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$%675$&7�
7KLV� VWXG\�GHDOV�ZLWK� WKH� WR[LF� LPSDFWV�RI� FDGPLXP�RQ� VRPH� IRHWDO�RUJDQV�RI�9LUJLQ�DOELQR� UDWV��7KH� KLVWRSDWKRORJLFDO� VWXG\� UHYHDOHG� WKDW� FDGPLXP� FDXVHV� � FRQJHVWLRQ� RI� WKH� EORRG� YHVVHOV� DQG�EORRG� VLQXVRLGV�� KHPRUUKDJLF� IRFL� GHJHQHUDWLRQ� �� F\WRSODVPLF� YDFXODWLRQ� DQG� S\NQRVLV� LQ� KHSDWLF�FHOOV� � RI� WKH� OLYHU�� FRQJHVWLRQ� RI�EORRG�YHVVHOV�� DQG�FDUGLDF�K\SHUWURSK\�UHSUHVHQWHG�DV� ORRVH�DQG�VHSDUDWHG�FDUGLDF�PXVFOH�ILEHUV�RI�WKH�KHDUW��7KHUH�LV�DOVR�GHVWUXFWLRQ�RI�VRPH�FHOOV�RI�WKH�SUR[LPDO�DQG� GLVWDO� WXEXOHV� RI� WKH� NLGQH\�� DQG� WKH� FROOHFWLQJ� WXEXOHV� H[KLELW� H[WHQVLYH� GHJHQHUDWLRQ� ZLWK�F\WRSODVPLF�YDFXODWLRQ��

.H\ZRUGV��&DGPLXP��OLYHU��NLGQH\V�DQG�KHDUW�

,1752'8&7,21�
,W�LV�ZHOO�GRFXPHQWHG�WKDW�GLIIHUHQW�HQYLURQPHQWDO�SROOXWDQWV�LQFOXGLQJ�LQGXVWULDO�ZDVWHV��LQVHFWLFLGHV��SHVWLFLGHV�«�HWF�KDYH�GHOHWHULRXV� LPSDFWV�RQ�GLIIHUHQW�ELRORJLFDO�DFWLYLWLHV�����������3ROOXWLRQ�ZLWK�WR[LF�PHWDOV�KDV�LQFUHDVHG�VLQFH�WKH�EHJLQQLQJ�RI�WKH�LQGXVWULDO�UHYROXWLRQ��3ROOXWLRQ�ZLWK�FDGPLXP�LV�RI�SDUWLFXODU�FRQFHUQ�EHFDXVH�LW�DFFXPXODWHV�LQ�WKH�KXPDQ�ERG\�ZLWK�D�KDOI�OLIH� H[FHHGLQJ����\HDUV� �.HOOH\������DQG�KDV�EHHQ� OLQNHG�ZLWK�D�QXPEHU�RI�KHDOWK�SUREOHPV�� LQFOXGLQJ�UHQDO� WXEXODU�G\VIXQFWLRQ��6WDHVVHQ�HW�DO� �������RVWHRSRURVLV��)XMLWD��������RYDULDQ�G\VIXQFWLRQ���3DNV\�HW�DO���������WHVWLFXODU�WXPRUJHQHVLV���:DDONHV�HW�DO�������DQG�FDUGLRYDVFXODU�GLVRUGHUV�0XVWDID�HW�DO��������,Q�D�SUHYLRXV�VWXG\��+HIQ\�	 $KPHG�������WKH�LPSDFW�RI�&G�WR[LFLW\�RQ�WKH�IHWXV�RI�SUHJQDQW�UDWV�FDXVHG�VLJQLILFDQW�UHGXFWLRQ� LQ� ERG\� ZHLJKW� DQG� PRUSKRORJLFDO� DEQRUPDOLWLHV� VXFK� DV� H[HQFHSKDO\��JDVWURVFKLVLV��NLQN\�WDLO�DQG�FOXE�IRRW��&DGPLXP�DOVR�UHGXFHG�WKH�OHQJWK�RI�WKH�ORQJ�ERQHV�DQG� FDXVHG� UHWDUGDWLRQ� RI� RVVLILFDWLRQ�� ,Q� KDPVWHU� HPEU\RV� PDOIRUPDWLRQV� LQFOXGHG�H[HQFHSKDO\�� PLFURSKWKDOPLD�� FOHIW� OLS�� FOHIW� SDODWH�� JDVWURVFKLVLV� DQG� XPELOLFDO� KHUQLD�ZKLFK�GHSHQGHQW�XSRQ�WKH�VWDJH�RI�RUJDQRJHQHVLV�GXULQJ�ZKLFK�FDGPLXP�H[SRVXUH�RFFXUV��6DPDUDZLFNDUDPD�	�:HEE��������$KRNDV�	�'LOWV��������REVHUYHG�WKDW�FDGPLXP�HDVLO\�FURVVHV�WKH�SODFHQWDO�EDUULHU�LQ�ODERUDWRU\�DQLPDOV�LQ�HDUO\�JHVWDWLRQ��,Q�DQ�H[WHQVLRQ�WR�WKH�SHUYLRXV� VWXGLHV�� WKH� FXUUHQW� VWXG\� ZDV� XQGHUWDNHQ� WR� LQYHVWLJDWH� WKH� KLVWRSDWKRORJLFDO�HIIHFWV�RI�&G�RQ�VRPH�ERG\�RUJDQV�RI�UDW�HPEU\RV��
�0$7(5,$/6�$1'�0(7+2'6��)HPDOH�DOELQR�UDWV�ZHLJKLQJ���������J�ZHUH�REWDLQHG�IURP�WKH�1DWLRQDO�5HVHDUFK�&HQWUH��&DLUR��(J\SW��7KH�IHPDOHV�ZHUH�LQWURGXFHG�LQWR�WKH�PDOH�FDJHV��7KH�PRUQLQJ�ZKHQ�VSHUP�ZHUH�GHWHFWHG�LQ�D�YDJLQDO�VPHDU��LQGLFDWLQJ�VXFFHVVIXO�PDWLQJ��ZDV�FRQVLGHUHG�WR�EH�GD\�]HUR�RI�JHVWDWLRQ��7KH�SUHJQDQW�DQLPDOV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV�����DQLPDOV�LQ�HDFK�JURXS��7KH�ILUVW�JURXS�VHUYHG�DV�D�FRQWURO�DQG�ZHUH�LQMHFWHG�ZLWK�������1D&O�RQ�WKH��WK�GD\�RI�JHVWDWLRQ�7KH�VHFRQG�JURXS�ZHUH�LQMHFWHG�LQWUDSHULWRQHDOO\�ZLWK�D�VLQJOH�GRVH���PJ��NJ��RI�&G62� RQ� WKH��WK� GD\�RI�JHVWDWLRQ� �7KH�VHOHFWLRQ�RI� WKLV�GRVH�GHSHQGHG�RQ�SLORW�WHVWV��$OO��WKH�DQLPDO�ZHUH�NLOOHG�RQ�WKH���WK�GD\�RI�JHVWDWLRQ�DQG�IL[HG�LQ�����IRUPDOLQ�IRU�
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KLVWRSDWKRORJLFDO�VWXG\��7KH�OLYHU��KHDUW��DQG�NLGQH\�ZHUH�UHPRYHG�IURP�ERWK�FRQWURO�DQG�WUHDWHG� IHWXVHV� DQG� IL[HG� LQ� ���� IRUPDOLQ� IRU� KLVWRSDWKRORJLFDO� VWXG\�� 7KH\� ZHUH�GHK\GUDWHG�LQ�DVFHQGLQJ�VHULHV�RI�HWK\O�DOFRKRO��FOHDUHG�LQ�[\ORO�DQG�HPEHGGHG�LQ�SDUDIILQ�ZD[�DW�������&��6HFWLRQV�RI���PLFURPHWHUV�WKLFN�ZHUH�SUHSDUHG��PRXQWHG�RQ�FOHDQ�JODVV�VOLGHV� DQG� NHSW� LQ� DQ� LQFXEDWRU� DW����&� WR�GU\� IRU����KRXUV��6HFWLRQV�ZHUH� VWDLQHG�ZLWK�KDHPDWR[\OLQ�DQG�HRVLQ��GHK\GUDWHG�ZLWK�DVFHQGLQJ�VHULHV�RI�DOFRKRO��FOHDUHG�ZLWK�[\ORO�DQG�PRXQWHG�LQ�&DQDGD�EDOVDP��
�5(68/76��7KH�OLYHU�RI�HPEU\RV�RI�WKH�FRQWURO�JURXS�GLVSOD\HG�WKH�KLVWRORJLFDO��IHDWXUHV�RI�WKH�QRUPDO�OLYHU��)LJXUHV���	�����WKH�FDGPLXP�WUHDWHG�OLYHU�VKRZHG�PDUNHG�FRQJHVWLRQ�RI�WKH�EORRG�YHVVHOV� DQG� EORRG� VLQXVRLGV�� WKURXJK�ZKLFK� EORRG� KDG� HVFDSHG�� SURGXFLQJ�KHPRUUKDJLF�IRFL�� 'HJHQHUDWLRQ�� F\WRSODVPLF� YDFXODWLRQ� DQG� S\NQRVLV� ZHUH� HYLGHQW� LQ� KHSDWLF� FHOOV��)LJXUHV���	������
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)LJV��	����3KRWRPLFURJUDSK��)LJ����DQG�HQODUJHPHQW��)LJ����RI�VHFWLRQ�RI�FRQWURO�IHWDO�OLYHU�VKRZLQJ�QRUPDO�KHSDWRF\WHV��+&��DOWHUQDWLQJ�ZLWK�EORRG�VLQXVRLGV��6��WKDW�FRQYHUJH�WRZDUG�WKH�FHQWUDO�YHLQ��&9���WKH�KHSDWLF�FRUGV�DQG�EORRG�VLQXVRLGV�FRQWDLQ�EORRG��7KHUH�DUH�D�IHZ�JLDQW�FHOOV�PHJDNDU\RF\WHV��0*�������[�	����[�����

)LJV��	����3KRWRPLFURJUDSKV�RI�VHFWLRQV�RI�PDWHUQDOO\�&G�WUHDWHG�IHWDO�OLYHU�VKRZLQJ�FRQJHVWLRQ�RI�EORRG�VLQXVRLGV��&����QXPHURXV�ODUJH�YDFXROHV��9��VFDWWHUHG�LQ�WKH�F\WRSODVP�RI�WKH�KHSDWRF\WHV��VRPH�QHFURWLF�FHOOV��1��ZLWK�GDUNO\�VWDLQHG�QXFOHXV�DQG��DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�PHJDNDU\RF\WHV�������[�	 ���[��
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7KH� KHDUW� RI� FRQWURO� HPEU\RV� GLVSOD\HG� WKH� KLVWRORJLFDO� � IHDWXUHV� RI� WKH� QRUPDO� KHDUW��)LJXUHV���	������&DGPLXP�WUHDWHG�KHDUWV�VKRZHG�GLVWLQFWLYH�FRQJHVWLRQ�RI�EORRG�YHVVHOV�DQG�FDUGLDF�K\SHUWURSK\��VHHQ�DV�ORRVH�DQG�VHSDUDWHG�FDUGLDF�PXVFOH�ILEHUV��)LJXUHV���	�����
�

)LJV� ��	� ��� 3KRWRPLFURJUDSKV� RI� VHFWLRQV� � RI� FRQWURO� IHWDO� FDUGLDF�PXVFOHV� VKRZLQJ� HSLFDUGLXP� �HS�� DQG�P\RFDUGLXP�PXVFOH�ILEUH��PI��ZKLFK�SRVVHVVHV�D�QXPEHU�RI�RYRLG�DQG�FHQWUDO�QXFOHL��Q������[�	����[���
�

�)LJV��	����3KRWRPLFURJUDSKV�RI� VHFWLRQV�RI�PDWHUQDOO\�&G�WUHDWHG� IHWDO�KHDUW� VKRZLQJ�FRQJHVWLRQ�RI�EORRG�YHVVHOV� �&�� DQG� FDUGLDF� K\SHUWURSK\� ZKLFK� LV� UHSUHVHQWHG� DV� ORRVH� DQG� VHSDUDWHG� FDUGLDF� PXVFOH� ILEUHV��DUURZ������[�	����[���
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7KH�NLGQH\�RI�FRQWURO�HPEU\RV�GLVSOD\HG�WKH�KLVWRORJLFDO� �IHDWXUHV�RI�WKH�QRUPDO�NLGQH\��)LJXUHV�������	�����7KH�NLGQH\�RI�&G�WUHDWHG�HPEU\RV�VKRZHG�GHVWUXFWLRQ�RI�VRPH�FHOOV�RI� WKH� SUR[LPDO� DQG� GLVWDO� WXEXOHV�� DQG� WKH� FROOHFWLQJ� WXEXOHV� H[KLELWHG� H[WHQVLYH�GHJHQHUDWLRQ�DQG�F\WRSODVPLF�YDFXODWLRQ��)LJXUHV��������	�������
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)LJV���	�����3KRWRPLFURJUDSKV�RI�VHFWLRQ�RI�WKH�FRQWURO�IHWDO�NLGQH\��VKRZLQJ�%RZPDQ¶V�FDSVXOH��%�&���JORPHUXOXV��*���SUR[LPDO��37��DQG�GLVWDO��'7��FRQYROXWHG�WXEXOHV�DQG�FROOHFWLQJ�WXEXOHV��&7������[�	 ���[����

)LJV���	�����3KRWRPLFURJUDSKV�RI�VHFWLRQV�RI�WKH�&G�WUHDWHG�PDWHUQDOO\�IHWDO�NLGQH\��6KRZLQJ�GHJHQHUDWLRQ�RI�VRPH�FHOOV�RI�WKH�SUR[LPDO�DQG�GLVWDO�WXEXOHV��DUURZ���DV�ZHOO�DV�VZHOOLQJ�RI�WKH�JORPHUXOXV��DUURZ�KHDG������[�	����[���

)LJ�����3KRWRPLFURJUDSKV�RI�VHFWLRQ�RI�WKH�FRQWURO�IHWDO�PHGXOODU\�UHJLRQ�VKRZLQJ�QRUPDO�VWUXFWXUH�RI�WKH�PHGXOOD�DQG�QRUPDO�FROOHFWLQJ�WXEXOHV��&7�������[��)LJ�����3KRWRPLFURJUDSKV�RI�VHFWLRQ�RI�&G�WUHDWHG�IHWDO�PHGXOODU\�UHJLRQ�VKRZLQJ�QHFURWLF�FHOOV��1��RI�VRPH�FROOHFWLQJ�WXEXOHV�UHSUHVHQWHG�E\�YDFXODWLRQ��9��RI�WKH�F\WRSODVP�DQG�S\NQRWLF�QXFOHL�����[��� �
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',6&866,21��&DGPLXP�ZKHWKHU� LQKDOHG�� LQJHVWHG�RU� LQMHFWHG� LV� WR[LF� WR�YLUWXDOO\� HYHU\� V\VWHP� LQ� WKH�ERG\��,W�LV�D�PDMRU�HQYLURQPHQWDO�DQG�RFFXSDWLRQDO�KD]DUG�EHFDXVH�RI�LWV�ZLGHVSUHDG�XVH�LQ�LQGXVWU\�DQG�VXEVHTXHQW�UHOHDVH�LQWR�WKH�HQYLURQPHQW��'REVRQ��������)ULEHUJ�HW�DO���������&DGPLXP� PD\� EH� DQ� HWLRORJLFDO� IDFWRU� IRU� YDULRXV� SDWKRORJLFDO� SURFHVVHV� LQFOXGLQJ�WHVWLFXODU� WXPRXU�� UHQDO� G\VIXQFWLRQ�� JURZWK� LQKLELWLRQ�� FDQFHU� DQG� K\SHUWHQVLRQ��%DODUDPDQ� HW� DO�� ������� 7KH� PRVW� VWULNLQJ� WR[LF� HIIHFWV� RI� &G� LQWR[LFDWLRQ� DUH� UHQDO�WXEXODU�G\VIXQFWLRQ��5RELQVRQ�HW�DO��������DQG�FDUGLRYDVFXODU�DEQRUPDOLWLHV��0RXVWDID�HW�DO���������� &DGPLXP� LQ� WKH� EORRG� ERXQG� WR� UHG� EORRG� FHOOV� DQG� KLJK� PROHFXODU� ZHLJKW�SURWHLQV�LQ�SODVPD��SDUWLFXODUO\�DOEXPLQ��$�VPDOO�IUDFWLRQ�RI�FDGPLXP�PD\�EH�ERXQG�E\�PHWDOORWKRQLQH�EORRG��$PGXU�HW�DO� �������� )URP� WKH� VLWH� RI� FDGPLXP�DEVRUSWLRQ� WKH� EORRG� WUDQVSRUW� FDGPLXP� WR� WKH� OLYHU��ZKHUH� LW� LQGXFHV� WKH� V\QWKHVLV� RI� PHWDOORWKLRQLQH�� D� ]LQF� VWRUDJH� SURWHLQ�� WKDW� DIIHFWV�WR[LFLW\��6X]XNL��������7KH�FDGPLXP�PHWDOORWKLRQLQH�FRPSOH[�LV�UHOHDVHG�IURP�WKH�OLYHU�DQG� WUDQVSRUWHG� YLD� WKH� EORRG� WR� WKH� NLGQH\V�ZKHUH� LW�PD\�GLVVRFLDWH�ZLWKLQ� WKH� WXEXODU�FHOOV�� 7KH� UHVXOWLQJ� IUHH� PHWDO� LQGXFHV� LQWUDFHOOXODU� V\QWKHVLV� RI� PHWDOORWKLRQLQH� ZKLFK�ELQGV�IUHH�LQWUDFHOOXODU�FDGPLXP�IRU�SURWHFWLRQ�DJDLQVW�WR[LFLW\��DW�OHDVW�XQWLO�WKH�ELQGLQJ�SURWHLQ�LV�VDWXUDWHG��(OOLV�HW�DO����������� 1HZ�ERUQ�LQIDQWV�KDYH�ORZ�ERG\�FRQWHQW�RI�FDGPLXP��XVXDOO\�OHVV�WKDQ��PJ�WRWDO�ERG\�EXUGHQ��7KH�SODFHQWD�V\QWKHVL]HV�PHWDOORWKLRQLQH�DQG�SUREDEO\�VHUYHV�DV�EDUULHU�WR�PDWHUQDO� FDGPLXP�� EXW� WKH� IHWXV� FDQ� EH� H[SRVHG� WR� PDWHUQDO� FDGPLXP�ZLWK� LQFUHDVHG�PDWHUQDO� H[SRVXUH� �$PGXU� HW� DO�� ������� 7KH� SODFHQWD� FRQFHQWUDWHV� FDGPLXP� JUHDWO\��0LOOHU� ������ FDXVLQJ� GDPDJH� DQG� SODFHQWDO� QHFURVLV� �+ROPEHUJ	)HUP� �������)XUWKHUPRUH�� FDGPLXP� ZKHQ� LQMHFWHG� LQWR� KDPVWHUV� RQ� WKH� HLJKWK� GD\� RI� JHVWDWLRQ� LV�KLJKO\� WHUDWRJHQLF�� UHVXOWLQJ� LQ� IDFLDO� PDOIRUPDWLRQV� �FOHIW� SDODWH�� DQRSKWKDOPLD��PLFURSKWKDOPLD��H[HQFHSKDO\��DQG�UHVRUSWLRQV��0XOYLKL�HW�DO����������6LJQLILFDQW�DPRXQWV�RI� FDGPLXP� ZHUH� GHWHFWHG� LQ� WKH� GD\� �� HPEU\R� ZLWKLQ� ��� K� IROORZLQJ� PDWHUQDO�DGPLQLVWUDWLRQ���)HUP�HW�DO���������&ODUNVRQ�HW�DO� �������6LQJOH�LQMHFWLRQV�RI�FDGPLXP�ODWH�LQ� WKH� JHVWDWLRQ� RI� PLFH� DQG� UDWV� ZLOO� SURGXFH� IHWDO� OHWKDOLW\�� JURZWK� UHWDUGDWLRQ� DQG�SODFHQWDO�QHFURVLV�ZLWKLQ������K���$KRNDV�HW�DO��������6DPDUDZLFNDUDPD�	�:HEE��������/HYLQ�	�0LOOHU���������3UH���DQG�SRVWQDWDO�H[SRVXUH�WR�FDGPLXP�KDYH�EHHQ�VXJJHVWHG�WR�DOWHU� RYDULDQ� IXQFWLRQ� DQG� UHGXFH� HVWURJHQ� SURGXFWLRQ�� OHDGLQJ� WR� FKDQJHV� LQ� WKH�SURJUHVVLRQ�RI�QRUPDO�JHVWDWLRQ�LQ�IHPDOHV��3DUL]HN�HW�DO��������'HU�HW�DO������������� 7KH�OLYHU�RI�PDWHUQDOO\�WUHDWHG�IHWXVHV�VKRZHG�D�PDUNHG�FRQJHVWLRQ�RI�WKH�EORRG�YHVVHOV� DQG� EORRG� VLQXVRLGV� WKURXJK�ZKLFK� EORRG� HVFDSHG� SURGXFLQJ�KHPRUUKDJLF� IRFL��GHJHQHUDWLRQ� RI� KHSDWLF� FHOOV�� 7KH� KHSDWLF� FHOOV� H[KLELWHG� YDFXRODWHG� F\WRSODVP� DQG�S\NQRWLF�FHOOV�ZKLFK�SRVVHVVHG�VKUXQNHQ�QXFOHL��6DUNDU�HW�DO���������IRXQG�WKDW�FDGPLXP�PD\�LQGXFH�R[LGDWLYH�GDPDJH�LQ�KHSDWLF�FHOOV��6DXHU�HW�DO���������UHSRUWHG�WKDW���K�DIWHU�DGPLQLVWUDWLRQ��&G&,� SURGXFHG�PXOWLIRFDO�KHSDWRFHOOXODU�QHFURVLV�DQG� LQFUHDVHG�SODVPD�*37�DFWLYLW\���%RNRUL�HW�DO���������VWXGLHG�WKH�HIIHFW�RI�FDGPLXP�RQ�%URLOHU�&KLFNHQV�DQG�WKH\� DOVR� UHSRUWHG� WKDW� FDGPLXP� FDXVHG� OLYHU� DQG� NLGQH\� GHJHQHUDWLRQ�� P\RFDUGLDO�K\SHUWURSK\�DQG�FDUGLDF�GLODWDWLRQ��� 7KH�VXVFHSWLELOLW\�WR�OLSLG�SHUR[LGDWLRQ�RI�OLYHU��NLGQH\��EUDLQ��WHVWLV��OXQJ�DQG�KHDUW�ZDV� LQYHVWLJDWHG� LQ� WLVVXH�KRPRJHQDWHV� LQFXEDWHG�ZLWK� YDULRXV�FRQFHQWUDWLRQV� RI�&G�E\�0DQFD�HW�DO� �����D�E���7KH\� � IRXQG� WKDW� WKH� OLYHU��KHDUW��DQG�WHVWLV�VKRZHG�WKH�JUHDWHVW�
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UHOHDVH�RI�EUHDNGRZQ�SURGXFWV�RI�FHOO�FRPSRQHQWV�IURP�&G�H[SRVXUH��FRPSDUHG�WR�FRQWURO�OHYHOV��DQG�OLSLG�SHUR[LGDWLRQ�VLJQLILFDQWO\�LQFUHDVHG�LQ�WKH�PDMRULW\�RI�WLVVXHV���� ,Q� WKH� KHDUW� RI�PDWHUQDOO\� WUHDWHG� IHWXVHV� WKHUH� LV� D�GLVWLQFWLYH�FRQJHVWLRQ�RI�EORRG�YHVVHOV�DQG�K\SHUWURSK\�RI� WKH�FDUGLDF�PXVFOH�� �(��+DG\�DQG�(��6DEEDJK��������DOVR� UHSRUWHG� WKDW� FDGPLXP� FDXVHG� DQRPDOLHV� LQ� WKH� KHDUW�� DQG�.OHLQIHOG� HW� DO�� �������REVHUYHG�WKDW�WKH�DGPLQLVWUDWLRQ�RI�FDGPLXP�RQ�LVRODWHG�IURJ�KHDUW�FDXVHG�DWULDO�GLODWDWLRQ��0RXVWDID� HW� DO�� ������� UHSRUWHG� WKDW� KHSDWLF� FHOOXODU� GDPDJH�ZDV� LQGXFHG� E\� FDGPLXP�FKORULGH�DV� VKRZQ�E\� WKHLU� HIIHFW� LQ� LQFUHDVLQJ� WKH� OHYHOV�RI�ERWK�KHSDWLF�&D�DQG�VHUXP�DPLQRWUDQVIHUDVHV� �6*37� 	*27�� DQG� UHGXFLQJ� KHSDWLF� WRWDO� SURWHLQ� � ���KUV� SRVW�WUHDWPHQW����/L�HW�DO��������UHFRPPHQGHG�WKDW�WKH�R[LGDWLYH�GHVWUXFWLRQ�RI�SRO\XQVDWXUDWHG�IDWW\�DFLGV�RI�PHPEUDQH�SKRVSKROLSLGV��D�SKHQRPHQRQ�JHQHUDOO\�WHUPHG�OLSLG�SHUR[LGDWLRQ�LV�FRQVLGHUHG�WR�EH�DQ�LPSRUWDQW�PHFKDQLVP�RI�WR[LFLW\�IRU�FDGPLXP��,Q� WKH� NLGQH\� RI� WKH� PDWHUQDOO\� WUHDWHG� IHWXVHV� WKH� FXUUHQW� UHVXOWV� VKRZ� WKDW�FDGPLXP� FDXVHV� GHVWUXFWLRQ� RI� VRPH� FHOOV� RI� WKH� SUR[LPDO� DQG� GLVWDO� WXEXOHV�� DQG� WKH�FROOHFWLQJ�WXEXOHV�H[KLELW�H[WHQVLYH�GHJHQHUDWLRQ�WKURXJK�F\WRSODVPLF�YDFXODWLRQ��/L�HW�DO���������DOVR�IRXQG�WKDW� WKH�NLGQH\V�RI�FDGPLXP�DGPLQLVWHUHG�UDWV�ZHUH�DIIHFWHG�VKRZLQJ�DWURSK\�� GLODWDWLRQ�� ILEURVLV� RI� WXEXOHV� DQG� D� ODUJH� TXDQWLW\� RI� GHJHQHUDWHG� QHFURWLF� DQG�UHFXSHUDWLYH� WLVVXHV�� ,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� DOWKRXJK� ELQGLQJ� RI� FDGPLXP� E\�PHWDOORWKLRQLQH� LQ� WKH� OLYHU� PD\� SURWHFW� RWKHU� RUJDQV�� WKH� FDGPLXP�PHWDOORWKLRQLQH�FRPSOH[� LV� UHDGLO\� WDNHQ� XS� E\� NLGQH\V� SURGXFLQJ� SDWKRORJLFDO� OHVLRQV� �:HGHHQ� 	�%DWXPDQ�O�����'XGOH\�HW�DO� �������-RKQV�HW�DO���������KDG�IRXQG�WKDW�WKH�NLGQH\�UHWDLQV�PRUH�FDGPLXP�WKDQ�RWKHU�RUJDQV��DQG�WKH�NLGQH\�KDV�EHHQ�UHSRUWHG�WR�EH�RQH�RI�WKH�RUJDQV�WKDW�VHULRXVO\�GDPDJHG�GXH�WR�H[SRVXUHV�WR�FDGPLXP�R[LGH�LQ�IDWDO�VWDJH��.D]DQW]LV�HW�DO��������� /RQJ�WHUP� H[SRVXUH� WR� ORZ� OHYHOV� RI� FDGPLXP� DOVR� FDXVHV� VHULRXV� HIIHFWV�� � )RU�LQVWDQFH��LW�KDV�EHHQ�UHSRUWHG�WR�FDXVH�FKURQLF�UHQDO�WXEXODU�GLVHDVH��DQG�WKHUH�PD\�DOVR�EH�HIIHFWV�RQ�WKH�FDUGLRYDVFXODU�V\VWHP�DQG�VNHOHWDO�PXVFOHV��)ULEHUJ�HW�DO��������7KH�WR[LFLW\�RI�KHDY\�PHWDOV�PD\�EH�GXH�WR�WKH�KHPRO\WLF�ILVVLRQ�RI�K\GURSHUR[LGHV��DQG�IUHH�UDGLFDO� DQG� OLSLG� SHUR[LGDWLRQ� �'RXJKHUW\� 	� +RHNVWUD� ������� 7KH� SHUR[LGDWLRQ�GDPDJH�WR�WKH�FHOOXODU�PHPEUDQHV�PD\�EH�FDXVHG�E\�&G�LQGXFHG�IUHH�UDGLFDO�JHQHUDWLRQ�WKDW�HYHQWXDOO\�OHDGV�WR�LQMXU\�WR�WKH�FHOO�PHPEUDQH�DQG�GDPDJH�RI�VXEFHOOXODU�RUJDQHOOHV��6DUNDU�HW�DO��������,W� FDQ� EH� FRQFOXGHG� IURP� WKLV� VWXG\� WKDW� WKH� DGYHUVH� DFWLRQV� RI� FDGPLXP� LQYROYH� D�PXOWLSOLFLW\� RI� WDUJHW� RUJDQV� DQG� V\VWHPV�� &G� LQWR[LFDWLRQ� DOWHUV� PDQ\� DVSHFWV� RI� FHOO�IXQFWLRQV�� 7KLV� VXJJHVWV� PDLQO\� DV� D� UHVXOW� RI� LWV� HIIHFW� RQ� IUHH�UDGLFDO� IRUPDWLRQ� DQG�LQGXFWLRQ�RI�R[LGDWLYH�VWUHVV��7KLV�HYHQWXDOO\�OHDGV�WR�FKDQJHV�LQ�WKH�SHUPHDELOLW\�RI�WKH�FHOO� PHPEUDQH� DQG� WR� WKH� G\VIXQFWLRQ� RI� WKH� FHOOXODU� FRPSRQHQWV� DQG� GLVWXUEDQFH� LQ�PHWDEROLF�SDWKZD\V�

5()(5(1&(6�
�$KRNDV�5$��'LOWV� 39�	�/DKD\D�(� �������&DGPLXP� LQGXFHG� IHWDO� JURZWK� UHWDUGDWLRQ�� SURWHFWLYH� HIIHFW� RI�H[FHVV�GLHWDU\�=LQF���$PHU�-��2EVWHW��*\QHFRO��� ���������������$PGXU�02���'RXOO�-��	�.ODDVDQ�&'�����������7UDFH�HOHPHQW��FDGPLXP��&DVDUHWW�	�'RXOO��HGV���7R[LFRORJ\���WK� HG��3HUJDPRQ�SUHVV��1HZ<RUN��2[IRUG��%DODUDPDQ�5��5DWKRG�63�	�*XODWL�2'��������(IIHFW�RI�FDGPLXP�RQ�FRQWUDFWLOH�UHVSRQVH�WR�VSDVPRJHQV�LQ�YDVFXODU�DQG�QRQ�YDVFXODU�WLVVXHV��,QG��-��([S��%LRO����������������%RNRUL�-��)HNHWH�6��NDGDU�,��.RQF]�-��9HWHVW�)�	�$OEHUW�0���������&RPSOH[�VWXG\�RI�WKH�SK\VLRORJLFDO�UROH�RI� FDGPLXP� ���� &DGPLXP�ORDGLQJ� WULDOV� RQ� EURLOHU� &KLFNHQV��$FW� 9HWHULQDULD�+XQJDULFD� ������������
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����&ODUNVRQ�7�:��1RUGEHUJ�*�	�6�$DJHU�3� ������� �5HSURGXFWLYH�DQG�GHYHORSPHQWDO� WR[LFLW\�RI�PHWDOV��1HZ�<RUN��3OHQXP��'HU� 5�� )DKLP� =�� <RVHI� 0� 	� )DKLP� 0� ������� (IIHFWV� RI� FDGPLXP� LQ� JURZWK�� VH[XDO� GHYHORSPHQW� DQG�PHWDEROLVP�LQ�IHPDOH�UDWV��5HV�&RPP��&KHP��3DWKRO��3KDUPDFRO� ��������������'REVRQ� 6� ������� (QYLURQPHQWDO� +HDOWK� &ULWHULD� ����� &DGPLXP�� HQYLURQPHQWDO� DVSHFWV�� *HQHYD�� :RUOG�+HDOWK�2UJDQL]DWLRQ��SS������'RXJKHUW\� --� 	� +RHNVWUD� :*� ������� ,URQ� DV� D� VWLPXODWRU� RI� OLSLG� SHUR[LGDWLRQ� LQ� YLYR� LQ� VHOHQLXP� DQG�YLWDPLQ�(�GHILFLHQW�UDWV��)HGHUDWLRQ�3URF����������$��'XGOH\� 5(��*DPPDO� /0�	�.ODDVVHQ� &� ������� &DGPLXP�LQGXFHG� KHSDWLF� DQG� UHQDO� LQMXU\� LQ� FKURQLFDOO\�H[SRVHG� UDWV�� OLNHO\� UROH� RI� KHSDWLF� FDGPLXP� PHWDOORWKLRQLQH� LQ� QHSKURWR[LFLW\�� 7R[LFRO�� $SSO��3KDUPDFRO�����������(O�+DG\�0$�	�(/�6DEEDJK�+�6� �������7UDQVSODFHQWDO� WUDQVIHU�RI�&G�DQG� LWV� WR[LF�HIIHFW�RQ� WKH�HPEU\R�IRHWDO�GHYHORSPHQW�LQ�UDWV��7KLUG�FRQJUHVV�RI�WR[LFRORJ\�LQ�GHYHORSLQJ�FRXQWULHV��&DLUR��(J\SW�������(OOLV�.���&RKQ�6�	�6PLWK�7��������&DGPLXP�LQKDODWLRQ�H[SRVXUH�HVWLPDWHV��WKHLU�VLJQLILFDQFH�ZLWK�UHVSHFW�WR�NLGQH\�DQG�OLYHU�FDGPLXP�EXUGHQ� -��7R[LFRO��(QYLURQ��+HDOWK����������)HUP�9��+DQORQ�'�	�8UEDQ� -� �������7KH�SHUPHDELOLW\�RI� WKH�KDPVWHU�SODFHQWD� WR� UDGLRDFWLYH�FDGPLXP�-��HPEU\RO��([S��0RUSK�����������������)ULEHUJ�//��(OLQGHU� �&*�	�.-HOOVWURP��7:�	�1RGEHUJ��*��������&DGPLXP�DQG�+HDOWK���$�7R[LFRORJLFDO���DQG�(SLGHPLRORJLFDO�$SSUDLVDO��*HQHUDO�$VSHFWV��(IIHFWV� DQG�5HVSRQVH��%RFD�5DWRQ��)/��&5&��3UHVV��YRO�������)ULEHUJ�/�/��(OLQGHU�&�*�	�.-HOOVWURP�7��������(QYLURQPHQWDO� �+HDOWK� �&ULWHULD������&DGPLXP��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ��SS�������������������������������������������������)XMLWD� '� ������� (IIHFW� RI� FDGPLXP� RQ� OLSLG� FRPSRQHQWV�� UHODWLRQ� RI� FDGPLXP� WR� WK\URLG� KRUPRQH� DQG�JURZWK�KRUPRQH��1LSSRQ�(LVHLJDNX�=DVVKL�����������������+HIQ\��$+��	�$KPHG��6�+��������7HUDWRJHQLF��HIIHFW� �RI�� �FDGPLXP��RQ�WKH�IRHWDO�GHYHORSPHQW�RI�DOELQR�UDWV���(J\SWLDQ�-RXUQDO�RI�%LRORJ\���������������������������������+ROPEHUJ�5�(� -U�	� )HUP�9+� ������� ,QWHUUHODWLRQVKLSV� RI� VHOHQLXP�� FDGPLXP�DQG� DUVHQLF� LQ�PDPPDOLDQ�WHUDWRJHQHVLV��$UFK�(QYLURQ�+HDOWK� ��������������-RKQV�&2��)LQNV�$-�	�$OVEHUJ�&/��������&KURQLF�LQWR[LFDWLRQ�E\�VPDOO�TXDQWLWLHV�RI�FDGPLXP�FKORULGH�LQ�WKH�UDW� -�3KDUPDFRO�([S��7KHU�������������.D]DQW]LV� *�� )O\QQ� )9� 	� 6SRZDJH� -6� ������� 5HQDO� WXEXODU� PDOIXQFWLRQ� DQG� HPSK\VHPD� LQ� SXOPRQDU\�FDGPLXP�SLJPHQW�ZRUNHUV��4 �-��0HG� ����������.HOOH\�&���������&DGPLXP�WKHUDSHXWLF�DJHQWV��&XUU��3KDUP���'HV����������������.OHLQIHOG� +�� *UHHQH� +�� 6WHLQ� (� 	� 0DJLQ�� -� ������� (IIHFW� RI� WKH� FDGPLXP� LRQ� RQ� WKH� HOHFWULFDO� DQG�PHFKDQLFDO�DFWLYLW\�RI�WKH�IURJ�KHDUW� $P��-���3KYVLRO� O�O���������/HYLQ�$$�	�0LOOHU�5.��������)HWDO�WR[LFLW\�RI�FDGPLXP��0DWHUQDO�YV��IHWDO�LQMHFWLRQV��7HUDWRORJ\���������������/L� -3�� $NLED� 7� 	� 0DUXPR� )� ������� /RQJ�WHUP�� ORZ�GRVH�� FDGPLXP�LQGXFHG� QHSKURSDWK\� ZLWK� UHQDO�RVWHRSDWK\�LQ�RYDULHFWRPL]HG�UDWV� -��7R[LFRO��6FL�����������������0DQFD� '�� 5LFDUG� $&�� 7URWWLHU� %�	� &KHYDOLHU� *� �����D�� ,Q� YLWUR� DQG� LQ� YLYR� UHVSRQVHV� RI� UDW� WLVVXHV� WR�FDGPLXP�LQGXFHG�OLSLG�SHUR[LGDWLRQ��%XOO��(QYLURQ��&RQWDP��7R[LFRO� �������������0DQFD� '�� 5LFDUG� $&�� 7URWWLHU� %� 	� &KHYDOLHU� *� �����E�� 6WXGLHV� RQ� OLSLG� SHUR[LGDWLRQ� LQ� UDW� WLVVXHV�IROORZLQJ�DGPLQLVWUDWLRQ�RI�ORZ�DQG�PRGHUDWH�GRVHV�RI�FDGPLXP�FKORULGH��7R[LFRORJ\�������������������0LOOHU� 5.�� 1J� ::� 	� ,HYLQ� $$� ������� 7KH� SODFHQWD�� UHOHYDQFH� WR� WR[LFRORJ\�� LQ�� 5HSURGXFWLYH� DQG�GHYHORSPHQWDO� 7R[LFLW\� RI�0HWDOV�� HGV�� 7�&ODUNVRQ�� *��1RUGEH�� DQG� 3�� 6DJHU�� SS���������1HZ�<RUN��3OHQXP��0RXVWDID�6$��1DELO�=,�	�$KPHG�6+��������3URWHFWLYH�HIIHFWV�RI�]LQF�DJDLQVW�FDGPLXP�WR[LFLW\�LQ�WKH�UDW��5HV��&RPP��3KDUP�7R[LFRO� ��������������0XOYLKLOO� -�� *DPLQ� 6� 	� )HUP� 9� ������� )DFLDO� PDOIRUPDWLRQ� LQ� QRUPDO� DQG� FDGPLXP� �� WUHDWHG� JROGHQ�KDPVWHUV� -��(PEU\RO��([S��0RUSK����������������3DNV\�.��9DUJD�%�	�/D]DU�3��������&DGPLXP�LQWHUIHUHV�ZLWK�VWHURLG�ELRV\QWKHVLV�LQ�UDW�JUDQXORVD�DQG�OXWHDO�FHOOV�LQ�YLWUR� %LRPHWDOV� ��������������3DUL]HN�-��2VNDGRORYD�,��%HPHV�,�	�3LWKD�-��������7KH�HIIHFW�RI�D�VXEFXWDQHRXV�LQMHFWLRQ�RI�FDGPLXP�VDOWV�RQ�WKH�RYDULHV�RI�DGXOW�UDW�LQ�SHUVLVWHQW�RHVWURV�-��5HSURG��)HUWLO� ������������5RELQVRQ� 0.�� %DUIXVV� ':� 	� =DOXSV� 5.� ������� &DGPLXP� WUDQVSRUW� DQG� WR[LFLW\� LQ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������LVRODWHG�SHUIXVHG�VHJPHQWV�RI�WKH�UHQDO�SUR[LPDO�WXEXOH��7R[LFRO��$SSO��3KDUPDFRO� ����������6DPDUDZLFNDUDPD� *� 	� :HEE� :� ������� $FXWH� HIIHFWV� RI� FDGPLXP� GXULQJ� 3UHJQDQF\� DQG� HPEU\R� IHWDO�
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GHYHORSPHQW�LQ�WKH�UDW��(QYLURQ��+HDOWK�3HUVSHFW� �������������6DPDUDZLFNDUDPD�*3�	�:HEE�0��������7KH�DFXWH�WR[LFLW\�DQG�WHUDWRJHQLFLW\�RI�FDGPLXP�LQ�WKH�SUHJQDQW�UDW� -��$SSO��7R[LFRO�������������6DUNDU�6��%KDWQDJDU�'�	�<DGDY�$��������&DGPLXP�LQGXFHG�OLSLG�SHUR[LGDWLRQ�LQ�UDW�OLYHU�VOLFHV��$�SRVVLEOH�LQYROYHPHQW�RI�K\GUR[\O�UDGLFDOV��,Q�YLWUR� 7R[LFRO� ������������������6DUNDU�6��<DGDY�3��7ULYHGL�5��%DQVDO�$.�	�%KDWQDJDU�'��������&DGPLXP�LQGXFHG�OLSLG�SHUR[LGDWLRQ�DQG�WKH�VWDWXV�RI�WKH�DQWLR[LGDQW�V\VWHP�LQ�UDW�WLVVXHV��-RXUQDO�RI�7UDFH�HOHPHQWV�LQ�0HG�	�%LRO�����������������6DXHU� -0��:DDONHV�03��+RVVHU�6%��.HXVWHU�5N��0FTXHHQ�&$�	�6LSHV� ,*� �������6XSSUHVVLRQ�RI�NXSIIHU�FHOO� IXQFWLRQ� SUHYHQWV� FDGPLXP� LQGXFHG� KHSDWRFHOOXODU� QHFURVLV� LQ� WKH� PDOH� 6SUDJXH�'DZOH\� UDW��7R[LFRORJ\������������������6X]XNL� .� 7� ������� ,QGXFWLRQ� DQG� GHJUDGDWLRQ� RI� PHWDOORWKLRQLQH� DQG� WKHLU� UHODWLRQV� WR� WKH� WR[LFLW\� RI�FDGPLXP��Q�)RXONHV�(��&���HG���%LR�RJLFDO�5ROHV�RI�0HWDOORWKLRQLQH��(OVHYLHU�SS��������6WDHVVHQ� -$�� 5RHOV� +$�� (PHOLDQRY� .7�� 7KLLMV� /�� 9DQJURQVYHOG� -� 	� )DJDUG� � 5� ������� (QYLURQPHQWDO�H[SRVXUH�WR�FDGPLXP��IRUHDUP�ERQH�GHQVLW\��DQG�ULVN�RI�IUDFWXUHV��SURVSHFWLYH�SRSXODWLRQ�VWXG\��/DQFHW�������������������:DDONHV�03��5HKP�6�	�'HYRU�'(��������7KH�HIIHFWV�RI�FRQWLQXRXV�WHVWRVWHURQH�H[SRVXUH�RQ�VSRQWDQHRXV�DQG�FDGPLXP�LQGXFHG� WXPRUV� LQ�WKH�PDOH�)LVFKHU� �)����1&U��UDW�� ORVV�RI� WHVWLFXODU�UHVSRQVH��7R[LFRO���$SSO�3KDUPDFRO� ���������������:HGHHQ� � � 53� 	� %DWXPDQ� 9� ������� 7XEXOR�,QWHUVWLWLDO� QHSKULWLV� LQGXFHG� E\� KHDY\� PHWDOV� DQG� PHWDEROLF�GLVWXUEDQFH��&RQWHPS�,VVXHV�1HSKURO� ��������� �
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