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�
'HSDUWPHQW�RI �&RDVWDO�5HVRXUFHV�0DQDJHPHQW��*UDGXDWH�6FKRRO��'LSRQHJRUR�8QLYHUVLW\�

6HPDUDQJ��������,QGRQHVLD
�
/DERUDWRU\�RI �7URSLFDO�0DULQH�%LRWHFKQRORJ\��,QWHJUDWHG�/DERUDWRU\�RI �'LSRQHJRUR�8QLYHUVLW\�

6HPDUDQJ��������,QGRQHVLD
�
'HSDUWPHQW�RI �$TXDWLF�3URGXFWV�7HFKQRORJ\��)DFXOW\�RI �)LVKHULHV�DQG�0DULQH�6FLHQFH�

,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU��������,QGRQHVLD
�
'HSDUWPHQW�RI �0LFURELRORJ\��)DFXOW\�RI �0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFHV�

,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU��������,QGRQHVLD�
�
&HQWHU�IRU�&RDVWDO�DQG�0DULQH�5HVRXUFHV�6WXGLHV��,QVWLWXW�3HUWDQLDQ�%RJRU��%RJRU��������,QGRQHVLD

5HFHLYHG����1RYHPEHU������$FFHSWHG���-XQH�����

$%675$&7

� 0XOWLGUXJ�UHVLVWDQW��0'5��EDFWHULD� LQIHFWLRQV�EHFRPH�D�VHULRXV�SUREOHP�IRU�WKHVH�VHYHUDO�GHFDGHV��7R�VROYH�
WKLV� LVVXH�� ILQGLQJ� RI � QHZ� DQWLELRWLFV� FDQGLGDWH� LQ� DQ� XUJHQF\�� 1DWXUDO� SLJPHQW� LV� NQRZQ� WR� KDV� ELRORJLFDO�
DFWLYLW\� DJDLQVW� SDWKRJHQLF� EDFWHULD�� &RDVWDO� IXQJL� DUH� XQH[SORUHG� VRXUFH� RI � QDWXUDO� SLJPHQW� WR� ILJKW� 0'5�
EDFWHULD�� 7KLV� UHVHDUFK� ZDV� DLPHG� WR� LVRODWH� FRDVWDO� HQGRSK\WLF� IXQJL� IURP� VPRRWK� DQW� SODQW� �+\GRSK\WXP�
IRUPLFDUXP��� WR� VFUHHQ� HQGRSK\WLF� IXQJL� ZKLFK� SURGXFH� UHG� SLJPHQW�� WR� H[WUDFW� WKH� UHG� SLJPHQW�� WR� GHWHUPLQH�
DQWLEDFWHULDO�DFWLYLW\�RI �WKH�UHG�SLJPHQW�DQG�WR�LGHQWLI\�WKH�FRDVWDO�HQGRSK\WLF�IXQJL�SURGXFLQJ�WKH�UHG�SLJPHQW��
,Q� WKLV� VWXG\�� �� IXQJL� ZHUH� LVRODWHG� DV� HQGRSK\WLF� IXQJL� IURP� +�� IRUPLFDUXP�� 7KHUH� ZHUH� �� LVRODWHV� ZKLFK�
SURGXFHG� H[WUDFHOOXODU� SLJPHQW� L�H�� 56� �$� ZKLFK� SURGXFHG� UHG� SLJPHQW�� 56� �� SURGXFHG� EODFN� SLJPHQW� DQG�
56��$�SURGXFHG�\HOORZ�SLJPHQW�� �2XU�VWXG\�IRFXVHG�RQ�UHG�SLJPHQW�ZKLFK� LV�SURGXFHG�E\�HQGRSK\WLF� IXQJXV�
VWUDLQ� 56� �$�� 7KH� \LHOG� RI � UHG� SLJPHQW� ZDV� �������� �Z�Z��� � 7KLV� VWXG\� VKRZHG� WKDW� UHG� SLJPHQW� KDG�
DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� (VFKHULFKLD� FROL�� $FLQHWREDFWHU� EDXPDQQLL� DQG� 3URWHXV� PLUDELOLV� VWUDLQ� 0'5�� -XGJLQJ�
IURP�PROHFXODU�DQG�PRUSKRORJLFDO�LGHQWLILFDWLRQ��WKH�HQGRSK\WLF�IXQJXV�VWUDLQ�56��$�ZDV�LGHQWLILHG�DV�$VSHUJLOOXV�
YHUVLFRORU��

� .H\ZRUGV��$QWLEDFWHULDO��HQGRSK\WLF�IXQJL��0'5��SLJPHQW

,1752'8&7,21

%DFWHULD�KDYLQJ�UHVLVWDQFH�WR�VHYHUDO�DQWLELRWLFV�
XVHG� WR� WUHDW� WKH� LQIHFWLRQV� DUH� UHIHUUHG� WR� DV�
0XOWLGUXJ�5HVLVWDQW� �0'5�� EDFWHULD� �&RUQDJOLD�
������0DJLRUDNRV�HW�DO���������0'5�LV�D�VHULRXV�
SUREOHP� IRU� PHGLFDO� ZRUOG� DQG� SXEOLF� KHDOWK��
6HYHUDO� EDFWHULD� DOUHDG\� UHSRUWHG� DV� 0'5� DUH�
(VFKHULFKLD� FROL 6WDSK\ORFRFFXV $FLQHWREDFWHU��� � VSS���
EDXPDQQL 3URWHXV�PLUDELOLV�DQG� � �$KPHG�HW�DO��������
.RU\WQ\�HW�DO��������3DQGD�HW�DO����������7KHUHIRUH��LW�

LV� XUJHQW� WR� ILQG� QHZ� DQWLELRWLFV�� $V� D�
PHJDELRGLYHUVLW\� DQG� PDULWLPH� FRXQWU\��
,QGRQHVLD�KDV�PDQ\�FRDVWDO�UHVRXUFHV�ZKLFK�DUH�
SRWHQWLDO�WR�EH�VRXUFHV�RI �QHZ�DQWLELRWLFV�DJDLQVW�
0'5�EDFWHULD� $PRQJ FRDVWDO�UHVRXUFHV��VPRRWK�� �
DQW�SODQW�� ��LV�DQ�QHJOHFWHG�+\GQRSK\WXP�IRUPLFDUXP
VRXUFH�IRU�QHZ�DQWLELRWLF�FDQGLGDWH�� �+��IRUPLFDUXP
LV� D� PHPEHU� RI � P\UPHFRSK\WHV� SODQW� ZKLFK�
SURYLGHV� QHVWLQJ� FDYLWLHV� IRU� DQWV� �/RN� 	� 7DQ�
������ 'HIRVVH]� �� ������� 7KLV� SODQW� ZDV�HW� DO
IRXQG� DV� HSLSK\WLF� SODQW� LQ� � VS��$YLFHQQLD
�PDQJURYH� SODQW�� LQ� 6RURQJ�� 3DSXD�� 7KH�
XWLOL]DWLRQ� RI � HSLSK\WLF� SODQW� DV� VRXUFH� RI �
�&RUUHVSRQGLQJ�DXWKRU��NXVW\D#JPDLO�FRP
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ELRDFW LYH � FRPSRXQGV� L V � K LQGHUHG� E\ �
HQYLURQPHQWDO�LVVXHV��([SORUDWLRQ�RI �HQGRSK\WLF�
IXQJL� LV� H[SHFWHG� WR� RYHUFRPH� WKHVH� LVVXHV��
,QIRUPDWLRQ� UHODWHG� WR� WKH� ELRGLYHUVLW\� RI �
HQGRSK\WLF�IXQJL�IURP� �LV�+\GQRSK\WXP�IRUPLFDUXP
UDUHO\� IRXQG��7KH� ILUVW� UHSRUW�DERXW� �DVVRFLDWHG�
IXQJL� IURP� JHQXV � ZDV� UHSRUWHG� LQ�� +\QGRSK\WXP
������'HIRVVH]� ���������7KHUHIRUH��RXU�VWXG\�HW�DO
ZLOO�DGG�PRUH�LQIRUPDWLRQ�DERXW�HQGRSK\WLF�IXQJL�
IURP� �+\GQRSK\WXP�IRUPLFDUXP
&RDVWDO� HQGRSK\WLF� IXQJL� DUH� FRPPRQO\�

UHSRUWHG� DV� SRWHQWLDO� VRXUFH� RI � ELRDFWLYH�
FRPSRXQGV�� +RZHYHU�� WKHUH� LV� UDUH� UHSRUW�
UHJDUGLQJ� LWV� DQWL�PXOWLGUXJ� UHVLVWDQW� EDFWHULD�
DFWLYLW\�� (QGRSK\WLF� IXQJL� UHIHU� WR� PLFURIXQJL�
ZKLFK�OLYH�LQVLGH�SODQW�WLVVXHV�ZLWKRXW�FDXVLQJ�DQ\�
V\PSWRPV� WR� WKH� KRVW� �7KLUXQDYXNNDUDVX� ��HW� DO
������6LEHUR� ������D���,Q�DGGLWLRQ��.XVDUL� ��HW�DO HW�DO
�������VWDWHG�WKDW�HQGRSK\WLF�IXQJL�FRXOG�SURGXFH�
WKH�VDPH�RU�VLPLODU�ELRDFWLYH�FRPSRXQGV�OLNH�LWV�
KRVWV�� (QGRSK\WLF� IXQJL� DUH� NQRZQ� WR� SURGXFH�
PHWDEROLWHV� ZLWK� YDULRXV� ELRORJLFDO� DFWLYLWLHV�

HW�DO � HW�DO HW�DO ��0HQJ� �������:RQJ� ��������&DR� �������
HW� DO HW� DO5DKDZHPDQ� �� ������ 6LEHUR� �� ����D��� ,Q�

FRQWUDU\��IXQJDO�SLJPHQW�LV�D�QHJOHFWHG�PHWDEROLWH�
HYHQ� WKRXJK� VHYHUDO� UHVHDUFKHUV� UHSRUWHG� LWV�
ELRDFWLYLW\�DV�DQWLEDFWHULDO�DJHQW� �*HZHHO\�������

HW�DO � HW�DO0DQL� ������� 3DWLO� ���������2XU�VWXG\�ZDV�
DLPHG� WR� LVRODWH� FRDVWDO� HQGRSK\WLF� IXQJL� IURP�
VPRRWK� DQW� SODQW� � �� ��� WR� VFUHHQ�+ IRUPLFDUXP

HQGRSK\WLF�IXQJL�ZKLFK�SURGXFH�UHG�SLJPHQW��WR�
H[WUDFW� WKH� UHG� SLJPHQW�� WR� GHWHUPLQH�
DQWLEDFWHULDO� DFWLYLW\�RI � WKH� UHG�SLJPHQW� DQG� WR�
LGHQWLI\� WKH�FRDVWDO�HQGRSK\WLF� IXQJL�SURGXFLQJ�
WKH�UHG�SLJPHQW�

0$7(5,$/6�$1'�0(7+2'6

6DPSOLQJ�3UHSDUDWLRQ

� 6PRRWK�DQW�SODQW��+��IRUPLFDUXP��ZDV�FROOHFWHG�
E\�'U�.XVWLDUL\DK�7DUPDQ��DV�HSLSK\WLF�SODQW�RQ�
$YLFHQQLD� VS�� LQ� PDQJURYH� IRUHVW� ORFDWHG� LQ�
6RURQJ�� :HVW� 3DSXD� 3URYLQFH� �)LJ�� ���� 7KH�
GRPDWLD�SDUW��KROORZ�VWUXFWXUH�SDUW��RI �VPRRWK�
DQW�SODQW�ZDV�FROOHFWHG�E\�FXWWLQJ�WKH�SODQW�IURP�
WKH�KRVW�SODQW�XVLQJ�PHWDO�FXWWHU��7KH�SODQW�ZDV�
WKHQ�SXW�LQVLGH�]LSSHG�SODVWLF�EDJ��7KH�VDPSOH�ZDV�
WDNHQ� WR� WKH� /DERUDWRU \� RI � $TXDW LF �
0LFURRUJDQLVPV�� 'HSDUWPHQW� RI � $TXDWLF�
3URGXFWV� 7HFKQRORJ\�� )DFXOW\� RI � )LVKHULHV� DQG�
0DULQH� 6FLHQFH�� ,QVWLWXW� 3HUWDQLDQ� %RJRU� IRU�
LVRODWLQJ�WKH�HQGRSK\WLF�IXQJL�

)XQJDO� ,VRODWLRQ�� &XOWLYDWLRQ� DQG� 3LJPHQW�
6FUHHQLQJ

� (QGRSK\WLF� IXQJDO� LVRODWLRQ�ZDV� FDUULHG� RXW�
XVLQJ� VXUIDFH� VWHULOL]DWLRQ� PHWKRG� �.MHU� HW� DO��
�������+��IRUPLFDUXP�ZDV�FXW�DSSUR[LPDWHO\���FP �
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)LJXUH���+\GQRSK\WXP�IRUPLFDUXP�DV�HSLSK\WLF�SODQW�RQ�$YLFHQQLD�VS���PDQJURYH�WUHH��IRXQG�LQ�PDQJURYH�IRUHVW�LQ�6RURQJ��
:HVW�3DSXD�3URYLQFH
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GLVN��7KH�H[WUDFWV�FRQFHQWUDWLRQV�ZHUH�����J�P/��
���� �J�P/�� ���� �J�P/�� ���� �J�P/� DQG� ����
�J�P/�� $QWLPLFURELDO� VXVFHSWLELOLW\� GLVN� IRU�

70
$PR[LFLOOLQ� �$0/������J� �2[RLG ��ZDV�XVHG�DV�
SRVLWLYH� FRQWURO�� ZKLOH� DFHWRQH� ZDV� XVHG� DV�
QHJDWLYH�FRQWURO��7KH�EDFWHULD�WXUELGLW\�VWDQGDUG�
ZDV�HTXLYDOHQW�WR�D�����0F)DUODQG��7KH�EDFWHULD�
ZHUH�LQRFXODWHG�RQ�0XOOHU�+LQWRQ�$JDU��0+$��
XVLQJ� FRWWRQ� VZDE� ZLWK� URWDWLRQ� LQRFXODWLRQ��
$IWHU�WKDW��WKH�SRVLWLYH�FRQWURO�ZDV�SODFHG�LQ�WKH�
PLGGOH��ZKLOH�WKH�QHJDWLYH�FRQWURO�DQG�SDSHU�GLVNV�
ZLWK� H[WUDFWV� ZHUH� SODFHG� DURXQG� WKH� SRVLWLYH�
FRQWURO� E\� IRUPLQJ� D� FLUFXODU� SDWWHUQ� DQG�

R
LQFXEDWHG�DW����²���� &�IRU����K��7KH�UHVXOWV�RI �
DQWLEDFWHULDO� DVVD\�ZHUH� DQDO\]HG�XVLQJ� IDFWRULDO�
$QDO\VLV� RI � 9DULDQFH� �$129$�� ZLWK� 6366�
VRIWZDUH��7KH�FRQILGHQFH�LQWHUYDO�ZDV������ZKLOH�
WKH� VLJQLILFDQW� GLIIHUHQFH� ZDV� DQDO\]HG� XVLQJ�
'XQFDQ�WHVW�

0RUSKRORJ\�2EVHUYDWLRQ

� 6OLGH� FXOWXUH� PHWKRG� ZDV� SHUIRUPHG� IRU�
IXQJXV�FXOWLYDWLRQ�ZLWK�PRGLILFDWLRQV� �4LX�HW�DO��
������ 6LEHUR� HW� DO�� ����E�� 6LEHUR� HW� DO�� ������� �
3'$�PHGLD�ZDV�SUHSDUHG�DQG�FXW�DSSUR[LPDWHO\�
��ï���FP �DQG�SODFHG�RQ�VWHULOL]HG�REMHFW�JODVV��7KH�

�

P\FHOLD�ZHUH�LQRFXODWHG�RQ�HDFK�VLGH�RI �WKH�3'$�
DQG�D�FRYHU�JODVV�ZDV�SODFHG�RQ�WKH�3'$��WKHQ�SXW�
LQWR�VWHULOL]HG�SHWUL�GLVK�IRU� LQFXEDWLRQ��$IWHU���
GD\V��HDFK�VLGH�RI �3'$�KDG�EHHQ�RYHUJURZQ�E\�
WKH� IXQJXV�DQG� WKH�P\FHOLD�DOUHDG\�FRYHUHG� WKH�
LQQHU�VLGH�RI �WKH�FRYHU�DQG�REMHFW�JODVV��7KH�3'$�
ZDV� WKHQ� UHPRYHG�� ZKLOH� WKH� REMHFW� DQG� FRYHU�
JODVVHV� ZHUH� REVHUYHG� XQGHU� D� FRPSRXQG�
PLFURVFRSH�� 0RUSKRORJLFDO� FKDUDFWHULVWLFV� RI �
WKH�IXQJXV�ZHUH�FRPSDUHG�WR�+XK�HW�DO����������
9LVDJLH�HW�DO���������DQG�$PD��������

0ROHFXODU�,GHQWLILFDWLRQ

� &KHOH[�PHWKRG�ZLWK�VHYHUDO�PRGLILFDWLRQV�ZDV�
XVHG�IRU�'1$�H[WUDFWLRQ��6LEHUR� ���������7KH�HW�DO
UHG�SLJPHQWHG�IXQJXV�ZDV�FXOWXUHG�RQ�3'$�IRU���
GD\V��0\FHOLXP�RI �WKH�UHG�SLJPHQWHG�IXQJXV�ZDV�
WDNHQ�DQG�SXW�LQWR�(SSHQGRUI ��PLFURWXEH���DGGHG�
ZLWK� ���� �/� GG+ 2� DQG� ��� ����/� RI � ������

VDSRQLQ��WKHQ�NHSW�IRU�RYHUQLJKW��$IWHU�WKDW��WKH�
PL[WXUH�ZDV�FHQWULIXJHG���������USP�����PLQXWHV�

R
DW��� &���6XSHUQDWDQW�ZHUH�GLVFDUGHG��WKHQ������/�
GG+ 2�DQG�����/�RI �����FKHOD[�����ZHUH�DGGHG���

R
7KH�PL[WXUH�ZDV�NHSW�RQ�ZDWHU�EDWK����� &�����
PLQXWHV���,Q�WKH�ILUVW���PLQXWHV��WKH�PL[WXUH�ZDV�

DQG�ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU�IROORZHG�E\�����
HWKDQRO��(W2+��IRU���PLQXWH�DQG�WKHQ�UH�ZDVKHG�
ZLWK� GLVWLOOHG� ZDWHU�� $IWHU� WKDW�� WKH� SLHFHV� RI �
VDPSOHV� ZHUH� SODFHG� RQ� 3RWDWR� 'H[WURVH� $JDU�
�3'$�� ZLWKRXW� WKH� DGGLWLRQ� RI � DQWLELRWLFV� DQG�
ZHUH�LQFXEDWHG�DW���� &�XQWLO�JURZWK�ZDV�LQLWLDWHG��

R

'XULQJ�LVRODWLRQ��D�SHWUL�GLVK�ZLWK�3'$�ZDV�OHIW�
RSHQ�DV�HQYLURQPHQWDO�FRQWURO��$IWHU���GD\V��WKHUH�
ZHUH� VHYHUDO� IXQJL� JURZWK� RQ� WKH� 3'$�PHGLD�� �
7KH�IXQJXV�ZKLFK�JURZQ�QHDUE\�WKH�VDPSOH�EXW�
QRW� IRXQG� LQ� HQYLURQPHQWDO� FRQWURO� SHWUL� � � � � � � � �
GLVK� ZDV� VHSDUDWHG� DQG� SODFHG� LQWR� QHZ� 3'$�
PHGLD� DV� VLQJOH� FRORQ\��(DFK� VLQJOH� FRORQ\�ZDV�
FXOWLYDWHG�RQ�3'$�IRU���GD\V�DW�URRP�WHPSHUDWXUH����
����²���� &���(YHU\�GD\�WKH�FRORU�FKDQJH�RI �PHGLD�

R

ZDV�REVHUYHG��7KH�IXQJXV�SURGXFLQJ�UHG�SLJPHQW�
LQ�3'$�PHGLD�ZDV�XVHG�IRU�WKLV�UHVHDUFK�

3LJPHQW�([WUDFWLRQ

� 3LJPHQW� ZDV� H[WUDFWHG� XVLQJ� VROLG� OLTXLG�
H[WUDFWLRQ� �0DQLNNDP� HW� DO�� ������ 6LEHUR� HW� DO��
����E��� 3'$� PHGLD� ZHUH� VHSDUDWHG� IURP� WKH�
P\FHOLD� XVLQJ� VWHULOL]HG�PHWDO� FXWWHU�� 7KH� 3'$�
PHGLD�ZHUH�WKHQ�ZHLJKHG�DQG�FKRSSHG�XQWLO�WKH�
VHJPHQWV� EHFDPH� VPDOOHU� DQG� SODFHG� LQWR�
(UOHQPH\HU�IODVNV��$�TXDQWLW\�RI �����P/�DFHWRQH�
ZDV� SRXUHG� LQWR� WKH� IODVNV� DQG� VKDNHQ� XVLQJ�
VKDNHU�IRU����KRXUV�DW���� &��7KH�FRQWHQWV�RI �WKH�

R

IODVNV� ZHUH� ILOWHUHG� WKURXJK� ILOWHU� SDSHU�
�0DFKHUH\�1DJHO ���G��������PP���7KH�ILOWUDWHV��
ZHUH�FRQFHQWUDWHG�XVLQJ�URWDU\�HYDSRUDWRU�����²�
��� &�� ��� PLQXWHV��� 7KH� \LHOG� ZDV� REWDLQHG�

R

DFFRUGLQJ�WR�WKH�IROORZLQJ�IRUPXOD�

$QWLEDFWHULDO�$FWLYLW\

� $QWLEDFWHULDO� DVVD\� ZDV� FRQGXFWHG� EDVHG� RQ�
6LEHUR� HW� DO�� �����E��ZLWK� VHYHUDO�PRGLILFDWLRQV��
7KH� SLJPHQW� H[WUDFWV�ZHUH� XVHG� WR� WHVW� DJDLQVW�
FOLQLFDO� 0'5� JUDP�QHJDWLYH� EDFWHULD�� LQFOXGLQJ�
$FLQHWREDFWHU� EDXPDQQLL��(VFKHULFKLD� FROL� DQG�3URWHXV�
PLUDELOLV�ZLWK�WZR�UHSOLFDWLRQV��7KHVH�EDFWHULD�ZHUH�
FOLQLFDO� LVRODWHV� DQG� FRQVLGHUHG� DV�0'5� VWUDLQV�
IURP� 5683� 'U� .DULDGL� �'U� .DULDGL� � *HQHUDO�
+RVSLWDO� 0HGLFDO� &HQWHU�� DQG� 5XPDK� 6DNLW�
1DVLRQDO� 'LSRQHJRUR� �'LSRQHJRUR� 1DWLRQDO�
+RVSLWDO���ERWK�ORFDWHG�LQ�6HPDUDQJ��&HQWUDO�-DYD�
3URYLQFH��,QGRQHVLD��*UDP�QHJDWLYH�EDFWHULD�ZHUH�

R
UHIUHVKHG�RQ�0DF&RQNH\�IRU����KRXUV�DW���� &��
$QWLEDFWHULDO� DVVD\� ZDV� FDUULHG� RXW� XVLQJ� SDSHU�

��<LHOG� �������������������[�����
<LHOG

3'$�ZHLJKW

���

$QWLEDFWHULDO�DFWLYLW\�RI �UHG�SLJPHQW�LVRODWHG�IURP�FRDVWDO�HQGRSK\WLF�IXQJL�²�6LEHUR�HW�DO�



PL[HG� XVLQJ� YRUWH[�� 7KH� ILQDO� PL[WXUH� ZDV�
R

FHQWULIXJHG���������USP�����PLQXWHV�DW��� &���7KH�
R

VXSHUQDWDQW�ZDV�WDNHQ�DQG�VWRUHG�DW����� &�
� 7KH�,QWHUQDO�7UDQVFULEHG�6SDFHU��,76��UHJLRQ�RI �
IXQJXV� ZHUH� DPSOLILHG� E\� 3&5� XVLQJ� XQLYHUVDO�
SULPHUV�LQWHUQDO�WUDQVFULEHG�VSDFHU��,76������
�7&&�
*7$�**7�*$$�&&7�*&*�*��
��DV�IRUZDUG�DQG�
,76�����
�7&&�7&&�*&7�7$7�7*$�7$7�*&��
��DV�
UHYHUVH��6LEHUR� ���������3&5�PL[WXUH�FRQVLVWHG�RI �HW�DO
*R7DT� *UHHQ� 0DVWHU� 0L[� 3URPHJD� ������ �/���
SULPHU� ,76��� ����/���SULPHU� ,76��� ����/���'1$�
H[WUDFW� ����� �/�� DQG� GG+2� ���� �/��� 7KH� 3&5��

UHDFWLRQ�FRQGLWLRQ�FRQVLVWHG�RI �SUHKHDW�DW����&�IRU���
R

PLQXWHV�� GHQDWXUDWLRQ� DW� ��� &� IRU� �� PLQXWH��
R

DQQHDOLQJ��JUDGLHQW�IURP������ &�WR������ &��IRU���
R R

PLQXWH�� H[WHQVLRQ� DW� ��� &� IRU� �� PLQXWH�� ILQDO�
R

H[WHQWLRQ� DW� ��� &� IRU� �� PLQXWHV� DQG� KROGLQJ�
R

WHPSHUDWXUH�DW���� &��'HQDWXUDWLRQ��DQQHDOLQJ�DQG�
R

H[WHQVLRQ�VWDJHV�ZHUH�SHUIRUPHG�IRU����F\FOHV��7KH�
3&5�SURGXFW�ZDV�ORDGHG�LQ�DJDURVH�JHO������HOHFWUR�
SKRUHVLV�� 7KH� SURGXFW� RI � HOHFWURSKRUHVLV� ZDV�
YLVXDOL]HG�E\�89,�'RF�+'���89,7(&�&DPEULGJH��
� 3&5� SURGXFW� ZKLFK� SHUIRUPHG� FOHDU� '1$�
EDQG�ZDV�XVHG�IRU�'1$�VHTXHQFLQJ��7KLV�VWDJH�
ZDV�FRQGXFWHG�DW�� �%DVH�/DERUDWRULHV�6GQ�%KG��

VW

0DOD\VLD�� 7KH� VHTXHQFH� ZDV� FRPSDUHG� DQG�
DOLJQHG� E\� %DVLF� /RFDO� $OLJQPHQW� 6HDUFK� 7RRO�
�%/$67���WKHQ�DQDO\]HG�WR�LWV�KRPRORJ\�WR�RWKHU�
IXQJL� REWDLQHG� IURP�*HQH�%DQN�� 7KLV� UHVHDUFK�
XVHG� QHLJKERU�MRLQLQJ� IRU� VWDWLVWLFDO� PHWKRG��
ERRWVWUDS� PHWKRG� IRU� WHVW� RI � SK\ORJHQ\� ZLWK�
QXPEHU�RI �ERRWVWUDS�UHSOLFDWLRQV�ZDV��������7KH�
SK\ORJHQHWLF� DQDO\VLV� ZDV� FRQVWUXFWHG� XVLQJ�
0(*$���VRIWZDUH�SDFNDJH��7DPXUD� ��������HW�DO

5(68/76�$1'�',6&866,21

(QGRSK\WLF�)XQJL�IURP� ��+ IRUPLFDUXP

� 7KHUH�ZHUH� VHYHQ� IXQJL� LVRODWHV�ZKLFK�ZHUH�
VXFFHVVIXOO\�LVRODWHG�IURP�+��IRUPLFDUXP��)LJ������ �
(DFK� IXQJXV� KDG� GLIIHUHQW� PDFURVFRSLF�
FKDUDFWHULVWLFV� EDVHG� RQ� FRORQ\� IRUPV�� P\FHOLD�
FRORUV� DQG� UHYHUVH� PHGLD� FRORUV�� %LRGLYHUVLW\�
RI � FXOWXUDEOH� IXQJL� LV� LQIOXHQFHG� E\� QXWULHQW�
FRQWHQW�LQ�PHGLD�DQG�LVRODWLRQ�PHWKRG��.MHU�HW�DO��
������7RPD�	�$EGXOOD��������6XUIDFH�VWHULOL]DWLRQ�
LV� WKH�PRVW� LPSRUWDQW�SURFHGXUH� LQ� HQGRSK\WLF�
IXQJDO�LVRODWLRQ��7KH�DLP�RI �VXUIDFH�VWHULOL]DWLRQ�
XVLQJ� HWKDQRO� ���� LV� WR� HOLPLQDWH� VSRUHV� DQG�
RWKHU� PLFURELDO� FRQWDPLQDQWV� DWWDFKHG� WR� WKH�
VDPSOH�VXUIDFH��.MHU�HW�DO���������(QYLURQPHQWDO�
FRQWURO�SHWUL�GLVK�LV�DOVR�LPSRUWDQW�WR�PLQLPL]H�
WKH� SRVVLELOLW\� RI � LPSURSHU� LVRODWLRQ�� )XQJL�
JURZQ� LQ� HQYLURQPHQWDO� FRQWURO� SHWUL� GLVK� DQG�
VDPSOH� SHWUL� GLVKHV� ZHUH� VXVSHFWHG� DV�
FRQWDPLQDQW�
� )URP�HQGRSK\WLF�IXQJDO�LVRODWLRQ��WKHUH�ZHUH�
VHYHQ� IXQJDO� LVRODWHV� REWDLQHG� �)LJ�� ���� (DFK�
IXQJXV � KD V � G L I I H U HQ W � PRUSKR ORJ L F D O �
FKDUDFWHULVWLFV�� $PRQJ� WKH� VHYHQ� HQGRSK\WLF�
IXQJL� LVRODWHG�� WKHUH� ZHUH� WKUHH� IXQJDO� LVRODWHV�
SURGXFHG�H[WUDFHOOXODU�SLJPHQW��7KH\�ZHUH�56��$�
ZKLFK� SURGXFHG� UHG� SLJPHQW�� 56� �� SURGXFHG�
EODFN� SLJPHQW� DQG� 56� �$� SURGXFHG� \HOORZ�
SLJPHQW�� 3LJPHQW� SURGXFWLRQ� ZDV� VKRZQ� E\�
WKH� FRORU� FKDQJH� RI � WKH� PHGLXP�� 6LEHUR� HW� DO��

D����� ��VXFFHVVIXOO\�FKDUDFWHUL]HG�EODFN�SLJPHQW�
IURP�56���DV�PHODQLQ�

)LJXUH��� (QGRSK\WLF�IXQJDO�LVRODWHV�REWDLQHG�IURP�+\GQRSK\WXP�IRUPLFDUXP�JURZQ�RQ�3'$
� D��56��$��E��56��%��F��56��$��G��56��%��H��56����I��56��$��J��56��%

���
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� 1XWULHQW�FRQWHQW�LQ�PHGLD�KDV�LPSRUWDQW�UROH�LQ�
IXQJDO�SLJPHQWV��0XJHVK�HW�DO���������VWLPXODWHG�
ELRSLJPHQW� SURGXFWLRQ� RI � VHYHUDO� HQGRSK\WLF�
IXQJL�E\�GLYHUVLI\LQJ� �JURZWK�PHGLD��$V�D�UHVXOW��
WKH� 0(&9��� IXQJXV� LVRODWH� SURGXFHG� UHG�
ELRSLJPHQW� RQ� &]DSHN�'R[� $JDU� �&'$�� DQG�
&]DSHN�'R[� <HDVW� $XWRO\VDWH� $JDU� �&<$��� 2Q�
0DOW�*OXFRVH�<HDVW�3HSWRQH�$JDU� �0*<3��DQG�
<HDVW�*OXFRVH�7UDFH��<*7��PHGLD��WKH�0(&9���
IXQJXV�LVRODWH�SURGXFHG�\HOORZLVK�UHG�ELRSLJPHQW��
0XJHVK� HW� DO�� ������� VWDWHG� WKDW� FDUERQ� VRXUFH�
�VXFURVH�� DQG� WUDFH� HOHPHQWV� JDYH� LPSDFW� WR�
JURZWK�DQG�SLJPHQW�SURGXFWLRQ�
� 2XU�VWXG\�IRFXVHG�RQ�UHG�SLJPHQW�QHHGHG�LQ�
PDQ\� LQGXVWULHV� VXFK� DV� IRRG�� WH[WLOH� DQG�
FRVPHFHXWLFDO� LQGXVWULHV��%DVHG�RQ�PDFURVFRSLF�
REVHUYDWLRQ��IXQJXV�56��$�KDG�JUHHQ�FRORQ\�DQG�

R
JUHZ� ZHOO� DW� URRP� WHPSHUDWXUH� ���� &��� *UHHQ�
FRORU� ZDV� SURGXFHG� E\� WKH� FRORQ\�� ZKLOH� WKH�
P\FHOLD�KDG�ZKLWH�FRORU��)XQJXV�56��$�SURGXFHG�
H[WUDFHOOXODU�UHG�SLJPHQW�VLQFH�WKH�IRXUWK�GD\�RI �

R
EHLQJ�RQ�3'$�PHGLD�DW�URRP�WHPSHUDWXUH����� &���
3URGXFWLRQ� RI � UHG� SLJPHQW� LQFUHDVHG� DQG� WKH�
SLJPHQW�ZDV�UHOHDVHG�QRW�RQO\�WR�WKH�3'$�PHGLD��
EXW�DOVR�WR�WKH�P\FHOLD��)LJ������5HG�SLJPHQW�IURP�
WKLV� IXQJXV�ZDV� MXGJHG�DV�H[WUDFHOOXODU�SLJPHQW��
EHFDXVH�LW�ZDV�UHOHDVHG�RXWVLGH�WKH�FHOOV��6HYHUDO�
IXQJL�SURGXFHG�H[WUDFHOOXODU�SLJPHQWV�DQG�NQRZQ�
WR�KDYH�ELRORJLFDO�DFWLYLW\��'RQJ�	�<DR�������0DQL�
HW�DO��������D��6LEHUR�HW�DO������E��

$QWLEDFWHULDO� $FWLYLW\� RI � 5HG� 3LJPHQW�
3URGXFHG�IURP�)XQJXV�56��$

� ([WUDFHOOXODU�SLJPHQW�LV�H[WUDFWHG�IURP�PHGLD�
EHFDXVH�LW�LV�VSUHDG�RXWVLGH�WKH�FHOOV��;LRQJ�HW�DO��

������$NLODQGHVZDUL�	�3UDGHHS��������3LJPHQW�
SURGXFWLRQ�GHSHQGV�RQ�VHYHUDO�FRQGLWLRQV��VXFK�
DV� QXWULHQW� LQ� PHGLD�� OLJKW� LQWHQVLW\�� S+�� WUDFH�
HOHPHQWV��WHPSHUDWXUH�DQG�DJLWDWLRQ��0XJHVK�HW�DO��
������%�KOHU�HW�DO��������3DWLO�HW�DO��������6KL�HW�DO��
������� �7KLV�SLJPHQW�ZDV�H[WUDFWHG�GLUHFWO\�IURP�
VROLG� PHGLD� DQG� SHUIRUPHG� E\� PDFHUDWLRQ�
PHWKRG�ZLWK�DFHWRQH��7KH�\LHOG�RI �UHG�SLJPHQW�
IURP� IXQJXV� 56� �$� ZDV� ������� �� ��� Z�Z���
2UJDQLF� VROYHQW� VXFK� DV� PHWKDQRO�� DFHWRQH��
FKORURIRUP�DQG�HWK\O�DFHWDWH�DUH�FRPPRQO\�XVHG�
WR�H[WUDFW�QDWXUDO�SLJPHQW��5RELQVRQ�HW�DO��������
9RUD�HW�DO���������7KH�SLJPHQW�ZDV�WHVWHG�DJDLQVW�
VHYHUDO�0'5�EDFWHULD�� �5HVXOWV�RI � DQWLEDFWHULDO�
DVVD\�DUH�SUHVHQWHG�LQ�7DEOH���DQG�)LJXUH���
� (QWHUREDFWHULDFHDH�PHPEHUV�DUH�NQRZQ�DV�JUDP�
QHJDWLYH� SDWKRJHQLF� EDFWHULD� VXFK� DV� (�� FROL��
3URWHXV��6DOPRQHOOD�DQG�6KLJHOOD��6KDLNK�HW�DO��������
'XWWD�HW�DO��������&/6,��������7KHVH�SDWKRJHQLF�
EDFWHULD�FDXVH�XULQDU\�WUDFW�LQIHFWLRQ��QRVRFRPLDO�
LQIHFWLRQ��EORRG�VWUHDP�LQIHFWLRQ�DQG�PHQLQJLWLV��
FDXVLQJ� GHDWK� WR� KXPDQ� �+DUULVK� HW� DO�� ������
6KDLNK�HW�DO��������,TEDO�HW�DO���������%DVHG�RQ�WKH�
UHVXOW� RI � DQWLEDFWHULDO� DVVD\�� UHG� SLJPHQW� KDG�
DFWLYLW\� WR� FRPEDW� FOLQLFDO�0'5� JUDP�QHJDWLYH�
EDFWHULD�� 7KH� EHVW� DQWLEDFWHULDO� DFWLYLW\� ZDV�
SHUIRUPHG�DW�FRQFHQWUDWLRQ������J�P/�DJDLQVW�
0'5�(�� FROL�ZLWK� LQKLELWLRQ�]RQH�RI �����������
PP��:H�KLJKOLJKWHG� WKH�GLDPHWHU�RI � LQKLELWLRQ�
]RQH�RI �$PR[LFLOOLQ�DJDLQVW�(��FROL�DQG�3��PLUDELOLV��
$PR[LFLOOLQ� KDG� LQKLELWLRQ� ]RQH� �� ��� PP��
7KHUHIRUH�� DFFRUGLQJ� WR� &/6,� ������� WKHVH�
EDFWHULD�ZHUH�UHVLVWDQW�WR�$PR[LFLOOLQ��:RQJ�HW�DO��
�������DQG�'XWWD�HW�DO����������VXFFHVVIXOO\�LVRODWHG�
DQG� FKDUDFWHUL]HG�(�� FROL� IURP� KRVSLWDO� DQG� 3��
PLUDELOLV� IURP�FKLFNHQ�FDUFDVVHV� DV�0'5�ZKLFK�

)LJXUH������)XQJXV�56��$�DIWHU�WHQ�GD\V�RI �FXOWLYDWLRQ�RQ�3'$

���
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1RWH�� 'DWD�SUHVHQWHG�DUH�PHDQ�6'�9DOXHV�DW�WKH�VDPH�FROXPQ�IROORZHG�E\�WKH�VDPH�OHWWHUV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�S�������� �
9DOXHV�ZLWK�
�VKDUHG�OHWWHUV�GHQRWH�VLJQLILFDQW�GLIIHUHQFH�DW�S��������

)LJXUH��� ,QKLELWLRQ�]RQHV�RI �UHG�SLJPHQW�SURGXFHG�IURP�IXQJXV�56��$�DJDLQVW�0'5�EDFWHULD���D��$FLQHWREDFWHU�EDXPDQQLL���E��
(VFKHULFKLD�FROL���F��3URWHXV�PLUDELOLV

�

0'5�EDFWHULD�

&RQFHQWUDWLRQ �RI �
UHG�SLJPHQW�H[WUDFW �

��J�P/�

,QKLELWLRQ�]RQH
�PP� �

$FLQHWREDFWHU� EDXPDQQLL� �� � ��������D �
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UHVLVWDQW� WR� $PR[LFLOOLQ� XVLQJ� &/6,� VWDQGDUG��
6RPZDQVKL�DQG�%RGKDQNDU��������UHSRUWHG�WKDW�
WKH� HQGRSK\WLF� IXQJL� KDG� DQWLEDFWHULDO� DFWLYLW\�
DJDLQVW�0'5�KXPDQ�SDWKRJHQV�VXFK�DV�(VFKHULFKLD�
FROL�� $FLQHWREDFWHU� EDXPDQQLL�� 6DOPRQHOOD� W\SKL� DQG�
.OHEVLHOOD�SQHXPRQLDH��2Q�WKH�RWKHU�KDQG��6LEHUR�HW�
DO���������XVHG�PDULQH�IXQJL�DJDLQVW�(��FROL�VWUDLQ�
0'5��,Q�DGGLWLRQ�� � =KDR�HW�DO���������UHSRUWHG�
WKDW�0RQDVFXV�SLJPHQW�KDG�DFWLYLW\�DJDLQVW�(��FROL�
ZLWK�0,&�����PJ�P/�

)XQJXV�,GHQWLILFDWLRQ

� )XQJXV�LGHQWLILFDWLRQ�ZDV�FDUULHG�RXW�WKURXJK�
PROHFXODU� DQG� PLFURVFRSLF� REVHUYDWLRQ�

DSSURDFKHV�� )RU� PROHFXODU� LGHQWLILFDWLRQ��
GHWHUPLQDW LRQ� RI � RSW LPXP� DQQHDO LQJ�
WHPSHUDWXUH�ZDV�FRQGXFWHG�DW�WHPSHUDWXUH�UDQJH�
IURP������� &�WR������ &�LQ�3&5�

R R

� $QQHDOLQJ�WHPSHUDWXUH�KDV�LPSRUWDQW�UROH�RQ�
WKH� VXFFHVV�RI �3&5�SURGXFWV�� ,I � WKH� DQQHDOLQJ�
WHPSHUDWXUH� LV� WRR� ORZ�� LW� ZLOO� FDXVH� WKH�
DPSOLILFDWLRQ�RI �QRQ�VSHFLILF�'1$�IUDJPHQWV��,I �
WKH� � DQQHDOLQJ� WHPSHUDWXUH� LV� WRR� KLJK�� LW� ZLOO�
UHGXFH�WKH�SXULW\�RI �3&5�SURGXFW��5\FKOLN�HW�DO��
�������)LJXUH���VKRZV�WKH�UHVXOW�RI ��3&5�SURGXFWV�
YLVXDOL]DWLRQ�LQ�DJDURVH�JHO�
� '1$� RI � IXQJXV� 56� �$� ZDV� ZHOO� DPSOLILHG�
IURP�������WR������ &��7HPSHUDWXUH�RI ������� &�

R R

VKRZHG�WKH�EULJKWHVW�EDQG�LQ�YLVXDOL]DWLRQ��7KH�

�

�

�

�

�

�

�

�

�

)LJXUH������3&5�SURGXFWV�YLVXDOL]DWLRQ�IURP�GHWHUPLQDWLRQ�RI �DQQHDOLQJ�WHPSHUDWXUH

�

�

�

�

�

�

�

�

�

�

�

�

�
)LJXUH��� $�FODGLRJUDP�UHVXOWHG�IURP�QHLJKERU�MRLQLQJ� WUHH�RI � IXQJXV�56��$�REWDLQHG�IURP�WKH�,76�U'1$�VHTXHQFHV�

DQDO\VLV

$VSHUJLOOXV�RHUOLQJKDXVHQVLV�15���������

$VSHUJLOOXV�ZDNVPDQLL�15���������

$VSHUJLOOXV�YLWULFROD�.7��������

$VSHUJLOOXV�YDGHQVLV�$<��������

$VSHUJLOOXV�OXSSLL�15���������

$VSHUJLOOXV�SRO\SRULFROD�15���������

$VSHUJLOOXV�OHSRULV�15���������

$VSHUJLOOXV�SVHXGRWDPDULL�15���������

$VSHUJLOOXV�FDHODWXV�15���������

$VSHUJLOOXV�WDPDULL�15���������

$VSHUJLOOXV�SXOYHULFROD�15���������

$VSHUJLOOXV�RFFXOWXV�15���������

$VSHUJLOOXV�VXEUDPDQLDQLL�15���������

$VSHUJLOOXV�VDOZDHQVLV�15���������

$VSHUJLOOXV�ZHVWODQGHQVLV�15���������

56�,$

$VSHUJLOOXV�YHUVLFRORU�15���������

0LFURDVFXV�YHUUXFRVXV�15���������

���

��

��

��

��

��

���

��

��

��

��

���
��

��

��
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DQQHDOLQJ�WHPSHUDWXUH�RI �IXQJDO�'1$�LV�YDULHG�
DQG�GHSHQGHG�RQ�WKH�VSHFLHV��SULPHUV�DQG�3&5�
LQVWUXPHQW��2WKHU�UHVHDUFK�VXFFHVVIXOO\�DPSOLILHG�
IXQJDO�'1$�ZLWK�DQQHDOLQJ�WHPSHUDWXUH�RI ��������
DQG���� ��&KRR�HW�DO��������.UDPHU�HW�DO��������

R
� &

.ULVKQDQ�HW�DO��������
� $FFRUGLQJ� WR� WKH� KRPRORJ\� FRPSDULVRQ��
IXQJXV� 56� �$� ZDV� FORVHG� WR� VHYHUDO� VWUDLQV� RI �
$VSHUJLOOXV� YHUVLFRORU�� 7KLV� IXQJXV� KDG� ����
QXFOHRWLGH� VLPLODULW\� WR� � � VWUDLQ� 15�$ � YHUVLFRORU
��������� ZKLFK� ZDV� GRQH� E\� +DXJODQG� HW� DO��
��������3K\ORJHQHWLF�UHODWLRQVKLS�RI �WKLV�IXQJXV�LV�
VKRZQ� LQ� )LJXUH� ��� 7KH� UHVXOW� RI � PLFURVFRSLF�
PRUSKRORJLFDO�FKDUDFWHUL]DWLRQ�RI �IXQJXV�56��$�
LV�VKRZQ�LQ�)LJXUH���
� %DVHG� RQ� WKH� PLFURVFRSLF� PRUSKRORJ\�
FKDUDFWHUL]DWLRQ�� IXQJXV� 56� �$� KDG� VPRRWK�
FRQLGLRSKRUH� ZLWKRXW� DQ\� EUDQFKHV�� ELVHULDWH�
SKLDOOLGHV� DQG� SURGXFHG� URXQG� FRQLGLD�� 7KLV�
IXQJXV� SURGXFHG� XQLTXH� 3HQLFLOLLXP �OLNH�
FRQLGLRSKRUH� �)LJ��F���$�� YHUVLFRORU� LV� NQRZQ� WR�
SURGXFH� 3HQLFLOOLXP�OLNH� FRQLGLRSKRUHV�� 7KLV�
FRQLGLRSKRUH� KDG� SKLDOLGHV� ZKLFK� DWWDFKHG� WR�
VWLSH��7KHVH�FRQLGLRSKRUHV�DUH�YHJHWDWLYH�K\SKDH�
ZLWK�YHU\�VKRUW�VWLSH��7KH�SURGXFWLRQ�RI �FRQLGLD�

XVLQJ� 3HQLFLOOLXP� OLNH�KHDG� ZDV� IDVWHU� WKDQ� WKH�
SURGXFWLRQ�RI �FRQLGLD�E\�$VSHUJLOOXV�KHDG��.OLFK�
������$PD��������7KH�SURGXFWLRQ�RI �WKLV�XQLTXH�
FRQLGLRSKRUH�XVXDOO\�FDXVHV�PLVLGHQWLILFDWLRQ�IRU�
PRUSKRORJLFDO� FKDUDFWHUL]DWLRQ� $PD� �������
VXFFHVVIXOO\�VKRZHG�WKH�SURGXFWLRQ�RI �3HQLFLOOLXP�
OLNH�KHDG�VWDUWHG�LQ�WKH�ILUVW�GD\�RI �LQFXEDWLRQ�
� $��YHUVLFRORU�KDV�EHHQ�UHSRUWHG�DV�DQ�HQGRSK\WLF�
DQG� DVVRFLDWLF� IXQJL� LQ� SODQWV� DQG� DQLPDOV�
�=KXDQJ�HW�DO��������+DZDV�HW�DO���������+DZDV�HW�DO��
������� LVRODWHG� QHZ� PHWDEROLWH� QDPH�
,VRUKRGRSWLORPHWULQ���PHWK\O� HWKHU� IURP� HQGRSK\WLF�
$�� YHUVLFRORU� ZLWK� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW�
%DFLOOXV�FHUHXV��%��VXEWLOLV�DQG�6WDSK\ORFRFFXV�DXUHXV��,Q�
������ D� QHZ� DONDORLG� QDPHG� $VSHUYHULQ� ZDV�
LVRODWHG� IURP� DQ� DOJLFRORXV� $�� YHUVLFRORU�� � ,Q�
DGGLWLRQ�� $�� YHUVLFRORU� KDV� EHHQ� � UHSRUWHG� DV�
HQGRSK\WLF�IXQJL�LQ��3DULV�SRO\SK\OOD�YDU��\XQQDQHQVLV�
DQG�SURGXFHG�QHZ�EXW\URODFWRQHV�YHUVLFRODFWRQHV�(�)�
�=KRX�HW�DO���������<DQ�HW�DO���������UHSRUWHG�WKLV�
IXQJXV� ZDV� LVRODWHG� IURP� WKH� PXG� RI � GHHS�
ZDWHU� LQ� 6RXWK� &KLQD� 6HD� DQG� KDG� DQWLR[LGDQW�
SURSHUW\�� �:DQJ� HW� DO�� ������� GLVFRYHUHG� D� QHZ�
DQWLPLFURELDO�FRPSRXQG�IURP�GHHS�VHD�VHGLPHQW�
ZKLFK�ZDV�$��YHUVLFRORU�QDPHG����GLPHWKR[\PHWK\O��

)LJXUH���0LFURVFRSLF�PRUSKRORJ\�RI �IXQJXV�56��$�LGHQWLILHG�DV�$VSHUJLOOXV�YHUVLFRORU�
� �1RWH��D��0\FHOLD��E��&RQLGLRSKRUH��F��3HQLFLOOLXP�OLNH�FRQLGLRSKRUH�ZLWK�FRQLGLD�
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��K\GUR[\DQWKUDFHQH������GLRQH�� 6HYHUDO� VWXGLHV�
SURYHG� WKDW� $�� YHUVLFRORU� SURGXFHG� SLJPHQWV�
�-XUMHYLF�HW�DO��������$PD��������5HG�SLJPHQW�IURP�
$�� YHUVLFRORU� KDV� EHHQ� GLVFXVVHG� VLQFH� ����V�� ,Q�
������ +DPDVDNL� HW� DO�� ������� UHSRUWHG� WKUHH�
DQWKUDTXLQRLG� SLJPHQWV� ZLWK� UHG� FRORU�� 7KUHH�
\HDUV� ODWHU��+DWVXGD� HW� DO�� ������� LVRODWHG� D� QHZ�
RUDQJH�UHG�SLJPHQW�QDPHG�YHUVLFRQRO��)LJ�����

&21&/86,216

� 7KLV� UHVHDUFK� VXFFHVVIXOO\� LVRODWHG� VHYHQ�
HQGRSK\WLF� IXQJL� IURP� HSLSK\WLF� SODQW� +��
IRUPLFDUXP�� IURP� ZKLFK� RQO\� IXQJXV� 56� �$�
SURGXFHG� WKH� UHG� SLJPHQW�� 7KH� \LHOG� RI � UHG�
SLJPHQW� ZDV� �������� �Z�Z��� 5HG� SLJPHQW�
KDG� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� FOLQLFDO� 0'5�
JUDP�QHJDWLYH� EDFWHULD� HVSHFLDOO\� (�� FROL��
$FFRUGLQJ� WR� PRUSKRORJLFDO� DQG� PROHFXODU�
LGHQWLILFDWLRQ�� IXQJXV� 56� �$� ZDV� LGHQWLILHG� DV�
$VSHUJLOOXV�YHUVLFRORU�

5()(5(1&(6

$KPHG�6��.DZDJXFKL�0��*KRVK�6��3DXO�6.��8UXVKLEDUD�1��
0DKPXG�&��1DKDU�.��+RVVDLQ�0$��.RED\DVKL�1��
������'UXJ�UHVLVWDQFH�DQG�PROHFXODU�HSLGHPLRORJ\�
RI � DHURELF� EDFWHULD� LVRODWHG� IURP� SXHUSHUDO�
LQIHFWLRQV�LQ�%DQJODGHVK��0LFURE�'UXJ�5HVLVW��������
���������'2,����������PGU������������

$NLODQGHVZDUL� 3�� 3UDGHHS� %9�� ������ ([SORUDWLRQ� RI �
LQGXVWULDOO\� LPSRUWDQW� SLJPHQWV� IURP� VRLO� IXQJL��
$SSO� 0LFURELRO� %LRWHFKQRO� ���������������� '2,��
��������V���������������

$PD� .�� ������ 9DULDWLRQ� LQ� FRQLGLRSKRUH� FRPSOH[LW\� RI �
$VSHUJLOOXV� YHUVLFRORU��&XUU�5HV�(QYLURQ�$SSO�0\FRO�
������������'2,����������FUHDP�������

)LJXUH�����&KHPLFDO�VWUXFWXUH�RI �YHUVLFRQRO�SURGXFHG�E\�$��YHUVLFRORU
�6RXUFH��1&%,�������

%�KOHU�500��0�OOHU�%/��0RUWL]�'(��9HQGUXVFROR�)��GH�
2OLYHLUD� '�� 1LQRZ� -/�� ������ ,QIOXHQFH� RI � OLJKW�
LQWHQVLW\� RQ� JURZWK� DQG� SLJPHQW� SURGXFWLRQ� E\�
0RQDVFXV UXEHU� �LQ�VXEPHUJHG�� IHUPHQWDWLRQ�� $SSO�
0LFURELRO� %LRWHFKQRO� ���������������� '2,��
��������V�����������������

&DR� )�� <DQJ� -.�� /LX� <)�� =KX� +-�� :DQJ� &<�� ������
3OHRVSRUDORQH� $�� WKH� ILUVW� D]DSKLORQH� FKDUDFWHUL]HG�
ZLWK� DURPDWLF� $�ULQJ� IURP� D� PDULQH�GHULYHG�
3OHRVSRUDOHV�VS��IXQJXV��1DW�3URG�5HV�����������������
'2,�� KWWS���G[�GRL�RUJ�������������������
�������������

&KRR�-��6DEUL�1%0��7DQ�'��0XMDKLG�$��0�OOHU�0��������
+HDY\� PHWDO� UHVLVWDQW� HQGRSK\WLF� IXQJL� LVRODWHG�
IURP� � LQ�.XFKLQJ�:HWODQG�1DWLRQDO�1\SD� IUXWLFDQV
3DUN�� 2FHDQ� 6FL� -� �������������� '2,�� ���������
V�����������������

&OLQLFDO� /DERUDWRU\� 6WDQGDUG� ,QVWLWXWH� >&/6,@�� ������
3HUIRUPDQFH� 6WDQGDUGV� IRU� $QWLPLFURELDO�

WK
6XVFHSWLELOLW\� 7HVWLQJ�� �� � (G�� &/6,� 6XSSOHPHQW�
0���6�

&RUQDJOLD� *�� ������ )LJKWLQJ� LQIHFWLRQV� GXH� WR�
PXOWLGUXJ UHVLVWDQW�*UDP SRVLWLYH�SDWKRJHQV��&OLQ�ø ø

0LFURELRO� ,QIHFW� �������������� '2,�� ���������
M����������������������[�

'HIRVVH]�(��6HORVVH�0$��'XERLV�03��0RQGRORW�/��)DFFLR�
$��'MLHWR�/RUGRQ�&��0F.H\�'��%ODWUL[�5��������$QW�
SODQWV�DQG�IXQJL��$�QHZ�WKUHHZD\�V\PELRVLV��1HZ�
3K\WRORJLVW� ����������� '2,�� ��������M������
����������������[�

'RQJ�&��<DR�<��������,VRODWLRQ��FKDUDFWHUL]DWLRQ�RI �PHODQLQ�
GHU LYHG� IURP� � � DQ�2SKLRFRUG\F HSV � V LQHQV L V
HQWRPRJHQRXV� IXQJXV� HQGHPLF� WR� WKH� 7LEHWDQ�
3ODWHDX�� -� %LRVFL� %LRHQJ� �������������� '2,��
��������M�MELRVF�������������

'XWWD�$��-DODO�06��1DWK�6.��'KDU�3.��'DV�$��8GGLQ�00��
������0XOWL�'UXJ�5HVLVWDQFH�SDWWHUQ�RI �(VFKHULFKLD�
FROL� LVRODWHG� IURP� KRVSLWDO� HII OXHQW� DQG�
GHWHUPLQDWLRQ� RI � 7HWUDF\FOLQH� UHVLVWDQFH� JHQH�� -�
,QIHFWLRQ� 0ROHFXODU� %LRO� ������������ '2,��
KWWS���G[�GRL�RUJ����������MRXUQDO�MLPE�������
����������

+

+
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$QWLEDFWHULDO�DFWLYLW\�RI �UHG�SLJPHQW�LVRODWHG�IURP�FRDVWDO�HQGRSK\WLF�IXQJL�²�6LEHUR�HW�DO�



*HZHHO\�16��������,QYHVWLJDWLRQ�RI �WKH�RSWLPXP�FRQGLWLRQ�
DQG�DQWLPLFURELDO�DFWLYLWLHV�RI �SLJPHQWV�IURP�IRXU�
SRWHQW�SLJPHQW�SURGXFLQJ�IXQJDO�VSHFLHV��-�/LIH�6FL�
����������������� '2,�� �������������������
�����6��

+DPDVDNL�7��5HQEXWVX�0��+DWVXGD�<��������$�UHG�SLJPHQW�
IURP� $VSHUJLOOXV� YHUVLFRORU� �9XLOOHPLQ�� 7LUDERVFKL��
$JULF� %LRO� &KHP� ��������������� '2,�� KWWS����
G[�GRL�RUJ��������������������������������

+DUULVK�31$��<LQ�0�� -XUHHQ�5��&KHZ�-��$OL� -��3D\QWHU�6��
3DWHUVRQ� '/�� 7DPE\DK� 3$�� ������ &RPSDUDEOH�
RXWFRPHV� IRU� ¢�ODFWDP�¢�ODFWDPDVH� LQKLELWRU�
FRPELQDWLRQV� DQG� FDUEDSHQHPV� LQ� GHILQLWLYH�
WUHDWPHQW� RI � EORRGVWUHDP� LQIHFWLRQV� FDXVHG� E\�
FHIRWD[LPH�UHVLVWDQW� (VFKHULFKLD� FROL� RU� .OHEVLHOOD�
SQHXPRQLDH��$QWLPLFURE�5HVLVW� ,QIHFW�&RQWURO� ������
'2,����������V�����������������

+DWVXGD�<��+DPDVDNL�7��,VKLGD�0��<RVKLNDZD�6��������7KH�
VWUXFWXUH� RI � D� QHZ� PHWDEROLWH� IURP� $VSHUJLOOXV�
YHUVLFRORU�� $JULF� %LRO� &KHP� ������������� '2,��
�������������������������������

+DXJODQG� 5$�� 9DUPD� 0�� :\PHU� /-�� 9HVSHU� 6-�� ������
4XDQWLWDWLYH� 3&5� DQDO\VLV� RI � VHOHFWHG�$VSHUJLOOXV��
3HQLFLOOLXP� DQG� 3DHFLORP\FHV� VSHFLHV�� 6\VWHP� $SSO�
0LF URE LR O � �� � ��� ���� � � '2, � � �� � ����� �
�������������������

+DZDV�8:��(O�%HLK�$$��(O�+DODZDQ\�$0��������%LRDFWLYH�
DQWKUDTXLQRQHV�IURP�HQGRSK\WLF�IXQJXV�$VSHUJLOOXV�
YHUVLFRORU� LVRODWHG� IURP� UHG� VHD� DOJDH�� $UFK� 3KDUP�
5HV� ���������������� '2,�� ��������V����������
�����[�

+XK�+-��/HH�-+��3DUN�.6��-XQ�7*��.DQJ�,6��.LP�<-��.L�&6��
/HH� 1<�� ������ $� FDVH� RI � PLVLGHQWLILFDWLRQ� RI �
$VSHUJLOOXV�YHUVLFRORU�FRPSOH[�DV�6FRSXODULRSVLV�VSHFLHV�
LVRODWHG� IURP� D� KRPRJUDIW�� $QQ� &OLQ� 0LFURELRO�
$QWLPLFURE� ����� ������� � '2,�� ���������
$&0���������������

,TEDO�-��'XIHQGDFK�.5��:HOORQV�-&��.XED�0*��1LFNROV�++��
*RPH]�'XDUWH�2*��:\QQ�-/��������/HWKDO�QHRQDWDO�
PHQLQJRHQFHSKDOLWLV�FDXVHG�E\�PXOWL�GUXJ�UHVLVWDQW��
KLJKO\�YLUXOHQW�(VFKHULFKLD�FROL��-�,QIHFW�'LV�����������
���'2,��������������������������������

-XUMHYLF�=��3HWHUVRQ�6:��+RUQ�%:��������$VSHUJLOOXV�VHFWLRQ�
9HUVLFRORUHV��QLQH�QHZ�VSHFLHV�DQG�PXOWLORFXV�G1$�
VHTXHQFH�EDVHG�SK\ORJHQ\��,0$�)XQJXV�������������
'2,����������LPDIXQJXV���������������

.MHU�-��'HEEDE�$��$O\�$+��3URNVFK�3��������0HWKRGV�IRU�
LVRODWLRQ� RI � PDULQH�GHULYHG� HQGRSK\WLF� IXQJL� DQG�
WKHLU� ELRDFWLYH� VHFRQGDU\� SURGXFWV�� 1DW� 3URWRF�
�������������'2,����������QSURW����������

.OLFK� 0$�� ������ 0RUSKRORJLFDO� VWXGLHV� RI � $VSHUJLOOXV�
VHFWLRQ�YHUVLFRORUHV�DQG�UHODWHG�VSHFLHV��0\FRORJLD�
�������������'2,������������������

.RU\WQ\�$��5LHVHQEHUJ�.��6DLGHO�2GHV�/��6FKODHIIHU�)��%RUHU�
$�� ������ %ORRGVWUHDP� LQIHFWLRQV� FDXVHG� E\�PXOWL�
GUXJ� UHVLVWDQW� 3URWHXV� PLUDELOLV�� (SLGHPLRORJ\�� ULVN�

IDFWRUV�DQG�LPSDFW�RI �PXOWL�GUXJ�UHVLVWDQFH��-�,QIHFW�
'LV� �������������� '2,�� ������������������
�������������

.UDPHU� $�� /DEHV� $�� ,PKRII � -)�� ������ 3K\ORJHQHWLF�
UHODWLRQVKLS�DQG�VHFRQGDU\�PHWDEROLWH��SURGXFWLRQ�
RI �PDULQH�IXQJL�SURGXFLQJ�WKH�F\FORGHSVLSHSWLGHV�
VFRSXODULGH�$�DQG�%��0DU�%LRWHFKQRO���������������
'2,����������V�����������������

.ULVKQDQ�$��&RQYH\�3��*RQ]DOH]�5RFKD�*��$OLDV�6$��������
3URGXFWLRQ�RI � H[WUDFHOOXODU�K\GURODVH� HQ]\PHV�E\�
IXQJL�IURP�.LQJ�*HRUJH�,VODQG��3RODU�%LRO����������
����'2,����������V�����������������

.XVDUL� 6�� 3DQGH\� 63�� 6SLWHOOHU� 0�� ������ 8QWDSSHG�
PXWXDOLVWLF� SDUDGLJPV� OLQNLQJ� KRVW� SODQW� DQG�
HQGRSK\WLF�IXQJDO�SURGXFWLRQ�RI �VLPLODU�ELRDFWLYH�
VHFRQGDU\� PHWDEROLWHV�� 3K\WRFKHPLVWU\� ���� ������
'2,����������M�SK\WRFKHP�������������

/RN� $)6/�� 7DQ� +7:�� ������ 7XEHURXV�� HSLSK\WLF��
UXELDFHRXV�P\UPHFRSK\WHV�RI �6LQJDSRUH��1DWXUH�LQ�
6LQJDSRUH���������

0DJLRUDNRV�$3��6ULQLYDVDQ�$��&DUH\�5%��&DUPHOL�<��)DODJDV�
0(��*LVNH�&*�� ����0RQQHW�'/�� ������0XOWLGUXJ�
UHVLVWDQW�� H[WHQVLYHO\� GUXJ�UHVLVWDQW� DQG� SDQGUXJ�
UHVLVWDQW�EDFWHULD��DQ�LQWHUQDWLRQDO�H[SHUW�SURSRVDO�
IRU� LQWHULP� VWDQGDUG� GHILQLWLRQV� IRU� DFTXLUHG�
UHVLVWDQFH��&OLQ�0LFURELRO�,QIHFW���������������'2,��
��������M����������������������[�

0DQL� 90�� 3UL\D� 06�� 'KD\OLQL� 6�� 3UHHWKL� .�� ������
$QWLR[LGDQW� DQG� DQWLPLFURELDO� HYDOXDWLRQ� RI �
ELRDFWLYH�SLJPHQW�IURP�)XVDULXP�VS��LVRODWHG�IURP�
VWUHVVHG�HQYLURQPHQW��,QW�-�&XUU�0LFURELRO�$SS�6FL�
�������������

0DQLNNDP�5��9HQXJRSDO�*��5DPDVDP\�%��.XPDU�9��������
(IIHFW�RI �FULWLFDO�PHGLXP�FRPSRQHQWV�DQG�FXOWXUH�
FRQGLWLRQV� RQ� DQWLWXEHUFXODU� SLJPHQW� SURGXFWLRQ�
IURP�QRYHO�6WUHSWRP\FHV�VS��'���LVRODWHG�IURP�7KDU�
GHVHUW�� 5DMDVWKDQ�� -� $SSO� 3KDUP� 6FL� �������������
'2,����������-$36������������

0HQJ� /+�� =KDQJ� 3�� /L� ;0�� :DQJ� %*�� ������
3HQLFLEURFD]LQHV� $�(�� I LYH� QHZ� VXOI LGH�
GLNHWRSLSHUD]LQHV� IURP� WKH� PDULQH�GHULYHG�
HQGRSK\WLF� IXQJXV� 3HQLFLOOLXP� EURFDH�� 0DU� 'UXJV�
��������������'2,����������PG���������

0XJHVK� 6�� $QDQG� 7�� 0XUXJDQ� 0�� ������ &KHPLFDO�
VWLPXODWLRQ� RI � ELRSLJPHQW� SURGXFWLRQ� LQ�
HQGRSK\WLF�IXQJL�LVRODWHG�IURP�&OHURGHQGUXP�YLVFRVXP�
/��&KHP�6FL�5HY�/HWW�������������

1DWLRQDO� &HQWHU� RI � %LRWHFKQRORJ\� ,QIRUPDWLRQ�� >1&%,@� �
3XE&KHP�&RPSRXQG�'DWDEDVH��������9HUVLFRQRO��
$FFHVV� RQ�� KWWSV���SXEFKHP�QFEL�QOP�QLK�JRY��
FRPSRXQG����������VHFWLRQ 7RS��>5HWULHYHG�RQ�
��-XQH�����@�

3DQGD� 6�� .DU� 6�� 6KDUPD� 6�� 6LQJK�'9�� ������0XOWLGUXJ�
UHVLVWDQW� 6WDSK\ORFRFFXV� KDHPRO\WLFXV� LVRODWHV� IURP�
LQIHFWHG� H\HV� DQG�KHDOWK\� FRQMXQFWLYDH� LQ� ,QGLD�� -�
*ORE� $QWLPLFURE� 5HVLVW � �������� � '2,��
��������M�MJDU�������������

���
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3DWLO� 6$�� 6LYDQDQGKDQ� *�� 7KDNDUH� '%�� ������ (IIHFW� RI �
SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�RQ�WKH�SURGXFWLRQ�
RI � UHG� H[RSLJPHQW� IURP� 3HQLFLOOLXP� SXUSXURJHQXP�
LVRODWHG�IURP�VSRLOW�RQLRQ�� DQG� VWXG\� RI � L WV �
DQWLPLFURELDO�DFWLYLW\��,QW�-�&XUU�0LFURELDO�$SS�6FL�
�������������

4LX�:<��<DR�<)��=KX�<)��=KDQJ�<0��=KRX�3�� -LQ�<4��
=KDQJ�%��������)XQJDO�VSHFWUXP�LGHQWLILHG�E\�D�QHZ�
VOLGH� FXOWXUH� DQG� LQ� YLWUR� GUXJ� VXVFHSWLELOLW\� XVLQJ�
(WHVW�LQ�IXQJDO�NHUDWLWLV��&XUU�(\H�5HV�������������
����'2,����������������������������

5DKDZHPDQ� $&�� 3DPXQJNDV� -�� 0DGGXSSD�+�� 7KRPV� &��
7DUPDQ� .�� ������ 6FUHHQLQJ� RI � HQGRSK\WLF� IXQJL�
IURP�&KORURSK\WD�DQG�3KDHRSK\WD�IRU�DQWLEDFWHULDO�
DFWLYLW\�� ,23� &RQIHUHQFH� 6HULHV�� (DUWK� DQG�
(QYLURQPHQWDO� 6FLHQFH� �������������� '2,��
������������������������������

5RELQVRQ�6&��:HEHU�*��+LQVFK�(��*XWLHUUH]�609��3LWWLV�/��
)UHLWDV� 6�� ������ 0HWKRG� RI � H[WUDFWLRQ� DQG�
UHVROXELOLVDWLRQ� RI � SLJPHQWV� IURP� &KORURFLERULD�
DXUXJLQRDV� � DQG� 6F\WDOLGLXP� VXERLGHXP� WZR� SUROLILF�
VSDOWLQJ� IXQJL�� &RORU� 7HFKQRO� �������������� '2,��
KWWS���G[�GRL�RUJ���������������������

5\FKOLN�:��6SHQFHU�:-��5KRDGV�5(��������2SWLPL]LQJ�RI �
WKH�DQQHDOLQJ�WHPSHUDWXUH�IRU�'1$�DPSOLILFDWLRQ�LQ�
YLWUR��1XFOHLF�$FLGV�5HV����������������

6KDLNK�6��)DWLPD�-��6KDNLO�6��5L]YL�60'��.DPDO�0$��������
$QWLELRWLF� UHVLVWDQFH�DQG�H[WHQGHG�VSHFWUXP�EHWD�
ODFWDPDVHV�� W\SHV�� HSLGHPLRORJ\� DQG� WUHDWPHQW��
6DXGL� -� %LRO� � 6FL� �����������'2,�� ��������M�VMEV��
������������

6KL�.��6RQJ�'��&KHQ�*��3LVWROR]]L�0��:X�=��4XDQ�/��������
&RQWUROOLQJ�FRPSRVLWLRQ�DQG�FRORU�FKDUDFWHULVWLFV�RI �
0RQDVFXV�SLJPHQWV�E\�S+�DQG�QLWURJHQ� VRXUFHV� LQ�
VXEPHUJHG� IHUPHQWDWLRQ�� -� %LRVFL� %LRHQJ� ��������
��������'2,����������M�MELRVF�������������

6LEHUR�07��7DUPDQ�.��+DQLI �1������D��&KDUDFWHUL]DWLRQ�
DQG� SKRWRSURWHFWRU� DFWLYLW\� RI � HQGRSK\WLF� �
IXQJDO� SLJPHQWV� IURP� FRDVWDO� SODQW� 6DUDQJ� 6HPXW�
�+\GQRSK\WXP� IRUPLFDUXP��� -3+3,� ����������� '2,��
KWWS���G[�GRL�RUJ����������MSKSL�Y��L��������

6LEHUR� 07�� 7ULQLQJVLK� ':�� 5DGMDVD� 2.�� 6DEGRQR� $��
7ULDQWR� $�� ����E�� (YDOXDWLRQ� RI � DQWLPLFURELDO�
DFWLYLW\� DQG� LGHQWLILFDWLRQ� RI � \HOORZ� SLJPHQWHG�
PDULQH� VSRQJH�DVVRFLDWHG� IXQJL� IURP�7HOXN�$ZXU��
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