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7KH� IRUPDWLRQ� RI� LQVROXEOH� VWDLQV� RQ� JODVV� DQG� JOD]H� VXUIDFHV�ZDV� VWXGLHG� LQ� ODERUDWRU\� VFDOH�� 7KH�

VDPSOHV�ZHUH�GLSSHG�LQ�DFLGLF��DONDOLQH�DQG�DTXHRXV�VROXWLRQV�DQG�WKH�DQDO\VLV�RI�WKH�VXUIDFHV�ZHUH�FDUULHG�

RXW�E\�6(0�DQG�$)0��7KH�GHIHFW�IRUPDWLRQ�ZDV�IRXQG�WR�EH�LQLWLDWHG�E\�WKH�LPSXULWLHV�LQ�WDS�ZDWHU�EHLQJ�

OHIW�RQ� WKH� VXUIDFH� DIWHU�ZDWHU�ZDV�GULHG�RII��$OO� RWKHU� UHVLGXDO� FKHPLFDOV� FRXOG�EH� FOHDQHG�DZD\�H[FHSW�

VLOLFD�ZKLFK�UHPDLQHG�LQVROXEOH�RQ�WKH�VXUIDFH��7KH�VLOLFD�RUJLQDWHG�IURP�WKH�WDS�ZDWHU�DQG�ZDV�QRW�D�UHVXOW�
RI�D�FRUURVLRQ�RI�WKH�VXUIDFH��

���,QWURGXFWLRQ�

'XULQJ� WKH� SDVW� \HDUV�� GHIHFWV� LQ� WKH� IRUP�RI�KDUG�� GURS�OLNH� VWDLQV� RQ� WKH� VXUIDFH� RI�
VDQLWDU\ZDUH� JOD]HV� DQG� VKRZHU� JODVVHV� KDYH� EHHQ� UHSRUWHG�� ,Q� VRPH� FDVHV� WKH� VWDLQV� DUH�
QRWLFHG� DOUHDG\� DIWHU� D� IHZ� ZHHNV·� H[SRVXUH� WR� DTXHRXV� PHGLD�� EXW� IRU� VRPH� FDVHV� WKHVH�
NLQGV� RI� VWDLQV� DUH� UHSRUWHG� RQO\� DIWHU� VHYHUDO� \HDUV�� 7KHVH� VWDLQV� FRXOG� QRW� EH� HQWLUHO\�
ZDVKHG� DZD\� E\� FRPPHUFLDO� FOHDQLQJ� DJHQWV�� ,W·V� ZHOO� NQRZQ� WKDW� VWDLQV� DUH� IRUPHG� RQ�
VXUIDFHV�IRU�H[DPSOH�LQ�EDWKURRPV�ZKHQ�XVLQJ�KDUG�ZDWHU��7KHVH�OLPH�FRQWDLQLQJ�VWDLQV�FDQ�
XVXDOO\�EH�UHPRYHG�E\�XVLQJ�DQ�DFLGLF�ZDVKLQJ��,W·V�DOVR�NQRZQ�WKDW�JOD]H�RU�JODVV�VXUIDFHV�
FDQ� EH� DIIHFWHG� E\� DFLGLF�� DONDOLQH� RU�ZDWHU� VROXWLRQV����� %\� FRUURVLRQ� RI� JODVVHV� RU� JOD]HV��
DONDOL� LRQV� DUH� XVXDOO\� H[WUDFWHG� LQWR� WKH� VROXWLRQ� LQ� SUHIHUHQFH� WR� VLOLFD� DQG� WKH� RWKHU�
FRQVWLWXHQWV�RI�WKH�JODVV\�PDWUL[��$Q�DONDOL�GHILFLHQW�OHDFKHG�OD\HU�LV�IRUPHG�RQ�WKH�VXUIDFH��
7KH� WKLFNQHVV� RI� WKHVH� VLOLFD�ULFK� ILOPV�� DQG� SUREDEO\� WKHLU� FRPSDFWQHVV�� YDU\� ZLWK� WKH�
FRPSRVLWLRQ�RI�WKH�JODVV��WKH�H[SRVXUH�WLPH�DQG�WHPSHUDWXUH�DV�ZHOO�DV�WKH�S+��7KH�TXDOLW\�
RI�WDS�ZDWHU�KDV�DOVR�FKDQJHG�GXULQJ�WKH�SDVW�GHFDGHV��0RUH�DQG�QHZ�FKHPLFDOV�DUH�XVHG�IRU�
FOHDQLQJ�WKH�ZDWHU�DQG�WKH�LURQ�DQG�FDOFLXP�FRQWHQWV�KDYH�IRU�D�ORQJ�WLPH�FDXVHG�SUREOHPV�
ZLWK�VWDLQLQJ�RI�VXUIDFHV���

���([SHULPHQWDO�3URFHGXUH�

7KH� IRUPDWLRQ� RI� WKH� VWDLQV� ZDV� H[DPLQHG� E\� GLSSLQJ� VDPSOHV� LQ� GLIIHUHQW� W\SHV� RI�
VROXWLRQV��7KH�VDPSOHV�ZHUH�DXWRPDWLFDOO\�GLSSHG�LQ�HDFK�VROXWLRQ�DW�WKH�LQWHUYDO�RI���KRXU��
7KH�VDPSOHV�ZHUH�KHOG�LQ�WKH�VROXWLRQ�IRU����VHFRQGV��DQG�EHWZHHQ�WKH�GLSSLQJV�WKH\�ZHUH�
DOORZHG�WR�GU\�LQ�QRUPDO�URRP�FRQGLWLRQV��7KH�VDPSOHV�ZHUH�DQDO\]HG�DIWHU�GLSSLQJV�RI������
���������DQG������WLPHV���

7KH�VDPSOHV�ZHUH�GLSSHG�LQ�WKH�IROORZLQJ�PHGLD�������1D2+������0�+&O��VDWXUDWHG�&D&2��

VROXWLRQ������J�O�&D�2+���VROXWLRQ��GLVWLOOHG�ZDWHU����GLIIHUHQW�WDS�ZDWHUV��QDWXUDO�ZHOO�ZDWHU��
LRQ�H[FKDQJHG�ZDWHU�DQG�PRGLILHG�ZDWHU���

7KH� VWDLQ� IRUPDWLRQ�ZDV� VWXGLHG� RQ� FHUDPLF� JOD]HV� RI� YDULRXV� FRPSRVLWLRQV�� 6LPLODU� WHVWV�
ZHUH�FDUULHG�RXW�ZLWK�UHIHUHQFH�VXUIDFHV�RI�JODVV��DOXPLQLXP�DQG�VWDLQOHVV�VWHHO�VXUIDFHV���

$OO� VXUIDFHV�ZHUH� DQDO\]HG� E\� VFDQQLQJ� HOHFWURQ�PLFURVFRSH� �6(0�� HTXLSSHG�ZLWK� HQHUJ\�
GLVSHUVLYH�;�UD\� DQDO\VLV� �(';$��� 6RPH� RI� WKH� VXUIDFHV�ZHUH� IXUWKHU� DQDO\]HG� E\� DWRPLF�
IRUFH�PLFURVFRSH��$)0���7KH�DPRXQW�RI�6L�LQ�WDS�ZDWHU�ZDV�DQDO\]HG�E\�LQGXFWLYHO\�FRXSOHG�
SODVPD��,&3���



�
���5HVXOWV�DQG�'LVFXVVLRQ�

$QDO\VLV�RI�WKH�UHWXUQHG�FODLPHG�JOD]H�VXUIDFHV�ZHUH�ILUVW�SHUIRUPHG��7KH�VXUIDFHV�ZHUH�
FOHDQHG� DQG� WKH� LQVROXEOH� SDUWV�ZHUH� DQDO\]HG� E\� 6(0��7KH� KDUG�� GURS�OLNH� VWDLQV� RQ� WKH�
VXUIDFHV�ZHUH�YLVLEOH�DOUHDG\�E\�QDNHG�H\H��)LJXUH�����)XUWKHU�DQDO\VLV�E\�(';�VKRZHG�WKDW�
WKH�VWDLQV�PDLQO\�FRQVLVWHG�RI�6L��$Q�DQDO\VLV�RI�WKH�WKLFN�OD\HU�RQ�XQFOHDQHG�VDPSOHV�VKRZHG�
EHVLGHV�6L�DOVR�&D��&X��6��DQG�&O��)LJXUH�����7KHVH�LPSXULWLHV�RULJLQDWHG�ERWK�IURP�WKH�GDLO\�
XVDJH� RI� WKH� ERZO� DQG� WKH� ZDWHU� XVHG�� 7KH� VDPH� UHVXOW� ZDV� IRXQG� IRU� VHYHUDO� GLIIHUHQW�
VDPSOHV���
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)LJXUH����6(0�PLFURJUDSK�RI�FOHDQHG�UHWXUQHG�JOD]H�VXUIDFH�VKRZLQJ�VWDLQV��GDUN�DUHDV���

�)LJXUH����6(0�PLFURJUDSK�RI�WKH�WKLFN�FRDWLQJ�RQ�DQ�XQFOHDQHG�VXUIDFH��

7KH� IRUPDWLRQ� RI� WKH� VWDLQV�ZDV� ILUVW� VWXGLHG� E\� GLSSLQJ� JOD]HG� WLOHV� LQ� GLIIHUHQW� W\SHV� RI�
VROXWLRQV�� L�H���1D2+��+&O��&D&2���&D�2+����GLVWLOOHG�ZDWHU�DQG�WDS�ZDWHU��:KHQ�H[SRVHG�
WR�WDS�ZDWHU� LQ� ODERUDWRU\�WHVWV� WKH�H[SHULPHQWDO�JOD]HV�VKRZHG�D�VLPLODU�GHSRVLW�RI�D� VLOLFD�
JHO� RQ� WKH� VXUIDFH� DV� UHSRUWHG� IRU� VDQLWDU\ZDUH� JOD]HV� LQ� XVH�� *OD]HV� GLSSHG� LQ� 1D2+�
VKRZHG� DOVR� D� GHSRVLW� IRUPDWLRQ�� 7KLV� GHSRVLW� FRQWDLQLQJ� PDLQO\� VRGLXP� VDOWV� ZDV� HDVLO\�
UHPRYHG�E\�ZDVKLQJ� WKH�VXUIDFH��*OD]HV�GLSSHG� LQ�WKH�FDOFLXP�VROXWLRQV�VKRZHG�D�GHSRVLW�
FRQVLVWLQJ�RI�FDOFLXP�VDOWV��7KHVH�FRDWLQJV�ZHUH��WKRXJK��HDVLO\�UHPRYHG�E\�DFLGLF�ZDVKLQJ��
+RZHYHU�� JOD]HV� GLSSHG� LQ� GLVWLOOHG� RU� LRQ�H[FKDQJHG� ZDWHU� RU� +&O� VKRZHG� QR� GHSRVLWV��
7KHVH�SUHOLPLQDU\�UHVXOWV�OHG�WR�D�FRPSUHKHQVLYH�VWXG\�RI�WKH�GXUDELOLW\�RI�WKH�JOD]H�VXUIDFHV�
DV� D� IXQFWLRQ� RI� WKH� JOD]H� FRPSRVLWLRQ� DV� ZHOO� DV� WKH� FRQWHQW� RI� PLQRU� FRPSRQHQWV� LQ�
GLIIHUHQW�WDS�ZDWHU�V\VWHPV��$OVR�WKH�LQIOXHQFH�RI�WKH�ILULQJ�SDUDPHWHUV�ZDV�LQFOXGHG�LQ�WKLV�
VWXG\����

,Q�WKH�WHVW�VHULHV�DOO�JOD]HV�VKRZHG�D�VLPLODU�IRUPDWLRQ�RI�DQ�LQVROXEOH�VLOLFD�JHO�RQ�WKH�VXUIDFH�
ZKHQ�H[SRVHG�WR�VHYHUDO�WDS�ZDWHUV��)LJXUHV���DQG�����7KH�VWDLQ�IRUPDWLRQ�FRXOG�EH�QRWLFHG�
DOUHDG\�DIWHU�����GLSSLQJV��+RZHYHU�� LI� WKH�VDPSOHV�ZHUH�FOHDQHG� LPPHGLDWHO\�ZLWK�D� FORWK�
DIWHU�HYHU\�GLSSLQJ��QR�VWDLQ�IRUPDWLRQ�FRXOG�EH�QRWLFHG��7KH�WRSRJUDSK\�RI�WKH�VXUIDFHV�ZDV�

VWXGLHG�E\�$)0��)LJXUHV���DQG�����7KH�DYHUDJH�WKLFNQHVV�RI�WKH�GHSRVLWV�ZDV�������µP�EXW�
HYHQ� WKLFNQHVVHV�PRUH� WKDQ� ��µP� FRXOG� EH� IRXQG��7KH� DYHUDJH� URXJKQHVV� �������µP�� RI�
XQWUHDWHG�VXUIDFHV� LQGLFDWHV� WKDW� WKHUH�DUH�JRRG�RSSRUWXQLWLHV� IRU� WKH�SDUWLFOHV� WR�DWWDFK� WR�
WKH�VXUIDFH�WKXV�LQLWLDWLQJ�WKH�VWDLQ�IRUPDWLRQ��$OO�WKHVH�UHVXOWV�LQGLFDWH�WKDW�QHLWKHU�WKH�JOD]H�
FRPSRVLWLRQ�QRU�WKH�ILULQJ�VFKHGXOH�KDG�D�PDMRU�LQIOXHQFH�WKH�VWDLQ�IRUPDWLRQ���
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)LJXUH����6(0�PLFURJUDSK�VKRZLQJ�VWDLQ�IRUPDWLRQ�RQ�JOD]H�VXUIDFH��

)LJXUH����6(0�PLFURJUDSK�VKRZLQJ�6L�ULFK��EODFN�DUURZ��DQG�&D�ULFK��ZKLWH�DUURZ��

UHJLRQV��

���� �

)LJXUH����$)0�LPDJH�VKRZLQJ�WKH�WRSRJUDSK\�RI�D�QRUPDO�XQWUHDWHG�JOD]H�VXUIDFH��

)LJXUH����$)0�LPDJH�VKRZLQJ�WKH�WRSRJUDSK\�RI�D�JOD]H�VXUIDFH�VKRZLQJ�VWDLQ�

IRUPDWLRQ��

6LPLODU� H[SHULPHQWV� ZLWK� WKH� UHIHUHQFH� PDWHULDOV� DOXPLQLXP�� VWDLQOHVV� VWHHO�� DFLG� UHVLVWDQW�
IORRU�WLOH�DQG�JODVV�ZHUH�SHUIRUPHG��6LPLODU�GHSRVLWV�WR�WKRVH�RQ�JOD]HG�VXUIDFHV�ZHUH�IRXQG�
DOVR� RQ� DOO� JODVV� VXUIDFHV� GLSSHG� LQ� WDS� ZDWHU�� $IWHU� FOHDQLQJ�� DQ� LQVROXEOH� 6L�ULFK� VWDLQ�
UHPDLQHG�RQ�WKH�VXUIDFH��7KH�VWDLQ�ZDV�HYHQ�HDVLHU�WR�QRWLFH�RQ�D�WUDQVSDUHQW�JODVV�VDPSOH�
WKDQ�RQ�WKH�RWKHU�PDWHULDOV��7KH�6(0�DQG�$)0�LPDJHV�FRQILUPHG�WKDW�WKH�GHSRVLWV�ODLG�RQ�
WKH�VXUIDFH�DQG�KDG�QRW�SHQHWUDWHG�WKURXJK�WKH�VXUIDFH��)LJXUHV���²������7KH�IRUPDWLRQ�RI�D�
VLOLFD�JHO�RQ�WKH�VXUIDFH�FRXOG�DOVR�EH�REVHUYHG�IRU�WKH�RWKHU� UHIHUHQFH�PDWHULDOV�GLSSHG� LQ�
WKH�WDS�ZDWHUV��6LPLODU�6L�ULFK�VWDLQV�FRXOG�DOVR�EH�IRXQG�RQ�WKH�VWDLQOHVV�VWHHO�DQG�DOXPLQLXP�
VDPSOHV� FRQWDLQLQJ� QR� 6L� LQ� WKH�PDWHULDO� LWVHOI� �)LJXUH� ��� DQG� �����7KLV� LQGLFDWHV� WKDW� WKH�
RULJLQ� RI� WKH� VWDLQV� FDQ� EH� WUDFHG� EDFN� WR�GHSRVLWLRQ� RI� LPSXULWLHV� LQ� WKH� WDS�ZDWHU� UDWKHU�
WKDQ�RQ�GLVVROXWLRQ�DQG�UHVRUSWLRQ�RI�FRUURVLRQ�SURGXFWV�RI�JOD]H�RU�JODVV�FRPSRQHQWV�RQ�
WKH�VXUIDFHV��%HVLGHV�WKH�VLOLFD�JHO�ULFK�VWDLQV��XVXDOO\�DOVR�VWDLQV�FRQWDLQLQJ�FDOFLXP��VXOSKXU�
DQG� FKORULGH� FRXOG� EH� IRXQG� RQ� WKH� VXUIDFHV�� EXW� E\� FDUHIXO� DFLGLF� ZDVKLQJ� WKHVH�
FRPSRQHQWV� FRXOG�EH� UHPRYHG� IURP� WKH� VWDLQV� OHDYLQJ�RQO\� WKH� LQVROXEOH� VLOLFD�JHO� RQ� WKH�
VXUIDFH��
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)LJXUH����6(0�PLFURJUDSK�VKRZLQJ�VWDLQ�IRUPDWLRQ�RQ�JODVV�VXUIDFH��

)LJXUH����6(0�PLFURJUDSK�RI�6L��DQG�&D�ULFK�GHSRVLWV�RQ�JODVV�VXUIDFH��
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)LJXUH����$)0�LPDJH�RI�XQWUHDWHG�JODVV�VXUIDFH��

)LJXUH�����$)0�LPDJH�RI�VWDLQ�IRUPDWLRQ�RQ�JODVV�VXUIDFH��
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)LJXUH�����6(0�PLFURJUDSK�RI�6L�ULFK�GHSRVLWV�RQ�DOXPLQLXP�VXEVWUDWH��

)LJXUH�����6(0�PLFURJUDSK�RI�6L�ULFK�GHSRVLWV�RQ�VWDLQOHVV�VWHHO�VXUIDFH��

$Q�(';�DQDO\VLV�RI�VHYHUDO�HYDSRUDWHG�WDS�ZDWHUV�VKRZHG�D�VLJQLILFDQW�DPRXQW�RI�UHVLGXDO�
FKHPLFDOV� FRQVLVWLQJ� PDLQO\� RI� &D�� 0J�� 1D�� 6�� &O� DQG� 6L� �)LJXUHV� ��� DQG� ����� 7KH� VDPH�
HOHPHQWV�ZHUH�IRXQG�DOVR�LQ�WKH�VWDLQV�RQ�WKH�H[DPLQHG�VXUIDFHV�DIWHU�ZDWHU�H[SRVXUH�WKXV�
LQGLFDWLQJ� WKH� RULJLQ� RI� WKH� VWDLQ� IRUPDWLRQ�� 7KH� DYHUDJH� DPRXQW� RI� 6L� LQ� WKH� UHVLGXHV� RI�
HYDSRUDWHG�WDS�ZDWHUV�ZDV�DERXW������EXW�ZDWHUV�ZLWK�XS�WR������6L��FDOFXODWHG�DV�R[LGH����



ZHUH�IRXQG��,&3�DQDO\VLV�JDYH�DQ�DYHUDJH�RI�����SSP�6L� LQ�WDS�ZDWHUV��7KH�UHVXOWV� VKRZHG�
WKDW� WKH� PRUH� 6L� LQ� ZDWHU� WKH� PRUH� GLVWLQFW� ZDV� WKH� LQVROXEOH� GHSRVLW� RQ� WKH� VXUIDFH�� $�
IXUWKHU� FRQILUPDWLRQ� RI� WKH� RULJLQ� RI� WKH� VWDLQV�ZDV� FDUULHG� RXW� E\� SURGXFLQJ� D� VLPXODWHG�
ZDWHU�FRQWDLQLQJ�WKH�VDOWV�IRXQG�LQ�WKH�WDS�ZDWHU�EXW�E\�OHDYLQJ�RXW�VLOLFD��:KHQ�XVLQJ�WKLV�
VLPXODWHG�ZDWHU�QR�IRUPDWLRQ�RI�D�VLOLFD�JHO�RQ�WKH�VXUIDFH�FRXOG�EH�REVHUYHG���
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)LJXUH�����6(0�PLFURJUDSK�VKRZLQJ�SURGXFWV�RI�HYDSRUDWHG�WDS�ZDWHU��

)LJXUH�����(';�DQDO\VLV�RI�WKH�SURGXFWV�LQ�ILJXUH�����

���&RQFOXVLRQV�

7KH�VWDLQ�IRUPDWLRQ�RQ�JOD]HG�VXUIDFHV�ZDV�IRXQG�WR�EH�LQLWLDWHG�E\�LPSXULWLHV�LQ�WKH�WDS�
ZDWHU� EHLQJ� OHIW� RQ� WKH� VXUIDFHV� DIWHU� WKH� ZDWHU� LV� GULHG� RII�� ,I� WKH� SUHOLPLQDU\� VWDLQV� DUH�
UHPRYHG� LPPHGLDWHO\�� QR� GDPDJH� RI� VXUIDFH� FDQ� EH� REVHUYHG��+RZHYHU�� LI� WKH� VXUIDFH� LV�
ZDVKHG�ILUVW�DIWHU�VHYHUDO�ZHHNV�RI�H[SRVXUH��VLOLFD�ZLOO�EH�VWURQJO\�ERXQG�DW�WKH�VXUIDFH�DQG�D�
SHUPDQHQW�GDPDJH�ZLOO� EH� IRUPHG��7KH� IRUPDWLRQ�RI� WKH� VWDLQV�GHSHQGV� RQ� KRZ�ZHOO� WKH�
ZDWHU�GURS� UHPDLQV�RQ� WKH� VXUIDFH� �VXUIDFH� WHQVLRQ��� KRZ�RIWHQ� WKH� VXUIDFH� LV� FOHDQHG�� WKH�
KXPLGLW\�� L�H���KRZ�IDVW� WKH�VXUIDFH�GULHV�� WKH�DPRXQW�RI�6L� LQ�WKH�ZDWHU��DQG�HYHQWXDOO\� WKH�
VKDSH�RI�WKH�ERG\�VXUIDFH��7KH�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�RI�WKH�VDOWV�GLVVROYHG�LQ�WKH�WDS�
ZDWHU�V\VWHP�DUH�VXSSRVHG�WR�EH�WKH�PDLQ�UHDVRQ�IRU�WKH�REVHUYHG�´GHOD\HGµ�GDPDJHV�RI�WKH�
ROG�JOD]H� VXUIDFHV��7KHVH� UHVXOWV� LQGLFDWH� WKDW� WKH�FRPSRVLWLRQ�RI� WKH�VDOWV�GLVVROYHG� LQ� WDS�
ZDWHUV� QRZDGD\V� DUH� OLNHO\� WR� JLYH� VWDLQV� RQ� JODVV� DQG� JOD]H� VXUIDFHV� WKXV� SXWWLQJ� QHZ�
GHPDQGV�RQ�WKH�GHYHORSPHQW�RI�VXUIDFHV�WKDW�FDQ�EH�HDVLO\�FOHDQHG��

$FNQRZOHGJHPHQWV�

7KH�ILQDQFLDO�VXSSRUW�E\�,GR�%DWKURRP�/WG��,I|�6DQLWlU�$E�DQG�WKH�*UDGXDWH�6FKRRO�RI�
0DWHULDOV�5HVHDUFK�LV�KLJKO\�DFNQRZOHGJHG��
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��&RUURVLRQ�RI�*ODVV��&HUDPLFV�DQG�&HUDPLF�6XSHUFRQGXFWRUV��HGLWHG�E\�'�(��&ODUN�DQG�%�.��=RLWRV�
�1R\HV�SXEO�����������
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