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&RUUHVSRQGLQJ�$XWKRU��%HK]DG1DURXLH���0'����5HVHDUFKHU�RI�&OLQLFDO�5HVHDUFK�'HYHORSPHQW�&HQWHU��$OL�(EQH��$ELWDOHE��+RVSLWDO���=DKHGDQ�8QLYHUVLW\�RI��0HGLFDO�6FLHQFHV���=DKHGDQ�,UDQ�(PDLO��EBQDURXLH#\DKRR�FRP������7HOHID[���������B���������$EVWUDFW���6HSWLF�DUWKULWLV�LV�WKH�LQIHFWLRQ�RI�MRLQWV�DQG�GHOD\�LQ�WUHDWPHQW�PD\�OHDG�WR�LUUHFRYHUDEOH�LQMXULHV�VXFK�DV�MRLQW�GHVWUXFWLRQ�DQG�GLVVHPLQDWLRQ�RI�LQIHFWLRQ�WR�RWKHU�RUJDQV��7KH�DLPV�RI�WKLV�VWXG\�ZHUH�WR�HYDOXDWH�V\QRYLDO�IOXLG�FXOWXUHV� LQ�SDWLHQWV�ZLWK� KLJK� VXVSLFLRQ� IRU� VHSWLF� DUWKULWLV�� WKHLU� FOLQLFDO� DQG� ODERUDWRU\� ILQGLQJV� DQG� WR� GHWHUPLQH�SUREDEOH�FDXVHV�RI�WUXH�IDOVH�QHJDWLYH�FXOWXUHV��,Q�WKLV�FURVV�VHFWLRQDO�VWXG\�����SDWLHQWV�ZLWK�SDLQIXO�DQG�VZROOHQ�MRLQW�DQG�KLJK�FOLQLFDO�VXVSLFLRQ�IRU�VHSWLF�DUWKULWLV�HQUROOHG�WKH�VWXG\��6WHULOH�V\QRYLDO�IOXLG�DVSLUDWLRQ�ZDV�SHUIRUPHG�DQG�VSHFLPHQV�ZHUH�HYDOXDWHG�GLUHFW�VPHDU�IRU�JUDP�VWDLQLQJ�DQG���GLIIHUHQW�FXOWXUHV�XVLQJ�FKRFRODWH�DJDU��0DF�&RQNH\�DQG�EORRG�DJDU�IRU����KRXUV��%ORRG�VDPSOHV�ZHUH�DOVR�REWDLQHG�IRU�FXOWXUH��'DWD�ZHUH�DQDO\]HG�XVLQJ�6366�VRIWZDUH��YHUVLRQ������)HYHU�� MRLQW� SDLQ�� VZHOOLQJ��ZDUPWK�DQG� WHQGHUQHVV�ZHUH� UHSRUWHG�E\� DOO�SDWLHQWV��7HQ�SDWLHQWV� ������VXIIHUHG�IURP�FKLOOLQJ�DQG����SDWLHQWV�������IURP�UHVWULFWHG�PRYHPHQW��$OO�V\QRYLDO�IOXLG�JUDP�VWDLQLQJ�DQG�EORRG�FXOWXUHV�ZHUH�QHJDWLYH��%XW�V\QRYLDO�EORRG�FXOWXUHV�ZHUH�SRVLWLYH�LQ���SDWLHQWV�������VKRZLQJ�.OHEVLHOODSQHXPRQLDH��&DQGLGD�DOELFDQV�DQG�%UXFHOOD�LQIHFWLRQV��7KH�UHVXOWV�RI�RXU�VWXG\�ZHUH�GLIIHUHQW�IURP�RWKHU�VWXGLHV��)DOVH�QHJDWLYH�FXOWXUHV�PD\�EH�GXH�WR�IDVWLGLRXV�RUJDQLVPV��LQDGHTXDWH�ODERUDWRU\�WHFKQLTXHV��RU�SULRU�DQWLELRWLF�WKHUDS\��>=DKUD�=DNHUL��%HK]DG1DURXLH��6KDKUDP6KDKUDNL��=RKUHK�%DUL��0RVWDID'DKPDUGHKHL�DQG�0RVD0DOHNL�$EDUGHK�� (YDOXDWLRQ�RI�V\QRYLDO�IOXLG�FXOWXUH�LQ�SDWLHQWV�ZLWK�KLJK�VXVSLFLRQ�IRU�VHSWLF�DUWKULWLV��- $P�6FL������������������@���,661��������������KWWS���ZZZ�MRIDPHULFDQVFLHQFH�RUJ� ���
� .H\�ZRUGV��6HSWLF�DUWKULWLV��FXOWXUH��*UDP�6WDLQ�
�,QWURGXFWLRQ��6HSWLF�DUWKULWLV�UHIHUV�WR� WKH�LQIHFWLRQ�RI�DUWLFXODU�VSDFH�DQG� LV� DQ� XUJHQW� PHGLFDO� SUREOHP�� VLQFH� DQ\� GHOD\� LQ�GLDJQRVLV� DQG� FXUH� FDQ� OHDG� WR� LUUHYHUVLEOH� GDPDJH� WR�WKH�MRLQW��VXFK�DV�DUWLFXODU�GHVWUXFWLRQ�DQG�WKH�VSUHDG�RI�LQIHFWLRQ�WR�RWKHU�SDUWV�RI�WKH�ERG\������7KH�SUHYDOHQFH�RI� VHSWLF� DUWKULWLV� LV� DERXW� ���� SHU� ��������\HDU� LQ�QRUPDO�SRSXODWLRQ� DQG�������SHU� ��������\HDU� LQ� KLJK�ULVN� SRSXODWLRQ�� OLNH� WKRVH� KDYLQJ� UKHXPDWRLG�DUWKULWLV�5$�DQG� DOVR�� ������ SHU� ��������\HDU� LQ� WKRVH�KDYLQJ�SURVWKHWLF�MRLQWV������7KH�PRUWDOLW\�UDWH�RI�VHSWLF�DUWKULWLV� LV� DERXW� �������� $OVR�� DERXW� ������� RI� WKH�SDWLHQWV�ORVH�WKHLU�MRLQW�DFWLYLW\������0RVW� FDXVHV� RI� VHSWLF� DUWKULWLV� RFFXU� WKURXJK�KHPDWRJHQRXV� VSUHDG�� 6WDSK\ORFRFFXV� DXUHXV� LV� WKH�PRVW�FRPPRQ�FDXVH�RI� QRQ�JRQRFRFFDO� VHSWLF� DUWKULWLV�LQ� DGXOWV�� DFFRXQWLQJ� IRU� DERXW� ���� RI� WKH� FDVHV� �����$OVR�� DERXW� ���� RI� FDVHV� ZLWK� VHSWLF� DUWKULWLV� LQ� 5$�SDWLHQWV� DUH� GXH� WR� 6WDSK\ORFRFFXV� DXUHXV�� 7KH�SURJQRVLV�RI�VHSWLF�DUWKULWLV� LV�SRRU� LQ�FDVH�RI�5$�� DJH�DERYH����\HDUV��SUHVHQFH�RI�SURVWKHWLF�MRLQWV�DQG�XVH�RI�

LPPXQR�VXSSUHVVLYH� GUXJV� ����� (YHQ� D� PRUWDOLW\� UDWH�UHDFKLQJ�����KDV�EHHQ�UHSRUWHG�LQ�WKRVH�KDYLQJ�5$�DQG�FRQFRPLWDQW�SRO\�DUWLFXODU�VHSWLF�DUWKULWLV������7KH�PRVW�FRPPRQ�IRUP�RI�VHSWLF�DUWKULWLV�LV�WKH�PRQR�DUWLFXODU� LQYROYHPHQW� DQG� NQHH� LV� WKH� PRVW� FRPPRQ�LQYROYHG� MRLQW�� 7KH� GHILQLWH� GLDJQRVLV� LV� PDGH� E\�GLUHFWO\�GLUHFWO\�WKH�RUJDQLVP�LQ�JUDP�VWDLQHG�VPHDUV�RI�WKH�V\QRYLDO�IOXLG��SRVLWLYH�V\QRYLDO�IOXLG�FXOWXUH�DQG�RU�VKRZLQJ� WKH� '1$� RI� WKH� PLFUR�RUJDQLVP� XVLQJ�SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5�� ���� ���� &XUUHQWO\��GLDJQRVLV�LV�RIWHQ�PDGH�DFFRUGLQJ�WR�V\QRYLDO�IOXLG�FHOO�FRXQW��VPHDU�DQG�FXOWXUH��,I�WKH�SDWLHQW�KDV�QRW�UHFHQWO\�XVHG�DQWLELRWLFV�� FXOWXUHV�ZRXOG�EH�SRVLWLYH� LQ��������RI�QRQ�JRQRFRFFDO� EDFWHULDO� DUWKULWLV� �����&XOWXUHV�PD\�VKRZ� QHJDWLYH� UHVXOWV� LQ� FDVH� RI� WHFKQLFDO� SUREOHPV��IDVWLGLRXV� RUJDQLVPV� RU� UHFHQW� DQWLELRWLF� XVH� E\� WKH�SDWLHQW������3&5�KDV�VRPH�DGYDQWDJHV�LQFOXGLQJ�KLJK�VHQVLWLYLW\�DQG�UDSLGLW\�� HVSHFLDOO\� IRU� IDVWLGLRXV� RUJDQLVPV� RU� LQ� FDVH�RI� DQWLELRWLF� XVH�� %XW� WKH� PDLQ� SUREOHPV� DUH�FRQWDPLQDWLRQ�ZLWK�RWKHU�RUJDQLVPV�ZKLFK�FDQ� OHDG� WR�
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IDOVH�SRVLWLYH�UHVXOWV�DQG�WKH�KLJK�SULFH�RI�WKH�WHFKQLTXH�������$OVR�� LW� KDV� QRW� FRPSOHWHO\� EHFRPH� VWDQGDUGL]HG�DQG�LV�QRW�FRPPRQO\�DYDLODEOH��7KH� DLPV� RI� WKLV� VWXG\�ZHUH� WR� HYDOXDWH� V\QRYLDO� IOXLG�FXOWXUHV� LQ� SDWLHQWV� ZLWK� KLJK� VXVSLFLRQ� IRU� VHSWLF�DUWKULWLV�� WKHLU� FOLQLFDO� DQG� ODERUDWRU\� ILQGLQJV� DQG� WR�GHWHUPLQH� SUREDEOH� FDXVHV� RI� WUXH�IDOVH� QHJDWLYH�FXOWXUHV���
0HWKRGV��7ZHQW\� ILYH� SDWLHQWV� ZLWK� DUWLFXODU� SDLQ� DQG� VZHOOLQJ�DQG� KLJK� VXVSLFLRQ� IRU� VHSWLF� DUWKULWLV�� UHIHUULQJ� WR�,PDP�$OL� KRVSLWDO� RI� =DKHGDQ�� HQWHUHG� WKH� VWXG\�� 7KH�GHFLVLRQ�IRU�FODVVLI\LQJ�WKH�SDWLHQW�DV�KLJKO\�VXVFHSWLEOH�IRU�VHSWLF�DUWKULWLV�ZDV�PDGH�DFFRUGLQJ�WR� WKH�SUHVHQFH�RI� VRPH� FOLQLFDO� V\PSWRPV� LQFOXGLQJ� IHYHU�� DUWLFXODU�SDLQ��VZHOOLQJ��HU\WKHPD��WHQGHUQHVV�DQG�RU�VWLIIQHVV�DQG�VRPH� ODERUDWRU\� ILQGLQJV� LQFOXGLQJ� OHXNRF\WRVLV��HOHYDWHG� HU\WKURF\WH� VHGLPHQWDWLRQ� UDWH� �(65�� DQG�RU�HOHYDWHG� &�UHDFWLYH� SURWHLQ� �&53�� DQG� KLJK� OHXNRF\WH�FRXQW�LQ�V\QRYLDO�IOXLG�ZLWK�SRO\PRUSKRQXFOHDU��301��SUHGRPLQDQFH�� ,Q� FDVH� RI� KLS� LQYROYHPHQW�� RUWKRSHGLF�FRQVXOWDWLRQ�IRU�DUWLFXODU�GUDLQDJH�ZDV�DOVR�SHUIRUPHG��,I� WKH� SDWLHQWV� ZHUH� XVLQJ� QRQ�VWHURLGDO� DQWL�LQIODPPDWRU\� GUXJV� �16$,'V��� PHWKRWUH[DWH�07;�� RU�RWKHU� F\WRWR[LF� PHGLFDWLRQV�� WKH� GUXJV� ZHUH� VWRSSHG�XQWLO� WKH� UHVXOWV� RI� VPHDU� DQG� FXOWXUH� JRW� UHDG\�� EXW�RWKHU� GUXJV� ZHUH� FRQWLQXHG�� $IWHU� V\QRYLDO� IOXLG�DVSLUDWLRQ�� HPSLULFDO� DQWLELRWLF� WKHUDS\� ZDV� VWDUWHG�DFFRUGLQJ� WR� FRPPRQ� RUJDQLVPV� �FHIWULD[RQH� �JU� T���KRXUV� DQG� FOR[DFLOOLQ� �JU� T�� KRXUV��� 7KH� GHFLVLRQ� IRU�FRQWLQXDWLRQ�RU�GLVFRQWLQXDWLRQ�RI�DQWLELRWLFV�DQG�XVLQJ�IXUWKHU�WUHDWPHQWV�ZHUH�PDGH�DFFRUGLQJ�WR�WKH�UHVXOWV�RI�VPHDUV�DQG�FXOWXUHV��6\QRYLDO� IOXLG� DVSLUDWLRQ� ZDV� SHUIRUPHG� XVLQJ� VWHULOH�PDWHULDO� DQG� PHWKRGV�� 8VLQJ� D� ���FF� V\ULQJH�� ��FF� RI�V\QRYLDO� IOXLG� ZDV� VHQW� WR� ODERUDWRU\� IRU� FHOO� FRXQW��JUDP� VPHDU�� FXOWXUH�� DQWLELRJUDP� DQG� DOVR� DVVHVVPHQW�IRU� FU\VWDOV�� &XOWXUHV� ZHUH� SHUIRUPHG� LQ� �� GLIIHUHQW�PHGLD� �FKRFRODWH�DJDU��0F�&RQNH\� DQG�EORRG� DJDU�� DOO�IURP�0HUFN�&RPSDQ\��*HUPDQ\�� DQG�ZHUH� NHSW� LQ� DQ�HQYLURQPHQW�ZLWK�������FDUERQ�GLR[LGH�DW�RI����&�IRU����KRXUV��$OVR�� VRPH� DPRXQWV�RI� V\QRYLDO� IOXLGV�ZHUH�LQMHFWHG� LQ� WKH� EORRG� FXOWXUH� PHGLD� �3DGWDQ�WHE�� ,UDQ��DQG�ZHUH� NHSW� LQ� ���&�� ,I� DQ\� WXUELGLW\� ZDV� REVHUYHG�GXULQJ� WKH� FRPLQJ� �� GD\V�� FXOWXUHV�ZHUH� SHUIRUPHG� LQ�WKH�FKRFRODWH�DJDU��0F�&RQNH\�DQG�EORRG�DJDU�DJDLQ��,I�QR� WXUELGLW\� ZDV� REVHUYHG� GXULQJ� WKH� ILUVW� �� GD\V��FXOWXUHV� IURP� EORRG� FXOWXUH� PHGLD� ZHUH� SHUIRUPHG�HYHU\�ZHHN�IRU���ZHHNV��,I�D�FRORQ\�ZDV�IRXQG��VPHDUV�DQG�RWKHU�SURFHVVHV�ZHUH�SHUIRUPHG�DV�GHVFULEHG�DERYH��'XULQJ� WKH� SURWRFRO�� LI� DQ\� FRORQ\� ZDV� IRXQG� LQ� D�FXOWXUH�SODWH�� VPHDUV� RI� WKH� PHQWLRQHG� FRORQLHV� ZHUH�DVVHVVHG� XVLQJ� JUDP� VWDLQ�� ,Q� FDVH� RI� JUDP� SRVLWLYH�FRFFL�� FDWDODVH� WHVW� ZHUH� SHUIRUPHG� WR� GLIIHUHQWLDWH�EHWZHHQ�VWDSK\ORFRFFXV�DQG�VWUHSWRFRFFXV��2QH�GURS�RI�

R[\JHQDWHG�ZDWHU�ZDV�SXW�RQ�D�ODP�DQG�����FRORQLHV�RI�0F�FRQNH\�RU�FKRFRODWH�DJDU�PHGLD�ZHUH�DGGHG�DQG� LI�EXEEOHV� ZHUH� IRUPHG�� LW� ZDV� DVVXPHG� DV� SRVLWLYH�FDWDODVH� UHVXOW�� UHIHUULQJ� WR� WKH� SUHVHQFH� RI�VWDSK\ORFRFFXV��� 7KHQ� FRDJXODVH� WHVW� DQG� FXOWXUHV� LQ�PDQQLWRO� VDOW�DJDU� ZHUH� SHUIRUPHG� ����� FRORQLHV� ZHUH�DGGHG� WR� �FF� RI� SODVPD� DQG� ZHUH� NHSW� LQ� ���&� IRU� ��KRXUV��7KLV�FRPSOH[�ZDV�HYDOXDWHG�HYHU\�������KRXU�DQG�LQ� FDVH� RI� FORW� IRUPDWLRQ�� WKH� SUHVHQFH� RI�VWDSK\ORFRFFXV� DXUHXV� ZDV� FRQILUPHG���� $OVR�� FXOWXUHV�LQ� PHGLD� LQFOXGLQJ� ��������� ��������� DQG� ����������FRQFHQWUDWLRQV� RI� WKLRQLQ� DQG� IXFKVLQ� ZHUH� SHUIRUPHG�IRU� %UXFHOOD� DQG� JHUP�WXEH� WHVW� ZDV� SHUIRUPHG� IRU�&DQGLGD��,Q�FDVH�RI�%UXFHOOD�VSHFLHV��ELRFKHPLFDO� WHVWV�LQFOXGLQJ�DJJOXWLQDWLRQ�WHVW�ZDV�DOVR�SHUIRUPHG�����
5HVXOWV��$PRQJ� ��� SDUWLFLSDQWV�� �� ������ ZHUH� PDOH� DQG� ��������� ZHUH� IHPDOH�� 7KH� PHDQ� DJH� ZDV� ����� �� �����\HDUV� �UDQJLQJ� IURP� ��� WR� ��� \HDUV��� 7KUHH� SDWLHQWV�������KDG�GLDEHWHV�PHOOLWXV�����������KDG�5$����������KDG� KLVWRU\� RI� UHQDO� WUDQVSODQWDWLRQ�� RQH� ����� KDG�V\VWHPLF� OXSXV� HU\WKHPDWRVXV� �6/(��� RQH� ����� KDG�MXYHQLOH� UKHXPDWRLG� DUWKULWLV� DQG� RQH� SDWLHQW� KDG� ERWK�GLDEHWHV�DQG�5$��VLPXOWDQHRXVO\��7KUHH�RI�WKH�SDWLHQWV�������KDG�QR�XQGHUO\LQJ�GLVHDVH��$PRQJ�WKRVH����SDWLHQWV�ZLWK�5$����SDWLHQWV�XVHG�07;�DQG� DOO� ZHUH� WDNLQJ� SUHGQLVRORQH� ��� SDWLHQWV� XVHG����PJ�GD\�� �� SDWLHQWV� XVHG� ��PJ�GD\� DQG� �� SDWLHQWV�XVHG���PJ�GD\���1RQH�RI� WKH�SDWLHQWV�KDG�SURVWKHWLF� MRLQWV�RU�KLVWRU\�RI�LQWUD�DUWLFXODU� LQMHFWLRQ�� 7KUHH� SDWLHQWV� ������ KDG�SUHYLRXV� KLVWRU\� RI� MRLQW� WUDXPD� DQG� �� SDWLHQWV� ������KDG�SUHYLRXV�KLVWRU\�RI�VHSWLF�DUWKULWLV��$OO�SDWLHQWV�KDG�IHYHU�� DUWLFXODU�SDLQ��ZDUPWK��VZHOOLQJ�DQG� WHQGHUQHVV�� ���� RI� SDWLHQWV� FRPSODLQHG� RI� FKLOOV�DQG� ���� KDG� MRLQW� VWLIIQHVV�� .QHH� ZDV� WKH� PRVW�FRPPRQ�������VLWH�RI�LQYROYHPHQW������OHIW�NQHH�DQG����� ULJKW� NQHH�� DQG� WKH� UHPDLQLQJ� ��� KDG� KLS�LQYROYHPHQW�� 1RQH� RI� WKH� SDWLHQWV� KDG� DGMDFHQW�RVWHRP\HOLWLV�LQ�WKHLU�;�UD\�HYDOXDWLRQV���7KH�PHDQ�ZKLWH�EORRG�FHOO��:%&��FRXQW�ZDV���������������� �PO�� )LIWHHQ� SDWLHQWV� ������ KDG� :%&� !��������PO�� 7KH� PHDQ� SHUFHQW� RI� 301V� ZDV� ������ ��������DQG����SDWLHQWV�������KDG�301�!�������7KH�PHDQ�V\QRYLDO�IOXLG�ZKLWH�FHOO�FRXQW�ZDV����������������� �PO��7HQ�SDWLHQWV� ������KDG�V\QRYLDO� IOXLG�FHOO�FRXQW�!���������7KH� PHDQ� V\QRYLDO� IOXLG� FHOO� FRXQW� KDG� VLJQLILFDQW�FRUUHODWLRQ� ZLWK� :%&� �S�� ������� $OVR�� WKH� PHDQ�V\QRYLDO� IOXLG� FHOO� FRXQW� VKRZHG� VLJQLILFDQW� GLIIHUHQFH�DPRQJ�GLIIHUHQW�MRLQWV�������������������PO�IRU�WKH�OHIW�NQHH�������������������PO�IRU�WKH�ULJKW�NQHH�DQG��������� ��������PO�IRU�WKH�KLS�MRLQ���S���������ILJXUH�����
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7KH� PHDQ� (65� OHYHO� ZDV� ����� ������ PP�ILUVW� KRXU��UDQJLQJ�IURP����WR�����PP�ILUVW�KRXU���7KH�PHDQ�(65�OHYHOV� DFFRUGLQJ� WR� WKH� LQYROYHG� MRLQWV� DUH� VKRZQ� LQ�ILJXUH����7KH�PHDQ�SHUFHQW�RI�301�LQ�V\QRYLDO�IOXLG�ZDV���������������)RXUWHHQ�SDWLHQWV�KDG�301�!������6\QRYLDO�IOXLG�DSSHDUHG�WXUELG�LQ����SDWLHQWV��������7KH�PHDQ�ZKLWH� FHOO� FRXQWV� LQ� WXUELG�DQG� FOHDU� IOXLGV�ZHUH������������������PO�DQG������������������UHVSHFWLYHO\��S���������ILJXUH�����%ORRG� FXOWXUHV� ZHUH� QHJDWLYH� LQ� DOO� SDWLHQWV�� EXW�V\QRYLDO� IOXLG� FXOWXUHV� ZHUH� SRVLWLYH� LQ� �� SDWLHQWV��LQFOXGLQJ��� .OHEVLHOODSQHXPRQLDH� LQ� ���\HDU� ROG�ZRPDQ�ZLWK�6/(��7KH�SDWLHQW�KDG�QR�KLVWRU\�RI�F\WRWR[LF�RU� VWHURLG�XVH�� 6KH� KDG� UHIHUUHG� ZLWK� IHYHU�� FKLOOV� DQG� DUWLFXODU�SDLQ� DQG� VWLIIQHVV�� :%&� FRXQW� RI� WKH� SDWLHQW� ZDV��������PO�DQG�ZKLWH�FHOO�FRXQW�LQ�KHU�V\QRYLDO�IOXLG�ZDV��������PO��� %UXFHOOD�LQ�D����\HDU�ROG�ZRPDQ�ZLWK�5$��6KH�ZDV�WDNLQJ�SUHGQLVRORQH����PJ�GD\��DQG�KDG�SRVLWLYH�KLVWRU\�IRU� XVLQJ� QRQ�SDVWHXUL]HG� PLON�� 6KH� KDG� DOVR� SUHYLRXV�KLVWRU\� RI� VHSWLF� DUWKULWLV�� +HU� :%&� FRXQW� ZDV��������PO� DQG� WKH� V\QRYLDO� IOXLG� ZKLWH� FHOO� FRXQW� ZDV��������PO��7KH�V\QRYLDO�FXOWXUH�VKRZHG�WKH�RUJDQLVP�LQ�WKH�FKRFRODWH�DJDU�HQYLURQPHQW��� &DQGLGD� DOELFDQV� LQ� D� ��� \HDU� ROG� ZRPDQ� ZLWK�GLDEHWHV�PHOOLWXV�� 6KH� GLG� QRW� KDYH� SUHYLRXV� KLVWRU\� RI�VHSWLF� DUWKULWLV�� +HU� :%&� ZDV� ������PO� DQG� KHU�V\QRYLDO�IOXLG�FHOO�FRXQW�ZDV��������PO��$OO�WKH���PHQWLRQHG�SDWLHQWV�KDG�OHIW�NQHH�DUWKULWLV���
'LVFXVVLRQ��$OWKRXJK� PRVW� FDVHV� RI� VHSWLF� DUWKULWLV� DUH� GXH� WR�KHPDWRJHQRXV� VSUHDG� RI� WKH� LQIHFWLRQ� WR� WKH� DUWLFXODU�VSDFH�� LQ� VRPH� FDVHV�� EDFWHULDO� DUWKULWLV� FDQ� EH� GXH� WR�ELWHV�� WUDXPD�� GLUHFW� LQRFXODWLRQ� RI� EDFWHULD� GXULQJ�DUWLFXODU� VXUJHULHV� DQG� UDUHO\�� GXH� WR� VSUHDGLQJ� IURP�DGMDFHQW�RVWHRP\HOLWLV�������3DWLHQWV�ZLWK�5$�DUH�DW�KLJK� ULVN� IRU�EDFWHULDO� DUWKULWLV������� ,QWUD�DUWLFXODU� LQMHFWLRQ� DQG� LPPXQR�VXSSUHVVLYH�GUXJV�SOD\�UROH�LQ�LQFUHDVLQJ�WKH�VXVFHSWLELOLW\�IRU�VHSWLF�DUWKULWLV�������7KHUHIRUH��LQ�RXU�VWXG\��DERXW�����RI�WKH�HQUROOHG�SDWLHQWV�KDG�ULVN�IDFWRUV�IRU�VHSWLF�DUWKULWLV��3DWLHQWV� ZLWK� VHSWLF� DUWKULWLV� XVXDOO\� UHIHU� ZLWK� DFXWH�SDLQ� DQG� VZHOOLQJ�RI�RQH�RU�PRUH� MRLQWV� ������)HYHU� LV�DQRWKHU�LPSRUWDQW�ILQGLQJ�LQ�SDWLHQWV�ZLWK�VHSWLF�DUWKULWLV������� $FFRUGLQJ� WR� D� PHWD�DQDO\VLV� SHUIRUPHG� E\�0DUJDUHWWHQ� HW� DO�� DUWLFXODU� SDLQ� ����� VHQVLWLYLW\� IRU�SUHGLFWLQJ� VHSWLF� DUWKULWLV��� VZHOOLQJ� ����� VHQVLWLYLW\��DQG� IHYHU� ����� VHQVLWLYLW\�� ZHUH� WKH� RQO\� ILQGLQJV� LQ�PRUH� WKDQ� ���� RI� WKH� SDWLHQWV�� 7KH� OHVV� FRPPRQ�ILQGLQJV�ZHUH� VZHDWLQJ� ����� VHQVLWLYLW\�� DQG� VWLIIQHVV������ VHQVLWLYLW\�� ������ ,Q� RXU� VWXG\�� DOO� WKH� HQUROOHG�SDUWLFLSDQWV� KDG� IHYHU� DQG� DUWLFXODU� SDLQ�� VZHOOLQJ��ZDUPWK�DQG�WHQGHUQHVV��

$OO� WKH� HQUROOHG� SDWLHQWV� KDG� PRQR�DUWLFXODU�LQYROYHPHQW� DQG� OHIW� NQHH� ZDV� WKH� PRVW� FRPPRQ�LQYROYHG� MRLQW�� $FFRUGLQJ� WR� RWKHU� VWXGLHV�� NQHH�LQYROYHPHQW� KDV� EHHQ� UHSRUWHG� LQ� PRUH� WKDQ� ���� RI�SDWLHQWV�ZLWK�VHSWLF�DUWKULWLV�������'HHVRPFKRN�UHSRUWHG�NQHH� LQYROYHPHQW� DV� WKH� PRVW� FRPPRQ� VLWH� RI�LQYROYHPHQW���������GXULQJ�VWXG\LQJ�����SDWLHQWV�ZLWK�QRQ�JRQRFRFFDO�VHSWLF�DUWKULWLV�������'XULQJ�RXU�VWXG\��WKH�V\QRYLDO�IOXLG�ZKLWH�FHOO�FRXQWV�RI���� SDWLHQWV� ZHUH�PRUH� WKDQ� �������� EXW� QRQH� RI� WKHP�KDG�SRVLWLYH�EORRG�FXOWXUH�UHVXOWV��7KH�QRUPDO�V\QRYLDO�IOXLG� LV� DOPRVW�ZLWKRXW�FHOOV�� ,QIODPPDWRU\�RU� LQIHFWHG�IOXLGV�KDYH�LQFUHDVHG�ZKLWH�FHOO�FRXQWV��UHDFKLQJ�WR�HYHQ����������������PO� LQ� EDFWHULDO� DUWKULWLV�� PRVWO\�FRQVLVWHG� RI� 301V� ������ $FFRUGLQJ� WR� D� VWXG\�SHUIRUPHG� E\� 0F*LOOLFXGG\� RQ� ��� VHSWLF� DUWKULWLV�SDWLHQWV�ZKR�KDG�SRVLWLYH�V\QRYLDO�FXOWXUH�UHVXOWV������RI�SDWLHQWV�KDG�V\QRYLDO�IOXLG�ZKLWH�FHOO�FRXQWV�OHVV�WKDQ��������PO�������$FFRUGLQJ� WR� WKH� PHWD�DQDO\VLV� SHUIRUPHG� E\�0DUJDUHWWHQ�� WKH�PRVW� LPSRUWDQW� ODERUDWRU\� ILQGLQJV� LQ�VHSWLF� DUWKULWLV� DUH� V\QRYLDO� IOXLG� FHOO� FRXQW� DQG� WKH�SHUFHQWDJH� RI� 301V�� VR� WKDW� 301!���� ZDV�VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH� SUHVHQFH� RI� VHSWLF�DUWKULWLV� ������ %XW� DFFRUGLQJ� WR� RXU� VWXG\�� DOO� WKH� ��SDWLHQWV�ZLWK�SRVLWLYH�V\QRYLDO�FXOWXUH�UHVXOWV�KDG�ZKLWH�FHOO�FRXQWV� OHVV� WKDQ���������7KHUHIRUH�� ORZHU�V\QRYLDO�IOXLG�FHOO�FRXQWV�FDQQRW�UXOH�RXW�WKH�GLDJQRVLV�RI�VHSWLF�DUWKULWLV��'XULQJ�RXU�VWXG\��V\QRYLDO�IOXLGV�DSSHDUHG�WR�EH�WXUELG�LQ�����RI� WKH� FDVHV��$OWKRXJK� WXUELGLW\� FDQ�EH�GXH� WR�QRQ�FHOOXODU�PDWHULDOV�� LW� LV�PRVWO\� GXH� WR� LQFUHDVHV� LQ�FHOO�FRXQWV�RI�V\QRYLDO�IOXLG�������7KH�YLVFRVLWLHV�RI�V\QRYLDO� IOXLGV�LQ�RXU�VWXG\�ZHUH�DOO�GHFUHDVHG��$OWKRXJK�SXUXOHQW�V\QRYLDO�IOXLGV�FDQ�UDUHO\�EH�YLVFRXV�� WKH� SUHVHQFH�RI� SURWHRO\WLF� HQ]\PHV� LQ� WKH�V\QRYLDO�IOXLG�XVXDOO\�GHFUHDVHV�WKH�YLVFRVLW\�������$FFRUGLQJ� WR� RXU� UHVXOWV�� V\QRYLDO� IOXLG� VPHDUV� FRXOG�QRW�VKRZ�DQ\�RUJDQLVP�LQ�DQ\�SDWLHQW��3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�VPHDUV�FDQ�VKRZ�WKH�RUJDQLVP�LQ�PRVW�RI�WKH�FDVHV�ZLWK�SRVLWLYH�FXOWXUH�UHVXOWV��7KH�VHQVLWLYLW\�RI� VPHDUV� LQ� VKRZLQJ� WKH� RUJDQLVP� LV� DFFRXQWHG� WR� EH�DERXW� ������� ������ +RZHYHU�� WKH� SUHVHQFH� RI� YLROHW�FU\VWDOV�DQG�PXFLQ�FDQ�OHDG�WR�IDOVH�SRVLWLYH�UHVXOWV�GXH�WR�PLPLFNLQJ�FRFFL�RUJDQLVPV�LQ�JUDP�VWDLQLQJ�������$FFRUGLQJ� WR�RXU� UHVXOWV�� ����RI� SDWLHQWV�KDG� SRVLWLYH�V\QRYLDO� IOXLG� FXOWXUH� UHVXOWV�� LQFOXGLQJ�.OHEVLHOODSQHXPRQLDH��%UXFHOODDQG�&DQGLGD��$OWKRXJK�RXU� UHVXOWV� DUH� PXFK� GLIIHUHQW� IURP� RWKHU� VWXGLHV�� WKH�LPSRUWDQW�SRLQW�ZDV�WKH�SUHVHQFH�RI�XQGHUO\LQJ�GLVHDVH�LQ�DOO�RI�WKHP��$FFRUGLQJ�WR�WKH�VWXG\�SHUIRUPHG�E\�'HHVRPFKRN�RQ����� SDWLHQWV� ZLWK� QRQ�JRQRFRFFDO� VHSWLF� DUWKULWLV��V\QRYLDO� IOXLG�FXOWXUHV�ZHUH�SRVLWLYH� LQ�������RI� WKH�SDWLHQWV�� 7KH� PRVW� FRPPRQ� RUJDQLVP� ZHUH�6WDSK\ORFRFFXV� DXUHXV� ��������� EHWD�KHPRO\WLF�
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6WUHSWRFRFFXV� �������� DQG� JUDP�QHJDWLYH� EDFLOOL���������������$FFRUGLQJ�WR�D�VWXG\�SHUIRUPHG�E\�9RQ�(VVHQ�RQ����SDWLHQWV� ZLWK� EDFWHULDO� DUWKULWLV�� XVLQJ� EORRG� FXOWXUH�HQYLURQPHQWV� IRU� FXOWLYDWLQJ� V\QRYLDO� IOXLG� OHG� WR�SRVLWLYH�UHVXOWV�LQ�����RI�SDWLHQWV�LQ�ZKRP�WUDGLWLRQDO�FXOWXUH� HQYLURQPHQWV� FRXOG� QRW� SUHYLRXVO\� VKRZ� WKH�RUJDQLVP�������6WDSK\ORFRFFXV�DXUHXV�DQG�6WUHSWRFRFFXV�KDYH�KLJKHU�WHQGHQF\�WKDQ�JUDP�QHJDWLYH�EDFLOOXV�WR�LQYROYH�MRLQWV��$ERXW�����RI�FDVHV�ZLWK�VHSWLF�DUWKULWLV�LQ�WKRVH�ZKR�KDYH�5$�DUH�GXH�WR�6WDSK\ORFRFFXV�DXUHXV������%XW�QR�RQH�RI�RXU�SDWLHQWV�VKRZHG�6WDSK\ORFRFFXV�LQIHFWLRQ��7KLV�PD\�EH�GXH�WR�WHFKQLFDO�SUREOHPV�RU�PD\�EH�GXH�WR�SUHYLRXV�DQWLELRWLF�FRQVXPSWLRQ�E\�WKH�SDWLHQWV�ZKR�GLG�QRW�H[DFWO\�NQRZ�WKH�GUXJV�WKH\KDG�XVHG��DOWKRXJK�ZH�DVNHG� WKH�SDWLHQWV� WR�EULQJ�DOO� WKH�GUXJV� WKDW� WKH\�KDG�XVHG�GXULQJ�WKH�SUHYLRXV���ZHHNV��6\QRYLDO�IOXLG�FXOWXUHV�DUH�PRVWO\�SRVLWLYH�LQ�SDWLHQWV�ZLWK� QRQ�JRQRFRFFDO� EDFWHULDO� DUWKULWLV�� 1HJDWLYH�UHVXOWV� FDQ� EH� GXH� WR� UHFHQW� DQWLELRWLF� XVH� RU�FRQWDPLQDWLRQ� ZLWK� 6WUHSWRFRFFXV� RU� 0\FRSODVPD�������'XULQJ�RXU�VWXG\��D����\HDUV�ROG�SDWLHQW�ZLWK�GLDEHWHV�ZDV� IRXQG� ZLWK� &DQGLGD� DUWKULWLV�� )XJDO� DUWKULWLV�VKRXOG� EH� NHSW� LQ�PLQG�ZKHQ� HQFRXQWHULQJ� D� SDWLHQW�ZLWK� PRQR�DUWKULWLV� LQ� ZKRP� LPPXQH� V\VWHP� LV�VXSSUHVVHG�� ,Q� WKHVH� SDWLHQWV�� VSHFLDO� FXOWXUH�HQYLURQPHQWV�VKRXOG�EH�XVHG��%ORRG�FXOWXUH�HQYLURQPHQWV�KDYH�DOVR�EHHQ�RIIHUHG�IRU�FXOWLYDWLQJ� V\QRYLDO� IOXLG� WR� KHOS� LGHQWLI\LQJ� WKH�RUJDQLVPLQ� FDVH� RI� QHJDWLYH� UHVXOWV� E\� WUDGLWLRQDO�V\QRYLDO� IOXLG� FXOWXUH� HQYLURQPHQWV� ������ )DOVH�QHJDWLYH� UHVXOWV� DUH� HQFRXQWHUHG� ZKLOH� FXOWLYDWLQJ�IDVWLGLRXV� RUJDQLVPV�� ODERUDWRU\� WHFKQLFDO� SUREOHPV�DQG�SULRU�DQWLELRWLF�XVH��'XULQJ�RXU�VWXG\��WKRVH�ZKR�KDG� KLVWRU\� RI� UHFHQW� DQWLELRWLF� XVH� ZHUH� H[FOXGHG�IURP�WKH�VWXG\��7KHUHIRUH��WKH�WZR�UHPDLQLQJ�UHDVRQV�PLJKW� KDYH� EHHQ� WKH� PDLQ� FDXVHV� RI� KLJK� QHJDWLYH�UHVXOWV�GXULQJ�RXU�VWXG\��5HFHQWO\�� 3&5� KDV� EHHQ� RIIHUHG� DV� D� PHWKRG� IRU�GHILQLWH�GLDJQRVLV�RI�VHSWLF�DUWKULWLV��$FFRUGLQJ�D�VWXG\�SHUIRUPHG� RQ� ���� SDWLHQWV� ZLWK� VHSWLF� DUWKULWLV�� WKH�VHQVLWLYLW\� DQG� VSHFLILFLW\� RI� 3&5� LQ� LGHQWLI\LQJ� WKH�RUJDQLVP� LQ� V\QRYLDO� IOXLG� ZHUH� ���� DQG� �����UHVSHFWLYHO\��+RZHYHU��WKLV�WHFKQLTXH�LV�QRW�DYDLODEOH�ZRUOG�ZLGH�DQG�LV�YHU\�H[SHQVLYH���
&RQFOXVLRQ��DFFRUGLQJ�WR�RXU� UHVXOWV��GLDJQRVLQJ�VHSWLF�DUWKULWLV�DFFRUGLQJ�WR� FOLQLFDO� V\PSWRPV� DQG� VLJQV� RI� WKH� SDWLHQWV� DUH� SUREDEO\�PRUH� UHOLDEOH� WKDQ� VPHDU� DQG� FXOWXUH� UHVXOWV� LQ� KRVSLWDOL]HG�SDWLHQWV��$OVR��LW�VHHPV�EHWWHU�WR�VWDUW�WKHUDS\�DFFRUGLQJ�WR�WKH�SDWLHQW¶V�FOLQLFDO�VWDWXV���

$FNQRZOHGJPHQW��$XWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH� RXU� FROOHDJXHV� LQ�&OLQLFDO� 5HVHDUFK� 'HYHORSPHQW� &HQWHU� RI� $OL�(EQH�$ELWDOHE� +RVSLWDO�� =DKHGDQ� 8QLYHUVLW\� RI� 0HGLFDO�6FLHQFHV� IRU� WKHLU� OHDGLQJ� VXJJHVWLRQV� RQ� WKLV�PDQXVFULSW���

5HIHUHQFHV����� *DYHW� )�� 7RXUQDGUH� $�� 6RXELHU� 0�� VHSWLF� DUWKULWLV� LQ�SDWLHQWV� DJHG� ��� DQG� ROGHU�� D� &RPSDULVRQ� ZLWK� \RXQJHU�DGXOWV��-$0�*HULDWU6RF������������������� 5HLN� /�� VWHHUH� $F�� %DUWHQKDJHQ� 1+�� VKRSH� 5(��0DODZLVWD� 6(�� 1HXUR/RJLF� DEQRUPDOLWLHV� RI�O\PHGLVHDVH�PHGLFLQH��%DOWLPRUH����������������������� 6WHHUH�$&��*LERIVN\�$��SDWDUUR\R�0(��:LQFKHVWHU�5M��+DUGLQ�M$��0DODZLVWD�6(��&KURQLF�/\PH�DUWKULWLV��&OLQLFDO�DQG� LPPXQRJHQHWLF� GLIIHUHQWLDWLRQ� IURP� UKHXPDWRLG�DUWKULWLV��$QQ�,QWHUQ�0HG��������������������� 5DVV� --�� 6KDPVXGGLQ� +�� 6WHUQRFODYLFXODU� VHSWLF�DUWKULWLV�� UHYLHZ� RI� ���� &DVHV� �PHGLFLQH� �%DOWLPRUH������������������� 'XERVW�--��)LV�,��'HQLV�3��SRO\DUWLFXODU�VHSWLF�DUWKULWLV��PHGLFLQH��%DOWLPRQH������������������� /LHEOLQJ� 05�� $UNIHOG� '*�� 0LFKHOLQL� *$��,GHQWLILFDWLRQ� RI� 1HLVVHULD� JRQRUUKRHDH� LQ� V\URYLDO� IOXLG�XVLQJ� WKH� SRO\PHUDVH� FKDLQ� UHDFWLR�� $UWKULWLV� 5KHXP������������������� 0XUDOLGKDU� %�� 5XPRUH� 3P�� 6WHLQPDQ� &5�� XVH� RI� WKH�SRO\PHUDVH� FKDLQ� UHDFWLRQ� WR� 1HLVVHULD� JRQRUUKRHDH��$UWKULWLV�5KXP������������������� 9RQ�(VVHQ�5��+ROLWWD�$��,PSURYHG�PHWKRG�RI� LVRODWHG�EDFWHULDO� IURP� MRLQW� IOXLGV� E\� WKH� XVH� RI� EORRG� FXOWXUH�ERWWOHV�$QQ��5KHXP�'LV����������������� 5RVV� --�� VDOW]PDQ/O�� &DUOLQJ� S�� 6KDSLUR� 'V��SQHXPRFRFFDO� VHSWLF� DUWKQLWLV�� UHYLHZ� RI� ���� FDVHV��FOLQ,QIHYW�'LV�������������������0RQWRJPHU\� 55�� PDODZLVWD� 6(�� (QWU\� RI�%RUUHOLDEXUJGRUIHUL�LQ�WR�PDFURSKRJHV�LV�HQG�±�RQ�OHDGV�WR�GHJUDGDWLRQ� LQ� /\VRVRPHV�� ,QIHFW� ,PPXQ� ������������������������*ROGHQEHUJ�� '/�� 5HHG�� -,�� 6HSWLF� DUWKULWLV� DQG� RWKHU�LQIHFWLRQV�RI�UKHXPDWRORJLF�VLJQLILFDQFH��5KHXP�'LV�&OLQ�1RUWK�$P�������������������5HYHLOOH�� -'�� 7KH� FKDQJLQJ� VSHFWXUP� RI� UKHXPDWLF�GLVHDVHV� LQ� KXPDQ� LPPXQRGHILFLHQF\� LQIHFWLRQ�� 6HPLQ�$UWKULWLV�5KHXP��������������������0RU�� $�� 0LWQLFN�� +-�� *UHHQH�� -%�� HW� DO�� 5HODSVLQJ�ROLJRDUWLFXODU�VHSWLF�DUWKULWLV�GXULQJ�HWDQHUFHSW�WUHDWPHQW�RI�UKHXPDWRLG�DUWKULWLV��-�&OLQ5KHXPDWRO��������������� 0LNKDLO�� ,6�� $ODUFRQ�� *6�� 1RQJRQRFRFFDO� EDFWHULDO�DUWKULWLV��5KHXP�'LV�&OLQ�1RUWK�$P��������������������0DUJDUHWWHQ��0(��.RKOZHV��-��0RRUH��'��%HQW��6��'RHV�WKLV� DGXOW� SDWLHQW� KDYH� VHSWLF� DUWKULWLV"�� -$0$� �����������������
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����0DUJDUHWWHQ�0(��.RKOZHV� -��0RRUH�'��%HQW� 6��'RHV�WKLV� DGXOW� SDWLHQW� KDYH� VHSWLF� DUWKULWLV"� -$0$�� �����$SU�������������������������'HHVRPFKRN� 8�� 7XPUDVYLQ� 7�� &OLQLFDO� VWXG\� RI�FXOWXUH�SURYHQ� FDVHV� RI� QRQ�JRQRFRFFDO� DUWKULWLV�� -� 0HG�$VVRF�7KDL������1RY��������������������6KPHUOLQJ� 5+�� 'HOEDQFR� 7/�� 7RVWHVRQ$17UHQWKDP��'(��6\QRYLDO�IOXLG�WHVWV��:KDW�VKRXOG�EH�RUGHUHG"�-$0$����������������������������0F*LOOLFXGG\�'&��6KDK�.+��)ULHGEHUJ�53��1DWKDQVRQ�/$��(GORZ�-$��+RZ�VHQVLWLYH� LV� WKH� V\QRYLDO� IOXLG�ZKLWH�EORRG� FHOO� FRXQW� LQ� GLDJQRVLQJ� VHSWLF� DUWKULWLV"� $P� -�(PHUJ�0HG�������6HS���������������

����*ROGHQEHUJ��'/��5HHG��-,��%DFWHULDO�DUWKULWLV��1�(QJO�-�0HG���������������������YRQ�(VVHQ�5��+ROLWWD��$��,PSURYHG�PHWKRG�RI� LVRODWHV�EDFWHULD� IURP� MRLQW� IOXLGV� E\� WKH� XVH� RI� EORRG� FXOWXUH�ERWWOHV��$QQ�5KHXP�'LV��������������������<DQJ� 6�� 5DPDFKDQGUDQ� 3�� +DUGLFN� $�� +VLHK� <��4XLDQ]RQ�&��.XURNL�0��HW�DO��5DSLG�3&5�%DVHG�'LDJQRVLV�RI�6HSWLF�$UWKULWLV�E\�(DUO\�*UDP�7\SH�&ODVVLILFDWLRQ�DQG�3DWKRJHQ� ,GHQWLILFDWLRQ�� -� &OLQ0LFURELRO�� ����� $SULO�������������±�������
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