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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��.H\�ZRUGV��$QWLR[LGDQW�DFWLYLW\��'LDEHWHV�PHOOLWXV��1LJHULDQ�DQWL-GLDEHWLF�SODQWV� 

$%675$&7 
/HDYHV� RI�2OD[� VXEVFRUSLRLGHD��+RVOXQGLD� RSSRVLWD�� &OHLVWRSKROLV� SDWHQV�� 3OXPEDJR� ]H\ODQLFD�
DQG�'LRVFRUHRSK\OOXP�FXPPLQVLL�WKDW�DUH�XVHG�DV�DQWL-GLDEHWLFV�ZHUH�HYDOXDWHG�IRU�K\SHUJO\FDH�
PLF-ORZHULQJ� DQG� DQWLR[LGDQW� DFWLYLWLHV� WR� MXVWLI\� WKHLU� 1LJHULDQ� HWKQRPHGLFLQDO� XVDJH�� /HDI�
PHWKDQROLF�H[WUDFWV�����������DQG�����PJ�NJ��S�R���ZHUH�DVVD\HG�LQ�QRUPDO��JOXFRVH-�DQG�DOOR[DQ
-LQGXFHG� GLDEHWLF� UDWV�� ZKLOH� ����-GLSKHQ\O-�-SLFU\OK\GUD]\O�� WRWDO� DQWLR[LGDQW� FDSDFLW\�� IHUULF�
UHGXFLQJ�DQWLR[LGDQW�SRZHU�DQG�K\GUR[\O� UDGLFDO� VFDYHQJLQJ� WHVWV�ZHUH�XVHG� IRU� WKHLU�DQWLR[L�
GDQW�DFWLYLW\��(IIHFWV�RI�Q-KH[DQH��GLFKORURPHWKDQH��HWK\ODFHWDWH�DQG�DTXHRXV�SDUWLWLRQ�IUDFWLRQV�
RI�WKH�WKUHH�PRVW�DFWLYH�DQWL-K\SHUJO\FDHPLF�H[WUDFWV�ZHUH�DOVR�WHVWHG�LQ�JOXFRVH-ORDGHG�UDWV��,Q�
QRUPRJO\FDHPLF�UDWV��DOO�H[WUDFWV�JHQHUDOO\�ODFNHG�DFWLYLW\��ZKLOH�ZLWK�JOXFRVH-ORDGHG�UDWV��RQO\�
2��VXEVFRUSLRLGHD�����PJ�NJ��DQG�&��SDWHQV������PJ�NJ��DW���K�DQG�2��VXEVFRUSLRLGHD�����������
PJ�NJ��DQG�&��SDWHQV������PJ�NJ��DW��-��KRXUV�JDYH�ORZHUHG��S���������EORRG�JOXFRVH�OHYHOV�WKDQ�
JOLEHQFODPLGH� ���PJ�NJ���ZKLOH�DFWLYLW\�RI�+��RSSRVLWD�DQG�3�� ]H\ODQLFD� �����PJ�NJ��ZHUH�RQO\�
FRPSDUDEOH�WR�JOLEHQFODPLGH��:KHQ�GDLO\�IHG�IRU�IRXUWHHQ�GD\V�WR�DOOR[DQ-LQGXFHG�GLDEHWLF�UDWV��
DOO�H[WUDFWV��DW�WKHLU�PRVW�DFWLYH�GRVHV��JDYH�VLJQLILFDQWO\�KLJKHU�DFWLYLW\�WKDQ�JOLEHQFODPLGH��2OD[�
VXEVFRUSLRLGHD�OHDI�H[WUDFW�KDG�WKH�KLJKHVW�K\SHUJO\FDHPLF-ORZHULQJ�DQG�OHDVW�DQWLR[LGDQW�DFWLY�
LWLHV��+LJKHVW�DQWLR[LGDQW�DFWLYLW\�RI�+��RSSRVLWD�PD\�VXJJHVW� VRPH�FRQWULEXWLRQ�RI�DQWLR[LGDQW�
SURSHUW\� WR� LWV�K\SHUJO\FDHPLF-ORZHULQJ�DFWLYLW\��7KH�JOXFRVH-ORZHULQJ�DQG� LQVXOLQRWURSLF� FRQ�
VWLWXHQWV�RI�2��VXEVFRUSLRLGHD��+��RSSRVLWD�DQG�&��SDWHQV�VKRXOG�EH�FRQFHQWUDWHG�LQ�WKHLU�DTXH�
RXV��DTXHRXV�DQG�GLFKORURPHWKDQH�IUDFWLRQV��UHVSHFWLYHO\��$QWL-K\SHUJO\FDHPLF�HWKQRPHGLFLQDO�
XVH�RI�WKHVH�SODQWV�ZDV�MXVWLILHG�DQG�+��RSSRVLWD�KDV�DGGLWLRQDO�DQWLR[LGDQW�SURSHUW\� 

�2ODQL\L�� ������ $GHEDMR� HW� DO��� ������ ����D���
&XUUHQWO\��LW�DIIHFWV�DERXW����PLOOLRQ�SHRSOH�LQ�
WKH�8QLWHG�6WDWHV�� ����PLOOLRQ�ZRUOGZLGH� DQG�
LV� SURMHFWHG� WR� ULVH� WR� DERXW� ���� PLOOLRQ� LQ�
������ HVSHFLDOO\� LQ� XUEDQ� SRSXODWLRQV� RI� WKH� 
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$GHEDMR�HW�DO� �� 

SKDUPDFRORJLFDO� DFWLRQV�PD\� DGGLWLRQDOO\� KHOS�
GLDEHWHV� VXIIHUHUV� RI� $IULFD� �%R\RP� HW� DO���
������ $GHIHJKD� DQG� 2ERK�� ������� 7KHUHIRUH��
OHDI� PHWKDQROLF� H[WUDFWV� RI� WKHVH� ILYH� SODQWV�
ZHUH� DVVD\HG� IRU� WKHLU� K\SRJO\FDHPLF�� K\SHU�
JO\FDHPLF-ORZHULQJ��DQG�DQWL-R[LGDQW�DFWLYLWLHV�
WR� FRQILUP� WKHLU� DQWL-K\SHUJO\FDHPLF� DFWLYLW\�
DQG� WKHUHE\� MXVWLI\� WKHLU� IRONORULF� DQWLGLDEHWLF�
XVDJH�� $OVR�� K\SHUJO\FDHPLF-ORZHULQJ� DFWLYL�
WLHV�RI�YDULRXV� VROYHQW� IUDFWLRQV�RI� WKUHH�DFWLYH�
H[WUDFWV�ZHUH�HYDOXDWHG�WR�GHWHUPLQH�WKH�FDQGL�
GDF\�RI�WKHVH�SODQWV�LQ�DQWLGLDEHWLF�GUXJ�GHYHO�
RSPHQW� 
 
0$7(5,$/6�$1'�0(7+2'6 
&KHPLFDOV��HTXLSPHQW�DQG�LQVWUXPHQWDWLRQ 
89� 6SHFWURSKRWRPHWHU� �0RGHO� 0����� 6SHF�
WURQLF&DPVSHF� /WG�� 8�.���� 9RUWH[�*HQLH� URWD�
PL[HU� �.-���-*(�PRGHO��9RUWH[-*HQLH� DFFHV�
VRULHV�� 8�6�$���� &DUH6HQV701� *OXFRPHWHU�
�PRGHO� 3*$� �(����� 5(9��� L-� 6(16�� ,QF���
.RUHD�� ZLWK� &DUH6HQV70� WHVW� VWULSV� �L-� 6(16��
,QF��� .RUHD��� DPPRQLXP� PRO\EGDWH�� DVFRUELF�
DFLG�� VRGLXP� DFHWDWH�� �����-WULS\ULG\O-V-WULD]LQH�
�737=���WUROR[��DOOR[DQ�PRQRK\GUDWH�DQG������-
GLSKHQ\O-�-SLFU\OK\GUD]\O� UDGLFDO� �6LJPD-
$OGULFK�&R��//&��8�6�$��� 
 
3ODQW�PDWHULDOV��H[WUDFWLRQ�DQG�VROYHQW�SDUWL�
WLRQLQJ 
7KH� OHDYHV� RI� +RVOXQGLD� RSSRVLWD� 9DKO��
�/DPLDFHDH��� 'LRVFRUHRSK\OOXP� FXPPLQVLL�
'LHOV�� �0HQLVSHUPDFHDH��� 3OXPEDJR� ]H\ODQLFD�
/�� �3OXPEDJLQDFHDH��� 2OD[� VXEVFRUSLRLGHD�
2OLY�� �2ODFDFHDH�� DQG� &OHLVWRSKROLV� SDWHQV�
�%HQWK��� (QJO�� 	� 'LHOV�� �$QQRQDFHDH�� ZHUH�
FROOHFWHG� IURP� WKH� &DPSXV� RI� 2EDIHPL�
$ZRORZR�8QLYHUVLW\� �2�$�8���� ,OH-,IH��1LJHULD�
DIWHU�DXWKHQWLFDWLRQ�E\�3URI��+�&��,OORK��%RWDQ\�
GHSDUWPHQW��)DFXOW\�RI�6FLHQFH��2�$�8���,OH-,IH��
7KHLU� UHVSHFWLYH� YRXFKHU� VSHFLPHQV�� ,)(�
������� ������� ������� ������� ������� ZHUH�
GHSRVLWHG� LQ� ,)(� +HUEDULXP�� %RWDQ\�
GHSDUWPHQW��2�$�8��,OH-,IH��7KH�OHDYHV�ZHUH�DLU�
GULHG�� SRZGHUHG� DQG� ���� NJ� RI� WKH� SRZGHUHG�
PDWHULDOV� ZHUH� VHSDUDWHO\� H[WUDFWHG� ZLWK�
PHWKDQRO� DW� URRP� WHPSHUDWXUH�� 7KH� H[WUDFWV�
ZHUH� FRQFHQWUDWHG� LQ-YDFXR� WR� JLYH� WKHLU�
FRUUHVSRQGLQJ�PHWKDQROLF�H[WUDFWV��FRGHG�+2/��
'&/�� 3=/�� 26/� DQG� &3/� ZLWK� WKH� \LHOGV� RI�
������ ����� ������ ����� DQG� ���� �� Z�Z��
UHVSHFWLYHO\� 

GHYHORSLQJ� FRXQWULHV� �$GHEDMR� HW� DO��� ����E��
5RJOLF� HW� DO��� ������� 7KH� GLVHDVH� KDV� QR� FXUH�
ZKLOH� WKH� DYDLODEOH� V\QWKHWLF� K\SRJO\FDHPLF�
GUXJV�KDYH�VHULRXV�DGYHUVH�HIIHFWV��WKHUHE\�MXV�
WLI\LQJ� WKH� LQFUHDVHG� LQYHVWLJDWLRQV� RI� SODQWV�
ZLWK�DQWL-GLDEHWLF�HWKQRPHGLFLQDO�XVH��$GHEDMR�
HW� DO��� ������ ����D�� 2OD\LZROD� HW� DO��� ������
5DQJ�HW�DO��������� 
 
1RUPDO�PHWDEROLF�SURFHVVHV�LQ�WKH�ERG\�JHQHU�
DWH�IUHH�UDGLFDOV�NQRZQ�DV�UHDFWLYH�R[\JHQ�VSH�
FLHV� �526��� VXFK� DV� K\GURSHUR[\O� �+2�

���� K\�
GURJHQ� SHUR[LGH� �+�2���� VLQJOHW� R[\JHQ� �2

����
WULSOHW� R[\JHQ� �2�

��� DQG� VXSHUR[LGH� �2�
-�� LRQV��

ZKLFK� OHDG� WR� R[LGDWLYH� VWUHVV��$GHEDMR� HW� DO���
����D�� .XPDU�� ������ 6RPVXYUD� HW� DO��� �������
*HQHUDWHG�526�DUH�VKRZQ�WR�EH�LQYROYHG�LQ�WKH�
SDWKRJHQHVLV� RI� GLDEHWHV� DQG� WKHLU� VFDYHQJHUV�
DUH�HIIHFWLYH� LQ�SUHYHQWLQJ�H[SHULPHQWDO�GLDEH�
WHV�LQ�DQLPDO�PRGHOV�DV�ZHOO�DV�UHGXFWLRQ�LQ�WKH�
VHYHULW\�RI�W\SHV���DQG���GLDEHWLF�FRPSOLFDWLRQV�
�-HDQHWWH� HW� DO��� �������2[LGDWLYH� VWUHVV� LV� DOVR�
LPSOLFDWHG�LQ�D�ZLGH�UDQJH�RI�FKURQLF�DQG�DFXWH�
GLVHDVHV�� LQFOXGLQJ�$O]KHLPHU�� FDQFHU� DQG� FDU�
GLRYDVFXODU� GLVHDVHV� �$GHEDMR� HW� DO��� ����D��
$NLQZXQPL�DQG�2\HGDSR���������$QWLR[LGDQWV��
ERWK�HQ]\PDWLF�DQG�QRQ-HQ]\PDWLF��IXQFWLRQ�DV�
IUHH� UDGLFDO� VFDYHQJHUV�� UHGXFLQJ� DJHQWV� DQG�
TXHQFKHUV�RI�VLQJOHW�R[\JHQ�IRUPDWLRQ��WKHUHE\�
OLPLWLQJ� R[LGDWLYH� GDPDJH� WR� ELRORJLFDO� PROH�
FXOHV��.RWWDL�HW�DO���������� 
 
'LRVFRUHRSK\OOXP� FXPPLQVLL� LV� LQGLJHQRXV� WR�
WURSLFDO�:HVW� $IULFD� DQG� LWV� WXEHUV�� ZKLFK� UH�
VHPEOH�VPDOO�\DPV��DUH�HDWHQ�E\�VRPH�WULEHV�LQ�
$IULFD��,QJOHWW���������+RVOXQGLD�RSSRVLWD��,ZX��
������2GXJEHPL��������DQG�3OXPEDJR�]H\ODQ�
LFD�DUH�WURSLFDO�SHUHQQLDO�VKUXEV��.LULWLNDU�DQG�
%DVX�� ������ JURZLQJ� LQ� 1LJHULD�� ZKLOH� 2OD[�
VXEVFRUSLRLGHD�LV�ZLGHO\�GLVWULEXWHG�LQ�1LJHULD��
=DLUH�DQG�6HQHJDO��%XUNLOO���������&OHLVWRSKROLV�
SDWHQV� LV� D� WUHH� RI� VRXWKHUQ�1LJHULD� �8GHP� HW�
DO�� ������� 7KH\� DUH� XVHG� LQ� 1LJHULD� DQG� RWKHU�
$IULFDQ�FRXQWULHV� LQ� WKH�PDQDJHPHQW�RI�GLDEH�
WHV� �2GXJEHPL�� ������ 2ODJXQMX� HW� DO��� ������
*ERODGH�� ������ .RIIL� HW� DO��� ������ ZLWK� RWKHU�
IRONORULF�XVHV�LQ�WUHDWLQJ�IHYHUV��LQIHFWLYH�KHSD�
WLWLV�� PDODULD�� KHDUW� WURXEOHV� DQG� REHVLW\�
�2GXJEHPL�� ������ $NDK� DQG�2GR�� ������ &KLX�
DQG�&KDQJ��������2NROL�HW�DO����������7KHLU�DQWL-
LQIHFWLYH�� DQWL-R[LGDQW�� DQWL-PDODULDO��
KHSDWRSURWHFWLYH�� K\SROLSLGDHPLF�� DQG� RWKHU� 
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(YDOXDWLRQ�RI�ILYH�1LJHULDQ�DQWLGLDEHWLF�SODQWV���� �� 

 DQG� WKH� EORRG� JOXFRVH� OHYHO�ZDV� UHDG� GLUHFWO\� 
IURP�WKH�JOXFRPHWHU��7KH�EORRG�JOXFRVH�OHYHOV�
DW�����K��7R��ZHUH�WDNHQ�DV�������ZKLOH�WKRVH�
DW� RWKHU� WLPHV� ZHUH� H[SUHVVHG� DV� SHUFHQWDJHV�
RI� WKHVH� YDOXHV� �$GHEDMR� HW� DO��� ������ ������
����D������E�� 
 
,Q�DOOR[DQLVHG�UDWV 
*URXSV� RI� UDWV� ZHUH� LQMHFWHG� �L�S��� ZLWK� ����
PJ�NJ� RI� DOOR[DQ� PRQRK\GUDWH� GLVVROYHG� LQ�
QRUPDO�VDOLQH��2MH]HOH�DQG�$EDWDQ���������)RU�
WKH�QH[W���GD\V�� WKH\�ZHUH� IHG�DQG�ZDWHU�ZDV�
JLYHQ� DG� OLELWXP�� 5DWV� ZLWK� IDVWLQJ� ���� KRXU��
EORRG� JOXFRVH� OHYHOV� �� ����PPRO�/� ����PJ�
G/�� WKDW� ZHUH� FRQVLGHUHG� GLDEHWLF�� ZHUH� VH�
OHFWHG� DQG�GLYLGHG� LQWR� JURXSV�RI� �� UDWV� HDFK��
ZKLFK� ZHUH� GDLO\� DGPLQLVWHUHG� IRU� ��� GD\V�
ZLWK� WKH� GRVHV� RI� WKH� H[WUDFWV� WKDW� JDYH� WKH�
KLJKHVW� DFWLYLW\�� RU� SRVLWLYH�� RU� QHJDWLYH� FRQ�
WUROV��7KHLU�EORRG�JOXFRVH�OHYHOV�ZHUH�GHWHUPL�
QHG� DQG� UHFRUGHG� RQ� ��� ��� ��� ��� DQG� ��� GD\V�
DIWHU� DGPLQLVWUDWLRQ� RI� WHVW� DJHQWV�� DV� JLYHQ�
DERYH��2MH]HOH�DQG�$EDWDQ�������� 
 
$QWLR[LGDQW�DVVD\V 
���-GLSKHQ\O-�-GLSLFU\OK\GUD]\O��'33+��UDGL�
FDO�VFDYHQJLQJ�DVVD\ 
7KH� '33+� 5DGLFDO� 6FDYHQJLQJ� $FWLYLW\� ZDV�
GHWHUPLQHG� XVLQJ� WKH� VWDQGDUG� PHWKRG� HDUOLHU�
UHSRUWHG�DQG� O-DVFRUELF�DFLG�ZDV� WKH�UHIHUHQFH�
VWDQGDUG� �$GHEDMR� HW� DO��� ����D�� %UDQG-
:LOOLDPV�HW�DO��������� 
 
)HUULF� UHGXFLQJ� DQWLR[LGDQW� SRZHU� �)5$3��
DVVD\ 
7KLV�DVVD\�ZDV�SHUIRUPHG�E\�VOLJKW�PRGLILFD�
WLRQV�RI�WKH�GHVFULEHG�%HQ]LH�DQG�6WUDLQ��������
PHWKRG� DQG� WKH� DQWLR[LGDQW� DFWLYLW\� ZDV� SUH�
VHQWHG� DV� 7UROR[� HTXLYDOHQWV� DV� JLYHQ� LQ�
$GHEDMR�HW�DO�������D�� 
 
7RWDO�DQWLR[LGDQW�FDSDFLW\��7$&��DVVD\ 
7KH� 7$&� DVVD\� ZDV� GRQH� IROORZLQJ� WKH� SUH�
VFULEHG�PHWKRG��3ULHWR�HW�DO���������$GHEDMR�HW�
DO��� ����D�� DQG� WKH� UHVXOWV�ZHUH� H[SUHVVHG� DV�
DVFRUELF�DFLG�HTXLYDOHQWV��$$(����PR/�J�� 
 
+\GUR[\O�UDGLFDO�VFDYHQJLQJ�DFWLYLW\��+56$��
DVVD\ 
7KH�+56$� RI� WKH� WHVW� H[WUDFWV� ZDV� HYDOXDWHG�
E\�PRGLILFDWLRQ�RI�D�GHVFULEHG�PHWKRG��)HUUHU-
6XHWD�DQG�5DGL���������7KH�H[SHULPHQWV�ZHUH� 

 

0HWKDQROLF� OHDI� H[WUDFWV� RI�2�� VXEVFRUSLRLGHD�
�26/���&��SDWHQV��&3/��DQG�+��RSSRVLWD��+2/��
WKDW� ZHUH� WKH� WKUHH� PRVW� DFWLYH� H[WUDFWV� ZHUH�
VHSDUDWHO\� VXVSHQGHG� LQ� ZDWHU�� VXFFHVVLYHO\�
SDUWLWLRQHG� ZLWK� Q-KH[DQH�� GLFKORURPHWKDQH�
DQG�HWK\O�DFHWDWH�DQG�FRQFHQWUDWHG� LQ�YDFXR� WR�
REWDLQ� WKHLU� FRUUHVSRQGLQJ� Q-KH[DQH� �26/%���
&3/%��� +2/%���� GLFKORURPHWKDQH� �26/%���
&3/%���+2/%����HWK\ODFHWDWH��26/%���&3/%���
+2/%��� DQG� DTXHRXV� �26/%��� &3/%���
+2/%���IUDFWLRQV�� 
 
$QLPDOV 
+HDOWK\�:LVWDU�DOELQR�UDWV�RI�HLWKHU�VH[������J��
DYHUDJH� ZHLJKW��� EUHG� XQGHU� VWDQGDUG� FRQGL�
WLRQV� �WHPS�� �����&�� UHODWLYH� KXPLGLW\� ������
QDWXUDO���K�GD\–QLJKW��DQG�KRXVHG�LQ�GLIIHUHQW�
FDJHV�LQ�WKH�DQLPDO�KRXVH��'HSDUWPHQW�RI�3KDU�
PDFRORJ\�� )DFXOW\� RI� 3KDUPDF\�� 2�$�8��� ,OH-
,IH�� 1LJHULD� ZHUH� XVHG� IRU� WKH� H[SHULPHQWV��
7KH\�ZHUH�DFFOLPDWL]HG�IRU�DW� OHDVW���GD\V�EH�
IRUH� FRPPHQFHPHQW� RI� WKH� H[SHULPHQWV� DQG�
IHG� RQ� D� VWDQGDUG� SHOOHW� GLHW� �%HQGHO� )HHGV��
%HQLQ�� 1LJHULD��� ZLWK� ZDWHU� JLYHQ� DG� OLELWXP��
$OO� DQLPDO� H[SHULPHQWV� FRQIRUPHG� WR� WKH�
*XLGH�IRU�WKH�&DUH�DQG�8VH�RI�/DERUDWRU\�$QL�
PDOV� SXEOLVKHG� E\� WKH� 1DWLRQDO� $FDGHPLHV�
3UHVV� �&RPPLWWHH� IRU� WKH�8SGDWH�RI� WKH�*XLGH�
IRU� WKH� &DUH� DQG� 8VH� RI� /DERUDWRU\� $QLPDOV��
������ 
 
$QWL-K\SHUJO\FDHPLF�VWXGLHV�RI�WKH�H[WUDFWV 
,Q�QRUPDO�DQG�JOXFRVH-ORDGHG�UDWV 
*URXSV�RI� ILYH�RYHUQLJKW-IDVWHG� ����K�� QRUPDO�
UDWV�ZHUH�LQJHVWHG��S�R���ZLWK�HLWKHU�����7ZHHQ�
���LQ�QRUPDO�VDOLQH��QHJDWLYH�FRQWURO���RU�PHWK�
DQROLF� H[WUDFWV� ������ ����� ���� PJ�NJ�� RI� WKH�
ILYH�SODQWV��RU�JOLEHQFODPLGH����PJ�NJ��SRVLWLYH�
FRQWURO���$OVR��JOXFRVH����J�NJ��S�R���ZDV�JLYHQ�
WR� ��� KRXU� IDVWHG� QRUPDO� UDWV� DQG� WKRVH� WKDW�
ZHUH� K\SHUJO\FDHPLF� >EORRG� JOXFRVH� OHYHO� ��
���PPRO�/� ����PJ�G/�@� DIWHU� ���� KRXU� �7R��
ZHUH� VHOHFWHG� DQG� GLYLGHG� LQWR� JURXSV� RI� ILYH�
DQG�DGPLQLVWHUHG��S�R���ZLWK�H[WUDFWV������������
���� PJ�NJ�� RU� SRVLWLYH� RU� QHJDWLYH� FRQWUROV��
$OVR�� JOXFRVH-ORZHULQJ� DFWLYLWLHV� RI� WKH� SDUWL�
WLRQ� IUDFWLRQV� ZHUH� VLPLODUO\� DVVD\HG� DW� WKH�
GRVHV�RI� WKH� H[WUDFWV� WKDW� JDYH� WKH� KLJKHVW� DF�
WLYLW\��$W��������������������DQG�����KRXUV�DIWHU�
DGPLQLVWUDWLRQ� RI� WKH� WHVW� DJHQWV�� D� GURS� RI�
EORRG�WKDW�ZDV�WDNHQ�IURP�WKH�WLS�RI�WKH�WDLO�RI�
HDFK� UDW� ZDV� GURSSHG� RQWR� D� JOXFRPHWHU� VWULS� 
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�� $GHEDMR�HW�DO� 

HW�DO���������9HUVSRKO���������$OOR[DQ-LQGXFHG�
GLDEHWLF�UDW�PRGHO�ZDV�DGGLWLRQDOO\�XVHG�LQ�WKLV�
VWXG\� WR� IXUWKHU� FRQILUP� WKH� K\SHUJO\FDHPLD-
ORZHULQJ��DQWL-GLDEHWLF��DFWLYLW\�RI�WKH�H[WUDFWV�
IUDFWLRQV� LQ� D� WUXH� GLDEHWLF� VWDWH� �*XSWD� HW� DO���
������� $OVR�� WKH� H[WUDFWV� ZHUH� HYDOXDWHG� IRU�
DQWLR[LGDQW� DFWLYLW\� WR�GHWHUPLQH� DQ\� FRQWULEX�
WLRQ�RI� WKLV�DFWLYLW\� WR� WKHLU�DQWLGLDEHWLF�HIIHFWV�
�$GHEDMR�HW�DO�������D������E�� 
 
+\SRJO\FDHPLF�HIIHFW�RI�WKH�H[WUDFWV 
*OLEHQFODPLGH� ���PJ�NJ�� JDYH� D� QRQ-WLPH� GH�
SHQGHQW������������DQG�����EORRG�JOXFRVH� UH�
GXFWLRQV�DW�����������DQG���KRXUV��UHVSHFWLYHO\�LQ�
QRUPRJO\FDHPLF� UDWV� WKDW�ZHUH� VLJQLILFDQWO\� �S�
��������KLJKHU�DW�DOO�WLPH�SRLQWV�WKDQ�WKRVH�HOLF�
LWHG�E\�����������DQG�����PJ�NJ�RI�WKH�H[WUDFWV�
�7DEOH� ���� 7KLV� PD\� FRQILUP� WKH� GRFXPHQWHG�
K\SRJO\FDHPLF� VLGH� HIIHFW� RI� JOLEHQFODPLGH�� D�
VWDQGDUG� DQWL-GLDEHWLF� GUXJ� �/X]L� DQG� 3R]]D��
�������&RPSDUHG� WR� WKDW�RI�JOLEHQFODPLGH��K\�
SRJO\FDHPLF�DFWLYLWLHV�RI�WKH�H[WUDFWV�ZHUH�QRQ-
GRVH� GHSHQGHQW� DQG� VLJQLILFDQWO\� �S� �� ������
UHGXFHG��7DEOH�����7KHVH�PD\�VXJJHVW�WKDW�WKH\�
DUH�OLNHO\�VDIH�DQG�PD\�QRW�SUHFLSLWDWH�K\SRJO\�
FDHPLD� ZKHQ� XVHG� E\� QRQ-GLDEHWLF� KXPDQ� RU�
DQLPDO�VXEMHFWV��6LPLODUO\��UHVSHFWLYH�OHDI�DTXH�
RXV�DQG�PHWKDQROLF�H[WUDFWV�RI�1LJHULDQ�DQWLGL�
DEHWLF� 1DXFOHD� ODWLIROLD� DQG� (XJHQLD� XQLIORUD�
WKDW� ZHUH� SURYHQ� WR� SRVVHVV� DQWL-
K\SHUJO\FDHPLF� DFWLYLW\�� ZHUH� DOVR� UHSRUWHG�
VDIH� IRU� QRQ-GLDEHWLF� KXPDQV� EHFDXVH� WKH\�
ODFNHG�VLJQLILFDQW�K\SRJO\FDHPLF�HIIHFW�LQ�QRU�
PDO�UDWV��$GHEDMR�HW�DO�������D������E��*LGDGR�
HW�DO���������� 
 
+\SHUJO\FDHPLF-ORZHULQJ� HIIHFW� RI� WKH� H[�
WUDFWV�LQ�JOXFRVH-ORDGHG�UDWV 
7KH� VLJQLILFDQW� WLPH� GHSHQGHQW� UHGXFWLRQV�� XS�
WR� WKH� IRXUWK� KRXU� �7DEOH� ���� LQ� EORRG� JOXFRVH�
OHYHOV� RI� WKH� QHJDWLYH-FRQWURO� JOXFRVH-LQGXFHG�
K\SHUJO\FDHPLF�UDW�JURXS�ZDV�GXH�WR�WKH�KRPH�
RVWDWLF� UHJXODWRU\� PHFKDQLVP� DQG� FRQILUPHG�
WKDW� WKHLU� SDQFUHDVHV� ZHUH� IXQFWLRQLQJ� ZHOO�
�$GHEDMR�HW�DO�������D������E��.DU�HW�DO����������
2QO\�WKH�OHDI�H[WUDFWV�RI�2��VXEVFRUSLRLGHD�����
-����PJ�NJ���+��RSSRVLWD������PJ�NJ���&��SDW�
HQV������PJ�NJ���3��]H\ODQLFD�����������PJ�NJ���
DQG�'��FXPPLQVLL������PJ�NJ��GHPRQVWUDWHG�DQ�
DFWLYLW\� SURILOH� WKDW� ZDV� WLPH� GHSHQGHQW� DQG�
PD[LPDO�DW� WKH�IRXUWK�KRXU��VLPLODU�WR���PJ�NJ�
RI�*OLEHQFODPLGH��7DEOH���� 

FDUULHG�RXW�LQ�WULSOLFDWHV�DQG�DOO�UHDJHQWV�IRU�WKLV�
H[SHULPHQW�ZHUH�IUHVKO\�SUHSDUHG��$����/�DOL�
TXRW�RI�WHVW�VDPSOH�RU�VWDQGDUG�ZDV�PL[HG�ZLWK�
����/� RI� UHDFWLRQ� EXIIHU� FRQWDLQLQJ� ���P0�
SKRVSKDWH�EXIIHU��S+����������P0�VRGLXP�EHQ�
]RDWH�� ����0� ('7$�� ����0� )H�1+���62���
DQG� ���P0� +�2��� 7KH� UHDFWLRQ� PL[WXUH� ZDV�
LQFXEDWHG� DW� ���&� IRU� �K� DIWHU� ZKLFK� �P/� RI�
����DFHWLF�DFLG�DQG��P/�RI������WKLREDUELWX�
ULF�DFLG��GLVVROYHG�LQ���P0�1D2+��ZDV�DGGHG��
7KH� QHZ�PL[WXUH� ZDV� WKHUHDIWHU� LQFXEDWHG� IRU�
��� PLQ� DW� ���&� DQG� FRROHG� UDSLGO\� LQ� DQ� LFH�
EDWK��7KH�DEVRUEDQFH�RI�WKH�VDPSOH�ZDV�PHDV�
XUHG�DW����QP�DQG�WKH�SHUFHQW�+56$�ZDV�FDO�
FXODWHG��7UROR[�LQ�WKH�FRQFHQWUDWLRQ�UDQJH�RI���
-����0�ZDV� XVHG� DV� VWDQGDUG� IRU� WKH� FDOLEUD�
WLRQ�FXUYH�DQG�IURP�WKH�OLQHDULW\�HTXDWLRQ��FRQ�
FHQWUDWLRQ� RI� VDPSOH� WKDW� SURGXFHG� VDPH� DE�
VRUEDQFH�DV��P0�RI�7UROR[��P0�7UROR[�HTXLY�
DOHQW��ZDV�GHWHUPLQHG� 
 
67$7,67,&$/�$1$/<6,6 
'DWD�UHSUHVHQW�PHDQ�6(0�DQG�Q ��IRU�DQLPDOV�
LQ� WKH� JURXS�� 7KH\� ZHUH� DQDO\VHG� ZLWK� 2QH�
:D\�$QDO\VLV�RI�9DULDQFH��$129$���IROORZHG�
E\�%RQIHUURQL�W-WHVW�RU�6WXGHQW-1HZPDQ-.HXOV�
SRVW-KRF� WHVWV�� XVLQJ� *UDSK3DG�,QVWDW�� YHUVLRQ�
���� �*UDSK3DG� 6RIWZDUH� ,QF��� 6DQ� 'LHJR��
86$���3��������ZDV�FRQVLGHUHG�VLJQLILFDQW� 
 
5(68/76�$1'�',6&866,21 
7KH�PHFKDQLVPV�RI�DFWLRQ�RI�JOLEHQFODPLGH�DUH�
HDUO\�H[WUD-SDQFUHDWLF�DQG�ODWH�LQVXOLQ�VWLPXODW�
LQJ� HIIHFWV� �/X]L� DQG�3R]]D�� �������7KHUHIRUH��
SURILOH� RI� DFWLYLW\� WKDW� LV� VLPLODU� WR� WKDW� RI�
JOLEHQFODPLGH� ZLWK� JOXFRVH-ORDGHG� UDW� PRGHO�
DOORZV�D�JXHVV�RI�VLPLODU�PHFKDQLVPV�RI�DFWLRQ�
RI� SODQW� H[WUDFWV�IUDFWLRQV�WHVW� DJHQWV� �$GHEDMR�
HW� DO��� ����D�� ����E�� 0XUUD\� HW� DO��� ������
9HUVSRKO�� �������(DUOLHU�� XVLQJ� JOXFRVH-ORDGHG�
UDW� PRGHO�� K\SHUJO\FDHPLF-ORZHULQJ� �DQWL-
K\SHUJO\FDHPLF��DFWLYLW\�RI�SODQWV�ZHUH�FRUURE�
RUDWHG� E\� WKHLU� LQ� YLYR� DQG� LQ� YLWUR� LQVXOLQR�
WURSLF� DFWLYLWLHV� �$GHEDMR� HW� DO��� ������ ������
����D������E��$ODGH�HW�DO����������,W�ZDV�WKHUH�
IRUH� VXJJHVWHG� WKDW� WKH� XVH� RI� JOLEHQFODPLGH�
DQG�RWKHU�LQVXOLQ�VWLPXODWRU\�GUXJV�DV�VWDQGDUG�
GUXJV�LQ�JOXFRVH-ORDGHG�UDW�VWXGLHV��PD\�KHOS�LQ�
HVWDEOLVKLQJ�SODQWV�ZLWK� LQVXOLQ� VWLPXODWLQJ� DF�
WLYLW\�WKDW�FRXOG�EH�XVHG�LQ�KXPDQ�W\SH���GLDEH�
WHV� UHVXOWLQJ� IURP� LQVXIILFLHQW� LQVXOLQ� SURGXF�
WLRQ� �$GHEDMR� HW� DO��� ����D�� ����E�� 0XUUD\� 
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(YDOXDWLRQ�RI�ILYH�1LJHULDQ�DQWLGLDEHWLF�SODQWV��� �� 

7KH�!������EORRG�JOXFRVH�UHGXFWLRQV�JLYHQ�E\�
2��VXEVFRUSLRLGHD�����������PJ�NJ���+��RSSRVL�
WD������PJ�NJ��DQG�&��SDWHQV������PJ�NJ��DW���
K�� ZKLFK� ZHUH� VLJQLILFDQWO\� KLJKHU� WKDQ� ��� ��
HOLFLWHG� E\� JOLEHQFODPLGH�� PD\� VXJJHVW� DGGL�
WLRQDO� H[WUDSDQFUHDWLF� DFWLYLW\� IRU� WKHVH� SODQW�
H[WUDFWV��$GHEDMR�HW�DO����������$OVR��WKH�K\SHU�
JO\FDHPLD-ORZHULQJ� DFWLYLWLHV� GHPRQVWUDWHG� E\�
2�� VXEVFRUSLRLGHD� ����-���� PJ�NJ�� DQG� &��
SDWHQV������PJ�NJ��DW���DQG���KRXUV�ZHUH�VLJ�
QLILFDQWO\� KLJKHU� WKDQ� WKDW� JLYHQ� E\�
JOLEHQFODPLGH�� ZKLOH� WKRVH� RI�+�� RSSRVLWD� DQG�
3�� ]H\ODQLFD� ����� PJ�NJ�� DW� WKHVH� KRXUV� ZHUH�
FRPSDUDEOH��S�!�������WR�WKDW�RI�JOLEHQFODPLGH�
�7DEOH�����6LPLODU�WR�JOLEHQFODPLGH��WKH�KLJKHVW�
DFWLYLW\� RI� WKH� H[WUDFW� ZDV� DW� �� KRXU� DQG� WKLV�
VLPLODU� SURILOH� RI� DFWLYLW\�KDV�EHHQ� UHSRUWHG� WR�
EH� GXH� WR� HDUO\� DQG�PLOG� H[WUD-SDQFUHDWLF�� ODWH�
DQG� PDMRU� LQVXOLQRWURSLF� DFWLYLWLHV� RI�
JOLEHQFODPLGH� �$GHEDMR� HW� DO��� ������ ����E��
/X]L� DQG� 3R]]D�� ������ /X]L� DQG� 'H)URQ]R��
������� 
 
+HQFH�� VXJJHVWLRQ� RI� VWLPXODWLRQ� RI� LQVXOLQ�
UHOHDVH�E\�WKHVH�SODQW�H[WUDFWV�PD\�EH�WKH�VFLHQ�
WLILF� MXVWLILFDWLRQ� RI� WKHLU� DQWL-K\SHUJO\FDHPLF�
DFWLYLW\�DQG�SUREDEO\�H[SODLQ�WKHLU�HWKQRPHGLF�
LQDO� DQWLGLDEHWLF� XVDJH� LQ� GLDEHWHV� RFFDVLRQHG�
E\� LQVXIILFLHQW� LQVXOLQ� SURGXFWLRQ�� 6LPLODUO\���
H[WUDFWV�RI�*RQJURQHPD�ODWLIROLXP��(��XQLIORUD��
6WDFK\WDUSKHWD�FD\HQQHQVLV��-DWURSKD�WDQMRUHQ�
VLV�DQG�&ODXVHQD�ODQVLXP�ZLWK�LQVXOLQ�VWLPXOD�
WLRQ� SURSHUWLHV� KDYH� EHHQ� VXJJHVWHG� DV� KHUEDO�
GUXJV� IRU� PDQDJLQJ� WKLV� W\SH� RI� GLDEHWHV�
�$GHEDMR� HW� DO��� ������ ������ ����D�� ����E��
2OD\LZROD�HW�DO��������� 
 
'RVHV�RI�����DQG�����PJ�NJ�RI�+��RSSRVLWD�DQG�
'�� FXPPLQVLL�� DQG� 3�� ]H\ODQLFD� ����� PJ�NJ��
ODFNHG� K\SHUJO\FDHPLF-ORZHULQJ� DFWLYLW\� DW� DOO�
KRXUV��ZKLOH�DFWLYLWLHV�RI����������PJ�NJ�RI�&��
SDWHQV�DQG�3��]H\ODQLFD��DQG�'��FXPPLQVLL������
PJ�NJ�� ZHUH� ZHDN� WR� PRGHUDWH� �7DEOH� ����
7KHUHIRUH��2�� VXEVFRUSLRLGHD� OHDI� H[WUDFW� ZDV�
WKH� PRVW� DFWLYH� DQG� WKH� RUGHU� RI� K\SHUJO\FDH�
PLF-ORZHULQJ� DFWLYLW\� RI� WKH� H[WUDFWV�� DW� WKHLU�
PRVW� HIIHFWLYH�GRVHV��ZDV�2�� VXEVFRUSLRLGHD� !�
&�� SDWHQV� !+�� RSSRVLWD� !� 3�� ]H\ODQLFD�  �
JOLEHQFODPLGH�!�'��FXPPLQVLL��7DEOH����� 
 
 

+\SHUJO\FDHPLF-ORZHULQJ� HIIHFW� RI� WKH� H[�
WUDFWV�LQ�DOOR[DQLVHG�UDWV 
7KH� SHUVLVWHQW� K\SHUJO\FDHPLD� LQ� WKH� QHJDWLYH�
FRQWURO�JURXS�RI�DOOR[DQLVHG�UDWV�VKRZHG 
WKDW� WKH\� ZHUH� GLDEHWLF� �2MH]HOH� DQG� $EDWDQ��
������� 'DLO\� ���� GD\V�� RUDO� DGPLQLVWUDWLRQ� RI�
WKH� PRVW� HIIHFWLYH� �K\SHUJO\FDHPLF-ORZHULQJ��
GRVHV� RI� WKH� H[WUDFWV¶� �7DEOH� ��� WR� WKHVH� UDWV�
SURGXFHG� EORRG� JOXFRVH-ORZHULQJ� �DQWL-
GLDEHWLF�� HIIHFWV� WKDW� ZHUH� VLJQLILFDQWO\� EHWWHU�
WKDQ� WKDW� RI� JOLEHQFODPLGH� �7DEOH� ����$OVR�� VL�
PLODU� WR� JOLEHQFODPLGH�� WKH� K\SHUJO\FDHPLF-
ORZHULQJ� DFWLYLWLHV� RI� WKH� H[WUDFWV� ZHUH� PD[L�
PDO�DW�WKH���WK�GD\��7DEOH����� 
 
0RUHRYHU�� WKH� DFWLYLW\� RI� DOO� WKH� H[WUDFWV� ZHUH�
FRPSDUDEOH� DW� GD\V���� DQG����ZKLOH� DW� GD\V���
DQG� �� WKH� RUGHU� ZDV� 2�� VXEVFRUSLRLGHD� !� &��
SDWHQV� �+��RSSRVLWD�!�3��]H\ODQLFD� �'��FXP�
PLQVLL� ! �JOLEHQFODPLGH� DQG�2�� VXEVFRUSLRLGHD�
!+��RSSRVLWD� �&��SDWHQV� �3�� ]H\ODQLFD� !�'��
FXPPLQVLL�! �JOLEHQFODPLGH��UHVSHFWLYHO\��7DEOH�
����7KHUHIRUH�� UHVXOWV�RI�7DEOHV���DQG���DJUHHG�
WKDW�2��VXEVFRUSLRLGHD�OHDI�H[WUDFW�ZDV�WKH�PRVW�
DFWLYH�K\SHUJO\FDHPLF-ORZHULQJ�H[WUDFW�LQ�ERWK�
JOXFRVH-ORDGHG�DQG�DOOR[DQ-GLDEHWLF�UDW�PRGHOV� 
� 
0HWKDQROLF� H[WUDFWV� RI� 6�� FD\HQQHQVLV�� -�� WDQ�
MRUHQVLV�DQG�%DXKLQLD�PRQDQGUD�WKDW�KDG�VLPL�
ODU�SURILOH�RI�DFWLYLW\�DV�JOLEHQFODPLGH�DQG�JDYH�
VLJQLILFDQW� K\SHUJO\FDHPLF-ORZHULQJ� �DQWL-
K\SHUJO\FDHPLF�� DFWLYLWLHV� LQ� JOXFRVH-ORDGHG�
DQG� DOOR[DQ-GLDEHWLF� UDW� PRGHOV� KDYH� EHHQ�
VKRZQ� WR� KDYH� LQ� YLYR� DQG� LQ� YLWUR� LQVXOLQ� UH�
OHDVLQJ�DFWLYLWLHV��$GHEDMR�HW�DO���������$ODGH�HW�
DO���������������2OD\LZROD�HW�DO����������,QVXOLQ�
UHOHDVH� KDV� EHHQ� UHSRUWHG� DV� D� PDMRU� PHFKD�
QLVP�RI�DFWLRQ�RI�JOLEHQFODPLGH��/X]L�DQG�3R]�
]D�� �������7KHVH� ILYH�SODQWV� KDYLQJ� VLJQLILFDQW�
K\SHUJO\FDHPLF-ORZHULQJ� DFWLYLWLHV� DQG� VLPLODU�
SURILOH�RI�DFWLYLW\�DV�JOLEHQFODPLGH�LQ�WKHVH�WZR�
UDW�PRGHOV� �7DEOHV� ��� ����PD\� DOVR� EH� LQVXOLQ-
UHOHDVH� VWLPXODWLQJ� DQG� WKHUHIRUH� SURYLGHV� D�
MXVWLILFDWLRQ�RI�WKHLU�FRQWLQXHG�IRONORULF�XWLOLVD�
WLRQ�LQ�PDQDJLQJ�GLDEHWHV��$GHEDMR�HW�DO���������
$ODGH� HW� DO��� ������ ������ 2OD\LZROD� HW� DO���
������ 
 
)XUWKHUPRUH�� ���� DFWLYLW\� ZDV� HOLFLWHG� E\� 3��
]H\ODQLFD�OHDI�H[WUDFW�ZKHQ�JLYHQ�IRU����GD\V�WR�
DOOR[DQ-LQGXFHG� GLDEHWLF� UDWV� LQ� WKLV� VWXG\�
�7DEOH����ZKLOH�RQO\������DFWLYLW\�ZDV�UHSRUWHG� 
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IRU� LWV� URRW�H[WUDFW� �����PJ�NJ��JLYHQ� IRU�RYHU�
���GD\V� WR� VWUHSWR]RWRFLQ-LQGXFHG�GLDEHWLF� UDWV�
�0XIWDK� HW� DO��� ������� 7KLV� PD\� LQGLFDWH� WKDW�
WKH� OHDI� PD\� EH� D� EHWWHU� DQWL-K\SHUJO\FDHPLF�
KHUEDO� GUXJ�� $OOR[DQ� DQG� VWUHSWR]RWRFLQ� DUH�
XVXDOO\� WKH�GLDEHWRJHQLF�DJHQWV�XVHG� WR� LQGXFH�
GLDEHWHV� LQ� WKH� H[SHULPHQWDO� DQLPDOV� �-HDQHWWH�
HW�DO���������6]NXGHOVNL���������7KH\�ERWK�SUR�
GXFH�QRQ-GHILQLWH�GLDEHWLF�VWDWHV�LQ�DQLPDOV��DV�
WKH�VWDWH�UHDGLO\�FKDQJHV�IURP�PLOG�WR�PRGHUDWH�
WR�VHYHUH�GLDEHWHV��+HQFH��WKH�UHDO�VWDWH��ZKLFK�
LV� LQ-EHWZHHQ� W\SHV� ,� DQG� ,,�� LV� GLIILFXOW� WR� DV�
FHUWDLQ� RU� FODVVLI\� �9HUVSRKO�� ������� $OOR[DQ�
DFWV� E\� UHOHDVLQJ� KLJKO\� UHDFWLYH� IUHH� UDGLFDOV�
WKDW�GDPDJH�WKH�'1$�RI�ȕ-FHOOV�DQG�XOWLPDWHO\�
UHVXOWLQJ� LQ� FHOO� GHDWK�� +LJK� PRUWDOLW\� LQ� UDWV��
NHWRVLV�LQ�DQLPDOV�GXH�WR�IUHH�IDWW\�DFLG�JHQHUD�
WLRQ�� QRQ-VHOHFWLYLW\�RI� DFWLRQ� DQG� UHYHUVLELOLW\�
RI�WKH�LQGXFHG�GLDEHWHV�DUH�WKH�GLVDGYDQWDJHV�RI�
XVLQJ� DOOR[DQ� LQ� WKH� LQGXFWLRQ� RI� GLDEHWHV�
�*XSWD�� ������� 6WUHSWR]RWRFLQ� DOVR� FDXVHV� ȕ-
FHOO�GHDWK�E\�WKH�IRUPDWLRQ�RI�IUHH�UDGLFDOV�DQG�
RWKHU�PHFKDQLVPV��$OWKRXJK� LWV�DFWLRQ�LV�PRUH�
VHOHFWLYH� DQG� KDV� D� ORZHU� PRUWDOLW\� UDWH� WKDQ�
DOOR[DQ�� LW� FDXVHV� OLYHU� DQG� NLGQH\� GDPDJH� WR�
WKH� DQLPDOV� ZLWK� ERQH� PDUURZ� GHSUHVVLRQ�
�-RQJ�HW�DO��������� 
 
$QWLR[LGDQW�DFWLYLWLHV�RI�WKH�H[WUDFWV 
6LQFH� SOXPEDJLQ� KDV� EHHQ� LGHQWLILHG� DV� WKH�
DQWLR[LGDQW�FRQVWLWXHQW�RI�3��]H\ODQLFD��7LODN�HW�
DO��� ������� �WKLV� SODQW� ZDV� QRW� LQFOXGHG� LQ� WKLV�
SUHVHQW� DQWLR[LGDQW� VWXG\�� 7KH� RUGHU� RI� IUHH�
UDGLFDO�VFDYHQJLQJ�DFWLYLW\��D�SUHOLPLQDU\�DQWL-
R[LGDQW�DFWLYLW\��ZDV�YLWDPLQ�&� �+��RSSRVLWD�!�
'��FXPPLQVLL� �&��SDWHQV�!�2��VXEVFRUSRLGHD��
8VLQJ� )5$3� DQG� 7$&� DVVD\V�� RUGHU� RI� WKHLU�
DQWLR[LGDQW�FDSDFLWLHV�ZDV�VLPLODU�DQG�VKRZQ�WR�
EH�+��RSSRVLWD� �'�� FXPPLQVLL�!�&��SDWHQV� �
2�� VXEVFRUSRLGHD� ZKLOH� WKDW� RI� +56$�ZDV�'��
FXPPLQVLL� �+��RSSRVLWD� �&��SDWHQV�!�2��VXE�
VFRUSRLGHD� �7DEOH� ����+HQFH��+�� RSSRVLWD� DQG�
'��FXPPLQVLL�KDG�WKH�KLJKHVW�DQWLR[LGDQW�DFWLY�
LW\�ZKLOH�&��SDWHQV�DQG�2��VXEVFRUSRLGHD�ZHUH�
WKH�OHDVW�DFWLYH�� 
 
*HQHUDWHG�526�ZHUH� LPSOLFDWHG� LQ� WKH� SDWKR�
JHQHVLV� RI� GLDEHWHV� DQG� WKHLU� VFDYHQJHUV� ZHUH�
UHSRUWHG� WR� EH� HIIHFWLYH� LQ� SUHYHQWLQJ� H[SHU-
LPHQWDO� GLDEHWHV� LQ� DQLPDO� PRGHOV� DV� ZHOO� DV�
UHGXFHG� WKH� VHYHULW\� RI� W\SHV� �� DQG� ��GLDEHWLF�
FRPSOLFDWLRQV��-HDQHWWH�HW�DO����������0RPRUGL-� 
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FD� FKDUDQWLD�� 5RVPDULQXV� RIILFLQDOLV� DQG� 6��
FD\HQQHQVLV� DUH� VRPH� RI� WKH� PHGLFLQDO� SODQWV�
RIWHQ� XVHG� LQ� WKH�PDQDJHPHQW� RI� GLDEHWLF� V\Q�
GURPHV� WKDW�DOVR�SRVVHVV�DQWLR[LGDQW�SURSHUWLHV�
�$GHEDMR�HW� DO���������6DWKLVKVHNDU� DQG�6XEUD�
PDQLDQ��������.KDOLO�HW�DO����������&RQWULEXWLRQ�
RI�DQWLR[LGDQW�SURSHUW\� WR�DQWL-GLDEHWLF�DFWLYLW\�
RI�SODQWV�KDV�EHHQ�VFLHQWLILFDOO\�GHPRQVWUDWHG�LQ�
(��XQLIORUD��$GHEDMR�HW�DO�������D��� 
 
7KHUHIRUH�� WKH� SUHVHQW� GHPRQVWUDWLRQ� RI� KLJK�
JOXFRVH-ORZHULQJ�DFWLYLW\� �7DEOHV�������DQG� WKH�
KLJKHVW� DQWL-R[LGDQW� DFWLYLW\� �7DEOH� ��� E\� +��
RSSRVLWD�OHDI�ZRXOG�EH�FRUURERUDWLQJ�WKLV�DGGL�
WLRQDO�SURSHUW\�LQ�SODQWV�WKDW�DUH�XVHG�HWKQRPH�
GLFLQDOO\�LQ�1LJHULD�WR�PDQDJH�GLDEHWHV��+HQFH��
RQO\�+��RSSRVLWD�OHDI�H[WUDFW�PD\�VKRZ�WKDW�DQWL
-R[LGDQW� SURSHUW\�� ZKLFK� ZLOO� VFDYHQJH� 526�
JHQHUDWHG� LQ� GLDEHWLF� FRQGLWLRQV�� VKRXOG� FRQ�
WULEXWH� WR� LWV� DQWL-GLDEHWLF� DFWLYLW\� �$GHEDMR� HW�
DO�������D��-HDQHWWH�HW�DO��������� 
 
+\SHUJO\FDHPLF-ORZHULQJ�HIIHFW�RI�WKH�SDUWL�
WLRQ�IUDFWLRQV 
*HQHUDOO\�� WKH� Q-KH[DQH� �26/%���� GLFKORUR�
PHWKDQH� �26/%��� DQG� HWK\O� DFHWDWH� �26/%���
SDUWLWLRQ� IUDFWLRQV� RI�2�� VXEVFRUSLRLGHD� PHWK�
DQROLF� H[WUDFW� �26/�� ZHUH� LQDFWLYH�� +RZHYHU��
26/%�� JDYH� D� ����� K\SHUJO\FDHPLD-ORZHULQJ�
DFWLYLW\�DW���KRXU�WKDW�ZDV�FRPSDUDEOH�WR�WKDW�RI�
26/�� $FWLYLWLHV� RI� 26/�� LWV� DTXHRXV� SDUWLWLRQ�
IUDFWLRQ��26/%���DQG�JOLEHQFODPLGH�ZHUH�FRP�
SDUDEOH� DW� ���� KRXU� ZKLOH� WKDW� RI� WKH� PRWKHU�
H[WUDFW� �26/�� ZDV� FRPSDUDEOH� WR� WKDW� RI�
JOLEHQFODPLGH� DW� ���� KRXU� EXW� VLJQLILFDQWO\�
KLJKHU� WKDQ� WKRVH� RI� JOLEHQFODPLGH� DQG� WKH�
DTXHRXV� IUDFWLRQ� �26/%��� DW� �-�� KRXUV�� $QWL-
K\SHUJO\FDHPLF� DFWLYLW\� RI� 26/%�� DQG�
JOLEHQFODPLGH� ZDV� FRPSDUDEOH� DW� DOO� WLPH�
SRLQWV��7DEOH����� 
 
7KHVH� LQGLFDWHG� WKDW� WKH�PDLQ�K\SHUJO\FDHPLF-
ORZHULQJ� FRQVWLWXHQWV� RI� 2�� VXEVFRUSLRLGHD�
ZRXOG�EH�FRQFHQWUDWHG�LQ�WKLV�SRODU�IUDFWLRQ�DQG�
KDYH� VLPLODU� LQVXOLQ� VWLPXODWRU\�PHFKDQLVP� RI�
DFWLRQ�RI�JOLEHQFODPLGH��/X]L�DQG�3R]]D���������
+RZHYHU�� VRPH�HWK\ODFHWDWH� �26/%��� FRQVWLWX�
HQWV� VKRXOG�PDNH� OLWWOH� FRQWULEXWLRQ� WR� WKLV� DF�
WLYLW\�� $FWLYLWLHV� RI� WKH� +�� RSSRVLWD� H[WUDFW�
�+2/�� DQG� LWV� PRVW� DFWLYH� DTXHRXV� SDUWLWLRQ�
IUDFWLRQ��+2/%���ZHUH�FRPSDUDEOH�ZLWK�WKDW�RI�
JOLEHQFODPLGH� DW� DOO� KRXUV�� ZKLOH� WKDW� RI�+2/� 
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(YDOXDWLRQV�RI�ILYH�1LJHULDQ�DQWLGLDEHWLF�SODQWV��� �� 

VXFK�DV�WKHVH�WKUHH�1LJHULDQ�SODQWV��RQFH�SURY�
HQ�VDIH��DV�ZHOO�DV�FRQWLQXLQJ�WKH�LQYHVWLJDWLRQV�
WR�LGHQWLI\�WKHLU�DFWLYH�FRQVWLWXHQWV��$GHEDMR�HW�
DO�������D�E�� 
 
&21&/86,21 
7KH� UHVXOWV� RI� WKLV� VWXG\� VKRZHG� WKDW� WKH� H[�
WUDFWV� RI� WKHVH� ILYH� 1LJHULDQ� HWKQRPHGLFLQDO�
SODQWV�XVHG�LQ�WKH�PDQDJHPHQW�RI�GLDEHWHV�PD\�
EH�VDIH�DV� WKH\�GLG�QRW�SUHFLSLWDWH�K\SRJO\FDH�
PLD�LQ�QRQ-GLDEHWLF�VXEMHFWV��7KH�KLJK�JOXFRVH-
ORZHULQJ� DFWLYLWLHV� GHPRQVWUDWHG� E\� WKHVH�
SODQWV�� HVSHFLDOO\� WKDW� RI�2�� VXEVFRUSLRLGDH�� LQ�
ERWK� JOXFRVH-� DQG� DOOR[DQ-LQGXFHG� K\SHUJO\�
FDHPLF� UDWV�� KDYH� MXVWLILHG� WKHLU� DQWLGLDEHWLF�
IRONORULF� FODLPV�� 7KHUH� LV� WKH� SRVVLELOLW\� WKDW�
DQWLR[LGDQW� SURSHUW\�PD\� FRQWULEXWH� WR� WKH� K\�
SHUJO\FDHPLF-ORZHULQJ� DFWLYLW\� GHPRQVWUDWHG�
E\�+�� RSSRVLWD�� 7KH� DQWL-K\SHUJO\FDHPLF� FRQ�
VWLWXHQWV� RI�2�� VXEVFRUSLRLGDH� DQG�+�� RSSRVLWD�
DUH�PRVWO\�FRQFHQWUDWHG�LQ�WKH�DTXHRXV�IUDFWLRQ�
ZKLOH� WKRVH� RI� &�� SDWHQV� DUH� LQ� WKH� GLFKORUR�
PHWKDQH�IUDFWLRQ�� 
 
$&.12:/('*(0(176 
2QH� RI� WKH� DXWKRUV��0'$�� WKDQN� WKH� &RXQFLO��
2EDIHPL�$ZRORZR�8QLYHUVLW\��,OH-,IH�IRU�VSRQ�
VRUVKLS�RI�KLV�3K�'��GHJUHH�XQGHU�WKH�LQ-VHUYLFH�
WUDLQLQJ�SURJUDPPH� 
 
',6&/2685( 
7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW�� 
 
5()(5(1&(6 
$GHEDMR��$�&���$\RROD��0�'���2EDJEHPL��2�5���
2EXRWRU�� (�0��� 2JXQVLQD�� 0�2�� DQG�
9HUVSRKO��(��-�� �����D���$QWLK\SHUJO\FDHPLF�
DQG�DQWLR[LGDQW�DFWLYLWLHV�RI�(XJHQLD�XQLIORUD�
OHDI�� HYDOXDWLRQ� RI� HWKQRPHGLFDO� FODLPV� ,9��
,IH�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\������-
��� 

 
$GHEDMR��$�&���$\RROD��0�'���2GHGLUDQ�� 6�$���
$ODGHVDQPL�� $�-��� 6FKPLGW�� 7�-�� DQG�
9HUVSRKO��(�-�� �����E���(YDOXDWLRQ�RI�HWKQR�
PHGLFDO�FODLPV�,,,��DQWLK\SHUJO\FHPLF�DFWLYL�
WLHV�RI�*RQJURQHPD�ODWLIROLXP�URRW�DQG�VWHP��
-RXUQDO�RI��'LDEHWHV��������-��� 

 
$GHEDMR��$�&��� ,ZDOHZD��(�2���2EXRWRU�� (�0���
,ELNXQOH�� *�)��� 2PLVRUH�� 1�2��� $GHZXQPL��
&�2���2EDSDUXVL��2�2���.ODHV��0���$GHWRJXQ�� 

ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�+2/%��DW�
DOO�KRXUV��7DEOH�����6LPLODUO\��SRODU�FRQVWLWXHQWV�
ZLWK�LQVXOLQ�VWLPXODWRU\�SURSHUW\�ZRXOG�PDLQO\�
EH� UHVSRQVLEOH� IRU� WKH� DQWL-K\SHUJO\FDHPLF� DF�
WLYLW\�RI�+��RSSRVLWD��ZKLOH� VRPH�����DFWLYLW\�
DW� �� KRXU� E\� LWV� Q-KH[DQH� �+2/%��� IUDFWLRQ�
VKRXOG�PDNH�VRPH�FRQWULEXWLRQV�WR�WKLV�DFWLYLW\�
�$GHEDMR�HW�DO�������D�� 
 
&RQYHUVHO\��WKH�FKORURIRUP��&3/%���IUDFWLRQ�RI�
&�� SDWHQV� H[WUDFW� �&3/�� ZDV� WKH� PRVW� DFWLYH�
IUDFWLRQ��DQG�DW�DOO� WLPH�SRLQWV�� LWV�DFWLYLW\�ZDV�
ORZHU� WKDQ� WKDW�RI� LWV�PRWKHU�H[WUDFW� DQG�FRP�
SDUDEOH� WR� WKDW� RI� JOLEHQFODPLGH� �7DEOH� ����
7KXV�� LW� JDYH� WKH� KRSH�RI�PHGLXPO\� QRQ-SRODU�
LQVXOLQRWURSLF� FRPSRXQGV� DV� LWV� PDLQ� DFWLYH�
FRQVWLWXHQWV�� 7KH� KLJKHU� DFWLYLW\� RI� WKH� PHWK�
DQROLF� H[WUDFWV� �26/�� +2/� DQG� &3/�� RI� 2��
VXEVFRUSLRLGHD��+��RSSRVLWD�DQG�&��SDWHQV�VXJ�
JHVWHG� WKDW� D� VLPSOH� VRDNLQJ� RI� WKHVH�1LJHULDQ�
HWKQRPHGLFLQDO�SODQWV�LQ�ORFDO�DOFRKRO��GU\�JLQ��
ZRXOG� EH� EHWWHU� DQWL-K\SHUJO\FDHPLF� DJHQWV��
HVSHFLDOO\� LQ� 1LJHULDQ� IRONORULF� PHGLFLQH�
�6RIRZRUD�� ������� +HQFH�� IXUWKHU� HIIRUWV� DW�
WKHLU�SXULILFDWLRQ�ZRXOG�QRW�DGG�WR�WKH�SKDUPD�
FRORJLFDO�DFWLYLW\�RI�WKHVH�WKUHH�SODQWV��$GHEDMR�
HW�DO�������D���+RZHYHU��LVRODWLRQ�DQG�VWUXFWXU�
DO�HOXFLGDWLRQ�RI�WKHLU�DQWL-GLDEHWLF�FRQVWLWXHQWV�
LV�VWLOO�LPSHUDWLYH�IRU�IRUPXODWLQJ�TXDOLW\�DVVXU�
DQFH� SURWRFROV� LQ� WKH� PDQXIDFWXUH� RI� WKHVH�
KHUEDO� GUXJV� DV� ZHOO� DV� NQRZLQJ� WKH� FRQVWLWX�
HQWV�WR�EH�DVVD\HG�LQ�WKHLU�FRPPHUFH��$GHEDMR�
HW�DO�������E���� 
 
,Q�RUWKRGR[�GUXJV��WKHUH�LV�D�OLPLW�RI�WKH�DFWLYH�
FRQVWLWXHQWV� H[SHFWHG� EHIRUH� WKH\� JHW� LQWR� WKH�
PDUNHW� �%�3��� ������� 3\UHWKUXP� ([WUDFW� %3�
FRQWDLQV�����-�������RI�S\UHWKULQV�DQG�QRW�OHVV�
WKDQ� ��� �� RI� S\UHWKULQ� ,� DQG� ,,� �7UHDVH� DQG�
(YDQV���������������$OVR��TXDOLWDWLYH�DQG�TXDQ�
WLWDWLYH�YDULDWLRQV�KDYH�EHHQ�UHSRUWHG�LQ�FROOHFW�
HG�SODQWV�ZLWK�WKH�DWWHQGDQW�YDULDWLRQ�LQ�DFWLYLW\�
�7UHDVH�DQG�(YDQV���������)XUWKHUPRUH�� LGHQWL�
ILFDWLRQ�RI� DUWHPLVLQLQ� DV� WKH� DQWLPDODULDO� FRQ�
VWLWXHQW� RI� $UWHPLVLD� DQQXD� WXUQHG� WKH� RQFH�
&KLQHVH� WUDGLWLRQDO� PHGLFLQH� LQWR� DQ� RUWKRGR[�
GUXJ� �7UHDVH� DQG� (YDQV�� ������ 6RIRZRUD��
������� ZKLOH� DQDORJXHV� RI� S\UHWKULQV� ZLWK� DF�
WLYLW\�WKDW�ZDV�!�������WLPHV�WKDW�RI�S\UHWKULQ�,�
DQG� ORZHU� WR[LFLW\�� DUH� QRZ� DYDLODEOH� LQ� WKH�
PDUNHWV� �7UHDVH� DQG�(YDQV�� �������+HQFH�� WKH�
DXWKRUV�DUH�DGYRFDWLQJ�WKH�XVH�RI�$IULFDQ�KHUEV� 
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*�(���6FKPLGW�7�-��DQG�9HUVSRKO��(�-����������
3KDUPDFRORJLFDO�SURSHUWLHV�RI�WKH�H[WUDFW�DQG�
VRPH� LVRODWHG� FRPSRXQGV� RI� &ODXVHQD� ODQ�
VLXP� VWHP� EDUN�� DQWL-WULFKRPRQDO�� DQWL-
GLDEHWLF�� DQWL-LQIODPPDWRU\�� KHSDWRSURWHFWLYH�
DQG� DQWLR[LGDQW� HIIHFWV�� -RXUQDO� RI� (WK�
QRSKDUPDFRORJ\���������–��� 
 

$GHEDMR�� $�&��� 2ODZRGH�� (�2��� 2PREXZDMR��
2�5���$GHVDQ\D��6�$���%HJURZ��)���(ONKDZDG��
$���$NDQPX��0�$��� (GUDGD��5��� 3URNVFK�� 3���
6FKPLGW�� 7�-��� .ODHV��0�� DQG� 9HUVSRKO�� (�-��
�������� � +\SRJO\FDHPLF� FRQVWLWXHQWV� RI�
6WDFK\WDUSKHWD� FD\HQQHQVLV� OHDI�� 3ODQWD�
0HGLFD������������-��� 

 
$GHIHJKD��6�$��DQG�2ERK��*�� ��������&RRNLQJ�
HQKDQFHV� WKH� DQWLR[LGDQW� SURSHUWLHV� RI� VRPH�
WURSLFDO�JUHHQ�OHDI\�YHJHWDEOHV��$IULFDQ�-RXU�
QDO�RI�%LRWHFKQRORJ\���������-��� 

 
$NDK�� 3�$� DQG� 2GR�� &�,�� ��������
+HSDWRSURWHFWLYH� HIIHFW� RI� WKH� VROYHQW�
IUDFWLRQV� RI� WKH� VWHP� RI�+RVOXQGLD� RSSRVLWD�
9DKO�� �/DPLDFHDH�� DJDLQVW� FDUERQ�
WHWUDFKORULGH� DQG� SDUDFHWDPRO� LQGXFHG� OLYHU�
GDPDJH� LQ� UDWV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
*UHHQ�3KDUPDF\�������-��� 

 
$NLQZXQPL�� .�)� DQG� 2\HGDSR�� 2�2�� ��������
(YDOXDWLRQ�RI�DQWLR[LGDQW�SRWHQWLDOV�RI�0RQ�
RGRUD� P\ULVWLFD� �*DHUWQ�� GXQHO� VHHGV�� $IUL�
FDQ�-RXUQDO�RI�)RRG�6FLHQFH��������-��� 

 
$ODGH��*�2���$GHEDMR��$�&���2PREXZDMR��2�5���
3URNVFK��3�DQG�9HUVSRKO��(�2����������4XHU�
FHWLQ��D�PLQRU�FRQVWLWXHQW�RI�WKH�DQWLK\SHU�
JO\FDHPLF�IUDFWLRQ�RI�%DXKLQLD�PRQDQGUD�
OHDI���-RXUQDO�RI�'LDEHWHV��������–��� 

 
$ODGH��*�2���2PREXZDMR��2�5���$GHEDMR��&�$�
DQG�9HUVSRKO��(�-����������(YDOXDWLRQ�RI�WKH�
K\SRJO\FDHPLF�DFWLYLW\�RI�%DXKLQLD�PRQDQ�
GUD�OHDI�LQ�DOOR[DQ-GLDEHWLF�UDWV�DQG�,16-��
LQVXOLQ�FHOOV��-RXUQDO�RI��&KHPLFDO�DQG�3KDU�
PDFHXWLFDO�5HVHDUFK��������–��� 

 
%HQ]LH�� )�)�� DQG� 6WUDLQ�� -�-�� �������� )HUULF� UH�
GXFLQJ�DQWLR[LGDQW�SRZHU�DVVD\��GLUHFW�PHDV�
XUH�RI� WRWDO� DQWLR[LGDQW�DFWLYLW\�RI�ELRORJLFDO�
IOXLGV�DQG�PRGLILHG�YHUVLRQ�IRU�VLPXOWDQHRXV�
PHDVXUHPHQW� RI� WRWDO� DQWLR[LGDQW� SRZHU� DQG�

DVFRUELF� DFLG� FRQFHQWUDWLRQ��0HWKRGV� LQ� (Q�
]\PRORJ\���������-��� 

 
%R\RP�� )�)��� 1JRXDQD� 9��� � .HPJQH�� (�$���
0HQXW�� 3�+��� *XW�� -��� 5RVHQWKDO�� 3�-�� ��������
$QWLSODVPRGLDO� YRODWLOH� H[WUDFWV� IURP�
&OHLVWRSKROLV� SDWHQV� (QJOHU� 	� 'LHOV� DQG�
8YDULDVWUXP� SLHUUHDQXP� (QJO�� �(QJO�� 	�
'LHOV�� �$QQRQDFHDH�� JURZLQJ� LQ� &DPHURRQ��
3DUDVLWRORJ\�5HVHDUFK��������������-���� 

 
%UDQG-:LOOLDPV��:��� &XYHOLHU�� 0�(�� DQG� %HU�

VHW��&����������8VH�RI�D�IUHH�UDGLFDO�PHWKRG�
WR�HYDOXDWH�DQWLR[LGDQW�DFWLYLW\��/:7-�)RRG�
6FLHQFH�DQG�7HFKQRORJ\��������-��� 

 
%ULWLVK�3KDUPDFRSRHLD���������9RO����8QLYHUVL�
W\�SUHVV��&DPEULGJH� 

 
%XUNLOO�� +�0�� �������� 7KH� 8VHIXO� 3ODQWV� RI�
:HVW�7URSLFDO�$IULFD���QG�(GLWLRQ��5R\DO�%R�
WDQLF�*DUGHQV��%ULWDLQ��SS�����-��� 

 
&KLX��1�<��DQG�&KDQJ��.�+����������7KH�,OOXV�
WUDWHG� 0HGLFLQDO� 3ODQWV� RI� 7DLZDQ�� �WK� (GL�
WLRQ��9RO�����60&�3XEOLVKLQJ�,QF���7DUSHO��SS��
���-��� 

 
&RPPLWWHH�IRU�WKH�8SGDWH�RI�WKH�*XLGH�IRU�WKH�
&DUH� DQG�8VH� RI� /DERUDWRU\� $QLPDOV�� ,QVWL�
WXWH� IRU� /DERUDWRU\� $QLPDO� 5HVHDUFK�� 'LYL�
VLRQ�RQ�(DUWK�DQG�/LIH�6WXGLHV��1DWLRQDO�5H�
VHDUFK� &RXQFLO� RI� WKH� 1DWLRQDO� $FDGHPLHV��
*XLGH� IRU� WKH� &DUH� DQG� 8VH� RI� /DERUDWRU\�
$QLPDOV�� �WK� HGQ�� 7KH� 1DWLRQDO� $FDGHPLHV�
3UHVV��:DVKLQJWRQ��'&������� 

 
)HUUHU-6XHWD��*��DQG�5DGL��5����������&KHPLFDO�
ELRORJ\� RI� SHUR[\QLWULWH�� NLQHWLFV�� GLIIXVLRQ��
DQG�UDGLFDOV���&KHPLFDO�%LRORJ\���������-��� 

 
*ERODGH��$��$����������,QYHQWRU\�RI�DQWLGLDEHW�
LF�SODQWV� LQ� VHOHFWHG�GLVWULFWV� RI�/DJRV�6WDWH��
1LJHULD��-RXUQDO�RI�(WKQRSKDUPDFRORJ\�������
���-��� 

 
*LGDGR�� $��� $PHK�� '�$�� DQG� $WDZRGL�� 6�(�
�������� (IIHFW� RI� 1DXFOHD� ODWLIROLD� OHDYHV�
DTXHRXV� H[WUDFWV� RQ� EORRG� JOXFRVH� OHYHOV� RI�
QRUPDO� DQG� DOOR[DQ� LQGXFHG� GLDEHWLF� UDWV��
$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\�������-��� 

 

� �� $GHEDMR�HW�DO� 
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*XSWD��6��.����������'UXJ�6FUHHQLQJ�0HWKRGV��
-3� 0HGLFDO� 3XEOLVKHUV� /WG�� 1HZ� 'HOKL�� 3S��
���-����� 

 
,QJOHWW��*�(�� ��������3URWHLQ�6ZHHWHQHUV� LQ� WKH�
&KHPLVWU\� DQG� %LRFKHPLVWU\� RI� 3ODQW� 3UR�
WHLQV�� $FDGHPLF� 3UHVV�� ,QF�� /LPLWHG�� /RQ�
GRQ��SS���-��� 

 
,ZX��0�� ��������+DQGERRN�RI�$ IULFDQ�0HGLFL�
QDO� 3ODQWV�� &53� 3UHVV�� %2&D�5DWRQ�� )ORUL�
GD��SS������ 

 
-HDQHWWH��6�-���$OH[��.�+���'DYLG��-�5���$GYL\H��
(�� �������� 2[LGDWLYH� VWUHVV� DQG� WKH� XVH� RI�
DQWLR[LGDQWV�LQ�GLDEHWHV��OLQNLQJ�EDVLF�VFLHQFH�
WR�FOLQLFDO�SUDFWLFH��&DUGLRYDVFXODU�'LDEHWRO�
RJ\���������-��� 

 
-RQJ��'��.���6HRFN��0�.���%X�� ,�6���+DH��<�&���
+RQJ� 6�.� DQG� 6DH�� .�.�� �������� $QWL-
GLDEHWLF� DFWLYLW\� RI� 60.����� D� SRO\� KHUEDO�
IRUPXOD� LQ� VWUHSWR]RWRFLQ� LQGXFHG� GLDEHWLF�
UDWV�� WKHUDSXHWLF�VWXG\��%LRORJLFDO�DQG��3KDU�
PDFHXWLFDO�%XOOHWLQ������������-��� 

 
.DU��$���&KRXGKDU\��%�.��DQG�%DQG\RSDGK\D\��
1�*����������3UHOLPLQDU\�VWXGLHV�RQ�WKH�LQRU�
JDQLF�FRQVWLWXHQWV�RI�VRPH�LQGLJHQRXV�K\SR�
JO\FDHPLF� KHUEV� RQ� RUDO� JOXFRVH� WROHUDQFH�
WHVW��-RXUQDO�RI�(WKQRSKDUPDFRORJ\���������-
��� 

 
.KDOLO��2�$���5DPDGDQ��.�6���'DQLDO��(�1��$O�
QDKGL��+�6��DQG�$\D]��1�2�� ��������$QWLGLD�
EHWLF� DFWLYLW\� RI� 5RVPDULQXV� RIILFLQDOLV� DQG�
LWV�UHODWLRQVKLS�ZLWK�WKH�DQWLR[LGDQW�SURSHUW\��
$IULFDQ� -RXUQDO� RI� 3KDUPDF\� DQG� 3KDUPD�
FRORJ\���������–��� 

 
.LULWLNDU�� .�5�� DQG� %DVX�� %�'�� �������� ,QGLDQ�
0HGLFLQDO� 3ODQWV�� 6KLYD� 3XEOLVKHUV� 'HK�
UDGXQ��,QGLD��SS������-��� 

 
.RIIL�� 1��� eGRXDUG�� .�.�� DQG� .RXDVVL�� .��
�������� (WKQRERWDQLFDO� VWXG\� RI� SODQWV� XVHG�
WR� WUHDW� GLDEHWHV� LQ� WUDGLWLRQDO� PHGLFLQH� E\�
$EEH\� DQG� .URERX� 3HRSOH� RI� $JERYLOOH�
�&{WH-G¶,YRLUH��� $PHULFDQ� -RXUQDO� RI� 6FLHQ�
WLILF�5HVHDUFK�������-��� 

 
.RWWDL��0�$��� 6KDMLVHOYLQ�� &�'��� 6RDVXQGDUDP��

*�� �������� ,Q-YLWUR� DQWLR[LGDQW� SRWHQWLDO� RI�
YDULRXV� H[WUDFWV� IURP� ZKROH� SODQWV� RI� %DX�
KLQLD�SXUSXUHD��/LQQ����,QWHUQDWLRQDO�-RXUQDO�
RI�3KDUP7HFK��5HVHDUFK���������-��� 

 
.XPDU�� 6�� �������� )UHH� UDGLFDOV� DQG� DQWLR[L�
GDQWV��+XPDQ�DQG�IRRG�V\VWHP��$GYDQFHV�LQ�
$SSOLHG�6FLHQFH�5HVHDUFK��������-��� 

 
/X]L��/�� DQG�'H)URQ]R��5�$�� ��������(IIHFW�RI�
ORVV�RI�ILUVW-SKDVH�LQVXOLQ�VHFUHWLRQ�RQ�KHSDWLF�
JOXFRVH�SURGXFWLRQ�DQG�WLVVXH�JOXFRVH�GLVSRV�
DO�LQ�KXPDQV��$PHULFDQ�-RXUQDO�RI�3K\VLROR�
J\�� (QGRFULQRORJ\� DQG� 0HWDEROLVP�� �����
(���-��� 

 
/X]L��/�� DQG�3R]]D��*�� ��������*OLEHQFODPLGH��
DQ� ROG� GUXJ� ZLWK� D� QRYHO� PHFKDQLVP� RI� DF�
WLRQ"� $FWD� 'LDEHWRORJLFD�� ���� ���-���� 

 
0XIWDK��0�=���.DUWKLNH\DQ��6���9LVZDQDWKDQ��6��
DQG�.XPDU��3�*����������&DXVH�DQG�HIIHFW�RI�
3OXPEDJR� ]H\ODQLFD� URRW� H[WUDFW� RQ� EORRG�
JOXFRVH�DQG�KHSDWLF�HQ]\PHV�LQ�H[SHULPHQWDO�
GLDEHWLF� UDWV��$IULFDQ� -RXUQDO� RI�0LFURELROR�
J\�5HVHDUFK���������-��� 

 
0XUUD\�� 5�.��� *UDQQHU�� '�.�� DQG� 5RGZHOO��
9�:����������+DUSHU¶V�,OOXVWUDWHG�%LRFKHPLV�
WU\����WK� ,QWHUQDWLRQDO� (GLWLRQ��0F*UDZ-+LOO�
(GXFDWLRQ��$VLD���6LQJDSRUH��SS�����-��� 

 
2GXJEHPL��7�� ��������2XWOLQHV�DQG�3LFWXUHV�RI�
0HGLFLQDO� 3ODQWV� IURP� 1LJHULD�� �QG� (GLWLRQ��
8QLYHUVLW\� RI� /DJRV� 3UHVV�� /DJRV�� SS�� ��-
���� 

 
2MH]HOH��0�2��DQG�$EDWDQ��2�0����������+\SR�
JO\FDHPLF� DQG� FRURQDU\� ULVN� LQGH[� �&5,��
ORZHULQJ� HIIHFWV� RI� %DXKLQLD� WKRQLQJLL� LQ�
DOOR[DQ�LQGXFHG�GLDEHWLF�UDWV��$ IULFDQ�+HDOWK�
6FLHQFHV���������-��� 

 
2NROL��5�,���$LJEH��2���2KDMX-2ERGR�� -�2�� DQG�
0HQVDK�� -�.�� �������� 0HGLFLQDO� KHUEV� XVHG�
IRU�PDQDJLQJ�VRPH�FRPPRQ�DLOPHQWV�DPRQJ�
(VDQ� 3HRSOH� RI� (GR� 6WDWH��1LJHULD��3DNLVWDQ�
-RXUQDO�RI�1XWULWLRQ��������-��� 

 
2ODJXQMX�� -�$��� )DJERKXQND�� %�6��� 2\HGDSR��
2�2��� $EGXO�� $�,�$�� �������� (IIHFWV� RI� DQ�
HWKDQRO� URRW� H[WUDFW� RI� 3OXPEDJR� ]H\ODQLFD� 

(YDOXDWLRQV�RI�ILYH�1LJHULDQ�DQWLGLDEHWLF�SODQWV��� �� 
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/LQQ��RQ� VRPH� VHUXP�SDUDPHWHUV�RI� WKH� UDWV��
3K\WRWKHUDS\�5HVHDUFK��������-��� 

 
2ODQL\L�� $�$�� �������� (VVHQWLDO� 0HGLFLQDO�
&KHPLVWU\�� �UG� (GLWLRQ�� +RSH� 3XEOLFDWLRQV��
,EDGDQ��1LJHULD��SS�����-���� 

 
2OD\LZROD�� *��� ,ZDOHZD�� (�2��� 2PREXZDMR��
2�5��� $GHEDMR�� $�&��� $GHQL\L�� $�$�� DQG�
9HUVSRKO�� -�(�� �������� 7KH� DQWLGLDEHWLF� SR�
WHQWLDO�RI�-DWURSKD�WDQMRUHQVLV� OHDYHV��1LJHUL�
DQ�-RXUQDO�RI�1DWXUDO�3URGXFWV�	�0HGLFLQH��
�����-��� 

 
3ULHWR��3���3LQHGD��0�� DQG�$JXLODU��0�� ��������
6SHFWURSKRWRPHWULF�TXDQWLILFDWLRQ�RI�DQWLR[L�
GDQW� FDSDFLW\� WKURXJK� WKH� IRUPDWLRQ� RI� D�
SKRVSKRPRO\EGHQXP� FRPSOH[�� VSHFLILF� DS�
SOLFDWLRQ� WR� WKH� GHWHUPLQDWLRQ� RI� YLWDPLQ� (��
$QDO\WLFDO�%LRFKHPLVWU\����������-��� 

 
5DQJ��+�3���'DOH��0�0���5LWWHU��-�0��DQG�)ORZ�
HU��5��-����������5DQJ�DQG�'DOH¶V�3KDUPDFRO�
RJ\���WK� HGLWLRQ��&KXUFKLOO�/LYLQJVWRQH��/RQ�
GRQ��SS�����-��� 

 
5RJOLF��*���:LOG��6���*UHHQ��$���5LFKDUG��6��DQG�
+LOODU\�� .�� �������� 3UHYDOHQFH� RI� GLDEHWHV��
'LDEHWHV�&DUH����������-��� 

 
6DWKLVKVHNDU�� '�� DQG� 6XEUDPDQLDQ�� 6�� ��������
$QWLR[LGDQW� SURSHUWLHV� RI� 0RPRUGLFD� FKDU�
DQWLD� �ELWWHU� JRXUG�� VHHGV� RQ� VWUHSWR]RWRFLQ�
LQGXFHG�GLDEHWLF�UDWV��$VLD�3DFLILF�-RXUQDO�RI�
&OLQLFDO�1XWULWLRQ���������-��� 

 
6RIRZRUD�� $�� �������� 0HGLFLQDO� 3ODQWV� DQG� 

7UDGLWLRQDO�0HGLFLQH� LQ� $IULFD�� �UG� � HGLWLRQ��
6SHFWUXP�%RRNV�/WG���,EDGDQ��SS��������-���� 

 
6RPVXYUD�� %��� *KDWDN� 6��� 3DQFKDO�� 6�� �������� 
$QWLGLDEHWLF�DFWLYLW\�RI�RU\]DQRO�DQG�LWV�UHOD�
WLRQVKLS�ZLWK� WKH�DQWLR[LGDQW�SURSHUW\�� ,QWHU�
QDWLRQDO� -RXUQDO� RI� 'LDEHWHV� LQ� 'HYHORSLQJ�
&RXQWULHV���������-��� 
 

6]NXGHOVNL��7����������7KH�PHFKDQLVP�RI�DOOR[�
DQ�DQG�VWUHSWR]RWRFLQ�DFWLRQ�LQ�ȕ�FHOOV�RI�WKH�
UDW� SDQFUHDV�� 3K\VLRORJLFDO� 5HVHDUFK�� ��
�������-��� 

 
7LODN�� -�&��� $GKLNDUL�� 6�� DQG� 'HYDVDJD\DP��
7�3����������$QWLR[LGDQW�SURSHUWLHV�RI�3OXP�� 
EDJR� ]H\ODQLFD�� DQ� ,QGLDQ� PHGLFLQDO� SODQW�
DQG� LWV� DFWLYH� LQJUHGLHQW�� SOXPEDJLQ�� 5HGR[�
5HSRUW��������-��� 
 

7UHDVH��*�(��DQG�(YDQV��:�&����������3KDUPD�
FRJQRV\�� ��WK� HGLWLRQ�� (GLQEXUJK�� /RQGRQ��
1HZ�<RUN��SS���������������� 

 
7UHDVH��*�(��DQG�(YDQV��:�&����������3KDUPD�
FRJQRV\�� ��WK� HGLWLRQ�� (GLQEXUJK�� /RQGRQ��
1HZ�<RUN��SS�����-��� 

 
8GHP�� 6�&��� (]HRQXHJEX�� 8�&�� DQG� 2ELGLNH��
5�,�� ��������([SHULPHQWDO� VWXGLHV� RQ� WKH�K\�
SROLSLGHPLF�DQG�KDHPDWRORJLFDO�SURSHUWLHV�RI�
DTXHRXV� OHDI� H[WUDFW� RI�&OHLVWRSKROLV� SDWHQV�
%HQWK��	�'LHOV���$QQRQDFDH��LQ�K\SHUFKROHV�
WHUROHPLF� UDWV�� $QQDOV� RI� 0HGLFDO� +HDOWK�
6FLHQFH�DQG�5HVHDUFK�������-��� 

 

 �� $GHEDMR�HW�DO� 


