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6ROYHQW�0HGLD��

3UHP�.XPDU�6KUHVWKD���-D\D�1DUD\DQ�0LWUXND��DQG�6XEDVK�.XPDU�&KDSDJDLQ�

�3DGPD�.DQ\D�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX�
�0HFKL�0XOWLSOH�&DPSXV��%KDGUDWSXU��1HSDO�

(PDLO��VXEDVFKDSDJDLQ#JPDLO�FRP�

$EVWUDFW�

S+�&KDQJHV�DV�D�IXQFWLRQ�RI�FRQFHQWUDWLRQ�IRU�P\ULVW\OWULPHWK\O� �DPPRQLXP�EURPLGH�LQ�SXUH�ZDWHU�
DQG�HWKDQRO�PL[HG�VROYHQW�PHGLD�FRQWDLQLQJ������DQG�����YROXPH�IUDFWLRQ�RI�HWKDQRO�DW�URRP�WHPSHUDWXUH�
ZHUH�REVHUYHG�E\�WKH�DGGLWLRQ�RI���1�+&��DQG���1�.2+�7KH�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ��&0&��IRU�WKH�
P\ULVW\OWULPHWK\��DPPRQLXP�EURPLGH��+&,�.2+�V\VWHP�LQFUHDVHV�ZKHQ�WKH�DPRXQW�RI�HWKDQRO�LQFUHDVHV�
,Q�ZDWHU��

.H\ZRUGV��0\ULVW\OWULPHWK\O��DPPRQLXP�EURPLGH���07$%U���+&O��.2+��HWKDQRO��ZDWHU�GLJLWDO�S+�PHWHU��

,QWURGXFWLRQ�

,Q�FKHPLVWU\��VXUIDFWDQW�LV�D�VSHFLHV�WKDW�DFFRXPXODWHV�DW�WKH�LQWHUIDFH�RI�WZR�SKDVHV�RU�VXEVWDQFHV�DQG�
PRGLILHV�WKH�SURSHUWLHV�RI�WKH�VXUIDFH��0DQ\�VXUIDFWDQWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�ILHOG�RI�VFLHQFH�DQG�
WHFKQRORJ\�GXH�WR�WKHLU�XQLTXH�SURSHUWLHV�����,Q�DQ�DTXHRXV�PHGLXP��ERWK�SXUH�DQG�PL[HG�VXUIDFWDQWV�IRUP�
PLFHOOHV� DIWHU� UHDFKLQJ� D� FRQFHQWUDWLRQ� FDOOHG� WKH� FULWLFDO� PLFHOOH� FRQFHQWUDWLRQ� �&0&��� ZKRVH�
GHWHUPLQDWLRQ�KDV�FRQVLGHUDEOH�SUDFWLFDO�LPSRUWDQFH�QRUPDOO\�WR�XQGHUVWDQG�WKH�VHOI�RUJDQL]LQJ�EHKDYLRUV�
RI�VXUIDFWDQWV�LQ�H[DFW�DQG�GHWDLOHG�ZD\V��0DQ\�VWXGLHV�KDYH�EHHQ�GHYRWHG�WR�WKH�HOXFLGDWLRQ�RI�PLFHOOH�
VWUXFWXUHV�XQGHU�GLIIHUHQW�FRQGLWLRQV�����7KHUH�DUH�VR�PDQ\�DUWLFOHV�IRU�&0&�FDOFXODWLRQ�IURP�FRQGXFWLYLW\�
PHDVXUHPHQWV��%XW�WKHUH�LV�OHVV�ZRUN�RQ�S+�RI�VXUIDFWDQW�IRU�&0&�FDOFXODWLRQ��+HQFH��WKLV�UHVHDUFK�ZRUN�
ZLOO�EH�YHU\� UHOHYDQFH� LQ� WKH� ILHOG�RI� UHVHDUFK�����S+�FKDQJH�ZLWK�PL[HG�VROYHQW� FRPSRVLWLRQ�PD\� WKXV�
UHIOHFW� WKH� FKDQJH� LQ� VROYHQW� VWUXFWXUH� DQG� LRQ�VROYHQW� LQWHUDFWLRQV��� $� ELQDU\� PL[WXUH� RI� ZDWHU� DQG�
HWKDQRO�ZLWK�UDWLR�YDU\LQJ�LQ�D�ZLGH�UDQJH��LV�WKH�PRVW�IUHTXHQWO\�LQYHVWLJDWHG�PHGLXP��

([SHULPHQWDO�0HWKRGV�

7KH� HIIHFW� RI� S+� RQ�0\ULVW\OWULPHWK\O� DPPRQLXP� EURPLGH� FRQFHQWUDWLRQ�ZDV� GHWHUPLQHG� DW� URRP�
WHPSHUDWXUH� ZLWK� D� GLJLWDO� S+� PHWHU� DW� GLIIHUHQW� VROYHQW� FRPSRVLWLRQ� RI� HWKDQRO�ZDWHU� PL[HG� VROYHQW�
PHGLD�� )LUVW�� ��P0�P\ULVW\OWULPHWK\O� DPPRQLXP�EURPLGH� VROXWLRQ�ZDV� SUHSDUHG�� VHSDUDWHO\�� DQG� WKHQ�
HDFK� VWRFN� VROXWLRQ� ZDV� GLOXWHG� ZLWK� ZDWHU� IURP� �� WR� �� P0� �� )RU� WKH� 0\ULVW\OWULPHWK\O� DPPRQLXP�
EURPLGH���+&O�V\VWHPV��D�VROXWLRQ�RI��PO�RI��P0�P\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH�DQG������P/�RI�
��1�+&�� DQG� ����PO� RI� ��1�.2+�ZDV� VXEMHFWHG� WR� S+�PHDVXUHPHQW� DW� URRP� WHPSHUDWXUH� WR� SUHYHQW�
K\GURO\VLV��)RU�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH���.2+�V\VWHPV��D�VROXWLRQ�RI��P/��RI���P0�
P\ULVW\OWULPHWK\O�DPPRQLXP�EURGLGH�DQG������P/�RI���1�.2+�DQG�����PO�RI���1�+&O�ZDV�VXEMHFWHG�WR�

&RUUHVSRQGLQJ�DXWKRU
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S+� PHDVXUHPHQW� DW� URRP� WHPSHUDWXUH� WR� SUHYHQW� K\GURO\VLV� DQG� DW� GLIIHUHQW� VROYHQW� FRPSRVLWLRQ� RI�
HWKDQRO�ZDWHU�PL[HG�VROYHQW�PHGLD��

5HVXOWV�DQG�'LVFXVVLRQ�

7KH� SORW� RI� S+� DV� D� IXQFWLRQ� RI� VXUIDFWDQW� FRQFHQWUDWLRQ� RI� WKH� 0\ULVW\OWULPHWK\O� DPPRQLXP�
EURPLGH�+&O� V\VWHP� LQ� ZDWHU� DQG� LQ� WZR� GLIIHUHQW� HWKDQRO�ZDWHU� PL[WXUHV� �FRQWDLQLQJ� ����� DQG� �����
YROXPH�IUDFWLRQ�RI�HWKDQRO��DW�URRP�WHPSHUDWXUH�DUH�GHSLFWHG�LQ�ILJV�����DQG����7KH�YDULDWLRQ�RI�S+�DV�D�
IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�EURGLGH�+&O�V\VWHP�LQ�ZDWHU�LV�
GHWHUPLQHG�� LW� LV� IRXQG� WKDW� WKH� LQFUHDVH� RI� WKH� FRQFHQWUDWLRQ� RI� WKH� VXUIDFWDQW�� WKH� S+� YDOXHV� DOVR�
LQFUHDVHV�DQG� WKHQ�GHFUHDVHV�� WKH�EUHDNLQJ�SRLQW� LV�NQRZQ�DV�FULWLFDO�PLFHOOH� FRQFHQWUDWLRQ� �&0&��DQG�
IRXQG� WR� EH� ����P0�� 7KH� VLPLODU� WUHQGV� KDV� EHHQ� REVHUYHG� LQ� WKH� YDULDWLRQ� RI� S+� DV� D� IXQFWLRQ� RI�
VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�EURGLGH�+&O�V\VWHP�LQ������WR������YROXPH�
IUDFWLRQ�RI�HWKDQRO�LQ�ZDWHU��WKH�&0&�LV�IRXQG�WR�EH�����P0�DQG�����P0�UHVSHFWLYHO\�

7KH� SORW� RI� S+� DV� D� IXQFWLRQ� RI� VXUIDFWDQW� FRQFHQWUDWLRQRI� WKH� 0\ULVW\OWULPHWK\O� DPPRQLXP�
EURGLGH�.2+� V\VWHP� LQ� ZDWHU� DQG� LQ� WZR� GLIIHUHQW� HWKDQRO�ZDWHU� PL[WXUHV� �FRQWDLQLQJ� ����� WR� �����
YROXPH�IUDFWLRQ�RI�HWKDQRO��DW�URRP�WHPSHUDWXUH�DUH�GHSLFWHG�LQ�)LJV������DQG����7KH�YDULDWLRQ�RI�S+�DV�D�
IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQRI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH�.2+�V\VWHP�LQ�ZDWHU�LV�
GHWHUPLQHG� DQG� LW� LV� IRXQG� WKDW� WKH� LQFUHDVH� RI� WKH� FRQFHQWUDWLRQ� RI� WKH� VXUIDFWDQW�� WKH� S+� YDOXHV� DOVR�
LQFUHDVHV�DQG�WKHQ�GHFUHDVHV�DQG�LQFUHDVHV��WKH�EUHDNLQJ�SRLQW�LV�NQRZQ�DV�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ�
�&0&�� DQG� IRXQG� WR� EH� ����P0�� 7KH� VLPLODU� WUHQGV� KDV� EHHQ� REVHUYHG� LQ� WKH� YDULDWLRQ� RI� S+� DV� D�
IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH�.2+�V\VWHP�LQ������WR�
�����YROXPH�IUDFWLRQ�RI�HWKDQRO�LQ�ZDWHU��WKH�&0&�LV�IRXQG�WR�EH�����P0�DQG�����P0�UHVSHFWLYHO\���

)URP� WKHVH� ILJXUHV� ������� LW� LV� HYLGHQW� WKDW� &0&� LQFUHDVHV� ZLWK� GHFUHDVLQJ� GLHOHFWULF� FRQVWDQW� RI�
HWKDQRO� ZDWHU� PL[HG� VROYHQW� PHGLD� �7DEOH� ���� 2XU� &0&� GDWD� IRU� SXUH� ZDWHU� RI� 0\ULVW\OWULPHWK\O�
DPPRQLXP�EURPLGH�PDWFK�ZLWK�WKH�OLWHUDWXUH���

)LJXUH����9DULDWLRQRI�S+�DV�D� IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQ�RI� WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�
EURPLGH�+&O�V\VWHP�LQ�ZDWHU��



-��1HSDO�&KHP��6RF���9RO����������

����

)LJXUH����9DULDWLRQ�RI�S+�DV�D�IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�
EURPLGH�+&O�V\VWHP�LQ�����YROXPH�IUDFWLRQ�RI�HWKDQRO�LQ�ZDWHU��

)LJXUH����9DULDWLRQ�RI�S+�DV�D�IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQRI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�
EURPLGH�+&O�V\VWHP�LQ�����YROXPH�IUDFWLRQ�RI�HWKDQRO�LQ�ZDWHU��

)LJXUH����9DULDWLRQ�RI�S+�DV�D�IXQFWLRQ�RI�VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�DPPRQLXP�
EURPLGH�.2+�V\VWHP�LQ�ZDWHU��
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&RQFOXVLRQV�

([SHULPHQWDO�PHDVXUHPHQWV� IRU� S+�RI� WKH�GLIIHUHQW� FRQFHQWUDWLRQV� RI�0\ULVW\OWULPHWK\O� DPPRQLXP�
EURPLGH�+&O�DQG�.2+�V\VWHPV�LQ�SXUH�ZDWHU�DQG������DQG������YROXPH�IUDFWLRQV�RI�HWKDQRO�LQ�HWKDQRO�
������ZDWHU� ����PL[HG�VROYHQW�PHGLD�KDYH�EHHQ�VWXGLHG�E\�S+�PHWHU�� �7KH� IROORZLQJ�FRQFOXVLRQV�KDYH�
EHHQ�GUDZQ�IURP�WKH�DERYH�UHVXOWV�DQG�GLVFXVVLRQ��

L� ([SHULPHQWDO� UHVXOWV� IRU� WKH�S+�RI� VROXWLRQ�RI�0\ULVW\OWULPHWK\O� DPPRQLXP�EURPLGH�+&,�DQG�
.2+� V\VWHPV� LQ� SXUH� ZDWHU� DQG� ����� DQG� ����� YROXPH� IUDFWLRQV� RI� HWKDQRO� LQ� HWKDQRO�ZDWHU�
PL[HG�VROYHQW�PHGLD�KDYH�EHHQ�SUHVHQWHG�DV�D�IXQFWLRQ�VXUIDFWDQW�FRQFHQWUDWLRQ��

LL� 7KH�FDOFXODWHG�&0&�E\� WKH�EUHDNLQJ�SRLQW� IRU�0\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH�+&O�DQG�
.2+� V\VWHPV� DUH� IRXQG� WR� EH� DOPRVW� VDPH� EXW� WKH� &0&� YDOXHV� DUH� IRXQG� WR� LQFUHDVH� ZLWK�
GHFUHDVLQJ�GLHOHFWULF�FRQVWDQW�RI�VROYHQW�FRPSRVLWLRQ��

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�5HVHDUFK�*UDQW�IRU�WKH�ILVFDO�\HDU�����������IURP�WKH�RIILFH�RI�WKH�GHDP��
,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��7�8����.LUWLSXU�1HSDO�XQGHU�WKH�5HVHDUFK�3URMHFW�VFKHPH��:H�ZRXOG��
OLNH�WR�JLYH�WKDQNV�WR�WKH�RIILFH�RI�WKH�'HDP��,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\��7�8���.LUWLSXU�1HSDO�
IRU�SURYLGLQJ�XV�WKH�JROGHQ�RSSRUWXQLW\�LQ�WKH�ILHOG�RI�UHVHDUFK��
5HIHUHQFHV�
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)LJXUH����9DULDWLRQ�RI�S+�DV�D�IXQFWLRQ�RI�
VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�
0\ULVW\OWULPHWK\O�DPPRQLXP�EURPLGH�.2+�
V\VWHP�LQ�����YROXPH�IUDFWLRQ�RI�HWKDQRO�LQ�
ZDWHU��

)LJXUH����9DULDWLRQ�RI�S+�DV�D�IXQFWLRQ�RI�
VXUIDFWDQW�FRQFHQWUDWLRQ�RI�WKH�0\ULVW\OWULPHWK\O�
DPPRQLXP��EURPLGH�.2+�V\VWHP�LQ�����YROXPH�
IUDFWLRQ�RI�HWKDQRO�LQ�ZDWHU�


