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�$VVLVWDQW�SURIHVVRU�RI�5HVHDUFK�FHQWHU��,UDQLDQ�%ORRG�7UDQVIXVLRQ�2UJDQL]DWLRQ��,%72���7HKUDQ��,UDQ�
$EVWUDFW��+HSDWLWLV� %� YLUXV� �+%9�� VFUHHQLQJ� DPRQJ� EORRG� GRQRUV� LQ� ,UDQ� LV� IRFXVHG� RQ� WKH�SUHVHQFH� RI� KHSDWLWLV� %� VXUIDFH� DQWLJHQ� �+%V$J��� 7KH� DEVHQFH� RI� +%V$J� LQ� WKH� KHDOWK\� EORRG�GRQRUV�PD\�QRW�EH�VXIILFLHQW�WR�HQVXUH�ODFN�RI�FLUFXODWLQJ�+%9��+RZHYHU��QXFOHLF�DFLG�WHVWLQJ��1$7�KDV�EHHQ�LQWURGXFHG�LQ�PRVW�GHYHORSHG�FRXQWULHV�IRU�WKH�VFUHHQLQJ�RI�LQIHFWLRXV�DJHQWV�LQ�SRROHG�SODVPD� DQG� LQGLYLGXDO� GRQDWLRQ�� 8QGHUVWDQGLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� +%V$J� DQG� +%9�GHR[\ULERQXFOHLF� DFLG� �'1$�� FRQFHQWUDWLRQV� LQ� +%9� LQIHFWHG� EORRG� GRQRU� LV DQ� LPSRUWDQW� LQ�DVVHVVLQJ�WKH�UROHV�WKDW�+%V$J�DVVD\V�DQG�+%9�1$7�ZLOO�SOD\�LQ�WKH�IXWXUH�RI�EORRG�VFUHHQLQJ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�VKRZ�WKH�UHVXOWV�DERXW�VFUHHQLQJ�IRU�+%9�LQ�EORRG�GRQRUV�DQG�WR�UHPDUN�WKH�UHODWLRQVKLS�EHWZHHQ�+%9�'1$�DQG�+%V$J��+%V$J� WHVWLQJ� IRU� ������ KHDOWK\� YROXQWHHU� GRQRUV� ZDV� FRQGXFWHG� XVLQJ� +%V$J� (Q]\PH�,PPXQRDVVD\� NLW� �0RQROLVD�� %LR�5$'�� )UDQFH�� GXULQJ� 6HS����� WR� )HE� ������ $OO� VSHFLPHQV�UHSHDWHGO\� UHDFWLYDWH� IRU� +%V$J� ZHUH� WHVWHG� DQG� FRQILUPHG� E\� D� QHXWUDOL]DWLRQ� DVVD\� �+%V$J�FRQILUPDWRU\� DVVD\� 0RQROLVD�� %LR�5$'�� )UDQFH��� 6DPSOHV� IURP� +%V$J� SRVLWLYH� GRQDWLRQV� ZHUH�WHVWHG�XVLQJ�VHPL�QHVWHG�3&5�WR�GHWHFW�+%9�'1$��$�WRWDO�RI������������RI�������EORRG�GRQRUV�ZHUH�+%V$J� SRVLWLYH�� +%9� '1$� ZDV� GHWHFWHG� DPRQJ� ��� RI� ����������� RI� WKH +%V$J� SRVLWLYH� EORRG�GRQRUV���+%9�'1$�ZDV�QRW�IRXQG�DPRQJ������������RI�WKH�SRVLWLYH�+%V$J�GRQRUV�+%9�'1$�OHYHOV�LQ�+%V$J�SRVLWLYH�EORRG�GRQDWLRQV�FDQ�EH�H[WUHPHO\�ORZ��$ERXW������SHUFHQW�RI�GRQDWLRQV�ZRXOG�UHPDLQ� XQGHWHFWHG� E\� VLQJOH� GRQRU� 1$7�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� +%V$J� SRVLWLYH�XQLWV� IURP�GRQRUV� LQ� WKH� FKURQLF� VWDJH� RI� LQIHFWLRQ� RU� ODWH� LQIHFWLRQ�PD\� FRQWDLQ� YHU\� ORZ�RU� LQWHUPLWWHQWO\�GHWHFWDEOH�'1$�OHYHOV�WKDW�VLQJOH�VDPSOH�1$7�ZRXOG�PLVV�.H\ZRUGV� x +%9�'1$�x 1$7�x +%V$J�x %ORRG�GRQRUV�

,QWURGXFWLRQ
HSDWLWLV� %� LV� D� PDMRU� JOREDO� SXEOLF�KHDOWK� SUREOHP�� $FFRUGLQJ� WR� :RUOG�+HDOWK� 2UJDQL]DWLRQ� �:+2�� VWDWLVWLFV����ELOOLRQ�SHRSOH�KDYH�EHHQ�LQIHFWHG�ZLWK�WKH�+%9�ZRUOGZLGH�� ���� PLOOLRQ� FXUUHQWO\� KDYH� FKURQLF�LQIHFWLRQV�� DQG���PLOOLRQ�QHZ�DFXWH� FOLQLFDO� FDVHV�RFFXU�DQQXDOO\��������2QH�PLOOLRQ�FDUULHUV�GLH�HDFK�\HDU� IURP� FKURQLF� DFWLYH� KHSDWLWLV�� FLUUKRVLV�� RU�SULPDU\� OLYHU� FDQFHU�� +%9� LV� WUDQVPLWWHG� E\�H[SRVXUH� WR� LQIHFWHG� EORRG� RU� ERG\� IOXLGV� ZLWK�PRVW� LQIHFWLRXV� DJHQWV� RFFXUULQJ� WKURXJK� VH[XDO�FRQWDFW� ZLWK� LQIHFWHG� SHUVRQV�� LQWUDYHQRXV� GUXJ�DEXVH�� WUDQVIXVLRQ� RI� XQVFUHHQHG� LQIHFWLRXV�EORRG�RU�EORRG�SURGXFWV��RU�SHULQDWDOO\��,PSURYHPHQWV�LQ�VHURORJLF�VFUHHQLQJ�DVVD\V�DORQJ�ZLWK�LQFUHDVLQJO\�

VWULQJHQW� GRQRU� VHOHFWLRQ� DQG� WKH� XVH� RI� WKH�KHSDWLWLV�%�YDFFLQH�KDYH�YDVWO\�UHGXFHG�WKH�ULVN�RI�+%9�WUDQVPLVVLRQ�IURP�WUDQVIXVHG�EORRG�RU�EORRG�SURGXFWV�� +RZHYHU�� LQ� VSLWH� RI� WKHVH� PHDVXUHV��WKHUH� UHPDLQV�D�UHVLGXDO� ULVN�RI� WUDQVPLWWLQJ�+%9�WKURXJK� WUDQVIXVLRQ� RI� LQIHFWHG� EORRG� RU� EORRG�FRPSRQHQWV�� :LWK� WKH� VXFFHVVIXO� LPSOHPHQWDWLRQ�RI� SRROHG�VDPSOH� 1$7� IRU� KXPDQ�LPPXQRGHILFLHQF\� YLUXV� �+,9�� DQG� KHSDWLWLV� &�YLUXV� �+&9�� LQ� PDQ\� GHYHORSHG� FRXQWULHV� �������WKHUH� LV� XQGHUVWDQGDEOH� LQWHUHVW� LQ� WKH� SRWHQWLDO�EHQHILW�RI�+%9�1$7�LQ�GRQRU�VFUHHQLQJ���8QGHUVWDQGLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� +%V$J�DQG� +%9� '1$� FRQFHQWUDWLRQV� LQ� +%9� LQIHFWHG�EORRG� GRQRUV� LV� LPSRUWDQW� LQ� DVVHVVLQJ� WKH� UROHV�WKDW�+%V$J�DVVD\V�DQG�+%9�1$7�ZLOO�SOD\�LQ�WKH�IXWXUH� RI� EORRG� VFUHHQLQJ����� &RPSDULVRQV� RI�VHUXP�+%V$J�OHYHOV�DQG�VHQVLWLYLW\�RI�WKH�+%V$J�DVVD\� ZLWK� +%9� 1$7� GHWHFWLRQ� OLPLWV� KDYH�IRFXVHG� SULPDULO\� RQ� HYDOXDWLRQ� RI� KHSDWLWLV� %�VHURFRQYHUVLRQ� VHULHV� GXULQJ� WKH� HDUO\� ZLQGRZ�SHULRG� RI� DFXWH� LQIHFWLRQ� ����� 7KH� OLQHDU�
&RUUHVSRQGLQJ� DXWKRU� +RRULHK� 6ROHLPDQMDKL�� 'HSDUWPHQW� RI�9LURORJ\�� )DFXOW\� RI� 0HGLFDO� 6FLHQFHV�� 7DUELDW� 0RGDUHV�8QLYHUVLW\�� 7HKUDQ�� ,UDQ�� )D[�� ����������������� 7HO�� ����������������H[W��������(�PDLO��6ROHLP�K#PRGDUHV�DF�LU
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UHODWLRQVKLS� EHWZHHQ� +%V$J� DVVD\� YDOXHV� DQG�+%9� '1$� OHYHOV� H[LVWV� RQO\� GXULQJ� HDUO\�VHURFRQYHUVLRQ� ����� 7KH� UHODWLRQVKLS� EHWZHHQ�+%V$J� DQG� +%9� '1$� OHYHO� LV� FOHDUO\� QRW�FRUUHODWHG� GXULQJ� ODWH� LQIHFWLRQ� RU� GXULQJ� FKURQLF�LQIHFWLRQ������7KXV��WKH�XWLOLW\�RI�DVVRFLDWLQJ�D�YLUDO�ORDG�YDOXH�ZLWK�DQ�+%V$J�FRQFHQWUDWLRQ�LV�OLPLWHG��VLQFH� LW� LV� QRW� UHSUHVHQWDWLYH� RI� WKH� UHODWLRQVKLS�EHWZHHQ� +%9� '1$� DQG� +%V$J� LQ� WKH� YDVW�PDMRULW\�RI�+%9�SRVLWLYH�VDPSOH�WKDW�DUH�WHVWHG�LQ�EORRG�VFUHHQLQJ�RU�LQ�WKH�GLDJQRVWLF�VHWWLQJ�������(DFK� FRXQWU\� ZLOO� QHHG� WR� GHYHORS� LWV� EORRG�VFUHHQLQJ� VWUDWHJ\� EDVHG� RQ� +%9� HQGHPLFLW\��\LHOGV� RI� LQIHFWLRXV� XQLWV� GHWHFWHG� E\� GLIIHUHQW�VHURORJLF�1$7� VFUHHQLQJ� PHWKRGV�� DQG� FRVW�HIIHFWLYHQHVV� RI� WHVW� PHWKRGV� LQ� HQVXULQJ� EORRG�VDIHW\��7KH�NH\�TXHVWLRQV�UHJDUGLQJ�1$7�IRU�+%9�LQFOXGH�����FDQ�1$7�UHSODFH�+%V$J�VFUHHQLQJ�RI�EORRG� GRQRUV"� ��� &DQ� 1$7� UHSODFH� DQWL�+%F�WHVWLQJ�RI�EORRG�GRQRUV"�7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV� WR� VKRZ�WKH�UHVXOWV�DERXW� VFUHHQLQJ� IRU�+%9�LQ� EORRG� GRQRUV� DQG� WR� UHPDUN� WKH� UHODWLRQVKLS�EHWZHHQ�+%9�'1$�DQG�+%V$J��0DWHULDOV�DQG�0HWKRGV
6HUXP� VSHFLPHQV�� :KROH� EORRG� VDPSOHV� ZHUH�FROOHFWHG� UDQGRPO\� IURP�������KHDOWK\� YROXQWHHU�EORRG� GRQRUV�� ZKR� ZHUH� UHIHUUHG� WR� EORRG�WUDQVIXVLRQ�FHQWHU��7HKUDQ�� ,UDQ�GXULQJ�6HSWHPEHU������ WR� )HEUXDU\������ 'RQRUV� ZHUH� LQWHUYLHZHG�DQG� PHGLFDOO\� H[DPLQHG� EHIRUH� EORRG� GRQDWLRQ��7KRVH� ZLWK� KLJK�ULVN� EHKDYLRXU� LQFOXGLQJ�LQWUDYHQRXV� GUXJV� DEXVHUV� RU� ZLWK� DQ\� PHGLFDO�SUREOHPV� ZHUH� H[FOXGHG� IURP� WKH� VWXG\�SRSXODWLRQ�$W�WKH�WLPH�RI�WKH�EORRG�GRQDWLRQ��URXWLQH�+%V$J�WHVWLQJ� ZDV� FRQGXFWHG� E\� (Q]\PH� ,PPXQRDVVD\�NLW��0RQROLVD��%LR�5$'��)UDQFH���$OO�VSHFLPHQV�LQ�WKLV� VWXG\� ZHUH� UHSHDWHGO\� UHDFWLYH� E\� +%V$J�(Q]\PH� ,PPXQRDVVD\� NLW� DQG� FRQILUPHG� E\� WKH�FRQILUPDWRU\�DVVD\��0RQROLVD��%LR�5$'��)UDQFH���2WKHU� VFUHHQLQJ� WHVW� VXFK� DV� DQWL� KXPDQ�LPPXQRGHILFLHQF\� YLUXV� �+,9��� DQWL� KHSDWLWLV� &YLUXV� �+&9��� VHURORJLF� WHVWV� IRU� V\SKLOLV� �676��IROORZHG� E\� URXWLQH� EORRG� EDQNLQJ� SURFHGXUHV�ZHUH� FDUULHG�RXW� IRU�HDFK� LQGLYLGXDO�GRQRU��7KHQ��VDPSOHV� IURP� +%V$J� SRVLWLYH� GRQDWLRQV� ZHUH�WHVWHG�XVLQJ�VHPL�QHVWHG�3&5�WR�GHWHFW�+%9�'1$���'1$� H[WUDFWLRQ�� +%9 '1$� ZDV� H[WUDFWHG� IURP����� �O� RI� VHUXP� E\� WKH� SURWHLQDVH� .�VRGLXP�GRGHF\OH� VXOIDWH� O\VLV� DQG� SKHQRO�FKORURIRUP�H[WUDFWLRQ�PHWKRGV�DV�GHVFULEHG�SUHYLRXVO\����������

6HUXP� ZDV� PL[HG� ZLWK� ���� �O� RI� 7ULV�K\GURFKORULGH�EXIIHU� ������P0�� S+����FRQWDLQLQJ����P0� ('7$�� ����� �� �ZW�YRO�� 6'6�� DQG�SURWHLQDVH�.������J�PO��DQG�LQFXEDWHG�DW����R&�IRU��K��7KH�VXVSHQVLRQ�ZDV�VHTXHQWLDOO\�H[WUDFWHG�ZLWK�SKHQRO� DQG� WKHQ�ZLWK� FKORURIRUP��7KH�'1$�ZDV�SUHFLSLWDWHG� ZLWK� ����0� VRGLXP� DFHWDWH� DQG� WKHQ�ZLWK�DEVROXWH�HWKDQRO��ZDVKHG�ZLWK������HWKDQRO��YDFXXP�GULHG��DQG�WKHQ�GLVVROYHG�LQ�D�ILQDO�YROXPH�RI�����O�RI�VWHULOH��DQG�QXFOHDVH�IUHH�ZDWHU�3&5�DPSOLILFDWLRQ��([WUDFWHG�'1$�ZDV�DPSOLILHG�E\� VHPL�QHVWHG� 3&5� ZLWK� RXWHU� SULPHUV� �VHQVH�SULPHU�� ��� <&&7*7**7**&7&&$*77&� ����DWLVHQVH� SULPHU�� ���$$*&&$1$&$57*****$$$*&� ���� ������IROORZHG� E\� VHFRQG� �URXQG� 3&5� ZLWK� SULPHUV�VSHFLILF� IRU� WKH� SUH�6��SUH�6�� UHJLRQ� RI� +%9��VHQVH� SULPHU�� �*7&7$*$&7&*7**7**�$&77&7&7&��� ��� DQWLVHQVH� SULPHU����$$*&&$1$&$�57*****$$$*&� ���� ������7KH�DVVD\�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�VWDQGDUG�3&5�DVVD\�������)LYH�PLFUROLWUH�RI�'1$�H[WUDFW�RU�WKH�ILUVW�URXQG�3&5�SURGXFW�ZDV�DGGHG�WR�����O�RI�UHDFWLRQ�PL[WXUH�FRQWDLQLQJ������/�RI���8��/�7DT�'1$� SRO\PHUDVH�� �� �O� RI� ��3LFR�PRO��O� RI� HDFK�SULPHU�� ����� P� RI� HDFK� GHR[\QXFOHRWLGWULSKRVSKDWH�����O�RI�UHDFWLRQ�EXIIHU�����P0�.&O�����P0�7ULV�� +&O��S+� ������DQG�����P0�0J&O���6DPSOHV�ZHUH�GHQDWXUHG�IRU���PLQ�DW���R&�DQG�WKHQ�VXEMHFWHG� WR����F\FOHV�RI���PLQ�DW���R&����PLQ�DW���R&� DQG� �� PLQ� DW� ��R&� LQ� D� WKHUPDO� F\FOHU��7HFKQH��(QJODQG��'HWHFWLRQ� RI� 3&5� SURGXFW�� 7HQ� �O� RI� UHDFWLRQ�SURGXFW�ZDV� HOHFWURSKRUHVHG� LQ� D� ��� DJDURVH� JHO�PDGH�LQ�7ULV�DFHWDWHG�('7$��7$(��EXIIHU��S+ ������ DQG� YLVXDOL]HG� E\� 89� LOOXPLQDWLRQ� DIWHU�HWKLGLXP�EURPLGH������J�PO��VWDLQLQJ��3RVLWLYH�DQG�QHJDWLYH�FRQWUROV�ZHUH�DOVR�WUHDWHG�DV�VDPSOHV�'HWHUPLQDWLRQ� RI� WKH� VHQVLWLYLW\� RI� 3&5��6HQVLWLYLW\� RI� WKH� VWDQGDUG� 3&5� DVVD\� ZHUH�HYDOXDWHG�XVLQJ�VHULDO�GLOXWLRQV�RI�WKH�LQWHUQDWLRQDO�UHIHUHQFH�VWDQGDUG��(XURSH�JHQRW\SHV�$��&��'��(��&RQYHQWLRQDO� JHO� HOHFWURSKRUHVLV� DQG� HWKLGLXP�EURPLGH� VWDLQLQJ� ZHUH� WKHQ� XVHG� WR� DQDO\]H� WKH�3&5�DPSOLILFDWLRQ�SURGXFWV�IURP�WKHVH�WHPSODWHV�6WDWLVWLFDO� DQDO\VLV�� 7KH� 6366� VRIWZDUH� YHUVLRQ�������FKL�VTXDUH�WHVW�ZDV�XVHG�WR�DQDO\]H�WKH�GDWD�5HVXOWV
$�WRWDO�RI������������RI�������EORRG�GRQRUV�ZHUH�+%V$J� SRVLWLYH�� 7KXV�� ������ RI� EORRG� GRQRUV�ZHUH�QHJDWLYH�IRU�+%V$J�
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(9$/8$7,21�2)�$17,%2',(6�$*$,167�58%(//$�9,586�,1�$�0$66�«
+%9�'1$�ZDV�GHWHUPLQHG�E\�D�TXDOLWLWDWLYH�+%9�'1$�3&5�DVVD\��7KH� DVVD\� SHUIRUPHG� DFFRUGLQJ� WR� WKH� VWDQGDUG�3&5�DVVD\��7KH�OLPLW�RI�GHWHFWLRQ�RI�JHQRW\SHV�$��&��'��DQG�(�ZDV������+%9�'1$�FRSLHV�SHU�PO�$�WRWDO�RI�����RI�WKH�+%V$J�SRVLWLYH�EORRG�GRQRUV�ZHUH� WHVWHG� IRU� +%9� '1$�� +%9� '1$� ZDV�GHWHFWHG� DPRQJ� ��� RI� ���� �������� +%V$J�SRVLWLYH�VSHFLPHQV���,Q������������RI�WKH�+%V$J�SRVLWLYH�EORRG�GRQRU�+%9�'1$�ZDV�UHSHDWHGO\�GHWHFWHG��DQG�������������RI�WKH�+%V$J�SRVLWLYH�EORRG� GRQRUV� +%9� '1$� ZDV� QRW� IRXQG�� 7KH�+%9�'1$�LQ����VSHFLPHQV�ZDV�DPSOLILHG�E\�6�JHQH� VSHFLILF� SULPHUV�� 7KH� 3&5� SURGXFWV� ZHUH�YLVXDOL]HG� RQ� D� ��� DJDURVH� JHO� VWDLQHG� ZLWK�HWKLGLXP� EURPLGH�� 7DEOH� �� VKRZV� ILQGLQJ� IURP�WKLV� VWXG\� WKDW� LQFOXGHG� GDWD� RQ� GHWHFWLRQ� RI�+%9� '1$� LQ� FRQILUPHG� +%V$J�SRVLWLYH�GRQRUV�� 7KH� 3&5� SURGXFWV� ZLWK� ���� EDVH� SDLU�OHQJWK� REWDLQHG� ZLWK� ERWK� VHW� RI� SULPHUV� LV�VKRZQ� LQ� ILJXUH����$Q�DVVRFLDWLRQ�ZDV�QRW� VHHQ�EHWZHHQ� WKH� 2'� +%V$J� SRVLWLYH� DQG� WKH�LQWHQVLW\� RI H[SHFWHG� 3&5� SURGXFW� EDQG�� DIWHU�HOHFWURSKRUHVLV�DQG�HWKLGLXP�EURPLGH�VWDLQLQJ�
7DEOH�� 3UHYDOHQFH�RI�+%9�'1$�LQ�+%V$J�SRVLWLYH�EORRG�GRQRUV�
+%V$J� SRVLWLYH� � � � � +%9� '1$� 3RVLWLYH� � � � � +%9� '1$�1HJDWLYH� Q�R������������ Q�R��������
��� ���������������������������������������������

)LJ��� $JDURVH� JHO� HOHFWURSKRUHVLV� RI� VHPL�QHVWHG� 3&5� SURGXFWV� RI� +%9� 6� JHQH� '1$� LQ� +%V$J� SRVLWLYH� EORRG� GRQRUV�� /DQH�� '1$� VL]H� 0DUNHU� ����� ES� ODGGHU� )HUPHQWDV��� /DQH� ��� QHJDWLYH� FRQWURO� VDPSOH� XVLQJ� 9LUDO� 4XDOLW\� &RQWURO� �94&�� SDQHO� QHJDWLYH� VHUXP� �%%/��� /DQHV� ���� ��� 3&5� SURGXFWV� ZLWK� ���� EDVH� SDLU� OHQJWK� JHQHUDWHG� XVLQJ� 6� JHQH� VSHFLILF� SULPHUV� RI� KHSDWLWLV� %� YLUXV� XVLQJ� 94&� SDQHO� VHUXP� �%%/�� �SRVLWLYH� FRQWURO��� /DQHV������3&5�SURGXFWV�RI�+%V$J�SRVLWLYH�EORRG� GRQRUV�XVLQJ�6�JHQH�VSHFLILF���SULPHUV�
15        ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8

'LVFXVVLRQ
3UHYLRXV� LQYHVWLJDWLRQV� KDYH� VKRZQ� D� VLJQLILFDQW�SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� +%9� '1$�FRQFHQWUDWLRQV� DQG +%V$J� OHYHOV�GXULQJ� WKH�YLUDO�UDPS�XS�SKDVH�RI�DFXWH�LQIHFWLRQ�ZKHQ�+%V$J�DQG�+%9�'1$�OHYHOV� UDSLGO\� LQFUHDVH� LQ�D� OLQHDU�DQG�SURSRUWLRQDWH�IDVKLRQ�����������7KH�UDPS�XS�SKDVH�LV�D�SHULRG�GXULQJ�ZKLFK�'1$�FRXOG�EH�TXDQWLILHG�DQG� YLUDO� ORDG�ZDV� VHHQ� WR� LQFUHDVH� SURJUHVVLYHO\�RYHU�WLPH�DV�RSSRVHG�WR�WKH�EHIRUH�UDPS�XS�SKDVH�ZKHUH� ORZ� OHYHO� +%9� '1$� LV� LQWHUPLWWHQWO\�GHWHFWHG�RQO\�KLJKHU�VHQVLWLYLW\�TXDOLWDWLYH�3&5�RU�RWKHU�1$7�DVVD\V�������7KH�DIWHU�UDPS�XS�SKDVH�LV�WKH�SHULRG�DIWHU�+%V$J�EHFRPHV�UHDFWLYH�DQG YLUDO�ORDG� SURJUHVVLRQ� LV� HLWKHU� VKRZHG� RU� VWRSSHG�� ,Q�DGGLWLRQ��%LVZDV�HW�DO��������VKRZHG�WKDW�GHWHFWLRQ�UDWHV� DQG� ZLQGRZ� SHULRG� GLIIHUHQFHV� YDULHG�EHWZHHQ�+%V$J�DQG�1$7�DVVD\V�GXULQJ�WKH�UDPS�XS� SKDVH� RI� VHURFRQYHUVLRQ� ������ 6HURFRQYHUVLRQ�GRQRUV� DUH� QRW� WKH� RQO\� VRXUFH� RI� ULVN� IRU� SRVW�WUDQVIXVLRQ�KHSDWLWLV�EXW�UHFHQW�UHSRUWV�LQGLFDWH�WKDW�+%9� PD\� EH� SUHVHQW� LQ� GRQDWLRQV� IURP� FKURQLF�+%9� FDUULHV� ZKR� KDYH� XQGHWHFWDEOH� +%V$J� EXW�DUH�SRVLWLYH�IRU�DQWL�KHSDWLWLV�%�FRUH�DQWLJHQ��+%F�����������.XKQ¶V�HW�DO�H[DPLQHG�ZKHWKHU�1$7�FDQ�UHSODFH�+%V$J�VFUHHQLQJ�RI�EORRG�GRQRUV��,Q�WKHLU�VWXGLHV�� VDPSOHV� IURP� ���� +%V$J� DQG� DQWL�+%F�SRVLWLYH�GRQDWLRQV�ZHUH�WHVWHG�XVLQJ���3&5�DVVD\V��7KH\� IRXQG� D� SRRU� FRUUHODWLRQ� EHWZHHQ� +%V$J�WLWHU�DQG�VHUXP�+%9�'1$�OHYHOV��,Q�.XKQ¶V�HW�DO�������� UHSRUW�� RQO\� ���� RI� WKH� VDPSOHV� KDG�GHWHFWDEOH� +%9� '1$� XVLQJ� D� FRPPHUFLDOO\�DYDLODEOH� 3&5� DVVD\� ZLWK� GHWHFWLRQ� OLPLW� RI� ����FRSLHV�PO�� ���� KDG� GHWHFWDEOH�+%9�'1$� E\� DQ�DVVD\�ZLWK�GHWHFWLRQ�OLPLW�RI����FRSLHV�PO�����KDG�GHWHFWDEOH�+%9�'1$�E\� DQ DVVD\�ZLWK�GHWHFWLRQ�OLPLW�RI�����FRSLHV�PO��ZKLOH����KDG�XQGHWHFWDEOH�+%9�'1$�HYHQ�ZLWK�WKH�PRVW�VHQVLWLYH�DVVD\V�����,Q� D� -DSDQHVH� VWXG\�� RI� ��� ORZ�OHYHO� +%V$J�SRVLWLYH�GRQRU�VDPSOHV�ZLWK�FRPSOHWH�3&5�UHVXOWV�����KDG�'1$�FRQFHQWUDWLRQV������FRSLHV�PO� ������7KHVH�GRQRUV�ZHUH� IROORZHG�IRU�PRUH� WKDQ�D�\HDU�DQG� FODVVLILHG� DV� KDYLQJ� FKURQLF� +%9� LQIHFWLRQ��,QWHUHVWLQJO\��PRVW�RI�WKHVH�LQIHFWLRXV�DJHQWV�ZHUH�QRW� GHWHFWDEOH� E\� 3&5�ZLWK� VXUIDFH� DQWLJHQ� JHQH�SULPHUV� EXW� UHTXLUHG� FRUH� UHJLRQ� SULPHUV� DQG� D� ��PO� VDPSOH� LQSXW� YROXPH�� 7ZR� RWKHU� +%V$J�SRVLWLYH� GRQRUV� IURP� WKDW� VDPH� VWXG\�� DOVR�FODVVLILHG� DV� FKURQLF� FDUULHUV�� ZHUH� 3&5� QHJDWLYH�HYHQ�ZLWK�D���PO�VDPSOH�LQSXW�YROXPH�����,Q� WZR� VWXGLHV� SHUIRUPHG� LQ� 8QLWHG� 6WDWH�� ����������� WR� ��� ������� RI� +%V$J�SRVLWLYH� GRQRUV�
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KDG� +%9� '1$� OHYHO� �� RU�  ���� FRSLHV�PO� DQG�DQRWKHU� ����� ZHUH� +%9� 1$7� QHJDWLYH� XVLQJ�KLJKO\� VHQVLWLYH� 1$7� DVVD\� ZLWK� ���� GHWHFWLRQ�OLPLWV�RI������+%9�'1$�FRSLHV�PO�������/LNH�RWKHU�UHVXOWV��LQ�WKLV�SUHVHQW�VWXG\�+%9�'1$�ZDV� QRW� IRXQG� LQ� ���� �������� RI WKH� +%V$J�SRVLWLYH�EORRG�GRQRUV���7KH�OLPLW�RI�GHWHFWLRQ������+%9�'1$�FRSLHV�SHU�PO���7KHVH�UHVXOWV�VKRZ�WKDW�VRPH�+%V$J�SRVLWLYH�EORRG�GRQRUV�LQ�WKH�FKURQLF�VWDJH�RI� LQIHFWLRQ� KDYH�YHU\� ORZ�RU� LQWHUPLWWHQWO\�GHWHFWDEOH� +%9� '1$� OHYHOV� DQG� ZRXOG� QRW� EH�LGHQWLILHG�E\�VLQJOH�VDPSOH�1$7�PHWKRGV�3UHYHQWLRQ� RI� WUDQVIXVLRQ� WUDQVPLWWHG� +%9� KDV�KLVWRULFDOO\�UHOLHG�RQ�VHURORJLF�VFUHHQLQJ�RI�EORRG�DQG�SODVPD�GRQDWLRQV�IRU�+%V$J��,Q�DGGLWLRQ�WR�VFUHHQLQJ�RI� EORRG� GRQDWLRQV� IRU� +%V$J�� VRPH� FRXQWULHV� DOVR�VFUHHQ�IRU�DQWL�+%F�WR�GHWHFW�DQWL�+%F�UHDFWLYH�FKURQLF�FDUULHV� ZLWK� ORZ�OHYHO� YLUHPLD� WKDW� ODFN� GHWHFWDEOH�+%V$J��1$7�IRU�+%9�'1$�ZDV�LQWURGXFHG�LQ�D�IHZ�EORRG�FHQWHUV�LQ�(XURSH��DV�ZHOO�DV�WKURXJKRXW�-DSDQ��WR�LGHQWLI\�+%9�LQIHFWHG�XQLWV�GXULQJ�WKH�HDUO\�SKDVH�RI�DFXWH� LQIHFWLRQ� EHIRUH� +%V$J� RU� DQWL� �+%F� LV�GHWHFWDEOH�� DQG� LQ� FKURQLF� FDUULHUV� ZLWK� XQGHWHFWDEOH�OHYHOV�RI�+%V$J��SDUWLFXODUO\�LQ�FDVHV�ZKHUH�DQWL� +%F�WHVWLQJ�LV�QRW�SHUIRUPHG��,Q� ,UDQ� WKDW� EORRG� GRQRUV� GR� QRW� URXWLQHO\� VFUHHQ�IRU�DQWL� +%F��+%V$J�WHVWLQJ LV�WKH�RQO\�PHDQV�RI�GHWHFWLRQ� IURP� FKURQLFDOO\� LQIHFWHG� LQGLYLGXDOV�ZLWK� ORZ�LQWHUPLWWHQWO\� GHWHFWDEOH� '1$�� VLQFH�HYHQ� VLQJOH�GRQRU� 1$7� ZRXOG� QRW� LGHQWLI\� WKHVH�SRWHQWLDOO\�LQIHFWLRXV�EORRG�XQLWV�+RZHYHU�� WKH� UHVXOWV� VKRZ� WKDW�+%9�'1$� LV�QRW�GHWHFWDEOH� LQ� D� VXEVHW� RI� +%V$J� SRVLWLYH�GRQDWLRQV��UDLVLQJ�FRQFHUQ�DERXW�WKH�VDIHW\�LPSDFW�RI� UHSODFLQJ�+%V$J�ZLWK�+%9�1$7��SDUWLFXODUO\�LQ�WKH�DEVHQFH�RI�DQWL�+%F�VFUHHQLQJ�,Q� FRQFOXVLRQV�� WKLV� VWXG\� VKRZV� WKDW�+%9�'1$�OHYHO�GXULQJ�WKH�FKURQLF�VWDJHV�RI�+%9�LQIHFWLRQ�LV�ORZ� DQG� WKDW� VHURORJLF� VFUHHQLQJ� UDWKHU� 1$7�VFUHHQLQJ��PD\�EH�PRUH�HIIHFWLYH�IRU�WKH�GHWHFWLRQ�RI�FKURQLF�FDUULHUV��5HIHUHQFHV
� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� +HSDWLWLV� %� >RQOLQH@��$YDLODEOH� IURP� 85/�� KWWS��ZZZ�ZKR�LQW�FVU�GLVHDVH��KHSDWLWLVH��ZKRFGVFVUO\R� ������HQ�LQGH[��KWPO�>$FFHVVHG������6HS���@�� &KX�&-��.HHII�(%��+DQ�6+��3HUULOOR�53��HW�DO��+HSDWLWLV�%� YLUXV� *HQRW\SHV� LQ� WKH� 8QLWHG� 6WDWHV� UHVXOWV� RI� D�QDWLRQZLGH�VWXG\��*DVWURHQWHURORJ\�������������������� $OODLQ-�S�� 2FFXOW� KHSDWLWLV� SDUW� ,�� WKH� GLVFRYHU\��GLDJQRVWLF�WHVWV��DQG�QHZ�YLUXVHV��/DE�0HG��������������/��������

� 6WUDPHU�6/��*O\QQ�6$��.OHLQPDQ�6+��HW�DO��'HWHFWLRQ�RI�+,9� DQG� +&9� LQIHFWLRQV� DPRQJ� DQWLERG\�QHJDWLYH�EORRG�GRQRU�E\�QXFOHLF�DPSOLILFDWLRQ�WHVWLQJ�(QJO�-�0HG���������������������� .XKQ¶V�0&��.OHLQPDQ�6+��0F1DPDUD�$/�� HW� DO��/DFN�RI�FRUUHODWLRQ�EHWZHHQ�+%V$J�DQG�+%9�'1$�OHYHOV�LQ�EORRG�GRQRUV�ZKR�WHVW�SRVLWLYH�IRU�+%V$J�DQG�DQWL�+%F��LPSOLFDWLRQV� IRU� IXWXUH� +%9� VFUHHQLQJ� SROLF\��7UDQVIXVLRQ������������������ .XKQV�0��&��DQG�%XVFK�0�3�� �1HZ VWUDWHJLHV�IRU�EORRG�GRQRU� VFUHHQLQJ� IRU� +HSDWLWLV� %� 9LUXV�0RO� 'LD�������������������� +HQQLJ�+��3XFKWD�,��/XKP�-��HW�DO��)UHTXHQF\�DQG�ORDG�RI�KHSDWLWLV� %� YLUXV� '1$� LQ� ILUVW� WLPH� EORRG� GRQRUV� ZLWK�DQWLERGLHV� WR� KHSDWLWLV� %� FRUH� DQWLJHQ�%ORRG�������������������� 5RWK�:.�� ZHEHU� 0�� 3HWHUVHQ� '�� HW� DO�� 1$7� IRU� +%9�DQG�DQWL�+%F�WHVWLQJ�LQFUHDVH�EORRG�VDIHW\��7UDQVIXVLRQ������������������� +HHUPDQQ� .+�� *HUOLFK� :� +�� &KXG\� 0�� 6FKDHIHU� 6��4XDQWLWDWLYH� GHWHFWLRQ� RI� KHSDWLWLV�%� YLUXV�'1$� LQ� WZR�LQWHUQDWLRQDO� UHIHUHQFH� SODVPD� SUHSDUDWLRQV�� -� &OLQ�0LF���������������������� -DQVVHQ�+/��9DQ]RQQHYHOG�0��6HQWXUN�+��=HX]HP�6��HW�DO�� 3HJ\ODWHG� LQWHUIHURQ� DOID��E� DORQ� RU� LQ� FRPELQDWLRQ�ZLWK� /DPLYXGLQH� IRU� +EH$J�SRVLWLYH� FKURQLF� KHSDWLWLV�%�D�UDQGRPL]HG�WULDO�/DQFHW������������������� 0L]RNDPL�0��1DNDQR�7��2ULWR�(��7DQDND�<��6DNXJDZD�+�� 0XNDLGH� 0�� 5REHUWVRQ� %+�� � +HSDWLWLV� %� YLUXV�JHQRW\SH� DVVLJQPHQW� XVLQJ� UHVWULFWLRQ� IUDJPHQW� OHQJWK�SRO\PRUSKLVP�SDWWHUQV��)(%6�/HWW��������������������� 6DWR� 6�� 2KKDVKL�:�� ,KDUD� +�� HW� DO�� &RPSDULVRQ� RI� WKH�VHQVLWLYLW\�RI�1$7�XVLQJ�SRROHG�GRQRU�VDPSOHV�IRU�+%9�DQG� WKDW� RI� D� VHURORJLF�+%V$J� DVVD\�7UDQVIXVLRQ�������������������� %LVZDV� 5�� 7DERU� (�� +VLDF� &�� HW� DO�� &RPSDUDWLYH�VHQVLWLYLW\� RI� +%9� 1$7V� DQG� +%V$J� DVVD\� V� IRU�GHWHFWLRQ� RI� DFXWH� +%9� LQIHFWLRQ�� 7UDQVIXVLRQ�� ������������������� .OHLQPDQ�6+��.XKQV�0&��7RGG�'6��HW�DO��)UHTXHQF\�RI�+%9�'1$� GHWHFWLRQ� LQ� XV� EORRG� GRQRUV� WHVWLQJ� SRVLWLYH� IRU� WKH�SUHVHQFH�RI�DQWL�+%F��LPSOLFDWLRQV�IRU�WUDQVIXVLRQ�WUDQVPLVVLRQ�DQG�GRQRU�VFUHHQLQJ��7UDQVIXVLRQ��������������������� $OODLQ� ,3�� +HZLWW� 3(�� 7HGGHU� 56�� :LOOLDPVRQ� /0��(YLGHQFH� WKDW� DQWL�+%F�EXW�QRW�+%9�'1$�WHVWLQJ�PD\�SUHYHQW� VRPH� +%9� WUDQVPLVVLRQ� E\� WUDQVIXVLRQ�� %U�-KHPDWRO�������������������� .OHLQPDQ� 6+� 6WURQJ� '0�� 7HJWPHLHU� **�� HW� DO��+HSDWLWLV� %� 9LUXV� �+%9�� '1$� VFUHHQLQJ� RI� EORRG�GRQDWLRQ� LQ� PLQLSRROV� ZLWK� WKH� &2%$6� $PSOLVFUHHQ�+%9�WHVW��7UDQVIXVLRQ������������������� NXKQV�0&��0F1DPDUD�$/�� 3HWHUVRQ�%� HW� DO��'HWHFWLRQ�RI�KHSDWLWLV�%�VHURFRQYHUVLRQ�E\�KLJKO\�VHQVLWLYLWLH�DVVD\�IRU� VXUIDFH� DQWLJHQ� DQG� +%9� '1$�� 7UDQVIXVLRQ���������VXSSO������V��� 6WUDPHU�6/��%URGVN\�-3�� 3UHVWRQ�6%�HW�DO��&RPSDUDWLYH�VHQVLWLYLW\�RI�+%V$J�DQG�+%9�1$7���7UDQVIXVLRQ����������VXSSO���V��V��� <RVKLNDZD�$��*RWDQGD�<��,WDEDVKL�0�HW�DO��+HSDWLWLV�%�1$7� YLUXV�SRVLWLYH� EORRG� GRQRUV� LQ� WKH� HDUO\� DQG� ODWH�VWDJHV�RI�+%9�LQIHFWLRQ��DQDO\VLV�RI� WKH�ZLQGRZ�SHULRG�DQG�NLQHWLFV�RI�+%9�'1$��9R[�6DQJ�����������������
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