������QP�ZLWK�UHSHDWHG�DGGLWLRQV�RI�JOX�
FRVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)LJXUH ���� &RPSDULVRQ�RI�FXUUHQW�HQ]\PH�SURWHFWLRQ�DQG�HQFDS�
VXODWLRQ�DSSURDFKHV�ZLWK�6+(/6 � � � � � � � � � � � � � � � ���

L[
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$ UHVHDUFK�HQGHDYRU�ZLWK� VXFK�GHSWK�DQG� VFRSH�ZRXOG�QRW�EH

SRVVLEOH�ZLWKRXW�WKH�VXSSRUW�DQG�FROODERUDWLRQ�RI�PDQ\�LQGLYLGXDOV� )LUVW

DQG� IRUHPRVW� , ZRXOG� OLNH� WR� WKDQN�P\�DGYLVRU� 3URI� 6DGLN� (VHQHU� IRU

KLV�HQWKXVLDVP� SDWLHQFH� FRQVWDQW�VXSSRUW� DQG�PRWLYDWLRQ� +H�DOZD\V

HQFRXUDJHG�PH�WR�H[SORUH�GLIIHUHQW�GLUHFWLRQV�DQG�SRVVLELOLWLHV�ZKLOH�DO�

ORZLQJ�PH�WR�SXUVXH�P\�DPELWLRQV� 3URI� (VHQHU�SURYLGHG�JXLGDQFH�WKDW

ZDV�QRW�RQO\�OLPLWHG�WR�UHVHDUFK� EXW�KH�ZDV�DOVR�D�JUHDW�PHQWRU�IRU�HQ�

WUHSUHQHXUVKLS� 3URI� (VHQHU
V�DSSURDFK�WR�WKH�PDQDJHPHQW�RI�KLV� UH�

VHDUFK�JURXS�ZLOO�EH�D�PRGHO�IRU�PH�IRU�WKH�UHVW�RI�P\�SURIHVVLRQDO�OLIH�

, DOVR�ZRXOG� OLNH� WR� WKDQN� 3URI� :LOOLDP� 7URJOHU� IRU� KLV� JXLGDQFH�

ZKLFK�KHOSHG�PH�QDYLJDWH�P\�ZD\�WKURXJK�FKHPLVWU\� 0\�WKDQNV�DUH

DOVR�GLUHFWHG�WRZDUG�WKH�RWKHU�PHPEHUV�RI�P\�FRPPLWWHH� 3URIV� 0LFKDHO

+HOOHU� <XK�ZD�/R� 'HOL�:DQJ� DQG�'HQQLV�&DUVRQ� ZLWKRXW�WKH�VXSSRUW�RI

WKHVH�OHDGHUV� WKLV�UHVHDUFK�ZRXOG�QRW�KDYH�HYROYHG�WR�VXFK�DQ�H[WHQW�

3URI� 'HQQLV�&DUVRQ�ZDV�RQH�RI�WKH�ILUVW�EHOLHYHUV�LQ�WKLV�UHVHDUFK�DQG

FDSWXUHG�WKH�SRWHQWLDO�RI�LW�IURP�MXVW�D�VLPSOH�FDUWRRQ�DQG�D�SUHOLPLQDU\

HOHFWURQ�PLFURJUDSK� +H�VXSSRUWHG�DQG�JDYH�GLUHFWLRQ�WR�WKH�SURMHFW�

PDNLQJ�KLP�RQH�RI�WKH�PRVW�LPSRUWDQW�FRQWULEXWRUV�WR�WKLV�UHVHDUFK�

,
P�DOVR�WKDQNIXO�WR�'U� -LDQ�<DQJ�IRU�KHOSLQJ�PH�ZRUN�RXW�WKH�FKHP�

LVWU\�WKDW�ZDV�VR�FUXFLDO�WR�P\�UHVHDUFK�

7KH�(VHQHU�*URXS�LV�RQH�RI�WKH�PRVW�SURGXFWLYH� LQQRYDWLYH� DQG

FROODERUDWLYH�HQYLURQPHQWV� , KDYH�HYHU�ZRUNHG� LQ� <D�VDQ�<HK�DVVLVWHG

PH�LQ�RSWLPL]LQJ�WKH�IRUPXODWLRQ�DQG�LPSURYLQJ�WKH�V\QWKHVLV� ,
P�VXUH�VKH

ZLOO�FDUU\�WKLV�UHVHDUFK�HYHQ�IXUWKHU� , ZRXOG�OLNH�WR�DFNQRZOHGJH�0XNDQWK

9DLG\DQDWKDQ� ZKR�ZRUNHG�RQ�UHYHDOLQJ�WKH�QDWXUH�RI�WKH�LPPXQH�UH�

VSRQVH� 6KDZQ�&KHQ� ZKR�DSSOLHG�WKH�QDQRPDVNLQJ�PHWKRG�IRU�WKH�V\Q�

WKHVLV�RI�FDOFLXP�SKRVSKDWH�QDQRSDUWLFOHV� DQG�(ULF�'RZOLQJ�DQG�-XVWLQ

3ODXW� ZKR�FRQWULEXWHG�WR�WKH�RSWLPL]DWLRQ�RI�WKH�IRUPXODWLRQ�IRU�YDULRXV

GLIIHUHQW�VL]HV�RI�QDQRSDUWLFOHV� ,
P�DOVR�WKDQNIXO�WR�RWKHU�PHPEHUV�RI�WKH

(VHQHU�/DE� ZLWK�ZKRP�, FROODERUDWHG�DQG�VKDUHG�LGHDV�WKURXJKRXW�P\

[



UHVHDUFK� WKHVH� WHDP�PHPEHUV� LQFOXGH�'U� 0LFKDHO�%HQFKLPRO� 1HJLQ

0RNWKWDUL� &DURO\Q�6FKXWW� 'U� 6WXDUW� ,EVHQ� 'U� +D]HP�$OL� DQG�'U� $Q�

GUHZ�*RRGZLQ� ,
P�LQGHEWHG�WR�'U� 'PLWUL�6LPEHUJ�IRU�KLV�PHQWRUVKLS�LQ

ELRFKHPLVWU\� 'U� $EH�<D\OD�ZDV�DOVR�DPRQJ� WKH� ILUVW�EHOLHYHUV� LQ� WKH

UHVHDUFK�DQG�PDGH�VLJQLILFDQW�FRQWULEXWLRQV�LQ�JLYLQJ�D�GLUHFWLRQ�WR�WKH

UHVHDUFK� ,
P�DOVR�WKDQNIXO�WR�'U� %UDGOH\�0HVVPHU�IRU�KLV�RSLQLRQV�DQG�WR

'U� /DXUD�5XII�IRU�SDWLHQWO\�SHUIRUPLQJ�PRVW�RI�WKH�LQ�YLYR�SURFHGXUHV�LQ

DQLPDO�VWXGLHV�

3URI� 5RJHU�7VLHQ�JHQHURXVO\�VXSSRUWHG�DQG�LPSURYHG�WKH�SURMHFW

ZLWK�KLV�LQFRPSDUDEOH�LQVLJKW� :H�KDYH�EHHQ�DOVR�UHDOO\�IRUWXQDWH�WR�EH

FROODERUDWLQJ�ZLWK�ZRUOG�UHQRZQHG�H[SHUWV�VXFK�DV�3URI� 'RQDOG�'XUGHQ

DQG�3URI� 7KRPDV�.LSSV�RQ�WKH�WUDQVODWLRQDO�DSSOLFDWLRQV�RI�WKH�SURMHFW�

SDUWLFXODUO\� WKRVH� UHODWHG� WR� OHXNHPLD� 0RUHRYHU� ,
P� JUDWHIXO� WR� 3URI�

5REHUW�0DWWUH\� IRU� DOZD\V� FRPLQJ� XS�ZLWK� FKDOOHQJLQJ� TXHVWLRQV� DQG

JUHDW�LGHDV� 0\�WKDQNV�DUH�DOVR�GLUHFWHG�WRZDUGV�'UV� (PPL�2OVRQ�DQG

&KULVWRSKHU�0DORQH�IRU�WKHLU�IUXLWIXO�FROODERUDWLRQ�RQ�WKH�FDWDODVH�HQFDS�

VXODWHG�6+(/6 SURMHFW�

,
P�DOVR�GHHSO\�JUDWHIXO�WR�P\�SDUHQWV� $VOLKDQ�DQG�.DGUL� DQG�WR

P\�VLVWHU� +DQGH� ZKR�LQVSLUHG�PH�WR�SXUVXH�P\�DPELWLRQV�ZLWKRXW�JLYLQJ

XS� , DOZD\V�IHOW�WKHLU�HPSRZHULQJ�VXSSRUW�EHKLQG�PH�

/DVW�EXW�QRW� OHDVW� , ZRXOG� OLNH�WR�GHGLFDWH�WKLV�ZRUN�WR�P\� ORYHO\

ZLIH� 6HGD� , ZRXOG�QRW�KDYH�FRPH�WKLV�IDU�LI�LW�ZDV�QRW�IRU�KHU� ,I�, KDYH

DFKLHYHG�DQ\WKLQJ�VR�IDU� VKH�GHVHUYHV�WKH�PDMRULW\�RI�WKH�FUHGLW�IRU�LW� 6KH

ZDV�WKHUH�ZKHQHYHU�, QHHGHG�DQG�PDGH�P\�IUXVWUDWLRQV�JR�DZD\� DQG

VKH�JDYH�PH�KRSH�DQG�PRWLYDWLRQ�HYHQ�DW�WKH�PRVW�GLIILFXOW�WLPHV�
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&KDSWHUV��� ��DQG��� LQ�SDUW� KDYH�EHHQ�VXEPLWWHG�IRU�SXEOLFDWLRQ

RI�WKH�PDWHULDO�DV�LW�PD\�DSSHDU�LQ�1DQR�/HWWHUV� ����� 2UWDF� ,QDQF� 6LP�

EHUJ� 'PLWUL� <HK� <D�VDQ� <DQJ� -LDQ� 7URJOHU� :LOOLDP�&�� 7VLHQ� 5RJHU�<��

(VHQHU� 6DGLN� $&6 3XEOLFDWLRQV� ����� 7KH�GLVVHUWDWLRQ�DXWKRU�ZDV�WKH�SUL�

PDU\�LQYHVWLJDWRU�DQG�DXWKRU�RI�WKLV�SDSHU�

[LL
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���� 3K� '�� LQ�(OHFWULFDO�(QJLQHHULQJ��3KRWRQLFV�� 8QLYHUVLW\
RI�&DOLIRUQLD� 6DQ�'LHJR

��������� *UDGXDWH�5HVHDUFK�$VVLVWDQW� 8QLYHUVLW\�RI�&DOLIRUQLD�
6DQ�'LHJR

��������� *UDGXDWH�7HDFKLQJ�$VVLVWDQW� 8QLYHUVLW\�RI�&DOLIRUQLD�
6DQ�'LHJR

���� 0� 6��LQ�(OHFWULFDO�(QJLQHHULQJ��3KRWRQLFV�� 8QLYHUVLW\�RI
&DOLIRUQLD� 6DQ�'LHJR

��������� )XOEULJKW� 0� 6�� 6FKRODU� 8QLYHUVLW\� RI� &DOLIRUQLD� 6DQ
'LHJR

���� %� 6�� LQ� 3K\VLFV� 0LGGOH� (DVW� 7HFKQLFDO� 8QLYHUVLW\�
$QNDUD� 7XUNH\

38%/,&$7,216

2UWDF�HW�DO�� �&DWDODVH�/RDGHG�+ROORZ�6LOLFD�1DQRSDUWLFOHV�IRU�LQ�YLYR�+\�
GURJHQ�3HUR[LGH�0RQLWRULQJ�YLD�8OWUDVRXQG�� WR�EH�VXEPLWWHG� ����

2UWDF�HW�DO�� �*OXFRVH�2[LGDVH�/RDGHG Ru(phen)+2
3 'RSHG�+ROORZ�6LOLFD

1DQRSDUWLFOHV�IRU�&RQWLQXRXV�LQ�YLYR�*OXFRVH�0RQLWRULQJ�� WR�EH�VXEPLW�
WHG� ����

2UWDF� HW� DO�� �(IILFDF\� RI� /RFDOL]HG� /�DVSDUDJLQDVH� /RDGHG� +ROORZ� 6LO�
LFD�1DQRSDUWLFOHV�IRU�6\VWHPLF�/�DVSDUDJLQH�'HSOHWLRQ�� WR�EH�VXEPLWWHG�
����

2UWDF�HW�DO�� �'XDO�VFDOH�SRURVLW\�+ROORZ�1DQRSDUWLFOHV�IRU�WKH�,PPXQR�
SURWHFWLRQ� DQG�'HOLYHU\� RI� )RUHLJQ� (Q]\PHV�� 1DQR� /HWWHUV� �LQ� UHYLHZ��
����

2UWDF�HW�DO�� �1DQRSDUWLFOHV�IRU�HQ]\PDWLF�WKHUDSLHV�� 706 ����� 6DQ�$Q�
WRQLR� 7;������

2UWDF�,�� (VHQHU�6�� �6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG�3RURXV�QDQR6KHOOV
�6+(/6� IRU�HQ]\PH�EDVHG�WKHUDSLHV�� $&6 0HHWLQJ������ 6DQ�'LHJR� ����

(VHQHU�6�� 2UWDF�,�� %HQFKLPRO�0�� �&DQFHU�1DQRWHFKQRORJ\�IRU�7KHUDSHX�
WLFV�DQG�0RQLWRULQJ� 1DQR75 9,,, ���WK�1DQRVFLHQFH�DQG�1DQRWHFKQRORJ\
&RQIHUHQFH� ����

[LLL



2UWDF� ,�� 6HYHUFDQ� )�� �6SHFWURVFRS\�RI� ELRORJLFDO� QDQRFU\VWDOV�� 6SHF�
WURVFRS\� 9RO���� 1R��������� ����

2UWDF� HW� DO�� �'HVLJQ� DQG� ,PSOHPHQWDWLRQ� RI� D� 6LPSOH�26/ 6WLPXODWLRQ
6SHFWURPHWHU�� 7XUNLVK�3K\VLFDO�6RFLHW\���� ,QWHUQDWLRQDO�3K\VLFV�&RQJUHVV�
0XJOD� 7XUNH\� ����

2UWDF�HW�DO�� �&RPSXWHU�6LPXODWLRQ�RI�ODVHU�FDYLW\�ZLWK�TXDGUDWLF�VXUIDFH
JHRPHWU\�� �WK�1DWLRQDO�2SWLFV� (OHFWUR�RSWLFV�DQG�3KRWRQLFV�0HHWLQJ� ,V�
WDQEXO� 7XUNH\� ����

2UWDF�HW�DO�� �$ QHZ�VRIWZDUH�IRU�WKH�VLPXODWLRQ�RI�TXDGUDWLF�ODVHU�FDYLW\
GHVLJQ�� 7XUNLVK�3K\VLFDO�6RFLHW\���� ,QWHUQDWLRQDO�3K\VLFV�&RQJUHVV� $Q�
WDO\D� 7XUNH\� ����

3$7(176

2UWDF�HW�DO�� �1DQRVFDOH�FRDWLQJV�IRU�HQFDSVXODWLRQ�RI�ELRORJLFDO�HQWLWLHV�
3URYLVLRQDO�3DWHQW�$SSOLFDWLRQ� ���$SULO������

2UWDF�,�� (VHQHU�6�� �1RQ�WKHUPDO�F\FOLQJ�IRU�SRO\PHUDVH�FKDLQ�UHDFWLRQ�
3URYLVLRQDO�3DWHQW�$SSOLFDWLRQ� ���-XQH�����

2UWDF�,�� (VHQHU�6�� <DQJ�-�� 7URJOHU�:�� �0XOWLIXQFWLRQDO�QDQRSDUWLFOH�GH�
VLJQV�DQG�DSSOLFDWLRQV� 3URYLVLRQDO�3DWHQW�$SSOLFDWLRQ� ���$SULO������

+HOOHU�0�� 6XOOLYDQ�%�� .ULVKQDQ�5�� &DUVRQ�'�� (VHQHU�6�� *HPPHQ�*�� 0LIIOLQ
5�/�� 2UWDF�,���([�YLYR�V\VWHP�IRU�VHSDUDWLRQ� LVRODWLRQ�RI�FHOOV� QDQRSDUWLFOHV�
ELRPDUNHUV� 3URYLVLRQDO�3DWHQW�$SSOLFDWLRQ� ��$SULO�����

$:$5'6

���� 8& 6DQ�'LHJR�(QWUHSUHQHXU�&KDOOHQJH� 1st SODFH

���� &ROOHJLDWH�,QYHQWRUV�&RPSHWLWLRQ� 1st SODFH

���� 8& 6DQ�'LHJR�(QWUHSUHQHXU�&KDOOHQJH� 2nd SODFH

���� )XOEULJKW�0� 6��6FKRODUVKLS

[LY
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6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG�1DQRVSKHUHV�IRU�'LDJQRVWLF�DQG
7KHUDSHXWLF�$SSOLFDWLRQV

E\

,QDQF�2UWDF

'RFWRU�RI�3KLORVRSK\�LQ�(OHFWULFDO�(QJLQHHULQJ��3KRWRQLFV�

8QLYHUVLW\�RI�&DOLIRUQLD� 6DQ�'LHJR� ����

3URIHVVRU�6DGLN�(VHQHU� &KDLU

$OWKRXJK�HQ]\PHV�RI�QRQ�KXPDQ�RULJLQ�KDYH�EHHQ�VWXGLHG�IRU�D�YD�

ULHW\�RI�WKHUDSHXWLF�DQG�GLDJQRVWLF�DSSOLFDWLRQV� LQFOXGLQJ�FDQFHU� JRXW�

GLDEHWHV� DQG�YDULRXV�HQ]\PH�GHILFLHQF\�GLVRUGHUV� WKHLU�XVH�LQ�WKH�FOLQLF

KDV�EHHQ�OLPLWHG�E\�WKH�LPPXQH�UHVSRQVH�JHQHUDWHG�DJDLQVW�WKHP�DQG

WKH�FKDOOHQJHV�LQYROYHG�ZLWK�WKHLU�GHOLYHU\�DQG�HIIHFWLYH�RSHUDWLRQ�LQ�YLYR�

:H�GHVFULEH�KHUH�D�QRYHO�QDQRSDUWLFOH� WKH�6\QWKHWLF�+ROORZ�(Q�

]\PH�/RDGHG�QDQR6SKHUHV��6+(/6���WKDW�SURWHFWV�WKH�HQFDSVXODWHG�HQ�

]\PHV�ZLWKLQ�LWV�KROORZ�LQWHULRU� REYLDWLQJ�DQ�LPPXQH�DWWDFN�ZKLOH�DOORZLQJ

FRQVWDQW�DFFHVV�WR�WKHLU�VXEVWUDWHV�WKURXJK�LWV�QDQRSRUHV�

[Y



7KH�IDEULFDWLRQ�SURFHVV�RI�6+(/6 UHOLHV�RQ�LV�D�WHPSODWH�EDVHG� YHU�

VDWLOH� VFDODEOH� DQG�UREXVW��QDQRPDVNLQJ��SDWWHUQLQJ�PHWKRG�WKDW�SHU�

PLWV�WKH�UHDOL]DWLRQ�RI�D�GXDO�VFDOH�SRURVLW\�QDQRSDUWLFOH�FODVV�ZHOO�VXLWHG

IRU�WKH�HIILFLHQW� ORDGLQJ�DQG�WUDSSLQJ�RI� ODUJHU�SD\ORDGV�ZKLOH�DOVR�HQ�

DEOLQJ� WKHLU� LQWHUDFWLRQV� ZLWK� VPDOOHU� PROHFXOHV� WKURXJK� LWV� QDQRVFDOH

SRUHV�

,Q�WKLV�GLVVHUWDWLRQ� WKH�XQLTXH�FDSDELOLWLHV�DQG�IXQFWLRQDOLWLHV�PDGH

SRVVLEOH�E\� WKH�QDQRPDVNLQJ�PHWKRG�DQG� WKH� 6+(/6 SODWIRUP�DUH�GLV�

FXVVHG�DQG� LOOXVWUDWHG� IRU� YDULRXV� WKHUDSHXWLF�DQG�GLDJQRVWLF�DSSOLFD�

WLRQV� 6SHFLILFDOO\�ZH�SURYLGH�

�D�FRPSUHKHQVLYH�HYDOXDWLRQ�DQG�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI

GXDO�VFDOH�SRURVLW\�KROORZ�QDQRSDUWLFOHV�IDEULFDWHG�XVLQJ�WKH�QRYHO

QDQR�PDVNLQJ�WHFKQLTXH�

�WKH�HYDOXDWLRQ�RI�WKH�UHOHYDQW�SDUDPHWHUV�RI�WKH�6+(/6 SODWIRUP�IRU

LWV�VXFFHVVIXO�LPSOHPHQWDWLRQ�LQ�WKH�FOLQLF� LQFOXGLQJ�

��H[TXLVLWH�FRQWURO�LQ�V\QWKHVLV��QDQRSDUWLFOHV�ZLWK���������QP�GL�

DPHWHUV�DQG������QP�SRUH�VL]HV��

��KLJK�HQ]\PH�HQWUDSPHQW�FDSDFLW\��!����PJ�J��

��HIILFLHQW�SURWHFWLRQ�IURP�DQWLERG\�DFFHVV�DQG�QHXWUDOL]DWLRQ�DQG

VKLHOGLQJ�IURP�SURWHRO\VLV�

��XQSHUWXUEHG�LQ�YLYR�HQ]\PH�DFWLYLW\� DQG

��ORQJ�LQ�WLVVXH�UHVLGHQFH�DQG�VWDELOLW\��VHYHUDO�ZHHNV�

�UHVXOWV�RI�SUHFOLQLFDO�VWXGLHV�GHPRQVWUDWLQJ�WKH�SRWHQWLDO�XVHIXOQHVV

RI�WKH�6+(/6 SODWIRUP�WR�IDFLOLWDWH�WKHUDSHXWLF�IRUPXODWLRQV�IRU�YDUL�

RXV�FDQFHU�W\SHV� DQG

�UHVXOWV�RI�H[�YLYR�H[SHULPHQWV�FRQGXFWHG� WR�GHPRQVWUDWH�XVHIXO�

QHVV�LQ�GLDJQRVWLF�DSSOLFDWLRQV

[YL



&KDSWHU��

,QWURGXFWLRQ

:KLOH�HQ]\PHV�RI�QRQ�KXPDQ�RULJLQ�DUH�DWWUDFWLYH�IRU�WKHUDSHXWLF

DQG�GLDJQRVWLF�DSSOLFDWLRQV� WKHLU�FOLQLFDO�XVH�KDV�EHHQ�OLPLWHG�GXH�WR�WKH

LPPXQH�UHVSRQVH�DJDLQVW�IRUHLJQ�SURWHLQV>�� �� �� �@� 'LIIHUHQW�IRUPXODWLRQV

RI�IRUHLJQ�HQ]\PHV�KDYH�VKRZQ�SURPLVH�IRU�WKH�WUHDWPHQW�RI�YDULRXV�W\SHV

RI�FDQFHU>�� �� �� �� �@� )RU�H[DPSOH� WKH�WUHDWPHQW�RI�VROLG�RU�PHWDVWDWLF

WXPRUV�FRXOG�EHQHILW� IURP�HQ]\PH�SURGUXJ� WKHUDSLHV�XVLQJ� IRUHLJQ�HQ�

]\PHV� WKDW�FRQYHUW�D� QRQ�F\WRWR[LF�SURGUXJ� LQWR� LWV� WR[LF� IRUPV�DW� WKH

WXPRU�VLWH�E\�D�KLJKO\�VSHFLILF� ORFDOL]HG�HQ]\PDWLF�UHDFWLRQ>�� �� ��� �@�

$QRWKHU�WUHDWPHQW�RSWLRQ� ZKLFK�HPSOR\V�IRUHLJQ�HQ]\PHV� LV�WKH�GHSOH�

WLRQ�RI�DPLQR�DFLGV�HVVHQWLDO� WR� WXPRUV� 7KLV�FDQ� OHDG� WR� WXPRU�DSRS�

WRVLV�ZLWK�PLQLPDO�VLGH�HIIHFWV�WR�QRUPDO�FHOOV� ,W� LV�ZHOO�HVWDEOLVKHG�WKDW

PDQ\�WXPRUV� LQFOXGLQJ� OLTXLG�RQHV� H[KLELW�GHILFLHQFLHV� LQ�RQH�RU�PRUH

DPLQR�DFLG�V\QWKHVLV�URXWHV� IRUFLQJ�WKH�WXPRUV�WR�UHO\�RQ�DQ�H[WUD�FHOOXODU

SRRO� RI� WKH�DPLQR�DFLGV� IRU� VXUYLYDO� DQG� WR� VDWLVI\� SURWHLQ� ELRV\QWKHVLV

GHPDQGV>�� �� �� ��@�

$PLQR�DFLG�GHSOHWLRQ�KDV�D� ORQJ�KLVWRU\� LQ�ERWK�FOLQLFDO�SUDFWLFH

DQG�H[SHULPHQWDO� WKHUDSHXWLF�VHWWLQJV� /�DVSDUDJLQDVH�KDV�EHHQ�XVHG

WR�WUHDW�DFXWH�O\PSKREODVWLF�OHXNHPLD�IRU�RYHU�IRUW\�\HDUV� 2WKHU�DPLQR

DFLG�GHSOHWLRQ�DSSURDFKHV� KDYH�EHHQ� WULHG� LQ� OHXNHPLD�DQG� VROLG� WX�

PRUV� LQFOXGLQJ�PHWKLRQLRQDVH�IRU�WXPRUV�ZLWK�S���GHOHWLRQV�WKDW�DOVR�DI�

IHFW�PHWK\OWKLRDGHQRVLQH�SKRVSKRU\ODVH��07$3� >��� ��@�DQG�DUJLQLQDVH

�



�

WR� WDUJHW� WXPRU�LQLWLDWLQJ�FHOOV� LQ� OXQJ�FDQFHU� >��� ��@� 5HQHZHG� LQWHU�

HVW�LQ�FDQFHU�FHOO�PHWDEROLVP�DQG�D�EHWWHU�XQGHUVWDQGLQJ�RI�SDWKZD\V

FRQQHFWLQJ�WKH�:DUEXUJ�HIIHFW� DPLQR�DFLG�PHWDEROLVP�DQG�DXWRSKDJ\

>��� ��@�VXJJHVW�WKDW�HQ]\PH�WKHUDS\�WKDW�GHSOHWHV�HVVHQWLDO�FDQFHU�FHOO

PHWDEROLWHV�PD\�EH�SRLVHG�IRU�D�UHQDLVVDQFH�

+RZHYHU� WKH�YHU\�DELOLW\�RI�IRUHLJQ�HQ]\PHV�WR�DFKLHYH�WKHVH�VSH�

FLILF�IXQFWLRQV�FDXVHV�WKHP�WR�EH�FOHDUHG�UDSLGO\�RU�QHXWUDOL]HG�E\�WKH

ERG\
V�LPPXQH�UHVSRQVH� WKHUHE\�FDXVLQJ�IDLOXUH�RI�WKHVH�WKHUDSLHV�LQ�WKH

FOLQLF>��� ��� �� ��� �@� ,Q�DGGLWLRQ� PDQ\�HQ]\PHV�UHTXLUH�FRIDFWRUV� ZKLFK

DUH�QHFHVVDU\�FKHPLFDO�FRPSRXQGV�ERXQG�WR�D�SURWHLQ�DQG�DUH�UHTXLUHG

IRU�HQ]\PHV�WR�IXQFWLRQ>��@� +RZHYHU� IRU�FHUWDLQ�HQ]\PHV�VXFK�DV�PH�

WKLRQLQDVH� WKH�FRIDFWRU�S\URGR[DO�SKRVSKDWH�LV�UDSLGO\�VHTXHVWHUHG�E\

DOEXPLQ� LQ� WKH�EORRG� FDXVLQJ� WKH�HQ]\PH
V�DFWLYLW\� WR�GLPLQLVK� UDSLGO\

>��� ��� ��� ��@�

7KHUHIRUH� IRUHLJQ�HQ]\PH�EDVHG�WKHUDSLHV�FULWLFDOO\�QHHG�HIILFLHQW

GHOLYHU\� SODWIRUPV� WKDW� FDQ�DOORZ� VWHDOWK� RSHUDWLRQ�ZKLOH� DW� WKH� VDPH

WLPH� OLPLWLQJ�FRIDFWRU� ORVV�ZKHQ�QHHGHG� 7KLV� UHTXLUHV�SUHYHQWLQJ�DQWL�

ERG\�DQG�RWKHU�EORRG�SURWHLQ�DFFHVV�WR�HQ]\PHV� ZKLOH�DOORZLQJ�WKHVH

HQ]\PHV� WKH�DELOLW\� WR� IUHHO\� LQWHUDFW�ZLWK� WKHLU� VXEVWUDWHV� ,GHDOO\� WKH

GHOLYHU\�DSSURDFK�PXVW�EH�UHDOL]HG�DW�ORZ�FRVW�DQG�FRPSOH[LW\�ZLWKRXW

FRPSURPLVLQJ�IOH[LELOLW\�LQ�GHVLJQ�

7KLV�GLVVHUWDWLRQ�GHVFULEHV�D�QRYHO�QDQRSDUWLFOH�SODWIRUP� WKH�6\Q�

WKHWLF�+ROORZ�(Q]\PH�/RDGHG�QDQR6SKHUHV��6+(/6���$V�ZLOO�EH�GHVFULEHG�

6+(/6 SURWHFW�WKH�HQFDSVXODWHG�HQ]\PHV�ZLWKLQ�WKHLU�KROORZ�LQWHULRU� REYL�

DWLQJ�DQ�LPPXQH�DWWDFN�ZKLOH�DOORZLQJ�FRQVWDQW�DFFHVV�WR�WKHLU�VXEVWUDWHV

WKURXJK�WKHLU�QDQRSRUHV� )RU�WKH�IDEULFDWLRQ�RI�6+(/6��D�UREXVW�PDQXIDF�

WXULQJ�DSSURDFK�WHUPHG��QDQRPDVNLQJ��LV�LQWURGXFHG� 7KH�SODWIRUP�H[�

KLELWV�VHYHUDO�NH\�IHDWXUHV�QHFHVVDU\�IRU�VXFFHVVIXO�LPSOHPHQWDWLRQ�LQ�WKH

FOLQLF� LQFOXGLQJ�H[TXLVLWH�FRQWURO� LQ� V\QWKHVLV� KLJK�HQ]\PH�HQWUDSPHQW

FDSDFLW\� HIILFLHQW�SURWHFWLRQ�IURP�DQWLERG\�DFFHVV�DQG�QHXWUDOL]DWLRQ�

VKLHOGLQJ�IURP�SURWHRO\VLV� XQSHUWXUEHG�LQ�YLYR�HQ]\PH�DFWLYLW\� DQG�ORQJ



�

LQ�WLVVXH�UHVLGHQFH�DQG�VWDELOLW\�

7KLV�GLVVHUWDWLRQ�EHJLQV�ZLWK�D�EULHI�H[SODQDWLRQ�RI�WKH�LPPXQH�V\V�

WHP�DQG�DVVRFLDWHG�LPPXQH�UHVSRQVHV�DJDLQVW�IRUHLJQ�HQ]\PHV�DQG�LV

IROORZHG�E\�DQ�RYHUYLHZ�RI�FXUUHQW� WHFKQRORJLHV� IRU� WKH� IDEULFDWLRQ�RI

KROORZ�QDQRSDUWLFOHV�DQG�RI�QDQR�HQFDSVXODWLRQ�DSSURDFKHV�IRU�WKH�HI�

IHFWLYH�GHOLYHU\�RI�HQ]\PHV�

,Q�WKH�WKLUG�FKDSWHU� WKH�QDQRPDVNLQJ�PHWKRG�DQG�WKH�GXDO�VFDOH�

SRURVLW\�QDQRSDUWLFOH�SODWIRUP�V\QWKHWLF�KROORZ�PHVRSRURXV�QDQRVSKHUHV

�6+06� DUH�LQWURGXFHG� 7KH�FKDUDFWHUL]DWLRQ�RI�WKH�VWUXFWXUDO�IHDWXUHV�RI

SDUWLFOHV�REWDLQHG�ZLWK�WKH�PHWKRG� WRJHWKHU�ZLWK�WKH�YHUVDWLOLW\�RI� WKH

V\QWKHVLV� DUH�DOVR�H[SODLQHG�WKURXJKRXW�WKH�FKDSWHU�

7KH�IRXUWK�FKDSWHU�IRFXVHV�RQ�HQ]\PH�ORDGLQJ�DQG�VHDOLQJ�RI�6+06

DQG� WKHLU� FRQYHUVLRQ� WR� V\QWKHWLF� KROORZ�HQ]\PH� ORDGHG� QDQRVSKHUHV

�6+(/6���7KLV�FKDSWHU� LQFOXGHV�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�6+(/6 DQG

UHVXOWV�RI�WKH�SURRI�RI�FRQFHSW�VWXGLHV�

7KH�ILIWK�FKDSWHU�GLVFXVVHV�SRWHQWLDO�DSSOLFDWLRQV�RI�6+(/6 ZLWK�WKHU�

DSHXWLF� HQ]\PHV� LQFOXGLQJ� DVSDUDJLQDVH� DQG� PHWKLRQLQDVH� IRU� YDUL�

RXV�W\SHV�RI�FDQFHU�DQG�XULFDVH�IRU�JRXW� WKHVH�HQ]\PHV�DOUHDG\�KDYH

SURYHQ�PHFKDQLVPV�RI�DFWLRQ�EXW�KDYH�KDG�OLPLWHG�XVH�LQ�WKH�FOLQLF�GXH�WR

YDULRXV�SUREOHPV�WKDW�DUH�DGGUHVVHG�E\�WKHLU�HQFDSVXODWLRQ�ZLWKLQ�6+(/6�

7KH�VL[WK�FKDSWHU�FRYHUV�YDULRXV�GLDJQRVWLF�DSSOLFDWLRQV�RI�6+(/6�

7KH�FKDSWHU� VWDUWV�ZLWK� FDWDODVH�HQFDSVXODWHG�ZLWKLQ� 6+(/6 IRU� LQ� YLYR

VHQVLQJ�RI�K\GURJHQ�SHUR[LGH� ZKLFK�SOD\V�DQ�LPSRUWDQW�UROH�LQ�PHGLDWLQJ

WKH�GDPDJH�FDXVHG�E\�LQIODPPDWLRQ�DQG�DOVR�KDV�LPSOLFDWLRQV�LQ�FDQ�

FHU� GLDEHWHV� DJLQJ� DQG�FDUGLRYDVFXODU�GLVHDVH� 7KH�VL[WK�FKDSWHU�HQGV

ZLWK�JOXFRVH�R[LGDVH�HQFDSVXODWHG Ru(phen)+2
3 GRSHG�6+(/6 GHYHORSHG

ZLWK�WKH�DLP�RI�FRQWLQXRXV�LQ�YLYR�JOXFRVH�VHQVLQJ�IRU�GLDEHWHV�

7KH�GLVVHUWDWLRQ�FRQFOXGHV�E\�H[DPLQLQJ�WKH�IXWXUH�SRWHQWLDO�DS�

SOLFDWLRQ�RI�6+(/6 DV�D�XQLYHUVDO�IXQFWLRQDO�PDFURPROHFXOH�GHOLYHU\�SODW�

IRUP�



&KDSWHU��

%DFNJURXQG

��� ,PPXQH�5HVSRQVHV�WR�)RUHLJQ�0DWHULDOV

����� ,QWURGXFWLRQ�WR�WKH�,PPXQH�6\VWHP

7KH�LPPXQH�V\VWHP�LV�DQ�DVVHPEO\�RI�ELRORJLFDO�SURFHVVHV� FHOOV� WLV�

VXHV� DQG�RUJDQV�ZRUNLQJ�LQ�FRRSHUDWLRQ�LQ�RUGHU�WR�GHIHQG�DQ�RUJDQLVP

DJDLQVW�DWWDFNV�E\�IRUHLJQ�LQYDGHUV�VXFK�DV�PLFUREHV�LQFOXGLQJ�EDFWHULD�

SDUDVLWHV� IXQJL� DQG�YLUXVHV� 7R�DWWDLQ�VXFK�SURWHFWLRQ� WKH�LPPXQH�V\V�

WHP�ILUVW�QHHGV�WR�GHWHFW�DQG�LGHQWLI\�IRUHLJQ�DJHQWV�DQG�GLVWLQJXLVK�WKHP

IURP�WKH�ERG\
V�RZQ�FHOOV�DQG�DJHQWV>��@�

$ KHDOWK\� LPPXQH� V\VWHP�RSHUDWHV� HIILFLHQWO\� WRJHWKHU�ZLWK� WKH

ERG\
V�RWKHU�V\VWHPV�DQG�FHOOV� :KHQ�WKH�LPPXQH�V\VWHP�GHWHFWV�D�IRU�

HLJQ�DJHQW� WKH� LPPXQH� UHVSRQVH� LV� JHQHUDWHG� ZLWK� WKH� LPPXQH� V\V�

WHP�DWWDFNLQJ�DQG�VXEVHTXHQWO\�HOLPLQDWLQJ�DQG�QHXWUDOL]LQJ�WKH�IRUHLJQ

DJHQW>��@� 7KHVH�IRUHLJQ�DJHQWV� FDOOHG�DQWLJHQV� FDQ�EH�SURWHLQV�IURP

D�GLIIHUHQW�RUJDQLVP�RU�VRPH�RWKHU�PROHFXODU�FRPSRQHQWV�IURP�VRXUFHV

VXFK�DV�EDFWHULD� YLUXVHV� RU�SDUDVLWHV� $QWLJHQV�KDYH�PROHFXOHV�WKDW�PDUN

WKHP�DV�IRUHLJQ>��@� 6RPHWLPHV� WKH�LPPXQH�V\VWHP�IDLOV�DQG�PLVLGHQWLILHV

FHUWDLQ�RI�LWV�RZQ�WLVVXHV�DV�IRUHLJQ� VXEVHTXHQWO\�DWWDFNLQJ�WKHP� VXFK�D

UHVSRQVH�FDXVHV�QXPHURXV�DXWRLPPXQH�GLVHDVHV� LQFOXGLQJ�VRPH�IRUPV

RI�DUWKULWLV�DQG�GLDEHWHV� RU�PD\�FDXVH�DOOHUJLHV�WR�GHYHORS�E\�UHVSRQGLQJ

�



�

DJJUHVVLYHO\�WR�D�KDUPOHVV�IRUHLJQ�VXEVWDQFH�VXFK�DV�UDJZHHG�SROOHQ>��@�

3DWKRJHQV�DUH�RUJDQLVPV� VXFK�DV�EDFWHULD� YLUXVHV� RU� IXQJL� WKDW

FDUU\�DQWLJHQV�DQG�FDXVH�GLVHDVHV� LQ�WKHLU�KRVW�RUJDQLVP>��@� (YROXWLRQ

KDV�SURYLGHG�WRROV�IRU�PDQ\�SDWKRJHQV�WR�DYRLG�GHWHFWLRQ�DQG�QHXWUDO�

L]DWLRQ�E\� WKH� LPPXQH�V\VWHP� \HW� DW� WKH� VDPH� WLPH� LPPXQH�V\VWHPV

KDYH�DOVR�HYROYHG�WR�UHFRJQL]H�DQG�HIIHFWLYHO\�QHXWUDOL]H�SDWKRJHQV�

7KH�,QQDWH�DQG�$GDSWLYH�,PPXQH�6\VWHP

7KH�LPPXQH�V\VWHP�KDV�D�PXOWL�OD\HUHG�PHFKDQLVP� ,QLWLDOO\� WKH�LQ�

QDWH�LPPXQH�V\VWHP�FRPHV�LQWR�SOD\�E\�FUHDWLQJ�D�QRQVSHFLILF�LPPXQH

UHVSRQVH�DJDLQVW�DQWLJHQV� )ROORZLQJ�DQ� LQQDWH� LPPXQH� UHVSRQVH� WKH

DGDSWLYH�LPPXQH�V\VWHP�LV�GHSOR\HG� HLWKHU�E\�XVLQJ�WKH�ERG\
V�H[LVWLQJ

LPPXQRORJLFDO�PHPRU\�RU�JHQHUDWLQJ�DQ�LPPXQRORJLFDO�PHPRU\�IRU�IX�

WXUH�H[SRVXUH�WR�WKRVH�DQWLJHQV>��@�)LJXUH ����� 7KH� LPPXQH�UHVSRQVHV

JHQHUDWHG�E\�WKH�DGDSWLYH�LPPXQH�V\VWHP�DUH�VR�VSHFLILF�WKDW�WKH\�FDQ

HDVLO\�GLVWLQJXLVK�RQH� W\SH�RI�EDFWHULXP� IURP�DQRWKHU�RU�RQH�FHOO� W\SH

IURP�DQRWKHU� 7KLV�VSHFLILF�IRUP�RI� LPPXQLW\� LV�DOVR�RIWHQ�UHIHUUHG�WR�DV

DFTXLUHG�LPPXQLW\�EHFDXVH�LW�LV�DFWLYDWHG�RQO\�E\�WKH�ILUVW�H[SRVXUH�WR�D

IRUHLJQ�PLFURRUJDQLVP�RU�WR�D�YDFFLQH>��@�

,QQDWH�,PPXQLW\

7KH�QRQVSHFLILF�FROOHFWLRQ�RI�SURWHFWLYH�GHIHQVHV�LV�UHIHUUHG�WR�DV

WKH�ERG\
V�LQQDWH�GHIHQVH�PHFKDQLVPV� 7KH�LQQDWH�LPPXQH�V\VWHP�LV�DO�

ZD\V�DFWLYH�DQG�HIIHFWLYH�DJDLQVW�KDUPIXO�LQWUXGHUV�WKDW�KDYH�QHYHU�EHHQ

HQFRXQWHUHG�E\�WKH�ERG\�EHIRUH� 7KH�ILUVW�FRPSRQHQW�RI�WKH�LQQDWH�LP�

PXQH�V\VWHP�LV�WKDW�RI�WKH�SDVVLYH�EDUULHU�GHIHQVHV� ZKLFK�SURWHFW�WKH�UHVW

RI�WKH�ERG\�E\�EORFNLQJ�WKH�HQWU\�RI�SDWKRJHQV�WR�WKH�ERG\
V�GHHSHU�WLV�

VXHV� ZKHUH�D�JUHDW�GHDO�RI�GDPDJH�FRXOG�EH�GRQH� 6KRXOG�D�SDWKRJHQ

VXFFHVVIXOO\�EUHDFK�WKH�ERG\
V�SDVVLYH�EDUULHU�GHIHQVHV� LW�HQFRXQWHUV�DQ

DJJUHVVLYH�QRQVSHFLILF�UHDFWLYH�UHVSRQVH>��@�



�

)LJXUH ���� ,QQDWH�DQG�DGDSWLYH�LPPXQLW\� ,QQDWH�LPPXQLW\�LV�WKH�LQLWLDO
GHIHQVH�DJDLQVW�LQIHFWLRQV�DQG�LQYROYHV�SDVVLYH�EDUULHU�GHIHQVHV�DQG�QRQ�
VSHFLILF�UHDFWLYH�UHVSRQVH� $GDSWLYH�LPPXQLW\�LV�GHSOR\HG�ODWHU�DQG�LQ�
YROYHV�PRUH�VSHFLILF�UHDFWLRQV�DJDLQVW�LQIHFWLRQV>��@�



�

3DVVLYH�%DUULHU�'HIHQVHV� 7KH�ERG\
V�ILUVW�OD\HU�RI�GHIHQVH�LV�WKH�VNLQ�

ZKLFK� LV�FRQVLGHUHG�WKH� ODUJHVW�RUJDQ�RI�WKH�ERG\� 6NLQ�FRQVLVWV�RI�HS�

LWKHOLDO�FHOOV� ZKLFK�DUH�SDFNHG�WRJHWKHU�ZLWK�YLUWXDOO\�QR�VSDFH�EHWZHHQ

WKHP� WKLV�WLJKW�ILW�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�IHDWXUHV�RI�WKH�VNLQ� HQDEOLQJ

LW�WR�DFW�DV�DQ�HIILFLHQW�EDUULHU�DJDLQVW�WKH�HQWU\�RI�SDWKRJHQV>��@� 7KH�PX�

FRXV�PHPEUDQHV�DUH�DQRWKHU�LPSRUWDQW�EDUULHU�DJDLQVW�SDWKRJHQV�DQG

FRQVLVW�RI�D�GLIIHUHQW�W\SH�RI�HSLWKHOLDO�FHOOV�WKDW�IRUP�VNLQ>��@� $OWKRXJK

VNLQ�LV�IRUPHG�LQ�VXFK�D�ZD\�WKDW�LW�LV�LPSHUPHDEOH� WKH�ERG\�PXVW�DOORZ

PDWHULDOV�VXFK�DV�QXWULHQWV� IOXLGV� DQG�R[\JHQ�DQG�WR�SDVV�WKURXJK�WKH�VNLQ

LQ�RUGHU�WR�GLVSRVH�RI�FHUWDLQ�PHWDEROLWHV� 7KH�PXFRXV�PHPEUDQHV�DFW

DV�VHOHFWLYHO\�SHUPHDEOH�JDWHV� IRUPLQJ�D�OLQLQJ�DW�ORFDWLRQV�VXFK�DV�WKH

UHVSLUDWRU\�DQG�GLJHVWLYH�WUDFWV�ZKHUH�VXFK�WUDQVIHUV�DUH�SHUIRUPHG� WKH\

DUH�WKXV�PRUH�ORRVHO\�SDFNHG�WKDQ�WKH�VNLQ
V�HSLWKHOLDO�FHOOV� +RZHYHU� WKLV

JDWH�PHFKDQLVP�DQG� LWV�DWWHQGDQW� ORRVHU� ILW�EHWZHHQ�FHOOV�PDNHV�PX�

FRXV�PHPEUDQHV�YXOQHUDEOH� WR� WKH�SHQHWUDWLRQ�RI�PLFURRUJDQLVPV� 7R

SUHYHQW�VXFK�DQ�LQFXUVLRQ� PXFRXV�PHPEUDQHV�DUH�SURWHFWHG�E\�D�FHU�

WDLQ�W\SH�RI�FHOOV�FDOOHG�JREOHW�FHOOV� ZKLFK�SURGXFH�DQG�VHFUHWH�D�VWLFN\�

WKLFN�OLTXLG�FDOOHG�PXFXV�RQWR�WKH�VXUIDFH�RI�WKH�PHPEUDQHV� NHHSLQJ

WKH�PHPEUDQHV�PRLVW�DQG�WUDSSLQJ�IRUHLJQ�PDWWHUV�VXFK�DV�GXVW� VRRW�

DQG�PLFURRUJDQLVPV>��@� &HUWDLQ� FHOOV� DORQJ� WKH�PXFRXV�PHPEUDQHV

DOVR�KDYH�FLOLD� ZKLFK�DUH�KDLU�OLNH�H[WHQVLRQV�WKDW�VZHHS�WKH�PXFXV�DQG

LWV�WUDSSHG�PDWHULDOV�WRZDUG�WKH�ERG\
V�H[LW�SRLQWV� 7KXV� DOWKRXJK� WKHVH

DUHDV�DUH�IUHTXHQWO\�IORRGHG�ZLWK�PLFURRUJDQLVPV� WKH�DUHDV�EHORZ�WKHVH

UHJLRQV�VWD\�VWHULOH�DQG�XQFRPSURPLVHG�LQ�KHDOWK\�LQGLYLGXDOV>��@�

+RZHYHU� WKHUH�H[LVW�LQ�WKH�ERG\�QXPHURXV�DUHDV�VXFK�DV�WKH�H\HV

WKDW�DUH�QRW�SURWHFWHG�E\�HLWKHU�VNLQ�RU�E\�WKH�PXFRXV�PHPEUDQH�EDUULHU�

,Q�WKH�FDVH�RI�WKH�H\HV� LQ�WKH�LQVLGH�FRUQHUV�RI�WKH�H\HV�WKHUH�DUH�VPDOO

RSHQLQJV�FDOOHG�WHDU�GXFWV�WKDW�FRQWLQXRXVO\�VHFUHWH�WHDUV�WKDW�ZDVK�WKH

H\HV� WKHUHE\�UHPRYLQJ�PLFURRUJDQLVPV�DQG�SUHYHQWLQJ�WKHP�IURP�HQ�

WHULQJ�WKH�VRIW�WLVVXH�RI�WKH�H\HEDOO�>��@�

1RQVSHFLILF�UHDFWLYH�UHVSRQVHV� )RUHLJQ�PDWHULDOV�WKDW�GR�ILQG�WKHLU



�

ZD\�LQWR�WKH�ERG\�DUH�PHW�E\�DFWLYH� DJJUHVVLYH�GHIHQVHV�V\VWHPV�FDOOHG

QRQVSHFLILF�UHDFWLYH�UHVSRQVHV� ZKLFK�VHHN�RXW�DQG�HOLPLQDWH� LQYDGLQJ

SDWKRJHQV� 7KHVH�UHVSRQVHV�DUH�FDOOHG�QRQVSHFLILF�EHFDXVH�WKH\�DWWDFN

DQ\WKLQJ�DV�ORQJ�DV�LW�LV�UHFRJQL]HG�DV�IRUHLJQ�DQG�LQYROYH�VSHFLILF�VWHSV

WR�HOLPLQDWH�WKH�IRUHLJQ�PDWHULDO�DFWLYHO\>��@�

,QIODPPDWLRQ LV�EDVLFDOO\�D�FRPSOH[�VHULHV�RI�UHDFWLRQV�WKDW�DOPRVW

DOZD\V�RFFXUV�ZKHQ�D�IRUHLJQ�PDWHULDOV�HQWHUV�WKH�ERG\� ,QIODPPDWLRQ

UHVXOWV�LQ�VZHOOLQJ� UHGQHVV� KHDW� DQG�VRUHQHVV�DW�WKH�LQMXUHG�VLWH�GXH�SUL�

PDULO\�WR�LQFUHDVHG�EORRG�IORZ�WR�WKH�DUHD�ZKHUH�DQ�LQWUXGHU�LV�GHWHFWHG

DQG�WKH�DWWHQGDQW�OHDNDJH�RI�IOXLG�IURP�EORRG�YHVVHOV�LQWR�WKH�VXUURXQGLQJ

DUHD� ,QIODPPDWLRQ�LV�LQLWLDWHG�E\�WKH�UHOHDVH�RI�LQIODPPDWRU\�PHGLDWRUV

�HLFRVDQRLGV�DQG�F\WRNLQHV��IURP�WKH�LQMXUHG�RU�LQIHFWHG�FHOOV>��@�

(LFRVDQRLGV DUH�VLJQDOLQJ�PROHFXOHV�GHULYHG�IURP�HLWKHU�RPHJD��

RU�RPHJD���IDWW\�DFLGV� 3URVWDJODQGLQV�DUH�D�W\SH�RI�HLFRVDQRLGV�DQG�DUH

UHVSRQVLEOH�IRU�SURGXFLQJ�IHYHU�DQG�EORRG�YHVVHO�GLODWLRQ�GXULQJ�LQIODP�

PDWLRQ� /HXNRWULHQHV�DUH�DQRWKHU�W\SH�RI�HLFRVDQRLGV�WKDW�DWWUDFW�FHUWDLQ

OHXNRF\WHV� DOVR�FDOOHG�ZKLWH�EORRG�FHOOV� ZKLFK�DUH�FUXFLDO�FRPSRQHQWV

RI�WKH�LPPXQH�V\VWHP�UHVSRQVH�DQG�DUH�DFWLYHO\�LQYROYHG�LQ�GHIHQGLQJ

WKH�ERG\�DJDLQVW�SDWKRJHQV>��@�

&\WRNLQHV DUH�VPDOO�VLJQDOLQJ�PROHFXOHV�WKDW�LQFOXGH�LQWHUOHXNLQHV�

FKHPRNLQHV� DQG� LQWHUIHURQV� ,QWHUOHXNLQV�DUH�XVHG� IRU�FRPPXQLFDWLRQ

EHWZHHQ�ZKLWH�EORRG�FHOOV� DQG�FKHPRNLQHV�SURPRWH�FKHPRWD[LV� ZKLFK

FDXVHV�LPPXQH�FHOOV�WR�PLJUDWH�WR�WKH�VLWH�RI�LQIHFWLRQ�DV�D�UHVXOW�RI�WKH

LPPXQH�UHVSRQVH>��@� $QRWKHU�W\SH�RI�F\WRNLQHV�DUH�FDOOHG�LQWHUIHURQV�

ZKLFK�KDYH�DQWL�YLUDO�HIIHFWV� LQFOXGLQJ�VWRSSLQJ�SURWHLQ�V\QWKHVLV� LQ�WKH

KRVW�FHOOV>��@� *URZWK�IDFWRUV�WR�SURPRWH�KHDOLQJ�RI�DQ\�GDPDJHG�WLVVXH

DQG�F\WRWR[LF� IDFWRUV� WR�HOLPLQDWH� LQIHFWHG�FHOOV�FDQ�DOVR�EH� UHOHDVHG

GXULQJ�LQIODPPDWLRQ>��@�

$V� IOXLG� OHDNV� LQWR� WKH� LQIODPPDWLRQ� VLWH� LW�DOVR�EULQJV�DQWLERGLHV�

$QWLERGLHV DUH�SURWHLQV�SURGXFHG�E\�WKH�LPPXQH�V\VWHP�WKDW�DWWDFK�WR

DQWLJHQV� :KHQ�ERXQG� DQWLERGLHV� VHUYH�DV� WDJV� IRU�ERWK�ZKLWH�EORRG



�

FHOOV��OHXNRF\WHV��DQG�IRU�D�FODVV�RI�SURWHLQV�FDOOHG�FRPSOHPHQW�SURWHLQV�

ERWK�RI�ZKLFK�DUH�LQYROYHG�LQ�HOLPLQDWLQJ�SDWKRJHQV�IURP�WKH�VLWH>��@�

0RUHRYHU� LQIODPPDWLRQ� PDNHV� WKH� FDSLOODULHV� OHDN\� DQG� ZKLWH

SKDJRF\WLF�EORRG�FHOOV� DOVR�FDOOHG�SKDJRF\WHV� HQWHU�WKH�DIIHFWHG�WLV�

VXHV�IURP�EORRG�FLUFXODWLRQ� 7KHVH�ZKLWH�EORRG�FHOOV�HQJXOI�IRUHLJQ�PDWH�

ULDOV�DQG�GHVWUR\�WKHP�FKHPLFDOO\>��@�

3KDJRF\WHV VHHN�IRUHLJQ�PDWHULDOV� LQFOXGLQJ�SURWHLQV�DQG�PLFRURU�

JDQLVPV� 2QFH� SKDJRF\WHV� UHFRJQL]H� IRUHLJQ� PDWHULDOV� WKH\� HQJXOI

WKHVH� LQYDGHUV� WKURXJK�D�SURFHVV�FDOOHG�SKDJRF\WRVLV� KHUH� WKH\� WUDS

WKH� IRUHLJQ� PDWHULDOV� LQVLGH� D� SKDJRVRPH� D� YHVLFOH� IRUPHG� DURXQG

SDWKRJHQV�ZLWKLQ�WKH�F\WRSODVP�RI�WKH�SKDJRF\WHV�WR�GLJHVW�WKH�IRUHLJQ

PDWHULDOV>��@�

&RPSOHPHQW�6\VWHP� 7KH�FRPSOHPHQW�V\VWHP�FRQVLVWV�RI�DV�PDQ\

DV����GLIIHUHQW�SURWHLQV�ZRUNLQJ� LQ�FRRUGLQDWLRQ�WKURXJK�D�VHTXHQFH�RU

D�FDVFDGH>��@� &RPSOHPHQW�SURWHLQV�DUH�SULPDULO\�XWLOL]HG�WKURXJK�WZR

SDWKZD\V� WKH�FODVVLFDO�FRPSOHPHQW�SDWKZD\�DQG�WKH�DOWHUQDWH�FRP�

SOHPHQW�SDWKZD\�

,Q�WKH FODVVLFDO�FRPSOHPHQW�SDWKZD\� DQWLERGLHV�ZRUN�DORQJVLGH

WKH�FRPSOHPHQW�SURWHLQV�WR�HOLPLQDWH�LQYDGLQJ�SDWKRJHQV��)LJXUH �����

2QFH�DQ�DQWLERG\�ELQGV�WR�DQ�DQWLJHQ� FHUWDLQ�VHFWLRQV�RI�DQ�DQWLERG\

DUH�H[SRVHG�IRU�FRPSOHPHQW�SURWHLQ�ELQGLQJ� $V�D�UHVXOW�RI�WKHLU�ELQG�

LQJ� WR� DQWLERGLHV� FRPSOHPHQW� SURWHLQV� JR� WKURXJK� D� FRQIRUPDWLRQDO

FKDQJH�DQG�VWDUW�DFWLQJ�DV�D�QHZ�ELQGLQJ�VLWH�IRU�RWKHU�FRPSOHPHQW�SUR�

WHLQV� 7KH�FRPSOHPHQW�SURWHLQV�WKDW�ELQG�WR�WKH�ILUVW�VHW�RI�FRPSOHPHQW

SURWHLQV�VXEVHTXHQWO\�VSOLW�LQ�VXFK�D�ZD\�WKDW�RQH�SLHFH�LV�DWWDFKHG�WR�WKH

ILUVW�VWUXFWXUH�ZKLOH�WKH�RWKHU�SLHFH�GLIIXVHV�RXW�DQG�DFWV�DV�DQ�LQIODPPD�

WRU\�PHGLDWRU�DV�ZHOO�DV�DQ�DJHQW�WR�DWWUDFW�LPPXQH�V\VWHP�FHOOV>��@� ,I

WKH�IRUHLJQ�DJHQW�LV�D�EDFWHULDO�FHOO� WKLV�FDVFDGH�RI�HYHQWV�FDXVHV�D�KROH

WR�IRUP�LQ�WKH�EDFWHULDO�ZDOO� WULJJHULQJ�D�UXVK�RI�IOXLGV�LQWR�WKH�EDFWHULDO

FHOO�DQG�NLOOLQJ�WKH�EDFWHULD>��@�

7KH DOWHUQDWH�FRPSOHPHQW�SDWKZD\ OHDGV�WR�WKH�VDPH�RXWFRPH



��

)LJXUH ���� $ JUDSKLF� LOOXVWUDWLRQ� RI� WKH� FODVVLFDO� FRPSOHPHQW
SDWKZD\>��@�



��

ZLWKRXW� WKH� LQYROYHPHQW� RI� DQWLERGLHV� ,Q� WKRVH� FDVHV� WKH� LQYDGLQJ

SDWKRJHQV�DOUHDG\�FRQWDLQ�VSHFLILF�PROHFXOHV�IRU�FRPSOHPHQW�SURWHLQ

ELQGLQJ�ZLWKRXW�WKH�QHHG�RI�DQWLERGLHV>��@�

7KH�6SHFLILF�$GDSWLYH�,PPXQLW\

7KH�PRVW�LPSRUWDQW�SOD\HUV�LQ�WKH�LPPXQH�V\VWHP�DUH�OHXFRF\WHV�

ZKLFK�DUH�SURGXFHG�E\�VWHP�FHOOV�LQ�WKH�ERQH�PDUURZ�DORQJ�ZLWK�RWKHU

EORRG� FHOOV� WKURXJK� D� SURFHVV� FDOOHG� KHPDWRSRLHVLV� $V� D� UHVXOW� RI

KHPDWRSRLHVLV� UHG�EORRG�FHOOV��HU\WKURF\WHV��WKDW�WUDQVSRUW�R[\JHQ�DQG

FDUERQ�GLR[LGH� WKURXJKRXW� WKH�ERG\�DUH�DOVR�SURGXFHG� LQ�DGGLWLRQ� WR

OHXFRF\WHV>��@� 7KHUH�DUH�SULPDULO\� WZR�FODVVHV�RI� OHXFRF\WHV� SKDJR�

F\WHV�DQG�O\PSKRF\WHV�

3KDJRF\WHV� 3KDJRF\WHV�FDQ�EH�IXUWKHU�FODVVLILHG�DV�PRQRQXFOHDU

OHXNRF\WHV� DQG�SRO\PRUSKRQXFOHDU� OHXNRF\WHV>��@� 0RQRQXFOHDU� OHX�

FRF\WHV�FRQWDLQ�RQO\�RQH�QXFOHXV�DQG�DUH�FRQYHUWHG� LQWR�PRQRF\WHV�

PDNLQJ�XS�DERXW����RI�DOO�OHXFRF\WHV�LQ�WKH�EORRG� 3RO\PRUSKRQXFOHDU

OHXNRF\WHV�FRQWDLQ�PXOWLSOH�QXFOHL�DQG�DUH�FRQYHUWHG� LQWR�QHXWURSKLOV�

HRVLQRSKLOV� DQG�EDVRSKLOV>��� ��@�

(YHQWXDOO\� VRPH�RI�WKH�PRQRF\WHV�WKDW�VTXHH]H�WKURXJK�WKH�ZDOOV

RI�FDSLOODULHV� LQWR� WKH� WLVVXHV�DUH�FRQYHUWHG� LQWR�PDFURSKDJHV� 0RQR�

F\WHV� FDQ� DOVR� JLYH� ULVH� WR� GHQGULWLF� FHOOV� %RWK� PDFURSKDJHV� DQG

GHQGULWLF�FHOOV� WDNH�SDUW� LQ� WKH�DQWLJHQ�SUHVHQWDWLRQ� WKDW�RFFXUV� LQ� WKH

O\PSK�QRGHV�DQ�LPSRUWDQW�SURFHVV�IRU�GHYHORSLQJ�DQ�DFTXLUHG�LPPXQH

UHVSRQVH>��@�

1HXWURSKLOV�IRUP�DERXW�����RI�DOO�OHXNRF\WHV�DQG�DUH�W\SLFDOO\�WKH

ILUVW�UHVSRQGHUV�WR�DQ�LQIHFWLRQ>��@� KRZHYHU� WKH\�GR�QRW�FRQWULEXWH�WR�WKH

DQWLJHQ�SUHVHQWDWLRQ�LQ�O\PSK�QRGHV�LQ�WKH�VDPH�ZD\�DV�PDFURSKDJHV

RU�GHQGULWLF�FHOOV>��@�

(RVLQRSKLOV�PDNHV�XS�DERXW����RI�WKH�WRWDO�OHXNRF\WH�SRSXODWLRQ

LQ�EORRG�DQG�DUH�SDUWLFXODUO\� LPSRUWDQW�LQ�ILJKWLQJ�LQIHFWLRQV�FDXVHG�E\

IXQJL� SURWR]RD� DQG�ZRUPV>��@� %DVRSKLOV�DUH�DQRWKHU�W\SH�RI�SRO\PRU�



��

SKRQXFOHDU�OHXNRF\WHV�DQG�KDYH�WKH�VPDOOHVW�SRSXODWLRQ� PDNLQJ�XS�OHVV

WKDQ����RI�WRWDO�OHXNRF\WHV�LQ�WKH�EORRG� WKH\�DUH�UHODWHG�WR�PDVW�FHOOV�

DQRWKHU�JURXS�RI�FHOOV� %RWK�PDVW�FHOOV�DQG�EHVRSKLOV� ZKHQ�DFWLYDWHG�

UHOHDVH�KLVWDPLQH� UHVXOWLQJ�LQ�DQ�LQIODPPDWRU\�UHDFWLRQ>��@�

/\SPKRF\WHV� 7KH� RULJLQ� RI� O\PSKRF\WLF�PDWXUDWLRQ� GHWHUPLQHV

ZKHWKHU� WKHVH�FHOOV�GHYHORS� LQWR�RQH�RI� WZR�SULPDU\� W\SHV�RI� O\PSKR�

F\WHV� 7 FHOOV� DQG� % FHOOV� ,I� WKH�PDWXUDWLRQ� WDNHV� SODFH� LQ� WKH� ERQH

PDUURZ� WKH�O\PSKRLG�SUHFXUVRU�LV�FRQYHUWHG�LQWR�% FHOO��% O\PSKRF\WHV��

ZKLFK�DUH�FRQVLGHUHG�WKH�SULQFLSDO�FHOOV�IRU�PDNLQJ�DQWLERGLHV>��@� ,I�WKH

PDWXUDWLRQ�WDNHV�SODFH�LQ�WKH�WK\PXV� D�JODQG�WKDW�LV�ORFDWHG�LQ�IURQW�RI

WKH�KHDUW� 7 FHOOV��7 O\PSKRF\WHV��DUH�JHQHUDWHG� WKHVH�FHOOV�SOD\�D�FUXFLDO

UROH�LQWKH�UHJXODWLRQ�RI�WKH�LQWHQVLW\�RI�WKH�LPPXQH�UHDFWLRQ>��@�

7KHUH�DUH�WKUHH�PDMRU�GLYLVLRQV�RI�7 FHOOV�

�� &\WRWR[LF�7 FHOOV� 5HVSRQVLEOH�IRU�FHOO�PHGLDWHG�LPPXQLW\

�� +HOSHU�7 FHOOV� 5HVSRQVLEOH�IRU�LPPXQH�UHVSRQVH�DFWLYDWLRQ

�� 6XSSUHVVRU�7 FHOOV� 5HJXODWH�WKH�LQWHQVLW\�RI�WKH�LPPXQH�UHVSRQVH

DQG�SUHYHQW�DXWR�LPPXQH�UHVSRQVHV>��� ��@�

,Q�DGGLWLRQ�WR�7 FHOOV�DQG�% FHOOV� WKHUH�LV�D�WKLUG�FODVV�RI�O\PSKRF\WHV�

FDOOHG�QXOO� O\PSKRF\WHV� WKH�UROH�RI�WKHVH�FHOOV� LQ�WKH�LPPXQH�UHVSRQVH

UHPDLQV�WR�EH�XQGHUVWRRG>��@�

����� 2UJDQV�RI�WKH�,PPXQH�6\VWHP

7KH�RUJDQV�RI� WKH� LPPXQH�V\VWHP�DUH�JHQHUDOO\�FODVVLILHG�DV�EH�

LQJ�HLWKHU�SULPDU\�RU�VHFRQGDU\�O\PSKRLG�RUJDQV�7KH SULPDU\�O\PSKRLG

RUJDQV LQFOXGH�ERQH�PDUURZ�DQG�WKH�WK\PXV� ZKLFK�WDNH�SDUW�LQ�WKH�SUR�

GXFWLRQ�DQG�GHYHORSPHQW�RI�YDULRXV�FODVVHV�RI� O\PSKRF\WHV� DV�QRWHG

SUHYLRXVO\� %RQH�PDUURZ�DOVR�SURGXFHV�RWKHU�EORRG�FHOOV�DQG�LV�WKH�VLWH

RI�VSHFLDOL]DWLRQ�RI�% FHOOV� ZKHUHDV� WKH�WK\PXV�LV�LQYROYHG�LQ�WKH�GHYHO�

RSPHQW�DQG�PDWXUDWLRQ�RI�7 FHOOV>��� ��@�

7KH VHFRQGDU\� O\PSKRLG� RUJDQV LQFOXGH� O\PSK� QRGHV� DQG� WKH

VSOHHQ� 7KH�O\PSKDWLF�V\VWHP�LV�SDUW�RI�WKH�FLUFXODWRU\�V\VWHP�DQG�LV�PDGH



��

XS�RI�O\PSK�QRGHV�DQG�O\PSKDWLF�YHVVHOV�WKDW�FDUU\�WKH�O\PSK� ZKLFK�LV

WKH�OLTXLG�WKDW�FRQWDLQV�ZKLWH�EORRG�FHOOV�DQG�LV�IRUPHG�WKURXJK�WKH�FRO�

OHFWLRQ�RI�LQWHUVWLWLDO�IOXLG�WKURXJK�O\PSK�FDSLOODULHV>��@�

7KH� VSOHHQ� UHVHPEOHV� D� ODUJH� O\PSK� QRGH� LQ� VWUXFWXUH� DQG� FDQ

EH�WKRXJKW�RI�DV�D�EORRG�ILOWHU� ,WV� UROH� LQ� WKH� LPPXQH�V\VWHP� LV� WR�V\Q�

WKHVL]H�DQWLERGLHV� LQ� LWV�ZKLWH�SXOS�DQG�VXEVHTXHQWO\�UHPRYH�DQWLERG\�

FRDWHG�IRUHLJQ�PDWHULDOV�IURP�WKH�ERG\
V�FLUFXODWLRQ� ,W�DOVR�VWRUHV�PRQR�

F\WHV� WKDW� ZKHQ� DQ� LPPXQH� UHVSRQVH� LV� JHQHUDWHG� PLJUDWH� WRZDUG

WKH� VRXUFH� RI� WKH� LQIHFWLRQ� IRU� WUDQVIRUPDWLRQ� LQWR� GHQGULWLF� FHOOV� DQG

PDFURSKDJHV>��@�

����� +XPRUDO�,PPXQLW\�DQG�$QWLERGLHV

$QWLERGLHV� DOVR�UHIHUUHG�WR�DV�LPPXQRJORELQV��,J*���DUH�<�VKDSHG

JOREXODU�JO\FRSURWHLQV�SURGXFHG�E\�% FHOOV� $QWLERGLHV�SOD\�D�FULWLFDO�UROH

LQ�WKH�LPPXQH�V\VWHP
V�UHFRJQLWLRQ�DQG�QHXWUDOL]DWLRQ�RI�IRUHLJQ�REMHFWV�

,Q�PDPPDOV� WKHUH�DUH� ILYH� W\SHV�RI�DQWLERG\� ,J$�� ,J'�� ,J(�� ,J*��DQG

,J0>��@�

,PPXQRJORELQ�* �,J*� LV�WKH�PRVW�FRPPRQ�DQWLERG\�W\SH�LQ�FLUFX�

ODWLRQ�DQG�LV�DFWLYH�LQ�WKH�VSHFLILF�VHFRQGDU\�LPPXQH�UHVSRQVH�

,PPXQRJORELQ�0 �,J0� LV�PDGH�XS�RI�ILYH�,J* PROHFXOHV� IRUPLQJ

D�ODUJH�FRPSOH[� ,J0 LV�WKH�ILUVW�IRUP�RI�DQWLERG\�WKDW�LV�SURGXFHG�ZKHQ

WKH�ERG\�LV�H[SRVHG�WR�D�IRUHLJQ�DQWLJHQ�

,PPXQRJORELQ�$ �,J$� LV�IRUPHG�ZKHQ�WZR�,J*�OLNH�FRPSOH[HV�DUH

MRLQHG�WRJHWKHU� LW�FDQ�EH�VHFUHWHG�WKURXJK�PXFRXV�PHPEUDQHV�

,PPXQRJORELQ�( �,J(� LV�IRXQG�LQ�YHU\�ORZ�QXPEHUV�DQG�WDNHV�SDUW

LQ�ILJKWLQJ�SDUDVLWLF�LQIHFWLRQV�

,PPXQRJORELQ�' �,J'� LV�IRXQG�RQ�WKH�VXUIDFH�RI�% DQG�7 FHOOV�DQG

VHUYHV�DV�WKH�DQWLJHQ�ELQGLQJ�VLWH>��@�



��

$QWLERG\�6WUXFWXUH

$ EDVLF�XQLW�RI�WKH�DQWLERG\�PROHFXOH�LV�D�<�VKDSHG�DVVHPEO\�RI

IRXU�SRO\SHSWLGHV� WZR�KHDY\�FKDLQV�DQG�WZR�OLJKW�FKDLQV�)LJXUH �����

7KH�ERWWRP�RI�WKH�< LV�PDGH�XS�RI�WKH�FRQVWDQW�UHJLRQV� ZKLFK�GH�

WHUPLQH�WKH�DQWLERG\�W\SH� ,J*��,J0��,J$��,J(��,J'��7KH�FRQVWDQW�UHJLRQV

DUH�UHFRJQL]HG�E\�GLIIHUHQW�FRPSRQHQWV�RI�WKH�LPPXQH�V\VWHP� $W�WKH

XSSHU�DUPV�RI�WKH�< DUH�WKH�YDULDEOH�UHJLRQV�VSHFLILF�WR�FHUWDLQ�DQWLJHQV�

7KH�WZR�DUPV�DUH�LGHQWLFDO�LQ�DQ�DQWLERG\�PROHFXOH� JLYLQJ�LW�WKH�DELOLW\

WR�ELQG�WR�WZR�LGHQWLFDO�DQWLJHQV� 7KLV� LV�WKH�FDVH�IRU� ,J*�� ,J(��DQG�,J'

DQWLERGLHV� $V�,J0 LV�D�PDGH�XS�RI�ILYH�EDVLF�XQLWV� DQG�,J$ LV�D�GLPHU�

WKH\�FDQ�ELQG�WR����DQG�IRXU�LGHQWLFDO�DQWLJHQV� UHVSHFWLYHO\� 7KH�SURS�

HUW\�RI�ELQGLQJ�WR�PXOWLSOH�DQWLJHQV�DW�RQFH�RIWHQ�UHVXOWV�LQ�WKH�WHQGHQF\

RI�DQWLERGLHV�WR�FOXPS�WKH�IRUHLJQ�PDWHULDOV�WRJHWKHU� VSHHGLQJ�XS�WKH

SURFHVV�RI�LPPXQH�UHFRJQLWLRQ�DQG�HOLPLQDWLRQ>��� ��@�

$QWLERG\�6SHFLILFLW\

$OWKRXJK�WKHUH�LV�D�JHQH�IRU�HYHU\�SURWHLQ�LQ�WKH�ERG\� FRQVLGHULQJ

WKH�QXPEHU�RI�SRVVLEOH�DQWLJHQV�DQG� WKH�YDULDWLRQ�RI�DQWLERGLHV� LQ�RXU

ERG\�DJDLQVW�WKHVH�DQWLJHQV� WKHUH�LV�QRW�HQRXJK�URRP�WR�VWRUH�DOO�WKHVH

JHQHV�LQ�RXU�FKURPRVRPH� ,Q�IDFW� LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�WKHUH

H[LVW�FOXVWHUV�RI�LQWHUFKDQJHDEOH�JHQH�VHTXHQFHV�LQ�WKH�XQGLIIHUHQWLDWHG

% FHOOV�GHULYHG�IURP�ERQH�PDUURZ�VWHP�FHOOV�WKDW�DUH�QRW�GHGLFDWHG�WR

PDNLQJ�D�VSHFLILF�DQWLERG\>��@�

,Q�JHQHUDO� WKHUH�DUH�WKUHH�RU�IRXU�GLVWLQFW�VHFWLRQV�LQ�D�W\SLFDO�LP�

PXQRJORELQ� %HIRUH�WKH�% FHOOV�GLIIHUHQWLDWHG� WKH\�KDG�VHYHUDO�DOWHUQD�

WLYH�'1$ EORFNV� FDOOHG�FDVVHWWHV� IRU�HDFK�RI�WKHVH�VHFWLRQV�RI�WKH�LP�

PXQRJORELQ�JHQH� ,Q�RUGHU�WR�PDNH�D�FRPSOHWH�JORELQ� RQH�FDVVHWWH�LV

XWLOL]HG�IRU�HDFK�VHFWLRQ�RI�WKH�PROHFXOH� %\�UHDUUDQJLQJ�GLIIHUHQW�FDV�

VHWWHV�LQWR�HDFK�VORW� QXPHURXV�FRPELQDWLRQV�FDQ�EH�REWDLQHG� H[SODLQ�

LQJ�WKH�EDVLV�RI�WKH�GLYHUVLW\�RI�DQWLERGLHV� +RZHYHU� RQFH�D�% FHOO�PDWXUHV



��

)LJXUH ���� $ JUDSKLF�LOOXVWUDWLRQ�RI�WKH�RYHUDOO�VWUXFWXUH�RI�DQ�DQWLERG\>��@�



��

LQ�WKH�ERQH�PDUURZ� D�FHUWDLQ�XQLTXH�DUUDQJHPHQW�RI�FDVVHWWHV�LV�HVWDE�

OLVKHG�DQG�EHFRPHV�D�SHUPDQHQW�JHQH�IRU�WKDW�% FHOO� 7KHUHIRUH� WKDW�%

FHOO�DQG�DQ\�% FHOOV�WKDW�DUH�FORQHG�IURP�LW�DUH�DEOH�WR�SURGXFH�RQO\�RQH

W\SH�RI�DQWLERG\�WKDW�UHFRJQL]HV�RQO\�RQH�SRVVLEOH�DQWLJHQ>��@�

��� &XUUHQW� (Q]\PH� (QFDSVXODWLRQ� 7HFKQRORJLHV

IRU�3URWHFWLRQ�IURP�WKH�,PPXQH�6\VWHP

&XUUHQW� WHFKQLTXHV� WKDW� DLP� WR� SUHYHQW� DQ� LPPXQH� UHVSRQVH

DJDLQVW�IRUHLJQ�HQ]\PHV�SULPDULO\�UHO\�RQ�WZR�JHQHUDO�DSSURDFKHV� ,Q�WKH

ILUVW�DSSURDFK� WKH�HQ]\PHV�DUH�GLUHFWO\�PRGLILHG�ZLWK�SRO\PHUV�VXFK�DV

SRO\HWK\OHQH�JO\FRO��3(*�>��� ��@�RU�QDQRPHWHU�VFDOH�LQRUJDQLF�RUJDQLF

QHWZRUNV� VXFK�DV�LQ�WKH�FDVH�RI�VLQJOH�HQ]\PH�QDQRSDUWLFOHV��6(1V�>���

��@� 7\SLFDOO\� ZLWK�3(* IXQFWLRQDOL]DWLRQ� ZKLFK�LV�OLPLWHG�WR�V\VWHPLF�GH�

OLYHU\� URXWHV� WKH�HQ]\PH�DFWLYLW\� LV� UHGXFHG� VLJQLILFDQWO\�FRPSDUHG� WR

WKH�XQSURWHFWHG�HQ]\PHV� DOWKRXJK�FLUFXODWLRQ�KDOI�OLIH�LV�LQFUHDVHG�DQG

D�UHGXFWLRQ�LQ�LPPXQRJHQLFLW\�LV�REVHUYHG�FRPSDUHG�WR�WKH�XQSURWHFWHG

HQ]\PHV>��� ��@� 7KH�GUDZEDFNV�RI�WKLV�ILUVW�DSSURDFK�LQFOXGH�DQWLERG\

JHQHUDWLRQ�DJDLQVW�3(*��ZHDN�UHWHQWLRQ�DW�WKH�WDUJHW�VLWH� DQG�GHJUDGD�

WLRQ�RI�3(*��DV�ZHOO�DV�WKH�QHHG�IRU�H[WHQVLYH�RSWLPL]DWLRQ�RI�WKH�FRQMX�

JDWLRQ�FKHPLVWU\�VSHFLILF�IRU�HDFK�HQ]\PH�W\SH�UHPDLQLQJ�D�SURKLELWLYHO\

H[SHQVLYH�XQGHUWDNLQJ>��� ��@� 6(1V�DOVR�VXIIHU�IURP�ZHDN�UHWHQWLRQ�DW�WKH

WDUJHW�VLWH�DQG�DUH�DSSOLFDEOH�RQO\�WR�D�OLPLWHG�QXPEHU�RI�HQ]\PHV>��@�

,Q� WKH� VHFRQG� DSSURDFK� ZKLFK� SURPLVHV� D� ORZHU� FRVW� DQG� LQ�

FUHDVHG�JHQHUDOLW\� HQ]\PHV�DUH�HQFDSVXODWHG�ZLWKLQ�D�SURWHFWLYH�VWUXF�

WXUH� ZKLFK� HLWKHU� UHOHDVHV� WKH� HQ]\PH�DW� WKH� WDUJHW>��� ��� ��� ��@� RU

DOORZV�VXEVWUDWH� WR�DFFHVV� WKH�HQ]\PH>��� �� ��� ��� ��@� 2I� WKHVH� WKH

WHFKQLTXHV�WKDW�GHSHQG�RQ�WKH�UHOHDVH�RI�HQ]\PHV�RIWHQ�VXIIHU�IURP�QRQ�

VSHFLILF�UHOHDVH�DV�ZHOO�DV�LQHIILFLHQW�V\QWKHVLV�DQG�ORDGLQJ>��� ��� ��� ��@�

,QGHHG� WKH�HQFDSVXODWLRQ�RI�HQ]\PHV�LQ�QDQR��DQG�PHVR�SRURXV�PDWUL�



��

FHV�PDGH�RI�PDWHULDOV�VXFK�DV�VLOLFD>��� ��� ��@� SRO\HOHFWURO\WH�>��� ��@�

RU�SRO\PHU>�@�DQG�LQRUJDQLF�KROORZ�QDQRSDUWLFOHV�VXFK�DV�JROG>��@�KDYH

EHHQ�ZLGHO\�VWXGLHG� +RZHYHU� WKHVH�WHFKQLTXHV�DUH�DOVR�OLPLWHG�E\�ORZ

ORDGLQJ�HIILFLHQFLHV� UHGXFHG�DFWLYLW\�RI�WKH�HQ]\PHV�DV�D�UHVXOW�RI�LPPR�

ELOL]DWLRQ�DQG�HQFDSVXODWLRQ�FKHPLVWULHV� DQG� LVVXHV�RI�VWDELOLW\� WR[LFLW\�

DQG�DSSOLFDELOLW\�>��� ��� ��� ��@� ,Q�DGGLWLRQ� WKHVH�WHFKQLTXHV�FDQ�RQO\

EH�DSSOLHG�WR�D�VPDOO�QXPEHU�RI�HQ]\PHV�GXH�WR�WKH�KDUVK�FKHPLVWULHV�LQ�

YROYHG�LQ�WKH�ORDGLQJ�SURFHVV� ZKLFK�FDQ�GDPDJH�HQ]\PHV>��� ��@� )XU�

WKHUPRUH� PRVW�RI�WKHVH�DSSOLFDWLRQV�DUH�OLPLWHG�WR�D�QDUURZ�UDQJH�RI�VL]HV

DQG�PDWHULDOV>��� ��� ��� ��� ��� ��� ��� ��@� )RU�WKH�VXFFHVVIXO�WUHDWPHQW

RI�PXOWLGLPHQVLRQDO�GLVHDVHV�VXFK�DV�FDQFHU� D�JHQHUDOL]HG�QDQR�FDUULHU

SODWIRUP�QHHGV�WR�DGGUHVV�DOO�RI�WKHVH�UHTXLUHPHQWV�VLPXOWDQHRXVO\�

)RU�VXFFHVVIXO� LPSOHPHQWDWLRQ� LQ�WKH�FOLQLF� PXOWLSOH�UHTXLUHPHQWV

PXVW�EH�PHW�DW�RQFH�E\�DQ�HQ]\PH�HQFDSVXODWLRQ�WHFKQRORJ\� 7KHVH

UHTXLUHPHQWV�LQFOXGH�VWDELOLW\� LPPXQRSURWHFWLRQ� VXVWDLQHG�DFWLYLW\� ORZ

WR[LFLW\� VXIILFLHQW�WDUJHW�UHWHQWLRQ� DQG�EURDG�DSSOLFDELOLW\� 1RQH�RI�WKH

FRQYHQWLRQDO�PHWKRGV�GLVFXVVHG�DERYH�FDQ�PHHW� WKHVH� UHTXLUHPHQWV

�VXPPDUL]HG�LQ�)LJXUH ����� UHTXLULQJ�D�QRYHO�DSSURDFK�WR�WKH�VXEMHFW�



��

)LJXUH ���� &RPSDULVRQ�RI�FXUUHQW�HQ]\PH�SURWHFWLRQ�DQG�HQFDSVXODWLRQ
DSSURDFKHV



&KDSWHU��

1DQRPDVNLQJ�0HWKRG�DQG

)DEULFDWLRQ�RI�0HVRSRURXV

1DQRVSKHUHV��6+06�

��� 2YHUYLHZ� RI� +ROORZ� 1DQRSDUWLFOH� 7HFKQROR�

JLHV

7KH�XVH�RI�FROORLGDO�SDUWLFOHV�ZLWK�KROORZ� LQWHULRUV�KDV�EHHQ�FRQ�

VLGHUHG� SURPLVLQJ� IRU� WKH� FRQWUROOHG� UHOHDVH� RI� GUXJV� DQG� ELRORJLFDO

PROHFXOHV� IRU�LPPXQH�LVRODWLRQ�DQG�SURWHFWLRQ�RI�ELRPROHFXOHV�DQG�RI

ELRORJLFDOO\�DFWLYH�VSHFLHV� DQG�IRU�ZDVWH�UHPRYDO>��� ��� ��� ��� ��� ���

��� ��� ��� ��@�GXH�WR�WKHLU�KLJK�VXUIDFH�DUHD�DQG�KROORZ�LQWHULRU�IRU�ORDG�

LQJ�DQG�WHPSODWLQJ>��� ��� ��@� 7KH�IDEULFDWLRQ�RI�SRURXV�KROORZ�SDUWLFOHV

LV�FRPPRQO\�UHSRUWHG�XVLQJ�WHPSODWH�EDVHG�V\QWKHVLV�DSSURDFKHV�ZLWK

PDWHULDOV�VXFK�DV�YHVLFXODU�VROXWLRQ� FROORLGV� HPXOVLRQ�GURSOHWV� DQG�SRO\�

PHUV�DV�WHPSODWHV�IRU�IRUPLQJ�D�OD\HU�RI�WDUJHW�PDWHULDO�RU�LWV�SUHFXUVRU�

7KH�FRUH�PDWHULDO�LV�VXEVHTXHQWO\�UHPRYHG�E\�PHWKRGV�VXFK�DV�FDOFLQD�

WLRQ�DQG�GLVVROXWLRQ�WR�JHQHUDWH�WKH�KROORZ�VKHOO>��� ��� ��� ��� ��� ��� ���

��� ��� ��� ��@� +RZHYHU� D�IOH[LEOH�IDEULFDWLRQ�DSSURDFK�WKDW�DOORZV�IRU

WKH�V\QWKHVLV�RI�KROORZ�SDUWLFOHV�ZLWK�D�EURDG�UDQJH�RI�SUHFLVH�VL]HV�DQG

��



��

VSHFLILF�GXDO�SRURVLW\�KDV�\HW�WR�EH�GHYHORSHG�

:LWK�WKH�H[LVWLQJ�PHWKRGV� SRURVLW\�LV�SULPDULO\�GHILQHG�E\�WKH�VKHOO

PDWHULDO� UHVXOWLQJ� LQ� SRUHV� RI� XS� WR� D� IHZ� QDQRPHWHUV� LQ� VL]H>��� ���

��@� 7KLV�UHVXOWV�LQ�UHODWLYHO\�ORZ�SHUPHDELOLW\� SUHYHQWLQJ�WKH�GLIIXVLRQ�RI

PDFURPROHFXOHV�VXFK�DV�HQ]\PHV� SURWHLQV� RU�ODUJHU�ELRORJLFDOO\�DFWLYH

PDWHULDOV>��@� 2WKHU�DSSURDFKHV�H[LVW� WR�FUHDWH�PHVRSRURXV�SDUWLFOHV

UHDFKLQJ� VHYHUDO� WHQV� RI� QDQRPHWHUV� KRZHYHU� WKHVH� WHFKQLTXHV� ODFN

SUHFLVH� FRQWURO� RI� WKH�SRUH� VL]H� DQG�DUH� QRW� DSSOLFDEOH� WR� QDQR�SRUH

GLDPHWHUV� 7KHVH�PHWKRGV�DOVR�KDYH�FRQVWUDLQWV� LQ� WKH�RYHUDOO�SDUWLFOH

GLPHQVLRQV>��� ��@� 6XFK�DSSURDFKHV� W\SLFDOO\�XVH�D� VSHFLILF�SURSHUW\

RI�D�JLYHQ�PDWHULDO�WR�FUHDWH�SRURVLW\�DQG�GR�QRW�SURYLGH�D�JHQHUDOL]HG

PHWKRG�WKDW�FDQ�EH�DSSOLHG�WR�D�ODUJH�VHOHFWLRQ�RI�PDWHULDOV� 7KHUHIRUH�

D�JHQHUDOL]HG�IDEULFDWLRQ�WHFKQLTXH�IRU�V\QWKHVL]LQJ�SRURXV�SDUWLFOHV�ZLWK

DQ\�GHVLUHG�VSHFLILF�GLPHQVLRQV� PDWHULDOV� DQG�SRURVLW\�LV�QHHGHG�WR�IXU�

WKHU�H[SDQG�WKH�SRWHQWLDO�DSSOLFDWLRQV�RI�WKHVH�SDUWLFOHV�

��� 1DQRPDVNLQJ�0HWKRG

1DQRPDVNLQJ�LV�D�WHPSODWH�EDVHG�DSSURDFK�WKDW�FDQ�SRWHQWLDOO\

XVH� D� YDULHW\� RI� PDWHULDOV� WR� SUHSDUH� KROORZ� SDUWLFOHV� ZLWK� PRQRGLV�

SHUVH� VL]HV� UDQJLQJ� IURP� ������ QDQRPHWHUV� WR� PLFURPHWHUV� DQG� ZLWK

VXUIDFH� SRUHV� RI� FRQWUROODEOH� VL]HV� IURP� D� IHZ� QDQRPHWHUV� WR� WHQV� RI

QDQRPHWHUV� :LWK� WKH� QDQRPDVNLQJ� PHWKRG� V\QWKHWLF� KROORZ� PHVR�

SRURXV�QDQRVSKHUHV��6+06� FDQ�EH�PDQXIDFWXUHG�ZLWK�D�SUHFLVH�FRQWURO

LQ�VL]H�DQG�SHUPHDELOLW\�LQ�D�ZLGH�UDQJH�RI�VFDOHV�ZLWK�YDULRXV�PDWHULDOV�

,Q�WKLV�DSSURDFK� EORFNLQJ�PDWHULDOV�SUHYHQW�WKH�JURZWK�UHDFWLRQ�RQ�SDUWV

RI�WKH�SDUWLFOH�VXUIDFH�DQG�FRQFRPLWDQWO\�FUHDWH�PHVRSRUH�IHDWXUHV�RQ

WKH�VXUIDFH� 7KLV�WHFKQLTXH�SURYLGHV�LQGHSHQGHQW�FRQWURO�RI�SDUWLFOH�SHU�

PHDELOLW\�DQG�VL]H� 7KH�RYHUDOO�VL]H�RI�WKH�SDUWLFOH�LV�GHWHUPLQHG�E\�WKH

WHPSODWH�SDUWLFOH� 7KH�GLDPHWHU�RI�WKH�SRUHV�FDQ�EH�DGMXVWHG�E\�YDU\LQJ

WKH�VL]H�RI�WKH�PDVNLQJ�SDUWLFOH� DQG�WKH�QXPEHU�RI�PHVRSRUHV�RQ�WKH�SDU�



��

WLFOH�VXUIDFH�LV�FRQWUROOHG�E\�WKH�UHODWLYH�PRODU�FRQFHQWUDWLRQ�RI�WHPSODWH

DQG�PDVNLQJ�SDUWLFOHV�

6LOLFD�ZDV�VHOHFWHG�DV�D�VXLWDEOH�DQG�SUDFWLFDO�PDWHULDO�WR�GHPRQ�

VWUDWH� 6+06 DQG�6+(/6 EHFDXVH�RI� LWV�ELRGHJUDGDELOLW\� ELRFRPSDWLELO�

LW\� DQG� ORZ� WR[LFLW\� WKXV�PDNLQJ� LW� VXLWDEOH� IRU� LQ� YLYR� DSSOLFDWLRQV>���

��� ��� ��� ��� ��@� ,Q� DGGLWLRQ� VLOLFD� KDV� DGMXVWDEOH� SRURVLW\� WKHU�

PDO�DQG�PHFKDQLFDO� VWDELOLW\� ORZ�GHQVLW\� DQG�D�KLJK�VSHFLILF�VXUIDFH

DUHD>��� ��� ��� ��� ��� ��@�

)RU�VLOLFD�6+06��DPLQH�IXQFWLRQDOL]HG�SRO\VW\UHQH�QDQRSDUWLFOHV�DUH

XVHG�DV�WHPSODWHV�IRU�QXFOHDWLQJ�JURZWK�RI�WKH�QDQRSRURXV�VLOLFD�VRO�JHO

QHWZRUN>��@� 7HWUDPHWKR[\VLODQH��7026� LV�K\GURO\]HG�LQ�DTXHRXV�VROXWLRQ

WR�JLYH�VLOLFLF�DFLG� ZKLFK�DFWV�DV�D�SUHFXUVRU�IRU�WKH�SRO\FRQGHQVDWLRQ

UHDFWLRQ�RQ�WKH�SDUWLFOH
V�VXUIDFH� 7KH�LQLWLDO�FKHPLVWU\�RI�WKH�SURFHVV�LV

VKRZQ�EHORZ>��@�

6L�2&+��� + �+�2 −→ 6L�2+�� + �+2&+�

6L�2+�� +2+�� −→ 6L�2+��2
�� + +�2

6L�2+�� + 6L�2+��2
�� −→ �+2��6L−2−6L�2+�� +2+��

7KH�V\QWKHVLV�DSSURDFK�LV�GHPRQVWUDWHG�LQ�)LJXUH ���� ,Q�RUGHU�WR

JHQHUDWH� WKH� 6+06 VWUXFWXUH� FDUER[\�IXQFWLRQDOL]HG�SRO\VW\UHQH� ODWH[

QDQRSDUWLFOHV� DV� QDQRPDVNV� DUH� ILUVW�PL[HG�ZLWK� ODUJHU� WHPSODWHV� �)LJ�

XUH ���$���� 3DUWLFOHV�ZLWK�RSSRVLWHO\�FKDUJHG�VXUIDFH�IXQFWLRQDO�JURXSV

DWWUDFW�HDFK�RWKHU�LQ�VROXWLRQ� FDXVLQJ�DJJUHJDWLRQ��)LJXUH ���$����

)LJXUH ���% VKRZV�DQ�6(0 PLFURJUDSK�RI�WKH�IUDPHZRUN�IRU�6+06

V\QWKHVLV�PDGH�XS�RI� ����QP� WHPSODWHV�DQG�����QP�QDQRPDVNV� 7KH

EDVLF� QDWXUH� RI� WKH� DPLQH�IXQFWLRQDOL]HG� VXUIDFH� FUHDWHV� D�PRUH� HIIL�

FLHQW�QXFOHDWLRQ�VLWH�IRU�EDVH�FDWDO\]HG�VLOLFD�JHO�JURZWK�FRPSDUHG�WR

WKH�DFLGLF�FDUER[\�IXQFWLRQDOL]HG�VXUIDFH� $W�WKH�SRLQW�RI�FRQWDFW� WKH\

VHUYH�DV�QHJDWLYHO\�FKDUJHG�QDQRPDVNV�IRU�WKH�VRO�JHO�UHDFWLRQ�RQ�WKH

SDUWLFOH�VXUIDFH��)LJXUH ���$����



��

)LJXUH ���� 7KH� QDQRPDVNLQJ� PHWKRG� �$� �� $PLQH� IXQFWLRQDO�
L]HG�SRO\VW\UHQH�QDQRSDUWLFOHV� �WHPSODWHV��DQG�FDUER[\�IXQFWLRQDOL]HG
SRO\VW\UHQH�QDQRSDUWLFOHV� �QDQRPDVNV��DUH�PL[HG� LQ� VROXWLRQ� �� 7HP�
SODWHV�DQG�QDQRPDVNV�DWWUDFW�HDFK�RWKHU� UHVXOWLQJ� LQ�DJJUHJDWLRQ� ��
)ROORZHG�E\�DGGLWLRQ�RI�VRO�JHO�UHDFWDQWV� WKH�VLOLFD�SRO\FRQGHQVDWLRQ�UH�
DFWLRQ�RFFXUV�RQ�WKH�EDVLF�WHPSODWH�VXUIDFH�ZKLOH�QDQRPDVNV�EORFN�WKH
UHDFWLRQ�DW�WKH�SRLQW�RI�FRQWDFW�ZLWK�WKH�WHPSODWHV� �� 3RO\PHU�WHPSODWHV
DQG�QDQRPDVNV�DUH�UHPRYHG�E\�FDOFLQDWLRQ�RU�GLVVROXWLRQ�WR�JHQHUDWH
6+06 VWUXFWXUH� �%� 6FDQQLQJ�HOHFWURQ�PLFURJUDSK�RI�DJJUHJDWHG�WHP�
SODWHV�DQG�QDQRPDVNV� �&� 6FDQQLQJ�HOHFWURQ�PLFURJUDSK�RI�VLOLFD�6+06�
6FDOH�EDU�UHIHUV�WR�ERWK��%� DQG��&��



��

2QFH� WKH� VLOLFD� OD\HU� LV� IRUPHG� ZLWK� WKH� GHVLUHG� WKLFNQHVV� WKH

SRO\VW\UHQH�SDUWLFOHV�DUH�UHPRYHG�E\�GLVVROXWLRQ�RU�FDOFLQDWLRQ� OHDYLQJ�LQ

SODFH�WKH�VLOLFD�6+06 VWUXFWXUH��)LJXUH ���$���� 5HVXOWDQW�6+06 DUH�VKRZQ

LQ�WKH�6(0 PLFURJUDSK�LQ�)LJXUH ���&��/DWHU� WKH�6+06 DUH�UHVXVSHQGHG

DQG�GLVSHUVHG� LQ�ZDWHU�XVLQJ�YRUWH[�PL[LQJ�DQG�JHQWOH�VRQLFDWLRQ� 7KH

ILQDO�SDUWLFOH�GLDPHWHU�DIWHU�FDOFLQDWLRQ�LV�DERXW�����RI�WKH�GLDPHWHU�RI

WKH�LQLWLDO�����QP�WHPSODWH�QDQRSDUWLFOHV� ZKLFK�PD\�EH�UHODWHG�WR�WKH

SDUWLDO�GHK\GUDWLRQ�RI� WKH�VLOLFD�JHO�K\GUR[\O�JURXSV� WKDW�RFFXUV�GXULQJ

KHDWLQJ�RU�H[WUDFWLRQ�ZLWK�DQK\GURXV�VROYHQWV>��@�

��� 6WUXFWXUDO�3URSHUWLHV

7KH�VWUXFWXUDO�SURSHUWLHV�RI�6+06 DUH�VKRZQ�LQ�)LJXUH ���� +LJKHU�UHV�

ROXWLRQ�HOHFWURQ�PLFURJUDSKV�WDNHQ�XVLQJ�WKH�VHFRQGDU\�HOHFWURQ�PRGH

RI�D�VFDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH��67(0� DQG�D�WUDQVPLV�

VLRQ�HOHFWURQ�PLFURVFRSH��7(0���DUH�SUHVHQWHG�LQ�)LJXUHV ���$ DQG ���%�

UHVSHFWLYHO\� DQG�UHYHDO�WKH�VWUXFWXUH�RI�WKH�JHQHUDWHG�KROHV� 6LOLFD�IRU�

PDWLRQ� LV�EORFNHG�DURXQG�WKH�SRLQW�RI�FRQWDFW�EHWZHHQ�WZR�SDUWLFOHV�

DQG�WKH�FXUYDWXUH�RI�WKH�QDQRPDVN�VXUIDFH�LV�UHIOHFWHG�E\�WKH�VXUIDFH

WRSRJUDSK\�RI�WKH�UHVXOWDQW�SDUWLFOH��)LJXUH ���$���7KH�V\QWKHVLV�XVLQJ�����

QP�WHPSODWHV�ZLWK�D�7026�WR�WHPSODWH�ZHLJKW�UDWLR�RI�����UHVXOWV�LQ�VLOLFD

VKHOOV�ZLWK�D�WKLFNQHVV�RI ���QP� 7KLV�WKLFNQHVV�VHHPV�WR�\LHOG�VWDEOH�SDU�

WLFOHV�LQ�WKLV�VL]H�UDQJH� 7KH�RSHQ�KROH�VWUXFWXUH�WKURXJKRXW�WKH�VKHOO�DQG

WKH�WKLFNQHVV�RI�WKH�VKHOO�DUH�LOOXVWUDWHG�E\�WKH�VFDQQLQJ�HOHFWURQ�PLFUR�

JUDSK�RI�D�FUDFNHG�6+06 IURP�WKH�LQWHULRU�SHUVSHFWLYH�LQ�)LJXUH ���&�

��� 'HJUHHV�RI�)UHHGRP�RI�6\QWKHVLV

7KLV�IDEULFDWLRQ�SURFHGXUH�FDQ�EH�DSSOLHG�WR�SDUWLFOHV�ZLWK�GLIIHU�

HQW� IHDWXUHV� LQ�D�ZLGH�UDQJH�RI�VL]HV� IURP�������QDQRPHWHUV� WR�VHYHUDO



��

)LJXUH ���� �$� WR��(� DUH�HOHFWURQ�PLFURJUDSKV�RI�VLOLFD�V\QWKHWLF�KROORZ
PHVRSRURXV�QDQRVSKHUHV��6+06� PDGH�IURP�����QP�WHPSODWHV�DQG����
QP�QDQRPDVNV� �$� (OHFWURQ�PLFURJUDSK�UHYHDOLQJ�WKH�VXUIDFH�WRSRJUD�
SK\�RI�6+06 WDNHQ�ZLWK�VHFRQGDU\�HOHFWURQ�PRGH�RI�D�VFDQQLQJ�WUDQVPLV�
VLRQ�HOHFWURQ�PLFURVFRSH��67(0����%� 7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSK�RI
DQ�6+06���&� 6FDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0� LPDJH�RI�D�FUDFNHG
6+06 VKRZLQJ�WKH�KROHV� IURP�WKH� LQWHULRU�SHUVSHFWLYH� �'� 6+06 PDGH
E\�����QP�WHPSODWHV�DQG�����QP�QDQRPDVNV�ZLWK�WKH�SDUWLFOH�QXPEHU
UDWLR�RI������DQG��(� ����� 6+06 PDGH�E\��)� ����QP�WHPSODWHV�DQG����
QP�QDQRPDNV� �*� ����QP�WHPSODWHV�DQG����QP�QDQRPDVNV� �,� ����QP
WHPSODWHV�DQG����QP�QDQRPDVNV�



��

PLFURPHWHUV� 7KHUH�DUH�WKUHH�PDLQ�GHJUHHV�RI�IUHHGRP�LQ�WKH�IDEULFD�

WLRQ�RI�6+06��WKH�QXPEHU�RI�PHVR�SRUHV�RQ�WKH�VXUIDFH��)LJXUHV ���' DQG

���(���GLDPHWHU�RI�WKH�PHVR�SRUHV��)LJXUH ���)���DQG�RYHUDOO�SDUWLFOH�VL]H

�)LJXUHV ���*� ���+� ���, ���7KH�DYHUDJH�QXPEHU�RI�PHVR�SRUHV�RQ�WKH�VXU�

IDFH�LV�FRQWUROOHG�E\�WKH�UHODWLYH�PRODU�FRQFHQWUDWLRQ�RI�WKH�WHPSODWHV

DQG�QDQRPDVNV� 6(0PLFURJUDSKV�LQ�)LJXUH ���( DQG ���) VKRZ�WKH�PHVR�

SRUH�GLVWULEXWLRQ�RQ�WKH�VXUIDFH�ZKHQ�WKH�WHPSODWH�WR�QDQRPDVN�PRODU

UDWLRV�LQ�VROXWLRQ�DUH������DQG������ UHVSHFWLYHO\� 7KHVH�UDWLRV�UHVXOW�LQ������

KROHV�SHU�SDUWLFOH�IRU�WKH������UDWLR��)LJXUH ���(� DQG�������KROHV�SHU�SDU�

WLFOH�IRU�WKH������UDWLR��)LJXUH ���)���7KH�VL]H�RI�WKH�KROHV�FUHDWHG�RQ�WKH

VXUIDFH�FDQ�EH�DGMXVWHG�E\�VHOHFWLQJ�QDQRPDVNV�ZLWK�GLIIHUHQW�GLDPH�

WHUV�LQGHSHQGHQWO\�RI�WKH�RYHUDOO�GLDPHWHU�RI�WKH�6+06��)LJXUHV ���( DQG

���) VKRZ�PHVR�SRUHV�FUHDWHG�XVLQJ�QDQRPDVNV�ZLWK�GLDPHWHUV�RI����

QP� DQG�)LJXUH ���* VKRZV�SDUWLFOHV�FUHDWHG�XVLQJ�QDQRPDVNV�ZLWK����

QP�GLDPHWHUV� DOO�RQ�����QP�WHPSODWHV� 7KH�XVH�RI�����QP�QDQRPDVNV

SURGXFHV� PHVR�SRUHV� RI� ����� QP� LQ� GLDPHWHU� DQG� WKH� XVH� RI� ���QP

QDQRPDVNV�SURGXFHV�PHVR�SRUHV�RI� �����QP� LQ�GLDPHWHU�DW� WKH�SRLQW

RI�FRQWDFW� 1DQRPDVNV�GRZQ�WR����QP�LQ�GLDPHWHU�DUH�DYDLODEOH�FRP�

PHUFLDOO\� WKHRUHWLFDOO\�\LHOGLQJ�PHVR�SRUHV�GRZQ�WR�VHYHUDO�QDQRPHWHUV

ZLWK�KLJK�DFFXUDF\� 7KH�RYHUDOO�VL]H�RI�WKH�6+06 GHSHQGV�RQ�WKH�WHP�

SODWH�SDUWLFOH�VL]H� DQG�WHPSODWHV�FDQ�EH�REWDLQHG�LQ�D�ZLGH�UDQJH�RI

VL]HV� )LJXUH ���* VKRZV�SDUWLFOHV�PDGH�ZLWK�����QP�WHPSODWHV�DQG�����

QP�QDQRPDVNV� )LJXUH ���+ VKRZV�SDUWLFOHV�PDGH�ZLWK�����QP�WHPSODWHV

DQG����QP�QDQRPDVNV� )LJXUH ���, VKRZV�SDUWLFOHV�PDGH�ZLWK�����QP�WHP�

SODWHV�DQG����QP�QDQRPDVNV�

$OO� WHPSODWH� DQG� QDQRPDVN� SDUWLFOH� FRPELQDWLRQV� UHVXOWHG� LQ

PHVR�SRUHV�DERXW��������RI�WKH�GLDPHWHU�RI�WKH�LQLWLDO�QDQRPDVNV� GH�

FUHDVLQJ�VOLJKWO\�ZLWK�VPDOOHU�GLPHQVLRQV� 7KH�VOLJKW�GHFUHDVH�IRU�VPDOOHU

QDQRPDVNV� PLJKW� EH� UHODWHG� WR� WKH� SDUWLFOHV
� LQFUHDVLQJ� VXUIDFH� FXU�

YDWXUH� UHVXOWLQJ� LQ� D� VPDOOHU� SRLQW� RI� FRQWDFW� 7KH� GLDPHWHU� RI� WKH

KROHV�IRUPHG�RQ�WKH�6+06 IDEULFDWHG�XVLQJ�WKH�����QP�WHPSODWH����QP



��

QDQRPDVN� SDLU� LV� ����� QP� �)LJXUH ���+���ZKHUHDV� WKH� GLDPHWHU� RI� WKH

KROHV�IRUPHG�RQ�WKH�6+06 IDEULFDWHG�XVLQJ�WKH�����QP�WHPSODWH����QP

QDQRPDVN�SDLU� LV�����QP��)LJXUH ���,���5HPRYDO�RI�WKH�FRUH�E\�FDOFLQD�

WLRQ�UHVXOWV�LQ�DQ�LVRWURSLF�VKULQNLQJ�RI�K\GUDWHG�6+06��7KH�IDEULFDWLRQ�DS�

SURDFK�UHVXOWV�LQ�PRQRGLVSHUVH�DQG�XQLIRUP�SDUWLFOHV�IRU�DOO�WKUHH�VL]HV� DV

VKRZQ�LQ�WKH�HOHFWURQ�PLFURJUDSKV� LQ�)LJXUHV ���*� ���+��DQG ���,�� WKH

SDUWLFOHV
�PRQRGLVSHUVLW\� LQ� VXVSHQVLRQ�ZDV�YDOLGDWHG�E\�G\QDPLF� OLJKW

VFDWWHULQJ��)LJXUH ����� '\QDPLF�OLJKW�VFDWWHULQJ�PHDVXUHPHQWV�\LHOG�DYHU�

DJH�K\GURG\QDPLF�UDGLL�RI�������QP� ������QP� DQG��������IRU�SDUWLFOHV

PDGH�ZLWK�����QP� ����QP�DQG�����QP� WHPSODWHV� UHVSHFWLYHO\� 7KHLU

SRO\GLVSHUVLW\�LQGH[HV�HQG�XS�DW������������� ��������� DQG���������� UH�

VSHFWLYHO\�

��� 0DWHULDOV

7HWUDPHWKR[\VLODQH�VROXWLRQ�ZDV�REWDLQHG�IURP�$OGULFK�6LJPD�/WG��

6W� /RXLV� 0LVVRXUL� $OO� FKHPLFDOV� ZHUH� XVHG� DV� UHFHLYHG� $PLQH�

IXQFWLRQDOL]HG� SRO\VW\UHQH� EHDGV� ZHUH� SXUFKDVHG� IURP� 3RO\VFLHQFHV�

,QF�� DQG� FDUER[\�IXQFWLRQDOL]HG� SRO\VW\UHQH� ODWH[� SDUWLFOHV� ZHUH� SXU�

FKDVHG�IURP�/LIH�7HFKQRORJLHV� ,QFRUSRUDWHG� 3HQLFLOOLQDVH�IURP�%DFLOOXV

FHUHXV�ZDV�SXUFKDVHG�IURP�6LJPD�$OGULFK�&R� //&��&&)��$0 ZDV�RE�

WDLQHG� IURP� /LIH� 7HFKQRORJLHV� ,QF�� 6DQ�'LHJR� &DOLIRUQLD� 86$�� 5DEELW

SRO\FORQDO�ELRWLQ\ODWHG�DQWLERG\�ZDV�SXUFKDVHG�IURP�*HQH7H[� ,QF�� 6DQ

$QWRQLR� 7H[DV� 86$��$OO�IOXRUHVFHQFH�LQWHQVLWLHV�ZHUH�PHDVXUHG�RQ�DQ�,Q�

ILQLWH�����3UR� 7(&$1��6ZLW]HUODQG�



��

)LJXUH ���� '\QDPLF�OLJKW�VFDWWHULQJ�GDWD�RI�6+(/6���$� 6L]H�GLVWULEXWLRQ�E\
QXPEHU� �%� 6L]H�GLVWULEXWLRQ�E\�LQWHQVLW\�



��

��� 0HWKRGV

����� 3UHSDUDWLRQ�RI�0HVRSRURXV�1DQRVSKHUHV��6+06�

$ ���µO�WHPSODWH�SDUWLFOH�VROXWLRQ�ZDV�PL[HG�ZLWK�WKH�FRUUHVSRQG�

LQJ�DPRXQW�RI�PDVNLQJ�SDUWLFOH�VROXWLRQ�WR�SUHSDUH�WKH�GHVLUHG�UDWLR�RI

SDUWLFOH�FRQFHQWUDWLRQV� 7KH�UHVXOWDQW�PL[WXUH�ZDV�VKDNHQ�RYHUQLJKW�DQG

���� µO�RI�DQK\GURXV�HWKDQRO�ZDV�DGGHG�WR�WKH�VROXWLRQ� ,Q�RUGHU�WR�JHQHU�

DWH�WKH�VLOLFD�SUHFXUVRU�DQG�LQLWLDWH�WKH�VLOLFD�JURZWK� � µO�RI�WHWUDPHWKR[\VL�

ODQH�ZDV�DGGHG�WR�WKH�VROXWLRQ� 7KH�PL[WXUH�ZDV�VKDNHQ�RYHUQLJKW� DQG

WKH�VXVSHQGHG�SDUWLFOHV�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ����PLQ�DW������

USP�� ZDVKHG�ZLWK�GHLRQL]HG�ZDWHU�D� IHZ�WLPHV� DQG�GULHG� LQ�YDFXXP

RYHUQLJKW�RQ�D�FRYHUVOLGH� 7R�UHPRYH�WKH�RUJDQLF�FRPSRXQGV� D�FRYHU�

VOLGH�FDUU\LQJ�WKH�QDQRSDUWLFOH�SRZGHU�ZDV�SODFHG�RYHU�D�KRW�SODWH�DQG

FDOFLQHG�RYHUQLJKW�DW�����&��7KH�FDOFLQHG�SRZGHU�ZDV�WUDQVIHUUHG�WR�D

WXEH�DQG�VXVSHQGHG�LQ��� µO�RI�ZDWHU�DQG�GLVSHUVHG�E\�JHQWOH�VRQLFDWLRQ�

����� &KDUDFWHUL]DWLRQ

7KH�6(0PHDVXUHPHQWV�ZHUH�FRQGXFWHG�RQ�DQ�)(,�3KLOLSV�;/���)(*

(6(0 DQG�DQ�XOWUD�KLJK�UHVROXWLRQ��8+5� 6(0 ZLWK�DFFHOHUDWLRQ�YROWDJHV

RI����N9 �8& 6DQ�'LHJR�&DOLW��1DQR��)DFLOLW\�� 7(0 LPDJHV�ZHUH�REWDLQHG

ZLWK�WKH�XVH�RI�DQ�)(, 7HFKQDL�6SKHUD�����N9 �8& 6DQ�'LHJR� &U\R�(OHFWURQ

0LFURVFRS\�� $ +LWDFKL�+'������LQVWUXPHQW�ZDV�XVHG�IRU�VFDQQLQJ�WUDQV�

PLVVLRQ�HOHFWURQ�PLFURVFRSH��67(0� LPDJHV�RSHUDWLQJ�DW�����N9��)RU�G\�

QDPLF�OLJKW�VFDWWHULQJ��'/6� PHDVXUHPHQWV� D�=HWDVL]HU�1DQR�=6 �0DOYHUQ

,QVWUXPHQWV�/WG�� 0DOYHUQ� :RUFHVWHUVKLUH� 8.� ZDV�XVHG� (UURU�EDUV�LQ�'/6

UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKUHH�UHSOLFDWHV�



��

&KDSWHUV��� ��DQG��� LQ�SDUW� KDYH�EHHQ�VXEPLWWHG�IRU�SXEOLFDWLRQ

RI�WKH�PDWHULDO�DV�LW�PD\�DSSHDU�LQ�1DQR�/HWWHUV� ����� 2UWDF� ,QDQF� 6LP�

EHUJ� 'PLWUL� <HK� <D�VDQ� <DQJ� -LDQ� 7URJOHU� :LOOLDP�&�� 7VLHQ� 5RJHU�<��

(VHQHU� 6DGLN� $&6 3XEOLFDWLRQV� ����� 7KH�GLVVHUWDWLRQ�DXWKRU�ZDV�WKH�SUL�

PDU\�LQYHVWLJDWRU�DQG�DXWKRU�RI�WKLV�SDSHU�



&KDSWHU��

6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG

1DQRVSKHUHV��6+(/6�

+HUH� D�UREXVW�PDQXIDFWXULQJ�DSSURDFK�LV�LQWURGXFHG�IRU�D�YHUVD�

WLOH�FODVV�RI�QDQRSDUWLFOHV�WKDW�FRXOG�OHDG�WR�D�XQLYHUVDO�LQ�YLYR�GHOLYHU\

SODWIRUP�IRU�IRUHLJQ�HQ]\PHV� $V�QRWHG�LQ�&KDSWHU��� WKH�SODWIRUP�H[KLELWV

NH\�IHDWXUHV�QHFHVVDU\�IRU�VXFFHVVIXO�FOLQLFDO� LPSOHPHQWDWLRQ� LQFOXGLQJ

SUHFLVH�FRQWURO� LQ� V\QWKHVLV� D� KLJK�HQ]\PH�HQWUDSPHQW�FDSDFLW\� HIIL�

FLHQW�SURWHFWLRQ�IURP�QHXWUDOL]DWLRQ� DQWLERG\�DFFHVV� DQG�SURWHRO\VLV� XQ�

SHUWXUEHG�LQ�YLYR�HQ]\PH�DFWLYLW\� DQG�ORQJ�LQ�WLVVXH�UHVLGHQFH�DQG�VWDELO�

LW\� 7KH�IDEULFDWLRQ�RI�GXDO�SRURVLW\�KROORZ�QDQRSDUWLFOHV�FDOOHG�V\QWKHWLF

KROORZ�PHVRSRURXV� QDQRVSKHUHV� �6+06���ZKLFK� FRQVLVW� RI� QDQRSRURXV

�SRUH�VL]H����QP�>��@�PDWHULDO�DQG�DW�WKH�VDPH�WLPH�KDYH�D�PHVRSRURXV

�SRUH� VL]H� �����QP�>��@� VKHOO� �)LJXUH ���$��� 7KH�QDQRSRURXV� VKHOO� LV� VXLW�

DEOH� IRU� WKH�GLIIXVLRQ�RI� VPDOO�PROHFXOHV� ,Q�FRQWUDVW� WKH� ODUJHU�PHVR�

SRUHV�RQ�WKHVH�6+06 FDQ�EH�GHVLJQHG�WR�EH�VL]HDEOH�HQRXJK�WR�SHUPLW

WKH�KROORZ�FRUH�RI�WKH�QDQRSDUWLFOH�WR�EH�HIILFLHQWO\� ORDGHG�ZLWK� ODUJH

PROHFXOHV��)LJXUH ���$���2QFH�ORDGHG� WKH�PHVRSRUHV�DUH�VHDOHG�ZLWK�WKH

VDPH�QDQRSRURXV�PDWHULDO� WKXV�IRUPLQJ�V\QWKHWLF�KROORZ�HQ]\PH�ORDGHG

QDQRVSKHUHV��6+(/6� HQFDSVXODWLQJ�WKH�ODUJH�PROHFXOH�SD\ORDG� 6+(/6

EHKDYH� OLNH�QDQR� �WHD�EDJV���SHUPLWWLQJ� WKH�SD\ORDG�WR� LQWHUDFW� IUHHO\

DQG�HIIHFWLYHO\�ZLWK�VPDOOHU�PROHFXOHV�LQ�WKH�HQYLURQPHQW��)LJXUH ���%��

��



��

$OWKRXJK�6+(/6 FDQ�EH�PDQXIDFWXUHG�XVLQJ�D�YDULHW\�RI�PDWHULDOV�

ZH�VKRZ�KHUH�WKDW�6+(/6 FDQ�EH�SURGXFHG�IURP�VLOLFD�ZLWK�D�KLJK�\LHOG

DQG�VFDODEOH�V\QWKHVLV�PHWKRG�WKDW�XWLOL]HV�D�WHPSODWLQJ�UHDFWLRQ�RQ�XQ�

PDVNHG�SDUWV�RI�WKH�VKHOO�VXUIDFH� �6HH�6HFWLRQ�����IRU�PRUH�GHWDLOV�RQ�ZK\

ZH�FKRVH�VLOLFD�IRU�WKLV�QDQRPDVNLQJ�WDVN�� 1DQRPDVNLQJ�LV�XVHG�IRU�WKH

IRUPDWLRQ�RI�PHVRSRUHV�LQ�WKH�IHZ�QDQRPHWHUV�WR����QP�VL]H�UDQJH�ZLWK

SUHFLVH�FRQWURO�LQ�WKH�PDVNHG�UHJLRQV�RI�VLOLFD�6+06��:H�VKRZ�WKDW�RQFH

VHDOHG�VLOLFD�6+(/6 HIIHFWLYHO\�HQFDSVXODWH�HQ]\PHV�ZKLOH�DW� WKH�VDPH

WLPH�VPDOOHU�VXEVWUDWHV�HDVLO\�UHDFK� LQWHUDFW�ZLWK� DQG�DUH�PRGLILHG�E\

WKH�HQFDSVXODWHG�HQ]\PHV�ZLWKLQ�WKH�KROORZ�FRUH�DQG�GLIIXVH�RXW��)LJ�

XUH ����� :H�VSHFLILFDOO\�VKRZ�WKDW�VLOLFD�6+(/6 SURWHFW�LPPXQRJHQLF�HQ�

]\PHV�IURP�DQWLERG\�DFFHVV� QHXWUDOL]DWLRQ� DQG�SURWHRO\VLV�ZLWKRXW�ORVV�RI

IXQFWLRQDOLW\�LQ�VHUXP�LPPXQL]HG�DJDLQVW�WKH�ORDG�IRU�DW�OHDVW�WZR�ZHHNV�

2XU�H[SHULPHQWV�GHPRQVWUDWH�LQ�YLYR�ORFDOL]HG�DFWLYLW\�LQ�DGGLWLRQ�WR�DQ

LQ�WLVVXH�UHVLGHQFH�WLPH�RI�DERXW�WZR�PRQWKV�ZKHQ�6+(/6 DUH�LQMHFWHG�LQ�

WUDPXVFXODUO\� $V�6+(/6 DUH�WKLQ� KROORZ�QDQRVKHOOV� OLWWOH�LQRUJDQLF�PDVV

LV�LQWURGXFHG�GXULQJ�QDQRSDUWLFOH�DGPLQLVWUDWLRQ� PLQLPL]LQJ�WR[LFLW\�ULVNV

ZKLOH�PD[LPL]LQJ�WKH�SDUWLFOHV
�ORDG�HQWUDSPHQW�FDSDFLW\�

��� /RDGLQJ� 6HDOLQJ� DQG�)RUPDWLRQ�RI�6+(/6

6+06 DUH�ORDGHG�E\�WKH�GLIIXVLRQ�RI�PDFURPROHFXOHV�WKURXJK�WKHLU

PHVR�SRUHV��)LJXUH ���$���$V�WKH�PHVR�SRUHV�DUH�UHODWLYHO\�ODUJH��W\SLFDOO\

!��QP��FRPSDUHG�WR�WKH�PDQ\�HQ]\PHV� HQ]\PHV�FDQ�GLIIXVH�IUHHO\�DQG

TXLFNO\�LQWR�WKH�VWUXFWXUH�WR�HTXLOLEUDWH�WKH�FRQFHQWUDWLRQ�LQVLGH�DQG�RXW�

VLGH�RI�6+06 �)LJXUH ���%���/DWHU� D�QHZ�OD\HU�RI�QDQR�SRURXV�PDWHULDO�LV

IRUPHG�DURXQG� WKH�SDUWLFOH� VXUIDFH� FORVLQJ� WKH�PHVR�SRUHV�ZLWKLQ� WKH

QDQR�SRURXV�VXUIDFH��)LJXUH ���&���,Q�WKH�FDVH�RI�VLOLFD� WKH�6+06 VXUIDFH

LV�QHJDWLYHO\�FKDUJHG�GXH�WR�6L2��JURXSV� $ SRVLWLYHO\�FKDUJHG�SRO\PHU

VXFK�DV�SRO\�O�O\VLQH�LV�DGGHG�WR�DGVRUE�WR�WKH�VXUIDFH�RI�WKH�SDUWLFOHV�DQG

FKDQJH�WKH�VXUIDFH�FKDUJH�WR�SRVLWLYH� 7026 LV�WKHQ�DGGHG�WR�JURZ�QHZ



��

)LJXUH ���� 6FDQQLQJ�HOHFWURQ�PLFURJUDSKV�RI��$� 6\QWKHWLF�KROORZ�PHVR�
SRURXV�QDQRVSKHUHV��6+06� DQG��%� 6+(/6��6FDOH�EDU� UHIHUV�WR�ERWK��$�
DQG��%����&� (Q]\PHV�HQFDSVXODWHG�ZLWKLQ�WKH�KROORZ�FRUH�RI�6+(/6 FDQ�
QRW� HVFDSH� ZKLOH� WKH� VPDOO�PROHFXOH� VXEVWUDWH� �UHG�GRWV�� FDQ�GLIIXVH
WKURXJK�WKH�QDQRSRURXV�VKHOO� LQWHUDFW�ZLWK�WKH�HQ]\PH� DQG�EH�PRGL�
ILHG�E\�WKH�HQ]\PH��EOXH�GRWV��



��

VLOLFD�RQ�WKH�VXUIDFH�DQG�FORVH�WKH�PHVR�SRUHV�RI�6+06��FRQYHUWLQJ�WKHP

WR�6+(/6��7KLV�UHDFWLRQ�RFFXUV�LQ�QHDU�QHXWUDO�EXIIHU�FRQGLWLRQV�DQG�GRHV

QRW�GDPDJH�WKH�HQ]\PH� 2QFH�WKH�PHVR�SRUHV�DUH�FORVHG� WKH�ORDG�LV

HQFDSVXODWHG�ZLWKLQ�6+(/6 DQG�FDQQRW�HVFDSH��)LJXUH ���'���+RZHYHU�

WKH�ORDG�FDQ�VWLOO�LQWHUDFW�ZLWK�VPDOO�PROHFXOHV�LQ�WKH�VXUURXQGLQJ�HQYLURQ�

PHQW�YLD�GLIIXVLRQ�WKURXJK�QDQR�SRUHV�

7KLV� FDSDELOLW\� SURYLGHV� WZR�XQLTXH�EHQHILWV� DV�GLVFXVVHG� LQ� WKH

QH[W�VHFWLRQ� )LUVW� WKH�HQ]\PH�LV�HVVHQWLDOO\�KLGGHQ�IURP�WKH�LPPXQH�V\V�

WHP�EHFDXVH�DQWLERGLHV�DUH�WRR�ODUJH�WR�SDVV�WKURXJK�WKH�QDQR�SRUHV�

7KHUHIRUH� WKH�HQ]\PH� LV�SURWHFWHG� IURP�WKH� LPPXQH�V\VWHP�DQG� IURP

GLJHVWLQJ�HQ]\PHV� VXFK�DV�SURWHDVHV� ZKLOH� UHPDLQLQJ�FRPSOHWHO\�DF�

WLYH� 6HFRQG� 6+(/6 FDQ�EH�FRDWHG�ZLWK�SDVVLYDWLQJ�DQG�WDUJHWLQJ� OLJ�

DQGV�ZLWKRXW�DQ\�FKHPLFDO�PRGLILFDWLRQ�RI�WKH�SD\ORDG� PDNLQJ�WKHP�D

VLPSOH�\HW�HIIHFWLYH�YHKLFOH�IRU�LQ�YLYR�DSSOLFDWLRQV�

��� &KDUDFWHUL]DWLRQ�RI�6+(/6
 /RDGLQJ� (Q]\PDWLF

$FWLYLW\� DQG�3URWHFWLRQ�&DSDELOLWLHV

3HQLFLOOLQDVH� IURP� %DFLOOXV� FHUHXV� LV� D� PHPEHU� RI� WKH� IDPLO\� RI

EHWD�ODFWDPDVHV�WKDW�FDWDO\]H�WKH�K\GURO\VLV�RI�WKH�EHWD�ODFWDP�ULQJ>��@�

%�� FHUHXV� SHQLFLOOLQDVH� ZDV� VHOHFWHG� IRU� WKH� FKDUDFWHUL]DWLRQ� RI� 6+(/6

EHFDXVH� LW� LV� WKH�SUHIHUUHG�EHWD�ODFWDPDVH� IRU�HQ]\PH�SURGUXJ�EDVHG

WKHUDSLHV>�� �� ��@� DQG� VHQVLWLYH� FKURPRJHQLF� DQG� IOXRURJHQLF� DVVD\V

DUH�DYDLODEOH>��@� 7KH�ODWWHU�XVHG�WKH�VXEVWUDWH�&&)�� ZKLFK�FRQWDLQV�D

FRXPDULQ�OLQNHG�WR�IOXRUHVFHLQ�YLD�D�FHSKDORVSRULQ�JURXS� %HIRUH�FOHDY�

DJH�E\�SHQLFLOOLQDVH� H[FLWDWLRQ�RI�WKH�FRXPDULQ�DW�����QP�FDXVHV�HIIL�

FLHQW�IOXRUHVFHQFH�UHVRQDQFH�HQHUJ\�WUDQVIHU��)5(7� WR�IOXRUHVFHLQ� UHVXOW�

LQJ�LQ�JUHHQ�HPLVVLRQ�SHDNLQJ�DURXQG�����QP� 3HQLFLOOLQDVH�FOHDYHV�WKH

FHSKDORVSRULQ�JURXS� VHSDUDWLQJ�IOXRUHVFHLQ�IURP�FRXPDULQ�DQG�GLVUXSW�

LQJ�)5(7��VR�WKDW�WKH�VDPH�H[FLWDWLRQ�SURGXFHV�EOXH�����QP�HPLVVLRQ�IURP



��

)LJXUH ���� 7KH�VHDOLQJ�FRQFHSW�DQG�6+(/6��,OOXVWUDWLRQV�VKRZ�WKH�FURVV�VHF�
WLRQV� �$� (PSW\�6+06���%� +LJK�FRQFHQWUDWLRQ�RI�HQ]\PH�LV�DGGHG�WR�WKH
6+06 VXVSHQVLRQ�DQG�GLIIXVHV�LQWR�WKH�KROORZ�LQWHULRU�RI�6+06���&� ,QWHULRU
HQ]\PH�FRQFHQWUDWLRQ�LV�HTXLOLEUDWHG�ZLWK�H[WHULRU� 3RO\�/�O\VLQH�LV�DGGHG
WR�FRQYHUW�WKH�VXUIDFH�FKDUJH� �'� 6+06 DUH�FRDWHG�ZLWK�DQRWKHU�OD\HU
RI�SRURXV�PDWHULDO� VHDOLQJ�HQ]\PHV�ZLWKLQ�WKH�SDUWLFOH�



��

FRXPDULQ� &&)�� LV�VROG�FRPPHUFLDOO\�DV�DQ�DFHWR[\PHWK\O� �$0� HVWHU�

ZKLFK�UDSLGO\�UHYHUWV�WR�&&)��RQ�H[SRVXUH�WR�HVWHUDVHV�LQ�URGHQW�SODVPD

DQG�VHUXP� DV�ZHOO�DV�LQVLGH�FHOOV>��� ��@�

)LJXUH ���$ VKRZV� WKH� DFWLYLW\� RI� WKH� SHQLFLOOLQDVH� �0:  � ��

N'D��HQ]\PH�HQFDSVXODWHG�ZLWKLQ�6+(/6��$OO� VDPSOHV�ZHUH�H[SRVHG� WR

SURWHLQDVH�.��ZKLFK�GLJHVWV�SURWHLQV��)LJXUH ����� WKHUHIRUH� VXVWDLQHG�DF�

WLYLW\�RI�WKH�HQFDSVXODWHG�HQ]\PH�DIWHU�H[SRVXUH�WR�SURWHLQDVH�. GHPRQ�

VWUDWHV�SURWHFWLRQ�RI�WKH�HQ]\PH�DJDLQVW�SURWHRO\VLV�E\�HQFDSVXODWLRQ�LQ

6+(/6�

,Q�)LJXUH ���$�� WKH� OHIW�PRVW�EDU� UHSUHVHQWV� VLOLFD� V\QWKHWLF�KROORZ

QDQRVSKHUHV� �6+6� IDEULFDWHG�E\� VRO�JHO� WHPSODWLRQ� RYHU� ����QP� WHP�

SODWHV�ZLWKRXW�PHVR�SRUHV�RQ�WKH�VXUIDFH�<DQJ�HW�DO� ������ 7KHUHIRUH�

HQ]\PHV�FDQ�RQO\�EH�DGVRUEHG�RQ�WKH�VXUIDFH��)LJXUH ���&���7KH�VHFRQG

EDU�IURP�WKH�OHIW�UHSUHVHQWV�6+06 PDGH�ZLWK�����QP�WHPSODWHV�DQG����

QP�QDQRPDVNV� �)LJXUH ���'���%RWK�6+6 DQG�6+06 ZHUH� LQFXEDWHG�ZLWK

���� µ0 %��FHUHXV�SHQLFLOOLQDVH�VROXWLRQ� 7KH�WKLUG�DQG�IRXUWK�EDUV�IURP�WKH

OHIW��)LJXUH ���(� UHSUHVHQW�SDUWLFOHV�VLPLODU�WR�6+6 DQG�6+06��UHVSHFWLYHO\�

H[FHSW�WKDW�WKH�VHDOLQJ�UHDFWLRQ�ZDV�SHUIRUPHG�DIWHU�HQ]\PH� LQFXED�

WLRQ� WKHUHE\�HQFDSVXODWLQJ�HQ]\PHV�ZLWKLQ�WKH�VWUXFWXUH� /DWHU� DOO�IRXU

JURXSV�ZHUH�ZDVKHG�VXFFHVVLYHO\� UHPRYLQJ�XQERXQG�DQG�IUHH�HQ]\PHV�

DQG� VXEVHTXHQWO\� LQFXEDWHG�ZLWK�SURWHLQDVH�. WR� UHPRYH� WKH�HQ]\PH

PROHFXOHV�VWXFN�RQ�WKH�VXUIDFH�

6+6 DQG�6+06 H[KLELW�QR�RU�YHU\�OLWWOH�DFWLYLW\��)LJXUH ���$���ZKLFK�LV

H[SHFWHG�DIWHU�H[SRVXUH�WR�SURWHLQDVH�.��6HDOHG�6+6 VKRZ�DERXW�D�WZR�

IROG�LQFUHDVH�LQ�DFWLYLW\�RYHU�6+6��WKLV�LV�EURXJKW�DERXW�E\�WKH�SURWHFWLRQ

SURYLGHG�E\�WKH�VHFRQG�OD\HU�RI�VLOLFD�RYHU�WKH�HQ]\PHV�VWXFN�RQ�WKH�VXU�

IDFH�DQG�WKHUHE\�VXSSRUWLQJ�WKH�SURWHFWLYH�HIIHFW�RI�WKH�DGGLWLRQDO�VHDO�

LQJ�VLOLFD�OD\HU� +RZHYHU� WKHUH�LV�D�VLJQLILFDQW�LQFUHDVH�LQ�DFWLYLW\�LQ�6+(/6

�RXWOLQHG�LQ�UHG�� 7KH����IROG�DFWLYLW\�LQFUHDVH�RI�6+(/6 RYHU�VHDOHG�6+6

LQGLFDWHV�WKDW�WKH�LQFUHDVH�LV�QRW�GXH�WR�WKH�HQ]\PH�FRYHULQJ�WKH�VXUIDFH

EXW�UDWKHU� LV�FDXVHG�E\�WKH�HQ]\PH�PROHFXOHV�ILOOLQJ�WKH�KROORZ�LQWHULRU�



��

7KLV�GUDPDWLF�GLIIHUHQFH�EHWZHHQ�6+06 DQG�6+(/6 FOHDUO\�HVWDEOLVKHV�WKH

VXSHULRULW\�RI�XVLQJ�6+(/6��DV�ERWK�VDPSOHV�KDYH�JRQH�WKURXJK�WKH�VDPH

SURFHVV�H[FHSW�IRU�WKH�DGGLWLRQDO�VHDOLQJ�VWHS�RQ�6+(/6�

:LWK�WKH�FXUUHQW�SURWRFRO� FRPSDULQJ�ZLWK�WKH�VWDQGDUG�FXUYH�RI

IUHH�%��FHUHXV�SHQLFLOOLQDVH��)LJXUH ����� WKH�PHDVXUHG�DFWLYLW\�FRUUHVSRQGV

WR���[���−14 LQWHUQDWLRQDO�XQLWV��,8� IURP�D�VLQJOH�����QP�6+(/6 FRUUHVSRQG�

LQJ�WR ���HQ]\PH�PROHFXOHV�SHU�SDUWLFOH��)LJXUH ����� 'XULQJ�HQ]\PH�ORDG�

LQJ� 6+06 ZHUH�LQLWLDOO\�LQFXEDWHG�ZLWK����� µ0 HQ]\PH�VROXWLRQ� 7KH�DV�

VD\HG�FRQFHQWUDWLRQ�RI�HQ]\PH�ZLWKLQ�D�VLQJOH�6+(/6 FRUUHVSRQGV�WR ��

µ0��UHVXOWLQJ�LQ�D���������PDWFK�ZLWK�WKH�H[WHULRU�ORDGLQJ�FRQFHQWUDWLRQ�

7KLV�UHVXOW�DOVR�VKRZV�WKDW�WKHUH�LV�QR�PHDVXUDEOH�ORVV�RI�HQ]\PH�DFWLYLW\

GXULQJ�WKH�ORDGLQJ�DQG�VHDOLQJ�SURFHVV�RU�GLIIXVLRQ�RI�VXEVWUDWH�WKURXJK

WKH�QDQRSRURXV�VKHOO� LQ� WKLV� LQWHULRU�FRQFHQWUDWLRQ�RI�HQ]\PH� :LWK� WKLV

SURFHGXUH� ZH�KDYH�VKRZQ�WKDW�LW� LV�IHDVLEOH�WR�DFKLHYH�D�!�����PJ�J

HQ]\PH�HQWUDSPHQW�FDSDFLW\�LQ�VLOLFD�6+(/6 XVLQJ�%��FHUHXV�SHQLFLOOLQDVH

�0: ���.'D���)LJXUHV ���� ����� 7KH�HYDOXDWLRQ�RI�HQWUDSPHQW�FDSDFLW\

IRU�GLIIHUHQW�HQ]\PHV�ZLWK�YDU\LQJ�PROHFXODU�ZHLJKWV�QHHGV�IXUWKHU�LQYHV�

WLJDWLRQ�

)LJXUH ���% HYDOXDWHV� DQWLERG\�DFFHVV� WR� WKH� HQ]\PH�HQFDSVX�

ODWHG�LQ�6+(/6��)RU�WKLV�GHPRQVWUDWLRQ� WKH�SHQLFLOOLQDVH�ZDV�IOXRUHVFHQWO\

ODEHOHG�ZLWK�&\�� DQG� LWV� DFFHVVLELOLW\�ZDV� SUREHG�ZLWK� D� UDEELW� SRO\�

FORQDO�ELRWLQ\ODWHG�DQWLERG\�DJDLQVW�SHQLFLOOLQDVH� GHWHFWHG�E\�$OH[D����

ODEHOHG�VWUHSWDYLGLQ� 7KH�GDUN�EOXH�EDU�RQ�WKH�OHIW�KDQG�VLGH�GHSLFWV�IOXR�

UHVFHQFH�IURP�HQ]\PH�PROHFXOHV�DGVRUEHG�RQ�WKH�VXUIDFH�RI�6+6��ZKLOH

WKH�GDUN�EOXH�EDU�RQ�WKH�ULJKW�KDQG�VLGH�GHSLFWV�IOXRUHVFHQFH�IURP�SHQL�

FLOOLQDVH�HQ]\PHV�HQFDSVXODWHG�ZLWKLQ�6+(/6��%RWK�VHWV�ZHUH�LQFXEDWHG

ZLWK�SURWHLQDVH�. WR� UHPRYH�DQ\�HQ]\PH� WKDW�PLJKW�KDYH�EHHQ� VWXFN

RQ�WKH�VXUIDFH� DQG�ZHUH�ZDVKHG�VHYHUDO�WLPHV�WR�UHPRYH�XQERXQG�HQ�

]\PHV� 7KH�OLJKW�EOXH�EDUV�DUH�$OH[D����IOXRUHVFHQFH�LQWHQVLWLHV�WKDW�UHS�

UHVHQW�DQWLERG\�ELQGLQJ� ,Q�WKH�FDVH�RI�VXUIDFH�DGVRUEHG�SHQLFLOOLQDVH�

VLJQLILFDQW�DQWLERG\�ELQGLQJ�LV�REVHUYHG� +RZHYHU� ZKHQ�SHQLFLOOLQDVH�LV



��

)LJXUH ���� $FWLYLW\�FRPSDULVRQ�IRU�6+(/6 ZLWK�HQFDSVXODWHG�SHQLFLOOLQDVH
DQG�&&)��$0 DV� VXEVWUDWH� LQ�QRUPDO� VHUXP� )URP�WKH� OHIW� ILUVW�JURXS�
KROORZ�VLOLFD�QDQRVSKHUHV��6+6���VHFRQG�JURXS� 6+06��WKLUG�JURXS� VHDOHG
6+6��IRXUWK�JURXS� 6+(/6���%� 3RO\FORQDO�DQWLERG\�ELQGLQJ�DJDLQVW�HQFDS�
VXODWHG� SHQLFLOOLQDVH� 'DUN� EOXH� EDUV� UHSUHVHQW� WKH� IOXRUHVFHQFH� IURP
$OH[D�����ZLWK�VWUHSWDYLGLQ�WKDW�FDQ�DWWDFK�WR�DQWLERG\�PROHFXOHV�ZLWK
ELRWLQ� /LJKW� EOXH�EDUV� UHSUHVHQW� IOXRUHVFHQFH� IURP�&\��ODEHOHG�SHQL�
FLOOLQDVH� �/HIW�� 3HQLFLOOLQDVH� DGVRUEHG� RQ� WKH� VXUIDFH� RI� KROORZ� VLOLFD
QDQRVSKHUHV� �5LJKW��3HQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ�VLOLFD�6+(/6��ZKLFK
ZDV�LQFXEDWHG�ZLWK�SURWHLQDVH�. IROORZHG�E\�VXFFHVVLYH�ZDVKLQJ�EHIRUH
PHDVXUHPHQW� �&� ����QP�KROORZ�VLOLFD�QDQRVSKHUHV� �'� 6+06 PDGH
ZLWK�����QP�WHPSODWHV�DQG����QP�QDQRPDVNV� �(� 6+(/6 PDGH�E\�VHDO�
LQJ�6+06 VLPLODU�WR��'���(UURU�EDU�UHIHUV�WR�&��'��DQG�(��(UURU�EDUV�FRUUHVSRQG
WR�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW�WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

)LJXUH ���� $FWLYLW\�SORWV�RI�IUHH�%DFLOOXV�FHUHXV�SHQLFLOOLQDVH�ZLWK�DQG�ZLWK�
RXW�LQFXEDWLRQ�ZLWK�SURWHLQDVH�. IRU����KRXUV�DW����& LQ��; QRUPDO�PRXVH
VHUXP� � µ0&&)��$0ZDV�XVHG�DV�VXEVWUDWH�DQG�WKH�DFWLYLW\�LV�PHDVXUHG
LQ������QRUPDO�PRXVH�VHUXP�DV�WKH�LQLWLDO�UDWH�RI�LQFUHDVH�RI�WKH�UDWLR�RI
EOXH�IOXRUHVFHQFH������QP��WR�JUHHQ�IOXRUHVFHQFH������QP��ZLWK�H[FLWD�
WLRQ�DW�����QP�



��

)LJXUH ���� 6WDQGDUG�FXUYH�RI�%DFLOOXV�FHUHXV�SHQLFLOOLQDVH� 7KH�LQLWLDO�UDWH
RI�LQFUHDVH�LQ�DEVRUEDQFH�LQ�QLWURFHILQ�DVVD\�ZDV�XVHG�DV�WKH�YHUWLFDO�D[LV�



��

)LJXUH ���� $FWLYLW\�SORWV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�IUHH�%DFLOOXV�FHUHXV
SHQLFLOOLQDVH� FRPSDUHG� WR� %�� FHUHXV� SHQLFLOOLQDVH� HQFDSVXODWHG�ZLWKLQ
����QP�6+(/6 ZLWK�D�FRQFHQWUDWLRQ�RI �[��12 SDUWLFOHV�PO� (DFK� UHDF�
WLRQ�ZDV���� µO�LQ�WRWDO�DQG�FRQWDLQHG���� µJ�PO�QLWURFHILQ�DV�VXEVWUDWH�
$EVRUEDQFH�ZDV�PHDVXUHG�DW�����QP�



��

)LJXUH ���� /RDGLQJ�FXUYH�RI�����QP�6+(/6��)OXRUHVFHQFH�LQWHQVLW\�RI�&\��
ODEHOHG�%DFLOOXV�FHUHXV�SHQLFLOOLQDVH�LV�XVHG�DV�WKH�YHUWLFDO�D[LV� +RUL]RQWDO
D[LV�FRUUHVSRQGV�WR�WKH�ORDGLQJ�FRQFHQWUDWLRQ�RI�SHQLFLOOLQDVH� ([FLWDWLRQ
ZDYHOHQJWK� ����QP� HPLVVLRQ�ZDYHOHQJWK� ����QP� (UURU�EDUV�FRUUHVSRQG
WR�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW�WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

)LJXUH ���� (Q]\PH�DFWLYLW\�ZLWK�UHVSHFW�WR�ORDGLQJ�FRQFHQWUDWLRQ�RI����
QP�6+(/6�� 6ORSH�RI�DFWLYLW\�FXUYHV�RI� QLWURFHILQ�DVVD\�ZDV�XVHG�DV� WKH
YHUWLFDO�D[LV� +RUL]RQWDO�D[LV�FRUUHVSRQGV� WR� WKH� ORDGLQJ�FRQFHQWUDWLRQ
RI�SHQLFLOOLQDVH� &LUFOHV� ��� µJ�PO�QLWURFHILQ� GLDPRQGV� ��� µJ�PO�QLWUR�
FHILQ� VTXDUHV� ��� µJ�PO�QLWURFHILQ� (UURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG
GHYLDWLRQ�RI�DW�OHDVW�WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

HQFDSVXODWHG�ZLWKLQ� 6+(/6��QR� VXFK�DQWLERG\�ELQGLQJ� LV�REVHUYHG� $O�

WKRXJK�WKH�DPRXQW�RI�HQFDSVXODWHG�SHQLFLOOLQDVH�ZLWKLQ�6+(/6 LV�DERXW

����WLPHV�PRUH�WKDQ�VXUIDFH�DGVRUEHG�SHQLFLOOLQDVH�RQ�KROORZ�VKHOOV� WKH

ODFN�RI�DQWLERG\�ELQGLQJ�GHPRQVWUDWHV�WKH�SUHYHQWLRQ�RI�DQWLERG\�DF�

FHVV�WR�WKH�HQ]\PHV�HQFDSVXODWHG�ZLWKLQ�6+(/6�

7R�GHWHUPLQH�WKH�HIIHFW�RI�VHUXP�FRQWDLQLQJ�QHXWUDOL]LQJ�DQWLERGLHV

RQ�WKH�HQFDSVXODWHG�HQ]\PH�ZLWKLQ�6+(/6��LQ�)LJXUH ���$��ZH�FRPSDUHG

WKH�DFWLYLW\�RI�WKH�IUHH�SHQLFLOOLQDVH�DQG�SHQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ

6+06 ZLWK�EDUH�VLOLFD�VXUIDFH��6+(/6� RQ�QLWURFHILQ���� µJ�PO��LQ�WKH�SUHV�

HQFH�RI�VHULDO�GLOXWLRQV�RI�VHUXP�REWDLQHG�IURP�LPPXQL]HG�PLFH�ZLWK�SHQL�

FLOOLQDVH� �6HH�VXSSOHPHQWDO� LQIRUPDWLRQ� IRU� WKH� LPPXQL]DWLRQ�SURWRFRO��

7KH�DFWLYLW\�RI�HDFK�JURXS�ZDV�DGMXVWHG�WR�����,8�PO�LQ�SUH�LPPXQL]DWLRQ

VHUXP� DQG� WKH�QHXWUDOL]DWLRQ� LV� UHSRUWHG�DV� WKH� UDWLR�RI� WKH�DFWLYLW\� LQ

VHUXPV�SRVW��WR�SUH�LPPXQL]DWLRQ� 7KHUH�ZHUH�DURXQG �[��9 SDUWLFOHV�LQ

WKH�6+(/6 VHW� PDNLQJ�DURXQG���� µJ�RI�VLOLFD� )UHH�SHQLFLOOLQDVH�DFWLYLW\

GHFD\HG�UDSLGO\�DIWHU�GLOXWLRQV�RI�OHVV�WKDQ��������� ZLWK�DFWLYLW\�UHGXFHG

WR�OHVV�WKDQ����IRU�DOO�GLOXWLRQV�OHVV�WKDQ�������� +RZHYHU� HYHQ�LQ�QHDW�LP�

PXQL]HG�VHUXP� WKH�DFWLYLW\�RI�6+(/6 ZDV�JUHDWHU�WKDQ����� GHPRQVWUDW�

LQJ� WKH�SURWHFWLRQ�RI�HQ]\PHV�DJDLQVW�QHXWUDOL]LQJ�DQWLERGLHV�E\�6+(/6

HQFDSVXODWLRQ� 7KH�JUDGXDO�UHGXFWLRQ�LQ�6+(/6 DFWLYLW\�DV�VHUXP�GLOXWLRQV

GHFUHDVHG�PD\�EH�GXH�WR�RSVRQLQV�FRDWLQJ�WKH�VXUIDFH�RI�6+(/6��WKHUHE\

UHGXFLQJ�WKH�GLIIXVLRQ�RI�VXEVWUDWH�WKURXJK�WKH�QDQRSRURXV�VKHOO� 7KLV�UH�

VXOW�FOHDUO\�VKRZV�WKH�SURWHFWLRQ�RI�HQ]\PHV�DJDLQVW�QHXWUDOL]LQJ�DQWLERG�

LHV�E\�6+(/6 HQFDSVXODWLRQ�

7R�GHWHUPLQH�ZKHWKHU�WKH�SURWHFWLRQ�IURP�QHXWUDOL]DWLRQ�ZDV�WUDQ�

VLHQW� SHQLFLOOLQDVH�HQFDSVXODWHG�6+(/6 ZLWK����,8�PO�DFWLYLW\�ZHUH�LQFX�

EDWHG� IRU� ��� GD\V� LQ� QHDW� VHUXP�REWDLQHG� IURP�PLFH� LPPXQL]HG�ZLWK

SHQLFLOOLQDVH� 1R� ORVV�RI�DFWLYLW\�ZDV�REVHUYHG� 0RUHRYHU� WKH�DGGLWLRQ

RI�SURWHLQDVH�. GLG�QRW�DIIHFW�WKH�DFWLYLW\�OHYHO� LQGLFDWLQJ�WKDW�HQFDSVX�

ODWHG�HQ]\PHV�ZHUH�VWLOO�SURWHFWHG�GXULQJ�WKH�H[SHULPHQW��)LJXUH ���%��

7R�FRQILUP�WKH�IHDVLELOLW\�RI�HQ]\PDWLF�WKHUDSLHV�ZLWK�6+(/6��SURWHF�



��

)LJXUH ���� �$� 1HXWUDOL]DWLRQ�WHVW�LQ�WKH�SUHVHQFH�RI�DQWLERGLHV� 7KH�UD�
WLRV�RI�DFWLYLW\�RQ�QLWURFHILQ���� µJ�PO��LQ�VHUXPV�SRVW��WR�SUH�LPPXQL]DWLRQ
DUH� XVHG� DV� WKH� YHUWLFDO� D[LV� &LUFOHV� IUHH� SHQLFLOOLQDVH� GLDPRQGV�
SHQLFLOOLQDVH�HQFDSVXODWHG�6+(/6 ZLWK�EDUH�VLOLFD�VXUIDFH� �%� 6XVWDLQHG
DFWLYLW\�RI�SHQLFLOOLQDVH�ORDGHG�6+(/6 IRU����GD\V�ZLWK�WKH�SUHVHQFH��WULDQ�
JOHV��DQG�ZLWKRXW�WKH�SUHVHQFH��VTXDUHV��RI�SURWHLQDVH�. LQ�VHUXP�IURP
PLFH�SUHYLRXVO\�LPPXQL]HG�ZLWK�SHQLFLOOLQDVH� �&� 'HPRQVWUDWLRQ�RI�LQ�YLYR
DFWLYLW\�RI�*DXVVLD�SULQFHSV�OXFLIHUDVH�*D/XF��HQFDSVXODWHG�LQ�6+(/6 OD�
EHOHG�ZLWK�&\DQLQH����&\���G\H� �� µO�RI�*D/XF�HQ]\PH�HQFDSVXODWHG
6+(/6 VROXWLRQ�ZLWK�D�FRQFHQWUDWLRQ�RI �[��12 SDUWLFOHV�PO�ZDV�LQMHFWHG
VXEFXWDQHRXVO\�LQWR�%$/%�F�PLFH� IROORZHG�E\�D�ODWHUDO�WDLO�YHLQ�LQMHFWLRQ
RI���� µJ�QDWLYH�FRHOHQWHUD]LQH�DIWHU���PLQXWHV� �/HIW��&\��IOXRUHVFHQFH
RYHUODLG�ZLWK�LOOXPLQDWHG�LPDJH� �5LJKW��1DWLYH�FRHOHQWHUD]LQH�OXPLQHV�
FHQFH�RYHUODLG�ZLWK� LOOXPLQDWHG�LPDJH� �'� /RFDOL]DWLRQ�RI� LQWUDPXVFX�
ODUO\�LQMHFWHG�SHQLFLOOLQDVH�ORDGHG�6+(/6 ODEHOHG�ZLWK�&\��DW�GD\V��� ���
��� DQG���� (UURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW� OHDVW
WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

WLRQ�DJDLQVW�QHXWUDOL]DWLRQ�DQG�VXVWDLQHG�DFWLYLW\�LQ�WKH�SUHVHQFH�RI�VHUXP

RSVRQLQV�DQG�RWKHU�VHUXP�SURWHLQV�DUH�VKRZQ�QH[W� LQ�DGGLWLRQ�WR�LQ�YLYR

DFWLYLW\�DQG�LQ�WLVVXH�UHVLGHQFH�RI�SDUWLFOHV� 7R�GHPRQVWUDWH�VXFK�DFWLYLW\

LQ�YLYR� *DXVVLD�SULQFHSV�OXFLIHUDVH�HQFDSVXODWHG�LQ�6+(/6 � �[��12 SDUWL�

FOHV�PO��ODEHOHG�ZLWK�&\DQLQH����&\���G\H�ZHUH�LQMHFWHG�VXEFXWDQHRXVO\

LQWR�%$/%�F�PLFH� IROORZHG�E\�D�ODWHUDO�WDLO�YHLQ�LQMHFWLRQ�RI���� µJ�QDWLYH�

FRHOHQWHUD]LQH�DIWHU���PLQXWHV� �)LJXUHVWLF���&��� /XPLQHVFHQFH� LQWHQVLW\

ZDV�PHDVXUHG���PLQXWHV�DIWHU�LQWUDYHQRXV�LQMHFWLRQ� /XPLQHVFHQFH�IURP

*D/XF� �)LJXUH ���&�� ULJKW�SDQHO��ZDV�FRORFDOL]HG�ZLWK� WKH�&\�� IOXRUHV�

FHQFH� IURP�6+(/6 �)LJXUH ���&�� OHIW�SDQHO�� SURYLQJ� WKH� LQ�YLYR�DFWLYLW\

RI�HQFDSVXODWHG�*D/XF� ,QVWDELOLW\�RI�*D/XF�DW�ERG\�WHPSHUDWXUH�SUH�

YHQWHG�WKH�GHWHFWLRQ�RI�LQ�YLYR�HQ]\PDWLF�DFWLYLW\�DW�ODWHU�WLPH�SRLQWV��)LJ�

XUH ������

7KH�UHVLGHQFH�WLPH�RI�6+(/6 LQ�WLVVXH�LV�LPSRUWDQW�IRU�SRWHQWLDO�DS�

SOLFDWLRQV� VXFK� DV� DPLQR� DFLG� GHSOHWLRQ� WKHUDS\� &\��ODEHOHG� 6+(/6

ZHUH�LQMHFWHG�LQWUDPXVFXODUO\��)LJXUH ���'� DQG�UHSHDWHGO\�LPDJHG�RYHU

��PRQWKV� $ JUDGXDO�FOHDUDQFH�H[WHQGLQJ�WR���PRQWKV�ZDV�REVHUYHG�

��� ,PPXQH�5HVSRQVH�$JDLQVW�6+(/6

3URWHFWLRQ� IURP� WKH� LPPXQH� UHVSRQVH�DQG�SUHYHQWLRQ�RI� WKH� LP�

PXQH�UHVSRQVH�DUH�GLIIHUHQW�FRQFHSWV� ZLWK�WKH�DLP�RI�6+(/6 EHLQJ�WKH

IRUPHU� )RU�D�WKHUDSHXWLF�SODWIRUP�WKDW�VHHNV�WR�EH�VXLWDEOH�IRU�ORQJ�WHUP

WKHUDS\� GHJUDGDWLRQ� LV�RQH�RI� WKH�PDLQ� UHTXLUHPHQW� WR�SUHYHQW� ORQJ�

WHUP�WR[LFLW\� $V�6+(/6 GHJUDGH� WKH\�HYHQWXDOO\�WKH\�UHOHDVH�WKHLU�SD\�

ORDG� 7KLV�LV�PRUH�OLNHO\�EH�D�VORZ�UHOHDVH�SURFHVV�LQ�WKH�PDQQHU�RI�VHYHUDO

ZHHNV� XOWLPDWHO\�OHDGLQJ�WR�DQ�LPPXQH�UHVSRQVH� (YDOXDWLRQ�RI�WKH�JHQ�

HUDWHG�LPPXQH�UHVSRQVH�PLJKW�KHOS�LQ�SODQQLQJ�WUHDWPHQW�VWUDWHJ\�



��

)LJXUH ����� /XPLQHVFHQFH� SORWV� RI� OLJKW� UHDFWLRQV� RI� � µJ�PO�*DXVVLD
SULQFHSV�OXFLIHUDVH�ZLWK��� µJ�PO�QDWLYH�FRHOHQWHUD]LQH�DW����& ZLWKRXW
SUHLQFXEDWLRQ��GDUN�EOXH�VROLG�OLQH��DQG�ZLWK���KRXU��RUDQJH�ORQJ�GDVKHG
OLQH�� ��KRXUV��JUHHQ�VKRUW�GDVKHG�OLQH�� ��KRXUV��EURZQ�GRWWHG�OLQH�� DQG��
KRXUV��OLJKW�EOXH�GRW�GDVK�OLQH��RI�SUHLQFXEDWLRQ�DW����& LQ��; SKRVSKDWH
EXIIHUHG�VDOLQH�



��

����� 5HVXOWV

)RU�WKH�HYDOXDWLRQ�RI�WKH�LPPXQH�UHVSRQVH� ZH�PHDVXUHG�WKH�LP�

PXQRJORELQ�* �,J*� OHYHOV�ZLWK�(/,6$ DQG�SHUIRUPHG�WZR�IROG�VHULDO�GLOX�

WLRQV� ,J* SDUWLFLSDWHV�LQ�WKH�VHFRQGDU\�LPPXQH�UHVSRQVH�DQG�LV�WKH�PRVW

DEXQGDQW�DQWLERG\� LVRW\SH� LQ�WKH�ERG\� ,J*V�VSHFLILFDOO\�ELQG�WR�DQWL�

JHQV� SHUPLW�WKHLU�UHFRJQLWLRQ�E\�WKH�LPPXQH�V\VWHP� WULJJHU�WKHLU�LQJHV�

WLRQ�E\�SKDJRF\WHV� FDXVH�WKHLU�DJJUHJDWLRQ� DFWLYDWH�WKH�FODVVLFDO�SDWK�

ZD\�RI�WKH�FRPSOHPHQW�V\VWHP� DQG�LQLWLDWH�UDSLG�FOHDUDQFH� ,I�WKHUH�H[�

LVWV�D�SULRU�LPPXQLW\�DJDLQVW�DQ�DQWLJHQ� ,J* DSSHDUV�DERXW�������KRXUV

DIWHU�DQWLJHQLF�VWLPXODWLRQ� RWKHUZLVH� LW�PD\�WDNH�D�IHZ�ZHHNV�IRU�,J*V

WR�DSSHDU>��@�

7R�HYDOXDWH�WKH�QDWXUH�RI�WKH�LPPXQH�UHVSRQVH�JHQHUDWHG�DJDLQVW

6+(/6��IUHH�SHQLFLOOLQDVH��IUHH�3(1� DQG�HQFDSVXODWHG�SHQLFLOOLQDVH�ZLWKLQ

6+(/6 �6+(/6�3(1� ZHUH�FRPSDUHG��)LJXUH ������

$V�H[SHFWHG� WKHUH�ZDV�QR�GHWHFWDEOH�,J* LQ�VHUXP�VDPSOHV�RE�

WDLQHG�DW�GD\���� %\�GD\���� WKH�VHUXP�REWDLQHG�IURP�PLFH�LPPXQL]HG

ZLWK�6+(/6�3(1 VWDUW�WR�VKRZ�DQ�,J* UHVSRQVH� KRZHYHU� IUHH�3(1 GRHV�QRW

GHPRQVWUDWH�DQ\�PHDVXUDEOH�UHVSRQVH� $W�GD\���� WKH�6+(/6�3(1 VHUXP

VKRZV�KLJK� OHYHOV�RI� ,J*��ZKLOH�)UHH�3(1 VKRZV�VOLJKWO\� ORZHU� ,J* OHYHOV�

$OWKRXJK�WKH�DPRXQWV�RI�HQ]\PH�DUH�VLPLODU� LQ�HDFK�JURXS� 6+(/6�3(1

GHPRQVWUDWHV�D�VWURQJHU�LPPXQH�UHVSRQVH�

$V�ZH�DOUHDG\�NQRZ�WKDW�SDUWLFOHV�VWD\�ORFDOL]HG�IRU�VHYHUDO�ZHHNV�

WKH�SURGXFWLRQ�RI�WKH� LPPXQH�UHVSRQVH�PD\�EH�DVVRFLDWHG�ZLWK�WKHVH

SDUWLFOHV�EHLQJ�WDNHQ�XS�E\�ORFDO�SKDJRF\WHV� 1DQRSDUWLFOH�XSWDNH�E\

SKDJRF\WRVLV�LV�VWURQJO\�DVVRFLDWHG�ZLWK�VXUIDFH�IXQFWLRQDOL]DWLRQ� 8VXDOO\�

SRVLWLYHO\�FKDUJHG�SDUWLFOHV�KDYH�D�WHQGHQF\�WR�EH�WDNHQ�XS�PRUH�HIIHF�

WLYHO\� ZKLOH�QDQRSDUWLFOHV�ZLWK�3(* IXQFWLRQDOL]DWLRQ�DQG�VOLJKWO\�QHJDWLYH

K\GURSKLOLF�VXUIDFHV�KDYH�UHGXFHG�XSWDNH>��� ��� ��@� 7KH�XSWDNH�RI�WKH

SDUWLFOHV�E\�PDFURSKDJHV�DQG�GHQGULWLF�FHOOV�PD\�KDYH�LQLWLDWHG�DQWLJHQ

SUHVHQWDWLRQ�LQ�O\PSK�QRGHV� UHVXOWLQJ�LQ�,J* JHQHUDWLRQ>��� ��@�

7R�GHWHUPLQH�WKH�LPPXQH�UHVSRQVH�ZLWK�UHVSHFW�WR�VXUIDFH�IXQF�



��

)LJXUH ����� (/,6$ DEVRUEDQFH��DW�����QP��YDOXHV�RI�WZRIROG�GLOXWLRQV�RI
VHUXP�IURP�PLFH�LPPXQL]HG�ZLWK�IUHH�SHQLFLOOLQDVH��IUHH�3(1� DQG�SHQLFLO�
OLQDVH�HQFDSVXODWHG�ZLWKLQ�6+(/6 �6+(/6�3(1���(DFK�SRLQW�LV�WKH�DYHUDJH
RI�ILYH�UHSOLFDWHV� DQG�HUURU�EDUV�FRUUHVSRQG�WR�VWDQGDUG�GHYLDWLRQV�RI�ILYH
UHSOLFDWHV�



��

WLRQDOL]DWLRQ� ZH� LPPXQL]HG� PLFH� ZLWK� SHQLFLOOLQDVH� HQFDSVXODWHG� LQ

3(*�IXQFWLRQDOL]HG�6+(/6 �3(*�6+(/6�3(1���EDUH�VLOLFD�6+(/6 �6+(/6�3(1��

DQG�DPLQR�IXQFWLRQDOL]HG�6+(/6 �DPLQR�6+(/6�3(1���6LPLODUO\� QRQH�RI�WKH

JURXSV�VKRZHG�GHWHFWDEOH�,J* JHQHUDWLRQ�DW�GD\���� %\�GD\���� DOO�RI�WKH

JURXSV�VKRZHG�,J* SURGXFWLRQ� ZLWK�DPLQR�6+(/6�3(1 EHLQJ�WKH�KLJKHVW�

IROORZHG�E\�6+(/6�3(1 DQG�3(*�6+(/6�3(1��UHVSHFWLYHO\� $W�GD\���� ,J*

UHVSRQVHV�KDG�EHFRPH�FRPSDUDEOH�LQ�DOO�VDPSOHV� ZLWK�3(*�6+(/6�3(1

EHLQJ�VOLJKWO\�KLJKHU�WKDQ�WKH�RWKHUV�

7R�HYDOXDWH�ZKHWKHU�WKLV�UHVSRQVH�LV�GXH�WR�VLOLFD�DFWLQJ�OLNH�DQ�DG�

MXYDQW� ZH�FRPSDUHG�WKH�,J*DPRXQWV�LQ�WKH�VHUXP�IURP�PLFH�LPPXQL]HG

ZLWK�IUHH�3(1��3(*�6+(/6�3(1��IUHH�3(1 DGPLQLVWHUHG�WRJHWKHU�ZLWK�HPSW\

3(*�6+(/6 �3(*�6+(/6 ��)UHH�3(1���+RZHYHU�3(*�6+(/6�3(1 VKRZHG�DQ

,J* LQFUHDVH�RI�DERXW����IROG�FRPSDUHG�WR�3(*�6+(/6 ��)UHH�3(1 FRQ�

ILUPLQJ�WKDW�VLOLFD�LV�QRW�DFWLQJ�DV�DQ�DGMXYDQW�LQ�WKH�LPPXQH�UHVSRQVH�

$V�6+(/6 DUH�QRW�DFWLQJ�OLNH�DGMXYDQWV�WKHPVHOYHV� LW�PD\�EH�XVH�

IXO� WR� GHWHUPLQH� KRZ� WKH� LPPXQH� UHVSRQVH�ZRXOG� EH� GLIIHUHQW� LQ� WKH

SUHVHQFH� RI� DQ� DGMXYDQW� )RU� WKLV� DVVHVVPHQW� ZH� XVHG� D� V\QWKHWLF

ROLJRQXFOHRWLGH�FRQWDLQLQJ�XQPHWK\ODWHG�&S* PRWLIV� �&S*���&S* ��
�

7&*7&*7777*7&*7777*7&*77��
�� LV� D� FRPPRQ� YDFFLQH� DGMXYDQW� WKDW

WULJJHUV� WKH� LQQDWH� LPPXQH� UHVSRQVH� OHDGLQJ� WR� WKH�SURGXFWLRQ�SURLQ�

IODPPDWRU\�F\WRNLQHV>��@�

7R�WHVW�WKH�HIIHFWV�RI�WKLV�DGMXYDQW� ZH�DGPLQLVWHUHG�3(*�6+(/6�3(1

ZLWK�WZR�GLIIHUHQW�GRVHV�RI�DGMXYDQW�&S* ���� µJ�PO� �3(*�6+(/6�3(1 �

/RZ�&S*��DQG��� µJ�PO� �3(*�6+(/6�3(1 ��+LJK�&S*���DQG�FRPSDUHG

WKHP�ZLWK�3(*�6+(/6�3(1 DORQH� :LWK�WKH�DGMXYDQW� WKHUH�ZDV�PHDVXU�

DEOH� ,J* SURGXFWLRQ� WKLV�ZDV� WKH�FDVH�HYHQ�DW�GD\� ��� DW�ZKLFK� WKH

DGMXYDQWV�KDG�WKH�VDPH�,J* OHYHO�IRU�ERWK�GRVHV� %\�GD\���� DOO�JURXSV

VKRZHG� ,J* SURGXFWLRQ� OHG�E\�+&S* DQG� IROORZHG�E\�/&S* DQG�QR

&S*��%\�GD\���� ,J* SURGXFWLRQ�LQFUHDVHG�IXUWKHU� UHDFKLQJ�D�VLPLODU�VDW�

XUDWLRQ�OHYHO�IRU�DOO�JURXSV�



��

)LJXUH ����� (/,6$ DEVRUEDQFH��DW�����QP��YDOXHV�RI�WZRIROG�GLOXWLRQV�RI
VHUXP�IURP�PLFH�LPPXQL]HG�ZLWK�SHQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ�EDUH�
DPLQR�DQG�3(* IXQFWLRQDOL]HG�6+(/6 �6+(/6�3(1��$PLQR�6+(/6�3(1��3(*�
6+(/6�3(1 UHVSHFWLYHO\�� (DFK�SRLQW�LV�WKH�DYHUDJH�RI�ILYH�UHSOLFDWHV� DQG
HUURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQV�RI�ILYH�UHSOLFDWHV�



��

)LJXUH ����� (/,6$ DEVRUEDQFH� �DW� ���� QP�� YDOXHV� RI� WZRIROG� GLOXWLRQV
RI�VHUXP�IURP�PLFH�LPPXQL]HG�ZLWK�IUHH�SHQLFLOOLQDVH��)UHH�3(1� DORQH�
SHQLFLOOLQDVH�HQFDSVXODWHG�ZLWKLQ�3(* IXQFWLRQDOL]HG�6+(/6 �3(*�6+(/6�
3(1���DQG�IUHH�SHQLFLOOLQDVH�DGPLQLVWHUHG�WRJHWKHU�ZLWK�3(* IXQFWLRQDO�
L]HG�HPSW\�6+(/6 �3(*�6+(/6 ��)UHH�3(1���(DFK�SRLQW�LV�WKH�DYHUDJH�RI
ILYH�UHSOLFDWHV� DQG�HUURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQV�RI
ILYH�UHSOLFDWHV�



��

)LJXUH ����� (/,6$ DEVRUEDQFH� �DW� ���� QP�� YDOXHV� RI� WZRIROG� GLOXWLRQV
RI� VHUXP� IURP�PLFH� LPPXQL]HG�ZLWK� SHQLFLOOLQDVH� HQFDSVXODWHG�ZLWKLQ
3(*�IXQFWLRQDOL]HG�6+(/6 �6+(/6�3(1�3(*� DORQH� 3(*�6+(/6�3(1 ZLWK����
µJ�PO�&S* �3(*�6+(/6�3(1 ��/ &SJ�� DQG��� µJ�PO�&S* �3(*�6+(/6�3(1
��+ &S*���(DFK�SRLQW�LV�WKH�DYHUDJH�RI�ILYH�UHSOLFDWHV� DQG�HUURU�EDUV�FRU�
UHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQV�RI�ILYH�UHSOLFDWHV�



��

����� 'LVFXVVLRQ

3HQLFLOOLQDVH� HQFDSVXODWLRQ� ZLWKLQ� 6+(/6 UHVXOWHG� LQ� KLJKHU� DQWL�

SHQLFLOOLQDVH� ,J* SURGXFWLRQ� :KHQ�VXUIDFH�IXQFWLRQDOL]DWLRQ� LV�FRQVLG�

HUHG� WKH�KLJKHU�UHVSRQVH�RI�6+(/6�3(1 DQG�DPLQR�6+(/6�3(1 DW�GD\���

PD\�EH�H[SODLQHG�E\�WKH�KLJKHU�DQWLJHQ�XSWDNH�E\�ORFDO�PDFURSKDJHV

DQG�GHQGULWLF�FHOOV�DQG�WKXV�D�PRUH�HIILFLHQW�DQWLJHQ�SUHVHQWDWLRQ� ,Q�FRQ�

WUDVW� WKH�GHOD\HG�EXW�VOLJKWO\�KLJKHU�UHVSRQVH�JHQHUDWHG�E\�3(*�6+(/6�

3(1 DW�GD\����PD\�EH�H[SODLQHG�E\�WKH�VORZ�DQG�VXVWDLQHG�UHOHDVH�RI�WKH

HQ]\PH�IURP�GHJUDGLQJ�QDQRSDUWLFOHV�WKDW�ZHUH�QRW�WDNHQ�XS�SUHYLRXVO\

E\�SKDJRF\WHV� 7KH�VORZ�UHOHDVH�RI�DQWLJHQV� LV�XVXDOO\�DVVRFLDWHG�ZLWK

PRUH�HIILFLHQW�LPPXQL]DWLRQ>��@� ZKLFK�KHUH�PD\�H[SODLQ�ZK\�WKH�DWWHQ�

GDQW�,J* SURGXFWLRQ�LV�KLJKHU�

$QRWKHU�FRQFOXVLRQ�LV�WKDW�6+(/6 GR�QRW�E\�WKHPVHOYHV�DFW�OLNH�DQ

DGMXYDQW� DQG�WKDW�DFWLYDWLRQ�RI�WKH�LPPXQH�UHVSRQVH�LV�DVVRFLDWHG�ZLWK

SHQLFLOOLQDVH�EHLQJ�HQFDSVXODWHG�ZLWKLQ�6+(/6��)XUWKHU� LQVLJKW�ZRXOG�EH

JDLQHG�E\�GHWHUPLQLQJ�WKH�LPPXQH�UHVSRQVH�LQ�WKH�SUHVHQFH�RI�DQ�DGMX�

YDQW�

+RZHYHU� RQH� VKRXOG� QRWH� WKDW� HYHQ� LQ� WKH� SUHVHQFH� RI� DQ� LP�

PXQH�UHVSRQVH� HQ]\PHV�HQFDSVXODWHG�ZLWKLQ�6+(/6 DUH�VWLOO�SURWHFWHG

DQG�FDUU\�RQ�WKHLU�IXQFWLRQ� $GGLWLRQDO�VWXGLHV�RI�VSHFLILF�,J* VXEW\SHV�

FRQGXFWHG�WRJHWKHU�ZLWK�WKH�HYDOXDWLRQ�RI�WKH�QRQVSHFLILF�LPPXQH�UH�

VSRQVH�GLUHFWHG�E\�,J0 VXEW\SHV� PLJKW�SHUPLW�IXUWKHU�XQGHUVWDQGLQJ�RI

WKH�QDWXUH�RI�WKH�JHQHUDWHG�LPPXQH�UHVSRQVH�



��

��� 0HWKRGV

����� 3UHSDUDWLRQ� RI� 6\QWKHWLF� +ROORZ� (Q]\PH� /RDGHG

1DQRVSKHUHV��6+(/6�

7KH� VDPH� SURWRFRO� ZDV� XVHG� IRU� WKH� HQFDSVXODWLRQ� RI� SHQLFLOOL�

QDVH� 5HQLOOD� UHQLIRUPLV� OXFLIHUDVH� DQG� (OVSDU�ZLWKLQ� 6+(/6�� )RXU�PLFUR�

OLWHUV�RI����PJ�PO�HQ]\PH�VROXWLRQ�ZDV�DGGHG�WR�D��� µO�6+06 VROXWLRQ

DQG� LQFXEDWHG�RYHUQLJKW� 7KH� VROXWLRQ�ZDV�GLOXWHG�ZLWK� ���� µO� SKRV�

SKDWH�EXIIHUHG�VDOLQH��3%6� DQG��� µO������SRO\�/�O\VLQH�ZLWK�D�PROHFX�

ODU�ZHLJKW�RI� ��������N'D� 7KH� VROXWLRQ� LV�GLOXWHG� WR�SUHYHQW�DJJUHJD�

WLRQ� DQG�WKH�HQFDSVXODWHG�HQ]\PH�GRHV�QRW�VHHP�WR�OHDN�RXW�UDSLGO\�

VXFK�OHDNDJH�ZRXOG�FDXVH�D�VLJQLILFDQW�GLIIHUHQFH�LQ�ORDGLQJ�ZKHQ�FRP�

SDUHG�ZLWK�WKH�XQGLOXWHG�UHDFWLRQ��GDWD�QRW�VKRZQ�� 7026 ZDV�DGGHG

WR���P0 +&O� LQ�D��������YROXPH� UDWLR�DQG�PL[HG� IRU�D� IHZ�PLQXWHV� WR

PDNH�D�VLOLFLF�DFLG�VROXWLRQ� 7ZHQW\�ILYH�PLFUROLWHUV�RI�WKH�VLOLFLF�DFLG�VROX�

WLRQ�ZDV�DGGHG�WR�WKH�DERYH�6+06 VROXWLRQ� LPPHGLDWHO\�DIWHU�GLOXWLRQ�

ZLWK� WKLV� VROXWLRQ� VXEVHTXHQWO\� VKDNHQ� IRU� �� KRXU� LQ� RUGHU� WR� JHQHUDWH

6+(/6��/DWHU� VXVSHQGHG�6+(/6 ZHUH�FROOHFWHG�ZLWK�FHQWULIXJDWLRQ����PLQ

DW�������USP��DQG�ZDVKHG�VHYHUDO�WLPHV�ZLWK�ZDWHU� 6DPSOHV�ZHUH�H[�

SRVHG�WR�SURWHLQDVH�. HQ]\PH�RYHUQLJKW�DW�D�FRQFHQWUDWLRQ�RI�����PJ�PO

LQ��; 3%6 VROXWLRQ�DW����&��WKLV�ZDV�IROORZHG�E\�WKH�UHPRYDO�RI�SURWHLQDVH�.

E\�VXFFHVVLYH�ZDVKLQJ� DJDLQ�E\��; 3%6 E\�FHQWULIXJDWLRQ����PLQ�DW������

USP��

����� 3UHSDUDWLRQ�RI�6LOLFD�+ROORZ�1DQRVSKHUHV��6+6�

$ SURWRFRO�VLPLODU�WR�WKDW�IRU�WKH�IDEULFDWLRQ�RI�6+06 ZDV�IROORZHG�

ZLWK�WKH�H[FHSWLRQ�WKDW�WKH�QDQRPDVN�DGGLWLRQ�WR�WKH�UHDFWLRQ�ZDV�RPLW�

WHG�



��

����� )XQFWLRQDOL]DWLRQ� RI� 6+(/6 ZLWK� 3RO\HWK\OHQH� *O\FRO

�3(*�

$ VXVSHQVLRQ�RI�6+(/6 ��[��12 SDUWLFOHV�PO��LQ��; 3%6 LV�PL[HG�ZLWK�DQ

HTXDO�YROXPH�RI�DQ�DTXHRXV�VROXWLRQ�RI����PJ�PO�3(*�VLODQH�DQG�PL[HG

RYHUQLJKW�DW�URRP�WHPSHUDWXUH� /DWHU� VXVSHQGHG�3(*\ODWHG�6+(/6 ZHUH

FROOHFWHG�ZLWK�FHQWULIXJDWLRQ����PLQ�DW�������USP��DQG�ZHUH�ZDVKHG�VHY�

HUDO�WLPHV�ZLWK�ZDWHU�

����� /DEHOLQJ�3HQLFLOOLQDVH�ZLWK�&\�

&\��PDOHLPLGH�LV�XVHG�DV�ODEHOLQJ�DJHQW�IRU�WKLV�SURWRFRO� 2QH�PLO�

OLJUDP�SHQLFLOOLQDVH�ZDV�GLVVROYHG�LQ���� µO�GHJDVVHG�3%6 DW�D����PJ�PO

FRQFHQWUDWLRQ� 3URWRFRO�JXLGHOLQHV�FDOO�IRU�FDUU\LQJ�RXW�WKLRO�PRGLILFDWLRQV

XQGHU�QLWURJHQ�LQ�GHJDVVHG�VROYHQWV�EXIIHUV� 7KH�VROXWLRQ�ZDV�OHIW�DW�URRP

WHPSHUDWXUH�IRU�DERXW����PLQXWHV� $ERXW�����PRODU�H[FHVV�RI�7&(3 ZDV

DGGHG�WR�WKH�VROXWLRQ� 7KH�YLDO�ZDV�IOXVKHG�ZLWK�QLWURJHQ� FDSSHG� DQG

PL[HG�WKRURXJKO\� 7KLV�UHDFWLRQ�ZDV�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU

���PLQXWHV� 2QH�KXQGUHG�PLFURJUDPV�&\��PDOHLPLGH�ZDV�GLVVROYHG�LQ��

µO�'0) DQG�DGGHG�WR�WKH�HQ]\PH�VROXWLRQ� 7KH�YLDO�ZDV�DJDLQ�IOXVKHG�ZLWK

QLWURJHQ� FDSSHG� DQG�PL[HG�WKRURXJKO\� 7KLV�VROXWLRQ�ZDV�LQFXEDWHG�DW

URRP�WHPSHUDWXUH�IRU�WZR�KRXUV�ZKLOH�EHLQJ�PL[HG�HYHU\����PLQXWHV� )L�

QDOO\� WKH�UHDFWLRQ�ZDV�OHIW�RYHUQLJKW�DW�����&��/DWHU� XQERXQG�G\H�ZDV

UHPRYHG�E\�D�GHVDOWLQJ�FROXPQ�ZLWK�D�PROHFXODU�ZHLJKW�FXW�RII�DW���N'D�

����� 0HDVXUHPHQW�RI�(QWUDSPHQW�&DSDFLW\

7KH�DPRXQW� RI�&\��ODEHOHG�SHQLFLOOLQDVH�DQG�DVSDUDJLQDVH�ZDV

GHWHFWHG�E\�PHDVXULQJ�IOXRUHVFHQFH�LQWHQVLW\�DW�����QP�H[FLWDWLRQ�DQG

����QP�HPLVVLRQ� 7KH�HQ]\PH�DPRXQWV�ZHUH�HVWLPDWHG�EDVHG�RQ�DVVRFL�

DWHG�VWDQGDUG�FXUYHV� 3HQLFLOOLQDVH�DQG�DVSDUDJLQDVH�DFWLYLW\�ZHUH�YDOL�

GDWHG�ZLWK�QLWURFHILQ�DQG�1HVVOHU
V�DVVD\V� UHVSHFWLYHO\�



��

����� 1LWURFHILQ�$VVD\�IRU�WKH�0HDVXUHPHQW�RI�3HQLFLOOLQDVH

$FWLYLW\

)RU�WKH�FRORULPHWULF�GHWHUPLQDWLRQ�RI�SHQLFLOOLQDVH�DFWLYLW\� ����µ/

HQ]\PH�VROXWLRQV�ZHUH�WUDQVIHUUHG�RQWR�D����ZHOO�PLFURWLWHU�SODWH� 2QH

KXQGUHG�PLFUROLWHUV�QLWURFHILQ�ZRUNLQJ�VROXWLRQ�ZDV�DGGHG�WR�HDFK�ZHOO�

2QH�PLOOLJUDP�QLWURFHILQ�ZDV�GLVVROYHG�LQ���� µ/ '062��DQG�����P/ �; 3%6

ZDV�DGGHG�WR�REWDLQ�WKH�ZRUNLQJ�VROXWLRQ� $EVRUEDQFH�DW�����QP�ZDV

PHDVXUHG�DW����& RQ�D�7HFDQ��6ZLW]HUODQG��,QILQLWH�����352 3ODWH�UHDGHU�

����� 0HDVXUHPHQW�RI�$QWLERG\�%LQGLQJ

$QWL�SHQLFLOOLQDVH�ZDV�IXQFWLRQDOL]HG�ZLWK�ELRWLQ�JURXSV� $OH[D����

G\H�ZLWK�VWUHSWDYLGLQ�ZDV�DGGHG�WR�DOO�VDPSOHV�DQG�ZDV�IROORZHG�E\�VXF�

FHVVLYH�ZDVKLQJ� )OXRUHVFHQFH�LQWHQVLW\�PHDVXUHPHQWV�ZHUH�SHUIRUPHG

DW�����QP�H[FLWDWLRQ�DQG�����QP�HPLVVLRQ�

����� 0HDVXUHPHQW�RI�LQ�YLYR�$FWLYLW\

%$/%�F�PLFH�ZHUH� XVHG� IRU� WKLV� VWXG\� )LYH�PLFH�ZHUH� LQMHFWHG

ZLWK���� µO�RI�*DXVVLD�SULQFHSV�OXFLIHUDVH��*D/XF��HQ]\PH�HQFDSVXODWHG

6+(/6 VROXWLRQ� LQWUDPXVFXODUO\� 6+(/6 ZHUH� VXVSHQGHG� LQ��; 3%6 ZLWK�D

FRQFHQWUDWLRQ�RI �[��12 SDUWLFOHV�PO� 2QH�KXQGUHG�ILIW\�PLFURJUDPV�RI

QDWLYH�FRHOHQWHUD]LQH�ZDV�DGPLQLVWHUHG� LQWUDYHQRXVO\� LQ� WKH� ODWHUDO� WDLO

YHLQ�RI�HDFK�PRXVH� 7HQ�PLFURJUDPV�RI�EHQ]\O�FRHOHQWHUD]LQH�ZDV�GLV�

VROYHG�LQ�����HWKDQRO�DQG�GLOXWHG�ZLWK��; 3%6 WR�D�����ILQDO�FRQFHQWUD�

WLRQ�RI�DOFRKRO� 0LFH�ZHUH�DQHVWKHWL]HG�E\�LVRIOXUDQH�DQG�WKH�OXPLQHV�

FHQFH�LQWHQVLW\�RI�LQWUDYHQRXV�LQMHFWLRQV�ZDV�PHDVXUHG�ZLWK�DQ�H[SRVXUH

RI���VHFRQGV� 6LPLODU� OXPLQHVFHQFH�LQWHQVLWLHV�ZHUH�PHDVXUHG�IRU�HDFK

PRXVH� D�UHDGLQJ�IURP�RQH�RI�WKH�PLFH�LV�UHSRUWHG�LQ�WKH�WH[W�



��

����� ,PPXQL]DWLRQ�RI�0LFH

)LYH�%DOE�& PLFH�ZHUH�LQMHFWHG�VXEFXWDQHRXVO\�ZLWK��� µJ�RI�SHQL�

FLOOLQDVH�GLVSHUVHG� LQ��� µO�RI��; 3%6 RQ�GD\V��� ��� DQG���� %ORRG�ZDV

FROOHFWHG�YLD�UHWUR�RUELWDO�EOHHG� $ERXW�����PLFUROLWHUV�RI�EORRG�ZDV�FRO�

OHFWHG�RQ�GD\����DQG�SURFHVVHG�WR�VHUXP�E\�FHQWULIXJDWLRQ�DW���& DQG

�����USP�IRU���PLQXWHV� VQDS�IUR]HQ�LQ�GU\�LFH� DQG�VWRUHG�DW�����& XQWLO

WKH�H[SHULPHQWV�ZHUH�FRQGXFWHG� )RU�WKH�H[SHULPHQWV� DOO� VHUXP�VDP�

SOHV�ZHUH�SRROHG�IURP�WKH�ILYH�PLFH�

������ &\��/DEHOLQJ�RI�6+06

$Q� DTXHRXV� VXVSHQVLRQ� RI� DQ� 6+06 VROXWLRQ� ZLWK� D� FRQFHQ�

WUDWLRQ� RI �[��12 SDUWLFOHV�PO� ZDV� LQFXEDWHG� ZLWK� � µO� RI� !���� ���

DPLQRSURS\O�WULPHWKR[\VLODQH��$3706� IRU����KRXUV�DW�URRP�WHPSHUDWXUH�

IROORZHG�E\�FROOHFWLRQ�RI�WKH�VXVSHQGHG�SDUWLFOHV�ZLWK�FHQWULIXJDWLRQ���

PLQ�DW�������USP��DQG�VXFFHVVLYH�ZDVKLQJ�ZLWK�ZDWHU�LQ�RUGHU�WR�UHPRYH

XQERXQG�$3706��7KH�SHOOHW�ZDV�ODWHU�VXVSHQGHG�LQ���� µO��; 3%6 DW�S+ ��

6L[W\�VHYHQ�PLFURJUDPV�RI�&\��1+6 HVWHU�ZDV�GLVVROYHG�LQ��� µO�GLPHWK\O�

VXOIR[LGH�DQG�DGGHG�WR�WKH�6+06 VROXWLRQ� 7KH�VROXWLRQ�ZDV�PL[HG�IRU���

KRXUV� ZKLFK�ZDV�IROORZHG�E\�WKH�UHPRYDO�RI�XQERXQG�G\H�E\�VXFFHVVLYH

ZDVKLQJ�DV�GHVFULEHG�DERYH� 7KH�O/RDGLQJ�DQG�VHDOLQJ�RI�ODEHOHG�6+06

ZDV�SHUIRUPHG�XVLQJ�D�SURFHGXUH�VLPLODU�WR�WKDW�XVHG�IRU�XQODEHOHG�6+06�

������ 6XVWDLQHG�$FWLYLW\�7HVW�LQ�,PPXQL]HG�6HUXP

7KH�SHQLFLOOLQDVH�HQFDSVXODWHG�6+(/6 VROXWLRQ�VXVSHQGHG�LQ��; 3%6

ZDV�PL[HG�ZLWK�DQ�HTXDO� YROXPH�RI� VHUXP� IURP�PLFH� LPPXQL]HG�ZLWK

SHQLFLOOLQDVH�DQG�LQFXEDWHG�DW����&ZLWK�FRQVWDQW�PHFKDQLFDO�DJLWDWLRQ�

)RU�HDFK�PHDVXUHPHQW� D�IUDFWLRQ�RI�VROXWLRQ�LV�WDNHQ� 7R�WHVW�WKH�IRU�SUR�

WHFWLRQ�DJDLQVW�SURWHLQDVH�.��DW�HDFK�PHDVXUHPHQW�GD\�IUHVK�SURWHLQDVH�

. LV�DGGHG�WR�WKH�VDPSOH�DQG�LQFXEDWHG�IRU����KRXUV�DW����& XQGHU�PH�



��

FKDQLFDO�DJLWDWLRQ�EHIRUH�PHDVXULQJ�DFWLYLW\�

������ &KDUDFWHUL]DWLRQ

6(0 PHDVXUHPHQWV� ZHUH� FRQGXFWHG� RQ� DQ� )(,�3KLOLSV� ;/��� )(*

(6(0 DQG�XOWUD�KLJK�UHVROXWLRQ��8+5� 6(0 ZLWK�DFFHOHUDWLRQ�YROWDJHV�RI

���N9 �8& 6DQ�'LHJR� &DOLW��1DQR��)DFLOLW\�� 7(0 LPDJHV�ZHUH�REWDLQHG

ZLWK�WKH�XVH�RI�DQ�)(, 7HFKQDL�6SKHUD�����N9 �8& 6DQ�'LHJR� &U\R�(OHFWURQ

0LFURVFRS\�� $ +LWDFKL�+'������LQVWUXPHQW�ZDV�XVHG�IRU�VFDQQLQJ�WUDQV�

PLVVLRQ�HOHFWURQ�PLFURVFRSH��67(0� LPDJHV�RSHUDWLQJ�DW�����N9��$Q�,9,6

,PDJLQJ�6\VWHP�����6HULHV�IURP�;HQRJHQ�&RUSRUDWLRQ� $ODPHGD� &DOLIRU�

QLD��8& 6DQ�'LHJR� 0RRUHV�&DQFHU�&HQWHU��ZDV�XVHG�IRU�LQ�YLYR�OXPLQHV�

FHQFH�DQG�IOXRUHVFHQFH�PHDVXUHPHQWV� $Q�H;SORUH�2SWL[�IURP�*HQHUDO

(OHFWULF�+HDOWKFDUH� 8QLWHG�.LQJGRP��8& 6DQ�'LHJR�0RRUHV�&DQFHU�&HQ�

WHU��ZDV�XVHG�IRU�IXUWKHU�LQ�YLYR�IOXRUHVFHQFH�PHDVXUHPHQWV� )RU�G\QDPLF

OLJKW�VFDWWHULQJ��'/6� PHDVXUHPHQWV� D�=HWDVL]HU�1DQR�=6 �0DOYHUQ�,QVWUX�

PHQWV�/WG�� 0DOYHUQ� :RUFHVWHUVKLUH� 8.� ZDV�XVHG� (UURU�EDUV�LQ�WKH�'/6

UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKUHH�UHSOLFDWHV�

������ (Q]\PH�.LQHWLFV�&DOFXODWLRQV

(Q]\PH�NLQHWLFV�ZDV�DQDO\]HG�XVLQJ�3ULVP���6RIWZDUH�E\�*UDSKSDG

6RIWZDUH�,QF�



��

&KDSWHUV��� ��DQG��� LQ�SDUW� KDYH�EHHQ�VXEPLWWHG�IRU�SXEOLFDWLRQ

RI�WKH�PDWHULDO�DV�LW�PD\�DSSHDU�LQ�1DQR�/HWWHUV� ����� 2UWDF� ,QDQF� 6LP�

EHUJ� 'PLWUL� <HK� <D�VDQ� <DQJ� -LDQ� 7URJOHU� :LOOLDP�&�� 7VLHQ� 5RJHU�<��

(VHQHU� 6DGLN� $&6 3XEOLFDWLRQV� ����� 7KH�GLVVHUWDWLRQ�DXWKRU�ZDV�WKH�SUL�

PDU\�LQYHVWLJDWRU�DQG�DXWKRU�RI�WKLV�SDSHU�



&KDSWHU��

7KHUDSHXWLF�$SSOLFDWLRQV�RI�6+(/6

��� /�DVSDUDJLQDVH� (QFDSVXODWLRQ� ZLWKLQ� 6+(/6�

6+(/6SDU

����� /�DVSDUDJLQDVH

7KH�HQ]\PH�IDPLO\�RI�/�DVSDUDJLQDVHV��/�DVSDUDJLQH�DPLGRK\GUR�

ODVHV� (& ���������FDWDO\]HV�WKH�UHDFWLRQ�DVVRFLDWHG�ZLWK�WKH�FRQYHUVLRQ

RI� WKH� DPLQR� DFLG� /�DVSDUDJLQH� LQWR� /�DVSDUWDWH� DQG� DPPRQLD� 7KH

XVH�RI� /�DVSDUDJLQDVHV� LQ� WKH� WUHDWPHQW�RI�FDQFHU� LV�EDVHG�RQ� WKH� UH�

OLDQFH� RI� FDQFHURXV� FHOOV� RQ� H[RJHQRXV� DVSDUDJLQH� GXH� WR� WKHLU� ODFN

RI�VXIILFLHQW�DVSDUDJLQH�V\QWKHWDVH�DFWLYLW\>��@� 7KHUHIRUH� WKH�GHSOHWLRQ

RI�H[RJHQRXV�O�DVSDUDJLQH�E\�O�DVSDUDJLQDVH�FRPSURPLVHV�SURWHLQ�V\Q�

WKHVLV� OHDGLQJ� WR� DSRSWRVLV� RI� FDQFHURXV� FHOOV>���@� ,Q� FRQWUDVW� QRQ�

FDQFHURXV� FHOOV� DUH� QRW� DIIHFWHG� GXH� WR� WKH� VXIILFLHQW� DFWLYLW\� RI� DV�

SDUDJLQH�V\QWKHWDVH>��� ���� ��� ���@�

&XUUHQWO\� DVSDUDJLQDVHV� DUH� DSSURYHG� IRU� XVH� LQ� DFXWH� O\P�

SKREODVWLF� OHXNHPLD��$//�>���@� &OLQLFDO�DVSDUDJLQDVH� LV�REWDLQHG�IURP

WZR�VSHFLHV� (VFKHULFKLD�FROL��.LGURODVH� (86$ 3KDUPD� 2[IRUG� 8.��(OVSDU�

2YDWLRQ� 3KDUPDFHXWLFDOV� 'HHUILHOG� ,OOLQRLV� &UDVQLWLQ� %D\HU� $*�� /HY�

HUNXVHQ� *HUPDQ\� /HXQDVH� 6DQRIL�$YHQWLV� 3DULV� )UDQFH� $VSDUDJLQDVH

��



��

0HGDF� .\RZD� +DNNR� 7RN\R� -DSDQ�� DQG� (UZLQLD� FKU\VDQWKHPL� �(U�

ZLQDVH� (86$ 3KDUPD� 2[IRUG� 8.��� 7KHUH�DOVR�H[LVWV�D�3(*�PRGLILHG�YHU�

VLRQ�RI�(��FROL�DVSDUDJLQDVH��2QFDVSDU� 6LJPD�7DX�3KDUPDFHXWLFDOV� ,QF��

*DLWKHUVEXUJ� 0'�>���@� 7KH�3(*�PRGLILHG�YHUVLRQ�KDV�D�ORQJ�FLUFXODWLRQ

KDOI�OLIH�DQG�LQ�YLYR�DFWLYLW\� UHTXLULQJ�IHZHU�LQMHFWLRQV>���� ��@�

$VLGH� IURP�DVSDUDJLQDVH
V� XVH� LQ� $//�� DVSDUDJLQH� GHSOHWLRQ� KDV

EHHQ� VKRZQ� WR� EH� HIIHFWLYH� DJDLQVW� RWKHU� FDQFHU� W\SHV� LQFOXGLQJ

DFXWH� P\HORLG� OHXNHPLD� �$0/�>"@� FKURQLF� P\HORLG� OHXNHPLD� 7�FHOO

DFXWH� O\PSKREODVWLF� OHXNHPLD� SURP\HORF\WLF� OHXNHPLD� SURVWDWH� DQG

KHSDWRFDUFLQRPD� FDUFLQRPD� EUHDVW� DQG� RYDULDQ� DGHQRFDUFLQRPD�

ILEURVDUFRPD>���� ���@� DQG�JDVWURLQWHVWLQDO�FDQFHU>"@�

����� 6LGH�(IIHFWV�RI�/�DVSDUDJLQDVH

'HVSLWH�WKH�JUHDW�SRWHQWLDO�RI�DVSDUDJLQDVHV�DQG�WKHLU�FXUUHQW�FOLQ�

LFDO�XVH�LQ�WUHDWLQJ�$//��WKH�XWLOLW\�RI�WKHVH�HQ]\PHV�LV�OLPLWHG�E\�WKH�WR[LFL�

WLHV�DVVRFLDWHG�ZLWK�DVSDUDJLQDVH� LQFOXGLQJ�KHSDWLF�DQG�FHQWUDO�QHUYRXV

V\VWHP� WR[LFLW\�DQG�SDQFUHDWLWLV� 0RUHRYHU� DVSDUDJLQH�GHSOHWLRQ�DOVR

FDXVHV�D�UHGXFWLRQ�LQ�WKH�V\QWKHVLV�RI�EORRG�FORWWLQJ�IDFWRUV� SRWHQWLDOO\

OHDGLQJ�WR�KHPRUUKDJH�RU�WKURPERVLV>���@�

0RUH�LPSRUWDQWO\� DVSDUDJLQDVHV�DUH�ERWK�DQWLJHQLF�DQG�LPPXQR�

JHQLF�GXH�WR�WKHLU�IRUHLJQ�RULJLQ� 7KLV�FDXVHV�OLIH�WKUHDWHQLQJ�K\SHUVHQVL�

WLYLW\�UHDFWLRQV�DQG�DQDSK\ODFWLF�VKRFNV>���@� $OWKRXJK�LWV�ORQJHU�FLUFX�

ODWLRQ�KDOI�OLIH�DQG� WKXV� IHZHU� UHTXLUHG�GRVHV�FDXVH�3(*�DVSDUDJLQDVH

WR� KDYH� OHVV� WR[LFLW\� WKDQ� QDWLYH� DVSDUDJLQDVH� DQWLERGLHV� JHQHUDWHG

DJDLQVW�WKH�HQ]\PH�DQG�3(* LWVHOI�FDQ�VWLOO�UHQGHU�WKH�WKHUDS\�FRPSOHWHO\

XVHOHVV>���� ���� ���@�

&XUUHQWO\� 3(*�DVSDUDJLQDVH�LV�SUHIHUUHG�IRU�ILUVW�OLQH�WUHDWPHQW�GXH

WR� LWV�PRUH�PDQDJHDEOH� WR[LFLW\� SURILOH� DQG� IHZHU� UHTXLUHG� LQMHFWLRQV�

2QFH�DQ�DOOHUJLF�DQG� LPPXQRJHQLF� UHDFWLRQ� LV�JHQHUDWHG�DJDLQVW� WKH

ILUVW�OLQH�DVSDUDJLQDVHV� WKH�DVSDUDJLQDVH�LQ�WKH�UHJLPHQ�LV�UHSODFHG�E\

(UZLQLD�FKU\VDQWKHPL�DVSDUDJLQDVH� $OWKRXJK�(UZLQLD�FKU\VDQWKHPL�DV�



��

SDUDJLQDVH�KDV�D�FRQVLGHUDEO\�VKRUWHU�KDOI�OLIH� WKXV�UHTXLULQJ�QXPHURXV

LQMHFWLRQV� DQWLERGLHV�JHQHUDWHG�DJDLQVW� (�� FROL� DVSDUDJLQDVHV�DUH� QRW

FURVV�UHDFWLYH�ZLWK�LW>���@�

3DQFUHDWLWLV�DV�D�UHVXOW�RI�DVSDUDJLQDVH�XVH�LV�PRVWO\�DVVRFLDWHG�ZLWK

JOXWDPLQH�GHSOHWLRQ� ZKLFK�GLVUXSWV�SURWHLQ�V\QWKHVLV�EHFDXVH�JOXWDPLQH

LV�LQYROYHG�LQ�DERXW�RQH�KDOI�RI�WKH�ZKROH�ERG\�UHVRXUFHV�RI�DOO�IUHH�DPLQR

DFLGV�>���@� 7KHUH�LV�QRW�D�FOHDU�DVVRFLDWLRQ�EHWZHHQ�WKH�RFFXUUHQFH�DQG

VHYHULW\�RI�VXFK�SDQFUHDWLWLV�DQG�WKH�VRXUFH�DQG�IRUPXODWLRQ�RI�WKH�DV�

SDUDJLQDVH�XVHG� +RZHYHU� LQ�WKH�FDVH�RI�3(*�DVSDUDJLQDVH� WKH�QXP�

EHU�RI�SDQFUHDWLWLV�FDVHV� LQFUHDVHV�DERXW�WZR�WLPHV>���@�FRPSDUHG�WR

WKDW� RI� QDWLYH� DVSDUDJLQDVHV� &XUUHQWO\� FOLQLFDOO\� DYDLODEOH� DVSDUDJL�

QDVHV�DOVR�SRVVHVV�JOXWDPLQDVH�DFWLYLW\�LQ�DGGLWLRQ�WR�DVSDUDJLQDVH�GH�

SOHWLRQ� *OXWDPLQH�LV�LPSRUWDQW�LQ�WKH�UHVFXH�SDWKZD\�IRU�QRUPDO�FHOOV� DV

LW�LV�XVHG�E\�DVSDUDJLQH�V\QWKHWDVH�WR�SURGXFH�DVSDUDJLQH� 6HYHUDO�VWXG�

LHV�VXJJHVW�WKDW�OLPLWLQJ�JOXWDPLQDVH�DFWLYLW\�ZRXOG�GHFUHDVH�WR[LFLW\�DQG

LQFUHDVH�DSRSWRVLV�LQ�FHOOV�WUHDWHG�ZLWK�DVSDUDJLQDVH>���� ���� ���� "@�

0XOWLSOH�RWKHU�WR[LFLWLHV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�WKH�FOLQLFDO�XVH

RI�(��FROL� 3(*��RU�(UZLQLD�DVSDUDJLQDVH� 'HFUHDVHG�OLYHU�V\QWKHWLF�IXQFWLRQ

DQG�GLUHFW�KHSDWRWR[LFLW\�OHDG�WR�OLYHU�IXQFWLRQ�DEQRUPDOLWLHV>���@� 3DQ�

FUHDWLF�FHOOV�DUH�DOVR�GDPDJHG� UHVXOWLQJ�LQ�HOHYDWHG�EORRG�JOXFRVH�OHYHOV

DQG�SDQFUHDWLWLV�>���@� %RWK�WKURPERVLV�DQG�EOHHGLQJ� IUHTXHQWO\�DIIHFW�

LQJ�WKH�FHQWUDO�QHUYRXV�V\VWHP� FDQ�RFFXU�GXH�WR�DEQRUPDOLWLHV�LQ�FORWWLQJ

SURWHLQV�>���@� $QLPDO�DQG�KXPDQ�VWXGLHV�KDYH�DOVR�GHPRQVWUDWHG�VLJQLI�

LFDQW�KXPRUDO�DQG�FHOO�PHGLDWHG�LPPXQRVXSSUHVVLRQ� ZLWK�D�GHFUHDVH

LQ�7 FHOO�GHSHQGHQW�DQWLJHQV�RQ�VKHHS�UHG�EORRG�FHOOV�DQG�D�GHFUHDVH�LQ

WKH�QXPEHU�RI�LPPXQRJOREXOLQ�SURGXFLQJ�% FHOOV�LQ�WKH�JHUPLQDO�FHQWHUV

RI�WKH�VSOHHQ�>���@�



��

����� 7KH�8VH�RI�/�DVSDUDJLQDVH�IRU�WKH�7UHDWPHQW�RI�$FXWH

/\PSKREODVWLF�/HXNHPLD��$//�

)RU�RYHU����\HDUV� /�DVSDUDJLQDVH�KDV�VHUYHG�DV�D�FULWLFDO�FRPSR�

QHQW�LQ�WKH�WKHUDSHXWLF�UHJLPHQ�XVHG�IRU�WUHDWLQJ�SHGLDWULF�$//>���� ���@�

,Q�DGGLWLRQ�WR�DVSDUDJLQDVH� WKLV�UHJLPHQ�LQFOXGHV�YLQFULVWLQH� SUHGQLVRQH�

F\FORSKRVSKDPLGH� DQG�GR[RUXELFLQ� DQG�KDV�D�FXUH�UDWH�RI����>���� ���

���� ���@�

7KH�XVH�RI�DVSDUDJLQDVH�LV�PRVWO\�OLPLWHG�WR�WKH�WUHDWPHQW�RI�SHGL�

DWULF�OHXNHPLD�GXH�WR�LWV�VLGH�HIIHFWV�GLVFXVVHG�HDUOLHU�LQFOXGLQJ�WR[LFLWLHV

DQG�LPPXQH�UHVSRQVHV� ZKLFK�EHFRPH�VLJQLILFDQWO\�ZRUVH�LQ�DGXOWV� HV�

SHFLDOO\�LQ�WKH�FDVH�RI�LPPXQH�UHVSRQVHV>���@�

7KH�ILUVW�OLQH�WUHDWPHQW�RI�SHGLDWULF�$//LQFOXGHV�(OVSDU�RU�2QFDVSDU�

8VXDOO\� 2QFDVSDU�LV�SUHIHUUHG�E\�FOLQLFLDQV�RZLQJ�WR�LWV�ORQJHU�SODVPD�KDOI�

OLIH�RI�DERXW���GD\V>���@�FRPSDUHG�WR�WKDW�RI�(OVSDU� ZKLFK�LV�DURXQG�D

GD\>���� ���@� ,I�WKHUH�LV�DQ�DOOHUJLF�UHDFWLRQ�DJDLQVW�2QFDVSDU�RU�(OVSDU�

WKH�DVSDUDJLQDVH�LQ�WKH�WUHDWPHQW�UHJLPHQ�LV�VZLWFKHG�WR�(UZLQDVH�EH�

FDXVH�DQWLERGLHV�SURGXFHG�DJDLQVW�LW�DUH�QRW�FURVV�UHDFWLYH>���� ���@� $W

DURXQG����KRXUV� (UZLQDVH�KDV�WKH�VKRUWHVW�SODVPD�KDOI�OLIH�DPRQJ�DOO�WKH

FOLQLFDOO\�DSSURYHG�IRUPXODWLRQV>���@�

����� 3RO\HWK\OHQH� *O\FRO� �3(*� )XQFWLRQDOL]DWLRQ� RI� $V�

SDUDJLQDVH

'XH� WR� LWV� IRUHLJQ� RULJLQ� QDWLYH� /�DVSDUDJLQDVH� LV� LPPXQRJHQLF�

OHDGLQJ�WR�VHYHUH�DOOHUJLF�UHDFWLRQV�VXFK�DV�K\SHUVHQVLWLYLW\�DQG�DQDSK\�

OD[LV� /�DVSDUDJLQDVHV�DOVR�KDYH�D�VKRUW�FLUFXODWLRQ�KDOI�OLIH� WKXV�UHTXLULQJ

IUHTXHQW� UHSHDWHG�DGPLQLVWUDWLRQ�RI�WKH�HQ]\PH>��� ��� ���@� 7R�UHGXFH

LPPXQRJHQLFLW\�RI�IRUHLJQ�SURWHLQV� WKH�FRPPRQ�DSSURDFK�LV�WR�DWWDFK

SRO\HWK\OHQH�JO\FRO��3(*� WR�SURWHLQV>��� ��� ���� ��� ���� ��� ��@� %\�PDVN�

LQJ�WKH�SURWHLQ�VXUIDFH� 3(* UHGXFHV�DQWLERG\�ELQGLQJ�DV�ZHOO�DV�SURWHLQ

GHJUDGDWLRQ�E\�SURWHRO\WLF�HQ]\PHV� 3(* FRQMXJDWLRQ�DOVR�LQFUHDVHV�WKH



��

PROHFXODU�ZHLJKW�RI�WKH�HQ]\PH� UHGXFLQJ�XOWUDILOWUDWLRQ�LQ�WKH�NLGQH\V>��@�

$V� QRWHG� DERYH� 3(*�IXQFWLRQDOL]HG� O�DVSDUDJLQDVH� �2QFDVSDU�

KDV�D�PXFK�ORQJHU�FLUFXODWLRQ�KDOI�OLIH�ZLWK�VLJQLILFDQWO\�OHVV�LPPXQRJHQLF�

LW\�WKDQ�WKH�QDWLYH�HQ]\PH>���� ��@� :KLOH�3(* IXQFWLRQDOL]DWLRQ�LQFUHDVHV

WKH�FLUFXODWLRQ�KDOI�OLIH�RI�O�DVSDUDJLQDVH�DQG�GHOD\V�WKH�IRUPDWLRQ�RI�DQ�

WLERGLHV�WR�WKH�HQ]\PH� LWV�OLPLWDWLRQV�LQFOXGH�WKDW�LW�GRHV�QRW�FRPSOHWHO\

HOLPLQDWH�WKH�HYHQWXDO�SURGXFWLRQ�RI�QHXWUDOL]LQJ�DQWLERGLHV�DQG�FRP�

SURPLVHV�HQ]\PH�DFWLYLW\�

1HYHUWKHOHVV� 3(* IXQFWLRQDOL]DWLRQ�GRHV�QRW�FRPSOHWHO\�SUHYHQW

WKH�ELQGLQJ�RI�DQWL�O�DVSDUDJLQDVH�DQWLERGLHV� &OLQLFDO�VWXGLHV�VKRZ�WKDW

LQWHQVLYH�XVH�RI� O�DVSDUDJLQDVH� UHVXOWV� LQ� LPSURYHG�GLVHDVH�IUHH� VXUYLYDO

LQ�$//>���� ���@� 7KHVH� VWXGLHV�DOVR� LQGLFDWH� WKDW� ����RI� SDWLHQWV�ZKR

UHFHLYHG�(��FROL� O�DVSDUDJLQDVH�SURGXFHG�QHXWUDOL]LQJ�DQWLERGLHV�WR�WKH

HQ]\PH� 7KHVH�QHXWUDOL]LQJ�DQWLERGLHV�ZHUH�FURVV�UHDFWLYH�ZLWK�WKH�3(*�

O�DVSDUDJLQDVH�LQ�����RI�WKH�FDVHV� ZKLFK�UHGXFHG�HQ]\PH�DFWLYLW\� ERWK

E\� SUHYHQWLQJ� WKH� GHSOHWLRQ� RI� DVSDUDJLQH� DQG� E\� DFFHOHUDWLQJ� WKH

FOHDUDQFH�RI� WKH�HQ]\PH>��@� ,Q�SDWLHQWV�ZKR�GR�GHYHORS�DQWLERGLHV

DJDLQVW�O�DVSDUDJLQDVH� ORZHU�UHPLVVLRQ�UDWHV�DUH�REVHUYHG�>���� ��@�

,Q�DGGLWLRQ� WKHUH�DUH�DQWLERGLHV�SURGXFHG�DJDLQVW�3(* WKDW�FDXVH

UDSLG� FOHDUDQFH� RI� 3(*�O�DVSDUDJLQDVH�>���� ���� ���� ���� ��@� &XU�

UHQWO\� DERXW�D�TXDUWHU�RI�WKH�KHDOWK\�SRSXODWLRQ�DOUHDG\�KDYH�DQWLERGLHV

DJDLQVW�3(* �DQWL�3(*�>���@� &RQWLQXRXV�WUHDWPHQW�ZLWK�3(*\ODWHG�SUR�

WHLQV�LQFUHDVHV�WKH�QXPEHU�RI�FDVHV�WKDW�IDLO�DGPLQLVWHUHG�3(*\ODWHG�SUR�

WHLQ�WKHUDSLHV>���� ���� "� ���@� )XUWKHUPRUH� WKH�SUHFLVHO\�GHILQHG�DQG

UHSURGXFLEOH�FRQMXJDWLRQ�RI�3(* WR�SURWHLQV�LV�D�ODERULRXV�DQG�H[SHQVLYH

SURFHVV>���� ��� ��@�

'HVSLWH�VXFK�LPPXQH�UHVSRQVHV�DJDLQVW�O�DVSDUDJLQDVH� WKH�WKHUD�

SHXWLF�UHJLPHQ�LQFOXGLQJ�O�DVSDUDJLQDVH�KDV�FORVH�WR�DQ�����FXUH�UDWH�LQ

SHGLDWULF�$//��SULPDULO\�GXH�WR�WKH�IDFW�WKDW�WKHVH�SDWLHQWV�DUH�DOUHDG\

LPPXQRVXSSUHVVHG� +RZHYHU� WKH� XQVXFFHVVIXO� ���� OLPLWHG�HIIHFWLYH�

QHVV� LQ� DGXOW� $//�� DQG� OLPLWHG� FOLQLFDO� VXFFHVV� IRU� RWKHU� W\SHV� RI� FDQ�



��

FHU�DUH�SULPDULO\�GXH�WR� WKHVH� LPPXQH�UHVSRQVHV�DQG�DVVRFLDWHG�WR[LF

HIIHFWV>���� ���� ��� "� ���@� ZKLFK�VWLOO�KDYH�\HW�WR�EH�DGGUHVVHG�

����� (QFDSVXODWLRQ� RI� /�DVSDUDJLQDVH� ZLWKLQ� 5HG� %ORRG

&HOOV

$QRWKHU�SURPLVLQJ�DSSURDFK�WR�DFKLHYLQJ�SURORQJHG�LQ�YLYR�DFWLY�

LW\�DQG�UHGXFLQJ�DOOHUJLF�UHDFWLRQV�LV�WKH�HQFDSVXODWLRQ�RI�HQ]\PHV�ZLWKLQ

UHG�EORRG�FHOOV��5%&V�>���� ���@� 5%&HQFDSVXODWLRQ�RI�O�DVSDUDJLQDVH�KDV

EHHQ�H[SORUHG�RYHU�VHYHUDO�GHFDGHV>���� ���@�DQG�KDV�VKRZQ�H[WHQGHG

DVSDUDJLQH�GHSOHWLRQ�RI�XS�WR�D�IHZ�ZHHNV� ZKLFK�LV�HYHQ�EHWWHU�WKDQ�WKDW

RI�3(*�O�DVSDUDJLQDVH>��@� ZLWK�YHU\�IHZ�DOOHUJLF�UHDFWLRQV>���� ���� ���@�

7R�SUHSDUH�5%&V�IRU�ORDGLQJ�ZLWK�SD\ORDG� ILUVW� IUHVKO\�FROOHFWHG�EORRG�LV

FHQWULIXJHG� WKLV� LV�IROORZHG�E\�VHYHUDO�ZDVKHV�LQ�LVR�RVPRWLF�VROXWLRQ�WR

UHPRYH�RWKHU�EORRG�FRPSRQHQWV� 9DULRXV�PHWKRGV� LQFOXGLQJ�RVPRVLV�

EDVHG�PHWKRGV� HOHFWURSRUDWLRQ� DQG�GUXJ�LQGXFHG�HQGRF\WRVLV� FDQ�EH

XVHG�WR�ORDG�HQ]\PHV�LQWR�WKH�5%&V>���@�

2VPRVLV�%DVHG�0HWKRGV

7KHVH�PHWKRGV� DUH� EDVHG� RQ� ORDGLQJ� WKH� HQ]\PHV� WKURXJK� WKH

SRUHV�JHQHUDWHG�E\�H[SRVLQJ�5%& PHPEUDQHV�WR�D�K\SRWRQLF�VROXWLRQ

DQG�VXEVHTXHQW�VZHOOLQJ�WKH�FHOOV� 9DULRXV�PHWKRGV�PDNH�XVH�RI�WKLV�SUR�

FHVV� LQFOXGLQJ�K\SRWRQLF�GLOXWLRQ� K\SRWRQLF�SUH�VZHOOLQJ� WKH�RVPRWLF

SXOVH� K\SRWRQLF�KHPRO\VLV� DQG�K\SRWRQLF�GLDO\VLV� +\SRWRQLF�GLDO\VLV�LV

E\�IDU�WKH�PRVW�FRPPRQO\�XVHG�PHWKRG>���� ���@�

,Q� K\SRWKRQLF� GLDO\VLV� WKH� 5%& VXVSHQVLRQ� LV� GLDO\]HG� DJDLQVW� D

K\SR�RVPRWLF�EXIIHU�DW���&��+HUH� WKH�UHVXOWDQW�YDULDWLRQ�FRPHV�IURP�WKH

RVPRODOLW\�RI� WKH�PHGLXP� ZKLFK� UHTXLUHV�D�FRPSURPLVH�EHWZHHQ� WKH

HIILFLHQF\�RI� WKH�HQFDSVXODWLRQ�DQG�WKH� OHDVW�SRVVLEOH�KHPRO\VLV�RI� WKH

GLDO\VHG�5%&V� ,PPHUVLRQ�LQ�K\SRRVPRWLF�EXIIHU� LV� IROORZHG�E\�DQQHDO�

LQJ�RI�5%&V� LQ�DQ� LVR�RVPRWLF�PHGLXP�DQG�UHVHDOLQJ� LQ�D�K\SHURVPRWLF



��

EXIIHU>���@�

+HUH� VHYHUDO� IDFWRUV� DIIHFW� WKH� UHVXOW� LQFOXGLQJ� WKH� WRQLFLW\� RI

WKH� VROXWLRQV� HPSOR\HG� GXUDWLRQ� RI� GLDO\VLV� S+ DQG� WHPSHUDWXUH� RI

WKH� PHGLXP� DQG� FRQFHQWUDWLRQ� RI� WKH� SURWHLQ� LQ� FRQWDFW� ZLWK� WKH

HU\WKURF\WHV>���@�

(OHFWURSRUDWLRQ

,Q� WKLV� PHWKRG� D� VWURQJ� H[WHUQDO� HOHFWULF� ILHOG� LV� DSSOLHG� WR� WKH

5%& PHPEUDQH� UHVXOWLQJ� LQ� SRUHV� WKURXJK� ZKLFK� WKH� HQ]\PHV� DUH

ORDGHG>���@�

'UXJ�,QGXFHG�(QGRF\WRVLV

+HUH� GUXJV�VXFK�DV�SULPDTXLQH� K\GURFRUWLVRQH� YLQEODVWLQH� DQG

FKORUSURPD]LQH� DUH� XVHG� WR� LQGXFH� VWRPDWRF\WH� IRUPDWLRQ� LQ� WKH� FHOO

PHPEUDQH>���@�

,VVXHV�ZLWK�5%& (QFDSVXODWLRQ

5%&V�DUH�KLJKO\�ELRFRPSDWLEOH�DQG�DUH�FDSDEOH�RI�SURYLGLQJ�SUR�

ORQJHG� WKHUDSHXWLF� OHYHOV�RI� WKH�HQ]\PHV� WKH\�FDUU\� 7KH\�HIIHFWLYHO\

SUHYHQW�DFFHVV�RI�DQWLERGLHV�WR�WKH�HQFDSVXODWHG�O�DVSDUDJLQDVH� WKXV

GHOD\LQJ�DQG�UHGXFLQJ�LPPXQH�UHVSRQVHV>���@�

+RZHYHU� DV�5%&V�DUH�RI�ELRORJLFDO�RULJLQ� WKH\�DUH�UHPRYHG�E\�WKH

UHWLFXOR�HQGRWKHOLDO�V\VWHP��5(6���OLPLWLQJ�WKHLU�XVHIXO�OLIH�DQG� DW�WKH�VDPH

WLPH� SRWHQWLDOO\�OHDGLQJ�WR�WR[LFLW\� 1RQHWKHOHVV� GXULQJ�WKH�ORDGLQJ�SUR�

FHVV� WKH�SK\VLRORJ\�RI�WKH�HU\WKURF\WH�PD\�FKDQJH� DFFHOHUDWLQJ�WKHLU

FOHDUDQFH�E\�5(6��&RPSDUHG�WR�RWKHU�FDUULHU�DQG�HQFDSVXODWLRQ�WHFK�

QRORJLHV� 5%&V�SUHVHQW�JUHDWHU�YDULDELOLW\�DQG�OHVV�VWDQGDUGL]DWLRQ�LQ�WKHLU

SUHSDUDWLRQ�GXH�WR�WKHLU�ELRORJLFDO�RULJLQ� $QRWKHU�LVVXH�WKDW�OLPLWV�WKH�VXF�

FHVVIXO�LPSOHPHQWDWLRQ�RI�5%&V�DV�HQ]\PH�FDUULHUV�LQ�WKH�FOLQLF�LV�WKDW�RI

VWRUDJH� 7KH�VWRUDJH�RI�5%&V�UHTXLUHV�DGGLWLRQDO�SURFHVVHV�DQG�DGGLWLYHV
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)LJXUH ���� 0HFKDQLVP� RI� DFWLRQ� RI� 5%& HQFDSVXODWLRQ� RI� O�
DVSDUDJLQDVH>���@



��

WR�LPSURYH�WKHLU�VWDELOLW\� 7KHVH�DGGLWLRQDO�VWHSV�DOWHU�WKH�LQLWLDO�VWUXFWXUH�RI

WKH�5%&V�DQG�DFFHOHUDWH�WKHLU�UHPRYDO�IURP�WKH�FLUFXODWLRQ� 5%&�EDVHG

HQ]\PH�WKHUDSLHV�DUH�DOVR�OLDEOH�WR�ELRORJLFDO�FRQWDPLQDWLRQ�GXH�WR�WKH

RULJLQ�RI�WKH�EORRG� WKH�HTXLSPHQW�XVHG� DQG�H[SRVXUH�WR�WKH�HQYLURQ�

PHQW� 7KHUHIRUH� VWULFW�FRQWURO�LV�UHTXLUHG�GXULQJ�WKH�FROOHFWLRQ� KDQGOLQJ�

DQG� ORDGLQJ�RI�5%&V� ZKLFK�FRPSOLFDWHV�DQG� OLPLWV� WKHLU�XVH� LQ�FOLQLFDO

VHWWLQJV>���� ���� ���� ���� ���@�

����� (QFDSVXODWLRQ�RI�$VSDUDJLQDVH�ZLWKLQ�6+(/6

$OPRVW�DOO�RI�WKH�FXUUHQWO\�DYDLODEOH�HQ]\PDWLF�WKHUDSLHV�DUH�EDVHG

RQ� FLUFXODWLQJ� HQ]\PHV>�� �� ���� ���@� 2QFH� DQ� LPPXQH� UHVSRQVH� LV

JHQHUDWHG� UHVXOWLQJ�LQ�VSHFLILF�DQWLERG\�SURGXFWLRQ� DQWLERGLHV�ELQG�WR

WKH�HQ]\PHV�DQG�FDXVH�WKHP�WR�EH�FOHDUHG�RU�QHXWUDOL]HG>��� ��@� 2QH

ZD\�RI�SUHYHQWLQJ�WKH�LPPXQH�UHVSRQVH�LV�HQFDSVXODWLQJ�HQ]\PHV�ZLWKLQ

QDQRSDUWLFOHV� ZKLFK�SUHYHQWV�WKH�DFFHVV�RI�DQWLERGLHV�WR�WKH�HQ]\PH�

6\VWHPLF� /�DVSDUDJLQH� 'HSOHWLRQ� ZLWK� /RFDOL]HG� 6+(/6 (QFDSVXODWLQJ

$VSDUDJLQDVH

:H�SURSRVH�WKH�XVH�RI�ORFDOL]HG�6+(/6 ORDGHG�ZLWK�DVSDUDJLQDVH

�6+(/6SDU�� WR�DFKLHYH� V\VWHPLF�HIIHFWV� $OWKRXJK� WKH�XVH�RI� ORFDOL]HG

QDQRSDUWLFOHV� WR� DFKLHYH� V\VWHPLF� HIIHFWV� LV� XQFRQYHQWLRQDO� WKLV� DS�

SURDFK�KDV�D�QXPEHU�RI�EHQHILWV�FRPSDUHG�WR�V\VWHPLF�DGPLQLVWUDWLRQ

RI�QDQRSDUWLFOHV� )LUVW� LW�DOORZV�PRUH�PDQDJHDEOH�DQG�SUHGLFWDEOH� LQ

YLYR�GLVWULEXWLRQ�DQG�FLUFXODWLRQ�RI�QDQRSDUWLFOH� 6HFRQG� ORFDOL]HG�DFWLY�

LW\�HQDEOHV�PRUH�VWDEOH�LQ�YLYR�HQ]\PH�NLQHWLFV� DV�FRPSOLFDWHG�YDULDWLRQV

FDXVHG�E\�WKH�DFFXPXODWLRQ�RI�QDQRSDUWLFOHV�DW�WKH�FOHDUDQFH�RUJDQV

DUH�HOLPLQDWHG�WR�D�JUHDW�H[WHQW� 7KLV�DSSURDFK�RIIHUV�D�PRUH�VWUDLJKWIRU�

ZDUG�DQG�JRYHUQDEOH�VROXWLRQ�IRU�DOUHDG\�FRPSOLFDWHG�LQ�YLYR�DSSOLFD�

WLRQV�

7KLV�EULQJV�WZR�PDLQ�TXHVWLRQV�WR�PLQG�
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�� +RZ�LV�HQ]\PH�DFWLYLW\�LQIOXHQFHG�E\�HQFDSVXODWLRQ"

�� ,V�LW�SRVVLEOH�WR�DFKLHYH�V\VWHPLF�HIIHFWV�ZLWK�ORFDOL]HG�HQ]\PHV

HQFDSVXODWHG�ZLWKLQ�QDQRSDUWLFOHV"

7KHVH�TXHVWLRQV�DUH�DQVZHUHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

7KH�(IIHFWV�RI�6+(/6 (QFDSVXODWLRQ�RQ�/�DVSDUDJLQDVH�$FWLYLW\

7R�GHWHUPLQH�ZKHWKHU� HQ]\PHV� HQFDSVXODWHG� LQ� D� QDQRSDUWLFOH

DUH�LQ�D�IUHH�VWDWH�ZLWKLQ�WKH�KROORZ�LQWHULRU� HPEHGGHG�ZLWKLQ�WKH�VKHOO� RU

DGVRUEHG�RQ�WKH�LQWHULRU�RI�WKH�VKHOO� WKH�NLQHWLF�SDUDPHWHUV�&KHQ�HW�DO�

������RI�HQFDSVXODWHG�DQG�IUHH�(��FROL�/�DVSDUDJLQDVH�ZHUH�FRPSDUHG

�)LJXUH ����� ERWK�IUHH�DQG�HQFDSVXODWHG�/�DVSDUDJLQDVH�IROORZHG�VLPL�

ODU�0LFKDHOLV�0HQWHQ�NLQHWLFV>���@� 7KH�PD[LPXP�UHDFWLRQ�UDWH�DFKLHYHG

E\�WKH�HQ]\PH�VXEVWUDWH�V\VWHP�DW�WKH�VDWXUDWLQJ�VXEVWUDWH�FRQFHQWUD�

WLRQ� 9max� ZDV������� µ0�PLQ�IRU�WKH�HQFDSVXODWHG�HQ]\PH�DQG�������

µ0�PLQ�IRU�IUHH�HQ]\PH� 7KH�0LFKDHOLV�FRQVWDQW� .m� ZDV�FDOFXODWHG�DV

���������P0 IRU�HQFDSVXODWHG�/�DVSDUDJLQDVH�DQG����������IRU�IUHH�/�

DVSDUDJLQDVH� 7KH� WXUQRYHU�QXPEHU� Ncat� ZDV�GHULYHG�DV������� IRU� WKH

HQFDSVXODWHG�HQ]\PH�DQG�������IRU�IUHH�HQ]\PH� 7KLV�VLPLODU�EHKDYLRU�DV

YHULILHG�XVLQJ�PXOWLSOH�FRQVWDQWV�PLJKW� LQGLFDWH�WKDW�WKH�PDMRULW\�RI�WKH

HQFDSVXODWHG�HQ]\PH�LV�DW�D�IUHH�VWDWH�ZLWKLQ�WKH�QDQRSDUWLFOH
V�KROORZ

LQWHULRU�

LQ�YLYR�/�DVSDUDJLQDVH�'HSOHWLRQ�ZLWK�6+(/6SDU�,QWURGXFHG�,QWUDPXVFX�

ODUO\

7R� LOOXVWUDWH�WKH�DFWLYLW\�RI�6+(/6 LQ�D�WKHUDSHXWLFDOO\�UHOHYDQW�VHW�

WLQJ� /�DVSDUDJLQDVH�ORDGHG�6+(/6 ZHUH�SUHSDUHG� )RU�RYHU����\HDUV� /�

DVSDUDJLQDVH� IURP�(��FROL�KDV�EHHQ�XVHG� WR� WUHDW�DFXWH� O\PSKREODVWLF

OHXNHPLD��$//� LQ�RUGHU�WR�GHSOHWH�FLUFXODWLQJ�/�DVSDUDJLQH� ZKLFK� XQOLNH

ZLWK�QRUPDO�FHOOV� FDQQRW�EH�V\QWKHVL]HG�E\�OHXNHPLF�FHOOV� /�DVSDUDJLQH

LV�FRQYHUWHG�LQWR�DVSDUWLF�DFLG�DQG�DPPRQLD�E\�/�DVSDUDJLQDVH
V�VHOHF�



��

)LJXUH ���� FLUFOHV� 0LFKHDOLV�0HQWHQ�SORW�RI�(/63$5 HQFDSVXODWHG�ZLWKLQ
6+(/6 �6+(/63$5���GLDPRQGV� IUHH�(/63$5�



��

WLYH�VWDUYLQJ�RI�OHXNHPLF�FHOOV� FDXVLQJ�FHOO�GHDWK>�@� ,PPXQH�UHVSRQVHV

JHQHUDWHG� DJDLQVW� WKH� /�DVSDUDJLQDVH� DUH� D� VLJQLILFDQW� FOLQLFDO� SURE�

OHP�DQG�FDQ�FDXVH�UDSLG�QHXWUDOL]DWLRQ�DQG�FOHDUDQFH�RI�WKH�HQ]\PH

DV�ZHOO�DV�VLJQLILFDQW�VLGH�HIIHFWV� VXFK�DV�K\SHUVHQVLWLYLW\� UHDFWLRQV�DQG

DQDSK\OD[LV>��� ��� �@� %HFDXVH�DQ�H[WHQGHG�UHVLGHQFH�WLPH�LQ�WLVVXH�ZDV

REVHUYHG�ZLWK�LQWUDPXVFXODU�LQMHFWLRQ�SUHYLRXVO\� WKLV�URXWH�RI�DGPLQLVWUD�

WLRQ�ZDV�FKRVHQ�IRU�WHVWLQJ�WKH�V\VWHPLF�GHSOHWLRQ�RI�/�DVSDUDJLQH�ZLWK

HLWKHU�IUHH�HQ]\PH�RU�6+(/6 FRQWDLQLQJ�WKH�HQ]\PH� ,Q�ERWK�FDVHV� WKH

FOLQLFDOO\�DSSURYHG�HQ]\PH� EUDQG�QDPH�(OVSDU� ZDV�XVHG� DQG�WKH�VDPH

WRWDO�HQ]\PH�DFWLYLW\����,8� ZDV�DGPLQLVWHUHG�WR�DOO�PLFH� 7KH�GXUDWLRQ�RI

/�DVSDUDJLQH�GHSOHWLRQ�E\�HTXLYDOHQW�DPRXQWV�RI�(OVSDU� LQ�HLWKHU�QDLYH

�)LJXUH ���$� RU�SDVVLYHO\�LPPXQL]HG��)LJXUH ���%� PLFH�ZDV�GHWHUPLQHG�

,Q�QDLYH�PLFH� IUHH�HQ]\PH�UDSLGO\�GHSOHWHG�WKH�VHUXP�/�DVSDUDJLQH�DQG

NHSW�LW�DW�XQGHWHFWDEOH�OHYHOV�IRU�DW�OHDVW�WZR�GD\V� %\�GD\�ILYH�WKH�VHUXP

/�DVSDUDJLQH�KDG�UHFRYHUHG�FRPSOHWHO\� (OVSDU�JLYHQ� LQ�6+(/6 �6+(/6�

(OVSDU��SURGXFHG�D�PRUH�GXUDEOH�/�DVSDUDJLQH�GHSOHWLRQ�RI�JUHDWHU�WKDQ

ILYH�GD\V��)LJXUH ���$���:KHQ�QHXWUDOL]LQJ�DQWL�/�DVSDUDJLQDVH�DQWLERGLHV

�)LJXUH �����ZHUH�JLYHQ�EHIRUH� IUHH�(OVSDU� /�DVSDUDJLQH�GHSOHWLRQ�ZDV

QRW�REVHUYHG��)LJXUH ���%���+RZHYHU� 6+(/6�(OVSDU�ZDV�FRPSOHWHO\�XQDI�

IHFWHG�E\� WKH�SULRU� LQWURGXFWLRQ�RI�QHXWUDOL]LQJ�DQWLERGLHV� �)LJXUH ���%�

YHULI\LQJ�WKH�SURWHFWHG�RSHUDWLRQ�RI�HQ]\PHV� LQ�D�WKHUDSHXWLFDOO\� UHOH�

YDQW�LQ�YLYR�VHWWLQJ� )XQFWLRQDOL]DWLRQ�RI�6+(/6 SDUWLFOH�VXUIDFH�WR�LPSURYH

WLVVXH�UHWHQWLRQ� UHGXFH�FHOO�XSWDNH� DQG�LPSURYH�SURWHLQ�ELQGLQJ�ZLWKRXW

DIIHFWLQJ�HQFDSVXODWHG�HQ]\PH�DFWLYLW\�PLJKW�IXUWKHU�SURORQJ�WKH�LQ�YLYR

DFWLYLW\�

$QWL�7XPRU�(IILFDF\�RI�6+(/6SDU

$V� GLVFXVVHG� HDUOLHU� YDULRXV� W\SHV� RI� WXPRUV� DUH� VHQVLWLYH� WR� DV�

SDUDJLQH�GHSOHWLRQ� $PRQJ�WKRVH� RI�WKH�PRVW�LPSRUWDQW�RQHV�IRU�VROLG

WXPRUV�LV�SDQFUHDWLF�FDQFHU� 6SHFLILFDOO\� 3DQF2��FHOOV�DUH�NQRZQ�WR�EH

VHQVLWLYH�WR�DVSDUDJLQDVH�GHSOHWLRQ� $V�VXFK� KHUH�ZH�KDYH�XVHG�D�VXE�



��

)LJXUH ���� LQ� YLYR� O�DVSDUDJLQDVH� GHSOHWLRQ� LQ� PLFH� �$� ,Q� YLYR� O�
DVSDUDJLQH�GHSOHWLRQ�LQ�QDLYH�PLFH� )UHH�(OVSDU��FLUFOHV��DQG�6+(/6�(OVSDU
�GLDPRQGV��ZHUH�LQMHFWHG�LQWUDPXVFXODUO\�LQWR�QDLYH�PLFH�ZLWK�HTXLYDOHQW
XQLWV�RI�DFWLYLW\� 6HUXP�/�DVSDUDJLQH�OHYHO�SUH��DQG�SRVW�LQMHFWLRQ�XS�WR��
GD\V�ZDV�PHDVXUHG� �%� ,Q�YLYR�/�DVSDUDJLQH�GHSOHWLRQ�LQ�SDVVLYHO\� LP�
PXQL]HG�PLFH� )UHH�(OVSDU��FLUFOHV��DQG�6+(/6�(OVSDU��GLDPRQGV��ZHUH�LQ�
MHFWHG�LQWUDPXVFXODUO\�WR�SDVVLYHO\�LPPXQL]HG�PLFH�ZLWK�HTXLYDOHQW�XQLWV
RI�DFWLYLW\� 6HUXP�/�DVSDUDJLQH�OHYHO�SUH��DQG�SRVW��LQMHFWLRQ�XS�WR���GD\V
ZDV�PHDVXUHG� (UURU�EDUV�FRUUHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW
WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

)LJXUH ���� 1HXWUDOL]DWLRQ�DVVD\�LQ�WKH�SUHVHQFH�RI�UDEELW�SRO\FORQDO�DQWL�
ERGLHV�DJDLQVW�(OVSDU�LQ��; 3%6��7KH�DFWLYLW\�RI�HDFK�GDWD�SRLQW�ZDV�DG�
MXVWHG�WR ����8,�PO�EHIRUH�WKH�LQWURGXFWLRQ�RI�DQWLERGLHV� 5HPDLQLQJ�DFWLY�
LW\��\�D[LV��LQ�WKH�SUHVHQFH�RI�YDULRXV�FRQFHQWUDWLRQV�RI�DQWLERGLHV��[�D[LV�
ZDV�PHDVXUHG� &LUFOHV� IUHH�(OVSDU� GLDPRQGV� 6+(/6�(OVSDU� (UURU�EDUV�FRU�
UHVSRQG�WR�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW�WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

FXWDQHRXV�PRGHO�RI�SDQFUHDWLF�FHOOV�DV�SURRI�RI�FRQFHSW�RI�WKH�HIILFDF\

RI�6+(/6SDU�DJDLQVW�FDQFHU�FHOOV�

$V�DVSDUDJLQH�UHPDLQV�GHSOHWHG�E\�GD\���ZLWK��8 RI�6+(/6SDU� ZLWK

DVSDUDJLQH�UHWXUQLQJ�FORVH�WR�LWV�VWDUWLQJ�OHYHO�LQ�WKH�IROORZLQJ�WKUHH�GD\V�

ZH�LQMHFWHG��8 RI�6+(/6SDU�HYHU\�ILYH�GD\�WR�NHHS�WKH�DVSDUDJLQH�OHYHO

FRQVLVWHQWO\�ORZ�

$V�VKRZQ�LQ�)LJXUH�)LJXUH ����� ZKHQ�FRPSDUHG�WR�WKH�VDOLQH�FRQ�

WURO� LPPHGLDWHO\�DIWHU�DGGLWLRQ�RI�6+(/6SDU� ZH�REVHUYHG�DQ�LPPHGLDWH

UHGXFWLRQ�LQ�WKH�UDWH�RI�WXPRU�JURZWK�IROORZHG�E\�D�UHPLVVLRQ�DIWHU�DURXQG

WKH�WKLUG�LQMHFWLRQ�

7KLV� UHVXOW� LV� LPSRUWDQW� LQ�PXOWLSOH�ZD\V� DQG�VKRZV� WKDW� ORFDOL]HG

SDUWLFOHV�FDQ�DFKLHYH�D�V\VWHPLF�HIIHFW�DQG�WKXV�HIILFDF\�DJDLQVW�D�OR�

FDOL]HG�WXPRU� 7KLV�UHVXOW�KDV�YDULRXV�EHQHILWV� )LUVW� VHOHFWLYLW\�LV�DFKLHYHG

E\�ELRORJ\�DQG�QRW�E\�SK\VLFDO�FRQILQHPHQW�RI�WKH�SDUWLFOHV�DW�WKH�WXPRU

VLWH� 6HFRQG� LW�KDV�PRUH�PDQDJHDEOH�GLVWULEXWLRQ�DQG�FLUFXODWLRQ�NLQHW�

LFV� 7KLUG� LW�GHPRQVWUDWHV�UDWKHU�VWDEOH�DFWLYLW\�FRPSDUHG�WR�FLUFXODWLRQ

KDOI�OLIH� ZKLFK�KDV�D�GHFD\LQJ�UHVSRQVH� :KDW�PDWWHUV�KHUH�LV�WKH�DUHD

XQGHU�WKH�FXUYH�

:KHQ�DOO�WKHVH�WHFKQLTXHV�DUH�FRQVLGHUHG� WKH�XVH�RI�6+(/6 FRP�

SDUHG� WR� RWKHU� HQ]\PH�HQFDSVXODWLRQ� DSSURDFKHV� KDV� VHYHUDO� RWKHU

EHQHILWV� 7R�DFKLHYH�D�V\VWHPLF�HIIHFW� WKH�DPRXQW�RI�HQ]\PH�HQFDSVX�

ODWHG�ZLWKLQ�WKH�QDQRSDUWLFOH�EHFRPHV�LPSRUWDQW� ZLWK�WKLV�DPRXQW�OLP�

LWHG�E\�WKH�FDUULHU�PDWHULDOV� 7KXV� WKH�DPRXQW�RI�FDUULHU�PDWHULDO�SHU�HQ�

]\PH�LV�DQ�LPSRUWDQW�IHDWXUH�WR�FRQVLGHU�PDNLQJ�KLJK�HQWUDSPHQW�FDSDF�

LW\�RI�6+(/6 DQ�LPSRUWDQW�DGYDQWDJH�FRPSDUHG�WR�RWKHU�HQFDSVXODWLRQ

WHFKQRORJLHV� $QRWKHU�DGYDQWDJH�LV�WKDW�EHFDXVH�FKHPRWKHUDSHXWLFV

DUH�OLNHO\�WR�UHTXLUH�PXOWLSOH�HQ]\PH�DGPLQLVWUDWLRQV�LQ�RUGHU�WR�EH�HIIHF�

WLYH� WKH�IDFW�WKDW�6+(/6 DUH�LQ�D�KROORZ�VKHOO�IRUP�DQG�WKXV�KDYH�JRRG

FOHDUDQFH�G\QDPLFV�DQG�D�UHODWLYHO\�ORQJ�ELRORJLFDO�DFWLYLW\�PD\�UHVXOW

LQ�IHZHU�HQ]\PH�LQMHFWLRQV�EHLQJ�QHHGHG� $W�WKH�VDPH�WLPH� 6+(/6 ZLOO

SURYLGH�SURWHFWLRQ�IURP�WKH�LPPXQH�V\VWHP� DOWKRXJK�VRPH�LPPXQH�UH�



��

VSRQVH�ZLOO�VWLOO�EH�JHQHUDWHG�

��� 0HWKRGV

����� /DEHOLQJ�$VSDUDJLQDVH�ZLWK�&\�

$ SURWRFRO�VLPLODU�WR�SHQLFLOOLQDVH�ODEHOLQJ�ZDV�IROORZHG�IRU�WKH�OD�

EHOLQJ�RI�DVSDUDJLQDVH�

����� 0HDVXUHPHQW�RI�$FWLYLW\�RI�3HQLFLOOLQDVH�ZLWK�&&)�

$FWLYLW\�LV�PHDVXUHG�LQ������QRUPDO�PRXVH�VHUXP�DV�WKH�LQLWLDO�UDWH

RI� LQFUHDVH�RI�WKH�UDWLR�RI�EOXH�IOXRUHVFHQFH������QP��WR�JUHHQ�IOXRUHV�

FHQFH������QP��ZLWK�H[FLWDWLRQ�DW�����QP�

����� 1HVVOHU
V�$VVD\�IRU�WKH�0HDVXUHPHQW�RI�$VSDUDJLQDVH

$FWLYLW\

2QH� KXQGUHG� PLFUROLWHUV� RI� DVSDUDJLQDVH� DQG� DVSDUDJLQH� VROX�

WLRQ� ZDV� UHDFWHG� DW� ���&�� IROORZHG� E\� VWRSSLQJ� ZLWK� ��� µO� RI� ��

WULFKORURDFHWLF�DFLG� 7ZHQW\�PLFUROLWHUV�RI�1HVVOHU
V�UHDJHQW�ZDV�DGGHG

WR�HDFK�UHDFWLRQ�DW���PLQ� DQG�DEVRUEDQFH�DW�����QP�ZDV�PHDVXUHG�DW

���& RQ�D�7HFDQ��6ZLW]HUODQG��,QILQLWH�����352 3ODWH�UHDGHU� (Q]\PH�DF�

WLYLW\�ZDV�TXDQWLILHG�EDVHG�RQ�WKH�VWDQGDUG�FXUYH�RI�DPPRQLD�REWDLQHG

E\�1HVVOHU
V�UHDJHQW�

����� (Q]\PH�.LQHWLFV�&DOFXODWLRQV

(Q]\PH�NLQHWLFV�ZDV�DQDO\]HG�XVLQJ�3ULVP���6RIWZDUH�E\�*UDSKSDG

6RIWZDUH�,QF�



��

)LJXUH ���� $QWL�WXPRU�HIILFDF\�RI�6+(/6SDU�LQ�WKH�3DQF2��PRXVH�PRGHOV�
7XPRU�EHDULQJ�PLFH�ZHUH�WUHDWHG�VWDUWLQJ�IURP�D�WXPRU�YROXPH�RI�����
mm3� 7KH�VXEFXWDQHRXV�WXPRU�YROXPH�ZDV�PHDVXUHG�E\�FDOLSHU�DQG�FDO�
FXODWHG�DV�PHDQ���6(0��<�D[LV�UHSUHVHQWV�WKH�YROXPH�RI�WKH�WXPRU��PHDQ
��6(0���DQG�;�D[LV�UHSUHVHQWV�WKH�QXPEHU�RI�GD\V�IROORZLQJ�WKH�WUHDWPHQW
VWDUW�GD\� &RQWURO�LV�VDOLQH� DQG�6+(/6SDU�FRUUHVSRQGV�WR���XQLWV�RI�DFWLYLW\
DQG �[1012 SDUWLFOHV�LQMHFWHG�HYHU\���GD\V�



��

��� 0HWKLRQLQDVH� (QFDSVXODWHG� ZLWKLQ� 6+(/6�

PHW6+(/6

����� 0HWKLRQLQDVH�'HSOHWLRQ�DV�D�7KHUDSHXWLF�$SSURDFK

'HSOHWLRQ�RI�WKH�DPLQR�DFLG�PHWKLRQLQH�KDV�EHHQ�VKRZQ�WR�EH�HI�

IHFWLYH�LQ�WKH�WUHDWPHQW�RI�PDQ\�W\SHV�RI�FDQFHU>�� ��� ���� ���� ���� ���@�

7KH� VHQVLWLYLW\� RI� FDQFHU� FHOOV� WR� PHWKLRQLQH� GHSOHWLRQ� LV� EDVHG

RQ� WKUHH�PDLQ� UHDVRQV� )LUVW� PHWKLRQLQH�GHSHQGHQW� FDQFHU� FHOO� OLQHV

SUHVHQW�HLWKHU�ORZ�DPRXQWV�RI�PHWKLRQLQH�V\QWKDVH� WKH�SULQFLSDO�HQ]\PH

RI�DOO�PDPPDOLDQ�FHOOV� RU�ORZ�DFWLYLW\�RI�PHWKLRQLQH�V\QWKDVH>���� ���@�

6HFRQG� WKH�VHQVLWLYLW\�RI�FDQFHU�FHOOV�WR�PHWKLRQLQH�GHSOHWLRQ�LV�EDVHG

RQ�GHOHWLRQ�RI� WKH�JHQHV�&'.1�$ �p16INK4a��DQG�PHWK\OWKLRDGHQRVLQH

SKRVSKRU\ODVH� �07$3���ERWK�RI�ZKLFK�DUH�FR�ORFDWHG�RQ�FKURPRVRPH

�S��>���� ���� ���� ���@� 7KH� GHOHWLRQ� RI�07$3 PDNHV� FHOOV� K\SHUVHQ�

VLWLYH� WR� WKH�GHSOHWLRQ�RI�PHWKLRQLQH� ZKLFK� LV�DQ�HVVHQWLDO�DPLQR�DFLG

REWDLQHG�RQO\�WKURXJK�GLHW� 0DQ\�FDQFHU�FHOOV� HVSHFLDOO\�VROLG�WXPRUV�

KDYH�K\SHUVHQVLWLYLW\�WR�PHWKLRQLQH�GHSOHWLRQ>���� ���� ���@�7KH�GHOHWLRQ

RI�&'.1�$ LV�RQH�RI�WKH�PRVW�FRPPRQ�PXWDWLRQV�HQFRXQWHUHG�LQ�FDQ�

FHU� DQG�LV�SDUWLFXODUO\�VHHQ�LQ�PHODQRPD� SDQFUHDWLF�DGHQRFDUFLQRPD�

JOLREODVWRPD� QRQ�VPDOO�FHOO�OXQJ�FDQFHU� EODGGHU�FDUFLQRPD� DQG�VRPH

OHXNHPLDV>���@� 7KLUG�UHDVRQ�LV�EDVHG�RQ�WKH�K\SRWKHVLV�WKDW�FDQFHU�FHOOV

UHTXLUH�PRUH�PHWKLRQLQH�FRPSDUHG�WR�QRUPDO�FHOOV�EHFDXVH�RI�LQFUHDVHG

SURWHLQ�V\QWKHVLV�DQG�WUDQVPHWK\ODWLRQ�UHDFWLRQV>���� ���@�

0RUHRYHU� LW�ZDV�GLVFRYHUHG�WKDW�PHWKLRQLQH�GHSOHWLRQ�SURGXFHV

FHOO�DUUHVW�LQ�WKH�6 DQG�*��SKDVHV�RI�WKH�FHOO�F\FOH� LW�LV�DW�WKHVH�SKDVHV

WKDW� PDQ\� F\WRWR[LF� GUXJV� VXFK� DV� SDFOLWD[HO� DUH� WKH� PRVW� HIIHFWLYH�

WKXV�PDNLQJ�PHWKLRQLQH�GHSOHWLRQ�SHUIHFW�IRU�FRPELQDWRULDO�WKHUDSHXWLF

DSSURDFKHV>���� ���� ���@�

$V�D�SURPLVLQJ�DQWL�FDQFHU�DJHQW� UHFRPELQDQW�PHWKLRQLQDVH�IURP

3VHXGRPRQDV�SXWLGD�HQWHUHG�SKDVH�, FOLQLFDO�WULDOV�DQG�ZDV�IRXQG�WR�EH



��

VDIH>���� ���@� $OWKRXJK� WKLV�DJHQW�ZDV� VDIH� LWV�EHQHILFLDO�PHWKLRQLQH

GHSOHWLRQ�FRXOG�RQO\�EH�DFKLHYHG�IRU�D�VKRUW�WLPH� DQG�WKH�DJHQW�ZDV

WKXV�LQVXIILFLHQW�IRU�WKHUDSHXWLF�HIILFDF\�

,QLWLDOO\� UDSLG�FOHDUDQFH�GXH�WR�LPPXQH�UHVSRQVHV�DJDLQVW�WKH�IRU�

HLJQ�HQ]\PH�ZDV�WKRXJKW�WR�EH�WKH�SULPDU\�UHDVRQ�EHKLQG�WKLV�VKRUW�GH�

SOHWLRQ�GXUDWLRQ� 7R�UHGXFH�LPPXQH�UHVSRQVHV�JHQHUDWHG�DJDLQVW�WKH�XQ�

PRGLILHG�HQ]\PH� D�3(*\ODWHG�IRUP�RI�PHWKLRQLQDVH�ZDV�GHYHORSHG�DQG

HQWHUHG�SULPDWH�SUH�FOLQLFDO� VWXGLHV� ZKLFK�DOVR� IDLOHG�WR�VKRZ�GXUDEOH

GHSOHWLRQ>���@�

,W�ZDV�HYHQWXDOO\�GLVFRYHUHG�WKDW�WKH�VKRUW�GXUDWLRQ�RI�PHWKLRQLQH

GHSOHWLRQ�ZDV�FDXVHG�E\�LQDFWLYDWLRQ�RI�WKH�HQ]\PH�WKURXJK�UDSLG�ORVV�RI

WKH�FRIDFWRU� S\ULGR[DO��
�SKRVSKDWH��3/3���WR�EORRG�SURWHLQV>���@� :KHQ

3/3 ZDV�VXSSOLHG�DW�VXSHU�SK\VLRORJLFDO� OHYHOV�E\�D�PLQL�RVPRWLF�SXPS

LQ�PRXVH� VWXGLHV� HQ]\PH�DFWLYLW\�ZDV� UHVWRUHG� VXSSRUWLQJ� WKH� QRWLRQ

WKDW�WKH�SULPDU\�UHDVRQ�IRU�WKH�UDSLG�ORVV�RI�DFWLYLW\�ZDV� LQ�IDFW� FRIDFWRU

ORVV>��@�

3/3��DOVR�FDOOHG�YLWDPLQ�%�� LV�FRYDOHQWO\�ERXQG�WR�D�O\VLQH�VLGH�FKDLQ

RI�HQ]\PH� 'XULQJ�WKH�UHDFWLRQ�RI�PHWKLRQLQH�ZLWK�PHWKLRQLQDVH� 3/3 LV

WUDQVIHUUHG�WR�PHWKLRQLQH�WKDW�UHDVVRFLDWHV�ZLWK�WKH�HQ]\PH�IROORZLQJ�WKH

UHVROXWLRQ�RI�WKH α� γ HOLPLQDWLRQ�UHDFWLRQV>���@�

+RZHYHU� GXH�WR�WKH�KLJK�DIILQLW\�RI�3/3 WR�KXPDQ�DOEXPLQ>��� ���@�

3/3 LV�VHTXHVWHUHG�E\�DOEXPLQ�DQG�EHFRPH�XQDYDLODEOH�WR�WKH�HQ]\PH�

FDXVLQJ�UDSLG�ORVV�RI�DFWLYLW\�

����� 0HWKLRQLQDVH�(QFDSVXODWHG�ZLWKLQ�6+(/6 �PHW6+(/6�

7KH�HQFDSVXODWLRQ�RI�PHWKLRQLQDVH�KDV�D�QXPEHU�RI�EHQHILWV� )LUVW�

HQFDSVXODWLRQ�ZRXOG�SURWHFW�PHWKLRQLQDVH�IURP�WKH�LPPXQH�UHVSRQVH�

VLPLODU�WR�DVSDUDJLQDVH� 6HFRQG� HQFDSVXODWLRQ�ZRXOG�QRW�RQO\�SUHYHQW

WKH�DFFHVV�RI�DQWLERGLHV�WR�WKH�HQ]\PH�EXW�DOVR�WKH�DFFHVV�RI�DOEXPLQ

WR�WKH�HQ]\PH� 7KHUHIRUH� WKH�XVH�RI�6+(/6 ZRXOG�FUHDWH�DQ�HQYLURQPHQW

LQ�ZKHUH�WKHUH�LV�D�KLJK�FRQFHQWUDWLRQ�RI�HQ]\PHV�DQG�3/3 ZLWKRXW�DOEX�
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PLQ� 7KLUG� 3/3 ORVV�PD\�EH�UHGXFHG�EHFDXVH�ZKHQ�3/3 LV�UHOHDVHG� LW�LV

PRUH�OLNHO\�WR�EH�FDSWXUHG�E\�DQRWKHU�PHWKLRQLQDVH�EHIRUH�LW�OHDYHV�WKH

QDQRSDUWLFOH
V�KROORZ�LQWHULRU�

3UHOLPLQDU\� VWXGLHV� ZLWK� D� UHFRPELQDQW� PHWKLRQLQDVH� SURGXFHG

IURP�D�FXVWRP�H[SUHVVLRQ�YHFWRU�KDYH�VKRZQ�WKDW�PHWKLRQLQDVH�HQFDS�

VXODWHG�ZLWKLQ�6+(/6 UHWDLQHG�LWV�DFWLYLW\�LQ�WKH�UHDFWLRQ�PHGLD�WKDW�FRQ�

WDLQV�3/3 ZLWK�D�FRQFHQWUDWLRQ�RI��� µ0 �)LJXUH ����� $FWLYLW\�LV�PHDVXUHG

E\�WKH�SURGXFWLRQ�RI α�NHWREXW\UDWH� ZKLFK�KDV�DQ�DEVRUEDQFH�DW����

QP>���@� )XUWKHUPRUH� LQ�WKH�DEVHQFH�RI�DGGLWLRQDO�3/3 LQ�WKH�UHDFWLRQ

PHGLD� WKH�HQFDSVXODWHG�HQ]\PH�UHWDLQHG�FRQVLGHUDEO\�PRUH�DFWLYLW\�

7KLV�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�KDYLQJ�D�KLJK�FRQFHQWUDWLRQ�RI�HQ]\PH

ZLWKLQ�WKH�QDQRSDUWLFOH
V�KROORZ�LQWHULRU�ZLOO�UHGXFH�WKH�H[WHQVLYH�GLIIXVLRQ

RI�3/3 RXW�RI�WKH�LQWHULRU�

)RU� WKH�HYDOXDWLRQ�RI� LQ� YLYR�DFWLYLW\�RI�PHW6+(/6 ZH�FRPSDUHG

WKHVH�SDUWLFOHV�ZLWK�DQ�HTXLYDOHQW�GRVH�RI�IUHH�PHWKLRQLQDVH� 0LFH�ZHUH

LQMHFWHG� LQWUDPXVFXODUO\� DQG� VHUXP�PHWKLRQLQDVH� ZDV� PHDVXUHG� RYHU

WLPH��)LJXUH ����� :KLOH�FRPSOHWH�PHWKLRQLQH�GHSOHWLRQ�ZDV�QRW�REVHUYHG

ZLWK�HLWKHU�WKH�HQFDSVXODWHG�RU�IUHH�HQ]\PH� PRVW�OLNHO\�GXH�WR�D�ORZ�LQL�

WLDO�GRVH�RU�EHFDXVH�ZH�PD\�KDYH�PLVVHG�WKH�GLS�LQ�WKH�PHWKLRQLQH�OHYHO�

PHW6+(/6 ZLWK�DQ�DFWLYLW\�RI�����8, PDLQWDLQHG�D�URXJKO\�����GHSOHWLRQ�RI

PHWKLRQLQH� LQWHUHVWLQJO\� WKH� VDPH�GHSOHWLRQ� LQLWLDOO\�SURGXFHG�E\� WKH

IUHH�HQ]\PH�ZLWK���8, ZDV�QR�ORQJHU�REVHUYHG�DIWHU����KRXUV�

7KH�PHWKLRQLQDVH�XVHG�LQ�WKHVH�H[SHULPHQWV�LV�SXULILHG�DQG�VWRUHG

ZLWK���µ0 3/3 WR�HQVXUH�WKDW�DOO�RI�WKH�HQ]\PH�LV�KROR�HQ]\PH�ZLWK�ERXQG

3/3��2XU�SUHOLPLQDU\�GDWD�KDYH�HVWDEOLVKHG�WKDW�3/3 LV�ORVW�DV�WKH�UHDFWLRQ

SURFHHGV�LI�WKHUH�LV�QR�VXSSOHPHQWDO�FRIDFWRU� DOWKRXJK�WKLV�ORVV�LV�VORZHG

LQ�6+(/6��7KRVH�H[SHULPHQWV�ZHUH�SHUIRUPHG�ZLWK�GLDO\]HG�HQ]\PH� VR�WKH

RQO\�VRXUFH�RI�3/3 ZDV�WKDW�ERXQG�WR�WKH�HQ]\PH�

7KLV�UHVXOW�LV� WR�RXU�NQRZOHGJH� WKH�ILUVW�GHPRQVWUDWLRQ�RI�VXVWDLQHG

PHWKLRQLQH�GHSOHWLRQ�IRU����KRXUV�DQG�VXJJHVWV�WKDW�3/3 ORVV�LV�DEURJDWHG

E\�WKH�PHW6+(/6��)XUWKHU�RSWLPL]DWLRQ�RI�WKH�ORDGLQJ�DQG�GRVLQJ�RI�6+(/6
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)LJXUH ���� ,Q�YLWUR�DFWLYLW\�RI�IUHH�DQG�6+(/6 HQFDSVXODWHG�PHWKLRQLQDVH�
&LUFOHV� UHDFWLRQ�ZLWK�IUHH�PHWKLRQLQDVH�LQ�WKH�SUHVHQFH�RI��� µ 0 3/3�
'LDPRQGV� UHDFWLRQ�ZLWK�PHW6+(/6 LQ�WKH�SUHVHQFH�RI��� µ03/3��8SZDUG�
SRLQWLQJ�WULDQJOHV� UHDFWLRQ�ZLWK�PHW6+(/6 LQ�WKH�DEVHQFH�RI�DGGLWLRQDO
3/3��'RZQZDUG�SRLQWLQJ�WULDQJOHV� UHDFWLRQ�ZLWK�IUHH�PHWKLRQLQDVH�LQ�WKH
DEVHQFH�RI�DGGLWLRQDO�3/3�



��

)LJXUH ���� ,Q� YLYR�PHWKLRQLQH�GHSOHWLRQ� LQ�QDLYH�PLFH� $ GRVH�RI� ���
,8 �LQWHUQDWLRQDO�XQLWV��RI�IUHH�PHWKLRQLQDVH��FLUFOHV��RI�DFWLYLW\�DQG�����
8, 6+(/6�PHWKLRQLQDVH��GLDPRQGV��ZDV�LQMHFWHG�LQWUDPXVFXODUO\�LQWR�WKH
OHIW� IODQN�RI�QDLYH�PLFH� 6HUXP�ZDV�FROOHFWHG�SUH��DQG�SRVW�� LQMHFWLRQ
DW����PLQXWHV�DQG����KRXUV� DQG�PHWKLRQLQDVH�OHYHO�LQ�VHUXP�ZDV�PHD�
VXUHG� (UURU�EDUV�UHSUHVHQW�WKH�VWDQGDUG�GHYLDWLRQ�RI�DW�OHDVW�WKUHH�UHSOL�
FDWH�H[SHULPHQWV�



��

VKRXOG�JUHDWO\�LPSURYH�WKLV�HIIHFW�

��� 8ULFDVH� (QFDSVXODWHG� ZLWKLQ� 6+(/6 IRU� WKH

7UHDWPHQW�RI�5HIUDFWRU\�*RXW� XUL6+(/6

����� *RXW

*RXW�LV�D�W\SH�RI�LQIODPPDWRU\�DUWKULWLV�WKDW�LV�WULJJHUHG�E\�WKH�FU\V�

WDOOL]DWLRQ�RI�XULF�DFLG�ZLWKLQ�WKH�MRLQWV� WHQGRQV� DQG�VXUURXQGLQJ�WLVVXHV�

,I� WKH� FRQFHQWUDWLRQ� RI� XULF� DFLG� H[FHHGV� WKH� VROXELOLW\� OLPLW� LQ� SODVPD

DQG�H[WUDFHOOXODU�IOXLGV� PRQRVRGLXP�XUDWH�FU\VWDOV�DUH�IRUPHG� OHDGLQJ

WR�JRXW>���� ���@� &XUUHQWO\�XS� WR������RI�$PHULFDQ�DGXOWV� VXIIHU� IURP

JRXW>���@�

����� 7UHDWPHQW�RI�*RXW

)URQWOLQH�WUHDWPHQW�RI�JRXW�LQYROYHV�PDLQWDLQLQJ�VHUXP�XUDWH�EHORZ

WKH�VROXELOLW\�OLPLW�RI���PJ�PO�XVLQJ�GUXJV�LQKLELWLQJ�[DQWKLQH�R[LGDVH� WKH

HQ]\PH� WKDW�FDWDO\]HV� [DQWKLQH� WR�XULF�DFLG� RU�SURPRWLQJ� UHQDO�XUDWH

H[FUHWLRQ>���@�

+RZHYHU� IURQWOLQH�WUHDWPHQW�IDLOV�IRU����������������SDWLHQWV�RXW�RI

WKH ����PLOOLRQ�$PHULFDQV�ZKR�VXIIHU�IURP�JRXW�GXH�WR�QRQFRPSOLDQFH�

LQWROHUDQFH� LQDGHTXDWH�GRVDJH� RU�LQHIILFDF\>���� ���� ���@�

7KH�SUHVHQWDWLRQ�RI�JRXW�LQ�WKH�FOLQLF�KDV�FKDQJHG�GUDPDWLFDOO\�LQ

WKH�8QLWHG�6WDWHV�RYHU�WKH�SDVW�WZR�GHFDGHV�GXH�WR�WKH�ODUJH�QXPEHUV

RI�FDVHV�ZLWK�LDWURJHQLF�IDFWRUV� PXOWLSOH�FR�PRUELGLWLHV� DGYDQFHG�DJH�

K\SHUXULFHPLD�DQG�WRSKDFHRXV� GHVWUXFWLYH�DUWKURSDWK\� DQG�LQIODPPD�

WRU\�DUWKULWLV�UHIUDFWRU\�WR�WUHDWPHQW>���� ���� ���� ���@�

7UHDWLQJ�JRXW�IODUH�XSV�LV�H[SHQVLYH�:X�HW�DO� ����� :X�HW�DO� �����

.ULVKQDQ�HW�DO� ������DQG�IUDXJKW�ZLWK�ULVNV�RI�16$,'��FROFKLFLQH� DQG�FRUWL�

FRVWHURLG�VLGH�HIIHFW�ULVNV�.KDQQD� .KDQQD� HW�DO� ������ ,PSURYHG�VWUDWH�



��

JLHV�DQG� UHFHQW�FKDQJHV� LQ� WKH�HYLGHQFH�EDVLV� WR�HPSOR\�DOORSXULQRO�

IHEX[RVWDW� SUREHQHFLG� DQG�DQWL�LQIODPPDWRU\�DJHQWV�KDYH�YDOLGDWHG

FRVW�HIIHFWLYH� WUHDWPHQW� VWUDWHJLHV� IRU� WKH� DYHUDJH� SDWLHQW>���� ���@�

+RZHYHU� JRXW�UHIUDFWRU\�WR�DOO�VWDQGDUG�XULF�DFLG�ORZHULQJ�WKHUDS\��8/7�

LV�FRPPRQ>���� ���@� DQG�WKH�VHYHUH�VXEVHW�RI�FKURQLF�WRSKDFHRXV�JRXW\

DUWKURSDWK\�LV�HVWLPDWHG�DV����������������FDVHV�LQ�WKH�8�6�>���@� JRXW�LV

DW� OHDVW�DV�GLVDEOLQJ�DV�UKHXPDWRLG�DUWKULWLV� LQ�PDQ\�SDWLHQWV� DQG� LV� IDU

PRUH�SDLQIXO>���� ���� ���@�

+XPDQV�DUH�VXVFHSWLEOH�WR�JRXW�EHFDXVH�WKH\�GR�QRW�H[SUHVV�WKH

XULFDVH�HQ]\PH�WKDW�GHJUDGHV�XULF�DFLG�WR�DOODQWRLQ>���� ���@� 5HFHQWO\�

QRQ�KXPDQ�XULFDVHV�KDYH�EHHQ�HPSOR\HG�WR�ORZHU�XUDWH�OHYHOV�LQ�EORRG�

)'$ DSSURYDO� RI� WKH� UHFRPELQDQW� 3(*\ODWHG�SRUFLQH�EDERRQ�XULFDVH

�SHJORWLFDVH�� KDV�SURYLGHG�D� VXEVWDQWLDO� DQG�XQLTXH�DGYDQFHPHQW� LQ

WKH�WUHDWPHQW�RI�VHYHUH�WUHDWPHQW�UHIUDFWRU\�JRXW� SDUWLFXODUO\�IRU�WKRVH

ZLWK� LQWROHUDQFH�WR�RWKHU�GUXJV�XVHG�LQ�JRXW�RU�ZLWK�FR�PRUELGLWLHV�WKDW

LQFOXGH�FKURQLF�NLGQH\�GLVHDVH� ZKHUH�WKH�HIIHFWLYHQHVV�DQG�WROHUDQFH

RI�DOORSXULQRO�DQG�RWKHU�RUDO�8/7 DJHQWV�DUH�GHFUHDVHG>���� ���@� 3(*\�

ODWLRQ�RI�XULFDVHV�VXSSUHVVHV�LPPXQRJHQLFLW\�DQG�LQFUHDVHV�KDOI�OLIH>���@�

DQG�DOORZV�XULFDVH�WR�ZRUN�UHPDUNDEO\�ZHOO�LQ�WKRVH�ZKR�PDLQWDLQ�D�GUXJ

UHVSRQVH>���@� 6SHFLILFDOO\� LQ�SLYRWDO�SKDVH���FOLQLFDO�VWXGLHV�LQ�VXEMHFWV

ZLWK�SDUWLFXODUO\�VHYHUH�JRXW�� ����ZLWK�YLVLEOH�WRSKL�� LQWUDYHQRXV�SHJORW�

LFDVH�WUHDWPHQW����PJ�HYHU\���ZHHNV��DFKLHYHG�WKH�WDUJHW�VHUXP�XUDWH

���PJ�G/ DW���PRQWKV�LQ ����RI�SDWLHQWV��LQWHQW�WR�WUHDW�DQDO\VLV�� DQG�WKLV

UHJLPHQ�DOVR�DFKLHYHG�FRPSOHWH�UHVROXWLRQ�RI�RQH�RU�PRUH�WRSKL�LQ����

RI�SDWLHQWV�E\����ZHHNV�DQG�LQ��������RI�SDWLHQWV�E\����ZHHNV>���@� $F�

FRUGLQJO\� RYHUDOO�LPSURYHPHQW�LQ�KHDOWK�UHODWHG�TXDOLW\�RI�OLIH��+542/� LV

PDUNHGO\�LPSURYHG�LQ�VXVWDLQHG�SHJORWLFDVH�UHVSRQGHUV>���@� 7KLV�FRP�

SDUHV�IDYRUDEO\�WR�+542/��DQG�$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\����

�$&5����UHVSRQVH�DQG�UHPLVVLRQ�UDWHV�XVLQJ�ELRORJLFV� LQFOXGLQJ�DQWL�71)

GUXJV�LQ�UKHXPDWRLG�DUWKULWLV� $V�VXFK� VXFFHVVIXO�XULFDVH�WKHUDS\�D�PDMRU

FOLQLFDO�DGYDQFHPHQW� IRU�SDWLHQWV�ZLWK� WKH�PRVW� VHYHUH�DQG� LQFDSDFL�
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WDWLQJ�FKURQLF�WRSKDFHRXV�JRXW\�DUWKURSDWK\� DQG�LV�UHFRPPHQGHG�DV

DQ�RSWLRQ�IRU�VHYHUH�IRUPV�RI�WUHDWPHQW�UHIUDFWRU\�JRXW�LQ�WKH�$&5 JRXW

WUHDWPHQW������JXLGHOLQHV>���@�

+RZHYHU� GXH�WR�WKHLU�IRUHLJQ�RULJLQ� )'$�DSSURYHG�XULFDVH�WKHUD�

SLHV�IRU�WXPRU�O\VLV�V\QGURPH�SUHYHQWLRQ��QRQ�3(*\ODWHG�,9 UDVEXULFDVH�

DQG�SHJORWLFDVH�IRU�JRXW�PDQDJHPHQW�DUH� ODUJHO\� OLPLWHG�E\�WKH�DQWL�

JHQLFLW\� RI� WKH� IRUHLJQ� XULFDVH� HQ]\PH� WHWUDPHU� LQFOXGLQJ� 3(*\ODWHG

XULFDVH>���� ���� ���@� $QWLERGLHV�WR�SHJORWLFDVH�GHYHORS�ZLWKLQ�D�IHZ

PRQWKV�RI�SHJORWLFDVH�DGPLQLVWUDWLRQ�LQ�DERXW�����RI�WKH�SDWLHQWV� PDQ�

GDWLQJ�WKH�XVH�RI�KLJK�GRVH�FRUWLFRVWHURLGV�SULRU�WR� LQIXVLRQ�WR� OLPLW� LQIX�

VLRQ�UHDFWLRQV� ,Q�DOPRVW�KDOI�RI�WKH�SDWLHQWV�ZLWK�D�KLJK�DQWL�SHJORWLFDVH

DQWLERG\�OHYHO� SHJORWLFDVH�GRHV�QRW�VKRZ�DQ\�HIILFDF\� )XUWKHUPRUH� LQ�

IXVLRQ�UHDFWLRQV�FRUUHODWHG�ZLWK�WKH�SURGXFWLRQ�RI�WKHVH�DQWLERGLHV>���@�

7KH�DQWL�SHJORWLFDVH�DQWLERGLHV�LQ�PDQ\�SDWLHQWV�DUH�,J*��DQG�DUH�VSH�

FLILF�WR�3(*>���� ���@� 7KXV�WKHUH�UHPDLQV�D�FRQVLGHUDEOH�QHHG�IRU�D�WKHU�

DSHXWLF�RSWLRQ�IRU�WKH�PDMRULW\�RI�FKURQLF�JRXW�VXIIHUHUV�

,Q�WKH�SKDVH�,,, VWXG\� LQIXVLRQ�UHDFWLRQV�ZHUH�REVHUYHG�LQ�PRUH�WKDQ

D�TXDUWHU�RI�WKH�VXEMHFWV� DQG�ZHUH�FODVVLILHG�DV�PRGHUDWH�WR�VHYHUH�LQ

����RI�WKH�VXEMHFWV� DQG�LQFOXGHG�DQDSK\OD[LV� 7UHDWPHQW�HPHUJHQW�DQ�

WLERGLHV�WR�SHJORWLFDVH�QHJDWLYHO\�DIIHFWHG�ERWK�SKDUPDFRNLQHWLFV�DQG

SKDUPDFRG\QDPLFV>���@�

����� 0RWLYDWLRQ�EHKLQG�XUL6+(/6

6XVWDLQHG�DFWLYLW\�RI�XULFDVH�HQFDSVXODWHG�ZLWKLQ�6+(/6 FDQ�SRWHQ�

WLDOO\�SUHYHQW�DQWL�XULFDVH�DQWLERG\�PHGLDWHG�FOHDUDQFH�DQG�WUHDWPHQW

IDLOXUH�ZKLOH�PDLQWDLQLQJ�XUDWH�LQ�EORRG�EHORZ�WKH�VROXELOLW\�OLPLW� 6LPLODU

WR�6+(/6SDU� LQWUDPXVFXODUO\�DGPLQLVWHUHG�XUL6+(/6 RIIHU�D�PRUH�PDQDJH�

DEOH�FLUFXODWLRQ�DQG�GLVWULEXWLRQ�EHKDYLRU�FRPSDUHG�WR�SHJORWLFDVH� $W

WKH�VDPH�WLPH� VLQFH�DQWLERG\�SURGXFWLRQ�GRHV�QRW�FDXVH�UDSLG�FOHDU�

DQFH�RI�WKH�XUL6+(/6��XQOLNH�SHJORWLFDVH� WKH�XVH�RI�XUL6+(/6 PLJKW�UHVXOWV

LQ�HIIHFWLYH�WUHDWPHQW�E\�XVLQJ�RI�UHGXFHG�DPRXQW�RI�HQ]\PH�DQG�D�UH�
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GXFHG�QXPEHU�RI�LQMHFWLRQV� WKXV�DFKLHYLQJ�D�EHWWHU�TXDOLW\�RI�OLIH�IRU�SD�

WLHQWV�

&KDSWHUV��� ��DQG��� LQ�SDUW� KDYH�EHHQ�VXEPLWWHG�IRU�SXEOLFDWLRQ

RI�WKH�PDWHULDO�DV�LW�PD\�DSSHDU�LQ�1DQR�/HWWHUV� ����� 2UWDF� ,QDQF� 6LP�

EHUJ� 'PLWUL� <HK� <D�VDQ� <DQJ� -LDQ� 7URJOHU� :LOOLDP�&�� 7VLHQ� 5RJHU�<��

(VHQHU� 6DGLN� $&6 3XEOLFDWLRQV� ����� 7KH�GLVVHUWDWLRQ�DXWKRU�ZDV�WKH�SUL�

PDU\�LQYHVWLJDWRU�DQG�DXWKRU�RI�WKLV�SDSHU�



&KDSWHU��

'LDJQRVWLF�$SSOLFDWLRQV�RI�6+(/6

��� &DWDODVH� (QFDSVXODWLRQ� ZLWKLQ� 6+(/6 IRU� ,Q

9LYR�+\GURJHQ�3HUR[LGH�6HQVLQJ� FDW6+(/6

+\GURJHQ�SHUR[LGH��H2O2��SOD\V�DQ�LPSRUWDQW�UROH�LQ�PHGLDWLQJ�WKH

GDPDJH� FDXVHG� E\� LQIODPPDWLRQ>���@� FDQFHU>���@� GLDEHWHV� DJLQJ�

DQG�FDUGLRYDVFXODU�GLVHDVH>���� ���� ���@� 'XH�WR�LWV�ZLGHVSUHDG�FOLQLFDO

XVH�DQG�ORZ�GHWHFWLRQ�WKUHVKROG�IRU�VPDOO�JDV�ILOOHG�PLFUREXEEOHV� XOWUD�

VRXQG�ZRXOG�EH�DQ�LGHDO�PRGDOLW\�IRU�WKH�FOLQLFDO�GHWHFWLRQ�RI�SDWKRSK\V�

LRORJLF�K\GURJHQ�SHUR[LGH� DV�VXFK� FDWDODVH�EDVHG�SUHFXUVRU�PROHFXOHV

KDYH�EHHQ�XVHG�LQ�VHYHUDO�VHWWLQJV�IRU�WKH�ORFDO�JHQHUDWLRQ�RI�R[\JHQ�PL�

FUREXEEOHV�LQ�YLWUR�DQG�LQ�YLYR>���� ���� ���@� 0RVW�RI�WKHVH�PHWKRGV�KDYH

VR�IDU�EHHQ�OLPLWHG�WR�LQ�YLWUR�DQG�VPDOO�DQLPDOV� DQG�PRGHOV�KDYH�DV�RI

\HW�EHHQ�OLPLWHG�WR�WKRVH�DFFHVVLEOH�IRU�GLUHFW�LQMHFWLRQ�VXFK�DV�VXEFXWD�

QHRXV�DEVFHVVHV�RU�SHULWRQLWLV� +HUH�ZH�IRFXV�RQ�WKH�GHYHORSPHQW�RI�D

QHZ�VLOLFD�EDVHG�VHQVRU�IRU H2O2 WKDW�LV�RI�DSSURSULDWH�VL]H�DQG�FRQILJX�

UDWLRQ�IRU�LQMHFWDEOH�LQ�YLYR�DSSOLFDWLRQV�

+HUH�ZH�XWLOL]H�D�UHFHQWO\�UHSRUWHG�QRYHO�VWUDWHJ\�IRU�WKH�ORFDO�SUR�

GXFWLRQ�RI�R[\JHQ�PLFUREXEEOHV>���@�EDVHG�RQ�HQ]\PH�ORDGHG�SRURXV

VLOLFD� QDQRSDUWLFOHV� WHUPHG� V\QWKHWLF� HQ]\PH� ORDGHG� QDQRVSKHUHV

�6+(/6���$V�QRWHG�SUHYLRXVO\� 6+(/6 KDYH�EHHQ�GHYHORSHG�IRU�WKH�HIIHF�

��



��

WLYH�GHOLYHU\�RI�HQ]\PHV��)LJXUH ����� 6+(/6 DUH�W\SLFDOO\�EHWZHHQ�����QP

WR�����QP�LQ�GLDPHWHU�DQG�DUH�GHVLJQHG�VXFK�WKDW�ODUJH�PROHFXODU�ZHLJKW

HQ]\PHV�DUH�WUDSSHG�LQVLGH�WKH�KROORZ�LQWHULRUV�RI�QDQRSRURXV�VLOLFD�VKHOOV�

6PDOO�PROHFXODU�VXEVWUDWH�FDQ�VWLOO�GLIIXVH�WKURXJK�WKH�QDQRSRURXV�VKHOO

DQG�DFFHVV�HQFDSVXODWHG�HQ]\PHV�ZLWKRXW�WKH�QHHG�IRU�UHOHDVLQJ�DQG

H[SRVLQJ�WKH�SD\ORDG�

,Q�WKLV�VWXG\� FDWDODVH�HQ]\PH�LV�HQFDSVXODWHG�ZLWKLQ�6+(/6 �FDW�

6+(/6� LQ�RUGHU�WR�PDNH�DQ�LQ�YLYR�K\GURJHQ�SHUR[LGH�VHQVRU��)LJXUH ���$��

&DWDODVH� LV�D�ZHOO�FKDUDFWHUL]HG�HQ]\PH�WKDW� WXUQV�K\GURJHQ�SHUR[LGH

LQWR�ZDWHU�DQG�R[\JHQ� 2QFH�WKH� ORFDO�FRQFHQWUDWLRQ�RI�R[\JHQ�SUR�

GXFHG� DV� D� UHVXOW� RI� WKH� UHDFWLRQ� RI� HQYLURQPHQWDO� K\GURJHQ� SHUR[�

LGH� ZLWK� HQFDSVXODWHG� FDWDODVH� H[FHHGV� WKH� VROXELOLW\� WKUHVKROG� WKH

QDQRSRURXV� VXUIDFH� RI� 6+(/6 DFWV� DV� D� QXFOHDWLRQ� VLWH� IRU� R[\JHQ�PL�

FUREXEEOH� IRUPDWLRQ� �)LJXUH ���$���)LJXUH ���% VKRZV�D�VFDQQLQJ� WUDQV�

PLVVLRQ�HOHFWURQ�PLFURJUDSK�RI�����QP�FDW6+(/6�

$V� SUHYLRXVO\� GLVFXVVHG� 6+(/6 DUH� IDEULFDWHG� E\� D� WHPSODWH�

EDVHG�IDEULFDWLRQ�PHWKRG�FDOOHG�QDQRPDVNLQJ�WKDW�\LHOGV�HPSW\�GXDO�

VFDOH�SRURVLW\� VLOLFD� QDQRSDUWLFOHV� FDOOHG� V\QWKHWLF� KROORZ�PHVRSRURXV

QDQRVSKHUHV� �6+06��)LJXUH ���&��� ,Q� QDQRPDVNLQJ� EORFNLQJ� PDWHULDOV

�QDQRPDVNV��SUHYHQW�WKH�JURZWK�UHDFWLRQ�RQ�SDUWV�RI�WKH�VXUIDFH�RI�WHP�

SODWH�QDQRSDUWLFOHV�DQG�DFW�DV�PDVNV�WR�FUHDWH�PHVRSRUH�IHDWXUHV�RQ

WKH�VXUIDFH�RI�WKH�VKHOO�DIWHU�WKH�UHPRYDO�RI�WHPSODWHV�DQG�QDQRPDVNV

�)LJXUH ���'��

/DWHU� FDWDODVHV�DUH�ORDGHG�LQWR�WKH�KROORZ�LQWHULRU�RI�6+06 WKURXJK

PHVRSRUHV� DQG�DUH� VKLHOGHG� IURP� LQWHUIHULQJ�EORRG�SURWHLQV� DQG�SUR�

WHDVHV�RQFH�WKH�PHVRSRUHV�DUH�VHDOHG�ZLWK�D�QHZ�OD\HU�RI�QDQRSRURXV

VLOLFD� \LHOGLQJ�FDW6+(/6 �)LJXUH ���(��

7KH�LQGLYLGXDO�PLFUREXEEOHV�SURGXFHG�E\�FDW6+(/6 DUH�VKRUW�OLYHG

EXW� FDQ� EH� GHWHFWHG� XVLQJ� VWDQGDUG� FOLQLFDO� XOWUDVRXQG� WHFKQRORJ\

DW� GHSWKV� RI� XS� WR� ��� FP� LQ� WLVVXH� XVLQJ� VSHFLDOL]HG� SXOVHV� WKDW� HOLFLW

DQG�GHWHFW�QRQ�OLQHDU�RVFLOODWLRQV�RI�PLFUREXEEOHV>���@� WKHUHE\�PROHF�



��

)LJXUH ���� &DWDODVH�FRQWDLQLQJ�6+(/6 �FDW6+(/6� DQG�WKHLU�V\QWKHVLV� �$�
FDW6+(/6 DUH�SRURXV�VLOLFD�SDUWLFOHV�WKDW�VKLHOG�FDWDODVH�IURP�GHJUDGD�
WLRQ�E\�H[WHUQDO�SURWHDVHV�ZKLOH�DOORZLQJ�IUHH�GLIIXVLRQ�RI�K\GURJHQ�SHU�
R[LGH� �%� 6FDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURJUDSK�RI�����QP�FDW6+(/6
WDNHQ�E\�VHFRQGDU\�HOHFWURQ�PRGH� �&� 6FDQQLQJ�HOHFWURQ�PLFURJUDSK
RI�����QP�6+06���'� 1DQRPDVNLQJ�LV�D�WHPSODWH�EDVHG�QDQRIDEULFDWLRQ
PHWKRG� )LUVW� WHPSODWH�DQG�QDQRPDVNV�IRUP�DJJUHJDWHV�WKURXJK�HOHF�
WURVWDWLF�LQWHUDFWLRQ� 1DQRPDVNV�SUHYHQW�WKH�JURZWK�UHDFWLRQ�RQ�SDUWV�RI
WKH�VXUIDFH�RI� WHPSODWH�QDQRSDUWLFOHV� 7HPSODWHV�DQG�QDQRPDVNV�DUH
UHPRYHG�E\�FDOFLQDWLRQ� JHQHUDWLQJ�GXDO�VFDOH�SRURVLW\�QDQRSDUWLFOHV�
6+06���(� &DWDODVHV�ILOWHU�LQWR�WKH�KROORZ�LQWHULRU�RI�6+06 WKURXJK�PHVR�
SRUHV� /DWHU� PHVRSRUHV�DUH�VHDOHG�ZLWK�D�QHZ�OD\HU�RI�QDQRSRURXV�VLOLFD�
\LHOGLQJ�FDW6+(/6�
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XODUO\� VHQVLQJ� WKH� SUHVHQFH� RI� K\GURJHQ� SHUR[LGH� �)LJXUH ����� &DW�

6+(/6 DUH�GLVWLQFW�IURP�SUHYLRXVO\�GHYHORSHG�FDWDODVH�EDVHG�XOWUDVRXQG

QDQRVHQVRUV>���@�LQ�WKDW�WKH\�FDQ�EH�IRUPXODWHG�WR�EH�VPDOO�HQRXJK�IRU

LQ�YLYR�LQMHFWLRQ�DQG� LQ�WKHRU\� FDQ�EH�PDGH�WR�EH�ELRGHJUDGDEOH>���@�

����� 5HVXOWV

)LUVW� D�VHULHV�RI�LQ�YLWUR�H[SHULPHQWV�ZDV�SHUIRUPHG�LQ�EXIIHU�WR�GH�

WHUPLQH�WKH�HIIHFW�RI�FDW6+(/6 VL]H� LQWHULRU�FDWDODVH�FRQFHQWUDWLRQ� DQG

WRWDO�FDW6+(/6 FRQFHQWUDWLRQ�RQ�PLFUREXEEOH�IRUPDWLRQ� ,QFUHDVLQJ�WKH

QXPEHU� RI� FDW6+(/6 ZKLOH� KROGLQJ� WKH� LQWHULRU� FDWDODVH� FRQFHQWUDWLRQ

DQG�VL]H�FRQVWDQW�UHVXOWHG�LQ�KLJKHU�HFKRJHQLFLW\�RQ�XOWUDVRXQG�GXH�WR

LQFUHDVHG�PLFUREXEEOH�IRUPDWLRQ��)LJXUH ���$���6LPLODUO\� LQFUHDVLQJ�WKH

FDW6+(/6 VL]H�DOVR�UHVXOWHG�LQ�JUHDWHU�VLJQDO��)LJXUH ���%� ZKHQ�WKH�SDUWLFOH

QXPEHU�DQG�FDWDODVH�FRQFHQWUDWLRQ�ZHUH�KHOG�FRQVWDQW� $OWKRXJK�LQ�

FUHDVLQJ�WKH�LQWHULRU�FDWDODVH�FRQFHQWUDWLRQ�IURP����PJ�P/ WR����PJ�P/

GLG�KDYH�DQ�HIIHFW�RQ�WRWDO�VLJQDO� D�IXUWKHU�LQFUHDVH�LQ�WKH�LQWHULRU�FDWD�

ODVH�FRQFHQWUDWLRQ�IURP����PJ�P/ WR�����PJ�P/ GLG�QRW�KDYH�DQ�HIIHFW�

OLNHO\�D�FRPELQHG�HIIHFW�RI�GHFUHDVHG�FDWDODVH�DGMDFHQW�WR�QXFOHDWLRQ

VLWHV�RQ�WKH�H[WHULRU�RI�WKH�PROHFXOH�DQG�WKH�UHODWLYH�SDXFLW\�RI H2O2 SHU�

IXVLRQ��)LJXUH ���&���'HWHFWLRQ�OLPLWV�ZHUH�HYHQ�ORZHU�ZKHQ�H[SHULPHQWV

ZHUH�SHUIRUPHG�LQ�UDEELW�SODVPD��)LJXUH ���'��

:H�QH[W�TXHULHG�ZKHWKHU�VXIILFLHQW�K\GURJHQ�SHUR[LGH�FRXOG�EH

SURGXFHG�E\�KXPDQ�QHXWURSKLOV�WR�DFWLYDWH�WKH�FDW6+(/6��:H�FROOHFWHG

DEVFHVV� IOXLG� IURP����SDWLHQWV� ZLWK� WKLV� IOXLG�XVHG�ZLWKLQ�������KRXUV�RI

GUDLQDJH� 7KH�DEVFHVV�IOXLG�ZDV�ILUVW�FHQWULIXJHG�WR�KHOS�HOLPLQDWH�SRWHQ�

WLDOO\�HFKRJHQLF�GHEULV�DQG�UHGXFH�YLVFRVLW\� 2I����DEVFHVV�VSHFLPHQ�FRO�

OHFWHG� HLJKW�ZHUH�VXIILFLHQWO\�QRQ�YLVFRXV�IRU�LQ�YLWUR�WHVWLQJ�RI�FDW6+(/6�

0LFUREXEEOHV�ZHUH�VHHQ�LQ�IRXU�RI�HLJKW�DEVFHVVHV�ZKHQ�����QP�FDW6+(/6

ZLWK����PJ�P/ LQWHULRU�FDWDODVH�ZHUH�DGGHG�WR�D�ILQDO�FDW6+(/6 FRQFHQ�

WUDWLRQ�RI�����[ 10−10 0 �)LJXUH ���$���7ZR�KXQGUHG�QDQRPHWHU�FDW6+(/6

ZHUH�FKRVHQ�IRU�WKHLU�HDVH�RI�V\QWKHVLV�LQ�DGGLWLRQ�WR�WKHLU�SHUIRUPLQJ�ZHOO



��

)LJXUH ���� &DWDODVH� FRQWDLQLQJ� 6+(/6 �FDW6+(/6� FDXVH� R[\JHQ� PL�
FUREXEEOH�DFFXPXODWLRQ�LQ�UHVSRQVH�WR�HQYLURQPHQWDO�K\GURJHQ�SHUR[�
LGH� �$� 6FKHPDWLF�VKRZLQJ�FDWDODVH�WUDSSHG�LQVLGH�6+(/6 WKDW�LV�SRURXV
WR H2O2� �%� 8SRQ�VXIILFLHQW H2O2 LQ�WKH�VXUURXQGLQJ�PLOLHX� EXEEOHV�DUH
IRUPHG�DW� WKH� VXUIDFH�RI�FDW6+(/6 WKDW�DUH�GHWHFWDEOH�E\�D� VWDQGDUG
XOWUDVRXQG� WUDQVGXFHU� �&� 0XOWLSOH� IUDPHV� VKRZLQJ� ULVLQJ�JDV�ILOOHG�PL�
FUREXEEOHV�IROORZLQJ�LQMHFWLRQ�RIH2O2 WKURXJK�D�VLGHSRUW� DOORZLQJ�GLIIHU�
HQWLDWLRQ�IURP�VXUURXQGLQJ�HFKRJHQLF�PDWHULDO�



��

)LJXUH ���� 'HSHQGHQFH�RI�PLFUREXEEOH�IRUPDWLRQ�RQ�SDUWLFOH�VL]H� FDWD�
ODVH�FRQFHQWUDWLRQ�DQG�SDUWLFOH�QXPEHU� �$� (IIHFW�RI�LQFUHDVLQJ�K\GUR�
JHQ�SHUR[LGH�FRQFHQWUDWLRQ�RQ�XOWUDVRXQG�VLJQDO�LQWHQVLW\�IRU�GHFUHDVLQJ
SDUWLFOH�QXPEHU� 3DUWLFOH�VL]H�LV�KHOG�FRQVWDQW�DW�����QP� DQG�FRQFHQWUD�
WLRQ�LV�KHOG�FRQVWDQW�DW����PJ�P/���%� (IIHFW�RI�SDUWLFOH�VL]H�RQ�WRWDO�XOWUD�
VRXQG�VLJQDO� 3DUWLFOH�FRQFHQWUDWLRQ�LV�KHOG�FRQVWDQW�DW����PJ�P/��DQG
SDUWLFOH�QXPEHU�LV�KHOG�FRQVWDQW�DW���[ 108� �&� (IIHFW�RI�FDWDODVH�FRQ�
FHQWUDWLRQ�RQ�WRWDO�XOWUDVRXQG�VLJQDO� 3DUWLFOH�QXPEHU�LV�KHOG�FRQVWDQW�DW
��[ 108� DQG�SDUWLFOH�GLDPHWHU�LV�KHOG�FRQVWDQW�DW�����QP� �'� &RPSDULVRQ
RI�VLJQDO�IURP�����[ 1010 ����QP�FDWDODVH����PJ�P/���DQG�HPSW\�6+(/6 LQ
UDEELW�SODVPD�DW�LQFUHDVLQJH2O2 FRQFHQWUDWLRQV� (UURU�EDUV�UHSUHVHQW�WKH
VWDQGDUG�HUURU�RI�WKH�PHDQ�RI�DW�OHDVW�WKUHH�UHSOLFDWH�H[SHULPHQWV�



��

RQ�WKH�LQ�YLWUR�VWXGLHV�VKRZQ�LQ�)LJXUH ���$��DQG�IRU�EHLQJ�RI�VXIILFLHQWO\

VPDOO�VL]H�IRU�IXWXUH�V\VWHPLF�LQMHFWLRQ� 2I�WKH�IRXU�DEVFHVV�IOXLG�VDPSOHV

WKDW�ZHUH�WHVWHG�IURP�IRXU�GLIIHUHQW�DEVFHVVHV�DQG�GHHPHG�WR�EH�SRVLWLYH

DW�WKH�WLPH�RI�WKH�H[SHULPHQW� WKH�UDWLR�RI�VLJQDO�EHIRUH�WR�VLJQDO�DIWHU�FDW�

6+(/6 DGGLWLRQ�ZDV�������������IRU�WKH�FDW6+(/6 DQG�������������IRU�WKH�FRQ�

WURO�6+(/6 �)LJXUHV ���% DQG ���&���2I�WKH�UHPDLQLQJ�IRXU�DEVFHVVHV� WZR

\LHOGHG�OLPLWHG�VXSHUQDWDQW�DQG�ZHUH�KLJKO\�HFKRJHQLF�SULRU�WR�WKH�DGGL�

WLRQ�RI�FDW6+(/6��OLPLWLQJ�RXU�DELOLW\�WR�GHWHFW�QHZ�PLFUREXEEOHV� WKH�RWKHU

WZR�VDPSOHV�GLG�QRW�\LHOG�EXEEOHV�XSRQ�WKH�DGGLWLRQ�RI�FDW6+(/6��8QIRUWX�

QDWHO\� DWWHPSWV�WR�TXDQWLI\�WKH�K\GURJHQ�SHUR[LGH�FRQFHQWUDWLRQ�LQ�WKH

DEVFHVV� IOXLGV� WKHPVHOYHV�PHW�ZLWK� OLPLWHG�VXFFHVV� DV� WKH�SUHVHQFH�RI

KHPRJORELQ�LQWHUIHUHV�ZLWK�FRQYHQWLRQDO�VSHFWURVFRSLF�WHFKQLTXHV��)LJ�

XUH ���'���+RZHYHU� JLYHQ�WKH�IUHTXHQW�FRQWDPLQDWLRQ�RI�ERGLO\�IOXLGV�ZLWK

EORRG�SURGXFWV� WKH�DELOLW\�RI�FDW6+(/6 WR�EH�GHWHFWHG�WKURXJK�RSWLFDOO\

RSDTXH�PHGLD�KLJKOLJKWV�WKH�SRWHQWLDO�FOLQLFDO�XWLOLW\�RI�FDW6+(/6��DV�HYHQ

VSHFWUDOO\�FOHDU�VDPSOHV�VXFK�DV�XULQH�DUH�IUHTXHQWO\�FRQWDPLQDWHG�ZLWK

EORRG�

����� 'LVFXVVLRQ

:H�KDYH�V\QWKHVL]HG�DQG�WHVWHG�D�QHZ�PHWKRG�IRU�YLVXDOL]LQJ�WKH

SUHVHQFH�RI�K\GURJHQ�SHUR[LGH�LQ�WLVVXH� 7KH�GHWHFWLRQ�RIH2O2 XVLQJ�FDW�

6+(/6 RIIHU�PXOWLSOH�EHQHILWV� ���6+(/6 FDQ�EH�GRSHG�ZLWK�VPDOO�DPRXQWV

RI� LURQ� RU� RWKHU� SDUDPDJQHWLF� DJHQWV� VR� WKDW� WKH\� ELRGHJUDGH�PRUH

UDSLGO\>���@� ���WKH�HQFDSVXODWHG�FDWDODVH�LV�EHWWHU�SURWHFWHG�IURP�RXW�

VLGH�SURWHDVHV� ���FRPSRXQGV�FDQ�HDVLO\�EH�3(*\ODWHG�DQG�RU�WDUJHWLQJ

PRLHWLHV�DGGHG�IRU� LPSURYHG� LQ�YLYR�ELRGLVWULEXWLRQ� ���SRUHV�FUHDWH� LQ�

FUHDVHG�QXFOHDWLRQ�VLWHV�IRU�PLFUREXEEOHV� DQG����6+(/6 FDQ�EH�ORDGHG

ZLWK�FDWDODVH�LQ�YHU\�KLJK�FRQFHQWUDWLRQV�ZLWKRXW�DIIHFWLQJ�HQ]\PH�NLQHW�

LFV� 2XU�FRPSRXQGV�FDQ�GHWHFW�SK\VLRORJLF�DPRXQWV�RI�K\GURJHQ�SHU�

R[LGH�LQ�DVSLUDWHG�KXPDQ�DEVFHVV�ZLWK�FRQWUDVW�UDWLRV�DV�KLJK�DV�IRXU�IROG�

)XUWKHUPRUH� XQOLNH�IOXRUHVFHQFH�EDVHG�DJHQWV� XOWUDVRXQG�KDV�D�PXFK
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)LJXUH ���� (QGRJHQRXV�K\GURJHQ�SHUR[LGH�IURP�KXPDQ�DEVFHVV�IOXLG�LV
GHWHFWDEOH�E\�FDW6+(/6 H[�YLYR� �$� 6SHFLPHQV�IURP����SDWLHQWV�ZHUH
FROOHFWHG� GLYLGHG�LQWR���P/ DOLTXRWV� DQG�DGGHG�WR�>1010@�QRQ�3(*\ODWHG
FDW6+(/6 �$� RU�HPSW\�6+(/6 �����QP� ���PJ�P/��RU���PJ�P/ FDWDODVH�
�%����6PDOO� ULVLQJ�PLFUREXEEOHV�ZHUH�VHHQ�LQ�WHVW�DEVFHVVHV�EXW�QRW�LQ�FRQ�
WUROV�LQ�IRXU�RI�WKH�HLJKW�VDPSOHV�WHVWHG� �&� 4XDQWLWDWLYH�DQDO\VLV�VKRZHG
D�����IROG�GLIIHUHQFH�LQ�WRWDO�VLJQDO�IURP�DEVFHVV�IOXLG�DGGHG�WR�FDW6+(/6
YHUVXV�HPSW\�6+(/6 �Q� ��� S� ������� �'� ,QGHSHQGHQW�TXDQWLILFDWLRQ�RI
H2O2 FRQFHQWUDWLRQ�XVLQJ�HVWDEOLVKHG�RSWLFDO�WHFKQLTXHV�ZDV�VW\PLHG�E\
WKH�EURDG�VSHFWUDO�DEVRUSWLRQ�RI�KHPRJORELQ� SUHVHQW�WR�YDU\LQJ�GHJUHHV
EHWZHHQ�VDPSOHV�



��

JUHDWHU�GHSWK�RI�SHQHWUDWLRQ� DV�KLJK�DV����FP�LQ�WKH�DEGRPHQ�

2XU�FKDOOHQJHV�LQ�REWDLQLQJ�DQ�LQGHSHQGHQW�TXDQWLWDWLYH�PHDVXUH

RI�K\GURJHQ�SHUR[LGH�FRQFHQWUDWLRQ�KLJKOLJKW�WKH�EHQHILW�RI�XOWUDVRXQG

GHWHFWLRQ� HYHQ�LQ�ELRORJLF�VDPSOHV�WKDW�FDQ�HDVLO\�EH�UHPRYHG�IURP�WKH

SDWLHQW� 8QOLNH�$PSOH[�5HG�DQG�RWKHU�VSHFWURVFRSLF�PHWKRGV�IRU�TXDQWL�

WDWLQJ�K\GURJHQ�SHUR[LGH� WKHUH�LV�QR�SRWHQWLDO�IRU�VSHFWURVFRSLF�LQWHUIHU�

HQFH�IURP�KHPRJORELQ�XVLQJ�RXU�PHWKRG� $V�WKH�FRQFHQWUDWLRQ�RI�FDW�

6+(/6 LV�DQ�LPSRUWDQW�GHWHUPLQDQW�RI�VLJQDO�JHQHUDWHG� D�FRQFHQWUDWHG

ODUJHU�QXPEHU�RI�FDW6+(/6 DW� WKH�VLWH�RI� LQWHUHVW�FRXOG�WKHRUHWLFDOO\�EH

XVHG�WR�GHWHFW�ORZHU�DPRXQWV�RI�K\GURJHQ�SHUR[LGH�LQ�YLWUR� *LYHQ�WKDW

VLJQDO�LV�VHHQ�LQ�WKH�SK\VLRORJLF�KXPDQ�DEVFHVV�VDPSOHV�ZKHQ�WKH�ORFDO

FDW6+(/6 FRQFHQWUDWLRQ�LV�VXEQDQRPRODU� REWDLQLQJ�VXIILFLHQW�FDW6+(/6 DW

WKH�VLWH�RI�K\GURJHQ�SHUR[LGH�SURGXFWLRQ�VKRXOG�EH�IHDVLEOH�HYHQ�LQ�ODUJHU

DQLPDOV�DQG� SRWHQWLDOO\� KXPDQ�SDWLHQWV� )LQDOO\� ERWK�6+(/6 DQG�FDWD�

ODVH�DUH�VWDEOH�ZKHQ�GHK\GUDWHG� ZKLFK�LV�LPSRUWDQW�ZKHQ�FRQVLGHULQJ

WKHLU�XVH�DV�D�FRQWUDVW�RU�ODERUDWRU\�DJHQW�

7KH�GHWHFWLRQ�RI�K\GURJHQ�SHUR[LGH�ZLWK�XOWUDVRXQG�KDV�D�ZLGH

UDQJH�RI�SRWHQWLDO�FOLQLFDO�DSSOLFDWLRQV� &DW6+(/6 FRXOG�EH�DSSOLHG�WR�WKH

WLS�RI�D�FDWKHWHU�DQG�XVHG�DW�EHGVLGH�WR�GHWHFW�WKH�SUHVHQFH�RI�EDFWHULD

LQ�ELRORJLF�IOXLG� ,Q�WKHRU\� WKH�ELRGLVWULEXWLRQ�DQG�SKDUPDFRNLQHWLF�SURS�

HUWLHV�RI�6+(/6 FRXOG�EH�LPSURYHG�E\�FRQMXJDWLRQ�WR�3(* PRLHWLHV�IRU�LQ

YLYR�LQMHFWLRQ>���@� $ K\GURJHQ�SHUR[LGH�VHQVLWLYH�FRQWUDVW�DJHQW�FRXOG

KHOS�LQ�LGHQWLI\LQJ�DEVFHVVHV�LQ�XQXVXDO�ORFDWLRQV�DQG�ORFDWLRQV�ZLWK�OLP�

LWHG�SHUFXWDQHRXV�DFFHVV� %HGVLGH� UHQDO�XOWUDVRXQG�XVLQJ�FDW6+(/6 RU

VLPLODU�DJHQWV>���@�PLJKW�DOORZ� IRU� WKH�GLIIHUHQWLDWLRQ�RI� UHQDO� LVFKHPLD

IURP�RWKHU�FDXVHV�RI�DFXWH�NLGQH\�LQMXU\� SDUWLFXODUO\�LQ�,&8 SDWLHQWV�ZKR

ZRXOG�RWKHUZLVH�QHHG�WR�EH�WUDQVSRUWHG�WR�WKH�&7 VFDQQHU� ,Q�WKHRU\� D

VLPLODU�DSSURDFK�FRXOG�EH�WDNHQ�WRZDUG�LPDJLQJ�HDUO\� LVFKHPLD�LQ�WKH

KHDUW>���@�RU�HYHQ�WKH�EUDLQ>���@� &DWDODVH�EDVHG�LPDJLQJ�RI�WKH�KHDUW

DQG�WKH�EUDLQ�PLJKW�HYHQ�EH�WKHUDSHXWLF�GXH�WR�GHSOHWLRQ�RI H2O2� DV

IUHH�UDGLFDOV�FRQWULEXWH�WR�WKH�ODVWLQJ�GDPDJH�FDXVHG�E\�YHVVHO�LVFKHPLD�



��

,Q�FRQWUDVW�WR�WKH�FOLQLFDOO\�DYDLODEOH�PLFUREXEEOH�IRUPXODWLRQV� WKH�PL�

FUREXEEOHV� FUHDWHG� DW� SK\VLRORJLF� FRQFHQWUDWLRQV� RI H2O2 DUH� ORFDOO\

SURGXFHG� ODVW�RQO\�D�IHZ�PLQXWHV>���@� DUH�PRUH�UHDGLO\�GHWHFWHG>���@�

DQG�DUH�PXFK�IHZHU�LQ�QXPEHU� WKLV�PD\�FRUUHODWH�ZLWK�JUHDWHU�HIIHFWLYLW\

DQG�D�PRUH�IDYRUDEOH�VLGH�HIIHFW�SURILOH�

����� 0HWKRGV

3UHSDUDWLRQ�RI�6\QWKHWLF�+ROORZ�0HVRSRURXV�QDQR6SKHUHV��6+06�

$ ���µO�WHPSODWH�SDUWLFOH�VROXWLRQ�ZDV�PL[HG�ZLWK�WKH�FRUUHVSRQG�

LQJ�DPRXQW�RI�PDVNLQJ�SDUWLFOH�VROXWLRQ�WR�SUHSDUH�WKH�GHVLUHG�UDWLR�RI

SDUWLFOH�FRQFHQWUDWLRQV� 7KH�UHVXOWDQW�PL[WXUH�ZDV�VKDNHQ�RYHUQLJKW� DQG

���� µO�RI�DQK\GURXV�HWKDQRO�ZDV�DGGHG�WR�WKH�VROXWLRQ� ,Q�RUGHU�WR�JHQHU�

DWH�WKH�VLOLFD�SUHFXUVRU�DQG�LQLWLDWH�WKH�VLOLFD�JURZWK� � µO�RI�WHWUDPHWKR[\VL�

ODQH�ZDV�DGGHG�WR�WKH�VROXWLRQ� 7KH�PL[WXUH�ZDV�VKDNHQ�RYHUQLJKW� DQG

WKH�VXVSHQGHG�SDUWLFOHV�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ����PLQ�DW������

USP�� ZDVKHG�ZLWK�GHLRQL]HG�ZDWHU�VHYHUDO�WLPHV� DQG�GULHG�LQ�YDFXXP

RYHUQLJKW�RQ�D�FRYHUVOLGH� 7R�UHPRYH�WKH�RUJDQLF�FRPSRXQGV� D�FRY�

HUVOLGH�FDUU\LQJ�WKH�QDQRSDUWLFOH�SRZGHU�ZDV�SODFHG�RYHU�D�KRW�SODWH

DQG�FDOFLQHG�RYHUQLJKW�DW�����&��7KH�FDOFLQHG�SRZGHU�ZDV�WKHQ�WUDQV�

IHUUHG�WR�D�WXEH�DQG�VXVSHQGHG�LQ��� µO�ZDWHU�DQG�GLVSHUVHG�E\�JHQWOH

VRQLFDWLRQ�

3UHSDUDWLRQ�RI�6\QWKHWLF�+ROORZ�(Q]\PH�/RDGHG�QDQR6SKHUHV��6+(/6�

6+06 ZHUH�VXVSHQGHG�LQ�D����µO����PJ�PO�FDWDODVH�VROXWLRQ�LQ��;

3%6 DQG�LQFXEDWHG�RYHUQLJKW� 7KH�VROXWLRQ�ZDV�GLOXWHG�ZLWK����� µO�3%6

DQG��� µO������SRO\�/�O\VLQH�ZLWK�D�PROHFXODU�ZHLJKW�RI���������N'D� 7026

ZDV�DGGHG�WR���P0 +&O� LQ�D��������YROXPH�UDWLR�DQG�PL[HG�IRU�D�IHZ

PLQXWHV�WR�PDNH�D�VLOLFLF�DFLG�VROXWLRQ� 7ZHQW\�ILYH�PLFUROLWHUV�RI�WKH�VLOL�

FLF�DFLG�VROXWLRQ�ZDV�DGGHG�WR�WKH�DERYH�6+06 VROXWLRQ�LPPHGLDWHO\�DI�

WHU�GLOXWLRQ�DQG�VKDNHQ�IRU���KRXU�LQ�RUGHU�WR�JHQHUDWH�6+(/6��/DWHU� VXV�



��

SHQGHG�6+(/6 ZHUH�FROOHFWHG�ZLWK�FHQWULIXJDWLRQ����PLQ�DW�������USP�

DQG�ZDVKHG�VHYHUDO�WLPHV�ZLWK�ZDWHU�

8OWUDVRXQG�3KDQWRPV�DQG�,Q�9LWUR�7HVWLQJ

FDW6+(/6 ZHUH�FRQFHQWUDWHG� WR�D�VWRFN�VROXWLRQ�RI������[�����µ/

�����QP�� ���� [�����µ/ �����QP�� DQG����� [������µ/ �����QP��DQG� WKHQ

GLOXWHG� LQ��; 3%6 SULRU� WR� WHVWLQJ� FDW6+(/6 ZHUH�SODFHG� LQWR�D�WUDQVIHU

SLSHWWH�PRGLILHG�WR�FRQWDLQ�D�SRUW�WKDW�FRXOG�EH�SLQQHG�WR�WKH�EDFN�RI

D�ZDWHU�EDWK� (LWKHU���P/ 3%6�������0 VRGLXP�K\GUDWH�FKRODWH��1D&+�

6LJPD�� RU�UDEELW�SODVPD�ZDV�DGGHG�WR�WKH�FDW6+(/6 WKURXJK�WKH�SRUW�

DQG�VDPSOHV�ZHUH�DOORZHG�WR�VLW�IRU�DSSUR[LPDWHO\�ILYH�PLQXWHV� 8QGHU

XOWUDVRXQG�RSHUDWLQJ�LQ�FRQWUDVW�PRGH��*( /RJLT(�� ����0+]�OLQHDU�WUDQV�

GXFHU� 0,����� ��� IUDPHV�SHU� VHFRQG�� WKH�FRQFHQWUDWLRQ�RI� K\GURJHQ

SHUR[LGH�ZDV�LQFUHDVHG�E\�IDFWRUV�RI�WHQ��H�J�� � µ0���� µ0�����µ0� GHOLY�

HUHG�LQ�ORZ�YROXPH���µ/ RU���µ/���FDW6+(/6 ZHUH�WHVWHG�VLGH�E\�VLGH�XQGHU

XOWUDVRXQG�ZLWK�HPSW\�6+(/6 RI�WKH�VDPH�JHRPHWU\�ZLWKRXW�FDWDODVH� 'H�

WHFWLRQ�OLPLWV�ZHUH�REWDLQHG�DW�WKH�WLPH�RI�WKH�VWXG\�E\�WZR�LQGHSHQGHQW

UDGLRORJLVWV�EOLQGHG�WR�WKH�LGHQWLW\�RI�WKH�WXEHV� 7KH�GHWHFWLRQ�OLPLW�ZDV

GHILQHG�DV�WKH�ILUVW�SRLQW�DW�ZKLFK�FKDUDFWHULVWLF�ULVLQJ�EXEEOHV�ZHUH�RE�

VHUYHG� WKLV�ZDV�UHFRUGHG�DW�WKH�WLPH�RI�WKH�H[SHULPHQW� $OO�H[SHULPHQWV

ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

$QDO\VLV

5HJLRQV�RI�LQWHUHVW��52,V��ZHUH�GUDZQ�QHDU�WKH�ERWWRP�RI�WKH�PRGL�

ILHG�WUDQVIHU�SLSHWWH�ZLWK�FDUH�WDNHQ�WR�DYRLG�DQ\�DUWLIDFWV�DVVRFLDWHG�ZLWK

WUDQVGXFHU�PRWLRQ� (DFK�UHJLRQ�ZDV�DYHUDJHG�RYHU�WKUHH�LPDJHV�WR�RE�

WDLQ�D��SUH��YDOXH�DQG�RYHU����LPDJHV�WR�REWDLQ�D��SRVW��YDOXH� 7KH��SUH�

YDOXH�ZDV�WKHQ�VXEWUDFWHG�IURP�WKH��SRVW��YDOXH�WR�REWDLQ�WKH�FKDQJH�LQ

VLJQDO�UHVXOWLQJ�IURP�WKH�DGGLWLRQ�RI�QDQRSDUWLFOHV� )RU�VDOLQH�WHVWV� VWDWLVWL�

FDO�VLJQLILFDQFH�ZDV�DVVHVVHG�E\�DQ�XQSDLUHG�WZR�WDLOHG�6WXGHQW
V�W�WHVW�



��

$EVFHVV�IOXLG

3DWLHQW�DEVFHVV�IOXLG�ZDV�REWDLQHG�IURP�WKH�PLFURELRORJ\�ODERUD�

WRU\�DQG�EURXJKW�WR�WKH�ODERUDWRU\�IRU�DQDO\VLV�ZLWKLQ����KRXUV�RI�FROOHF�

WLRQ� $W�OHDVW���P/ RI�DEVFHVV�IOXLG�ZDV�UHTXLUHG�IRU�WHVWLQJ� $SSUR[LPDWHO\

��� [ 1010 ����QP�FDW6+(/6 FRQWDLQLQJ� ���PJ�P/ FDWDODVH�ZDV� DGGHG

WR�WKH�VLGH�SRUW�XQGHU�GLUHFW�XOWUDVRXQG�REVHUYDWLRQ��6LHPHQV�6HTXRLD�

�0+]� 0, ����RU������ 2QFH�PLFUREXEEHV�KDG�VXEVLGHG� WKH�VDPH�QXP�

EHU�RI�HPSW\�FRQWURO�FDW6+(/6 ZHUH�DGGHG�WR�WKH�VDPH�VDPSOH� )LQDOO\�

DW� WKH�HQG�RI� WKH�H[SHULPHQW� �� H2O2 ZDV�DGGHG�DV�D�SRVLWLYH�FRQ�

WURO�WR�FRQILUP�WKDW�FDW6+(/6 ZHUH�IXQFWLRQDO� &LQH�ORRSV�ZHUH�FROOHFWHG

DQG�ORDGHG�LQWR�,PDJH�- IRU�TXDQWLWDWLRQ�DV�GHVFULEHG�SUHYLRXVO\� %DFN�

JURXQG�VDPSOH�HFKRJHQLFLW\�ZDV�DVVHVVHG�DV� WKH���� IUDPHV� WDNHQ� LP�

PHGLDWHO\�SULRU�WR�WKH�DGGLWLRQ�RI�FDW6+(/6��7KH����IUDPHV�VXEVHTXHQW�WR

WKH�DGGLWLRQ�RI�FDW6+(/6 ZHUH�DYHUDJHG�DV�WKH�SRVW�6+(/6 HFKRJHQLF�

LW\� 2QFH�VLJQDO�KDG�UHWXUQHG�WR�EDVHOLQH� D�VHFRQG��EDFNJURXQG��LPDJH

ZDV�WDNHQ�LPPHGLDWHO\�SULRU�WR�DGGLQJ�WKH�FRQWURO�6+(/6��$V�DEVFHVV�IOXLG

VSHFLPHQV�ZHUH�FROOHFWHG�RQ�GLIIHUHQW�GD\V�DQG�HDFK�ZDV�HVVHQWLDOO\�DQ

LQGHSHQGHQW�H[SHULPHQW�ZLWK�LWV�RZQ�FRQWUROV� DJJUHJDWH�VWDWLVWLFDO�VLJ�

QLILFDQFH�ZDV�DVVHVVHG�E\�D�SDLUHG�WZR�WDLOHG�W�WHVW� $EVFHVV�VDPSOH�FRO�

OHFWLRQ�DQG�VXEVHTXHQW�DQDO\VLV�ZHUH�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�8&

6DQ�'LHJR
V�LQVWLWXWLRQDO�UHYLHZ�ERDUG�JXLGHOLQHV�

��� *OXFRVH� 2[LGDVH� (QFDSVXODWLRQ� ZLWK

Ru(phen)+2
3 'RSHG�6+(/6��J5X6+(/6

����� %DFNJURXQG

'LDEHWHV�PHOOLWXV� RU� VKRUWO\� GLDEHWHV� LV�D�GLVHDVH�FKDUDFWHUL]HG

E\�FKURQLFDOO\�UDLVHG�EORRG�JOXFRVH��VXJDU�� GXH�WR�HLWKHU�ODFN�RI�LQVXOLQ

RU�VHQVLWLYLW\�RI�FHOOV�WR�LQVXOLQ� D�SDQFUHDWLF�KRUPRQH>���� ���@� 7KHUH�DUH



��

SULPDULO\�WKUHH�W\SHV�RI�GLDEHWHV�

7\SH��� ,Q�SDWLHQWV�ZLWK�W\SH���GLDEHWHV� WKH�SDQFUHDV�FDQQRW�SUR�

GXFH�LQVXOLQ� UHTXLULQJ�SDWLHQWV�WR�REWDLQ�LQVXOLQ�H[WHUQDOO\�

7\SH��� ,Q�SDWLHQWV�ZLWK�W\SH���GLDEHWHV� WKH�FHOOV�LQ�WKH�ERG\�IDLO�WR

XVH�LQVXOLQ�SURSHUO\� HYHQ�WKRXJK�LQVXOLQ�LV�SURGXFHG�DW�WKH�SDQFUHDV�

*HVWDWLRQDO� 7KLV� IRUP�RFFXUV�ZKHQ�SUHJQDQW�ZRPHQ�GHYHORS�D

KLJK�OHYHO�RI�EORRG�VXJDU� ZKLFK�PD\�SRWHQWLDOO\�OHDG�WR�WKH�GHYHORSPHQW

RI�W\SH���GLDEHWHV>���� ���@�

7KH�QXPEHU�RI�GLDEHWLFV�LV� LQFUHDVLQJ�DW�HSLGHPLF�UDWHV�DQG�ZDV

HVWLPDWHG�LQ������WR�EH�DURXQG�����PLOOLRQ�ZRUOGZLGH� ZLWK�WKLV�QXPEHU�H[�

SHFWHG�WR�UHDFK�DURXQG�����PLOOLRQ�E\�����>���@� 'LDEHWHV�FDXVHV�ORQJ�

WHUP�WLVVXH�FRPSOLFDWLRQV�DIIHFWLQJ�ERWK�VPDOO�DQG� ODUJH�EORRG�YHVVHOV

LQFOXGLQJ� PLFURDQJLRSDWK\� DWKHURVFOHURVLV� LQFUHDVHG�UDWHV�RI�FRURQDU\

KHDUW�GLVHDVH� SHULSKHUDO�YDVFXODU�GLVHDVH� DQG�VWURNH>���@� 0RVW�RI�WKHVH

FRPSOLFDWLRQV�FDQ�EH�SUHYHQWHG�LI�EORRG�JOXFRVH�OHYHOV�DUH�PDLQWDLQHG

ZLWKLQ�WKH�SK\VLRORJLFDO� UDQJH�RI������P0��ZKLFK�FDQ�EH�DFKLHYHG�E\

IUHTXHQW�PRQLWRULQJ�RI�EORRG�JOXFRVH�DQG�H[WHUQDO�DGPLQLVWUDWLRQ�RI�LQ�

VXOLQ�ZLWK�DPRXQWV�DGMXVWHG�WR� WKH�EORRG�JOXFRVH� OHYHO>���@� +RZHYHU�

PDLQWDLQLQJ�D�QRUPDO�EORRG�JOXFRVH�FRQFHQWUDWLRQ� LV�YHU\�GLIILFXOW�GXH

WR�RIWHQ�XQSUHGLFWDEOH� IOXFWXDWLRQV� ZKLFK� UHTXLUHV� UHOLDEOH� FRQWLQXRXV

PRQLWRULQJ�

,Q�SDUWLFXODU� VWULFW�PRQLWRULQJ�RI�EORRG�JOXFRVH� OHYHOV� LV�FULWLFDO�WR

WKH�SUHYHQWLRQ�RU�HDUO\�GHWHFWLRQ�RI�K\SRJO\FHPLD��ORZ�EORRG�JOXFRVH��

+\SRJO\FHPLD� LV� D� VHULRXV� FRQGLWLRQ� DQG� FDQ� OHDG� WR� QHXURJO\FRSH�

QLD� PLOG�G\VKRULD� VHL]XUHV� XQFRQVFLRXVQHVV� DQG�HYHQ�SHUPDQHQW�EUDLQ

GDPDJH>���@�

����� &XUUHQW�%ORRG�*OXFRVH�0RQLWRULQJ�7HFKQLTXHV

&XUUHQWO\� WKHUH�DUH�SULPDULO\�WZR�EURDG�FODVVHV�RI�PRQLWRULQJ�WHFK�

QLTXHV� SRLQW�VDPSOH�DQG�FRQWLQXRXV� 3RLQW�VDPSOH�WHFKQLTXHV�LQYROYH

WKH�PHDVXUHPHQW�RI�JOXFRVH� IURP�FROOHFWHG�ERGLO\� IOXLGV�VXFK�DV�XULQH



��

DQG�EORRG� +RZHYHU� WKLV�WHFKQLTXH�LV�LQFRQYHQLHQW�IRU�WKH�SDWLHQW�DQG

DW�WKH�VDPH�WLPH�GRHV�QRW�KDYH�WKH�EHQHILW�RI�PRQLWRULQJ�FDVHV�VXFK�DV

K\SRJO\FHPLD� ZKLFK�LV�VHULRXV�DQG�FDQ�RFFXU�GXULQJ�VOHHS�RU�EHWZHHQ

SRLQW�VDPSOH�PRQLWRULQJ�WLPHV>���@�

&RQWLQXRXV�PRQLWRULQJ� VROXWLRQV� RIIHU�PRUH� FRQYHQLHQFH� IRU� WKH

SDWLHQW�DUH�D�JRRG�RSWLRQ�IRU�PDLQWDLQLQJ�EORRG�OHYHOV� 1XPHURXV�VWXGLHV

KDYH�H[DPLQHG�FRQWLQXRXV�PRQLWRULQJ�WHFKQLTXHV�ZLWK�YDULRXV�GHJUHHV

RI�LQYDVLYHQHVV� 2SWLFDO�PHWKRGV�DUH�FRQVLGHUHG�WRWDOO\�QRQ�LQYDVLYH�DQG

UHO\�RQ�GLIIHUHQW�VSHFWURVFRSLF�WHFKQLTXHV� ZLWK�WKH�PDLQ�GUDZEDFN�EH�

LQJ�WKDW�VSHFWURVFRS\�VXIIHUV� IURP�OLJKW�VFDWWHULQJ�DQG� LWV�DWWHQGDQW�UH�

GXFWLRQ�LQ�VLJQDO�WR�QRLVH�UDWLRV>���� ���@� 6FDWWHULQJ�LV�DOVR�D�YDULDEOH�HI�

IHFW�DQG�GHSHQGV�RI�WKH�SDWLHQW
V�K\GUDWLRQ� EORRG�IORZ� DQG�WHPSHUD�

WXUH� 1RQ�JOXFRVH�PHWDEROLWHV�DOVR�IUHTXHQWO\�LQWHUIHUH�ZLWK�WKH�PHDVXUH�

PHQW� 7KH�KHWHURJHQHLW\�RI�OLJKW�DEVRUELQJ�DQG�OLJKW�VFDWWHULQJ�VWUXFWXUHV

EHWZHHQ� LQGLYLGXDOV� DQG�ZLWKLQ� LQGLYLGXDOV� RYHU� WLPH� UHTXLUHV� IUHTXHQW

VSHFWURVFRS\�FDOLEUDWLRQ� UHVXOWLQJ�LQ�LQFRQYHQLHQFH�WR�WKH�SDWLHQW�PDN�

LQJ�WKHVH�WHFKQLTXHV�HUURU�SURQH>���@�

7UDQVGHUPDO� PHWKRGV� DUH�PLQLPDOO\� LQYDVLYH� WHFKQLTXHV� WKDW� LQ�

YROYHV�VDPSOLQJ�WLVVXHV�E\�REWDLQLQJ�IOXLGV�IURP�VNLQ�XVLQJ�PHWKRGV�VXFK

DV� UHYHUVH� LRQWRSKRUHVLV� VRQRSKRUHVLV� RU� VNLQ�VXFWLRQ�EOLVWHU� WHFKQLTXH�

+RZHYHU� WKH\�VXIIHU�IURP�KLJK�HUURU�DQG�ORZ�VHQVLWLYLW\>���@� 7KH�WUDQVGHU�

PDOFROOHFWLRQ�RI�OLTXLG�IRU�DQDO\VLV�WDNHV�XSZDUG�RI�������PLQXWHV� DQG�WKH

JOXFRVH�FRQFHQWUDWLRQ�LQ�WKHVH�IOXLGV�DUH�DERXW�WKUHH�RUGHUV�RI�PDJQLWXGH

OHVV�FRPSDUHG�WR�WKHLU�OHYHOV�LQ�EORRG� 7KHVH�WHFKQLTXHV�DOVR�VXIIHU�IURP

WKH�YDULDEOH�IOX[�RI�JOXFRVH�DFURVV�WKH�VNLQ� DQG�WKH�HIIHFWV�RI�SURORQJHG

XVH�DW�D�VLQJOH�VNLQ�VLWH�SUHYHQWV�WKHLU�VXFFHVVIXO�FRPPHUFLDOL]DWLRQ>���@�

$PRQJ� PLQLPDOO\� LQYDVLYH� VHQVRUV� DPSHURPHWULF� HQ]\PH� HOHF�

WURGHV�DUH�WKH�PRVW�H[SORUHG�W\SH�RI�JOXFRVH�VHQVRUV� +HUH� HQ]\PH�JOX�

FRVH�R[LGDVH� LV� LPPRELOL]HG�RQ�D�FKDUJHG�HOHFWURGH� DQG�WKURXJK�WKH

IROORZLQJ�UHDFWLRQ�RI�JOXFRVH�ZLWK�JOXFRVH�R[LGDVH� K\GURJHQ�SHUR[LGH�LV

SURGXFHG>���@�



���

*OXFRVH+2� −→ +�2� + JOXFRQLFDFLG

7KH�SURGXFWLRQ�RI� K\GURJHQ�SHUR[LGH� UHVXOWV� LQ�D�FKDQJH� LQ� WKH

FXUUHQW�IORZLQJ�WKURXJK�WKH�HOHFWURGH� DQG�DOWKRXJK�OHVV�FRPPRQ� WKLV

FXUUHQW�FKDQJH�LV�DOVR�VRPHWLPHV�FRUUHODWHG�ZLWK�R[\JHQ�FRQVXPSWLRQ�

&XUUHQWO\� WKHUH�H[LVW� VHYHUDO�FRPPHUFLDOO\�DYDLODEOH�GHYLFHV�EDVHG�RQ

WKLV�FRQFHSW� LQFOXGLQJ�0HGLVHQVH>���@� ZKLFK�GHWHUPLQHV�D�SDWLHQW
V�JOX�

FRVH�OHYHO�XVLQJ�D�ILQJHU�SULFN�EORRG�VDPSOH�

6XFK�VHQVRUV�DUH�DOPRVW�DOZD\V�LPSOHPHQWHG�DV�D�ILQH�QHHGOH�RU�DV

VRPH�W\SH�RI�IOH[LEOH�ZLUH�IRUP� ZLWK�WKH�DFWLYH�VLWH�ORFDWHG�DW�RU�QHDU�WKH

WLS� ZKLFK� LV� LPSODQWHG� VXEFXWDQHRXVO\� $OWKRXJK� LQWUDYDVFXODU�SODFH�

PHQW�LV�DOVR�SRVVLEOH� VXEFXWDQHRXV�LPSODQWDWLRQ�LV�SUHIHUUHG�WR�UHGXFH

WKH�LQWHUIHUHQFH�RI�WKH�VLJQDO�ZLWK�EORRG�FORW�IRUPDWLRQ>���� ���@�

6XEFXWDQHRXV�JOXFRVH�OHYHOV�DUH�SURSRUWLRQDO�WR�WKH�EORRG�JOXFRVH

FRQFHQWUDWLRQ�XQGHU�PRVW�FLUFXPVWDQFHV� KRZHYHU� ZLWK�D�ODJ�RI�VHYHUDO

PLQXWHV� )RU�WKH�GHWHFWLRQ�RI�K\SRJO\FHPLD� WKLV�VOLJKW�YDULDWLRQ�EHFRPHV

DQ�DGYDQWDJH� DV�PHDVXUHG�GURSV�LQ�JOXFRVH�DUH�ODJJHG�E\�EORRG�OHYHO�

LQ�WKLV�FDVH�VHUYLQJ�DV�DQ�HDUO\�GHWHFWRU�RI�K\SRJO\FHPLD>���@�

7KH�PDLQ�SUREOHP�RI�VXFK�OLYH�PRQLWRULQJ�VHQVRUV�LV�WKDW�WKH�RXWSXW

RI�WKH�VHQVRU�LV�VWURQJO\�LQIOXHQFHG�E\�LQ�YLYR�FRQGLWLRQV� 7KLV�YDULDELOLW\�LV

DVVRFLDWHG�ZLWK�VHQVRUV
�LQWHUIHUHQFH�ZLWK�SURWHLQV� VPDOO�PROHFXOHV� DQG

LQKLELWRUV� 6HYHUDO�DSSURDFKHV�KDYH�EHHQ�VRXJKW�WR�UHGXFH�VXFK�LQWHU�

IHUHQFH� 2QH�VXFK�DSSURDFK�LV�PLFURSHUIXVLRQ� ZKLFK�LQYROYHV�ZDVKLQJ

DZD\�LQKLELWLQJ�PROHFXOHV�RU�FHOOV�ZKLOH�JHQHUDWLQJ�D�WKLQ� PRELOH�DTXH�

RXV�ILOP�WR�SURYLGH�D�SURWHFWLYH�EDUULHU�DJDLQVW�WKHP�DQG�K\GUDWLQJ�WLV�

VXHV� $QRWKHU�DSSURDFK�LV�WR�LPSODQW�WKH�VHQVRUV�GLUHFWO\�LQWR�WKH�WLVVXH�WR

SUHYHQW�D�ZRXQG�UHVSRQVH�DQG�LWV�DWWHQGDQW�LQIODPPDWLRQ� ZKLFK�ZRXOG

DWWUDFW�LPPXQH�FHOOV�WR�WKH�DUHD>���@�

$UWLILFLDO� FKHPLVWULHV� KDYH� DOVR� EHHQ� H[SORUHG� WKHVH� LQFOXGH�DU�

WLILFLDO� JOXFRVH� UHFHSWRUV� ZKLFK� DUH� EDVHG� RQ� WKH� DWWDFKPHQW� RI� WKH

JOXFRVH�UHDFWLYH�ERURQLF�DFLG�PRLHW\�WR�D�UHSRUWLQJ�XQLW�WR�JHQHUDWH�D

GHWHFWDEOH�IOXRUHVFHQFH� FRORULPHWULF� RU�HOHFWURFKHPLFDO�FKDQJH>���@�



���

+RZHYHU� DOO�RI�WKH�WHFKQLTXHV�QRWHG�DERYH�DUH�OLPLWHG�E\�WKHLU�LQDELOLW\

WR�DFKLHYH�WKH�VHQVLWLYLW\�DQG�FRQYHQLHQFH�UHTXLUHG�IRU�DFFXUDWH�LPPH�

GLDWH�DQG�ORQJ�WHUP�JOXFRVH�PRQLWRULQJ�

����� ,GHDO�*OXFRVH�0HDVXUHPHQW�7HFKQLTXH

7KH� LGHDO� JOXFRVH� VHQVRU� VKRXOG� RIIHU� TXLFN� DQG�SUHGLFWDEOH� UH�

VSRQVH�WR�FKDQJLQJ�JOXFRVH�FRQFHQWUDWLRQV�ZKLOH�DOVR�DFKLHYLQJ�D� UH�

YHUVLEOH�DQG�UHSURGXFLEOH�VLJQDO� $V�D�SRVVLEOH�VROXWLRQ�IRU�WKH�HIIHFWLYH

PRQLWRULQJ�RI�FKURQLF�GLVHDVHV�VXFK�DV�GLDEHWHV� WKH�FRVW�DQG�VFDODELOLW\

RI�WKH�V\QWKHVLV�DQG�IDEULFDWLRQ�EHFRPH�LPSRUWDQW�

7KH�LGHDO�VHQVRU�VKRXOG�KDYH�D�ORQJ�RSHUDWLRQDO�OLIHVSDQ�LQ�SK\VLR�

ORJLFDO�FRQGLWLRQV�DQG�VKRXOG�DOVR�EH�ELRFRPSDWLEOH�DQG�FRQYHQLHQW�IRU

WKH�SDWLHQW� )RU�DFFXUDWH�HVWLPDWLRQ�RI�WKH�DGHTXDWH�DPRXQW�DQG�WKH

ULJKW� WLPLQJ�RI� LQVXOLQ� DGPLQLVWUDWLRQ� FRQWLQXRXV�PRQLWRULQJ� WKURXJKRXW

WKH�GD\�DQG�QLJKW�LV�FUXFLDO� 7KH�VHQVRU�ZRXOG�WKXV�QHHG�WR�SURYLGH�GDWD

RQ�WKH�GLUHFWLRQ� PDJQLWXGH� GXUDWLRQ� IUHTXHQF\� DQG�SRWHQWLDO�FDXVHV

RI�IOXFWXDWLRQV� LQ�EORRG�JOXFRVH�OHYHOV� WKHVH�GDWD�DUH�FUXFLDO�EHFDXVH

LQVXOLQ�WKHUDS\�LQFUHDVHV�WKH�ULVN�RI�K\SRJO\FHPLD�

6XFK�D�FRPSUHKHQVLYH�VROXWLRQ�ZRXOG�LGHDOO\�LQYROYH�FORVHG�ORRS

V\VWHPV� ZKHUH� DXWRPDWHG� DGPLQLVWUDWLRQ� RI� DGHTXDWH� DPRXQW� RI� LQ�

VXOLQ� WKURXJK� D� SXPS� LV� GHWHUPLQHG� E\� WKH� JOXFRVH� VHQVRU� $OWKRXJK

VRPH�VXFK�VROXWLRQV�DUH�FRPPHUFLDOO\�DYDLODEOH� LQDFFXUDFLHV�LQ�FXUUHQW

JOXFRVH�PRQLWRULQJ�WHFKQLTXHV� WRJHWKHU�ZLWK�LQFRQYHQLHQFH�WR�WKH�SD�

WLHQFH� OLPLW�WKH�ZLGHVSUHDG�XVH�RI�WKHVH�VHQVRUV>���@�

����� *OXFRVH� 2[LGDVH� (QFDSVXODWLRQ� ZLWKLQ Ru(phen)+2
3

GRSHG�6+(/6��J5X6+(/6

:H� KDYH� DGGUHVVHG� WKH� DERYH�PHQWLRQHG� UHTXLUHPHQWV� RI� LQ

YLYR� JOXFRVH� VHQVLQJ� E\� HQFDSVXODWLQJ� JOXFRVH� R[LGDVH� �*/2;� HQ�

]\PH�LQ�6+(/6 GRSHG�ZLWK�WKH�UXWKHQLXP�,,� FRPSRXQG� GLFKORURWULV������



���

SKHQDQWKUROLQH�UXWKHQLXP�,,� K\GUDWH��Ru(phen)+2
3 �� :H�FDOO�WKLV�PRGLILHG

YHUVLRQ�RI�6+(/6 JOXFRVH�R[LGDVH�HQFDSVXODWHG 5X(phen)+2
3 GRSHG�6+(/6

�J5X6+(/6��

9DULRXV�G\HV�KDYH�EHHQ�H[SORUHG�IRU�WKH�PHDVXUHPHQW�RI�JOXFRVH�

$PRQJ�WKHVH� WKH�R[\JHQ�VHQVLWLYH�UXWKHQLXP�,,� DQG�UXWKHQLXP�,,,� FRP�

SRXQGV�KDYH�EHHQ�H[DPLQHG� ERWK�DV�IUHH�G\HV�LQ�VROXWLRQV�RU�E\�EHLQJ

GRSHG�LQ�VRO�JHO�ILOPV�RU�SRO\PHUV� 7KH�IOXRUHVFHQFH�RI�WKHVH�WZR�FRP�

SRXQGV�GHFUHDVHV�ZLWK�DQ�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�R[\JHQ>���� ����

���� ���� ���@� :KHQ�JOXFRVH�GLIIXVHV�LQWR�6+(/6��LW�UHDFWV�ZLWK�HQFDSVX�

ODWHG�JOXFRVH�R[LGDVH� $V�D�UHVXOW�RI�WKLV� UHDFWLRQ� R[\JHQ�LQ�VROXWLRQ� LV

FRQVXPHG� UHVXOWLQJ�LQ�DQ�LQFUHDVH�LQ�WKH�IOXRUHVFHQFH�RI Ru(phen)+2
3 �)LJ�

XUH ����� 'HVSLWH�WKLV�HIIHFW� WKH Ru(phen)+2
3 IOXRUHVFHQFH� LV�QRW�VLPLODUO\

DIIHFWHG�E\ H2O2 �)LJXUH ����� :LWK�WKH�DGGLWLRQ�RI�JOXFRVH�WR�WKH�*/2;�

WKH�IOXRUHVFHQFH�REWDLQHG�IURP Ru(phen)+2
3 LQFUHDVHV�TXLFNO\� UHDFKLQJ

D�PD[LPXP�LQWHQVLW\�WKDW�LQGLFDWHV�WKH�KLJKHVW�LQVWDQWDQHRXV�YHORFLW\�RI

WKH�HQ]\PH� $V�JOXFRVH�LV�FRQVXPHG� D�GHFD\LQJ�IOXRUHVFHQFH�LQWHQVLW\

FXUYH�LV�REWDLQHG��)LJXUH ����� 7KXV� WKH�KLJKHU�WKH�JOXFRVH�R[LGDVH�FRQ�

FHQWUDWLRQ� WKH�KLJKHU�PD[LPXP�SRLQW�WKH�LQWHQVLW\�UHDFKHV� 7KH�KLJKHU

JOXFRVH�R[LGDVH�FRQFHQWUDWLRQ�LV�DOVR�FRUUHODWHG�ZLWK�D�IDVWHU�GHFD\LQJ

FXUYH�GXH�WR�WKH�DWWHQGDQW�IDVWHU�FRQVXPSWLRQ�RI�R[\JHQ�

����� )DEULFDWLRQ�RI�J5X6+(/6

)RU� VXFFHVVIXO� LQ� YLYR� LPSOHPHQWDWLRQ� DQ� DSSURDFK� WKDW� ZRXOG

JLYH�XVHUV�D�KLJK�OHYHO�RI�FRQWURO� ORDGLQJ�HIILFLHQF\� DQG�GXUDELOLW\�LV�UH�

TXLUHG� ,Q�IXUWKHUDQFH�RI�WKLV�JRDO� ZH�KDYH�XWLOL]HG�D�PRGLILHG�YHUVLRQ�RI

6+(/6 SODWIRUP�PDGH�RI�VLOLFD�WR�GHPRQVWUDWH�VXFFHVVIXO�LQ�YLYR�JOXFRVH

VHQVLQJ�

6LOLFD�LV�XVHIXO�IRU�WKLV�DSSOLFDWLRQ�RZLQJ�WR�LW�VDIHW\�SURILOH� VXIILFLHQWO\

ORQJ�GHJUDGDWLRQ� WKHUPDO� DQG�PHFKDQLFDO� VWDELOLW\� DQG� ORZ�GHQVLW\�

LQ�DGGLWLRQ� WR� LWV�KLJK� VSHFLILF� VXUIDFH�DUHD�DQG�QDQRSRURVLW\� ERWK�RI

ZKLFK�DUH�QHHGHG�IRU�WKH�GLIIXVLRQ�RI�VPDOO�JOXFRVH�PROHFXOHV�WKURXJK



���

)LJXUH ���� 7KH�IOXRUHVFHQFH�VSHFWUD�RI Ru(phen)+2
3 LQ�WKH�DEVHQFH�DQG

SUHVHQFH�RI�JOXFRVH�ZLWK�D�FRQFHQWUDWLRQ�RI���PJ�PO��H[FLWDWLRQ�DW����
QP�

�



���

)LJXUH ���� )OXRUHVFHQFH�VSHFWUD�RI Ru(phen)+2
3 LQ�WKH�DEVHQFH�DQG�SUHV�

HQFH�RI������� ����� ������ DQG��� H2O2 �H[FLWDWLRQ�DW�����QP��



���

)LJXUH ���� 7KH�WLPH�HYROXWLRQ�RI�WKH�IOXRUHVFHQFH�LQWHQVLW\�RI Ru(phen)+2
3

DW���������QP�LQ�WKH�SUHVHQFH�RI�JOXFRVH�R[LGDVH�ZLWK������ ���� DQG��
PJ�PO�FRQFHQWUDWLRQV�



���

WKH�VKHOO>��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��@�

,Q�WKLV�PRGLILHG�YHUVLRQ�RI�WKH�SURWRFRO�GHVFULEHG�SUHYLRXVO\� DPLQH

IXQFWLRQDOL]HG�SRO\VW\UHQH�SDUWLFOHV�DUH�XVHG�DV�WHPSODWHV�IRU�VRO�JHO�UH�

DFWLRQ�WR�JURZ�VLOLFD�RQ�WKH�VXUIDFH� QXFOHDWLQJ�JURZWK�RI�WKH�QDQRSRURXV

VLOLFD�VRO�JHO�QHWZRUN� 7HWUDPHWKR[\VLODQH��7026� LV�K\GURO\]HG�LQ�DTXHRXV

VROXWLRQ�WR�JLYH�VLOLFLF�DFLG� ZKLFK�DFWV�DV�D�SUHFXUVRU�IRU�WKH�SRO\FRQGHQ�

VDWLRQ�UHDFWLRQ�RQ�WKH�SDUWLFOH
V�VXUIDFH� DV�VKRZQ�LQ�DQ�HDUOLHU�VWXG\>��@�

+RZHYHU� WKLV� W\SH� RI� VLOLFD� QDQRSRURXV� QHWZRUN� GRHV� QRW� SHU�

PLW� WKH�GLIIXVLRQ�RI� ODUJH�PROHFXOHV� LQWR� WKH� LQWHULRU�RI� WKH�VKHOO� 7KHUH�

IRUH� WR� HQVXUH� WKDW� WKH� KROORZ� LQWHULRU� FDQ� EH� ORDGHG� ZLWK� HQ]\PH�

FDUER[\�IXQFWLRQDOL]HG� SRO\VW\UHQH� ODWH[� QDQRSDUWLFOHV� DV� QDQRPDVNV

DUH� ILUVW�PL[HG�ZLWK� ODUJHU� WHPSODWHV� �)LJXUH ���$���� 3DUWLFOHV�ZLWK�RS�

SRVLWHO\� FKDUJHG� VXUIDFH� IXQFWLRQDO� JURXSV� DWWUDFW� RQH�DQRWKHU� LQ� VR�

OXWLRQ� FDXVLQJ� DJJUHJDWLRQ� �)LJXUH ���$���� 7KH� EDVLF� QDWXUH� RI� WKH

DPLQH�IXQFWLRQDOL]HG� VXUIDFH� FUHDWHV� D� PRUH� HIILFLHQW� QXFOHDWLRQ� VLWH

IRU�EDVH�FDWDO\]HG� VLOLFD�JHO�JURZWK�FRPSDUHG� WR� WKH�DFLGLF�FDUER[\�

IXQFWLRQDOL]HG�VXUIDFH� $W�WKH�SRLQW�RI�FRQWDFW� WKH\�VHUYH�DV�QHJDWLYHO\

FKDUJHG�QDQRPDVNV�IRU�WKH�VRO�JHO�UHDFWLRQ�RQ�WKH�SDUWLFOH�VXUIDFH��)LJ�

XUH ���$���� 2QFH� WKH� VLOLFD� OD\HU� LV� IRUPHG�ZLWK� WKH�GHVLUHG� WKLFNQHVV�

WKH�SRO\VW\UHQH�SDUWLFOHV�DUH�UHPRYHG�E\�GLVVROXWLRQ�RU�FDOFLQDWLRQ� OHDY�

LQJ�WKH�VLOLFD�6+06 VWUXFWXUH�LQ�SODFH�)LJXUH ���$���� /DWHU� WKH�6+06 DUH

UHVXVSHQGHG�DQG�GLVSHUVHG�LQ�ZDWHU�XVLQJ�YRUWH[�PL[LQJ�DQG�JHQWOH�VRQ�

LFDWLRQ�

)RU�GRSLQJ�RI�VLOLFD�ZLWK Ru(phen)+2
3 �)LJXUH ���%���� SDUWLFOHV�ZHUH

VXVSHQGHG� LQ�D Ru(phen)+2
3 VROXWLRQ� 7026 ZDV� WKHQ�DGGHG� WR� WKH� VR�

OXWLRQ� ZKLFK� ZDV� UHDFWHG� RYHUQLJKW� /DWHU� LQERXQG Ru(phen)+2
3 ZDV

ZDVKHG�RXW�E\�HWKDQRO� IROORZHG�E\� WKH�DGGLWLRQ�RI�PRUH� 7026 WR� LQL�

WLDWH� IXUWKHU� VRO�JHO� UHDFWLRQV� /DWHU� XQUHDFWHG� UHJHQWV� ZHUHZDVKHG�

\LHOGLQJ Ru(phen)+2
3 GRSHG� V\QWKHWLF� KROORZ� PHVRSRURXV� QDQRVSKHUHV

�5X6+06��)LJXUH ���%����

5X6+06 DUH� ORDGHG�E\� WKH�GLIIXVLRQ�RI�PDFURPROHFXOHV� WKURXJK



���

WKHLU�PHVR�SRUHV� $V�WKH�PHVR�SRUHV�DUH�UHODWLYHO\�ODUJH��W\SLFDOO\�!��QP�

FRPSDUHG�WR�PDQ\�HQ]\PHV� HQ]\PHV�FDQ�GLIIXVH�IUHHO\�LQWR�WKH�VWUXFWXUH

TXLFNO\�WR�HTXLOLEUDWH�WKH�FRQFHQWUDWLRQ�LQVLGH�DQG�RXWVLGH�RI�6+06 �)LJ�

XUH ���%���� /DWHU� D�QHZ�OD\HU�RI�QDQRSRURXV�PDWHULDO�LV�IRUPHG�DURXQG

WKH�SDUWLFOH�VXUIDFH� FORVLQJ�WKH�PHVR�SRUHV�ZLWKLQ�D�QDQRSRURXV�VXUIDFH�

,Q�WKH�FDVH�RI�VLOLFD� WKH�6+06 VXUIDFH�LV�QHJDWLYHO\�FKDUJHG�GXH�WR�WKH

SUHVHQFH�RI SiO− JURXSV� $ SRVLWLYHO\�FKDUJHG�SRO\PHU�VXFK�DV�SRO\�O�

O\VLQH��3//� LV�DGGHG�WR�DGVRUE�WR�WKH�SDUWLFOHV
�VXUIDFH�DQG�FKDQJH�WKH

VXUIDFH�FKDUJH�WR�SRVLWLYH� 7KH�DGGLWLRQ�RI�3// FRYHUV� WKH�PHVRSRUHV�

WKXV�SUHYHQWLQJ�WKH�HVFDSH�RI�WKH�HQ]\PHV�E\�WUDSSLQJ�WKHP�LQ�WKH�VKHOO
V

KROORZ�LQWHULRU� 7KHQ� 7026 LV�DGGHG�WR�JURZ�QHZ�VLOLFD�RQ�WKH�VXUIDFH

DQG� WR� FORVH� WKH�PHVR�SRUHV� RI� 5X6+06�� FRQYHUWLQJ� WKHP� WR� 5X6+(/6

�)LJXUH ���%���� 7KLV�UHDFWLRQ�RFFXUV�LQ�QHDU�QHXWUDO�EXIIHU�FRQGLWLRQV�DQG

GRHV�QRW�GDPDJH�WKH�HQ]\PH� 2QFH�WKH�PHVR�SRUHV�DUH�FORVHG� WKH

ORDG� LV� HQFDSVXODWHG�ZLWKLQ� 6+(/6 DQG�FDQQRW�HVFDSH� +RZHYHU� WKH

ORDG�FDQ�VWLOO�LQWHUDFW�ZLWK�VPDOO�PROHFXOHV�LQ�WKH�VXUURXQGLQJ�HQYLURQPHQW

YLD�GLIIXVLRQ�WKURXJK�QDQR�SRUHV�

����� 'LVFXVVLRQ

:KHQ�WKH�VKHOO�LV�GRSHG�ZLWK Ru(phen)+2
3 DQG�*/2; HQFDSVXODWHG

ZLWKLQ� 6+(/6�� WKH� EHKDYLRU� RI� SDUWLFOHV� UHVHPEOHV� IUHH Ru(phen)+2
3 �)LJ�

XUH ����� :KHQ�WKH�QXPEHU�RI�SDUWLFOHV�KDV�FKDQJHG� ERWK�WKH�DPRXQW�RI

Ru(phen)+2
3 DQG�WKH�QXPEHU�RI�HQ]\PHV�DOVR�FKDQJHV� $V�WKLV�OHDGV�WR�WKH

SUHVHQFH�RI�PRUH�*/2;��WKH�FRQVXPSWLRQ�UDWH�RI�R[\JHQ�DOVR�LQFUHDVHV

ZKHQ�WKH�QXPEHU�RI�SDUWLFOHV�LV�GRXEOHG� ZKLFK�LV�VLPLODU�WR�WKH�EHKDYLRU

RI�IUHH Ru(phen)+2
3 �

+RZHYHU� ZLWK� LQ� YLYR� FRQGLWLRQV� WKH� DPRXQW� RI� JOXFRVH� DO�

ZD\V�IOXFWXDWHV� 7KHUHIRUH� WR�GHWHUPLQH�ZKHWKHU�J5X6+(/6 UHVSRQG�WR

FKDQJHV�LQ�JOXFRVH�FRQFHQWUDWLRQ� ZH�SHUIRUPHG�UHSHDWHG�LQMHFWLRQV�RI

JOXFRVH� LQWR� VROXWLRQ� IROORZLQJ� LWV�FRQVXPSWLRQ� $IWHU� LQLWLDO�DGPLQLVWUD�

WLRQ�RI�JOXFRVH� LQWR�D�VROXWLRQ�RI�J5X6+(/6 ZLWK�D�FRQFHQWUDWLRQ�RI���[



���

)LJXUH ���� �$� 7KH� QDQRPDVNLQJ� PHWKRG� IRU� WKH� IDEULFDWLRQ� RI
6+06 �� $PLQH�IXQFWLRQDOL]HG� SRO\VW\UHQH� QDQRSDUWLFOHV� �WHPSODWHV�
DQG�FDUER[\�IXQFWLRQDOL]HG�SRO\VW\UHQH�QDQRSDUWLFOHV��QDQRPDVNV��DUH
PL[HG� LQ� VROXWLRQ� �� 7HPSODWHV� DQG� QDQRPDVNV� DWWUDFW� RQH�DQRWKHU�
UHVXOWLQJ� LQ�DJJUHJDWLRQ� �� )ROORZHG�E\�DGGLWLRQ�RI� VRO�JHO� UHDFWDQWV�
WKH�VLOLFD�SRO\FRQGHQVDWLRQ�UHDFWLRQ�RFFXUV�RQ�WKH�EDVLF�WHPSODWH�VXU�
IDFH�ZKLOH�QDQRPDVNV�EORFN� WKH� UHDFWLRQ�DW� WKH�SRLQW�RI�FRQWDFW�ZLWK
WKH�WHPSODWHV� �� 3RO\PHU�WHPSODWHV�DQG�QDQRPDVNV�DUH�UHPRYHG�E\
FDOFLQDWLRQ�RU�GLVVROXWLRQ�WR�JHQHUDWH�WKH�6+06 VWUXFWXUH� �%� Ru(phen)+2

3

GRSLQJ�RI�6+06 DQG�JOXFRVH�R[LGDVH�ORDGLQJ� ,OOXVWUDWLRQV�VKRZ�WKH�FURVV�
VHFWLRQV� �� (PSW\�6+06���� 6+06 LV�LQFXEDWHG�LQ�D Ru(phen)+2

3 VROXWLRQ
IROORZHG�E\�VRO�JHO�UHDFWLRQ�DQG�UHPRYDO�RI�UHDFWDQWV�WR�\LHOG�5X6+06�
�� $ KLJK�FRQFHQWUDWLRQ�RI�HQ]\PH�LV�DGGHG�WR�WKH�5X6+06 VXVSHQVLRQ
DQG�GLIIXVHV�LQWR�WKH�KROORZ�LQWHULRU�RI�5X6+06���� ,QWHULRU�HQ]\PH�FRQFHQ�
WUDWLRQ�LV�HTXLOLEUDWHG�ZLWK�WKDW�RI�WKH�H[WHULRU� 5X6+06 DUH�FRDWHG�ZLWK
DQRWKHU�OD\HU�RI�SRURXV�PDWHULDO� VHDOLQJ�HQ]\PHV�ZLWKLQ�WKH�SDUWLFOH�



���

1012 SWV�PO� WKH�JOXFRVH�ZDV�GHSOHWHG�LQ���PLQXWHV� 6HULDO�DGPLQLVWUDWLRQV

RI�JOXFRVH�DW���DQG���PLQXWHV�ZLWK�D�ILQDO�FRQFHQWUDWLRQ�RI���PJ�PO�UH�

VXOWHG�LQ�VLPLODU�FXUYHV� LQGLFDWLQJ�UHSURGXFLELOLW\�RI�J5X6+(/6 UHVSRQVH�WR

FKDQJLQJ�JOXFRVH�FRQFHQWUDWLRQV��)LJXUH ������

����� &RQFOXVLRQ

7KLV� ORZ�FRVW� FRQILJXUDWLRQ�FDQ�EH�DGPLQLVWHUHG� VXEFXWDQHRXVO\

ZLWK�PLQLPDO�EXUGHQ�WR�WKH�SDWLHQW� 2QH�FDQ�HQYLVLRQ�DQ�H[WHUQDO�IOXRUHV�

FHQFH�GHWHFWRU�WKDW�FRXOG�EH�DWWDFKHG�HDVLO\�WR�DQ�DUPEDQG� DOORZLQJ

IUHTXHQW�DXWRPDWHG�PHDVXUHPHQW�RI�WKH�JOXFRVH�OHYHO�H[WHUQDOO\� 7KH

IOXRUHVFHQFH�JHQHUDWHG�IURP Ru(phen)+2
3 FDQ�EH�H[FLWHG�DQG�WKH�HPLV�

VLRQ�FDQ�EH�GHWHFWHG�WKURXJK�WKH�VNLQ�

6LOLFD�DQG Ru(phen)+2
3 DUH� VDIH�DW� WKH� UHTXLUHG�GRVH� UDQJHV� DQG

J5X6+(/6 GHJUDGH�VORZO\� SUHYHQWLQJ�ORQJ�WHUP�WR[LFLW\�DQG�HQDEOLQJ�WKH

XVH�RI�WKLV�JOXFRVH�PRQLWRULQJ�PRGHO�IRU�FKURQLF�GLDEHWHV� 7KH�UHDGLQJ

FDQ�DOVR�EH�FRXSOHG�WR�DQ�DXWRPDWHG�LQVXOLQ�SXPS� WKXV�RIIHULQJ�D�FRP�

SOHWH�VROXWLRQ�IRU�GLDEHWHV�

6+(/6 DFKLHYH� KLJK� HQ]\PH� HQWUDSPHQW� FDSDFLW\� DQG� KLJK

Ru(phen)+2
3 GRSLQJ� HIILFLHQF\� GXH� WR� WKHLU� QHJDWLYH� VXUIDFH� FKDUJH�

1DQRSRURXV�VLOLFD�SURYLGHV�KLJK�VXUIDFH�DUHD�IRU�VPDOO�PROHFXOH�GLIIXVLRQ�

DQG�LWV�KROORZ�VWUXFWXUH�JHQHUDWHV�ORZ�WR[LFLW\� $Q�DGGLWLRQDO�G\H�WKDW�LV

QRW�VHQVLWLYH�WR�R[\JHQ�DQG�K\GURJHQ�SHUR[LGH�FRQFHQWUDWLRQ� SUHIHUHQ�

WLDOO\�DW�QHDU�LQIUDUHG�UDQJH� FDQ�DOVR�EH�GRSHG�LQWR�WKH�VKHOO�WR�SHUPLW�D

UDWLR�PHWULF�PHDVXUHPHQW�LQ�RUGHU�WR�LQFUHDVH�DFFXUDF\�



���

)LJXUH ���� 7KH�WLPH�HYROXWLRQ�RI�WKH�IOXRUHVFHQFH�LQWHQVLW\�RI�J5X6+(/6 DW
��������QP�ZLWK�FRQFHQWUDWLRQV�RI���[ 1012 SWV�PO���;� DQG���[ 1012 SWV�PO
��;��



���

)LJXUH ����� 7KH�WLPH�HYROXWLRQ�RI�WKH�IOXRUHVFHQFH�LQWHQVLW\�RI�J5X6+(/6
DW���������QP�ZLWK�UHSHDWHG�DGGLWLRQV�RI�JOXFRVH�ZLWK�D�ILQDO�FRQFHQWUD�
WLRQ�RI���PJ�PO�



&KDSWHU��

&RQFOXVLRQV�DQG�)XWXUH�3RWHQWLDO

RI�6+(/6

,Q� VXPPDU\� 6+(/6 DUH�VKRZQ�WR�EH�D�SURPLVLQJ�SODWIRUP�IRU�HQ�

FDSVXODWLQJ� IXQFWLRQDO�ELRPROHFXOHV� VXFK�DV�HQ]\PHV�DFWLQJ�RQ� VPDOO

PROHFXOH�VXEVWUDWHV�WKDW�FDQ�IUHHO\�GLIIXVH� LQ�DQG�RXW�WKURXJK�WKH�SDU�

WLFOHV
�SRUHV� 6+(/6 FDQ�EH�PDQXIDFWXUHG� LQ� ODUJH�TXDQWLWLHV�ZLWK� VL]HV

DQG�FKDUDFWHULVWLFV� WKDW�FDQ�EH� WLJKWO\�FRQWUROOHG� WKXV�PD[LPL]LQJ�HQ�

WUDSPHQW�FDSDFLW\�DQG�HQ]\PDWLF�DFWLYLW\� 7KH�H[SHULPHQWDO�UHVXOWV�VKRZ

WKDW�WKLV�SRURXV�VKHOO�HIIHFWLYHO\�HQFDSVXODWHV�WKH�HQ]\PH�SD\ORDG�ZLWK�

RXW�DIIHFWLQJ�HQ]\PH�DFWLYLW\� 7KH�VKHOO�DOVR�SURWHFWV�WKH�SD\ORDG�IURP

VSHFLILF�DQG�QRQVSHFLILF�LQWHUIHUHQFH�IURP�ODUJH�ELRPROHFXOHV�LQ�YLYR� ,Q

DGGLWLRQ� VXUIDFH�PRGLILFDWLRQV�RI�6+(/6 VKRXOG�EH�DEOH�WR�HQKDQFH�FLU�

FXODWLRQ�DQG�WDUJHWLQJ�LQ�YLYR�ZLWKRXW�WKH�QHHG�IRU�PRGLILFDWLRQ�RI�WKH

SD\ORDG� $V�QDQRPDVNLQJ�SURYLGHV�IOH[LEOH�IDEULFDWLRQ�RI�6+(/6 ZLWK�FRQ�

WURO�RI�SDUWLFOH�GLPHQVLRQV�DQG�SHUPHDELOLW\� 6+(/6 FDQ�EH�WDLORUHG�DQG

RSWLPL]HG�IRU�VSHFLILF�ORDGV�DQG�VXEVWUDWHV� 0RUHRYHU� WKH�XWLOL]DWLRQ�RI�D

KROORZ�QDQRVWUXFWXUH�UHGXFHV�WKH�DPRXQW�RI�FDUULHU�PDWHULDO�LQWURGXFHG

LQWR�WKH�ERG\� ,W�KDV�DOVR�EHHQ�VKRZQ�WKDW�6+(/6 WHFKQRORJ\�SUHYHQWV�WKH

QHXWUDOL]DWLRQ�RI�IRUHLJQ�HQ]\PHV�E\�DQWLERGLHV�LQ�YLYR�DQG�FDQ�EH�XVHG

WR�DFKLHYH�V\VWHPLF�HIIHFWV�HYHQ�ZKLOH�WKHVH�SDUWLFOHV�UHPDLQ�ORFDOL]HG�

���



���

)LJXUH ���� &RPSDULVRQ�RI�FXUUHQW�HQ]\PH�SURWHFWLRQ�DQG�HQFDSVXODWLRQ
DSSURDFKHV�ZLWK�6+(/6



���

7KH�6+(/6 IDEULFDWLRQ�DSSURDFK�LV�JHQHUDO�DQG�VKRXOG�EH�DSSOLFD�

EOH�WR�PDQ\�RWKHU�PDWHULDOV� 6+(/6PDGH�RI�GLIIHUHQW�PDWHULDOV�FDQ�EH�HQ�

YLVLRQHG�EHLQJ�XVHG�LQ�D�YDULHW\�RI�DSSOLFDWLRQV� LQFOXGLQJ�QRQ�ELRPHGLFDO

RQHV�VXFK�DV�ELRFDWDO\VLV�

)RU�DQ�HQ]\PH�GHOLYHU\�WHFKQRORJ\�WR�VXFFHHG�LQ�WKH�FOLQLF� PXOWL�

SOH�UHTXLUHPHQWV�VXFK�DV�VWDELOLW\� LPPXQRSURWHFWLRQ� VXVWDLQHG�DFWLYLW\�

ORZ�WR[LFLW\� VXIILFLHQW�WDUJHW�UHWHQWLRQ� DQG�EURDG�DSSOLFDELOLW\�PXVW�EH

PHW� )DLOXUH�WR�PHHW�DQ\�RI�WKHVH�FRQGLWLRQV�ULVNV�HIIHFWLYH�WUDQVODWLRQ�WR

WKH�FOLQLF� H[SODLQLQJ�ZK\�FXUUHQWO\�RQO\�D�IHZ�HQ]\PH�EDVHG�WKHUDSHXWLF

DQG�GLDJQRVWLF�DSSURDFKHV�DUH�FXUUHQWO\�DYDLODEOH�RQ�WKH�PDUNHW��)LJ�

XUH ����� &RQYHQWLRQDO�HQ]\PH�GHOLYHU\�DQG��SURWHFWLRQ�PHWKRGV�LQ�WKH

OLWHUDWXUH�LQFOXGH�QDQRSRURXV�DQG�PHVRSRURXV�PDWULFHV�DQG�3(*\ODWLRQ

RI�HQ]\PHV� DV�GLVFXVVHG�SUHYLRXVO\�

+RZHYHU� QRQH�RI�WKH�DOWHUQDWLYH�HQ]\PH�HQFDSVXODWLRQ�PHWKRGV

VKRZ�SURPLVH�WR�PHHW�WKHVH�UHTXLUHPHQWV� ZKHUHDV�WKH�6+(/6 WHFKQRO�

RJ\� ZLWK�LWV�KLJK�ORDGLQJ�FDSDFLW\� YHUVDWLOLW\� ORZ�WR[LFLW\�SURILOH� VFDODELO�

LW\� DQG�HDV\�IXQFWLRQDOL]DWLRQ�DELOLW\�VXSSRUWHG�E\�WKH�SURPLVLQJ�SUHFOLQL�

FDO�GDWD�UHSRUWHG�LQ�WKLV�GLVVHUWDWLRQ� VKRZV�JUHDW�SRWHQWLDO�IRU�DGGUHVVLQJ

PXOWLSOH�LVVXHV�HQFRXQWHUHG�LQ�WKH�FOLQLF�

)RU�PHGLFDO�DSSOLFDWLRQV� KRZHYHU� WR[LFLW\�DQG�TXDQWLILFDWLRQ�RI

WKH�LPPXQH�UHVSRQVH�RQ�6+(/6 ZLOO�QHHG�IXUWKHU�VWXG\� 7KH�HIIHFW�RI�VXU�

IDFH�PRGLILFDWLRQV�RQ�WKH�DFWLYLW\�RI�WKH�SD\ORDG�UHPDLQV�WR�EH�WHVWHG�

,QGHHG� IRU�V\VWHPLF�GHOLYHU\�DSSOLFDWLRQV� WKH�VXUIDFH�RI�6+(/6 FDQ�EH

IXUWKHU� IXQFWLRQDOL]HG� IRU� WDUJHWLQJ� DQG� LPSURYHG� FLUFXODWLRQ� KDOI�OLIH�

WKHUHE\�HOLPLQDWLQJ�WKH�QHHG�IRU�FKHPLFDO�PRGLILFDWLRQ�RI�WKH�HQ]\PLF

SD\ORDG� 8QGHU�WKHVH�FRQGLWLRQV� VWHDOWK�6+(/6 VKRXOG�DOORZ�FRQWLQXRXV

DQG�FRQWUROOHG�DFFHVV�RI�WKH�VXEVWUDWH�WR�WKH�QDWLYH�HQ]\PH�FDUJR� ZKLFK

PDNHV�WKLV�D�SURPLVLQJ�WKHUDSHXWLF�SODWIRUP�IRU�WUHDWLQJ�PHWDVWDWLF�GLV�

HDVH� ,Q�DGGLWLRQ� 6+(/6 FRXOG�EH�DSSOLFDEOH�WR�LQ�YLYR�PHGLFDO�GLDJQRV�

WLFV�DQG�PRQLWRULQJ� (Q]\PH�SURGUXJ�WKHUDS\�DQG�HQ]\PDWLF�GHSOHWLRQ

RI�WXPRU�QXWULHQWV�DUH�DPRQJ�WKH�PRVW�SURPLVLQJ�DSSOLFDWLRQV�RI�6+(/6�
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-RXUQDO�RI�0HGLFLQDO�&KHPLVWU\� �����������²���� $XJXVW������

>��@ $QGUHD� 3HVVLRQ� )LUVW�OLQH� WUHDWPHQW� RI� DFXWH� O\PSKREODVWLF
OHXNHPLD� ZLWK� SHJDVSDUDJLQDVH� %LRORJLFV� 7DUJHWV� 	� 7KHUDS\�
SDJH����� -XO\������

>��@ + +RUL� . 7DNDED\DVKL� / 2UYLV� ' $ &DUVRQ� DQG� 7 1R�
ERUL� *HQH� FORQLQJ� DQG� FKDUDFWHUL]DWLRQ� RI� SVHXGRPRQDV
SXWLGD� O�PHWKLRQLQH�DOSKD�GHDPLQR�JDPPD�PHUFDSWRPHWKDQH�
O\DVH� &DQFHU�UHVHDUFK� ����������²����� 0D\������ 30,'����������

>��@ + +RUL� 3 7UDQ� & - &DUUHUD� < +RUL� 0 ' 5RVHQEDFK� ' $ &DUVRQ� DQG
7 1RERUL� 0HWK\OWKLRDGHQRVLQH�SKRVSKRU\ODVH�F'1$ WUDQVIHFWLRQ
DOWHUV�VHQVLWLYLW\�WR�GHSOHWLRQ�RI�SXULQH�DQG�PHWKLRQLQH�LQ�D����OXQJ
FDQFHU�FHOOV� &DQFHU�UHVHDUFK� �����������²����� 'HFHPEHU������
30,'����������

>��@ +HHVXQ�&KHRQJ� 7XOOLD�/LQGVWHQ� -XQPLQ�:X� &KDR�/X� DQG�&UDLJ %�
7KRPSVRQ� $PPRQLD�LQGXFHG� DXWRSKDJ\� LV� LQGHSHQGHQW� RI
8/.��8/.��NLQDVHV� 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FL�
HQFHV� -XQH������ 30,'�����������

>��@ 0DWWKHZ * 9DQGHU +HLGHQ� /HZLV & &DQWOH\� DQG� &UDLJ %
7KRPSVRQ� 8QGHUVWDQGLQJ� WKH� ZDUEXUJ� HIIHFW� WKH� PHWDEROLF
UHTXLUHPHQWV� RI� FHOO� SUROLIHUDWLRQ� 6FLHQFH� �1HZ� <RUN� 1�<���
��������������²����� 0D\������ 30,'�����������

>��@ 1 . &KHXQJ� , < &KDX� DQG�3 ) &RFFLD� $QWLERG\�UHVSRQVH�WR�HV�
FKHULFKLD�FROL�O�DVSDUDJLQDVH��SURJQRVWLF�VLJQLILFDQFH�DQG�FOLQLFDO
XWLOLW\�RI�DQWLERG\�PHDVXUHPHQW� 7KH�$PHULFDQ�MRXUQDO�RI�SHGLDWULF
KHPDWRORJ\�RQFRORJ\� �������²���� ����� 30,'����������

>��@ ' .LOODQGHU� $ 'RKOZLW]� / (QJVWHGW� 6 )UDQ]pQ� * *DKUWRQ� % *XOO�
EULQJ� * +ROP� $ +ROPJUHQ� 6 +|JOXQG� $ .LOODQGHU� ' /RFNQHU�
+ 0HOOVWHGW� 3 - 0RH� - 3DOPEODG� 3 5HL]HQVWHLQ� . 2 6NnUEHUJ�
% 6ZHGEHUJ� $ 0 8GpQ� % :DGPDQ� / :LGH� DQG�/ $KVWU|P� +\SHU�
VHQVLWLYH� UHDFWLRQV�DQG�DQWLERG\�IRUPDWLRQ�GXULQJ� O�DVSDUDJLQDVH
WUHDWPHQW�RI� FKLOGUHQ�DQG�DGXOWV�ZLWK�DFXWH� OHXNHPLD� &DQFHU�
���������²���� -DQXDU\������ 30,'����������



���

>��@ $QGUHD� :LOOHU� -RDFKLP� *HUVV� 7KRUVWHQ� .|QLJ� 'LHWHU� )UDQNH�
+DQV�-�UJHQ�.�KQHO� *�QWHU�+HQ]H� $UHQG�YRQ�6WDFNHOEHUJ� $QMD
0|ULFNH� 0DUWLQ� 6FKUDSSH� -RDFKLP� %RRV� DQG�&ODXGLD� /DQYHUV�
.DPLQVN\� $QWL�H�FROL�DVSDUDJLQDVH�DQWLERG\�OHYHOV�GHWHUPLQHG�WKH
DFWLYLW\�RI� VHFRQG� OLQH� WUHDWPHQW�ZLWK�SHJ\ODWHG�H�FROL�DVSDUDJL�
QDVH� D�UHWURVSHFWLYH�DQDO\VLV�ZLWKLQ�$//�%)0�WULDOV� %ORRG� �����

>��@ $UWKXU�*ODVIHOG� %LRFKHPLVWU\� 7KH�FKHPLFDO�UHDFWLRQV�RI�OLYLQJ�FHOOV�
�QG� HGLWLRQ� �GDYLG� H��PHW]OHU�� -RXUQDO� RI� &KHPLFDO� (GXFDWLRQ�
���������� 0D\������

>��@ 0 / )RQGD� & 7UDXVV� DQG�8 0 *XHPSHO� 7KH�ELQGLQJ�RI�S\ULGR[DO
�
�SKRVSKDWH�WR�KXPDQ�VHUXP�DOEXPLQ� $UFKLYHV�RI�ELRFKHPLVWU\
DQG�ELRSK\VLFV� ���������²��� -XO\������ 30,'����������

>��@ ;LQJKXD�6XQ� =KLMLDQ�<DQJ� 6KXNXDQ�/L� <X\LQJ�7DQ� 1DQ�=KDQJ� ;L�
DRHQ�:DQJ� 6KLJHR�<DJL� 7DND\XNL�<RVKLRND� $NLR�7DNLPRWR� .HQML
0LWVXVKLPD� $NLQRUL�6XJLQDND� (XJHQH 3 )UHQNHO� DQG�5REHUW 0 +RII�
PDQ� ,Q�YLYR�HIILFDF\�RI�UHFRPELQDQW�PHWKLRQLQDVH�LV�HQKDQFHG�E\
WKH�FRPELQDWLRQ�RI�SRO\HWK\OHQH�JO\FRO�FRQMXJDWLRQ�DQG�S\ULGR[DO
�
�SKRVSKDWH� VXSSOHPHQWDWLRQ� &DQFHU� UHVHDUFK� �����������²
����� 'HFHPEHU������ 30,'�����������

>��@ =KLMLDQ� <DQJ� -XQKXD� :DQJ� 4XDQ� /X� -LQEDR� ;X� <RVKLQDR
.RED\DVKL� 7RPRDNL� 7DNDNXUD� $NLR� 7DNLPRWR� 7DND\XML� <RVKLRND�
&KDQJJHQ� /LDQ� &KXQPHL�&KHQ� 'RQJGRQJ� =KDQJ� <LQJ� =KDQJ�
6KXNXDQ�/L� ;LQJKXD�6XQ� <X\LQJ�7DQ� 6KLJHR�<DJL� (XJHQH 3 )UHQNHO�
DQG�5REHUW 0 +RIIPDQ� 3(*\ODWLRQ�FRQIHUV�JUHDWO\�H[WHQGHG�KDOI�
OLIH�DQG�DWWHQXDWHG�LPPXQRJHQLFLW\�WR�UHFRPELQDQW�PHWKLRQLQDVH
LQ�SULPDWHV� &DQFHU�UHVHDUFK� �����������²����� 6HSWHPEHU������
30,'�����������

>��@ 7RPRDNL�7DNDNXUD� $NLR�7DNLPRWR� <RVKLKLGH�1RWVX� +LURVKL�<RVKLGD�
7DNDRPL� ,WR� +LURIXPL� 1DJDWRPH� 0DVDKLUR� 2KQR� <RVKLQDR
.RED\DVKL� 7DND\XNL�<RVKLRND� .HQML�,QDJDNL� 6KLJHR�<DJL� 5REHUW 0�
+RIIPDQ� DQG�1REX\RVKL�(VDNL� 3K\VLFRFKHPLFDO�DQG�SKDUPDFRNL�
QHWLF�FKDUDFWHUL]DWLRQ�RI�KLJKO\�SRWHQW� UHFRPELQDQW� O�PHWKLRQLQH
� �O\DVH� FRQMXJDWHG� ZLWK� SRO\HWK\OHQH� JO\FRO� DV� DQ� DQWLWXPRU
DJHQW� &DQFHU� 5HVHDUFK� ����������������� 0DUFK� ����� 30,'�
���������

>��@ *UHJRU\ -RKQ�6WHZDUW� 7KH�LPPXQH�V\VWHP� 7KH�KXPDQ�ERG\� KRZ
LW�ZRUNV��&KHOVHD� 1HZ�<RUN� �����



���

>��@ $EXO .��$EEDV� $QGUHZ +��/LFKWPDQ� DQG�6KLY�3LOODL� %DVLF�,PPXQRO�
RJ\� )XQFWLRQV�DQG�'LVRUGHUV�RI�WKH�,PPXQH�6\VWHP� (OVHYLHU�+HDOWK
6FLHQFHV� �����

>��@ 3HWHU -��'HOYHV� 6HDPXV -��0DUWLQ� 'HQQLV 5��%XUWRQ� DQG�,YDQ0��5RLWW�
5RLWW
V�(VVHQWLDO�,PPXQRORJ\� -RKQ�:LOH\�	�6RQV� 2FWREHU������

>��@ &KDUOHV�-DQHZD\� ,PPXQRELRORJ\� WKH� LPPXQH�V\VWHP�LQ�KHDOWK
DQG�GLVHDVH� &XUUHQW�%LRORJ\�3XEOLFDWLRQV� �����

>��@ /LQGVH\ $��%URGHOO�DQG�.HQQHWK 6��5RVHQWKDO� 6NLQ�VWUXFWXUH�DQG�IXQF�
WLRQ� 7KH�ERG\
V�SULPDU\�GHIHQVH�DJDLQVW�LQIHFWLRQ� ,QIHFWLRXV�'LV�
HDVHV�LQ�&OLQLFDO�3UDFWLFH� ���������²���� 0DUFK������

>��@ <RXQJ 6 .LP�DQG�6DPXHO % +R� ,QWHVWLQDO�JREOHW�FHOOV�DQG�PXFLQV�LQ
KHDOWK�DQG�GLVHDVH� UHFHQW�LQVLJKWV�DQG�SURJUHVV� &XUUHQW�JDVWURHQ�
WHURORJ\�UHSRUWV� ���������²���� 2FWREHU������ 30,'�����������

>��@ & $ 'LQDUHOOR� 3URLQIODPPDWRU\�F\WRNLQHV� &KHVW� ����������²����
$XJXVW������ 30,'�����������

>��@ 9RONHU�)HQVWHUO�DQG�*DQHV & 6HQ� ,QWHUIHURQV�DQG�YLUDO� LQIHFWLRQV�
%LR)DFWRUV� �2[IRUG� (QJODQG�� ��������²��� )HEUXDU\� ����� 30,'�
���������

>��@ +LURVKL� ,VKLPRWR� .DWVXQRUL� <DQDJLKDUD� 1REXNR� $UDNL� +LURVKL
0XNDH� 1RULKR�6DNDPRWR� .RLFKL�,]XPLNDZD� 0DVDIXPL�6HNL� <RVKLW�
VXJX� 0L\D]DNL� <RLFKL� +LUDNDWD� <RKHL� 0L]XWD� .HQML� <DVXGD� DQG
6KLJHUX� .RKQR� 6LQJOH�FHOO� REVHUYDWLRQ� RI� SKDJRF\WRVLV� E\� KX�
PDQ�EORRG�GHQGULWLF�FHOOV� -DSDQHVH�MRXUQDO�RI�LQIHFWLRXV�GLVHDVHV�
���������²���� -XO\������ 30,'�����������

>��@ / 0 /LFKWHQVWHLQ� * 0DURQH� / / 7KRPDV� DQG�) - 0DOYHDX[� 7KH�UROH
RI�EDVRSKLOV�LQ�LQIODPPDWRU\�UHDFWLRQV� 7KH�-RXUQDO�RI�LQYHVWLJDWLYH
GHUPDWRORJ\� ��������²��� -XO\������ 30,'��������

>��@ 5DOSK YDQ� )XUWK� DQG� =DQYLO $�� &RKQ� 7KH� RULJLQ� DQG� NLQHWLFV� RI
PRQRQXFOHDU�SKDJRF\WHV� 7KH�-RXUQDO�RI�([SHULPHQWDO�0HGLFLQH�
����������²���� 6HSWHPEHU������ 30,'����������

>��@ -DFTXHV� %DQFKHUHDX� )UDQFLQH� %ULHUH� &KULVWRSKH� &DX[� -HDQ
'DYRXVW� 6HUJH� /HEHFTXH� <RQJ�-XQ� /LX� %DOL� 3XOHQGUDQ� DQG
.DUROLQD�3DOXFND� ,PPXQRELRORJ\�RI�GHQGULWLF�FHOOV� $QQXDO�5HYLHZ
RI�,PPXQRORJ\� ���������²���� ����� 30,'�����������



���

>��@ &KDR�7VXQJ�<DQJ� & - &DPELHU� - 0XVH�'DYLV� &KULVWRSKHU - +DOO�
3KLOLS 6 &URVLHU� DQG�/DOLWD�5DPDNULVKQDQ� 1HXWURSKLOV�H[HUW�SURWHF�
WLRQ�LQ�WKH�HDUO\�WXEHUFXORXV�JUDQXORPD�E\�R[LGDWLYH�NLOOLQJ�RI�P\�
FREDFWHULD�SKDJRF\WRVHG�IURP�LQIHFWHG�PDFURSKDJHV� &HOO�KRVW
	�PLFUREH� ���������²���� 6HSWHPEHU������ 30,'�����������

>��@ -U &KDUOHV� $ -DQHZD\� 3DXO� 7UDYHUV� 0DUN� :DOSRUW� DQG�0DUN -�
6KORPFKLN� $QWLJHQ�3UHVHQWDWLRQ�WR�7 /\PSKRF\WHV� �����

>��@ %UXFH�$OEHUWV� $OH[DQGHU�-RKQVRQ� -XOLDQ�/HZLV� 0DUWLQ�5DII� .HLWK
5REHUWV� DQG�3HWHU�:DOWHU� % &HOOV�DQG�$QWLERGLHV� �����

>��@ <DVPLQH�%HONDLG�DQG�%DUU\ 7��5RXVH� 1DWXUDO�UHJXODWRU\�W�FHOOV�LQ�LQ�
IHFWLRXV�GLVHDVH� 1DWXUH�,PPXQRORJ\� ��������²���� $SULO������

>��@ 0HORG\ $�� 6ZDUW]� 7KH�SK\VLRORJ\�RI� WKH� O\PSKDWLF� V\VWHP� $G�
YDQFHG�'UXJ�'HOLYHU\�5HYLHZV� ����²����²��� $XJXVW������

>��@ 6XVXPX�7RQHJDZD� 6RPDWLF�JHQHUDWLRQ�RI�DQWLERG\�GLYHUVLW\� 1D�
WXUH� �������������²���� $SULO������

>��@ 3DROR $�� $VFLHUWR� 6WHIDQLD� 6FDOD� *LXVHSSH� &DVWHOOR� $QWRQLR
'DSRQWH� (VWHU�6LPHRQH� $OHVVDQGUR�2WWDLDQR� *HUDUGR�%HQHGXFH�
9LQFHQ]R 'H�5RVD� )UDQFHVFR�,]]R� 0DULD 7HUHVD�0HOXFFL� &� 0DUN
(QVRU� $UFKLH :��3UHVWD\NR� )UHGHULFN :��+ROWVEHUJ� -RKQ 6��%RPD�
ODVNL� 0LNH $��&ODUN� 1LUDPRO�6DYDUDM� /\QQ *��)HXQ� DQG�7KHRGRUH )�
/RJDQ� 3HJ\ODWHG�DUJLQLQH�GHLPLQDVH�WUHDWPHQW�RI�SDWLHQWV�ZLWK
PHWDVWDWLF�PHODQRPD� 5HVXOWV�IURP�SKDVH�L�DQG�,, VWXGLHV� -RXUQDO
RI�&OLQLFDO�2QFRORJ\� �����������²����� 2FWREHU������

>��@ $PHU� =HLGDQ� (XQLFH 6 :DQJ� DQG� 0HLU� :HW]OHU� 3HJDVSDUDJL�
QDVH� ZKHUH�GR�ZH�VWDQG" ([SHUW�2SLQLRQ�RQ�%LRORJLFDO�7KHUDS\�
��������²���� -DQXDU\������

>��@ -XQJEDH�.LP� -D\ : *UDWH� DQG�3LQJ�:DQJ� 1DQRELRFDWDO\VLV�DQG
LWV�SRWHQWLDO�DSSOLFDWLRQV� 7UHQGV�LQ�ELRWHFKQRORJ\� ����������²����
1RYHPEHU������ 30,'�����������

>��@ -XQJEDH�.LP�DQG�-D\ :��*UDWH� 6LQJOH�HQ]\PH�QDQRSDUWLFOHV�DU�
PRUHG�E\�D�QDQRPHWHU�VFDOH�2UJDQLF�,QRUJDQLF�QHWZRUN� 1DQR
/HWWHUV� ���������²����� 6HSWHPEHU������

>��@ 3DROR� &DOLFHWL� DQG� )UDQFHVFR 0�� 9HURQHVH� 3KDUPDFRNLQHWLF
DQG�ELRGLVWULEXWLRQ�SURSHUWLHV�RI�SRO\�HWK\OHQH�JO\FRO�²SURWHLQ�FRQ�
MXJDWHV� $GYDQFHG� 'UXJ� 'HOLYHU\� 5HYLHZV� �����������²�����
6HSWHPEHU������



���

>��@ )UDQFHVFR 0 9HURQHVH� 3HSWLGH�DQG�SURWHLQ�3(*\ODWLRQ� D�UHYLHZ
RI�SUREOHPV�DQG�VROXWLRQV� %LRPDWHULDOV� ���������²���� 0DUFK������

>��@ $QQD 0DULD�3LUDV� )HGHULFD�&KLHOOLQL� &KLDUD�)LXPL� &ULVWLQD�%DUWROL�
(PR�&KLHOOLQL� %UXQR�)LRUHQWLQR� DQG�&ODXGLR�)DULQD� $ QHZ�ELRFRP�
SDWLEOH�QDQRSDUWLFOH�GHOLYHU\� V\VWHP�IRU� WKH� UHOHDVH�RI� ILEULQRO\WLF
GUXJV� ,QWHUQDWLRQDO� -RXUQDO� RI� 3KDUPDFHXWLFV� ������������²����
-XQH������ 30,'�����������

>��@ 0DUDP . 5HGG\�DQG�9LQRG�/DEKDVHWZDU� 1DQRSDUWLFOH�PHGLDWHG
GHOLYHU\�RI�VXSHUR[LGH�GLVPXWDVH�WR�WKH�EUDLQ� DQ�HIIHFWLYH�VWUDWHJ\
WR�UHGXFH�LVFKHPLD�UHSHUIXVLRQ�LQMXU\� 7KH�)$6(% -RXUQDO� 2IILFLDO
3XEOLFDWLRQ�RI�WKH�)HGHUDWLRQ�RI�$PHULFDQ�6RFLHWLHV�IRU�([SHULPHQ�
WDO�%LRORJ\� ����������²����� 0D\������ 30,'�����������

>��@ ,JRU ,��6ORZLQJ� -XDQ /��9LYHUR�(VFRWR� &KLD�:HQ�:X� DQG�9LFWRU�6��
<��/LQ� 0HVRSRURXV�VLOLFD�QDQRSDUWLFOHV�DV�FRQWUROOHG�UHOHDVH�GUXJ
GHOLYHU\�DQG�JHQH�WUDQVIHFWLRQ�FDUULHUV� $GYDQFHG�'UXJ�'HOLYHU\
5HYLHZV� �����������²����� $XJXVW������

>��@ =KL 3LQJ�;X� 4LQJ +XD�=HQJ� *DR 4LQJ�/X� DQG�$L %LQJ�<X� ,QRUJDQLF
QDQRSDUWLFOHV�DV�FDUULHUV�IRU�HIILFLHQW�FHOOXODU�GHOLYHU\� &KHPLFDO�(Q�
JLQHHULQJ�6FLHQFH� ����������²����� )HEUXDU\������

>��@ 7LUHOOL 1��&HOOHVL )� (Q]\PH�1DQRHQFDSVXODWLRQ� LQ� VLOLFD�JHO�EDVHG
QDQRSDUWLFOHV�� 7RZDUGV� GHYHORSPHQW� RI� QRYHO� QDQRFDUULHUV� IRU
HQ]\PH�PHGLDWHG�WKHUDSLHV� �����

>��@ 5DMLY�.XPDU� $ 1 0DLWUD� 3 . 3DWDQMDOL� DQG�3DUYHVK�6KDUPD� +ROORZ
JROG�QDQRSDUWLFOHV�HQFDSVXODWLQJ�KRUVHUDGLVK�SHUR[LGDVH� %LRPD�
WHULDOV� �����������²����� 1RYHPEHU������ 30,'�����������

>��@ 'PLWU\ 9��9RORGNLQ� $OH[DQGHU ,��3HWURY� 0LFKHOOH�3UHYRW� DQG�*OHE %�
6XNKRUXNRY� 0DWUL[�SRO\HOHFWURO\WH�PLFURFDSVXOHV� 1HZ�V\VWHP�IRU
PDFURPROHFXOH� HQFDSVXODWLRQ� /DQJPXLU� ����������²����� $SULO
�����

>��@ <DMXQ� :DQJ� DQG� )UDQN� &DUXVR� (Q]\PH� HQFDSVXODWLRQ� LQ
QDQRSRURXV�VLOLFD�VSKHUHV� &KHPLFDO�&RPPXQLFDWLRQV� ���������²
����� -XQH������

>��@ <DMXQ�:DQJ�DQG�)UDQN�&DUXVR� 0HVRSRURXV�VLOLFD�VSKHUHV�DV�VXS�
SRUWV�IRU�HQ]\PH�LPPRELOL]DWLRQ�DQG�HQFDSVXODWLRQ� &KHPLVWU\�RI
0DWHULDOV� ���������²���� 0DUFK������



���

>��@ 3DEOR 0 $UQDO� 0DVVLPLOLDQR� &RPRWWL� DQG� )HUGL� 6FK�WK�
+LJK� 7HPSHUDWXUH� 6WDEOH� FDWDO\VWV� E\� KROORZ� VSKHUH� HQ�
FDSVXODWLRQ� $QJHZDQGWH�&KHPLH� ������������²����� 'HFHPEHU
�����

>��@ $OYDUR� %ODQFR� (PPDQXHO� &KRPVNL� 6HUJXHL� *UDEWFKDN� 0DUWD
,ELVDWH� 6DMHHY�-RKQ� 6WHSKHQ :��/HRQDUG� &HIH�/RSH]� )UDQFLVFR
0HVHJXHU� +HUQDQ�0LJXH]� -HVVLFD 3��0RQGLD� *HRIIUH\ $�� 2]LQ�
2YLGLX�7RDGHU� DQG�+HQU\ 0��YDQ�'ULHO� /DUJH�VFDOH�V\QWKHVLV�RI�D�VLO�
LFRQ�SKRWRQLF�FU\VWDO�ZLWK�D�FRPSOHWH�WKUHH�GLPHQVLRQDO�EDQGJDS
QHDU�����PLFURPHWUHV� 1DWXUH� �������������²���� 0D\������

>��@ )� &DUXVR� ;� 6KL� 5� $ &DUXVR� DQG�$� 6XVKD� +ROORZ�WLWDQLD�VSKHUHV
IURP�OD\HUHG�SUHFXUVRU�GHSRVLWLRQ�RQ�VDFULILFLDO�FROORLGDO�FRUH�SDU�
WLFOHV� $GYDQFHG�0DWHULDOV� ����������²���� 0D\������

>��@ 5 $ &DUXVR� DQG� +� 0|KZDOG� 1DQRHQJLQHHULQJ� RI� LQRUJDQLF
DQG� K\EULG� KROORZ� VSKHUHV� E\� FROORLGDO� WHPSODWLQJ� 6FLHQFH�
��������������²����� �����

>��@ &RFKUDQ� &HUDPLF�KROORZ�VSKHUHV�DQG�WKHLU�DSSOLFDWLRQV� &XUUHQW
2SLQLRQ�LQ�6ROLG�6WDWH�DQG�0DWHULDOV�6FLHQFH� ��������²���� �����

>��@ $� ' 'LQVPRUH� 0LQJ ) +VX� 0� * 1LNRODLGHV� 0DQXHO�0DUTXH]� $� 5
%DXVFK� DQG�'� $ :HLW]� &ROORLGRVRPHV� 6HOHFWLYHO\�SHUPHDEOH
FDSVXOHV�FRPSRVHG�RI�FROORLGDO�SDUWLFOHV� �����

>��@ 6DQJ�+\XN ,P� 8Q\RQJ�-HRQJ� DQG�<RXQDQ�;LD� 3RO\PHU�KROORZ�SDU�
WLFOHV�ZLWK�FRQWUROODEOH�KROHV�LQ�WKHLU�VXUIDFHV� 1DW�0DWHU� ��������²
���� �����

>��@ -DQHW (��0DFGRQDOG� 0D\D�%DU 6DGDQ� /RWKDU�+RXEHQ� ,QQD�3RSRY�
DQG�8UL�%DQLQ� +\EULG�QDQRVFDOH�LQRUJDQLF�FDJHV� 1DWXUH�0DWHULDOV�
�����²���� 6HSWHPEHU������

>��@ 5DSRSRUW� <� %LOLN� <� )HOGPDQ� 0� +RP\RQIHU� 6 5 &RKHQ� DQG
5� 7HQQH� +ROORZ�QDQRSDUWLFOHV�RI�:6��DV�SRWHQWLDO�VROLG�VWDWH� OX�
EULFDQWV� 1DWXUH� �������������²���� �����

>��@ 6DUD ( 6NUDEDODN� /HVOLH� $X� ;LQJGH� /L� DQG� <RXQDQ� ;LD� )DFLOH
V\QWKHVLV� RI� DJ� QDQRFXEHV� DQG� DX� QDQRFDJHV� 1DW�� 3URWRFROV�
���������²����� �����

>��@ )� &DUXVR� 1DQRHQJLQHHULQJ�RI�SDUWLFOH�VXUIDFHV� $GYDQFHG�0DWH�
ULDOV� ��������²��� -DQXDU\������



���

>��@ 6DQJ�:RRN� .LP� 0LQVXN� .LP� :KD <RXQJ� /HH� DQG� 7DHJKZDQ
+\HRQ� )DEULFDWLRQ�RI�KROORZ�SDOODGLXP�VSKHUHV�DQG�WKHLU�VXFFHVV�
IXO�DSSOLFDWLRQ�WR�WKH�UHF\FODEOH�KHWHURJHQHRXV�FDWDO\VW�IRU�VX]XNL
FRXSOLQJ�UHDFWLRQV� -��$P��&KHP��6RF�� ������������²����� �����

>��@ 0LFKDHO 6�� )OHPLQJ� 7DUXQ .�� 0DQGDO� DQG� 'DYLG 5�� :DOW�
1DQRVSKHUH� 0LFURVSKHUH� DVVHPEO\� 0HWKRGV� IRU� &RUH� 6KHOO
PDWHULDOV�SUHSDUDWLRQ� &KHP��0DWHU�� ����������²����� �����

>��@ 0DVDKLUR� )XMLZDUD� .XPL� 6KLRNDZD� .DRUX� +D\DVKL� .HQLFKL�0RUL�
JDNL� DQG� <RVKLNR� 1DNDKDUD� 'LUHFW� HQFDSVXODWLRQ� RI� %6$ DQG
'1$ LQWR�VLOLFD�PLFURFDSVXOHV��KROORZ�VSKHUHV�� -RXUQDO�RI�%LRPHG�
LFDO�0DWHULDOV� 5HVHDUFK�� 3DUW� $�� ���������²���� $SULO� ����� 30,'�
���������

>��@ +DQV�3HWHU�+HQW]H� 6ULQLYDVD 5 5DJKDYDQ� &UDLJ $ 0FNHOYH\� DQG
(ULF : .DOHU� 6LOLFD�KROORZ�VSKHUHV�E\�WHPSODWLQJ�RI�FDWDQLRQLF�YHVL�
FOHV� 6RFLHW\� �����������²����� �����

>��@ -LDQ�/LX� )HQJWDR�)DQ� =KDRFKL�)HQJ� /HL�=KDQJ� 6KL\DQJ�%DL� 4LKXD
<DQJ� DQG�&DQ�/L� )URP�KROORZ�QDQRVSKHUH�WR�KROORZ�PLFURVSKHUH�
0LOG�EXIIHU�SURYLGHV�HDV\�DFFHVV�WR�WXQDEOH�VLOLFD�VWUXFWXUH� -��3K\V�
&KHP��&���������������²������ �����

>��@ <XURQJ�0D�DQG�/LPLQ�4L� 6ROXWLRQ�SKDVH�V\QWKHVLV�RI�LQRUJDQLF�KRO�
ORZ�VWUXFWXUHV�E\�WHPSODWLQJ�VWUDWHJLHV� -RXUQDO�RI�&ROORLG�DQG�,Q�
WHUIDFH�6FLHQFH� ��������²��� -XO\������

>��@ 6WHOOD 0��0DULQDNRV� -DPHV 3��1RYDN� /RXLV &��%URXVVHDX� $� %ODLQH
+RXVH� (IH 0��(GHNL� -DPHV &��)HOGKDXV� DQG�'DQLHO /��)HOGKHLP�
*ROG�SDUWLFOHV�DV�WHPSODWHV�IRU�WKH�V\QWKHVLV�RI�KROORZ�SRO\PHU�FDS�
VXOHV��FRQWURO�RI�FDSVXOH�GLPHQVLRQV�DQG�JXHVW�HQFDSVXODWLRQ� -�
$P��&KHP��6RF�� ������������²����� �����

>��@ :HQ�3DQ� -XQZHL�<H� *XLOLQJ�1LQJ� <XDQ�/LQ� DQG�-LQJ�:DQJ� $ QRYHO
V\QWKHVLV�RI�PLFURPHWHU�VLOLFD�KROORZ�VSKHUH�0DWHULDOV�5HVHDUFK�%XO�
OHWLQ� ���������²���� )HEUXDU\������

>��@ -LDQ�<DQJ� -RKDQ 8��/LQG� DQG�:LOOLDP &��7URJOHU� 6\QWKHVLV�RI�KRO�
ORZ�VLOLFD�DQG�WLWDQLD�QDQRVSKHUHV� &KHP��0DWHU�� ����������²�����
�����

>��@ 0LQJZHL�=KDR� /LTLDQJ�=KHQJ� ;LDQJWDR�%DL� 1D /L� DQG�/L <X� )DE�
ULFDWLRQ�RI� VLOLFD�QDQRSDUWLFOHV�DQG�KROORZ�VSKHUHV�XVLQJ� LRQLF� OLT�
XLG�PLFURHPXOVLRQ�GURSOHWV�DV�WHPSODWHV� &ROORLGV�DQG�6XUIDFHV�$�
3K\VLFRFKHPLFDO�DQG�(QJLQHHULQJ�$VSHFWV� ������������²���� $X�
JXVW������



���

>��@ =� =KRQJ� <� <LQ� %� *DWHV� DQG�<� ;LD� 3UHSDUDWLRQ�RI�PHVRVFDOH
KROORZ�VSKHUHV�RI�7L2��DQG�6Q2��E\�WHPSODWLQJ�DJDLQVW�FU\VWDOOLQH
DUUD\V�RI�SRO\VW\UHQH�EHDGV� $GYDQFHG�0DWHULDOV� ���������²����
)HEUXDU\������

>��@ ;LDRKXL�*XR� <RQJKXL�'HQJ� %R 7X� DQG�'RQJ\XDQ�=KDR� )DFLOH�V\Q�
WKHVLV�RI�KLHUDUFKLFDOO\�PHVRSRURXV�VLOLFD�SDUWLFOHV�ZLWK�FRQWUROODEOH
FDYLW\�LQ�WKHLU�VXUIDFHV� /DQJPXLU� ���������²���� �����

>��@ (QQLR�7DVFLRWWL� ;XHZX�/LX� 5RKDQ�%KDYDQH� .HYLQ�3ODQW� $VKOH\ '�
/HRQDUG� %� .DWKHULQH�3ULFH� 0DUN�0LQJ�&KHQJ�&KHQJ� 3DROR�'H�
FX]]L� -DPHV 0��7RXU� )UHGLND�5REHUWVRQ� DQG�0DXUR�)HUUDUL� 0HVR�
SRURXV�VLOLFRQ�SDUWLFOHV�DV�D�PXOWLVWDJH�GHOLYHU\�V\VWHP�IRU�LPDJLQJ
DQG�WKHUDSHXWLF�DSSOLFDWLRQV� 1DW�1DQR� ��������²���� 0DUFK������

>��@ )UDQFRLV� 7RUQH\� %ULDQ *�� 7UHZ\Q� 9LFWRU� 6��<�� /LQ� DQG�.DQ�:DQJ�
0HVRSRURXV� VLOLFD�QDQRSDUWLFOHV�GHOLYHU�'1$ DQG�FKHPLFDOV� LQWR
SODQWV� 1DW�1DQR� ��������²���� 0D\������

>��@ .DL�0D� +LURDNL�6DL� DQG�8OULFK�:LHVQHU� 8OWUDVPDOO�VXE����QP�QHDU�
LQIUDUHG�IOXRUHVFHQW�PHVRSRURXV�VLOLFD�QDQRSDUWLFOHV� -RXUQDO�RI�WKH
$PHULFDQ�&KHPLFDO�6RFLHW\� �������������²������ $XJXVW������

>��@ +RRLVZHQJ�2Z� 'DQLHO 5�� /DUVRQ� 0DPWD� 6ULYDVWDYD� %DUEDUD $�
%DLUG� :DWW :�� :HEE� DQG� 8OULFK� :LHVQHU� %ULJKW� DQG� VWDEOH
&RUH� 6KHOO�IOXRUHVFHQW�VLOLFD�QDQRSDUWLFOHV�1DQR�/HWWHUV� ��������²
���� -DQXDU\������

>��@ - ) 3RSSOHZHOO� 6 - .LQJ� - 3 'D\� 3 $FNULOO� / . )LILHOG� 5*&UHVVZHOO� 0 /
GL 7DGD� DQG�. /LX� .LQHWLFV�RI�XSWDNH�DQG�HOLPLQDWLRQ�RI�VLOLFLF�DFLG
E\�D�KXPDQ�VXEMHFW� D�QRYHO�DSSOLFDWLRQ�RI���6L�DQG�DFFHOHUDWRU
PDVV�VSHFWURPHWU\� -RXUQDO�RI� ,QRUJDQLF�%LRFKHPLVWU\� ���������²
���� )HEUXDU\������ 30,'����������

>��@ 6KXOD�5DGLQ� 6\OYLH�)DODL]H� 0DUN +��/HH� DQG�3DXO�'XFKH\QH� ,Q�YLWUR
ELRDFWLYLW\�DQG�GHJUDGDWLRQ�EHKDYLRU�RI�VLOLFD�[HURJHOV�LQWHQGHG�DV
FRQWUROOHG�UHOHDVH�PDWHULDOV� %LRPDWHULDOV� �����������²����� $XJXVW
�����

>��@ 6KXOD�5DGLQ� *HKDQ�(O�%DVV\RXQL� (GZDUG -��9UHVLORYLF� (YHUW�6FKHS�
HUV� DQG�3DXO�'XFKH\QH� ,Q�YLYR�WLVVXH�UHVSRQVH�WR�UHVRUEDEOH�VLOLFD
[HURJHOV�DV�FRQWUROOHG�UHOHDVH�PDWHULDOV� %LRPDWHULDOV� ����������²
����� 0DUFK������

>��@ ,JRU�6RNRORY�DQG�6DMR�1DLN� 1RYHO�IOXRUHVFHQW�VLOLFD�QDQRSDUWLFOHV�
7RZDUGV� XOWUDEULJKW� VLOLFD� QDQRSDUWLFOHV� 6PDOO� ��������²���� -XO\
�����



���

>��@ <XIDQJ�=KX� -LDQOLQ�6KL� :HLKXD�6KHQ� ;LDRSLQJ�'RQJ� -LQJZHL�)HQJ�
0HLOLQ�5XDQ� DQG�<RQJVKHQJ�/L� 6WLPXOL�UHVSRQVLYH�FRQWUROOHG�GUXJ
UHOHDVH� IURP� D� KROORZ� PHVRSRURXV� VLOLFD� VSKHUH�SRO\HOHFWURO\WH
PXOWLOD\HU�FRUH�VKHOO�VWUXFWXUH� $QJHZDQGWH�&KHPLH��,QWHUQDWLRQDO
(G��LQ�(QJOLVK�� �����������²����� $XJXVW������ 30,'�����������

>��@ 'RURWD�1DSLHUVND� /HHQ�& - 7KRPDVVHQ� 'RPLQLTXH�/LVRQ� -RKDQ $
0DUWHQV� DQG�3HWHU + +RHW� 7KH�QDQRVLOLFD�KD]DUG� DQRWKHU�YDULDEOH
HQWLW\� 3DUWLFOH�DQG�)LEUH�7R[LFRORJ\� �������� ����� 30,'�����������

>��@ .DUHQ�%XVK�DQG�*HRUJH $��-DFRE\� 8SGDWHG�IXQFWLRQDO�FODVVLILFD�
WLRQ�RI�� �ODFWDPDVHV� $QWLPLFURELDO�$JHQWV�DQG�&KHPRWKHUDS\�
����������²���� 0DUFK������

>��@ 9LYHNDQDQGD 0��9UXGKXOD� +DDNDQ 3��6YHQVVRQ� DQG�3HWHU '��6HQ�
WHU� &HSKDORVSRULQ�GHULYDWLYHV�RI�GR[RUXELFLQ�DV�SURGUXJV�IRU�DF�
WLYDWLRQ�E\�PRQRFORQDO�DQWLERG\��EHWD��ODFWDPDVH�FRQMXJDWHV� -�
0HG��&KHP�� ����������²����� �����

>��@ *UHJRU�=ORNDUQLN� 3DXO $��1HJXOHVFX� 7KRPDV (��.QDSS� /RUD�0HUH�
1HDO� %XUUHV� /X[LQ� )HQJ� 0LFKDHO� :KLWQH\� .ODXV� 5RHPHU� DQG
5RJHU <�� 7VLHQ� 4XDQWLWDWLRQ� RI� WUDQVFULSWLRQ� DQG� FORQDO� VHOHF�
WLRQ�RI� VLQJOH� OLYLQJ�FHOOV�ZLWK�� �ODFWDPDVH�DV� UHSRUWHU� 6FLHQFH�
�������������²��� -DQXDU\������

>��@ := *DR� %* ;LQJ� 5< 7VLHQ� DQG� -+ 5DR� 1RYHO� IOXRURJHQLF
VXEVWUDWHV� IRU� LPDJLQJ� ��ODFWDPDVH� JHQH� H[SUHVVLRQ� -RXUQDO� RI
WKH�$PHULFDQ�&KHPLFDO�6RFLHW\� �������������²������ 6HSWHPEHU
����� :26�����������������

>��@ :DQ�.\X�2K� 6RMLQ�.LP� 0RRQMXQJ�&KRL� &KDQKRL�.LP� <RRQ 6HRQ
-HRQJ� %R�5DP�&KR� -L�6RRN�+DKQ� DQG�-\RQJVLN�-DQJ� &HOOXODU�XS�
WDNH� F\WRWR[LFLW\� DQG� LQQDWH� LPPXQH�UHVSRQVH�RI�6LOLFD� 7LWDQLD
KROORZ�QDQRSDUWLFOHV�EDVHG�RQ�VL]H�DQG�VXUIDFH�IXQFWLRQDOLW\� $&6
1DQR� ���������²����� 6HSWHPEHU������

>��@ 7LDQ�<X� $OH[DQGHU�0DOXJLQ� DQG�+DPLGUH]D�*KDQGHKDUL� ,PSDFW�RI
VLOLFD�QDQRSDUWLFOH�GHVLJQ�RQ�FHOOXODU�WR[LFLW\�DQG�KHPRO\WLF�DFWLYLW\�
$&6 1DQR� ���������²����� -XO\������

>��@ $OLVDU 6��=DKU� &KHU\O $��'DYLV� DQG�0LFKDHO 9��3LVKNR� 0DFURSKDJH
XSWDNH� RI� &RUH� 6KHOO� QDQRSDUWLFOHV� VXUIDFH� PRGLILHG� ZLWK
SRO\�HWK\OHQH� JO\FRO�� /DQJPXLU� �����������²����� 6HSWHPEHU
�����



���

>��@ &KULVWLDQ�%RGH� *DQ�=KDR� )RONHUW� 6WHLQKDJHQ� 7DNHVKL�.LQMR� DQG
'HQQLV 0 .OLQPDQ� &S* '1$ DV�D�YDFFLQH�DGMXYDQW� ([SHUW�5HYLHZ
RI�9DFFLQHV� ���������²���� $SULO������

>��@ 1LNRODL� 3HWURYVN\� DQG� -XOLR &pVDU� $JXLODU� 9DFFLQH� DGMXYDQWV�
&XUUHQW� VWDWH� DQG� IXWXUH� WUHQGV� ,PPXQRORJ\� DQG� &HOO� %LRORJ\�
���������²���� 6HSWHPEHU������

>��@ $� '�EEHUV� *� :�UWKZHLQ� +� -�� 0�OOHU� 3� 6FKXO]H�:HVWKRII�
0� :LQNHOKRUVW� (� .XU]NQDEH� &� /DQYHUV� 5� 3LHWHUV� *� -� /��.DVSHUV�
8� &UHXW]LJ� -� 5LWWHU� DQG�-� %RRV� $VSDUDJLQH�V\QWKHWDVH�DFWLYLW\�LQ
SDHGLDWULF�DFXWH�OHXNDHPLDV� $0/�0��VXEW\SH�VKRZV�ORZHVW�DFWLY�
LW\� %ULWLVK�-RXUQDO�RI�+DHPDWRORJ\� ����������²���� �����

>���@ 0 ' 6WRU\� ' : 9RHKULQJHU� / & 6WHSKHQV� DQG� 5 ( 0H\Q�
/�DVSDUDJLQDVH� NLOOV� O\PSKRPD� FHOOV� E\� DSRSWRVLV� &DQFHU
FKHPRWKHUDS\� DQG� SKDUPDFRORJ\� ���������²���� ����� 30,'�
��������

>���@ +�-��0�OOHU�DQG�-� %RRV� 8VH�RI�O�DVSDUDJLQDVH�LQ�FKLOGKRRG�$//� &ULW�
LFDO�5HYLHZV�LQ�2QFRORJ\�+HPDWRORJ\� ��������²���� $XJXVW������

>���@ 5RE� 3LHWHUV� 6WHSKHQ 3�� +XQJHU� -RDFKLP� %RRV� &DUPHOR� 5L]�
]DUL� /HZLV� 6LOYHUPDQ� $QGUH�%DUXFKHO� 1LFROD�*RHNEXJHW� 0DUWLQ
6FKUDSSH� DQG�&KLQJ�+RQ�3XL� /�DVSDUDJLQDVH�WUHDWPHQW�LQ�DFXWH
O\PSKREODVWLF�OHXNHPLD� &DQFHU� ����������²���� �����

>���@ 0LFKDHO / *UDKDP� 3HJDVSDUJDVH� D�UHYLHZ�RI�FOLQLFDO�VWXGLHV� $G�
YDQFHG�GUXJ�GHOLYHU\�UHYLHZV� �����������²����� 6HSWHPEHU������
30,'�����������

>���@ 2� <X�$EDNXPRYD� 2� 9��3RGREHG� 3� $��.DUDONLQ� /� ,��.RQGDNRYD�
DQG�1� 1�� 6RNRORY� $QWLWXPRU�DFWLYLW\�RI� O�DVSDUDJLQDVH� IURP�HU�
ZLQLD� FDURWRYRUD� DJDLQVW� GLIIHUHQW� KXPDQ� DQG� DQLPDO� OHXNHPLF
DQG�VROLG�WXPRU�FHOO�OLQHV� %LRFKHPLVWU\��0RVFRZ��6XSSOHPHQW�6HULHV
%��%LRPHGLFDO�&KHPLVWU\� ��������²���� 2FWREHU������

>���@ ' $ .\ULDNLGLV� 6 $ 7VLUND� , . 7VDYGDULGLV� 6 1 ,OLDGLV� DQG�$ + .R�
UWVDULV� $QWLSUROLIHUDWLYH�DFWLYLW\�RI� O�DVSDUDJLQDVH�RI� WHWUDK\PHQD
S\ULIRUPLV�RQ�KXPDQ�EUHDVW�FDQFHU�FHOO�OLQHV� 0ROHFXODU�DQG�FHOOX�
ODU�ELRFKHPLVWU\� ���������²���� $XJXVW������ 30,'����������

>���@ &KDUOHV :�� 7D\ORU� 5REHUW 7��'RUU� 3DXO� )DQWD� (YDQ 0��+HUVK� DQG
6\GQH\ (��6DOPRQ� $ SKDVH�L�DQG�SKDUPDFRG\QDPLF�HYDOXDWLRQ�RI
SRO\HWK\OHQH�JO\FRO�FRQMXJDWHG�O�DVSDUDJLQDVH�LQ�SDWLHQWV�ZLWK�DG�
YDQFHG�VROLG�WXPRUV� &DQFHU�&KHPRWKHUDS\�DQG�3KDUPDFRORJ\�
��������²��� -DQXDU\������



���

>���@ -RQDWKDQ . $UPVWURQJ� *HRUJ� +HPSHO� 6XVDQQH� .ROLQJ� /LQGD 6
&KDQ� 7LPRWK\� )LVKHU� +HUEHUW - 0HLVHOPDQ� DQG� *HRUJH� *DU�
UDWW\� $QWLERG\� DJDLQVW� SRO\�HWK\OHQH� JO\FRO�� DGYHUVHO\� DIIHFWV
3(*�DVSDUDJLQDVH� WKHUDS\� LQ� DFXWH� O\PSKREODVWLF� OHXNHPLD� SD�
WLHQWV� &DQFHU� ����������²���� -XO\������ 30,'�����������

>���@ -RQDWKDQ .��$UPVWURQJ� 7KH�RFFXUUHQFH� LQGXFWLRQ� VSHFLILFLW\�DQG
SRWHQWLDO� HIIHFW� RI� DQWLERGLHV� DJDLQVW� SRO\�HWK\OHQH� JO\FRO�� ,Q
)UDQFHVFR 0��9HURQHVH� HGLWRU� 3(*\ODWHG�3URWHLQ�'UXJV� %DVLF�6FL�
HQFH�DQG�&OLQLFDO�$SSOLFDWLRQV� 0LOHVWRQHV�LQ�'UXJ�7KHUDS\� SDJH
���²�����%LUNKlXVHU�%DVHO� -DQXDU\������

>���@ 5LFDUGR 3*DUD\� 5DDIDW�(O�*HZHO\� -RQDWKDQ . $UPVWURQJ� *HRUJH
*DUUDWW\� DQG�3DVFDO�5LFKHWWH� $QWLERGLHV�DJDLQVW�SRO\HWK\OHQH�JO\�
FRO�LQ�KHDOWK\�VXEMHFWV�DQG�LQ�SDWLHQWV�WUHDWHG�ZLWK�3(*�FRQMXJDWHG
DJHQWV� ([SHUW�RSLQLRQ�RQ�GUXJ�GHOLYHU\� ����������²����� 1RYHP�
EHU������ 30,'�����������

>���@ %HDWD�=DOHZVND�6]HZF]\N� $JQLHV]ND�*DFK� .U\VW\QD�:\ND� -HU]\
%RGDOVNL� DQG�:RMFLHFK�0� \QDUVNL� 7KH� FURVV�UHDFWLYLW\� RI� DQWL�
DVSDUDJLQDVH�DQWLERGLHV�DJDLQVW�GLIIHUHQW�O�DVSDUDJLQDVH�SUHSDUD�
WLRQV� &OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH� ��������²���� -XQH������

>���@ * 2OOHQVFKOlJHU� ( 5RWK� : /LQNHVFK� 6 -DQVHQ� $ 6LPPHO� DQG
% 0|GGHU� $VSDUDJLQDVH�LQGXFHG� GHUDQJHPHQWV� RI� JOXWDPLQH
PHWDEROLVP� WKH�SDWKRJHQHWLF�EDVLV� IRU� VRPH�GUXJ�UHODWHG� VLGH�
HIIHFWV� (XURSHDQ� MRXUQDO�RI�FOLQLFDO� LQYHVWLJDWLRQ� ���������²����
2FWREHU������ 30,'����������

>���@ +ROO\0 .QRGHUHU� -DVRQ�5REDUJH� DQG�'DYLG$ )ORFNKDUW� 3UHGLFWLQJ
DVSDUDJLQDVH�DVVRFLDWHG�SDQFUHDWLWLV� 3HGLDWULF�EORRG�	�FDQFHU�
���������²���� 2FWREHU������ 30,'�����������

>���@ - $ 'LVWDVLR� 5 $ 1LHGHUPDQ� DQG�' .DINHZLW]� $QWLO\PSKRPD�DFWLY�
LW\�RI�D�JOXWDPLQDVH�IUHH� O�DVSDUDJLQDVH�RI�PLFURELDO�RULJLQ� 3UR�
FHHGLQJV� RI� WKH� 6RFLHW\� IRU� ([SHULPHQWDO� %LRORJ\� DQG�0HGLFLQH�
6RFLHW\� IRU� ([SHULPHQWDO� %LRORJ\�DQG�0HGLFLQH� �1HZ�<RUN� 1�<���
����������²���� 6HSWHPEHU������ 30,'���������

>���@ 'RQDOG /��'XUGHQ�DQG�-RKQ $��'LVWDVLR� &KDUDFWHUL]DWLRQ�RI�WKH�HI�
IHFWV�RI�DVSDUDJLQDVH�IURP�HVFKHULFKLD�FROL�DQG�D�JOXWDPLQDVH�IUHH
DVSDUDJLQDVH�IURP�YLEULR�VXFFLQRJHQHV�RQ�VSHFLILF�FHOO�PHGLDWHG
F\WRWR[LFLW\� ,QWHUQDWLRQDO�-RXUQDO�RI�&DQFHU� ��������²��� �����

>���@ %LDQFD 0DULD�5RWROL� -DFRSR�8JJHUL� 9DOHULD�'DOO
$VWD� 5RVVDQD�9LVL�
JDOOL� $PHOLD� %DULOOL� 5LWD�*DWWL� *XLGR�2UODQGLQL� *LDQ & *D]]ROD�



���

DQG�2YLGLR� %XVVRODWL� ,QKLELWLRQ� RI� JOXWDPLQH� V\QWKHWDVH� WULJJHUV
DSRSWRVLV� LQ�DVSDUDJLQDVH�UHVLVWDQW�FHOOV� &HOOXODU�SK\VLRORJ\�DQG
ELRFKHPLVWU\� LQWHUQDWLRQDO�MRXUQDO�RI�H[SHULPHQWDO�FHOOXODU�SK\VLRO�
RJ\� ELRFKHPLVWU\� DQG�SKDUPDFRORJ\� ���������²���� ����� 30,'�
���������

>���@ 8 1RZDN�*|WWO� ( $KONH� . .O|VHO� + -�UJHQV� DQG�- %RRV� &KDQJHV
LQ� FRDJXODWLRQ� DQG� ILEULQRO\VLV� LQ� FKLOGKRRG� DFXWH� O\PSKREODVWLF
OHXNDHPLD�UH�LQGXFWLRQ�WKHUDS\�XVLQJ�WKUHH�GLIIHUHQW�DVSDUDJLQDVH
SUHSDUDWLRQV� (XURSHDQ� MRXUQDO� RI� SHGLDWULFV� �����������²����
1RYHPEHU������ 30,'����������

>���@ - $ 'LVWDVLR� ' / 'XUGHQ� 5 ' 3DXO� DQG�0 1DGML� $OWHUDWLRQ�LQ�VSOHHQ
O\PSKRLG�SRSXODWLRQV�DVVRFLDWHG�ZLWK�VSHFLILF�DPLQR�DFLG�GHSOH�
WLRQ�GXULQJ�O�DVSDUDJLQDVH�WUHDWPHQW� &DQFHU�UHVHDUFK� ���������²
���� -DQXDU\������ 30,'����������

>���@ - 1DFKPDQ� + 1 6DWKHU� 3 6 *D\QRQ� - 1 /XNHQV� / :ROII� DQG�0 (
7ULJJ� $XJPHQWHG�EHUOLQ�IUDQNIXUW�PXQVWHU�WKHUDS\�DEURJDWHV�WKH
DGYHUVH�SURJQRVWLF� VLJQLILFDQFH�RI� VORZ�HDUO\� UHVSRQVH� WR� LQGXF�
WLRQ�FKHPRWKHUDS\�IRU�FKLOGUHQ�DQG�DGROHVFHQWV�ZLWK�DFXWH� O\P�
SKREODVWLF� OHXNHPLD� DQG� XQIDYRUDEOH� SUHVHQWLQJ� IHDWXUHV� D� UH�
SRUW� IURP� WKH�FKLOGUHQ
V�FDQFHU�JURXS� -RXUQDO�RI�FOLQLFDO�RQFRO�
RJ\� RIILFLDO�MRXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�RI�&OLQLFDO�2QFRORJ\�
����������²����� -XQH������ 30,'����������

>���@ &KLQJ�+RQ� 3XL� 0DU\ 9�� 5HOOLQJ� DQG� -DPHV 5�� 'RZQLQJ� $FXWH
O\PSKREODVWLF� OHXNHPLD� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH�
������������²����� ����� 30,'�����������

>���@ 'DQ�'RXHU� ,V�DVSDUDJLQDVH�D�FULWLFDO�FRPSRQHQW�LQ�WKH�WUHDWPHQW
RI�DFXWH�O\PSKREODVWLF�OHXNHPLD" %HVW�3UDFWLFH�	�5HVHDUFK�&OLQL�
FDO�+DHPDWRORJ\� ���������²���� 'HFHPEHU������

>���@ +HQN�YDQ GHQ�%HUJ� $VSDUDJLQDVH�UHYLVLWHG� /HXNHPLD�DQG�/\P�
SKRPD� ���������²���� �����

>���@ :DQGD /��6DO]HU� %DUEDUD�$VVHOLQ� -HIIUH\ *��6XSNR� 0HHQDNVKL�'H�
YLGDV� 1LFROH $��.DLVHU� 3DXO�3ORXUGH� 1DRPL -��:LQLFN� *UHJRU\ +�
5HDPDQ� (OL]DEHWK�5DHW]� :LOOLDP /��&DUUROO� DQG�6WHSKHQ 3��+XQJHU�
(UZLQLD�DVSDUDJLQDVH�DFKLHYHV�WKHUDSHXWLF�DFWLYLW\�DIWHU�SHJDVSDU�
JDVH�DOOHUJ\� D�UHSRUW�IURP�WKH�FKLOGUHQ
V�RQFRORJ\�JURXS� %ORRG�
-XQH������ 30,'�����������



���

>���@ 9DVVLOLRV , $YUDPLV� 6DJUDULR�0DUWLQ�$UDJRQ� (DUO 9 $YUDPLV� DQG�%DU�
EDUD / $VVHOLQ� 3KDUPDFRDQDO\WLFDO� DVVD\V� RI� HUZLQLD� DVSDUDJL�
QDVH��HUZLQDVH��DQG�SKDUPDFRNLQHWLF�UHVXOWV�LQ�KLJK�ULVN�DFXWH�O\P�
SKREODVWLF�OHXNHPLD��+5 $//� SDWLHQWV� VLPXODWLRQV�RI�HUZLQDVH�SRS�
XODWLRQ�3.�3' PRGHOV� $QWLFDQFHU�UHVHDUFK� ����&������²����� $X�
JXVW������ 30,'�����������

>���@ 9ODGND�*DEHUF�3RUHNDU� ,UHQD�=RUH� %DUEDUD�3RGREQLN� DQG�9LNWRU
0HQDUW� 2EVWDFOHV�DQG�SLWIDOOV�LQ�WKH�3(*\ODWLRQ�RI�WKHUDSHXWLF�SUR�
WHLQV� &XUUHQW�RSLQLRQ�LQ�GUXJ�GLVFRYHU\�	�GHYHORSPHQW� ���������²
���� 0DUFK������ 30,'�����������

>���@ 0HUU\ 5��6KHUPDQ� 0DUN *�3��6DLIHU� DQG�)HUQDQGR�3HUH]�5XL]� 3(*�
XULFDVH�LQ�WKH�PDQDJHPHQW�RI�WUHDWPHQW�UHVLVWDQW�JRXW�DQG�K\SH�
UXULFHPLD� $GYDQFHG�'UXJ�'HOLYHU\�5HYLHZV� ��������²��� -DQXDU\
�����

>���@ -DPHV %��1DFKPDQ� +DUODQG 1��6DWKHU� 0DUWKD*��6HQVHO� 0LFKDHO (�
7ULJJ� -RHO 0��&KHUORZ� -RKQ 1�� /XNHQV� /DZUHQFH�:ROII� )DWLK 0�
8FNXQ� DQG�3DXO 6��*D\QRQ� $XJPHQWHG�SRVW�LQGXFWLRQ�WKHUDS\
IRU�FKLOGUHQ�ZLWK�KLJK�ULVN�DFXWH�O\PSKREODVWLF�OHXNHPLD�DQG�D�VORZ
UHVSRQVH� WR� LQLWLDO� WKHUDS\� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH�
������������²����� ����� 30,'����������

>���@ % / $VVHOLQ� 6 .UHLVVPDQ� ' - &RSSROD� 6 ' %HUQDO� 3 5 /HDYLWW� 5 '
*HOEHU� 6 ( 6DOODQ� DQG�+ - &RKHQ� 3URJQRVWLF�VLJQLILFDQFH�RI�HDUO\
UHVSRQVH�WR�D�VLQJOH�GRVH�RI�DVSDUDJLQDVH�LQ�FKLOGKRRG�DFXWH�O\P�
SKREODVWLF�OHXNHPLD� -RXUQDO�RI�SHGLDWULF�KHPDWRORJ\�RQFRORJ\�
�������²��� )HEUXDU\������ 30,'�����������

>���@ 7 / &KHQJ� % 0 &KHQ� - : &KHUQ� 0 ) :X� DQG�6 5 5RIIOHU� (IILFLHQW
FOHDUDQFH�RI�SRO\�HWK\OHQH�JO\FRO��PRGLILHG�LPPXQRHQ]\PH�ZLWK
DQWL�3(* PRQRFORQDO�DQWLERG\� IRU�SURGUXJ�FDQFHU� WKHUDS\� %LR�
FRQMXJDWH�FKHPLVWU\� ���������²���� $SULO������ 30,'�����������

>���@ 1DQF\ -��*DQVRQ� 6XVDQ -��.HOO\� (GQD�6FDUOHWW� -RKQ 6��6XQG\� DQG
0LFKDHO 6��+HUVKILHOG� &RQWURO�RI�K\SHUXULFHPLD�LQ�VXEMHFWV�ZLWK�UH�
IUDFWRU\�JRXW� DQG�LQGXFWLRQ�RI�DQWLERG\�DJDLQVW�SRO\�HWK\OHQH�JO\�
FRO���3(*���LQ�D�SKDVH�L�WULDO�RI�VXEFXWDQHRXV�3(*\ODWHG�XUDWH�R[L�
GDVH� $UWKULWLV�5HVHDUFK�	�7KHUDS\� �����5��� 'HFHPEHU������ 30,'�
���������

>���@ 0HKUGDG�+DPLGL� $GEROKRVVHLQ�=DUULQ� 0DKVKLG�)RURR]HVK� DQG�6ROL�
PDQ�0RKDPPDGL�6DPDQL� $SSOLFDWLRQV�RI�FDUULHU�HU\WKURF\WHV� LQ
GHOLYHU\� RI� ELRSKDUPDFHXWLFDOV� -RXUQDO� RI� &RQWUROOHG� 5HOHDVH�
����������²���� $SULO������



���

>���@ &DUPHQ *XWLpUUH]�0LOOiQ� 0DU� � D�/XLVD 6D\DOHUR�0DULQHUR� $UiQ�
]D]X =DU]XHOR�&DVWDxHGD� DQG�-RVp 0 /DQDR� 'UXJ� HQ]\PH�DQG
SHSWLGH�GHOLYHU\�XVLQJ�HU\WKURF\WHV�DV�FDUULHUV� -RXUQDO�RI�&RQWUROOHG
5HOHDVH� ��������²��� )HEUXDU\������

>���@ + 2 $OSDU�DQG�' $ /HZLV� 7KHUDSHXWLF�HIILFDF\�RI�DVSDUDJLQDVH
HQFDSVXODWHG�LQ�LQWDFW�HU\WKURF\WHV� %LRFKHPLFDO�SKDUPDFRORJ\�
���������²���� -DQXDU\������ 30,'����������

>���@ 5 .UDYW]RII� , 'HVERLV� - 3 /DPDJQHUH� - 3 0XK� & 9DODW� 0 &KDV�
VDLJQH� 3 &RORPEDW� DQG�& 5RSDUV� ,PSURYHG�SKDUPDFRG\QDPLFV
RI�O�DVSDUDJLQDVH�ORDGHG�LQ�KXPDQ�UHG�EORRG�FHOOV� (XURSHDQ�MRXU�
QDO�RI�FOLQLFDO�SKDUPDFRORJ\� ���������²���� ����� 30,'����������

>���@ &DUPHQ�*XWLpUUH] 0LOOiQ� $UiQ]D]X =DU]XHOR�&DVWDxHGD� 0D� /XLVD
6D\DOHUR 0DULQHUR� DQG�-RVp 0��/DQDR� )DFWRUV�DVVRFLDWHG�ZLWK�WKH
SHUIRUPDQFH�RI�FDUULHU�HU\WKURF\WHV�REWDLQHG�E\�K\SRWRQLF�GLDO\�
VLV� %ORRG�&HOOV� 0ROHFXOHV� DQG�'LVHDVHV� ���������²���� 6HSWHPEHU
�����

>���@ &DULQH� 'RPHQHFK� ;DYLHU� 7KRPDV� 6\OYLH� &KDEDXG� $QGUH
%DUXFKHO� )UDQoRLV�*XH\IILHU� )UDQoRLVH�0D]LQJXH� $QQH�$XYULJQRQ�
6HOLP�&RUP� +HUYH�'RPEUHW� 3DWULFH�&KHYDOOLHU� &ODLUH�*DODPEUXQ�
)UDQoRLVH�+XJXHW� )DH]HK�/HJUDQG� )UDQoRLVH�0HFKLQDXG� 1RUEHUW
9H\� ,UqQH�3KLOLS� 'DYLG�/LHQV� <DQQ�*RGIULQ� 'RPLQLTXH�5LJDO� DQG
<YHV�%HUWUDQG� O�DVSDUDJLQDVH�ORDGHG�UHG�EORRG�FHOOV�LQ�UHIUDFWRU\
RU�UHODSVLQJ�DFXWH�O\PSKREODVWLF�OHXNDHPLD�LQ�FKLOGUHQ�DQG�DGXOWV�
UHVXOWV�RI�WKH�*5$63$// ��������UDQGRPL]HG�WULDO� %ULWLVK�-RXUQDO�RI
+DHPDWRORJ\� ���������²��� �����

>���@ :LOOLDP : &KHQ� 0DULR�1LHSHO� DQG� 3HWHU . 6RUJHU� &ODVVLF� DQG
FRQWHPSRUDU\� DSSURDFKHV� WR� PRGHOLQJ� ELRFKHPLFDO� UHDFWLRQV�
*HQHV�	�GHYHORSPHQW� �����������²����� 6HSWHPEHU������ 30,'�
���������

>���@ $VKUDI 6 (O�6D\HG� 0LFURELDO� O�PHWKLRQLQDVH� SURGXFWLRQ� PROHF�
XODU�FKDUDFWHUL]DWLRQ� DQG� WKHUDSHXWLF�DSSOLFDWLRQV� $SSOLHG�PL�
FURELRORJ\�DQG�ELRWHFKQRORJ\� ���������²���� 0DUFK������ 30,'�
���������

>���@ ' ( (SQHU� &DQ�GLHWDU\�PHWKLRQLQH�UHVWULFWLRQ�LQFUHDVH�WKH�HIIHFWLYH�
QHVV�RI�FKHPRWKHUDS\�LQ�WUHDWPHQW�RI�DGYDQFHG�FDQFHU" -RXUQDO
RI�WKH�$PHULFDQ�&ROOHJH�RI�1XWULWLRQ� �����6XSSO�����6²���6��GLVFXV�
VLRQ����6�����6��2FWREHU������ 30,'�����������



���

>���@ 1 (VDNL�DQG�. 6RGD� /�PHWKLRQLQH�JDPPD�O\DVH�IURP�SVHXGRPRQDV
SXWLGD� DQG� DHURPRQDV� 0HWKRGV� LQ� HQ]\PRORJ\� �������²����
����� 30,'����������

>���@ <X\LQJ� 7DQ� 0LQJ[X�;X� DQG�5REHUW 0 +RIIPDQ� %URDG� VHOHFWLYH
HIILFDF\� RI� UHFRPELQDQW�PHWKLRQLQDVH� DQG� SRO\HWK\OHQH� JO\FRO�
PRGLILHG�UHFRPELQDQW�PHWKLRQLQDVH�RQ�FDQFHU�FHOOV� LQ�YLWUR� $Q�
WLFDQFHU�UHVHDUFK� ����������²����� $SULO������ 30,'�����������

>���@ ( &HOODULHU� ; 'XUDQGR� 0�3 9DVVRQ� 0�& )DUJHV� $ 'HPLGHQ� -�&
0DXUL]LV� -�& 0DGHOPRQW� DQG�3 &KROOHW� 0HWKLRQLQH�GHSHQGHQF\
DQG�FDQFHU�WUHDWPHQW� &DQFHU�7UHDWPHQW�5HYLHZV� ���������������
'HFHPEHU������

>���@ %DUEDUD &��+DOSHUQ� %ULDQ 5��&ODUN� 'RURWK\ 1��+DUG\� 5LFKDUG 0�
+DOSHUQ� DQG�5REHUWV $��6PLWK� 7KH�HIIHFW�RI�UHSODFHPHQW�RI�PH�
WKLRQLQH�E\�KRPRF\VWLQH�RQ�VXUYLYDO�RI�PDOLJQDQW�DQG�QRUPDO�DGXOW
PDPPDOLDQ�FHOOV�LQ�FXOWXUH� 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\
RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD� ����������������� $SULO
����� 30,'����������30&,'��30&�������

>���@ -RVHSK 5 %HUWLQR� :LOOLDP 5 :DXG� :LOOLDP % 3DUNHU� DQG�0DUWLQ�/X�
ELQ� 7DUJHWLQJ� WXPRUV� WKDW� ODFN�PHWK\OWKLRDGHQRVLQH�SKRVSKRU\�
ODVH��07$3� DFWLYLW\� FXUUHQW�VWUDWHJLHV� &DQFHU�ELRORJ\�	�WKHUDS\�
���������²���� $SULO������ 30,'�����������

>���@ 7 1RERUL� . 7DNDED\DVKL� 3 7UDQ� / 2UYLV� $ %DWRYD� $ / <X� DQG�' $
&DUVRQ� *HQRPLF�FORQLQJ�RI�PHWK\OWKLRDGHQRVLQH�SKRVSKRU\ODVH�
D�SXULQH�PHWDEROLF�HQ]\PH�GHILFLHQW�LQ�PXOWLSOH�GLIIHUHQW�FDQFHUV�
3URFHHGLQJV�RI� WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI� WKH�8QLWHG
6WDWHV�RI�$PHULFD� �����������²����� -XQH������ 30,'����������

>���@ < 7DQ� 6U =DYDOD� -�� 0 ;X� -U =DYDOD� -�� DQG� 5 0 +RIIPDQ�
6HUXP� PHWKLRQLQH� GHSOHWLRQ� ZLWKRXW� VLGH� HIIHFWV� E\� PHWKLRQL�
QDVH� LQ�PHWDVWDWLF�EUHDVW�FDQFHU�SDWLHQWV� $QWLFDQFHU� UHVHDUFK�
����&������²����� 'HFHPEHU������ 30,'����������

>���@ :LOOLDP <��.LP�DQG�1RUPDQ (��6KDUSOHVV� 7KH�UHJXODWLRQ�RI�,1.��$5)
LQ�FDQFHU�DQG�DJLQJ� &HOO� ����������²���� 2FWREHU������

>���@ 5 0 +RIIPDQ� $OWHUHG�PHWKLRQLQH�PHWDEROLVP� DQG� WUDQVPHWK\�
ODWLRQ� LQ�FDQFHU� $QWLFDQFHU� UHVHDUFK� ����������� )HEUXDU\� �����
30,'����������



���

>���@ 1 *RVHNL� 6 <DPD]DNL� . 6KLPRM\X� ) .DQGR� 0 0DUX\DPD� 0 (QGR�
0 .RLNH� DQG� + 7DNDKDVKL� 6\QHUJLVWLF� HIIHFW� RI� PHWKLRQLQH�
GHSOHWLQJ� WRWDO� SDUHQWHUDO� QXWULWLRQ� ZLWK� ��IOXRURXUDFLO� RQ� KXPDQ
JDVWULF�FDQFHU� D�UDQGRPL]HG� SURVSHFWLYH�FOLQLFDO�WULDO� -DSDQHVH
MRXUQDO�RI�FDQFHU�UHVHDUFK� *DQQ� ���������²���� 0D\������ 30,'�
��������

>���@ 9DOHULH�3DYLOODUG� $QQD�1LFRODRX� -RKQ $��'RXEOH� DQG�5RJHU 0�
3KLOOLSV� 0HWKLRQLQH�GHSHQGHQFH�RI�WXPRXUV� $ ELRFKHPLFDO�VWUDW�
HJ\�IRU�RSWLPL]LQJ�SDFOLWD[HO�FKHPRVHQVLWLYLW\�LQ�YLWUR� %LRFKHPLFDO
3KDUPDFRORJ\� ���������²���� 0DUFK������

>���@ %DLTLQJ�7DQJ� -RVHSK 5 7HVWD� DQG�:DUUHQ ' .UXJHU� ,QFUHDVLQJ�WKH
WKHUDSHXWLF�LQGH[�RI���IOXRURXUDFLO�DQG���WKLRJXDQLQH�E\�WDUJHWLQJ
ORVV�RI�07$3 LQ�WXPRU�FHOOV� &DQFHU�ELRORJ\�	�WKHUDS\� �����������²
����� 6HSWHPEHU������ 30,'�����������

>���@ < 7DQ� 6U =DYDOD� -��4 +DQ� 0 ;X� ; 6XQ� ; 7DQ� ; 7DQ� 5 0DJDQD�
- *HOOHU� DQG�5 0 +RIIPDQ� 5HFRPELQDQW�PHWKLRQLQDVH� LQIXVLRQ
UHGXFHV�WKH�ELRFKHPLFDO�HQGSRLQW�RI�VHUXP�PHWKLRQLQH�ZLWK�PLQ�
LPDO� WR[LFLW\� LQ�KLJK�VWDJH�FDQFHU�SDWLHQWV� $QWLFDQFHU� UHVHDUFK�
����%������²����� 2FWREHU������ 30,'����������

>���@ +XDQJ�+DR� <DQJ� 6KX�4LRQJ� =KDQJ� ;LDR�/DQ� &KHQ� =KL�;LD
=KXDQJ� -LQ�*RX� ;X� DQG� ;LDR�5X�:DQJ� 0DJQHWLWH�FRQWDLQLQJ
VSKHULFDO� VLOLFD�QDQRSDUWLFOHV� IRU�ELRFDWDO\VLV�DQG�ELRVHSDUDWLRQV�
$QDO��&KHP�� ����������²����� �����

>���@ 'DQ�6DWR�DQG�7RPR\RVKL�1R]DNL� 0HWKLRQLQH�JDPPD�O\DVH� WKH
XQLTXH�UHDFWLRQ�PHFKDQLVP� SK\VLRORJLFDO�UROHV� DQG�WKHUDSHXWLF
DSSOLFDWLRQV�DJDLQVW� LQIHFWLRXV�GLVHDVHV�DQG�FDQFHUV� ,8%0% OLIH�
�����������²����� 1RYHPEHU������ 30,'�����������

>���@ - 3 %RKQH\� 0 / )RQGD� DQG�5 & )HOGKRII� ,GHQWLILFDWLRQ�RI�O\V���
DV� WKH� SULPDU\� ELQGLQJ� VLWH� IRU� S\ULGR[DO� �
�SKRVSKDWH� LQ� KXPDQ
VHUXP�DOEXPLQ� )(%6 OHWWHUV� ������������²���� )HEUXDU\������ 30,'�
��������

>���@ <DQ\DQ� =KX� %KDYLN - 3DQG\D� DQG�+\RQ . &KRL� 3UHYDOHQFH�RI
JRXW�DQG�K\SHUXULFHPLD�LQ�WKH�86 JHQHUDO�SRSXODWLRQ� WKH�QDWLRQDO
KHDOWK� DQG� QXWULWLRQ� H[DPLQDWLRQ� VXUYH\� ���������� $UWKULWLV� DQG
UKHXPDWLVP� �����������²����� 2FWREHU������ 30,'�����������

>���@ 5REHUW $ 7HUNHOWDXE� &OLQLFDO�SUDFWLFH��JRXW� 7KH�1HZ�(QJODQG�MRXU�
QDO�RI�PHGLFLQH� ������������²����� 2FWREHU������ 30,'�����������



���

>���@ $PLVK - 'DYH� 9LFWRULD0 .HOO\� DQG�(VZDU�.ULVKQDQ� 3HJORWLFDVH�DQG
WKH�SDWLHQW�ZLWK�WUHDWPHQW�IDLOXUH�JRXW� ([SHUW�5HYLHZ�RI�&OLQLFDO
3KDUPDFRORJ\� ��������²���� 6HSWHPEHU������

>���@ 5REHUW�7HUNHOWDXE� /HDUQLQJ�KRZ�DQG�ZKHQ�WR�HPSOR\�XULFDVH�DV
EULGJH� WKHUDS\� LQ� UHIUDFWRU\�JRXW� 7KH�-RXUQDO�RI� UKHXPDWRORJ\�
�����������²����� 2FWREHU������ 30,'�����������

>���@ 5REHUW�7HUNHOWDXE� 8SGDWH�RQ�JRXW� QHZ�WKHUDSHXWLF�VWUDWHJLHV�DQG
RSWLRQV� 1DWXUH�UHYLHZV��5KHXPDWRORJ\� �������²��� -DQXDU\������
30,'�����������

>���@ <DQ\DQ� =KX� %KDYLN - 3DQG\D� DQG�+\RQ . &KRL� &RPRUELGLWLHV
RI�JRXW�DQG�K\SHUXULFHPLD�LQ�WKH�86 JHQHUDO�SRSXODWLRQ� 1+$1(6
���������� 7KH�$PHULFDQ� MRXUQDO�RI�PHGLFLQH� ����������²����H��
-XO\������ 30,'�����������

>���@ 'LQHVK�.KDQQD� 3XMD 3 .KDQQD� -RKQ ' )LW]JHUDOG� 0DQMLW . 6LQJK�
6DQJPHH�%DH� 7XKLQD�1HRJL� 0LFKDHO + 3LOOLQJHU� -RDQ�0HULOO� 6XVDQ
/HH� 6KUDGGKD�3UDNDVK� 0DULDQ�.DOGDV� 0DQHHVK�*RJLD� )HUQDQGR
3HUH]�5XL]� :LOO�7D\ORU� )UpGpULF�/LRWp� +\RQ�&KRL� -DVYLQGHU $ 6LQJK�
1LFROD�'DOEHWK� 6DQIRUG�.DSODQ� 9DQGDQD�1L\\DU� 'DQLHOOH�-RQHV�
6WHYHQ $ <DURZV� %ODNH� 5RHVVOHU� *DLO� .HUU� &KDUOHV� .LQJ� *HUDOG
/HY\� 'DQLHO ( )XUVW� 1 /DZUHQFH�(GZDUGV� %ULDQ�0DQGHOO� + 5DOSK
6FKXPDFKHU� 0DUN�5REELQV� 1HLO�:HQJHU� 5REHUW� 7HUNHOWDXE� DQG
$PHULFDQ�&ROOHJH RI� 5KHXPDWRORJ\� �����DPHULFDQ�FROOHJH�RI
UKHXPDWRORJ\�JXLGHOLQHV�IRU�PDQDJHPHQW�RI�JRXW��SDUW��� WKHUDS\
DQG�DQWLLQIODPPDWRU\�SURSK\OD[LV�RI�DFXWH�JRXW\�DUWKULWLV� $UWKULWLV
FDUH�	�UHVHDUFK� �����������²����� 2FWREHU������ 30,'�����������

>���@ 'LQHVK�.KDQQD� -RKQ ' )LW]JHUDOG� 3XMD 3 .KDQQD� 6DQJPHH�%DH�
0DQMLW . 6LQJK� 7XKLQD�1HRJL� 0LFKDHO + 3LOOLQJHU� -RDQ�0HULOO� 6XVDQ
/HH� 6KUDGGKD�3UDNDVK� 0DULDQ�.DOGDV� 0DQHHVK�*RJLD� )HUQDQGR
3HUH]�5XL]� :LOO�7D\ORU� )UpGpULF�/LRWp� +\RQ�&KRL� -DVYLQGHU $ 6LQJK�
1LFROD�'DOEHWK� 6DQIRUG�.DSODQ� 9DQGDQD�1L\\DU� 'DQLHOOH�-RQHV�
6WHYHQ $ <DURZV� %ODNH� 5RHVVOHU� *DLO� .HUU� &KDUOHV� .LQJ� *HUDOG
/HY\� 'DQLHO ( )XUVW� 1 /DZUHQFH�(GZDUGV� %ULDQ�0DQGHOO� + 5DOSK
6FKXPDFKHU� 0DUN�5REELQV� 1HLO�:HQJHU� 5REHUW� 7HUNHOWDXE� DQG
$PHULFDQ�&ROOHJH RI� 5KHXPDWRORJ\� �����DPHULFDQ�FROOHJH�RI
UKHXPDWRORJ\� JXLGHOLQHV� IRU� PDQDJHPHQW� RI� JRXW�� SDUW� �� V\V�
WHPDWLF�QRQSKDUPDFRORJLF�DQG�SKDUPDFRORJLF�WKHUDSHXWLF�DS�
SURDFKHV�WR�K\SHUXULFHPLD� $UWKULWLV�FDUH�	�UHVHDUFK� �����������²
����� 2FWREHU������ 30,'�����������
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>���@ 0LFKDHO $ %HFNHU� + 5DOSK� 6FKXPDFKHU� .DW\ / %HQMDPLQ� 3HWHU
*RUHYLF� 0DULD�*UHHQZDOG� -HIIUH\�)HVVHO� /DZUHQFH�(GZDUGV� $U�
LDQH . .DZDWD� /RUL�)UDQN� 5R\FH�:DOWULS� $OODQ�0DUROL� %LOO�+XDQJ�
*RXW�1DWXUDO�+LVWRU\ 6WXG\�*URXS� DQG�-RKQ 6 6XQG\� 4XDOLW\�RI�OLIH
DQG�GLVDELOLW\�LQ�SDWLHQWV�ZLWK�WUHDWPHQW�IDLOXUH�JRXW� 7KH�-RXUQDO�RI
UKHXPDWRORJ\� ����������²����� 0D\������ 30,'�����������

>���@ -RKQ 6 6XQG\� +HUEHUW� 6 % %DUDI� 5REHUW $ <RRG� 1 /DZUHQFH
(GZDUGV� 6HUJLR 5 *XWLHUUH]�8UHQD� (GZDUG / 7UHDGZHOO� -DQLW]LD
9i]TXH]�0HOODGR� :LOOLDP % :KLWH� 3HWHU ( /LSVN\� =HE� +RURZLW]�
:LOOLDP�+XDQJ� $OODQ 10DUROL� �QG�:DOWULS� 5R\FH:��6WHYHQ $ +DP�
EXUJHU� DQG�0LFKDHO $ %HFNHU� (IILFDF\�DQG�WROHUDELOLW\�RI�SHJORWL�
FDVH�IRU�WKH�WUHDWPHQW�RI�FKURQLF�JRXW�LQ�SDWLHQWV�UHIUDFWRU\�WR�FRQ�
YHQWLRQDO�WUHDWPHQW� WZR�UDQGRPL]HG�FRQWUROOHG�WULDOV� -$0$��WKH
MRXUQDO�RI� WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ� ����������²���� $X�
JXVW������ 30,'�����������

>���@ 1 / (GZDUGV� - 6 6XQG\� $ )RUV\WKH� 6 %OXPH� ) 3DQ� DQG�0 $ %HFNHU�
:RUN�SURGXFWLYLW\�ORVV�GXH�WR�IODUHV�LQ�SDWLHQWV�ZLWK�FKURQLF�JRXW�UH�
IUDFWRU\�WR�FRQYHQWLRQDO�WKHUDS\� -RXUQDO�RI�PHGLFDO�HFRQRPLFV�
��������²��� ����� 30,'�����������

>���@ -RKQ 6 6XQG\�DQG�0LFKDHO 6 +HUVKILHOG� 8ULFDVH�DQG�RWKHU�QRYHO
DJHQWV�IRU�WKH�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�WUHDWPHQW�IDLOXUH�JRXW�
&XUUHQW� UKHXPDWRORJ\� UHSRUWV� ��������²���� -XQH� ����� 30,'�
���������

>���@ 9LEHNH�6WUDQG� 'LQHVK�.KDQQD� -DVYLQGHU $ 6LQJK� $QQD�)RUV\WKH�
DQG�1 /DZUHQFH�(GZDUGV� ,PSURYHG�KHDOWK�UHODWHG�TXDOLW\�RI�OLIH
DQG�SK\VLFDO�IXQFWLRQ� LQ�SDWLHQWV�ZLWK�UHIUDFWRU\�FKURQLF�JRXW�IRO�
ORZLQJ� WUHDWPHQW�ZLWK�SHJORWLFDVH� HYLGHQFH� IURP�SKDVH� ,,, UDQ�
GRPL]HG�FRQWUROOHG�WULDOV� 7KH�-RXUQDO�RI�UKHXPDWRORJ\� ����������²
����� -XO\������ 30,'�����������

>���@ -RKQ 6��6XQG\� 1DQF\ -��*DQVRQ� 6XVDQ -��.HOO\� (GQD /��6FDUOHWW�
&ODXGLD '��5HKULJ� :LOOLDP�+XDQJ� DQG�0LFKDHO 6��+HUVKILHOG� 3KDU�
PDFRNLQHWLFV�DQG�SKDUPDFRG\QDPLFV�RI� LQWUDYHQRXV�3(*\ODWHG
UHFRPELQDQW�PDPPDOLDQ�XUDWH�R[LGDVH�LQ�SDWLHQWV�ZLWK�UHIUDFWRU\
JRXW� $UWKULWLV�	�5KHXPDWLVP� ����������²����� �����

>���@ -DPHV 5��6WRQH� $Q�DVVHVVPHQW�RI�SURSRVHG�PHFKDQLVPV�IRU�VHQVLQJ
K\GURJHQ�SHUR[LGH�LQ�PDPPDOLDQ�V\VWHPV� $UFKLYHV�RI�%LRFKHPLVWU\
DQG�%LRSK\VLFV� ����������²���� )HEUXDU\������
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>���@ 7HG 3��6]DWURZVNL�DQG�&DUO )��1DWKDQ� 3URGXFWLRQ�RI�ODUJH�DPRXQWV
RI�K\GURJHQ�SHUR[LGH�E\�KXPDQ� WXPRU�FHOOV� &DQFHU�5HVHDUFK�
���������²���� )HEUXDU\������ 30,'����������

>���@ +XD�&DL� .DWK\ . *ULHQGOLQJ� DQG�'DYLG * +DUULVRQ� 7KH� YDVFX�
ODU�1$'�3�+ R[LGDVHV�DV�WKHUDSHXWLF�WDUJHWV�LQ�FDUGLRYDVFXODU�GLV�
HDVHV� 7UHQGV�LQ�3KDUPDFRORJLFDO�6FLHQFHV� ���������²���� 6HSWHP�
EHU������

>���@ 'DYLG�*LXV�DQG�'RXJODV 5��6SLW]� 5HGR[�VLJQDOLQJ�LQ�FDQFHU�ELRORJ\�
$QWLR[LGDQWV�	�5HGR[�6LJQDOLQJ� �����������²����� -XO\������

>���@ :� %��YDQ�GHQ %HUJ�- 6FKDONZLMN� $Q�H[SHULPHQWDO�PRGHO�IRU�K\GUR�
JHQ�SHUR[LGH�LQGXFHG� WLVVXH�GDPDJH��HIIHFWV�RI�D� VLQJOH� LQIODP�
PDWRU\�PHGLDWRU�RQ��SHUL�DUWLFXODU�WLVVXHV� $UWKULWLV�DQG�UKHXPDWLVP�
���������²�� �����

>���@ 'RQJZRQ� /HH� 6LUDMXG� .KDMD� -XDQ &�� 9HODVTXH]�&DVWDQR� 0DG�
KXUL� 'DVDUL� &DUULH� 6XQ� -RKQ� 3HWURV� :� 5REHUW� 7D\ORU� DQG� 1LUHQ
0XUWK\� ,Q�YLYR�LPDJLQJ�RI�K\GURJHQ�SHUR[LGH�ZLWK�FKHPLOXPLQHV�
FHQW�QDQRSDUWLFOHV� 1DWXUH�0DWHULDOV� ���������²���� 2FWREHU������

>���@ $OH[DQGHU 5�� /LSSHUW� .D\YDQ 5�� .HVKDUL� -RKQ� .XUKDQHZLF]� DQG
&KULVWRSKHU -��&KDQJ� $ K\GURJHQ�SHUR[LGH�UHVSRQVLYH�K\SHUSR�
ODUL]HG���& 05, FRQWUDVW�DJHQW� -RXUQDO�RI�WKH�$PHULFDQ�&KHPLFDO
6RFLHW\� ������������²����� 0DUFK������

>���@ (PLOLD 6�� 2OVRQ� -DKLU� 2UR]FR� =KH� :X� &KULVWRSKHU '�� 0DORQH�
%RHPKD�<L� :HL�*DR� 0RKDPPDG�(JKWHGDUL� -RVHSK�:DQJ� DQG
5REHUW )��0DWWUH\� 7RZDUG�LQ�YLYR�GHWHFWLRQ�RI�K\GURJHQ�SHUR[LGH
ZLWK�XOWUDVRXQG�PROHFXODU�LPDJLQJ� %LRPDWHULDOV� �����������²�����
1RYHPEHU������

>���@ 3HWHU�7� 5DVFKH�$OH[DQGHU�/ .OLEDQRY� 'HWHFWLRQ�RI�LQGLYLGXDO�PL�
FUREXEEOHV� RI� DQ� XOWUDVRXQG� FRQWUDVW� DJHQW� IXQGDPHQWDO� DQG
SXOVH� LQYHUVLRQ� LPDJLQJ� $FDGHPLF�UDGLRORJ\� ��6XSSO���6���²���
�����

>���@ .ULVWLQD .��3RKDNX 0LWFKHOO� $OH[DQGHU�/LEHUPDQ� $QGUHZ &��.XP�
PHO� DQG�:LOOLDP &�� 7URJOHU� ,URQ�,,,��'RSHG� VLOLFD� QDQRVKHOOV� $
ELRGHJUDGDEOH�IRUP�RI�VLOLFD� -RXUQDO�RI�WKH�$PHULFDQ�&KHPLFDO
6RFLHW\� �������������²������ $XJXVW������

>���@ -HVVH 9 -RNHUVW� 7DWVLDQD� /RERYNLQD� 5LFKDUG 1 =DUH� DQG� 6DQ�
MLY 6 *DPEKLU� 1DQRSDUWLFOH�3(*\ODWLRQ�IRU� LPDJLQJ�DQG�WKHUDS\�
1DQRPHGLFLQH� ��������²���� -XQH������
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>���@ $UPRJLGD�0��6SDOORQL�$��$PDQWHD�'��1XWLQL�0��3HWUHOOL�)��/RQJRQH
3�� %DJHWWD�*�� 1LVWLFz� 5�� DQG�0HUFXUL� 1E� 7KH� SURWHFWLYH� UROH� RI
FDWDODVH�DJDLQVW�FHUHEUDO� LVFKHPLD� LQ� YLWUR�DQG� LQ� YLYR� ,QWHUQD�
WLRQDO�MRXUQDO�RI�LPPXQRSDWKRORJ\�DQG�SKDUPDFRORJ\� ���������²
���� 'HFHPEHU������ 30,'�����������

>���@ 1� 7ULEXORYD�- 6OH]DN� +\GURJHQ�SHUR[LGH�FKDQJHV�LQ�LVFKHPLF�DQG
UHSHUIXVHG�KHDUW��F\WRFKHPLVWU\�DQG�ELRFKHPLFDO�DQG�[�UD\�PLFUR�
DQDO\VLV� 7KH�$PHULFDQ�MRXUQDO�RI�SDWKRORJ\� ����������²��� �����

>���@ )�$QGUHZ�*DIIQH\� -XL�&KLQ�/LQ� 5RQDOG 0��3HVKRFN� /DUU\�%XVK� DQG
/�0D[LPLOLDQ� %XMD� +\GURJHQ� SHUR[LGH� FRQWUDVW� HFKRFDUGLRJUD�
SK\� 7KH�$PHULFDQ�-RXUQDO�RI�&DUGLRORJ\� ���������²���� 6HSWHP�
EHU������

>���@ 3& 6RQWXP�/ +RII� 2VFLOODWLRQV�RI�SRO\PHULF�PLFUREXEEOHV� HIIHFW
RI�WKH�HQFDSVXODWLQJ�VKHOO� 7KH�-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI
$PHULFD� �����������²��� �����

>���@ 1� 6��2OLYHU� &� 7RXPD]RX� $� (� *��&DVV� DQG�'� *��-RKQVWRQ� *OXFRVH
VHQVRUV� D�UHYLHZ�RI�FXUUHQW�DQG�HPHUJLQJ�WHFKQRORJ\� 'LDEHWLF
0HGLFLQH� ���������²���� �����

>���@ -RKQ &��3LFNXS� )DHL]D�+XVVDLQ� 1LFKRODV '��(YDQV� DQG�1DELKDK
6DFKHGLQD� ,Q� YLYR� JOXFRVH�PRQLWRULQJ� WKH� FOLQLFDO� UHDOLW\� DQG
WKH�SURPLVH� %LRVHQVRUV�DQG�%LRHOHFWURQLFV� �����������²����� $SULO
�����

>���@ 5� )��'RGV� 8QGHUVWDQGLQJ�'LDEHWHV� $ %LRFKHPLFDO�3HUVSHFWLYH�
-RKQ�:LOH\�	�6RQV� )HEUXDU\������

>���@ -� 3LFNXS� /� 0F&DUWQH\� 2� 5ROLQVNL� DQG�'� %LUFK� ,Q�YLYR�JOXFRVH
VHQVLQJ�IRU�GLDEHWHV�PDQDJHPHQW� SURJUHVV�WRZDUGV�QRQ�LQYDVLYH
PRQLWRULQJ� %0-����������������²����� 1RYHPEHU������

>���@ 'DYLG 5��:KLWLQJ� /HRQRU�*XDULJXDWD� &ODUD�:HLO� DQG� -RQDWKDQ
6KDZ� ,') GLDEHWHV�DWODV� *OREDO�HVWLPDWHV�RI�WKH�SUHYDOHQFH�RI
GLDEHWHV�IRU������DQG������ 'LDEHWHV�5HVHDUFK�DQG�&OLQLFDO�3UDF�
WLFH� ���������²���� 'HFHPEHU������

>���@ 6DQGHHS .XPDU�9DVKLVW� 1RQ�LQYDVLYH�JOXFRVH�PRQLWRULQJ�WHFKQRO�
RJ\�LQ�GLDEHWHV�PDQDJHPHQW� $ UHYLHZ� $QDO\WLFD�&KLPLFD�$FWD�
������²��� 2FWREHU������
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>���@ 6FRWW 3��1LFKROV� $K\HRQ�.RK� :HVOH\ /�� 6WRUP� -DH +R�6KLQ� DQG
0DUN +��6FKRHQILVFK� %LRFRPSDWLEOH�PDWHULDOV�IRU�FRQWLQXRXV�JOX�
FRVH� PRQLWRULQJ� GHYLFHV� &KHPLFDO� 5HYLHZV� �����������²�����
$SULO������

>���@ -RQ 6WHIDQ�+DQVHQ� -¡UQ %ROVWDG�&KULVWHQVHQ� -RKDQQHV )DEULWLXV�3H�
WHUVHQ� 7KRPDV�+RHJ�-HQVHQ� DQG�-HQV&KULVWLDQ�1RUULOG� $U\OERURQLF
DFLGV� $ GLDEHWLF�H\H�RQ�JOXFRVH�VHQVLQJ� 6HQVRUV�DQG�$FWXDWRUV�%�
&KHPLFDO� ���������²��� -DQXDU\������

>���@ -XUHN :�� 'REUXFNL� ,QWHUDFWLRQ� RI� R[\JHQ�VHQVLWLYH� OXPLQHVFHQW
SUREHV�UX�SKHQ�����DQG�UX�ELS\�����ZLWK�DQLPDO�DQG�SODQW�FHOOV�LQ
YLWUR� 0HFKDQLVP�RI�SKRWRWR[LFLW\�DQG�FRQGLWLRQV�IRU�QRQ�LQYDVLYH
R[\JHQ�PHDVXUHPHQWV� -RXUQDO�RI�3KRWRFKHPLVWU\�DQG�3KRWRELRO�
RJ\�%��%LRORJ\� ����²������²���� 'HFHPEHU������

>���@ (� 9��,YDQRYD� $� <X�(UVKRY� 9� /DXULQDYL� LXV� 5� 0HVNXV� DQG�$� '�
5\DERY� &RPSDUDWLYH� NLQHWLF� VWXG\� RI� G�JOXFRVH� R[LGDWLRQ� E\
UXWKHQLXP�,,,� FRPSRXQGV� FDWDO\]HG�E\� )$'�'HSHQGHQW� JOXFRVH
R[LGDVH�DQG�344�'HSHQGHQW�JOXFRVH�GHK\GURJHQDVH� %LRFKHP�
LVWU\��0RVFRZ�� ���������²���� $SULO������

>���@ 3� .LHUQDQ� &� 0FGRQDJK� %� '�� 0DFFUDLWK� DQG� .� 0RQJH\�
5XWKHQLXP�GRSHG�VRO�JHO�GHULYHG�VLOLFD�ILOPV� 2[\JHQ�VHQVLWLYLW\�RI
RSWLFDO�GHFD\�WLPHV� -RXUQDO�RI�6RO�*HO�6FLHQFH�DQG�7HFKQRORJ\�
����������²���� -DQXDU\������

>���@ $OH[DQGHU ' 5\DERY� 9LNWRULD 6 .XURYD� (NDWHULQD 9 ,YDQRYD� 5R�
QDQ�/H /DJDGHF� DQG�/DULVVD�$OH[DQGURYD� 5HGR[�PHGLDWLRQ�DQG
SKRWRPHFKDQLFDO�RVFLOODWLRQV�LQYROYLQJ�SKRWRVHQVLWLYH�F\FORPHWD�
ODWHG�UX�,,� FRPSOH[HV� JOXFRVH�R[LGDVH� DQG�SHUR[LGDVH� $QDO\WLFDO
FKHPLVWU\� ����������²����� )HEUXDU\������ 30,'�����������

>���@ $� '��5\DERY� <XOLD 1��)LUVRYD� $OHNVHL <��(UVKRY� DQG�,OLD $��'HPHQ�
WLHY� 6SHFWURSKRWRPHWULF�NLQHWLF�VWXG\�DQG�DQDO\WLFDO�LPSOLFDWLRQV
RI�WKH�JOXFRVH�R[LGDVH�FDWDO\]HG�UHGXFWLRQ�RI�>0,,,�//��&O�@��FRP�
SOH[HV�E\�G�JOXFRVH� �0 2V�DQG� UX� // ���� �ELS\ULGLQH�DQG������
SKHQDQWKUROLQH�W\SH�OLJDQGV�� -%,& -RXUQDO�RI�%LRORJLFDO�,QRUJDQLF
&KHPLVWU\� ��������²���� 0D\������




