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,QWURGXFWLRQ�� 0DQ\� VHFWRUV� RI� WKH� YDULRXV� FDPHOLG�LQGXVWULHV� SUHIHU� D� SUHSRQGHUHDQFH� RI�DQLPDOV�RI�RQH�VH[���7KLV�PD\EH�IRU�UHDVRQV�RI� UHSURGXFWLYH� SRWHQWLDO�� KHULWDELOLW\� RI�SDUWLFXODU� WUDLWV�� WUDFWDELOLW\�� SHUIRUPDQFH��VWDWXUH�DQG�SK\VLTXH�DQG�DSSHDUDQFH��,Q�WKH�FDVH� RI� WKH� GURPHGDU\� FDPHO� WKH� OXFUDWLYH�UDFLQJ� LQGXVWU\� RI� WKH� 0LGGOH�(DVW� KDV� D�SUHIHUHQFH� IRU� IHPDOHV� GXH� WR� WKHLU� VSHHG��SUL]H� SRWHQWLDO� DQG� UDFLQJ� ORQJHYLW\�� ,Q� WKH�FDVH� RI� PLONLQJ� FDPHOV� VXFK� DV� WKH� EODFN�6DXGL�$UDELDQ�GURPHGDU\�WKHUH�LV�REYLRXVO\�D SUHIHUHQFH� IRU� IHPDOH� FDPHOV�� ,Q� ,QGLD�ZKHUH� GUDIW� DQLPDOV� DUH� RIWHQ� SUL]HG� WKH�PDOH�LV�PRUH�VRXJKW�DIWHU�RIIVSULQJ�� 7KH�DELOLW\� WR� GHWHUPLQH� WKH� VH[� RI� D� IRHWXV� LV�DGYDQWDJHRXV� VLQFH� LW� DOORZV� RSWLPDO�PDQDJHPHQW�DQG�HYDOXDWLRQ�RI�SUHJQDQFLHV���,Q� WKH� FDVH� RI� FDPHOV� WKH� XOWUDVRQLF�GHWHUPLQDWLRQ�RI�D� IRHWXVHV�VH[� WR�GDWH�KDV�EHHQ� GLIILFXOW� WR� DFKLHYH�� ,Q� WKH� FDVH� RI�

DVVLVWHG� UHSURGXFWLYH� WHFKQRORJLHV� VXFK� DV�HPE\UR� WUDQVIHU� GHWHUPLQLQJ� WKH� VH[� RI� DQ�HPEU\R�LV�HYHQ�PRUH�DGYDQWDJHRXV�VLQFH�LW�DOORZV� WKH� VH[� RI� SRWHQWLDO� SURJHQ\� WR� EH�SUHGHWHUPLQHG�� ,Q� VKHHS� DQG� FDWWOH� LI� WKH�WHFKQLTXH� LV� FRPELQHG� ZLWK� DUWLILFLDO�WZLQQLQJ� E\� PHDQV� RI� HPEU\R� ELVHFWLRQ��+HUU�� ������ LW� IXUWKHU� DOORZV� HQKDQFHG�SURSDJDWLRQ� RI� WKH� GHVLUHG� VH[� ZLWKRXW�UHGXFWLRQ� LQ� WKH� WRWDO� QXPEHU� RI� SRWHQWLDO�SURJHQ\�� � :LWK� WRS� IHPDOH� UDFLQJ� FDPHOV�IHWFKLQJ� SULFHV� LQ� H[FHVV� RI� ���PLOOLRQ�86�WKH� DSSOLFDWLRQV� RI� WKHVH� WHFKQLTXHV� LQ�UDFLQJ� FDPHOV� PDNH� REYLRXV� HFRQRPLF�VHQVH�� 7KH�SULPDU\�VH[�RI�FDPHOLG�VSHFLHV��DV� LQ� WKH� RYHUZKHOPLQJ� PDMRULW\� RI�PDPPDOLDQ� VSHFLHV�� LV� GHWHUPLQHG� E\� WKH�SUHVHQFH� RU� DEVHQFH� RI� WKH� HQWLUH� <�FKURPRVRPH�RU�D�IXQFWLRQDO�SRUWLRQ�WKHUHRI��)RUG�HW DO��������-DFREV�DQG�6WURQJ����������7KH� HVVHQWLDO� SRUWLRQ� LV� D� JHQH� NQRZQ� DV�65<� WKDW� LV� UHVSRQVLEOH� IRU� LQLWLDWLQJ� WHVWLV�GLIIHUHQWLDWLRQ� �6LQFODLU� HW DO�� ������
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.RRSPDQ� HW� DO�� ������� � 6HFUHWLRQV� RI� WKH�UHVXOWDQW� WHVWLV� KDYH� D� GRPLQDQW� HIIHFW� RQ�WKH� GHYHORSPHQW� RI� VHFRQGDU\� VH[�FKDUDFWHUV� �-RVW�� ������� � 7KH� VH[� RU�SUHVXPSWLYH�VH[�RI�DQ�LQGLYLGXDO�FDPHO�FDQ�WKXV� EH� GHWHUPLQHG� E\� DQDO\VLV� IRU� '1$�VHTXHQFHV�WKDW�DUH�DVVRFLDWHG�XQLTXHO\�ZLWK�WKH�FDPHO�<�FKURPRVRPH���0DWHULDOV�DQG�0HWKRGV�� ,Q 0DUFK� ������ QLQH� IHPDOH� UHWLUHG�UDFLQJ� FDPHOV� ZHUH� VHOHFWHG� WR� EH� GRQRUV�IRU�WKH�HPEU\R�FROOHFWLRQ�DORQJ�ZLWK�WKLUW\�ILYH� UHFLSLHQW� FDPHOV�� � $OO� FDPHOV� ZHUH�EHWZHHQ� �� DQG� ��� \UV� ROG� DQG� KDG�SUHYLRXVO\� KDG� FDOYHV�� � 7KH� GRQRUV� DQG�UHFLSLHQWV� ZHUH� SUHSDUHG� DV� SUHYLRXVO\�GHVFULEHG� �0F.LQQRQ� HW DO�� ������� 7LQVRQ�������DQG���RI�WKH���GRQRUV�UHVSRQGHG�ZLWK�JRRG� VXSHURYXODWRU\� UHVSRQVHV� DQG� ZHUH�VXEVHTXHQWO\� IOXVKHG� VHYHQ� GD\V� DIWHU� WKH\�ZHUH� PDWHG� QDWXUDOO\� WR� H[�UDFLQJ� PDOH�FDPHOV�� � )RXU� RI� WKH� GRQRUV� IOXVKHG��SURGXFHG� ��� HPEU\RV� DQG� WKH� RWKHU� WKUHH�IDLOHG� WR� JLYH� DQ\WKLQJ�� � 7KH� ��� HPEU\RV�FRQVLVWHG� RI� ��� KDWFKHG� EODVWRF\VWV� DQG� ��H[SDQGHG� EODVWRF\VWV�� � 7KH� UHFRYHUHG�HPEU\RV� ZHUH� ZDVKHG� DQG� KHOG� LQ� 9LJUR�+ROGLQJ� VROXWLRQ� �$%� 7HFK� 86$�� LQ�SUHSDUDWLRQ�IRU�ELRSV\����$ 7UDQVIHUPDQ� 0LFURPDQLSXODWLRQ�6\VWHP� �(SSHQGRUI�� *HUPDQ\�� DWWDFKHG� WR�DQ /HLFD� '0,5%�(� ,QYHUWHG� 0LFURVFRSH��/HLFD� *HUPDQ\�� ZDV� XVHG� WR� SHUIRUP� WKH�ELRSVLHV�� 7KH� PLFURVFRSH� LV� ILWWHG� ZLWK�/06� �OLJKW� PRGXODWLRQ� V\VWHP�� EDVHG� RQ�WKH�+RIIPDQ�PRGXODWLRQ� FRQWUDVW� SULQFLSOH�WR� DOORZ�D�PRUH� WKUHH�GLPHQVLRQDO�YLHZ�RI�WKH� VXEMHFW�� � (PEU\RV� ZHUH� SODFHG�LQGLYLGXDOO\� LQ� VPDOO� FLUFXODU� SHWUL� GLVKHV��)DOFRQ� 1R�������� ��[�PP�� 86$�� LQ� D�GURS� RI� � 9LJUR� 6SOLWWLQJ� 3OXV� VROXWLRQ��$%7HFK� 86$�� XQGHU� RLO� WR� DOORZ� WKH�PDQLSXODWLRQV� WR� WDNH� SODFH�� � 7KH� ���HPEU\RV�ZHUH�GLYLGHG�LQWR���JURXSV�����KDG�D VPDOO� ELRSV\� RI� DQ� HVWLPDWHG� ����� FHOOV�

IURP� WKH� WURSKREODVWLF� RXWHUOD\HU� RI� WKH�HPEU\RV�DQG�WKH�UHPDLQLQJ���HPEU\RV�ZHUH�LQLWLDOO\� VSOLW� LQWR� GHPL�HPEU\RV� �LQ� WKH�KRSH�RI�SURGXFLQJ�WZLQV��DQG�DOVR�ELRSVLHG�DW� WKH� VDPH� WLPH�� � 7KH� ELRSVLHV� ZHUH�SHUIRUPHG� E\� DWWDFKLQJ� DQ� $%� 7HFK�7ZLQQLQJ� EODGH� �$%7HFK� 86$�� WR� WKH�(SSHQGRUI� � 7UDQVIHUPDQ� URERWLF� DUP� ZLWK�WKH�EODGHV�ILQH�PRYHPHQW�FRQWUROOHG�E\�WKH�MR\�VWLFN� FRQWURO�� � 7KH� ELRSVLHV� ZHUH�UHFRYHUHG� IURP� WKH� VSOLWWLQJ� VROXWLRQ� XVLQJ�WKH� 'UXPPRQG� SLSHWWH� �'UXPPRQG�6FLHQWLILF� 3$�� 86$�� ZLWK� �� XO� RI� 9LJUR�UHWULYDO� VROXWLRQ� E\� H[SHOOLQJ� KDOI� WKH�YROXPH� RI� WKH� 9LJUR� UHWULHYDO� PHGLD� RYHU�WKH� ELRSV\� DQG� ELRSVLHG� HPEU\R�� WKHQ�GUDZLQJ� WKH� ELRSV\� LQWR� WKH� 'UXPPRQG�SLSHWWH�� 7KH� PL[WXUH� RI� UHWULHYDO� VROXWLRQ�DQG�VSOLWWLQJ�VROXWLRQ�FRQWDLQLQJ�WKH�ELRSV\�ZDV� WKHQ� WUDQVIHUUHG� WR� D� ��XO� &RUEHWW�UHVHDUFK�WKHUPRF\FOLQJ�FDSLOODU\�FRQWDLQLQJ��XO� RI� O\VLV� EXIIHU�� 7KH� ELRSVLHG� HPEU\RV�DQG� GHPL�HPEU\RV� ZHUH� WKHQ� UHFRYHUHG�IURP� WKH� VSOLWWLQJ� GURS� WUDQVIHUUHG� WR�ODEHOHG���ZHOO� � ,9)�SODWHV��)DOFRQ�1R�����86� FRQWDLQLQJ� 9LJUR� +ROGLQJ� VROXWLRQ� LQ�SUHSDUDWLRQ� IRU� WKH� ODWHU� WUDQVIHUV� WR�VXUURJDWHV���� 7KH�ELRSV\�ZDV�LQFXEDWHG�DW��� �&� IRU����PLQXWHV����� �&� IRU���PLQXWHV�DQG� WKHQ� SODFH� RQ� LFH�� � 7KHQ� ��XO� RI� D�GXSOH[� 3&5� PDVWHU� PL[� LQFOXGLQJ� PDOH�VSHFLILF� SULPHUV� EDVHG� RQ� WKH� SDWHQWHG�FDPHOLG� VH[� PDOH� VSHFLILF� SRO\QXFOHRWLGH�VHTXHQFH� � �3DWHQW� $SSOLFDWLRQ�1R*&&�3��������� DQG� FDPHOLG� VSHFLILF�DXWRVRPDO� FRQWURO� SULPHUV� ZDV� WKHQ� DGGHG�WR� WKH� O\VHG� FDPHO� HPEU\RV� ELRSVLHV�� � 7KH�FDSLOODULHV� ZHUH� WKHQ� SODFH� LQWR� D� &RUEHWW�5HVHDUFK� )76������ &DSLOODU\�7KHUPRF\FOHU� DQG� VXEMHFWHG� WR� D�WKHUPRF\FOLQJ� SURILOH� RI� ���&� IRU� ���PLQXWHV�� WKHQ� �� F\FOHV� RI� ��� �&� IRU� ���VHFRQGV�DQG�����&�IRU����VHF�WKHQ�����&�IRU��� VHFRQGV�IROORZHG�E\�D� IXUWKHU����F\FOHV�RI� ��� �&� IRU� ��� VHFRQGV� DQG� ��� �&� IRU� ���VHFRQGV� ILQDOO\� IROORZHG� E\� D� VLQJOH� F\FOH�RI� ��� �&� IRU� �� PLQXWHV� WKHQ� WKH� VDPSOHV�ZHUH� UHPRYHG� DQG� FRROHG� E\� LFH�� � 7KH�
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FRPSOHWH�FRQWHQWV�RI�WKH�FDSLOODU\�ZHUH�WKHQ�ORDGHG� RQWR� D� ��� DJDURVH� JHO� LQ� �[7$(�EXIIHU� DQG� HOHFWURSKRUHVHG� IRU� ��� PLQXWHV�DW ���� YROWV�� WKH� HWKLGLXP�EURPLGH� VWDLQHG�JHO�ZDV�WKHQ�YLVXDOL]HG�XQGHU�89�UDGLDWLRQ���1R EDQGV� DUH� REVHUYHG� LQ� WKH� DEVHQFH� RI�FDPHOLG� '1$�� ZKHUHDV� D� VLQJOH� ���� EDVH�SDLU� EDQG� LV� REVHUYHG� LQ� WKH� SUHVHQFH� RI�PDOH� DQG� IHPDOH�'1$� �LQWHUQDO� DXWRVRPDO�FRQWURO�� DQG� LI� WKH� PDOH� '1$� LV� SUHVHQW�WKHUH�LV�DQRWKHU�����EDVH�SDLU�EDQG�SUHVHQW���2QFH� WKH� UHVXOWV� RI� WKH� VH[LQJ� ZHUH�GHWHUPLQHG� WKH� VH[HG� HPEU\RV� ZHUH�WUDQVIHUUHG� WR� WKH� V\QFKURQL]HG� VXUURJDWHV�WR� HVWDEOLVK� SUHJQDQF\� �0F.LQQRQ� HW� DO�������7LQVRQ���������7KH� VHTXHQFHV� ZHUH� GHWHUPLQHG� IURP�FORQHG� LQVHUWV� RI� UHFRPELQDQW� SODVPLG� WKDW�ZHUH�GHULYHG�IURP�PDOH�VSHFLILF�SURGXFWV�RI�5$3'� 3&5� RQ� SRROV� RI� PDOH� RU� IHPDOH�FDPHOLG� '1$�� � 6H[� VSHFLILFLW\� ZDV�FRQILUPHG� E\� 6RXWKHUQ� %ORW� +\EULGL]DWLRQ�DQDO\VLV� DQG�3&5�RQ� D� SDQHO� RI� LQGLYLGXDO�PDOH� DQG� IHPDOH� FDPHOLG� '1$�� XVLQJ�SUREHV�DQG�SULPHUV�EDVHG�RQ�WKH�&$0<����VHTXHQFH� �*�&�&�3DWHQW� $SSOLF��1R*&&�3���������� 0RUH� UHFHQWO\� LQ� �����VLJQLILFDQW� LPSURYHPHQW� RQ� WKLV� SURWRFRO�ZDV� GHYHORSHG� ZLWK� WKH� DGDSWLRQ� RI� WKH�DVVD\� WR� D� UHDO� WLPH� 3&5� IRUPDW� XVLQJ� D�&RUEHWW� 5HVHDUFK� 5RWRU� *HQH� 5HDO�7LPH�3&5� LQVWUXPHQW� �&RUEHWW�5HVHDUFK�$XVWUDOLD�� ZLWK� WKH� IROORZLQJ�PRGLILFDWLRQ�WR�WKH�SURWRFRO���$�WKLQ�ZDOOHG����PO�3&5�WXEH�UHSODFHG�WKH�3&5�FDSLOODU\�DQG� WKH� GHVLJQ� RI� WKH� GHVLJQ� RI� WKH� PDOH�VSHFLILF� �EDVHG� RQ� WKH� PDOH� VSHFLILF�VHTXHQFH�� DQG� DXWRVRPDO� SULPHUV� DQG�SUREHV� WR� HQDEOH� UHDO� WLPH�GHWHFWLRQ�RI� WKH�DPSOLILHG�SURGXFW��7KH�&RUEHWW�0DFKLQH� LV�DQ DGYDQFHG� FHQWULIXJDO�� UHDO� WLPH� '1$�DPSOLILFDWLRQ�V\VWHP���,W�IHDWXUHV���VHSDUDWH�OLJKW� VRXUFHV� ZLWK� �� VHSDUDWH� GHWHFWLRQ�ILOWHUV�� � 7KH� V\VWHP� FDQ� GHWHFW� XS� WR� ��VHSDUDWH� SUREHV� DW� RQFH� DQG� QR� VRIWZDUH�DOJRULWKP� LV� UHTXLUHG� WR� DQDO\VH� WKH� GDWD���7KH�URWDU\�QDWXUH�RI�WKH�PDFKLQH�DOORZV�IRU�

YHU\� VKRUW� KROG� WLPHV� DV� WHPSHUDWXUH�HTXLOLEULXP� LV� PLQLPDO� DQG� ZRUNV� LQ� D�UDQJH�RI�������GHJUHHV�FHQWLJUDGH�����7KH� 5RWRJHQH� VRIWZDUH� LQWHJUDWHV� WKH�3&5� PDFKLQH� DQG� D� +HZHWW� 3DFNDUG�FRPSXWHU�WR�JLYH�D�UHDG�RXW�RI�WKH�GHWHFWLRQ�RI� WKH�<� VSHFLILF� VHTXHQFHV� DV�ZHOO� DV� WKH�SUHVHQFH� RI� DXWRVRPDO� '1$�� 7KLV� V\VWHP�ZDV� WULDOHG� LQ� $SULO� ����� RQ� WKH� HQG� RI� D�URXWLQH� HPEU\R� FROOHFWLRQ�� � ,Q� -DQXDU\������� �� HPEU\RV�� �� H[SDQGHG� EODVWRF\VWV�IURP�D���GD\�IOXVK�ZHUH�ELRSVLHG�XVLQJ�WKH�WHFKQLTXH� GHVFULEHG� DERYH�� � 7KH� ELRSVLHV�ZHUH� DQDO\]HG� XVLQJ� WKH� &RUEHWW� 5RWRJHQH�3&5� DQG� WKH� HPEU\RV� VXEVHTXHQWO\�WUDQVIHUUHG���5HVXOWV�� %LRSVLHV� ZHUH� SHUIRUPHG� DQG� DQDO\]HG�DQG�ERWK�JURXSV�RI�ELRSVLHG�HPEU\RV�ZHUH�WUDQVIHUUHG� LQGLYLGXDOO\� WR� WKH� UHVSHFWLYH�VXUURJDWHV�� 2I� WKH� ��� HPEU\RV� ELRSVLHG�UHPDUNDEO\����ZHUH�GHWHFWHG�DV�IHPDOH�DQG�� RQO\� ZHUH� PDOH�� � 7KH� ��� ³ELRSV\� RQO\´�HPEU\RV� UHVXOWHG� LQ� WKH� HVWDEOLVKPHQW� RI� ��SUHJQDQFLHV��ZKLFK� FRQWLQXHG� WR� WHUP�ZLWK�WKH�ZRUOG¶V� ILUVW� SUH�VH[HG� HPEU\R� WUDQVIHU�FDOI� ERUQ� RQ� ������� DV� SUHGLFWHG� D� IHPDOH�ZLWK�D�JHVWDWLRQ�RI�����GD\V���7KH���³VSOLW�ELRSVLHG� HPEU\RV� ZHUH� WUDQVIHUUHG� DV� ��GHPL�HPEU\RV� EXW� RQO\� UHVXOWHG� LQ� WKH�HVWDEOLVKPHQW� RI� D� VLQJOH� SUHJQDQF\� DQG�WKXV�QR�WZLQV�ZHUH�FUHDWHG���7KH�ODVW����SUH�VH[HG� ELUWKV� RFFXUUHG� RQ� WKH� �������� ZLWK�WKH� ORQJHVW� JHVWDWLRQ� EHLQJ� ���� GD\V�� �2XW�RI� WKH� OLYH� ELUWKV� RI� ��� RIIVSULQJ� DOO� WKH�SUHGLFWHG� VH[HV� ZHUH� FRUUHFW� H[FHSW� RQH�ZKHUH�D�SUHGLFWHG�IHPDOH�ELUWK�UHVXOWHG�LQ�D�PDOH� ELUWK� ZKLFK� ZDV� GXH� WR� D� KDQGOLQJ�PLVWDNH���,Q -DQXDU\� ����� WKH� VH[LQJ� UHVXOWV�ZLWK�WKH�5RWRJHQH� UHVXOWHG� LQ� �� RI� WKH� HPEU\RV�GLDJQRVHG� DV� PDOH� DQG� RQH� IHPDOH�� � 7KH�WUDQVIHU�RI� WKH�VH[HG�HPEU\RV� UHVXOWHG� LQ���IURP���SUHJQDQFLHV�������ZLWK�ERWK�FDOYHV�
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