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,Q�VLWX�FDUERQDWLRQ�RI�XOWUDPDILF�URFNV�LV�SRWHQWLDOO\�DQ�HIIHFE

WLYH�DQG�VDIH�PHDQV�IRU�PLWLJDWLQJ�DWPRVSKHULF�FDUERQ�GLR[LGH�
�&24�� FRQFHQWUDWLRQV� �%DFKX� HW� DO�� ������*RII� DQG�/DFNQHU�
������ -XQ�HW� DO�� ������0DWWHU� DQG�.HOHPHQ�������2HONHUV� HW�
DO��������6HLIULW]��������&DUERQDWLRQ��RU�&24�PLQHUDOL]DWLRQ��
&$)%'%,%*')*,/<)%S$/N')?*8T4�LQWR�VWDEOH�FDUERQDWHV�WKURXJK�D�
VXLWH�RI�FKHPLFDO�IOXLG�URFN�UHDFWLRQV��LW�LV�D�SURFHVV�FRPPRQO\�
REVHUYHG�LQ�QDWXUDO�RSKLROLWLF��IRU�H[DPSOH��.HOHPHQ�DQG�0DWE
WHU�������.HOHPHQ�HW�DO��������DQG�RFHDQLF�HQYLURQPHQWV��IRU�
H[DPSOH��$OW�DQG�7HDJOH�������%DFK�HW�DO��������.HOOH\�HW�DO��
������/XGZLJ�HW�DO���������7KHVH�FKHPLFDO�UHDFWLRQV�DUH�FRXSOHG�
WR� WKH� WUDQVSRUW� RI� UHDFWDQWV� DQG�SURGXFWV� RI� UHDFWLRQV� DW� WKH�
S.>'GEN')(/<.*'),(/S<&(L*S'/%,0*8T4�UHDFWV�ZLWK�ZDWHU�WR�SURGXFH�
WU�DQG�ELFDUERQDWHV�FDUERQDWHV�LRQV��+&26
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WKHQ�WULJJHU�WKH�GLVVROXWLRQ�RI�VLOLFDWH�PLQHUDOV�DQG�ELFDUERQDWHV�
FDUERQDWHV�LRQV�FRPELQH�ZLWK�WKH�GLYDOHQW�FDWLRQV�SURYLGHG�E\�
VLOLFDWH�GLVVROXWLRQ�DQG�RU�IOXLGV�SUHFLSLWDWH�FDUERQDWHV��.HOHPHQ�

HW�DO���������8OWUDPDILF�URFNV�DUH�ZLGHO\�GLVWULEXWHG�DW�WKH�(DUWK¶V�
VXUIDFH��%RGLQLHU�DQG�*RGDUG�������'HVFKDPSV�HW�DO���������WKH\�
DOVR�KDYH�WKH�KLJKHVW�SRWHQWLDO�WR�PLQHUDOL]H�&24�GXH�WR�WKHLU�KLJK�
SURSRUWLRQ�RI�GLYDOHQW�FDWLRQV����±���ZW��0J2�t*8<T*t�)H2��
DQG�WKHLU�KLJK�UHDFWLYLW\��0DWWHU�DQG�.HOHPHQ�������2HONHUV�HW�
DO��������;X�HW�DO���������7KXV�WKH\�FRXOG�UHSUHVHQW�RQH�RI�WKH�
QDWXUDO�VLQNV�IRU�DWPRVSKHULF�&24��$OW�DQG�7HDJOH�������)U�K�
*UHHQ�HW�DO���������7KH\�DUH�DOVR�D�SRVVLEOH�WDUJHW�IRU�LQGXVWULDO�
8T4�JHRORJLFDO�VWRUDJH��.HOHPHQ�DQG�0DWWHU�������0DWWHU�DQG�
.HOHPHQ��������SURYLGHG�WKH�GHYHORSPHQW�RI�PHWKRGV�DOORZLQJ�
WR�RYHUFRPH�WKH�PHFKDQLVPV�OLPLWLQJ�FDUERQDWLRQ�NLQHWLFV�>H�J���
IRUPDWLRQ�RI�VLOLFD�OD\HU�RQ�GLVVROYLQJ�ROLYLQH�JUDLQV��-RKQVRQ�
HW�DO��������6LVVPDQQ�HW�DO�������@��WKLV�UHTXLUHV�D�EHWWHU�XQGHUE
VWDQGLQJ�RI� WKH�PHFKDQLVPV�GULYLQJ� FDUERQDWLRQ� UHDFWLRQV� LQ�
XOWUDPDILF�V\VWHPV�
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SHULGRWLWHV�LQGLFDWH�WKDW�FDUERQDWLRQ�UHDFWLRQV�DUH�FRQWUROOHG�E\�
IOXLG�IORZ�DQG�DOVR�E\�WKH�VWUXFWXUH�RI�WKH�UHDFWLQJ�URFNV��H�J���
$QGUHDQL�HW�DO��������.HOHPHQ�DQG�0DWWHU��������.HOHPHQ�DQG�
0DWWHU� ������� UHSRUWHG� D� JHRPHWULF� GLVWULEXWLRQ�RI� FDUERQDWH�
YHLQV� LQ� DOWHUHG�RSKLROLWH� RXWFURSV� �6DPDLO� RSKLROLWH�� 6XOWDQE
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