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6WXG\�RQ�7RWDO�3KHQROLF�&RQWHQW��73&���7RWDO�IODYRQRLG�
&RQWHQW��7)&��DQG�$QWLR[LGDQW�$FWLYLWLHV�RI�8UWLFD�GLRLFD�RI�

1HSDOHVH�2ULJLQ�

%LVKDQ�'DWW�%KDWW�DQG�*DJDQ�&KDQGUD�3DUDMXOL
'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��1HSDO��

�(�PDLO��JDJDQFS�#JPDLO�FRP

$EVWUDFW�

8UWLFD�GLRLFD��FRPPRQO\�NQRZQ�DV�³6LVQX´�LV�1HSDOL� ODQJXDJH��KDV�EHHQ�XVHG�WUDGLWLRQDOO\�XVHG�LQ�
1HSDO� IRU� D� ORQJ� WLPH� LQ� YDULRXV� PHGLFDO� DQG� RWKHU� SXUSRVHV�� +H[DQH�� FKORURIRUP�� HWK\O� DFHWDWH� DQG�
PHWKDQRO� H[WUDFWV� RI� 8UWLFD� GLRLFD� RI� 1HSDOHVH� RULJLQ� ZHUH� H[WUDFWHG� VXFFHVVLYHO\� E\� XVLQJ� 6R[KOHW�
H[WUDFWLRQ� PHWKRG� DQG� VFUHHQHG� IRU� WKH� SUHVHQFH� RI� GLIIHUHQW� FODVVHV� RI� SK\WRFKHPLFDOV�� 7KH�
SK\WRFKHPLFDO�VFUHHQLQJ�WHVW�UHYHDOHG�WKH�SUHVHQFH�RI�SKHQROLF��IODYRQRLG�DQG�UHGXFLQJ�VXJDUV�LQ�KH[DQH��
FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO�H[WUDFWV�RI�8UWLFD�GLRLFD�� ,Q�+H[DQH��FKORURIRUP��HWK\O�DFHWDWH�
DQG�PHWKDQRO�H[WUDFWV�RI�8UWLFD�GLRLFD��WRWDO�SKHQROLF�DQG�WRWDO�IODYRQRLG�FRQWHQW�ZHUH�HVWLPDWHG�DQG�IUHH�
UDGLFDO� VFDYHQJLQJ� DFWLYLW\� RI� ZDV� GHWHUPLQHG�� 7RWDO� SKHQROLF� FRQWHQW� �73&�� ZDV� PHDVXUHG�
VSHFWURSKRWRPHWULFDOO\� E\� XVLQJ� )ROLQ�&LRFDOWHX� UHDJHQW�� WRWDO� IODYRQRLG� FRQWHQW� �7)&�� E\� XVLQJ�
DOXPLQXP� FKORULGH�PHWKRG��*DOOLF� DFLG�ZDV� XVHG�DV� WKH� VWDQGDUG� IRU� WKH� FDOLEUDWLRQ� RI� SKHQROLFV� DQG�
FDWHFKLQ�IRU�IODYRQRLGV��7KH�KLJKHVW�DPRXQW�RI�73&�ZDV�IRXQG�LQ�PHWKDQRO�H[WUDFW�����������������PJ�
*$(�J�� DQG� KLJKHVW� DPRXQW� RI� 7)&� ZDV� IRXQG� DOVR� LQ� PHWKDQRO� H[WUDFW� ���������������� PJ� &(�J���
0HWKDQRO�H[WUDFW�VKRZHG�EHWWHU�DQWLR[LGDQW�SURSHUW\��,&��� ��������� J�P/��WKDQ�RWKHU�H[WUDFWV���

.H\ZRUGV��8UWLFD�GLRLFD��1HWWOH��3KHQROLF�FRPSRXQGV��)ODYRQRLG��$QWLR[LGDQW�

,QWURGXFWLRQ��

1DWXUDO� SURGXFWV� DUH� WKRVH� VXEVWDQFHV� RU� FKHPLFDOV� FRQVWLWXHQWV� ZKLFK� DUH� REWDLQHG� IURP� GLIIHUHQW�
OLYLQJ�RUJDQLVP���7KHVH� FRPSRXQGV� DUH� FXUUHQWO\� XVHG� IRU� FRPPHUFLDO� SXUSRVH� LQ�PHGLFLQH�� FRVPHWLFV�
DSSOLFDWLRQ� DQG� IRRG� SURGXFWV��� 7KH� UHVHDUFK� LQ� WKH� QDWXUDO� SURGXFWV� FRQVLVWV� RI� WKH� LVRODWLRQ�� WKHLU�
VWUXFWXUH�HOXFLGDWLRQ�DQG�H[SORUDWLRQ�RI�FKHPLVWU\��V\QWKHVLV��ELRV\QWKHVLV��XVHV�DQG�ELRORJLFDO�VFUHHQLQJ�
WR�VHH�WKH�SKDUPDFHXWLFDOO\�LPSRUWDQW�DFWLYLWLHV��7KLV�UHVHDUFK�OHG�WR�WKH�GLVFRYHU\�RI�WKH�QHZ�GUXJ���

$FFRUGLQJ� WR� :RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2��� ���� SHRSOH� VWLOO� UHO\� RQ� SODQW�EDVHG� WUDGLWLRQDO�
PHGLFLQHV� IRU� WKH� SULPDU\� KHDOWK� WUHDWPHQW��� 7KH� PHGLFLQDO� SODQWV� VHUYHV� DV� D� FRPPRQ� OLQN� EHWZHHQ� WKH�
WUDGLWLRQDO�DQG�PHGLFDO�VFLHQFH�DV�WKH\�DUH�WKH�PDLQ�VRXUFH�RI�PHGLFDPHQWV��7KH�GHYHORSPHQW�RI�QREOH�GUXJV�LV�
SULPDULO\�WKURXJK�WKH�H[WUDFWLRQ�RI�ELRORJLFDOO\�DFWLYH�FRPSRXQGV�IURP�WKH�SODQWV��DQLPDOV�RU�PLFURRUJDQLVPV��
ZKLFK�ZHUH�LGHQWLILHG�WKURXJK�PHGLFLQDO�XVH�RU�D�YDULHW\�RI�ELRDFWLYLW\�VFUHHQLQJ�SURJUDPV���

8UWLFD�GLRLFD�EHORQJV�WR�WKH�IDPLO\�8UWLFDFHDH��,W�LV�D�SHUHQQLDO�KHUE�FRPPRQO\�NQRZQ�DV�µ6WLQJLQJ�
1HWWOH¶�DQG�NQRZQ�DV�µ6LVQX¶�LQ�1HSDOL��,W�LV�EURDGO\�GLVWULEXWHG�DOO�WKURXJK�WKH�PLOG�DQG�WURSLFDO�UHJLRQV�
DURXQG� WKH� ZRUOG��8UWLFD� 'LRLFD� HUHFW� SHUHQQLDO�� ��� ±� ���� FP� WDOO� ZLWK� ��VLGHG� VWHDPV�� DUPHG� ZLWK�

&RUUHVSRQGLQJ�DXWKRU�
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VWLQJLQJ�KDLUV�DQG�RSSRVLWH�OHDYHV��8UWLFD�'LRLFD�KDV�PDQ\�KROORZ�VWLQJLQJ�KDLUV�FDOOHG�WULFKRPHV�RQ�LWV�
OHDYHV� DQG� VWHPV�� ZKLFK� DFW� OLNH� K\SRGHUPLF� QHHGOHV� WKDW� LQMHFW� KLVWDPLQH� DQG� RWKHU� FKHPLFDOV� WKDW�
SURGXFH�WKH�VWLQJLQJ�VHQVDWLRQ�ZKHQ�FRQWDFWHG�E\�KXPDQV�DQG�RWKHU�DQLPDOV��������

,W�LV�ZLGHO\�XVHG�E\�WKH�WUDGLWLRQDO�PHGLFLQH�SUDFWLWLRQHUV�WR�FXUH�YDULRXV�GLVHDVHV�VXFK�DV�+DHPDWXULD��
1HSKULWLV��-DXQGLFH��3URVWUDWH�FDQFHU��OLYHU�LQIODPPDWLRQ��6H[XDO�GLVRUGHU��-RLQWV�SDLQ�$UWKULWLV��'LJHVWLRQ��
0HQRUUKDJLD��5KHXPDWLVP��%ORRG�SXULILHU��(PPHQDJRJXH��'LXUHWLF��1DVDO�DQG�0HQVWUXDO�KDHPRUUKDJH��
(F]HPD�� DQDHPLD�� GLDUUKHD� HWF�� 7KH� SODQW� FRQWDLQV� GLIIHUHQW� FODVVHV� RI� PHGLFDO� LPSRUWDQFH� LQFOXGLQJ�
SK\WRVWHUROV�� VDSRQLQV�� IODYRQRLGV�� WDQQLQV�� VWHUROV�� IDWW\� DFLGV�� FDUWHQRLGV�� SURWHLQV�� FKORURSK\OOV��
SURWHLQV��DPLQR�DFLGV�DQG�YLWDPLQV���������

0DQ\� VWXGLHV� ZHUH� SHUIRUPHG� LQ� WRWDO� SKHQROLF� FRQWHQW� �73&��� WRWDO� IODYRQRLG� FRQWHQW� �73&�� DQG�
DQWLR[LGDQW�SURSHUW\�RI�8UWLFD�GLRLFD�H[WUDFW�LQ�GLIIHUHQW�RULJLQ���������7R�WKH�EHVW�RI�RXU�NQRZOHGJH��QR�ZRUN�KDV�
EHHQ�GRQH�LQ�FRPSDULVLQJ�WKHVH�SURSHUWLHV�LQ�GLIIHUHQW�H[WUDFW�RI�8UWLFD�GLRLFD�RI�1HSDOHVH�RULJLQ��7KH�SUHVHQW�
VWXG\� PDLQO\� IRFXVHV� RQ� VWXG\LQJ� 73&�� 7)&�� DQWLR[LGDQW� SURSHUW\� DQG� WKHLU� FRPSDULVRQV� DQG� UHODWLRQ� LQ�
KH[DQH��FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO�H[WUDFWV�RI�8UWLFD�GLRLFD�RI�1HSDOHVH�RULJLQ��

([SHULPHQWDO�0HWKRGV��

7KH� SODQW� PDWHULDOV� ZHUH� FROOHFWHG� IURP� $UJKDNKDQFKL� 'LVWULFW�� 1HSDO� RQ� 6HSWHPEHU� ����� DW� DQ�
DOWLWXGH�DSSUR[�������PHWHU��7KH�OHDYHV�RI�WKH�SODQWV�ZHUH�FROOHFWHG��VKDGH�GULHG��JULQGHG�DQG�XVHG�IRU�WKH�
H[WUDFWLRQ�SXUSRVH��7KH�GULHG�DQG�SRZGHUHG�SODQW�PDWHULDO�����J��ZDV�H[WUDFWHG�VXFFHVVLYHO\�ZLWK�KH[DQH��
FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO�E\�6R[KOHW�H[WUDFWLRQ�PHWKRG��7KH�ILOWUDWH�ZDV�FRQFHQWUDWHG�XQGHU�
5RWDU\�HYDSRUDWRU�DW�UHGXFHG�SUHVVXUH�WR�REWDLQ�VROLG�RU�VHPLVROLG�H[WUDFW��7KHQ�SK\WRFKHPLFDO�VFUHHQLQJ�
WHVW�ZDV�FDUULHG�RXW����

7RWDO�SKHQROLF�FRQWHQW

7KH� WRWDO� SKHQROLF� FRQWHQW� LQ� SODQW� H[WUDFWV�ZDV� HVWLPDWHG� E\� XVLQJ� SKHQRO� UHDJHQW� �)ROLQ�&LRFDOWHX��
EDVHG�RQ�FRORULPHWULF�PHWKRG� LQYROYLQJ�R[LGDWLRQ�UHGXFWLRQ����*DOOLF�DFLG�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�E\�
GLVVROYLQJ����PJ�RI�JDOOLF�DFLG�LQ����P/�RI�PHWKDQRO����PJ�P/������SSP���9DULRXV�FRQFHQWUDWLRQV�RI�JDOOLF�
DFLG�VXFK�DV����������������DQG������J�P/��SSP��ZHUH�SUHSDUHG��$Q�DOLTXRW�RI���P/�JDOOLF�DFLG�RI�HDFK�
FRQFHQWUDWLRQ�LQ�PHWKDQRO�ZDV�SRXUHG�WR����P/�WHVW�WXEH��7R�WKDW���P/�RI�)ROLQ�&LRFDOWHX�UHDJHQW�������
DQG���P/�RI����1D�&2��ZHUH�DGGHG�WR�JHW�WRWDO�RI����P/��WKH�EOXH�FRORUHG�PL[WXUH�ZDV�VKDNHQ�ZHOO�DQG�
LQFXEDWHG�IRU����PLQXWHV�DW����R&�LQ�ZDWHU�EDWK��7KHQ�WKH�DEVRUEDQFH�ZDV�PHDVXUHG�DW�����QP�DJDLQVW�WKH�
EODQN� FRQWDLQLQJ� DOO� UHDJHQWV� H[FHSW� JDOOLF� DFLG�� � 7KH� DYHUDJH� DEVRUEDQFH� YDOXHV� REWDLQHG� DW� GLIIHUHQW�
FRQFHQWUDWLRQV�RI�JDOOLF�DFLG�ZHUH�XVHG�WR�SORW�WKH�FDOLEUDWLRQ�FXUYH��

7KH�VWRFN�VROXWLRQV�RI�DOO�H[WUDFWV��KH[DQH��FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO��ZHUH�SUHSDUHG�E\�
GLVVROYLQJ����PJ�LQ����P/����PJ�P/��RI�PHWKDQRO��6HULDO�GLOXWLRQV�ZHUH�FDUULHG�RXW�WR�JHW�FRQFHQWUDWLRQ�
RI������������������DQG�����PJ�P/����������������DQG������SSP�UHVSHFWLYHO\���7R�WKHVH�GLOXWHG�VROXWLRQV��
)&5�DQG�1D�&2��ZHUH�DGGHG�DQG�LQFXEDWHG�IRU����PLQXWHV�DV�LQ�WKH�FDVH�RI�JDOOLF�DFLG�DQG�DEVRUEDQFH�
ZDV�PHDVXUHG�DW�����QP�DJDLQVW�WKH�EODQN�IRU�HDFK�FRQFHQWUDWLRQ��

7KH�WRWDO�SKHQROLF�ZDV�FDOFXODWHG�LQ�DOO�WKH�H[WUDFWV�VHSDUDWHO\�XVLQJ�WKH�IRUPXOD�EHORZ��

:KHUH��
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&� �7RWDO�FRQWHQW�RI�SKHQROLF�FRPSRXQG�LQ�PJ�J��LQ�JDOOLF�DFLG�HTXLYDOHQW��*$(��

F� �&RQFHQWUDWLRQ�RI�JDOOLF�DFLG�HVWDEOLVKHG�IURP�WKH�FDOLEUDWLRQ�FXUYH�LQ�PJ�P/�

9� �9ROXPH�RI�H[WUDFW�LQ�P/�

P� �:HLJKW�RI�SODQW�H[WUDFW�

'DWD�ZHUH�UHFRUGHG�DV�D�PHDQ�RI�WKUHH�GHWHUPLQDWLRQV�RI�DEVRUEDQFH�IRU�HDFK�FRQFHQWUDWLRQ��IURP�ZKLFK�
FRUUHODWLRQ�FRHIILFLHQW��5���YDOXH�ZDV�FDOFXODWHG��7KH�UHJUHVVLRQ�HTXDWLRQ�LV�JLYHQ�EHORZ��

:KHUH��

<� �$EVRUEDQFH�RI�H[WUDFW�� P� �6ORSH�IURP�FDOLEUDWLRQ�FXUYH�

[� �&RQFHQWUDWLRQ�RI�H[WUDFW� � F� �,QWHUFHSW�

8VLQJ�WKLV�UHJUHVVLRQ�HTXDWLRQ��FRQFHQWUDWLRQV�RI�H[WUDFWV�ZDV�FDOFXODWHV��7KXV�ZLWK�WKH�FDOFXODWHG�YDOXH�
RI�FRQFHQWUDWLRQ�RI�HDFK�H[WUDFW��WKH�SKHQROLF�FRQWHQW�ZDV�FDOFXODWHG�E\�WKH�HTXDWLRQ��

7RWDO�IODYRQRLG�FRQWHQW

KH� WRWDO� IODYRQRLG�FRQWHQW� LQ�SODQW�H[WUDFWV�ZDV�HVWLPDWHG�E\�XVLQJ�DOXPLQLXP�FKORULGH�FRORULPHWULF�
DVVD\���� ����&DWHFKLQ� VWRFN� VROXWLRQ� ZDV� SUHSDUHG� E\� GLVVROYLQJ� ��� PJ� RI� ����&DWHFKLQ� LQ� ��� P/� RI�
PHWKDQRO����PJ�P/������SSP���9DULRXV�FRQFHQWUDWLRQV�RI�����&DWHFKLQ�VXFK�DV����������������DQG�����
�J�P/� �SSP��ZHUH�SUHSDUHG��$Q� DOLTXRW� RI� ��P/� ����&DWHFKLQ�RI� HDFK� FRQFHQWUDWLRQ� LQ�PHWKDQRO�ZDV�
SRXUHG� WR����P/� WHVW� WXEH�FRQWDLQLQJ���P/�RI�GRXEOH�GLVWLOOHG�ZDWHU��$W� WKH�]HUR� WLPH������P/�RI����
1D12��ZDV�DGGHG�WR�WKH�WHVW�WXEH��$IWHU���PLQXWHV������P/�RI�����$O&O��ZDV�DGGHG�WR�WKH�WHVW�WXEH��$W���
PLQXWHV����P/�RI��0�1D2+�ZDV�DGGHG�WR�WKH�PL[WXUH��,PPHGLDWHO\��WKH�WRWDO�YROXPH�RI�WKH�ZDV�PDGH�XS�
WR����P/�E\�DGGLWLRQ�RI�����P/�GRXEOH�GLVWLOOHG�ZDWHU� DQG�PL[HG� WKRURXJKO\��$EVRUEDQFH�RI� WKH�SLQN�
FRORU�PL[WXUH�ZDV�GHWHUPLQHG�DW�����QP�DJDLQVW� WKH�EODQN�FRQWDLQLQJ�DOO� UHDJHQWV�H[FHSW�FDWHFKLQ��7KH�
DYHUDJH� DEVRUEDQFH� YDOXHV� REWDLQHG� DW� GLIIHUHQW� FRQFHQWUDWLRQV� RI� ����&DWHFKLQ� ZHUH� XVHG� WR� SORW� WKH�
FDOLEUDWLRQ�FXUYH��

7KH�VWRFN�VROXWLRQV�RI�DOO�H[WUDFWV��KH[DQH��FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO��ZHUH�SUHSDUHG�E\�
GLVVROYLQJ����PJ�LQ����P/����PJ�P/��RI�PHWKDQRO��6HULDO�GLOXWLRQV�ZHUH�FDUULHG�RXW�WR�JHW�FRQFHQWUDWLRQ�
RI������������������DQG�����PJ�P/����������������DQG������SSP�UHVSHFWLYHO\���)ROORZLQJ�WKH�SURFHGXUH�
GHVFULEHG�DERYH��DEVRUEDQFH�IRU�HDFK�FRQFHQWUDWLRQ�RI�H[WUDFW�ZDV�UHFRUGHG��7KHQ�WRWDO�IODYRQRLG�FRQWHQW�
ZDV�FDOFXODWHG�XVLQJ�DERYH�IRUPXOD��

'HWHUPLQDWLRQ�RI�DQWLR[LGDQW�DFWLYLW\�XVLQJ�'33+�UDGLFDO�VFDYHQJLQJ�DVVD\��

'33+� UDGLFDO� VFDYHQJLQJ� DFWLYLW\�ZDV� DVVHVVHG� IRU� WKH� GHWHUPLQDWLRQ� RI� DQWLR[LGDQW� SRZHU� RI� DQ\�
PHGLFDO�SODQW����7KH�IUHH�UDGLFDO�VFDYHQJLQJ�FDSDFLW\�RI�KH[DQH��FKORURIRUP��HWK\O�DFHWDWH�DQG�PHWKDQRO�
H[WUDFWV�RI�8UWLFD�GLRLFD�ZDV�FDUULHG�RXW��'33+�VROXWLRQ������P0��ZDV�SUHSDUHG�E\�GLVVROYLQJ����PJ�RI�
'33+�LQ������P/�PHWKDQRO�DQG�VWLUUHG�DQG�NHSW�RYHUQLJKW�DW��� R&��7KXV�SUHSDUHG�SXUSOH�FRORU�'33+�
IUHH�UDGLFDO�VROXWLRQ�ZDV�VWRUHG�DW� ����R&�IRU�IXUWKHU�XVH��7KH�GLIIHUHQW�FRQFHQWUDWLRQV�����������DQG����
�J�P/� �SSP�� RI� HDFK� H[WUDFWV� �KH[DQH�� FKORURIRUP�� HWK\O� DFHWDWH� DQG�PHWKDQRO��ZHUH� SUHSDUHG� E\� WKH�
VHULDO�GLOXWLRQ�RI�WKH�VWRFN�VROXWLRQ�RI�UHVSHFWLYH�H[WUDFWV��7R�HDFK�����P/�RI�H[WUDFW�VROXWLRQ������P/�RI�
����P0�PHWKDQROLF�'33+�VROXWLRQ�ZDV�DGGHG��$�FRQWURO�ZDV�SUHSDUHG�E\�PL[LQJ�����P/�GLVWLOOHG�ZDWHU�
DQG�����P/�����P0�PHWKDQROLF�'33+�VROXWLRQ��7KHVH�VDPSOHV�ZHUH�ZHOO�VKDNHQ�DQG�NHSW�LQ�GDUN�IRU����
PLQ�DW�URRP�WHPSHUDWXUH��7KH�DEVRUEDQFH�ZDV�PHDVXUHG�DW�����QP�DJDLQVW�WKH�EODQN�VROXWLRQ�FRQVLVWLQJ�
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����P/�0H2+�DQG�����P/�GLVWLOOHG�ZDWHU��7KH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�ZDV�H[SUHVVHG�DV�WKH�UDGLFDO�
VFDYHQJLQJ�SHUFHQWDJH�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

��VFDYHQJLQJ� �

:KHUH��

$F� �$EVRUEDQFH�RI�FRQWURO�

$V� �$EVRUEDQFH�RI�VDPSOH�VROXWLRQ�

5HVXOWV�DQG�'LVFXVVLRQ�

7KH�SK\WRFKHPLFDO�VFUHHQLQJ�RI�WKH�GLIIHUHQW�H[WUDFWV�RI�8UWLFD�GLRLFD�LQGLFDWHG�WKH�SUHVHQFH�RI�PDMRU�
SK\WRFKHPLFDO�FRQVWLWXHQWV�OLNH�IODYRQRLGV��SRO\SKHQROV��UHGXFLQJ�VXJDUV�HWF��

7DEOH����7RWDO�SKHQROLF�FRQWHQW�DQG�WRWDO�IODYRQRLG�FRQWHQW�LQ�GLIIHUHQW�H[WUDFWV�

6�1� ([WUDFW 73&��PJ�*$(�J� 7)&��PJ�&(�J��

�� +H[DQH�H[WUDFW �������������� ���������������

�� &KORURIRUP�H[WUDFW �������������� ���������������

�� (WK\O�DFHWDWH�H[WUDFW �������������� ���������������

�� 0HWKDQRO�H[WUDFW �������������� ���������������

7RWDO� SKHQROLF� FRQWHQW� DQG� IODYRQRLG� FRQWHQW� LQ� PHWKDQRO� H[WUDFW� ZDV� IRXQG� WR� EH� KLJKHVW� DQG� LQ�
KH[DQH�H[WUDFW�ZDV�IRXQG�WR�EH�ORZHVW��

3HUFHQWDJH� RI� LQKLELWLRQ� RI� '33+� IUHH� UDGLFDO� E\�PHWKDQRO� H[WUDFW�8UWLFD� GLRLFD�ZDV� IRXQG� WR� EH�
QHDUHU�WKDQ�RWKHU�H[WUDFWV�WR�DVFRUELF�DFLG�ZKLFK�ZDV�WDNHQ�DV�VWDQGDUG��7KH�'33+�DVVD\�LV�EDVHG�RQ�WKH�
FDSDELOLW\�RI�DQ�DQWLR[LGDQW�FRPSRXQG�RU�SK\WRFRQVWLWXHQWV�WR�GRQDWH�D�K\GURJHQ�UDGLFDO�RU�DQ�HOHFWURQ�WR�
VWDEOH�'33+�UDGLFDO�KDYLQJ�GHHS�YLROHW�FRORU��:KHQ�LW�JHWV�HLWKHU�K\GURJHQ�UDGLFDO�RU�DQ�HOHFWURQ�LQ�WKH�
SUHVHQFH� RI� DQWLR[LGDQW� DJHQW� �IUHH� UDGLFDO� VFDYHQJHU��� '33+� UDGLFDOV� JHW� UHGXFHG� WR� FRUUHVSRQGLQJ�
K\GUD]LQH��'33+�+�IRUP�DQG�WKH�VROXWLRQ�JHWV�GHFRORUL]HG�IURP�LWV�LQLWLDO�GHHS�YLROHW�WR�OLJKW�\HOORZ�FRORU��

)LJXUH����)UHH�UDGLFDO�VFDYHQJLQJ�SHUFHQWDJH�RI�GLIIHUHQW�H[WUDFWV�DQG�DVFRUELF�DFLG��
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7DEOH����$QWLR[LGDQW�DFWLYLWLHV�RI�8UWLFD�GLRLFD�H[WUDFWV�

61 ([WUDFW ,&�����J�P/�

�� +H[DQH�H[WUDFW ���������
�� &KORURIRUP�H[WUDFW� ���������
�� (WK\O�DFHWDWH�H[WUDFW� ���������
�� 0HWKDQRO�H[WUDFW� ��������

�� 6WDQGDUG�$VFRUELF�DFLG� ��������

&RUUHODWLRQ�EHWZHHQ�WRWDO�SKHQROLF�FRQWHQW��73&��DQG�DQWLR[LGDQW�DFWLYLW\��

4XDQWLWDWLYH�DQDO\VLV�ZDV�DOVR�XVHG�IRU�LQYHVWLJDWLRQ�WKH�FRUUHODWLRQ�EHWZHHQ�DQWLR[LGDQW�DFWLYLWLHV�DQG�
WRWDO�SKHQROLF�FRQWHQW�DQG� WRWDO� IODYRQRLG�FRQWHQW� LQ�GLIIHUHQW�H[WUDFWV�RI�8UWLFD�GLRLFD����$V� WKH���,&��

�QRW� ,&���� YDOXH� VKRZHG� SDUDOOHOLVP�ZLWK� DQWLR[LGDQW� DFWLYLW\�� WKHUHIRUH� LW�ZDV� FDOFXODWHG� DQG� XVHG� IRU�
HYDOXDWLQJ� DQWLR[LGDQW� DFWLYLW\�� 3ORW� EHWZHHQ� ��,&��� YDOXH� DQG� WRWDO� SKHQROLF� FRQWHQW� DQG� IODYRQRLG�
FRQWHQW�LV�VKRZQ�LQ�ILJXUH���

)LJXUH����3ORW�EHWZHHQ�DQWLR[LGDQW�DFWLYLW\�YHUVXV�WRWDO�SKHQROLF�FRQWHQW�DQG�WRWDO�IODYDQRLG�FRQWHQW��

$� GLUHFW� FRUUHODWLRQ� EHWZHHQ� DQWLR[LGDQW� DFWLYLW\� �� LH� ��,&��� YDOXHV�� DQG� WRWDO� SKHQROLF� FRQWHQW� RI�
VDPSOH�H[WUDFWV�ZDV�GHPRQVWUDWHG�E\� OLQHDU� UHJUHVVLRQ�DQDO\VLV��7KHVH� UHVXOWV�VXJJHVW� WKDW� WKH�SKHQROLF�
FRPSRXQGV�DQG�IODYRQRLG�FRPSRXQGV�FRQWULEXWHG�WR�IUHH�'33+�UDGLFDO�VFDYHQJLQJ�RI�WKH�H[WUDFWV��

&RQFOXVLRQ�

8UWLFD�GLRLFD�FROOHFWHG�IURP�$UJKDNKDQFKL�GLVWULFW�RI�/XPELQL�]RQH��1HSDO�ZDV�VXFFHVVLYHO\�H[WUDFWHG�
ZLWK� KH[DQH�� FKORURIRUP�� HWK\O� DFHWDWH� DQG� PHWKDQRO�� 7KH� SK\WRFKHPLFDO� VFUHHQLQJ� RI� WKH� GLIIHUHQW�
H[WUDFWV� RI�8UWLFD� GLRLFD� LQGLFDWHG� WKH� SUHVHQFH� RI� PDMRU� SK\WRFKHPLFDO� FRQVWLWXHQWV� OLNH� IODYRQRLGV��
SRO\SKHQROV��UHGXFLQJ�VXJDUV�HWF��7KH�KLJKHVW�WRWDO�SKHQROLF�FRQWHQW�DQG�IODYRQRLG�FRQWHQW�ZDV�IRXQG�LQ�
PHWKDQROLF�H[WUDFWV�DV����������������PJ�*$(�J�DQG����������������PJ�&(�J��7KH�PHWKDQRO�H[WUDFW�
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7KH�RYHUDOO�UHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�LQGLFDWHG�WKDW�SODQW�8UWLFD�GLRLFD�ZKLFK�LV�FRPPRQO\�XVHG�LQ�IRRG�
DQG� WUDGLWLRQDO�PHGLFLQH� IRU�YDULRXV�DOLPHQW�FRXOG�EH� WKH� VRXUFH�RI�ELRDFWLYH�FRPSRXQGV��7KHVH�SODQWV�
FRXOG� EH� XVH� DV� D� YDOXDEOH� IXQFWLRQDO� IRRG� LQJUHGLHQW� RU� D� VRXUFH� IRU� QXWUDFHXWLFDO� SURGXFWV� LQ� IXWXUH�
ZKLFK�PD\�KDYH�SRVVLEOH�EHQHILFLDO�LPSOLFDWLRQV�LQ�KXPDQ�KHDOWK�VXFK�DV�LQ�WKH�WUHDWPHQW�DQG�SUHYHQWLRQ�
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RI�FDQFHU�� FDUGLRYDVFXODU�GLVHDVH��GLDEHWHV��DQG�RWKHU�SDWKRORJLHV��$OVR�� WKH�SODQW�SRVVHVVHV�DQWLR[LGDQW�
SURSHUW\� DQG�ZH� FDQ� VD\� WKDW� WKH� SODQW�PLJKW� EH� KHOSIXO� LQ� WKH� SUHYHQWLQJ� RU� VORZLQJ� WKH� SURJUHVV� RI�
YDULRXV�R[LGDWLYH�VWUHVV�LQGXFHG�GLVHDVHV��

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�ZRXOG�OLNH�WR�H[SUHVV�VLQFHUH�JUDWLWXGH�WR�'HSDUWPHQW�RI�&KHPLVWU\��7ULFKDQGUD�&DPSXV��
7ULEKXYDQ�8QLYHUVLW\��1HSDO���
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