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0HWDOOLF�QDQRSDUWLFOHV�KDYH�UHFHLYHG�HQRUPRXV�
DWWHQWLRQ� IURP� FKHPLVWV�� SK\VLFLVWV�� ELRORJLVWV��
DQG�HQJLQHHUV��EXW�WKHLU�SRWHQWLDOV�LQ�DJULFXOWXUH�
KDYH� QRW� EHHQ� IXOO\� XWLOL]HG�� 6LOYHU� QDQRSDUWL�

FOHV� DUH� QDQRSDUWLFOHV� RI� VLOYHU� WKDW� UDQJH� EH�
WZHHQ�����DQG�����QP�LQ�VL]H��7KH\�DUH�ZLGHO\�
XVHG� LQ� PDQ\� SKDUPDFHXWLFDO� DQG� ELRORJLFDO�
DSSOLFDWLRQV�EHFDXVH�RI�WKHLU�XQLTXH�DQWLPLFUR�
ELDO�SURSHUWLHV��(JJHU�HW�DO����������6LOYHU�QDQR�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��6LOYHU�QDQRSDUWLFOHV��LQKLELWRU\�DFWLYLW\��FDQNHU��WRPDWR��]RQHV�RI�LQKLELWLRQ� 

$%675$&7 
6LOYHU� QDQRSDUWLFOHV� �$J-13V�� KDYH� EHHQ� NQRZQ� WR� SRVVHVV� XQLTXH� DQWLPLFURELDO� SURSHUWLHV�
ZKLFK�KHOS� LQ�PHGLFLQH�DQG�ZDWHU� WUHDWPHQW�� EXW� WKHLU� SRWHQWLDOV� LQ�DJULFXOWXUH�KDYH�QRW� EHHQ�
IXOO\� XWLOL]HG�� 7KLV� VWXG\�ZDV� FRQGXFWHG� WR� GHWHUPLQH� WKH� LQKLELWRU\� DFWLYLW\� RI� ELR-V\QWKHVL]HG�
6LOYHU� QDQRSDUWLFOHV� RQ� VWUDLQV� RI� &ODYLEDFWHU� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV�� FDXVDWLYH�
DJHQWV� RI� FDQNHU� GLVHDVH� RI� WRPDWR� SODQW�� 7KH� $J-13V� ZHUH� V\QWKHVL]HG� XVLQJ� &ODGRVSRULXP�
FODGRVSRULRLGHV�� OHDI�H[WUDFWV�RI�$]DGLUDFKWD�LQGLFD�DQG�9HUQRQLD�DP\JGDOLQD��7KH�V\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV�ZHUH�FKDUDFWHUL]HG�XVLQJ�89-YLVLEOH�DEVRUSWLRQ�VSHFWURVFRS\��7KH�DQWLEDFWH�
ULDO� DFWLYLWLHV� RI� ELR-V\QWKHVL]HG� $J-13V� RQ� VWUDLQV� RI� &��PLFKLJDQHQVLV� VXEVS��PLFKLJDQHQVLV�
ZHUH�HYDOXDWHG�XVLQJ�DJDU�ZHOO�GLIIXVLRQ�PHWKRG��89-YLVLEOH�VSHFWURVFRSLF�DQDO\VLV�UHYHDOHG�UDS�
LG� UHGXFWLRQ� RI� VLOYHU� LRQV� E\�&�� FODGRVSRULRLGHV��$�� LQGLFD� DQG�9�� DP\JGDOLQD� H[WUDFWV�ZKHUH�
VXUIDFH�3ODVPRQ�DEVRUSWLRQ�PD[LPD�ZHUH�REVHUYHG�DW����QP�–����QP�IURP�WKH�89-YLVLEOH�VSHF�
WUD��7KH� LQ-YLWUR�DQWLEDFWHULDO� DFWLYLWLHV� UHYHDOHG� WKDW�$J-13V� V\QWKHVL]HG�XVLQJ�9�� DP\JGDOLQD�
DQG� $�� LQGLFD� H[WUDFWV� LQKLELWHG� WKH� JURZWK� RI� &��PLFKLJDQHQVLV� VXEVS��PLFKLJDQHQVLV� VWUDLQV�
ZLWK� ]RQHV�RI� LQKLELWLRQ�UDQJLQJ�IURP�������PP�-������PP�DQG������PP�–������PP��UHVSHF�
WLYHO\��ZKLOH�WKRVH�V\QWKHVL]HG�XVLQJ�&��FODGRVSRULRLGHV�VKRZHG�]RQHV�RI�LQKLELWLRQ�UDQJLQJ�IURP�
����PP� –� �����PP�� *URZWK� FXUYHV� RI� &�� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� VWUDLQV� LQ� WKH�
SUHVHQFH�RI�ELRV\QWKHVL]HG�$J-13V�VKRZHG�LQKLELWLRQ�RI�JURZWKV�DIWHU���–����KRXUV�RI�H[SRVXUH��
7KH�UHVXOWV�RI�WKLV�VWXG\�LQGLFDWHG�WKDW�WKH�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�FRXOG�EH�HIIHFWLYH�
LQ� FRQWUROOLQJ� EDFWHULDO� FDQNHU� GLVHDVH� RI� WRPDWR� SODQW� FDXVHG� E\� VWUDLQV� RI� &��PLFKLJDQHQVLV�
VXEVS��PLFKLJDQHQVLV� WKHUHE\� UHGXFLQJ� WKH� WR[LF� HIIHFWV� RI� FKHPLFDO� EDFWHULFLGHV� RQ� LPSRUWDQW�
DJULFXOWXUDO�SURGXFWV� 
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 $JULFXOWXUDO� DVVRFLDWLRQV� KDYH� GHYLVHG� VHYHUDO�
PHDQV�RI�FRQWUROOLQJ�VXFK�GLVHDVH�E\�PHDQV�RI�
XVLQJ� KHUELFLGH� DQG� ELRORJLFDO�PHDQV� EXW� WKH\�
DUH�QRW�HIIHFWLYH�PRVW�RI� WKH� WLPH�EHFDXVH�GLI�
IHUHQW� VWUDLQV� RI� EDFWHULDO� FDQNHU� GLVHDVH� DUH�
EHJLQQLQJ�WR�VKRZ�XS��7KHUHIRUH��WKH�VWXG\�ZDV�
XQGHUWDNHQ�WR�LQYHVWLJDWH�WKH�LQKLELWRU\�DFWLYLW\�
RI� ELR-V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� XVLQJ�
&ODGRVSRULXP�FODGRVSRULRLGHV�� OHDI�H[WUDFWV�RI�
$]DGLUDFKWD� LQGLFD� DQG� 9HUQRQLD� DP\JGDOLQD�
RQ� VWUDLQV� RI� &ODYLEDFWHU� PLFKLJDQHVLV� VXEVS��
PLFKLJDQHQVLV� ZLWK� WKH� DLP� RI� SUHYHQWLQJ� WKH�
JURZWK� DQG� GHYHORSPHQW� RI� EDFWHULDO� FDQNHU�
GLVHDVH�RI�WRPDWR�� 
 
0$7(5,$/6�$1'�0(7+2'6 
&ROOHFWLRQ�RI�SODQW�PDWHULDOV 
)UHVK� OHDI� VDPSOHV� RI� $]DGLUDFKWD� LQGLFD� DQG�
9HUQRQLD�DP\JGDOLQD�ZHUH�FROOHFWHG�IURP�)8�
1$$%� FDPSXV� DQG�2EDQWRNR�� $EHRNXWD�� 7KH�
SODQWV� ZHUH� LGHQWLILHG� E\� D� 3ODQW� 7D[RQRPLVW�
DQG�GHSRVLWHG� WR� WKH�+HUEDULXP�RI� WKH�'HSDUW�
PHQW�RI�3XUH�DQG�$SSOLHG�%RWDQ\��)HGHUDO�8QL�
YHUVLW\� RI�$JULFXOWXUH��$EHRNXWD�ZLWK� YRXFKHU�
QXPEHUV�RI�)81$$%+-�����DQG�)81$$%+-
����� IRU�$�� LQGLFD� DQG�9�� DP\JGDOLQD� UHVSHF�
WLYHO\�� 7KH� VDPSOHV� ZHUH� FROOHFWHG� E\� KDQG�
SLFNLQJ�� 7KH� OHDYHV� ZHUH� ZDVKHG� WKRURXJKO\�
ZLWK� GLVWLOOHG� ZDWHU�� FXW� LQWR� VPDOO� SLHFHV� DQG�
WKHQ�DLU-GULHG� 
 
&ODGRVSRULXP� FODGRVSRULRLGHV� XVHG� IRU� WKH�
V\QWKHVLV� RI� VLOYHU� QDQRSDWLFOHV� ZDV� FROOHFWHG�
IURP�WKH�'HSDUWPHQW�RI�0LFURELRORJ\��)HGHUDO�
8QLYHUVLW\�RI�$JULFXOWXUH��$EHRNXWD��1LJHULD� 
 
%DFWHULDO�VWUDLQV�DQG�JURZWK�FRQGLWLRQV 
7KUHH� YLUXOHQW� VWUDLQV� RI� &ODYLEDFWHU� PLFKL�
JDQHVLV�VXEVS��PLFKLJDQHQVLV�ZHUH�XVHG�IRU�WKLV�
VWXG\��7KH�VWUDLQV�DUH�GHVLJQDWHG�DV�&ODYLEDFWHU�
PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )����� &��
PLFKLJDQHQVLV� VXEVS��PLFKLJDQHQVLV� )���� DQG�
&�� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )����
ZKLFK� ZHUH� SUHYLRXVO\� LVRODWHG� IURP� V\PSWR�
PDWLF� WRPDWR� SODQWV�� WHVWHG� IRU� SDWKRJHQLFLW\��
DQG� WKHQ� LGHQWLILHG�E\�SKHQRW\SLF�DQG�PROHFX�
ODU�PHWKRGV��7KHVH�VWUDLQV�ZHUH�JURZQ�RQ�QXWUL�
HQW�DJDU�VXSSOHPHQWHG�ZLWK�����'-JOXFRVH�DQG�
LQFXEDWHG�DW����R&�IRU����KRXUV� 
 
 
 

2OR\HGH�HW��DO � 

SDUWLFOHV�DUH�EHLQJ�XVHG�DV�DQWLPLFURELDO�DJHQWV�
IRU�EXUQ�WUHDWPHQW��SUHYHQWLRQ�RI�EDFWHULDO�FROR�
QL]DWLRQ�RQ�FDWKHWHUV�DQG�HOLPLQDWLRQ�RI�PLFUR�
RUJDQLVPV�RQ�WH[WLOH�IDEULFV��&KRX�HW�DO���������
/XL�HW�DO����������7KH\�DUH�DOVR�FDSDEOH�RI�SXUL�
I\LQJ�GULQNLQJ�ZDWHU�� GHJUDGLQJ�SHVWLFLGHV� DQG�
NLOOLQJ� KXPDQ� SDWKRJHQLF� EDFWHULD� �0RKDPHG�
HW� DO��� ������� � 6LOYHU� QDQRSDUWLFOHV� KDYH� DOVR�
EHHQ�UHSRUWHG�WR�H[KLELW�D�VWURQJ�F\WRSURWHFWLYH�
DFWLYLW\� WRZDUGV� KXPDQ� LPPXQRGHILFLHQF\� YL�
UXV��+,9��LQIHFWLRQV��6XQ�HW�DO��������� 
 
7KHUH� DUH� GLYHUVH� PHWKRGV� IRU� QDQRSDUWLFOHV�
IRUPDWLRQ� LQ� ZKLFK� ELRV\QWKHWLF� JUHHQ� RU� ELR�
ORJLFDO�PHWKRGV�DUH�FRQVLGHUHG�DV�VDIH�DQG�HFR�
QRPLFDOO\� VRXQG� IRU� WKH� QDQRPDWHULDO� IDEULFD�
WLRQ��7KH�PHWKRGV�XVXDOO\�LQYROYH�XVLQJ�PHGLF�
LQDO� SODQWV� DQG� PLFURRUJDQLVPV� VXFK� DV� IXQJL�
DQG�DOJDH� WR� V\QWKHVL]H�QDQRSDUWLFOHV� IRU�SKDU�
PDFHXWLFDO� DQG� ELRORJLFDO� DSSOLFDWLRQV�� 7KH�
PHWKRGV� DUH� HFR-IULHQGO\� DQG� FRVW� HIIHFWLYH� DV�
FRPSDUHG�WR�WKH�FKHPLFDO�DQG�SK\VLFDO�PHWKRGV�
�0RKDPHG� HW� DO��� ������� 8QOLNH� SK\VLFDO� DQG�
FKHPLFDO� PHWKRGV� WKDW� XVH� WR[LF� VXEVWDQFHV��
ELRORJLFDO�PHWKRGV�PDNH�XVH�RI�EDFWHULD��IXQJL��
ELR-GHULYHG� FKHPLFDOV� DQG� SODQW� H[WUDFWV�� DQG�
WKHUHIRUH�� WKH\�DUH�FRQVLGHUHG�DV�VDIH��HQYLURQ�
PHQWDO� IULHQGO\� DQG� FRVW� HIIHFWLYH� IRU� WKH� V\Q�
WKHVLV�RI�VLOYHU�QDQRSDUWLFOHV��-RVH�HW�DO���������
0DVRQ� HW� DO��� ������ $EGXOODK� DQG� +DPLG��
�������7KH� VLOYHU� QDQRSDUWLFOHV� SUHSDUHG�XVLQJ�
JUHHQ�PHWKRGV�KDYH�KLJK�VXUIDFH�DUHD��D�VPDOOHU�
VL]H��KLJK�GLVSHUVLRQ�DQG�VKRZ�D�VWURQJ�EDFWHUL�
FLGDO� DQG� DQWLELRWLF� DFWLYLW\� �0RKDPHG� HW� DO���
������ 
 
%DFWHULDO�FDQNHU�GLVHDVH� LV�D�VHULRXV�GLVHDVH�RI�
WRPDWR� FDXVHG� E\� &ODYLEDFWHU� PLFKLJDQHQVLV�
VXEVS��PLFKLJDQHQVLV��&PP���&��PLFKLJDQHQVLV�
VXEVS��PLFKLJDQHQVLV� VKRZV�PDUJLQDO� QHFURVLV�
RQ� WRPDWR� OHDYHV� DQG� VWHPV�� VPDOO� GDUN� VSRWV�
RQ� IUXLW� VXUURXQGHG�ZLWK� µELUG¶V-H\H¶� VSRWV�� ,Q�
VHHGOLQJV�� VWXQWLQJ�� ZLOWLQJ� DQG� VWHP� VSOLWWLQJ�
DUH� FKDUDFWHULVWLFV� RI� WKH� EDFWHULDO� FDQNHU� GLV�
HDVH��:HUQHU�HW�DO���������$JULRV���������%DFWH�
ULDO�FDQNHU�KDV�FDXVHG�VHULRXV� ORVVHV� WR� WRPDWR�
FURSV�E\�GLUHFW�NLOOLQJ�RI�WKH�SODQWV��PRVW�HVSH�
FLDOO\� WKH�\RXQJ� WRPDWR�SODQWV��RU�E\� UHGXFLQJ�
WKH� QXPEHUV� RI� IUXLW� DQG� IUXLW� VL]H�� OHDGLQJ� WR�
UHGXFWLRQ�LQ�\LHOGV��7KH�GLVHDVH�WKHUHIRUH�FDXV�
HV�JUHDW�\LHOG�ORVV�WR�WKH�IDUPHU�� 
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3UHSDUDWLRQ� RI� 9HUQRQLD� DP\JGDOLQD� DQG�
$]DGLUDFKWD�LQGLFD�H[WUDFWV 
7KH�9��DP\JGDOLQD�DQG�$��LQGLFD�H[WUDFWV�ZHUH�
PDGH� E\� ERLOLQJ� ����� J� DQG� ����� J� RI� IUHVK�
OHDYHV�RI� HDFK�SODQW�ZLWK�������PO�RI� GLVWLOOHG�
ZDWHU� IRU�DERXW����PLQXWHV�� WR�JLYH�FRQFHQWUD�
WLRQV� RI� ����� J�PO� DQG� ����� J�PO� UHVSHFWLYHO\��
7KH� H[WUDFWV�ZHUH� WKHQ� UHPRYHG� IURP� WKH�KHDW�
VRXUFH� DQG� OHIW� WR� FRRO� WR� DPELHQW� WHPSHUDWXUH�
�DSSUR[LPDWHO\���� R&���7KH� H[WUDFWV�ZHUH� WKHQ�
ILOWHUHG� WKURXJK�������P� ILOWHUV� WR� UHPRYH� DQ\�
OHDI�PDWWHU�DQG�WKH�UHVXOWDQW�ILOWUDWHV�ZHUH�XVHG�
IRU�V\QWKHVLV�RI�VLOYHU�QDQRSDUWLFOHV� 
 
6\QWKHVLV� RI� VLOYHU� QDQRSDUWLFOHV� IURP� OHDI�
H[WUDFWV 
7KH� DTXHRXV� VLOYHU� QLWUDWH� �$J12��� XVHG� IRU�
V\QWKHVLV� RI� VLOYHU� QDQRSDUWLFOHV� ZDV� SUHSDUHG�
E\� GLVVROYLQJ� ����� J� RI� $J12�� LQ� ���� PO� RI�
GLVWLOOHG�ZDWHU�WR�JLYH�����P0��7KHQ������PO�RI�
HDFK� OHDI� H[WUDFW� ZDV� DGGHG� LQWR� ����� PO� RI�
SUHSDUHG�DTXHRXV�VROXWLRQ�RI��P0�$J12�� IRU�
UHGXFWLRQ�RI�$J��DQG�NHSW�RQ�PDJQHWLF�VWLUUHU�DW�
��� R&� XQWLO� WKH� IRUPDWLRQ� RI� VLOYHU� QDQRSDUWL�
FOHV��7KH�REVHUYHG� FKDQJH� LQ� FRORXU� IURP�FRO�
RXUOHVV� WR� WUDQVSDUHQW� \HOORZ� DQG� ILQDOO\� WR� D�
GDUN� EURZQ� LQGLFDWHG� WKH� IRUPDWLRQ� RI� VLOYHU�
QDQRSDUWLFOHV� 
 
6\QWKHVLV� RI� VLOYHU� QDQRSDUWLFOHV� IURP�
&ODGRVSRULXP�FODGRVSRULRLGHV 
&ODGRVSRULXP� FODGRVSRULRLGHV� K\SKDH� ZHUH�
LQRFXODWHG� LQ�SRWDWR�GH[WURVH�EURWK� DQG�SODFHG�
LQ�D�VKDNHU� LQFXEDWRU�DW�����USP�IRU����KRXUV��
$IWHU�LQFXEDWLRQ��WKH�ELRPDVV�ZDV�ILOWHUHG�XVLQJ�
D�:KDWPDQ� ILOWHU� SDSHU� WR� VHSDUDWH� WKH� IXQJDO�
K\SKDH� IURP� WKH� SRWDWR� GH[WURVH� EURWK� DQG�
ZDVKHG� ZLWK� VWHULOH� GLVWLOOHG� ZDWHU� WR� UHPRYH�
WKH� JURZWK� PHGLXP�� 7KH� UHVXOWLQJ� IXQJDO� K\�
SKDH� ZHUH� LQRFXODWHG� LQ� VWHULOH� GLVWLOOHG� ZDWHU�
DQG�SODFHG�LQ�D�VKDNHU�LQFXEDWRU�IRU����KRXUV�DW�
���� USP�� 7KH� ELRPDVV� ZDV� ILOWHUHG� DJDLQ� DQG�
WKH�DOLTXRW�RI�WKH�ILOWUDWH�ZDV�WDNHQ��7HQ�PLOOLOL�
WHU� ������PO�� RI� WKH� DOLTXRW� RI� WKH� ILOWUDWH� ZDV�
PL[HG� ZLWK� ����� PO� RI� ���� P0� VLOYHU� QLWUDWH�
VROXWLRQ�LQ�DQ�(UOHQPH\HU�IODVN�DQG�DJLWDWHG�RQ�
PDJQHWLF� VWLUUHU� DW� ��� �&� IRU� ��� KRXUV� LQ� GDUN�
XQWLO�WKH�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV�� 
 
&KDUDFWHUL]DWLRQ� RI� ELR-V\QWKHVL]HG� VLOYHU�
QDQRSDUWLFOHV 
2SWLFDO� DEVRUEDQFH� RI� WKH� V\QWKHVL]HG� VLOYHU� 

����������������������������������������������������������$QWLPLFURELDO�SURSHUWLHV�RI�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV���� � 

QDQRSDUWLFOHV� ZDV� SHUIRUPHG� XVLQJ� D� 89-
YLVLEOH�VSHFWURSKRWRPHWHU� EHWZHHQ� WKH� ZDYH�
OHQJWKV�RI�����QP�DQG�����QP�DW�D�UHVROXWLRQ�RI�
��QP�� 
 
,Q-YLWUR� DQWLEDFWHULDO� DFWLYLW\� RI� ELR-
V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� DJDLQVW�
VWUDLQV� RI� FODYLEDFWHU� PLFKLJDQHQVLV� VXEVS��
PLFKLJDQHQVLV 
7KH� DQWLEDFWHULDO� DFWLYLW\� RI� ELR-V\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV�ZDV�GHWHUPLQHG�XVLQJ�DJDU�
ZHOO�GLIIXVLRQ�PHWKRG��$Q�RYHUQLJKW�FXOWXUH�RI�
HDFK�VWUDLQ�JURZQ�LQ�QXWULHQW�EURWK�VXSSOHPHQW�
HG�ZLWK����'-JOXFRVH�DW����R&�ZDV�GLOXWHG�WR�D�
WXUELGLW\� HTXLYDOHQW� WR� ����0FIDUODQG� VWDQGDUG�
����î����FIX�PO��ZLWK�D�VWHULOL]HG�QRUPDO�VDOLQH�
������ �� 1D&O� VROXWLRQ��� 7KH� FHOO� VXVSHQVLRQ�
ZDV�WKHQ�IORRGHG�RQ�WKH�VXUIDFH�RI�WKH�QXWULHQW�
DJDU�VXSSOHPHQWHG�ZLWK�����'-JOXFRVH��1*$��
SODWHV� DQG� WKH� SODWHV� ZHUH� DOORZHG� WR� GU\�� $�
VWHULOH�FRUN�ERUHU�RI�GLDPHWHU����PP�ZDV�XVHG�
WR�PDNH�ZHOOV�RQ�WKH�DJDU�SODWHV��(DFK�ZHOO�ZDV�
ILOOHG�ZLWK� ���O� RI� HDFK� V\QWKHVL]HG� VLOYHU� QD�
QRSDUWLFOHV� DQG� WKH� FRQWURO� ZHOOV� ZHUH� ILOOHG�
ZLWK� VWHULOH� GLVWLOOHG� ZDWHU�� $OO� WKHVH� DVVD\V�
ZHUH�FDUULHG�RXW� LQ� WULSOLFDWHV��7KH�SODWHV�ZHUH�
OHIW� IRU�RQH�KRXU� WR�DOORZ� WKH� VLOYHU�QDQRSDUWL�
FOHV�WR�GLIIXVH�LQ�WKH�DJDU�DQG�WKHQ�LQFXEDWHG�DW�
���R&�IRU����KRXUV��ZLWKRXW�LQYHUVLRQ��7KH�DQWL�
EDFWHULDO�DFWLYLW\�ZDV�GHWHUPLQHG�E\�PHDVXULQJ�
WKH�FOHDU�]RQHV�DURXQG�WKH�ZHOOV��7KH�GLDPHWHUV�
�PP��RI�WKH�]RQHV�RI�LQKLELWLRQ�ZHUH�UHFRUGHG� 
 
'HWHUPLQDWLRQ�RI�WKH�JURZWK�NLQHWLFV�RI�EDF�
WHULDO� VWUDLQV� H[SRVHG� WR� ELR-V\QWKHVL]HG� VLO�
YHU�QDQRSDUWLFOHV 
7KH�JURZWKV�RI�&��PLFKLJDQHQVLV�VXEVS��PLFKL�
JDQHQVLV�VWUDLQV�WUHDWHG�ZLWK�$J13V�ZHUH�VWXG�
LHG�XVLQJ�WKH�PHWKRG�GHVFULEHG�E\�0RKDPHG�HW�
DO���������ZLWK�OLWWOH�PRGLILFDWLRQV���7HQ�PLOOLOL�
WHU� ������ PO�� RI� QXWULHQW� EURWK� VXSSOHPHQWHG�
ZLWK������'-JOXFRVH�ZDV� LQRFXODWHG�ZLWK�����
�O� RI� D� IUHVK� DQG� VWDQGDUGL]HG� EDFWHULDO� VWUDLQ��
7KHVH� FXOWXUHV� ZHUH� WKHQ� VXSSOHPHQWHG� ZLWK�
�����O�RI�HDFK�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWL�
FOHV�DQG�FRQWURO�FXOWXUHV�ZHUH�WUHDWHG�ZLWK�VWHU�
LOH� GLVWLOOHG� ZDWHU�� 7KH� EDFWHULDO� FXOWXUHV� ZHUH�
LQFXEDWHG� DW� ��� R&�ZLWK� DJLWDWLRQ� DW� ���� USP��
7KH� EDFWHULDO� JURZWK� UDWHV� DQG� FRQFHQWUDWLRQV�
ZHUH�GHWHUPLQHG�E\�PHDVXULQJ�WKH�RSWLFDO�GHQ�
VLW\� XVLQJ� VSHFWURSKRWRPHWHU� DW� ZDYHOHQJWK� RI�
����QP�DW���KRXUV�LQWHUYDO��7KH�JURZWK�FXUYHV� 
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� 2OR\HGH�HW��DO 

QDQRSDUWLFOHV�� 6LPLODUO\�� WKH� DGGLWLRQ� RI� WKH�
IXQJDO� ILOWUDWH� �&ODGRVSRULXP� FODGRVSRULRLGHV��
WR� VLOYHU�QLWUDWH� VROXWLRQ�� IROORZHG�E\�DJLWDWLRQ�
DW����R&�OHG�WR�FRORXU�FKDQJH�IURP�SDOH�\HOORZ�
WR�GHHS�GDUN�EURZQ�RQ�UHGXFWLRQ�RI�VLOYHU� LRQV�
�$J���� 7KH� DSSHDUDQFH� RI� GHHS� GDUN� EURZQLVK� 
FRORXU� LQ� VROXWLRQ� FRQWDLQLQJ� IXQJDO� ELRPDVV�
ZDV�D�FOHDU�LQGLFDWLRQ�RI�WKH�IRUPDWLRQ�RI�VLOYHU�
QDQRSDUWLFOHV� LQ� WKH� UHDFWLRQ� PL[WXUH�� ,Q� DGGL�
WLRQ��LW�ZDV�REVHUYHG�WKDW�WKH�UHGXFWLRQ�RI�VLOYHU�
LRQV� �$J��� LQWR� VLOYHU�QDQRSDUWLFOHV� VWDUWHG� LP�
PHGLDWHO\�WKH�H[WUDFWV�DQG�IXQJDO�ILOWUDWH�PL[HG�
ZLWK�VLOYHU�QLWUDWH�VROXWLRQ��DQG�UHGXFWLRQV�ZHUH�
FRPSOHWHG� DW� ��� PLQXWHV�� ��� PLQXWHV� DQG� ���
KRXUV� IRU� H[WUDFWV� RI�$�� LQGLFD��9��DP\JGDOLQD�
DQG� &ODGRVSRULXP� FODGRVSRULRLGHV� ILOWUDWH�� UH�
VSHFWLYHO\��7KH�89-YLV� VSHFWUD� RI� WKH� UHDFWLRQ�
PL[WXUHV� DUH� VKRZQ� LQ� )LJV� �-� ��� 7KH� 6XUIDFH�
3ODVPRQ� UHVRQDQFH� �635�� RI� WKH� ELR-
V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� SURGXFHG� WKH�
SHDNV� FHQWHUHG� QHDU� ���� QP� DQG� ���� QP� IRU�
VLOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ������J�PO�
DQG������J�PO�RI�$�� LQGLFD� DQG�9��DP\JGDOLQD�
OHDI� H[WUDFWV� UHVSHFWLYHO\�� DQG� ���� QP� IRU� &��
FODGRVSRULRLGHV�ILOWUDWH�� 

ZHUH� REWDLQHG� E\� SORWWLQJ� RSWLFDO� GHQVLW\�
DJDLQVW�WLPH� 
 
6WDWLVWLFDO��DQDO\VLV 
0HDQV�DQG�VWDQGDUG�GHYLDWLRQV�ZHUH�FDOFXODWHG�
XVLQJ� VWDQGDUG� VWDWLVWLFDO�PHWKRGV��$QDO\VLV� RI�
DQWLEDFWHULDO� DFWLYLW\�ZDV�GRQH�XVLQJ�'XQFDQ¶V�
0XOWLSOH� 5DQJH� WHVW� DW� �� �� OHYHO� RI� VLJQLIL�
FDQFH� 
 
5(68/76 
89-YLV�VSHFWUD�DQDO\VLV 
7KH� DGGLWLRQ� RI� $�� LQGLFD� DQG� 9�� DP\JGDOLQD�
OHDI�H[WUDFWV� WR� VLOYHU� QLWUDWH� �$J12��� VROXWLRQ�
UHVXOWHG� LQ� FRORXU� FKDQJH� RI� WKH� UHDFWLRQ�PL[�
WXUHV��7KH�FRORXUOHVV�VROXWLRQV�WXUQHG�WR�\HOORZ�
LPPHGLDWHO\�WKH�VLOYHU�QLWUDWH�DQG�H[WUDFWV�ZHUH�
PL[HG� WRJHWKHU�� LQGLFDWLQJ� WKH� LQLWLDO� IRUPDWLRQ�
RI� VLOYHU� QDQRSDUWLFOHV�� &RORXU� FKDQJHG� IURP�
IDLQW� \HOORZ� WR� GDUN� EURZQ� LQGLFDWLQJ� WKH� IRU�
PDWLRQ� RI� VLOYHU� QDQRSDUWLFOHV� DQG� ILQDOO\� EH�
FDPH�GHHS�GDUN�EURZQ��GXH�WR�LQFUHDVH�LQ�FRQ�
FHQWUDWLRQV�RI�VLOYHU�QDQRSDUWLFOHV� IRUPHG��7KH�
FRORXU� FKDQJHV� DURVH� IURP� WKH� H[FLWDWLRQ� RI�
VXUIDFH� SODVPRQ� YLEUDWLRQV� ZLWK� WKH� VLOYHU� 

)LJ�����89-YLV�VSHFWUD�RI�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�IURP�GLIIHUHQW�FRQFHQWUDWLRQV�RI�
$��LQGLFD�OHDI�H[WUDFWV 
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)LJ�����89-YLV�VSHFWUD�RI�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�IURP�GLIIHUHQW�FRQFHQWUDWLRQV�RI�
9��DP\JGDOLQD�OHDI�H[WUDFWV 

 

 

)LJ�����89-YLV�VSHFWUD�RI�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�IURP�&��FODGRVSRULRLGHV�ILOWUDWH� 
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� 2OR\HGH�HW��DO 

$QWLEDFWHULDO� DFWLYLWLHV� RI� ELR-V\QWKHVL]HG�
VLOYHU� QDQRSDUWLFOHV� DJDLQVW� FODYLEDFWHU�
PLFKLJDQHQVLV�VXEVS��PLFKLJDQHQVLV�VWUDLQV� 
7KH� DQWLPLFURELDO� DFWLYLWLHV� RI� ELR-V\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV�DUH� VKRZQ� LQ�7DEOH����7KH�
VLOYHU� QDQRSDUWLFOHV� V\QWKHVL]HG� XVLQJ� OHDI� H[�
WUDFWV�RI�$��LQGLFD�DQG�9 ��DP\JGDOLQD�H[KLELWHG�
KLJKHU� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� &�� PLFKL�
JDQHQVLV� VXEVS�� PLFKLJDQHQVLV� VWUDLQV� WKDQ�
WKRVH� V\QWKHVL]HG� XVLQJ�&�� FODGRVSRULRLGHV� ILO�
WUDWH��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ�&��
FODGRVSRULRLGHV� ILOWUDWH� VKRZHG� QR� LQKLELWLRQ�
DJDLQVW�&��PLFKLJDQHQVLV� VXEVS��PLFKLJDQHQVLV�
)����� EXW� VKRZHG� VWURQJ� LQKLELWLRQ� DJDLQVW�&��
PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )���� DQG�
&�� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )������
2Q�WKH�RWKHU�KDQG��VLOYHU�QDQRSDUWLFOHV�V\QWKH�
VL]HG� XVLQJ� OHDI� H[WUDFWV� RI� $�� LQGLFD� VKRZHG�
KLJKHU� LQKLELWRU\� DFWLYLW\� WKDQ� WKRVH� V\QWKH�
VL]HG�XVLQJ�OHDI�H[WUDFWV�RI�9��DP\JGDOLQD��$O�
VR�� DV� FRQFHQWUDWLRQV� RI� WKH� OHDI� H[WUDFWV� LQ�
FUHDVHG�� WKH�]RQHV�RI� LQKLELWLRQ� LQFUHDVHG��7KH�
VLOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ�����J�PO�
OHDI� H[WUDFWV� VKRZHG� VLJQLILFDQW� DQG� HIIHFWLYH�
DQWLPLFURELDO� DFWLYLW\�DJDLQVW�&��PLFKLJDQHQVLV�
VXEVS�� PLFKLJDQHQVLV� VWUDLQV� ZKHQ� FRPSDUHG�
ZLWK� WKRVH� V\QWKHVL]HG� XVLQJ� ���J�PO� OHDI� H[�
WUDFWV�DQG�&��FODGRVSRULRLGHV�ILOWUDWH� �7DEOH�����
7KXV�� WKHVH� UHVXOWV� LQGLFDWHG� WKDW� ELR-
V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� FRXOG� EH� XVHG�
WR� FRQWURO� WKH� GLVHDVH� FDXVHG� E\� VWUDLQV� RI�&��

*URZWK� FXUYHV� RI� FODYLEDFWHU� PLFKLJDQHQVLV�
VXEVS�� PLFKLJDQHQVLV� VWUDLQV� WUHDWHG� ZLWK�
GLIIHUHQW�ELRV\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV 
7KH�JURZWK� FXUYHV�RI�&��PLFKLJDQHQVLV� VXEVS��
PLFKLJDQHQVLV� VWUDLQV�H[SRVHG� WR�GLIIHUHQW�ELR�
V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� DUH� VKRZQ� LQ�
)LJV������DQG����,Q�WKH�FRQWURO�PHGLD��WKH�EDFWH�
ULDO�JURZWK�FXUYHV�ZHUH� IRXQG� WR� LQFUHDVH� UDS�
LGO\�LQGLFDWLQJ�WKDW�WKH�EDFWHULDO�VWUDLQV�UHDFKHG�
WKH� H[SRQHQWLDO� SKDVHV� UDSLGO\�� 2Q� WKH� RWKHU�
KDQGV�� WKH�JURZWK� FXUYHV�RI� WKH� VWUDLQV� WUHDWHG�
ZLWK�ELRV\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�LQLWLDO�
O\� LQFUHDVHG� DQG� WKHQ� GHFUHDVHG�� 7KH� JURZWKV�
RI� WKH�EDFWHULDO� VWUDLQV� H[SRVHG� WR� VLOYHU� QDQR�
SDUWLFOHV�V\QWKHVL]HG�XVLQJ�����J�PO�DQG�����J�
PO�OHDI�H[WUDFWV�ZHUH�LQKLELWHG�DIWHU���KRXUV�DQG�
�� KRXUV� UHVSHFWLYHO\� ZKLOH� WKH� JURZWKV� RI� &��
PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )���� DQG�
&�� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV� )����
ZHUH�LQKLELWHG�DIWHU���DQG����KRXUV�UHVSHFWLYHO\�
ZKHQ� H[SRVHG� WR� VLOYHU� QDQRSDUWLFOHV� V\QWKH�
VL]HG� XVLQJ� &�� FODGRVSRULRLGHV� ILOWUDWH�� 6LOYHU�
QDQRSDUWLFOHV� V\QWKHVL]HG� XVLQJ�&�� FODGRVSRUL�
RLGHV�ILOWUDWH�KDG�QR�HIIHFW�RQ�WKH�JURZWK�RI�&��
PLFKLJDQHQVLV�VXEVS��PLFKLJDQHQVLV�)����� 
 
',6&866,21 
6LOYHU�QDQRSDUWLFOHV��$J-13V��KDYH�EHFRPH�DQ�
LPSRUWDQW�DSSOLFDWLRQ�RI�PDQ\� ILHOGV� LQFOXGLQJ�
PLFURELRORJ\� GXH� WR� WKHLU� DQWLPLFURELDO� DFWLYL�
WLHV��7KXV��WKH�UHVXOWV�RI�WKLV�SUHVHQW�VWXG\�UHY- 

7DEOH����$QWLEDFWHULDO�DFWLYLWLHV�RI�ELRV\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�RQ�&ODYLEDFWHU�PLFKL�
JDQHQVLV�VXEVS��PLFKLJDQHQVLV�VWUDLQV 

1RWH��0HDQV�ZLWK�GLIIHUHQW�VXSHUVFULSWV�DORQJ�WKH�FROXPQV�DUH�VLJQLILFDQWO\�GLIIHUHQW��3�������� 

 7HVW�VWUDLQV =RQHV�RI�,QKLELWLRQ��PP���6�'� 

9HUQRQLD�DP\JGDOLQD $]DGLUDFKWD�LQGLFD &��FODGRVSRULRLGHV 

�����J�PO �����J�PO �����J�PO �����J�PO 

&��PLFKLJDQHQVLV�)��� ����������D ���������D ����������D ����������D ���������D 

&��PLFKLJDQHQVLV�)��� ���������D ����������E ����������D ����������D ���������F 

&��PLFKLJDQHQVLV�)��� ����������D ����������D ����������D ����������D ���������E 
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)LJ�����*URZWK�FXUYHV�RI�&ODYLEDFWHU�PLFKLJDQHQVLV�)����H[SRVHG�WR�GLIIHUHQW�ELRV\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV 

1RWH� ����$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
������$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 

 &�F��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ�&��FODGRVSRULRLGHV 

1RWH� ����$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
����$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 

 &�F��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ�&��FODGRVSRULRLGHV 

)LJ�����*URZWK�FXUYHV�RI�&ODYLEDFWHU�PLFKLJDQHQVLV�)����H[SRVHG�WR�GLIIHUHQW�ELRV\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV 
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)LJ�����*URZWK�FXUYHV�RI�&ODYLEDFWHU�PLFKLJDQHQVLV�)����H[SRVHG�WR�GLIIHUHQW�ELRV\QWKHVL]HG�
VLOYHU�QDQRSDUWLFOHV 

1RWH� ����$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
����$�L��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�$]DGLUDFKWD�LQGLFD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 
����9�D��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ����J�PO�9HUQRQLD�DP\JGDOLQD�OHDI�H[WUDFW 

 &�F��6LOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�XVLQJ�&��FODGRVSRULRLGHV 

HDOHG� WKDW� $J-13V� V\QWKHVL]HG� XVLQJ� WKH� OHDI�
H[WUDFWV� RI� $]DGLUDFKWD� LQGLFD� DQG� 9HUQRQLD�
DP\JGDOLQD� H[KLELWHG� VWURQJ� DQWLEDFWHULDO� DF�
WLYLWLHV� DJDLQVW� VWUDLQV� RI� &ODYLEDFWHU�� PLFKL�
JDQHQVLV�VXEVS��PLFKLJDQHQVLV�ZKHQ�FRPSDUHG�
ZLWK� WKRVH� V\QWKHVL]HG� XVLQJ� &�� FODGRVSRUL�
RLGHV� DQG� WKH\�PD\� EH� HIIHFWLYH� LQ� FRQWUROOLQJ�
RU� UHGXFLQJ� WKH� LQFLGHQFH� RI� FDQNHU� GLVHDVH�
FDXVHG� E\� WKHVH� SDWKRJHQV�� 7KRXJK�� WKHUH� DUH�
QR�VWXGLHV�WR�RXU�PLQG�RQ�DQWLPLFURELDO�DFWLYLW\�
RI� VLOYHU� QDQRSDUWLFOHV� RQ� &ODYLEDFWHU� PLFKL�
JDQHQVLV� VXEVS�� PLFKLJDQHQVLV�� WKH� UHVXOWV� RI�
WKLV� VWXG\� FRUURERUDWHG� WKDW� RI� 2OR\HGH� HW� DO��
������� ZKR� UHSRUWHG� WKDW� JUHHQ-V\QWKHVL]HG�
VLOYHU� QDQRSDUWLFOHV� HIIHFWLYHO\� LQKLELWHG� WKH�
JURZWK� RI� )XVDULXP� R[\VSRUXP�� )XVDULXP�
VRODQL� DQG� &HUFRVSRUD� PDUFHVFHQV� LQ-YLWUR��
6LPLODU� UHSRUWV�ZHUH�PDGH�E\�0RKDPHG�HW�DO��
������� WKDW�JUHHQ-V\QWKHVL]HG�VLOYHU�QDQRSDUWL�
FOHV� H[KLELWHG� JRRG� DQWLPLFURELDO� DFWLYLW\�
DJDLQVW� PDQ\� *UDP-QHJDWLYH� EDFWHULD� VXFK� DV�
(VFKHULFKLD�FROL��6HUUDWLD�VS�DQG�3VHXGRPRQDV�
DHUXJLQRVD��7KH�HIIHFWLYHQHVV�RI�WKH�ELRV\QWKH- 

VL]HG�$J-13V� RQ� VWUDLQV� RI�&ODYLEDFWHU�PLFKL�
JDQHQVLV� VXEVS�� PLFKLJDQHQVLV� ZHUH� GLIIHUHQW��
GHSHQGLQJ�RQ�WKH�W\SH�RI�ELRORJLFDO�DJHQW�XVHG��
FRQFHQWUDWLRQV�RI�OHDI�H[WUDFWV�DQG�WKH�VWUDLQV�RI�
WKH� SDWKRJHQV�� ,Q� WKLV� VWXG\��&��PLFKLJDQHQVLV�
VXEVS��PLFKLJDQHQVLV�)����VKRZHG�PRUH�WROHU�
DQFH� WR� ELRV\QWKHVL]HG� $J-13V� WKDQ� RWKHU�
VWUDLQV�� 7KLV� REVHUYDWLRQ� LV� LQ� DJUHHPHQW� ZLWK�
SUHYLRXV� UHSRUWV� WKDW� VWDWHG� WKDW�DQWLPLFURELDO�
DFWLYLW\� RI� VLOYHU� LRQV� ZDV� GLIIHUHQW� GHSHQGLQJ�
RQ�PLFURELDO�VSHFLHV��7DNDL�HW�DO��������� 
 
7KRXJK�WKH�H[DFW�PHFKDQLVP�RI�WKH�DQWLPLFUR�
ELDO� DFWLYLW\� RI� VLOYHU� QDQRSDUWLFOHV� LV� VWLOO� XQ�
NQRZQ�� LW� KDV� EHHQ� UHSRUWHG� WKDW� WKH� DFWLYLW\�
FRXOG�EH�GXH�WR�WKH�DELOLW\�RI�$J-13V�WR�DWWDFK�
WR� WKH� VXUIDFH�RI� WKH�FHOO�PHPEUDQH� OHDGLQJ� WR�
GLVWXUEDQFH� RI� SHUPHDELOLW\� DQG� UHVSLUDWLRQ�
IXQFWLRQV�RI�WKH�FHOO��6ODZVRQ��������0RKDPHG�
HW� DO��� ������� 6LPLODUO\�� VLOYHU� QDQRSDUWLFOHV�
FRXOG�DIIHFW�VRPH�SURWHLQV�DQG�SKRVSKDWH�OLSLGV�
DV�ZHOO� DV� LQGXFLQJ� FROODSVH� RI�PHPEUDQH�� UH�
VXOWLQJ� LQ� FHOO� GHFRPSRVLWLRQ� DQG� HYHQWXDO� 
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GHDWK� �$EGXOODK� DQG� +DPLG�� ������� 2WKHU�
PHFKDQLVPV� UHSRUWHG� LQFOXGH� XSWDNH� RI� IUHH�
VLOYHU�LRQV�IROORZHG�E\�GLVUXSWLRQ�RI�DGHQRVLQH�
WULSKRVSKDWH��$73��SURGXFWLRQ�DQG�'1$�UHSOL�
FDWLRQ�� IRUPDWLRQ� RI� UHDFWLYH� R[\JHQ� VSHFLHV�
DQG� GLUHFW� GDPDJH� WR� FHOO� PHPEUDQHV�
�0RKDPHG� HW� DO��� ������� 7KHVH� DFWLRQV� FRXOG�
UHVXOW�LQ�WKH�GHVWUXFWLRQ�RI�SDWKRJHQLF�PLFURRU�
JDQLVPV�ZLWKRXW�DQ\�GHWULPHQWDO�HIIHFWV�RQ�WKH�
KRVW�WLVVXHV�� 
 
&21&/86,21� $1'� 5(&200(1'$�
7,216 
,Q�FRQFOXVLRQ��ELRV\QWKHVLV�RI�VLOYHU�QDQRSDUWL�
FOHV�ZDV�REWDLQHG�E\� JUHHQ�PHWKRG�XVLQJ� OHDI�
H[WUDFWV� RI� $]DGLUDFKWD� LQGLFD� DQG� 9HUQRQLD�
DP\JGDOLQD�� DQG� ILOWUDWH� RI� &ODGRVSRULXP�
FODGRVSRULRLGHV��7KH�VWXG\�UHYHDOHG� WKDW� WKHVH�
OHDI� H[WUDFWV� DQG� IXQJDO� ILOWUDWH� FRXOG� EH� XVHG�
DV�HIIHFWLYH� VWDELOL]LQJ�UHGXFLQJ�DJHQWV� IRU� WKH�
V\QWKHVLV� RI� $J13V�� 7KH� ELRV\QWKHVL]HG�
$J13V� VKRZHG� VWURQJ� DQWLEDFWHULDO� DFWLYLWLHV�
DJDLQVW� YLUXOHQW� VWUDLQV� RI� &ODYLEDFWHU�PLFKL�
JDQHQVLV� VXEVS�� PLFKLJDQHQVLV� LPSO\LQJ� WKDW�
WKHVH�$J13V�FRXOG�EH�HIIHFWLYHO\�XVHG�WR�FRQ�
WURO� WKHVH� SDWKRJHQV�� 7KHVH� ELR-V\QWKHVL]HG�
VLOYHU� QDQRSDUWLFOHV� DUH� HFR-IULHQGO\� DQG� PD\�
EH� OHVV� WR[LF� WR� SODQWV�� KXPDQV� DQG� DQLPDOV�
WKDQ�V\QWKHWLF�ELRFLGHV��+HQFH��ELR-V\QWKHVL]HG�
VLOYHU� QDQRSDUWLFOHV� KDYH� ZLGH� DSSOLFDWLRQV� LQ�
FRQWUROOLQJ�SODQW�GLVHDVHV� 
 
)XUWKHU� UHVHDUFK� QHHG� WR� EH� FDUULHG� RXW� WR�GH�
WHUPLQH� WKH� HIIHFWLYHQHVV� RI� ELR-V\QWKHVL]HG�
VLOYHU� QDQRSDUWLFOHV� LQ� FRQWUROOLQJ� EDFWHULDO�
FDQNHU� GLVHDVH� RI� WRPDWR� FDXVHG� E\� VWUDLQV� RI�
&ODYLEDFWHU�PLFKLJDQHQVLV� VXEVS��PLFKLJDQHQ�
VLV� LQ� WKH�ILHOGV��$OVR�� LW� LV� LPSRUWDQW� WR�DVVHVV�
WKH�LPSDFWV�RI�ELR-V\QWKHVL]HG�VLOYHU�QDQRSDUWL�
FOHV� RQ� WKH� HQYLURQPHQW� DQG� KXPDQ� KHDOWK�
ZKHQ�DSSOLHG�LQ�WKH�ILHOGV�� 
 
5()(5(1&(6 
$EGXOODK�� $�� $�� DQG� +DPLG�� =�� 8�� ��������
³$QWLPLFURELDO� DFWLYLW\� RI� VLOYHU� QDQRSDUWL�
FOHV�IURP�&DSVLFXP�VS��DJDLQVW�6WDSK\ORFRF�
FXV� VS��� %DFLOOXV� VS��� 3VHXGRPRQDV� VS�� DQG�
(VFKHULFKLD�FROL´��-RXUQDO�RI�%LRORJ\��$JUL�
FXOWXUH�DQG�+HDOWKFDUH����������-��� 

 
$JULRV�� *�� 1�� �������� 3ODQW� 3DWKRORJ\�� $FD�
GHPLF�SUHVV��/RQGRQ��8.��3S����-���� 

&KRX�� :�� /��� <X�� '�� *�� DQG� <DQJ�� 0�� &��
�������� ³7KH� SUHSDUDWLRQ� DQG� FKDUDFWHUL]D�
WLRQ� RI� VLOYHU-ORDGLQJ� FHOOXORVH� DFHWDWH� KRO�
ORZ� ILEHU� PHPEUDQH� IRU� ZDWHU� WUHDWPHQW´��
3RO\PHUV� IRU� $GYDQFHG� 7HFKQRORJLHV�� ����
���–���� 

 
(JJHU��6���/HKPDQQ��5��3���+HLJKW��0�� -���/R�
HVVQHU�� 0�� -�� DQG� 6FKXSSOHU�� 0�� ��������
³$QWLPLFURELDO� SURSHUWLHV� RI� D� QRYHO� VLOYHU-
VLOLFD�QDQRFRPSRVLWH�PDWHULDO´��$SSOLHG�DQG�
(QYLURQPHQWDO� 0LFURELRORJ\�� ������� ����-
����� 

 
-RVH��5��0���-RVH��/��(���$OHMDQGUD��&���.DWKH�
ULQH��+���-XDQ��%��.���-RVH��7��5���0LJXHO��-��
<�� �������� ³7KH�EDFWHULFLGDO�HIIHFW� RI� VLOYHU�
QDQRSDUWLFOHV´�� 1DQRWHFKQRORJ\�� ��� ������
�����-������ 

 
/XL��6��/���3RRQ��9��.���/XQJ��0��,��DQG�%XUG��
$����������³$QWLPLFURELDO�DFWLYLWLHV�RI�VLOYHU�
GUHVVLQJV�DQG� LQ� YLWUR� FRPSDULVRQ´��-RXUQDO�
RI�0HGLFDO�0LFURELRORJ\��������-���� 

 
0DVRQ��&���9LYHNDQDQGKDQ��6���0LVUD��0��DQG�
0RKDQW\�� $�� .�� �������� ³:LWFK� JUDVV�
�3DQLFXP� YLUJDWXP�� H[WUDFW�PHGLDWHG� JUHHQ�
V\QWKHVLV� RI� VLOYHU� QDQRSDUWLFOHV´�� :RUOG�
-RXUQDO�RI�1DQRVFLHQFH�DQG�(QJLQHHULQJ�����
���-����� 

 
0RKDPHG�� 1�� +��� ,VPDLO�� 0�� $��� $EGHO-
0DJHHG�� :�� 0�� DQG� 0RKDPHG� 6KRUHLW�� $��
$�� �������� ³$QWLPLFURELDO� DFWLYLW\� RI� ODWH[�
VLOYHU� QDQRSDUWLFOHV� XVLQJ� &DORWURSLV�
SURFHUD´��$VLDQ�3DFLILF�-RXUQDO�RI�7URSLFDO�
%LRPHGLFLQH�������������–������ 

 
2OR\HGH�� $�� 5��� $\HGXQ�� (�� 2��� 6RQGH�� 2�� ,��
DQG�$NLQGXWL��3��$����������³,QYHVWLJDWLRQ�RI�
DQWLIXQJDO� DFWLYLW\� RI� *UHHQ-V\QWKHVL]HG�
6LOYHU� QDQRSDUWLFOHV� RQ� 3K\WRSDWKRJHQLF�
IXQJL´�� 1LJHULDQ� -RXUQDO� RI� 0LFURELRORJ\��
������������-������ 

 
7DNDL��.���2KWVXND��7���6HQGD��<���1DNDR��0���
<DPDPRWR�� .��� 0DWVXRND�� -�� DQG� +LUDL�� <��
�������� ³$QWLEDFWHULDO� SURSHUWLHV� RI� DQWLPL�
FURELDO-ILQLVKHG�WH[WLOH�SURGXFWV´��0LFURELRO�
RJ\�DQG�,PPXQRORJ\������������–���� 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��$XJXVW����� 

 

 

6ODZVRQ�� 5�� 0��� 7UHYRUV�� -�� 7�� DQG� /HH�� +��
��������³6LOYHU�DFFXPXODWLRQ�DQG�UHVLVWDQFH�
LQ� 3VHXGRPRQDV� VWXW]HUL´�� $UFKLYHV� RI� 0L�
FURELRORJ\���������������–����� 

 
6XQ��5��:���&KHQ��5���&KXQJ��1��3���+R��&��0���
/LQ�� &�� /�� DQG� &KH�� &�� 0�� �������� ³6LOYHU�
QDQRSDUWLFOHV� IDEULFDWHG� LQ� +HSHV� EXIIHU� H[�
KLELW� F\WRSURWHFWLYH� DFWLYLWLHV� WRZDUG� +,9-�� 

2OR\HGH�HW��DO �� 

LQIHFWHG� FHOOV´�� &KHPLFDO� &RPPXQLFDWLRQV��
��������–����� 

 
:HUQHU��1�$���)XOEULJKW��'��:���3RGROVN\��5���
%HOO�� -�� DQG� +DXVEHFN�� 0�� .�� ��������
³/LPLWLQJ� SRSXODWLRQV� DQG� VSUHDG� RI� &ODYL�
EDFWHU� PLFKLJDQHQVLV� VXEVS�� PLFKLJDQHQVLV�
RQ� VHHGOLQJ� WRPDWRHV� LQ�JUHHQ�KRXVH´��3ODQW�
'LVHDVHV���������-���� 


