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6XUYH\�WKH�/HYHO�RI�1LWULWH�DQG�1LWUDWH�LQ�6HPQDQ�'ULQNLQJ�:DWHU�5HVRXUFHV
)DODK�6�+���0VF���0HKGLQLD�6�0���0VF���+\GDULHK�0���%V���$EDVL�$���%V�$EVWUDFW�,QWURGXFWLRQ� 1LWULWH� �12��� DQG� 1LWUDWH� �12��� FRPSRXQGV� DUH� WKH� SROOXWDQWV� LQ� JURXQG� ZDWHU� DQG� GXH� WR�GHYHORSLQJ� RI� DJULFXOWXUH� DQG� PDQ
V� DFWLYLWLHV�� WKHLU� DYHUDJH� UDWH� LV� LQFUHDVLQJ�� 7KHVH� PDWHULDOV� DUH� DEVRUEHG�UDSLGO\� LQ� WKH� ILUVW� SDUWV� RI� VPDOO� LQWHVWLQH� DQG� WKHQ� HQWHU� WKH� EORRG�� ,Q� EORRG�� 12� LV� FKDQJHG� LQWR� 12� DQG�WKURXJK�D�SURFHVV��+E LV�FKDQJHG� LQWR�PHWKHPRJORELQ�DQG�+E� LV�XQDEOH� WR� MRLQ�ZLWK�2� DQG�&2���DV�D� UHVXOW�2��FDQ�QRW�EH�WUDQVIHUUHG�LQWR�WLVVXHV�DQG�OXQJV��2EMHFWLYH� 7KLV� VWXG\� DLPHG� WR� VXUYH\� WKH� OHYHO� RI� 1LWULWH� DQG� 1LWUDWH� LQ� 6HPQDQ� GULQNLQJ� ZDWHU� UHVRXUFHV� LQ������0DWHULDOV�DQG�0HWKRGV� ,Q�WKLV�UHVHDUFK�� WKH�UDWH�RI�12� DQG�12� LQ�6HPQDQ�GULQNLQJ�ZDWHU�ZDV�PHDVXUHG�LQ�DOO� VHDVRQV�XVLQJ�6SHFWURSKRWRPHWHU�'5�����KDV��6DPSOLQJ�ZDV�SHUIRUPHG� LQ�DOO�GULQNLQJ� UHVRXUFHV� LQ�6HPQDQ�FLW\������VDPSOHV��5HVXOWV� 1LWULWH� FRQFHQWUDWLRQ� PHDVXUHPHQW� LQ� VSULQJ� ZDV� KLJKHU� WKDQ� WKH�:+2¶6� VWDQGDUGV� ����� SSP�� LQ� DOO�UHVRXUFHV�� �7KLV�YDULDEOH�ZDV�DOVR�KLJKHU� LQ�ZHOO�12��� LQ� WKH�HDVW�QRUWK�DQG�DOVR�WKH�6HGD�R� 6LPD¶V�ZHOO�ZKLFK�ZDV�PRUH�WKDQ�WKH�:+2¶6�LQVWUXFWLRQV��,Q�DXWXPQ��WKH�12� FRQFHQWUDWLRQ�UDWH�LQ�6HGD�R�6LPD¶V�ZHOO�ZDV�KLJKHU�WKDQ� WKH�:+2¶6� VWDQGDUG�� ,Q�ZLQWHU�� LW�ZDV� OHVV� WKDQ�:+2¶6� VWDQGDUG��1LWUDWH� FRQFHQWUDWLRQ� LQ�6HGD�R�6LPD¶V�ZHOO� LQ� VSULQJ�ZDV� LQ� WKH�FODVVLILFDWLRQ�RI� WKH�SROOXWHG�ZDWHUV� ����SSP���DQG� WKH� UHVW�RI�VRXUFHV�ZHUH�FRQVLGHUHG�DV�OLWWOH�SROOXWHG��OHVV�WKDQ����SSP���,Q� VXPPHU� DOO� UHVRXUFHV� KDG� OLWWOH� SROOXWHG� ZDWHU�� ,Q� IDOO�� WKH� 6HGD�R�6LPD¶V� ZHOO� ZDV� SROOXWHG� ���� SSP��� ,Q�ZLQWHU��DOO�RI�WKHP�ZHUH�OLWWOH�SROOXWHG�&RQFOXVLRQ� ,Q� DWWHQWLRQ� WR� WKH� FDWHJRUL]DWLRQ� RI� OLWWOH SROOXWHG�ZDWHU�ZLWK� QLWUDWH� OHVV� WKDQ���SSP�� DOO� GULQNLQJ�ZDWHU� UHVRXUFHV� LQ� 6HPQDQ� H[FHSW� 6HGD�R�6LPD¶V� ZHOO�� LQ� DOO� VHDVRQV� ZHUH� FRQVLGHUHG� SROOXWHG��:KLOH� 6HGD�R�6LPD¶V� ZHOO�� DOO� FDWHJRUL]HG� DV� SROOXWHG� ZDWHU� LQ� VSULQJ� DQG� DXWXPQ�� EXW� LQ� VXPPHU� DQG� ZLQWHU� 6HGD�R�6LPD¶V�ZHOOV� FDWHJRUL]HG� DV� OLWWOH� SROOXWHG�� $OVR� 6HGD�R�6LPD¶V� ZHOO� LV� PRUH� SROOXWHG� ZLWK� QLWULWH� DQG� QLWUDWH� LQ�FRPSDULVRQ�ZLWK�WKH�RWKHU�6HPQDQ�GULQNLQJ�ZDWHU�UHVRXUFHV��
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