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Abstract
%LRSRO\PHU�¿OPV�ZLWK�DQWLPLFURELDO�SURSHUWLHV�DUH�JDLQLQJ�VLJQL¿FDQW�DWWHQWLRQ� LQ� WKH� IRRG�SDFNDJLQJ� LQGXVWU\�

GXH�WR�WKHLU�SRWHQWLDO�WR�H[WHQG�WKH�IUHVKQHVV�DQG�VKHOI�OLIH�RI�SHULVKDEOH�SURGXFWV��7KHVH�¿OPV��GHULYHG�IURP�QDWXUDO�
SRO\PHUV�VXFK�DV�VWDUFK��FKLWRVDQ��DQG�FHOOXORVH��RႇHU�D�VXVWDLQDEOH�DOWHUQDWLYH�WR�FRQYHQWLRQDO�SHWUROHXP�EDVHG�
SODVWLFV��%\�LQFRUSRUDWLQJ�DQWLPLFURELDO�DJHQWV�VXFK�DV�HVVHQWLDO�RLOV��SODQW�H[WUDFWV��RU�PHWDO�QDQZLWK�DQWLPLFURELDO�SURSHUWLHV��GLVFXVVLQJ�DGYDQFHPHQWV�LQ�¿OP�IRUPXODWLRQ��WKH�VHOHFWLRQ�RI�DQWLPLFURELDO�DJHQWV��
DQG� WKHLU� LPSDFW� RQ� IRRG� VDIHW\� DQG� TXDOLW\�� )XUWKHUPRUH�� WKH� FKDOOHQJHV� DVVRFLDWHG� ZLWK� VFDODELOLW\�� UHJXODWRU\�
DSSURYDO��DQG�FRQVXPHU�DFFHSWDQFH�DUH�DGGUHVVHG��ZKLOH�WKH�SRWHQWLDO�DSSOLFDWLRQV�RI�WKHVH�¿OPV�LQ�YDULRXV�IRRG�
SURGXFWV��LQFOXGLQJ�PHDWV��GDLU\��IUXLWV��DQG�YHJHWDEOHV��DUH�H[DPLQHG��7KH�IXWXUH�RXWORRN�IRU�ELRSRO\PHU�¿OPV�LQ�IRRG�
SUHVHUYDWLRQ�DQG�WKHLU�UROH�LQ�UHGXFLQJ�IRRG�ZDVWH�DQG�HQYLURQPHQWDO�LPSDFW�LV�DOVR�KLJKOLJKWHG�
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