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6KDKUHNRUG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��6KDKUHNRUG��,UDQ�
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$EVWUDFW��$OOLXP�DPSHORSUDVXP�NQRZQ�DV�ZLOG�OHHN�LV�D�ZLOG�QXWULWLRXV�SODQW�WKDW�EHORQJV�WR�/LODFHDH��,Q�WKLV�UHVHDUFK��WKH�K\SRJO\FHPLF� HIIHFWV� RI� WKH� SODQW¶V� OHDYHV� K\GUR�DOFRKROLF� H[WUDFW� RQ� :LVWDU� UDW� LOHXP� FRQWUDFWLRQV� DQG� LWV� SRVVLEOH�PHFKDQLVP�KDYH� EHHQ� UHYLHZHG�� ([WUDFWLRQ�ZDV� GRQH� WKURXJK� WKH�PDFHUDWLRQ� RI�$OOLXP� DPSHORSUDVXP�SRZGHU�ZLWK� ����DOFRKRO�� ,Q� WKLV� LQWHUYHQWLRQ� UHVHDUFK�� ���:LVWDU� UDWV� ZHLJKLQJ� EHWZHHQ� ���� DQG� ���� JUDPV� ZHUH� GLYLGHG� LQWR� �� UDQGRP�JURXSV� RI� HLJKW�� 7KH� JURXSV� LQFOXGH�� FRQWURO� JURXS�� WKH� JURXS� UHFHLYLQJ� $OOLXP� DPSHORSUDVXP� H[WUDFW� FXPXODWLYH�FRQFHQWUDWLRQV�� WKH�JURXS�UHFHLYLQJ�3URSUDSDQRORO�� WKH�JURXS�UHFHLYLQJ�1DUFDQ�� WKH�JURXS�UHFHLYLQJ�/�QDPH��DQG� WKH�JURXS�UHFHLYLQJ� FXPXODWLYH� FRQFHQWUDWLRQV� RI� FDOFLXP� FKORULGH��2Q� WKH� H[SHULPHQW� GD\��:LVWDU� UDWV� LOHXP� FRQWUDFWLRQV� XQGHU� �J�LQLWLDO� WHQVLRQ� ZHUH� VHSDUDWHO\� UHFRUGHG� WKURXJK� DGGLQJ� SRWDVVLXP� FKORULGH� ���P0�� LQ� LVRWRQLF� PHWKRG� LQ� DQ� RUJDQ� EDWK�FRQWDLQLQJ�7\URGH�VROXWLRQ������&��3+�������7R�H[DPLQH�WKH�PHFKDQLVP�RI�WKH�H[WUDFW�HIIHFW�� WKH�WLVVXH�ZDV�LQFXEDWHG�ZLWK�3URSUDSDQRORO�� 1DUFDQ� RU� /�QDPH�� DQG� WKH� SHUFHQWDJH� RI� FRQWUDFWLRQ� FKDQJHV� ZHUH� FDOFXODWHG� DQG� UHFRUGHG�� ,Q� RUGHU� WR�GHWHUPLQH� WKH� UROH� RI� FDOFLXP� FKDQQHOV� LQ� WKH� WLVVXH� PRWRU� DFWLYLW\�� LOHXP� DIIHFWHG� E\� FDOFLXP� FKORULGH� FXPXODWLYH�FRQFHQWUDWLRQV�ZDV�XVHG��$OOLXP�DPSHORSUDVXP�FXPXODWLYH�H[WUDFWV������������DQG�����PJ�NJ���LQ�D�GRVH�GHSHQGHQW�PDQQHU��UHGXFHG� LOHXP� FRQWUDFWLRQV� �3��������� E\� SRWDVVLXP� FKORULGH� ���� P0��� 7KH� LQWHUYHQWLRQ� RI� EHWD� DGUHQHUJLF� UHFHSWRU�DQWDJRQLVW� �3URSUDSDQRORO�� �� 0��� RSLRLG� UHFHSWRUV� �1DUFDQ�� �� 0��� QLWULF� R[LGH� V\QWKDVH� LQKLELWRU� �/�QDPH�� ��� �0�� LQ�LOHXP� VKRZHG� WKDW� 3URSUDSDQRORO� GHFUHDVHV� WKH� LQKLELWRU\� HIIHFWV� RI� WKH� H[WUDFW� RQ� WKH� FRQWUDFWLRQV� FDXVHG� E\� SRWDVVLXP�FKORULGH� VLJQLILFDQWO\� �3���������� +RZHYHU�� /�QDPH� DQG� 1DUFDQ� GLG� QRW� GHFUHDVH� WKH� LQKLELWRU\� HIIHFW� RI� WKH� H[WUDFW� RQ�LOHXP�� &DOFLXP� DOVR� FDXVHG� WKH� FRQWUDFWLRQ� RI� WLVVXH� GHSRODUL]HG� E\� SRWDVVLXP� FKORULGH�� 7KLV� FRQWUDFWLYH� HIIHFW� ZDV�VLJQLILFDQWO\� GHFUHDVHG� E\� FXPXODWLYH� FRQFHQWUDWLRQV� RI� WKH� H[WUDFW� �3���������� ,W� FDQ� EH� FRQFOXGHG� WKDW� $OOLXP�DPSHORSUDVXP� OHDI�K\GUR�DOFRKROLF�H[WUDFW�FRXOG�DIIHFW� UDW� LOHXP�PRWRU�DFWLYLW\�E\�DIIHFWLQJ�EHWD�DGUHQHUJLF� UHFHSWRUV�DQG�YROWDJH�GHSHQGHQW�FDOFLXP�FKDQQHOV��$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�DIRUHPHQWLRQHG�HIIHFW��LW�PLJKW�EH�XVHG�WR�WUHDW�GLJHVWLYH�SUREOHPV��>6HGLJKL�0��5DILHLDQ�NRSDHL���1RRUL�$KPDGDEDGL�0��(IIHFW�RI�$OOLXP�DPSHORSUDVXP�RQ�LOHXP�IXQFWLRQ��,QYROYHPHQW�RI�EHWD�DGUHQHUJLF�UHFHSWRUV�DQG�YROWDJH�GHSHQGHQW�FDOFLXP�FKDQQHOV��/LIH�6FL�-��������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����
.H\�:RUGV��$OOLXP�DPSHORSUDVXP�H[WUDFW��,OHXP��5DW�
�
,QWURGXFWLRQ��,Q� UHFHQW� \HDUV�� WKH� DSSOLFDWLRQ� RI� PHGLFDO� SODQWV� KDV�LQFUHDVHG� VLJQLILFDQWO\�� $OWKRXJK� VRPH� RI� WKHP� KDYH�WR[LFLWLHV� ������� PRVW� RI� WKHVH� SODQWV� VLJQLILFDQWO\�FRQWULEXWH�WR�WKHUDS\�RI�GLVHDVHV��������2QH�RI�VXFK�SODQWV�LV� $OOLXP� DPSHORSUDVXP� �ZLOG� OHHN�� IRU� ZKLFK� PDQ\�PHGLFLQDO� SURSHUWLHV� KDYH� EHHQ� UHSRUWHG� LQ� WUDGLWLRQDO�PHGLFLQH� ����� :LOG� OHHN�� ZLWK� WKH� VFLHQWLILF� QDPH� RI�$OOLXP� DPSHORSUDVXP� LV� D� ZLOG� QXWULWLRXV� SODQW� WKDW�EHORQJV� WR� /LODFHDH� ������� 7KH� HIIHFWV� RI� ZLOG� OHHN� DUH�VLPLODU�WR�JDUOLF�EXW�PLOGHU������:LOG�OHHN�FRXOG�EH�IRXQG�LQ� +DPHGDQ�� 6KLUD]�� 6DQDQGDM�� .DP\DUDQ�� 4RP�� DQG�$UDN�SURYLQFHV��7KH�OHDYHV�DQG�VWHPV�RI�\RXQJ�ZLOG�OHHNV�DUH�XVHG�DV�VSLFH�RU�PHGLFLQH������

:LOG�OHHN�FRQWDLQV�ORWV�RI�F\VWHLQH�VXOSKR[LGHV��VDSRQLQV��WDQLQV�� DQG� GLVXOSKLGH� FRPSRVLWLRQV� ����� ,WV� HIIHFWXDO�FRQVWLWXHQWV� FRXOG� SURWHFW� DJDLQVW� LQGXFHG� GDPDJHV� E\�GDPDJLQJ�IDFWRUV��GHFUHDVHV�EORRG�VHUXP�FKROHVWHURO�UDWH��EDODQFHV� ERGLO\� IXQFWLRQV�� DQG� ZLGHQV� EORRG� YHVVHOV��YDVRGLODWLRQ���������:LOG� OHHN� LV�DQWL�DVWKPD��DQWL�VHSWLF��'LXUHVLF�� YDVRGLODWRU�� H[SHFWRUDQW�� WRQLF�� DQG� VWLPXODQW������ ,W� FRXOG� EH� FRQVLGHUHG� DV� DQ� DQWL�GLDEHWHV� IDFWRU� �������� ,W�DOVR�KDV�SRVLWLYH�HIIHFWV�RQ�EORRG�VHUXP�OLSLG�DQG�JOXFRVH�OHYHOV��,W� LV� UHYHDOHG� WKDW� FRPSRXQGV� FRQWDLQLQJ� VXOSKXU� LQ�GLVXOSKLGHV� FDWHJRU\� ZKLFK� DUH� DPSO\� IRXQG� LQ� DOOLXP�JHQXV�SODQWV�OLNH�$OOLXP�DPSHORSUDVXP��ZLOG�OHHN��FRXOG�GHFUHDVH� JOXFRVH� OHYHOV� LQ� GLDEHWHV� H[SHULPHQWDO� PRGHO�
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WKURXJK� LQFUHDVLQJ� SHULSKHUDO� JOXFRVH� XSWDNH�� JOXFRVH�JDVWURLQWHVWLQDO� DEVRUSWLRQ� LQKLELWLRQ�� DQG� LQFUHDVLQJ�LQVXOLQ� VHFUHWLRQ� IURP� UHPDLQLQJ� EHWD� FHOOV� LQ� ,VOHWV� RI�/DQJHUKDQV� ��������� &RQVLGHULQJ� WKH� UROH� RI� R[LGDWLYH�VWUHVV�DQG�HQ]\PDO�FKDQJHV�LV�LPSRUWDQW�LQ�WKH�HPHUJHQFH�RI� VRPH� XQGHVLUDEOH� ELRFKHPLFDO� DQG� WLVVXH� FKDQJHV� LQ�GLDEHWHV�W\SH���������7KH�DQWLR[LGDQW�SURSHUWLHV�RI�$OOLXP�DPSHORSUDVXP� FRXOG� UHODWH� WR� F\VWHLQH� VXOSKR[LGHV�FRPSRXQGV�� 7KH� DQWLR[LGDQW� SURSHUWLHV� RI� VXFK�FRPSRXQGV� LV� DWWDLQHG� WKURXJK� LQFUHDVLQJ� WKH� OHYHO� RI�DQWLR[LGDQW� V\VWHP� HQ]\PHV� LQFOXGLQJ� VXSHU�R[LGH�GLVPXWDVH����������$OOLXP�DPSHORSUDVXP�KDV�SDLQ�NLOOLQJ�SURSHUWLHV� ������ $OOLXP� DPSHORSUDVXP� HIIHFWXDO�FRQVWLWXHQWV� DUH� VLPLODU� WR� *DUOLF� DQG� 0RVLU� KDYLQJ�SRVLWLYH�HIIHFWV�RQ�EORRG�VHUXP� OLSLGV�DQG�JOXFRVH� OHYHOV����������1R�UHVHDUFK�KDV�EHHQ�GRQH�RQ�LWV�SRVLWLYH�HIIHFWV�RQ�LQWHVWLQHV��1XPHURXV� IDFWRUV�� DIIHFWLQJ� WKH� FHOOXODU� PHFKDQLVP� RI�PXVFOH��FRXOG� FKDQJH�PRWRU� DFWLYLWLHV�RI� VPRRWK�PXVFOH��7KH� IDFWRUV� WKDW� FDXVH� VPRRWK� PXVFOH� FRQWUDFWLRQ� DUH��VLJQLILFDQW� LQFUHDVH� RI� H[WUDFHOOXODU� SRWDVVLXP�FRQFHQWUDWLRQ� DQG� PHPEUDQH� GHSRODUL]DWLRQ�� RSHQLQJ� RI�VRGLXP�FDOFLXP�VORZ�FKDQQHOV�DQG�FDOFLXP�HQWHULQJ�FHOO��GHSKRVSKRU\ODWLRQ� RI� P\RVLQ�SKRVSKDWDVH� DQG� FDOFLXP�SXPSHG� LQWR� UHWLFXOXP� VDUFRSODVPLF�� DQG� ILQDOO\�LQFUHDVLQJ�WKH�OHYHO�RI�F\WRVROLF�FDOFLXP��$OVR��WKH�IDFWRUV�WKURXJK� ZKLFK� F\WRVROLF� FDOFLXP� GHFUHDVHV� DQG� P\RVLQ�SKRVSKDWDVH� DFWLYLW\� LQFUHDVHV� FRXOG� KDYH� DQ� LQKLELWLRQ�HIIHFW�RQ�WKH�PRWRU�DFWLYLW\�RI�VPRRWK�PXVFOH����������6LQFH�LQ�WKH�SUHYLRXV�UHVHDUFKHV��WKH�YDVRGLODWLYH�HIIHFW�RI�$OOLXP�DPSHORSUDVXP� ���� DQG� WKH� HIIHFWV� RI� DOOLXP� IURP�/LODFHDH� RQ� DRUWD� FRQWUDFWLYH� DFWLYLW\� ZLWK� WKH� HIIHFW� RI�FRQWUDFWLYH� UHVSRQVH� GHFUHDVH� LQ� UDW� LVRODWHG� DUWHULDO�V\VWHP������ZDV�UHYLHZHG��LQ�WKLV�UHVHDUFK��ZH�VWXGLHG�WKH�HIIHFW�RI�$OOLXP�DPSHORSUDVXP�K\GUR�DOFRKROLF�H[WUDFW�RQ�WKH� FRQWUDFWLYH� DFWLYLW\� RI� LOHXP�� DQG� WKH� SUREDEOH�PHFKDQLVP�RI� WKH� DIRUHPHQWLRQHG� HIIHFW� WKURXJK� YROWDJH�GHSHQGHQW� FDOFLXP� FKDQQHOV�� EHWD� DGUHQHUJLF� DQG� RSLRLG�UHFHSWRUV�� DQG� WKH� UROH� RI� WKH� SODQW� LQ� WKH� V\QWKHVLV� RI�QLWULF�R[LGH�V\QWKDVH���
0DWHULDOV�DQG�0HWKRGV��([WUDFWLRQ�0HWKRG��,Q�WKLV�UHVHDUFK�ZH�XVHG�PDFHUDWLRQ�PHWKRG�WR�JHW�$OOLXP�DPSHORSUDVXP� H[WUDFW��$IWHU� GHK\GUDWLRQ� DQG� SRZGHULQJ�WKH�SODQW� OHDYHV��ZH�PDFHUDWHG�����JUDPV�RI� WKH�SRZGHU�ZLWK�����HWKDQRO��DQG�OHIW�LW�LQ�WKH�ODE�WHPSHUDWXUH�IRU����KRXUV��7KHQ�ZH� ILOWHUHG� WKH�VROXWLRQ�ZLWK�%XFKQHU� IXQQHO�DQG�WKH�VROYHQW�ZDV�GLVWLOOHG�ZLWK�D�URWDU\�HYDSRUDWRU�LQ�D�WHPSHUDWXUH�RI����R&��7KH�FRQGHQVHG�VROXWLRQ�ZDV�SXW� LQ�DQ�LQFXEDWRU�ZLWK�D�WHPSHUDWXUH�RI�DW�PRVW���F�VR�WKDW�WKH�DOFRKRO� ZLWKLQ� WKH� VROXWLRQ� ZDV� FRPSOHWHO\� HYDSRUDWHG��7KH�UHVXOWLQJ�SRZGHU�ZDV�NHSW�LQ�WKH�UHIULJHUDWRU�IRU�ODWHU�XVH� ������ ��� JUDPV� RI� SRZGHU� ZDV� ILQDOO\� UHVXOWHG� IURP�����JUDPV�RI�$OOLXP�DPSHORSUDVXP�SRZGHU���
$QLPDOV����� :LVWDU� UDWV� ZHLJKLQJ� EHWZHHQ� ���� DQG� ���� JUDPV�SURYLGHG� E\� WKH� 5HVHDUFK� DQG� /DERUDWRU\� $QLPDOV�0XOWLSOLFDWLRQ� &HQWHU� RI� 6KDKUHNRUG� 8QLYHUVLW\� RI�0HGLFDO�6FLHQFHV�ZHUH�NHSW� LQ�D� WHPSHUDWXUH�EHWZHHQ����

WR����R& DQG�XQGHU����KRXUV�OLJKW����KRXUV�GDUN�FRQGLWLRQ��5DWV� KDG� IUHH� DFFHVV� WR� ZDWHU� DQG� IRRG�� EXW� WKH\� ZHUH�GHSULYHG�RI� IRRG� WKH�QLJKW�EHIRUH� WKH�H[SHULPHQW� WR� HDVH�WKH�MRE�DQG�IRU�WKHLU�WLVVXHV�WR�EH�FOHDUHG�����������
0DWHULDOV�8VHG���3URSUDSDQRORO�DQG�/�QDPH�ZHUH�SUHSDUHG�IURP�6LJPD�&R���86$���1DUFDQ� IURP�7ROLG�'DURX�&R�� �,UDQ��� DQG� DOO� WKH�VDOWV�IURP�0HUFN�&R���*HUPDQ\����
,OHXP�3UHSDUDWLRQ�DQG�0HWKRGRORJ\��)ROORZLQJ�PRUDO�SULQFLSOHV�RQ�WKH�GD\�RI�H[SHULPHQW��D�UDW�ZDV� H[SRVHG� WR� FKORURIRUP� DQG�PDGH� XQFRQVFLRXV�� WKHQ�IURP� WKH� HQG� RI� LWV� LOHXP�� H[FOXGLQJ� �� FHQWLPHWHUV� IURP�WKH� HQG�� D� ��FHQWLPHWHU� SLHFH� ZDV� FXW� DQG� LQVLGH� LW� ZDV�JHQWO\� ZDVKHG� ZLWK� 7\URGH� VROXWLRQ�� WKHQ� LW� ZDV� SXW�EHWZHHQ� WZR� VWDLQOHVV� VWHHO� KRRNV� YHUWLFDOO\� LQ� DQ� RUJDQ�EDWK�����PO���ZKHUH�WKH�VROXWLRQ�WHPSHUDWXUH�DQG�S+�ZHUH���� R& DQG� ����� UHVSHFWLYHO\�� 7KH� LQLWLDO� WHQVLRQ� RQ� WKH�WLVVXH�ZDV���JUDP�DQG�WKH�7\URGH�VROXWLRQ�LQ�WKH�EDWK�ZDV�FRPSRVHG�RI�WKH�IROORZLQJ��LQ�PLOOLPRODU���1D&O��������.&O������&D&O�������1D+&2����������0J&O����������1D+�32����������JOXFRVH���������7LVVXH� FRPSDWLELOLW\� DQG� VWDELOLW\� SHULRG�ZDV� ���PLQXWHV�ZKHUH�DLU�EXEEOHV�IORZHG�FRQVWDQWO\�LQ�WKH�RUJDQ�EDWK�DQG�HYHU\� ��� PLQXWHV� WKH� VROXWLRQ� LQ� WKH� EDWK� ZDV� UHSODFHG�ZLWK�D�QHZ�RQH��$IWHU�FRPSDWLELOLW\��LOHXP�ZDV�FRQWUDFWHG�E\�SRWDVVLXP�FKORULGH�����P0��DQG�ZKHQ�WKH�FRQWUDFWLRQ�UHDFKHV� SODWH� VWDWH� ����� WKH� FXPXODWLYH� FRQFHQWUDWLRQV� RI�WKH�H[WUDFW����������������PJ�NJ�������ZHUH�DGGHG�WR�WKH�RUJDQ� EDWK�� ,VRWRQLF� OHYHU� WUDQVGXFHU� �+DUYDUG�� 8.��WUDQVIHUUHG� WLVVXH�PRWRU� DFWLYLW\� WR� WKH� UHFRUGLQJ� GHYLFH�8QLYHUVDO�+DUYDUG�2VFLOORJUDSK±DQG�WKH�UHVSHFWLYH�HIIHFW�ZDV�UHFRUGHG�RQ�SDSHU��7KHQ�WKH�SHUFHQWDJH�RI�FKDQJHV�LQ�WKH�FRQWUDFWLOH�IRUFH�ZDV�FDOFXODWHG�LQ�FRPSDULVRQ�WR�SODWH�VWDWH��,Q�RUGHU�WR�VWXG\�WKH�PHFKDQLVP�RI�WKH�H[WUDFW�HIIHFW�RQ�WKH� WLVVXH�� LW�ZDV� LQFXEDWHG�ZLWK�3URSUDSDQRORO�ZLWK�D�FRQFHQWUDWLRQ�RI�� 0 ����PLQXWHV���1DUFDQ�ZLWK�WKH�VDPH�FRQFHQWUDWLRQ� �� 0�� ������ DQG� /�QDPH� ZLWK� D�FRQFHQWUDWLRQ�RI���� 0 IRU����PLQXWHV��7KHQ�LWV�HIIHFW�RQ�RSLRLG�DQG�EHWD�DGUHQHUJLF�UHFHSWRUV�DQG�WKH�UROH�RI�QLWULF�R[LGH� ZDV� VWXGLHG� ������ ,Q� RUGHU� WR� VWXG\� WKH� UROH� RI�H[WUDFHOOXODU� FDOFLXP� LQ� WKH� IXQFWLRQ� RI� WKH� H[WUDFW�� WKH�WLVVXH�ZDV�ILUVW�SXW�LQ�FDOFLXP�IUHH�7\URGH�VROXWLRQ�ZLWK�D�KLJK�FRQFHQWUDWLRQ�RI�SRWDVVLXP�FKORULGH� ����P0���7KHQ�LQ�D�FXPXODWLYH�PDQQHU���� WR���P0���SRWDVVLXP�FKORULGH�ZDV� DGGHG� WR� WKH� RUJDQ� EDWK� ������ ,OHXP� FRQWUDFWLRQ� LQ�UHVSRQVH�WR�FXPXODWLYH�FRQFHQWUDWLRQV�RI�FDOFLXP�FKORULGH�ZDV� UHFRUGHG�� $IWHU� �� PLQXWHV� RI� LQFXEDWLRQ� LQ� WKH�SUHVHQFH�RI�WKH�H[WUDFW�ZLWK�FXPXODWLYH�FRQFHQWUDWLRQV��DOO�WKH�VWDJHV�ZHUH�UHFRUGHG���
6WDWLVWLFDO�0HWKRGV��,QIRUPDWLRQ� JDLQHG� WKURXJK� GDWD� ZDV� ILUVW� VDYHG� LQ� D�FRPSXWHU� DQG� 6366� VRIWZDUH� DQG� WKHQ� DQDO\]HG�VWDWLVWLFDOO\�� 7KH� FKDQJHV� RI� FRQWUDFWLOH� IRUFH� FDXVHG� E\�WKH�H[WUDFW� DQG�DQWDJRQLVWV� FRPSDUHG� WR� WKH� H[WUDFW� LWVHOI�ZDV�FDOFXODWHG�DQG�VSHFLILHG�LQ�WKH�IRUP�RI�6(0���PHDQ��$OVR��$129$�VWDWLVWLFDO�WHVW�DQG�VWXGHQW�W�WHVW�ZHUH�XVHG�WR�FRPSDUH�WKH�GLIIHUHQW�FRQFHQWUDWLRQV�RI�WKH�H[WUDFW�DQG�
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WKH� WZR� JURXSV�� UHVSHFWLYHO\�� 3������ ZDV� FRQVLGHUHG� DV�WKH�PHDQLQJIXO�GLIIHUHQFH���5HVXOWV��,Q� DOO� WKH� VWDJHV� RI� WKH� H[SHULPHQW�� DGGLQJ� SRWDVVLXP�FKORULGH� WR� RUJDQ� EDWK� OHG� WR� FRQWUDFWLRQ� FDXVHG� E\�SRWDVVLXP�FKORULGH�HIIHFW�RQ�LOHXP��DQG�DIWHU�D�VKRUW�WLPH��WKH� FRQWUDFWLRQ� UHDFKHG�SODWH� VWDWH��ZKHUH� WKH� SHUFHQWDJH�RI� LOHXP� FRQWUDFWLRQ� ZDV� FDOFXODWHG�� $IWHU� WKH� WLVVXH�UHDFKHG�SODWH�VWDWH�DQG�VDOLQH�DGGHG�� WKH�HIIHFW�RI�H[WUDFW�FXPXODWLYH� FRQFHQWUDWLRQV�� EHWD� DGUHQHUJLF� DQG� RSLRLG�UHFHSWRUV� DQWDJRQLVW�� WKH� UROH� RI� QLWULF� R[LGH� DQG� WKH�LQWHUYHQWLRQ�RI�YROWDJH�GHSHQGHQW�FDOFLXP�FKDQQHOV�RQ�WKH�

DYHUDJH�RI� WLVVXH�FRQWUDFWLRQ�FKDQJHV�ZDV�FDOFXODWHG� DQG�UHFRUGHG���&XPXODWLYH� FRQFHQWUDWLRQV� RI� $OOLXP� DPSHORSUDVXP�K\GUR� DOFRKROLF� H[WUDFW� FRPSDUHG� WR� FRQWUDFWLRQV�FDXVHG�E\�SRWDVVLXP�FKORULGH�LQ�UDW�LOHXP�7DEOH� �� VKRZV� WKDW� FXPXODWLYH� FRQFHQWUDWLRQV� RI�$OOLXP�DPSHORSUDVXP� K\GUR� DOFRKROLF� H[WUDFW� ������ ����� ����PJ�NJ�� KDV� GHFUHDVHG� UDW� LOHXP� FRQWUDFWLRQ� FDXVHG� E\�SRWDVVLXP� FKORULGH� ���� P0�� LQ� FRPSDULVRQ� ZLWK� WKH�VDOLQH� JURXS�� DQG� LQGLFDWHV� D� PHDQLQJIXO� GLIIHUHQFH��3��������� Q ���� 7KH� LQKLELWLRQ� HIIHFW� RI� WKH� H[WUDFW� RQ�LOHXP� GHSHQGV� RQ� GRVH� DQG� LQGLFDWHV� D� PHDQLQJIXO�GLIIHUHQFH�EHWZHHQ�WKHP��WRR��3�������Q �����

7DEOH��� 7KH�HIIHFW�RI�FXPXODWLYH�FRQFHQWUDWLRQV�RI�$OOLXP�DPSHORSUDVXP�K\GUR�DOFRKROLF�H[WUDFW����������������PJ�NJ��RQ�LOHXP�FRQWUDFWLRQ�FDXVHG�E\�SRWDVVLXP�FKORULGH�����P0��DQG�VDOLQH��

7KH� FXPXODWLYH� FRQFHQWUDWLRQV� RI� WKH� H[WUDFW� ������ ���������PJ�NJ��GHFUHDVHG�WKH�FRQWUDFWLRQ�RI�LOHXP�FDXVHG�E\�SRWDVVLXP� FKORULGH� ���� P0�� LQ� FRPSDULVRQ� ZLWK� VDOLQH�JURXS� �$129$�� 


� 3��������� Q ���� 7KH� LQKLELWLRQ�HIIHFW� LV� FDXVHG� E\� WKH� GRVH�GHSHQGHQW� H[WUDFW� DQG�LQGLFDWHV�D�PHDQLQJIXO�GLIIHUHQFH�EHWZHHQ�HDFK�RI�H[WUDFW�FRQFHQWUDWLRQV��
3�������Q �����7KH� FRPSDULVRQ� RI� WKH� HIIHFWV� RI� EHWD� DGUHQHUJLF�UHFHSWRUV� �3URSUDSDQRORO�� SUHVHQFH� RQ� WKH� LQKLELWLYH�IXQFWLRQ�RI�WKH�H[WUDFW�

6WLPXODWLQJ� EHWD� DGUHQHUJLF� UHFHSWRUV� FDXVHV� WKH�UHOD[DWLRQ�RI�VPDOO�LQWHVWLQH��,W�LV�SRVVLEOH�WKDW�WKH�H[WUDFW�KDV� FDXVHG� LQKLELWLYH� IXQFWLRQ� WKURXJK� VWLPXODWLQJ� WKH�DERYH�PHQWLRQHG� UHFHSWRUV�� 7KHUHIRUH�� WKH� HIIHFWV� RI� WKH�H[WUDFW� RQ� WKH� UHFHSWRUV� RQFH� LQ� WKH� DEVHQFH� RI�3URSUDSDQRORO� DQG� RQFH� LQ� LWV� SUHVHQFH� IRU� ��� PLQXWHV�ZLWK�DQ�LQWHUYDO�RI����PLQXWHV�GXULQJ�ZKLFK�WKH�WLVVXH�ZDV�ZDVKHG��DUH�FRPSDUHG�WRJHWKHU��7KH�UHVXOWV�VKRZ�WKDW�WKH�H[WUDFW�KDV�FDXVHG� LQKLELWLRQ�RI�FRQWUDFWLRQ�E\�SRWDVVLXP�FKORULGH� �3��������� Q ���� 3URSUDSDQRORO� DOVR� FDXVHG� D�PHDQLQJIXO�GHFUHDVH�LQ�WKH�LQKLELWLRQ�HIIHFW�RI�FRQWUDFWLRQ�FDXVHG�E\�WKH�H[WUDFW��3��������Q ����7DEOH�����
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7DEOH��� &RPSDULVRQ�EHWZHHQ�FRQWUDFWLOH�HIIHFW�RI�SRWDVVLXP�FKORULGH��LQKLELWLRQ�HIIHFW�RI�WKH�H[WUDFW�ZLWK�D�FRQFHQWUDWLRQ�RI�����PJ�NJ��DQG�3URSUDSDQRORO��� 0��RQ�EHWD�DGUHQHUJLF�UHFHSWRUV�LQ�LOHXP��Q ����

3��������

3���������
7KH� FRPSDULVRQ� RI� WKH� HIIHFWV� RI� RSLRLG� UHFHSWRUV�DQWDJRQLVW� SUHVHQFH� �1DUFDQ�� RQ� WKH� LQKLELWLYH�IXQFWLRQ�RI�WKH�H[WUDFW�$FFRUGLQJ�WR�WKH�IDFW� WKDW�VWLPXODWLRQ�RI�RSLRLG�UHFHSWRUV�GHFUHDVHV�LQWHVWLQDO�PRYHPHQWV��WKHUH�LV�D�SUREDELOLW\�WKDW�WKH� HIIHFWXDO� FRQVWLWXHQWV� RI� WKH� H[WUDFW� DIIHFW� UHFHSWRUV�DQG� FDXVH� PXVFOH� UHOD[DWLRQ�� 7KHUHIRUH�� WKH� LQKLELWLRQ�HIIHFW�RI� WKH�H[WUDFW�RQ� WKH�UHFHSWRUV�RQFH� LQ� WKH�DEVHQFH�RI�1DUFDQ��� 0��DQG�RQFH�LQ�LWV�SUHVHQFH�IRU����PLQXWHV�ZLWK�DQ�LQWHUYDO�RI����PLQXWHV�GXULQJ�ZKLFK�WKH�WLVVXH�ZDV�

ZDVKHG��DUH�FRPSDUHG�WRJHWKHU��7KH�UHVXOWV�VKRZ�WKDW�WKH�H[WUDFW� KDV� GHFUHDVHG� WKH� FRQWUDFWLOH� HIIHFW� RI� SRWDVVLXP�FKORULGH� PHDQLQJIXOO\�� EXW� WKHUH� ZDV� QR� PHDQLQJIXO�GLIIHUHQFH�EHWZHHQ� WKH�FRQWUDFWLOH�HIIHFW�RI� WKH�H[WUDFW� LQ�WKH�DEVHQFH�DQG�SUHVHQFH�RI�1DUFDQ���7KH� H[WUDFW� FDXVHG� WKH� LQKLELWLRQ� RI� FRQWUDFWLRQ� E\�SRWDVVLXP� FKORULGH� �3��������� Q ���� EXW� WKHUH� ZDV� QR�PHDQLQJIXO� GLIIHUHQFH� EHWZHHQ� WKH� FRQWUDFWLOH� HIIHFW� RI�WKH�H[WUDFW�LQ�WKH�DEVHQFH�RU�SUHVHQFH�RI�1DUFDQ��7DEOH������

7DEOH��� &RPSDULVRQ�EHWZHHQ�SRWDVVLXP�FKORULGH�FRQWUDFWLOH�HIIHFW�� LQKLELWLRQ�HIIHFW�RI� WKH�H[WUDFW�ZLWK�D�FRQFHQWUDWLRQ�RI�����PJ�NJ��DQG�1DUFDQ��� 0��RQ�RSLRLG�UHFHSWRUV�LQ�LOHXP��Q �����


3����������
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7KH�FRPSDULVRQ�RI�QLWULF�R[LGH�V\QWKDVH�DQWDJRQLVW��/�QDPH��RQ�LQKLELWLYH�IXQFWLRQ�RI�WKH�H[WUDFW�,W�LV�SUREDEOH�WKDW�VWLPXODWLQJ�12�V\QWKDVH�KDV�GHFUHDVHG�WKH�FRQWUDFWLYH�IXQFWLRQ�RI� WKH�H[WUDFW��/�QDPH�LV�DOVR�DQ�LQKLELWRU� RI� QLWULF� R[LGH� V\QWKDVH� HQ]\PH��7KHUHIRUH�� WKH�HIIHFW�RI� WKH�H[WUDFW�RQ� WKH�UHFHSWRUV�RQFH� LQ� WKH�DEVHQFH�

RI�/�QDPH�DQG�RQFH�LQ�LWV�SUHVHQFH�IRU����PLQXWHV�ZLWK�DQ�LQWHUYDO� RI� ��� PLQXWHV� GXULQJ� ZKLFK� WKH� WLVVXH� ZDV�ZDVKHG��DUH�FRPSDUHG�WRJHWKHU��3���������Q ����EXW�WKHUH�LV�QR�PHDQLQJIXO�GLIIHUHQFH�EHWZHHQ� WKH� LQKLELWLRQ� HIIHFW�RI�WKH�H[WUDFW�LQ�WKH�DEVHQFH�RU�SUHVHQFH�RI�/�QDPH��7DEOH������

7DEOH� �� &RPSDULVRQ� EHWZHHQ� WKH� FRQWUDFWLOH� HIIHFW� RI� SRWDVVLXP� FKORULGH�� LQKLELWLRQ� HIIHFW� RI� WKH� H[WUDFW� ZLWK� D�FRQFHQWUDWLRQ�RI�����PJ�NJ��DQG�/�QDPH����� �0���LQKLELWRU�RI�QLWULF�R[LGH�V\QWKDVH�HQ]\PH�LQ�LOHXP��Q �����


3����������
7KH� HIIHFW� RI� $OOLXP� DPSHORSUDVXP� OHDI� K\GUR�DOFRKROLF� H[WUDFW� RQ� FRQWUDFWLRQ� FDXVHG� E\� FDOFLXP�FKORULGH�LQ�LOHXP�GHSRODUL]HG�E\�SRWDVVLXP�FKORULGH�,OHXP�FRQWUDFWLRQ�FDXVHG�E\�FDOFLXP�FKORULGH�FXPXODWLYH�FRQFHQWUDWLRQV� ��� WR� � 0�� LQ� GHSRODUL]HG� WLVVXH� E\�SRWDVVLXP�FKORULGH�����P0��GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�RI� FDOFLXP� FKORULGH� �


3���������� DQG� WKH� FRQWUDFWLYH�UHVSRQVHV�LQ�WKH�SUHVHQFH�RI�FXPXODWLYH�FRQFHQWUDWLRQV�RI�$OOLXP�DPSHORSUDVXP�H[WUDFW�GHFUHDVH��

3����������7DEOH���VKRZV�WKDW�GHSRODUL]HG� LOHXP�RI�UDW� LQ�D�FDOFLXP�IUHH� 7\URGH� VROXWLRQ� ZLWK� D� KLJK� FRQFHQWUDWLRQ� RI�

SRWDVVLXP� FKORULGH� ����P0�� FRQWUDFW� LQ� WKH� SUHVHQFH� RI�FXPXODWLYH�FRQFHQWUDWLRQV�RI�FDOFLXP�FKORULGH��GHSHQGHQW�RQ� FRQFHQWUDWLRQ� ������� P0�� �3��������� Q ���� $IWHU�ZDVKLQJ� WKH� WLVVXH� ZLWK� D� FDOFLXP� IUHH� 7\URGH� VROXWLRQ�DQG� OHDYLQJ� LW� IRU� ��� PLQXWHV�� UHSHDWLQJ� WKH� VDPH�DIRUHPHQWLRQHG� VWDJHV� LQ� WKH� SUHVHQFH� RI� GLIIHUHQW�FRQFHQWUDWLRQV�RI�WKH�H[WUDFW����������������PJ�NJ��IRU���PLQXWHV�GHFUHDVHV�WKH�FRQWUDFWLOH�HIIHFW�FDXVHG�E\�FDOFLXP�FKORULGH�LQ�LOHXP��DQG�WKH�FRQWUDFWLOH�HIIHFWV�RI�FDOFLXP�LQ�WKH�DEVHQFH�RU�SUHVHQFH�RI� WKH�H[WUDFW�KDYH�D�PHDQLQJIXO�GLIIHUHQFH�ZLWK�HDFK�RWKHU��W�WHVW��3��������Q ����
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7DEOH� ��� &RPSDULVRQ� EHWZHHQ� WKH� FRQWUDFWLOH� HIIHFW� RI� FDOFLXP� FKORULGH� FXPXODWLYH� FRQFHQWUDWLRQV� ��� WR� ��P0��� DQG� WKH�LQKLELWLRQ�HIIHFW�RI�WKH�H[WUDFW�LQ�LWV�FXPXODWLYH�FRQFHQWUDWLRQV����������������PJ�NJ����
'LVFXVVLRQ��,Q� WKLV� UHVHDUFK�� $OOLXP� DPSHORSUDVXP� H[WUDFW� FRXOG�GHFUHDVH�FRQWUDFWLRQV�FDXVHG�E\�SRWDVVLXP�FKORULGH�IRU����PLQXWHV�� KRZHYHU�� EHIRUH� DGGLQJ� WKH� H[WUDFW�� WKH� WLVVXH�VWD\HG� LQ� FRQWUDFWLRQ� GXULQJ� WKH� H[SHULPHQW�� ZKLOH� DIWHU�DGGLQJ�WKH�H[WUDFW��LW�UHOD[HG��7KLV�LV�FDXVHG�E\�WKH�HIIHFW�RI�WKH�H[WUDFW�RQ�WLVVXH��QRW�PXVFXODU�IDWLJXH�������6LQFH�WKH�PDMRU�IDFWRU�RI�VPRRWK�PXVFOH�FRQWUDFWLRQ�LV�WKH�SUHVHQFH� RI� FDOFLXP� LRQV�� WKHVH� LRQV� FRXOG� HQWHU� FHOOV�WKURXJK� DFWLYDWHG� FDOFLXP� FKDQQHOV� DQG� FDXVH� VPRRWK�PXVFOH� FRQWUDFWLRQ�� 2SHQLQJ� RI� WKHVH� FKDQQHOV� GRHVQ¶W�FKDQJH� UHVWLQJ� PHPEUDQH� SRWHQWLDO� PXFK�� EHFDXVH� DQ�HQRXJK� QXPEHU� RI� SRWDVVLXP� LRQV� PRYH� RXW� RI� WKH� FHOO�VLPXOWDQHRXVO\� WR� NHHS� D� QDWXUDO� PHPEUDQH� SRWHQWLDO��&RQWUDFWLRQ� FRQWLQXHV� XQWLO� FDOFLXP� FKDQQHOV� DUH� RSHQ�������6LQFH�WKHUH�DUH�YROWDJH��GHSHQGHQW�FDOFLXP�FKDQQHOV�LQ� LOHXP� OLNH� W\SH� /� FKDQQHOV�� FRQWUDFWLRQ� RI� LOHXP�VPRRWK� PXVFOH� FDXVHG� E\� SRWDVVLXP� FKORULGH� FRXOG� EH�EHFDXVH� RI� WKHVH� FKDQQHOV� ������ ,W� LV� SUREDEOH� WKDW� E\�DIIHFWLQJ� LOHXP� VPRRWK� PXVFOH� FHOOV�� $OOLXP�

DPSHORSUDVXP� HIIHFWXDO� FRQVWLWXHQWV� KDYH� SUHYHQWHG� WKH�LQFUHDVH�RI�FDOFLXP�LQ�FHOOV�FDXVLQJ�WKH�PXVFOH�WR�UHOD[��$ERXW� WKH� SUREDEOH� PHFKDQLVP� RI� PXVFOH� UHOD[DWLRQ�� LW�VKRXOG� EH� QRWHG� WKDW� WKH� DFWLYDWLRQ� RI� RSLRLG� UHFHSWRUV�FDXVHV� LOHXP� WR� UHOD[�� EXW� KHUH�� EORFNLQJ� WKH� UHFHSWRUV�ZLWK�1DUFDQ�VKRZV�1DUFDQ� LQFDSDELOLW\� LQ�GHFUHDVLQJ� WKH�LQKLELWLYH� IXQFWLRQ� RI� WKH� H[WUDFW�� DQG� FRQILUPV� QR�LQWHUYHQWLRQ� IURP� UHFHSWRUV� ������ 7KH� DFWLYDWLRQ� RI� EHWD�DGUHQHUJLF� UHFHSWRUV� FDXVHV� LQKLELWLRQ� RI� LOHXP�FRQWUDFWLYH� DFWLYLW\� ������%\� DFWLYDWLQJ� F$03�GHSHQGHQW�SURWHLQ� NLQDVHV� DQG� WKH� DFWLYH� WUDQVIHU� RI� FDOFLXP� LQWR�VDUFRSODVPLF� UHWLFXOXP�� EHWD� DGUHQHUJLF� UHFHSWRUV� FDXVH�LQKLELWLRQ� RI� LOHXP� FRQWUDFWLYH� DFWLYLW\�� ,QFXEDWLRQ� RI�LOHXP�SLHFH�ZLWK� EHWD� DGUHQHUJLF� UHFHSWRUV� DQWDJRQLVW� E\�3URSUDSDQRORO� GHFUHDVHV� UHOD[LQJ� IXQFWLRQ� RI� WKH� H[WUDFW�RQ� LOHXP� FRQWUDFWLRQ� FDXVHG� E\�SRWDVVLXP� FKORULGH��7KLV�FRXOG� LQGLFDWH� WKDW� D� FRQVWLWXHQW� RU� FRQVWLWXHQWV� RI� WKH�H[WUDFW� KDYH� WKH� DELOLW\� WR� DFWLYDWH� EHWD� DGUHQHUJLF�UHFHSWRUV�DQG�GHFUHDVH�WKH�HIIHFW�RI�WKH�H[WUDFW���
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0HDQZKLOH�� QLWULF� R[LGH� LV� RQH� RI� WKH� PRVW� LPSRUWDQW�UHOHDVHG�IDFWRUV�IURP�HQGRWKHOLXP���������12�LV�UHOHDVHG�IURP� /�DUJLQLQH� E\� QLWULF� R[LGH� V\QWKDVH� HQ]\PH� ������,QFUHDVH� RI� 12� V\QWKDVH� WKURXJK� WKH� LQFUHDVH� RI� F*03�FDXVHV� LOHXP� UHOD[DWLRQ� ������ EXW� WKH� LQFDSDELOLW\� RI� /�QDPH� LQ� GHFUHDVLQJ� WKH� LQKLELWLRQ� IXQFWLRQ� RI� WKH� H[WUDFW�FRQILUPV�WKDW�QLWULF�R[LGH�V\QWKDVH�KDV�QR�LQWHUYHQWLRQ�RU�SDUW�LQ�WKH�LQKLELWLRQ�IXQFWLRQ�RI�WKH�H[WUDFW��:KHQ�DGGLQJ�FDOFLXP�FKORULGH�FXPXODWLYH�FRQFHQWUDWLRQV�WR�WKH�WLVVXH�LQ�D�FDOFLXP�IUHH�7\URGH�VROXWLRQ�ZLWK�D�KLJK�FRQFHQWUDWLRQ� RI� SRWDVVLXP�� WKH� WLVVXH� MXVW� JHWV�GHSRODUL]HG� DQG� QR� FRQWUDFWLRQ� LV� REVHUYHG� ������+RZHYHU�� DIWHU� DGGLQJ� FDOFLXP� FKORULGH� WR� WKH� WLVVXH�� LW�FRQWUDFWV�� DQG� WKHQ� LQ� WKH� SUHVHQFH� RI� WKH� H[WUDFW�� WKHUH�ZLOO� EH� LQKLELWLRQ� HIIHFW� RQ� FRQWUDFWLRQ� ������ 7KLV� VKRZV�WKDW�WKH�H[WUDFW�DIIHFWV�FDOFLXP�FKDQQHOV�DQG�WKH�LQKLELWLRQ�IXQFWLRQ�KDV�FRPH�WR�HIIHFW��3ODQWV� EHORQJLQJ� WR� WKH� JHQXV� RI� $OOLXP� KDYH� D� VWURQJ�LQKLELWRU� RI� DOGRVH� UHGXFWDVH� HQ]\PH� FDOOHG�LVROLTXLULWLJHQLQ� WKDW� FRXOG� SUHYHQW� WKH� DRUWD� IURP�GHFUHDVLQJ� WKH� IRUPDWLRQ� RI� O�� SURVWDJODQGLQV� WKDW� KDYH�YDVRGLODWLRQ�HIIHFWV��XQGHU�GLDEHWHV�FRQGLWLRQ��,W�FRXOG�EH�H[SODLQHG� WKDW� DOVR� WKH� SUHVHQFH� RI� WKH� VDPH� FRPSRXQG��LVROLTXLULWLJHQLQ�� LV� ZK\� FRQWUDFWLOH� HIIHFWV� RI� WKRUDFLF�DRUWD�GHFUHDVH�������,W� LV� SUREDEOH� WKDW� WKH� LQKLELWLYH� IXQFWLRQ� RI� WKH� H[WUDFW�DOVR� FRPHV� IURP� FRPSRXQGLQJ� ZLWK� LVROLTXLULWLJHQLQ� RU�IURP� D� VWDEOH� ERQG� EHWZHHQ� WKH� HIIHFWXDO� FRQVWLWXHQW� RU�FRQVWLWXHQWV�RI�WKH�H[WUDFW�OLNH�IODYRQRLGV�RU�VDSRQLQV������ZLWK� FDOFLXP� FKDQQHOV� PHDQLQJ� WKDW� WKH� PDMRU� HIIHFW� RI�WKH�H[WUDFW�FRPHV�IURP�GHDFWLYDWLQJ�FDOFLXP�FKDQQHOV�DQG�SDUW� RI� LW� SUREDEO\� IURP� WKH� HIIHFW� RI� WKH� H[WUDFW�FRPSRXQGV� WKHPVHOYHV� ZLWK� WKH� LQWHUYHQWLRQ� RI� EHWD�DGUHQHUJLF� UHFHSWRUV�� 6WXG\LQJ� HDFK� RI� WKHVH� FRPSRXQGV�DQG� WKHLU� HIIHFW� RQ� WKH� DERYH�PHQWLRQHG� FKDQQHOV�GHPDQGV�VHSDUDWH�UHVHDUFKHV��
�&RQFOXVLRQ��,Q� JHQHUDO�� LW� FRXOG� EH� FRQFOXGHG� WKDW� $OOLXP�DPSHORSUDVXP� OHDI� � K\GUR�DOFRKROLF� H[WUDFW� FRXOG� DIIHFW�WKH� PRWRU� DFWLYLW\� RI� UDW� LOHXP� WKURXJK� DIIHFWLQJ� EHWD�DGUHQHUJLF� UHFHSWRUV� DQG� YROWDJH�GHSHQGHQW� FDOFLXP�FKDQQHOV�� DQG� FRQVLGHULQJ� LWV� UHVXOWV�� LW� FRXOG� EH� XVHG� LQ�WUHDWLQJ�GLJHVWLYH�SUREOHPV���
�
$FNQRZOHGJPHQW�7KLV� SDSHU� UHVXOWHG� IURP� DQ� 06F� WKHVLV�� :H� KHUHE\�DFNQRZOHGJH�'HSXW\�RI�5HVHDUFK�LQ�6KDKUHNRUG� 8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV� IRU� IXQGLQJ�WKH�UHVHDUFK¶V�UHTXLUHPHQWV��
�
5HIHUHQFHV��
��(LGL� 0�� 6ROHLPDQL� )�� (EUDKLPL� 6�� +\SROLSLGHPLF�HIIHFWV� RI� $OOLXP� SRUUXP� /�� OHDYHV� LQ� KHDOWK\� DQG�VWUHSWR]RWRFLQ�LQGXFHG�GLDEHWLF�PLFH��-�0HG�3ODQWV������������������3HUVLDQ���

��$UGDODQ� 05�� 6DPDGLIDU� =�� 9DKHGL� $�� &UHDWLQH�PRQRK\GUDWH� VXSSOHPHQW� LQGXFHG� LQWHUVWLWLDO� QHSKULWLV�� -�1HSKURSDWKRORJ\�����������������������
��0R]DIDULDQ� &XOWXUH� RI� SODQW� QDPHV�� 3UHVV�&RQWHPSRUDU\�&XOWXUH�����������3HUVLDQ���
��.KDMHKGHKL� 3�� 7XUPHULF�� 5HHPHUJLQJ� RI� D� QHJOHFWHG�$VLDQ� WUDGLWLRQDO� UHPHG\�� -� 1HSKURSDWKRORJ\�� ������������������
��1JXDQVDQJLDP�6��$QJVXEKDNRUQ�6��%KDPDUDSUDYDWL�6��6XNVDPUDUQ� $�� (IIHFWV� RI� HOHSKDQW� JDUOLF� YRODWLOH� RLO��$OOLXP� DPSHORSUDVXP� DQG� 7��� WR[LQ� RQ� PXULQH� VNLQ��6RXWKHDVW� $VLDQ� -� 7URS� 0HG� 3XEOLF� +HDOWK�� �����������������������
��0RULWD� 7�� 8VKLURJXFKL� 7�� +D\DVKL� 1�� 0DWVXXUD� +��,WDNXUD� <�� )XZD� 7�� 6WHURLGDO� VDSRQLQV� IURP� HOHSKDQW�JDUOLF�� EXOEV� RI� $OOLXP� DPSHORSUDVXP� /�� &KHP� 3KDUP�%XOO�������������������
��%RZQ� '�� (QF\FORSDHGLD� RI� +HUEV� DQG� WKHLU� 8VHV��'RUOLQJ�.LQGHUVOH\��/RQGRQ�������,6%1����������������
��.KDODML�V��(LGL�0��(LGL�$��VKDKPRKDPPDGL�S��$UDE�0��+\SHUDOJHVLD� HIIHFW�RI� OHDI�$OOLXP�DPSHORSUDVXP�H[WUDFW�DWWHQXDWHV� �$OOLXP� DPSHORSUDVXP� O�� VXEVS�� LUDQLFXP�� LQ�QRUPDO� DQG� GLDEHWLF� PLFH�� ,VODPLF� $]DG� 8QLYHUVLW\��9DUDPLQ�VSULQJ�����������������������3HUVLDQ���
��$XJXVWL�.7��7KHUDSHXWLF�YDOXHV�RI�RQLRQ��$OOLXP�FHSD�DQG� *DUOLF� �$OOLXP� VDWLYXP��� ,QGLDQ� -�� ([S�� %LRO���������������±�����
���(LGL� $�� (LGL� 0�� (VPDHLOL� (�� $QWLGLDEHWLF� HIIHFW� RI�JDUOLF� �$OOLXP� VDWLYXP�/��� LQ� QRUPDO� DQG� VWUHSWR]RWRFLQ�LQGXFHG�GLDEHWLF�������1RY�����������������
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