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6RLO�ZDWHU� UHODWLRQV� LQ� WHUUHVWULDO� HFRV\VWHPV� DUH� FKDUDFWHUL]HG� E\� WKH� VHW� RI� DWWULEXWHV�
FROOHFWLYHO\�UHIHUUHG�WR�DV�VRLO�K\GUDXOLF�FKDUDFWHULVWLFV��6RLO�K\GUDXOLF�FKDUDFWHULVWLFV�SOD\�DQ�
LPSRUWDQW� UROH� LQ�GHWHUPLQLQJ� WKH�FDSDFLW\�RI�VRLO� WR�VHUYH� WKH�FURS�JURZWK�DQG�HFRV\VWHP��
6XEVXUIDFH�FRPSDFWLRQ�LQ�VRLO�RU�VKDOORZ�GHSWK�KDUGSDQ�GHYHORSPHQW��ZKLFK�FDQ�YDU\�IURP�D�
IHZ� PLOOLPHWHUV� WR� PHWHUV�� LV� RQH� RI� WKH� FUXFLDO� IDFWRUV� WKDW� GHWHUPLQH� VRLO� K\GUDXOLF�
FKDUDFWHULVWLFV�� +RZHYHU�� LQIRUPDWLRQ� ODFNV� RQ� KRZ� WKH� WKLFNQHVV� RI� WKH� KDUGSDQ� �7+3��
LQIOXHQFHV� WKH� VRLO� K\GUDXOLF� FKDUDFWHULVWLFV RI� WKH� VRLO��7KHUHIRUH�� WKLV� VWXG\�ZDV� DLPHG� WR�
DVVHVV�WKH�HIIHFWV�RI�7+3�RQ�WKH�LQLWLDO�LQILOWUDWLRQ�UDWH��,L���XQVDWXUDWHG�K\GUDXOLF�FRQGXFWLYLW\�
�.816$7��DQG�VRUSWLYLW\��6Z��RI�VRLO�XVLQJ�PRGHUDWH�WKLFNQHVV�OHYHOV�RI����7+3�������7+3���
DQG���FP��7+3����SUHSDUHG�XVLQJ�����JFP�� EXON�GHQVLW\�DQG�ZLWK���FP�DV�WKH�FRQWURO��ZLWKRXW�
KDUGSDQ���7KH�VRLO�XVHG�LQ�WKH�VWXG\�ZDV�FROOHFWHG�IURP�WKH�ILHOG�LQ�WKH�)DFXOW\�RI�$JULFXOWXUH��
8QLYHUVLW\�RI�5XKXQD��������
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����(���7KH�DUHD�LV�LQ�WKH�ORZ�FRXQWU\�ZHW�]RQH�
�:/���DJUR�HFRORJLFDO�UHJLRQ��39&�WXEHV�ZLWK������FP�LQQHU�GLDPHWHU�DQG����FP�LQ�KHLJKW�
ZHUH�XVHG� WR�SUHSDUH� WKH� VRLO� FROXPQV�XVHG� LQ� WKH�H[SHULPHQW��7KH� UHDGLQJV�ZHUH� WDNHQ� LQ�
WULSOLFDWHV��XVLQJ�0LQL�GLVN�LQILOWURPHWHU��7KH�GHSWK�WR�WKH�KDUGSDQ�IURP�WKH�VXUIDFH�ZDV�NHSW�
DW ��FP��$OO�VRLO�FROXPQV�ZLWK�KDUGSDQV�VKRZHG�VLJQLILFDQWO\�ORZ�,L��.816$7 DQG�6Z�YDOXHV�
FRPSDUHG�ZLWK�WKH�FRQWURO��7KH�KLJKHVW�,L��.816$7 DQG 6: VKRZHG�LQ�WKH�FRQWURO��DQG�LW�ZDV�
DERXW����FPK�������FP�K�� DQG������FPV���UHVSHFWLYHO\� 7KH�,L��.816$7 DQG 6: LQ�VRLO�FROXPQV�
JUDGXDOO\� GHFUHDVHG� ZLWK� WKH� LQFUHDVH� RI� 7+3�� ,L� RI� VRLO� FROXPQV� ZLWK� 7+3� VKRZHG�
DSSUR[LPDWHO\������UHGXFWLRQ�WKDQ�WKH�7+3���7KH�.816$7 RI�VRLO�FROXPQV�ZLWK�7+3� VKRZHG�
DSSUR[LPDWHO\�������UHGXFWLRQ�DQG�����LQFUHPHQW�WKDQ�WKRVH�VRLO�FROXPQV�ZLWK�7+3� DQG�
7+3�� UHVSHFWLYHO\�� 7KH� UHVXOWV� UHYHDOHG� WKDW� WKH� SUHVHQFH� RI� VRLO� KDUGSDQV� KDV� D� QHJDWLYH�
LQIOXHQFH�RQ�,L��.816$7 DQG 6:��HYHQ�7+3� FDQ�VLJQLILFDQWO\�UHGXFH�WKH�ZDWHU�PRYHPHQWV�LQ�
WKH�VRLO�PDWUL[��)XUWKHUPRUH��LW�ZDV�FOHDU�WKDW�7+3� DQG�7+3� FDQ�UHGXFH�ZDWHU�PRYHPHQWV�WR�
DOPRVW�QHJOLJLEOH�OHYHOV��ZKLFK�ZRXOG�FUHDWH�VXEVXUIDFH�ZDWHU�ORJJLQJ�FRQGLWLRQV��
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