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1DWXUDO� RUJDQLF� PDWWHU� LV� DQ� RUJDQLF� FRPSRXQG� IRUPHG� IURP� QDWXUDO� UHDFWLRQ�
SURFHVV�� VXFK�DV�PLFURRUJDQLVP�DFWLYLW\� �DTXDWLF� OLIH��DQG�GHJUDGDWLRQ�RI�GHDWK�
SODQWV� DQG� DQLPDO�� 120� FDQ� EH� IRXQG� LQ� HYHU\� W\SH� RI� ZDWHU VRXUFH�� ERWK� RI�
JURXQGZDWHU�DQG�VXUIDFH�ZDWHU��120�H[LVWHQFH�EHJDQ�WR�DWWUDFW�DWWHQWLRQ��VLQFH�
LW�FDQ�UHDFW�ZLWK�FKORULQH�DQG�IRUP�FDUFLQRJHQLF�FRPSRXQG�IRU�KXPDQV��7KLV�NLQG�
RI�LQWHUDFWLRQ�LV�QRUPDOO\�FDQ�EH�IRXQG�LQ�GLVLQIHFWLRQ�SURFHVV�RQ�ZDWHU�WUHDWPHQW�
SODQW� LQ� HYHU\� GULQNLQJ� ZDWHU� FRPSDQ\�� LQFOXGLQJ� LQ� ,QGRQHVLD�� 7KLV� UHVHDUFK�
LQWHQGV�WR�DQDO\]H�WKH�DPRXQW�RI�120�DQG�DOVR�FKDUDFWHUL]H�LW� LQ�SRVW�ILOWUDWLRQ�
ZDWHU� VDPSOH� IURP� WKUHH� NLQG� RI� ZDWHU� VRXUFHV� XVHG� E\� 7LUWD� %LQDQJXQ� .XORQ�
3URJR�UHJLRQDO�GULQNLQJ�ZDWHU�FRPSDQ\��WKDW�LV�3URJR�ULYHU��6HUPR�UHVHUYRLU��DQG�
&OHUHQJ�VSULQJ��120�ZLOO�EH�UHSUHVHQWHG�E\�&2'��.0Q2���89�����DQG�89����
IRU�HDFK�ILOWHUHG�DQG�XQILOWHUHG�VDPSOH��UHVSHFWLYHO\��&RUUHODWLRQ�DPRQJ�WKH�120�
SDUDPHWHUV�ZRXOG�DOVR�GLVFXVV�LQ�WKLV�UHVHDUFK��7KH�UHVXOWV�VKRZ�WKDW�HDFK�ZDWHU
VRXUFHV� WHQG� WR� KDYH� GLIIHUHQW GRPLQDQFH� RI�120�SDUDPHWHUV�� 6HUPR� UHVHUYRLU�
JRW�WKH�KLJKHVW�120�RQ�.0Q2��DQG�&2'��3URJR�ULYHU�JRW�WKH�KLJKHVW�120�E\�
89���� ZKLOH� WKH� 89���� UDWLR� VKRZ� WKH� PDMRULW\� RI� IXOYLF� DFLG� IUDFWLRQ�� DQG�
&OHUHQJ�6SULQJ�JRW� WKH�KLJKHVW�120�RQ�&2'�DORQJ�ZLWK�WKH�89������UDWLR�WKDW�
VKRZV�WKH�PDMRULW\�RI�KXPLF�DFLG�IUDFWLRQ�LQ�LW��7KHUH�DUH�QR�VLJQLILFDQW�FKDQJHV�
WKDW�:DWHU�7UHDWPHQW�3ODQW�FDQ�JLYH� WR� UHGXFH� WKH�DPRXQW�RI�120 LQ�VDPSOHV��
%DVHG�RQ�FRUUHODWLRQ�EHWZHHQ�120�SDUDPHWHUV��D�VWURQJ�SRVLWLYH�FRUUHODWLRQ�ZDV�
IRXQG� RQ�&2'�89���� LQ�3URJR� ULYHU�:73�DQG�&OHUHQJ� VSULQJ�:73��.0Q2��
89������LQ�&OHUHQJ�VSULQJ�:73��DOVR�89����89������LQ�&OHUHQJ�6SULQJ�:73�
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1DWXUDO�RUJDQLF�PDWWHU �120��PHUXSDNDQ�VHQ\DZD�RUJDQLN�\DQJ�WHUEHQWXN�GDUL�
SURVHV�SURVHV UHDNVL� DODP�� VHSHUWL� DNWLYLWDV� PLNURRUJDQLVPH� GDQ� SHODSXNDQ�
WXPEXKDQ�PDXSXQ�KHZDQ \DQJ� WHODK�PDWL��120�GDSDW�GLMXPSDL�GL� VHJDOD� MHQLV�
SHUDLUDQ� WDQDK�PDXSXQ� SHUPXNDDQ�� .HEHUDGDDQ�120�PXODL�PHQFXUL� SHUKDWLDQ�
NHWLND UHDNVL� DQWDUD�120�GHQJDQ�NORULQ� GLNHWDKXL� GDSDW�PHQJKDVLONDQ� VHQ\DZD�
NLPLD� \DQJ� NDUVLQRJHQLN� EDJL� PDQXVLD�� ,QWHUDNVL� DQWDUD� 120� GHQJDQ� NORULQ�
XPXP�GLMXPSDL�SDGD�XQLW�SURVHV�'LVLQIHNVL SDGD�VHWLDS�SHUXVDKDDQ�DLU�PLQXP��WDN�
WHUNHFXDOL� GL� ,QGRQHVLD�� 3HQLOLWLDQ� LQL� EHUPDNVXG�XQWXN�PHQJDQDOLVLV� NDQGXQJDQ
120 VHUWD�PHQJNDML�NDUDNWHULVWLNQ\D SDGD�DLU�\DQJ�VXGDK�WHURODK�KLQJJD�SURVHV�
ILOWUDVL�GDUL WLJD�MHQLV�VXPEHU�DLU�XWDPD�3'$0�7LUWD�%LQDQJXQ�.XORQ�3URJR��\DLWX�
6XQJDL 3URJR�� :DGXN 6HUPR�� GDQ� 0DWD� $LU &OHUHQJ�� .HEHUDGDDQ� GDQ�
NDUDNWHULVWLN� 120� GLUHSUHVHQWDVLNDQ� GHQJDQ� &2'�� .0Q2��� 89����� GDQ� 89���

PDVLQJ�PDVLQJ� XQWXN� VDPSHO� \DQJ� GLVDULQJ� GDQ� WLGDN� GLVDULQJ�� 6HODLQ�
NDUDNWHULVWLN��KXEXQJDQ�DQWDU�SDUDPHWHU� UHSUHVHQWDVL�120�MXJD�GLDQDOLVLV��+DVLO�
SHQJXMLDQ� PHQXQMXNNDQ� EDKZD� PDVLQJ�PDVLQJ� VXPEHU� DLU� PHPLOLNL�
NHFHQGHUXQJDQ NRQVHQWUDVL� 120� SDGD� SDUDPHWHU� \DQJ� EHUEHGD��:DGXN 6HUPR�
XQJJXO� SDGD� NRQVHQWUDVL� .0Q2��� 6XQJDL� 3URJR� XQJJXO SDGD� SDUDPHWHU� 89���

VHUWD� UDVLR� 89��� \DQJ� PHQXQMXNNDQ� IUDNVL� DVDP� IXOYDW�� VHGDQJNDQ� 0DWD� $LU�
&OHUHQJ�XQJJXO�SDGD�NRQVHQWUDVL�&2' VHUWD�UDVLR�89��� \DQJ�PHQXQMXNNDQ�IUDNVL�
DVDP� KXPDW�� ,QVWDODVL� 3HQJRODKDQ� $LU� WLGDN� PHPEHULNDQ� SHUXEDKDQ� \DQJ�
VLJQLILNDQ� WHUKDGDS� SHQ\LVLKDQ� 120�� %HUGDVDUNDQ� KXEXQJDQ� DQWDU� SDUDPHWHU�
RUJDQLN��GLSHUROHK�DGDQ\D�KXEXQJDQ�\DQJ�NXDW�DQWDUD�&2' ± 89��� SDGD�VDPSHO�
SRVW�ILOWUDWLRQ ,3$ 6XQJDL�3URJR�GDQ�,3$�0DWD�$LU�&OHUHQJ��VHUWD�.0Q2� ± 89���

GDQ�89��� ± 89��� SDGD�VDPSHO�SRVW�ILOWUDWLRQ ,3$�0DWD�$LU�&OHUHQJ�
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