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$QWLR[LGDQW�DQG�$QWLIXQJDO�3RWHQWLDO�RI�%RPED[�FHLED�%DUN�
([WUDFW�

.KDJD�5DM�6KDUPD�DQG�6XU\D�.DQW�.DODXQL

&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
(PDLO��VNNDODXQL#JPDLO�FRP�

$EVWUDFW�

1HSDOHVH�PHGLFLQDO�SODQWV�KDYH�EHHQ�XVHG�VLQFH�PDQ\�\HDUV�LQ�GLIIHUHQW�FRPPXQLWLHV�IRU�WUHDWPHQW�RI�
GLIIHUHQW�GLVHDVHV��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�LV�WR�H[SORUH�WKH�DQWLR[LGDQW�DQG�DQWLIXQJDO�SRWHQWLDO�ZLWK�
WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW�LQ�VWHP�EDUN�H[WUDFW�RI�%RPED[�FHLED�FROOHFWHG�IURP�&KLWZDQ�GLVWULFW�
RI�1HSDO��,Q�GHYHORSLQJ�FRXQWULHV�PHGLFLQDO�SODQWV�DUH�XVHG�DV�PHGLFLQH�IRU�EHLQJ�KLJK�HIIHFWLYHQHVV�DQG�
DIIRUGDELOLW\��0DLQO\�SHRSOHV�ZKR�DUH� OLYLQJ� LQ�UXUDO�DUHDV�XVLQJ� WKHVH�PHGLFLQDO�SODQWV�DV� ILUVW� OLQH�RI�
WUHDWPHQW� EDVHG� RQ� GLVHDVH� FRQGLWLRQV�� ,Q� WKH� SUHVHQW� ZRUN� LW� LV� HYDOXDWHG� WKDW� WKH� DQWLR[LGDQW� DQG�
DQWLIXQJDO�SRWHQWLDO�RI�PHWKDQRO�EDUN�H[WUDFW�RI�%RPED[�FHLED��$QWLR[LGDQW�SRWHQWLDO�ZDV�GHWHUPLQHG�E\�
'33+�UDGLFDO�VFDYHQJLQJ�DVVD\�DQG�DQWLIXQJDO�DFWLYLW\�ZDV�VWXGLHG�E\�DJDU�ZHOO�GLOXWLRQ�SURWRFRO��7KH�
WRWDO� SKHQROLF� DQG� IODYRQRLG� FRQWHQW� ZDV� GHWHUPLQHG� E\� XVLQJ� )ROLQ�&LRFDOWHX� SKHQRO� UHDJHQW� DQG�
DOXPLQLXP�FKORULGH�PHWKRG��7KH�,&���YDOXH�IRU�UDGLFDO�VFDYHQJLQJ�SRWHQWLDO�ZDV�IRXQG������������J�P/�
ZKHUHDV� DVFRUELF� DFLG� KDV� ������J�P/�� 7RWDO� SKHQROLF� FRQWHQW� ZDV� ������������ PJ� *$(�JP� DQG�
IODYRQRLG�FRQWHQW�ZDV������������PJ�4(�JP��7KH�VDPSOH�VKRZHG�PRGHUDWH�DFWLYLW\�DJDLQVW�7ULFKRSK\WRQ�
VXEUXP� VKRZHG� OLQHDU� JURZWK� ��� PP� ZLWK� ��� SHUFHQW� LQKLELWLRQ� DV� FRPSDUHG� WR� VWDQGDUG� GUXJ�
0LFRQD]ROH� 0,&� ����� �J�P/�� 7KLV� VWXG\� UHYHDOHG� WKDW� %RPED[� FHLED� KDV� EURDG� VSHFWUXP� DQWLIXQJDO�
DFWLYLW\�DQG�LW�FDQ�SURYLGH�GHIHQVH�DJDLQVW�R[LGDWLYH�VWUHVV��

.H\ZRUGV��DQWLR[LGDQW��DQWLIXQJDO��'33+��%RPED[�FHLED��DOXPLQLXP�FKORULGH�

,QWURGXFWLRQ�

3HRSOH� KDYH� EHHQ� XVLQJ� PHGLFLQDO� SODQWV� VLQFH� PDQ\� \HDUV� IRU� WKH� HDV\� DFFHVVLEOH� DQG� DIIRUGDEOH�
VRXUFH�RI�PHGLFLQH�IRU�WUHDWPHQW�RI�GLIIHUHQW�GLVHDVHV��7KH�UXUDO�SHRSOH�KDYH�D�ORQJ�KLVWRU\�RI�WUDGLWLRQDO�
SODQW� XVDJH� IRU� PHGLFLQDO� SXUSRVHV��$ERXW� ��� SHUFHQW� RI� WKH� SRSXODWLRQ� LQ� GHYHORSLQJ� FRXQWULHV� XVHG�
WUDGLWLRQDO�PHGLFLQHV�EHFDXVH�WKH\�GR�QRW�DIIRUG�WKH�KLJK�FRVW�RI�ZHVWHUQ�SKDUPDFHXWLFDOV�DQG�WUDGLWLRQDO�
PHGLFLQHV�DUH�DOVR�PRUH�DFFHSWDEOH�IURP�D�FXOWXUDO�DQG�VSLULWXDO�SHUVSHFWLYH������

%RPED[�FHLED��ORFDOO\�NQRZQ�DV�6LPDO��LV�ZLGHO\�GLVWULEXWHG�LQ�KLOO\�DQG�WHUDL�UHJLRQV�RI�1HSDO��7KH�
SODQW� LV� D� ODUJH��EULHIO\�GHFLGXRXV� WUHH�RFFXUULQJ� LQ�ZDUP�PRQVRRQ� IRUHVWV� LQ� VRXWKHUQ�$VLD��7KH�SODQW�
EHORQJV�WR�IDPLO\�%RPEDFDFHDH��,W�ZDV�FROOHFWHG�IURP�&KLWZDQ�GLVWULFW�IRU�WKH�SXUSRVH�RI�SUHVHQW�VWXG\��,W�
KDV� EHHQ� WUDGLWLRQDOO\� XVHG� IRU� WKH� WUHDWPHQW� RI� GLDUUKHD�� EXUQV� DQG� G\VHQWHU\�� %RPED[� FHLED� LV� DQ�
LPSRUWDQW�$\XUYHGLF�PHGLFLQDO�SODQW�IRXQG�LQ�1HSDO��3DNLVWDQ��,QGLD��&KLQD�DQG�$XVWUDOLD����$OPRVW�HYHU\�
SDUW�RI�WKLV�SODQW�LV�XVHG�DV�PHGLFLQH��DQG�LWV�URRWV�DQG�IORZHUV�DUH�XVHG�IRU�FXULQJ�WKH�PD[LPXP�QXPEHU�

&RUUHVSRQGLQJ�DXWKRU�
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RI�DLOPHQWV�� $FFRUGLQJ�WR�$\XUYHGD�SODQW�KDV�JUHDW�PHGLFLQDO�YDOXH�DQG�XVHG�IRU�WUHDWPHQW�RI�GLIIHUHQW�
DLOPHQWV�VWLPXODQW��KHPRVWDWLF��DQWLGLDKRUUHDO��DQWLG\VHQWULF�DQG�DQWLS\UHWLF�����7KH�EDUN�LV�ULFK�VRXUFH�RI�
OXSHRO�� VDSRQLQV�� WDQQLQV�� JXPV� DQG� ������WULK\GUR[\IODYRQH���2� �'�JOXFRS\UDQRV\O������ �/�
UKDPQRS\UDQRVLGH���7ZR�QHZ�DURPDWLF�FRPSRXQGV�ZHUH�LVRODWHG�IURP�VWHP�EDUN�RI�%RPED[�FHLED�DORQJ�
ZLWK� ILYH� NQRZQ� FRPSRXQGV� VKDPLPLQRO�� 2�HSLFDWHFKLQ���2� �[\ORS\UDQRVLGH�� 2�FDWHFKLQ���2� �
[\ORS\UD��QRVLGH������LVRODULVLUHVLQRO���2� �JOXFRS\UDQRVLGH�DQG�����O\RQLUHV�LQRO���2� �JOXFRS\UDQRVLGH�
�� 0HWKDQROLF� H[WUDFW� RI� WKH� URRWV� VKRZHG�KLJK� DPRXQW� RI� SKHQROLF� DQG� WDQQLQV� VKRZLQJ� VWURQJ�'33+�
UDGLFDO�VFDYHQJLQJ�DFWLYLW\�LQ�D�GRVH�GHSHQGHQW�PDQQHU���$TXHRXV�DQG�HWKDQRO�EDUN�H[WUDFWV�VXEMHFWHG�LQ�
YLWUR� DQWLR[LGDQW� DFWLYLW\� VFUHHQLQJ� PRGHOV��� SUHYLRXV� UHVHDUFKHU� KDV� UHSRUWHG� WKH� GLXUHWLF� HIIHFWV� RI�
DTXHRXV�DQG�FUXGH�HWKDQRO�H[WUDFW�RI�%RPED[�FHLED�/��IUXLWV�XVLQJ�DFXWH�PRGHO�LQ�UDWV��7KH�DTXHRXV�DQG�
HWKDQRO� H[WUDFW� RI� %RPED[� FHLED� IUXLW� VLJQLILFDQWO\� LQFUHDVHG� WKH� XULQH� RXWSXW� LQ� KLJKHU� GRVHV�� 7KHVH�
HIIHFWV�GHPRQVWUDWH�SRVVLEOH�GLXUHWLF�DFWLRQV�DQG�VXSSRUW�LWV�IRONORUH�XVH�LQ�YDULRXV�XULQDU\�DLOPHQWV����

7KHUHIRUH�� WKHUH� LV� D� QHHG� WR� VWXG\� DQWLR[LGDQW� DQG� DQWLIXQJDO� SRWHQWLDO� RI� SK\WRFRQVWLWXHQWV� E\�
GHWHUPLQLQJ�WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW�LQ�PHWKDQRO�EDUN�H[WUDFW�RI�%RPED[�FHLED�WKDW�KHOS�IRU�
GHYHORSLQJ��WKH�QHZ�GUXJV��

([SHULPHQWDO�0HWKRGV�
3ODQW�FROOHFWLRQ�DQG�DXWKHQWLFDWLRQ�

,Q�WKH�SUHVHQW�VWXG\��WKH�EDUNV�RI�%RPED[�FHLED�ZHUH�FROOHFWHG�IURP�&KLWZDQ�GLVWULFW�RI�1HSDO�EDVHG�
RQ� WKH� HWKQRERWDQLFDO� XVHV�� 7KH� SODQW� ZDV� DXWKHQWLFDWHG� E\� 5LWD� &KKHWU\�� 5HVHDUFK� 2IILFHU�� 1DWLRQDO�
+HUEDULXP� DQG� SODQW� 5HVRXUFHV�� 0LQLVWU\� RI� )RUHVWV� DQG� 6RLO� &RQVHUYDWLRQ�� *RGDZDUL� 1HSDO� DQG� WKH�
YRXFKHU�VSHFLPHQ�ZDV�VXEPLWWHG�WR�WKH�VDPH�GHSDUWPHQW���

([WUDFWLRQ�

7KHVH�EDUNV�RI�%RPED[�FHLED�ZDV�VKDGH�GULHG�DW�URRP�WHPSHUDWXUH�DQG�SRZGHUHG�PDWHULDO�ZDV�WKHQ�
ZHLJKHG�������J���VRDNHG�LQ�PHWKDQRO�IRU���K�DQG�ILOWHUHG��7KH�ILOWUDWH�ZDV�FRQFHQWUDWHG�XQGHU�UHGXFHG�
SUHVVXUH�LQ�URWDWRU\�HYDSRUDWRU�WR�REWDLQ�WKH�FUXGH�H[WUDFW��

3K\WRFKHPLFDO�VWXG\�

7KH�PHWKDQROLF�H[WUDFW�ZDV�DQDO\]HG�IRU�WKH�SUHVHQFH�RI�VHFRQGDU\�PHWDEROLWHV�VXFK�DV�SRO\SKHQROV��
DONDORLGV�� IODYRQRLGV�� WDQQLQV�� FDURWHQRLGV�� VDSRQLQV�� UHGXFLQJ� VXJDUV�� FDUGLDF� JO\FRVLGHV�� VWHURLGV��
WHUSHQRLGV��DQG�DQWKUDTXLQRQH�E\�DGRSWHG�VWDQGDUG�SURWRFRO�������

'33+�UDGLFDO�VFDYHQJLQJ�DVVD\�

7KH� IUHH� UDGLFDO� VFDYHQJLQJ� DVVD\� ZDV� SHUIRUPHG� E\� DGRSWLQJ� WKH� VWDQGDUG� SURWRFRO� LQ� ZKLFK� WKH�
FRQFHQWUDWLRQ�RI�WHVW�VDPSOHV����������������������������������������������J�P/��ZDV�SUHSDUHG�ZKLOH�WKH�
FRQFHQWUDWLRQ�RI�'33+�ZDV�����P0������������5HDFWLRQ�PL[WXUHV�ZHUH�WDNHQ�LQ�WXEHV�DQG�LQFXEDWHG�DW����R&�
IRU����PLQXWHV��'LVFRORUDWLRQV�ZHUH�PHDVXUHG�DW�����QP�XVLQJ�D�89�9LVLEOH�VSHFWURSKRWRPHWHU��3HUFHQW�
UDGLFDO�VFDYHQJLQJ�DFWLYLW\�ZDV�GHWHUPLQHG�E\�FRPSDULVRQ�ZLWK�PHWKDQRO�WUHDWHG�FRQWURO�JURXS��DVFRUELF�
DFLG� ZDV� XVHG� DV� SRVLWLYH� FRQWURO�� 0HDVXUHPHQW� ZDV� SHUIRUPHG� DW� OHDVW� LQ� WULSOLFDWH�� 7KH� SHUFHQWDJH�
VFDYHQJLQJ�RI�WKH�'33+�IUHH�UDGLFDO�ZDV�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ��7KH�FDOLEUDWLRQ�FXUYH�ZDV�SORWWHG�
IRU�WKH�WULSOLFDWH�H[SHULPHQWV�DQG�UHSUHVHQWHG�DV�SHUFHQWDJH�RI�PHDQ�LQKLELWLRQ���VWDQGDUG�GHYLDWLRQ�DQG�
WKH�,&���YDOXHV�ZHUH�REWDLQHG��
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7RWDO�SKHQROLF�FRQWHQW�GHWHUPLQDWLRQ�
7KH�WRWDO�SKHQROLF�FRQWHQW�ZDV�GHWHUPLQHG�XVLQJ�WKH�)ROLQ±&LRFDOWHX�SKHQRO�UHDJHQW��,Q�ZKLFK�����P/�

RI�HDFK�H[WUDFW������PJ�P/��ZDV�VHSDUDWHO\�PL[HG�ZLWK���P/�RI�)ROLQ±&LRFDOWHX�SKHQRO�UHDJHQW�DQG�����
P/�RI�DTXHRXV���0�1D�&2��VROXWLRQ��7KH�UHDFWLRQ�PL[WXUH�ZDV�DOORZHG�WR�VWDQG�IRU�DERXW����PLQXWHV�
DQG�WKH�DEVRUEDQFH�RI�WKH�UHDFWDQWV�ZDV�PHDVXUHG�DW�����QP�XVLQJ�WKH�89�YLVLEOH�VSHFWURSKRWRPHWHU��7KH�
FDOLEUDWLRQ� FXUYH�ZDV� FRQVWUXFWHG� XVLQJ� JDOOLF� DFLG� DV� VWDQGDUG� IRU� FRQFHQWUDWLRQ� UDQJLQJ� IURP� �������
J�P/��7KH�FRQFHQWUDWLRQ�RI�WKH�VDPSOH�ZDV�FDOFXODWHG�ZLWK�WKH�KHOS�RI�VWDQGDUG�SORW�RI�JDOOLF�DFLG��7KH�
WRWDO�SRO\SKHQRO�FRQWHQW�ZDV�H[SUHVVHG�LQ�WHUPV�RI�WKH�PLOOLJUDPV�RI�WKH�JDOOLF�DFLG�HTXLYDOHQW�SHU�JUDP�
RI�WKH�GU\�PDVV��PJ�*$(�J����

7RWDO�IODYRQRLG�FRQWHQW�GHWHUPLQDWLRQ��

7KH� WRWDO� IODYRQRLG� FRQWHQW� ZDV� HVWLPDWHG� E\� XVLQJ� WKH� DOXPLQLXP� FKORULGH� �$O&O��� FRORULPHWULF�
PHWKRG��,Q�WKLV�PHWKRG�������P/�H[WUDFW�����PJ�P/��ZDV�VHSDUDWHO\�PL[HG�ZLWK�WKH������P/�RI�PHWKDQRO��
�����P/�RI�WKH�����DOXPLQXP�FKORULGH�������P/�RI�WKH��0�SRWDVVLXP�DFHWDWH��&+�&22.��DQG�����P/�
RI� WKH� GLVWLOOHG� ZDWHU�� 7KH� UHDFWLRQ� PL[WXUH� ZDV� DOORZHG� WR� VWDQG� IRU� DERXW� ��� PLQXWHV� DW� URRP�
WHPSHUDWXUH�� 7KH� DEVRUEDQFH� RI� WKH� PL[WXUH� ZDV� PHDVXUHG� DW� ���� QP� XVLQJ� WKH� 89�YLVLEOH�
VSHFWURSKRWRPHWHU��7KH�FDOLEUDWLRQ�FXUYH�ZDV�FRQVWUXFWHG�ZLWK�WKH�KHOS�RI�VWDQGDUG�TXHUFHWLQ�VROXWLRQ�RI�
FRQFHQWUDWLRQ�UDQJLQJ�IURP�WKH�������� J�P/��7KH�WRWDO�IODYRQRLG�FRQWHQW�ZDV�H[SUHVVHG�LQ�WHUPV�RI�WKH�
PLOOLJUDP�RI�TXHUFHWLQ�HTXLYDOHQW�SHU�JUDP�RI�WKH�GU\�PDVV��PJ�4(�J����

$JDU�WXEH�GLOXWLRQ�SURWRFRO�IRU�DQWLIXQJDO�DFWLYLW\�

���PJ�RI� FUXGH� H[WUDFW�ZDV� GLVVROYHG� LQ� ��P/� VWHULOH�'062�VHUYLQJ� DV� VWRFN� VROXWLRQ��6DERXUDXG�
GH[WURVH� DJDU� �6'$�� ZDV� XVHG� IRU� WKH� JURZWK� RI� IXQJXV�� 0HGLD� ZLWK� DFLGLF� �S+� ��������� FRQWDLQLQJ�
UHODWLYHO\�KLJK�FRQFHQWUDWLRQ�RI�JOXFRVH�RU�PDOWRVH���SHUFHQW�ZDV�SUHSDUHG�E\�PL[LQJ������JP�����P/�LQ�
GLVWLOOHG�ZDWHU��,W�ZDV�WKHQ�VWHDPHG�WR�GLVVROYH�WKH�FRQWHQWV�DQG�GLVSHQVHG�DV�YROXPHV���P/�LQWR�VFUHZ�
FDSV� WXEHV��$XWRFODYHG�DW����� �&� IRU����PLQ��7XEHV�ZHUH�DOORZHG� WR�FRRO� WR�����&�DQG�QRQ�VROLGLILHG�
6'$�ZDV�ORDGHG�ZLWK�������/�RI�FRPSRXQG�SLSHWWHG�IURP�WKH�VWRFN�VROXWLRQ��7KH�ILQDO�FRQFHQWUDWLRQ�RI�
�����J�P/�FUXGH�H[WUDFW�ZDV�SUHSDUHG�UHVSHFWLYHO\��7XEHV�WKHQ�DOORZHG�VROLGLI\LQJ�LQ�VODQWLQJ�SRVLWLRQ�DW�
URRP�WHPSHUDWXUH��(DFK�WXEH�ZDV�LQRFXODWHG�ZLWK���PP�GLDPHWHU�SLHFH�RI�IXQJXV�UHPRYHG�IURP�D�VHYHQ�
GD\�ROG�FXOWXUH�RI�IXQJXV��)RU�QRQ�P\FHOLDO�JURZWK��DQ�DJDU�VXUIDFH�VWUHDN�ZDV�HPSOR\HG��2WKHU�PHGLD�
VXSSOHPHQWHG� ZLWK� '062� DQG� UHIHUHQFH� DQWLIXQJDO� GUXJV� XVHG� DV� QHJDWLYH� DQG� SRVLWLYH� FRQWURO�
UHVSHFWLYHO\��7KH�WXEHV�ZHUH�LQFXEDWHG�DW��������&�IRU�����GD\V��&XOWXUHV�ZHUH�H[DPLQHG�WZLFH�ZHHNO\�
GXULQJ�LQFXEDWLRQ��*URZWK�LQ�WKH�FRPSRXQG�DPHQGHG�PHGLD�ZDV�GHWHUPLQHG�E\�PHDVXULQJ�OLQHDU�JURZWK�
�PP��DQG�JURZWK�LQKLELWLRQ�FDOFXODWHG�ZLWK�UHIHUHQFH�WR�WKH�QHJDWLYH�FRQWURO�������

��,QKLELWLRQ� �����±�OLQHDU�JURZWK�LQ�WHVW��PP��������[�����

����������������������������������OLQHDU�JURZWK�LQ�FRQWURO��PP��

5HVXOWV�DQG�'LVFXVVLRQ�

3K\WRFKHPLFDO� DQDO\VLV� VKRZHG� WKDW� WKH� PHWKDQRO� H[WUDFW� RI� %RPED[� FHLED� LV� ULFK� LQ� VHFRQGDU\�
PHWDEROLWHV�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH� PHWKDQRO� H[WUDFW� LV� IRXQG� DV� WKH� JRRG� VRXUFH� RI� VHFRQGDU\�
PHWDEROLWHV� VXFK� DV�SRO\SKHQROV�� DONDORLGV�� IODYRQRLGV�� WDQQLQV�� FDURWHQRLGV�� VDSRQLQV�� UHGXFLQJ� VXJDUV��
FDUGLDF�JO\FRVLGHV��VWHURLGV��WHUSHQRLGV��DQG�DQWKUDTXLQRQH��
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3UHVHQW�VWXG\�FDUULHG�RXW�WR�DQDO\]H�WKH�DQWLR[LGDQW�DFWLYLW\�RI�WKH�PHWKDQRO�EDUN�H[WUDFW�RI�%RPED[�
FHLED��7KH�EDUN�H[WUDFW� LV� WKH� VRXUFH�RI�SRWHQW�DQWLR[LGDQW�ZLWK� WKH� VWURQJHVW�'33+�UDGLFDO� VFDYHQJLQJ�
DFWLYLW\� �,&��� � ���������� J�P/��ZKHUHDV� VWDQGDUG� DVFRUELF� DFLG� KDV� ,&���RI� ������ J�P/��7KH� UHVXOW�
VKRZHG�VLJQLILFDQW�DPRXQW�RI�WRWDO�SKHQROLF�DQG�IODYRQRLG�FRQWHQW�LQ�SODQW�H[WUDFW��7KH�H[WUDFW�RI�%RPED[�
FHLED��FRQWDLQ�KLJK�YDOXH�RI�SKHQROLF��������������PJ�*$(�J�6(0��DQG�IODYRQRLG�FRQWHQW�������������
PJ� 4(�J� 6(0�� H[KLELWHG� WKH� SRWHQW� DQWLR[LGDQW� DFWLYLW\�� � 7KH� DQWLR[LGDQW� DFWLYLW\� RI� SODQW� H[WUDFW� LV�
FRPSDUHG� WR� WKH� UHVXOWV�RI�SUHYLRXVO\�
VWXGLHG�SODQW�H[WUDFWV��7KH�DQWLR[LGDQW�
FDSDFLWLHV� LQ� PJ� DVFRUELF� DFLG� SHU�
JUDP�IRU�SODQWV�ZHUH�7K\PXV�YXOJDULV
����������� /DYDQGXOD� YHUD� �����������
5RVPDULQXV� RIILFLQDOLV� �����������
2ULJDQXP� GLFWDPQXV� �����������
6LGHULWLV� FUHWLFD� ����������� 6DOYLD�
RIILFLQDOLV� ���������� DQG� 2ULJDQXP�
YXOJDUH� ������������� 7KH� UHVXOW�
VXJJHVWHG� WKDW� WKH�EDUN� H[WUDFW� RI� WKH�
%RPED[� FHLED� VKRZHG� WKH� SRWHQW�
VRXUFH� RI� DQWLR[LGDQWV� LQ� FRPSDULVRQ�
WR�SUHYLRXV�UHVXOWV���

�����)LJXUH����)UHH�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�DQG�FRQFHQWUDWLRQ�RI�SODQW�VDPSOH�ZLWK�VWDQGDUG�DVFRUELF�
DFLG�

7DEOH����'33+�VFDYHQJLQJ��,&����YDOXH��WRWDO�IODYRQRLG�DQG�SKHQROLF�FRQWHQW�

7RWDO�IODYRQRLG�FRQWHQW� �����������PJ�4(�J�6(0�

7RWDO�SKHQROLF�FRQWHQW� ������������PJ�*$(�J�6(0�

'33+�VFDYHQJLQJ��,&���� ���������� J�P/�6(0�

7DEOH����$QWLIXQJDO�DFWLYLW\�RI�SODQW�H[WUDFW�DJDLQVW�GLIIHUHQW�IXQJL�

1DPH�RI�IXQJXV�
/LQHDU�JURZWK��PP��
6DPSOH������������&RQWURO�

��
,QKLELWLRQ�

6WG��'UXJ�0,&�
�J�P/�

7ULFKRSK\WRQ�VXEUXP� ��� ���� ��� 0LFRQD]ROH���������������

&DQGLGD�DOELFDQV� ���� ���� �� 0LFRQD]ROH����������������

$VSHUJLOOXV�QLJHU� ��� ���� ��� $PSKRWHULFLQ�%���������

0LFURVSRUXP�FDQLV� ��� ���� ��� 0LFRQD]ROH���������������
)XVDULXP�OLQL� ��� ���� ��� 0LFRQD]ROH����������������

&DQGLGD�JODEUDWD� �� �� �� 0LFRQD]ROH������������

.H\V��&RQFHQWUDWLRQ�RI�VDPSOH������J�P/�RI�'062�LQFXEDWLRQ�DW����R&����R���R&���LQFXEDWLRQ�SHULRG���
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7KH� KLJKHVW� DQWLIXQJDO� DFWLYLW\� ZLWK� SHUFHQW� LQKLELWLRQ� ��� VKRZHG� E\� WKH� SODQW� H[WUDFWV� DJDLQVW�

7ULFKRSK\WRQ�VXEUXP�DQG�$VSHUJLOOXV�QLJHU�ZDV�UHFRUGHG�DW�����ђJ�P/�FRQFHQWUDWLRQ��ZKLFK�LV�QHDUO\�WR�
WKDW�RI�WKH�SRVLWLYH�FRQWURO��0LFRQD]ROH������ђJ�P/���EXW�VKRZHG�ZHDN�LQKLELWLRQ�DJDLQVW�0LFURVSRUXP�

FDQLV� DQG� )XVDULXP� OLQL� DW� ����ђJ�P/� FRQFHQWUDWLRQ�� 7KH� SODQW� H[WUDFWV� GLG� QRW� VKRZ� DQ\� DQWLIXQJDO�
DFWLYLW\�DJDLQVW�&DQGLGD�DOELFDQV�DW�WKH�����ђJ�P/�FRQFHQWUDWLRQ�XVHG�LQ�WKLV�VWXG\���

7KLV� REVHUYDWLRQ� DJUHHV� ZLWK� WKH� UHSRUWV� RI� /HYHQ� HW� DO�� �������� %DQVR� DQG�0DQQ�� ������� RQ� WKH�
DQWLIXQJDO�SURSHUWLHV�RI�SODQWV�WR�WKH�SUHVHQFH�RI�SK\WRFRQVWLWXHQWV�VXFK�DV�WDQQLQV��DONDORLGV��IODYRQRLGV�
DQG�VDSRQLQV��������7KH�DQWLIXQJDO�DFWLYLW\�RI�H[WUDFWV�IURP�%RPED[�FHLED�LV�SUREDEO\�GXH�WR�WKHLU�DELOLW\�WR�
FRPSOH[�ZLWK� H[WUDFHOOXODU� DQG� VROXEOH� SURWHLQV� DQG� WR� FRPSOH[�ZLWK� EDFWHULDO� FHOO� ZDOOV���� 7KH� UHVXOW�
FOHDUO\�VKRZHG�WKDW�WKH�EDUN�RI�WKH�SODQW�PD\�XVH�DV�WKH�VRXUFH�WR�LVRODWH�WKH�DFWLYH�DQWLIXQJDO�DJHQWV�DV�
ZHOO�DV�XVHG�WR�WUHDW�WKH�IXQJDO�LQIHFWHG�SDWLHQWV��

&RQFOXVLRQV��

)URP� WKLV� VWXG\� LW� LV� FRQFOXGHG� WKDW� WKH�SODQW� H[WUDFWV� LV� WKH�SRWHQW� VRXUFH�RI�SK\WRFRQVWLWXHQWV� DQG�
FRXOG�EH�XVHG�WR�LVRODWH�DFWLYH�FRPSRXQG��'33+�VFDYHQJLQJ�DFWLYLW\�VKRZHG�WKDW�WKH�PHWKDQROLF�H[WUDFW�
KDV�SRWHQW�DQWLR[LGDQW�DFWLYLW\��7KH�EDUN�H[WUDFW�VKRZHG�WKH�SRWHQW�DQWLR[LGDQW�DFWLYLW\�ZLWK�'33+�UDGLFDO�
VFDYHQJLQJ� ,&��� � ���������� J��P/�6(0�ZLWK� UHVSHFW� WR� WKH� VWDQGDUG� DVFRUELF� DFLG� RI� ,&���RI� ������
J�P/��3KHQROLF�FRPSRXQGV�DQG�IODYRQRLGV�KDYH�EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�DQWLR[LGDWLYH�DFWLRQ�
LQ� ELRORJLFDO� V\VWHP�� DFWLQJ� DV� VFDYHQJHUV� RI� VLQJOHW� R[\JHQ� DQG� IUHH� UDGLFDOV�� 7KH� EDUN� H[WUDFW� LV� WKH�
PRGHUDWH� VRXUFH� RI� WRWDO� SKHQROLF� DQG� IODYRQRLG� ������������� PJ� *$(�J� DQG� ����������� PJ� 4(�J��
FRQWHQW� UHVSHFWLYHO\�� 7KH� EDUN� H[WUDFW� VKRZV� PRGHUDWH� DFWLYLW\� DJDLQVW� 7ULFKRSK\WRQ� VXEUXP�� ZHDN�
DFWLYLW\�DJDLQVW�$VSHUJLOOXV�QLJHU��0LFURVSRUXP�FDQLV�DQG�)XVDULXP�OLQL��%XW��GLG�QRW�VKRZ�DQ\�DFWLYLW\�
DJDLQVW�&DQGLGD��DOELFDQV���

$FNQRZOHGJHPHQWV�

7KH� DXWKRUV� DUH� WKDQNIXO� WR� 5LWD� &KKHWU\�� 1DWLRQDO� +HUEDULXP� DQG� 3ODQW� 5HVRXUFHV�� 0LQLVWU\� RI�
)RUHVWV�DQG�6RLO�&RQVHUYDWLRQ��*RGDZDUL��IRU�LGHQWLILFDWLRQ�RI�SODQW��6LPLODUO\�WKH�DXWKRUV�DUH�JUDWHIXO�WR�
WKH�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\�DQG�&HQWUDO�'HSDUWPHQW�RI�%LRWHFKQRORJ\��7ULEKXYDQ�8QLYHUVLW\�IRU�
SURYLGLQJ�VRPH�FKHPLFDOV�DQG�ODERUDWRU\�IDFLOLWLHV���

5HIHUHQFHV�

�� �$��%��&XQQLQJKDP��3LHWHUPDULW]EXUJ� ,QYHVWLJDWLRQDO�5HSRUW�1R����,QVWLWXWH�RI�1DWXUDO�5HVRXUFHV��
�����

�� <��5��&KDQGD��7KH�ZHDOWK�RI�,QGLD�5DZ�PDWHULDOV��1HZ�'HOKL��&6,5������������������

�� $QRQ\PRXV��7KH�:HDOWK�RI�,QGLD��$�GLFWLRQDU\�RI�,QGLD�UDZ�PDWHULDO��9RO��,��&6,5��1HZ�'HOKL��
�������������

�� (��0��:LOOLDPVRQ��0DMRU�KHUEV�RI�$\XUYHGD�������������

�� �0��3��6LQJK�DQG�+��SDQGD��0HGLFLQDO�KHUEV�DQG�WKHLU�IRUPXODWLRQV�����������������

�� 5DVWRJL�DQG�0HKURWUD��&RPSHQGLXP�RI�,QGLDQ�0HGLFLQDO�SODQWV���������������

�� �.��5��-RVKL��+��3��'HYNRWD�DQG�<��6KRML��3K\WRFKHP��/HWW��������������±����
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�� 9��-DLQ��6��.��9HDUPD��6��.��.DWHZD��DQG�-��6LQJK��5HV��-��RI�0HG��3ODQW�����������������������

�� %��*DQGKDUH��1��6RQL�DQG��-��'KRQJDGH���,QW���-��RI�%LRPHG��5HV����������������������

��� 6��6��-DODOSXUH�DQG�1��%��*DGJH��,QGLDQ��-��RI�3KDUP��6FL�������������������±�����

��� 5��'DEXU��$��*XSWD��7��.��0DQGDO��'��'��6LQJK��9��%DMSDL��$��0��*XUDY�DQG��*��6��/DYHNDU��$IU��-��
RI�7UDGLW��&RPSOHPHQW�DQG�$OWHUQ��0HG������� ���������������

��� ,��.KDQ��5�� 6�� 6XU\D��'�� 6XUHNKD��'��*��6UXMDQD� DQG�$��+HPDVXQGDUD��$UFK�� RI�$SSO�� 6FL�� 5HV���
����������������������

��� �/��6XEHGL��6��7LPDOVHQD��3��'XZDGL� 5��7KDSD��$��3DXGHO� DQG�.��3DUDMXOL��-��RI�7UDGLW��&KLQHVH�
0HG�� ���������������������

��� %��0DKDUMDQ�DQG�%��%DUDO��$P��-��RI�3ODQW�6FL���������������������������

��� $��6XEHGL��0��6KUHVWKD��6��.��0LVKUD�DQG�%��0��3RNKDUHO��-��RI�6FL��(QJ��DQG�7HFK�����������������
����

��� '��=KRX��-��5XDQ��<��&DL��=��;LRQJ��:��)X�DQG�$��:HL���-��RI�(WKQRSKDUPDFRO������������������
�����

��� '��=KRX��-��5XDQ��<��&DL��=��;LRQJ��:��)X�DQG�$��:HL��-��RI�(WKQRSKDUPDFRO�����������������������

���0�� ,�� &KRXGKDU\�� =�� 3DUYHHQ�� $�� -DEEDU�� ,�� $OL� DQG� $WWD�8U�5DKPDQ��3K\WRFKHP��� ������ �������
��������

��� 6��-DQDNL�DQG�9��9LMD\DVHNDUDP��%LRPHGLFLQH����������������������

��� +��=RULFD��3��+DWLG]D��0��$OELQD��6��0DMGD�DQG�6��0LU]HWD��(XU��-��RI�6FLHQWLILF�5HV���������������
���������

���0��/HYHQ��'��9HQGHQ��$��%HUJKH��,��0RUWHQ��(��9LOLHQWULFN�DQG�&��/RPZHDV��3ODQWD�0HGLFD��������
�������������

��� $��%DQVR�DQG�$��0DQQ��-��RI�$SSO��%LRVFL������������������������

��� +�� 7VXFKL\D��0�� 6DWR�� 7��0D\D]DNL�� 6�� )XMLZDUD�� 6�� 7DQLJDNL��0�� 2K\DPD�� 7�� 7DQDND� DQG��0��
/LQXPD��-��RI�(WKQRSKDUPDFRO��������������±����


