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

.H\ZRUGV��'LFKDSHWDOXP�PDGDJDVFDULHQVH��IULHGHODQ-�-RQH��]H\ODQRO��6LWRSKLOXV�]HDPDLV��1HFDWRU�
DPHULFDQXV� 

$%675$&7 
7KH�FRQVWLWXHQWV�RI�WKH�URRWV�RI�'LFKDSHWDOXP�PDGDJDVFDULHQVH�KDYH�EHHQ�LQYHVWLJDWHG�IRU�WKHLU�
DQWL-WXPRXU�DQG�DQWL-SUROLIHUDWLYH�DFWLYLWLHV�RQ�VRPH�FDQFHU�FHOO� OLQHV�DQG�DQWL-SDUDVLWLF�DFWLYL�
WLHV� DJDLQVW� VRPH� FDXVDWLYH� SDWKRJHQV� RI� VHOHFWHG� QHJOHFWHG� WURSLFDO� GLVHDVHV�� 7KH�PRVW� DFWLYH�
FRQVWLWXHQWV�ZHUH�WKH�GLFKDSHWDOLQV��7R�LQYHVWLJDWH�WKH�FRQVWLWXHQWV�RI�WKH�VWHP�EDUN�RI�WKH�SODQW�
IRU�SRWHQWLDO�LQVHFWLFLGDO�DQG�DQWL-KRRNZRUP�DFWLYLWLHV��FKURPDWRJUDSKLF�VHSDUDWLRQ�RI�WKH�VWHP�
EDUN�H[WUDFWV�JDYH� IRXU�FRPPRQO\�RFFXUULQJ� WULWHUSHQRLGV�� IULHGHODQ-�ȕ-RO� ����� IULHGHODQ-�-RQH�
�����WKH�UHODWLYHO\�UDUH�WULWHUSHQRLG�]H\ODQRO������ȕ-VLWRVWHURO�����DQG�VWLJPDVWHURO������ZKLFK�ZDV�
REWDLQHG�DV�D�PL[WXUH�ZLWK������7KLV�LV�WKH�ILUVW�UHSRUW�RI�WKH�SUHVHQFH�RI�]H\ODQRO�����LQ�'��PDGD�
JDVFDULHQVH��$FWLYLW\� DJDLQVW� WKH�PDL]H�ZHHYLO��6LWRSKLOXV� ]HDPDLV�JDYH�/'���YDOXHV� ��J�P/��RI�
����� �FRPSRXQG���������� ���������� �PL[WXUH�RI���DQG�����DQG������ �PL[WXUH�RI���DQG�����&UXGH�
H[WUDFW-WUHDWHG�PDL]H�JUDLQV�DW�GRVHV�����J�SHU�����J�JUDLQ�SURYLGHG�WKH�PRVW�HIIHFWLYH�SURWHFWLRQ�
WR�PDL]H�DJDLQVW�KLGGHQ�HJJV�DQG�LPPDWXUH�VWDJHV�RI�6��]HDPDLV�FRPSDUHG�WR�FRPSOHWH�SURWHF�
WLRQ� DW� WKH� KLJKHVW� GRVDJH� ���� J����� J� JUDLQ��� 7KH� ,&��� RI� WHVWHG� FRPSRXQGV� DJDLQVW� KXPDQ�
KRRNZRUP�1HFDWRU� DPHULFDQXV� VKRZHG� ORZHU� SRWHQFLHV� �����-����� �J��/�� WKDQ� WKH� VWDQGDUG��
DOEHQGD]ROH����������J��/���7KLV�VWXG\�KDV�HVWDEOLVKHG�WKH�SUHVHQFH�RI�]H\ODQRO�����LQ�'��PDGD�
JDVFDULHQVH�DQG�VKRZQ�WKDW�WKH�LQVHFWLFLGDO�DFWLYLW\�RI�WKH�WHVWHG�FRPSRXQGV�DQG�H[WUDFWV�DJDLQVW�
6��]HDPDLV�FRXOG�SURYLGH�VRPH�SURWHFWLRQ�DJDLQVW�PDL]H�JUDLQV�EXW�DW�OHYHOV�WKDW�DUH�XQHFRQRPL�
FDO�IRU�LQFRUSRUDWLRQ�LQWR�VXVWDLQDEOH�SHVW�PDQDJHPHQW�SURJUDPPHV��$QWL-KRRNZRUP�DFWLYLWLHV�
REWDLQHG�PD\�VHUYH�DV�OHDGV�IRU�IXUWKHU�RSWLPL]DWLRQ�DQG�GHYHORSPHQW�LQ�WKH�DQWKHOPLQWLF�GUXJ�
GLVFRYHU\�HIIRUWV�� 
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&KDPD�HW�DO� �� 

,1752'8&7,21 
'LFKDSHWDOXP� PDGDJDVFDULHQVH� 3RLU�
�'LFKDSHWDODFHDH��.HD\�RFFXUV�LQ�WURSLFDO�$IUL�
FD� LQFOXGLQJ�*KDQD� �%XUNLOO�� �������7KH� SODQW�
KDV�IRXQG�IRONORULF�XVH�LQ�WKH�WUHDWPHQW�RI�YLUDO�
KHSDWLWLV�� MDXQGLFH�� VRUHV�� EDFWHULDO� LQIHFWLRQV�
DQG�XUHWKULWLV��%XUNLOO��������/HZLV�DQG�(OYLQ-
/HZLV�� ������� 7KH�PDMRU� FKHPLFDO� FRQVWLWXHQW�
RI�WKH�SODQW�KDV�EHHQ�LGHQWLILHG�DV�WULWHUSHQRLGV�
RI�ROHDQDQHV��DQ�H[DPSOH�RI�ZKLFK�LV�IULHGHODQ-
�-RQH� ����� DQG� WKDW� RI� GDPPDUDQH� W\SHV�
�GLFKDSHWDOLQV� $� WR� +�� DQG�0�� �$FKHQEDFK� HW�
DO��� ������ $GGDH-0HQVDK� HW� DO��� ������ 2VHL-
6DIR� HW� DO��� ������ &KDPD� HW� DO��� �������
)ULHGHODQ-�-RQH�����KDV�EHHQ�WHVWHG�WR�EH�DFWLYH�
DV� DQWLEDFWHULDO�� DQWLIXQJDO�� DQWL-LQÀDPPDWRU\��
DQDOJHVLF�� DQWLS\UHWLF� DQG� DQWLK\SHUWHQVLYH�
�$QWRQLVDP\�HW�DO���������*KRVK�HW�DO����������
'LFKDSHWDOLQ�$�KDV�VKRZQ�ERWK� LQ�YLWUR�DQG� LQ�
YLYR� DQWLFDQFHU� DFWLYLWLHV� �$GGDH-0HQVDK� HW�
DO��� ������� DQWL-KRRNZRUP� �&KDPD� HW� DO���
������� LQKLELWLRQ� RI� IXQJDO� JURZWK� DV� ZHOO� DV�
DQWLIHHGDQW� DFWLYLW\� �6SRGRSWHUD� H[LJXD�� �-LQJ�
HW�DO��������� 
 
7KH� KXPDQ� KRRNZRUP�� 1HFDWRU� DPHULFDQXV��
6WLOHV�� ����� �1HPDWRGD�� $QF\ORVWRPDWLGDH��
KDV� EHHQ� UHSRUWHG� WR� KDYH� VLJQLILFDQW� DGYHUVH�
LPSDFW�RQ�KHDOWK�DQG�HGXFDWLRQ��$QGHUVRQ�DQG�
0D\���������:LWK�UHSRUWV�RI�WKH�ORZ�HIILFDFLHV�
RI� DOEHQGD]ROH� DQG� PHEHQGD]ROH� ZKLFK� DUH�
FXUUHQWO\�WKH�SULPDU\�GUXJV�IRU�WKH�WUHDWPHQW�RI�
KRRNZRUP� LQIHFWLRQ� �.HLVHU� DQG� 8W]LQJHU��
�������SRWHQWLDO�QHZ�OHDGV�IURP�SODQWV�DUH�QHF�
HVVDU\�� $OVR�� WKH� PDL]H� ZHHYLO� 6LWRSKLOXV�
]HDPDLV� 0RWV��� ����� �&ROHRSWHUD�� &XUFXOLR�
QLGDH�� LV� DPRQJ� WKH� SULPDU\� SHVWV� IRU� PDL]H��
ZKHDW�� ULFH� DQG� VRUJKXP��7KH�)RRG� DQG�$JUL�
FXOWXUH�2UJDQL]DWLRQ� �)$2�� KDV� LQGLFDWHG� WKDW�
LQIHVWDWLRQ�DQG�GDPDJH�WR�FHUHDOV�E\�6��]HDPDLV�
PD\� DFFRXQW� IRU� ���� RU� PRUH� JOREDO� ORVV� LQ�
SURGXFWLRQ� �*DOOR� HW� DO��� ������� ,W� LV� IRU� WKLV�
UHDVRQ� WKDW�DV�SDUW�RI�RXU�FXUUHQW� LQYHVWLJDWLRQ�
RI� WKH� FRQVWLWXHQWV� DQG� ELRORJLFDO� DFWLYLWLHV� RI�
WKH�'LFKDSHWDODFHDH��ZH� HYDOXDWHG� WKH� LQVHFWL�
FLGDO�DFWLYLWLHV�RI�WKH�FUXGH�H[WUDFWV�DQG�LVRODW�
HG�FRPSRXQGV�ZLWK�UHVSHFW� WR�6�� ]HDPDLV��DQG�
WKH�DQWL-SDUDVLWLF�DFWLYLW\�RQ�WKH�1��DPHULFDQXV� 
 
0$7(5,$/6�$1'�0(7+2'6 
*HQHUDO�H[SHULPHQWDO�SURFHGXUH 
7/&� ZDV� SHUIRUPHG� RQ� DOXPLQLXP� IRLO� VOLGHV 

SUH-FRDWHG� ZLWK� VLOLFD� JHO� �WKLFNQHVV� ���� PP��
W\SH� .LHVHJHO� ��)����� 0HUFN�� 5RJHUV�� $5���
GHWHFWLRQ�� ,�� YDSRXU� DQG� DQLVDOGHK\GH� VSUD\�
UHDJHQW�� &ROXPQ� FKURPDWRJUDSK\� ZDV� FDUULHG�
RXW� RQ� VLOLFD� JHO� ��� �)OXND� $QDO\WLFDO�� %HOOH�
IRQWH�� 3$���0HOWLQJ� SRLQWV� �XQFRUUHFWHG�� ZHUH�
GHWHUPLQHG�RQ�D�6WXDUW�6FLHQWLILF�0HOWLQJ�3RLQW�
$SSDUDWXV� �6LJPD�$OGULFK��6W��/RXLV��02��� ,5�
VSHFWUD� ZHUH� UHFRUGHG� LQ� .%U� GLVFV� RQ� D� 6KL�
PDG]X� ,5-���� VSHFWURSKRWRPHWHU� �6KLPDG]X�
6FLHQWLILF�,QVWUXPHQWV��.\RWR��-DSDQ����+�105�
ZDV�UXQ�DW�����0+]�DQG���&�105�DW�����0+]�
LQ�&'&O��ZLWK�706�DV�WKH�LQWHUQDO�VWDQGDUG�RQ�
D� %U�FNHU� $YDQFH� ���� VSHFWURPHWHU� �%U�FNHU�
,QF���)UHPRQW��&$���06�ZHUH�REWDLQHG�E\�HOHF�
WURQ�LPSDFW�DW���H9�XVLQJ�)LQQLJDQ�PDVV�VSHF�
WURPHWHU�� 7KH� RSWLFDO� URWDWLRQ� ZDV� GHWHUPLQHG�
LQ�&+&O��RQ�D�%HOOLQJKDP�6WDQOH\�3RODULPHWHU�
�$'3����� 3(������� �%HOOLQJKDP� DQG� 6WDQOH\�
/WG�� .HQW�� 8.��� +DQG� PLFUR-DSSOLFDWRU� ZDV�
REWDLQHG�IURP�%XUNDUG�0DQXIDFWXULQJ�&R��/WG��
8.� 
 
&KHPLFDOV�DQG�UHDJHQWV 
$OO�VROYHQWV�ZHUH�RI�DQDO\WLFDO�JUDGH�IURP�6LJ�
PD-$OGULFK��6ROYHQW� V\VWHPV�ZHUH�SUHSDUHG�DV�
Y�Y�� $QLVDOGHK\GH� UHDJHQW� ZDV� SUHSDUHG� E\�
DGGLQJ���P/�RI�FRQFHQWUDWHG�VXOSKXULF�DFLG� WR�
���P/�JODFLDO�DFHWLF�DFLG��$�YROXPH�RI�����P/�
DQLVDOGHK\GH�ZDV�DGGHG�WR�WKH�PL[WXUH� 
 
0DWHULDOV� 
7KH�VWHP�EDUN�RI�'��PDGDJDVFDULHQVH�ZDV�FRO�
OHFWHG�DW�WKH�/HJRQ�%RWDQLFDO�*DUGHQ�DQG�LGHQ�
WLILHG� E\� WKH� ODWH� 0U�� -�� <�� $PSRQVDK� RI� WKH�
1DWLRQDO�+HUEDULXP�DW�WKH�'HSDUWPHQW�RI�3ODQW�
DQG� (QYLURQPHQWDO� %LRORJ\�� 8QLYHUVLW\� RI�
*KDQD�ZKHUH�D�YRXFKHU�VSHFLPHQ��'0����KDV�
EHHQ� GHSRVLWHG�� 7KH� SODQW� PDWHULDO� ZDV�
FKRSSHG� LQWR� SLHFHV�� DLU-GULHG� IRU� IRXU� ZHHNV�
DQG� WKHQ� SXOYHULVHG�� � $GXOW� 6�� ]HDPDLV� ZHUH�
REWDLQHG� IURP� WKH� (QWRPRORJ\� /DERUDWRU\� RI�
WKH� &URS� 6FLHQFH� 'HSDUWPHQW�� 8QLYHUVLW\� RI�
*KDQD��'LVHDVH-IUHH�PDL]H��=HD�PDLV��ZDV�RE�
WDLQHG�IURP�0DGLQD�PDUNHW��D�VXEXUE�RI�$FFUD��
)RU� WKH� DQWKHOPLQWLF� DFWLYLW\� ZKLFK� LQYROYHG�
KXPDQ� VXEMHFWV�� VWXG\� FRQVHQW� ZDV� REWDLQHG�
IURP� WKH� ,QVWLWXWLRQDO� 5HYLHZ� %RDUG� �,5%�� RI�
WKH� 1RJXFKL� 0HPRULDO� ,QVWLWXWH� IRU� 0HGLFDO�
5HVHDUFK� RI� WKH� 8QLYHUVLW\� RI� *KDQD� �&31�
������-�����)LHOG�LVRODWHV�RI�KXPDQ�KRRNZRUP�
�1�� DPHULFDQXV�� ZHUH� REWDLQHG� IROORZLQJ� WKH� 
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DQG� VWLJPDVWHURO� ���� RI� XQGHWHUPLQHG� SHUFHQW�
DJH� FRPSRVLWLRQ�ZHUH�REWDLQHG� IURP� WKH� VHSD�
UDWLRQ� RI� WKH� FRPELQHG� DFHWRQH-FKORURIRUP�
H[WUDFW�RQ������J�VLOLFD�JHO�ZLWK�SHWUROHXP�HWKHU�
DQG� HWK\O� DFHWDWH� VROYHQW� PL[WXUHV�� 7KH� WZR�
ZHUH�FKDUDFWHULVHG�E\�FKURPDWRJUDSKLF�UHWDUGD�
WLRQ� IDFWRU� �5I�� YDOXH� FRPSDULVRQ� LQ� YDULRXV�
VROYHQWV��DV�ZHOO�DV� WKHLU�VSHFWURVFRSLF�FKDUDF�
WHULVWLFV� �3DWHK� HW� DO��� ������ &KDWXUYHGXOD� DQG�
3UDNDVK���������� 
 
3K\VLFDO�FKDUDFWHULVWLFV 
=H\ODQRO���������PJ�DV�ZKLWH�SRZGHU��PS�����- 

FROOHFWLRQ�RI�IDHFDO�VDPSOHV�IURP�����FRQVHQW�
LQJ� YROXQWHHUV� RI� UXUDO� FRPPXQLWLHV� LQ� WZR�
YLOODJHV�RQ� WKH�.LQWDPSR� WR�7DPDOH� KLJKZD\��
QDPHO\�� %DZD� $NXUDD� �1� ���������� :�
����������� DQG� -DWR� $NXUDD� �1� ����������:�
����������� LQ� WKH� %URQJ� $KDIR� 5HJLRQ� RI�
*KDQD��6WRRO� VDPSOHV� IURP����� IHPDOHV� ������
���DQG����PDOHV� ���������DJHG��� WR����\HDUV�
ZHUH� REWDLQHG� XSRQ� RUDO� DGXOW� DQG� SDUHQWDO�
FRQVHQW� IRU� WKH� VWXG\��$OO� LQIHFWHG� LQGLYLGXDOV�
ZHUH�VXEVHTXHQWO\�WUHDWHG�WR�PDNH�WKHP�WRWDOO\�
IUHH�RI�WKH�LQIHFWLRQ��DQG�GXO\�DGYLVHG�RQ�KRZ�
WR�DYRLG�RU�SUHYHQW�SRVVLEOH�UH-LQIHFWLRQ� 
 
([WUDFWLRQ�DQG�LVRODWLRQ�RI�FRPSRXQGV 
7KH�SXOYHULVHG�SODQW�PDWHULDO������NJ��ZDV�H[�
KDXVWLYHO\� 6R[KOHW� H[WUDFWHG�ZLWK� ���/� RI� ��-
����&�SHWUROHXP�HWKHU��3(��IRU����K��(YDSRUD�
WLRQ� RI� WKH� VROYHQW� XQGHU� UHGXFHG� SUHVVXUH� DI�
IRUGHG�������J�RI�FUXGH�H[WUDFW��7KH�UHVW�RI�WKH�
GHIDWWHG� SODQW� PDWHULDO� ZDV� UH-H[WUDFWHG� ZLWK�
����/�RI�FKORURIRUP�IRU�DQRWKHU����K�WR�DIIRUG�
�����J�RI� H[WUDFW� XSRQ� HYDSRUDWLRQ�RI� WKH� VRO�
YHQW��7KH�FKORURIRUP-H[WUDFWHG�UHVLGXH�ZDV�DLU
-GULHG�DQG�WKHQ�H[WUDFWHG�ZLWK�����/�RI�DFHWRQH�
WR�REWDLQ������J�RI� FUXGH� H[WUDFW��$QRWKHU� ����
NJ�IUHVK�SXOYHUL]HG�SODQW�PDWHULDO�ZDV�H[KDXVW�
LYHO\�6R[KOHW-H[WUDFWHG�ZLWK���/�RI�HWKDQRO�IRU�
��� K�� 7KLV� JDYH� ����� J� H[WUDFW� DIWHU� HYDSRUD�
WLRQ�� 7KH� SODQW� PDWHULDO� DIWHU� WKH� HWKDQRO� H[�
WUDFWLRQ� ZDV� DOORZHG� WR� DLU-GU\� DQG� WKHQ� H[�
KDXVWLYHO\�UH-H[WUDFWHG�ZLWK�PHWKDQRO� IRU����K�
WR�JLYH������J�RI�H[WUDFW�DIWHU�HYDSRUDWLRQ� 
 
6ROLGV� WKDW� SUHFLSLWDWHG� IURP� WKH� SHWUROHXP�
HWKHU�H[WUDFW�GXULQJ�VROYHQW�FRQFHQWUDWLRQ�ZHUH�
UH-FU\VWDOOL]HG� IURP� D� PL[WXUH� RI� SHWUROHXP�
HWKHU� DQG� FKORURIRUP� WR� DIIRUG� IULHGHODQ-�ȕ-RO�
������,WV�7/&�SURILOH�DQG�DOO�VSHFWURVFRSLF�SURS�
HUWLHV��,5��105�DQG�06��ZHUH�FRQVLVWHQW�ZLWK�
UHSRUWHG� OLWHUDWXUH� YDOXHV� DQG� DXWKHQWLF� VDP�
SOHV� �.XQGX� HW� DO��� ������� )LYH� JUDPV� RI� WKH�
DFHWRQH� H[WUDFW� ZDV� FKURPDWRJUDSKHG� RYHU�
VLOLFD�JHO���� �)OXND��ZLWK�SHWUROHXP�HWKHU�DQG�
HWK\O�DFHWDWH�JUDGLHQW�WR�JLYH�IUDFWLRQV�$�WR�)��
)UDFWLRQ�'� SUHFLSLWDWHG� VROLGV� ZKLFK� ZHUH� UH-
FU\VWDOOL]HG�IURP�PHWKDQRO�WR�JLYH�IULHGHODQ-�-
RQH�����DQG�]H\ODQRO�������6SHFWURVFRSLF�GDWD�RI�
ERWK� FRPSRXQGV� ZHUH� FRQVLVWHQW� ZLWK� WKRVH�
UHSRUWHG� LQ� OLWHUDWXUH� �(VFREHGR-0DUWLQH]� HW�
DO���������)DQJ�HW�DO��������UHVSHFWLYHO\���7DEOH�
���ȕ-VLWRVWHURO�����DQG�D�PL[WXUH�RI�ȕ-VLWRVWHURO� 

DO����������DQLVDOGHK\GH��SXUSOH��,5��.%U��ȞPD[� 

�����&��/LW�����-�����&���>Į@� 

-�������*XQDWLODND�HW� 

-������&RQF�� � 

������&+&O����/LW��>Į@� 

FP-���������2+���������& 2���������&�&+������
����� �&-2��� �+�105� �����0+]�� &'&O���� į+�
����� ��+�� +���� ����� ��+�� +��+����� ����� ��+��
+�����������+��+������������+��+�����������+��
+����� ����� ��+�� +����� ������+�� +����� �����
��+�� +����� ������+�� +���������+�� +���� ����
��+��+��������-�������+��SSP��(,06�P�]��UHO��
LQW���������0�������������������������������������
������ ��� ������ ��� ������ ��� ������� 7/&�� ������
&+&O��� 5I������� 3(�(W2$F� ������� 5I������ DQG�
3(�&+&O���������5I������ 
 
%LRDFWLYLW\�VWXGLHV 
,QVHFW�FXOWXUH� 
$GXOWV�RI�6��]HDPDLV�ZHUH�FXOWXUHG�LQ�WKH�LQVHF�
WDU\� RI� WKH� 'HSDUWPHQW� RI� %LRFKHPLVWU\�� &HOO�
DQG� 0ROHFXODU� %LRORJ\�� 8QLYHUVLW\� RI� *KDQD��
7KH�SDUHQW�VWRFNV�RI�6��]HDPDLV�ZHUH�UHDUHG�RQ�
PDL]H� VWHULOL]HG� E\� KHDW� GLVLQIHVWDWLRQ� IRU� ��
KRXUV� DW� ��� �&� DQG� WKHQ� VWRUHG� LQ� WKH� IUHH]HU��
6L[W\� WR� VHYHQW\� UDQGRPO\� VHOHFWHG� XQVH[HG�
DGXOWV�RI�6��]HDPDLV�ZHUH�LQWURGXFHG�LQWR�����J�
RI� VWHULOL]HG� PDL]H� LQ� UHDULQJ� MDUV� DQG� PDLQ�
WDLQHG� DW� ��� �� �� �&� DQG� ��-����� UHODWLYH� KX�
PLGLW\�LQ�WKH�LQVHFWDU\��7KH�PDL]H�JUDLQV�ZHUH�
VLHYHG� WR� UHPRYH� WKH�SDUHQW� DGXOW� LQVHFWV� DIWHU�
��� GD\V�� 3URJHQ\� HPHUJHQFH� EHJDQ� DIWHU� ���
GD\V�DQG�DGXOWV�WKDW�HPHUJHG�ZHUH�XVHG�IRU�WKH�
YDULRXV�DVVD\V�� 
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7DEOH�����&RPSDULVRQ�RI���&�105�RI�]H\ODQRO�����ZLWK�WKDW�RI�OLWHUDWXUH 

&DUERQ-1R� ��&�105��SSP��RI�]H\ODQRO��
����0+=��&'&O� 

0XOWLSOLFLW\ 
  

��&�105��SSP�� 
���0+=��S\ULGLQH-G�� 
/LW���)DQJ�HW�DO������� 

  ���� &+� ���� 
  ���� &+� ���� 
  ����� & ����� 
  ���� &+ ���� 
  ���� & ���� 
  ���� &+ ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� & ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� & ���� 
  ���� & ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� & ���� 
  ���� &+ ���� 
  ���� &+� ���� 
  ���� & ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ��� &+� ��� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 
  ���� &+� ���� 

,QVHFWLFLGDO� DFWLYLW\� RI� FUXGH� H[WUDFWV� DQG�
LVRODWHG�FRPSRXQGV�RQ�6��]HDPDLV� 
*HQHUDO�WR[LFLW\�DVVD\ 
7KH�PHWKRG�UHSRUWHG�HDUOLHU�E\�%LVVHOHDX�HW�DO�
������� IRU� FRQWDFW� WR[LFLW\� ZDV� XVHG�� $� KDQG�
PLFUR-DSSOLFDWRU� ZDV� XVHG� WR� WRSLFDOO\� DSSO\�
�����/�DFHWRQH�VROXWLRQV�RI�WKH�WHVW�VDPSOHV�WR�
WKH�WKRUD[�RI�PL[HG�VH[HV�RI�UDQGRPO\�VHOHFWHG�
IRXU-GD\� ROG� DGXOW� 6�� ]HDPDLV�� *HRPHWULFDOO\�
YDULHG� GRVHV� �DSSOLHG� DV� DFHWRQH� VROXWLRQV��
IURP� ������� ������ ���� DQG� ���� �J��/� IRU� WKH� 

FUXGH�H[WUDFWV�DQG������������������DQG������J�
�/� IRU� WKH� LVRODWHG� FRPSRXQGV� DQG� SHWUROHXP�
HWKHU� H[WUDFW�ZHUH�XVHG�SHU� LQVHFW��7HQ� LQVHFWV�
RI�IRXU�UHSOLFDWHV�ZHUH�XVHG�IRU�HDFK�WUHDWPHQW�
NHSW� LQ� SHWUL� GLVK� ����� FP� GLDPHWHU�� DQG� WKH�
QXPEHU� RI� GHDG� LQVHFWV� IRU� HDFK� WUHDWHG� JURXS�
ZDV� UHFRUGHG� DIWHU� ��� K�� 7UHDWPHQW� VHULHV� LQ�
FOXGHG� IRXU� JURXSV� RI�6�� ]HDPDLV� WUHDWHG�ZLWK�
DFHWRQH� DORQH� WR� VHUYH� DV� FRQWUROV�� 7KH� PHDQ�
PRUWDOLW\�DQG�SHUFHQWDJH�PRUWDOLW\�ZHUH�FDOFX�
ODWHG�� 
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2YLFLGDO�DQG� ODUYLFLGDO�DFWLYLW\�RI� WKH�FUXGH�
H[WUDFWV� 
7KH� WR[LFLW\� RI� WKH� H[WUDFWV� WR� HJJV� �RYLFLGDO�
DFWLRQ�� DQG� LPPDWXUH� VWDJHV� �ODUYLFLGDO� DFWLRQ��
ZHUH�LQYHVWLJDWHG��)LYH�KXQGUHG�JUDPV������J��
RI� HTXLOLEUDWHG� PDL]H� SODFHG� LQ� D� �-OLWHU� JODVV�
MDU�ZHUH�LQIHVWHG�ZLWK�����DGXOWV�RI�6��]HDPDLV�
WR�DOORZ�IRU�HJJ�OD\LQJ��7KH�SDUHQW�DGXOWV�ZHUH�
UHPRYHG�DIWHU� VHYHQ�GD\V��7ZHQW\-IRXU�K�DIWHU�
DGXOW�UHPRYDO�����J�RI�WKH�LQIHVWHG�PDL]H�ZHUH�
WUHDWHG� ZLWK� �� J�P/� HDFK� RI� WKH� SHWUROHXP�
HWKHU�� DFHWRQH� DQG�PHWKDQRO� H[WUDFWV� GLVVROYHG�
LQ�WKHLU�UHVSHFWLYH�VROYHQWV��&RQWUROV�ZHUH�DOVR�
VHW�XS�E\�WUHDWPHQW�RI�WKH�LQIHVWHG�PDL]H�����J��
ZLWK� RQO\� WKH� UHVSHFWLYH� VROYHQW� �SHWUROHXP�
HWKHU��DFHWRQH�DQG�PHWKDQRO���7KHUHDIWHU�� WKHVH�
WUHDWPHQWV� ZHUH� UHSHDWHG� �� DQG� �� ZHHNV� DIWHU�
DGXOW� UHPRYDO� WR� GHWHUPLQH� WKH� HIIHFW� RI� WKH�
H[WUDFWV�RQ�WKH�HDUO\�DQG�ODWH�LQVWDU�ODUYDH�RI�6��
]HDPDLV�� (DFK� WUHDWPHQW� ZDV� UHSOLFDWHG� IRXU�
WLPHV�� &RXQWV� ZHUH� WDNHQ� RI� DGXOWV� HPHUJLQJ�
DIWHU���ZHHNV�IROORZLQJ�WKH�ODVW�WUHDWPHQWV�� 
 
3URJHQ\�SURGXFWLRQ�DQG�GDPDJH�DVVHVVPHQW 
7KH� HIIHFWV� RI� FUXGH� H[WUDFWV� RQ� )�� SURJHQ\�
SURGXFHG�E\�DGXOW�6��]HDPDLV�ZHUH�LQYHVWLJDWHG�
RQ�PDL]H�WUHDWHG�ZLWK�H[WUDFW�FRQFHQWUDWLRQV�RI�
���������������������DQG����J�SHU�����J�RI�PDL]H�
JUDLQV�E\�WKH�PHWKRG�UHSRUWHG�HDUOLHU��%LVVHOHXD�
HW�DO����������2QH�KXQGUHG�JUDPV������J��RI�SUH
-HTXLOLEUDWHG�PDL]H�JUDLQV�ZHUH�WUHDWHG�ZLWK�WKH�
GLIIHUHQW� GRVHV� RI� WKH� H[WUDFWV� LQ� �� P/� RI� WKH�
UHVSHFWLYH� VROYHQWV� �SHWUROHXP� HWKHU�� DFHWRQH�
DQG� PHWKDQRO��� 7KH� VROYHQWV� ZHUH� DOORZHG� WR�
FRPSOHWHO\� HYDSRUDWH�ZLWKLQ� �� K� DIWHU� DSSOLFD�
WLRQ� DQG� ��� DGXOW� 6�� ]HDPDLV� ZHUH� LQWURGXFHG�
LQWR� WKH� JUDLQV�� 7KH� FRQWDLQHUV� ZHUH� FRYHUHG�
ZLWK�ZKLWH�PXVOLQ�FORWK�KHOG�LQ�SODFH�ZLWK�UXE�
EHU�EDQGV��&RQWURO�WUHDWPHQW�FRQVLVWHG�RI�JUDLQV�
WUHDWHG�RQO\�ZLWK�WKH�VROYHQWV��SHWUROHXP�HWKHU��
DFHWRQH� DQG�PHWKDQRO���$IWHU� ���GD\V�RYLSRVL�
WLRQ�SHULRG��WKH�SDUHQW�DGXOWV�ZHUH�UHPRYHG�DQG�
LQVHFWV�VXEVHTXHQWO\�HPHUJLQJ�ZHUH�FRXQWHG�WR�
HVWLPDWH� )�� SURJHQ\� SURGXFWLRQ�� &RXQWLQJ� EH�
JDQ� DIWHU� ��� GD\V� DQG� VWRSSHG� DIWHU� ��� GD\V��
7KHUHDIWHU�� WKH�GDPDJH�FDXVHG�WR�WKH�JUDLQV�E\�
6��]HDPDLV�ZDV�DVVHVVHG� 
 
'DPDJH�DVVHVVPHQW�� 
3HUFHQW�ZHLJKW�ORVV�DQG�VHHG�GDPDJH�ZHUH�FDO�
FXODWHG�E\�WKH������8QLWHG�1DWLRQV�)RRG�DQG�
$JULFXOWXUDO�2UJDQL]DWLRQ��)$2��IRUPXODH�DV� 

IROORZV� 

��:HLJKW�ORVV� ����� 
 

��VHHG�GDPDJHG�с ����� 

:KHUH� 

8� �ZHLJKW�RI�XQGDPDJHG�JUDLQV� 

'� �ZHLJKW�RI�GDPDJHG�JUDLQV� 

1G� �QXPEHU�RI�GDPDJHG�JUDLQV� 

1X� �QXPEHU�RI�XQGDPDJHG�JUDLQV� 

$QWL-KRRNZRUP� DFWLYLW\� RI� FUXGH� H[WUDFWV�
DQG�LVRODWHG�FRPSRXQGV 
3&5�PHWKRG�IRU�KRRNZRUP�LGHQWLILFDWLRQ 
,GHQWLILFDWLRQ� RI� 1HFDWRU� DPHULFDQXV�� 6WLOHV�
����� �1HPDWRGD�� $QF\ORVWRPDWLGDH�� ZDV� E\�
WKH�3&5�PHWKRG�GHVFULEHG�LQ�RXU�HDUOLHU�UHSRUW�
�&KDPD�HW�DO��������� 
 
(JJ�KDWFK�LQKLELWLRQ�WHVW 
'HWHFWLRQ� RI� WKH� SUHVHQFH� RI� KRRNZRUP� HJJV�
ZDV� FDUULHG� RXW� ZLWK� WKH� .DWR–.DW]� IDHFDO�
VPHDU�WHFKQLTXH��.DW]��&KDUYHV�DQG�3HOODJULQR��
������DQG�IDHFDO�VDPSOHV�ZLWK�PRUH�WKDQ������
HJJV� ZHUH� SRROHG� IRU� HJJ� H[WUDFWLRQ�� 3XULILFD�
WLRQ� RI� HJJV� ZDV� E\� WKH� GHQVLW\� IORDW� PHWKRG�
ZLWK� WKH� PHDQ� QXPEHU� RI� HJJV� SHU� PLOOLOLWUH�
FDOFXODWHG�� 7KH� LQ� YLWUR� DQWKHOPLQWLF� DFWLYLW\�
WHVW�ZDV� FRQGXFWHG� LQ� ��-ZHOO� IODW� ERWWRP�0L�
FURWHVW70�7LVVXH�FXOWXUH�SODWHV� �%HFWRQ�'LFNLQ�
VRQ�/DEZDUH�(XURSH��%'�%LRVFLHQFHV��%HGIRUG��
0$���(JJ�KDWFK�LQKLELWLRQ��(+,��DVVD\�ZDV�VHW�
XS� E\� SODWLQJ� WKH� SXULILHG� HJJV� VXVSHQVLRQ�
�DSSUR[LPDWHO\� ��� HJJV� SHU�ZHOO�� LQ� D� ��-ZHOO�
SODWH�ZLWK�FRQFHQWUDWLRQ�UDQJHV�RI�WHVW�VDPSOHV�
VHOHFWHG�DIWHU�VRPH�LQLWLDO�WULDOV��&RQFHQWUDWLRQ-
GHSHQGHQW� DFWLYLWLHV� ZHUH� REWDLQHG� IURP� VHULDO�
GLOXWLRQV�RI� WKH� ORZHVW� FRQFHQWUDWLRQ� WKDW� JDYH�
���� �� (JJ� +DWFK� ,QKLELWLRQ� �(+,�� IRU� HDFK�
WUHDWPHQW�JURXS��6WRFN�VROXWLRQV����PJ�P/��RI�
HDFK� RI� WKH� FUXGH� H[WUDFWV� �SHWUROHXP� HWKHU��
DFHWRQH�DQG�PHWKDQRO��DQG�LVRODWHV��FRPSRXQGV�
���PL[WXUH�RI���DQG����DQG�PL[WXUH�RI���DQG����
ZHUH� SUHSDUHG� LQ� GLPHWK\O� VXOIR[LGH� �'062���
6L[�GLOXWLRQV��GLOXWLRQ�IDFWRU�RI������RI�WKH�VWRFN�
VROXWLRQ� RI� HDFK� WHVW� VDPSOH� ZHUH� SUH- 
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SDUHG�LQ�'062�DQG�DGGHG�WR�WKH�ZHOOV��(DFK�RI�
WKH� WHVWV� ZDV� SHUIRUPHG� LQ� GXSOLFDWH�� $OEHQG�
D]ROH�DQG�ZDWHU�ZHUH�XVHG�DV�SRVLWLYH�DQG�QHJD�
WLYH�FRQWUROV�UHVSHFWLYHO\��$�VWRFN�VROXWLRQ�RI���
PJ�P/�RI�DOEHQGD]ROH������PJ��LQ�'062�ZDV�
DOVR� SUHSDUHG� IRU� XVH� DV� WKH� SRVLWLYH� FRQWURO��
7KH� SODWHV�ZHUH� LQFXEDWHG� DW� D� WHPSHUDWXUH� RI�
DERXW�����&�IRU����K�DIWHU�ZKLFK�D�GURS�RI�����
/XJRO¶V� LRGLQH� ZDV� DGGHG� WR� VWRS� KDWFKLQJ� RI�
HJJV��� 
 
7KH�QXPEHU�����RI�KDWFKHG�DQG�XQKDWFKHG�HJJV�
ZDV� REWDLQHG� E\� SK\VLFDO� FRXQWLQJ� XQGHU� OLJKW�
PLFURVFRS\� DQG� WKH� SHUFHQW� HJJ� KDWFK� LQKLEL�
WLRQ�YDOXHV�ZHUH�FDOFXODWHG�DV� 

��(JJ�+DWFK�,QKLELWLRQ��(+,� � 

�� 

0HGLDQ� ,QKLELWRU\� FRQFHQWUDWLRQ� �,&���� RI� WHVW�
VDPSOHV�ZHUH�WKHQ�GHWHUPLQHG� 
 
6WDWLVWLFDO�DQDO\VHV�� 
3URELW�DQDO\VLV�EDVHG�RQ�WKH�PHWKRGV�RI�)LQQH\�
�������LQ�0,1,7$%�VRIWZDUH�ZDV�XVHG�WR�HVWL�
PDWH�/'���DQG�,&���IRU�WKH�WR[LFLW\�DVVD\V�DW����
��FRQILGHQFH�LQWHUYDO�DQG�FRUUHFWLRQV�IRU�QDWX�
UDO�FRQWURO�PRUWDOLW\�ZHUH�PDGH�XVLQJ�$EERWW¶V�
IRUPXOD���������$EERW��������� 
 
5(68/76� 
,GHQWLILFDWLRQ�RI�FRPSRXQGV 
6SHFWURVFRSLF�DQDO\VHV�LQYROYLQJ�,5�DQG�105�
FRXSOHG� ZLWK� PDVV� VSHFWURPHWU\�� FRPSDUDWLYH�
WKLQ� OD\HU� FKURPDWRJUDSK\� DQG� PHOWLQJ� SRLQW�
ZLWK�DXWKHQWLF�VDPSOHV�DQG�OLWHUDWXUH�GDWD�LGHQ�
WLILHG� VWUXFWXUHV� ��� ��� ��� DQG� �� DV� WKH� NQRZQ�
FRPSRXQGV�� IULHGHODQ-�ȕ-RO� �.XQGX� HW� DO���
������� IULHGHODQ-�-RQH� �(VFREHGR-0DUWLQH]� HW�
DO��� ������� ]H\ODQRO� LQ� 7DEOH� �� �)DQJ� HW� DO���
������� DQG� ȕ-VLWRVWHURO� �)LJ���� UHVSHFWLYHO\��
6WLJPDVWHURO������)LJ������ZDV�DOVR�REWDLQHG�DV�D�
PL[WXUH�ZLWK�ȕ-VLWRVWHURO��3DWHK�HW�DO���������� 

 
������������������������������������������������������������������������������������������������������������������� 

������������������������������������������������������������������������������������������������������������� 

)LJ����6WUXFWXUHV�RI� IULHGHODQ-�ȕ-RO� ����� IULHGHODQ-�-RQH� �����]H\ODQRO� �����ȕ-VLWRVWHURO� ����DQG�
VWLJPDVWHURO���� 
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 ,QVHFWLFLGDO�DFWLYLW\ 
7R[LFLW\�RI�WHVW�VDPSOHV�RQ�DGXOW�6��]HDPDLV 
$PRQJ�WKH�H[WUDFWV��WKH�SHWUROHXP�HWKHU�H[WUDFW�
GHPRQVWUDWHG� WKH�KLJKHVW� WR[LFLW\� �/'��� ������
�J�P/�� DJDLQVW� DGXOW� 6�� ]HDPDLV� ZKLOH� WKH�
PHWKDQRO� H[WUDFW� VKRZHG� WKH� ORZHVW� WR[LFLW\�
�/'���  �������J�P/���7DEOH����5HPDUNDEO\�� LW�
ZDV�REVHUYHG� WKDW� WKH� OHVV�SRODU�FUXGH�H[WUDFWV�
�SHWUROHXP�HWKHU�DQG�DFHWRQH��JHQHUDOO\�H[KLE�
LWHG�KLJKHU�WR[LFLW\�WKDQ�WKH�PRUH�SRODU�PHWKD�
QRO� FUXGH� H[WUDFW� LQ� WKH� RUGHU�� PHWKD�
QRO�DFHWRQH�SHWUROHXP�HWKHU��7KLV�REVHUYDWLRQ�
LV� FRQVLVWHQW�ZLWK� WKH� IDFW� WKDW� ORZ�/'���YDOXHV�
ZHUH� DOVR� REWDLQHG� IRU� FRPSRXQGV� REWDLQHG�
IURP� WKH� OHVV� SRODU� SHWUROHXP� HWKHU� H[WUDFWV��
)ULHGHODQ-�-RQH� ����� IULHGHODQ-�ȕ-RO� ����� DQG� D�
PL[WXUH�RI� WKH� WZR� FRPSRXQGV�� UHFRUGHG�/'���

YDOXHV�RI������������DQG�������J�P/�UHVSHFWLYH�
O\�� 
 
2YLFLGDO� DQG� ODUYLFLGDO� HIIHFWV� RI� FUXGH� H[�
WUDFWV�RQ�6��]HDPDLV� 
7KH� HIIHFW� RI� WKH� H[WUDFWV�� PHWKDQRO�� DFHWRQH�
DQG� SHWUROHXP� HWKHU� FUXGH� H[WUDFWV� RQ� WKH� GH�
YHORSPHQW�RI�KLGGHQ�HJJV�DQG�LPPDWXUH�VWDJHV�
RI�6��]HDPDLV�LQVLGH�JUDLQV�ZDV�JHQHUDOO\�VLPL�
ODU��0DL]H�JUDLQV�WUHDWHG�ZLWK�WKH�FUXGH�H[WUDFWV�
VLJQLILFDQWO\� LQKLELWHG� WKH� HJJV� DQG� LPPDWXUH�
VWDJHV� RI�6�� ]HDPDLV� �S�� ������ DV� LQGLFDWHG� LQ�
�)LJ������7UHDWPHQWV�DSSOLHG����GD\V�DIWHU�RYL�
SRVLWLRQ� UHFRUGHG� KLJKHU� QXPEHUV� RI� HPHUJHG�
DGXOW�6��]HDPDLV�WKDQ�LQ�WUHDWPHQWV�DSSOLHG�HDU�
OLHU� WKDQ� ��� GD\V�� $OVR�� QRQH� RI� WKH� H[WUDFWV� 

FRPSOHWHO\� LQKLELWHG� WKH� GHYHORSPHQW� RI� 6��
]HDPDLV�� QHYHUWKHOHVV�� WKHVH� H[WUDFWV� UHGXFHG�
WKH�SURJHQ\�HPHUJHQFH�GXULQJ�WKH�WULDO� 
 
(IIHFW�RI�SODQW�H[WUDFWV�RQ�)��SURJHQ\�SURGXF�
WLRQ 
$V�VKRZQ�LQ�)LJ�����WKH�H[WUDFWV�VKRZHG�D�GRVH-
GHSHQGHQW� DFWLYLW\� SDUWLFXODUO\� IRU� SHWUROHXP�
HWKHU�ZLWK�UHVSHFW�WR�)��SURJHQ\�SURGXFWLRQ�E\�
WKH� WUHDWHG� JUDLQV��:KLOH� ORZHU� FRQFHQWUDWLRQV�
RI� WKH� SODQW� H[WUDFWV� ZHUH� OHVV� HIIHFWLYH� LQ� UH�
GXFLQJ�WKH�QXPEHU�RI�)��SURJHQ\�SURGXFHG�E\�
WKH�6�� ]HDPDLV�� DFHWRQH� H[WUDFW� FRPSOHWHO\� LQ�
KLELWHG� )�� SURJHQ\� SURGXFWLRQ� DW� �� J����� J�
JUDLQ��0HWKDQRO� DQG� SHWUROHXP� HWKHU� DOVR� SUR�
YLGHG� FRPSOHWH� )�� LQKLELWLRQ� DW� ��� J����� J�
JUDLQ�� 
 
'DPDJH�DVVHVVPHQW 
7KH�HIIHFWV�RI�H[WUDFWV�RQ�ZHLJKW�ORVV�DQG�VHHG�
GDPDJH� RQ� JUDLQV� VKRZHG� WKDW� GDPDJH� FDXVHG�
E\�WKH�LQVHFWV�WR�WKH�VHHGV�ZDV�PRUH�LQ�WKH�YDUL�
RXV�FRQWUROV�WKDQ�PDL]H�WUHDWHG�ZLWK�WKH�GLIIHU�
HQW� H[WUDFWV� �7DEOH�����0RUH�JUDLQV�ZHUH�GDP�
DJHG� DW� ORZHU� FRQFHQWUDWLRQV� ������� DQG� �����
J����� J�� RI� WKH� H[WUDFWV�ZKLOH� QR� GDPDJH�ZDV�
UHFRUGHG� IRU� WKH� KLJKHVW� GRVH� RI� ��� J����� J�
JUDLQ�  
 
$QWL-KRRNZRUP� DFWLYLW\� RI� FUXGH� H[WUDFWV�
DQG�LVRODWHG�FRPSRXQGV� 
7KH� UHVXOWV� RI� WKH� FUXGH� H[WUDFWV� DQG� LVRODWHG�
FRPSRXQGV�HYDOXDWHG�LQ�WKH�KXPDQ�KRRNZRUP� 

 6DPSOHV /'�����J�P/����6(0 

3HWURO�HWKHU�H[WUDFW 

$FHWRQH�H[WUDFW 

0HWKDQRO�H[WUDFW 

0L[WXUH�RI�ȕ-VLWRVWHURO�	�VWLJPDVWHURO��� 

)ULHGHODQ-�-RQH��� 

0L[WXUH�RI�)ULHGHODQ-�-RQH�	�IULHGHODQ-�ȕ-RO 

)ULHGHODQ-�ȕ-RO���� 

����������� 

����������� 

����������� 

����������� 

����������� 

����������� 

����������� 

7DEOH����/HWKDO�GRVDJH� �/'��� ��J�P/����6(0��RI� WHVW� VDPSOHV�RI�'��PDGDJDVFDULHQVH�RQ�6��
]HDPDLV 
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)LJ�� ���0HDQ� QXPEHU� RI� DGXOW�6�� ]HDPDLV� SURGXFHG� LQ�'��PDGDJDVFDULHQVH� H[WUDFW-WUHDWHG�
PDL]H�DIWHU�RYLSRVLWLRQ�SHULRG 

)LJ�����(IIHFW�RI�SODQW�H[WUDFWV�RQ�)��SURJHQ\�SURGXFWLRQ 
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,QVHFWLFLGDO�DQG�DQWL-KRRNZRUP�DFWLYLWLHV���� �� 

7DEOH����3HUFHQWDJH�ZHLJKW�ORVV�FDXVHG�E\�6��]HDPDLV�LQ�'��PDGDJDVFDULHQVH�H[WUDFW-WUHDWHG�

 

 'RVH�H[WUDFW��J�����J�JUDLQ� ��ZHLJKW�ORVV�RI�JUDLQ�LQ�GLIIHUHQW�H[WUDFWV 

3HWUROHXP�HWKHU�H[WUDFW $FHWRQH�H[WUDFW 0HWKDQRO�H[WUDFW 

�� � � � 

� ���� ���� ���� 
��� ���� ���� ���� 

���� ���� ���� ���� 

����� ���� ���� ���� 

���FRQWURO� ���� ���� ���� 

7DEOH����,&���YDOXHV���6(0��IRU�VDPSOHV�DQG�DOEHQGD]ROH�DJDLQVW�WKH�HJJ�KDWFK�LQKLELWLRQ�RI�
1��DPHULFDQXV 

6DPSOHV ,&�����J��/����6(0 

3HWUROHXP�HWKHU�H[WUDFW 
$FHWRQH�H[WUDFW 
)ULHGHODQ-�ȕ-RO���� 
)ULHGHODQ-�-RQH���� 
ȕ-VLWRVWHURO���� 
0L[WXUH�RI�)ULHGHODQ-�-RQH�DQG�IULHGHODQ-�ȕ-RO 
0L[WXUH�RI�ȕ-VLWRVWHURO�DQG�VWLJPDVWHURO���� 
$OEHQGD]ROH 

������������ 
������������ 
������������ 
������������ 
������������ 
����������� 
����������� 
��������������� 

HJJ�KDWFK� LQKLELWLRQ�DVVD\�DUH� VKRZQ� LQ�7DEOH�
�� 
 
,Q� JHQHUDO�� SXUH� FRPSRXQGV� �,&��� ����-�����
�J��/�� ZHUH� IRXQG� WR� VKRZ� PRUH� LQKLELWRU\�
DFWLYLW\�WRZDUGV�WKH�KRRNZRUP��1��DPHULFDQXV�
FRPSDUHG� ZLWK� WKH� FUXGH� H[WUDFWV� �����-�����
�J��/��DQG�PL[WXUHV� �����-������J��/��RI� WKH�
SXUH� FRPSRXQGV�� 7KH�PRVW� SRWHQW� DPRQJ� WKH� 

SXUH� FRPSRXQGV� ZDV� IULHGHODQ-�ȕ-RO� ���� DQG� 
WKH�OHDVW�ZDV�IULHGHODQ-�-RQH������ZKLOH�WKH�DFH�
WRQH� H[WUDFW� ZDV� WKH� PRVW� DFWLYH� H[WUDFW�� 7KH�
PL[WXUH�RI�ȕ-VLWRVWHURO� ����DQG�VWLJPDVWHURO� ����
ZDV�WKH�OHDVW�SRWHQW��������J��/��DPRQJ�DOO�WKH�
WHVWHG�VDPSOHV��1RQH�RI�WKHVH�WHVWHG�VXEVWDQFHV�
KRZHYHU�KDG�DQ\�VLJQLILFDQW�DFWLYLW\�FRPSDUHG�
ZLWK� WKH� VHOHFWHG� GUXJ� RI� FKRLFH�� DOEHQGD]ROH��
XVHG�DV�WKH�SRVLWLYH�FRQWURO�� 
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',6&866,21 
=H\ODQRO� ����� D� UHODWLYHO\� UDUH� WULWHUSHQRLG�� LV�
UHSRUWHG�IRU�WKH�ILUVW�WLPH�IURP�'��PDGDJDVFDUL�
HQVH�LQ�DGGLWLRQ�WR�WKH�UHODWLYHO\�PRUH�FRPPRQ�
WULWHUSHQRLGV� IULHGHODQ-�ȕ-RO� ����� IULHGHODQ-�-
RQH�����DQG�ȕ-VLWRVWHURO������7KLV�LV�FKHPRWD[R�
QRPLFDOO\� VLJQLILFDQW� VLQFH� WKH� FRPSRXQG� KDV�
DOVR�EHHQ�LVRODWHG�IURP�'��JHORQLRLGHV��)DQJ�HW�
DO��� ������ DQG� RWKHU� IDPLOLHV� VXFK� DV� &HODV�
WUDFHDH� DQG� %DODQRSDFHDH� �*XQDWLODND� HW� DO���
������6HW]HU�HW�DO����������7R[LFLW\�RI�WKH�SHWUR�
OHXP� HWKHU� DQG� WKH� DFHWRQH� H[WUDFWV� DV�ZHOO� DV�
WKH� FRPSRXQGV� LVRODWHG� IURP� WKHP� WR� DGXOW� 6��
]HDPDLV� ZDV� KLJKHU� LQ� SRWHQF\� WKDQ� WKH� PRUH�
SRODU� PHWKDQRO� H[WUDFW�� *HQHUDOO\�� WRSLFDOO\�
DSSOLHG� LQVHFWLFLGHV� QHHG� WR�SHQHWUDWH� WKH�QRQ-
SRODU� LQVHFW� FXWLFOH� WR� FDXVH� DQ\� WR[LFRORJLFDO�
HIIHFW�WKDW�PD\�EH�OHWKDO��7KH�GLIIHUHQW�H[WUDFWV�
DSSOLHG�WR�PDL]H�JUDLQV�DW�GRVHV�����J�����J�RI�
JUDLQ� DOVR� SURYLGHG� PXFK� EHWWHU� SURWHFWLRQ� WR�
PDL]H�DJDLQVW�KLGGHQ�HJJV�DQG�LPPDWXUH�VWDJHV�
RI� 6�� ]HDPDLV� DWWDFN� FRPSDUHG� WR� WKH� ORZHU�
GRVHV��6��]HDPDLV�NLOOHG�LQ�WUHDWHG�JUDLQV�PRVWO\�
DSSHDUHG� SDUDO\]HG� EHIRUH� GHDWK�� VXJJHVWLQJ�
WKDW� WR[LFLW\� ZDV� QRW� RQO\� GXH� WR� LQJHVWLRQ� RI�
WUHDWHG�JUDLQV�EXW�DOVR� WKURXJK�FRQWDFW� WR[LFLW\�
�2EHQJ� HW� DO�� ������� 7KH� VLJQLILFDQW� UHGXFWLRQ�
LQ�IHHGLQJ�GDPDJH��QXPEHU�RI�)��SURJHQ\�SUR�
GXFHG�� DQG� LQKLELWLRQ� RI� WKH� GHYHORSPHQW� RI�
HJJV�DQG�LPPDWXUH�VWDJHV�RI�6��]HDPDLV�E\�WKH�
H[WUDFWV�LQGLFDWH�WKH�KLJKHU�SURWHFWDQW�SRWHQWLDO�
RI� WKHVH� H[WUDFWV� DJDLQVW� LQVHFW� GDPDJH� WR�
VWRUHG� JUDLQV�� VXJJHVWLQJ� WKH� SUHVHQFH� RI�
JURZWK� UHJXODWRU\� DQG� RYLFLGDO� PHWDEROLWHV� LQ�
'�� PDGDJDVFDULHQVH� �2JXQZROX� DQG� ,GRZX��
�������+HQFH��WKH�SODQW�H[WUDFWV�FDQ�LQKLELW�HJJ
-KDWFKLQJ�DQG�FRQWURO�WKH�JURZWK�RI�6��]HDPDLV�
WR�VRPH�H[WHQW�� 
 
7KH�SRWHQF\�RI� WKH�SODQW�H[WUDFWV�DV�JUDLQ�SUR�
WHFWDQW� DQG� LQVHFW-WR[LQV� PLJKW� DOVR� EH� GXH� WR�
WKH� RLO\� QDWXUH� RI� WKH� SHWUROHXP� HWKHU� DQG� WKH�
DFHWRQH� H[WUDFWV� ZKLFK� PD\� EORFN� WKH� LQVHFW�
VSLUDFOHV��FRDW�WKH�VHHG�WHVWDH��RU�DFW�DV�RYLFLGHV�
E\� SOXJJLQJ� WKH� HJJ� PLFURS\OH� WKXV� KLQGHULQJ�
R[\JHQ� VXSSO\� WR� WKH� HPEU\R� �6FKRRQKRYHQ��
������ 3HUHLUD�� ������� 7KH� FRPSOHWH� SURWHFWLRQ�
RI�JUDLQV�E\�WKH�GLIIHUHQW�H[WUDFWV�DSSOLHG�DW�WKH�
KLJKHVW�GRVDJH�RI����J�SHU�����J�RI�JUDLQ��PD\�
VXJJHVW� WKH� SUHVHQFH� RI� DQWL-IHHGDQW� SURSHUWLHV�
E\�WKH�SODQW�H[WUDFWV��:KHUHDV�VRPH�DPRXQW�RI�
IHHGLQJ� E\� WKH� LQVHFW� DIWHU� WUHDWPHQW� ZLWK� WKH�

&KDPD�HW�DO� �� 

H[WUDFWV� ZDV� UHIOHFWHG� LQ� ZHLJKW� ORVVHV�� WKH�
ZHLJKW� ORVVHV� UHFRUGHG� ZHUH� PLQLPDO�� ,W� ZDV�
DOVR�REVHUYHG�WKDW�WKRXJK�WKH�LQVHFWV�ZHUH�DEOH�
WR� ERUH� LQWR� WKH� VHHGV� DW� ORZHU� GRVHV�� WKHVH�
JUDLQV�ZHUH�QRW� QHFHVVDULO\� HDWHQ� XS�E\� WKH�6��
]HDPDLV� DV� ZRXOG� EH� H[SHFWHG�� $W� ORZHU� FRQ�
FHQWUDWLRQV�� WKH� H[WUDFWV� GLG� QRW� DGYHUVHO\� LQ�
KLELW� SURJHQ\� SURGXFWLRQ� RI� 6�� ]HDPDLV�� +RZ�
HYHU�� XQGHU� SUDFWLFDO� VWRUDJH� FRQGLWLRQV�� UHOD�
WLYHO\� KLJKHU� GRVHV� PD\� EH� UHTXLUHG� DV� FRP�
SDUHG� WR� ORZHU� GRVHV� DSSOLHG� LQ� H[SHULPHQWDO�
FRQGLWLRQV� ZKLFK� PD\� WKHQ� LQFUHDVH� SRWHQF\��
,QVHFWLFLGDO� DFWLYLW\� KDV� EHHQ� FDUULHG� RXW� RQ�
IULHGHODQ-�-RQH�����DQG�VWLJPDVWHURO�����DJDLQVW�
0XVFD� GRPHVWLFD� /�� DQG� $HGHV� DOERSLFWXV�
�6NXVH��� )ULHGHODQ-�-RQH� ����ZDV� WR[LF� WR� ERWK�
VSHFLHV� ZKHUHDV� VWLJPDVWHURO� ����ZDV� QRW�� 7KH�
/&���YDOXH�RI� IULHGHODQ-�-RQH� ����DJDLQVW� DGXOW�
0�� GRPHVWLFD� ��� KRXUV� DIWHU� WUHDWPHQW� ZDV�
������� �J�J� �+XDQJ� HW� DO�� ������� ZKLOH� WKH�
/'���RI�WKH�FRPSRXQG�DJDLQVW�6��]HDPDLV�LQ�WKH�
FXUUHQW�VWXG\�ZDV�������J�P/��DQ�LQGLFDWLRQ�RI�
WKH� VLJQLILFDQW� WR[LFLW\� RI� WKH� FRPSRXQG� WR� 6��
]HDPDLV�DV�FRPSDUHG�ZLWK�0��GRPHVWLFD� 
 
7KH� REVHUYDWLRQV� RI� DQWLIHHGDQF\� DV� GHPRQ�
VWUDWHG� E\� WKH� DELOLW\� RI� WKH� H[WUDFWV� WR� SURWHFW�
PDL]H� JUDLQV� IURP� DWWDFN� E\� WKH� ZHHYLOV�� WKH�
RYLSRVLWLRQ� GHWHUUHQFH� DELOLW\� DQG� UHGXFHG� )��
SURJHQ\�SURGXFWLRQ�DUH�LQGLFDWRUV�RI�WKH�LQVHF�
WLFLGDO� SRWHQWLDO� RI� WKHVH� FRQVWLWXHQWV� DQG� WKH�
FUXGH� H[WUDFWV� RI� '�� PDGDJDVFDULHQVH� VWHP��
6XFK� FDQQRW� EH� VXJJHVWHG� IRU� WKH� KRRNZRUP�
DFWLYLW\�FDUULHG�RXW�IRU�WKH�H[WUDFWV�DQG�LVRODWHV�
DV� WKHLU� SRWHQFLHV� FRPSDUHG� WR� WKH� VWDQGDUG�
DOEHQGD]ROH� ZDV� YHU\� ORZ�� 7KH� PRVW� SRWHQW�
SXUH�FRPSRXQG�IRU�WKH�KRRNZRUP�DFWLYLW\�ZDV�
IULHGHODQ-�ȕ-RO� ���� �,&��� � ����� J�P/��� ZKLFK�
ZDV�����WLPHV�PRUH�SRWHQW�WKDQ�IULHGHODQ-�-RQH�
����DQG�����PRUH�SRWHQW�ZKHQ�LQ�D�PL[WXUH�ZLWK�
WKH�NHWRQH�IRUP��6LPLODUO\��ȕ-VLWRVWHURO�����ZDV�
����� WLPHV� PRUH� SRWHQW� WKDQ� LWV� PL[WXUH� ZLWK�
VWLJPDVWHURO� ����� 7KH�FRQWURO� VWDQGDUG�� DOEHQG�
D]ROH��VKRZHG�D�UHPDUNDEO\�KLJK�SRWHQF\��,&���
 � �������� H[FHHGLQJ� RYHU� ���� WLPHV� WKDW� RE�
WDLQHG� IRU� WKH� PRVW� SRWHQW� WHVWHG� FRPSRXQG��
IULHGHODQ-�ȕ-RO� ����� $OWKRXJK� WKH� ELRORJLFDO�
DFWLYLW\� RI� WKH� WHVWHG� FRPSRXQGV� ZDV� IDU� OHVV�
WKDQ� WKDW� RI� WKH� VWDQGDUG� GUXJ� IRU� WKH� VSHFLILF�
WHVW� KHOPLQWKV�� WKH� FRPSRXQGV� GHPRQVWUDWHG�
VRPH� DFWLYLW\� WR� VHUYH� DV� OHDG� FRPSRXQGV� IRU�
IXUWKHU� RSWLPL]DWLRQ� DQG� GHYHORSPHQW� LQ� WKH�



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��'HFHPEHU����� 

 

 

DQWKHOPLQWKLF�GUXJ�GLVFRYHU\�HIIRUWV�� 
 
(YHQ� WKRXJK� WKH� WRSLFDO� DSSOLFDWLRQ�PHWKRG� LV�
FRQFHQWUDWLRQ� LQGHSHQGHQW�� WKH� WHFKQLTXH� LV�
XVXDOO\� ODERULRXV� �0R\VHV� DQG� *IHOOHU�� �������
$OVR��WKH�UHGXFWLRQ�LQ�WKH�UDWH�RI�FXWLFXODU�SHQH�
WUDWLRQ�RI�H[WUDFWV�JLYHV�WKH�PHWDEROLF�V\VWHP�RI�
WKH�LQVHFW�WKH�RSSRUWXQLW\�WR�GHJUDGH�WKH�H[WUDFW�
LQWR�LQQRFXRXV�PDWHULDOV��*HRUJKLRX�DQG�6DLWR��
�������7KXV��RQO\�D� VPDOO� FRQFHQWUDWLRQ�RI� WKH�
DFWLYH� FRPSRXQG� JHWV� WR� WKH� LQVHFWV� WR� HOLFLW�
DFWLYLW\��7KH�.DWR-.DW]�PHWKRG�DV�D�VHPL�TXDQ�
WLWDWLYH� WHFKQLTXH� LV�XVXDOO\�QRW�XVHIXO� IRU� URX�
WLQH� WHVWV� LQ� SULPDU\� KHDOWK� FDUH�� 7KLV� LV� DW�
WULEXWHG� WR� WKH� ORZ� UHSURGXFLELOLW\� RI� WKH� WHFK�
QLTXH�ZKLFK�UHVXOWV�LQ�GLDJQRVWLF�HUURUV��.RQJV�
HW� DO��� ������� 7KH� WHFKQLTXH� DOVR� UHOLHV� RQ� D�
VLQJOH� .DWR-.DW]� WKLFN� VPHDU� SURFHGXUH�� WKLV�
OHDGV� WR� ORZ�VHQVLWLYLW\�ZLWK� UHVSHFW� WR� WKH�GH�
WHFWLRQ�RI�WKH�SDUDVLWH��%DUHQEROG�HW�DO���������� 
 
&21&/86,21 
7KLV� VWXG\� KDV� HVWDEOLVKHG� WKH� SUHVHQFH� RI�
]H\ODQRO�����LQ�WKH�VWHP�EDUN�RI�'��PDGDJDVFD�
ULHQVH� DQG� DOVR� VKRZQ� WKDW� WKH� FUXGH� H[WUDFWV�
DQG�FRPSRXQGV�IURP�WKH�VWHP�EDUN�RI�'��PDGD�
JDVFDULHQVH� DUH� WR[LF� WR� WKH�GLIIHUHQW� VWDJHV�RI�
6�� ]HDPDLV� LQ� LWV� JURZWK� F\FOH�� 7KXV�� WKH� LVR�
ODWHV�DQG�H[WUDFWV�IURP�WKH�VWHP�RI�'��PDGDJDV�
FDULHQVH� FDQ� JLYH� VRPH� SURWHFWLRQ� WR� JUDLQV�
IURP� WKH� PDL]H� ZHHYLO�� +RZHYHU�� WKH� OHYHO� RI�
DFWLYLW\�RI�H[WUDFW�DW�RYHU�����J�NJ�PDL]H�JUDLQ�
IRU� FRPSOHWH� SURWHFWLRQ� RI� PDL]H� GHVWUXFWLRQ�
DJDLQVW�6��]HDPDLV�DQG�SURGXFWLRQ�IRU�)��SURJH�
Q\�PDNHV� LW� XQHFRQRPLFDO� IRU� LQFOXVLRQ�RI� WKH�
VWHP�EDUN�RI�'��PDGDJDVFDULHQVH�LQ�D�SHVW�PDQ�
DJHPHQW� SURJUDPPH�� $OVR�� WKH� H[WUDFWV� DQG�
LVRODWHV�GHPRQVWUDWHG�ORZ�DFWLYLW\�FRPSDUHG�WR�
WKH�VWDQGDUG��DOEHQGD]ROH��KHQFH�FDQQRW�EH�FRQ�
VLGHUHG�DV�SRWHQWLDO�FDQGLGDWHV�IRU�WKH�GHYHORS�
PHQW�RI�DQWKHOPLQWLF�GUXJV� 
 
$&.12:/('*(0(176� 
:H�DUH�JUDWHIXO� WR� WKH�SHRSOH�RI�%DZD�$NXUDD�
DQG�-DWR�$NXUDD�LQ�WKH�.LQWDPSR�1RUWK�0XQLF�
LSDOLW\�LQ�WKH�%URQJ�$KDIR�5HJLRQ�RI�*KDQD�IRU�
SURYLGLQJ� IDHFDO� VDPSOHV� IRU� WKH� DQWKHOPLQWLF�
DVVD\� DQG� 'LFNVRQ� 2VDEXWH\� RI� 10,05� IRU�
WHFKQLFDO�DVVLVWDQFH�� 
 
5()(5(1&(6� 
$EERWW��:��6�� ��������$�PHWKRG�RI�FRPSXWLQJ�

WKH� HIIHFWLYHQHVV� RI� DQ� LQVHFWLFLGH�� -RXUQDO� RI�
WKH�$PHULFDQ�0RVTXLWR�&RQWURO�$VVRFLDWLRQ���
��������-���� 

 
$FKHQEDFK��+���$VXQND��6��$���:DLEHO��5���$G�
GDH-0HQVDK� DQG� 2SSRQJ� ,�� 9�� ��������
'LFKDSHWDOLQ� � $�� D� QRYHO� SODQW� FRQVWLWXHQW�
IURP�'LFKDSHWDOXP� PDGDJDVFDULHQVH�� 1DWXUDO�
3URGXFW� /HWWHUV� ��� ��-����� KWWSV���
GRL�RUJ��������������������������� 

 
$GGDH-0HQVDK�� ,���:DLEHO�� 5���$VXQND�� 6�� $���
2SSRQJ� DQG� $FKHQEDFK�� +�� �������� 7KH��
'LFKDSHWDOLQV� -� $� QHZ� FODVV� RI� WULWHUSHQHV��
3K\WRFKHPLVWU\��������-���� 

 
$QGHUVRQ��5��0��DQG�0D\��5��0����������,QIHF�
WLRXV�'LVHDVHV�RI�+XPDQV��'\QDPLFV�DQG�FRQ�
WURO��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG�� 
 
$QWRQLVDP\��3���'XUDLSDQGL\DQ��9��DQG�,JQDFL�
PXWKX�� 6�� ��������$QWL-LQÀDPPDWRU\�� DQDOJH�
VLF�DQG�DQWLS\UHWLF�HIIHFWV�RI�IULHGHOLQ�LVRODWHG�
IURP�$]LPD�WHWUDFDQWKD�/DP��LQ�PRXVH�DQG�UDW�
PRGHOV��-RXUQDO�RI��3KDUPDF\�DQG�3KDUPDFRO�
RJ\����������–������ 

 
%DUHQEROG�� 2��� *LRYDQQD� 5DVR�� *��� &RXOLEDO\��
-�� 7��� 1¶*RUDQ�� (�� .��� 8W]LQJHU�� -�� DQG�
9RXQDWVRX�� 3�� �������� (VWLPDWLQJ� VHQVLWLYLW\�
RI� WKH� .DWR-.DW]� WHFKQLTXH� IRU� WKH� GLDJQRVLV�
RI� 6FKLVWRVRPD� PDQVRQL� DQG� KRRNZRUP� LQ�
UHODWLRQ� WR� LQIHFWLRQ� LQWHQVLW\��3/26�1HJOHFW�
HG�7URSLFDO�'LVHDVHV��-��� 

 
%LVVHOHDX��+��%��'���2EHQJ-2IRUL��'��DQG�*EH�
ZRQ\R��:�6�.����������%LRDFWLYLWLHV�RI�FUXGH� 
H[WUDFWV�RI�WKH�FDQGOHZRRG��=DQWKR[\OXP�[DQ�
WR[\ORLGHV� /DP�� �5XWDFHDH�� DJDLQVW� WKH� FRZ�
SHD�EHHWOH��&DOORVREUXFKXV�PDFXODWXV� �:DOS���
,QWHUQDWLRQDO�-RXUQDO�RI�%LRORJLFDO�DQG�&KHP�
LFDO�6FLHQFHV��������-���� 
 
%XUNLOO�� +�� 0�� �������� 7KH� XVHIXO� SODQWV� RI�
:HVW� 7URSLFDO� $IULFD�� 5R\DO� %RWDQLFDO� *DU�
GHQV�� /RQGRQ�� ���-����� ���-����� ,6%1��
���������;� 

 
&KDPD�� 0�� $��� ']LZRUQX�� *�� $���:DLEHO�� 5���
2VHL-6DIR�� '��� $GGDH-0HQVDK�� ,��� 2WFKHUH�� -��
DQG�:LOVRQ�� 0�� �������� ,VRODWLRQ�� FKDUDFWHUL�
]DWLRQ�� DQG� DQWKHOPLQWLF� DFWLYLWLHV� RI� D� QRYHO� 

,QVHFWLFLGDO�DQG�DQWL-KRRNZRUP�DFWLYLWLHV��� �� 
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GLFKDSHWDOLQ� DQG� RWKHU� FRQVWLWXHQWV� RI�
'LFKDSHWDOXP�ILOLFDXOH���3KDUPDFHXWLFDO�%LRO�
RJ\����� ����-������
'2,������������������������������� 

 
&KDWXUYHGXOD�� 9�� 6�� DQG� 3UDNDVK�� ,�� ��������
,VRODWLRQ�RI�VWLJPDVWHURO�DQG�ȕ-VLWRVWHURO�IURP�
WKH� GLFKORURPHWKDQH� H[WUDFW� RI�5XEXV� VXDYLV�
VLPXV�� ,QWHUQDWLRQDO� &XUUHQW� 3KDUPDFHXWLFDO�
-RXUQDO������-����KWWS���ZZZ�LFSMRQOLQH�FRP�
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