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,QWURGXFWLRQ

QIOXHQ]D� YLUXVHV� EHORQJ� WR� WKH� IDPLO\�2UWKRP\[RYLULGDH DQG� JHQXV� LQIOXHQ]D�YLUXV��7KHVH�YLUXVHV�DUH�FODVVLILHG�LQWR�WKUHH�W\SHV� $�� %� DQG� &�� RQ� WKH� EDVLV� RI� WKHLU� LQWHUQDOQXFOHRSURWHLQ� DQG� PDWUL[� SURWHLQ� DQWLJHQV�� %RWK�

DQWLJHQV� DUH� UHJDUGHG� DV� FRPPRQ� WR� DOO� VWUDLQ� RI�WKH� VDPH� W\SH�� ,QIOXHQ]D� YLUXVHV� DUH� IXUWKHU�FDWHJRUL]HG� LQWR� VXEW\SHV�� DFFRUGLQJ� WR� WKHLU�VXUIDFH�KHPDJJOXWLQLQ� �+��DQG�QHXUDPLQLGDVH� �1��JO\FRSURWHLQV�� $YLDQ� LQIOXHQ]D� YLUXVHV� �$,9V��EHORQJ�WR�W\SH�$��DQG����+�VXEW\SHV��+��+����DQG���1�VXEW\SHV��1��1���KDYH�EHHQ�UHSRUWHG�>�����@��%DVHG� RQ� WKH� SDWKRJHQHVLV� RI� $,9V� WR� GRPHVWLF�SRXOWU\�� WKHVH� YLUXVHV� DUH� VXE�FODVVLILHG� LQWR� WZR�SDWKRW\SHV� RI� KLJKO\� SDWKRJHQLF� DYLDQ� LQIOXHQ]D��+3$,��YLUXVHV��FDXVLQJ�UDSLG�PRUWDOLW\�LQ�SRXOWU\��ZKLFK� RIWHQ� DSSURDFKHV� ���� �� DQG� QRQ�KLJKO\�
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SDWKRJHQLF� DYLDQ� LQIOXHQ]D� �Q+3$,�� YLUXVHV�LQFOXGLQJ�PLOGO\�SDWKRJHQLF��03���ORZ�SDWKRJHQLF��/3�� DQG� QRQ� SDWKRJHQLF� �13�� $,9V�� FDXVLQJ�VXEFOLQLFDO GLVHDVHV�ZLWK�PLOG�UHVSLUDWRU\�VLJQV�DQG�HJJ� SURGXFWLRQ� ORVVHV�� KRZHYHU�� VRPHWLPHV� ZLWK�VOLJKWO\� HOHYDWHG� PRUWDOLW\�� $� FRQFRPLWDQW�LQIHFWLRQ�ZLWK�RWKHU�YLUDO�RU�EDFWHULDO�DJHQWV�FRXOG�FDXVH� H[DFHUEDWLRQ� RI� WKLV� LQIOXHQ]D� LQIHFWLRQ�UHVXOWLQJ� LQ�� VHYHUH� GLVHDVH� ZLWK� KLJK� PRUWDOLW\�UDWH�� DOWKRXJK� WKH� YLUXVHV� LVRODWHG� LQ� WKHVH� FDVHV�VWLOO�SURGXFH� OLWWOH�RU�QR�GLVHDVH�LQ�H[SHULPHQWDOO\�LQIHFWHG� FKLFNHQV� >��� ���� ��@� �� 7R� GDWH�� DOO�+3$,�LVRODWHV� KDYH� EHHQ� RI� +�� DQG� +�� VXEW\SHV��DOWKRXJK� YLUXVHV� RI� WKHVH� VXEW\SHV� GR� QRW�QHFHVVDULO\�FDXVH�+3$,��7KHVH�YLUXVHV�DUH�OLVWHG�DV�JURXS� $� GLVHDVHV� E\� WKH� 2IILFH� ,QWHUQDWLRQDO� GHV�(SL]RRWLHV��2,(��>�����@��$YLDQ� LQIOXHQ]D� GLVHDVH� GXH� WR� +�1�� VXEW\SH� LQ�SRXOWU\� GXULQJ� ODWHU� SDUW� RI� WKH� ����V� KDV� EHHQ�QRWLFHDEO\� LQFUHDVHG� ZRUOGZLGH�� � 7KH� +�1��VXEW\SH� RXWEUHDNV� RFFXUUHG� LQ� GRPHVWLF� GXFNV��FKLFNHQV�DQG�WXUNH\V�LQ�*HUPDQ\�GXULQJ������DQG������� FKLFNHQV� LQ� ,WDO\� GXULQJ� ����� DQG� ������SKHDVDQWV�LQ�,UHODQG�GXULQJ������RVWULFKHV�LQ�6RXWK�$IULFD� GXULQJ� ������ WXUNH\V� LQ� 86$� GXULQJ�����DQG� ������ DQG� FKLFNHQV� LQ� .RUHD� DQG� &KLQD�GXULQJ����������� 0RUH� UHFHQWO\�� +�1�� YLUXVHV�KDYH� EHHQ� UHSRUWHG� LQ� 0LGGOH� (DVWHUQ� FRXQWULHV�DQG� KDYH� EHHQ� UHVSRQVLEOH� IRU� ZLGHVSUHDG� DQG�VHULRXV� GLVHDVH� SUREOHPV� LQ� FRPPHUFLDO� FKLFNHQV�LQ� ,UDQ��3DNLVWDQ��8QLWHG�$UDE�(PLUDWHV��RFFXSLHG�3DOHVWLQH� �,VUDHO�� DQG� 6DXGL� $UDELD� >������������������@��$YLDQ�LQIOXHQ]D�GXH�WR�+�1��VXEW\SH�KDV�RFFXUUHG�LQ� GHQVHO\� SRSXODWHG� DUHD� RI� �7HKUDQ� SURYLQFH�RI��,UDQ�DQG�FDXVHG�VHULRXV�HFRQRPLF�ORVVHV�LQ�SRXOWU\�LQGXVWU\� LQ� ����� >���� ���� ��@�� 6LQFH� WKHVH� KLJKO\�FRQWDJLRXV�YLUXVHV�ZHUH�VSUHDG�LQ�EUHHGHU�IORFNV�RI�RWKHU� SURYLQFHV� RI� FRXQWU\� >��@�� D� YDFFLQDWLRQ�VWUDWHJ\� E\� XVLQJ� LQDFWLYDWHG� +�1�� YDFFLQH� ZDV�DGRSWHG� WR� FRQWURO� $,� GLVHDVH� LQ� SRXOWU\� LQGXVWU\�>��@��+RZHYHU��VRPH�RXWEUHDNV�FRQWLQXHG�WR�RFFXU�LQ� VHYHUDO� EURLOHU� DQG� OD\HU� IORFNV� ZLWK� JUHDW�HFRQRPLF�ORVVHV��%DQDQL�HW�DO�� �������DQG�1LOL�DQG�$VVDVL� ������� SURSRVHG� WKDW� WKH� VHFRQGDU\�EDFWHULDO� LQIHFWLRQV� VXFK� DV� 2UQLWKREDFWHULXP�UKLQRWUDFKHDO�� (VFKHULFKD� FROL DQG� 0\FRSODVPD�JDOLVHSWLFXP �0J��PD\� SOD\� DQ� LPSRUWDQW� UROH� LQ�LQFUHDVLQJ� WKH� SDWKRJHQHVLV� RI�+�1�� LQIHFWLRQ� LQ�FKLFNHQV� >����@� E\� SURGXFLQJ� EDFWHULDO� SURWHDVHV�ZKLFK�HQKDQFHV�WKH��FOHDYDJH�RI�+$�JO\FRSURWHLQV�>����@�� $OO� +�1�� VXEW\SH� YLUXVHV� LVRODWHG� IURP�YDFFLQDWHG� RU� XQYDFFLQDWHG FKLFNHQV� EHORQJHG� WR�

Q+3$,� XSWR� QRZ�� +RZHYHU�� LQFUHDVLQJ� PRUWDOLW\�GXH� WR� IRUPDWLRQ� RI� ILEULQRXV� FDVWV� LQ� WUDFKHDO�ELIXUFDWLRQ� DQG� VHYHU� XUDWH� GHSRVLWLRQ� LQ� VRPH�EURLOHU� IORFNV� LQIHFWHG�ZLWK�+�1�� VXEW\SH�SRVH�D�TXHVWLRQ� DERXW� LWV� SDWKRJHQHVLV�� $VSK\[LDWLRQ� RI�FKLFNHQV� UHVXOWLQJ� IURP� EURQFKLDO� FDVWV� KDV� QRW�EHHQ�SUHYLRXVO\�UHSRUWHG�LQ�H[SHULPHQWDO�LQIHFWLRQ�ERWK� LQ�63)�DQG�FRPPHUFLDO�FKLFNHQV��7KLV�VWXG\�ZDV� GHVLJQHG� WR� LQYHVWLJDWH� WKH� SDWKRJHQLF�SRWHQWLDO� RI� D� +�1�� VWUDLQ� LQ� 0J� SRVLWLYH� DQG�QHJDWLYH�FRPPHUFLDOO\� SURGXFHG�FKLFNHQV�0DWHULDO�DQG�0HWKRGV
9LUXVH�DQG�FKLFNHQV$�&KLFNHQ�7HKUDQ�=07�������� �+�1��� LVRODWHG�IURP� WKH� NLGQH\� RI� EURLOHU� FKLFNHQ� IORFNV�� ZLWK�����PRUWDOLW\ ZDV� XVHG� LQ� WKLV� VWXG\�� 7KLV� YLUXV�ZDV� SURSDJDWHG� LQ� ���GD\�ROG� HPEU\RQDWHG�FKLFNHQ� HJJV� XVLQJ� VWDQGDUG� SURFHGXUH� >��@��$PQLR� DOODQWRLF� IOXLG� �$$)�� ZDV� KDUYHVWHG� DQG�XVHG�DV�LQRFXODWH�WR�GHWHUPLQH�WKH�SDWKRJHQHVLV�RI�WKH� YLUXV� IRU� FKLFNHQV��7KH�5RVV� EURLOHU� FKLFNHQV�REWDLQHG� IURP� WZR� GLIIHUHQW� 0J�� DQG� 0J�FRPPHUFLDO� EURLOHU� EUHHGHUV� YDFFLQDWHG� DJDLQVW�+�1��� ZHUH� UHDUHG� XS� WR� ��� GD\V� LQ� WZR� ���ELUG�JURXSV� FDJHG� LQ� VHSDUDWH� SODFHV� ZLWK� VLPLODU�FRQGLWLRQV��7KH\�ZHUH�KRXVHG�XS�WR����GD\V��XQWLO�WKH�HQG�RI�WKH�H[SHULPHQW�
([SHULPHQWDO�GHVLJQ$� WRWDO� RI� HLJKW\� ���GD\V� ROG� FKLFNHQV� ZHUH�GLYLGHG� LQ� HLJKW� JURXSV� LQFOXGLQJ� ��� FKLFNHQV� LQ�HDFK�JURXS��)RXU�JURXSV�ZHUH�0J��DQG�IRXU�RWKHU�JURXSV� ZHUH� 0J� LQFOXGLQJ� WZR� ���ELUG�H[SHULPHQWDO� JURXSV�� DQG� WZR� ���ELUG� FRQWURO�JURXSV� �7DEOH� ���� 7KH� KRXVLQJ� FRQGLWLRQV� RI� WKH�FKLFNHQV� ZHUH� FKRVHQ� VLPLODUO\�� )HHG� DQG� ZDWHU�ZHUH� SURYLGHG� DV� QHHGHG� GXULQJ� WKH� WLPH� RI�H[SHULPHQW�� %ORRG� VDPSOHV� ZHUH� WDNHQ� WR�GHWHUPLQH�+�1��DQWLERGLHV�ZLWK�KHPDJJOXWLQDWLRQ�LQKLELWLRQ��+,��WHVW�EHIRUH�LQRFXODWLRQ���7ZR�JURXSV�RI� FKLFNHQV� ZLWK� 0J� �� DQG� 0J� VWDWXHV� ZHUH�LQRFXODWHG� LQWUDYHQRXVO\� �,9�� WKURXJK� EUDFKLDO�YHLQ�� DQG� WKH� RWKHU� WZR� JURXSV� RI� FKLFNHQV� ZLWK�0J� �� DQG�0J� � VWDWXHV��ZHUH� LQRFXODWHG� WKURXJK�ERWK� ,QWUD� 9DQRXV� �,9�� DQG� 2FXORQDVDO� �21��URXWHV�ZLWK�D�YROXPH�RI�����PO�RI�D������GLOXWLRQ�RI�LQIHFWLRXV� $$)� YLUXV� ZLWK� WKH� LQIHFWLYLW\� WLWHU� RI������� (/'�� �(PEU\R� /HWKDO� 'RVH� ���� 7KH� IRXU�FRQWURO� JURXSV� ZHUH� LQRFXODWHG� ZLWK� VWHULOH� 3%6��'XULQJ����SRVW� LQRFXODWLRQ�GD\V��3,'���DOO�JURXSV�ZHUH�REVHUYHG�IRU�FOLQLFDO�VLJQV�RI�GLVHDVH�DQG�DOO�



(YDOXDWLRQ�RI�WKH�SDWKRJHQLFLW\�RI�$�&KLFNHQ�,UDQ�=07��������+�1���
REVHUYDWLRQV� ZHUH� UHFRUGHG�� 'XULQJ� WKLV� SHULRG�� QHFURSV\� ZDV� GRQH� RQ� GHDG� FKLFNHQV�� DQG� DOO� PDFURVFRSLF� OHVLRQV�ZHUH� UHFRUGHG��$W� WKH�HQG�RI� H[SHULPHQW� IROORZLQJ� ��� GD\V�� DOO� VXUYLYDO� ELUGV� ZHUH� VODXJKWHUHG� IRU� QHFURSV\� DIWHU� EORRG� VDPSO� LQJ�
,QWUDYHQRXV� 3DWKRJHQLFLW\� ,QGH[� �,93,�� GHWHUPLQDWLRQ$FFRUGLQJ�WR� WKH�FOLQLFDO�VLJQV�DQG�WKH�QXPEHU�RI� GHDG�ELUGV�GXULQJ����SRVW�LQRFXODWLRQ�GD\V��,93,�RI� WKH� YLUXV� LQ� GLIIHUHQW� FRQWURO� DQG� H[SHULPHQWDO� JURXSV� ZHUH� FDOFXODWHG� XVLQJ� (XURSHDQ� VWDQGDUG� PHWKRG� GHVFULEHG� IRU� FDOFXODWLRQ� RI� ,93,� RI� 1HZFDVWOH� GLVHDVH� YLUXV� XSRQ� ZKLFK� WKH� H[SHUL� PHQWDO�GHVLJQ�ZDV�PRGLILHG�E\�$OH[DQGHU�>�@�
$QWLERG\�DQG�YLUXV�GHWHFWLRQ)RU� YLUXV� LVRODWLRQ�� WLVVXH� VDPSOHV� RI� WUDFKHD�� NLGQH\�� OXQJ� WK\PXV� DQG� EXUVD� RI� IDEULFLRXV� FROOHFWHG�IURP�DOO�GHDG�DQG�VODXJKWHUHG�ELUGV�ZHUH� XVHG�� 6WDQGDUG� SURFHGXUHV� ZHUH� XVHG� WR� UHLVRODWH� WKH� YLUXV� LQ� HPEU\RQDWHG� FKLFNHQ� HJJV� DQG� WR� FRQILUP�WKH�+�VXEW\SH�RI�LVRODWHV�DFFRUGLQJ�WR�WKH� SURFHGXUH� GHVFULEHG� E\� 6ZD\QH� HW� DO�� >��@�� 6HUD� VDPSOHV�ZHUH�REWDLQHG�IURP�DOO�FKLFNHQV�DW�GD\V���� ��� ��� DQG� ��� GD\V� SRVW� LQRFXODWLRQ� DQG� IURP� DQ\� VXUYLYLQJ� FKLFNHQV� LQ� HDFK� JURXS� DW� GD\� EHIRUH� VODXJKWHULQJ� RI� WKH�FKLFNHQV��%ORRG� VDPSOHV�ZHUH� WHVWHG� E\� WKH�+,� WHVW�XVLQJ�+�1��VXEW\SH�DQWLJHQ� DV� GHVFULEHG� E\� 6ZD\QH� >��@�� 5DSLG� VHUXP� DJJOXWLQDWLRQ��56$��WHVW�ZDV�GRQH�RQ�DOO�VHUD�WDNHQ� IURP� 0J�� DQG� 0J� JURXSV� RQ� GD\V� �� DQG� ��� SRVWLQRFOXODWLRQ� WR� VHH� LI� WKH\� DUH� SRVLWLYH� RU� QHJDWLYH�>��@��
+LVWRSDWKRORJLF�H[DPLQDWLRQ7LVVXH�VDPSOHV�ZHUH�FROOHFWHG�IURP�WZR�GHDG�ELUGV� LQ� 0J�� H[SHULPHQWDO� JURXSV�� 7KH� OXQJ��� NLGQH\�� EXUVD� RI� IDEULFLRXV��� DQG� WK\PXV� VDPSOHV� ZHUH� IL[HG�LQ�����QHXWUDO�EXIIHUHG�IRUPDOLQ��HPEHGGHG� LQ� SDUDIILQ�� VHFWLRQHG� LQ� ��P�� GHSDUDIILQL]HG� DQG� VWDLQHG� ZLWK� +HPDWR[\OLQ� DQG� (RVLQ� �+	(�� IRU� KLVWRSDWKRORJLF�H[DPLQDWLRQV�5HVXOW
&OLQLFDO�VLJQV1R�FOLQLFDO�VLJQV�ZHUH�VHHQ� LQ�WKH�FRQWURO�JURXSV�� ,Q�WKH�H[SHULPHQWDO�JURXSV��WKH�FOLQLFDO�VLQJV�ZHUH� REVHUYHG� DW� VHFRQG�� WKLUG� RU� IRUWK� GD\� SRVW� LQRFXODWLRQ� �3,'��� 7KH� FOLQLFDO� VLJQV� JHQHUDOO\� ZHUH� GHSUHVVLRQ�� FURXFKLQJ�� KXGGOLQJ�� UXIIOHG�
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IHDWKHUV��GHDWK�DQG�PLOG�UHVSLUDWRU\�VLJQV LQFOXGLQJ�FRXJKLQJ�� VQHH]LQJ� DQG� VRPHWLPHV� UHVSLUDWRU\�VRXQGV� HVSHFLDOO\� LQ� 0J�� JURXSV�� 7ZR� FKLFNHQV�GLHG�DW��WK DQG��WK 3,'�LQ�0J��JURXSV��
*URVV�SDWKRORJ\%RWK� RI� GHDG� ELUGV� EHORQJHG� WR� 0J�� FKLFNHQV�LQRFXODWHG�YLD��ERWK�,9�DQG�21�URXWHV�RU�,9�URXWH�DORQH�� $W� WKH� QHFURSV\�� WKH� DLU� VDFV� ZHUH� FORXG\�DQG� WKLFNHQHG�� 1XPHURXV� VXEHSLFDUGLDO� SHWHFKLDO�KHPRUUKDJHV� ZHUH� SUHVHQW� LQ� KHDUW�� 7KH� NLGQH\V�ZHUH� FRQJHVWHG� ZLWK� IRFL� RI� QHSKULWLV� DQG� XUDWH�GHSRVLWLRQ�� 7KH� WK\PXV� ZDV� K\SHUHPLF� ZLWK�VXEFDSVXODU�SHWHFKLDO�KHPRUUKDJHV��)LEULQRXV�FDVW�LQ� WUDFKHDO� ELIXUFDWLRQ� DQG� SXOPRQDU\� K\SHUHPLD�ZHUH�REVHUYHG��RQO\�LQ�WKH�FKLFNHQV�WKDW�GLHG�RQ��WK3,'�IURP�,9�DQG�21�URXWV�LQRFXODWHG�0J��JURXS��)LJ����

)LJXUH���$����GD\�ROG�0J��FKLFNHQ�ZDV�LQRFXODWHG�ZLWK�D�+�1��VXEW\SH�YLD� ,9�	�21�URXWV��DQG�GLHG��WK� 3,'�� 3XOPRQDU\� K\SHUHPLD� DQG� ILEULQRXV� FDVW�LQ�WUDFKHDO�ELIXUFDWLRQ�DUH�SUHVHQWY�

)LJXUH� �� $� ���GD\� ROG� 0J�� FKLFNHQ�� ZDV�LQRFXODWHG�ZLWK� D�+�1��VXEW\SH� �YLD� ,9� URXW�� GLHG��WK 3,'��6HYHUH�QHSKULWLV�DQG�UHQDO�XUDWH�GHSRVLWLRQ�DUH�SUHVHQW�0LOG�WR�VHYHUH�QHSKURVLV�DQG�XUDWH�GHSRVLWLRQ�ZHUH�VHHQ� LQ� WKH�NLGQH\�RI� WZR�GHDG�ELUGV� �)LJ�����7KH�FDUFDVVHV� ZHUH� FRQJHVWHG� DQG� VHYHUH� FRQJHVWLRQ�ZDV�VHHQ�LQ�WKH�OLYHUV��&RQJHVWLRQ�DQG�VXEFDSVXODU�SHWHFKLDO�KHPRUUKDJHV�ZHUH�VHHQ�LQ WKH�VSOHHQ�DQG�EXUVD�RI�IDEULFLRXV�



0HKGL�9DVIL�0DUDQGL HW��DO

,-9��9ROXPH�2��1XPEHU�3&4��'HFHPEHU����8       9

6HURORJLF�GHWHFWLRQ�RI�LQIHFWLRQ$QWLERG\� DJDLQVW� +�1�� VXEW\SH� DQWLJHQ� ZDV�GLDJQRVHG� LQ� WKH� VHUD� VDPSOHV� RI� RQH�GD\� ROG�FKLFNHQV� LQ� +,� WHVW�� EXW� WKH� VHUD� VDPSOHV� WDNHQ�EHIRUH�LQRFXODWLRQ�RQ�GD\�����ZHUH�DOO�QHJDWLYH�LQ�+,� WHVW�� $OO� VHUD� VDPSOHV� WDNHQ� RQ� ��� 3,'� LQ�H[SHULPHQWDO�JURXSV�ZHUH�SRVLWLYH�DJDLQVW�+�1��LQ�+,�WHVW�ZLWK�KLJK�DQWLERG\�WLWHUV��$OO�VHUD�VDPSOHV�IURP�FRQWURO�JURXSV�WDNHQ�RQ��VW DQG���WK 3,'�ZHUH�QHJDWLYH�LQ�+,�WHVW��)LJ���� $OO�VHUD�WDNHQ�RQ�GD\����IURP�0J��JURXSV�ZHUH�SRVLWLYH�DQG�DOO�VHUD�WDNHQ�IURP�0J� JURXSV�ZHUH�QHJDWLYH�LQ�56$�WHVW�

)LJUH���7KLV�ILJXUH�VKRZV�WKH�PHDQ�RI�+�1��ORJ���KHPDJJOXWLQDWLRQ�LQKLELWLRQ��+,��WLWHUV�RI���JURXSV�RI�0J���DQG�� FRPPHUFLDO�FKLFNHQV�IURP�ZHHNV���WR���RI� UHDULQJ� SHULRG�� *URXSV� �� DQG� �� � DUH� 0J� ��FKLFNHQV��ZHUH�FKDOOHQJHG�UHVSHFWLYHO\�E\�,9�DORQJ�ZLWK�21� �DQG� � ,9� URXWV��*URXSV���DQG���DUH�0J��FKLFNHQV��ZHUH�FKDOOHQJHG�UHVSHFWLYHO\�E\�,9�DORQJ�ZLWK�21��DQG��,9�URXWV��*URXSV���DQG���DUH�FRQWURO�0J� �� DQG� 0J ± FKLFNHQV�� ZHUH� LQRFXODWHG� ZLWK�VWHULOH�3%6�DV�LQRFXOD��

'HWHFWLRQ�RI�YLUDO�LQIHFWLRQ)ROORZLQJ� LQRFXODWLRQ� RI� WKH� WLVVXH� VXVSHQVLRQ�LQFOXGLQJ� NLGQH\�� EXUVD� RI� IDEULFLRXV�� WK\PXV��WUDFKHD��DQG� OXQJ�REWDLQHG� IURP�VODXJKWHUHG�ELUGV�RQ� WKH� ��WK 3,'�� LQWR� DOODQWRLF� FDYLW\� RI�HPEU\RQDWHG� FKLFNHQ� HJJV�� DOO� HPEU\RV� � VXUYLYHG�GXULQJ� �� GD\V� SRVW� LQRFXODWLRQ�� DQG� WKH� FROOHFWHG�$$)� VDPSOHV�� ZHUH� QHJDWLYH� LQ� +$� WHVW��([SHULPHQWDO� JURXSV�� )ROORZLQJ� LQRFXODWLRQ� RI�ELUGV��WLVVXH�VXVSHQVLRQ�LQFOXGLQJ�NLGQH\��EXUVD�RI�IDEULFLRXV��WK\PXV��WUDFKHD���DQG���OXQJ���REWDLQHG���IURP�GHDG�ELUGV�RQ����WK 3,'�DQG����WK 3,'�DV�ZHOO�DV� VODXJKWHUHG� ELUGV� RQ� ��WK 3,'�� VRPH� ORVVHV� LQ�HPEU\RV�� ZHUH� VHHQ� RQ� �� RU� �� GD\V� DIWHU�LQRFXODWLRQ��7KH�FROOHFWHG�$$)�RI�WKHVH�HJJV�ZDV�SRVLWLYH�LQ�+$�WHVW�DQG�VSHFLILF�DQWLVHUXP�RI�+�1��LQKLELWHG� WKH� KHPDJJOXWLQDWLRQ� DFWLYLW\� RI� WKH�DOODQWRLF�IOXLGV�LQ�+,�WHVW�
+LVWRSDWKRORJLF�ILQGLQJV+LVWRSDWKRORJLF� H[DPLQDWLRQ� UHYHDOHG� SXOPRQDU\�FRQJHVWLRQ� ZLWK�PLOG� LQILOWUDWLRQ� RI� LQIODPPDWRU\�PRQRQXFOHDU�FHOOV�LQ�ODPLQD�SURSHULD�RI�VHFRQGDU\�EURQFKL�� &RQJHVWLRQ�� QRQVXSSXUDWLYH� IRFDO�LQWHUVWLWLDO� QHSKULWLV�� IRFL� RI� KHPRUUKDJHV�� O\WLF�QHFURVLV�� DQG� K\SHUFHOOXODULW\� RI� JORPHUXOL� ZHUH�SUHVHQW� �)LJ���$�� %� 	� &��� 0LOG� WR� PRGHUDWH�JHQHUDOL]HG� O\PSKRF\WH� GHSOHWLRQ�� DWURSK\� RI�O\PSKRLG� IROOLFOHV�� FRUUXJDWLRQ� RI� HSLWKHOLXP� DQG�VHYHUH� LQWHUIROOLFXODU� HGHPD�ZHUH� REVHUYHG� LQ� WKH�EXUVD� RI� IDEULFLRXV� �)LJ�� ��'��� 7KH� UHWLFXODU�HSLWKHOLXP� EHWZHHQ� WKH� FRUWH[� DQG� PHGXOOD� ZHUH�SURPLQHQW��)LJ����(��

7DEOH� ,QWUDYHQRXV� SDWKRJHQLFLW\� LQGH[� �,93,�� RI� DPLQLR� DOODQWRLF� IOXLG� �$$)�� RI� $�&KLFNHQ�7HKUDQ�=07���������+�1���VWUDLQ�YLD��LQWUDYHQRXV��,9��DORQJ�ZLWK�RFXORQDVDO��21��URXWHV�RU�,9�URXW�DORQH�LQ���� GD\� ROG��0J�SRVLWLYH�DQG�0J�QHJDWLYH�FKLFNHQV�JURXSV��&RQWURO�JURXSV�ZHUH�LQRFXODWHG�ZLWK�VWHULOH�3%6�DV�LQRFXOD��,QRFXOD�	�LQRFXODWLRQ7UHDWPHQW��JURXSV ,QRFXOD ,9�	�21 ,9
0J�SRVLWLYH�JURXS $$) ��� ���0J�SRVLWLYH�JURXS��FRQWURO� 3%6 ���� ����0J�QHJDWLYH�JURXS $$) ���� ����0J�QHJDWLYH�JURXS��FRQWURO� 3%6 ���� ����
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& ))LJXUH� � +LVWRSDWKRORJLF� H[DPLQDWLRQV� RI� � NLGQH\� IURP�D� ���GD\� ROG� 0J� �� FKLFNHQ�� GLHG� �WK� 3,'� IROORZLQJ� LQRFXODWLRQ� YLD� ,9	21� URXWV� �)LJ� ��$�%�&�� DQG� EXUVD� RI� IDEULFLXV� DQG� WK\PXV� IURP� D� ���GD\� ROG� 0J� �� FKLFNHQ�GLHG��WK 3,'�IROORZLQJ�LQRFXODWLRQ�YLD�,9�URXW��)LJ���'�(�)���)LJ���$� &RQJHVWLRQ�DQG�K\SHUFHOOXODULW\� RI� JORPHUXOL� DQG� QRQVXSSXUDWLYH� IRFDO� LQWHUVWLWLDO� QHSKULWLV� �+	(�� î������ )LJ�� ��%� 1RQVXSSXUDWLYH� WXEXORLQWHUVWLWLDO� QHSKULWLV� �+	(�� î������ )LJ�� ��&� )RFDO� QHFURVLV� ZLWK� JUDQXORF\WLF� LQILOWUDWLRQ� DQG� QHFURWLF� GHEULV� �+	(�� î������ )LJ�� ��'� 0LOG� WR� PRGHUDWH� O\PSKRLG� GHSOHWLRQ�� DWURSK\� RI� O\PSKRLG� IROOLFOHV�� DQG� FRUUXJDWLRQ� RI� HSLWKHOLXP� RI� EXUVD� RI� IDEULFLXV� �+	(�� î����� )LJ�� ��(� 0RGHUDWH O\PSKRLG� GHSOHWLRQ� ZLWK� SURPLQHQFH�RI�UHWLFXODU�HSLWKHOLXP�EHWZHHQ�FRUWH[�DQG�PHGXOOD�LQ�D�O\PSKRLG�IROOLFOH�DQG�VHYHUH�LQWHUIROOLFXODU� HGHPD�RI�EXUVD�RI�IDEULFLXV��+	(��î�����DQG�)LJ����)� 6HYHU�K\SHUHPLD�DQG�IRFDO�GHSOHWLRQ�RI�O\PSKRF\WH� SRSXODWLRQ�LQ�WKH�FRUWH[�RI�WK\PXV��+	(��î����
10            ,-9��9ROXPH�2��1XPEHU�3&4��'HFHPEHU����8
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6HYHUH� K\SHUHPLD�� GHSOHWLRQ� RI� O\PSKRF\WH�SRSXODWLRQ� LQ� FRUWH[� DQG� SURPLQHQW� UHWLFXORHSL�WKHOLDO�FHOOV�DQG�P\RF\WHV�LQ�PHGXOOD�ZHUH�VHHQ�LQ�WK\PLF�OREXOHV��)LJ���)���7KH�VSOHHQ�ZDV�FRQJHVW�HG� ZLWK� PLOG� O\PSKRLG� K\SHUSODVLD�� /\PSKRLG�WLVVXHV� LQFOXGLQJ� WK\PXV� DQG� EXUVD� RI� IDEULFLXV�ZHUH� PRUH� VHYHUHO\� DIIHFWHG� LQ� WKH� FKLFNHQ� WKDW�GLHG�DW���3,'�LQ�0J��JURXS�LQRFXODW�HG�YLD�,9�URXW�DORQH�� 7KH� OLYHU� VLQXVRLGV� ZHUH� FRQJHVWHG� DQG�KHSDWRF\WHV�JUDQXODU�GHJHQHUDWLRQ�ZDV�SUHVHQW��'LVFXVVLRQ
'XULQJ������������RXWEUHDNV�RI�03$,�FDXVHG�E\�+�1��VXEW\SH�KDYH�EHHQ�UHSRUWHG�IURP *HUPDQ\�,WDO\�� ,UHODQG�� 6RXWK� $IULFD�� %XOJDULD�� .RUHD��&KLQD�� +RQJ� .RQJ�� ,UDQ�� 3DNLVWDQ� DQG� RWKHU�0LGGOH� (DVWHUQ� FRXQWULHV� >�����������������@�� ,Q�,UDQ�� 9DVIL� 0DUDQGL� DQG� %R]RUJPHKUL�)DUG� � LQ������ LVRODWHG� +�1�� VXEW\SH� IURP� WKH� FKLFNHQ�IORFNV�RI�7HKUDQ�SURYLQFH��7KLV�LVRODWH�GLGQ¶W�FDXVH�DQ\� ORVVHV� LQ� ���GD\V� ROG� LQRFXODWHG� FKLFNHQV�GXULQJ�H[SHULPHQWDO�WULDOV��7KHUHIRUH��WKLV�YLUXV�KDV�EHHQ� GHILQHG� DV� QRQ� SDWKRJHQLF� �13$,�� RU� QRQ�+LJKO\�3DWKRJHQLF�$YLDQ� ,QIOXHQ]D��Q+3$,��>��@��%HVLGHV��6LPLODU�UHVXOWV�ZHUH�REWDLQHG�E\�7RURJKL�DQG�0RPD\H]�LQ������>��@�DQG�3RXUEDNKVK�HW�DO��LQ������>��@���6XEVHTXHQW�VHURORJLFDO�DQG�YLURORJ\�FDO� VWXGLHV� VKRZHG� WKDW� +�1�� LVRODWHV� WR� EH�SUHYDOHQW� LQ� WKH� SRXOWU\� IDUPV�� DOPRVW� LQ� DOO�SURYLQFHV� RI� ,UDQ� >��@�� 7KHVH� RXWEUHDNV� FDXVHG�JUHDW� HFRQRPLF� ORVVHV� LQ� SRXOWU\� LQGXVWU\� GXH� WR�LQFUHDVHG�PRUWDOLW\� DQG�GHFUHDVHG� HJJ�SURGXFWLRQ�>��@�� $VSK\[LDWLRQ� RI� FKLFNHQV� UHVXOWLQJ� IURP�EURQFKLDO� FDVWV� KDV� QRW� EHHQ� UHSRUWHG� LQ� H[SHUL�PHQWDO� LQIHFWLRQ� ERWK� LQ� 63)� DQG� FRPPHUFLDO�FKLFNHQV�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR� LQYHVWLJDWH�WKH� SDWKRJHQLF� SRWHQWLDO� RI� $�&KLFNHQ�7HKUDQ��=07��������+�1���VWUDLQ�� LQ� �FRPPHUFLDO�FKLFN�HQV�ZLWK�0J���DQG�0J� VWDWXV��$V� WKH� UHVXOWV� RI� WKLV� LQYHVWLJDWLRQ� VKRZV�� SDWKR�JHQLFLW\�LQGH[�RI�WKH�YLUXV�ZDV�EHORZ����'HVSLWH�RI�WKH���� SHUFHQW�PRUWDOLW\� LQ�0J��JURXSV�� QR�JUHDW�GLIIHUHQFHV� ZHUH� VHHQ� EHWZHHQ� SDWKR�JHQLFLW\� RI�+�1��DQG�LWV�SDWKRJHQLFLW\�LQGH[�REWDLQHG�LQ�WKLV�VWXG\� LQ� 0J�� DQG� 0J� FKLFNHQV� JURXSV�� �7DEOH����6OHPRQV�HW�DO���������FKDUDFWHU�L]HG�SDWKRJHQL�FLW\� LQGLFHV� IURP� ����� WR� �� DV� +3$,� YLUXVHV��DFFRUGLQJ� WR� WKH� UHVXOWV� RI� ,93,� RI� ��� GLIIHUHQW�VWUDLQV� LVRODWHG� IURP� ZDWHUIRZOV� DQG� RWKHU�GRPHVWLF� DQG� ZLOG� ELUGV� >��@�� +RZHYHU�� ODFN� RI�FRUUHVSRQGHQFH�EHWZHHQ�SDWKRJHQLFLW\�RI�+�1��LQ�H[SHULPHQWDO� DQG� ILHOG� FRQGLWLRQV� KDV� EHHQ�

LQYHVWLJDWHG� E\� PDQ\� UHVHDUFKHUV�� ,W� KDV� EHHQ�GHFODUHG� WKDW� WKH� IDFWRUV� VXFK� DV� PDQDJHPHQW��FRQFXUUHQW� EDFWHULDO� RU� YLUDO� GLVHDVHV�� LPPXQR�VXSSUHVVLYH� DJHQWV�� DJH� DQG� VWUDLQ�RI� FKLFNHQ��DUH�WKH�PDLQ� UHDVRQV�RI� WKH�SDWKRJHQLFLW\�YDULDWLRQ�RI�/3$,� LVRODWHV� >�����������������@�� 'XULQJ� WKH�LQIOXHQ]D�RXWEUHDN�RI�,WDO\�LQ������������WKHUH�ZDV�UHSRUWHG� YDULDEOH�PRUWDOLW\� UDWH� IURP���� WR������GHSHQGLQJ�RQ�WKH�DJH�RI�WKH�DIIHFWHG�ELUGV�DQG�WKH�SUHVHQFH� RI� VHFRQGDU\� LQIHFWLRQV� VXFK� DV� 3��PXOWRFLGD��2� UKLQRWUDFKHDOH DQG�0��JDOLVHSWLFXP>��@�� %DQR� HW� DO�� ������� LQGLFDWHG� WKDW� +�1��VXEW\SH� DV� D� QRQSDWKRJHQLF� YLUXV� FDQ� FDXVH� D�VHYHUH� LQIHFWLRQ� LQ� ILHOG� FRQGLWLRQ� LQ� SUHVHQFH� RI�RSSRUWXQLVW�VHFRQGDU\�SDWKRJHQV��7KH\�DOVR�VKRZ�HG� WKDW� LQ� FKHPLFDOO\� EXUVHFWRPLVHG� FKLFNHQV��+�1� VXEW\SH�FDQ�FDXVH�KLJK�PRUWDOLW\�>�@��.LP�HW�DO��� ������� VKRZHG� WKDW� D� .RUHDQ� DYLDQ� +�1��LQIOXHQ]D�YLUXVH�ZDV� DEOH� WR� FDXVH�����PRUWDOLW\�DQG� WKH� UHGXFWLRQ� RI� HJJ� SURGXFWLRQ� >��@��*XR� HW�DO�� ������� UHSRUWHG� WKDW� D� &KLQHVH� +�1�� YLUXV�VWUDLQ� FDXVHG� ����PRUWDOLW\� UDWHV� LQ� ���ZHHN� ROG�OD\HU� FKLFNHQV�� GHVSLWH� LWV� IDLOXUH� WR� PHHW� WKH�FULWHULD�IRU�+3$,�YLUXVHV�>��@��%DQDQL�HW�DO�� �������DQG� 1LOL� DQG� $VVDVL� ������� SURSRVHG� WKDW�VHFRQGDU\� EDFWHULDO� LQIHFWLRQV� VXFK� DV� 2�� UKLQR�WUDFKHDO��(��FROL�DQG 0��JDOLVHSWLFXP PD\�EH�PRUH�LPSRUWDQW�HQKDQFHUV�RI� WKH� FOLQLFDO� VLJQV WKDQ� WKH�RWKHU�IDFWRUV�LQ�+�1��LQIHFWLRQ�LQ�FKLFNHQV�>����@�E\� SURGXFLQJ� D� EDFWHULDO� SURWHDVH� ZKLFK� KHOSV� WR�FOHDYH�� WKH� FOHDYDJH� VLWH� RI� +$� SURWHLQV� >����@��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�WKH����SHUFHQW�PRUWDOLW\� RFFXUUHG� LQ� H[SHULPHQWDO� LQIHFWLRQ�ZLWK�$�&KLFNHQ�7HKUDQ�=07������� VWUDLQ�ZHUH�GXH�WR�WKH� IRUPDWLRQ� RI� FDVWV� LQ� WUDFKHDO� ELIXUFDWLRQ� DQG�XUDWH�GHSRVLWLRQ��)LJ���DQG�����$OWKRXJK�QHSKURVLV�DQG� XUDWH� GHSRVLWLRQ� LQ� WKH� NLGQH\� KDV� EHHQ�UHSRUWHG�LQ�UHFHQW�\HDUV�>������@��EXW�EURQFKLDO�FDVW�LQ� +�1�� LQIHFWLRQ� KDV� QRW� EHHQ� SUHYLRXVO\�UHSRUWHG��0LOG�UHVSLUDWRU\�FKDQJHV�REVHUYHG�LQ�,9��,7��LQWUD�WUDFKHDO�� DQG�21� LQRFXODWHG�63)�FKLFNHQV�ZLWK� D�+�1��VXEW\SH�VWUDLQ��LQGLFDWHG�WKH�HIIHFW�RI�URXW�RI�LQRFXODWLRQ�RQ�LQGXFHG�GLVHDVH�>�����@��,Q�RUGHU�WR�VWXG\�WKH�SDWKRJHQLFLW\�RI�$�&KLFNHQ�7HKUDQ�=07����������+�1���VWUDLQ��ZH�ILUVWO\�LQRFXODWHG�0J���FKLFNHQV�E\�,9�URXW�DORQH��EXW�IRUPDWLRQ�RI�FDVW�LQ�WUDFKHDO�ELIXUFDWLRQ�ZDV�QRW�REVHUYHG��7KHUHIRUH��D�QRYHO� H[SHULPHQWDO� PRGHO� LQFOXGLQJ� ,93,� HYDOX�DWLRQ�E\�XVLQJ�0J���FKLFNHQ�E\�,9�DORQJ�ZLWK�21�URXWV� FRQFOXGLQJ� WR� EURQFKLDO� FDVW� IRUPDWLRQ�ZDV�DGRSWHG� LQ� WKLV� VWXG\�� 7KLV� PLJKW� H[SODLQH� ZK\�RWKHU�UHVHDUFKHUV�ZHUH�QRW�DEOH�WR�SURGXFH�FDVWV�LQ�
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WUDFKHDO� ELIXUFDWLRQ� LQ� 63)� RU� 0J� FRPPHUFLDO� EURLOHU�FKLFNHQV�LQ�H[SHULPHQWDO�LQIHFWLRQ�E\�,7�RU� ,9�RU�21�URXWHV�DORQH�>������������@�,Q� WKH� � WZR�FKLFNHQV� WKDW�GLHG� LQ� WKLV�H[SHULPHQW�� NLGQH\� OHVLRQV� ZHUH� DSSDUHQW� LQ� PDFURVFRSLF� DQG� PLFURVFRSLF�H[DPLQDWLRQV��DQG�WKLV�ZDV�SUHGLFWDEOH� EHFDXVH�RI� ,9� LQRFXODWLRQ�DQG� UHDO�YLUHPLD� 9DVIL� 0DUDQGL�DQG�%R]RUJPHKUL�)DUG�>��@�LQGLFDWHG�WKDW� FRQJHVWLRQ� RI� NLGQH\� DQG� XUDWH� GHSRVLWV� DUH� REVHUYDEOH� VLJQV� ZKLFK� ZHUH� VHHQ� LQ� WKLV� VWXG\�� WRR��7KH�UHQDO�OHVLRQV�ZKLFK�DUH�PDLQO\�LQWHUVWLWLDO� QHSKULWLV� RU� WXEXORLQWHUVWLWLDO� QHSKULWLV� ZHUH� IUHTXHQWO\� UHSRUWHG� LQ� RXWEUHDNV� RI� +3$,� DQG� Q+3$,�>����������@��$FFRUGLQJ�WR�WKH�UHQDO�OHVLRQV� VXFK�DV� WXEXODU�QHFURVLV�DQG�QHSKULWLV� UHSRUWHG�E\� 6ZD\QH�HW�DO�� >��@�DQG�GHWHFWLRQ�RI�WKH�YLUXV�IURP� WKHVH� VLWHV�� LW� FDQ� EH� VXJJHVWHG� WKDW� NLGQH\V�DUH�D� VXLWDEOH� SODFH� IRU� UHSOLFDWLRQ� RI� $,9�� +RZHYHU�� VLQFH� ������ 6OHPRQV� HW� DO�� >��@� DQG� PDQ\� RWKHU� UHVHDUFKHUV�>�������@�KDYH�LQGLFDWHG�WKH�QHSKURWUR� SLVP� QDWXUH� DQG� QHSKURSDWKRJHQLFLW\� RI� $,9�� 5HJDUGLQJ� WKH� OHVLRQV REVHUYHG� LQ� WKH� NLGQH\� LQ� QHFURSV\� DQG� KLVWRSDWKROJLF� H[DPLQDWLRQV� LQ� WKH� SUHVHQW� VWXG\�� LW� LV� VXJJHVWHG� WKDW� HDUO\� GHDWK� FDXVHG� E\� LQWHUQDO� LPEDODQFH�GXH� WR� UHQDO� IDLOXUH�� PD\� EH� WKH�PDLQ� UHDVRQ�RI�DEVHQFH�RI� UHVSLUDWRU\� VLJQV� VXFK� DV� SQHXPRQLD� DQG� ILEULQRXV� FDVWV� LQ� WUDFKHDO�ELIXUFDWLRQ�1HFURWLF�GHSOHWLRQ�RI�O\PSKRLG�FHQWHUV�LQ�LQIHFWHG� WXUNH\V� KDV� EHHQ� GHVFULEHG� ZLWK� 7XUNH\� 2QW��������� VWUDLQ�� 7KLV� VWUDLQ� DOVR� SURGXFHG� VHYHUH� O\PSKRLG� QHFURVLV� LQ� H[SHULPHQWDOO\� LQRFXODWHG� FKLFNHQV�� WKH� QHFURVLV� ZDV� HYLGHQW� LQ� O\PSKRLG� FHOOV� SUHVHQW� LQ� VSOHHQ�� WK\PXV�� EXUVD�� LQWHVWLQDO�WUDFW�DQG�OXQJ�>�@��,Q�WKH�SUHVHQW�VWXG\��LQ� FKLFNHQV�LQRFXODWHG�,9�RU�,9�DORQJ�ZLWK�21�URXW�� SUHVHQFH� RI� K\SHUHPLD� DQG� DSSDUHQW� KHPRUUKDJHV� DQG� O\PSKRF\WLF� FHOOXODU� GHSOHWLRQ� LQ� WK\PXV� VHHPLQJO\� LQGLFDWHV� LW
V� LQYROYHPHQW� GXULQJ� LQIOXHQ]D� GLVHDVH�� 3UHVHQFH� RI� WKH� VDPH� VLJQV� LQ� EXUVD� RI� IDEULFLRXV� DORQJ� ZLWK� WKH� OHVLRQV� LQ� WK\PXV� FDQ� LQGLFDWH� WKH� LQYROYHPHQW� RI� LPPXQH� V\VWHP� DQG� LPPXQRVXSUHVVLRQ� FDXVHG� IROORZLQJ� +�1�� LQIHFWLRQ��EXW�RI�FRXUVH�� IXUWKHU� VWXGLHV�DUH� QHHGHG� WR� VKRZ� VXFK� HIIHFW� RI� +�1�� VXEW\SH� RQ� LPPXQH�V\VWHP�%DVHG�RQ� WKH� UHVXOWV�REWDLQHG�� LW� LV�VXJJHVWHG� WKDW� EURQFKLDO� FDVWV� DQG� VHYHU� QHSKULWLV� ZLWK� XUDWH� GHSRVLWLRQ� DUH� WKH� SULQFLSDO� FDXVH� RI� PRUWDOLW\� LQ� FRPPHUFLDO� 0J�� FKLFNHQV� LQRFXODWHG� ,9� DORQJ� ZLWK� 21� URXWHV�� (YHQWXDO� LPPXQRVXSUHVLRQ� DV� ZHOO� DV� EDFWHULDO� FR�LQIHFWLRQ� VXFK� DV� 0�� JDOOLVHSWLFXP DQG� (�� FROL PLJKW� LQFUHDVH� WKH�
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SDWKRJHQLFLW\�RI�+�1�� LQIHFWLRQ��7KH�GLVFUHSDQF�LHV� REVHUYHG� LQ� WKH� SDWKRJHQLFLW\� RI�+�1�� VWUDLQ�EHWZHHQ� WKLV� H[SHULPHQWDO� LQIHFWLRQ� DQG� WKRVH�UHSRUWHG� E\� 7RURJKL� DQG� PRPD\H]� LQ� ����� >��@��9DVIL�0DUDQGL�DQG�%R]RUJPHKUL�)DUG�LQ������>��@�DQG�3RXUEDFNVK�HW�DO���LQ������>��@�PD\�EH�GXH�WR�VWUDLQ�RI�FKLFNHQV�XVHG�LQ�WKH�VWXG\��KHDOWK�VWDWXV�RI��FRPPHUFLDO�FKLFNHQV��WKH�URXWV�RI�YLUXV�LQRFXODWLRQ�DV� ZHOO� DV� VWUDLQ� RI� +�1�� YLUXVHV�� 3URWHRO\WLF�FOHDYDJH�RI�WKH�LQIOXHQ]D�YLUXV�+$�JO\FRSURWHLQ�E\�FHOOXODU� SURWHDVHV� LV� D� SUHUHTXLVLWH� IRU� YLUXV�LQIHFWLYLW\��VSUHDG�RI�WKH�YLUXV��WLVVXH�WURSLVP��DQG�YLUDO� SDWKRJHQLFLW\�� 6RPH� EDFWHULDO� HQ]\PHV�UHFRJQL]H� D� PRQREDVLF� FOHDYDJH� VLJQDO� DW� +$� RI�WKH� PDPPDOLDQ� DQG� WKH� Q+3$,� YLUXVHV� >��@��$PLQR� DFLG� VHTXHQFH� DQDO\VLV� RI� +$� JHQH�FOHDYDJH� VLWH� RI� $�&KLFNHQ�7HKUDQ�=07��������VWUDLQ� LV� FUXFLDO� WR� GHPRQVWUDWH� DQ\� SUREDEOH�FKDQJH�LQ�WKH SDWKRW\SH�RI�YLUXV�$&.12:/('*(0(176
7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� D� JUDQW� IURP� WKH�5HVHDUFK� GHSXW\� RI� )DFXOW\� RI� 9HWHULQDU\�0HGLFLQH��8QLYHUVLW\�RI�7HKUDQ��$OVR��WKH�DXWKRUV�DUH�JUDWHIXO�WR�'HSDUWPHQW� RI� &OLQLFDO� 6FLHQFH�� 3RXOWU\� 'LVHDVHV�6HFWLRQ��7HKUDQ� ,UDQ��5()(5(1&(6�
� $DPLU�� 8�%��� 8�� :HUQHU\�� 1�� ,O\XVKLQD�� DQG� 5�*��:HEVWHU�� ������ &KDUDFWHUL]DWLRQ� RI� DYLDQ� +�1��LQIOXHQ]D� YLUXVHV� IURP� 8QLWHG� $UDE� (PLUDWHV� ����� WR�������9LURO� ����������� $OH[DQGHU��'�-��������$Q�RYHUYLHZ�RI�WKH�HSLGHPLRORJ\�RI�DYLDQ�LQIOXHQ]D��9DF���������������� $OH[DQGHU��'�-��������1HZFDVWOH�GLVHDVH�YLUXV�DQG�RWKHU�DYLDQ� SDUDP\[RYLUXVHV� $� ODERUDWRU\� PDQXDO� IRU� WKH�LVRODWLRQ� DQG� LGHQWLILFDWLRQ� RI� DYLDQ� SDWKRJHQV�� �WK�HGLWLRQ�� (GLWHG� E\� 6ZD\QH�� '�(��� -�5�� *OLVVRQ�� 0�:��-DFNZRRG�� -�(� 3HDUVRQ�� DQG� :�0�� 5HHG�� $P�� $VVRF��$YLDQ�3DWKRO ��������� $OH[DQGHU�� '�-��� 6�$�� � /LVWHU�� 0�-�� -RKQVRQ�� &�-���5DQGHOO�� DQG�3�-��7KRPDV������� $Q�RXWEUHDN�RI�KLJKO\�SDWKRJHQLF�DYLDQ�LQIOXHQ]D�LQ�WXUNH\V�LQ�*UHDW�%ULWLVK�LQ������ 9HW�5HF���������������� %DQDQL�� 0��� 5�� 0RPD\H]�� 6�$�� 3RXUEDNKVK�� +��*RRGDU]L�� DQG� 0�$�� %DKPDQL�1HMDG�� ������ 6LPXOWDQ�HRXV� LVRODWLRQ� RI� 2UQLWKREDFWHULXP� UKLQRWUDFKHDO� DQG�DYLDQ� LQIOXHQ]D� YLUXV� VXEW\SH� +�1�� IURP� FRPPHUFLDO�SRXOWU\��,UDQLDQ�-�9HW�5HV ����������� %DQNV�� -��� (�&�� 6SHFLGHO�� 3�$�� +DUULV�� DQG� � '�-��$OH[DQGHU�� ������ 3K\ORJHQHWLF� DQDO\VLV� RI� LQIOXHQ]D� $�YLUXVHV� RI� +�� KDHPDJJOXWLQLQ� VXEW\SH�� $YLDQ� 3DWKRO���������������� %DQR��6���.��1DHHP��DQG�6�$��0DOLN��������(YDOXDWLRQ�RI�SDWKRJHQLF�SRWHQWLDO�RI�DYLDQ�LQIOXHQ]D�YLUXV�VHURW\SH�+�1��LQ�FKLFNHQV��$YLDQ�'LV ������������
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� &DOODQ�� 5�-��� )�$�� +DUWPDQQ�� 6�(�� :HVW�� DQG� 9�6��+LQVKDZ�� ������ &OHDYDJH� RI� LQIOXHQ]D� $� YLUXV� +��KHPDJJOXWLQLQ�E\�VZLQH�UHVSLUDWRU\�EDFWHULDO�SURWHDVHV��-�9LURO ���������������� &DOQHN��%�0���+�-��%DUQHV��&�+��%HDUG��/�5��0FGRXJDOG��DQG� 0�� 6DLI� �HGV��� ������'LVHDVHV� RI� SRXOWU\�� ��WK HG�,RZD�VWDWH�XQLYHUVLW\�SUHVV��$PHV��,RZD��86$������������ &DSXD�� ,��� DQG� '�-�� $OH[DQGHU�� ������ $YLDQ� LQIOXHQ]D��UHFHQW�GHYHORSPHQWV��$YLDQ�3DWKRO���������������� 'DU\O��&�-��DQG�%�*��0D[LILHOG��������$Q�RFFXUUHQFH�RI�DYLDQ� LQIOXHQ]D� YLUXV� LQIHFWLRQ� LQ� OD\LQJ�FKLFNHQ��$YLDQ�'LV��������������� *XR��<�-���6��.UDXVV��'�$��6HQQH��,�3��0R��.�6��/2��;�3��;LQRJ��0��1RUZRRG��.�)��6KRUWULGJH��5�*��:HEVWHU��DQG�<��*XDQW��������&KDUDFWHUL]DWLRQ�RI�WKH�SDWKRJHQLFLW\�RI�PHPEHUV�RI�WKH�QHZO\�HVWDEOLVKHG�+�1��LQIOXHQ]D�YLUXV�OLQHDJHV�LQ�$VLD��9LURO ��������������� +DEOROYDULG�� 0�+��� ,�� 6RKUDE\� +DJKGRVW�� 6�$��3RXUEDNKVK��DQG�0�5��*KRODPL��������+LVWRSDWKRORJLFDO�VWXG\� RI� LQWUDWUDFKHDOO\� LQRFXODWHG� $�&KLFNHQ�,UDQ�����������+�1��� LQIOXHQ]D� YLUXV� LQ� FKLFNHQ�� $UF� 5D]L�,QVW������������� +DEOROYDULG�� 0�+��� ,�� 6RKUDE\� +DJKGRVW�� 6�$��3RXUEDNKVK��DQG�0�5��*KRODPL���������$�VWXG\�RQ�KLVWR�SDWKRORJLF� FKDQJHV� LQ� FKLFNHQ� IROORZLQJ� LQWUDYHQRXV�LQRFXODWLRQ� ZLWK� DYLDQ� LQIOXHQ]D� YLUXV� $�&KLFNHQ�,UDQ�����������+�1��� LQIOXHQ]D� YLUXV� LQ� FKLFNHQ�� $UFK�5D]L�,QVW������������ .LP�� -�$��� 6�+�� &KR�� +�6�� .LP�� DQG� 6�+�� 6HR�� ������+�1��LQIOXHQ]D�YLUXVHV�LVRODWHG�IURP�SRXOWU\�LQ�.RUHDQ�OLYH� ELUG� PDUNHWV� FRQWLQXRXVO\� HYROYH� DQG� FDXVH� WKH�VHYHU�FOLQLFDO�VLJQV�LQ�OD\HUV��9HW�0LFURELDO ��������������� .OHYHQ�� 6�+�� ������ 0\FRSODVPRVLV� $� ODERUDWRU\�PDQXDO� IRU� WKH� LVRODWLRQ� DQG� LGHQWLILFDWLRQ� RI� DYLDQ�SDWKRJHQV�� �WK� HGLWLRQ� (GLWHG� E\� 6ZD\QH�� '�(��� -�5��*OLVVRQ��0�:�� -DFNZRRG��(�� 3HDUVRQ�� DQG�:�0��5HHG��$P��$VVRF�$YLDQ�3DWKRO ��������� 1DHHP��.���$��8OODK��5�-��0DQYHOO��DQG�'�-��$OH[DQGHU�������� $YLDQ� LQIOXHQ]D� $� VXEW\SH� +�1�� LQ� SRXOWU\� LQ�3DNLVWDQ��9HW�5HF����������� 1LOL�� +�� DQG� .�� $VDVL�� ������ $YLDQ� LQIOXHQ]D� �+�1���RXWEUHDN�LQ�,UDQ��$YLDQ�'LV���������������������������� 3HUN� 6��� &�� %DQHW�1RDFK�� � (�� 6KLKPDQWHU�� 6��3RNDPXQVNL�� 0�� 3LUDN�� 0�� /LSNLQG�� DQG� $�� 3DQVKLQ�������� *HQHWLF� FKDUDFWHUL]DWLRQ� RI� WKH� +�1�� LQIOXHQ]D�YLUXVHV� FLUFXODWHG� LQ� WKH� SRXOWU\� SRSXODWLRQ� LQ� ,VUDHO��&RPS�,PPXQRO�0LFURELRO�,QIHFW�'LV �������������� 3RXUEDNKVK��6�$���0��.KRGDVKHQDV��0��.LDQL]DGHK��DQG�+��*RRGDU]L��������,VRODWLRQ�DQG� LGHQWLILFDWLRQ�RI�DYLDQ�LQIOXHQ]D�YLUXV�+�1��VXEW\SH��$UFK�5D]��,QVW������������� ���� 5RWW� 5��� +�'�� .OHQN�� <�� 1DJDL� DQG� 0�� 7DVKLUR��������,QIOXHQ]D�YLUXVHV��FHOO�HQ]\PHV��DQG�SDWKRJHQLFLW\$P�-��5HVSLU�&ULW�&DUH�0HG �����6������ 6HQQH�� '�$�� ������ 9LUXV� SURSDJDWLRQ� LQ� HPEU\RQDWLQJ�HJJV�� $� ODERUDWRU\� PDQXDO� IRU� WKH� LVRODWLRQ� DQG�LGHQWLILFDWLRQ�RI DYLDQ�SDWKRJHQV���WK�HGLWLRQ��(GLWHG�E\�6ZD\QH�� '�(��� -�5�� *OLVVRQ�� 0�:�� � -DFNZRRG�� -�(���3HDUVRQ�� DQG�:�0��5HHG��$P�$VVRF�$YLDQ�3DWKRO ������������ 6KDODE\��$�$���'��5LFKDUG��'��6OHPRQV��DQG�(��6ZD\QH�������� 3DWKRORJLFDO� VWXGLHV� RI� $�&KLFNHQ�$ODEDPD���������� �+�1��� LQIOXHQ]D� YLUXV� LQ� VSHFLILF�SDWKRJHQ�IUHH�OD\LQJ�KHQV��$YLDQ�'LV�����������

�� 6OHPRQV��5�'���3�.��&RQGREHU��DQG�'�(��6ZD\QH��������$VVHVVLQJ� SDWKRJHQLFLW\� SRWHQWLDO� RI�ZDWHU� IRZHO� RULJLQ�W\SH�$�LQIOXHQ]D�YLUXVHV�LQ�FKLFNHQ��$YLDQ�'LV�������������� 6ZD\QH��'�(���0�/��3HUGXV��0���*DUFLD��5��5LYHUD�&UX]��DQG� 0�� %UXJK�� ������ � 3DWKRJHQLFLW\� DQG� GLDJQRVLV� RI�+�1�� 0H[LFDQ� DYLDQ� LQIOXHQ]D� YLUXVHV� LQ� FKLFNHQV��$YLDQ�'LV��������������� 6ZD\QH�� '�(��� '�$�� 6HQQH�� DQG� &�:�� %HDUG�� ������$YLDQ� LQIOXHQ]D�� $� ODERUDWRU\�PDQXDO� IRU� WKH� LVRODWLRQ�DQG�LGHQWLILFDWLRQ�RI�DYLDQ�SDWKRJHQV���WK�HGLWLRQ��(GLWHG�E\� 6ZD\QH�� '�(��� -�5�� *OLVVRQ�� 0�:�� � -DFNZRRG�� -�(��3HDUVRQ�� DQG�:�0��5HHG��$P�$VVRF�$YLDQ�3DWKRO ���������� 7RURJKL�� 5��� DQG� 5�� 0RPD\H]�� ������ %LRORJLFDO� DQG�PROHFXODU� FKDUDFWHUL]DWLRQ� RI� DYLDQ� LQIOXHQ]D� YLUXV��+�1���LVRODWHV�IURP�,UDQ��$FWD�YLURO�������� ������ ���� 9DVIL� 0DUDQGL�� 0�� DQG� 0�+�� %R]RUJPHKUL�)DUG�������� ,VRODWLRQ� RI� +�1�� VXEW\SH� RI� DYLDQ� LQIOXHQ]D�YLUXVHV� GXULQJ� DQ� RXWEUHDN� LQ� FKLFNHQV� LQ� ,UDQ� ,UDQLDQ�%LRPHG�-������������ 9DVIL�0DUDQGL��0���0�+�� %R]RUJPHKUL�)DUG�� DQG� 6�0��7DEDWDEDLH��6�0��������$�VHURHSLGHPLRORJLFDO��VWXG\�RI�DYLDQ� LQIOXHQ]D� �+�1�� LQ� ,UDQ��-�6FK�9HW�0HG��6KDKLG�&KDPUDQ�8QLY������������ 9DVIL� 0DUDQGL�� 0��� 0�+�� %R]RUJPHKUL�)DUG�� DQG� 0��+DVKHP]DGHK��������(IILFDF\�RI�LQDFWLYDWHG�+�1��DYLDQ�LQIOXHQ]D� YDFFLQH� DJDLQVW� QRQ�KLJKO\� SDWKRJHQLF�$�&KLFNHQ�,UDQ�=07����������LQIHFWLRQ��$UFK�5D]L�,QVW������������ 9DVIL� 0DUDQGL�� 0��� 0�+�� %R]RUJPHKULD�)DUG�� 6�$��+DVVDQL�7DEDWDEDHL��0��.HUGDEDGL��6��&KDUFKNDU��DQG�0��)DUDKPDQGL�� ������ 6HURORJLFDO� PRQLWRULQJ� RI�KHPDJJOXWLQDWLRQ� LQKLELWLRQ� DQWLERGLHV� LQ� D� PXOWL� DJHG�OD\HU� IDUP� IROORZLQJ� DYLDQ� LQIOXHQ]D� GXH� WR� +�1��VXEW\SH� EHWZHHQ� ���������� LQ� ,UDQ� -� )DF� 9HW� 0HG��8QLY��7HKUDQ��,UDQ������������� :HEVWHU�� 5�*��� :�-�� %HDQ�� 2�7�� *RUPDQ�� 7�0��&KDPEHUV�� DQG� <�� .DZDRND�� ������ (YROXWLRQ� DQG�HFRORJ\�RI� LQIOXHQ]D�$�YLUXVHV��0LFURELRO�5HY� ��������������
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