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$EVWUDFW,Q� WKLV� DUWLFOH� ZH� UHSRUW� RQ� WKH� WKHUPDO� UHDFWLRQV� RI� ��PHWK\O������������WHWUDK\GURF\FORSHQWD>F@S\UD]ROH� ���� DQG� ��������WULPHWK\O���WULIOXRURPHWK\O±����GLD]DWULF\FOR>����������@GHFD�����������GLHQH� ���� XQGHU�)93� FRQGLWLRQV��:KLOH� LQ� WKH�ILUVW�FDVH�DOO�SURGXFWV�DULVH�IURP�D�QLWURJHQ�H[WUXVLRQ�UHDFWLRQ��LQ�WKH�VHFRQG�RQH��ULQJ�LVRPHUL]DWLRQ� LV� WKH� SULQFLSDO� UHDFWLRQ�� 7KH� FKRLFH� RI� WKHVH� VXEVWUDWHV� KDV� DOORZHG�FRQWLQXLQJ�WKH�UHVHDUFK�RQ�WKH�LQIOXHQFH�RI�VXEVWLWXHQWV�RQ�WKH�NLQHWLFV�RI�WKH�WKHUPDO�UHDFWLRQV�RI�S\UD]ROHV�.LQHWLF�SDUDPHWHUV�IRU�)93�UHDFWLRQV�RI�� DQG RI������PHWK\O������SKHQ\O�S\UD]ROH�����DUH�DOVR�UHSRUWHG�5HVXPHQ(Q� HVWH� WUDEDMR� VH� SUHVHQWDQ� ODV� UHDFFLRQHV� WpUPLFDV� GH� IODVK� YDFXXP� S\URO\VLV��)93��GH� ��PHWLO������������WHWUDKLGURFLFORSHQWD>F@S\UD]ROH� ���� \� ��������WULPHWLO���WULIOXRURPHWK\O± ���� GLD]DWULF\FOR� >����������@� GHFD� ���������� GLHQH� ����� (Q� ODV�UHDFFLRQHV�GH�� VH�REWLHQHQ�ORV�SURGXFWRV�FRUUHVSRQGLHQWHV�D�OD�UHDFFLyQ�GH�H[WUXVLyQ�GH�QLWUyJHQR�PLHQWUDV�TXH��HQ�HO�FDVR�GH�� OD�UHDFFLyQ�GH�LVRPHUL]DFLyQ�GH�DQLOOR�HV�OD�UHDFFLyQ�SULQFLSDO��(O�HVWXGLR�GH�HVWRV�VXVWUDWRV�KD�SHUPLWLGR�LQYHVWLJDU�OD�LQIOXHQFLD�GH�OD�VXVWLWXFLyQ�GHO�SLUD]RO�HQ�OD�FLQpWLFD�GH�OD�UHDFFLyQ�WpUPLFD�
,QWURGXFWLRQ7KHUPDO�UHDFWLRQV�RI�1+�S\UD]ROHV�DSSHDU�DV�D�JRRG�DOWHUQDWLYH�WR�WKH�JHQHUDWLRQ�RI�YLQ\OFDUEHQHV�E\�D�QLWURJHQ�H[WUXVLRQ� UHDFWLRQ��DV� WKHVH� LQWHUPHGLDWHV�DUH�GLIILFXOW� WR�REWDLQ�IURP�RWKHU�VRXUFHV��VXFK�DV�WKHUPDO�DQG�SKRWRFKHPLFDO�UHDFWLRQV�RI�F\FORSURSHQHV�>�@�DQG�WKHUPDO�UHDFWLRQV�RI�YLQ\OGLD]RPHWKDQHV�>�@��7KH�PHFKDQLVP�RI�WKHUPDO�QLWURJHQ�H[WUXVLRQ� UHDFWLRQ� IURP� S\UD]ROHV� LQFOXGHV� VHYHUDO� VWHSV� �6FKHPH� ���ZKHUH� QLWURJHQ� LV�ORVW� IURP� DQ� LQWHUPHGLDWH� YLQ\OGLD]RPHWKDQH� LQ� WKH� UDWH�OLPLWLQJ� VWHS� >�@�� ,Q� SUHYLRXV�VWXGLHV� RQ� WKLV� UHDFWLRQ LW�ZDV� HVWDEOLVKHG� WKDW� YLQ\OFDUEHQH� UHDFWLYLW\� GHSHQGV� RQ� ULQJ�VXEVWLWXWLRQ��WKXV�SURGXFWV�DULVLQJ�IURP�+�DQG�5�VKLIWV��&�+�LQVHUWLRQ�DQG�DGGLWLRQ�WR�&2�



0R\DQR��(�/��HW�DO���ERQGV�� PD\� EH� REWDLQHG�� ,Q� DGGLWLRQ�� NLQHWLF� PHDVXUHPHQWV� IRU� QLWURJHQ� H[WUXVLRQ�UHYHDOHG�WKDW�WKLV�UHDFWLRQ�LV�DOVR�VWURQJO\�LQIOXHQFHG�E\�ULQJ�VXEVWLWXWLRQ�>�@�

6FKHPH��
$V� DOO� RI� WKH� SUHYLRXVO\� GHVFULEHG� UHDFWLRQV� ZHUH� FDUULHG� RXW� ZLWK� PRQRF\FOLF�S\UD]ROHV�� LW�ZDV� GHFLGHG� WR� VWXG\� WKH� HIIHFW� RI� D� IXVHG� ULQJ� RQ�1+�S\UD]ROH� UHDFWLYLW\�XSRQ� WKH� $UUKHQLXV� SDUDPHWHUV� RI� WKLV� UHDFWLRQ�� 7KXV�� WKH� UHVXOWV� IURP� IODVK� YDFXXP�S\URO\VLV��)93��RI���PHWK\O������������WHWUDK\GURF\FORSHQWD�>F@S\UD]ROH�����DQG�UHDFWLRQ�RI� ��������WULPHWK\O���WULIOXRURPHWK\O±����GLD]DWULF\FOR>����������@GHFD�����������GLHQH����� DUH� SUHVHQWHG� QRZ�� 7KH� $UUKHQLXV� SDUDPHWHUV� IRU� GHFRPSRVLWLRQ� RI� � DQG� �����PHWK\O�������SKHQ\O�S\UD]ROH�����DUH�DOVR�UHSRUWHG�WR�SUHVHQW�D�FRPSOHWH�GLVFXVVLRQ�RI�WKH�LQIOXHQFH� RI� ULQJ� VXEVWLWXWLRQ� RQ� WKH� DFWLYDWLRQ� SDUDPHWHUV� RI� WKH� QLWURJHQ� H[WUXVLRQ�UHDFWLRQ�

5HVXOWV�DQG�GLVFXVVLRQ)93�UHDFWLRQV�RI��:KHQ�S\UD]ROH���ZDV�VXEMHFWHG WR�)93� LQ�D�FRQYHQWLRQDO�V\VWHP��FRQWDFW� WLPHV�DURXQG������V�DQG�SUHVVXUHV�RI����� 7RUU��EHWZHHQ��������R&��WKH�RQO\�UHDFWLRQ�IRXQG�ZDV�H[WUXVLRQ�RI�QLWURJHQ�DQG�WKH�SULQFLSDO�SURGXFWV�ZHUH�D�PL[WXUH�RI�GLHQHV������5HDFWLRQ�SURGXFWV�DUH�VKRZQ�LQ�6FKHPH���DQG�)93�FRQGLWLRQV�LQ�7DEOH���
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7KHUPDO�EHKDYLRU�RI�IXVHG�1+�S\UD]ROHV�XQGHU�IODVK�YDFXXP�S\URO\VLV ���,W� VKRXOG� EH� QRWHG WKDW� WKH� SURGXFWV� PD\� EH� IRUPHG� IURP� WKH� WZR� GLIIHUHQW�WDXWRPHUV��D DQG��E SUHVHQW� LQ� WKH� S\UD]ROH���� DV� SUHYLRXVO\� UHSRUWHG� VWXGLHV� RI� RWKHU�DV\PPHWULF�S\UD]ROHV�>���@ 7ZR�YLQ\OFDUEHQHV��IURP�QRZ�RQ�YF� �D DQG��E��DUH�SURSRVHG�DV�WKH�LQWHUPHGLDWHV�IRUPHG DIWHU�WKH�QLWURJHQ�H[WUXVLRQ�UHDFWLRQ�DQG�UHVSRQVLEOH�IRU�WKH�GLIIHUHQW�SURGXFWV��7KHVH�YLQ\OFDUEHQHV�DV�ZHOO�DV� WKHLU�UHDFWLRQ�SDWKZD\V�DUH�SUHVHQWHG�LQ�6FKHPH���

6FKHPH��
&RPSRXQG�� FRXOG�EH�IRUPHG�YLD���D��D�����+�VKLIW�LQ�YF��D���E��D�����+�PLJUDWLRQ�LQ�YF��E RU�IURP�ERWK�SDWKZD\V��$V�VHHQ�LQ�6FKHPH����D�����+�VKLIW�LQ�YF��E PD\�JLYH���HWK\OLGHQHF\FORSHQWHQH� �����ZKLFK� LV� NQRZQ� WR� LVRPHUL]H� WR� FRPSRXQG���XQGHU� VLPLODU�
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0R\DQR��(�/��HW�DO���UHDFWLRQ� FRQGLWLRQV� >�@� 7KH� SUHVHQFH� RI� ��PHWK\OF\FORKH[DGLHQH� ���� FDQ� EH� H[SODLQHG�WKURXJK�D�����+�VKLIW� LQ�YF��G��7KLV�YLQ\OFDUEHQH�PD\�EH�IRUPHG�IURP�ULQJ�RSHQLQJ�RI�WKH� ELF\FOLF� F\FORSURSHQH� LQWHUPHGLDWH� ��F���ZKLFK� UHVXOWV� IURP� D� F\FOL]DWLRQ� RI� YF��D��7KHVH� UHDFWLRQV� DUH� VLPLODU� WR� WKRVH� REVHUYHG� IRU� D� YDULHW\� RI� F\FORSURSHQHV� XQGHU�S\URO\WLF�FRQGLWLRQV�>�@��'LHQH�� LV�SUREDEO\�REWDLQHG�IURP�WKH�WKHUPDO�LVRPHUL]DWLRQ�RI���� )XUWKHUPRUH�� LI� YF� �E� DIIRUGV� D� F\FOL]DWLRQ� UHDFWLRQ� DV� YF� �D�� WKH� F\FORSURSHQH�LQWHUPHGLDWH�IRUPHG�VKRXOG�JLYH�WKH�VWDUWLQJ�YF��E E\�D�ULQJ�RSHQLQJ�UHDFWLRQ��$URPDWLF�FRPSRXQGV�VXFK�DV� WROXHQH�����DQG�EHQ]HQH������ZHUH�DOVR�IRXQG�LQ�WKHVH�H[SHULPHQWV��:KLOH� WROXHQH� FRXOG� EH� IRUPHG� E\� D� UDGLFDO� GHK\GURJHQDWLRQ� RI� ��� EHQ]HQH� PD\� EH�IRUPHG� E\� &+� HOLPLQDWLRQ� IURP� ��� D� ORVV� RI� WKH� PHWK\O� JURXS� IURP� � RU� IURP� ERWK�UHDFWLRQV�� 7KHVH� HOLPLQDWLRQ� UHDFWLRQV� �GHK\GURJHQDWLRQV�GHDON\ODWLRQV�� DUH� TXLWH�FRPPRQ� LQ� KLJK±WHPSHUDWXUH� WKHUPRO\VLV�� SDUWLFXODUO\� LI� WKH� ILQDO� VWHS� OHDGV� WR� DQ�DURPDWLF� FRPSRXQG� >�@�� 7KH� SUHVHQFH� RI� UDGLFDOV� ZDV� FRQILUPHG� E\� WKH� IRUPDWLRQ� RI�ELEHQ]\O�LQ�UHDFWLRQV�ZKHUH�WROXHQH�ZDV�XVHG�DV�FDUULHU�JDV�
.LQHWLF�SDUDPHWHUV�IRU���DQG�����7DEOH� �� VKRZV� WKH�PHDVXUHG� UDWH� FRQVWDQWV�� DYHUDJHG� RYHU� IRXU� GHWHUPLQDWLRQV��IRU� WKHUPDO�UHDFWLRQV�RI�S\UD]ROH����)ODVK�YDFXXP�S\URO\VLV�RI�� KDV�EHHQ�UHSRUWHG�LQ�D�SUHYLRXV�DUWLFOH�>�@�DIIRUGLQJ���PHWK\OLQGHQH���������PHWK\OLQGHQH���������PHWK\OLQGHQH������� ��SKHQ\OEXW���\QH� ������ ��SKHQ\OEXWDGLHQH� ����� DQG� QDSKWKDOHQH� ������ WKH� UDWH�FRQVWDQWV�DUH� UHSRUWHG�QRZ��DYHUDJHG�RYHU�IRXU�GHWHUPLQDWLRQV��7KH�UHVXOWV�DUH�JLYHQ� LQ�6FKHPH� �� DQG�7DEOH� ��� 7KH� DPRXQW� RI� HDFK� SURGXFW� DW� WKH� GLIIHUHQW� WHPSHUDWXUHV�ZDV�LQIRUPHG�HDUOLHU�>�@
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7KHUPDO�EHKDYLRU�RI�IXVHG�1+�S\UD]ROHV�XQGHU�IODVK�YDFXXP�S\URO\VLV ���
7����>R&> ��&RQYHUVLRQ N�>V��@D��� �� ��������� �� ���������� �� ��������

7DEOH����)93�RI����D $YHUDJHG�IURP�IRXU�)93�H[SHULPHQWV�
,Q� 7DEOH� ��� $UUKHQLXV� SDUDPHWHUV� RI� � DQG� �� DUH� VKRZQ�� 3UHYLRXVO\� UHSRUWHG�UHVXOWV� IRU� WKH� S\UD]ROHV� LQ� )LJXUH� �� KDYH� DOVR� EHHQ� LQFOXGHG� IRU� FRPSDULVRQ�>���@�/RRNLQJ� DW� WKHVH� UHVXOWV�� LW� LV� HYLGHQW� WKDW� HOHFWURQ�ZLWKGUDZLQJ� DQG� HOHFWURQ� GRQDWLQJ�JURXSV� ORZHU� WKH� HQHUJ\� RI� DFWLYDWLRQ� RI� WKH� UHDFWLRQ� LQ� FRPSDULVRQ� ZLWK� WKH� SDUHQW�S\UD]ROH�������)LJXUH�����3LQFRFN�HW�DO� >�@�DOUHDG\�QRWLFHG�WKLV�HIIHFW�LQ�WKHUPDO�UHDFWLRQV�RI�SKHQ\O�VXEVWLWXWHG�YLQ\OGLD]RPHWKDQHV�

)LJXUH��
3\UD]ROH (D�>N-�PROH@ /RJ�$ 5HIHUHQFH� ������� ������r ���� 7KLV�ZRUN� ������� ������r ���� 7KLV�ZRUN�� ������� ������r ���� ��� ������� �����r ��� ��� ������� �����r ��� ��� ������� �����r ��� ��� ������� �����r ��� �
7DEOH����.LQHWLF�SDUDPHWHUV�RI�GLIIHUHQW�S\UD]ROHV
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0R\DQR��(�/��HW�DO���$FFRUGLQJ� WR� WKH� UHDFWLRQ� PHFKDQLVP� IRU� QLWURJHQ� H[WUXVLRQ� UHDFWLRQ�� DV\PPHWULF�S\UD]ROHV� ����� DQG������PHWK\O������WULIOXRURPHWK\OS\UD]ROH� ����� �)LJXUH����DIIRUG� WZR�GLIIHUHQW� YLQ\OFDUEHQHV� �VHH� 6FKHPH� ���� ZKLFK� FRPSOLFDWHV� WKH� HYDOXDWLRQ� RI� WKH�LQIOXHQFH� RI� WKH� VXEVWLWXHQWV� RQ� WKH� HQHUJ\�RI� DFWLYDWLRQ�� DOWKRXJK�VRPH�FRQVLGHUDWLRQV�FDQ�EH�PDGH��7KH�FRPSDULVRQ�RI�WKH�(D�RI�� ZLWK�WKH�RQH�RI�����GLPHWK\OS\UD]ROH�������)LJXUH�����ERWK�RI�WKHP�GLDON\OS\UD]ROHV��VKRZ�WKDW�WKH�FRUUHVSRQGLQJ�WR�� LV�VXUSULVLQJO\�ORZHU�WKDQ�H[SHFWHG��7KLV� UHVXOW�PD\�EH� DVFULEHG� WR� WKH� VWUDLQ�HIIHFW�RI� WKH� IXVHG� ULQJ��ZKLFK�PD\� IDFLOLWDWH� WKH� ULQJ� RSHQLQJ� UHDFWLRQ� WR� WKH� YLQ\OGLD]RPHWKDQH� LVRPHU� �6FKHPH� ����(OHFWURQLF�FRQVLGHUDWLRQV�FDQQRW�MXVWLI\�WKLV�GLIIHUHQFH�7KH�HQHUJ\�RI�DFWLYDWLRQ�RI�� LV�LQWHUPHGLDWH�EHWZHHQ�WKH�RQH�RI��� DQG�WKH�RQH�RI�����GLSKHQ\OS\UD]ROH� ����� �)LJXUH�����ZKLFK� LV�D� ORJLF� UHVXOW��7KLV� LV�QRW� WKH�FDVH�ZKHQ�FRPSDULQJ� WKH� UHVXOWV� RI� ���� �� DQG� ����ELV�WULIOXRURPHWK\OS\UD]ROH� ����� �)LJXUH� ����ZKHUH�DQ�LQWHUPHGLDWH�YDOXH�IRU��� ZDV�H[SHFWHG��$V�PHWK\O�DQG�WULIOXRURPHWK\O�JURXSV�KDYH�RSSRVLWH�HIIHFWV�DQG�DV� WKH�UHDFWLRQ�KDV�VHYHUDO�VWHSV��LW�LV�QRW�SRVVLEOH�WR�HYDOXDWH�HDFK�HIIHFW�LQ�HDFK�VWHS�
)93�UHDFWLRQV�RI��)93� H[SHULPHQWV� FDUULHG� RXW� ZLWK� � VKRZHG� WKDW� LW� UHDFWV� EHWZHHQ� �������R&�DIIRUGLQJ�PDQ\�SURGXFWV�DULVLQJ�IURP�LVRPHUL]DWLRQ��QLWURJHQ�H[WUXVLRQ��GLPHUL]DWLRQ�DQG�UDGLFDO� GHFRPSRVLWLRQ� UHDFWLRQV� �7DEOH� �� DQG� 6FKHPH� ���� (YHQ� DW� ORZ� FRQYHUVLRQ�FRQGLWLRQV� LW�ZDV�QRW�SRVVLEOH� WR�SHUIRUP�D�FRPSOHWH�VHSDUDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SURGXFWV� IURP� WKH� UHDFWLRQ�PL[WXUHV� VR� WKH\�ZHUH�RQO\�DQDO\]HG�E\�*&�06�� WKDW� LV� WKH�UHDVRQ�ZK\�RQO\�WKH�PDVV�GHJUDGDWLRQ�RI�HDFK�RI�WKH�SULQFLSDO�SURGXFWV�DUH�UHSRUWHG�$W����R&�IRXU�LVRPHUV�RI�WKH�VWDUWLQJ�PDWHULDO�ZHUH�GHWHFWHG��FRPSRXQGV���������$W� WHPSHUDWXUHV� RYHU� ���R&� WZR� GLIIHUHQW� FRPSRXQGV� ZLWK� PROHFXODU� ZHLJKWV�FRUUHVSRQGLQJ�WR�ORVV�RI�QLWURJHQ�IURP�WKH�VWDUWLQJ�S\UD]ROH��FRPSRXQGV��� DQG�����ZHUH�IRXQG�DORQJ�ZLWK��������

7����>R&@ ��&RQYHUVLRQ 3URGXFWVD��� �� �� >P�] �����0������@�����>P�] �����0������@��� >�P�] �����0������@���� >P�] �����0�������@��� �� ��������� >P�] �����0������@�����>P�] �����0������@
7DEOH����)93�RI����D )UDJPHQWDWLRQ�DQG�GLPHUL]DWLRQ�SURGXFWV�DUH�DOVR�GHWHFWHG�([SHULPHQWDO�HYLGHQFH�VXJJHVWV�WKDW�IUDJPHQWDWLRQ�DQG�LVRPHUL]DWLRQ�UHDFWLRQV�RI�WKH�DOLSKDWLF�SDUW�RQ�WKH�S\UD]ROH���SRVVHVV�ORZHU�HQHUJ\�RI�DFWLYDWLRQ�LQ�FRPSDULVRQ�ZLWK�QLWURJHQ�H[WUXVLRQ�IURP�WKH�S\UD]ROH�ULQJ�,Q�RUGHU�WR�FRQILUP�WKHVH�LGHDV��ZH�FDUULHG�RXW�D�WHVW�UHDFWLRQ�XVLQJ�FDPSKRU��$W����R&��WHQ�LVRPHUV�RI�FDPSKRU�ZHUH�SUHVHQW�LQ�WKH�S\URO\]DWH��7KLV�UHVXOW�SRLQWV�RXW�WKH�ORZ�WKHUPDO�VWDELOLW\�IRU�WKLV�W\SH�RI�F\FOLF�V\VWHPV�XQGHU�)93�FRQGLWLRQV�>��@�
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3URGXFWV RI 1LWURJHQ ([WUXVLRQ

3URGXFW RI 'LPHUL]DWLRQ
3URGXFWV RI 5DGLFDO 'HFRPSRVLWLRQ
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6FKHPH��&RQFOXVLRQV7KH�)93�VWXG\�RI�� UHYHDOV�WKDW�QLWURJHQ�H[WUXVLRQ�LV�WKH�SULQFLSDO�UHDFWLRQ��7KH�LGHQWLILHG� SURGXFWV� DULVH� IURP� WKH� GLIIHUHQW� UHDUUDQJHPHQWV� RI� WKH� YF� LQYROYHG�� 7KHVH�LQWHUPHGLDWHV�DUH�JHQHUDWHG�IURP�WKH�WZR�SRVVLEOH�WDXWRPHULF�S\UD]ROHV�DQG�FDQ�XQGHUJR�����RU���� +�PLJUDWLRQ�DQG�&�+�LQVHUWLRQ�UHDFWLRQV�7KH�YDOXHV�RI� WKH�NLQHWLF� SDUDPHWHUV� IRU�)93�RI�� UHSRUWHG�KHUH� DUH� ORZHU� WKDQ�WKRVH�IRXQG�IRU�RWKHU�S\UD]ROHV��7KXV��WKH�UHOHDVH�RI�VWUDLQ�HQHUJ\�LQ�WKH�ULQJ�RSHQLQJ�RI�WKH�F\FORSHQWDQH�ULQJ�DFFHOHUDWHV�WKH�UHDFWLRQ��UDLVLQJ�WKH�HQHUJ\�RI�WKH�JURXQG�VWDWH�7KH�GLIIHUHQW�WKHUPDO�EHKDYLRU�RI�S\UD]ROH�� XQGHU�)93�FRQGLWLRQV�LQGLFDWHV�WKDW�LVRPHUL]DWLRQ�UHDFWLRQV�RI�WKH�K\GURFDUERQDWHG�SDUW�DUH�IDYRUHG�RYHU�WKH�H[WUXVLRQ�RQHV�([SHULPHQWDO�6HFWLRQ5HDFWLRQV�ZHUH�FDUULHG�RXW� LQ�D�Y\FRU�JODVV�IODVK�YDFXXP�WKHUPRO\VLV�DSSDUDWXV��XVLQJ� D� *$<125� 35'+� WHPSHUDWXUH� FRQWUROOHU� DQG� D� 7KHUPRO\QH� ������ IXUQDFH��2[\JHQ�IUHH�GU\�QLWURJHQ�RU�D�QLWURJHQ�WROXHQH�PL[WXUH�ZDV�XVHG�DV�FDUULHU�JDV��6DPSOHV�WR�EH�S\URO\]HG�ZHUH�RI�������PJ� 3URGXFWV�ZHUH� WUDSSHG�DW� OLTXLG�DLU� WHPSHUDWXUH�DQG�DIWHU� )93� H[SHULPHQWV� SURGXFWV� ZHUH� H[WUDFWHG� ZLWK� WKH� DSSURSULDWH� VROYHQW� DQG�DQDO\]HG�� 5DWHV� FRQVWDQWV� ZHUH� HYDOXDWHG� IRU� HDFK� LQGLYLGXDO� UHDFWLRQ� DVVXPLQJ� ILUVW�RUGHU�� )RXU� LQGLYLGXDO� UDWH� FRQVWDQWV� DW� HDFK� WHPSHUDWXUH� ZHUH� XVHG� WR� FDOFXODWH� WKH�HQHUJLHV�RI� DFWLYDWLRQ��7KH�DPRXQW�RI�XQUHDFWHG� VWDUWLQJ�PDWHULDO�ZDV�PHDVXUHG�E\� �+�105�XVLQJ�QLWURPHWKDQH�DV�LQWHUQDO�VWDQGDUG�DQG�LW�ZDV�EHWZHHQ����DQG�����GHSHQGLQJ�RQ� WHPSHUDWXUH�� &RQWDFW� WLPHV� ZHUH� FDOFXODWHG� DV� 9��P�� EHLQJ� 9� WKH� YROXPH� RI� WKH�UHDFWRU� LQ� WKH�KRW�]RQH�DQG�P WKH�FDUULHU�JDV�IORZ�DW�UHDFWLRQ�FRQGLWLRQV��3UHVVXUHV�ZHUH�
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