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/LJLPRO�-DPHV��DQG�.LVKDQ�6LQJK�
'HSDUWPHQW�RI�'DLU\�0LFURELRORJ\�
1DWLRQDO�'DLU\�5HVHDUFK�,QVWLWXWH�
.DUQDO��+DU\DQD5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
$�VWXG\�ZDV� FRQGXFWHG� WR� DVVHVV� WKH�

HIIHFW�RI�%L¿GREDFWHULXP�DQLPDOLV�VXEVS��ODFWLV�
%�����LQXOLQ�RU�WKHLU�FRPELQDWLRQV�RQ�WKH�DFWLYLW\�
RI�ȕ��JOXFXURQLGDVH��D�SURFDUFLQRJHQLF�HQ]\PH��
LQ�WKH�IDHFHV�RI�DGXOW�DOELQR�PLFH��&RPSDUHG�
WR� FRQWURO� JURXS�� D� VWDWLVWLFDOO\� VLJQLILFDQW�
UHGXFWLRQ��3�������LQ�WKH�IDHFDO�ȕ�JOXFXURQLGDVH�
DFWLYLW\��ZDV�REVHUYHG�LQ�DOO�WKH�WKUHH�WUHDWPHQW�
JURXSV�DIWHU����GD\V�RI�DGPLQLVWUDWLRQ�RI�IHHG�
VXSSOHPHQWV� DQG� WKLV� HIIHFW�ZDV� � SHUVLVWHQW��
WKURXJKRXW�WKH�WUHDWPHQW�SHULRG��,Q�YLHZ�RI�WKHLU�
DELOLW\� WR� UHGXFH� WKH� IDHFDO� ȕ�JOXFXURQLGDVH�
DFWLYLW\�� LW� LV� VXJJHVWHG� WKDW� DGPLQLVWUDWLRQ� RI�
%L¿GREDFWHULXP�DQLPDOLV� VXEVS�� ODFWLV�%�����
LQXOLQ� RU� WKHLU� FRPELQDWLRQV� FDQ� EH� SRWHQWLDO�
RSWLRQV�LQ�UHGXFLQJ�FRORQ�FDQFHU�ULVN�
.H\ZRUGV��3URELRWLFV�� SUHELRWLFV�� V\QELRWLFV��
ȕ�JOXFXURQLGDVH�DFWLYLW\�

7KH�JXW�PLFURÀRUD�DQG�WKHLU�PHWDEROLVP�
KDYH� D� VWURQJ� LQIOXHQFH� RQ� WKH� HWLRORJ\� RI�
FRORUHFWDO� FDQFHU� �RQH� RI� WKH�PDMRU� KHDOWK�
SUREOHPV�LQ�WKH�ZRUOG��$V�VFLHQWL¿F�HYLGHQFHV�
DUH�IRXQG�WR�OLQN�WKH�RFFXUUHQFH�RI�FRORQ�FDQFHU�
WR�WKH�LPEDODQFH�RI�LQWHVWLQDO�PLFURELRWD��GLHWDU\�
RSWLRQV�OLNH�SURELRWLFV��SUHELRWLFV�RU�V\QELRWLFV�

ZKLFK�PRGXODWH� LQWHVWLQDO�PLFURELRWD� FDQ� EH�
HIIHFWLYH� RSWLRQV�� UHGXFLQJ� WKH� ULVN� RI� FRORQ�
FDQFHU���6WXGLHV�VKRZ�WKDW�EDFWHULDO�HQ]\PHV�OLNH�
ȕ��JOXFXURQLGDVH��ȕ�JOXFRVLGDVH��D]RUHGXFWDVH��
DQG� QLWURUHGXFWDVH� SOD\� DQ� LPSRUWDQW� UROH� LQ��
FDQFHU� GHYHORSPHQW� DV� WKH\� K\GURO\VH� SUH�
FDUFLQRJHQLF� FRPSRXQGV� WR� FDUFLQRJHQV��2I�
WKHVH�ȕ��JOXFXURQLGDVH��D�FRPPRQO\�FRQVLGHUHG�
PDUNHU� IRU� SURFDUFLQRJHQLF� DFWLYLW\� �*DGHOOH�
HW� DO��� ������ LV� LPSRUWDQW� LQ� LQLWLDWLQJ� FRORQ�
FDQFHU�GXH�WR�LWV�ZLGH�VXEVWUDWH�VSHFL¿FLW\�DQG�
DELOLW\�WR�K\GURO\VH�GLIIHUHQW�JOXFXURQLGHV��7KH�
SUHVHQW�VWXG\�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�
HIIHFW� RI� SURELRWLF� RUJDQLVP� �%L¿GREDFWHULXP�
DQLPDOLV�VXEVS��ODFWLV�%������SUHELRWLF�VXEVWUDWH�
�LQXOLQ�� DQG� D� V\QELRWLF� FRPELQDWLRQ� �L�H��
LQXOLQ� LQ� FRPELQDWLRQ� ZLWK� %LILGREDFWHULXP�
DQLPDOLV� VXEVS�� ODFWLV� %����� RQ� WKH� IDHFDO�
ȕ��JOXFXURQLGDVH�DFWLYLW\�LQ��DGXOW�DOELQR�PLFH�
0DWHULDOV�DQG�0HWKRGV
3UHELRWLF�DQG�3URELRWLF

7KH� SUHELRWLF� LQXOLQ� ZDV� SURFXUHG�
IURP�2UDIWL�� %HOJLXP��7KH� SURELRWLF� FXOWXUH��
%L¿GREDFWHULXP� DQLPDOLV VXEVS� ODFWLV %����
�%������'DQLVFR��*HUPDQ\��ZDV�PDLQWDLQHG�LQ�
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PRGL¿HG�056�EURWK��056�EURWK�VXSSOHPHQWHG�
ZLWK� ������/�F\VWHLQH�K\GURFKORULGH��P056�
$UUR\R�HW� DO��� ������ 6XEFXOWXULQJ�ZDV� GRQH�
ZHHNO\�� ,Q� EHWZHHQ� WUDQVIHUV�� FXOWXUHV�ZHUH�
PDLQWDLQHG� XQGHU� UHIULJHUDWLRQ� )RU� IHHGLQJ�
WULDOV��WKH�FXOWXUH�������Y�Y��ZDV�LQRFXODWHG�LQWR�
P056�DQG� LQFXEDWHG�DW���R&�IRU����K�XQGHU�
DQDHURELF�FRQGLWLRQV�7KH�FHOOV�ZHUH�KDUYHVWHG�
E\�FHQWULIXJDWLRQ�DW�������USP�IRU����PLQ�DW���R&�
DQG�PL[HG�ZLWK�WKH�EDVDO�GLHW�LQ�RUGHU�WR�JHW�D�
FRXQW�RI�����OLYH�FHOOV�RI�EL¿GREDFWHULD�J�IHHG
)HHGLQJ�WULDO

7KH�IHHGLQJ�WULDO�ZDV�FRQGXFWHG�LQ�����
ZHHNV�ROG�DGXOW�PDOH�DOELQR�PLFH�ZLWK�DQ�DYHUDJH�
ERG\�ZHLJKW�RI���J��7KH�DQLPDOV�REWDLQHG�IURP�
6PDOO�$QLPDO�+RXVH��1DWLRQDO�'DLU\�5HVHDUFK�
,QVWLWXWH��.DUQDO��+DU\DQD�� ,QGLD�ZHUH� NHSW� LQ�
SODVWLF� FDJHV� XQGHU� FRQYHQWLRQDO� FRQGLWLRQV�
DQG� ZDV� JLYHQ� EDVDO� GLHW� �FUXVKHG� ZKHDW�
����� FUXVKHG�EHQJDO� JUDPV�������� FUXVKHG�
JURXQGQXW�FDNH�������VNLP�PLON�SRZGHU������
FDVHLQ����� VDOWV�PL[WXUH ���� YLWDPLQV�������
FKROLQH� FKORULGH�PL[WXUH������� � � DQG�ZDWHU�
DG�OLELWXP��7KH�VWXG\�ZDV�FRQGXFWHG�ZLWK�WKH�
DSSURYDO�RI�LQVWLWXWLRQDO�HWKLFV�FRPPLWWHH�

$IWHU�DVVLJQLQJ�WKH�PLFH�WR�IRXU�JURXSV�
RI� VHYHQ�HDFK�� JURXS���� �� DQG���ZHUH�JLYHQ�
SURELRWLFV��SUHELRWLFV�DQG�V\QELRWLFV�UHVSHFWLYHO\��
*URXS� �� VHUYHG� DV� WKH� FRQWURO�� 7KH� VWXG\�
SHULRG�RI����GD\V�FRQVLVWHG�RI���GD\V�RI�SUH�
WUHDWPHQW�SHULRG�����GD\V�RI�WUHDWPHQW�SHULRG�
DQG����GD\V�RI�SRVW�WUHDWPHQW�SHULRG��7KH�SUH�
WUHDWPHQW�SHULRG�ZDV�LQWHQGHG�WR�DFFOLPDWL]H�WKH�
DQLPDOV� WR� WKH�VWXG\�FRQGLWLRQV�DQG�WKH�SRVW�
WUHDWPHQW�SHULRG�WR�DVVHVV�WKH�VXVWDLQDELOLW\�RI�
IDYRXUDEOH�FKDQJHV��LI�DQ\��7KH�IHHGLQJ�UHJLPH�
IROORZHG�LQ�WKH�VWXG\�LV�GHWDLOHG�LQ�WDEOH��)DHFDO�
VDPSOHV�ZHUH� FROOHFWHG� E\� JHQWO\� VTXHH]LQJ�
WKH� UHFWDO� DUHD� RI� WKH�PLFH� DQG�DQDO\]HG� IRU�
7DEOH��2YHUYLHZ�RI�WKH�VXEVWUDWHV�DGPLQLVWHUHG�SHU�GD\�GXULQJ�WKH����GD\V�VWXG\�SHULRG�LQ�WKH�GLIIHUHQW�JURXSV

ȕ�JOXFXURQLGDVH�DFWLYLW\�DW����GD\V�LQWHUYDOV�
'HWHUPLQDWLRQ�RI�ȕ�*OXFXURQLGDVH�$FWLYLW\

7KH�VXEVWUDWH�XVHG� IRU� WKH�DVVD\�ZDV�
S�QLWURSKHQ\O�ȕ�'�JOXFXURQLGH��7KH�UHOHDVH�RI�
S�QLWURSKHQRO�IURP�WKH�VXEVWUDWH�ZDV�DVVHVVHG�
WR�GHWHUPLQH�WKH�IDHFDO�ȕ�JOXFXURQLGDVH�DFWLYLW\��
)RU�WKLV�IUHVK�IDHFDO�VDPSOHV�ZHUH�VXVSHQGHG�
LQ����PO�EXIIHU������PRO�1D�+32��/�������PRO�1D&O�/��S+������DQG�VRQLFDWHG�LQ�DQ�LFH�EDWK��
7KLV�VROXWLRQ�ZDV�WKHQ�¿OWHUHG�WKURXJK�:KDWPDQ�
1R���¿OWHU�SDSHU�DQG�WKH�¿OWUDWH�ZDV�XVHG�IRU�
ȕ�JOXFXURQLGDVH��0DUWHDX�HW� DO��� ������ DQG�
SURWHLQ�GHWHUPLQDWLRQ��/RZU\�HW�DO����������7ZR�
PO�RI�WKH�DSSURSULDWHO\�GLOXWHG�VDPSOH�ZDV�WKHQ�
FRPELQHG�ZLWK���PO�RI������PRO�/�RI�WKH�VXEVWUDWH�
S�QLWURSKHQ\O�ȕ�'�JOXFXURQLGH��6LJPD�$OGULFK��
86$��SUHSDUHG�LQ�WKH�DERYH�PHQWLRQHG�EXIIHU��
7KH�UHDFWLRQ�ZKLFK�ZDV�DOORZHG�WR�SURFHHG�DW�
���&�ZDV�VWRSSHG�DIWHU����PLQ�E\�WKH�DGGLWLRQ�
RI���PO�RI�FROG���PRO�1D�&2��/�VROXWLRQ��$IWHU�FHQWULIXJDWLRQ�IRU����PLQ�DW������;�J�DQG���&��
WKH�DEVRUEDQFH�RI�WKH�VXSHUQDWDQW�ZDV�UHDG�DW�
����QP��7KH�EODQN�ZDV�SUHSDUHG�LQ�WKH�VDPH�
ZD\� DV� WKH� VDPSOH� H[FHSW� WKDW� LW� FRQWDLQHG�
��PO�RI�EXIIHU�LQVWHDG�RI�WKH�VXEVWUDWH�VROXWLRQ��
7KH� DPRXQW� RI� S�QLWURSKHQRO� UHOHDVHG�ZDV�
GHWHUPLQHG� IURP� WKH� VWDQGDUG� S�QLWURSKHQRO�
FXUYH��7KH�HQ]\PH�DFWLYLW\�ZDV�H[SUHVVHG�DV�
VSHFL¿F�DFWLYLW\���PRO�PJ�SURWHLQ�SHU����PLQ��

'DWD�ZHUH� VWDWLVWLFDOO\� DQDO\VHG�XVLQJ�
$129$�DFFRUGLQJ�WR�WKH�*HQHUDO�/LQHDU�0RGHOV�
SURFHGXUH�RI�6\VWDW�9HUVLRQ��������������6366�
,QF����:KHQ� VLJQLILFDQW� ��� DQG� ��� OHYHOV��
GLIIHUHQFHV�ZHUH� REVHUYHG�� LQGLYLGXDO� YDOXHV�
ZHUH� FRPSDUHG�E\�)LVKHU¶V� /HDVW�6LJQL¿FDQW�
GLIIHUHQFH�WHVW�
5HVXOWV�DQG�'LVFXVVLRQ

,Q� WKLV� VWXG\��ZKHQ� FRPSDUHG� WR� WKH�
FRQWURO� D� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH� IDHFDO�



-��9
HW��

$Q
LP�

6F
L���

���
����

����
���

�
5(6($5&+�$57,&/(

�� $�&RPSDUDWLYH�(YDOXDWLRQ�2I�)DHFDO����

ȕ�JOXFXURQLGDVH� DFWLYLW\� ZDV� HYLGHQW� LQ� DOO�
WKH� WKUHH� WUHDWPHQW� JURXSV� DIWHU� ��� GD\V� RI�
DGPLQLVWUDWLRQ� RI� IHHG� VXSSOHPHQWV� DQG� WKLV�
HIIHFW�ZDV�SHUVLVWHQW�WKURXJKRXW�WKH�WUHDWPHQW�
SHULRG� �3������� DV� VHHQ� LQ� ¿JXUH�� ,Q� FRQWURO�
JURXS�� WKH� ȕ�JOXFXURQLGDVH� DFWLYLW\� UHPDLQHG�
DOPRVW�LQ�WKH�VDPH�OHYHO�WKURXJKRXW�WKH�VWXG\��
1R�VLJQL¿FDQW�GLIIHUHQFH�ZDV�REVHUYHG�DPRQJ�
SURELRWLF�� SUHELRWLF� DQG� V\QELRWLF� WUHDWPHQWV�
LQ� WHUPV� RI� WKHLU� DELOLW\� WR� UHGXFH� WKH� IDHFDO�
ȕ�JOXFXURQLGDVH� DFWLYLW\� �3�������� 'HVSLWH�
WKH� UDQGRP� DVVLJQPHQW� RI� PLFH�� YDULDWLRQ�
ZDV� REVHUYHG� LQ� WKH� EDVHOLQH� YDOXHV� RI�
IDHFDO�ȕ�JOXFXURQLGDVH�DFWLYLW\�RI�WKH�GLIIHUHQW�
JURXSV��2Q�QRWLFLQJ� WKLV� YDULDWLRQ�� WKH� IDHFDO�
ȕ�JOXFXURQLGDVH� DFWLYLW\� RI� DOO� WKH� JURXSV�
ZHUH�UHDVVHVVHG�RQ�WKH��WK�GD\�RI�H[SHULPHQW�
SHULRG�� L�H�� WKH� ODVW�GD\�RI�SUH�IHHGLQJ�SHULRG�
DQG� WKHQ�DOVR� WKH�VDPH� WUHQG�ZDV�REVHUYHG��
6XFK� YDULDWLRQV� LQ� EDVHOLQH� YDOXHV� ��WK� GD\�
YDOXH��RI�ȕ�JOXFXURQLGDVH�DFWLYLW\�DUH�GLI¿FXOW�WR�
EH�H[SODLQHG��EXW�KDYH�EHHQ�UHSRUWHG�LQ�RWKHU�
VWXGLHV�DOVR��*RRVVHQV�HW�DO���������GH0RUHQR�
GH�/H%ODQN�DQG�3HUGLJRQ�������'H�3UHWHU�HW�DO���
�������5HJDUGOHVV�RI�WKH�YDULDWLRQ�REVHUYHG�LQ�
WKH�EDVHOLQH�YDOXHV��WKH�IDHFDO�ȕ�JOXFXURQLGDVH�
DFWLYLW\�RI�DOO�WKH�WUHDWPHQW�JURXSV�ZHUH�ORZHU�
WKDQ�WKHLU�FRUUHVSRQGLQJ�EDVHOLQH�YDOXHV�GXULQJ�
WKH� IHHGLQJ�SHULRG��'XULQJ� WKH�SRVW�WUHDWPHQW�
SHULRG�DOVR��WKH�ȕ�JOXFXURQLGDVH�DFWLYLW\�RI�DOO�
WKH�WKUHH�WUHDWPHQW�JURXSV�UHPDLQHG�EHORZ�WKHLU�
FRUUHVSRQGLQJ� EDVHOLQH� YDOXHV�� WKRXJK� WKHUH�
ZDV�D�WHQGHQF\�WR�UHYHUW�WR�WKH�LQLWLDO�YDOXHV�

ȕ��JOXFXURQLGDVH�LV�DQ�LQGXFLEOH�HQ]\PH�
LQYROYHG�LQ�WKH�UHOHDVH�RI�D�QXPEHU�RI�GLHWDU\�
FDUFLQRJHQV� IURP� WKHLU� FRQMXJDWHG� IRUP� LQ�
WKH� FRORQ� L�H�� FRQYHUVLRQ� RI� SUR�FDUFLQRJHQV�
WR� FDUFLQRJHQV� LQ� WKH� FRORQ��$PRQJ� WKH�
LQWHVWLQDO� PLFURIORUD� WKH� KLJKHVW� DFWLYLW\� RI�
ȕ±JOXFXURQLGDVH� LV� VKRZQ� E\�(VFKHULFKLD�
FROL� DQG� VSHFLHV� EHORQJLQJ� WR� WKH� JHQHUD�
&ORVWULGLXP�� %DFWHURLGHV�� 5XPLQRFRFFXV��
3HSWRVWUHSWRFRFFXV�� 6WDSK\ORFRFFXV� DQG�
(XEDFWHULXP� �GH0RUHQR� GH� /H%ODQN� DQG�
3HUGLJRQ��������3UHVHQFH�RI�EDFWHULDO�VWUDLQV�
ZLWK� KLJK� ȕ±JOXFXURQLGDVH� DFWLYLW\� LQ� WKH�
ODUJH� LQWHVWLQH�PD\� EH� D� ULVN� IDFWRU� OHDGLQJ�
WR� WKH� IRUPDWLRQ� RI� WXPRU� �'H�3UHWHU�HW� DO���
������� ,Q� WKH� SUHVHQW� VWXG\�� D� VLJQLILFDQW�
UHGXFWLRQ�LQ�ȕ±JOXFXURQLGDVH�DFWLYLW\�FRXOG�EH�
REVHUYHG�XSRQ�DGPLQLVWUDWLRQ�RI� WKH�SURELRWLF
%L¿GREDFWHULXP�DQLPDOLV VXEVS� ODFWLV %�����
WKH�SUHELRWLF�LQXOLQ�DQG�WKHLU�FRPELQDWLRQ��7KHVH�
¿QGLQJV�DUH� LQ� OLQH�ZLWK� WKRVH�RI�'H�3UHWHU�HW�
DO��� �������DQG�+LMRYD�HW�DO��� �������ZKR�DOVR�
UHSRUWHG�UHGXFHG�ȕ±JOXFXURQLGDVH�DFWLYLW\�XSRQ�
LQWDNH�RI�EL¿GREDFWHULD RU�SUHELRWLFV���$OWHUDWLRQV�
LQ�WKH�PHWDEROLF�DFWLYLWLHV�RI�LQWHVWLQDO�EDFWHULD���
LQFUHDVH�LQ�WKH�QXPEHU�RI�EDFWHULD�KDYLQJ�ORZ�
ȕ±JOXFXURQLGDVH�DFWLYLW\� DQG� UHGXFWLRQ� LQ� WKH�
QXPEHU�RI�EDFWHULD�LQYROYHG�LQ�SUR�FDUFLQRJHQLF�
DQG�PXWDJHQLF�SDWKZD\V�DUH�SURSRVHG�DV�WKH�
SRVVLEOH�PHFKDQLVPV� IRU� WKHVH� IRRG� UHODWHG�
PRGL¿FDWLRQV�LQ�KRVW�HQ]\PHV��)RWLDGLV�HW�DO���
������8FFHOOR�HW�DO����������)LQGLQJV�RI�WKH�FXUUHQW�
VWXG\� DUH� VXSSRUWLYH� RI� WKLV� SURSRVDO� DV� WKH�
GHFUHDVH�LQ�ȕ±JOXFXURQLGDVH�DFWLYLW\�REVHUYHG�
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LQ�WKLV�VWXG\�ZDV�FRQFXUUHQW�ZLWK�DQ�LQFUHDVH�
LQ� EL¿GREDFWHULDO� SRSXODWLRQ� DQG� D� GHFUHDVH�
LQ� FROLIRUP� DQG� FORVWULGLDO� FRXQWV� �GDWD� QRW�
VKRZQ���6R�LW�FDQ�EH�LQIHUUHG�WKDW�WKH�UHGXFWLRQ�
LQ�IDHFDO�ȕ±JOXFXURQLGDVH�XSRQ�DGPLQLVWUDWLRQ�
RI��%L¿GREDFWHULXP�DQLPDOLV VXEVS� ODFWLV %�����
DQG��RU� LQXOLQ�FRXOG�EH�GXH�WR�WKH� LQFUHDVH� LQ�
WKH�SRSXODWLRQ�RI�%L¿GREDFWHULXP�VSHFLHV�ZKLFK
SRVVHVVHV�FRPSDUDWLYHO\�ORZ�ȕ±JOXFXURQLGDVH�
DFWLYLW\�WKDQ�RWKHU�PDMRU�DQDHUREHV�LQ�WKH�JXW�
�0LWDO� DQG�*DUJ�� ������ 6DLWR�HW� DO��� ��������
%L¿GREDFWHULXP�DQLPDOLV VXEVS�ODFWLV�%����KDV�
EHHQ�UHSRUWHG�WR�LPSDUW�DQWLFDUFLQRJHQLF�HIIHFWV�
WKURXJK�FRXQWHUDFWLQJ� WKH�JHQRWR[LF�SRWHQWLDO�
RI� IDHFDO�ZDWHU��D� IDFWRU�FRQVLGHUHG� WR�SOD\�D�
SRWHQWLDO�UROH�LQ�LQGXFWLRQ�RI�FRORUHFWDO�FDQFHU�
�%XUQV� DQG�5RZODQG�� ������ 7KH� JHQRWR[LF�
SRWHQF\� RI� IDHFDO� ZDWHU� FRXOG� EH� DWWULEXWHG�
WR� WKH� SUHVHQFH� RI� FDUFLQRJHQV� JHQHUDWHG�
E\� IDHFDO� HQ]\PHV�� 6R� LW� LV� SUHVXPHG� WKDW�
UHGXFWLRQ�LQ�WKH�ȕ±JOXFXURQLGDVH�DFWLYLW\�PLJKW�
EH�RQH�RI�WKH�UHDVRQV�EHKLQG�WKH�DQWLJHQRWR[LF�
SRWHQWLDO � H[KLELWHG� E\ � %LI LGREDFWHULXP�
DQLPDOLV VXEVS� ODFWLV %����

$QRWKHU� LPSRUWDQW� REVHUYDWLRQ�PDGH�
LQ� WKH� SUHVHQW� VWXG\�ZDV� WKDW� QR� VLJQL¿FDQW�
GL IIHUHQFH� ZDV� REVHUYHG� EHWZHHQ� WKH�
WUHDWPHQWV��SURELRWLF��SUHELRWLF�DQG�V\QELRWLF�LQ�
WKHLU�DELOLW\�WR�UHGXFH�WKH�IDHFDO�ȕ��JOXFXURQLGDVH�
DFWLYLW\��7KHVH� ¿QGLQJV�DUH� LQ� OLQH�ZLWK� WKRVH�
RI�'H�3UHWHU�HW�DO����������ZKR�DOVR�FRXOG�QRW�
REVHUYH�DQ\�H[WUD�EHQH¿FLDO�HIIHFW�RQ�FRPELQHG�
DGPLQLVWUDWLRQ� RI� WKH� SURELRWLF� DQG� SUHELRWLF�
FRPSDUHG�WR�LQGLYLGXDO�DGPLQLVWUDWLRQ���6R�LW�LV�
FRQFOXGHG� WKDW� WKH�DGPLQLVWUDWLRQ�RI�SUHELRWLF�
DORQH�ZDV� VXI¿FLHQW� WR� HOLFLW� D� VLPLODU� HIIHFW�
DV�WKDW�RI�SURELRWLF��7KLV�RSWLRQ�LV�PXFK�PRUH�
IHDVLEOH�IURP�D�WHFKQRORJLFDO�SRLQW�RI�YLHZ�DV�LW�
WDNHV�FDUH�RI�D�QXPEHU�RI�SUREOHPV�SHUWDLQLQJ�
WR�DGPLQLVWUDWLRQ�RI�SURELRWLF�FXOWXUHV�LQ�YLDEOH�
IRUP�DQG�LQ�VXI¿FLHQW�GRVH��,Q�WKLV�VWXG\�LW�ZDV�
DOVR�REVHUYHG�WKDW�WKH�IDHFDO�ȕ��JOXFXURQLGDVH�
DFWLYLW\�UHPDLQHG�ORZHU�WKDQ�WKH�EDVHOLQH�YDOXHV�
HYHQ�DIWHU� WKH�FHVVDWLRQ�RI� WUHDWPHQW��7KXV� LW�
FRXOG�EH�SRVWXODWHG�WKDW�WKH�IHHG�VXSSOHPHQWV�
DGPLQLVWHUHG�LQ�WKH�SUHVHQW�VWXG\�ZHUH�FDSDEOH�
RI� VXVWDLQLQJ� WKHLU� HIIHFW� RQ�ȕ� �JOXFXURQLGDVH�
DFWLYLW\��

, Q � F R Q F O X V L R Q � � W K H � S U R E L R W L F�
%L¿GREDFWHULXP� DQLPDOLV VXEVS� ODFWLV %����
ZDV� DEOH� WR� VLJQLILFDQWO\� UHGXFH� WKH� IDHFDO�
ȕ� �JOXFXURQLGDVH� DFWLYLW\� RI� DGXOW� DOELQR�
PLFH�� &RQVLGHULQJ� WKH� VSHFLHV� DV� ZHOO� DV�

VWUDLQ� VSHFLILFLW\� DVVRFLDWHG� ZLWK� SURELRWLF�
DWWULEXWHV�� WKH� DELOLW\� RI� %LILGREDFWHULXP�
DQLPDOLV VXEVS� ODFWLV %����WR�UHGXFH�WKH�DFWLYLW\�
RI�WKH�SURFDUFLQRJHQLF�HQ]\PH��ȕ��JOXFXURQLGDVH�
FDOOV� IRU� IXUWKHU� UHVHDUFK� WR� HOXFLGDWH� WKH�
DQWLFDUFLQRJHQLF� SRWHQWLDO� RI� WKLV� SURELRWLF�
VWUDLQ�� � ,QXOLQ�� WKH�SUHELRWLF�XVHG� LQ� WKLV�VWXG\�
ZDV�DOVR�DEOH�WR�H[KLELW�VLPLODU�HIIHFWV�DV�WKDW�
RI�WKH�SURELRWLF�XVHG��VXJJHVWLQJ�WKH�SRVVLELOLW\�
RI�H[SORLWLQJ� WKH�SRWHQWLDO� RI� WKLV�SUHELRWLF� � WR�
VXSSUHVV�WKH�DFWLYLW\�RI�FDUFLQRJHQ�PHWDEROL]LQJ�
HQ]\PHV��DV�D�PHDQV�RI� UHGXFLQJ� WKH�ULVN�RI�
FRORQ� FDQFHU�� 6\QELRWLFV� EHLQJ� V\QHUJLVWLF�
FRPELQDWLRQV�RI�ERWK�SURELRWLFV�DQG�SUHELRWLFV�
DUH�H[SHFWHG�WR�SURYLGH�LPSURYHG�HIIHFWV�WKDQ�
HLWKHU�RI�LWV�FRPSRQHQWV��+RZHYHU�FRQWUDU\�WR�
WKLV�H[SHFWDWLRQ�WKH�V\QELRWLF�FRPELQDWLRQ�XVHG�
LQ�RXU�VWXG\�GLG�QRW�DSSHDU�WR�EH�PRUH�EHQH¿FLDO�
WKDQ�HLWKHU�FRPSRXQG�DORQH�
$FNQRZOHGJHPHQW

,� WKDQN� 'U��$�� .�� 3XQL\D�� 3ULQFLSDO�
6FLHQWLVW��'DLU\�0LFURELRORJ\�'LYLVLRQ��1'5,��
.DUQDO�IRU�WKH�VXSSRUW�DQG�JXLGDQFH�UHQGHUHG�
GXULQJ�WKLV�UHVHDUFK�
5HIHUHQFHV
$UUR\R��/���&RWWRQ��/�1��DQG�0DUWLQ��-�+��������

(YDOXDWLRQ�RI�PHGLD�IRU�HQXPHUDWLRQ�RI�
%L¿GREDFWHULXP�DGROHVFHQWLV��%��LQIDQWLV
DQG�%�� ORQJXP� IURP�SXUH�FXOWXUH��&XW��
'DLU\�3URG��-� �������������������

%XUQV� � $�-� � DQG� 5RZODQG� � , �5� � ���� �
$QWLJHQRWR[LFLW\� RI� SURELRWLFV� DQG�
SUHELRWLFV�RQ�IDHFDO�ZDWHU�LQGXFHG�'1$�
GDPDJH�LQ�KXPDQ�FRORQ�DGHQRFDUFLQRPD�
FHOOV��0XWDW��5HV����������±����

GH�0RUHQR�GH�/H%ODQF��$��DQG� �3HUGLJyQ��*��
������5HGXFWLRQ�RI�EHWD�JOXFXURQLGDVH�
DQG� QLWURUHGXFWDVH� DFWLYLW\� E\� \RJKXUW�
LQ� D� PXULQH� FRORQ� FDQFHU� PRGHO�
%LRFHOO� ���������

'H� 3UHWHU�� 9��� 5DHPHQ�� +��� &ORHWHQV�� /���
+RXEHQ��(���5XWJHHUWV��3��DQG�9HUEHNH��
.��������(IIHFW�RI�GLHWDU\� LQWHUYHQWLRQ�
ZLWK� GLIIHUHQW� SUH�� DQG� SURELRWLFV� RQ�
LQWHVWLQDO� EDFWHULDO� HQ]\PH� DFWLYLWLHV��
(XU��-��&OLQ��1XWU�������������

)RWLDGLV��&�,��� 6WRLGLV��&�1��� 6S\URSRXORV��%��
*�DQG� =RJUDIRV�� (�'������� 5ROH� RI�
SURELRWLFV�� SUHELRWLFV� DQG� V\QELRWLFV�
LQ� FKHPRSUHYHQWLRQ� IRU� FRORUHFWDO�
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�� $�&RPSDUDWLYH�(YDOXDWLRQ�2I�)DHFDO����

FDQFHU��:RUOG� -�� *DVWURHQWHURO ��
��������±������

*DGHOOH�� '��� � 5DLEDXG�� 3�� DQG� 6DFTXHW�� (��
������EHWD�*OXFXURQLGDVH�DFWLYLWLHV�RI�
LQWHVWLQDO� EDFWHULD� GHWHUPLQHG�ERWK� LQ�
YLWUR�DQG�LQ�YLYR�LQ�JQRWRELRWLF�UDWV��$SSO��
(QYLURQ��0LFURELRO���������������

*RRVVHQV�� '��� -RQNHUV�� '��� 5XVVHO�� 0���
6WREEHUULQJK��(���9DQ�'HQ�%RJJDUG��$��
DQG�6WRFNEUXJJHU��5��������7KH�HIIHFW�
RI�/DFWREDFLOOXV�SODQWDUXP����9�RQ�WKH�
EDFWHULDO� FRPSRVLWLRQ� DQG�PHWDEROLF�
DFWLYLW\�LQ�IDHFHV�RI�KHDOWK\�YROXQWHHUV��
D� SODFHER�FRQWUROOHG� VWXG\� RQ� WKH�
RQVHW�DQG�GXUDWLRQ�RI�HIIHFWV��$OLPHQW��
3KDUPDFRO��7KHU� ������������

+LMRYD�� (��� &KPHODURYD��$�� DQG� %RPED��$��
������ ,PSURYHG� HI¿FDF\� RI� SUHELRWLF�
E\� ÀD[VHHG�RLO� DQG�KRUVH� FKHVWQXW� LQ�
H[SHULPHQWDO�FRORQ�FDQFHU��%UDWLVO��/HN�
/LVW\����������������

/RZU\�� 2�+��� 5RVHEURXJK�� 1�-��� )DUU��$�/��
DQG� 5DQGDOO�� 5�-�� ������ 3URWHLQ�
PHDVXUHPHQW� ZLWK� WKH� )ROLQ� SKHQRO�
UHDJHQW�� -�� %LRO�� &KHP��� ����� �����
����

0DUWHDX�� 3��� 3RFKDUW�� 3��� )ORXULH�� %��� 3HOOLHU��
3��� 6DQWRV�� /��� 'HVMHX[�� -�)�� DQG�
5DPEDXG��-�&��������(IIHFW�RI�FKURQLF�
LQJHVWLRQ�RI�D�IHUPHQWHG�GDLU\�SURGXFW�
FRQWDLQLQJ�/DFWREDFLOOXV�DFLGRSKLOXV�DQG�
%L¿GREDFWHULXP�EL¿GXP�RQ�PHWDEROLF�
DFWLYLWLHV�RI�WKH�FRORQLF�ÀRUD�LQ�KXPDQV��
$PHU��-��&OLQ� 1XWU� �������������

0LWDO�%�.��DQG�*DUJ��6�.���������$QWLFDUFLQRJHQLF��
K\SRFKROHVWHUROHPLF� DQG�DQWDJRQLVWLF�
DFWLYLWLHV�RI�/DFWREDFLOOXV� DFLGRSKLOXV��
&ULW��5HY��0LFURELRO���������±�����

6DLWR��<���7DNDQR��7��DQG�5RZODQG�� ,�5��������
(IIHFWV� RI� VR\EHDQ� ROLJRVDFFKDULGHV�
RQ� WKH� KXPDQ� JXW� PLFURIORUD� LQ� LQ�
YLWUR�FXOWXUH��0LFURE��(FRO��+HDOWK�'LV��
������±�����

8FFHOOR�� 0��� 0DODJXDUQHUD�� *��� %DVLOH�� )���
'¶DJDWD� � 9�� � 0DODJXDUQHUD�� 0���
%HUWLQR�*��� 9DFDQWH�� 0��� 'UDJR�� )��
DQG� %LRQGL � � $� � ����� � 3RWHQW LD O�
UROH� RI� SURELRW LFV� RQ� FRORUHFWDO�
FDQFHU� SUHYHQWLRQ�� %0&� 6XUJ�� ���
�6XSSO�����6��
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