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7KH� SXUSRVH� RI� WKLV� LQYHVWLJDWLRQ�ZDV� WR� ILQG�
WKH� FDXVHV� RI� GHDWK� LQ� FKLQFKLOOD�ZLWK� FOLQLFDO�
V\PSWRPV� RI� VWURQJ� ZDWHU\� GLDUUKRHD�� ZKLFK�
ZHUH� JLYHQ� IHHG� IURP� ZKLFK� ZDV� LVRODWHG�
%DFLOOXV�FHUHXV�VWUDLQ��
�
)RU�WKH�LQYHVWLJDWLRQ�ZHUH�XVHG����FKLQFKLOOD�RI�
WKH� VWDQGDUG� UDFH�� ��� IHHG� FRPSRQHQWV� ZHUH�
VWXGLHG�� )UDJPHQWV� RI� WKH� ODUJH� DQG� VPDOO�
LQWHVWLQH�� DQG� JDVWULF� DQG� LQWHVWLQH� FRQWHQWV�
ZLWK� 3(0%$� PHGLXP� %�� FHUHXV� VWUDLQV� ZHUH�
REWDLQHG�� 7KH� VWUDLQV� SURGXFHG� GLDUUKRHDO�
HQWHURWR[LQ�� 7KH� VWUDLQV� ZLWK� LGHQWLFDO�
ELRFKHPLFDO� WHVWV� ZHUH� REWDLQHG� IURP� IHHG�
����[���F�I�X��J��� SUHPL[� ����[���F�I�X��J���
ZKHDW�����[���F�I�X��J���EDUHO\�����[���F�I�X��J���
DQG� RDWV� ����[���F�I�X��J��� 7KH� VWUDLQV�� ZKLFK�
ZHUH�REWDLQHG� IURP� WKH�DQLPDOV� DQG� IURP� WKH�
IHHG��SURGXFHG�HQWHURWR[LQ�LQ�%&(7�53/$�WHVW��
6WUDLQV�IURP���IHHG�FRPSRQHQWV�VXUYLYHG�LQ�DQ�
DFLG� HQYLURQPHQW� �S+� ���������� :LWK� GLVF�
GLIIXVLRQ�WHVWLQJ�ERWK�VWUDLQV�ZHUH�VHQVLWLYH�WR��
DPLNDFLQ�� FLSURIOR[DFLQ�� HQWHURIOR[DFLQ��
LPLSHQHP�DQG�QRUIOR[DFLQ��

�

.H\�ZRUGV��
DQWLELRWLF� �� VHQVLYLW\�� %DFLOOXV� FHUHXV��
FKLQFKLOOD�� FRQWDPLQDWLRQ�� GLDUUKRHDO�
HQWHURWR[LQ�� HQWHURWR[LQ�� � H[WUHPHO\� DFLG�
HQYLURQPHQWDO�� IHHG�� LQWHVWLQH�� � LQWR[LFDWLRQ��
ZDWHU\�GLDUUKRHD��
�
�
%DFLOOXV� FHUHXV� LV� D� *UDP� SRVLWLYH�� UHODWLYH�
DQDHURELF� EDFLOOXV� WKDW� SURGXFHV� HQGRVSRUHV��
7KLV� EDFWHULXP� LV� ZLGHO\� GLVWULEXWHG� LQ� WKH�
QDWXUDO�HQYLURQPHQW��EHLQJ�IUHTXHQWO\�LVRODWHG�
IURP� VRLO�� ZDWHU� DQG� DLU�� 'XH� WR� LWV� JHQHUDO�
RFFXUUHQFH�� WKHUH� LV� D� SRVVLELOLW\� WKDW� IHHG�
SURGXFWV� DQG� DQLPDO� IHHGV� DUH� FRQWDPLQDWHG�
ZLWK� LW�� %�� FHUHXV� LV� IUHTXHQWO\� LVRODWHG� IURP�
JUDLQ��LQ�SDUWLFXODU�ULFH��DQG�FHUHDOV��IURP�PLON�
�IUHVK� DQG� SDVWHXULVHG�� DQG� LWV� SURGXFWV�� DV�
ZHOO�DV�IURP�UDZ�PHDW��%RURQ�.DF]PDUVND�HW�DO���
������0ROVND�,����������9HU\�RIWHQ�IHHG�SURGXFWV�
DUH� FRQWDPLQDWHG�GXH� WR� WKH�DGGLWLRQ�RI�KHUEV�
FRQWDLQLQJ� KHDW�UHVLVWDQW� HQGRVSRUHV� RI�
%DFLOOXV�FHUHXV��7XUQEXOO�3��HW�DO����������'XULQJ�
WKH� IUHTXHQWO\�XVHG� WKHUPDO�SURFHVVHV�WKDW�DUH�
FRQQHFWHG�ZLWK�WKH�SUHSDUDWLRQ�RI�IHHG�DV�ZHOO�
DV�DQLPDO�IHHGV�DW�QRW�YHU\�KLJK�WHPSHUDWXUHV��
WKH�HQGRVSRUHV�RI�%��FHUHXV�JHUPLQDWH�DQG�WKH��
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YHJHWDWLYH� FHOOV� GHYHORS� HPHWLF� WR[LQ� DQG� �RU��
GLDUUKRHDO� HQWHURWR[LQ�� 7KH� KXPDQ� HPHWLF�
WR[LQ� LV� HWKLRORJLFDOO\� FRQQHFWHG� ZLWK� WKH�
HPHWLF� V\QGURPH� RI� W\SLFDO� IHHG� SRLVRQLQJ�
�%RURQ�.DF]PDUVND�HW�DO���������=DUHPED�0��/��HW�
DO��� ������� ,W� LV� D� WKHUPRVWDELOH� SURWHLQ� ZLWK� D�
ORZ�PROHFXODU� ZHLJKW�� ZKLFK� LV� H[FHSWLRQDOO\�
HIIHFWLYHO\� V\QWKHWLVHG� GXULQJ� HQGRVSRUH�
SURGXFWLRQ��2Q� WKH�RWKHU�KDQG�� WKH�GLDUUKRHDO�
WR[LQ� WKDW� LV� UHVSRQVLEOH� IRU� WKH� GLDUUKRHDO�
V\QGURPH� �IUHTXHQWO\� RI� EDFWHULDO� IHHG�
LQIHFWLRQ� FKDUDFWHU�� LV� D� SURWHLQ� ZLWK� D�
PROHFXODU� ZHLJKW� RI� DSSUR[LPDWHO\� ��������
,QWR[LFDWLRQ� ZLWK� WKDW� WR[LQ� UHVHPEOHV� WKDW�
ZLWK� &O�� SHUIULQJHQV� RU� 9LEULR� FKROHUDH�� 7KLV�
EDFWHULD�DOVR�SURGXFHV�D�QXPEHU�RI�RWKHU�WR[LQV�
LQFOXGLQJ� FHUHRO\VLQ� ZLWK� D� VWURQJ� QHFURWLF�
FKDUDFWHU�� KHPRO\VLQ� ,,�� DQG� OHFLWKLQDVH� �RI�
VWDEOH� PHWDOORHQ]\PH� FRPSOH[� FKDUDFWHU��� QRW�
FRQQHFWHG� KRZHYHU� ZLWK� IHHG� LQWR[LFDWLRQV�
�%RURQ�.DF]PDUVND�HW�DO���������7XUQEXOO�3��HW�DO���
�������
�
7R� GHPRQVWUDWH� WKDW� WKLV� EDFWHULXP� LV� WKH�
HWKLRORJLFDO� DJHQW� RI� LQWR[LFDWLRQ�� RQH� VKRXOG�
GHWHUPLQH�ZKHWKHU�WKH�VWUDLQ�LVRODWHG�IURP�WKH�
IHHG�LV�WKH�VDPH�RQH�ZKLFK�LVRODWHV�IURP�D�VLFN�
DQLPDO�� 7KH� PHUH� LVRODWLRQ� RI� %�� FHUHXV� IURP�
WKH� IHHG� GRHV� QRW� VXIILFH� VLQFH� WKLV� EDFWHULXP�
RFFXUV� YHU\� RIWHQ� LQ� WKH� QDWXUDO� HQYLURQPHQW�
DQG� GRHV� QRW� SURGXFH� FOLQLFDO� V\PSWRPV� RI�
GLVHDVH�� ,Q� FDVH� RI� LVRODWLRQ� RI� %�� FHUHXV� IURP�
YRPLW�� IHFHV�� RU� LQWHUQDO� RUJDQV�� RQH� VKRXOG�
NHHS� LQ� PLQG� WKDW� LW� LV� WKHQ� HVVHQWLDO� WR�
GHWHUPLQH�WKH�QXPEHU�RI�FHOOV�� WKH�VHURW\SH�RU�
SKDJH� W\SH�� DQG� WKH� YLUXOHQFH� RI� WKH� LVRODWHG�
VWUDLQV�� ILUVW� WKHLU� DELOLW\� WR� SURGXFH� WR[LQV�
�7XUQEXOO� 3�� HW� DO��� ������� $V� D� UXOH�� IHHG�
LQWR[LFDWLRQ�ZLWK�%��FHUHXV�LV�IRXQG�LQ�KXPDQV��
)HHG� LQWR[LFDWLRQV�ZLWK�HQWHURWR[LQV�SURGXFHG�
E\� %DFLOOXV� FHUHXV� KDYH� QRW� EHHQ� IRXQG� LQ�
SK\WRSKDJRXV�URGHQWV��
�
7KH� DLP� RI� WKH� VWXG\� ZDV� WR� GHWHUPLQH� WKH�
FDXVH� RI� GHDWKV� LQ� FKLQFKLOODV� ZLWK� VHYHUH�
V\PSWRPV�RI�GLDUUKRHD�WKDW�ZHUH�JLYHQ�D�IHHG�
IURP�ZKLFK�%DFLOOXV�FHUHXV�ZDV�LVRODWHG��
�

0DWHULDO�DQG�PHWKRGV�
�
7KH� VWXG\� PDWHULDO� FRQVLVWHG� RI� ��� GHDG�
FKLQFKLOODV� RI� 6WDQGDUG� EUHHG� ZLWK� VHYHUH�
V\PSWRPV�RI�GLDUUKRHD��DV�ZHOO�DV�WKH�IHHG�DQG�
��� RI� LWV� FRPSRQHQWV��ZLWK�ZKLFK� WKH� DQLPDOV�
ZHUH�IHG��
�
'XULQJ� SRVW� PRUWHP� H[DPLQDWLRQ�� D� VHYHUH�
HQWHURFROLWLV� ZDV� IRXQG� LQ� DOO� GHDG� DQLPDOV��
ERWK�LQ�WKH�VPDOO�DQG�WKH�ODUJH�LQWHVWLQH��)URP�
DOO� ��� FKLQFKLOODV� VPDOO� VHJPHQWV� RI� DOWHUHG�
LQWHVWLQHV� ZHUH� WDNHQ� IRU� PLFURELRORJLFDO�
DQDO\VLV��6LQFH�FKLQFKLOODV�DUH�DQLPDOV�LQ�ZKLFK�
WKH� YRPLWLQJ� UHIOH[� LV� YHU\� UDUH�� LW� ZDV� QRW�
SRVVLEOH� WR� WDNH� YRPLW� IRU� IXUWKHU� DQDO\VLV�
�LPSRUWDQW�PDWHULDO� LQ� IHHG� LQWR[LFDWLRQ� LQ� WKH�
KXPDQ���DQG�PLFURELRORJLFDO�DQDO\VLV�LQFOXGHG�
RQO\� WKH� JDVWULF� DQG� LQWHVWLQH� FRQWHQWV�� 7KH�
FKLQFKLOOD� IHHG� FRQVLVWHG� RI� RDWV�� EDUOH\�� VR\D��
ZKHDW�� ZKHDW� EUDQ�� IOD[�VHHG�� GULHG� JUDVV��
PHWKLRQLQH�� EHKODGRO�� SUHPL[�� PRODVVHV� DQG�
DQLPDO�PHDO��$OO�IHHG�FRPSRQHQWV�ZHUH�PL[HG�
WRJHWKHU� DW� ��°&�� )RU�PLFURELRORJLFDO� DQDO\VLV��
���J�RI�IHHG�DQG�RI�HDFK�RI�LWV�FRPSRQHQWV�ZHUH�
WDNHQ�� IROORZHG� E\� GHFLPDO� GLOXWLRQV�PDGH� LQ�
SHSWRQH� ZDWHU�� $OO� VDPSOHV� �LQWHVWLQH�
VHJPHQWV�� JDVWULF� DQG� LQWHVWLQH� FRQWHQWV�� IHHG��
DQG� LWV� FRPSRQHQWV�� ZHUH� LQRFXODWHG� RQ�
QXWULHQW� DJDU� ZLWK� HJJ� \RON� HPXOVLRQ�� EORRG�
DJDU�� DQG� 0F&RQNH\�� &KDSPDQ�� /LVWHULD�
6HOHFWLYH� $JDU� %DVH�� (GZDUGV�� :LOVRQ�%ODLU��
DQG�3(0%$�PHGLD��7KH�EDFWHULDO�FXOWXUHV�ZHUH�
LQFXEDWHG�IRU����KRXUV�DW���R&��)URP�EDFWHULDO�
FRORQLHV� WKDW� KDG� EHHQ� JURZQ� RQ� VHOHFWLYH�
3(0%$� FXOWXUH� PHGLXP�� PLFURVFRSLF�
SUHSDUDWLRQV� ZHUH� PDGH� WKDW� ZHUH� VWDLQHG�
XVLQJ�WKH�*UDP�PHWKRG�DV�ZHOO�DV�WKH�PHWKRG�
RI� +ROEURRN� DQG� $QGHUVRQ� LQ� ZKLFK� WKH�
VWDLQLQJ�RI�HQGRVSRUHV�DFFRUGLQJ�WR�$VKE\�ZDV�
FRQQHFWHG� ZLWK� WKH� LQWHUFHOOXDU� VWDLQLQJ� RI�
OLSLGV� DFFRUGLQJ� WR� %XUGRQ�� )RU� VWDLQLQJ��
PDODFKLWH�JUHHQ�DQG�6XGDQ�EODFN�DQG�VDIUDQLQ�
VROXWLRQ�ZHUH�XVHG�� 7KH� EDVLF� FKDUDFWHUV� RI�%��
FHUHXV�KDG�EHHQ�GHWHUPLQHG�� EDVHG� ILUVW� RI� DOO�
RQ� WKH�SUHVHQFH�RI� OLSLGH�JOREXOHV�� WKH�NLQG�RI�
HQGRVSRUHV� SURGXFHG�� WKH� OHFLWKLQDVH�
V\QWKHVLV�� WKH� JURZWK� LQ� DQDHURELF��
�
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FRQGLWLRQV� DQG� DW� ��R&�� WKH� DFLG� SURGXFWLRQ�
IURP� JOXFRVH�� PDQQLWRO�� [\ORVLV�� WKH� QLWUDWH�
UHGXFWLRQ��DQG�WKH�VWDUFK��JHODWLQ�DQG�W\URVLQH�
K\GURO\VLV��7R�GHWHFW�GLDUUKRHDO�HQWHURWR[LQ�RI�
%�� FHUHXV�� WKH� UHYHUVHG� SDVVLYH� ODWH[�
DJJOXWLQDWLRQ�WHVW���%DFLOOXV�FHUHXV�53/$�7R[LQ�
'HWHFWLRQ� .LW� %&(7�53/$� 7'� ���� �2[RLG�� ��
ZDV�DSSOLHG��7KLV�LV�D�VHQVLWLYH��VHPLTXDQWLWLYH�
PHWKRG� HQDEOLQJ� GHWHFWLRQ� RI� WKH� SUHVHQFH� RI�
SURWHLQ� HQWHURWR[LQ� LQ� WKH� IHHG� DQG� LQ� WKH�
ILOWUDWH�IURP�EDFWHULDO�FXOWXUH��%RURQ�.DF]PDUVND�
HW� DO��� ������� 7R� H[DPLQH� WKH� SUHVHQFH� RI�
HQWHURWR[LQ�� ��� VWUDLQV� LVRODWHG� IURP� WKH�
LQWHVWLQHV� RI� GHDG� FKLQFKLOODV� DQG� �� VWUDLQV�
LVRODWHG�IURP�WKH�IHHG��SUHPL[��EDUOH\��RDWV�DQG�
ZKHDW� ZHUH� XVHG�� $JJOXWLQDWLRQ� UHVXOWV� KDG�
EHHQ�UHDG�DFFRUGLQJ�WR�WKH�IRUPXODH�SXEOLVKHG�
E\�WKH�WHVW�PDQXIDFWXUHU��
�
0RUHRYHU��WKH�VXUYLYDO�UDWH�RI�%��FHUHXV�VWUDLQV�
WKDW� ZHUH� LVRODWHG� IURP� WKH� SUHPL[�� EDUOH\��
ZKHDW�� RDWV�� DQG� WKH� FRPSOHWH� IHHG� KDG� EHHQ�
WHVWHG� LQ� D� KLJKO\� DFLGLF� HQYLURQPHQW� �S+�����
WR�������7KH�FKRVHQ�UDQJH�ZDV�GLFWDWHG�E\� WZR�
UHDVRQV��S+�RI�FDUGLD�LQ�SK\WRSKDJRXV�URGHQWV�
LV� ���� �*LEDV]HZLF]�:��� ������� DQG� WKH� VXUYLYDO�
UDWH�LQ�D�YHU\�DFLGLF�HQYLURQPHQW��S+� ������LV�
D� GLDJQRVWLF� IHDWXUH� W\SLFDO� IRU� WKH� FHOOV� RI� %��
FHUHXV�� GLVWLQJXLVKLQJ� WKHP� IURP� %��
OLFKHQLIRUPHV� DQG� %�� VXEWLOLV� IRU� ZKLFK� WKH�
PRVW� H[WUHPH� S+� LV� ����� �� PO� RI� ERXLOORQ�
FXOWXUH�RI�%��FHUHXV�VWUDLQ�ZLWK�D�GHQVLW\�RI�����
RQ�WKH�0F�)DUODQGV�VFDOH�ZDV�LQRFXODWHG�WR����
PO� RI� ERXLOORQ�� DQG� SDUWLFXODU� VDPSOHV� ZHUH�
DFLGLILHG� WR� S+�� ����� ����� ����� DQG� ����� 7KH�
FXOWXUH�ZDV�LQFXEDWHG����K���R&���IROORZHG�E\�
VLHYLQJ� RQ� 3(0%$� FXOWXUH� PHGLXP�� 7KH�
FKDUDFWHU� RI� JURZWK� RQ� WKDW� FXOWXUH� PHGLXP�
ZDV�DQDO\]HG�DIWHU����KRXUV��
�
7KH�DQWLELRWLF�VHQVLWLYLW\�RI�%�� FHUHXV� WKDW�KDG�
EHHQ� LVRODWHG� IURP� WKH� LQWHVWLQHV� DQG� WKH� IHHG�
ZDV�GHWHUPLQHG�E\�GLVF�GLIIXVLRQ�WHVWLQJ��
�
5HVXOWV�DQG�GLVFXVVLRQ�
�
$IWHU�LQFXEDWLRQ�IRU����KRXUV�DW���R&�RQ�FXOWXUH�
PHGLXPV� RQ� ZKLFK� LQRFXODWLRQV� ZHUH� PDGH�
IURP�WKH� LQWHVWLQHV� �VPDOO�DQG� ODUJH��DQG�WKHLU�

FRQWHQWV� DV� ZHOO� DV� IURP� WKH� JDVWULF� FRQWHQW��
DSDUW�IURP�VLQJOH�EDFWHULDO�FRORQLHV�RI�(��FROL��3��
YXOJDULV�� 6WDSK\ORFRFFXV� VSS��� 6WUHSWRFRFFXV�
VSS���D�YHU\�SURIXVH�JURZWK�ZDV�IRXQG�RI�ODUJH��
IODW�EDFWHULDO�FRORQLHV�ZLWK�LUUHJXODU�HGJHV�WKDW�
SURGXFHG� KHPRO\VLV� β� �VKHHS� RU� KRUVH�
HU\WKURF\WHV��RQ�EORRG�DJDU�DQG�OHFLWKLQDVH��RQ�
\RON�DJDU���WKDW�KDG�PDQLIHVWHG�LQ�WKH�SUHVHQFH�
RI� ZKLWH� SUHFLSLWDWH� DURXQG� WKH� EDFWHULDO�
FRORQLHV� JURZQ�� 2Q� 3(0%$� PHGLXP�� D�
SURIXVH�JURZWK�RI� ODUJH�� IODW�EDFWHULDO�FRORQLHV�
ZDV�IRXQG�RI�SHDFRFN�EOXH�FRORXU�ZLWK�D�ODUJH��
EOXH�]RQH�RI�\RON�SUHFLSLWDWLRQ��7KH�3(0%$��LV�
D� VHOHFWLYH� PHGLXP�� XVHG� WR� LVRODWH� %� FHUHXV��
FRQVLVWLQJ� RI� DJDU� ZLWK� SRO\P\[LQ�� S\UXYDWH��
PDQQLWRO�� DQG� EURPRWK\PRO� EOXH�� 7KH�
LQKLELWRU� VXSSUHVVLQJ� WKH� JURZWK� RI� EDFWHULDO�
IORUD�WKDW�FRQWDPLQDWHV�WKH�DQDO\VHG�PDWHULDO�LV�
SRO\P\[LQ��%RURQ�.DF]PDUVND�HW�DO����������
�
2Q�WKH�RWKHU�KDQG��WKH�PLFURELRORJLFDO�DQDO\VLV�
RI� WKH� IHHG� DQG� LWV� FRPSRQHQWV� UHYHDOHG� WKH�
SUHVHQFH� RI� %�� FHUHXV� LQ� WKH� SUHPL[� LQ� WKH�
DPRXQW� RI� ���[���� F�I�X��J�� DQG� LQ�RDWV��ZKHDW�
DQG� EDUOH\� LQ� DQ� DPRXQW� QRW� H[FHHGLQJ� ����
F�I�X��J�� ,Q� WKH� IHHG�� ���[���� FHOOV� RI� %�� FHUHXV�
ZHUH� IRXQG� LQ� �� J� �7DEOH� ���� 7KH� SUHPL[�
SHUFHQWDJH� LQ� WKH� IHHG� DSSURSULDWHG� IRU�
FKLQFKLOODV� LV� VPDOO� DQG� DPRXQWV� WR� ����
0RUHRYHU�� EDFWHULD� RI� WKH� FROL� JURXS� ZHUH�
IRXQG�LQ�WKH�IHHG��7DEOH�����:KHQ�FXOWXULQJ�LQ�
DQDHURELF� FRQGLWLRQV� RQ� :LOVRQ�%ODLU� FXOWXUH�
PHGLXP��DQDHUREHV���&O��SHUIULQJHQV�� WKDW�DOVR�
PLJKW� EH� WKH� FDXVH� RI� GLDUUKRHDO� V\QGURPH�
REVHUYHG� LQ� FKLQFKLOODV� ��ZHUH�QRW� IRXQG��7KH�
QXPEHU�RI�EDFWHULD�FHOOV�LVRODWHG�IURP�WKH�IHHG�
ZDV� LPSRUWDQW� HYLGHQFH� WKDW� %DFLOOXV� FHUHXV�
ZDV� WKH� FDXVH� RI� IHHG� LQWR[LFDWLRQ��$FFRUGLQJ�
WR�.UDPHU�DQG�FROODERUDWRUV��VHH�7XUQEXOO�3��HW�
DO��� ������� VWURQJ�SURRI� IRU�%�� FHUHXV� EHLQJ� WKH�
HWKLRORJLFDO� DJHQW� FDXVLQJ� IHHG� LQWR[LFDWLRQ� LV�
WR�GHPRQVWUDWH� WKDW�D� V\PSWRPDWLF�QXPEHU�RI�
%��FHUHXV�FHOOV��L�H��!����F�I�X��J��LV�IRXQG�LQ�WKH�
VXVSHFWHG� SURGXFW�� RU� WR� ILQG� WKDW� WKH� VWUDLQ�
VLPXOWDQHRXVO\� LVRODWHG� IURP� IHFHV� DQG� IHHG�
EHORQJV�WR�WKH�VDPH�VHURW\SH��2Q�WKH�RQH�KDQG��
WR� FDXVH� G\VIXQFWLRQ� RI� WKH� DOLPHQWDU\� WUDFW�
UHTXLUHV�D�VLJQLILFDQW�QXPEHU�RI�%��FHUHXV�FHOOV�
ZLWK�D�KLJK�YLUXOHQFH��WR[LQ�V\QWKHVLV���DQG��RQ�
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WKH� RWKHU� KDQG�� WKH� SUHVHQFH� RI� LOOQHVV�
SUHGLVSRVLQJ�IDFWRUV��VXFK�DV�WKH�UHGXFHG�OHYHO�
RI�ORFDO�FHOOXODU�RU�KXPRUDO�LPPXQLW\��,W�PLJKW�
EH� WKDW� VXFK� SUREOHPV� KDG� RFFXUUHG� LQ� WKH�
DQLPDOV� H[DPLQHG�� &KLQFKLOODV� EHORQJ� WR� D�
PDPPDO� VSHFLHV� LQ� ZKLFK� PDQ\� EDFWHULDO�
LQWR[LFDWLRQV� �LQIHFWLRQV� ZLWK� /��
PRQRF\WRJHQHV�� <�� SVHXGRWXEHU��
�

FXORVLV�� FDXVH� LQIODPPDWLRQ� RI� WKH� DOLPHQWDU\�
WUDFW� DQG� SHUVLVWHQW� GLDUUKRHD� �(PLUVDMORZ�
=DOHZVND� :�� HW� DOO�� ������ )XURZLF]� $�� -�� HW� DO���
������)XURZLF]�$��-��HW�DO���������)XURZLF]�$��-��HW�
DO����������
�

�
7DEOH����0LFURELRORJLFDO�DQDO\VLV�RI�IHHG�DQG�IHHG�FRPSRQHQWV��F�I�X��J��

�
)HHG�DQG�IHHG�
FRPSRQHQWV�

7RWDO�QXPEHU�RI�
DHURELF�EDFWHULD�

7RWDO�QXPEHU�
RI�EDFWHULD�RI�
FROL�JURXS�

1XPEHU�%DFLOOXV�
FHUHXV�

7RWDO�IHHG� ���[���� ���[���� ���[����
2DWV� ���[���� ���[���� ���[����
%DUOH\� ���[���� ���[���� ���[����
6R\D� ���[���� �� ��
:KHDW� ���[���� �� ���[����
:KHDW�EUDQ� ���[���� �� ��
)OD[�VHHG� ���[���� ���[���� ��
'ULHG�JUDVV� �� �� ��
0HWKLRQLQH� �� �� ��
$QLPDO�PHDO� ���[���� ���[���� ��
%DKODGRO� ���[���� �� ��
3UHPL[� ���[���� �� ���[����
0RODVVHV� ���[���� �� ��

�
�
,W� KDG� EHHQ� DVVXPHG� WKDW� PL[LQJ� RI� WKH� IHHG�
FRPSRQHQWV� DW� ��°&� GHVWUR\V� WKH� YHJHWDWLYH�
IRUPV� DQG� DW� WKH� VDPH� WLPH� VWLPXODWHV� WKH�
VSRUXODWLRQ� RI� %�� FHUHXV� VWUDLQV�� (QGRVSRUHV��
JHUPLQDWLQJ�DW�URRP�WHPSHUDWXUH��L�H��DW�ZKLFK�
WKH� IHHG� LV� VWRUHG��� SURGXFH� WR[LQV�� $OVR� WKH�
PHUH�VWRUDJH�RI�IHHG�LV�SURSLWLRXV�IRU�EDFWHULDO�
FHOOV� WR� PXOWLSO\�� %�� FHUHXV� VWUDLQV� JURZ� LQ� D�
EURDG�WHPSHUDWXUH�UDQJH������WR���R&��EXW�WKHLU�
RSWLPDO�JURZWK�LV����WR���R&��7XUQEXOO�3��HW�DO���
������� 7KH� JURZWK� RI� EDFWHULDO� FHOOV� LV� DOVR�
VWLPXODWHG� E\� WKH� DGGLWLRQ� RI� D� IHHG�
FRPSRQHQW�WKDW�LV�XQW\SLFDO�IRU�SK\WRSKDJRXV�
DQLPDOV�� QDPHO\� DQLPDO� PHDO�� $FFRUGLQJ� WR�
PDQ\� DXWKRUV�� WKHVH� HOHPHQWV� SOD\� DQ�
LPSRUWDQW�UROH� LQ� WKH�VWLPXODWLRQ�RI�JURZWK�RI�
%�� FHUHXV� �%RURQ�.DF]PDUVND� HW� DO��� ������
7XUQEXOO�3��HW�DO����������
�

,W�LV�ZRUWK�VWUHVVLQJ�WKDW�WKH�IHHG�FRQWDPLQDWHG�
ZLWK� WKH� FHOOV� RI� %�� FHUHXV� ZDV� XQFKDQJHG�
RUJDQROHSWLFDOO\�� ,Q� IHHG� LQWR[LFDWLRQV�ZLWK� %��
FHUHXV� UHSRUWHG� LQ�KXPDQV��QR� FKDQJHV� LQ� WKH�
RUJDQROHSWLF� SURSHUWLHV� RI� FRQWDPLQDWHG�
SURGXFWV�KDV�HYHU�EHHQ�REVHUYHG��7XUQEXOO�3��HW�
DO����������
�
$OO� EDFWHULDO� FRORQLHV� LVRODWHG� IURP� GHDG�
DQLPDOV�DQG� IURP� WKH� IHHG� WKDW�KDG�JURZQ�RQ�
3(0%$�FXOWXUH�PHGLXP�ZHUH�VWDLQHG�ZLWK�WKH�
PHWKRG� RI� +ROEURRN� DQG� $QGHUVRQ�� ,Q� WKDW�
PHWKRG�RI�VWDLQLQJ��WKH�HQGRVSRUHV�RI�%��FHUHXV�
DVVXPHG� D� JUHHQ� FRORXU�� WKH� F\WRSODVP� RI� WKH�
YHJHWDWLYH� FHOO� DFTXLUHG� D� UHG� FRORXU�� DQG� WKH�
OLSLGH� JOREXOHV� LQVLGH� WKH� F\WRSODVP� WXUQHG�
EODFN��:KHQ� VWDLQLQJ�ZLWK� WKH� *UDP�PHWKRG��
EDFLOOL� ZHUH� IRXQG� VWDLQHG� SRVLWLYHO\�� 7KH�



� 1XWULWLRQ�	�1XWULWLRQDO�3K\VLRORJ\�
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��

FKDUDFWHULVWLFV�RI� WKHVH�EDFWHULD�FRQILUPHG�WKDW�
WKH\�EHORQJHG�WR�%��FHUHXV��7DEOH�����
�
0RUSKRORJLFDO� DQG� ELRFKHPLFDO� VLPLODULW\� RI�
WKH� PLFURRUJDQLVPV� WKDW� KDG� EHHQ� LVRODWHG�
ERWK�IURP�WKH�IHHG�DQG���RI�LWV�FRPSRQHQWV�DQG�
IURP� WKH� LQWHVWLQHV� DQG� WKH� JDVWULF� DQG�
LQWHVWLQH�FRQWHQWV�DOORZHG�XV�WR�DVVXPH�WKDW�DOO�
LVRODWHV�EHORQJHG�WR�WKH�VDPH�ELRW\SH�DQG�ZHUH�
FDXVLQJ�WKH�IHHG�HQWR[LFDWLRQ��
�
7DEOH�����&RPSDULVRQ�SURSHUWLHV�RI�VWUDLQV�RI�%��
FHUHXV�LVRODWHG�IURP�IHHG�DQG�IURP�LQWHVWLQHV��

�
%DFLOOXV�FHUHXV�
LVRODWHG�IURP�

&KDUDFWHU�

)HHG��
���VWUDLQV��

,QWHVWLQH�
����VWUDLQV��

3UHVHQFH�RI�OLSLG��
JOREXOHV�

�� ��

.LQG�RI�HQGRVSRUHV� �� ��
/HFLWKLQDVH�V\QWKHVLV�� �� ��
*URZQ�LQ�DQDHURELF��
FRQGLWLRQV�

�� ��

*URZQ�DW���R&� �� ��
'HFRPSRVLWLRQ�RI��
PDQQLWRO�

�� ��

'HFRPSRVLWLRQ�RI��
[\ORVLV�

�� ��

$FLG�IURP�JOXFRVH� �� ��
1LWUDWH�UHGXFWLRQ� �� ��
6WDUFK�K\GURO\VLV� �� ��
93� �� ��
&DWDODVH� �� ��
0RWLOLW\� �� ��
*HODWLQ�K\GURO\VLV� �� ��

�
'XH� WR� SRLVLQLQJ�� WKH� FKLQFKLOODV� GLHG�� $Q�
LPSRUWDQW� HOHPHQW� LQ� WKH� GLDJQRVWLFV� RI� %��
FHUHXV� LV� WR� GHWHUPLQH� LWV� YLUXOHQFH�� SULPDULO\�
LWV�DELOLW\�WR�SURGXFH�WR[LQV��,W�KDV�EHHQ�VWDWHG�
WKDW� LQ� WKH� %DFLOOXV� FHUHXV� 53/$� 7R[LQ�
'HWHFWLRQ� .LW� WHVW�� WKH� DQWLERGLHV� ERXQG�ZLWK�
ODWH[�SDUWLFOHV�VWURQJO\�UHDFWHG�ZLWK�WKH�GLOXWHG�
DQWLJHQ�ZKLFK�ZDV�WKH�HQWHURWR[LQ�RI�%��FHUHXV��
WKDW� LV� RI� WKH� PLFURRUJDQLVP� WKDW� KDG� EHHQ�
LVRODWHG� IURP�WKH� IHHG�DQG�WKH�LQWHVWLQHV�RI�DOO�
WKH�GHDG�DQLPDOV��7KH�UHVXOW�RI�WKH�SUHVHQFH�RI�
HQWHURWR[LQ� ZDV� D� YLVLEOH� ODWH[� DJJOXWLQDWLRQ��
6LPLODU� UHVXOWV� ZHUH� REWDLQHG� LQ� WKH� FDVH� RI�
HQWHURWR[LQ�SURGXFHG�E\�%�� FHUHXV�VWUDLQV� WKDW�
KDG� EHHQ� LVRODWHG� IURP� WKH� IHHG�� SUHPL[��
ZKHDW��RDWV��DQG�EDUOH\��

�
,Q�WKH�H[DPLQDWLRQV�LQ�ZKLFK�WKH�VHQVLWLYLW\�WR�
ORZ� FRQFHQWUDWLRQV� RI� S+� LRQV� KDG� EHHQ�
GHWHUPLQHG�� KLJK� VXUYLYDO� UDWHV� �HYHQ� DW� S+�
�����RI�%��FHUHXV�LVRODWHG�IURP�WKH�IHHG��SUHPL[��
EDUOH\��RDW�DQG�ZKHDW�ZHUH�IRXQG��DQG�WKXV�LWV�
ORZ� VHQVLWLYLW\� �7DEOH� ���� 7KH� REWDLQHG� UHVXOW�
KDG� DOVR� FRQILUPHG� WKDW� WKH� VWUDLQ� LVRODWHG�
IURP� WKH� IHHG� ZDV� %�� FHUHXV� JURZLQJ� DW� S+�
EHORZ� ����� ,W� VKRXOG� EH� VWUHVVHG� WKDW� RWKHU�
%DFLOOXV�VSHFLHV�GR�QRW�VXUYLYH�LQ�VR�H[WUHPHO\�
DQ�DFLGLF�HQYLURQPHQW��7XUQEXOO�3��HW�DO����������
�
,Q�WKH�PLFURELRORJLFDO�DQDO\VLV�ZDV�IRXQG�D�IXOO�
VHQVLWLYLW\� RI� ERWK� VWUDLQV� WR� DPLNDFLQ��
FLSURIOR[DFLQ�� HQURIOR[DFLQ�� LPLSHQHP�� DQG�
QRUIOR[DFLQ� DQG� WKH� UHVLVWDQFH� WR� DPSLFLOLQ��
DPR[LFLOOLQ��DSUDP\FLQ��EDFLWUDFLQ��FDUEHQLFLOLQ��
FHIXUR[LPH�� FHIUDGLQH�� FHID]ROLQ�� FOR[DFLOOLQ��
FROLVWLQ�� GR[DF\FOLQH�� HU\WKURP\FLQ��
JHQWDP\FLQ�� OLQFRP\FLQH�� QHRP\FLQ��
QLWURIXUDQWRLQ�� ROHDQGRP\FLQ�� R[\WHWUDF\FOLQ��
SHQLFLOOLQ�� ULIDPSLFLQ�� VSHFWLRP\FLQ��
VWUHSWRP\FLQ�� VXOIRQDPLGHV�� WREUDP\FLQ��
WULPHWKRSULP�� DQG� YDQNRP\FLQ�� 7KH� XVH� RI�
GLUHFWLRQDO� DQWLELRWLF�WKHUDS\� LV� MXVWLILHG� RQO\�
LQ�WKH�FDVH�RI�IHHG�LQWR[LFDWLRQV�WKDW�IROORZ�WKH�
FRXUVH� RI� EDFWHULDO� LQIHFWLRQV� �PRVW� RIWHQ� WKH�
HIIHFW� RI� HQWHURWR[LQ� SURGXFHG� LQ� WKH�
DOLPHQWDU\� WUDFW� E\� %�� FHUHXV� FHOOV��� ,W� UHIHUV�
DOVR� WR� DQLPDO� DQG� KXPDQ� LQIHFWLRQV� ZLWK� D�
VHYHUH� FRXUVH� �EDFWHULHPLD�� SQHXPRQLD��
SDQRSKWKDOPLWLV�� PDVWLWLV�� WKDW� DUH� FDXVHG� E\�
FHUHRO\VLQ� SURGXFHG� E\� %�� FHUHXV� �%RURQ�
.DF]PDUVND�HW�DO����������7KH�IRUP�RI�DQWLELRWLF�
WKHUDS\� LV�YHU\� LPSRUWDQW� FRQVLGHULQJ� WKH� IDFW�
WKDW� %�� FHUHXV� FHOOV� V\QWKHWLVH� β�ODFWDPDVHV�
�&DUPDQ�-��$��HW�DO����������)RU�WKDW�UHDVRQ��WKH\�
DUH� UHVLVWDQW� WR� SHQLFLOOLQ�� DPSLFLOLQ�� DQG�
FHSKDORVSRULQHV�� 0RUHRYHU�� WKH\� DUH� UHVLVWDQW�
WR� WULPHWKRSULP��+RZHYHU�� WKH�JUHDWHU�SDUW� RI�
VWUDLQV� LV� VHQVLWLYH� WR� DPLQRJO\FRVLGHV��
HU\WKURP\FLQ�� YDQNRP\FLQ�� FOLQGDP\FLQ�� DQG�
WR� WHWUDF\FOLQH� DQG� VXOIRQDPLGHV�� WKH�
FKHPLRWHUDSHXWLFV� WKDW� DUH� UHFRPPHQGHG� � LQ�
WKH�WKHUDS\�RI�GLVHDVHV�FDXVHG�E\�%��FHUHXV�DQG�
%�� FHUHXV� YDU�� P\FRLGHV� �%RURQ�.DF]PDUVND� HW�
DO���������7XUQEXOO�3��HW�DO����������
�
7KH� VWUDLQV� H[DPLQHG� VKRZHG� VHQVLWLYLW\� WR� ��
DQWLELRWLFV� RQO\�� 7KH� UHDVRQ� IRU� WKDW� PD\� EH�
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FRQQHFWHG� ZLWK� WKH� JURZLQJ� UHVLVWDQFH� RI�
EDFWHULDO� VWUDLQV� FRQVLGHULQJ� D� UDWKHU� FRPPRQ�
IDFW� WKDW� WKH� EUHHGHUV� DGG� DQWLIXQJDO� DQG�

DQWLEDFW�HULDO� DQWLELRWLFV� WR� WKH� IHHGV� IRU�
FKLQFKLOOD��
�

�
7DEOH����,QIOXHQFH�RI�UHDFWLRQ�PHGLXP�RQ�JURZWK�RI�%DFLOOXV�FHUHXV�VWUDLQV�
�
2UGLQDO�QXPEHU� S+� PHGLXP�WLPH�

LQFXEDWLRQ�DW���R&�
1XPEHU�%��FHUHXV�FHOOV�LVRODWHG�IURP�

� � IHHG� SUHPL[� ZKHDW� EDUOH\� RDWV�
�� ������K� ���[���� ���[���� ���[���� ���[���� ���[����
�� ������K� ���[���� ���[���� ���[���� ���[���� ���[����
�� ������K� ���[���� ���[���� ���[���� ���[���� ����[����
�� ������K� ���[���� ���[���� ���[���� ���[���� ���[����
�
�
:KHQ� LW� FRPHV� WR� W\SLFDO� IHHG� LQWR[LFDWLRQ�
�HIIHFW� RI� HPHWLF� WR[LQ��� WKH� DQWLELRWLF�WKHUDS\�
KDV� QR� HIIHFWV�� ,W� KDV� EHHQ� VKRZQ� LQ� RZQ�
VWXGLHV�WKDW�WKH�%��FHUHXV�VWUDLQ�WKDW�FDXVHG�WKH�
FKLQFKLOODV� WR� IDOO� LOO� KDG� V\QWKHWLVHG�
HQWHURWR[LQ�� $V� D� UXOH�� VXFK� VWUDLQV� GR� QRW�
SURGXFH� HPHWLF� WR[LQ�� RU� V\QWKHWLVH� LW�
H[FHSWLRQDOO\� �7XUQEXOO� 3�� HW� DO��� ������� 7KXV��
RQH� PD\� DVVXPH� WKDW� WKH� DSSOLFDWLRQ� RI�
DQWLELRWLFV�WKDW�KDYH�EHHQ�IRXQG�LQ�YLWUR�DV�WKH�
HIIHFWLYH�RQHV�PD\�EH�XVHIXO� LQ� WKH� WKHUDS\�RI�
LQIHFWLRQV�RI�WKDW�W\SH��
�
7R� VXP� XS�� ,W� ZDV� VKRZQ� WKDW� %�� FHUHXV�
HQWHURWR[LF� VWUDLQ� LVRODWHG� IURP� WKH� FKLQFKLOOD�
IHHG� FDXVHG� GLDUUKRHDO� V\QGURPH� DQG� GHDWKV�
LQ�FKLQFKLOODV��

�
5HIHUHQFHV�
�
%RURQ�.DF]PDUVND� $��� )XURZLF]� $�-�� ������

=RRQRVLV�WUDQVIHUUHG�E\�DOLPHQWDU\�WUDFN�
�LQ� 3ROLVK�� &KRURE\� RG]ZLHU]FFH�
SU]HQRV]RQH� GURJD� � SRNDUPRZD��� :\G��
/HNDUVNLH�3=:/��:DUV]DZD��S������

&DUPDQ� -�$��� +DPEOHWRQ� 3��� 0HOOLQJ� -�������
%DFLOOXV� DQWKUDFLV�� Z�� ,VRODWLRQ� DQG�
,GHQWLILFDWLRQ� RI� 0LFUR�RUJDQLVPV� RI�
0HGLFDO�DQG�9HWHULQDU\�,PSRUWDQFH��5HG��
&�+�� &ROOLQV�� -�0�� *UDQJH�� $FDGHPLF�
3UHVV��/RQGRQ��S�������

(PLUVDMORZ�=DOHZVND� :��� )XURZLF]� $�-�� ������
(YDOXDWLRQ�RI�SDWKRJHQLFLW\�GHWHUPLQDQWV�
RI� <HUVLQLD� SVHXGRWXEHUFXORVLV� VWUDLQV�
LVRODWHG� IURP� FKLQFKLOOD� �LQ� 3ROLVK���
0HG\F\QD�:HW���������

)XURZLF]� $�-��� %URGD� '��� /RF]HZVNL� 3���
&]HUQRP\V\�)XURZLF]� '�� ����� ��
7KHUDSHXWLF�YDOXH�RI�LPPXQRVWLPXODWLRQ�
ZLWK� 3URSLRQLEDFWHULXP� DFQHV� LQ� WKH�
WUHDWPHQW� RI� OLVWHULRVLV� LQ� FKLQFKLOOD� �LQ�
3ROLVK���0HG\F\QD�:HW����������

)XURZLF]� $�-��� &]HUQRP\V\�)XURZLF]� '���
.RZDOF]HZVND� 0�� ������ (QWHURWR[LJHQLF�
VWUDLQ� RI� <HUVLQLD� SVHXGRWXEHUFXORVLV� DV�
WKH�FDXVH�RI�\HUVLQLRVLV� LQ� FKLQFKLOOD� �� LQ�
3ROLVK���0HG\F\QD�:HW����������

)XURZLF]�$�-���&]HUQRP\V\�)XURZLF]�'�� ������
(OLPLQDWLRQ� RI� \HULQLRVLV� �<HUVLQLD�
SVHXGRWXEHUFXORVLVV�� IURP� FKLQFKLOOD�
EUHHGLQJ� �� LQ� 3ROLVK��� � 0DJD]\Q� :HW��
�������

*LEDV]HZLF]� :������� 5DEELW� 'LVHDVHV� �LQ�
3ROLVK�� &KRURE\� NUyOLNyZ�� 3:1�
:DUV]DZD��S�����

0ROVND� ,������&RQGLWLRQV� RI� GHYHORSPHQW� DQG�
HOLPLQDWLRQ� %DFLOOXV� FHUHXV� IURP�
SDVWHXUL]HG� PLON� � �LQ� 3ROLVK�� �3U]HP��
6SR]���������

7XUQEXOO�3���.UDPHU�-���0HOOLQJ�-��������%DFLOOXV��
LQ�� 7RSOH\� DQG� :LOVRQ·V� 3ULQFLSOHV� RI�
%DFWHULRORJ\�� 9LURORJ\� DQG� ,PPXQLW\��
5HG��0�7��3DUNHU��%�-��'XHUGHQ��9RO�����(��
$UQROG�� $� GLYLVLRQ� RI� +RGGHU� DQG�
6WRXJKWRQ�� /RQGRQ�0HOERXUQH�
$XFNODQG��S�������

=DUHPED� 0�/��� %RURZVNL� -�� ������ 0HGLFDO�
PLFURELRORJ\� �LQ� 3ROLVK�� 0LNURELRORJLD�
OHNDUVND��� :\G�� /HNDUVNLH� 3=:/��
:DUV]DZD���S�������


