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 ,QFUHDVLQJ� GUXJ� UHVLVWDQFH� RI� SDWKRJHQLF�
PLFUREHV� WR� FRQYHQWLRQDO� DQWLELRWLFV� KDV�
QHFHVVLWDWHG� D� VHDUFK� IRU� QHZ� DQG� HIIHFWLYH�
DQWLPLFURELDO� DJHQWV� IURP� QDWXUDO� SURGXFWV�
�&RZDQ�� ������1HZPDQQ�HW� DO���������5tRV��
DQG� 5HFLR�� ������� 6FUHHQLQJ� RI�
HWKQRPHGLFLQDO� SODQWV� IRU� ELRDFWLYH�
FRQVWLWXHQWV� LV� WKH� FODVVLFDO� ZD\� RI�
GLVFRYHULQJ� QHZ� GUXJV� RU� OHDG� FRPSRXQGV�
�.LQJKRUQ� HW� DO��� ������� 0DQ\� $IULFDQ�
PHGLFLQDO� SODQWV� DUH� \HW� WR� EH� LQYHVWLJDWHG�
IRU� ELRDFWLYH� FRQVWLWXHQWV� �+RVWHWWPDQQ� HW�
DO��� ������� 0DODULD� DQG� W\SKRLG� DUH� VWLOO�
SUHYDOHQW� LQ� PDQ\� $IULFDQ� FRXQWULHV��
LQFOXGLQJ�1LJHULD��DQG�WKH�WZR�GLVHDVHV�PD\�
RFFXU� FRQFXUUHQWO\� �$NLQ\HPL� HW� DO��� �������
0DQ\�0HOLDFHDH�SODQWV�XVHG�WR�WUHDW�PDODULD�
LQ� WURSLFDO� FRXQWULHV� DOVR� SRVVHVV� DQWL-
PLFURELDO� SURSHUW\� �2PDU� HW� DO��� ������� DQG�
WKHLU� DQWLVDOPRQHOOD� DFWLYLW\� FRXOG� EH� RI�
DGGLWLRQDO� SK\WRWKHUDSHXWLF� EHQHILW� ZKHQ�
W\SKRLG� LV� DOVR� SUHVHQW��6DOPRQHOOD� W\SKL�RU�
6�� SDUDW\SKL� DUH� WKH� FDXVDWLYH�RUJDQLVPV�RI�

W\SKRLG�RU�SDUDW\SKRLG�IHYHU��ZKLFK�DUH�VWLOO�
SUHYDOHQW� LQ� PDQ\� GHYHORSLQJ� FRXQWULHV��
LQFOXGLQJ� 1LJHULD� �$NLQ\HPL� HW� DO��� �������
7\SKRLG� IHYHU� FDXVHV� DQ� HVWLPDWHG� �����
PLOOLRQ� LOOQHVVHV� DQG� �������� GHDWK�� ZKLOH�
SDUDW\SKRLG� IHYHU� FDXVHV� ���� PLOOLRQ�
LOOQHVVHV� ZRUOGZLGH� �&UXPS� HW� DO��� ������
*LEDQL� HW� DO��� ������� 8QOLNH� W\SKRLG� IHYHU��
SDUDW\SKRLG� IHYHU� LV� GLIILFXOW� WR�KDQGOH�ZLWK�
YDFFLQHV� RZLQJ� WR� WKH� SUHVHQFH� RI� WKUHH�
GLIIHUHQW�IRUPV��SDUDW\SKRLG�$��%��&���0DQ\�
0HOLDFHDH�SODQWV��WR�ZKLFK�7ULFKLOLD�EHORQJV��
DUH�FRPPRQO\�XVHG�WR�WUHDW�W\SKRLG�IHYHU��DV�
W\SLILHG� E\�$]DGLUDFKWD� LQGLFD��&\WRWR[LFLW\�
WHVWV� DUH� YHU\� LPSRUWDQW� HLWKHU� LQ� WKH�
GLVFRYHU\� RI� DQWLFDQFHU� DJHQWV� RU� LQ�
HVWDEOLVKLQJ� WKH� VDIHW\� SURILOH� RI� PHGLFLQDO�
SODQW�H[WUDFWV� LQ� WUDGLWLRQDO�XVH� �3LVXWWKDQDQ�
HW� DO��� ������� %ULQH� VKULPS� OHWKDOLW\� DVVD\�
�%6/$��UHSUHVHQWV�D�VLPSOH��FRQYHQLHQW�DQG�
UDSLG� PHWKRG� RI� SUHOLPLQDU\� DVVHVVPHQW� RI�
H[WUDFWV� DQG� FRPSRXQGV� IRU� F\WRWR[LF�
SURSHUW\� �0H\HU� HW� DO��� ������� DQG� KDV� EHHQ�
XVHG� ZRUOGZLGH� �.ULVKQDUDMX� HW� DO��� ������
5DKPDQ�HW�DO���������� 
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$QWLEDFWHULDO�$FWLYLW\�DJDLQVW�&OLQLFDO�,VRODWHV�RI�6DOPRQHOOD� 
HQWHULFD�6HURYDU�3DUDW\SKL�DQG�%ULQH�6KULPS�/HWKDOLW\�$VVD\�RI�
7ULFKLOLD�PHJDODQWKD�+DUPV�DQG�7ULFKLOLD�ZHOZLWVFKLL�&��'&� 
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,QFUHDVLQJ�UHVLVWDQFH�RI�W\SKRLGDO�6DOPRQHOOD�HQWHULFD�WR�FRQYHQWLRQDO�DQWLELRWLFV�KDV�FDXVHG�PRUH�FDVHV�RI�
W\SKRLG�� WKHUDSHXWLF� IDLOXUH�� PRUELGLW\� DQG� PRUWDOLW\�� FUHDWLQJ� WKH� QHHG� WR� VHDUFK� IRU� QHZ� DQG� HIIHFWLYH�
DQWLPLFURELDO�DJHQWV� IURP�PHGLFLQDO�SODQWV��7KH�SUHVHQW�VWXG\�DLPHG�WR�GHWHFW�DQWLVDOPRQHOOD�DFWLYLW\�DQG�
F\WRWR[LFLW\� �VDIHW\�� VWDWXV� RI� WKH� VWHP� EDUN� DQG� OHDYHV� RI� WZR� 1LJHULDQ� PHGLFLQDO� SODQWV�� 7ULFKLOLD�
PHJDODQWKD�DQG�7ULFKLOLD�ZHOZLWVFKLL��1LQH�FOLQLFDO�LVRODWHV�RI�6DOPRQHOOD�SDUDW\SKL��ZKRVH�DQWLELRJUDP�ZHUH�
GHWHUPLQHG� E\�.LUE\-%DXHU� GLVF� GLIIXVLRQ�PHWKRG�ZHUH� XVHG��$QWLEDFWHULDO� DFWLYLW\��PLQLPXP� LQKLELWRU\�
FRQFHQWUDWLRQ��0,&��DQG�PLQLPXP�EDFWHULFLGDO�FRQFHQWUDWLRQ��0%&��RI�WKH�H[WUDFWV�RQ�WKH�FOLQLFDO�LVRODWHV�
ZHUH�GRQH�E\�DJDU�FXS�GLIIXVLRQ�DQG�DJDU�GLOXWLRQ�PHWKRGV��UHVSHFWLYHO\��$FXWH�WR[LFLW\�RI�WKH�H[WUDFWV�ZDV�
GHWHUPLQHG�XVLQJ�EULQH� VKULPS� OHWKDOLW\�DVVD\� �%6/$���$OO� WKH�QLQH� LVRODWHV�RI�6DOPRQHOOD�SDUDW\SKL�ZHUH�
UHVLVWDQW� WR� ȕ-ODFWDP� DQWLELRWLFV� �DXJPHQWLQ�� FHIXUR[LPH�� FHIWD]LGLPH� DQG� DPSLFLOOLQ�� EXW� VXVFHSWLEOH� WR�
IOXRURTXLQRORQHV� �FLSURIOR[DFLQ�� RIOR[DFLQ��� QLWURIXUDQWRLQ� DQG� JHQWDPLFLQ�� 7KH� FUXGH� H[WUDFWV� RI� WKH� WZR�
SODQWV�HOLFLWHG�DFWLYLW\�DJDLQVW�WKH�QLQH�FOLQLFDO�LVRODWHV�ZLWK�WKH�EDUN�H[WUDFWV�EHLQJ�PRUH�DFWLYH�WKDQ�WKH�OHDI�
H[WUDFWV��7��ZHOZLWVFKLL�ZDV�VOLJKWO\�OHVV�DFWLYH�WKDQ�7��PHJDODQWKD��7KH�0,&�DQG�0%&�UDQJHG������-�����PJ�
PO�DQG�����-����PJ�PO��UHVSHFWLYHO\�IRU�WKH�SODQWV��7KH�DQWLVDOPRQHOOD�DFWLYLW\�RI�PHWKDQROLF�H[WUDFWV�RI�ERWK�
SODQWV�ZHUH�IRXQG�WR�EH�OHVV�WKDQ�WKDW�RI�FLSURIOR[DFLQ�DQG�RIOR[DFLQ��:LWK�PRGDO�F\WRWR[LFLW\�YDOXHV�RI�����-�
���� �J�PO�� WKH� SODQW� SDUWV�ZHUH� FRQVLGHUHG� QRQWR[LF�� 7KHUHIRUH��7�� PHJDODQWKD� DQG�7�� ZHOZLWVFKLL� FRXOG�
SURYLGH�D�SRWHQWLDO�VRXUFH�RI�DQWLEDFWHULDO�DJHQW�V��IRU�WKH�WUHDWPHQW�RI�6DOPRQHOOD�SDUDW\SKRLG�LQIHFWLRQV� 
 
.H\ZRUGV��7ULFKLOLD�PHJDODQWKD��7ULFKLOLD�ZHOZLWVFKLL��DQWLVDOPRQHOOD��F\WRWR[LFLW\��6DOPRQHOOD�SDUDW\SKL 
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 7ULFKLOLD�PHJDODQWKD�+DUPV� �0HOLDFHDH��
LV� DQ� HYHUJUHHQ� WUHH� RI� ��� P� RU� PRUH� LQ�
KHLJKW�� QDWLYH� WR� 6RXWKZHVW� 1LJHULD� DQG�
,YRU\� &RDVW�� ZKLOH� 7ULFKLOLD� ZHOZLWVFKLL� &��
'&�� LV� D� IRUHVW� WUHH� RI� ��� P� RU� PRUH� LQ�
KHLJKW�� IRXQG� LQ� 6RXWKZHVW� 1LJHULD�� =DLUH�
DQG� $QJROD� �.HD\�� ������� 7KH� JHQXV�
7ULFKLOLD� FRQWDLQV� PDQ\� ELRDFWLYH�
FRQVWLWXHQWV� �9LHLUD� HW� DO��� ������� 6RPH�
ELRDFWLYLWLHV� UHSRUWHG� RQ� 7ULFKLOLD� VSHFLHV�
WKDW� DUH� IRXQG� LQ� 1LJHULD� LQFOXGH��
DQWLPLFURELDO� LQ� 7�� KHXGHORWLL� ZKLFK� LV� D�
V\QRQ\P�RI�7��PRQDGHOSKD��$ODGHVDQPL�DQG�
2GHGLUDQ���������7��HPHWLFD��*HUPDQR�HW�DO���
������DQG�7��GUHJHDQD� �(OGHHQ�HW�DO���������
DQG� LQVHFW� DQWLIHHGDQW� LQ� 7�� SULHXULDQD�
�/LGHUW�HW�DO����������2QO\�D�IHZ�ZRUNV�KDYH�
EHHQ�UHSRUWHG�RQ�WKH�SODQWV�� WKH�DQWLPDODULDO�
DFWLYLW\� RI� 7�� PHJDODQWKD� ZDV� UHSRUWHG� E\�
)DGDUH� HW� DO�� �������� 7VDPR� HW� DO�� �������
UHSRUWHG� WKH� LVRODWLRQ�RI� OLPRQRLGV� IURP� WKH�
VHHGV� RI� 7�� ZHOZLWVFKLL�� DQG� WKH� LVRODWHG�
OLPRQRLGV�ZHUH�IRXQG�WR�KDYH�ORZ�F\WRWR[LF�
SURSHUW\� WR�9HUR� FHOOV�EXW�JRRG�QLWULF�R[LGH�
DQG� DQWLFKROLQHVWHUDVH� LQKLELWRU\� DFWLYLWLHV�
�']R\HP�HW�DO����������:H�KHUHE\�UHSRUW�WKH�
LQYHVWLJDWLRQ� RI� WKH� DQWLEDFWHULDO� DFWLYLW\� RI�
7�� PHJDODQWKD� DQG� 7�� ZHOZLWFKLL� DJDLQVW�
FOLQLFDO� LVRODWHV� RI� 6DOPRQHOOD� HQWHULFD�
VHURYDU� 3DUDW\SKL� DQG� DFXWH� WR[LFLW\� IRU�
VDIHW\�DV�XVHG�RUDOO\� 
 

 
 
&ROOHFWLRQ�DQG�DXWKHQWLFDWLRQ�RI�SODQWV� 
 
 7KH�OHDYHV��VWHP�EDUNV�DQG�URRW�EDUNV�RI�
7ULFKLOLD� PHJDODQWKD� DQG� 7ULFKLOLD�
ZHOZLWVFKLL� ZHUH� FROOHFWHG� IURP� 2ORNHPHML�
5HVHUYH� )RUHVW� �/DWLWXGH�� �� ��
� QRUWK��
/RQJLWXGH� �� ��
� HDVW��� 1LJHULD�� GXULQJ� WKH�
UDLQ\� VHDVRQ�� 7KH� SODQWV� ZHUH� LGHQWLILHG� DW�
WKH� 'HSDUWPHQW� RI� %RWDQ\�� 8QLYHUVLW\� RI�
,EDGDQ� DQG� DXWKHQWLFDWHG� DW� WKH� )RUHVWU\�
5HVHDUFK� ,QVWLWXWH� RI� 1LJHULD� �)5,1���
-HULFKR��,EDGDQ��ZKHUH�YRXFKHU�VSHFLPHQV�RI�
7�� ZHOZLWVFKLL� DQG� 7�� PHJDODQWKD� ZHUH�
GHSRVLWHG� ZLWK� KHUEDULXP� QXPEHUV� �������
DQG���������UHVSHFWLYHO\�� 

3UHSDUDWLRQ�DQG�H[WUDFWLRQ�RI�SODQWV� 
 
 7KH�OHDYHV��VWHP�EDUN�DQG�URRW�EDUN�RI�7��
PHJDODQWKD� DQG� 7�� ZHOZLWVFKLL� ZHUH� DLU-
GULHG� DW� URRP� WHPSHUDWXUH�� SXOYHUL]HG� DQG�
H[WUDFWHG�XVLQJ�6R[KOHW�DSSDUDWXV��3RZGHUHG�
VDPSOHV� RI� WKH� OHDYHV�� VWHP� EDUN� DQG� URRW�
EDUN� RI� WKH� SODQWV� ZHUH� H[WUDFWHG� ZLWK�
DEVROXWH� PHWKDQRO�� 7KH� H[WUDFWV� ZHUH�
FRQFHQWUDWHG� XQGHU� UHGXFHG� SUHVVXUH� LQ� D�
URWDU\�HYDSRUDWRU�DQG�VWRUHG�DW���R&� 
 
7HVW�RUJDQLVPV� 
 
 1LQH� FOLQLFDO� LVRODWHV� RI� 6DOPRQHOOD�
SDUDW\SKL� XVHG� IRU� WKH� VWXG\�ZHUH� FROOHFWHG�
IURP� WKH� 'HSDUWPHQW� RI� 0HGLFDO�
0LFURELRORJ\�� 8QLYHUVLW\� &ROOHJH� +RVSLWDO�
�8&+��� ,EDGDQ�� 7\SHG� 6DOPRQHOOD�
W\SKLPXULXP� �$7&&� ������� XVHG� DV� D�
UHIHUHQFH� RUJDQLVP� ZDV� REWDLQHG� IURP� WKH�
3KDUPDFHXWLFDO� 0LFURELRORJ\� /DERUDWRU\��
8QLYHUVLW\� RI� ,EDGDQ�� $OO� EDFWHULD� ZHUH�
FXOWXUHG�RQ�QXWULHQW�DJDU��1R�����DQG�QXWULHQW�
EURWK��S+�������2[RLG��DQG�ZHUH�PDLQWDLQHG�
RQ� DJDU� VORSH� DW� �� R&� EHIRUH� XVH�� %ULQH�
VKULPS� �$UWHPLD� VDOLQD�� 6DQGHUV��� HJJV�
ZHUH� SXUFKDVHG� IURP� *UHDW� 6DOW� /DNH�
&RPSDQ\��86$� 
 
$QWLELRWLF�GLVFV� 
 
 7KH� DQWLELRWLF� GLVFV� �$EWHN� %LRORJLFDOV��
FRQWDLQLQJ�WKH�IROORZLQJ�DQWLELRWLFV��F 
LSUR-IOR[DFLQ� ��� �J��� RIOR[DFLQ� ���J���
DXJPHQWLQ� �����J��� QLWURIXUDQWRLQ� ������J���
DPSLFLOOLQ� ���� �J��� FHIWD]LGLPH� ���� �J���
FHIXUR[LPH� �����J�� DQG� JHQWDPLFLQ� �����J��
ZHUH�XVHG� 
 
$QWLELRWLF�VXVFHSWLELOLW\�WHVW� 
 
 .LUE\-%DXHU� GLVF� GLIIXVLRQ� PHWKRG� ZDV�
XVHG� WR� GHWHUPLQH� WKH� VXVFHSWLELOLW\� RI� WKH�
FOLQLFDO� LVRODWHV� DQG� WKH� UHIHUHQFH� RUJDQLVP�
WR� WKH� DQWLPLFURELDO� DJHQWV�� DPSLFLOOLQ���
DXJPHQWLQ�� FHIWD]LGLPH�� FHIXUR[LPH�� FLSUR-
IOR[DFLQ�� JHQWDPLFLQ�� QLWURIXUDQWRLQ� DQG�
RIOR[DFLQ��$�����PO� RI� D� ��-�� GLOXWLRQ� RI� DQ�
RYHUQLJKW� EURWK� FXOWXUH� RI� HDFK� RUJDQLVP�
�FRQWDLQLQJ�DQ�LQRFXOXP�VL]H�����[�����FHOOV�
PO�EDVHG�RQ�FRPSDULVRQ�RI�WXUELGLW\�ZLWK�����
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0F)DUODQG�VWDQGDUG��ZDV�VHHGHG�LQWR�PROWHQ�
EXW�FRROHG����PO�0XHOOHU�+LQWRQ��0+��DJDU��
7KH� DQWLELRWLF� GLVFV� ZHUH� SODFHG� RQ� WKH� VHW�
DJDU� DQG� DOORZHG� WR� GLIIXVH� IRU� �� K� EHIRUH�
LQFXEDWLRQ�DW����R&�IRU����K��7KH�GLDPHWHU�RI�
WKH� ]RQHV� RI� LQKLELWLRQ� ZHUH� PHDVXUHG� LQ�
PLOOLPHWHUV� DQG� YDOXHV� ZHUH� LQWHUSUHWHG�
DFFRUGLQJ�WR�VWDQGDUG��&/6,���������7KH�WHVWV�
ZHUH� SHUIRUPHG� LQ� WULSOLFDWH� DQG� DYHUDJH�
YDOXHV�ZHUH�UHFRUGHG� 
 
'HWHUPLQDWLRQ�RI�DQWLVDOPRQHOOD�DFWLYLW\� 
� 
 7KH� DQWLVDOPRQHOOD� DFWLYLW\� RI� WKH� OHDI�
H[WUDFWV� ZHUH� GHWHUPLQHG� XVLQJ� DJDU� ZHOO�
GLIIXVLRQ� XVLQJ� WKH� PHWKRG� RI� 3HUH]� HW� DO��
������� ZLWK� VOLJKW� PRGLILFDWLRQV�� $� ��-��
GLOXWLRQ�RI�DQ�RYHUQLJKW�EURWK�FXOWXUH�RI�HDFK�
RUJDQLVP��FRQWDLQLQJ�DQ�LQRFXOXP�VL]H�����[�
���� FHOOV�PO� DV� FRPSDUHG�ZLWK� WKH� WXUELGLW\�
RI�����0F)DUODQG��ZDV�HYHQO\�VSUHDG�RQ�WKH�
VXUIDFH�RI�DJDU�SODWHV�E\�VWHULOH�VZDE�VWLFNV��
6WHULOH� FRUN� ERUHU� ��� PP� LQ� GLDPHWHU�� ZDV�
XVHG�WR�ERUH�ZHOOV� LQ� WKH�QXWULHQW�DJDU�� �7KH�
SODQW� H[WUDFWV� LQ� ���� PHWKDQRO� RU� ���
GLPHWK\O� VXOIR[LGH� �'062�� DW� YDULRXV�
FRQFHQWUDWLRQV����������DQG����PJ�PO��ZHUH�
DGGHG� LQ� HDFK�ZHOO�� *HQWDPLFLQ� ���� �J�PO��
VHUYHG� DV� D� SRVLWLYH� FRQWURO� ZKLOH� ����
PHWKDQRO� RU� ��� '062� ZDV� XVHG� DV� D�
QHJDWLYH�FRQWURO��7KH�SODWHV�ZHUH�DOORZHG�WR�
VWDQG�IRU���K�IRU�SURSHU�GLIIXVLRQ�RI�WKH�H[WUDFW�
LQWR�WKH�DJDU�DQG�LQFXEDWHG�DW����R&�IRU����K��
7KH� SODWHV� ZHUH� REVHUYHG� IRU� SUHVHQFH� RI�
EDFWHULDO� JURZWK�� DQG� ]RQH� RI� JURZWK�
LQKLELWLRQ� DURXQG� WKH�ZHOO� �³� ���PP��ZHUH�
XVHG�DV�D�PHDVXUH�RI�DFWLYLW\�RI�H[WUDFWV� 
 
'HWHUPLQDWLRQ� RI� PLQLPXP� LQKLELWRU\�
FRQFHQWUDWLRQV��0,&V�� 
 
 7KH�0,&�RI�HDFK�H[WUDFW�ZDV�GHWHUPLQHG�
XVLQJ� DJDU� GLOXWLRQ� PHWKRG� RI� $QGUHZV�
������� ZLWK� VOLJKW� PRGLILFDWLRQV�� (DFK�
H[WUDFW� ZDV� VHULDOO\� GLOXWHG� WR� REWDLQ�
FRQFHQWUDWLRQV� RI� ������ ������ ������ ������
�����������������PJ�PO�LQ�WKH�DJDU�DQG���PO�
RI� HDFK� FRQFHQWUDWLRQ� RI� WKH� H[WUDFW� ZDV�
LQFRUSRUDWHG�LQWR����PO�RI�0+�DJDU�DQG�HDFK�
RI� WKH� WHVW� LVRODWHV� ZDV� LQRFXODWHG� RQ� WKH�
SODWHV� E\� VWUHDNLQJ� PHWKRG�� 3ODWHV� ZHUH�

LQFXEDWHG�DW�����&�IRU����K��DIWHU�ZKLFK�WKH\�
ZHUH� REVHUYHG� IRU� JURZWK�� 7KH� OHDVW�
FRQFHQWUDWLRQ� LQ�ZKLFK� WKHUH�ZDV� QR� YLVLEOH�
JURZWK�ZDV�QRWHG�DV�WKH�0,&� 
 
'HWHUPLQDWLRQ� RI� PLQLPXP� EDFWHULFLGDO�
FRQFHQWUDWLRQV��0%&V��� 
 
 7KH�0%&�RI�HDFK�H[WUDFW�ZDV�GHWHUPLQHG�
E\�LQRFXODWLQJ�IUHVKO\�SUHSDUHG�0+�EURWK�LQ�
WHVW� WXEHV� ZLWK� DQ� LQRFXOXP� IURP� WKH� 0,&�
SODWHV�VKRZLQJ�QR�YLVLEOH�JURZWK��7KH�WXEHV�
ZHUH� WKHQ� LQFXEDWHG� DW� ��� R&� IRU� ��� K��7KH�
WXEH�ZLWK�WKH�PLQLPXP�FRQFHQWUDWLRQ�RI� WKH�
H[WUDFW� VKRZLQJ� DEVHQFH� RI� JURZWK� ZDV�
UHFRUGHG�DV�WKH�0%&��&/6,�������� 
 
'HWHUPLQDWLRQ� RI� F\WRWR[LFLW\� �%ULQH�
VKULPS�OHWKDOLW\�DVVD\�� 
 
 7KH�F\WRWR[LFLW\�RI�7��PHJDODQWKD�DQG�7��
ZHOZLWVFKLL� PHWKDQROLF� H[WUDFWV� ZDV� GRQH�
DFFRUGLQJ� WR� WKH� PHWKRGV� RI� 0H\HU� HW� DO��
�������DQG�4XD]L�HW�DO����������%ULQH�VKULPS�
HJJV��$UWHPLD�VDOLQD��6DQGHUV���86$��ZHUH�
KDWFKHG� LQ� QDWXUDO� VHD� ZDWHU� FROOHFWHG� IURP�
%DGDJU\� %HDFK� LQ� /DJRV�� LQ� D� SODVWLF�
FKDPEHU�� 7KH� HJJV� ZHUH� VSULQNOHG� LQWR� WKH�
ODUJHU� FRPSDUWPHQW� ZKLFK� ZDV� GDUNHQHG��
ZKLOH� WKH� VPDOOHU� FRPSDUWPHQW� ZDV�
LOOXPLQDWHG�� $IWHU� ��� -� ��� K� LQFXEDWLRQ� DW�
URRP� WHPSHUDWXUH� ���� -� ��� R&��� KDWFKHG�
QDXSOLL� �ODUYDH�� ZHUH� FROOHFWHG� E\� SLSHWWH�
IURP� WKH� OLJKWHU� VLGH�ZKLOH� WKHLU� VKHOOV�ZHUH�
OHIW� LQ�DQRWKHU�VLGH��7KH�FUXGH�H[WUDFWV�ZHUH�
GLVVROYHG� LQ� '062� DW� D� PD[LPXP�
FRQFHQWUDWLRQ� RI� QRW� H[FHHGLQJ� ������ DQG�
WKHQ� GLOXWHG� ZLWK� VHD� ZDWHU� ����� PO� RI� VHD�
ZDWHU�������PO�RI�GLVVROYHG�H[WUDFW�� WR� ILQDO�
FRQFHQWUDWLRQV� RI� ������ ���� DQG� ��� SSP��
VXFFHVVLYHO\�� 7HQ� QDXSOLL� LQ� VHD� ZDWHU� ZLWK�
TXLQLGLQH�VXOSKDWH��6LJPD��DW������J�PO�DQG�
WKRVH�ZLWKRXW�H[WUDFW�ZHUH�VHW�XS�DV�SRVLWLYH�
DQG� QHJDWLYH� FRQWUROV�� UHVSHFWLYHO\�� (DFK�
FRQFHQWUDWLRQ� ZDV� UXQ� LQ� WULSOLFDWH� DQG�
YLQFULVWLQH�VXOSKDWH�DQG�'062�ZHUH�XVHG�DV�
SRVLWLYH� DQG� QHJDWLYH� FRQWUROV�� UHVSHFWLYHO\��
$IWHU� ��� K�� WKH� QXPEHU� RI� QDXSOLL� WKDW�
VXUYLYHG� ZDV� FRXQWHG� XQGHU� D� PDJQLI\LQJ�
JODVV�� DQG� WKHVH�ZHUH� XVHG� WR� GHWHUPLQH� WKH�
QXPEHUV�NLOOHG��7KH�QXPEHUV�RI�GHDG�QDXSOLL�
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ZHUH� UHFRUGHG� DQG� FRQFHQWUDWLRQ� UHVSRQVH�
FXUYH� �$$7� %LRTXHVW�� ������ ZDV� XVHG� WR�
GHWHUPLQH� WKH� OHWKDO�FRQFHQWUDWLRQ� WR�KDOI�RI�
WKH�WHVW�RUJDQLVPV��/&����� 
�

 
 

 
 

 7DEOH� �� VKRZV� WKH� DQWLELRJUDP� UHVXOWV�
ZLWK� LQWHUSUHWDWLRQ� EDVHG� RQ� &/6,� �������
VKRZLQJ�� UHVLVWDQFH� �5��� ZKHUH� WKHUH� LV� QR�
]RQH�RI�LQKLELWLRQ�RU�ZKHUH�WKH�YDOXH�LV�ORZ��
LQWHUPHGLDWH� �,�� IRU� ORZ� VHQVLWLYLW\�� RU�
VXVFHSWLEOH� �6��ZKHUH� WKH� ]RQH�RI� LQKLELWLRQ�
LV�KLJK��$OO�WKH�QLQH�LVRODWHV�DQG�WKH�VWDQGDUG�
VWUDLQ� ZHUH� FRPSOHWHO\� UHVLVWDQW� ������� WR�
DPSLFLOOLQ�� DPR[LFLOOLQ-FODYXODQLF� DFLG� DQG�
FHIWD]LGLPH��FHIXUR[LPH��DOO�RI�ZKLFK�DUH�ȕ-
ODFWDP� DQWLELRWLFV��� EXW� VKRZHG� �����
VXVFHSWLELOLW\� WR� FLSURIOR[DFLQ�� JHQWDPLFLQ��
QLWURIXUDQWRLQ�� RIOR[DFLQ�� ,W� LV� LQWHUHVWLQJ� WR�
GLVFRYHU� WKDW� WKH� FOLQLFDO� LVRODWHV� KDYH�
UHVLVWDQFH�SDWWHUQ�WKDW�LV�VLPLODU�WR�WKDW�RI�6��
W\SKLPXULXP� VWDQGDUG�� �7KH� UHFRUGHG������
UHVLVWDQFH�RI�6DOPRQHOOD�VWUDLQV�WR�SHQLFLOOLQV�
DQG� FHSKDORVSRULQV� WHVWHG�� ZKLFK� ZDV� DOVR�
QRWHG�E\�(JXDOH�HW�DO�� �������� LV�ZRUULVRPH��
7KH� LVRODWHV� ZHUH� PRVWO\� VXVFHSWLEOH� WR�
FLSURIOR[DFLQ� DQG� RIOR[DFLQ��ZKLFK� DUH� QRZ�
WKH� FXUUHQW� VWDQGDUG� DQWLELRWLFV� IRU� WUHDWLQJ�
W\SKRLG� DQG� SDUDW\SKRLG� IHYHU� LQ� 1LJHULD��
+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�6DOPRQHOOD�
LVRODWHV� ZLWK� UHGXFHG� VXVFHSWLELOLW\� WR�

IOXRURTXLQRORQHV� KDYH� EHHQ� LGHQWLILHG� LQ�
1LJHULD� �$NLQ\HPL� HW� DO��� ������� (WKLRSLD�
�(JXDOH�HW�DO���������DQG�HOVHZKHUH� 
 7DEOH���VKRZV�WKH�DQWLVDOPRQHOOD�DFWLYLW\�
RI�7��PHJDODQWKD�DQG�7��ZHOZLWVFKLL�DQG�WKH�
VWHP�EDUN�RI�WKH�IRUPHU�SODQW�EHLQJ�WKH�PRVW�
DFWLYH�KDYLQJ�LQKLELWLRQ�]RQH�UDQJH�RI���-����
PP�� 7KH� H[WUDFWV� RI� 7�� PHJDODQWKD� DQG� 7��
ZHOZLWVFKLL� ZHUH� DFWLYH� DJDLQVW� WKH� QLQH�
LVRODWHV� 6�� SDUDW\SKL� DW� ���� PJ�PO� ZLWK� D�
GHFUHDVHG�DFWLYLW\�DV�WKH�FRQFHQWUDWLRQV�ZHUH�
UHGXFHG� WR����PJ�PO��7��ZHOZLWVFKLL� DQG�7��
PHJDODQWKD�VWHP�EDUN�H[WUDFWV�ZHUH�WKH�PRVW�
DFWLYH�ZLWK�LQKLELWLRQ�]RQH�RI����PP�DQG����
PP��UHVSHFWLYHO\��=RQH�RI�JURZWK�LQKLELWLRQ�
RI� 7�� ZHOZLWVFKLL� DJDLQVW� WKH� WHVW� RUJDQLVP�
UDQJHG�EHWZHHQ��� -����PP��ZKLOH� WKDW�RI�7��
PHJDODQWKD� UDQJHG� EHWZHHQ��� -� ���PP��$W�
��� PJ�PO�� WKH� URRW� EDUN� H[WUDFW� RI� 7��
PHJDODQWKD�ZDV�DFWLYH�DJDLQVW�HLJKW�LVRODWHV�
RXW�RI�QLQH��WKH�URRW�EDUN�DQG�OHDI�H[WUDFWV�RI�
7��ZHOZLWVFKLL�ZLWK� WKH� VWHP�EDUN� H[WUDFW� RI�
7�� PHJDODQWKD� HOLFLWHG� DFWLYLW\� RQ� VHYHQ�
LVRODWHV�� ZKLOH� WKH� OHDI� H[WUDFW� RI� 7��
PHJDODQWKD�ZDV�DFWLYH�RQ�RQO\�WZR�LVRODWHV��
$W����PJ�PO��7��PHJDODQWKD�OHDI�H[WUDFW�ZDV�
DFWLYH� RQ� 6DO� �� EXW� ZDV� LQDFWLYH� RQ� RWKHU�
6DOPRQHOOD� LVRODWHV�� $W� ���� PJ�PO�� FUXGH�
PHWKDQRO� H[WUDFWV� RI� ERWK� WKH� URRW� EDUN� DQG�
OHDI�RI�7��ZHOZLWVFKLL�ZHUH�FRPSDUDEOH�WR����
�J�JHQWDPLFLQ�� 
 7KH� PHWKDQRO� H[WUDFWV� RI� WKH� URRW� EDUN��
VWHP�EDUN�DQG�OHDI�RI�ERWK�7��PHJDODQWKD�DQG�
7�� ZHOZLWVFKLL� SRVVHVV� DFWLYLW\� DJDLQVW� WKH�
FOLQLFDO� LVRODWHV�RI�6��SDUDW\SKL��ZKLFK�ZHUH�

5(68/76�$1'�',6&866,21 

7DEOH����6XVFHSWLELOLW\�RI�6DOPRQHOOD�SDUDW\SKL�LVRODWHV�WR�DQWLELRWLFV�ZLWK�&/6,�LQWHUSUHWDWLRQ� 

$QWLELRWLFV =RQHV�RI�LQKLELWLRQ��PP��6XVFHSWLELOLW\�RI�WHVWHG�PLFURRUJDQLVPV� 
6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�$7&& 

&35�����J� ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 
2)/�����J� ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 
$8*������J� 5 5 5 5 5 5 5 5 5 5 
1,7�������J� ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 ���6 
$03������J� 5 5 5 5 5 5 5 5 5 5 
&$=������J� 5 5 5 5 5 5 5 5 5 5 
&5;������J� 5 5 5 5 5 5 5 5 5 5 
*(1������J� ���, ���6 ���, ���, ���, ���6 ���6 ���, ���, ���, 
&/6,��&OLQLFDO�DQG�/DERUDWRU\�6WDQGDUGV�,QVWLWXWH��&35��&LSURIOR[DFLQ��2)/��2IOR[DFLQ��$8*��$XJPHQWLQ��1,7��
1LWURIXUDQWRLQ��$03��$PSLFLOOLQ��&$=��&HIWD]LGLPH��&5;��&HIXUR[LPH��*(1��*HQWDPLFLQ��5��5HVLVWDQFH�1R�
]RQH�RI�LQKLELWLRQ��,��,QWHUPHGLDWH��6��6XVFHSWLEOH��6DO�$7&&��6DOPRQHOOD�W\SKLPXULXP�$7&&������� 
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UHVLVWDQW� WR� DPSLFLOOLQ�� DXJPHQWLQ�� FHIWD-
]LGLPH� DQG� FHIXUR[LPH�� 7KH� JUHDWHVW� DQWL-
EDFWHULDO�DFWLYLW\�ZDV�IRXQG�LQ�WKH�VWHP�EDUN�
H[WUDFWV� RI� ERWK� SODQWV�� 7KH� DQWLVDOPRQHOOD�
DFWLYLW\� RI� PHWKDQRO� H[WUDFWV� RI� WKH� WZR�
SODQWV�ZHUH� OHVV� WKDQ� WKRVH� RI� FLSURIOR[DFLQ�
DQG�RIOR[DFLQ�ZKLFK�DUH�WKH�FXUUHQW�GUXJV�RI�
FKRLFH� IRU� VHYHUH� FDVHV� RI� W\SKRLG� DQG�
SDUDW\SKRLG� IHYHU� LQ� 1LJHULD� �$NLQ\HPL� HW�
DO����������WKLV�PD\�EH�GXH�WR�WKH�SUHVHQFH�RI�
D� YHU\� PLQLPDO� FRQFHQWUDWLRQ� RI� DFWLYH�
FRQVWLWXHQWV� LQ� WKH� FUXGH� H[WUDFWV�� 7KH�
DQWLEDFWHULDO� DFWLYLW\� RI� WKH� H[WUDFWV� LV�
H[SHFWHG� WR� EH� JUHDWHU� ZKHQ� WKH� DFWLYH�
FRQVWLWXHQWV� DUH� LVRODWHG�� +HQFH�� WKH� WZR�
SODQWV� FDQ� JHQHUDWH� OHDGV� WKURXJK� LVRODWLRQ�
DQG� FKDUDFWHUL]DWLRQ� RI� WKHLU� DFWLYH�
FRQVWLWXHQWV� HVSHFLDOO\� IURP� WKH� VWHP�EDUNV��
ZKLFK�FDQ�EH�PRGLILHG�VWUXFWXUDOO\�WR�REWDLQ�
DQWLELRWLF�RI� FKRLFH� IRU� WUHDWLQJ� W\SKRLG� DQG�
SDUDW\SKRLG� IHYHU� DQG� RWKHU� EDFWHULDO�
LQIHFWLRQV�FDXVHG�E\�VXVFHSWLEOH�RUJDQLVPV� 
 7DEOH���VKRZV�0,&�DQG�0%&�RI�WKH�WZR�
SODQWV¶� H[WUDFWV� RQ� VHOHFWHG� 6�� SDUDW\SKL�
VWUDLQV��7KH�0,&�UDQJH�RI������ -�����PJ�PO�
ZDV�FORVH�WR�WKH�0%&�YDOXH�RI�����-����PJ�

PO�� 0,&� DQG� 0%&� SURYLGH� TXDQWLWDWLYH�
DVVHVVPHQW� RI� DQWLPLFURELDO� DFWLYLW\� XQOLNH�
DJDU� GLIIXVLRQ� PHWKRG� ZKHUH� ]RQHV� RI�
LQKLELWLRQ� JLYH� TXDOLWDWLYH� HYDOXDWLRQ�� 7KH�
ORZHU� WKH� 0,&� �DQG� 0%&��� WKH� KLJKHU� WKH�
DFWLYLW\� RI� WKH� DJHQW�� WKHUHIRUH�� WKH� URRWV� RI�
7��PHJDODQWKD�ZLWK�0,&�RI������PJ�PO�ZDV�
VOLJKWO\�PRUH�DFWLYH�WKDQ�WKH�RWKHUV��)XUWKHU��
WKH�0,&�LQGH[��0%&�0,&��YDOXHV�ZHUH�OHVV�
WKDQ���� LQGLFDWLQJ� WKDW� WKH�H[WUDFWV�H[KLELWHG�
EDFWHULFLGDO� DFWLRQ� RQ� WKH� RUJDQLVPV� �.RQp�
HW�DO���������0RJDQD�HW�DO����������:KHQ�WKH�
0,&� LQGH[� YDOXH� LV� JUHDWHU� WKDQ� ���
EDFWHULRVWDWLF� DFWLRQ� LV� LQGLFDWHG�� ,Q� FKHPR-
WKHUDS\� RI� LQIHFWLRXV� GLVHDVHV�� EDFWHULFLGDO�
GUXJV�DUH�SUHIHUDEOH�LQ�LPPXQRFRPSURPLVHG�
SDWLHQWV�� 7KHUHIRUH�� WKH� H[WUDFWV� RI� WKH�
7ULFKLOLD�VSHFLHV�ZLWK�0,&�LQGH[�RI���-���DUH�
EDFWHULFLGDO� LQ� DFWLRQ� DQG� FDQ� EH� RI�
WKHUDSHXWLF�YDOXH� 
 7DEOH� �� VKRZV� EULQH� VKULPS� OHWKDOLW\�
DVVD\� �%6/$�� UHVXOW�RI� WKH�H[WUDFWV��)LYH�RI�
WKH� VL[� H[WUDFWV� VKRZHG� /&��� RI� ���� -� ����
�J�PO� ZKLOH� WKH� �WK� �7�� PHJDODQWKD� VWHP�
EDUN�� ZDV� ���� �J�PO�� 6DKJDO� HW� DO�� �������
UHSRUWHG� /&��� RI� ���� �J�PO� IRU� 6ZLHWHQLD�

7DEOH����6XVFHSWLELOLW\�RI�6DOPRQHOOD��SDUDW\SKL�LVRODWHV�WR�H[WUDFWV�RI�7ULFKLOLD�PHJDODQWKD�DQG�
7ULFKLOLD�ZHOZLWFKLL 

([WUDFW &RQF��LQ 
PJ�PO 

=RQHV�RI�LQKLELWLRQ��PP��RI�6��SDUDW\SKL�VWUDLQV 
6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 6DO�� 

 7:5% ��� �� �� �� �� �� �� �� �� �� 
�� �� �� - �� �� - �� �� �� 
�� � �� - � � - - - � 

 7:6% ��� �� �� �� �� �� �� �� �� �� 
�� �� �� �� �� �� � �� � �� 
�� � �� � �� �� - - - � 

 7:/ ��� �� �� �� �� �� �� �� �� �� 
�� - �� �� - � �� �� �� �� 
�� - - � - - �� - � � 

 705% ��� �� �� �� �� �� �� �� �� � 
�� �� �� �� � �� �� � �� - 
�� �� � - - � - - �� - 

 706% ��� �� �� �� � �� �� �� �� �� 
�� �� �� �� - � �� - �� �� 
�� � � - - - - - �� - 

 70/ ��� �� �� �� � �� � �� �� �� 
�� �� - - - - - - � - 
�� �� - - - - - - - - 

7:5%��7��ZHOZLWFKLL�URRW�EDUN��7:6%��7��ZHOZLWFKLL�VWHP�EDUN��7:/��7��ZHOZLWFKLL�OHDI��705%��7��PHJDODQWKD�
URRW�EDUN��706%��7��PHJDODQWKD�VWHP�EDUN��70/��7��PHJDODQWKD�OHDI��-��1R�]RQH�RI�LQKLELWLRQ��6DO��-���6DOPRQHO�
OD�SDUDW\SKL�LVRODWHV�QXPEHU���WR���� 
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PDKDJRQL�RI�WKH�VDPH�IDPLO\�0HOLDFHDH��7KH�
KLJKHU� WKH� YDOXH� RI� /&��� WKH� ORZHU� WKH�
F\WRWR[LFLW\��DQG�DFFRUGLQJ�WR�3LVXWWKDQDK�HW�
DO�� ������� DQG� .ULVKQDUDMX� HW� DO�� ��������
/&��� KLJKHU� WKDQ� ���� �J�PO� LV� FRQVLGHUHG�
QRQWR[LF� DQG� QRW� SRWHQW� HQRXJK� WR� EH�
FRQVLGHUHG� IRU� DQWLFDQFHU� XVH�� )RU� D�
VLJQLILFDQW� F\WRWR[LFLW\� XVHIXO� DV� DQWLWXPRU��
WKH� /&��� PXVW� EH� FORVH� WR� WKH� YLQFULVWLQH�
VWDQGDUG�RI�������J�PO��*HQHUDOO\��F\WRWR[LF�
DQWLWXPRU� DFWLYLWLHV� DUH� ORZ� DPRQJ� H[WUDFWV�
RI� 7ULFKLOLD� VSHFLHV� �9LHLUD� HW� DO��� ������
']R\HP� HW� DO��� ������� WKHUHIRUH� WKH� KLJK�

/&��� YDOXHV� PD\� QRW� IDYRU� DQWLFDQFHU�
SURSHUW\� EXW� VXUHO\� UHSUHVHQW� QRQWR[LFLW\�
ZKHQ�FRQVXPHG��,W�LV�DQ�DGYDQWDJH�ZKHQ�DQ�
H[WUDFW� RI� ORZ� F\WRWR[LFLW\� SRVVHVVHV� JRRG�
DQWLPLFURELDO�DFWLYLW\��VLQFH�WKH�DQWLEDFWHULDO�
PHFKDQLVP� LV� QRW� EDVHG� RQ� F\WRWR[LFLW\��
$OWKRXJK�0F/DXJKOLQ�HW�DO����������&DUEDOOR�
HW� DO�� �������� DQG� 6DKJDO� HW� DO�� �������
VKRZHG�FRUUHODWLRQ�EHWZHHQ�%6/$�DQG�FHOO-
OLQH�F\WRWR[LFLW\�YDOXHV��%6/$�LV�FRQVLGHUHG�
D�SUHOLPLQDU\� WHVW� WKDW� UHTXLUHV�FRQILUPDWLRQ�
ZLWK�FHOO-OLQH�RU�DQLPDO�PRGHO��4XD]L�HW�DO���
������� 

7DEOH����0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQV��0,&V��DQG�PLQLPXP�EDFWHU LFLGDO�FRQFHQWUDWLRQV�
�0%&V��RI�WKH�SODQW�H[WUDFWV�RQ�VHOHFWHG�6DOPRQHOOD�SDUDW\SKL�LVRODWHV 

3ODQW 3ODQW�SDUW 6DOPRQHOOD�SDUDW\SKL�� 6DOPRQHOOD�SDUDW\SKL�� 
0,& 0%& 0,& 0%& 

 /HDI ���� ���� ���� ����� 
 

 7ULFKLOLD�PHJDODQWKD 6WHP�EDUN ���� ���� ���� ���� 
 

  5RRW�EDUN ���� ���� ���� ���� 
 

 /HDI ���� ���� ���� ���� 
 

 7ULFKLOLD�ZHOZLWVFKLL 6WHP�EDUN ���� ���� ���� ����� 
 

5RRW�EDUN ���� ,��� ���� ���� 
 

7DEOH����5HVXOWV�RI�EU LQH�VKU LPS�OHWKDOLW\�DVVD\��%6/$��RI�WKH�SODQW�H[WUDFWV 

 ([WUDFW �����SSP ����SSP ���SSP /&��� 
��J�PO� 

��PLQ ���K ��PLQ ���K ��PLQ ���K   
7:/ �� � �� �� �� �� 

 
 

������� 

  �� � �� �� �� �� 
 

  �� � �� �� �� �� 
 
 

7:6% �� � �� �� �� �� 
 

������� 
  �� � �� �� �� �� 

 

  �� � �� �� �� �� 

 

7:5% �� � �� �� �� �� 

 

������� 
  �� � �� �� �� �� 

 

  �� � �� �� �� �� 
 
 

70/ �� � �� � �� � 
 

������� 
  �� � �� �� �� � 

 

  �� � �� � �� � 
 
 

706% �� � �� � �� � 
 

������� 
  �� � �� � �� �� 

 

  �� � �� � �� � 
 

705% �� � �� �� �� �� 
 

������� 
    �� � �� �� �� �� 

 

  �� � �� �� �� �� 
 
 

7:/��7��ZHOZLWFKLL�OHDI��7:6%��7��ZHOZLWFKLL�VWHP�EDUN��7:5%��7��ZHOZLWFKLL�URRW�EDUN��70/��7��PHJDODQWKD�
OHDI��706%��7��PHJDODQWKD�VWHP�EDUN��705%��7��PHJDODQWKD�URRW�EDUN���-��1R�]RQH�RI�LQKLELWLRQ��6DO���-����6DO�
PRQHOOD�SDUDW\SKL�LVRODWHV�QXPEHU���WR���� 
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$$7�%LRTXHVW��,QF����������4XHVW�*UDSK��,&���
&DOFXODWRU�� 5HWULHYHG� IURP� KWWSV���ZZZ��
DDWELR�FRP�WRROV�LF��-FDOFXODWRU� 

$NLQ\HPL� .2�� %DPLUR� %6�� &RNHU� $2� �������
6DOPRQHOORVLV� LQ� /DJRV�� 1LJHULD�� LQFLGHQFH�
RI� 3ODVPRGLXP� IDOFLSDUXP-DVVRFLDWHG� FR-
LQIHFWLRQ�� SDWWHUQV� RI� DQWLPLFURELDO� UH�
VLVWDQFH��DQG�HPHUJHQFH�RI�UHGXFHG�VXVFHSWL�
ELOLW\� WR� IOXRURTXLQRORQHV�� -� +HDOWK� 3RSXO�
1XWU��������-���� 

$ODGHVDQPL� $-�� 2GHGLUDQ� 6$� �������� $QWLPL�
FURELDO�DFWLYLW\�RI�7ULFKLOLD�KHXGHORWLL�OHDYHV�
)LWRWHUDSLD��������-���� 

$QGUHZV�-0���������'HWHUPLQDWLRQ�RI�PLQLPXP�
LQKLELWRU\� FRQFHQWUDWLRQV�� -� $QWLPLFURE�
&KHPRWKHU�����6XSSO������-��� 

&DUEDOOR� -/��+HUQiQGH]-,QGD�=/��3pUH]�3��*DU�
FtD-*UiYDORV�0'���������$�FRPSDULVRQ�EH�
WZHHQ� WZR� EULQH� VKULPS� DVVD\V� WR� GHWHFW� LQ�
YLWUR�F\WRWR[LFLW\�LQ�PDULQH�QDWXUDO�SURGXFWV��
%0&�%LRWHFKQRO������� 

&OLQLFDO� DQG� /DERUDWRU\� 6WDQGDUGV� ,QVWLWXWH�
�&/6,�� �������� 3HUIRUPDQFH� VWDQGDUG� IRU�
DQWLELRWLF� VXVFHSWLELOLW\� WHVWLQJ�� 6HYHQWHHQWK�
,QIRUPDWLRQDO�6XSSOHPHQW��'RFXPHQW�0���
-6����9RO�����1R����:D\QH��3$�86$� 

&RZDQ�00���������3ODQW�SURGXFWV�DV�DQWLPLFUR�
ELDO�DJHQWV��&OLQ�0LFURELRO�5HY��������-��� 

&UXPS� -$�� /XE\� 63�� 0LQW]� (' �������� 7KH�
JOREDO� EXUGHQ� RI� W\SKRLG� IHYHU� %XOO�:RUOG�
+HDOWK�2UJDQ �������-����� 

']R\HP�-3��7VDPR�$7��0HORQJ�5��0NRXQJD�3��
1NHQJIDFN�$(��0F*DZ�/-��(ORII�-1���������
&\WRWR[LFLW\�� QLWULF� R[LGH� DQG� DFHW\OFKROLQ�
HVWHUDVH� LQKLELWRU\� DFWLYLW\� RI� WKUHH� OLPR�
QRLGV� LVRODWHG� IURP 7ULFKLOLD� ZHOZLWVFK�
LL �0HOLDFHDH�� %LRO�5HV ��� ���� 

(JXDOH� 7�� %LUXQJL� -�� $VUDW� '�� 1MDKLUD� 01��
1MXJXQD�-��*HEUH\HV�:$��*XQQ�-6��'MLNHQJ�

$�� (QJLGDZRUN� (� �������� *HQHWLF� PDUNHUV�
DVVRFLDWHG�ZLWK�UHVLVWDQFH�WR�EHWD-ODFWDP�DQG�
TXLQRORQH� DQWLPLFURELDOV� LQ� QRQ-W\SKRLGDO�
6DOPRQHOOD� LVRODWHV� IURP� KXPDQV� DQG� DQL�
PDOV� LQ� FHQWUDO� (WKLRSLD��$QWLPLFURE� 5HVLVW�
,QIHFW�&RQWURO�������� 

(OGHHQ�,0��YDQ�+HHUGHQ�)5��YDQ�6WDGHQ�-���������
%LRORJLFDO�DFWLYLWLHV�RI�F\FORDUW-��-HQH-����-
GLRO� LVRODWHG� IURP� WKH� OHDYHV� RI� 7ULFKLOLD�
GUHJHDQD���6RXWK�$IU�-�%RW��������-����� 

)DGDUH�'$��$ELRGXQ�22��$MDL\HRED�(2���������
,Q� YLYR� DQWLPDODULDO� DFWLYLW\� RI� 7ULFKLOLD��
PHJDODQWKD�+DUPV�H[WUDFWV�DQG�IUDFWLRQV�LQ�
DQLPDO�PRGHOV��3DUDVLWRO�5HV����������-����� 

*HUPDQz�03��'
$QJHOR�9� 6DQRJR�5��&DWDQLD�6��
$OPD�5� 'H�3DVTXDOH�5� %LVLJQDQR�*���������
+HSDWRSURWHFWLYH�DQG�DQWLEDFWHULDO�HIIHFWV�RI�
H[WUDFWV� IURP� 7ULFKLOLD� HPHWLFD� 9DKO��
�0HOLDFHDH���-�(WKQRSKDUPDFRO��������-��� 

*LEDQL� 00�� %ULWWR� &�� 3ROODUG� $-� �������� 7\�
SKRLG�DQG�SDUDW\SKRLG�IHYHU��D�FDOO�WR�DFWLRQ��
&XUU�2SLQ�,QIHFW�'LV �������-���� 

+RVWHWWPDQQ� .�� 0DUVWRQ� $�� 1GMRNR� .�� :ROI-
HQGHU� --/� �������� 7KH� SRWHQWLDO� RI� $IULFDQ�
SODQWV�DV�D�VRXUFH�RI�GUXJV��&XUU�2UJ�&KHP�
������-����� 

.HD\�5:-���������7UHHV�RI�1LJHULD��2[IRUG�6FL�
HQFH�3XEOLFDWLRQV��&ODUHQGRQ�3UHVV�2[IRUG���
SS����� 

.LQJKRUQ�$'�� &KDL�+-%�� 6XQJ�&.��.HOOHU�:-�
�������� 7KH� FODVVLFDO� GUXJ� GLVFRYHU\� DS�
SURDFK� WR� GHILQLQJ� ELRDFWLYH� FRQVWLWXHQWV� RI�
ERWDQLFDOV��)LWRWHUDSLD�������-��� 

.RQp�0:��$WLQGHKRX�..��.DFRX-1¶'RXED�$���
'RVVR�0���������(YDOXDWLRQ�RI����PHGLFLQDO�
SODQWV� IURP�QRUWKHUQ�&{WH�G¶LYRLUH� IRU� WKHLU�
LQ�YLWUR�DFWLYLW\�DJDLQVW�6WUHSWRFRFFXV�SQHX�
PRQLDH�� $IU� -� 7UDGLW� &RPSOHPHQW� $OWHUQ�
0HG��������-���� 

5()(5(1&(6 

 
 

 7KH� PHWKDQROLF� H[WUDFWV� RI� WKH� YDULRXV�
SDUWV� RI� 7�� PHJDODQWKD� DQG� 7�� ZHOZLWVFKLL�
VKRZHG�JRRG�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�6��
HQWHULFD� VHURYDU� 3DUDW\SKL� WR� MXVWLI\� WKH��
WUDGLWLRQDO� XVHV� RI� WKH� SODQWV� LQ� W\SKRLGDO�
GLVHDVHV�� %ULQH� VKULPS� OHWKDOLW\� DVVD\�
VKRZHG� WKH� QRQWR[LF� QDWXUH� RI� WKH� SODQWV�
KHQFH� VKRXOG� EH� VDIH� ZKHQ� FRQVXPHG� IRU�
WKHUDSHXWLF� SXUSRVHV�� :H� UHFRPPHQG� D�
ELRDVVD\-JXLGHG� LVRODWLRQ� RI� WKH� DFWLYH�

FRPSRXQG�V�� ZKLFK� PD\� VHUYH� DV� D�
WKHUDSHXWLF�DJHQW�RU�DV�D�OHDG�FRPSRXQG�� 
 
$FNQRZOHGJHPHQWV 
 
 7KH�DXWKRUV�DSSUHFLDWHG�0U��6DPXHO�2GHZRU�
�)5,1��DQG�.D\RGH�2ZRODEL��%RWDQLFDO�*DUGHQ��
8,��IRU�WKHLU�UROHV�LQ�FROOHFWLRQ��LGHQWLILFDWLRQ�DQG�
DXWKHQWLFDWLRQ�RI�WKH�SODQWV��:H�DOVR�DFNQRZOHGJH�
0U�� 2GHNDQPL� RI� 0HGLFDO� 0LFURELRORJ\� 8QLW�
�8&+�� IRU� FROOHFWLRQ� RI� RUJDQLVPV� DQG� 3KDUP-
DFHXWLFDO� 0LFURELRORJ\� �8,�� VWDII� IRU� WHFKQLFDO�
DVVLVWDQFH�� 
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3��$��,GRZX�DQG�7��$��$GHJEHQOH 

(WKLRS�3KDUP�-��������-��������� 
������KWWS���G[�GRL�RUJ���������HSM�Y��L��� 

�� 

.ULVKQDUDMX� $9�� 5DR� 791�� 6XQGDUDUDMX� '��
9DQLVUHH� 0�� 7VD\� +-6�� 6XEEDUDMX� *9�
��������$VVHVVPHQW� RI� ELRDFWLYLW\� RI� ,QGLDQ�
PHGLFLQDO� SODQWV� XVLQJ� EULQH� VKULPS�
�$UWHPLD� VDOLQD�� OHWKDOLW\� DVVD\�� ,QW� -� $SSO�
6FL�(QJ�������-���� 

/LGHUW�=��7D\ORU�'$+��7KLUXJQDQDP�0���������
,QVHFW�DQWLIHHGDQW�DFWLYLW\�RI�IRXU�SULHXULDQLQ
-W\SH�OLPRQRLGV��-�1DW�3URG���������-���� 

0F/DXJKOLQ�-/��5RJHUV�//��$QGHUVRQ�-(���������
7KH�XVH�RI�ELRORJLFDO�DVVD\V�WR�HYDOXDWH�ER�
WDQLFDOV��'UXJ�,QIRUP�-���������-��� 

0H\HU� %1�� )HUULJQL� 15�� 3XWQDP� -(�� -DFREVRQ�
/%�� 1LFKROV� '(�� 0F/DXJKOLQ� -/� ��������
%ULQH�VKULPS��D�FRQYHQLHQW�JHQHUDO�ELRDVVD\�
IRU�DFWLYH�SODQW�FRQVWLWXHQWV��3ODQWD�0HG�����
��-�� 

0RJDQD� 5�� $GKLNDUL� $�� 7]DU� 01�� 5DPOL]D� 5��
:LDUW�&� �������� $QWLEDFWHULDO� DFWLYLWLHV� RI�
WKH� H[WUDFWV�� IUDFWLRQV� DQG� LVRODWHG� FRP�
SRXQGV�IURP �&DQDULXP�SDWHQWLQHUYLXP 0LT��
DJDLQVW�EDFWHULDO�FOLQLFDO�LVRODWHV� %0&�&RP�
SOHPHQW�0HG�7KHU ������� 

1HZPDQ� '-�� &UDJJ� *0�� 6QDGHU� .0� ��������
1DWXUDO� SURGXFWV� DV� VRXUFHV� RI� QHZ� GUXJV�
RYHU� WKH� SHULRG� ����-������ -� 1DW� 3URG� ����
����-����� 

2PDU� 6�� =KDQJ� -�� 0DF.LQQRQ� 6�� /HDPDQ� '��
'XUVW� 7�� 3KLORJHQH� %-5�� $UQDVRQ� -7��
6DQFKH]-9LQGDV� 3(�� 3RYHGD� /�� 7DPH]� 3$��
3H]]XWR� -0� ��������7UDGLWLRQDOO\-XVHG� DQWL�
PDODULDOV� IURP� 0HOLDFHDH�� &XUU� 7RS� 0HG�
&KHP�������-���� 

3HUH]�&��3DXOL�0��%DU]HUTXH�3���������$Q�DQWL�
ELRWLF� DVVD\� E\� DJDU�ZHOO� GLIIXVLRQ�PHWKRG��
$FWD�%LRO�0HG�([S��������-���� 

3LVXWWKDQDQ�6��3OLDQEDQJFKDQJ�3��3LVXWWKDQDQ�1��
5XDQUXD\�6��0XDQULW�2���������%ULQH�VKULPS�
OHWKDOLW\�DFWLYLW\�RI�7KDL�PHGLFLQDO�SODQWV�LQ�
WKH� IDPLO\�0HOLDFHDH��1DUHVXDQ�8QLY� -� ����
��-��� 

4XD]L� 66�� )DWHPD� &$�� 0LU� 0� �������� %ULQH�
VKULPS� OHWKDOLW\� DVVD\�� %DQJODGHVK� -� 3KDU�
PDFRO��������-����� 

5tRV� --/�� 5HFLR� 0&� �������� 0HGLFLQDO� SODQWV�
DQG�DQWLPLFURELDO�DFWLYLW\��-�(WKQRSKDUPDFRO�
�������-��� 

5DKPDQ�06�� %HJXP�%�� &KRZGXU\�5�� 5DKPDQ�
0.�� 5DVKLG�0$� �������� 3UHOLPLQDU\� F\WR�
WR[LFLW\� VFUHHQLQJ� RI� VRPH�PHGLFLQDO� SODQWV�
RI�%DQJODGHVK��'KDND�8QLY� -�3KDUP�6FL����
��-��� 

6DKJDO� *�� 5DPDQDWKDQ� 6�� 6DVLGKDUDQ� 6��0RUGL�
01�� ,VPDLO� 6�� 0DQVRU� 60� �������� %ULQH�
VKULPS�OHWKDOLW\�DQG�DFXWH�RUDO�WR[LFLW\�VWXG�
LHV� RQ� 6ZLHWHQLD� PDKDJRQL� �/LQQ��� -DFT��
VHHG�PHWKDQROLF�H[WUDFW��3KDUPDFRJQRV\�5HV�
������-����� 

7VDPR�$��/DQJDW�0.��1NRXQJD�3��:DIIR�$).��
1NHQJIDFN�$(��0XOKROODQG�'$� ��������/L�
PRQRLGV� IURP� WKH� :HVW� $IULFDQ 7ULFKLOLD�
ZHOZLWVFKLL �0HOLDFHDH���%LRFKHP�6\VW�(FRO�
�������-���� 

9LHLUD� ,-&�� 7HUUD� :�� *RQoDOYHV� 0G6�� %UD]-
)LOKR�5���������6HFRQGDU\�PHWDEROLWHV�RI�WKH�
JHQXV�7ULFKLOLD�� FRQWULEXWLRQ� WR� WKH� FKHPLV�
WU\�RI�0HOLDFHDH�IDPLO\��$P�-�$QDO�&KHP����
��-���� 
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