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ǎȇǮǺǰ�� ǛǼǴ� ǺǽǾǼǺǸ� ǹǱǶǼǺǾǴȃǱǽǶǺǸ� ǻǬǹǶǼǱǬǾǴǾǱ� Ǯ�
ǮǱǼȁǹǴȁ�ǺǾǰǱǷǬȁ�ǻǴȅǱǮǬǼǴǾǱǷȈǹǺǯǺ�ǾǼǬǶǾǬ�ǹǬǭǷȊǰǬǱǾ-
ǽȋ�ǮȇǼǬǲǱǹǹȇǵ�ǰǱȀǴȂǴǾ�ǬǮǾǺȁǾǺǹǹǺǵ�ǬǹǬȉǼǺǭǹǺǵ�ǸǴ-
ǶǼǺȀǷǺǼȇ�� ȃǾǺ� ǻǼǴǮǺǰǴǾ� Ƕ� ȃǼǱǳǸǱǼǹǺǵ� ǶǺǷǺǹǴǳǬȂǴǴ�
ǻǬǾǺǯǱǹǹȇǸǴ� Ǵ� ǿǽǷǺǮǹǺ�ǻǬǾǺǯǱǹǹȇǸǴ� ǸǴǶǼǺǺǼǯǬǹǴǳ-
ǸǬǸǴ�Ǵ�ǽǻǺǽǺǭǽǾǮǿǱǾ�ǭǬǶǾǱǼǴǬǷȈǹǺǵ�ǾǼǬǹǽǷǺǶǬȂǴǴ�
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%DFWHULDO�RYHUJURZWK�V\QGURPH��
RI�XSSHU�SDUWV�RI�JDVWURLQWHVWLQDO�WUDFW�
LQ�DFXWH�QHFURWL]LQJ�SDQFUHDWLWLV

2��9��5RWDU��,��9��.KRPLDN��9��3��3ROLRYL\��9��,��5RWDU
%XNRYLQD�6WDWH�0HGLFDO�8QLYHUVLW\��&KHUQLYWVL��8NUDLQH

.H\�ZRUGV��DFXWH�SDQFUHDWLWLV��EDFWHULDO�FRORQL]DWLRQ��PL-
FURÁRUD�� SXUXOHQW� VHSWLF� FRPSOLFDWLRQV�� EDFWHULDO� RYHU-
JURZWK�V\QGURPH

$LP��WR�VWXG\�WKH�FKDQJHV�LQ�WKH�PLFURÁRUD�RI�WKH�XS-
SHU� SDUW� RI� GLJHVWLYH� WUDFW� GXULQJ� DFXWH� QHFURWL]LQJ�
SDQFUHDWLWLV�
0DWHULDO�DQG�PHWKRGV��$FXWH�QHFURWL]LQJ�SDQFUHDWLWLV�ZDV�
LQGXFHG�LQ����ZKLWH�UDWV��FKDQJHV�LQ�WKH�PXFRXV�PLFURÁR-
UD�RI�WKH�XSSHU�SDUW�RI�GLJHVWLYH�WUDFW�ZHUH�VWXGLHG��%DFWH-
ULRORJLFDO� H[DPLQDWLRQ� RI� WKH� FRQWHQWV� RI� WKH� SUR[LPDO�
VPDOO�LQWHVWLQH�ZDV�SHUIRUPHG�LQ����SDWLHQWV�ZLWK�DFXWH�
QHFURWLF�SDQFUHDWLWLV�GXULQJ�JDVWURÀEURVFRS\�
5HVXOWV� DQG� GLVFXVVLRQ�� ,QGXFWLRQ� RI� DFXWH� QHFURWLF�
�SDQFUHDWLWLV� ZDV� DFFRPSDQLHG� E\� LPSDLUHG� FRORQL]DWLRQ�

(1 �UHVLVWDQFH�RI�WKH�LQWHVWLQDO�PXFRVD�GXH�WR�WKH�HOLPLQDWLRQ�
RI� ELÀGREDFWHULD� DQG� ODFWREDFLOOL�� WKH� IUHTXHQF\� RI� WKHLU�
JURZWK�IURP�WKH�PXFRVD�GHFUHDVHG�WKUHHIROG��S��������DQG�
WKH�SRSXODWLRQ�OHYHO��UHVSHFWLYHO\��E\������S�������DQG�E\�
���� �S�������� 7KH� PXFRVD� ZDV� DFWLYHO\� FRORQL]HG� E\�
JUDP�QHJDWLYH�SDWKRJHQLF�DQG�FRQGLWLRQDOO\�SDWKRJHQLF�HQ-
WHUREDFWHULD�DW�KLJK�SRSXODWLRQ�OHYHO������²�����OJ�&)8�J���
ZKLFK�DOORZHG�WKLV�PLFURÁRUD�WR�RYHUFRPH�WKH�GDPDJHG�LQ-
WHVWLQDO� EDUULHU� DQG� WUDQVORFDWH�� 3DWKRJHQLF� (VFKHULFKLD�
VSS��DQG�3URWHXV�VSS��ZHUH�FXOWLYDWHG�IURP�WKH�PHVHQWHULF�
O\PSK�QRGHV�LQ����KRXUV��(QWHUREDFWHULD�VSS��DQG�6WDSK\OR-
FRFFL�VSS��ZHUH�LVRODWHG�IURP�SRUWDO�EORRG��SDQFUHDWLF�WLV-
VXH��DQG�SHULWRQHDO�FDYLW\����KRXUV�DIWHU�LQGXFWLRQ�RI�DFXWH�
SDQFUHDWLWLV��(LJKW�VWUDLQV�RI�JUDP�QHJDWLYH�PLFURRUJDQLVPV�
ZHUH�LGHQWLÀHG�LQ�VPDOO�LQWHVWLQH�LQ�����RI�SDWLHQWV�EHIRUH�
VXUJHU\��6LPLODU�PLFURÁRUD�ZDV�FXOWLYDWHG�IURP�SDWKRORJLFDO�
IRFL�LQ�������RI�SDWLHQWV�DIWHU�VXUJHU\�
&RQFOXVLRQ��6HYHUH�GHÀFLHQF\�RI�DXWRFKWKRQRXV�DQDHUR-
ELF�PLFURÁRUD�RFFXUUHG�LQ�WKH�XSSHU�SDUWV�RI�WKH�GLJHVWLYH�
WUDFW�LQ�DFXWH�QHFURWL]LQJ�SDQFUHDWLWLV��FDXVLQJ�H[FHVVLYH�
FRORQL]DWLRQ�E\�SDWKRJHQLF�DQG�FRQGLWLRQDOO\�SDWKRJHQLF�
PLFURRUJDQLVPV�DQG�SURPRWLQJ�EDFWHULDO�WUDQVORFDWLRQ�


