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$EVWUDFW

&KORULQDWHG� RUJDQLF� FKHPLFDOV� DUH� ZLGHO\� XVHG� LQ

LQGXVWU\� DQG� DUH� SUHVHQW� LQ� WKH� HQYLURQPHQW�� )LYH

FKORULQDWHG� DOLSKDWLF� K\GURFDUERQV�� QDPHO\� ����

GLFKORURHWKDQH��������WULFKORURHWKDQH��WULFKORURHWK\O�

HQH�� ����GLFKORUREXWDQH� DQG� ��FKORURKH[DQH� ZHUH

LQYHVWLJDWHG� WR� GHWHUPLQH� WKHLU� LQIOXHQFH� XSRQ� WKH

ILGHOLW\�RI�FHOO�GLYLVLRQ�LQ�FXOWXUHG�PDPPDOLDQ�FHOOV�

,Q�RUGHU�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�WKHVH�FKHPLFDO

FRPSRXQGV�XSRQ�WKH�ILGHOLW\�RI�FHOO�GLYLVLRQ��D�WHFK�

QLTXH�NQRZQ�DV�GLIIHUHQWLDO�VWDLQLQJ�RI�FKURPRVRPHV

DQG� VSLQGOH� ZDV� SHUIRUPHG� ZLWK� RQH� JHQHWLFDOO\

HQJLQHHUHG� FHOO� OLQH� DQG� LWV� SDUHQWDO� FHOO� OLQH�� 7KH

JHQHWLFDOO\� HQJLQHHUHG� FHOO� OLQH� XVHG� LQ� WKLV� VWXG\

H[SUHVVHG� D� KXPDQ� 3���� HQ]\PH�� &<3�(��� )RXU

FKHPLFDOV�� ����GLFKORURHWKDQH�� WULFKORURHWK\OHQH�� ��

��GLFKORUREXWDQH�DQG���FKORURKH[DQH�UHTXLUHG�PHW�

DEROLF�ELRDFWLYDWLRQV�LQ�RUGHU�WR�LQGXFH�VSLQGOH�GDP�

DJH� LQ� FXOWXUHG� PDPPDOLDQ� FHOOV� ZKHUHDV� ������

WULFKORURHWKDQH�ZDV�D�GLUHFW�DFWLQJ�VSLQGOH�SRLVRQ��

.H\ZRUGV�� &KURPRVRPH� DEHUUDWLRQV�� F\WRFKURPH� 3�

����&<3�(���K\GURFDUERQV��FKORULQDWHG��PLWRWLF�VSLQGOH

DSSDUDWXV

,QWURGXFWLRQ

7KH�PDLQWHQDQFH� RI� WKH� FKURPRVRPH� NDU\RW\SH� RI� DQ

HXNDU\RWLF� RUJDQLVP� LV� GHSHQGHQW� XSRQ� WKH� ILGHOLW\� RI

FKURPRVRPH�UHSOLFDWLRQ�DQG�WKH�VHJUHJDWLRQ�RI�FKURPR�

VRPHV�GXULQJ�ERWK�PLWRWLF�DQG�PHLRWLF�FHOO�GLYLVLRQ��%RWK

RI� WKHVH� GLYLVLRQV� GHSHQG� XSRQ� WKH� V\QWKHVLV� DQG

IXQFWLRQLQJ�RI�WKH�SURWHLQV�RI�WKH�QXFOHDU�VSLQGOH�DQG�WKH

DWWDFKPHQW� DQG� PRYHPHQW� RI� FKURPRVRPHV� RQ� WKH

VSLQGOH�DSSDUDWXV��

,Q� RUGHU� WR� VWXG\� WKH� HIIHFWV� RI� FKORULQDWHG� DOLSKDWLF

K\GURFDUERQV�XSRQ�WKH�ILGHOLW\�RI�FKURPRVRPH�UHSOLFDWLRQ

DQG� WKH�VHJUHJDWLRQ�RI�FKURPRVRPHV�GXULQJ�PLWRVLV��D

WHFKQLTXH�NQRZQ�DV�GLIIHUHQWLDO�VWDLQLQJ�ZDV�GHYHORSHG

�:LVVLQJHU�HW�DO���������DQG�WKLV�WHFKQLTXH�ZDV�XVHG�LQ

WKLV�VWXG\��7KLV� WHFKQLTXH� LQYROYHV�D� IL[DWLRQ�SURFHGXUH

WR� PDLQWDLQ� WKH� LQWHJULW\� RI� WKH� VSLQGOH� DSSDUDWXV� DQG

GLIIHUHQWLDO� VWDLQLQJ� XVLQJ� %ULOOLDQW� %OXH� 5� �WR� YLVXDOL]H

VSLQGOH�SURWHLQV��DQG�6DIURQLQ�2��WR�YLVXDOL]H�WKH�FKURPR�

VRPHV��

&KORULQDWHG� DOLSKDWLF� K\GURFDUERQV� DUH� D� JURXS� RI

FKHPLFDOV�ZLGHO\�XVHG�DQG�SURFHVVHG�LQ�LQGXVWU\��6RPH

RI� WKHVH� FKORULQDWHG� DOLSKDWLF� K\GURFDUERQV� WHVWHG� DUH

DOUHDG\� NQRZQ� WR� EH� FDUFLQRJHQV� DQG�RU� PXWDJHQV� LQ

VRPH�PDPPDOV��7KHVH�FKHPLFDO�FRPSRXQGV�DUH�RIWHQ

IRXQG�LQ�GULQNLQJ�ZDWHU��(XURFRS�&RVW��������DV�ZHOO�DV

LQ�DLU��)GXMLL���������WKHUHIRUH�LQYHVWLJDWLQJ�WKH�JHQRWR[L�

FLW\� RI� WKHVH� FKHPLFDO� FRPSRXQGV� DUH� WKRXJKW� WR� EH

LPSHUDWLYH��

0RVW�RI�WKH�FKHPLFDOV�LQGXFLQJ�JHQHWLF�GDPDJH�UHTXLUH

PHWDEROLF� ELRWUDQVIRUPDWLRQ� WR� SURGXFH� WKHLU� XOWLPDWH

PHWDEROLWHV��7KHVH�GHPDQGV�DUH� IXOILOOHG�ZLWK� DQLPDOV�

KRZHYHU�XVLQJ�DQLPDOV�IRU�LQYHVWLJDWLQJ�JHQHWLF�GDPDJH

LV�FRPSOLFDWHG�GXH�WR�WKHLU�FRPSOH[LW\�RI�WKH�[HQRELRWLF�

PHWDEROL]LQJ�HQ]\PH�V\VWHP��,Q�DGGLWLRQ��DQLPDO�H[SHUL�

PHQWV� DUH� WLPH� FRQVXPLQJ�� DQG� H[SHQVLYH�� $QLPDO

H[SHULPHQWV�FDQ�DOVR�UDLVH�HWKLFDO�SUREOHPV��)RU�WKHVH

UHDVRQV��HXNDU\RWLF�FHOOV�OLNH�WKH�9���&KLQHVH�KDPVWHU

FHOOV��ODFNLQJ�WKH�H[SUHVVLRQ�RI�F\WRFKURPHV�3�����ZKLFK

LV�UHTXLUHG�IRU�WKH�PHWDEROLF�ELRWUDQVIRUPDWLRQ��KDYH�EHHQ

JHQHWLFDOO\� HQJLQHHUHG� WR� H[SUHVV� RQH� RI� WKH� KXPDQ

F\WRFKURPHV�3�����GHVLJQDWHG�&<3�(��

&<3�(��LV�D�VLQJOH�PHPEHU�RI�WKH�&<3�(�VXEIDPLO\�

,W�LV�SUHVHQW�LQ�KXPDQV��UDWV��UDEELWV��PRQNH\V�DQG�PLFH�

,W� LV�FRQVWLWXWLYHO\�H[SUHVVHG� LQ�KXPDQ� OLYHU��<RR� HW�DO��

������ EXW� PD\� EH� LQGXFHG� E\� WKH� DGPLQLVWUDWLRQ� RI

HWKDQRO� DQG� DFHWRQH� �.RRS� DQG� 7LHUQH\�� ������ RU

IDVWLQJ�DQG�GLDEHWHV� �/LHEHU�������5RQLV� HW�DO���������

+HUH�� WKH� SDUHQWDO� DQG� JHQHWLFDOO\� HQJLQHHUHG� 9��

&KLQHVH�KDPVWHU�FHOO� OLQHV�KDYH�EHHQ�XVHG�WR� WHVW� ILYH

FKORULQDWHG� DOLSKDWLF� K\GURFDUERQV� XSRQ� WKH� ILGHOLW\� RI

FHOO�GLYLVLRQ�
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0DWHULDOV�DQG�0HWKRGV

&HOO�OLQHV

7ZR�FHOO� OLQHV�ZHUH�XVHG� LQ� WKLV�VWXG\�

���9��G�0=��$Q�LPPRUWDOL]HG�&KLQHVH�KDPVWHU��&ULFHWHOXV

JULVHXV�� OXQJ� FHOO� OLQH� SURYLGHG� E\� WKH� 8QLYHUVLW\� RI

0DLQ]�

���0%��� $Q� LPPRUWDOL]HG�&KLQHVH� KDPVWHU� �&ULFHWHOXV

JULVHXV�� OXQJ� FHOO� OLQH� WKDW� KDV� EHHQ� JHQHWLFDOO\� HQJL�

QHHUHG� WR� H[SUHVV� F\WRFKURPHV� 3���� �&<3�(��� DQG

ZDV� SURYLGHG� E\� 0DUWLQD� %DUUHQVFKHHQ� DQG� WKH� 0%

VWDQGV� IRU�0DUWLQD�%DUUHQVFKHHQ�

&HOO�FXOWXUH

7KH�FHOOV� �9��G�0=��ZHUH� URXWLQHO\�PDLQWDLQHG� LQ�'XO�

EHFFR¶V�0RGLILHG�(DJOHV�PHGLXP��'0(0��VXSSOHPHQW�

HG�ZLWK�����IHWDO�ERYLQH�VHUXP�ZLWK�DGGLWLRQDO�JOXFRVH

�����J�O��%'+���/�JOXWDPLQH������PJ�O���SHQLFLOOLQ�����,8�

PO���VWUHSWRP\FLQ�����X�PO��DQG�1D+&2�������*�O��%'+��

0%�� FHOOV� ZHUH� URXWLQHO\� PDLQWDLQHG� LQ� WKH� VDPH

PHGLXP� ZLWK� DQRWKHU� VXSSOHPHQW� RI� *���� �JHQHWLFLQ

VXOSKDWH�� LQ�RUGHU� WR� VHOHFW� WKH� FHOOV�ZLWK� WKH�SODVPLGV

H[SUHVVLQJ�WKH�3����(���7KH\�ZHUH�JURZQ�DV�D�PRQR�

OD\HU�DQG��RQFH�FRQIOXHQW�� WKH\�ZHUH�VSOLW�XVLQJ������

WU\SVLQ�WR�GHWDFK�WKHP��,QFXEDWLRQ�ZDV�DW���R&�LQ�D����

DLU�&2��DWPRVSKHUH�

7KH�FHOO�F\FOH� WLPH�ZDV�HVWLPDWHG�WR�EH����K� IRU� WKH

9��G�0=�DQG����K�IRU�WKH�0%��FHOOV��XVLQJ�FHOO�FRXQWV

WR�PHDVXUH�GRXEOLQJ� WLPH�

0LWRWLF�SURILOH�DQG�VSLQGOH�VWXGLHV

$�GLIIHUHQWLDO�VWDLQLQJ�WHFKQLTXH�GHVFULEHG�E\�:LVVLQJHU

HW� DO�� ������� ZDV� XVHG� WR� VLPXOWDQHRXVO\� REVHUYH� WKH

FKURPRVRPHV�DQG�VSLQGOH�ILEHUV�DW�PLWRVLV�DV�GHVFULEHG

SUHYLRXVO\� �3DUU\�HW�DO���������

6OLGH�FXOWXUHV�ZHUH�VHW�XS�E\�VHHGLQJ���PO�VOLGH�RI�D

������ FHOOV�PO� VXVSHQVLRQ� RQWR� VWHULOH� JODVV� VOLGHV� LQ

VTXDUH�SHWUL�GLVKHV��$IWHU���K��WR�DOORZ�DWWDFKPHQW��FHOOV

ZHUH�NHSW�LQ�WKH�DSSURSULDWH�PHGLXP�IRU�D�QLJKW�WKHQ�WKH

FHOOV�ZHUH�WUHDWHG�ZLWK�WKH�WHVW�FKHPLFDOV��)RU�HDFK�FHOO

OLQH�� WKH� WUHDWPHQW� WLPH�ZDV������RI�FHOO� F\FOH� WLPH�

$IWHU� WKH� FKHPLFDO� WUHDWPHQW�� WKH� FHOOV�ZHUH�ZDVKHG

WZLFH� LQ� +DQN¶V� %DODQFHG� 6DOW� 6ROXWLRQ� �+%66��� 7KH

VOLGHV�ZHUH�WKHQ�ODEHOHG�LQ�SHQFLO�DQG�ZHUH�IL[HG�LQ����

PHWKDQRO��DFHWLF�DFLG��)L[DWLYH�ZDV�PDGH�IUHVKO\�EHIRUH

XVH�DQG�LQFOXGHG���P0�0J&O��DQG�����P0�&D&O���&HOOV

ZHUH�IL[HG�DW�URRP�WHPSHUDWXUH���WLPHV�IRU����PLQ�HDFK�

)ROORZLQJ�RYHU�QLJKW�DLU�GU\LQJ��WKH�VOLGHV�ZHUH�SODFHG�LQ

���SHUFKORULF� DFLG� VROXWLRQ� DW� �R&� IRU� ��� K� WR� UHPRYH

51$�� 7KH� VOLGHV� ZHUH� ULQVHG� IRU� ��� PLQ� LQ� VHYHUDO

FKDQJHV�RI� GLVWLOOHG�ZDWHU�DQG�DLU�GULHG�EHIRUH� VWDLQLQJ

ZLWK�D�VROXWLRQ�RI������%ULOOLDQW�EOXH�5��6LJPD�&KHPLFDO

&R���DQG������6DIUDQLQ�2��+DUOHFR�&R��� LQ�����DFHWLF

DFLG�IRU����K��7KH�VOLGHV�ZHUH�ZDVKHG�LQ�GLVWLOOHG�ZDWHU�

DLU�GULHG�� VRDNHG� EULHIO\� LQ� [\OHQH� DQG� WKHQ� PRXQWHG

ZLWK�'3;��%'+�/WG���

7KH� VOLGHV� ZHUH� WKHQ� FRGHG� DQG� VFRUHG� IRU�PLWRWLF

LQGH[�������FHOOV�ZHUH�FRXQWHG�VOLGH����UHSOLFDWHV�GRVH��

DQG� ���� GLYLGLQJ� FHOOV�VOLGH� ��� UHSOLFDWHV�GRVH�� ZHUH

FODVVLILHG� DV� QRUPDO� �SURSKDVH��PHWDSKDVH�� DQDSKDVH

DQG� WHORSKDVH�� RU� DEHUUDQW�� &KURPRVRPHV� GLVORFDWLRQ

IURP� WKH� VSLQGOH�� PXOWL�SRODU� VSLQGOHV� DQG� DQDSKDVH

EULGJHV� DQG� ODJJLQJ�ZHUH� DOVR� UHFRUGHG�� 7KH� DEHUUDQW

VWDJHV� ODFNHG� VSLQGOHV� DQG� ZHUH� FODVVLILHG� LQWR� �

JURXSV�� ���� &KURPRVRPH� FOXVWHU�� ZKHQ� WKH� FKURPR�

VRPHV�ZHUH�DOO� OLJKWO\�FOXVWHUHG�FHQWUDOO\� LQ�WKH�FHOO�����

6FDWWHUHG� FKURPRVRPHV�� ZKHQ� WKH� FKURPRVRPHV� OLH

VFDWWHUHG�WKURXJKRXW�WKH�FHOO������&KURPDWLQ�PDVV��ZKHQ

WKHUH� ZDV� D� VLQJOH� PDVV� RI� FKURPDWLQ� PDWHULDO�� ���

6FDWWHUHG� FKURPDWLQ�� ZKHQ� PRUH� WKDQ� RQH� PDVV� RI

FKURPDWLQ�ZDV�VHHQ� LQ� WKH�FHOO�

&\WRWR[LFLW\�$VVD\

1RUPDOO\� F\WRWR[LFLW\� WHVWV� DUH� FDUULHG� RXW� EHIRUH� FRP�

PHQFLQJ�PDMRU�DVVD\V�LQ�RUGHU�WR�KDYH�DQ�LGHD�RI�GRVH

UDQJH� KRZHYHU� LQ� WKLV� UHVHDUFK� LW� ZDV� QRW� HVVHQWLDO

VLQFH� WKH� FKHPLFDOV� KDYH� DOUHDG\� EHHQ� XVHG� IRU� F\WR�

WR[LFLW\� DQG� PLFURQXFOHXV� DVVD\V� �'RKHUW\�� ������ WKH

GRVH� UDQJH�XVHG� LQ� WKLV� UHVHDUFK�ZDV�EDVHG�RQ� WKRVH

SUHYLRXV�DVVD\V�

+DQGOLQJ�RI�WR[LF�VXEVWDQFHV

.QRZQ�WR[LF�RU�SRWHQWLDOO\�WR[LF�FRPSRXQGV�ZHUH�KDQG�

OHG�ZLWK�FDUH��'LVSRVDEOH�JORYHV�DQG�DSURQV�ZHUH�ZRUQ

ZKLOH� ZRUNLQJ� ZLWK� VXFK� FKHPLFDOV�� $OO� WKH� ZRUN� ZDV

SHUIRUPHG� ZLWK� D� VDIHW\� FDELQHW� ZLWK� GLVFDUGHG� HTXLS�

PHQWV�DQG�FKHPLFDOV�GLVSRVHG� IRU� LQFLQHUDWLRQ�

3KRWRJUDSK\

$OO� WKH� LPDJHV� ZHUH� FDSWXUHG� RQ� D� 3HUFHSWLYH� ,QVWUX�

PHQWV�,PDJH�$QDO\VLV�6\VWHP�DQG�SULQWV�ZHUH�SURGXF�

HG�YLD�D�7HNWURQL[�3KDVHU� ,,VG[�FRORXU�SULQWHU�

5HVXOWV�DQG�'LVFXVVLRQ

)LYH�FKORULQDWHG�DOLSKDWLF�K\GURFDUERQV�KDYH�EHHQ�WHVW�

HG� XVLQJ� WKH� GLIIHUHQWLDO� VWDLQLQJ� WHFKQLTXH� DQG� HDFK

FKHPLFDO�FRPSRXQG�VKRZHG�GLVWLQFW�PLWRWLF�SURILOHV� IRU

GLIIHUHQW� FHOO� OLQHV�� 7KH� PLWRWLF� SURILOHV� SUHVHQWHG� E\

HDFK� FKHPLFDO� FRPSRXQG� DUH� LOOXVWUDWHG� JUDSKLFDOO\� LQ

)LJXUH��� WR�)LJXUH����

7KH� PLWRWLF� SURILOHV� RI� ERWK� FHOO� OLQHV� 9��G�0=� DQG

0%��WUHDWHG�ZLWK�ILYH�FKORULQDWHG�DOLSKDWLF�K\GURFDUERQV

ZHUH� HYDOXDWHG� LQ� WKLV� VWXG\�� $OWKRXJK� LW� LV� QRW� VKRZQ

KHUH�� PLWRWLF� LQGH[� ZDV� DOVR� PHDVXUHG� DV� GRQH� E\

6]HQGH� DQG� FR�ZRUNHUV� �������� 7KH�PLWRWLF� SURILOHV� RI

GLIIHUHQW�FHOO�OLQHV�WUHDWHG�ZLWK�HDFK�FKHPLFDO�FRPSRXQG

YDULHG� IURP� RQH� DQRWKHU� DQG� WKH� UHVXOWV� RI� HDFK

FKHPLFDO� FRPSRXQG� ZLOO� EH� GHVFULEHG� LQGLYLGXDOO\� DQG



(IIHFW�RI�3����RQ�WKH�F\WRJHQHWLF�HIIHFWV�RI�K\GURFDUERQV ��

WKH�UHVXOWV�ZLOO�EH�GLVFXVVHG�IXUWKHU�E\�FRPSDULQJ�WKHP

ZLWK�RWKHU�SXEOLVKHG�GDWD�

����GLFKORURHWKDQH

7KLV�FKHPLFDO�FRPSRXQG��DOWKRXJK�ERWK�FHOO� OLQHV�ZHUH

WUHDWHG�XS�WR����P0��GLG�QRW�VKRZ�PXFK�DGYHUVH�HIIHFW

RQ� WKH� ILGHOLW\� RI� FHOO� GLYLVLRQ� LQ� 9��G�0=� �)LJXUH� �$�

ZKHUHDV�WKH�HIIHFW�RI�WKH�FKHPLFDO�LV�PRUH�SURPLQHQW�LQ

WKH�0%��FHOO�OLQH��$V�WKH�GRVH�ZDV�HOHYDWHG��QXPEHU�RI

PLWRWLF�FHOOV�ZLWK�VSLQGOH�DEHUUDWLRQV�LQFUHDVHG�EXW�WKH\

ZHUH�QRW�GRVH�GHSHQGHQW� �)LJXUH��%���

,Q�WKH�0%��FHOO�OLQH������GLFKORURHWKDQH�LQGXFHG�PXOWL�

SRODU�VSLQGOHV��3KRWR����DQG�D�ODUJH�QXPEHU�RI�GLVORFDW�

HG�FKURPRVRPHV�DV�VKRZQ�LQ�3KRWR���EXW�ERWK�HIIHFWV

ZHUH� QRW� DOVR� GRVH�GHSHQGHQW� �)LJXUH� �%��� %ULGJHV

ZHUH� IRUPHG�GXULQJ�DQDSKDVH� LQ�PDQ\�FHOOV� �3KRWR���

DQG�PDQ\� FHOOV� ZLWK� FKURPDWLQ� VFDWWHUV� �3KRWR� ��� DQG

FKURPDWLQ� PDVV� ZHUH� LQGXFHG� E\� WKLV� FKHPLFDO� FRP�

SRXQG� LQ�0%��FHOO� OLQH� �)LJXUH��%��

7KLV� FKHPLFDO� FRPSRXQG� ZDV� QRW� D� VSLQGOH� SRLVRQ

XQOHVV� LW� ZDV� DFWLYDWHG� E\� &<3�(�� HQ]\PH� VLQFH� D

ODUJH�QXPEHU�RI�DEHUUDQW�FHOOV�ZHUH�VFRUHG�RQO\�LQ�0%�

FHOO� OLQH�

����GLFKORURHWKDQH�UHTXLUHG�DQ�DFWLYDWLRQ�RI�WKH�HQ]\�

PH�&<3�(�� WR� LQGXFH� D� VLJQLILFDQW� DPRXQW� RI� VSLQGOH

GDPDJH�LQ�&KLQHVH�KDPVWHU�OXQJ�ILEUREODVW�FHOOV�EXW�WKLV

GRHV� QRW� VHHP� WR� FRLQFLGH� ZLWK� WKH� UHVXOWV� RI� PLFUR�

QXFOHXV� DVVD\� SHUIRUPHG� E\� 'RKHUW\� DQG� FR�ZRUNHUV

�������� 7KLV� FKHPLFDO� FRPSRXQG� LQGXFHG� PLFURQXFOHL

ZKHWKHU� WKH�HQ]\PH�ZDV�SUHVHQW�RU�QRW�ZKHQ�'RKHUW\

DQG� FR�ZRUNHUV� WUHDWHG� O\PSKREODVWRLG� FHOO� OLQHV� ZLWK

����GLFKORURHWKDQH� DQG� WKH� PLFURQXFOHL� LQGXFHG� ZHUH

NLQHWRFKRUH�QHJDWLYH��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV

IURP� WZR� GLIIHUHQW� DVVD\V� DUH� GLIILFXOW� WR� H[SODLQ� VLQFH

WKH�GRVH�UDQJH�XVHG�ZDV�LGHQWLFDO�LQ�ERWK�DVVD\V��KRZ�

HYHU� VRPH� SRVVLEOH� VXJJHVWLRQV� DUH� WKDW� WKH� O\PSKR�

EODVWRLG�FHOO�OLQHV�PD\�KDYH�EHHQ�PRUH�VHQVLWLYH�WR�WKLV

SDUWLFXODU� FKHPLFDO� FRPSRXQG� WKDQ� WKH� &KLQHVH� KDP�

VWHU�FHOO�OLQHV��RU�WKH�LQGXFWLRQ�RI�PLFURQXFOHL�LQ�WKH�QRQ�

PHWDEROLFDOO\�FRPSHWHQW�O\PSKREODVWRLG�FHOOV�PD\�KDYH

GHULYHG� PDLQO\� IURP� WKH� GDPDJH� LQ� WKH� FHQWURPHUH

3KRWR� ���'LVORFDWHG� FKURPRVRPH��:KHQ� FHOOV� DUH� WUHDWHG� ZLWK� D� VSLQGOH
SRLVRQ��VSLQGOHV�JHW�GDPDJHG�DQG�D�GLVORFDWHG�FKURPRVRPH�LV�SURGXFHG�DV
VKRZQ�KHUH�
3KRWR� ��� 0XOWLSRODU� VSLQGOH�� ,I� FHOOV� GR� QRW� GLYLGH� SURSHUO\�� VSLQGOHV� PD\
EHFRPH�PXOWLSRODU��
3KRWR����%ULGJH�IRUPDWLRQ�GXULQJ�DQDSKDVH��,I�D�FKHPLFDO�FRPSRXQG�XVHG
WR�WUHDW�FHOOV�LV�GDPDJLQJ�WKH�IXQFWLRQ�RU�WKH�VWUXFWXUH�RI�WKH�NLQHWRFKRUH��D
EULGJH�PD\�EH�IRUPHG��WKLV� LV�GXH�WR�WKH�VORZ�PRYHPHQW�RI�FKURPRVRPH��
3KRWR����&KURPDWLQ�PDVV�� ,I� WKH�FHOOV�DUH�GDPDJHG�LUUHYHUVLEO\��FKURPDWLQ
PDVV� LV�VKRZQ�DQG� WKLV� UHSUHVHQW�FHOO�GHDWK�

)LJXUH� ��� 0LWRWLF� SURILOHV� RI� 9��G�0=�$�� DQG� 0%��%�� WUHDWHG� ZLWK� ����
GLFKORURHWKDQH��&HOOV�ZHUH� WUHDWHG� IRU� ��� DQG� ��� K�� UHVSHFWLYHO\�ZLWK� ����
GLFKORURHWKDQH� EHIRUH� WKH� FHOOV�ZHUH� GLIIHUHQWLDOO\� VWDLQHG� WR� REVHUYH� WKHLU
PLWRWLF�SURILOHV��0RVW�FHOOV�ZHUH�QRUPDO�HYHQ�DW� WKH�KLJKHVW�GRVH�RI���P0
IRU�9��G�0=��ZKHUHDV�VHYHUDO�DEHUUDWLRQV�ZHUH� IRXQG� LQ�0%��
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UDWKHU� WKDQ� WKH� VSLQGOH� GDPDJH� DQG� WKLV� LGHD� LV� FRQ�

VLVWHQW�ZLWK�WKH�LQGXFWLRQ�RI�NLQHWRFKRUH�QHJDWLYH�PLFUR�

QXFOHL� LQ�'RKHUW\¶V�ZRUN�

$�ODUJH�QXPEHU�RI�'�/�%�ZDV�VFRUHG�LQ�0%��FHOO� OLQH

DQG� D� SRVVLEOH� PHFKDQLVP� LQGXFLQJ� '�/�%� FDQ� EH

H[SODLQHG�E\�D�GHPRQVWUDWLRQ�RI�<RR�DQG�9LJ��������WKDW

WKH�FKURPRVRPHV�ODFNLQJ�NLQHWRFKRUH�SURWHLQV��.−��ZHUH

XQDEOH� WR�DWWDFK�RQ� WR� WKH�VSLQGOH�DSSDUDWXV��

&UHEHOOL�DQG�FR�ZRUNHUV�LQ������KDYH�VKRZQ�WKDW�����

GLFKORURHWKDQH�LQGXFHG�FKURPRVRPDO�PDOVHJUHJDWLRQ�LQ

$�� QLGXODQV� ZLWKRXW� DQ\� HQ]\PH� DFWLYLW\� DV� 'RKHUW\¶V

ZRUN� KDV� VKRZQ� EXW� WKLV� ZDV� QRW� FRQVLVWHQW� ZLWK� WKH

VSLQGOH�DVVD\�UHVXOW�DQG�WKLV�GLIIHUHQFH�PD\�KDYH�EHHQ

GXH� WR�GLIIHUHQW� W\SHV�RI� FHOO� OLQHV�XVHG�DQG� WKH�VHQVL�

WLYLW\�RI�GLIIHUHQW�DVVD\V�PD\�KDYH�EHHQ�DQRWKHU� IDFWRU

WR�FRQVLGHU� LQ�H[SODLQLQJ� WKH�GLIIHUHQFH� LQ� WKH� UHVXOWV�

������WULFKORURHWKDQH

7KLV� FKHPLFDO� FRPSRXQG� ZDV� IRXQG� WR� EH� D� VSLQGOH

SRLVRQ�LQ�ERWK�FHOO�OLQHV��,Q�WKH�9��G�0=��WKHUH�ZHUH�QR

VLJQLILFDQW�FKDQJHV�LQ�WKH�PLWRWLF�SURILOHV�XQWLO�D�GRVH�RI

���� P0� ZDV� UHDFKHG�� DQG� DW� D� GRVH� RI� ��� P0� WKH

IUHTXHQF\�RI�PHWDSKDVH�GHFUHDVHG�DQG�WKH�QXPEHU�RI

VSLQGOH�DEVHQW� FHOOV� LQFUHDVHG� DSSUR[LPDWHO\� E\� WZR�

IROG��)LJXUH��$���,Q�WKH�0%���EHWZHHQ�WKH�GRVH�UDQJH�RI

���� WR� ���� P0�� PDQ\� GLVORFDWHG� FKURPRVRPHV� ZHUH

LQGXFHG� E\� WKH� FKHPLFDO� EXW� GLG� QRW� VKRZ� DQ\� GRVH�

GHSHQGHQW�PDQQHU��)LJXUH��%���$W�D�GRVH�RI����P0�WKH

PHWDSKDVH� IUHTXHQF\�GURSSHG�E\�PRUH� WKDQ� WZR�IROG��

������WULFKORURHWKDQH� ZDV� D� VSLQGOH� SRLVRQ� ZLWK� RU

ZLWKRXW� WKH� &<3�(�� DFWLYDWLRQ� KRZHYHU� WKH� FKHPLFDO

ZDV�PRUH�WR[LF�ZKHQ�WKH�HQ]\PH�PHWDEROLVHG�WKH�FKH�

PLFDO�FRPSRXQG��$Q�LVRPHU�RI�WKLV�FKHPLFDO�FRPSRXQG�

������WULFKORURHWKDQH� VHHPV� WR� EH� D� ZHDNHU� VSLQGOH

SRLVRQ� �$GHOH� .LP�� 3K�'� 7KHVLV� ������ WKDQ� ������

WULFKORURHWKDQH�VLQFH�IRU�ERWK�FKHPLFDO�FRPSRXQGV� WKH

LGHQWLFDO� GRVH� UDQJH� LQGXFHG� GLIIHUHQW� OHYHOV� RI� DEHU�

UDWLRQ�� ,Q� IDFW��RQH� LVRPHU�ZDV�PRUH�HIIHFWLYH� WKDQ� WKH

RWKHU� IRU� LQGXFLQJ� DEHUUDQW� FHOOV�� 7KLV� VKRZV� WKDW� WKH

FKHPLFDO� VWUXFWXUH� LV� LPSRUWDQW� ZKHQ� WKH� WR[LFLW\� RI� D

FKHPLFDO�FRPSRXQG� LV�FRQVLGHUHG��

7ULFKORURHWK\OHQH

7KH� 9��G�0=� WUHDWHG� ZLWK� WULFKORURHWK\OHQH� GLG� QRW

VKRZ�PDQ\�FKDQJHV�LQ�WKHLU�PLWRWLF�SURILOHV�FRPSDUHG�WR

LWV�QHJDWLYH�FRQWURO�DOWKRXJK� WKH�GRVHV�ZHUH� UDLVHG�XS

WR����P0��)LJXUH��$���+RZHYHU�PHWDEROLFDOO\�FRPSHWHQW

FHOO� OLQHV�� 0%�� KDV� VKRZQ� D� YDULHW\� RI� DEHUUDWLRQV� LQ

WKHLU�PLWRWLF�SURILOHV��)LJXUH��%���7KH�0%��FHOOV�ZHUH�QRW

VFRUDEOH�DW�D�GRVH�RI����P0��DQG�DW�ORZHU�GRVHV�ODUJH

QXPEHUV�RI�'�/�%�DQG�PXOWL�SRODU�FHOOV�ZHUH�LQGXFHG�LQ

D�GRVH�GHSHQGHQW�PDQQHU�

7ULFKORURHWK\OHQH� UHTXLUHG� WKH� &<3�(�� DFWLYDWLRQ� LQ

RUGHU� WR� LQGXFH� VRPH� VSLQGOH� GDPDJH� RU� VRPH� RWKHU

IRUPV�RI�DEHUUDWLRQV�VXFK�DV�'�/�%��7KH�LQGXFWLRQ�RI�'�

/�%�PD\� KDYH� EHHQ� GHULYHG� YLD� VHYHUDO� SDWKZD\V�� IRU

LQVWDQFH�DQ�LQKLELWLRQ�RI�D�PRWRU�SURWHLQ�VXFK�DV�G\QHLQ

PD\�EH�RQH�ZD\��SUHVHQFH�RI�DQWLERGLHV�IRU�FHQWURPHUH

ZHDNHQV�WKH�DVVRFLDWLRQ�RI�G\QHLQ�ZLWK�WKH�NLQHWRFKRUH

DQG�WKLV�PD\�HYHQWXDOO\�OHDG�WR�FKURPRVRPHV�IDLOLQJ�WR

PRYH�QRUPDOO\��&KORUDO�K\GUDWH�LV�RQH�RI�WKH�PHWDEROLWHV

RI�WULFKORURHWK\OHQH�DQG�FKORUDO�K\GUDWH�LV�NQRZQ�WR�VWRS

HORQJDWLRQ� RI�PLFURWXEXOHV� �5LV�� ������ DQG� WKH� GLVUXS�

WLRQ�RI�QRUPDO�PRYHPHQW�RI�WKH�FKURPRVRPHV�DORQJ�WKH

VSLQGOH� DSSDUDWXV� PD\� KDYH� EHHQ� GXH� WR� PHWDEROLWHV

VXFK�DV�FKORUDO�K\GUDWH�

0LOOHU�DQG�*XHQJHULFK��������SURSRVHG�D�PHFKDQLVP

OHDGLQJ� WR� FKORUDO� K\GUDWH� IRUPDWLRQ��$FFRUGLQJ� WR� WKHLU

PRGHO�� FKORULQH�PLJUDWLRQ�RFFXUV�ZLWKLQ�DQ�R[\JHQDWHG

7&(�F\WRFKURPH� 3����� WUDQVLWLRQ� VWDWH� ZLWKRXW� WKH

LQYROYHPHQW� RI� DQ�HSR[LGH�DV�DQ� LQWHUPHGLDWH��&KORUDO

K\GUDWH�LV�WKHQ�UHGXFHG�WR�WULFKORURHWKDQRO�DQG�R[LGL]HG

WR� WULFKORURDFHWLF� DFLG� �.DZDPRWR� HW� DO��� ������� 7KH

ODWWHU�RI�WKH�WZR�PHWDEROLWHV�VHHPV�WR�EH�UHVSRQVLEOH�IRU

)LJXUH� ��� 0LWRWLF� SURILOHV� RI� 9��G�0=�$�� DQG� 0%��%�� WUHDWHG� ZLWK� ������
WULFKORURHWKDQH��$� ODUJH�QXPEHU�RI�DEHUUDWLRQV�ZHUH�SUHVHQW�DW� WKH�KLJKHVW
GRVH� XVHG� LQ� 9��G�0=� DQG� PRUH� DEHUUDQW� FHOOV� WKDQ� QRUPDO� FHOOV� ZHUH
SUHVHQW�DW� WKH�GRVH�RI����P0� LQ�0%��



(IIHFW�RI�3����RQ�WKH�F\WRJHQHWLF�HIIHFWV�RI�K\GURFDUERQV ��

WKH� KHSDWRFDUFLQRJHQLF� DFWLRQ� RI� 7&(� YLD� SHUR[LVRPDO

SUROLIHUDWLRQ� �(OFRPEH��������

����GLFKORUREXWDQH

7KH� )LJXUH� �$� VKRZV� WKH� PLWRWLF� SURILOHV� RI� 9��G�0=

WUHDWHG�ZLWK� ����GLFKORUREXWDQH� EHWZHHQ� D� GRVH� UDQJH

RI� �� WR� �� P0� DQG� DV� WKH� GRVHV� ZHUH� LQFUHDVHG� WKH

QXPEHU�RI�VSLQGOH�DEVHQW�FHOOV�LQFUHDVHG��0DQ\�QXPEHUV

RI� '�/�%� DQG� PXOWL�SRODU� VSLQGOHV� ZHUH� DOVR� LQGXFHG

ZKHQ�WKH�9��G�0=�FHOOV�ZHUH�WUHDWHG�ZLWK�WKLV�FKHPLFDO

FRPSRXQG�

7KH�)LJXUH��%�VKRZV�WKH�PLWRWLF�SURILOHV�RI�0%��WUHDW�

HG�ZLWK�����GLFKORUREXWDQH�XVLQJ� WKH�VDPH�GRVH�UDQJH

XVHG�IRU�9��G�0=��7KH�QXPEHU�RI�VSLQGOH�DEVHQW�FHOOV

LQFUHDVHG� LQ� D� GRVH�GHSHQGHQW� PDQQHU� DV� WKH� IUH�

TXHQF\� RI� PHWDSKDVH� GHFUHDVHG� DQG� WKH� QXPEHUV� RI

PXOWLSRODU�VSLQGOHV�DQG�'�/�%�DOVR�LQFUHDVHG�LQ�D�GRVH�

GHSHQGHQW�PDQQHU��

����GLFKORUREXWDQH� UHTXLUHG� DQ� HQ]\PH� DFWLYDWLRQ� WR

EH� D� VSLQGOH� SRLVRQ� DQG� WKH� LQGXFWLRQ� RI� PLFURQXFOHL

ZLWK�NLQHWRFKRUH� ODEHOV� �'RKHUW\�HW�DO��� ������ LQGLFDWHV

WKDW� WKH� FKHPLFDO� FRPSRXQG� LV� PRUH� RI� DQ� DQHXJHQ

WKDQ� D� FODVWRJHQ� KRZHYHU� WKLV� GRHV� QRW� QHFHVVDULO\

PHDQ� WKDW� WKH�NLQHWRFKRUHV�ZHUH� IXQFWLRQLQJ�HIILFLHQWO\�

XQOHVV�PROHFXODU�DVVD\V�DUH�FDUULHG�RXW�WR�DQDO\VH�WKH

VHTXHQFH�RI� WKH�FHQWURPHUH�

6RPH�PXOWL�SRODU� VSLQGOHV�ZHUH� LQGXFHG�QRW�RQO\� IRU

WKLV�SDUWLFXODU� FRPSRXQG�EXW� IRU�PDQ\�RI� WKH� FKHPLFDO

FRPSRXQGV� WHVWHG� LQ� WKLV� VWXG\�� DQG� WKH� LQGXFWLRQ� RI

WKHVH� PXOWLSRODU� VSLQGOHV� FDQ� EH� DFKLHYHG� E\� VHYHUDO

ZD\V�� IRU� LQVWDQFH� UHSOLFDWLRQ�RI�PRUH� WKDQ� WZR�FHQWUR�

VRPHV� LQ� RQH� FHOO� F\FOH� ZLOO� HYHQWXDOO\� SURGXFH�PXOWL�

SRODU� VSLQGOHV�� ,Q� ������ LW� ZDV� GLVFRYHUHG� WKDW� WKH

)LJXUH����0LWRWLF�SURILOHV�RI�9��G�0=�$��DQG�0%��%��WUHDWHG�ZLWK�WULFKORUR�
HWK\OHQH��&HOOV�ZHUH�WUHDWHG�ZLWK�WKH�FKHPLFDO�FRPSRXQG�IRU������FHOO�F\FOH
WLPH�DQG�GLIIHUHQWLDOO\�VWDLQHG��0RVW�FHOOV�ZHUH�NHSW�DV�QRUPDO�FHOOV�LQ�9��G�
0=�EXW� WKHUH�ZHUH�QR�FHOOV� WR�VFRUH�DW� WKH�GRVH�RI����P0� LQ�0%��

)LJXUH� ��� 0LWRWLF� SURILOHV� RI� 9��G�0=�$�� DQG� 0%��%�� WUHDWHG� ZLWK� ����
GLFKORUREXWDQH��)LUVW�JUDSK�VXJJHVWV�WKDW�����GLFKORUREXWDQH�UHTXLUHV�3���
DFWLYDWLRQ�WR�EH�VSLQGOH�SRLVRQRXV�VLQFH�QRW�PDQ\�DEHUUDQW�FHOOV�ZHUH�IRXQG
LQ� 9��G�0=�� +RZHYHU�� WKH� ODWWHU� JUDSK� FOHDUO\� VKRZV� ELRDFWLYDWLRQ� RI
&<3�(��VLQFH�PDQ\�DEHUUDQW�FHOOV�ZHUH� LQGXFHG�
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DEVHQFH�RI�S���SURWHLQV�LQ�PRXVH�HPEU\RQLF�ILEUREODVWV

SURGXFHG� PRUH� WKDQ� WZR� FHQWURVRPHV� LQ� D� FHOO� F\FOH

DQG�WKLV�HYHQWXDOO\�OHG�WR�PXOWL�SRODU�FHOOV��)XNDVDZD�HW

DO���������

,W� ZDV� WKRXJKW� XQWLO� UHFHQWO\� WKDW� FHQWURVRPHV� DUH

HVVHQWLDO�IRU�FHOOV�WR�EH�ELSRODU�KRZHYHU�:LOVRQ�DQG�FR�

ZRUNHUV�KDYH�GLVFRYHUHG�WKDW�LQ�XUFKLQ�DQG�'URVRSKLOD�

WKH�ELSRODU�FHOOV�ZHUH�SUHVHQW�LQ�PRQDVWUDO�VWDWH�ZKHUH

QR� γ�WXEXOLQV� ZHUH� IRXQG� �:LOVRQ� HW� DO��� ������� 7KLV

SRVWXODWHV�WKDW�PXOWL�SRODU�VSLQGOH�IRUPDWLRQ�LQGXFHG�E\

WKHVH�FKHPLFDOV�PD\�QRW�EH�QHFHVVDULO\�GXH�WR�DEVHQW

RU� DPSOLILFDWLRQ� RI� FHQWURVRPHV� EXW� LW� PD\� EH� GXH� WR

RWKHU�GHIHFWV� LQ�RUJDQHOOHV��JHQHV�RU�SURWHLQV�

��FKORURKH[DQH

7KH�PLWRWLF� SURILOHV� RI� 9��G�0=� WUHDWHG� ZLWK� ��FKORUR�

KH[DQH� VKRZ� QR� VLJQLILFDQW� FKDQJHV� FRPSDUHG� WR� LWV

QHJDWLYH� FRQWURO� �)LJXUH� �$�� H[FHSW� IRU� WKDW� WKHUH� LV� D

ODUJH�QXPEHU�RI�'�/�%�ZKHQ�WKH�FHOOV�ZHUH�WUHDWHG�ZLWK

WKLV�FKHPLFDO���FRPSRXQG�EHWZHHQ�D�GRVH�UDQJH�RI����

WR�����P0��KRZHYHU� WKLV�ZDV�QRW� LQ�D�GRVH�GHSHQGHQW

PDQQHU�

7KH� PLWRWLF� SURILOHV� RI� 0%�� VKRZV� WKDW� QRQH� RI� WKH

FHOOV� ZHUH� VFRUDEOH� RU� REVHUYHG� DW� D� GRVH� RI� �� P0

�)LJXUH� �%�� DQG� DW� D� ORZHU� GRVH�� PDQ\� FHOOV� ZHUH

VSLQGOH�DEVHQW��

��FKORURKH[DQH� LV� D� FKHPLFDO� ZKLFK� KDV� QRW� PXFK

RWKHU�WR[LFRORJLFDO�LQIRUPDWLRQ�RWKHU�WKDQ�'RKHUW\¶V�ZRUN

DQG�WKLV�PDNHV�LW�GLIILFXOW� WR�GLVFXVV�WKH�UHVXOW�KRZHYHU

WKLV�FKHPLFDO�FRPSRXQG�ZDV�WR[LF�DQG� LQGXFHG�VHYHUH

VSLQGOH� GDPDJH�ZKHQ� WKH� HQ]\PH�ZDV� SUHVHQW�ZKLFK

HYHQWXDOO\� OHG� WR�FHOO�GHDWK�DW�D� ORZ�GRVH�

,W� KDV� EHHQ� NQRZQ� IRU� D� ZKLOH� WKDW� G\VIXQFWLRQDO

FHQWURVRPH�FDQ�DOVR�LQGXFH�VSLQGOH�DEVHQW�FHOOV��%ROHWL

DQG� FR�ZRUNHUV� IRXQG� RXW� WKDW� WKHUH� LV� D� FHQWURVRPDO

NLQHVLQ�OLNH� SURWHLQ� ZKLFK� LV� UHTXLUHG� IRU� FHQWURVRPH

VHSDUDWLRQ�GXULQJ�PLWRVLV�LQ�;HQRSXV��%ROHWL�HW�DO�������

DQG�LI�WKLV�SURWHLQ�LV�LQKLELWHG�VRPHKRZ��WKH�FHQWURVRPH

PD\� QRW� VHSDUDWH� DQG� WKHQ� WKLV� PD\� LQGXFH� VSLQGOH�

DEVHQW�FHOOV��2QFH�LW�ZDV�VXJJHVWHG�WKDW�FHQWULROHV�ZHUH

DOVR� HVVHQWLDO� IRU� WKH� FHOO� GLYLVLRQ� KRZHYHU� VRPH� FHOOV

ZHUH�IRXQG�WR�EH�GLYLGLQJ�ZLWKRXW�FHQWULROHV��&DODUFR�HW

DO���������,W�VHHPV�WKHUHIRUH�GLIILFXOW�WR�NQRZ�IRU�FHUWDLQ

ZKDW�DUH�WKH�HVVHQWLDO�FRPSRQHQWV�UHTXLUHG�IRU�QRUPDO

FHOO�GLYLVLRQ��,W�VHHPV�WR�YDU\�GHSHQGLQJ�RQ�WKH�RULJLQ�RI

FHOOV�

7KH� FRPSOHWH� IRUPDWLRQ� RI� PLFURWXEXOHV� LV� DOVR� GH�

SHQGHQW�XSRQ�ZKHWKHU�RU�QRW�FKURPRVRPHV�DUH�SUHVHQW

RQ� WKH� VSLQGOH� �=KDQJ� DQG� 1LFNODV�� ������ DQG� WKLV

VKRZV�DQ�LQGLUHFW�ZD\�RI�DIIHFWLQJ�WKH�SRO\PHULVDWLRQ�RI

PLFURWXEXOHV�� 7KH� HYLGHQFH� RI� WKLV� NLQG� DOORZV� XV� WR

SRVWXODWH�WKDW�FODVWRJHQLFLW\�LQIOXHQFHV�DQHXJHQLFLW\�WKXV

FKURPRVRPDO�GDPDJH�PD\�DOVR�EH�LQIOXHQFLQJ�WKH�LQWH�

JULW\�RI�VSLQGOHV��

7KH�DEVHQFH�RI�D�PLWRWLF�VSLQGOH�FDQ�EH�LQGXFHG�QRW

RQO\�DW�WKH�FHOOXODU�OHYHO�EXW�DOVR�DW�WKH�PROHFXODU�OHYHO�

IRU�H[DPSOH�D�QXOO�PXWDWLRQ�LQ�WKH�JDPPD�WXEXOLQ�JHQH

FDXVHV� D� FRPSOHWH� ORVV� RI� WKH� PLWRWLF� VSLQGOH� LQ� $�

QLGXODQV� �6WHDUQV�HW�DO���������

$OO� ILYH� FKHPLFDO� FRPSRXQGV� XVHG� LQGXFHG� QRW� RQO\

VSLQGOH� GDPDJH� EXW� GDPDJHG� JHQHWLF� PDWHULDO� �'1$�

DQG�WKLV�LV�FRQILUPHG�IRU�VRPH�RI�WKH�FKHPLFDOV�LQYHVWL�

JDWHG�KHUH�E\�7DID]ROL�DQG�.LUVFK�9ROGHUV�LQ������ZKHQ

WKH\�FDUULHG�RXW� WKH�FRPHW�DVVD\V�

7R� VXPPDULVH� IURP� ERWK� RXU� RZQ� VWXG\� DQG� WKDW� RI

RWKHUV� GLVFXVVHG�� LW� LV� FRQFOXGHG� WKDW� IRXU� RI� WKH

FKHPLFDO� FRPSRXQGV� ZHUH� IRXQG� WR� EH� GLUHFW� VSLQGOH

SRLVRQV�DQG�RQO\�RQH�FKHPLFDO�VKRZHG�HOHYDWHG�OHYHOV

RI�DEHUUDWLRQV�ZKHQ�WKH�HQ]\PH�&<3�(��ZDV�H[SUHVV�

HG�� DQG� WKLV� LQGLFDWHV� WKDW� WKH� HQ]\PH�ZDV�PRUH� RI� D

WR[LI\LQJ�HQ]\PH� WKDQ�GHWR[LI\LQJ�RQH��

7KHUH�DUH�PDQ\�SRVVLEOH� IDFWRUV�DV�DOUHDG\�GLVFXVV�

)LJXUH� ��� 0LWRWLF� SURILOHV� RI� 9��G�0=�$�� DQG� 0%��%�� WUHDWHG� ZLWK� ��
FKORURKH[DQH��7KH�GRVH�UDQJH�XVHG�IRU���FKORURKH[DQH�LV�EHWZHHQ���WR����
P0��PXFK� OHVV� WKDQ� WKH� UHVW� RI� WKH� FKHPLFDO� FRPSRXQGV� WHVWHG� EXW� KLJK
WR[LFLW\�LV�VKRZQ��$OO�WKH�0%��FHOOV�ZHUH�GHDG�IRU�WKH�ODVW�WZR�GRVHV�DQG�WKLV
UHSUHVHQWV� WKDW� WKH� &<3�(�� HQ]\PH� PDGH� WKH� FKHPLFDO� WR� EH� PRUH
F\WRWR[LF�
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