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7KH�SHQ�WULDOV�GHPRQVWUDWHG�WKDW�WKH�WZR�3&5�WHVWV�SHUIRUP�DW�OHDVW�DV�ZHOO�DV�FXOWXUH��+RZHYHU��WKHUH�LV�D�GLVWLQFW�DGYDQWDJH�WR�WKH�3&5�WHVWV�� UDSLGLW\�RI�UHVXOWV��3&5�UHVXOWV�DUH�DYDLODEOH�ZLWKLQ�VL[�WR�HLJKW�KRXUV�ZKLOH�FRQILUPHG�FXOWXUH�UHTXLUHV�WKUHH�WR�ILYH�GD\V�
:KHQ�FRPSDULQJ�WKH�WZR�3&5�WHVWV�DQG�WUDGLWLRQDO�FXOWXUH�XVLQJ�VDPSOHV�IURP�WKUHH�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D�LQ�FRPPHUFLDO�FKLFNHQV��WKH�3&5�WHVWV�ZHUH�IDU�VXSHULRU��,QGHHG��WUDGLWLRQDO�FXOWXUH�IDLOHG�WR�\LHOG�D�VLQJOH�SXUH�FXOWXUH�RI�+��SDUDJDOOLQDUXP IURP�WZR�RI�WKH�WKUHH�RXWEUHDNV�RI�FRU\]D�LQYHVWLJDWHG��7KLV�ZDV�GHVSLWH�WKDW�IDFW�WKDW��LQ�DOO�WKUHH�FDVHV��WKH�W\SLFDO�FOLQLFDO�VLJQV�RI�FRU\]D�ZHUH�SUHVHQW�DQG�FXOWXUH�ZDV�SHUIRUPHG�LQ�D�YHU\�H[SHULHQFHG�ODERUDWRU\��,QGHHG��LW�ZDV�RQO\�WKH�3&5�WHFKQLTXHV��DSSOLHG�HLWKHU�GLUHFWO\�WR�WKH�OLYLQJ�ELUG�RU�WR�KLJKO\�RYHUJURZQ�SODWH�FXOWXUHV��WKDW�DOORZHG�WKH�FRQILUPHG�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D�WR�EH�PDGH��,I�WKH�WKUHH�ILHOG�LQYHVWLJDWLRQV�KDG�EHHQ�GHSHQGHQW�XSRQ�WUDGLWLRQDO�FXOWXUH��QRQH�RI�WKH�RXWEUHDNV ZRXOG�KDYH�EHHQ�FRQILUPHG�DV�FRU\]D��GHVSLWH�WKH�SUHVHQFH�RI�WKH�W\SLFDO�FOLQLFDO�VLJQV�DQG�WKH�ILHOG�YHWHULQDULDQ¶V�SURYLVLRQDO�GLDJQRVLV�RI�FRU\]D�
,Q�WKH�FXUUHQW�VWXG\��ZH�ZHUH�XQDEOH�WR�PRGLI\�WKH���6�+3�3&5�WHVW�WR�UHPRYH�WKH�ORZ�OHYHO�RI�IDOVH�SRVLWLYH�UHDFWLRQV�WKDW�WKH�WHVW�LV�NQRZQ�WR�JLYH��+HQFH��DW�WKH�FXUUHQW�VWDWH�RI�GHYHORSPHQW��WKH���6�+3�3&5�IRU�+��SDUDJDOOLQDUXP FDQQRW�\HW�EH�UHFRPPHQGHG�DV�D�UHSODFHPHQW�IRU�WUDGLWLRQDO�FXOWXUH��)XUWKHU�UHILQHPHQW�RI�WKH�DVVD\�LV�QHHGHG�
7KH�+3���3&5�KDV EHHQ�VKRZQ�WR�JLYH�QR�IDOVH�SRVLWLYH�UHDFWLRQV��7KH�FXUUHQW�VWXG\�KDV�GHPRQVWUDWHG�WKDW�WKH�+3���3&5�LV�FOHDUO\�VXSHULRU�WR�WUDGLWLRQDO�FXOWXUH�ZKHQ�XVHG�RQ�VDPSOHV�REWDLQHG�IURP�RXWEUHDNV�RI�FRU\]D�LQ�FRPPHUFLDO�FKLFNHQV��7KH�+3���3&5�LV�VWURQJO\�UHFRPPHQGHG�IRU�DGRSWLRQ��HLWKHU�DV�D�WRWDO�UHSODFHPHQW�IRU�FXOWXUH�RU�DV�DQ�DGGLWLRQDO�WHVW��IRU�WKH�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D�
,Q�FRQFOXVLRQ� WKH�30������3&5�WHVW�IRU�3��PXOWRFLGD DQG�WKH�+3���3&5�WHVW�IRU�+��SDUDJDOOLQDUXP GHVFULEHG�LQ�WKLV�UHSRUW�FDQ�EH UHFRPPHQGHG�DV�HLWKHU�UHSODFHPHQWV�IRU�WUDGLWLRQDO�FXOWXUH�EDVHG�PHWKRGV�RU�DV�VXSSRUWLQJ�WHVWV�WR�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�FXOWXUH��7KH�3&5�WHVWV�KDYH�EHHQ�WKRURXJKO\�YDOLGDWHG��SURYLGH�PRUH�UDSLG�UHVXOWV�WKDQ�WUDGLWLRQDO�PHWKRGV�DQG�DUH�FRVW�HIIHFWLYH�
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,QWURGXFWLRQ5HVSLUDWRU\�GLVHDVHV�DUH�D�PDMRU�FDXVH�RI�HFRQRPLF�ORVVHV�WR�WKH�$XVWUDOLDQ�FKLFNHQ�PHDW�DQG�HJJ�LQGXVWULHV��7ZR�EDFWHULDO�GLVHDVHV�WKDW�DUH�LPSRUWDQW�FRQWULEXWRUV�WR�WKH�UHVSLUDWRU\�GLVHDVH�FRPSOH[�DUH�IRZO�FKROHUD�DQG�LQIHFWLRXV�FRU\]D�
)RZO�FKROHUD�LV�D�FRPPRQ�DQG�ZLGHO\�GLVWULEXWHG�GLVHDVH�RI�SRXOWU\�ZKLFK�KDV�PDMRU�HFRQRPLF�LPSRUWDQFH��5KRDGHV�HW�DO� �������7KH�GLVHDVH�LV�FDXVHG�E\�WKH�EDFWHULXP�3DVWHXUHOOD�PXOWRFLGD �5KRDGHV�HW�DO� ������
)RZO�FKROHUD�ZDV�ILUVW�GHILQLWLYHO\�UHFRJQLVHG�LQ�$XVWUDOLD�E\�+DUW��������DQG�KDV�EHHQ�UHSRUWHG�LQ�DOO�$XVWUDOLDQ�6WDWHV��%HYHULGJH�DQG�+DUW��������,W�KDV�EHHQ�UHFRUGHG�LQ�VXUYH\V�RI�GLVHDVH�LQ�EURLOHU�EUHHGHUV��EURLOHUV�DQG�OD\LQJ�KHQV��-DFNVRQ�HW�DO� ������*ULPHV�������5HLG�HW�DO� �������+XQJHUIRUG��������GHVFULEHG�RQH�RI�WKH�PRVW�VSHFWDFXODU�RXWEUHDNV�RI�IRZO�FKROHUD�LQ�ZKLFK�DQ�LQIHFWLRXV�ODU\QJRWUDFKHLWLV�YDFFLQH�FRQWDPLQDWHG�ZLWK�3��PXOWRFLGD ZDV�DGPLQLVWHUHG�WR�PRUH�WKDQ��������FKLFNHQV��ZLWK�QR�GHDWKV�LQ�WKH��������YDFFLQDWHG�FKLFNHQV�OHVV�WKDQ����ZHHNV�RI�DJH�EXW�ZLWK�VHYHUH�PRUWDOLW\�������LQ�WKH��������YDFFLQDWHG�FKLFNHQV�RYHU����ZHHNV�RI�DJH�
3��PXOWRFLGD KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�VLQFH�LW�ZDV�ILUVW�LVRODWHG�LQ�WKH�ODWH�����V��5KRDGHV�DQG�5LPOHU��������,Q�UHFHQW�WLPHV��WKH�DSSOLFDWLRQ�RI�QHZ�WHFKQRORJLHV�KDV�LPSURYHG�RXU�NQRZOHGJH�RI�WKH�RUJDQLVP��,Q�SDUWLFXODU��0XWWHUV�HW�DO� �����D��SHUIRUPHG�DQ�H[WHQVLYH�VWXG\�XVLQJ�'1$�KRPRORJ\�DQG�UHFRJQLVHG���VXEVSHFLHV�ZLWKLQ�3��PXOWRFLGD � 3��PXOWRFLGD VXEVS��PXOWRFLGD��3��PXOWRFLGD VXEVS��VHSWLFD DQG�3��PXOWRFLGD VXEVS��JDOOLFLGD��$V�ZHOO��0XWWHUV�HW�DO� �����D��E��GHVFULEHG�DQRWKHU�WKUHH�QHZ�3DVWHXUHOOD�VSHFLHV�� 3��DQDWLV��3��ODQJDD DQG�DQ�XQ�QDPHG�WD[RQ�WHUPHG�3DVWHXUHOOD�VSHFLHV�$�� ZKLFK�DUH�SUHVHQW�LQ�DYLDQ�KRVWV�DQG�ZKLFK�UHVHPEOH�3��PXOWRFLGD��+HQFH��WKH�PHPEHUV�RI�WKH�JHQXV�3DVWHXUHOOD�WKDW�KDYH�EHHQ�IRUPDOO\�UHFRJQLVHG�DV�EHLQJ�SUHVHQW�LQ�SRXOWU\�DUH�3��DQDWLSHVWLIHU��DOVR�NQRZQ�DV�5LHPHUHOOD�DQDWLSHVWLIHU���3��DQDWLV��3��DYLXP��3��JDOOLQDUXP��3��KDHPRO\WLFD� �DOVR�NQRZQ�DV�$FWLQREDFLOOXV�VDOSLQJLWLGLV���3��ODQJDD��3��PXOWRFLGD �H[LVWLQJ�LQ�WKUHH�VXEVSHFLHV���3��YRODQWLXP DQG�3DVWHXUHOOD�VSHFLHV�$��+HQFH��WKH�WDVN�RI�FRQILGHQWO\�LGHQWLI\LQJ�D�VXVSHFW�3��PXOWRFLGD UHTXLUHV�DQ�H[WHQVLYH�UDQJH�RI�SKHQRW\SLF�WHVWLQJ�WKDW�LV�EH\RQG�WKH�FDSDELOLW\�RI�URXWLQH�GLDJQRVWLF�ODERUDWRULHV�
,QIHFWLRXV�FRU\]D�LV�DQ�XSSHU�UHVSLUDWRU\�WUDFW�GLVHDVH�RI�FKLFNHQV�FDXVHG�E\�WKH�EDFWHULXP�+DHPRSKLOXV�SDUDJDOOLQDUXP �%ODFNDOO�HW�DO� �������7KH�HFRQRPLF�LPSDFW�RI�WKH�GLVHDVH�LV�PDLQO\�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�����������LQ�HJJ�SURGXFWLRQ��HVSHFLDOO\�RQ�PXOWL�DJH�IDUPV��%ODFNDOO�HW�DO� ������
:KLOH�WKH�GLVHDVH�LV�WUDGLWLRQDOO\�UHJDUGHG�DV�D�PLOG�GLVHDVH��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�RYHUVHDV�FRXQWULHV�KDYH�EHHQ�UHSRUWLQJ�VLJQLILFDQW�FKDQJHV�LQ�WKH�IRUPV�DQG�VHYHULW\�RI�LQIHFWLRXV�FRU\]D�RXWEUHDNV��7KHUH�KDV�EHHQ�D�UHFHQW�HPHUJHQFH�RI�WKH�GLVHDVH�LQ�PHDW�FKLFNHQV�LQ�WKH�86$��D�VLWXDWLRQ�QRW�VHHQ�IRU�RYHU����\HDUV��'URXDO�HW�DO� ������+RHUU�HW�DO� �������,Q�WKH�$PHULFDV��DSSDUHQWO\�QHZ�IRUPV�RI�WKH�GLVHDVH�KDYH�HPHUJHG��$�VZROOHQ�KHDG�OLNH�V\QGURPH�DVVRFLDWHG�ZLWK�+��SDUDJDOOLQDUXP KDV�EHHQ�UHSRUWHG�LQ�1RUWK�DQG�6RXWK�$PHULFD��'URXDO�HW�DO� ������6DQGRYDO�HW�DO� �������$UWKULWLV�DQG�VHSWLFDHPLD��SRVVLEO\�FRPSOLFDWHG�E\�WKH�SUHVHQFH�RI�RWKHU�SDWKRJHQV��KDYH�EHHQ�UHSRUWHG�LQ�EURLOHU�DQG�OD\HU�IORFNV�LQ�6RXWK�$PHULFD��6DQGRYDO�HW�DO� �������,Q�6RXWK�$IULFD��+RUQHU�HW�DO� �������KDYH�UHSRUWHG�DQ�LQFUHDVLQJ�LQFLGHQFH�RI�DLU�VDFFXOLWLV�DVVRFLDWHG�ZLWK�LQIHFWLRXV�FRU\]D�RXWEUHDNV�
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(YHQ�LQ�$XVWUDOLD��WKH�FODVVLF��XSSHU�UHVSLUDWRU\�GLVHDVH�FDQ�EH�RI�VLJQLILFDQW�HFRQRPLF�LPSDFW��$U]H\������� UHSRUWHG�WKDW��LQ�D�KLJK�KHDOWK�IORFN�JLYHQ�SURPSW�DQWLELRWLF�WUHDWPHQW��DQ�LQIHFWLRXV�FRU\]D�RXWEUHDN�VWLOO�FDXVHG�DQ�������GURS�LQ�HJJ�SURGXFWLRQ�RYHU�D�VL[�ZHHN�SHULRG�
7KH�WUDGLWLRQDO�PHDQV�RI�FRQILUPLQJ�LQIHFWLRXV�FRU\]D�LQ�D�FKLFNHQ�IORFN�LV�WKH�LVRODWLRQ�DQG�ELRFKHPLFDO�FKDUDFWHULVDWLRQ�RI�+��SDUDJDOOLQDUXP �%ODFNDOO�HW�DO� �������7KLV�LV�D�WHFKQLFDOO\�GHPDQGLQJ�WDVN�DV�PRVW�+��SDUDJDOOLQDUXP LVRODWHV�VKRZ�D�UHTXLUHPHQW�IRU�QLFRWLQDPLGH�DGHQLQH�GLQXFOHRWLGH��1$'��IRU�JURZWK�LQ�DUWLILFLDO�PHGLD��%ODFNDOO�HW�DO� �������$V�+��SDUDJDOOLQDUXP LV�D�VORZ�JURZLQJ�RUJDQLVP��WKHUH�LV�D�KLJK�SRVVLELOLW\�WKDW�FRPPHQVDO�EDFWHULD��ZKLFK�DUH�W\SLFDOO\�YLJRURXV�JURZHUV��FDQ�PDVN�WKH�SUHVHQFH�RI�WKH�VPDOO�FRORQLHV�RI�+��SDUDJDOOLQDUXP��7KH�GLDJQRVWLF�WDVN�LV�FRPSOLFDWHG�E\�WKH�RFFXUUHQFH�RI�VLPLODU��EXW�QRQ�SDWKRJHQLF��1$'�GHSHQGHQW�EDFWHULD��FROOHFWLYHO\�NQRZQ�DV�WKH�³+��DYLXP´ JURXS��%ODFNDOO�HW�DO� �������LQ�FKLFNHQV��7KHVH�RUJDQLVPV�DUH�QRZ�DVVLJQHG�WR�WKUHH�VSHFLHV�LQ�WKH�JHQXV�3DVWHXUHOOD DV�3��DYLXP��3��YRODQWLXP�DQG�3DVWHXUHOOD�VSHFLHV�$��0XWWHUV�HW�DO� ����E���7KHVH�QRQ�SDWKRJHQLF�EDFWHULD�FDQ�RQO\�EH�FRQILGHQWO\�GLVWLQJXLVKHG�IURP�+��SDUDJDOOLQDUXPE\�PHDQV�RI�H[WHQVLYH�SKHQRW\SLF�WHVWLQJ�
+HQFH��GLDJQRVWLF�ODERUDWRULHV�PXVW�ILUVW�LVRODWH�D�GHOLFDWH��VORZ�JURZLQJ��QXWULWLRQDOO\�GHPDQGLQJ�RUJDQLVP��7KLV�UHTXLUHV�WKH�XVH�RI�VSHFLDOLVHG�PHGLD�DQG�RU�LVRODWLRQ�WHFKQLTXHV��6XVSHFW�RUJDQLVPV�PXVW�EH�WKHQ�SXULILHG�DQG�VXEMHFW�WR�H[WHQVLYH�SKHQRW\SLF�WHVWLQJ�� DJDLQ�UHTXLULQJ�VSHFLDOLVHG�PHGLD�DQG�WHFKQLTXHV�
5HFHQWO\��WKH�GLDJQRVWLF�RSWLRQV�IRU�LQIHFWLRXV�FRU\]D�KDYH�EHHQ�H[SDQGHG�E\�WKH�DYDLODELOLW\�RI�D�VSHFLHV�VSHFLILF��UDSLG��3&5�EDVHG�WHVW�IRU�WKH�LGHQWLILFDWLRQ�RI�+��SDUDJDOOLQDUXP �&KHQ�HW�DO� �������7KLV�WHVW��WHUPHG�WKH�+3���3&5��ZDV�GHYHORSHG�DQG�YDOLGDWHG�DW�WKH�$QLPDO�5HVHDUFK�,QVWLWXWH�LQ�DUWLILFLDOO\�LQIHFWHG�FKLFNHQV�LQ�VPDOO�VFDOH�SHQ�WULDOV��&KHQ�HW�DO� �������6XEVHTXHQWO\��D�VHFRQG�WHVW��QDPHG�WKH���6�+3�3&5��KDV�EHHQ�GHYHORSHG�DW�$5,��0LIOLQ��XQSXEOLVKHG�GDWD���7KHVH�SRWHQWLDOO\�XVHIXO�GLDJQRVWLF�WHVWV�KDG�QRW�EHHQ�YDOLGDWHG�XQGHU�UHDOLVWLF�FRQGLWLRQV�W\SLFDO�RI�WKRVH�RFFXUULQJ�LQ�FRPPHUFLDO�FKLFNHQV�VXIIHULQJ�IURP�LQIHFWLRXV�FRU\]D�
,Q�VXPPDU\��IRZO�FKROHUD�DQG�LQIHFWLRXV�FRU\]D�SUHVHQW�FRQVLGHUDEOH�FKDOOHQJHV�IRU�GLDJQRVWLF�ODERUDWRULHV��)RZO�FKROHUD�LV�FDXVHG�E\�D�EDFWHULXP�WKDW�LV�SDUW�RI�D�YHU\�H[WHQVLYH�JHQXV�RI�FORVHO\�UHODWHG�RUJDQLVPV��PDQ\�RI�ZKLFK�KDYH�RQO\�EHHQ�UHFHQWO\�UHFRJQLVHG�DQG�DUH�RI�XQFHUWDLQ�SDWKRJHQLF�SRWHQWLDO��,QIHFWLRXV�FRU\]D�LV�FDXVHG�E\�D�EDFWHULXP�WKDW�LV�GLIILFXOW�WR�JURZ��GLIILFXOW�WR�LGHQWLI\�DQG�ZKLFK�FORVHO\�UHVHPEOHV�D�FROOHFWLRQ�RI�QRUPDO��QRQ�SDWKRJHQLF�EDFWHULD��7KHUH�LV�D�QHHG�IRU�QHZ��UDSLG�DQG�DFFXUDWH�GLDJQRVWLF�WRROV�IRU�WKHVH�GLVHDVHV�
%RWK�WKH�FKLFNHQ�PHDW�DQG�HJJ�LQGXVWULHV�KDYH�D�JRDO�RI�PD[LPLVLQJ�SURGXFWLRQ�E\�PLQLPLVLQJ�WKH�HIIHFWV�RI�LQIHFWLRXV�GLVHDVHV�RQ�IORFN�KHDOWK��7KLV�JRDO�UHTXLUHV�WKH�DELOLW\�WR�UDSLGO\�DQG�DFFXUDWHO\�GLDJQRVH�GLVHDVH�RXWEUHDNV��,QGHHG��WKH�$XVWUDOLDQ�LQGXVWULHV�KDYH�UHDFKHG�D�OHYHO�RI�VRSKLVWLFDWLRQ�ZKHUH�VXFK�UDSLG�DQG�DFFXUDWH�GLVHDVH�GLDJQRVLV�LV�HVVHQWLDO�WR�PDLQWDLQ�HFRQRPLF�YLDELOLW\��7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�SURYLGH�GLDJQRVWLF�WHVWV�WR�PHHW�WKRVH�QHHGV�
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2EMHFWLYHV7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�GHYHORS�DQG�HYDOXDWH�QRYHO�'1$�EDVHG�WHVW�PHWKRGV�WR�DFKLHYH�UDSLG�DQG�DFFXUDWH�GLVHDVH�GLDJQRVLV�IRU�IRZO�FKROHUD�DQG�LQIHFWLRXV�FRU\]D�
7KH�SURMHFW�KDG�WZR�PDMRU�REMHFWLYHV��7KH�ILUVW�ZDV�WR�GHYHORS�D�UDSLG�DQG�DFFXUDWH�PROHFXODU�PHWKRG�IRU�WKH�GHWHFWLRQ�RI�3DVWHXUHOOD�PXOWRFLGD��WKH�FDXVDWLYH�DJHQW�RI�IRZO�FKROHUD��7KH�VHFRQG�ZDV�WR�YDOLGDWH��XVLQJ�QDWXUDO�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D��D�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��PHWKRG�IRU�+DHPRSKLOXV�SDUDJDOOLQDUXP WKDW�KDG�EHHQ�GHYHORSHG�LQ�D�SURMHFW�IXQGHG�E\�WKH�$XVWUDOLDQ�&HQWUH�IRU�,QWHUQDWLRQDO�$JULFXOWXUDO�5HVHDUFK��$&,$5���'XULQJ�WKH�FRXUVH�RI�WKH�FXUUHQW�SURMHFW��D�VHFRQG�3&5�WHVW�IRU�+��SDUDJDOOLQDUXP ZDV�LQFOXGHG�LQ�WKHVH�HYDOXDWLRQV�
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2EMHFWLYH��'HYHORSPHQW�RI�D�3&5�WHVW�IRU�3��PXOWRFLGD
����,QWURGXFWLRQ�DQG�H[SODQDWLRQ�RI�PHWKRGV
7KH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��KDV�EHHQ�DSSOLHG�WR�D�ZLGH�UDQJH�RI�KXPDQ�DQG�DQLPDO�GLVHDVHV�RI�EDFWHULDO��YLUDO�DQG�SDUDVLWLF�RULJLQ��3&5�KDV�VHYHUDO�PDMRU�DGYDQWDJHV�WKDW�KDYH�FRQWULEXWHG�WR�LWV�ZLGHVSUHDG�DGRSWLRQ�DV�D�GLDJQRVWLF�WHFKQLTXH��,W�LV�KLJKO\�VSHFLILF��HQDEOLQJ�WKH�LGHQWLILFDWLRQ�RI�D�VLQJOH�VSHFLHV�IURP�D�PL[HG�SRSXODWLRQ��3&5�LV�DOVR�YHU\�VHQVLWLYH��EHLQJ�DEOH�LQ�VRPH�FDVHV�WR�GHWHFW�WKH�SUHVHQFH�RI�D�VLQJOH�EDFWHULDO�FHOO��RU�OHVV�WKDQ�RQH�PLOOLRQWK�RI�RQH�PLOOLJUDP�RI�EDFWHULDO�'1$��,W�LV�DOVR�YHU\�UDSLG��UHGXFLQJ�WKH�WLPH�UHTXLUHG�IRU�LQIHFWLRXV�GLVHDVH�GLDJQRVLV�IURP�VHYHUDO�GD\V�WR�VHYHUDO�KRXUV�
7KH�HVVHQWLDO�HOHPHQW�LQ�WKH�GHYHORSPHQW�RI�D�3&5�WHVW�LV�WKH�LGHQWLILFDWLRQ�RI�VXLWDEOH�VSHFLHV�VSHFLILF�ROLJRQXFOHRWLGH�SULPHUV��%RWK���6�DQG���6�ULERVRPDO�51$�JHQHV�DUH�VXLWDEOH�VRXUFHV�IRU�3&5�SULPHUV�EHFDXVH�WKHUH�DUH�FRQVHUYHG�DQG�YDULDEOH�UHJLRQV�LQ�HDFK�PROHFXOH��7KLV�PDNHV�LW�SRVVLEOH�WR�GHVLJQ�ROLJRQXFOHRWLGH�SULPHUV�ZKLFK�DUH�FRPSOHPHQWDU\�WR�VHTXHQFHV�WKDW�DUH�VSHFLILF�IRU�DQ\�OHYHO�RI�WKH�SK\ORJHQHWLF�WUHH�IURP�NLQJGRP�WR�VSHFLHV��:LOVRQ�HW�DO��������
)ROORZLQJ�SULPHU�VHOHFWLRQ��WKH�NH\�SDUDPHWHUV�IRU�WKH�3&5�VXFK�DV�PDJQHVLXP�FKORULGH�FRQFHQWUDWLRQ��SULPHU�FRQFHQWUDWLRQ�DQG�DQQHDOLQJ�WHPSHUDWXUH�DUH�RSWLPLVHG�XVLQJ�WKH�W\SH�VWUDLQ�RI�WKH�WDUJHW�RUJDQLVP��7KH�VSHFLILFLW\�RI�WKH�SULPHUV�LV�WKHQ�GHWHUPLQHG�E\�VFUHHQLQJ�D�UDQJH�RI�W\SH�VWUDLQV�RI�UHODWHG�RUJDQLVPV��,I�WKHVH�UHVXOWV�ORRN�SURPLVLQJ��WKH�DELOLW\�RI�WKH�3&5�WR�GHWHFW�D�ZLGH�YDULHW\�RI�ILHOG�VWUDLQV�RI�WKH�WDUJHW�RUJDQLVP�LV�GHWHUPLQHG��)XUWKHU�WHVWLQJ�RI�ILHOG�VWUDLQV�RI�RWKHU�RUJDQLVPV�LV�DOVR�GHVLUDEOH�
����0HWKRGRORJ\
������&RPPRQ�SURFHGXUHV
��������%DFWHULD
5HIHUHQFH�LVRODWHV�RI�3��PXOWRFLGD7KH�W\SH�VWUDLQV�IRU�WKH�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD ZHUH�XVHG�LQ WKH�LQLWLDO�GHYHORSPHQW�RI�WKH�3&5�WHVWV�3��PXOWRFLGD�VXEVS��PXOWRFLGD 1&7&������3��PXOWRFLGD�VXEVS��JDOOLFLGD 1&7&������3��PXOWRFLGD�VXEVS��VHSWLFD &,3�$����
,Q�DGGLWLRQ�����VRPDWLF�UHIHUHQFH�VWUDLQV�IRU�WKH�+HGGOHVWRQ�W\SLQJ�VFKHPH��+HGGOHVWRQ�HW�DO�������DQG�WZR�UHIHUHQFH�VWUDLQV�IRU�WKH�&DUWHU�W\SLQJ�VFKHPH��&DUWHU�������ZHUH�LQFOXGHG�LQ�WKH�VWXG\�
$YLDQ�ILHOG�LVRODWHV�RI�3��PXOWRFLGD
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7KH�VWXG\�LQFOXGHG�D�WRWDO�RI����ILHOG�LVRODWHV�FROOHFWHG�IURP�SRXOWU\�IURP�WKH�HDVWHUQ�6WDWHV�RI�$XVWUDOLD�EHWZHHQ������DQG�������7KHVH�LVRODWHV�FRQVLVWHG�RI����IURP�WXUNH\V�����IURP�FKLFNHQV��RQH�IURP�D�GXFN�DQG����IURP�XQVSHFLILHG�SRXOWU\��$PRQJ�WKLV�FROOHFWLRQ�ZHUH�WZR�LVRODWHV�RI�VXEVS��VHSWLFD DQG�WKUHH�LVRODWHV�RI�VXEVS��JDOOLFLGD��WKH�UHPDLQGHU�EHLQJ�VXEVS��PXOWRFLGD��7KLV�FROOHFWLRQ�RI�LVRODWHV�LQFOXGHG�UHSUHVHQWDWLYHV�RI�WKH�ZKROH�VSHFWUXP�RI�JHQHWLF�GLYHUVLW\�RI�$XVWUDOLDQ�DYLDQ�3��PXOWRFLGD LVRODWHV�UHFRJQLVHG�LQ�5,5'&�IXQGHG�SURMHFW�'$4��&0��%ODFNDOO�HW�DO��������
3RUFLQH�ILHOG�LVRODWHV�RI�3��PXOWRFLGD7KH�VWXG\�LQFOXGHG����$XVWUDOLDQ�SRUFLQH�3��PXOWRFLGD LVRODWHV�
7DEOH����/LVW�RI����PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH XVHG�LQ�LQLWLDO�VFUHHQLQJ
2UJDQLVP &RGH�1XPEHU$FWLQREDFLOOXV�VDOSLQJLWLGLV &&8*������+DHPRSKLOXV�SDUDJDOOLQDUXP $7&&������3DVWHXUHOOD�DQDWLV 1&7&������3DVWHXUHOOD�DYLXP $7&&������3DVWHXUHOOD�FDQLV�ELRYDU � 1&7&������3DVWHXUHOOD�GDJPDWLV 1&7&������3DVWHXUHOOD�JDOOLQDUXP $7&&������3DVWHXUHOOD�ODQJDD 1&7&������3DVWHXUHOOD�VSHFLHV�$ +,0������3DVWHXUHOOD�VSHFLHV�% &&8*������3DVWHXUHOOD�VWRPDWLV 1&7&������3DVWHXUHOOD�YRODQWLXP 1&7&�����
7DEOH����/LVW�RI�DGGLWLRQDO�PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH XVHG�LQ�WKH�VWXG\
2UJDQLVP &RGH�1XPEHU$FWLQREDFLOOXV�SOHXURSQHXPRQLDH $7&&������$FWLQREDFLOOXV�SOHXURSQHXPRQLDH +,0�������$FWLQREDFLOOXV�VXLV &&8*������+DHPRSKLOXV 7D[RQ�& &$30�����3DVWHXUHOOD�DYLXP ELRYDU��� &&8*������3DVWHXUHOOD�FDQLV ELRYDU�� +,0������3DVWHXUHOOD�KDHPRO\WLFD &&8*����3DVWHXUHOOD�WUHKDORVL &&8*������

7DEOH����/LVW�RI�DGGLWLRQDO�W\SH�VWUDLQV�XVHG�LQ�WKH�VWXG\
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2UJDQLVP &RGH�1XPEHU$OFDOLJHQHV�IDHFDOLV $7&&�����%RUGHWHOOD�DYLXP $7&&������%RUGHWHOOD�EURQFKLVHSWLFD $7&&������%RUGHWHOOD�KLQ]LL /0*������2UQLWKREDFWHULXP�UKLQRWUDFKHDOH &&8*������
)LHOG�LVRODWHV�RI�RUJDQLVPV�RWKHU�WKDQ�3��PXOWRFLGDXVHG�LQ�WKH�VWXG\)LHOG�LVRODWHV�RI�D�UDQJH�RI�RUJDQLVPV�ZHUH�XVHG�LQ�WKH�VSHFLILFLW\�WHVWLQJ��7KHVH�RUJDQLVPV�DQG�WKH�QXPEHU�RI�VWUDLQV�WHVWHG�IRU�HDFK�RQH�DUH�OLVWHG�EHORZ�$��VDOSLQJLWLGLV������+��SDUDJDOOLQDUXP������+DHPRSKLOXV�SDUDVXLV������+��7D[RQ�&������3��DYLXP �����3��JDOOLQDUXP �����3DVWHXUHOOD�KDHPRO\WLFD��ERYLQH�������%��DYLXP������%��KLQ]LL�����(VFKHULFKLD�FROL �����6WDSK\ORFRFFXV�DXUHXV �����6WDSK\ORFRFFXV�K\LFXV�����6WUHSWRFRFFXV�VXLV ����
��������'1$�H[WUDFWLRQ
%DFWHULDO�JURZWK�IURP�DQ�RYHUQLJKW�EORRG�DJDU�SODWH�ZDV�VXVSHQGHG�LQ�����PO�6(�EXIIHU������P0�1D&O������P0�GL�VRGLXP�('7$��S+�������$IWHU�WKH�DGGLWLRQ�RI����PO�O\VR]\PH�����PJ�PO��WKH�VXVSHQVLRQ�ZDV�LQFXEDWHG�DW���R&�IRU���K��7HQ�PO�VRGLXP�GRGHF\O�VXOSKDWH�������DQG����PO�SURWHLQDVH�.�����PJ�PO��ZHUH�DGGHG�DQG�WKH�VXVSHQVLRQ�LQFXEDWHG�IRU���K�DW���R&��7KH�VXVSHQVLRQ�ZDV�H[WUDFWHG�VHTXHQWLDOO\�ZLWK�HTXDO�YROXPHV�RI�SKHQRO������SKHQRO�FKORURIRUP�LVRDP\O�DOFRKRO��������DQG�FKORURIRUP�LVRDP\O�DOFRKRO���������$IWHU�WKH�DGGLWLRQ�RI����PO�51DVH�����PJ�PO��WR�WKH�ILQDO�VXSHUQDWDQW�LW�ZDV�LQFXEDWHG�DW���R&�IRU���K��7KH�VHTXHQWLDO�SKHQRO�FKORURIRUP�H[WUDFWLRQV�ZHUH�UHSHDWHG�DQG�'1$�SUHFLSLWDWHG�IURP�WKH�ILQDO�VXSHUQDWDQW�E\�XVLQJ�VRGLXP�DFHWDWH�DQG�LFH�FROG�HWKDQRO��7KH�'1$�SHOOHW�ZDV�ULQVHG�LQ�����HWKDQRO�DQG�IUHH]H�GULHG��7KH�SHOOHW�ZDV UHVXVSHQGHG�LQ�VWHULOH�GLVWLOOHG�ZDWHU�DQG�WKH�TXDOLW\�DQG�FRQFHQWUDWLRQ�RI�WKH�'1$�GHWHUPLQHG�VSHFWURSKRWRPHWULFDOO\��7KH�TXDOLW\�RI�WKH�'1$�ZDV�DOVR�FKHFNHG�YLVXDOO\�DIWHU�DJDURVH�JHO�HOHFWURSKRUHVLV�
��������6WDQGDUG�3&5�WHVW
7KH�VWDQGDUG�3&5�WHVW�FRQVLVWHG�RI�D����PO�UHDFWLRQ�PL[WXUH�FRQWDLQLQJ�[�P0�0J&O������P0�.&O�����P0�7ULV�+&O��S+�����������PJ�P/�JHODWLQ������P0�HDFK�G173��G$73��G&73��G*73��G773���\�P0�HDFK�SULPHU�DQG������XQLWV�7DT '1$�SRO\PHUDVH��%RHKULQJHU�0DQQKHLP��0DQQKHLP��*HUPDQ\���7KH�FRQFHQWUDWLRQV�[�DQG�\�ZHUH�GHWHUPLQHG�E\�RSWLPLVDWLRQ�H[SHULPHQWV��7KH�DSSURSULDWH�WHPSODWH�ZDV�DGGHG��DSSUR[LPDWHO\�����QJ�'1$�RU���PO�RI�FRORQ\�SUHSDUDWLRQ��VHH�EHORZ��
7KH�3&5�ZDV�SHUIRUPHG�XVLQJ�D�+\EDLG�2PQL*HQH�7KHUPDO�&\FOHU��+\EDLG��0LGGOHVH[��8.���$Q�LQLWLDO�KHDWLQJ�VWHS�DW���R&�IRU�����PLQ�ZDV�SHUIRUPHG�SULRU�WR�WKH�DGGLWLRQ�RI�WKH�7DT'1$�SRO\PHUDVH��$����PO�PLQHUDO�RLO�RYHUOD\�ZDV�WKHQ�DGGHG��7KH�XVXDO�F\FOLQJ�SDUDPHWHUV�ZHUH��GHQDWXULQJ�DW���R&�IRU���PLQ��DQQHDOLQJ�DW�7R&�IRU���PLQ�DQG�H[WHQVLRQ�DW���R&�IRU���PLQ��WKHVH�WKUHH�VWHSV�EHLQJ�UHSHDWHG�IRU����F\FOHV��7KLV�ZDV�IROORZHG�E\�D�ILQDO�F\FOH�ZLWK�DQ�H[WHQVLRQ�VWHS�RI����PLQ��7KH�DQQHDOLQJ�WHPSHUDWXUH�7R&�ZDV�GHWHUPLQHG�E\�RSWLPLVDWLRQ�H[SHULPHQWV�WR�JLYH�WKH�EHVW�VSHFLILFLW\�



�

$�SRVLWLYH�FRQWURO�FRQWDLQLQJ�WHPSODWH�'1$�IURP 3��PXOWRFLGD 1&7&�������DQG�D�QHJDWLYHFRQWURO�FRQWDLQLQJ�QR�'1$�ZHUH�LQFOXGHG�LQ�HDFK�DVVD\�UXQ�
3&5�SURGXFWV�ZHUH�GHWHFWHG�E\�KRUL]RQWDO�JHO�HOHFWURSKRUHVLV�RI�D����PO�DOLTXRW�LQ�D�������DJDURVH�JHO�FRQWDLQLQJ�HWKLGLXP�EURPLGH�LQ�7$(�EXIIHU�������0�7ULV�DFHWDWH��������0�('7$��DQG�YLVXDOLVDWLRQ�XQGHU�89�OLJKW��$���.E�/DGGHU��*LEFR�%5/��/LIH�7HFKQRORJLHV��*DLWKHUVEXUJ��0'��86$��ZDV�LQFOXGHG�RQ�HDFK�JHO�WR�HQDEOH�FRQILUPDWLRQ�RI�WKH�VL]H�RI�WKH�DPSOLILHG�SURGXFW�
��������&RORQ\�3&5
$���P/�GLVSRVDEOH�ORRS�ZDV�XVHG�WR�VFUDSH�FRORQ\�PDWHULDO�IURP�WKH�VXUIDFH�RI�D�EORRG�DJDU�SODWH�LQWR�����P/�VWHULOH�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��LQ�D�3&5�WXEH��$IWHU�YRUWH[LQJ��WKH�VXVSHQVLRQ�ZDV�KHDWHG�RQ�WKH�WKHUPDO�F\FOHU�DW����R&�IRU����PLQ��7KH�FHOO�GHEULV�ZDV�SHOOHWHG�E\�FHQWULIXJLQJ�LQ�D�EHQFKWRS�PLFURIXJH�RQ�IXOO�VSHHG���������USP��IRU���PLQ�DQG���PO�RI�WKH�VXSHUQDWDQW�ZDV�XVHG�DV�WHPSODWH��
��������8QLYHUVDO���6�3&5
7KLV�3&5�LV�FDSDEOH�RI�GHWHFWLQJ�DOO�EDFWHULDO�VSHFLHV��,W�ZDV�XVHG�LQ�SDUDOOHO�ZLWK�WKH�VSHFLHV�VSHFLILF�3&5�WR�YHULI\�VSHFLILFLW\�WHVWLQJ�UHVXOWV��WR�SURYH�WKDW�QHJDWLYH�UHVXOWV�ZHUH�QRW�IDOVH�QHJDWLYHV��
7KH����PO�UHDFWLRQ�PL[WXUH�FRQWDLQHG ��P0�0J&O������P0�.&O�����P0�7ULV�+&O��S+�����������PJ�P/�JHODWLQ������P0�HDFK�G173��G$73��G&73��G*73��G773�������P0�HDFK�SULPHU����)�DQG������5�GHULYHG�IURP�/DQH�>����@���WKH�DSSURSULDWH�WHPSODWH�DQG�����XQLWV�7DT '1$�SRO\PHUDVH��%RHKULQJHU�0DQQKHLP��
7KH�3&5�ZDV�SHUIRUPHG�XVLQJ�D�+\EDLG�2PQL*HQH�7KHUPDO�&\FOHU��$Q�LQLWLDO�KHDWLQJ�VWHS�DW���R&�IRU�����PLQ�ZDV�SHUIRUPHG�SULRU�WR�WKH�DGGLWLRQ�RI�WKH�7DT '1$�SRO\PHUDVH��$����PO�PLQHUDO�RLO�RYHUOD\�ZDV�WKHQ�DGGHG��7KH�F\FOLQJ�SDUDPHWHUV�ZHUH��GHQDWXULQJ�DW���R&�IRU���PLQ��DQQHDOLQJ�DW���R&�IRU����V�DQG�H[WHQVLRQ�DW���R&�IRU���PLQ��WKHVH�WKUHH�VWHSV�EHLQJ�UHSHDWHG�IRU����F\FOHV��7KLV�ZDV�IROORZHG�E\�D�ILQDO�F\FOH�ZLWK�DQ�H[WHQVLRQ�VWHS�RI����PLQ��3&5�SURGXFWV�ZHUH�YLVXDOLVHG�DV�GHVFULEHG�DERYH�
��������6HTXHQFLQJ
)RU���6�DQG���6�VHTXHQFLQJ��WKH�VHTXHQFLQJ�WHPSODWH�ZDV�SUHSDUHG�E\�3&5�DPSOLILFDWLRQ��3&5�SURGXFW�IRU�VHTXHQFLQJ�ZDV�SXULILHG�XVLQJ�WKH�4,$TXLFN�3&5�3XULILFDWLRQ�NLW��4,$*(1�*PE+��+LOGHQ��*HUPDQ\�� '1$�VHTXHQFLQJ�ZDV�SHUIRUPHG�XVLQJ�WKH�$%,�3ULVP70�'\H�7HUPLQDWRU�&\FOH�6HTXHQFLQJ�5HDG\�5HDFWLRQ�.LW�ZLWK�$PSOLWDT� '1$�3RO\PHUDVH�)6�DQG�D�PRGHO����$�'1$�VHTXHQFLQJ�V\VWHP��3(�$SSOLHG�%LRV\VWHPV�,QF���)RVWHU�&LW\��&$��86$���$OO�SURFHGXUHV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�SURWRFROV�
��������&ORQLQJ�DQG�VHTXHQFLQJ
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3&5�SURGXFWV�JHQHUDWHG�E\�3ZR '1$�SRO\PHUDVH��%RHKULQJHU�0DQQKHLP��ZHUH�FORQHG�LQWR�WKH�YHFWRU�S&$36 XVLQJ�WKH�3&5�&ORQLQJ�.LW��%OXQW�(QG���%RHKULQJHU�0DQQKHLP���7KH�YHFWRU�ZDV�WUDQVIRUPHG�LQWR�(SLFXULDQ�&ROL� ;/��%OXH�&RPSHWHQW�&HOOV��6WUDWDJHQH��/D�-ROOD��&$��86$���3ODVPLG�'1$�ZDV�H[WUDFWHG�IURP�WUDQVIRUPDQWV�XVLQJ�WKH�+LJK�3XUH�3ODVPLG�,VRODWLRQ�.LW��%RHKULQJHU�0DQQKHLP���3ODVPLG�'1$�ZDV�VHTXHQFHG�XVLQJ�WKH�$%,�3ULVP70%LJ'\H707HUPLQDWRU�&\FOH�6HTXHQFLQJ�.LW�ZLWK�$PSOLWDT� '1$�3RO\PHUDVH�)6�DQG�D�PRGHO�����'1$�VHTXHQFLQJ�V\VWHP��3(�$SSOLHG�%LRV\VWHPV�,QF����$OO�SURFHGXUHV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU
V�SURWRFROV�
������6SHFLILF�PHWKRGV
����������6�ULERVRPDO�51$�DSSURDFK
7KH�ILUVW�DSSURDFK�DGRSWHG�LQ�WKLV�VWXG\�ZDV�WR�H[DPLQH�SXEOLVKHG�VHTXHQFH�GDWD�IRU�SRWHQWLDOO\�VXLWDEOH�SULPHUV����6�ULERVRPDO�51$�VHTXHQFH�GDWD�REWDLQHG�E\�'HZKLUVW�HW�DO��������ZDV�H[DPLQHG�YLVXDOO\�IRU�UHJLRQV�ZKHUH�WKH�VHTXHQFH�RI�3��PXOWRFLGD GLIIHUHG�IURP�WKDW�RI�RWKHU�PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH IRXQG�LQ�FKLFNHQV�VXFK�DV�3��JDOOLQDUXP��3��DYLXP��3��YRODQWLXP DQG�+��SDUDJDOOLQDUXP�
6XLWDEOH�SULPHUV�ZHUH�FKRVHQ�DQG�WKH�3&5�ZDV�RSWLPLVHG��3UHOLPLQDU\�VSHFLILFLW\�WHVWLQJ�ZDV�SHUIRUPHG�XVLQJ�'1$�IURP�WKH�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD DV�ZHOO�DV�WKH����RUJDQLVPV�LQ�7DEOH����7KH�'1$�VDPSOHV�ZHUH�VLPXOWDQHRXVO\�DPSOLILHG�LQ�WKH�XQLYHUVDO���6�3&5�WR�GHPRQVWUDWH�WKDW�IDOVH�QHJDWLYHV�ZHUH�QRW�RFFXUULQJ�EHFDXVH�RI�SUREOHPV�ZLWK�WKH�'1$�
8QH[SHFWHG�UHVXOWV�ZLWK�3��PXOWRFLGD VXEVS��VHSWLFD QHFHVVLWDWHG�VHTXHQFLQJ�RI�UHJLRQV�RI�WKH���6�JHQH�RI�WKLV�VWUDLQ��DV�SXEOLVKHG�GDWD�ZDV�RQO\�DYDLODEOH�IRU�VXEVS��PXOWRFLGD��3��PXOWRFLGD VXEVS��JDOOLFLGD�ZDV�LQFOXGHG�IRU�FRPSOHWHQHVV�
����������6�ULERVRPDO�51$�DSSURDFK
$V�WKHUH�ZDV�QR�SXEOLVKHG���6�ULERVRPDO�51$�VHTXHQFH�GDWD�IRU�3��PXOWRFLGD LW�ZDV�QHFHVVDU\�WR�JHQHUDWH�RULJLQDO�GDWD�GXULQJ�WKLV�VWXG\�
8VLQJ�WKH�SULPHUV�LGHQWLILHG�E\�9DQ�&DPS�HW�DO���������ZKLFK�WDUJHW�XQLYHUVDOO\�FRQVHUYHG�UHJLRQV�IODQNLQJ�KLJKO\�YDULDEOH�UHJLRQV��VHTXHQFH�GDWD�IRU�WKH�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD��DV�ZHOO�DV�3��JDOOLQDUXP DQG�+��SDUDJDOOLQDUXP ZDV�JHQHUDWHG��
6XLWDEOH�SULPHUV�ZHUH�FKRVHQ�DQG�WZR�3&5�WHVWV�ZHUH�RSWLPLVHG��3UHOLPLQDU\�VSHFLILFLW\�WHVWLQJ�ZDV�SHUIRUPHG�XVLQJ�'1$�IURP�WKH�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD DV�ZHOO�DV�WKH����RUJDQLVPV�LQ�7DEOH����7KH�'1$�VDPSOHV�ZHUH�VLPXOWDQHRXVO\�DPSOLILHG�LQ�WKH�XQLYHUVDO���6�3&5�WR�GHPRQVWUDWH�WKDW�IDOVH�QHJDWLYHV�ZHUH�QRW�RFFXUULQJ��2QH�WHVW�ZDV�FKRVHQ�IRU�IXUWKHU�HYDOXDWLRQ��GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�
����5HVXOWV
������5HVXOWV�RI���6�ULERVRPDO�51$�DSSURDFK
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7ZR�SULPHUV�ZHUH�VHOHFWHG�IRU�WHVWLQJ�WKH�IRUZDUG�SULPHU�30��)��¶�*$7�*77�*77�$$$�7$*�$7$�*&$�7&$�DQG�WKH�UHYHUVH�SULPHU�30��5��¶�&$&�$$*�&7&�$7&�7&7�*$*�&7&��
7KH�RSWLPDO�0J&O� FRQFHQWUDWLRQ�ZDV�IRXQG�WR�EH���P0�DQG�WKH�RSWLPDO�SULPHU�FRQFHQWUDWLRQ�ZDV�����P0��7KH�RSWLPXP�DQQHDOLQJ�WHPSHUDWXUH�ZDV���R&�
3��PXOWRFLGD VXEVSHFLHV�PXOWRFLGD DQG�JDOOLFLGD ZHUH�VWURQJO\�DPSOLILHG�LQ�WKLV�3&5��+RZHYHU��3� PXOWRFLGD VXEVS��VHSWLFD ZDV�RQO\�ZHDNO\�DPSOLILHG��7KH���6�JHQH�VHTXHQFLQJ�SHUIRUPHG�LQ�WKLV�VWXG\�LQGLFDWHG�WKDW�WKHUH�DUH�VHYHQ�QXFOHRWLGH�GLIIHUHQFHV�EHWZHHQ�VXEVS��PXOWRFLGD DQG�VXEVS��VHSWLFD LQ�WKH�UHJLRQ�RI�WKH�UHYHUVH�SULPHU�RI�ZKLFK�IRXU�DUH�FRQFHQWUDWHG�DW�WKH��¶�HQG�RI�WKH�SULPHU��7KLV�HQG�LV�FULWLFDO�IRU�VXFFHVVIXO�H[WHQVLRQ��,Q�RWKHU�ZRUGV��WKH�VHTXHQFH�GLIIHUHQFHV�H[SODLQHG�ZK\�VXEVS��VHSWLFD ZDV�QRW�DPSOLILHG�ZHOO�LQ�WKH���6�EDVHG�3&5��7KLV�ZDV�D�FULWLFDO�IODZ�DV�LW�LV�LPSRUWDQW�IRU�DQ\�GLDJQRVWLF�WHVW�WR�EH�DEOH�WR�SRVLWLYHO\�LGHQWLI\�DOO�WKUHH�VXEVSHFLHV�
,Q�DGGLWLRQ��3��FDQLV ELRYDU���JDYH�DQ�DPSOLILHG�SURGXFW�LQ�WKH���6�EDVHG�3&5��:KLOH�WKLV�EDFWHULXP�LV�QRW�IRXQG�LQ�SRXOWU\��LW�ZDV�FRQVLGHUHG�GHVLUDEOH�WR�DWWHPSW�WR�GHYHORS�D�PRUH�VSHFLILF�DVVD\��+HQFH�WKH�VWXG\�WXUQHG�WR�WKH���6�ULERVRPDO�51$�
������5HVXOWV�RI���6�ULERVRPDO�51$�DSSURDFK
��������3UHOLPLQDU\�ZRUN
)URP�YLVXDO�H[DPLQDWLRQ�RI�WKH���6�ULERVRPDO�51$�VHTXHQFH�GDWD�JHQHUDWHG�IRU�3��PXOWRFLGD��3��JDOOLQDUXP DQG�+��SDUDJDOOLQDUXP��WKUHH�SULPHUV�ZHUH�GHVLJQHG��7KHVH�ZHUH�30��)����¶�**&�7**�*$$�*&&�$$$�7&$�$$*30��5����¶�7&&�&&7�$&&�&$$�&$*�$$7�$$$�7730��5����¶�&*$�***�$&7�$&$�$77�$&7�*7$�$
$�3&5�WHVW�GHVLJQDWHG�WKH�30������3&5��EDVHG�RQ�SULPHUV�30��)��DQG�30��5���ZDV�RSWLPLVHG�ZLWK�D�0J&O� FRQFHQWUDWLRQ�RI���P0��D�SULPHU�FRQFHQWUDWLRQ�RI�����P0�DQG�DQ�DQQHDOLQJ�WHPSHUDWXUH�RI���R&�
3UHOLPLQDU\�WHVWLQJ�ZDV�GRQH�XVLQJ�'1$��$OO�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD DPSOLILHG�HTXDOO\�ZHOO��+RZHYHU��RI�WKH����PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH OLVWHG�LQ�7DEOH����3��FDQLV ELRYDU���JDYH�DQ�DPSOLILHG�SURGXFW�
$�3&5�WHVW�GHVLJQDWHG�WKH�30������3&5��EDVHG�RQ�SULPHUV�30��)��DQG�30��5���ZDV�RSWLPLVHG�ZLWK�D�0J&O� FRQFHQWUDWLRQ�RI���P0��D�SULPHU�FRQFHQWUDWLRQ�RI�����P0�DQG�DQ�DQQHDOLQJ�WHPSHUDWXUH�RI���R&�
3UHOLPLQDU\�WHVWLQJ�ZDV�GRQH�XVLQJ�'1$��$OO�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD DPSOLILHG�HTXDOO\�ZHOO�LQ�WKH�30������3&5��:KHQ�WKH����PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH OLVWHG�LQ�7DEOH���ZHUH�WHVWHG�LQ�WKH�30������3&5�DQG�WKH���6�XQLYHUVDO�3&5��QRQH�ZHUH�DPSOLILHG�LQ�WKH�30������3&5��ZKLOH�DV�H[SHFWHG��DOO����ZHUH�DPSOLILHG�LQ�WKH�XQLYHUVDO�3&5��)LJXUH�����7KLV�LQGLFDWHG�WKDW�WKH�WHVW�ZDV�FDSDEOH�RI�VSHFLILFDOO\�GHWHFWLQJ�3��PXOWRFLGD��DQG�IXUWKHU�ZRUN�ZDV�ZDUUDQWHG�
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)LJXUH����5HVXOWV�RI�SUHOLPLQDU\�VSHFLILFLW\�WHVWLQJ�RI�30������3&5

5RZ�$��DPSOLILHG�SURGXFWV�IURP�30������3&5��5RZ�%��DPSOLILHG�SURGXFWV�IURP�XQLYHUVDO���6�3&5��/DQH���LV�DPROHFXODU�VL]H�PDUNHU��/DQHV���WR����DUH�UHVSHFWLYHO\��3��DYLXP��3��YRODQWLXP��3��JDOOLQDUXP��3��DQDWLV��3��GDJPDWLV��3��ODQJDD��3��VWRPDWLV��3��FDQLV ELRYDU����3��VSS�$��3��VSS�%��$��VDOSLQJLWLGLV��+��SDUDJDOOLQDUXP��3��PXOWRFLGDVXEVS��PXOWRFLGD��3��PXOWRFLGD VXEVS��VHSWLFD��3��PXOWRFLGDVXEVS��JDOOLFLGD��/DQH����LV�D�QHJDWLYH�FRQWURO��2QO\�WKH�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGDKDYH�EHHQ�DPSOLILHG�LQ�WKH�30������3&5�ZKLOH�DOO�WHPSODWHV�KDYH�EHHQ�DPSOLILHG�LQ�WKH�XQLYHUVDO�3&5�
&RORQ\�3&57R�IDFLOLWDWH�WKH�VFUHHQLQJ�RI�ODUJH�QXPEHUV�RI�LVRODWHV��LW�ZDV�QHFHVVDU\�WR�GHYHORS�D�FRORQ\�3&5�SURWRFRO��7KLV�REYLDWHV�WKH�QHHG�IRU�'1$�H[WUDFWLRQ��ZKLFK�LV�WLPH�FRQVXPLQJ��,QLWLDO�DWWHPSWV�XVLQJ�D�SURWRFRO�GHYHORSHG�IRU�+��SDUDJDOOLQDUXP ZHUH�XQVXFFHVVIXO��7KLV�SURWRFRO�LQYROYHG�VXVSHQGLQJ�FHOOV�LQ�3%6�DQG�KHDWLQJ�DW���R&�IRU���PLQ��(YHQWXDOO\��LW�ZDV�GHPRQVWUDWHG�WKDW�D�KHDWLQJ�WLPH�RI����PLQ�ZDV�UHTXLUHG�WR�SHUPLW�VDWLVIDFWRU\�DPSOLILFDWLRQ�RI�WKH�UHVXOWDQW�WHPSODWH�IURP�3��PXOWRFLGD VWUDLQV��+HQFH�WKH�PHWKRG�GHVFULEHG�LQ�VHFWLRQ���������ZDV�DGRSWHG�
��������8VH�RI�FRORQ\�3&5�WR�GHWHUPLQH�XQLYHUVDOLW\�RI�30������3&5
6FUHHQLQJ�RI�UHIHUHQFH�VWUDLQV�RI�3��PXOWRFLGD7KH�30������3&5�KDG�DOUHDG\�EHHQ�GHPRQVWUDWHG�WR�ZRUN�ZHOO�RQ�WKH�W\SH�VWUDLQV�RI�DOO�WKUHH�VXEVSHFLHV�RI�3��PXOWRFLGD��8VLQJ�WKH�FRORQ\�3&5�SURWRFRO�GHVFULEHG�DERYH��WKH����UHIHUHQFH�VWUDLQV�IRU�WKH�+HGGOHVWRQ�W\SLQJ�VFKHPH�DQG�WKH�WZR�UHIHUHQFH�VWUDLQV�IRU�WKH�&DUWHU�W\SLQJ�VFKHPH�ZHUH�VKRZQ�WR�EH�SRVLWLYH�LQ�WKH�30������3&5�
6FUHHQLQJ�RI�DYLDQ�LVRODWHV�RI3��PXOWRFLGD(LJKW\�VHYHQ�ILHOG�LVRODWHV�FROOHFWHG�IURP�SRXOWU\�IURP�WKH�HDVWHUQ�6WDWHV�RI�$XVWUDOLD�EHWZHHQ������DQG������ZHUH�LQFOXGHG�LQ�WKH�VWXG\� $OO����LVRODWHV�ZHUH�DPSOLILHG�LQ�WKH�30������3&5�
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7KH�PDMRULW\�RI�WKHVH�LVRODWHV�JDYH�D�VLQJOH�DPSOLILHG�SURGXFW�RI�WKH�H[SHFWHG�VL]H������NE��+RZHYHU��D�VPDOO�QXPEHU�RI�LVRODWHV���������JDYH�XQH[SHFWHG�SURGXFWV�LQ�WKH�30������3&5��7KHUH�DSSHDUHG�WR�EH�IRXU�IRUPV�RI�WKLV�XQXVXDO�SURGXFW��6RPH�LVRODWHV�SURGXFHG�D�VLQJOH�DPSOLILFDWLRQ�SURGXFW�WKDW�ZDV�VOLJKWO\�ORQJHU�WKDQ�WKH�VWDQGDUG�SURGXFW��³/´�LQ�7DEOH�����2WKHU�LVRODWHV�SURGXFHG�WZR�SURGXFWV��ZKLFK�DSSHDUHG�WR�FRQVLVW�RI�WKH�VWDQGDUG�SURGXFW�DV�ZHOO�DV�WKH�VOLJKWO\�ORQJHU�SURGXFW��7KLV�GRXEOH�SURGXFW�RFFXUUHG�LQ�WKUHH�IRUPV��,Q�VRPH�LVRODWHV�WKH�SURGXFWV�ZHUH�RI�HTXDO�LQWHQVLW\��³'�(´�LQ�7DEOH�����ZKHUHDV�IRU�RWKHU�LVRODWHV�HLWKHU�WKH�ORQJHU��³'�/´��RU�WKH�VWDQGDUG�SURGXFW��³'�6´��ZDV�PRUH�LQWHQVH��7KHVH�GLIIHUHQFHV�ZHUH�WRWDOO\�UHSURGXFLEOH�IRU�HDFK�LVRODWH�
7DEOH����'HWDLOV�RI�LVRODWHV�JLYLQJ�XQXVXDO�3&5�SURGXFWV�LQ�WKH�30������3&5

30�&RGH 6RXUFH 'DWH %LRW\SH &OXVWHU (7 3&5
�� &KLFNHQ ���� � $ �� '�(�� &KLFNHQ ������� � % �� '�/�� &KLFNHQ ������� � % �� '�/�� &KLFNHQ ������� � $ �� '�6�� 3RXOWU\ � % �� '�(�� &KLFNHQ ���� � /�� &KLFNHQ ������� � % �� '�/�� &KLFNHQ ����� � % �� '�6��� 3RXOWU\ � & �� '�(���� 7XUNH\ ����� �� % �� /���� 3RXOWU\ � % �� '�(��� 3RXOWU\ � % �� /��� 3RXOWU\ � '�(��� 3RXOWU\ � '�/��� 3RXOWU\ � '�/��� 7XUNH\ �������� '�6

&ORQLQJ�DQG�VHTXHQFLQJ�RI�XQXVXDO�3&5�SURGXFWV&ORQLQJ�DQG�VHTXHQFLQJ�RI�30�����D�UHSUHVHQWDWLYH�³/´�SDWWHUQ��UHYHDOHG�WKDW�WKHUH�ZDV�D�����ES�LQVHUW�LQ�WKH�3&5�SURGXFW�WKDW�ZDV�QRW�SUHVHQW�LQ�WKH�VWDQGDUG�3&5�SURGXFW�JLYHQ�E\�WKH�W\SH�VWUDLQ�1&7&�������
6FUHHQLQJ�RI�SRUFLQH�LVRODWHV�RI�3��PXOWRFLGD$V�WKH�ODERUDWRU\�DOVR�KDG�D�ODUJH�QXPEHU�RI�SRUFLQH�LVRODWHV�RI�3��PXOWRFLGD LQ�WKH�FXOWXUH�FROOHFWLRQ�����ZHOO�FKDUDFWHULVHG�LVRODWHV�ZHUH�WHVWHG�LQ�WKH�30������FRORQ\�3&5��$OO�ZHUH�SRVLWLYH�DQG�DOO�SURGXFHG�D�VLQJOH�����NE�DPSOLILHG�SURGXFW�

��������)XUWKHU�WHVWLQJ�RI�WKH�VSHFLILFLW\�RI�WKH�30������3&5
7\SH�VWUDLQV7R�IXUWKHU�LQYHVWLJDWH�WKH�VSHFLILFLW\�RI�WKH�30������3&5��D�QXPEHU�RI�RWKHU�PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH �OLVWHG�LQ�7DEOH����ZHUH�WHVWHG�LQ�WKLV�3&5�LQ�SDUDOOHO�ZLWK�WKH�
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XQLYHUVDO�3&5��6RPH�RI�WKHVH�ZHUH�FKRVHQ�WR�UHSUHVHQW�EDFWHULD�OLNHO\�WR�EH�SUHVHQW�LQ�SLJV��WR�GHWHUPLQH�ZKHWKHU�WKH�3&5�PLJKW�DOVR�EH�XVHIXO�IRU�WKH�GLDJQRVLV�RI�SRUFLQH�SDVWHXUHOORVLV��$GGLWLRQDO�W\SH�VWUDLQV�UHSUHVHQWLQJ�EDFWHULD�FRPPRQO\�IRXQG�LQ�SRXOWU\��OLVWHG�LQ�7DEOH����ZHUH�DOVR�LQFOXGHG�
6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW WKHUH�DUH�WKUHH�3DVWHXUHOOD VSHFLHV�DVVRFLDWHG�ZLWK�FDOI�SQHXPRQLD��3��PXOWRFLGD�VXEVS��PXOWRFLGD��3��FDQLV ELRYDU����DOVR�UHIHUUHG�WR�DV�2UQ�%LVJDDUG�7D[RQ�����DQG�3��DYLXP ELRYDU����DOVR�UHIHUUHG�WR�DV�2UQ� %LVJDDUG�7D[RQ������0DGVHQ�HW�DO� ������$EGXOODKL�HW�DO� ������%LVJDDUG�HW�DO� �������%\�³VLPSOLILHG�URXWLQH�EDFWHULRORJLFDO�H[DPLQDWLRQV´�DOO�WKUHH�DUH�FRPPRQO\�LGHQWLILHG�DV�3��PXOWRFLGD �%LVJDDUG HW�DO� �������7KH�WZR�VSHFLHV�IRUPHUO\�NQRZQ�DV�7D[RQ����ZHUH�LQFOXGHG�LQ�WKH�SUHVHQW�VWXG\�EHFDXVH�RI WKHLU�FORVH�UHODWLRQVKLS�WR�3��PXOWRFLGD��DOWKRXJK�WKH\�DUH�QRW�IRXQG�LQ�DYLDQ�KRVWV�
7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH���
7DEOH����30������3&5�UHVXOWV�RQ�DGGLWLRQDO�W\SH�VWUDLQV
2UJDQLVP &RGH�1XPEHU 30������3&5�UHVXOW$FWLQREDFLOOXV�SOHXURSQHXPRQLDH $7&&������ �$FWLQREDFLOOXV�SOHXURSQHXPRQLDH +,0������� �$FWLQREDFLOOXV�VXLV &&8*������ �+DHPRSKLOXV 7D[RQ�& &$30����� �3DVWHXUHOOD�DYLXP ELRYDU��� &&8*������ �3DVWHXUHOOD�FDQLV ELRYDU�� +,0������ �3DVWHXUHOOD�KDHPRO\WLFD &&8*���� �3DVWHXUHOOD�WUHKDORVL &&8*������ �$OFDOLJHQHV�IDHFDOLV $7&&����� �%RUGHWHOOD�DYLXP $7&&������ �%RUGHWHOOD�EURQFKLVHSWLFD $7&&������ �%RUGHWHOOD�KLQ]LL /0*������ �2UQLWKREDFWHULXP�UKLQRWUDFKHDOH &&8*������ �
)LHOG�VWUDLQV0XOWLSOH�LVRODWHV�RI�D�UDQJH�RI�SUHGRPLQDQWO\�SRXOWU\�RUJDQLVPV�VXFK�DV�$��VDOSLQJLWLGLV��+��SDUDJDOOLQDUXP��3��JDOOLQDUXP� %��DYLXP��DQG�%��KLQ]LL��ZHUH�WHVWHG�LQ�ERWK�WKH�30������3&5�DQG�WKH�XQLYHUVDO�3&5��6LQJOH�ILHOG�LVRODWHV�RI�DYLDQ�(��FROL��6��DXUHXV��DQG�6��K\LFXV ZHUH�DOVR�LQFOXGHG� $GGLWLRQDOO\�D�IHZ�SRUFLQH�DQG�RQH�ERYLQH�RUJDQLVP�DV�OLVWHG�LQ�VHFWLRQ���������ZHUH�WHVWHG��$OO�ZHUH�QHJDWLYH�LQ�WKH�30������3&5�DQG�SRVLWLYH�LQ�WKH�XQLYHUVDO�3&5�

����'LVFXVVLRQ
7KH�REMHFWLYH�RI�WKLV�SDUW�RI�WKH�SURMHFW�ZDV�WR�GHYHORS�D�UDSLG�DQG�DFFXUDWH�PROHFXODU�PHWKRG�IRU�WKH�LGHQWLILFDWLRQ�RI�3��PXOWRFLGD��WKH�FDXVDWLYH�DJHQW�RI�IRZO�FKROHUD��7KH�30������3&5�WHVW�GHYHORSHG�LQ�WKLV�SURMHFW�PHHWV�WKLV�REMHFWLYH�
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7KH�30������3&5�WHVW�KDV�EHHQ�VKRZQ�WR�EH�FDSDEOH�RI�GHWHFWLQJ�DOO�WKUHH�VXEVSHFLHV��3��PXOWRFLGD�VXEVS��PXOWRFLGD��3��PXOWRFLGD�VXEVS��JDOOLFLGD DQG�3��PXOWRFLGD�VXEVS��VHSWLFD��:KLOH�3��PXOWRFLGD�VXEVS��PXOWRFLGD LV�E\�IDU�WKH�PRVW�FRPPRQO\�LVRODWHG�VXEVSHFLHV�IURP�$XVWUDOLDQ�SRXOWU\��)HJDQ�HW�DO� �������LW�LV�LPSRUWDQW�IRU�DQ\�GLDJQRVWLF�WHVW�WR�EH�FDSDEOH�RI�GHWHFWLQJ�DOO�WKUHH�VXEVSHFLHV��7KH�30������3&5�PHHWV�WKLV�UHTXLUHPHQW�
7KH�30������3&5�WHVW�DOVR�FRUUHFWO\�LGHQWLILHG����RYHUVHDV�VHURYDU�UHIHUHQFH�VWUDLQV��LQGLFDWLQJ�WKDW�LW�ZRXOG�EH�FDSDEOH�RI�GHWHFWLQJ�D�ZLGH�YDULHW\�RI�3��PXOWRFLGD VWUDLQV��7KH�UREXVWQHVV�RI�WKH�3&5�LV�LQGLFDWHG�E\�WKH�IDFW�WKDW�WKHVH�RYHUVHDV�UHIHUHQFH�VWUDLQV�KDYH�EHHQ�FROOHFWHG�IURP�DW�OHDVW�VHYHQ�GLIIHUHQW�DQLPDO�KRVWV��7KH�DSSOLFDELOLW\�RI�WKH�30������3&5�ZDV�IXUWKHU�GHPRQVWUDWHG�E\�WKH�FRUUHFW�LGHQWLILFDWLRQ�RI����$XVWUDOLDQ�DYLDQ�ILHOG�LVRODWHV��UHSUHVHQWLQJ�D�FROOHFWLRQ�ZLWK�JHRJUDSKLF��WHPSRUDO�DQG�JHQHWLF�GLYHUVLW\��$PRQJ�WKLV�FROOHFWLRQ�ZHUH�WZR�ILHOG�LVRODWHV�RI�VXEVS��VHSWLFD DQG�WKUHH�RI�VXEVS��JDOOLFLGD�
,Q�DGGLWLRQ�����SRUFLQH�LVRODWHV�ZHUH�SRVLWLYH��VXJJHVWLQJ�WKDW�WKH�3&5�PLJKW�EH�DSSOLFDEOH�WR�WKH�GLDJQRVLV�RI�SRUFLQH�SDVWHXUHOORVLV��:RUOGZLGH��SRUFLQH�SDVWHXUHOORVLV�UHPDLQV�RQH�RI�WKH�PRVW�LPSRUWDQW�GLVHDVHV�DVVRFLDWHG�ZLWK�LQWHQVLYH�SLJ�SURGXFWLRQ��+HQFH WKH�30������3&5�VKRXOG�EH�RI�FRQVLGHUDEOH�EHQHILW�WR�WKH�SLJ�LQGXVWU\��ERWK�LQ�$XVWUDOLD�DQG�RYHUVHDV��DV�ZHOO�DV�WR�WKH�GLDJQRVWLF�ODERUDWRULHV�WKDW�VHUYH�WKH�SLJ�LQGXVWU\�
2I�WKH����W\SH�VWUDLQV�RI�RWKHU�RUJDQLVPV�WHVWHG�DOO�ZHUH�QHJDWLYH�H[FHSW�IRU�3� DYLXP ELRYDU���DQG�3��FDQLV ELRYDU����1RQH�RI�WKH�VL[�DGGLWLRQDO�RUJDQLVPV�WHVWHG�DV�ILHOG�VWUDLQV�EXW�QRW�DV�W\SH�VWUDLQV�ZHUH�SRVLWLYH�LQ�WKH�30������3&5��7KHVH�RUJDQLVPV�ZHUH�SUHGRPLQDQWO\�RI�DYLDQ�RU�SRUFLQH�RULJLQ�
3��DYLXP ELRYDU���DQG�3��FDQLV ELRYDU���ZHUH�LQFOXGHG�LQ�WKH�SUHVHQW�VWXG\�IRU�UHDVRQV�RI�FRPSOHWHQHVV��'HVSLWH�LWV�QDPH��3��DYLXP ELRYDU���KDV�RQO\�HYHU�EHHQ�LVRODWHG�IURP�FDOYHV�DQG�WKH�VDPH�LV�WUXH�IRU�3��FDQLV ELRYDU����+RZHYHU��'HZKLUVW�HW�DO� �������KDG�GHPRQVWUDWHG�WKDW�E\���6�ULERVRPDO�51$�DQDO\VLV�3��DYLXP ELRYDU���ZDV�YHU\�FORVHO\�UHODWHG�WR�3��PXOWRFLGD��*LYHQ�WKDW�WKH�30������3&5�LV�EDVHG�RQ�WKH���6�ULERVRPDO�JHQH��LW�VHHPHG�OLNHO\�WKDW�LW�PLJKW�DPSOLI\�ERWK�RI�WKHVH�RUJDQLVPV��7KXV�WKH�3&5�UHVXOW�ZDV�QRW�XQH[SHFWHG��7KH�WD[RQRP\�RI�WKLV�JURXS�KDV�EHHQ�LQ�D�VWDWH�RI�IOX[�IRU�WKH�SDVW�ILIWHHQ�\HDUV�DQG�FRQWLQXLQJ�VWXG\�PD\�ZHOO�UHVXOW�LQ�WKH�UHFODVVLILFDWLRQ�RI�WKHVH�ELRYDU���YDULDQWV��$V�QHLWKHU�3��DYLXPELRYDU���QRU�3��FDQLV ELRYDU���RFFXU�LQ�SRXOWU\�RU�SLJV��LW�LV�WUXH�WR�VD\�WKDW�3��PXOWRFLGD LV�WKH�RQO\�RUJDQLVP�RI�DYLDQ�RU�SRUFLQH�RULJLQ�VKRZQ�WR�JLYH�D�SRVLWLYH�UHDFWLRQ�LQ�WKH�30������3&5�
,Q�VXPPDU\��D�YHU\�FRPSUHKHQVLYH�UDQJH�RI�DYLDQ�DQG�SRUFLQH�EDFWHULD�DOO�JDYH�QHJDWLYH�UHVXOWV�LQ�WKH�30������3&5��)RU�WKLV�UHDVRQ�WKH�30������3&5�FDQ�EH�XVHG�WR�FRQILGHQWO\�LGHQWLI\�3��PXOWRFLGD LQ�VSHFLPHQV�RULJLQDWLQJ�IURP�SRXOWU\�RU�SLJV�
7KH�FRQYHQWLRQDO�PHWKRG�IRU�WKH�LGHQWLILFDWLRQ�RI�D�VXVSHFW�LVRODWH�DV�3��PXOWRFLGD UHTXLUHV�WKDW�WKH�LVRODWH�EH�VXEMHFWHG�WR�D�UDQJH�RI�ELRFKHPLFDO�WHVWV��7KLV�UDQJH�RI�ELRFKHPLFDO�WHVWV�KDV�WR�EH�H[WHQVLYH�DV�D�QXPEHU�RI�FORVH�UHODWLYHV�RI�3��PXOWRFLGD RFFXU�LQ�SRXOWU\��6SHFLILFDOO\��WKH�SKHQRW\SLF�WHVWLQJ�PXVW�EH�FRPSOHWH�HQRXJK�WR�VHSDUDWH�WKH�IROORZLQJ�PHPEHUV�RI�WKH�JHQXV�3DVWHXUHOOD��DOO�RI�ZKLFK�DUH�UHFRJQLVHG�DV�EHLQJ�SUHVHQW�LQ�DYLDQ�KRVWV��3��DQDWLSHVWLIHU��DOVR�NQRZQ�DV�5LHPHUHOOD�DQDWLSHVWLIHU���3��DQDWLV��3��DYLXP��3��JDOOLQDUXP��3��KDHPRO\WLFD��DOVR�NQRZQ�DV�$FWLQREDFLOOXV�VDOSLQJLWLGLV���3��ODQJDD��3��PXOWRFLGD �H[LVWLQJ�LQ�WKUHH�VXEVSHFLHV���3��YRODQWLXP DQG�3DVWHXUHOOD�VSHFLHV�$��7KH�UHDOLW\�LV�WKDW�WKH�WDVN�RI�FRQILGHQWO\�LGHQWLI\LQJ�D�VXVSHFW�3��PXOWRFLGD E\�WKH�FRQYHQWLRQDO��SKHQRW\SLF�PHWKRGV�
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UHTXLUHV�DQ�H[WHQVLYH�UDQJH�RI�WHVWLQJ�WKDW�LV�EH\RQG�WKH�FDSDELOLW\�RI�URXWLQH�GLDJQRVWLF�ODERUDWRULHV�
7KH�3&5�WHVW�KDV�VLJQLILFDQW�DGYDQWDJHV�RYHU�WKLV�FRQYHQWLRQDO�DSSURDFK��7KH�30������3&5�HQDEOHV�YHU\�UDSLG�FRQILUPDWLRQ�RI�D�VXVSHFW�FRORQ\��7KH�3&5�WHVW�FDQ�JLYH�UHVXOWV�LQ�OHVV�WKDQ�ILYH�KRXUV��FRPSDUHG�ZLWK�WZR�WR�ILYH�GD\V�IRU�WKH�FRQYHQWLRQDO�DSSURDFK��$V�ZHOO��WKH�LGHQWLILFDWLRQ�JLYHQ�E\�WKH�30������3&5�KDV�EHHQ�VKRZQ�LQ�WKLV�SURMHFW�WR�EH�YHU\�VSHFLILF�
2QH�SX]]OLQJ�LVVXH�UDLVHG�E\�WKLV�VWXG\�UHODWHV�WR�WKH�GLIIHUHQFH�LQ�3&5�SURGXFWV�JHQHUDWHG�IURP�OHVV�WKDQ�����RI�WKH�ILHOG�VWUDLQV�WHVWHG��7KLV�RQO\�RFFXUUHG�DPRQJ�DYLDQ�VWUDLQV��7KHUH�PD\�EH�VRPH�ELRORJLFDO�VLJQLILFDQFH�LQ�WKLV�ILQGLQJ�LQ�WKDW�PRVW�RI�WKHVH�LVRODWHV�IDOO�LQWR�D�VPDOO�VXEJURXSLQJ�RI�DYLDQ�3��PXOWRFLGD WHUPHG�FOXVWHU�%�E\�%ODFNDOO�HW�DO����������7KLV�FOXVWHU�%�ZDV�UHFRJQLVHG�E\�WKH�XVH�RI�PXOWL�HQ]\PH�HOHFWURSKRUHVLV�DQG�ZDV�VXSSRUWHG�E\�WKH�XVH�RI�ULERW\SLQJ��7KH�FOXVWHU�%�LVRODWHV�RI�3��PXOWRFLGD DUH�D�GLYHUVH�JURXS�RI�ELRFKHPLFDOO\�XQXVXDO�RUJDQLVPV��7KH�XQXVXDO�QDWXUH�RI�FOXVWHU�%�KDV�EHHQ�IXUWKHU�XQGHUOLQHG�E\�WKH�IDFW�WKDW�PRVW��EXW�QRW�DOO��RI�WKH�LVRODWHV�JLYLQJ�XQXVXDO�3&5�SURGXFWV�LQ�WKH�30���6���3&5�ZHUH�ORFDWHG�LQ�FOXVWHU�%�
'XULQJ�WKH�FRXUVH�RI�WKLV�SURMHFW��DQRWKHU�3&5�WHVW�IRU�3��PXOWRFLGD ZDV�SXEOLVKHG��.DVWHQ�HW�DO� �������7KLV�3&5�WHVW�LV�EDVHG�RQ�D�JHQH��SVO��WKDW�HQFRGHV�D�SURWHLQ�WKDW�LV�IRXQG�RQO\�LQ�3��PXOWRFLGD DQG�+DHPRSKLOXV�LQIOXHQ]DH��7KH�ODWWHU�RUJDQLVP�LV�QRW�QRUPDOO\�LVRODWHG�IURP�SRXOWU\��7KH�VSHFLILFLW\�RI�WKH�WHVW�ZDV�H[DPLQHG�XVLQJ�'1$�IURP�D�UDQJH�RI�DYLDQ�DQG�SRUFLQH�EDFWHULD��1R�IDOVH�SRVLWLYHV�ZHUH�REWDLQHG��DOWKRXJK�DV�H[SHFWHG��+��LQIOXHQ]DH ZDV�DPSOLILHG��8QIRUWXQDWHO\�3��DYLXP ELRYDU���DQG�3��FDQLV ELRYDU���ZHUH�QRW�LQFOXGHG�LQ�WKLV�VWXG\�
7KHUH�DUH�DOVR�VHYHUDO�SDSHUV�UHSRUWLQJ�WKH�XVH�RI�3&5�WR�GHWHFW�WR[LJHQLF�3��PXOWRFLGDDVVRFLDWHG�ZLWK�DWURSKLF�UKLQLWLV�LQ�SLJV��H�J��.DPS�HW�DO� �������2I�FRXUVH�WKHVH�WHVWV�DUH�QRW�UHOHYDQW�WR�SRXOWU\�DV�WKH\�UHFRJQLVH�WKH�SUHVHQFH�RI�WKH�WR[LQ�JHQH�ZKLFK�LV�QRW�SUHVHQW�LQ�DYLDQ�LVRODWHV�RI�3��PXOWRFLGD�
,Q�VXPPDU\��WKH�30������3&5�UHSUHVHQWV�D�FRQVLGHUDEOH�VWHS�IRUZDUG�LQ�RXU�DELOLW\�WR�GLDJQRVH�IRZO�FKROHUD��7KH�3&5�LV�VSHFLILF�DQG�UDSLG��7KH�HTXLSPHQW�DQG�H[SHUWLVH�UHTXLUHG�WR�SHUIRUP�3&5�EDVHG�WHVWV�DUH�QRZ�ZLGHO\�DYDLODEOH�LQ�WKH�FHQWUDO�JRYHUQPHQW�ODERUDWRULHV�WKDW�VHUYH�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV��+HQFH��WKLV�DVVD\�VKRXOG�EH�FDSDEOH�RI�EHLQJ�PDGH�UDSLGO\�DYDLODEOH�WR�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV�
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2EMHFWLYH��9DOLGDWLRQ�RI�WZR�3&5�WHVWV�IRU�+DHPRSKLOXV�SDUDJDOOLQDUXP
����,QWURGXFWLRQ
,Q�WKLV�VWXG\��WZR�3&5�WHVWV�IRU�+��SDUDJDOOLQDUXP �WKH�+3���3&5�DQG�WKH���6�+3�3&5���WKDW�KDG�EHHQ�GHYHORSHG�E\�WKLV�ODERUDWRU\�GXULQJ�DQ�$&,$5�IXQGHG�SURMHFW��ZHUH�YDOLGDWHG�LQ�D�QXPEHU�RI�WULDOV�RQ�OLYH�FKLFNHQV��3UHOLPLQDU\ VWXGLHV�KDG�LQGLFDWHG�WKDW�WKH���6�+3�3&5�ZDV�WKH�PRUH�VHQVLWLYH�WHVW��EXW�LW�JDYH�RFFDVLRQDO�IDOVH�SRVLWLYH�UHDFWLRQV�ZLWK�WZR�RXW�RI�VL[�VWUDLQV�RI�3DVWHXUHOOD�YRODQWLXP L�H� LW�ODFNHG�DEVROXWH�VSHFLILFLW\�
7KH�H[SHULPHQWV�GHVFULEHG�EHORZ�ZHUH�GHVLJQHG WR�DQVZHU�WZR�PDLQ�TXHVWLRQV����ZKLFK�RI�WKH�WZR�3&5�WHVWV�VKRXOG�EH�UHFRPPHQGHG�IRU�XVH�LQ�VXVSHFWHG�ILHOG�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D"���KRZ�VKRXOG�VZDEV�EH�WUDQVSRUWHG�IURP�WKH�ILHOG�WR�WKH�ODERUDWRU\"
3UHYLRXV�YDOLGDWLRQ�ZRUN�RQ�WKH�+3���3&5�KDG IRFXVVHG�RQ�VDPSOHV�REWDLQHG�DW�QHFURSV\�IURP�FKLFNHQV�WKDW�KDG�EHHQ�DUWLILFLDOO\�LQIHFWHG�ZLWK�+��SDUDJDOOLQDUXP��7ZR�IXUWKHU�DUWLILFLDO�FKDOOHQJH�WULDOV�ZHUH�FRQGXFWHG�RQ�OLYH�ELUGV�XVLQJ�WKH���6�+3�3&5��7KHQ��DV�WKHUH�ZHUH�IHZ�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D�LQ�6(�4XHHQVODQG�GXULQJ�WKH�FRXUVH�RI�WKH�SURMHFW��WZR�SHQ�WULDO�H[SHULPHQWV�ZHUH�GHVLJQHG�WR�LPLWDWH�WKH�VSUHDG�RI�LQIHFWLRXV�FRU\]D�WKURXJK�D�IORFN�XQGHU�ILHOG�FRQGLWLRQV��6XEVHTXHQWO\�WKH�3&5�WHVWV�ZHUH�XVHG�LQ�WKUHH�UHDO�RXWEUHDNV�
����0HWKRGRORJ\
������3&5�SURWRFROV
7KH�ILUVW�RI�WKH�WZR�3&5�WHVWV��WHUPHG�WKH�+3���3&5��ZDV�GHYHORSHG�E\�&KHQ�HW�DO� ��������7KLV�WHVW�LV�EDVHG�RQ�D�XQLTXH�FORQHG�IUDJPHQW�RI�'1$�WKDW�ZDV�IRXQG�WR�EH�VSHFLILF�IRU�+��SDUDJDOOLQDUXP�
)RU�WKH�+3���3&5��WKH����PO�UHDFWLRQ�YROXPH�FRQVLVWHG�RI����P0�7ULV�+&O��S+����������P0�.&O����P0�0J&O����������ZW�YRO��JHODWLQ������P0�HDFK�RI�G$73��G*73��G773�DQG�G&73������P0�RI�HDFK�SULPHU��WKH�DSSURSULDWH�DPRXQW�RI�WHPSODWH�DQG������8�RI�7DT '1$�SRO\PHUDVH��%RHKULQJHU�0DQQKHLP���$PSOLILFDWLRQ�ZDV�SHUIRUPHG�XVLQJ�D�+\EDLG�2PQL*HQH�WKHUPDO�F\FOHU�LQ�ZKLFK�VDPSOHV�ZHUH�GHQDWXUHG�DW���R&�IRU�����PLQ�EHIRUH�7DT DQG�PLQHUDO�RLO�ZHUH�DGGHG��7KH�DPSOLILFDWLRQ�FRQGLWLRQV�FRQVLVWHG�RI����F\FOHV�RI���R&�IRU���PLQ����R&�IRU���PLQ�DQG���R&�IRU���PLQ�IROORZHG�E\�D�ILQDO�F\FOH�RI���R&�IRU���PLQ����R&�IRU���PLQ�DQG���R&�IRU����PLQ�
7KH�VHFRQG�3&5�WHVW��WHUPHG�WKH���6�+3�3&5��XVHV�SULPHUV�GHULYHG�IURP�WKH ��6�ULERVRPDO�51$�VHTXHQFH�RI�+��SDUDJDOOLQDUXP �0LIOLQ��XQSXEOLVKHG�GDWD��
)RU�WKH���6�+3�3&5��WKH����PO�UHDFWLRQ�YROXPH�FRQVLVWHG�RI����P0�7ULV�+&O��S+����������P0�.&O����P0�0J&O����������ZW�YRO��JHODWLQ������P0�HDFK�RI�G$73��G*73��G773�DQG�G&73������P0�RI�HDFK�SULPHU��WKH�DSSURSULDWH�DPRXQW�RI�WHPSODWH�DQG������8�RI�7DT '1$�
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SRO\PHUDVH� 7KH�DPSOLILFDWLRQ�FRQGLWLRQV�FRQVLVWHG�RI��� F\FOHV�RI���R&�IRU���PLQ����R&�IRU ��PLQ�DQG���R&�IRU���PLQ�IROORZHG�E\�D�ILQDO�F\FOH�RI���R&�IRU���PLQ����R&�IRU���PLQ�DQG���R&�IRU����PLQ�
(DFK�3&5�WHVW�ZDV�UXQ�VLPXOWDQHRXVO\�RQ�D�VHSDUDWH�EORFN�RI�WKH�+\EDLG�2PQLJHQH�WKHUPDO�F\FOHU��$�SRVLWLYH�FRQWURO�FRQVLVWLQJ�RI�+��SDUDJDOOLQDUXP '1$�DQG�D�QHJDWLYH�FRQWURO�FRQWDLQLQJ�QR�'1$�ZHUH�LQFOXGHG�LQ�HDFK�UXQ�RQ�HDFK�PDFKLQH��3&5�SURGXFWV�ZHUH�GHWHFWHG�E\�KRUL]RQWDO�JHO�HOHFWURSKRUHVLV�RI�D����PO�DOLTXRW�LQ�D�������DJDURVH�JHO�FRQWDLQLQJ�HWKLGLXP�EURPLGH�LQ�7$( EXIIHU�������0�7ULV�DFHWDWH��������0�('7$��IROORZHG�E\�YLVXDOLVDWLRQ�XQGHU�89�OLJKW��$���.E�/DGGHU��*LEFR�%5/��ZDV�LQFOXGHG�RQ�HDFK�JHO�WR�HQDEOH�FRQILUPDWLRQ�RI�WKH�VL]H�RI�WKH�DPSOLILHG�SURGXFW�
������&RORQ\�3&5�PHWKRG
)RU�FRQILUPDWLRQ�RI�WKH�LGHQWLW\ RI�W\SLFDO�VDWHOOLWLF�FRORQLHV�RQ�EORRG�DJDU��FRORQ\�3&5�ZDV�SHUIRUPHG��7KH�3&5�UHDFWLRQ�PL[HV�DQG�F\FOLQJ�SDUDPHWHUV�ZHUH�DV�GHVFULEHG�DERYH��7KH�WHPSODWH�ZDV�SUHSDUHG�E\�VXVSHQGLQJ�VRPH�FRORQ\�PDWHULDO�IURP�DQ�DJDU�SODWH�LQWR�����PO�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6���$IWHU�KHDWLQJ�DW���R&�IRU�ILYH�PLQ�WKH�FHOOV�ZHUH�SHOOHWHG�E\�FHQWULIXJLQJ�LQ�D�EHQFK�WRS�PLFURIXJH�IRU���PLQ�DW�������USP��2QH�PO�RI�WKH�VXSHUQDWDQW�ZDV�XVHG�LQ�WKH�3&5�WHVW��
����� *HQHUDO�SURWRFROV�IRU�YDOLGDWLRQ�WULDOV
��������/LYH�ELUG�VDPSOLQJ�SURFHGXUH
(DFK�ELUG�ZDV�ILUVW�LQVSHFWHG�YLVXDOO\�IRU�FOLQLFDO�VLJQV�RI�LQIHFWLRXV�FRU\]D��IDFLDO�VZHOOLQJ��QDVDO�GLVFKDUJH���7KH�ELUG�ZDV�WKHQ�KHOG�ZKLOH�JHQWOH�SUHVVXUH�ZDV�H[HUWHG�RQ�HDFK�LQIUD�RUELWDO�VLQXV��,I�PXFXV�ZDV�H[SUHVVHG��LW�ZDV�VDPSOHG�XVLQJ�D���PO�VWHULOH�GLVSRVDEOH�ORRS�IRU�LQRFXODWLRQ�RQWR�EORRG�DJDU�SODWHV�IRU�FRQYHQWLRQDO�FXOWXUH��7KH�PXFXV�ZDV�DOVR�FROOHFWHG�RQWR�D�VWHULOH�FRWWRQ�WLSSHG�VZDE�IRU�3&5�WHVWLQJ�
��������6DPSOH�SURFHVVLQJ�� FXOWXUH
$IWHU�LQRFXODWLRQ�ZLWK�PXFXV�IURP�WKH�ORRS��EORRG�DJDU�SODWHV�ZHUH�FURVV�VWUHDNHG�ZLWK�D�FXOWXUH�RI�6WDSK\ORFRFFXV�K\LFXV DQG�LQFXEDWHG�IRU����DQG����K�DW���R&�LQ�DQ�DWPRVSKHUH�RI����&2��
��������6DPSOH�SURFHVVLQJ�� 3&5
7KH�VZDE�ZDV�VRDNHG�LQ�3%6�IRU���K�DW�URRP�WHPSHUDWXUH��8VLQJ�IRUFHSV��WKH�VZDE�ZDV�VTXHH]HG�RXW�DQG�GLVFDUGHG��7KH�VXVSHQVLRQ�RI�PXFXV�LQ�3%6�ZDV�YRUWH[HG�EULHIO\�WKHQ�FHQWULIXJHG�DW�������USP�IRU����PLQ��7KH�VXSHUQDWDQW�ZDV�GLVFDUGHG�DQG�WKH�SHOOHW�UH�VXVSHQGHG�LQ����PO�3%6��)LYH�PO�RI�WKLV�VXVSHQVLRQ�ZDV�WUDQVIHUUHG�WR����PO�O\VLV�EXIIHU�����P0�7ULV�+&O�S+����������PJ�PO�SURWHLQDVH�.�������7ZHHQ����������1RQLGHW�3�����DQG�LQFXEDWHG�DW���R&�IRU���K�WR�O\VH�WKH�FHOOV�DQG�UHOHDVH�'1$� 7R�LQDFWLYDWH�WKH�SURWHLQDVH�.��ZKLFK�ZRXOG�LQWHUIHUH�ZLWK�WKH�3&5��WKH�VDPSOHV�ZHUH�KHDWHG�DW ��R&�IRU����PLQ��7ZHQW\�PO�ZDV�XVHG�DV�WHPSODWH�LQ�HDFK�3&5�WHVW�
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��������6WDWLVWLFDO�DQDO\VLV
'LIIHUHQFHV�EHWZHHQ�WKH�YDULRXV�WUHDWPHQW�JURXSV�LQ�WKH�H[SHULPHQWV�GHVFULEHG�LQ�WKLV�UHSRUW�ZHUH�H[DPLQHG�XVLQJ�)LVKHU¶V�H[DFW WHVW��WZR�WDLOHG�WHVW������FRQILGHQFH�OHYHO���*UDSK3DG�3ULVP�6RIWZDUH��*UDSK3DG�6RIWZDUH�,QF��
������$UWLILFLDO�FKDOOHQJH�WULDO�SURWRFROV
7ZR�SUHOLPLQDU\�WULDOV�ZHUH�FRQGXFWHG�WR�YDOLGDWH�WKH�XVH�RI�WKH���6�+3�3&5�RQ�OLYH�FKLFNHQV�WKDW�KDG�EHHQ�LQRFXODWHG�ZLWK�+��SDUDJDOOLQDUXP�
��������7ULDO��
7ULDO���FRQVLVWHG�RI����5RVV�FKLFNHQV��$OO����FKLFNHQV�ZHUH�DUWLILFLDOO\�LQIHFWHG�E\�LQWUD�VLQXV�LQRFXODWLRQ�ZLWK�����[���� FIX�RI�DQ�RYHUQLJKW�EURWK�FXOWXUH�RI�+��SDUDJDOOLQDUXP VWUDLQ�+3����DQ�$XVWUDOLDQ�ILHOG VWUDLQ��$OO�FKLFNHQV�ZHUH�H[DPLQHG�E\�WKH�OLYH�ELUG�VDPSOLQJ�SURFHGXUH�GHVFULEHG�DERYH�DW�'D\V���DQG���SRVW�FKDOOHQJH��$W�'D\����VDPSOHV�ZHUH�WDNHQ�IURP�ERWK�VLQXVHV�LI�DYDLODEOH��$W�'D\����VDPSOHV�ZHUH�WDNHQ�IURP�RQH�VLQXV�RQO\��7KH�PXFXV�VDPSOHV�ZHUH�H[DPLQHG�RQ�WKH�GD\�RI�FROOHFWLRQ�E\�WKH���6�+3�3&5�DQG�FXOWXUH�
��������7ULDO��
7ULDO���FRQVLVWHG�RI����6,52�&%�OD\HUV��$OO����FKLFNHQV�ZHUH�DUWLILFLDOO\�LQIHFWHG�DV�GHVFULEHG�DERYH�ZLWK�����[���� FIX�RI�+��SDUDJDOOLQDUXP VWUDLQ�+3����$OO�FKLFNHQV�ZHUH�H[DPLQHG�DW�'D\V������DQG���SRVW�FKDOOHQJH�DQG�PXFXV�VDPSOHV�ZHUH�WDNHQ�IURP�ERWK�VLQXVHV�LI�DYDLODEOH��7KH�VDPSOHV�ZHUH�WHVWHG�DV�LQ�7ULDO����6DPSOHV�WKDW�WHVWHG�QHJDWLYH�ZHUH�UHWHVWHG�IURP�WKH�UHVXVSHQGHG�VZDE�PDWHULDO��
7KH�SUHVHQFH�RI�LQKLELWRU\�VXEVWDQFHV�ZDV�LQYHVWLJDWHG�E\�WKH�DGGLWLRQ�RI���PO�RI�VZDE�VXVSHQVLRQ�LQWR�D�3&5�UHDFWLRQ�PL[�FRQWDLQLQJ�DPSOLILDEOH�SRVLWLYH�FRQWURO�'1$�
������1DWXUDO�FKDOOHQJH�WULDO�SURWRFROV
��������7ULDO��
7KLV�WULDO�XWLOLVHG����VSHFLILF�SDWKRJHQ�IUHH��63)��FKLFNHQV�IURP�WKH�$QLPDO�5HVHDUFK�,QVWLWXWH�IORFN��)LYH�ELUGV�VHOHFWHG�DW�UDQGRP�ZHUH�LQRFXODWHG�ZLWK�����[���� FIX�RI�+��SDUDJDOOLQDUXP+3���DV�GHVFULEHG�DERYH��7KHVH�ELUGV�ZHUH�DOORZHG�WR�UXQ�IUHH�ZLWK�WKH����XQLQRFXODWHG�FKLFNHQV��ZKLFK�ZHUH�WKXV�H[SRVHG�WR�D�QDWXUDO�FKDOOHQJH�RI�LQIHFWLRXV�FRU\]D��$OO�FKLFNHQV�ZHUH�FKHFNHG�DW�'D\V���������������������DQG����SRVW�FKDOOHQJH��0XFXV�VDPSOHV�ZHUH�WKHQ�H[DPLQHG�E\�ERWK�WKH���6�+3�3&5�DQG�WKH�+3���3&5�DQG�E\�FXOWXUH�
��������7ULDO��
$�VLPLODU�WULDO�ZDV�FRQGXFWHG�XVLQJ����FRPPHUFLDO�6,52�&%�SXOOHWV��SXUFKDVHG�WKUHH�ZHHNV�SULRU�WR�SRLQW�RI�OD\��7KH�ELUGV�ZHUH�QRW�YDFFLQDWHG�DJDLQVW�LQIHFWLRXV�FRU\]D��)LYH�ELUGV�VHOHFWHG�DW�UDQGRP�ZHUH�LQRFXODWHG�ZLWK�����[���� FIX�RI�+��SDUDJDOOLQDUXP +3����7KHVH�ELUGV�ZHUH�DOORZHG�WR�UXQ�IUHH�ZLWK�WKH����XQLQRFXODWHG�FKLFNHQV��2Q�HDFK�VDPSOLQJ�RFFDVLRQ��'D\��������������������DQG����DIWHU�LQRFXODWLRQ���HDFK�ELUG�ZDV�LQVSHFWHG�YLVXDOO\�DQG�PXFXV�
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VDPSOHV�FROOHFWHG�DV�GHVFULEHG�DERYH��:KHUH�VXIILFLHQW�PXFXV�ZDV�DYDLODEOH��H[WUD�VDPSOHV�ZHUH�WDNHQ�IRU�VLPXODWHG�WUDQVSRUW�H[SHULPHQWV��VHH�EHORZ��
,Q�WKLV�WULDO��RQH�VHW�RI�VDPSOHV�ZDV�FROOHFWHG�DQG�H[DPLQHG�RQ�WKH�VDPH�GD\��,Q�DGGLWLRQ��H[SHULPHQWV�ZHUH�VHW�XS�WR�PLPLF�WUDQVSRUW�RI�VDPSOHV�IURP�WKH�ILHOG�WR�D FHQWUDO�WHVWLQJ�ODERUDWRU\��7KH�VLPXODWHG�WUDQVSRUW�FRQGLWLRQV�FRQVLVWHG�RI�KROGLQJ�WKH�VZDEV��HLWKHU�LQ�SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��ZLWK�����JO\FHURO�RU�DV�GU\�VZDEV��LQ�DQ�HVN\�ZLWK�FKLOO\�EULFNV�IRU�HLWKHU����RU����KRXUV��$IWHU�VWRUDJH��WKH�VZDEV�ZHUH�VWUHDNHG�RQWR�EORRG�DJDU�SODWHV��FURVV�VWUHDNHG�DQG�LQFXEDWHG�DV�DERYH�DQG�SURFHVVHG�IRU�WHVWLQJ�LQ�ERWK�3&5V�
7R�HYDOXDWH�WKH�VHQVLWLYLW\�RI�WKH�3&5�WHVWV��FHUWDLQ�VZDEV�ZHUH�FKRVHQ�IRU�IXUWKHU�HYDOXDWLRQ��6ZDE�VXVSHQVLRQV�ZHUH�VHULDOO\�GLOXWHG�DQG�DOLTXRWV�WDNHQ�LQWR�O\VLV�EXIIHU�DQG�IRU�HQXPHUDWLRQ�RQ�70�61�DJDU��5HLG�DQG�%ODFNDOO��������D�VSHFLDOO\�VXSSOHPHQWHG�PHGLXP�WKDW�VXSSRUWV�WKH�JURZWK�RI�+��SDUDJDOOLQDUXP��
������)LHOG�RXWEUHDN�VLWXDWLRQV
��������2XWEUHDN��
7KH�ILUVW�RXWEUHDN�RFFXUUHG�LQ D�FRPPHUFLDO�HJJ�IDUP�QHDU�%ULVEDQH��%LUGV�ZHUH�VXIIHULQJ�IURP�H[WUHPHO\�VHYHUH�FOLQLFDO�VLJQV��³WHQQLV�EDOO´�KHDGV��7KH�ELUGV�ZHUH�VXEVHTXHQWO\�GLDJQRVHG�DV�VXIIHULQJ�IURP�0DUHN¶V�GLVHDVH��0XFXV�VDPSOHV�ZHUH�WDNHQ�IURP�WKH�VLQXVHV�RI����OLYH�ELUGV�ZLWKRXW�JURVV�FOLQLFDO�VLJQV�WKDW�ZHUH�VKDULQJ�FDJHV�ZLWK�VHYHUHO\�DIIHFWHG�ELUGV��$Q�DGGLWLRQDO�WZR�ELUGV�ZHUH�H[DPLQHG�DIWHU�SRVW�PRUWHP��$OO�VDPSOHV�ZHUH�H[DPLQHG�E\�ERWK�3&5�WHVWV�DQG�FXOWXUH�DV�GHVFULEHG�DERYH�RQ�WKH�GD\�RI�VDPSOH�FROOHFWLRQ�
��������2XWEUHDN��
7KH�VHFRQG�VXVSHFWHG�RXWEUHDN�RFFXUUHG�LQ�EURLOHU�EUHHGHU�ELUGV��7ZR�ELUGV�ZHUH�VXEPLWWHG�IRU�H[DPLQDWLRQ��7KHVH�ELUGV�ZHUH�OLYH�ELUG�VDPSOHG�E\�WKH�PHWKRG�GHVFULEHG�DERYH��$V�ZHOO��DW�WKH�VXJJHVWLRQ�RI�WKH�VXEPLWWLQJ�YHWHULQDULDQ��VZDEV�ZHUH�WDNHQ�IURP�WKH�SDODWLQH�FOHIW��7KLV�VLWH�ZDV�FKRVHQ�EHFDXVH�LW�LV�WKH�SODFH�ZKHUH�VDPSOHV�DUH�WDNHQ�IRU�WKH�GLDJQRVLV�RI�UHVSLUDWRU\�0\FRSODVPD LQIHFWLRQ��6DPSOHV�ZHUH�DOVR�FROOHFWHG�IURP�HDFK�VLQXV�DIWHU�QHFURSV\��$OO�VDPSOHV�ZHUH�SURFHVVHG�RQ�WKH�GD\�RI�FROOHFWLRQ�
��������2XWEUHDN��
7KH�WKLUG�VXVSHFWHG�RXWEUHDN�RFFXUUHG�LQ����ZHHN�ROG�FRPPHUFLDO�OD\HUV�LQ�16:��7KUHH�SDODWLQH�FOHIW�VZDEV�VWRUHG�LQ�$PLHV�PHGLXP�ZLWK�FKDUFRDO�ZHUH�UHFHLYHG�DW�WKH�ODERUDWRU\�QLQH�GD\V�DIWHU�FROOHFWLRQ��7KHVH�VZDEV�ZHUH�SURFHVVHG RQ�GD\�RI�UHFHLSW�DV�GHVFULEHG�LQ�VHFWLRQV���������DQG���������
����5HVXOWV
������7ULDO��
7KLV�WULDO�LQYROYHG����5RVV�FKLFNHQV��DUWLILFLDOO\�FKDOOHQJHG�ZLWK�+��SDUDJDOOLQDUXP�7DEOH����5HVXOWV�RI�7ULDO��



��

'D\ ��VDPSOHV ��VDPSOHVSRVLWLYH�LQ�FXOWXUH SRVLWLYH�LQ���6�+3�3&5� �� ��D ��D� �� ��D ��D:LWKLQ�D�URZ��YDOXHV�WKDW�VKDUH�D�VXSHUVFULSW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S�������
6WDWLVWLFDO�DQDO\VLV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�FXOWXUH�DQG�WKH���6�+3 �3&5�DW�'D\���RU�'D\���
������7ULDO��
7KLV�WULDO�LQYROYHG����6,52�&%�OD\HUV�DUWLILFLDOO\�FKDOOHQJHG�ZLWK�+��SDUDJDOOLQDUXP�
7DEOH����5HVXOWV�RI�7ULDO��
'D\ ��VDPSOHV ��VDPSOHVSRVLWLYH�LQ�FXOWXUH SRVLWLYH�LQ���6�+3�3&5� �� ��D ��D ����D � �� ��D ��D ����D� �� ��D ��D ����D7KH�QXPEHUV�LQ�EUDFNHWV�LQFOXGH�WKH�VZDEV�ZKLFK�ZHUH�LQLWLDOO\�QHJDWLYH�EXW�SRVLWLYH�RQ�UHWHVW�:LWKLQ�D�URZ��YDOXHV�WKDW�VKDUH�D�VXSHUVFULSW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S�������
6WDWLVWLFDO�DQDO\VLV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�FXOWXUH�DQG�WKH���6�+3 �3&5�DW�'D\������RU����1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�GHWHFWHG�EHWZHHQ�FXOWXUH�DQG�3&5�LUUHVSHFWLYH�RI�ZKHWKHU�RU�QRW�WKH�UHWHVWHG�VDPSOHV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�
2I WKH�IRXU�VDPSOHV�IURP�'D\���WKDW�RULJLQDOO\�WHVWHG�3&5�QHJDWLYH�EXW�ZHUH�SRVLWLYH�RQ�UHWHVW��RQO\�RQH�FRQWDLQHG�EORRG��7KLV�UDLVHG�WKH�SRVVLELOLW\�WKDW�WKHUH�PLJKW�EH�LQKLELWRU\�VXEVWDQFHV�RWKHU�WKDQ�EORRG�SUHVHQW�LQ�VRPH�PXFXV�VDPSOHV��7KLV�ZDV�GHPRQVWUDWHG�IRU�WKH�VDPSOH�IURP�'D\���WKDW�UHPDLQHG�QHJDWLYH�RQ�UHWHVW��7ZR�PO�RI�WKLV�VZDE�VXVSHQVLRQ�FRPSOHWHO\�LQKLELWHG�WKH�DPSOLILFDWLRQ�RI�WKH�SRVLWLYH�FRQWURO�'1$��7KH�QDWXUH�RI�WKLV�LQKLELWRU\�VXEVWDQFH�LV�XQNQRZQ�
������7ULDO��
7KLV�QDWXUDO�FKDOOHQJH�WULDO�ZDV�FRQGXFWHG�LQ�63)�FKLFNHQV��$OO�ILYH�DUWLILFLDOO\�LQIHFWHG�FKLFNHQV�ZHUH�SRVLWLYH�E\�'D\���RI�WKH�WULDO�DQG�IRXU�RI�WKHVH�ZHUH�VWLOO�SRVLWLYH�DW�'D\�����2I�WKH����XQLQRFXODWHG�ELUGV��HLJKW�UHPDLQHG�XQLQIHFWHG�WKURXJKRXW WKH�WULDO�
7DEOH���VKRZV�WKH�QXPEHU�RI�SRVLWLYHV�IRU�WKH�WZR�3&5�PHWKRGV�DQG�FXOWXUH�

7DEOH����5HVXOWV�RI�7ULDO��
��FKLFNHQV�SRVLWLYH�E\



��

&XOWXUH +3���3&5 ��6�+3�3&5������D �����D �����D:LWKLQ�D�URZ��YDOXHV�WKDW�VKDUH�D�VXSHUVFULSW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S�������
6WDWLVWLFDO�DQDO\VLV�UHYHDOHG�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�DQ\�RI�WKH�PHWKRGV�
������7ULDO��
7KLV�QDWXUDO�FKDOOHQJH�WULDO�ZDV�FRQGXFWHG�LQ�FRPPHUFLDO�6,52�&%�ELUGV��$OO�ILYH�DUWLILFLDOO\�LQIHFWHG�FKLFNHQV�ZHUH�SRVLWLYH�E\�'D\���RI�WKH�WULDO��2I�WKH����XQLQRFXODWHG�ELUGV��RQO\�IRXU�DSSHDUHG�WR�UHPDLQ�XQLQIHFWHG�WKURXJKRXW�WKH����GD\V�RI�WKH�WULDO�
7KH�UHVXOWV�IRU�HDFK�VDPSOLQJ�GD\�DUH�LOOXVWUDWHG�LQ�)LJXUH����2I�����VDPSOHV�FROOHFWHG�DQG�WHVWHG�RQ�WKH�VDPH�GD\������������ZHUH�SRVLWLYH�E\�FXOWXUH�DQG�WKH�VDPH�QXPEHU�ZHUH�SRVLWLYH�LQ�WKH���6�+3�3&5��2QO\�����������ZHUH�SRVLWLYH�LQ�WKH�+3���3&5��$OWKRXJK�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�3&5�WHVWV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��S� ����������WKHUH�LV�D�FOHDU�WUHQG�WRZDUGV�WKH�FRQFOXVLRQ�WKDW�WKH���6�+3�3&5�ZDV�HTXLYDOHQW�WR�FXOWXUH�DQG�VXSHULRU�WR�WKH�+3���3&5�
)LJXUH����5HVXOWV�RI�7ULDO����VDPSOHV�WHVWHG�RQ�GD\�RI�FROOHFWLRQ
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��VDPSOHV��FXOWXUH�SRV���+3���SRV�����6�SRV�

7KH�UHVXOWV�REWDLQHG�XVLQJ�VDPSOHV�WHVWHG�DIWHU�VWRUDJH�DUH�VHW�RXW�LQ�7DEOH����7KH�UHVXOWV�DUH�SUHVHQWHG�DV�WKH�QXPEHU�RI�VDPSOHV�WKDW�ZHUH�SRVLWLYH�LQ�HDFK�WHVW�
7DEOH����5HVXOWV�RI�7ULDO���VWRUDJH�VWXG\

3%6�������JO\FHURO '5<7LPH &XOWXUH +3���3&5 ��6�+3�3&5 &XOWXUH +3���3&5 ��6�+3�3&5
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���KRXUV����VDPSOHV� ��D�E ��D�E ��D�E ��D ��D�E ��E
���KRXUV����VDPSOHV� �D ��E ��E �D ��E ��E:LWKLQ�D�URZ��YDOXHV�WKDW�GR�QRW�VKDUH�D�VXSHUVFULSW�DUH�VLJQLILFDQWO\�GLIIHUHQW��S�������

6WDWLVWLFDO�DQDO\VLV�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�3&5�WHVWV�DIWHU�HLWKHU����KRXUV�RU����KRXUV�VWRUDJH��UHJDUGOHVV�RI�ZKHWKHU�WKH�VZDEV�ZHUH�VWRUHG�LQ�3%6�JO\FHURO�RU�GU\��+RZHYHU��WKHUH�ZHUH�VRPH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�UHVXOWV�JLYHQ�E\�FXOWXUH�DQG�3&5��$IWHU����KRXUV�VWRUDJH�RI�WKH�GU\�VZDEV��WKH���6�+3�3&5��EXW�QRW�WKH�+3���3&5��JDYH�VLJQLILFDQWO\�PRUH�SRVLWLYH�UHVXOWV�WKDQ�FXOWXUH��$IWHU����KRXUV�VWRUDJH��ERWK�3&5�WHVWV��RQ�VZDEV�VWRUHG�LQ�HLWKHU�3%6�JO\FHURO�RU�GU\��JDYH�VLJQLILFDQWO\�PRUH�SRVLWLYHV�WKDQ�FXOWXUH��RQ�VZDEV�VWRUHG�LQ�HLWKHU�3%6�JO\FHURO�RU�GU\��
,Q�FRPSDULQJ�WKH�VHQVLWLYLW\�RI�WKH�WZR�3&5�WHVWV�XVLQJ�VLQXV�VZDEV�DV�WKH�VRXUFH�PDWHULDO��WKH���6�+3�3&5�ZDV�DEOH�WR�GHWHFW�DW�OHDVW����WLPHV�IHZHU�RUJDQLVPV�WKDQ�WKH�+3���3&5��,Q�RQH�VDPSOH�WKH�GLIIHUHQFH�ZDV������IROG��7KH�PLQLPXP�GHWHFWLRQ�OLPLW�RI�WKH���6�+3�3&5�ZDV����FRORQ\�IRUPLQJ�XQLWV�
������2XWEUHDN��
7KH����OLYH�ELUGV�IURP�WKH�FRPPHUFLDO�HJJ�IDUP�JHQHUDWHG����VDPSOHV��DV�RQH�ELUG�ZDV�VDPSOHG�IURP�ERWK�VLQXVHV��2I�WKHVH����VDPSOHV��VHYHQ�������ZHUH�SRVLWLYH�LQ�WKH�+3���3&5�DQG����������ZHUH�SRVLWLYH�LQ�WKH���6�+3�3&5��7KH�WZR�ELUGV�H[DPLQHG�DIWHU�SRVW�PRUWHP�JHQHUDWHG�D�WRWDO�RI�IRXU�VDPSOHV�RI�ZKLFK�RQH�ZDV�SRVLWLYH�LQ�HDFK�3&5�WHVW�
,W�ZDV�LPSRVVLEOH�WR�LGHQWLI\�VDWHOOLWLF�FRORQLHV�W\SLFDO�RI�+��SDUDJDOOLQDUXP RQ�WKH�FXOWXUH�SODWHV��PHDQLQJ�WKDW�FODVVLF��WUDGLWLRQDO�FXOWXUDO�FRQILUPDWLRQ�RI�+��SDUDJDOOLQDUXP FRXOG�QRW�EH�SHUIRUPHG��,QVWHDG��WKH�WZR�3&5�WHVWV�ZHUH�SHUIRUPHG�RQ�VXVSHFW�FRORQ\�JURXSV��2I�WKH����SLFNHG�IRU�WHVWLQJ��VHYHQ�ZHUH�FRQILUPHG�WR�FRQWDLQ�+��SDUDJDOOLQDUXP E\�ERWK�3&5�WHVWV��,Q�WKLV�ZD\��ILYH�RI�WKH����OLYH�ELUGV�DQG�RQH�RI�WKH�SRVW�PRUWHP�ELUGV�ZHUH�FRQILUPHG�SRVLWLYH�E\�WKLV�FRPELQDWLRQ�RI�FXOWXUH�IROORZHG�E\�3&5�FRQILUPDWLRQ�RI�FRORQ\�VZHHSV�
������2XWEUHDN��
,Q�WKH�VHFRQG�GLVHDVH�LQYHVWLJDWLRQ��WZR�FKLFNHQV�IURP�D�EURLOHU�EUHHGHU�IORFN�ZHUH�VXEPLWWHG�IRU�WHVWLQJ�E\�FXOWXUH�DQG ERWK�3&5�WHVWV��2I�WKH����VDPSOHV�WHVWHG�IURP�WKHVH�WZR�ELUGV��WKUHH�ZHUH�SRVLWLYH�LQ�WKH���6�+3�3&5��7KHVH�ZHUH�D�OHIW�VLQXV�IURP�RQH�ELUG��OLYH�ELUG�VDPSOH��DQG�WKH�SDODWLQH�FOHIW�IURP�ERWK�ELUGV��1R�VDPSOHV�ZHUH�SRVLWLYH�LQ�WKH�+3���3&5��1R�W\SLFDO�+��SDUDJDOOLQDUXP FRORQLHV�ZHUH�FRQILUPHG�IURP�DQ\�RI�WKH�FXOWXUH�SODWHV�
$V�QR�DFWXDO�LVRODWHV�RI�WKH�RUJDQLVP�UHVSRQVLEOH�IRU�WKH�SRVLWLYH�UHVXOW�LQ�WKH�SDODWLQH�FOHIW�RI�WKHVH�EURLOHU�EUHHGHU�ELUGV�ZHUH�REWDLQHG��WKH�RQO\�DYDLODEOH�WHFKQLTXH�IRU�IXUWKHU�LQYHVWLJDWLRQ�ZDV�VHTXHQFLQJ�RI�WKH�3&5�SURGXFWV�JHQHUDWHG�E\�WKH���6�+3�3&5��7KH�VHTXHQFH�RI�WKH�3&5�SURGXFW�DPSOLILHG�LQ�WKH���6�+3�3&5�IURP�WKH�SDODWLQH�FOHIW�VZDE�WDNHQ�IURP�RQH�RI�WKHVH�ELUGV�ZDV�FRPSDUHG�ZLWK�WKDW�IRU�ILYH�LVRODWHV�RI�+��SDUDJDOOLQDUXP DQG�WKH�WZR�3��YRODQWLXP LVRODWHV�WKDW�DUH�DPSOLILHG�LQ�WKLV�3&5��8QIRUWXQDWHO\��DQ\�QXFOHRWLGH�GLIIHUHQFHV�WKDW�ZHUH�LGHQWLILHG�ZHUH�VFDWWHUHG�VR�WKDW�QR�GHILQLWLYH�DQVZHU�FRXOG�EH�REWDLQHG�DV�WR�WKH�LGHQWLW\�RI�WKH�SDODWLQH�FOHIW�RUJDQLVP�



��

,Q�RUGHU�WR REWDLQ�PRUH�LQIRUPDWLRQ�DERXW�WKH�SDODWLQH�FOHIW�DV�D�VLWH�IRU�VDPSOLQJ�IRU�WKH�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D��SDODWLQH�FOHIW�VZDEV�ZHUH�WDNHQ�IURP�WKH����ELUGV�WKDW�KDG�EHHQ�XVHG�LQ�7ULDO����2I�WKH����VDPSOHV�WDNHQ����GD\V�DIWHU�FKDOOHQJH��L�H� ��GD\V�DIWHU�WKH�WULDO�ZDV�FRPSOHWHG���ILYH�ZHUH�SRVLWLYH�LQ�WKH�+3���3&5�DQG�DOO����ZHUH�SRVLWLYH�LQ�WKH���6�+3�3&5��$JDLQ��LW�ZDV�YHU\�GLIILFXOW�WR�ILQG�FRORQLHV�RQ�WKH�SODWHV�WKDW�UHVHPEOHG�+��SDUDJDOOLQDUXP��2I�VL[�FRORQ\�VZHHSV�VHOHFWHG�IRU�FRQILUPDWRU\�WHVWLQJ�E\�3&5��DOO�ZHUH�SRVLWLYH�LQ�WKH���6�+3�3&5�EXW�RQO\�RQH�ZDV�SRVLWLYH�LQ�WKH�+3���3&5�
3DODWLQH�FOHIW�VZDEV�ZHUH�DOVR�REWDLQHG�IURP����WHQ�ZHHN�ROG�ELUGV�IURP�WKH�$5,�63)�IORFN��D�IORFN�NQRZQ�WR�EH�IUHH�RI�+��SDUDJDOOLQDUXP���$OO����VDPSOHV�ZHUH�QHJDWLYH�LQ�ERWK�3&5V�
������2XWEUHDN��
'HVSLWH�WKH�IDFW�WKDW�WKH�WKUHH�VZDEV�REWDLQHG�IURP�WKH�OD\HUV�LQ�WKLV�VXVSHFWHG�RXWEUHDN�ZHUH�VXEPLWWHG�LQ�D�FRPSOHWHO\�GLIIHUHQW�WUDQVSRUW�PHGLXP�WKDW�KDG�QRW�EHHQ�SUHYLRXVO\�YDOLGDWHG��DQG�WKDW�WKH\�ZHUH�UHFHLYHG�QLQH GD\V�DIWHU�FROOHFWLRQ��DOO�WKUHH�ZHUH�SRVLWLYH�LQ�ERWK�3&5�WHVWV��&XOWXUH�SODWHV�LQRFXODWHG�IURP�WKH�QLQH�GD\�ROG�VZDEV�ZHUH�WRWDOO\�RYHUJURZQ��DQ�H[SHFWHG�UHVXOW�JLYHQ�WKH�OHQJWK�RI�WLPH�EHWZHHQ�FROOHFWLRQ�DQG�WHVWLQJ�
����'LVFXVVLRQ
8QWLO�WKH�UHFHQW�ZRUN�RQ�D�3&5�WHVW�IRU�+��SDUDJDOOLQDUXP SHUIRUPHG�DW�WKLV�ODERUDWRU\��WKH�WUDGLWLRQDO�PHDQV�RI�FRQILUPLQJ�LQIHFWLRXV�FRU\]D�LQ�D�FKLFNHQ�IORFN�UHPDLQHG�WKH�LVRODWLRQ�DQG�ELRFKHPLFDO�FKDUDFWHULVDWLRQ�RI�+��SDUDJDOOLQDUXP �%ODFNDOO�HW�DO� �������7KLV�LV�D�WHFKQLFDOO\�GHPDQGLQJ�WDVN�DV�LVRODWHV�RI�+��SDUDJDOOLQDUXP DUH�QXWULWLRQDOO\�GHPDQGLQJ��UHTXLULQJ�VSHFLDO�VXSSOHPHQWV�WR�DOORZ�WKHP�WR�JURZ�LQ�DUWLILFLDO�PHGLD��)XUWKHU��+��SDUDJDOOLQDUXP LV�D�VORZ�JURZLQJ�RUJDQLVP�WKDW�LV�HDVLO\�RYHUJURZQ�E\�RWKHU�EDFWHULD��(YHQ�LI�D�VXVSHFW�LVRODWH�LV�REWDLQHG��WKH�GLDJQRVWLF�ODERUDWRU\�PXVW�VWLOO�SHUIRUP�WHVWV�WR�GLVWLQJXLVK�+��SDUDJDOOLQDUXPIURP�VLPLODU��EXW�QRQ�SDWKRJHQLF��EDFWHULD�
5HFHQWO\��WKH�GLDJQRVWLF�RSWLRQV�IRU�LQIHFWLRXV�FRU\]D�KDYH�EHHQ�H[SDQGHG�E\�WKH�DYDLODELOLW\�RI�D�VSHFLHV�VSHFLILF�3&5�WHVW�IRU�WKH�LGHQWLILFDWLRQ�RI�+��SDUDJDOOLQDUXP �&KHQ�HW�DO� �������7KLV�WHVW��WHUPHG�WKH�+3���3&5��ZDV�GHYHORSHG�DQG�YDOLGDWHG�DW�WKLV�ODERUDWRU\�LQ�DUWLILFLDOO\�LQIHFWHG�FKLFNHQV�LQ�VPDOO�VFDOH�SHQ�WULDOV��&KHQ�HW�DO� �������:H�KDYH�UHFHQWO\�GHYHORSHG�D�VHFRQG�WHVW�� WKH���6�+3�3&5��0LIOLQ��XQSXEOLVKHG�GDWD���7KH�DLP�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�GLUHFWO\�FRPSDUH�WKHVH�WZR�3&5�WHVWV�XQGHU�UHDOLVWLF�FRQGLWLRQV�W\SLFDO�RI�WKRVH�IDFLQJ�GLDJQRVWLF�ODERUDWRULHV�LQYHVWLJDWLQJ�VXVSHFWHG�FRU\]D�RXWEUHDNV�LQ�FRPPHUFLDO�FKLFNHQV�
,Q�UHYLHZLQJ�WKH�UHVXOWV�RI�WKLV�VWXG\�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�WKH�ZRUN�ZDV�SHUIRUPHG�DW�D�ODERUDWRU\�WKDW�KDV�H[WHQVLYH�H[SHULHQFH�LQ�WKH�WUDGLWLRQDO�FXOWXUH�PHWKRGV�IRU�WKH�LVRODWLRQ�RI�+��SDUDJDOOLQDUXP��7KH�%DFWHULRORJ\�5HVHDUFK�/DERUDWRU\�KDV�EHHQ�ZRUNLQJ�RQ�WKH�WUDGLWLRQDO�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D�VLQFH������DQG�KDV�YDVWO\�PRUH�H[SHULHQFH�LQ�WKLV�GLIILFXOW�WHFKQLTXH�WKDQ�WKH�W\SLFDO�GLDJQRVWLF�ODERUDWRU\��+HQFH��LW�LV�KLJKO\�OLNHO\�WKDW�WKH�FXOWXUH�UHVXOWV�REWDLQHG�LQ�WKLV�VWXG\�DUH�EHWWHU�WKDQ�ZRXOG�EH�REWDLQHG�LQ�D�GLDJQRVWLF�ODERUDWRU\�WKDW�KDV�QRW�KDG�WKH�RSSRUWXQLW\�RI�GHYHORSLQJ�VXFK�H[WHQVLYH�H[SHULHQFH�
$V�WKH���6�+3�3&5�KDV�RQO\�UHFHQWO\�EHHQ�GHYHORSHG��ZH�LQLWLDOO\�SHUIRUPHG�WZR�DUWLILFLDO�FKDOOHQJH�WULDOV��7ULDOV���DQG����WR�DOORZ�XV�WR�HYDOXDWH�WKH�WHVW�ZKHQ�XVHG�GLUHFWO\�RQ�LQIHFWHG�



��

FKLFNHQV��7KHVH�WULDOV�GHPRQVWUDWHG�WKDW�WKH���6�+3�3&5�JDYH�HTXLYDOHQW�UHVXOWV�WR�FXOWXUH�ZKHQ�XVHG�RQ�PXFXV�VDPSOHV�WDNHQ�IURP�OLYH�ELUGV��,W�VKRXOG�EH�VWDWHG�DW�WKH�RXWVHW�WKDW�RQH�RI�WKH�GUDZEDFNV�HQFRXQWHUHG�ZKHQ�YDOLGDWLQJ�WKH�OLYH�ELUG�VDPSOLQJ�WHFKQLTXH�ZDV�WKDW�QHJDWLYH�VDPSOHV�FRXOG�QRW�EH�WHVWHG��$�KHDOWK\�FKLFNHQ�GRHV�QRW�SURGXFH�PXFXV�DQG�VR�GRHV�QRW�JHQHUDWH�D�VDPSOH�IRU�WHVWLQJ��$QRWKHU�IDFWRU�WR�EH�FRQVLGHUHG�LV�WKDW�FXOWXUH�LV�UHODWLYHO\�HDV\�WR�LQWHUSUHW�ZKHQ�VDPSOHV�KDYH�EHHQ�WDNHQ�DVHSWLFDOO\�ZLWK�D�WLQ\�ORRS�IURP�DUWLILFLDOO\�FKDOOHQJHG�ELUGV��7KHVH�ELUGV�KDYH�KLJK�QXPEHUV�RI�+��SDUDJDOOLQDUXP SUHVHQW�LQ�WKH�PXFXV�LQ�UHODWLYHO\�SXUH�FXOWXUH��7KLV�LV�XQOLNHO\�WR�EH�WKH�FDVH�LQ�D�UHDO�RXWEUHDN�
&OHDUO\��ERWK�WKH���6�+3�3&5�DQG�WKH�+3���3&5�QHHGHG�WR�EH�YDOLGDWHG�XVLQJ�VDPSOHV�IURP�UHDO�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D��7R�VLPXODWH�VXFK�D�VLWXDWLRQ��WZR�SHQ�WULDOV�ZHUH�FRQGXFWHG�WR�LPLWDWH�WKH�QDWXUDO�KLVWRU\�RI�WKH�GLVHDVH��7ULDOV���DQG�����7KH�RQO\�GLIIHUHQFH�EHWZHHQ�WKHVH�WULDOV�ZDV�WKDW�7ULDO���ZDV�SHUIRUPHG�LQ�63)�FKLFNHQV�ZKLOH�7ULDO���ZDV�SHUIRUPHG�LQ�FRPPHUFLDO�FKLFNHQV��1R�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�HLWKHU�3&5�WHVW�DQG�FXOWXUH�LQ�HLWKHU�WULDO��SURYLGHG�WKH�VDPSOHV�ZHUH�WHVWHG�RQ�WKH�VDPH�GD\��+HQFH��WKHVH�WZR�WULDOV�KDYH��OLNH�WKH�WULDOV�LQYROYLQJ�DUWLILFLDO�LQIHFWLRQ��FRQILUPHG�WKDW�WKH���6�+3�3&5�DQG�WKH�+3���3&5�DUH�WKH�HTXLYDOHQW�RI�FXOWXUH�
7ULDO���GHPRQVWUDWHG�WKH�LPSDFW�RI�VWRUDJH�WUDQVSRUW�RQ�ERWK�3&5V�DQG�WUDGLWLRQDO�FXOWXUH��$IWHU����KRXUV�RI�VLPXODWHG�WUDQVSRUW�LQ�D�FKLOOHG�HVN\��WKHUH�ZHUH�VLJQLILFDQWO\�PRUH�SRVLWLYH�UHVXOWV�LQ�ERWK�3&5�WHVWV�WKDQ�LQ�FXOWXUH��GHPRQVWUDWLQJ�WKDW�3&5�LV�D�PRUH�UREXVW�WHFKQLTXH�WKDQ�FXOWXUH��7KLV�LV�DQ�LPSRUWDQW�ILQGLQJ�DV�PDQ\�GLDJQRVWLF�ODERUDWRULHV�DUH�OLNHO\�WR�EH�DWWHPSWLQJ�WR�GLDJQRVH�LQIHFWLRXV�FRU\]D�E\�FXOWXULQJ�VZDEV�WUDQVSRUWHG�WR�D�FHQWUDO�ODERUDWRU\��2XU�ZRUN�FOHDUO\�VKRZV�WKDW�FXOWXUH�FDQ�RQO\�EH�D�UHOLDEOH�WHFKQLTXH�ZKHQ�XVHG�RQ�IUHVKO\�REWDLQHG�VZDEV�
7KH�IRXU�SHQ�WULDOV�GHPRQVWUDWHG�WKH�VXLWDELOLW\�RI�OLYH�ELUG�VDPSOLQJ�DV�D�PHDQV�RI�REWDLQLQJ�PXFXV�IRU�ERWK�FXOWXUH DQG�3&5�DQDO\VLV��:KLOH�WKH�RYHUDOO�UHVXOWV�VXJJHVW�WKDW�ERWK�3&5�DQG�FXOWXUH�JLYH�HTXLYDOHQW�UHVXOWV��WKH�DGYDQWDJH�RI�3&5�LV�LWV�UDSLGLW\��3&5�UHVXOWV�DUH�DYDLODEOH�ZLWKLQ�VL[�WR�HLJKW�KRXUV�ZKLOH�FRQILUPHG�FXOWXUH�UHTXLUHV�WKUHH�WR�ILYH�GD\V�
7KH�QDWXUDO�RXWEUHDNV�SUHVHQWHG�VLJQLILFDQW�SUREOHPV�W\SLFDO�RI�WKRVH�VHHQ�LQ�URXWLQH�GLDJQRVWLF�VLWXDWLRQV��)RU�LQVWDQFH��LQ�2XWEUHDN���WKH�ELUGV�ZHUH�VXIIHULQJ�IURP�DQ�LPPXQRVXSSUHVVLYH�GLVHDVH�ZKLFK�PHDQW�WKDW�WKH�FXOWXUHV�ZHUH�VHYHUHO\�FRQWDPLQDWHG�ZLWK�RSSRUWXQLVWLF�RUJDQLVPV��:KHUHDV�LQ�DOO�WKH�SHQ�WULDOV�LW�ZDV�UHODWLYHO\�HDV\�WR�UHFRJQLVH�+��SDUDJDOOLQDUXP FRORQLHV��LQ�WKH�ILHOG�VLWXDWLRQ�LW�ZDV�PXFK�PRUH�GLIILFXOW��7KLV�GLIIHUHQFH�LV�QRW�VWDWLVWLFDOO\�TXDQWLILDEOH�EXW�LW�LV�QHYHUWKHOHVV�YHU\�UHDO��7KH�GLIILFXOW\�RI�ZRUNLQJ�ZLWK�DFWXDO�RXWEUHDNV�LQ�FRPPHUFLDO�FKLFNHQV�LV�HPSKDVLVHG�E\�WKH�IDFW�WKDW�ZH�ZHUH�XQDEOH�WR�REWDLQ�D�VLQJOH�SXUH�FXOWXUH�RI�+��SDUDJDOOLQDUXP IURP�WZR�RI�WKH�WKUHH�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D�LQYHVWLJDWHG��7KLV�ZDV�GHVSLWH�WKDW�IDFW�WKDW��LQ�DOO�WKUHH�FDVHV��WKH�W\SLFDO�FOLQLFDO�VLJQV�RI�LQIHFWLRXV�FRU\]D�ZHUH�SUHVHQW�DQG�WKH�FXOWXUH�ZDV�SHUIRUPHG�LQ�D�YHU\�H[SHULHQFHG�ODERUDWRU\��,QGHHG��LW�ZDV�RQO\�WKH�3&5�WHFKQLTXHV��DSSOLHG�HLWKHU�GLUHFWO\�WR�WKH�OLYLQJ�ELUG�RU�WR�KLJKO\�RYHUJURZQ SODWH�FXOWXUHV��WKDW�DOORZHG�D�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D�WR�EH�PDGH��,I�WKH�WKUHH�ILHOG�LQYHVWLJDWLRQV�KDG�EHHQ�GHSHQGHQW�XSRQ�WUDGLWLRQDO�FXOWXUH��QRQH�RI�WKH�RXWEUHDNV�ZRXOG�KDYH�EHHQ�FRQILUPHG�DV�FRU\]D��GHVSLWH�WKH�SUHVHQFH�RI�WKH�W\SLFDO�FOLQLFDO�VLJQV�DQG�WKH�ILHOG�YHWHULQDULDQ¶V�SURYLVLRQDO�GLDJQRVLV�RI�FRU\]D�
,Q�2XWEUHDN����DOO�WKUHH�VZDEV�VXEPLWWHG�ZHUH�SRVLWLYH�LQ�ERWK�3&5�WHVWV��HYHQ�WKRXJK�WKH\�ZHUH�WHVWHG�QLQH�GD\V�DIWHU�FROOHFWLRQ��7KLV�HIIHFWLYHO\�GHPRQVWUDWHV�WKH�SRZHU�RI�3&5�DV�WKH�VXEPLWWLQJ�ODERUDWRU\�ZDV�XQDEOH�WR�LVRODWH�+��SDUDJDOOLQDUXP RQH�GD\�DIWHU�VZDE�FROOHFWLRQ�
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,Q�VXPPDU\��WKLV�VWXG\�KDV�FRQILUPHG�WKH�VXLWDELOLW\�RI�WKH�3&5�WHVWV�IRU�WKH�GLDJQRVLV�RI�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D�LQ�FRPPHUFLDO�SRXOWU\��,Q�2XWEUHDN����LQYROYLQJ�D�FRPPHUFLDO�HJJ�IDUP��WKH�3&5�WHVWV�ZHUH�DEOH�WR�FRQILUP�WKH�GLVHDVH�DV�LQIHFWLRXV�FRU\]D�RQ�WKH�VDPH�GD\�WKH�VDPSOHV�UHDFKHG�WKH�ODERUDWRU\��&XOWXUH�UHTXLUHG�WKH�XVH�RI�3&5�IRU�FRQILUPDWLRQ�DV�WKH�SODWHV�ZHUH�VHULRXVO\�RYHUJURZQ��,Q�WKH�FDVH�RI�2XWEUHDNV���DQG����RQO\�WKH�3&5�WHVWV�ZHUH�DEOH�WR�GHWHFW�SRVLWLYH�FKLFNHQV��ZLWK�FXOWXUH�IDLOLQJ�DOWRJHWKHU�
7KH�ILHOG�ZRUN�DOVR�UHYHDOHG�WKH�SRVVLELOLW\�WKDW�WKH�SDODWLQH�FOHIW�PD\�EH�D�JRRG�VLWH�IRU�REWDLQLQJ�VDPSOHV�IURP�OLYLQJ�ELUGV��7KH�VWDQGDUG�OLYH ELUG�VDPSOLQJ�PHWKRG�UHTXLUHV�WKH�SUHVHQFH�RI�VXIILFLHQW�PXFXV�LQ�WKH�VLQXV�WR�DOORZ�WKH�PXFXV�WR�EH�H[SUHVVHG�E\�JHQWOH�SUHVVXUH��7KLV�PHDQV�WKDW�WKH�VDPSOLQJ�FDQ�RQO\�EH�GRQH�DW�OLPLWHG�VWDJH�RI�WKH�GLVHDVH�SURFHVV�� ZKHQ�PXFXV�LV�SUHVHQW�LQ�WKH�VLQXV��+HQFH��OLYH�ELUG�VDPSOLQJ�RI�WKH�PXFXV�FDQQRW�EH�SHUIRUPHG�LQ�WKH�HDUO\�VWDJHV�RI�WKH�GLVHDVH��WKH�ODWHU�VWDJHV�RI�WKH�GLVHDVH�RU�ZKHQ�D�FDUULHU�VWDWH�KDV�EHHQ�UHDFKHG��,Q�FRQWUDVW��LW�LV�SRVVLEOH�WR�REWDLQ�D�VDPSOH�E\�VZDEELQJ�WKH�SDODWLQH�FOHIW�DW�DOO�VWDJHV�RI�WKH�GLVHDVH�SURFHVV��)XUWKHU�ZRUN�ZRXOG�EH�UHTXLUHG�WR�YDOLGDWH�WKH�SDODWLQH�FOHIW�DSSURDFK��LQYROYLQJ�PRUH�VDPSOLQJ�RI�ERWK�SRVLWLYH�DQG�QHJDWLYH�ELUGV��7KH�YDOLGDWLRQ�RI�SDODWLQH�FOHIW�VDPSOLQJ�LV�PDGH�GLIILFXOW�E\�WKH�IDFW�WKDW�WKH�VLWH�LV�KHDYLO\�FRORQLVHG�E\�FRPPHQVDO�EDFWHULD��PDNLQJ�LW�YLUWXDOO\�LPSRVVLEOH�WR�FXOWXUH�+��SDUDJDOOLQDUXP��ZKLFK�LV�HDVLO\�RYHUJURZQ��+HQFH��WKH�QDWXUH�RI�WKH�VLWH�ZRXOG�PDNH�D�FRPSDULVRQ�RI�3&5�DQG�FXOWXUH�YHU\�GLIILFXOW�
7KH�DLPV�RI�2EMHFWLYH���ZHUH�WR�DGGUHVV�WZR�TXHVWLRQV�UHJDUGLQJ�WKH�XVH�RI�3&5�LQ�WKH�GLDJQRVLV�RI�VXVSHFWHG�RXWEUHDNV�RI�LQIHFWLRXV�FRU\]D�LQ�$XVWUDOLD��7KH�ILUVW�TXHVWLRQ�FRQFHUQHG�D�UHFRPPHQGDWLRQ�DERXW�ZKLFK�RI�WKH�WZR�3&5�WHVWV�ZRXOG�EH�PRVW�VXLWDEOH�IRU�XVH��,Q�SHQ�WULDOV�WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�3&5�WHVWV�ZKHQ�XVHG�RQ�PXFXV�VDPSOHV�WDNHQ�IURP�OLYH�ELUGV��+RZHYHU��TXDQWLWDWLYH�DQDO\VLV�SURYHG�WKDW�WKH���6�+3�3&5�FRXOG�GHWHFW�WHQ�WLPHV�IHZHU�FHOOV�RI�+��SDUDJDOOLQDUXP LQ�PXFXV�WKDQ�WKH�+3���3&5��7KLV�ILQGLQJ�VXJJHVWV�WKDW�LQ�VRPH�ILHOG�FDVHV��WKH�KLJKHU�VHQVLWLYLW\�RI�WKH���6�+3�3&5�ZRXOG�WKHRUHWLFDOO\�PHDQ�WKDW�WKLV�WHVW�ZRXOG�SHUIRUP�EHWWHU�WKDQ�WKH�+3���3&5��7KLV�PD\�H[SODLQ�WKH�WUHQG�WRZDUGV�KLJKHU�QXPEHUV�RI�SRVLWLYHV�ZLWK�WKH���6�+3�3&5�DV�VHHQ�LQ�7ULDO���DV�ZHOO�DV�VRPH�RI�WKH�UHVXOWV�IURP�WKH�ILHOG�RXWEUHDNV��+RZHYHU��WKH���6�+3 �3&5�GRHV�VXIIHU�IURP�D�ODFN�RI�VSHFLILFLW\��7KH�WHVW�KDV�JLYHQ�IDOVH�SRVLWLYH�UHDFWLRQV�ZLWK�WZR�RXW�RI�VL[�VWUDLQV�RI�3��YRODQWLXP WHVWHG��$�VHULHV�RI�DWWHPSWV�WR�VROYH�WKLV�SUREOHP�E\�LQFUHDVLQJ�WKH�VWULQJHQF\�RI�WKH�DVVD\�ZHUH�XQVXFFHVVIXO��UHVXOWLQJ�RQO\�LQ�WKH�WHVW�IDLOLQJ�WR�UHFRJQLVH�VRPH�+��SDUDJDOOLQDUXP LVRODWHV��$�EHWWHU�DSSURDFK�WR�WKLV�LVVXH�ZRXOG�EH�WR�GHVLJQ�D�VHFRQG�OHYHO�DVVD\��WR�EH�SHUIRUPHG�DIWHU�D�SRVLWLYH�KDG�EHHQ�REWDLQHG�LQ�WKH���6�+3�3&5��WKDW�ZRXOG�GLVWLQJXLVK�EHWZHHQ�D�SRVLWLYH�GXH�WR�+��SDUDJDOOLQDUXP DQG�D�SRVLWLYH�GXH�WR�3��YRODQWLXP��6XFK�D�FRQILUPDWRU\�WHVW�ZRXOG�QHHG�WR�EH�GHYHORSHG�EHIRUH�WKH���6�+3 �3&5�FRXOG�EH�UHFRPPHQGHG�IRU�XVH��+RZHYHU� DW�WKH�SUHVHQW�WLPH��WKH�+3���3&5�FDQ�EH�FRQILGHQWO\�UHFRPPHQGHG�DV�DQ�DOWHUQDWLYH�WR��RU�UHSODFHPHQW�IRU��FXOWXUH�
7KH�VHFRQG�TXHVWLRQ�UHODWHG�WR�WUDQVSRUW�RI�VZDEV�IURP�WKH�ILHOG�WR�WKH�ODERUDWRU\��1RW�VXUSULVLQJO\�JLYHQ�WKH�GHOLFDWH�QDWXUH�RI�WKH�RUJDQLVP��%ODFNDOO HW�DO� �������WKH�VWXG\�GHPRQVWUDWHG�WKDW�WKH�TXLFNHU�WKH�VDPSOHV�UHDFK�WKH�ODERUDWRU\��WKH�JUHDWHU�WKH�FKDQFH�RI�GHWHFWLQJ�+��SDUDJDOOLQDUXP� +RZHYHU��2XWEUHDN���GHPRQVWUDWHG�WKDW�LW�LV�SRVVLEOH�WR�REWDLQ�UHVXOWV�E\�3&5�HYHQ�DIWHU�QLQH�GD\V��$V�WKHUH�ZDV�HVVHQWLDOO\�QR�GLIIHUHQFH�LQ�WKH�SHUIRUPDQFH�RI�WKH�WZR�WUDQVSRUW�UHJLPHV�H[DPLQHG�LQ�WKLV�VWXG\��RXU�UHFRPPHQGDWLRQ�ZRXOG�EH�WR�WUDQVSRUW�PXFXV�VZDEV�GU\�DQG�FKLOOHG��DV�WKLV�LV�WKH�VLPSOHVW�SURFHGXUH��,W�DSSHDUV�WKDW�



��

$PLHV�PHGLXP�ZLWK�FKDUFRDO�PD\�DOVR�EH�VXLWDEOH�DOWKRXJK�LW�KDV�QRW�EHHQ�H[WHQVLYHO\�YDOLGDWHG�
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,PSOLFDWLRQV7KH�GLDJQRVWLF�DVVD\V�GHYHORSHG�DQG�RU�YDOLGDWHG�LQ�WKLV�SURMHFW�UHSUHVHQW�D�PDMRU�VWHS�IRUZDUG�LQ�WKH�FDSDFLW\�WR�UDSLGO\�DQG�DFFXUDWHO\�GLDJQRVH�ERWK�IRZO�FKROHUD�DQG LQIHFWLRXV�FRU\]D�
)RZO�FKROHUD�FRQWLQXHV�WR�EH�DQ�LPSRUWDQW�GLVHDVH�LQ�ERWK�HFRQRPLF�WHUPV�DQG�SUHYDOHQFH�WKURXJKRXW�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV��FKLFNHQ�PHDW�DQG�HJJ���+HQFH��WKH�LPSURYHG�GLDJQRVWLF�FDSDELOLW\�UHVXOWLQJ�IURP�WKH�XVH�RI�WKH�3&5�WHVW�ZLOO�DOORZ�WKH�DGRSWLRQ�RI�LPSURYHG�SUHYHQWLRQ�DQG�FRQWURO�SURJUDPPHV��UHVXOWLQJ�LQ�LPSURYHG�ILQDQFLDO�UHWXUQV�WR�WKH�$XVWUDOLDQ�LQGXVWULHV�
%DVHG�RQ�WKH�WUDGLWLRQDO�GLDJQRVWLF�DVVD\V��LQIHFWLRXV�FRU\]D�KDV�EHHQ�ZLGHO\�UHJDUGHG�DV�D�UHODWLYHO\�PLQRU�GLVHDVH�LQ�WHUPV�RI�ERWK�LQFLGHQFH�DQG�HFRQRPLF�LPSDFW�LQ�$XVWUDOLD��7KH�UHVXOWV�RI�WKLV�SURMHFW�KDYH�KLJKOLJKWHG�WKDW�WKH�WUDGLWLRQDO�PHWKRG�RI�FXOWXUH�LV�D�YHU\�SRRU�ZD\�RI�GHWHFWLQJ�WKH�SUHVHQFH�RI�+��SDUDJDOOLQDUXP� WKH�FDXVDWLYH�DJHQW�RI�LQIHFWLRXV�FRU\]D��7KH�DGRSWLRQ�RI�D�3&5�WHVW�ZKLFK�KDV�EHHQ�VKRZQ�WR�EH�VXSHULRU�WR�FXOWXUH�LQ�D�ILHOG�GLDJQRVWLF�VLWXDWLRQ��ZLOO�UHVXOW�LQ�D�PXFK�LPSURYHG�GLDJQRVLV�RI�LQIHFWLRXV�FRU\]D��$�UDSLG�DQG�VSHFLILF�GLDJQRVWLF�VHUYLFH�EDVHG�RQ�WKLV�WHVW�ZLOO�HQVXUH�WKDW�PRUH�HIIHFWLYH�SUHYHQWLRQ�DQG�FRQWURO�SURJUDPPHV�IRU�LQIHFWLRXV�FRU\]D�FDQ�EH�GHYHORSHG��,W�LV�DOVR�SRVVLEOH�WKDW�WKH�LPSURYHG�DELOLW\�WR�GLDJQRVH�LQIHFWLRXV�FRU\]D�ZLOO�UHYHDO�D�JUHDWHU�OHYHO�RI�LQIHFWLRQ�ZLWK�+��SDUDJDOOLQDUXP WKDQ�KDV�SUHYLRXVO\�EHHQ�UHDOLVHG�
$V�3&5�EDVHG�WHFKQRORJ\�LV�QRZ�D�IHDWXUH�LQ�WKH�FHQWUDO�ODERUDWRULHV�RI�DOO�WKH�6WDWH�'HSDUWPHQWV�RI�$JULFXOWXUH�3ULPDU\�,QGXVWULHV��WKH�DVVD\V�GHYHORSHG�LQ�WKLV�SURMHFW�DUH�FDSDEOH�RI�EHLQJ�LPPHGLDWHO\�SURYLGHG�LQ�HDFK�6WDWH��7KH�LQGXVWU\�EDVHG�ODERUDWRULHV�DUH�JHQHUDOO\�QRW�\HW�HTXLSSHG�IRU�3&5��PHDQLQJ�WKDW�WKH�SRXOWU\�LQGXVWULHV�ZLOO�KDYH�WR�DFFHVV�WKHVH�DVVD\V�IURP�JRYHUQPHQW�ODERUDWRULHV�LQ�WKH�VKRUW�WHUP��+RZHYHU��DV�3&5�EDVHG�WHFKQRORJLHV�DUH�LQFUHDVLQJO\�UHSODFLQJ�WUDGLWLRQDO�WHFKQRORJLHV��LW�LV OLNHO\�WKDW�WKH�LQGXVWU\�EDVHG�ODERUDWRULHV�ZLOO�DOVR�DGRSW�3&5�WHFKQRORJ\�LQ�WKH�QRW�WRR�GLVWDQW�IXWXUH��,Q�DGGLWLRQ��LW�LV�OLNHO\�WKDW�WKH�SULYDWH�ODERUDWRULHV�VHUYLFLQJ�WKH�GLDJQRVWLF�QHHGV�RI�WKH�SRXOWU\�LQGXVWULHV�ZLOO�ERWK�LQFUHDVH�LQ�QXPEHU�DQG�DOVR�XVH�3&5�EDVHG�WHFKQRORJLHV��SURYLGLQJ�\HW�DQRWKHU�PHDQV�RI�DFFHVV�WR�WKH�WHVWV�GHYHORSHG�LQ�WKLV�SURMHFW�
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5HFRPPHQGDWLRQV7R�HQVXUH�WKDW�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV�JDLQ�PD[LPXP�EHQHILW�IURP�WKH�WHVWV�GHYHORSHG�LQ�WKLV�SURMHFW��WKH�3&5�WHVWV�IRU�3DVWHXUHOOD�PXOWRFLGD DQG�+DHPRSKLOXV�SDUDJDOOLQDUXP VKRXOG�EH�UHFRPPHQGHG�DV�HLWKHU�UHSODFHPHQWV�IRU�WUDGLWLRQDO�FXOWXUH�EDVHG�PHWKRGV�RU�DV�VXSSRUWLQJ�WHVWV�WR�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�FXOWXUH��7KH�%DFWHULRORJ\�5HVHDUFK�/DERUDWRU\��ZKLFK�DFWV�DV�DQ�XQRIILFLDO�UHIHUHQFH�ODERUDWRU\�IRU�IRZO�FKROHUD�DQG�LQIHFWLRXV�FRU\]D��KDV�DOUHDG\�DGRSWHG�WKH�WHVWV�IRU�URXWLQH�XVH��7KH�FKDQJH�KDV�EHHQ�PDGH�EHFDXVH�WKH�3&5�WHVWV�KDYH�EHHQ�WKRURXJKO\�YDOLGDWHG��SURYLGH�PRUH�UDSLG�UHVXOWV�WKDQ�WUDGLWLRQDO�PHWKRGV�DQG�DUH�FRVW�HIIHFWLYH�
7R�HQVXUH�WKDW�WKH�RWKHU�UHVHDUFK�DQG�GLDJQRVWLF�ODERUDWRULHV�WKDW�VHUYLFH�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV�DUH�DZDUH�RI�WKH�DGYDQWDJHV�RI�WKH�3&5�WHVWV��WKH�UHVXOWV�RI�WKLV�SURMHFW�VKRXOG�EH�ZLGHO\�GLVVHPLQDWHG��,Q�WKH�VSLULW�RI�WKLV�UHFRPPHQGDWLRQ��DVSHFWV�RI�WKLV�ZRUN�KDYH�DOUHDG\�EHHQ�SUHVHQWHG�DV�RUDO�SDSHUV�DW�VFLHQWLILF�PHHWLQJV�DWWHQGHG�E\�GLDJQRVWLF�SHUVRQQHO�WKDW�VHUYLFH�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV��H�J� $XVWUDOLDQ�9HWHULQDU\�3RXOWU\�$VVRFLDWLRQ��
7KH�ZRUN�LV�DOVR�EHLQJ�SUHSDUHG�IRU�SXEOLFDWLRQ�LQ�WKH�LQWHUQDWLRQDO�VFLHQWLILF�OLWHUDWXUH��HQVXULQJ�WKDW�DOO�GLDJQRVWLF�ODERUDWRULHV�LQ�$XVWUDOLD��DQG�RYHUVHDV��DUH�DZDUH�RI�WKH�FDSDFLWLHV�DQG�IHDWXUHV�RI�WKH�WHVWV�GHYHORSHG�LQ�WKLV�SURMHFW�
$�PRUH�H[WHQGHG�DSSOLFDWLRQ�RI�WKH�3DVWHXUHOOD�PXOWRFLGD 3&5�ZRXOG�DOVR�EH�DQ�LPSRUWDQW�PHWKRG�RI�IXUWKHU�GHPRQVWUDWLQJ�WKH�YDOXH�RI�WKLV�DVVD\��'U�0DJQH�%LVJDDUG��'HSDUWPHQW�RI�9HWHULQDU\�0LFURELRORJ\��7KH�5R\DO�9HWHULQDU\�DQG�$JULFXOWXUDO�8QLYHUVLW\��&RSHQKDJHQ��'HQPDUN��LV�WKH�ZRUOG¶V�OHDGLQJ�H[SHUW�RQ�3��PXOWRFLGD DQG�UHODWHG�RUJDQLVPV��+LV�ODERUDWRU\�KROGV�DQ�H[WHQVLYH�FROOHFWLRQ�RI�3��PXOWRFLGD DQG�RWKHU�PHPEHUV�RI�WKH�IDPLO\�3DVWHXUHOODFHDH��$�FROODERUDWLYH�HYDOXDWLRQ�RI�WKH�3��PXOWRFLGD 3&5�GHYHORSHG�LQ�WKLV�SURMHFW�XVLQJ�WKH�H[WHQVLYH FXOWXUH�FROOHFWLRQ�DYDLODEOH�LQ�'U�%LVJDDUG¶V�ODERUDWRU\�LV�FXUUHQWO\�EHLQJ�XQGHUWDNHQ�E\�'U�%ODFNDOO��IXQGHG�E\�5,5'&�XQGHU�D�WUDYHO�JUDQW�DZDUG��
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,QWHOOHFWXDO�3URSHUW\$V�WKH�WHVWV�GHVFULEHG�LQ�WKLV�UHSRUW�DUH�EDVHG�RQ�WKH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��D�WHFKQRORJ\�WKDW�LV�DOUHDG\�SDWHQWHG��DQG�XVH�JHQH�VHTXHQFHV�ZKLFK�DUH�SDUW�RI�WKH�QRUPDO�EDFWHULDO�FHOO��WKHUH�DUH�QR�LVVXHV�UHODWHG�WR�LQWHOOHFWXDO�SURSHUW\�
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&RPPXQLFDWLRQ�6WUDWHJ\$V�RXWOLQHG�LQ�WKH�5HFRPPHQGDWLRQV�VHFWLRQ��WKH�NH\�XVHUV�RI�WKH�WHVWV�GHYHORSHG�LQ�WKLV�SURMHFW�DUH�WKH�GLDJQRVWLF�ODERUDWRU\�SHUVRQQHO�WKDW�VHUYH�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV��+HQFH��WKH�PRVW�HIIHFWLYH�PHDQV�RI�HQVXULQJ�PD[LPXP�FRPPHUFLDO�EHQHILW�WR�WKH�$XVWUDOLDQ�SRXOWU\�LQGXVWULHV�LV�WR�HQVXUH�WKDW�UHVXOWV�RI�WKLV�SURMHFW�DUH�SUHVHQWHG�DW�LQGXVWU\�PHHWLQJV�LQ�$XVWUDOLD�DQG�DV�IRUPDO�SDSHUV�LQ�WKH�LQWHUQDWLRQDO�VFLHQWLILF�OLWHUDWXUH�
7KH�IROORZLQJ�FRQIHUHQFH�SDSHUV�KDYH�DOUHDG\�EHHQ�SUHVHQWHG�
%ODFNDOO��3�-���0LIOLQ��-�.���&KHQ��;��DQG�=KDQJ��3��������5DSLG�GHWHFWLRQ�RI�DYLDQ�EDFWHULDO�SDWKRJHQV��4XHHQVODQG�3RXOWU\�6FLHQFH�6\PSRVLXP��*DWWRQ��4XHHQVODQG�
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