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&KORULQH�'HPDQG�DQG�:DWHU�3ROOXWDQWV�RI�3RQG�DQG�5LYHU�
:DWHU��

0DQGLUD�3UDGKDQDQJD�$GKLNDUL �DQG�0DQLVK�.XPDU�6DK�

&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
(�PDLO��PDQGLUD��#KRWPDLO�FRP�

$EVWUDFW�

%DFWHULRORJLFDO�LPSXULWLHV�GXH�WR�SDWKRJHQLF�EDFWHULD��RUJDQLF�DQG�LQRUJDQLF�FRQWDPLQDQWV�LQ�ZDWHU�
PD\�SRVH�KHDOWK�ULVNV�DQG�XQILW� IRU�GULQNLQJ�SXUSRVH��&KORULQDWLRQ�LV�D�SRSXODU�GLVLQIHFWDQW�ZKLFK�NLOOV�
DQG� UHPRYHV� D� EURDG� VSHFWUXP� RI� SDWKRJHQLF� PLFURRUJDQLVP� DQG� SUHYHQWV� WKH� UHJURZWK� RI� KDUPIXO�
EDFWHULD� DQG� YLUXVHV�� 5HVLGXDO� FKORULQH�� &KORULQH� GHPDQG�� DONDOLQLW\� DQG� S+� ZHUH� PHDVXUHG� WR�
FKDUDFWHUL]H� WKH�ZDWHU�TXDOLW\�RI�SRQG��%DJPDWL��%LVKQXPDWL�DQG�'KRELNKROD�ULYHUV��7KH�HIIHFWV�RI�S+��
FKORULQH�GRVH�DQG�FRQWDFW�WLPH�RQ�FKORULQH�GHPDQG�ZHUH�GHWHUPLQHG�E\�XVLQJ�VWDUFK�LRGLQH�PHWKRG��7KH�
VDPSOH�ZDWHU�IURP�%LVKQXPDWL�DQG�'KRELNKROD�ULYHUV�ZHUH�WXUELG�DQG�EODFN�LQ�FRORXU�ZKHUHDV�%DJPDWL�
ULYHU�ZDWHU�ZDV�JUH\�DQG�SRQG�ZDWHU�ZDV� WXUELG�DQG�ZKLWH� LQ�FRORXU��7KH�S+�RI�ZDWHU� VDPSOH� UDQJHG�
IURP������ WR�������%DJPDWL� ULYHU�ZDWHU�ZDV� VOLJKWO\�EDVLF� �S+ ������ZKLOH�%LVQXPDWL� ULYHU�ZDWHU�ZDV�
VOLJKWO\�DFLGLF��S+ �������7KH�DONDOLQLW\�RI�SRQG�ZDWHU�ZDV�YHU\�ORZ�����SSP��ZKLOH�WKDW�RI�%DJPDWL�ULYHU�
ZDWHU�ZDV�YHU\�KLJK� L�H��� ����SSP��7KH�DONDOLQLW\�RI�'KRELNKROD� ULYHU�ZDWHU�ZDV�����SSP�DQG� WKDW�RI�
%LVQXPDWL� ULYHU�ZDWHU�ZDV�����SSP��7KH�SUHOLPLQDU\�DQDO\VLV� VKRZHG� WKDW� WKH� ULYHU�ZDWHU�ZDV�KLJKO\�
SROOXWHG�DQG�SRQG�ZDWHU�ZDV�FRPSDUDWLYHO\�OHVV�SROOXWHG���

7KH�DQDO\VLV�RI�FKORULQH�GHPDQG�UHYHOV�WKDW�WKH�GLVLQIHFWLRQ�RI�FKORULQH�ZDV�PHGLXP�DW�WKH�S+�UDQJH���
WR����7KH�S+�������������RI�SRQG�DQG�ULYHU�ZDWHU�LQGLFDWHG�WKDW�K\SRFKORURXV�DFLG�DQG�K\SRFKORULWH�LRQ�
ERWK� DFWLYHO\� SDUWLFLSDWH� RQ� GLVLQIHFWLRQ� RI� ZDWHU�� 7KH� UHVXOWV� UHYHOV� WKDW� KLJKO\� WXUELG� ZDWHU� IURP�
%LVKQXPDWL�ULYHU�KDG�KLJK�FKORULQH�GHPDQG��������SSP��DQG�LW� WRRN�DERXW����PLQ�IRU�GLVLQIHFWLRQ��7KH�
FKORULQH�GHPDQGV�RI�'KRELNKROD�ULYHU�DQG�%DJPDWL�ULYHU�ZDWHU�ZHUH����SSP��FRQWDFW�WLPH�����PLQ��DQG�
������SSP��FRQWDFW�WLPH�����PLQ���UHVSHFWLYHO\��3RQG�ZDWHU�ZDV�OHVV�WXUELG�DQG�KDG�FKORULQH�GHPDQG�RI�
����� SSP� �FRQWDFW� WLPH�� ��� PLQ��� ,W� DWWULEXWHV� WKDW� KLJK� FKORULQH� GHPDQG� WRRN� ORQJ� FRQWDFW� WLPH� IRU�
GLVLQIHFWLRQ��7KH�JUH\�DQG�EODFN�FRORXU�RI�ZDWHU�DQG�KLJK�FKORULQH�GHPDQG�LPSOLHG�WKDW�WKH�ULYHU�ZDWHU�
ZDV� VHYHUHO\� SROOXWHG�� 7KLV� VWXG\� FRQFOXGHV� WKDW� WKH� ULYHU� ZDWHU� FRQWDLQV� KLJK� DPRXQWV� RI�
RUJDQLF�LQRUJDQLF�DQG�SDWKRJHQLF�FRQWDPLQDQWV�ZKLFK�LQFUHDVHV�FRQWDFW�WLPH�WR�FRQVXPH�ODUJH�DPRXQW�
RI�FKORULQH�IRU�GLVLQIHFWLRQ�RI�SROOXWHG�ZDWHU�KHQFH�DUH�QRW�DSSOLFDEOH�LQ�DQ\�GRPHVWLF�FRQVXPSWLRQV��

.H\ZRUGV��&KORULQH�GHPDQG��&RQWDFW�WLPH��:DWHU�SROOXWLRQ��

,QWURGXFWLRQ

.DWKPDQGX�YDOOH\�LV�RQH�RI�WKH�PRVW�SRSXODWHG�FLWLHV�RI�1HSDO��7KH�SRSXODWLRQ�RI�.DWKPDQGX�LV�QHDU�
DERXW���PLOOLRQ���:HOO��SRQG��ULYHU��WDS�HWF���DUH�WKH�PDLQ�VRXUFHV�RI�ZDWHU�LQ�.DWKPDQGX��1RZDGD\V��WKH�
ZDWHU� VRXUFHV� LQ� .DWKPDQGX� DUH� SROOXWHG� DW� DODUPLQJ� UDWH� GXH� WR� WKH� LQGXVWULDO� HIIOXHQWV�� KRVSLWDO�
GLVFKDUJH�� PXQLFLSDO� ZDVWH�� GUDLQDJH� GLVSRVDO� HWF�� 7KH� EDFWHULRORJLFDO� LPSXULWLHV� VXFK� DV� SDWKRJHQLF�

&RUUHVSRQGLQJ�DXWKRU



-��1HSDO�&KHP��6RF���9RO����������

����

EDFWHULD�DQG�RUJDQLF�FRQWDPLQDQWV�LQ�ZDWHU�SRVH�KHDOWK�ULVNV�DQG�XQILW�IRU�LWV�XVH�KHQFH�ZDWHU�TXDOLW\�LV�
WKH�JUHDW�SXEOLF�KHDOWK�FRQFHUQ��+RZHYHU��WKH�SRRU�SHRSOHV�LQ�.DWKPDQGX�DUH�XVLQJ�SRQG�DQG�ULYHU�ZDWHU�
GLUHFWO\�ZLWKRXW� DQ\� WUHDWPHQW� RU� SXULILFDWLRQ� IRU� FRRNLQJ�� EDWKLQJ�� GULQNLQJ� HWF��:LWKRXW� LQYHVWLJDWLRQ�
DQG� WUHDWPHQW�� WKH� XVH� RI� VXFK� SROOXWHG� ZDWHU� PD\� FUHDWH� VHYHUH� KHDOWK� UHODWHG� SUREOHPV�� 7KH� ZDWHU�
FRQWDLQLQJ�SDWKRJHQLF�EDFWHULD�JHQHUDWHV�ZDWHU�ERUQH�GLVHDVHV�LQFOXGLQJ�GLDUUKRHD��W\SKRLG��:RUOG�+HDOWK�
2UJDQL]DWLRQ� HVWLPDWHV� WKDW� ���� PLOOLRQ� SHRSOH�� PRVWO\� FKLOGUHQ�� GLH� HYHU\� \HDU� IURP� ZDWHU� UHODWHG�
GLVHDVHV��� ,Q�1HSDO�� WKH� WRWDO� FDVHV� RI� GLDUUKRHD�ZDV� ���������� DQG� DPRQJ� WKHP� ���� GLDUUKRHDO� GHDWK�
RFFXUUHG� LQ� WKH� ILVFDO� \HDU�������������:DWHU�ERUQH� LQIHFWLRXV�GLVHDVHV�QRW� RQO\� FDXVH� ORVV�RI� OLIH� DQG�
LOOQHVV�EXW�DOVR�KDYH�QHJDWLYH�HIIHFWV�RQ�WKH�HFRQRP\�UHODWHG�WR�PHGLFDO�H[SHQVHV�DQG�SURGXFWLYLW\���

+HQFH�� WR� SURWHFW� SHRSOH� IURP�ZDWHU� ERUQH� GLVHDVH�� WUHDWPHQW� RI�ZDWHU� LV� QHFHVVDU\� EHIRUH� LWV� XVH��
$FFRUGLQJ�WR�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2���SRWDEOH�ZDWHU�VKRXOG�EH�RGRUOHVV��WDVW\�DQG�IUHH�IURP�
DQ\�NLQG�RI�PLFURRUJDQLVP�DQG�FKHPLFDO�VXEVWDQFHV��$PRQJ�WKH�YDULRXV�R[LGDQWV�GLVLQIHFWDQWV��FKORULQH�
DQG� FKORULQH� FRPSRXQGV� DUH� PRVW� ZLGHO\� XVHG� GLVLQIHFWDQW� WR� JHW� ULG� RI� SDWKRJHQLF� EDFWHULD� IURP�
GULQNLQJ�ZDWHU� WUHDWPHQW� EHFDXVH� RI� LWV� IDYRUDEOH� HIIHFWV�� UHDVRQDEOH� FRVW�� DQG� PXFK� ORQJHU� UHVLGXDO�
HIIHFWV��&KORULQH� LV�SRZHUIXO�R[LGL]LQJ�DJHQW��DEOH� WR�SHQHWUDWH�FHOOV�DQG�RQ�YLWDO�FHOOXODU�VXEVWDQFHV�� WR�
NLOO�PLFURRUJDQLVPV������

:KHQ�FKORULQH�LV�DGGHG�WR�ZDWHU��DW�ILUVW�VRPH�RI�WKH�FKORULQH�UHDFWV�ZLWK�RUJDQLF�PDWHULDOV�DQG�PHWDOV�
LQ� WKH�ZDWHU� WKLV� LV�FDOOHG�FKORULQH�GHPDQG�RI� WKH�ZDWHU��7KH�UHPDLQLQJ�FKORULQH�FRQFHQWUDWLRQ�DIWHU�WKH�
FKORULQH� GHPDQG� DFFRXQWHG� LV� FDOOHG� UHVLGXDO� FKORULQH�� 7KH� FKORULQH� GHPDQG� RI� D�ZDWHU� VDPSOH� LV� WKH�
GLIIHUHQFH� EHWZHHQ� WKH� FRQFHQWUDWLRQ� RI� FKORULQH� DGGHG� WR� WKH� VDPSOH� DQG� WKH� FRQFHQWUDWLRQ� RI� WKH�
FKORULQH� UHVLGXDO� WKDW� UHPDLQV� DW� WKH� HQG� RI� D� VSHFLILHG� FRQWDFW� WLPH�� 7KH� FKORULQH� GHPDQG� LV� KLJKO\�
LQIOXHQFHG�E\�ZDWHU�TXDOLW\�EHFDXVH�FKORULQH� UHDGLO\� UHDFWV�ZLWK�PDQ\�FRPSRXQGV�� LQFOXGLQJ�DPPRQLD�
�1+����QLWUDWH��12����QDWXUDO�RUJDQLF�PDWWHU��120���LURQ��)H���PDQJDQHVH��0Q��DQG�PDQ\�RWKHUV������������
$EGXOODK�HW�DO����������VKRZHG�WKDW�FKORULQH�GHPDQG�LQFUHDVHG�ZLWK�LQFUHDVHG�LQ�FRQFHQWUDWLRQV�RI�1+��
1�� LQFUHDVHG� LQ� S+�� DQG� LQFUHDVHG� LQ� XOWUDYLROHW� �89�� DEVRUEDQFH� LQ� WKH�ZDWHU�� 3RZHOO� HW� DO�� ��������

REVHUYHG� WKDW�FKORULQH�GHPDQG� LQFUHDVHG�ZLWK� LQFUHDVH� LQ� WHPSHUDWXUH�DQG� WRWDO�RUJDQLF�FDUERQ� �72&���
7KHVH� VWXGLHV� DWWULEXWH� WKDW� WKH� FKORULQH� GHPDQG� GHSHQGV� RQ� FRQFHQWUDWLRQ� RI� RUJDQLF� DQG� LQRUJDQLF�
SROOXWDQWV� KHQFH�� PHDVXUHPHQW� RI� FKORULQH� GHPDQG� FDQ� GHWHUPLQH� WKH� ZDWHU� TXDOLW\� L�H��� DPRXQW� RI�
SROOXWDQWV�SUHVHQW�LQ�WKH�ZDWHU��

2Q�WKH�RWKHU�KDQG��KLJK�FRQFHQWUDWLRQ�RI�FKORULQH�VXFK�DV�DERXW���WR���SSP�FUHDWHV�XQSOHDVDQW�WDVWH�
DQG� RGRU� LQ� ZDWHU�� )XUWKHU�� GLVLQIHFWLRQ� E\� FKRULQH� VKRZV� SUREOHPV� VXFK� DV� WKH� SURGXFWLRQ� RI�
WULKDORPHWKDQH� �7+0�� IURP� LWV� UHDFWLRQ�ZLWK� QDWXUDO� RUJDQLF�PDWWHU� �120�� LQ�ZDWHU��� ��� (YHQ� WKRXJK�
UHVLGXDO�FKORULQH�JHQHUDWHV�XQSOHDVDQW�WDVWH�DQG�RGRU�LQ�ZDWHU��LW�LV�QHFHVVDU\�WR�PDLQWDLQ�DQ�DSSURSULDWH�
FKORULQH� FRQFHQWUDWLRQ� LQ� ZDWHU� IURP� ILQLVKHG� ZDWHU� WR� SUHYHQW� WKH� UH�JURZWK� RI� KDUPIXO� EDFWHULD� DQG�
YLUXVHV� ZLWKLQ� WKH� GLVWULEXWLRQ� V\VWHP�� 7KH� FRQFHQWUDWLRQ� ���� WR� ���� SSP� RI� IUHH� UHVLGXDO� FKORULQH� LV�
HVVHQWLDO�LQ�GULQNDEOH�ZDWHU���:+2�VSHFLILHV�GHVLUDEOH�FRQFHQWUDWLRQ�RI�FKORULQH�LQ�GULQNLQJ�ZDWHU�VKRXOG�
EH�DURXQG�����±�����SSP�IRU����PLQXWH�RI�FRQWDFW� LQ�DOO�SRLQWV� LQ� WKH�VXSSO\�DQG�DERXW�����SSP�LQ� WKH�
WUHDWPHQW�SODQW����

7KH�REMHFWLYHV�RI�WKLV�VWXG\�LV�WR�PHDVXUH�ZDWHU�TXDOLW\�SDUDPHWHUV�VXFK�DV�WHPSHUDWXUH��FRORXU��S+��
DONDOLQLW\�DQG�UHVLGXDO�FKORULQH�RI�ZDWHU�IURP�GLIIHUHQW�VRXUFHV�DQG�ILQDOO\�GHWHUPLQLQJ�WKH�ZDWHU�TXDOLW\�
RI�SRQG�DQG�ULYHU�ZDWHU�E\�DQDO\]LQJ�FKORULQH�GHPDQG�RI�WKRVH�ZDWHU�LQ�PRUH�GHWDLO��
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([SHULPHQWDO�0HWKRGV

6DPSOH�FROOHFWLRQ�DQG�VWRUDJHV�
:DWHU�VDPSOHV�ZHUH�FROOHFWHG�IURP�GLIIHUHQW�VRXUFHV�LQ�.DWKPDQGX�YDOOH\��7KH�MDU�ZDWHU��WDS�ZDWHU��

WDQNHU�ZDWHU��VSULQJ�ZDWHU�DQG�UDLQ�ZDWHU�ZHUH�FROOHFWHG�IURP�WKH�.LUWLSXU�IRU� WKH�SUHOLPLQDU\�DQDO\VLV��
6DPSOHV�ZHUH�FROOHFWHG�GXULQJ�UDLQ\�VHDVRQ��0D\��������7KH�SRQG�ZDWHU�ZDV�FROOHFWHG�IURP�%KDQMDQJDO�
ZKLFK�LV�XVHG�E\�ORFDO�SHRSOH�IRU�GDLO\�FRQVXPSWLRQ��7KH�ULYHU�ZDWHU�ZHUH�FROOHFWHG�IURP�%DJPDWL�ULYHU�
ZDWHU��'KRELNKROD� ULYHU�ZDWHU� DQG�%LVQXPDWL� ULYHU�ZDWHU�� 3RQG�ZDWHU� VDPSOH� DQG� ULYHU�ZDWHU� VDPSOHV�
ZHUH�FROOHFWHG�E\�GLSSLQJ���OLWUH�ERWWOH�LQ�WKH�HGJH�RI�SRQG�DQG�ULYHU�DQG�VWRUHG�LQ�FRRO�SODFH��$QDO\VLV�RI�
WKXV�FROOHFWHG�VDPSOHV�ZDWHU�ZDV�FDUULHG�RXW�DV�VRRQ�DV�SRVVLEOH��7HPSHUDWXUH�DQG�S+�ZHUH�PHDVXUHG�RQ�
WKH�VSRW�GXULQJ�VDPSOLQJ�IRU�DOO�VDPSOHV��7KH�FROOHFWHG�VDPSOHV�RI�SRQG�ZDWHU�DQG�ULYHU�ZDWHU�ZHUH�XVHG�
WR� GHWHUPLQH� S+�� DONDOLQLW\�� 7KH� FKORULQDWLRQ� RI�ZDWHU� VDPSOH�ZDV� GRQH� E\� XVLQJ� 3L\XVK�ZDWHU� ������
FKORULQH�VROXWLRQ��DYDLODEOH�LQ�ORFDO�PDUNHW��)URP�WKH�FKORULQDWHG�ZDWHU�UHVLGXDO�FKORULQH�ZDV�PHDVXUHG�
DQG�FKORULQH�GHPDQG�ZDV�FDOFXODWHG���

0HDVXUHPHQW�RI�GLIIHUHQW�SDUDPHWHUV�RI�ZDWHU�VDPSOH��

7KH�S+�RI�ZHOO�ZDWHU� VDPSOH�ZDV� UHFRUGHG�GLUHFWO\�ZLWK� WKH�KHOS�RI�S+�PHWHU��7KH�S+�PHWHU�ZDV�
FDOLEUDWHG� ZLWK� WKH� KHOS� RI� VWDQGDUG� EXIIHU� VROXWLRQV� RI� S+� ���� DQG� ����� $ONDOLQLW\� RI� ZDWHU� ZDV�
GHWHUPLQHG� E\� WKH� WLWUDWLRQ� RI�ZDWHU� VDPSOH� DJDLQVW� D� VWDQGDUG� DFLG� XVLQJ� SKHQROSKWKDOHLQ� DQG�PHWK\O�
RUDQJH�DV�LQGLFDWRU��

&KORULQH�GHPDQG�

7KH�LRGRPHWULF�WLWUDWLRQ�PHWKRG�LV�XVHG�IRU�WKH�GHWHUPLQDWLRQ�RI�FKORULQH��&KORULQH�ZLOO� OLEHUDWH�IUHH�
LRGLQH�IURP�SRWDVVLXP�LRGLGH��.,��VROXWLRQV��7KH� OLEHUDWHG� LRGLQH� LV� WLWUDWHG�ZLWK�D�VWDQGDUG�VROXWLRQ�RI�
VRGLXP�WKLRVXOSKDWH��1D�6�2���ZLWK�VWDUFK�DV�WKH�LQGLFDWRU������P/�ZDWHU�VDPSOH�ZDV�WDNHQ�LQ�����P/�
%2'�ERWWOH�DQG�VWDQGDUG�FKORULQH�ZDWHU�VROXWLRQ�RI�����SSP�VWUHQJWK�ZDV�DGGHG�WR�D�VHULHV�RI�SRUWLRQ�RI�
WKH� VDPSOHV� XVLQJ� LQFUHPHQW� RI� ���� SSP� FKORULQH��$IWHU� ���PLQXWH� FRQWDFW� WLPH� UHVLGXDO� FKORULQH�ZDV�
GHWHUPLQHG��)RU�WKH�GHWHUPLQDWLRQ�RI�WKH�UHVLGXDO�FKORULQH���P/�RI�DFHWLF�DFLG�ZDV�DGGHG�IROORZHG�E\����
P/�.,� VROXWLRQ� ������VROXWLRQ�SUHSDUHG� IUHVKO\� HDFK� WLPH�� WR� HDFK�RI� WKH�ERWWOH�� ,QVWDQWO\� HDFK�RI� WKH�
ERWWOH�ZDV� WLWUDWHG�ZLWK� VWDQGDUG� VROXWLRQ� RI� VRGLXP� WKLRVXOSKDWH� ���������1�� XVLQJ� VWDUFK� VROXWLRQ� DV�
LQGLFDWRU��

(IIHFW�RI�S+�RQ�FKORULQH�GHPDQG�
7KH�HIIHFW�RI�S+�RQ�FKORULQH�GHPDQG�ZDV�VWXGLHG�E\�SHUIRUPLQJ�VWDUFK�LRGLQH�WLWUDWLRQ�PHWKRG��:KHUH�

FKORULQH�UHVLGXDO�ZHUH�GHWHUPLQHG�DW�IL[HG�GRVH�RI�FKORULQH�IRU�WKH�QXPEHU�RI�GLIIHUHQW�VDPSOH�LQ�ZKLFK�
���P/�EXIIHU�VROXWLRQ�>ZLWKRXW�FKORULQH�GHPDQG@�ZHUH�DGGHG�DQG�S+�RI�VDPSOHV�ZHUH�IL[HG�DV������������
��������������������������

&RQWDFW�WLPH�
7KH� FKORULQH� GHPDQG� RI� GLIIHUHQW� ZDWHU� VDPSOH� ZHUH� GHWHUPLQHG� ZLWK� WKH� LQFUHPHQW� RI� WLPH� DQG�

UHODWLRQV�EHWZHHQ�FRQWDFW�WLPH�DQG�FKORULQH�GHPDQG�ZHUH�VWXGLHG�

5HVXOWV�DQG�'LVFXVVLRQ�

3K\VLFDO�SDUDPHWHUV�RI�ZDWHU�VDPSOH�

7HPSHUDWXUH� LQIOXHQFHV� WKH� ZDWHU� TXDOLW\�� +LJK� WHPSHUDWXUH� OLPLWV� R[\JHQ� GLVSHUVLRQ� LQWR� GHHSHU�
ZDWHUV��FRQWULEXWLQJ� WR�DQDHURELF�FRQGLWLRQ�ZKLFK� OHDGV� WR� LQFUHDVH�EDFWHULD� OHYHOV�� � ,QGLUHFWO\�� WKH�KLJK�
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VXPPHU� WHPSHUDWXUH� FDQ� FDXVH� KLJK� FKORULQH� GHPDQG� EHFDXVH� EDFWHULD� XVXDOO\� JURZ� EHWWHU� LQ� ZDUPHU�
ZDWHU�� 7DEOH� �� VKRZHG� WKH� REVHUYHG� WHPSHUDWXUH� RI�ZDWHU� VDPSOH�� 7KH� WHPSHUDWXUH� RI� SRQG� DQG� ULYHU�

ZDWHU�ZDV����R&�DQG�WKDW�RI�-DU�ZDWHU��&LW\�VXSSO\�DQG�7DQN�ZDWHU�ZDV�DERXW����R&

7DEOH����:DWHU�TXDOLW\�SDUDPHWHUL]DWLRQ�

:DWHU�VDPSOH� 7HPSHUDWXUH�
��&��

&RORXU� S+� 5HVLGXDO� &KORULQH�
�SSP��

$ONDOLQLW\�
�SSP���

-DU�ZDWHU� ��� &RORXUOHVV� ����� ����� ��
&LW\�VXSSO\� ��� &RORXUOHVV� ����� ����� ��
7DQNHU�ZDWHU� ��� &RORXUOHVV� ���� ���� ��
3RQG�ZDWHU� ���� 7XUELG� ������ ���� ���
%DJPDWL�ULYHU� ��� *UH\� ����� ���� ����
'KRELNKROD�ULYHU� ��� %ODFN� ����� ���� ����
%LVKQXPDWL�ULYHU� ��� %ODFN� ����� ���� ����

7KH� FRORXU� RI� ZDWHU� YDULHV� ZLWK� WKH� DPELHQW� FRQGLWLRQ� LQ� ZKLFK� WKDW� ZDWHU� ZDV� SUHVHQW�� 6PDOO�
TXDQWLWLHV� RI�ZDWHU� DSSHDUHG� WR� EH� FRORXUOHVV�� KRZHYHU�� WKH� VXVSHQGHG� DQG�GLVVROYHG�SDUWLFOHV� LQ�ZDWHU�
LQIOXHQFHG� WKH�FRORXU�RI�ZDWHU��+HQFH��ZDWHU�FRORXU�FDQ� LQGLFDWH�SK\VLFDO��FKHPLFDO�DQG�EDFWHULRORJLFDO�
FRQGLWLRQV�� 7KH� FRORXU� RI� WKH� ZDWHU� VDPSOH� REVHUYHG� LQ� WKLV� VWXG\� ZDV� WDEXODWHG� LQ� 7DEOH� ��� 7DEOH� ��
VKRZHG� WKDW� WKH� -DU� ZDWHU�� 7DQNHU� ZDWHU�� &LW\� VXSSO\�ZDWHU� ZHUH� FRORXUOHVV� ZKHUHDV� SRQG�ZDWHU�ZDV�
VOLJKWO\�WXUELG�DQG�ZKLWH�LQ�FRORXU�DQG�ULYHU�ZDWHU�ZHUH�QRW�FRORXUOHVV�EXW�JUH\�DQG�EODFN�LQ�FRORXU��7KH�
FRORXU� RI� ZDWHU� VDPSOH� LQGLFDWHG� WKDW� WKH� SRQG� DQG� ULYHU� ZDWHU� ZHUH� SROOXWHG�� WKH\� PLJKW� FRQWDLQ�
GLVVROYHG� LQRUJDQLF�RUJDQLF�FRQWDPLQDQWV�� VRLO�� SDWKRJHQLF�EDFWHULD� HWF����7KH�SKRWRJUDSKV�RI�SRQG�DQG�
ULYHU�ZDWHU�ZHUH�VKRZQ�LQ�)LJXUH����7KH�SKRWRJUDSK�DOVR�VKRZHG�WKDW� ULYHU�ZDWHU�ZHUH�KLJKO\�SROOXWHG�
WKDQ�SRQG�ZDWHU���

3RQG�ZDWHU��S���������%DJPDWL�ULYHU�ZDWHU��5�%������������'KRELNKROD�ULYHU�ZDWHU��5�'������������%LVQXPDWL�ULYHU�ZDWHU��5�%L���

)LJXUH����:DWHU�VDPSOHV�IURP�SRQG�DQG�ULYHUV�

S+�PHDVXUHV� WKH� DFWLYLW\� RI� K\GURJHQ� LRQV� > @��+LJK� DQG� ORZ�S+� LQGLFDWH� WKH�ZDWHU� TXDOLW\��7KH�
ZDWHU�ZLWK� D� ORZ�S+� ������� FRXOG� EH� DFLGLF�� VRIW� DQG� FRUURVLYH� VLPLODUO\�ZDWHU�ZLWK� D� KLJK�S+� �!�����
FRXOG�EH�EDVLF��KDUG�DQG�FRUURVLYH� LQ�QDWXUH��/RZ�S+�NLOO� ILVK�DQG�DTXDWLF�DQLPDOV�E\�VWUHVVLQJ�DQLPDO�
V\VWHP� DQG� FDXVLQJ� SK\VLFDO� GDPDJH� EXW� EDFWHULD� FDQ� VXUYLYH� HYHQ� DW� S+� ����� )XUWKHU�� S+� DIIHFW� WKH�
HIIHFWLYHQHVV�RI�FKORULQH�DSSOLFDWLRQ��,W�LV�FRQVLGHUHG�WKDW�QRUPDOO\�DW�S+����������RI�WKH�FKORULQH�SUHVHQW�
ZLOO� EH� LQ� WKH� IRUP� RI� +2&O� DQG� ���� LQ� WKH� IRUP� RI� 2&O��� $W� ORZ� S+�� HIIHFWLYHQHVV� RI� FKORULQH� LV�
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GRPLQDWHG�E\�+2&O�VSHFLHV�KRZHYHU��DW�KLJK�S+�LW�LV�GRPLQDWHG�E\�K\SRFKORULWH�LRQ��2&O���VSHFLHV���������
7KH� S+�RI� GLIIHUHQW�ZDWHU� VDPSOHV�PHDVXUHG� LQ� WKLV� VWXG\�ZDV� WDEXODWHG� LQ�7DEOH� ���7KH� YDOXH� RI� S+�
REWDLQHG�ZHUH�ZLWKLQ�WKH�UDQJH�����WR������UHFRPPHQGHG�E\�:+2��������IRU�GULQNLQJ�ZDWHU��7KH�7DEOH���
VKRZHG�WKDW�WKH�S+�RI�%DJPDWL�ULYHU��������ZDWHU�ZDV�VOLJKWO\�DONDOLQH�DV�FRPSDUHG�WR�RWKHU�ULYHU�ZDWHU�
������DQG��������7KH�S+�RI� WKH�ZDWHU�VDPSOH�DWWULEXWHV� WKDW�GLVLQIHFWLRQ�RI�FKORULQH�ZLOO�EH�HIIHFWHG�E\�
ERWK�+2&O�DQG�2&O���

7KH�UHVLGXDO�FKORULQH�PHDVXUHG�LQ�ZDWHU�VDPSOHV�IURP�GLIIHUHQW�VRXUFHV�ZDV�WDEXODWHG�LQ�7DEOH����7KH�
UHVLGXDO�FKORULQH�LQ�GULQNLQJ�ZDWHU�LQGLFDWHV�WKDW�FKORULQH�DGGHG�LQ�ZDWHU�ZDV�VXIILFLHQW�WR�LQDFWLYDWH�WKH�
EDFWHULD� DQG� VRPH� YLUXVHV� WKDW� FDXVH�ZDWHU� ERUQH� GLVHDVHV�� 7KH�PHDVXUHPHQW� RI� UHVLGXDO� FKORULQH� FDQ�
LQGLFDWH� WKH� SRWDELOLW\� RI� ZDWHU� EHFDXVH� WKH� SUHVHQFH� RI� UHVLGXDO� FKORULQH� LQGLFDWHV� WKDW� WKHUH� LV� IUHH�
FKORULQH�DYDLODEOH�WR�LQDFWLYDWH�RUJDQLVPV�ZKLFK�FDXVH�ZDWHU�ERUQH�GLVHDVHV��7KH�UHVLGXDO�FKORULQH�RI�����
WR� ���� SSP� LQ� FRQFHQWUDWLRQ� LV� HVVHQWLDO� LQ� GULQNDEOH�ZDWHU� WR� NLOO� JHUPV� DQG� SUHYHQWV� WKH� UHJURZWK�RI�
KDUPIXO�EDFWHULD�DQG�YLUXVHV�WLOO� LWV�XVH���7DEOH���VKRZHG�WKDW�-DU�ZDWHU�DQG�&LW\�VXSSO\�ZDWHU�KDYH�WKH�
UHVLGXDO�FKORULQH�RI������SSP�DQG������SSP��UHVSHFWLYHO\��7DQN�ZDWHU��SRQG�ZDWHU�DQG�ULYHU�ZDWHU�KDG�QR�
FKORULQH� UHVLGXDO�� 7KH� UHVXOW� VKRZHG� WKDW� WKH� -DU� ZDWHU� DQG� &LW\� VXSSO\� ZDWHU� ZDV� WUHDWHG� EHIRUH� LWV�
GLVWULEXWLRQ�DQG�LW�FRQWDLQV�HQRXJK�UHVLGXDO�FKORULQH�WR�SUHYHQW�UHJURZWK�RI�KDUPIXO�EDFWHULD�DQG�YLUXVHV�
KHQFH� WKH\�DUH�SRWDEOH���+RZHYHU��ZDWHU� IURP�RWKHU�VRXUFHV�DUH�QRW�SRWDEOH�KHQFH�PXVW�EH�DQDO\VHG� LQ�
PRUH�GHWDLO�DQG�PXVW�EH�WUHDWHG�EHIRUH�LWV�XVH��

$ONDOLQLW\� LV� DQRWKHU� SDUDPHWHU� ZKLFK� LQGLFDWHV� WKH� ZDWHU¶V� DELOLW\� WR� QHXWUDOL]H� DFLGV�� ,W� UHVXOWV�
SULPDULO\ IURP� GLVVROYLQJ� OLPHVWRQH� RU� GRORPLWH� PLQHUDOV� LQ� WKH� ZDWHU�� ,W� PHDVXUHV� WKH� SUHVHQFH� RI�
FDUERQDWH��ELFDUERQDWH�DQG�K\GUR[\O�LRQV�LQ�ZDWHU��,W�LV�DJDLQ�LPSRUWDQW�EHFDXVH�LW�DFWV�DV�D�VWDELOL]HU�IRU�
S+�RU�EXIIHUV�DJDLQVW�UDSLG�FKDQJHV�LQ�S+�RI�ZDWHU��:DWHU�ZLWK�ORZ�OHYHO�RI�DONDOLQLW\��������330��LV�
PRUH�OLNHO\�WR�EH�FRUURVLYHV����)LJ����VKRZV�WKH�DONDOLQLW\�RI�GLIIHUHQW�ZDWHU�VDPSOHV��$ONDOLQLW\�RI�SRQG�
ZDWHU�ZDV�PXFK� ORZHU� WKDQ� WKDW�RI� ULYHU�ZDWHU�� �7KHUH�DUH�D�JUHDW�YDULDWLRQ� LQ�DONDOLQLW\�YDOXH�RI� ULYHU�
ZDWHU��,W�ZDV�IRXQG� WKDW�DONDOLQLW\�RI�%DJPDWL� ULYHU�ZDWHU� �����SSP��ZDV�KLJKHU� WKDQ�'KRELNKROD�ULYHU�
ZDWHU������SSP��DQG�%LVQXPDWL�ULYHU�ZDWHU������SSP���7KH�DONDOLQLW\�RI�%LVQXPDWL�ULYHU�ZDWHU�ZDV�ORZHU�
WKDQ� 'KRELNKROD� ULYHU� ZDWHU��0HDVXUHPHQW� RI� S+� DOVR� DWWULEXWHG� VLPLODU� UHVXOW� L�H��� WKH� %DJPDWL� ULYHU�
ZDWHU�ZDV�PRUH�DONDOLQH�WKDQ�SRQG�ZDWHU�DQG�%LVKQXPDWL�ULYHU�ZDWHU�ZDV�OHVV�DONDOLQH�WKDQ�'KRELNKROD�
ULYHU� ZDWHU�� � /RZ� DONDOLQLW\� RI� SRQG� ZDWHU� LQGLFDWHV� WKDW� WKHUH� ZHUH� OHVV� DPRXQW� RI� FDOFLXP� DQG�
PDJQHVLXP� LRQV��7KH�KLJK�DONDOLQLW\�YDOXH�RI�%DJPDWL� ULYHU�ZDWHU� DWWULEXWHG� WKDW� WKH�ZDWHU�ZDV�KLJKO\�
FRQWDPLQDWHG�ZLWK�DONDOLQH�SROOXWDQWV�VXFK�DV�VRLO��FKHPLFDOV�IURP�UXQRII��ZDVWH�IURP�DTXDWLF�DQLPDOV�DQG�
GHFD\LQJ�RUJDQLF�PDWHULDO�����

)LJXUH�����$ONDOLQLW\�RI�ZDWHU�VDPSOHV�FROOHFWHG�IURP�SRQG�DQG�ULYHUV��
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)URP�WKH�SUHOLPLQDU\�UHVXOW��LW�ZDV�FRQVLGHUHG�WKDW�WKH�-DU�ZDWHU�DQG�&LW\�VXSSO\�ZDWHU�ZHUH�SRWDEOH�
DQG�SRQG�ZDWHU�DQG�ULYHU�ZDWHU�ZHUH�SROOXWHG��7KH�FRORXU�DQG�WXUELGLW\�LQGLFDWHG�WKDW�WKH\�PD\�FRQWHQW�
LQRUJDQLF� DQG� RUJDQLF� FRQWDPLQDQWV� DV� ZHOO� DV� SDWKRJHQV�� 6R� IXUWKHU� GHWDLO� DQDO\VLV� LV� QHFHVVDU\� WR�
FKDUDFWHUL]H� WKH� ZDWHU� TXDOLW\� RI� SRQG� DQG� ULYHU� ZDWHU�� 7KHUHIRUH�� SRQG� DQG� ULYHU� ZDWHU� ZHUH� IXUWKHU�
SDUDPHWHUL]HG�E\�PHDVXULQJ�WKH�FKORULQH�GHPDQG��

(IIHFW�RI�S+�RQ�FKORULQH�GHPDQG�

&KORULQH�� ZKHWKHU� LQ� WKH� IRUP� RI� SXUH� FKORULQH� JDV�� VRGLXP� K\SRFKORULWH� RU� FDOFLXP� K\SRFKORULWH��
GLVVROYHV�LQ�ZDWHU�WR�IRUP�K\SRFKORURXV�DQG�K\GURFKORULF�DFLGV��7KH�K\SRFKORURXV�DFLG��+2&O��LV�D�ZHDN�
DFLG�SDUWLDOO\�GLVVRFLDWHV�WR�K\GURJHQ�LRQ��+���DQG�K\SRFKORULWH�LRQV��2&O����7KH�HTXLOLEULXP�EHWZHHQ�XQ�
GLVVRFLDWHG� K\SRFKORURXV� DFLG� DQG� K\SRFKORULWH� LRQV� GHSHQGV� RQ� S+�� 7KXV� DQ\� IUHH� FKORULQH� RU�
K\SRFKORULWH� LRQ� �2&O��� DGGHG� WR� ZDWHU� ZRXOG� LPPHGLDWHO\� IRUP� HLWKHU� +2&O� RU� 2&O�� DQG� WKDW� ZDV�
FRQWUROOHG�E\�WKH�S+�YDOXH�RI�WKH�ZDWHU���������7KLV�LV�H[WUHPHO\�LPSRUWDQW�VLQFH�+2&O�DQG�2&O��GLIIHU�LQ�
GLVLQIHFWLRQ�DELOLW\��+2&O�KDV�D�JUHDWHU�GLVLQIHFWLRQ�SRWHQWLDO�WKDQ�2&O���$W�KLJK�S+��!����WKH�GLVVRFLDWHG�
IRUPV�SUHGRPLQDWH�DQG�EHORZ�S+����WKH�K\SRFKORURXV�DFLG�LV�YHU\�SRRUO\�GLVVRFLDWHG�����7KH�HIIHFW�RI�S+�
RQ�FKORULQH�GHPDQG� LQ� ULYHU�ZDWHU�ZDV�GHWHUPLQHG�XVLQJ�ZDWHU� VDPSOH� IURP�%DJPDWL� ULYHU��ZKLFK�ZDV�
VKRZQ�LQ�)LJXUH������

)LJXUH�����(IIHFW�RI�S+�RQ�FKORULQH�GHPDQG�RI�%DJPDWL�ULYHU�ZDWHU�

7KH�)LJ����VKRZHG�WKDW�WKH�FKORULQH�GHPDQG�ZDV�DERXW����DW�S+���DQG�GHFUHDVHG�WR�DERXW�����DW�S+����
ZKLFK� ZDV� WKH� PLQLPXP� FKORULQH� GHPDQG�� )XUWKHU� LQFUHDVLQJ� WKH� S+�� WKH� FKORULQH� GHPDQG� LQFUHDVHV�
VORZO\�DQG�UHPDLQV�DOPRVW�FRQVWDQW�DERYH�S+�����,W�FOHDUO\�LQGLFDWHG�WKDW�WKH�GLVLQIHFWLRQ�RI�FKORULQH�LV�
PRUH� HIIHFWLYH� DW� S+����� DQG�PHGLXP�EHWZHHQ�S+��� DQG� �� EXW� OHVV� HIIHFWLYH� DERYH� S+����$W� S+������
K\SRFKORURXV� DFLG� ZDV� PRUH� GRPLQDWHG� DQG� LQ� EHWZHHQ� S+� �� DQG� ��� ERWK� K\SRFKORURXV� DFLG� DQG�
K\SRFKORULWH� LRQV� DFW� HIIHFWLYHO\�� KRZHYHU� DERYH� S+� �� K\SRFKORULWH� LRQV� ZHUH� GRPLQDWHG� IRU�
GLVLQIHFWLRQ����7KH� UHVXOWV� UHYHOV� WKDW� FKORULQH� GLVLQIHFWLRQ�ZDV�PRUH� HIIHFWLYH� EHWZHHQ�S+��� WR� ��� �$V�
VKRZQ�LQ�7DEOH����WKH�S+�RI�SRQG�DQG�ULYHU�ZDWHU�YDULHV�EHWZHHQ�����DQG������+HQFH��LW�ZDV�FRQVLGHUHG�
WKDW�WKH�+2&O�DV�ZHOO�DV�2&O��ERWK�ZLOO�DFW�DV�GLVLQIHFWDQW�VSHFLHV�KHQFH��HIIHFWLYHQHVV�RI�FKORULQH�ZLOO�EH�
PHGLXP�DQG�ZLOO�UHPDLQ�DOPRVW�FRQVWDQW�DW�REVHUYHG�S+�������������RI�SRQG�DQG�ULYHU�ZDWHU���
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&KORULQH�GHPDQG�

&KORULQDWLRQ�RI�ZDWHU� LV� WKH�PRVW�ZLGHO\�XVHG�PHWKRG�RI�GLVLQIHFWLRQ�QRZDGD\V�EHFDXVH�LW�NLOOV�DQG�
UHPRYHV�D�EURDG�VSHFWUXP�RI�SDWKRJHQLF�PLFURRUJDQLVP�UHVSRQVLEOH�IRU�ZDWHU�ERUQH�GLVHDVHV������������7KH�
DPRXQW�RI�FKORULQH�DSSOLHG�LV�UHODWHG�WR�WKH�GHPDQG�RI�WKH�VRXUFH�ZDWHU��ZKLFK�LV�WKH�DPRXQW�RI�FKORULQH�
QHHGHG� WR� VDWLVI\� DOO� FKHPLFDO� UHDFWLRQV�� &KORULQH� GHPDQG� JHQHUDOO\� LQFUHDVHV� ZLWK� LQFUHDVLQJ�
FRQFHQWUDWLRQV�RI�LQRUJDQLF�PDWWHU��RUJDQLF�PDWWHU��EDFWHULDO�FRXQW��FRQGXFWLYLW\�HWF�����7XUELGLW\�FDQ�KDYH�
JUHDW�HIIHFW�RQ�WKH�FKORULQH�GHPDQG�RI�WKH�V\VWHP�DV�LW�LV�FRPSRVHG�RI�ERWK�LQRUJDQLF�DQG�RUJDQLF�PDWWHUV��
7RWDO�RUJDQLF�FDUERQ��72&���ZKLFK�LV�DVVRFLDWHG�ZLWK�WXUELGLW\��H[HUWV�D�YHU\�ODUJH�FKORULQH�GHPDQG�����

)LJXUH�����&KORULQH�GHPDQG�RI�ZDWHU�VDPSOHV�IURP�SRQG�DQG�ULYHUV�

7KH�SUHOLPLQDU\�UHVXOWV�>)LJ���@�VKRZHG�WKDW�SRQG�ZDWHU�ZDV�VOLJKWO\�WXUELG�EXW�%DJPDWL�ULYHU�ZDWHU�
ZDV�KLJKO\�WXUELG�WKDQ�SRQG�ZDWHU��%LVQXPDWL�ULYHU�ZDWHU�DQG�'KRELNKROD�ULYHU�ZDWHU�ZHUH�PRUH�WXUELG�
WKDQ� %DJPDWL� ULYHU� ZDWHU�� %LVQXPDWL� ULYHU�ZDWHU�ZDV� KLJKO\� SROOXWHG�WXUELG� WKDQ� SRQG�� %DJPDWL� ULYHU��
'KRELNKROD�ULYHU�ZDWHU��7KH�FKORULQH�GHPDQG�RI�DOO�VDPSOHV�ZDV�SORWWHG�LQ�)LJ�����7KH�ILJXUH�VKRZV�WKDW�
FKORULQH�GHPDQG�RI�SRQG�ZDWHU�ZDV�DERXW������SSP�ZKHUHDV�WKDW�RI�%DJPDWL�ULYHU�ZDWHU�ZDV�������SSP��
&KORULQH� GHPDQG� RI� 'KRELNKROD� ULYHU� ZDWHU� ZDV� ������ SSP�� %LVQXPDWL� ULYHU� ZDWHU� VKRZV� KLJKHVW�
FKORULQH�GHPDQG�RI�������SSP��7KH�FRORXU�RI�ZDWHU�VDPSOHV�UHYHOV�WKDW�ULYHU�ZDWHU�FRQWDLQ�ODUJH�DPRXQW�
RI� LQRUJDQLF� DQG� RUJDQLF� SROOXWDQWV��ZKLFK� LQFUHDVH� WXUELGLW\��ZKLFK�ZDV� UHVSRQVLEOH� IRU� KLJK� FKORULQH�
GHPDQG�LQ�%LVKQXPDWL�ULYHU�ZDWHU��)URP�WKH�UHVXOWV�LW�LV�FRQVLGHUHG�WKDW�%LVKQXPDWL�ULYHU�ZDWHU�ZDV�PRVW�
SROOXWHG�DPRQJ�WKH�REVHUYHG�ULYHU�ZDWHU�LQ�WKLV�VWXG\��

&RQWDFW�WLPH�

7KH�FRQWDFW��UHWHQWLRQ��WLPH�LQ�FKORULQDWLRQ�LV�WKDW�SHULRG�EHWZHHQ�LQWURGXFWLRQ�RI�WKH�GLVLQIHFWDQW�DQG�
ZKHQ� WKH� ZDWHU� LV� XVHG�� $� ORQJ� LQWHUDFWLRQ� EHWZHHQ� FKORULQH� DQG� WKH� PLFURRUJDQLVPV� UHVXOWV� LQ� DQ�
HIIHFWLYH� GLVLQIHFWLRQ� SURFHVV�� &RQWDFW� WLPH� YDULHV� ZLWK� FKORULQH� FRQFHQWUDWLRQ�� WKH� W\SH� RI� SDWKRJHQV�
SUHVHQW��S+��DQG�WHPSHUDWXUH�RI�WKH�ZDWHU��7KH�FRQWDFW�WLPH�RI�FKORULQDWLRQ�LQ�SRQG�DQG�ULYHU�ZDWHU�ZDV�
SORWWHG�LQ�)LJ�����,W�ZDV�IRXQG�WKDW�WKH�FRQWDFW�WLPH�RI�%LVKQXPDWL�ULYHU�ZDWHU�ZDV�KLJKHVW�DPRQJ�DOO�WKH�
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VDPSOHV��7KH�WHPSHUDWXUH�DQG�S+�RI�DOO�VDPSOHV�ZHUH�DOPRVW�VLPLODU��KHQFH��WKH�ORQJ�FRQWDFW�WLPH�LV�WKH�
LQGLFDWLRQV�RI�SUHVHQFH�RI�KLJK�OHYHO�RI�SDWKRJHQV���

)LJXUH�����&RQWDFW�WLPH�RI�FKORULQDWLRQ�RI�SRQG�DQG�ULYHU�ZDWHU��

7KH� YDULDWLRQ� RI� FKORULQH� GHPDQG�ZLWK� FRQWDFW� WLPH�ZDV� SORWWHG� LQ� )LJ�� ��� � 7KH� ILJXUH� VKRZV� WKDW�
FKORULQH�GHPDQG�RI�SRQG�ZDWHU�LQFUHDVHV�ZLWK�WLPH�LQLWLDOO\�DQG�EHFRPHV�FRQVWDQW�DIWHU����PLQXWH�ZLWK�
FKORULQH�GHPDQG�RI������SSP��7KLV�DWWULEXWHG�WKDW�WKH�HTXLOLEULXP�FRQGLWLRQ�UHDFK�DW�DERXW����PLQ��7KH�
SRQG�ZDWHU�ZDV�PRUH�RU�OHVV�FOHDU�DQG�KDV�YHU\�ORZ�FKORULQH�GHPDQG��+HQFH��DERXW�����SSP�FKORULQH�GRVH�
DQG�DERXW����PLQ�LV�HQRXJK�WR�NLOO�JHUPLFLGHV��EDFWHULD��YLUXVHV�LQ�SRQG�ZDWHU��7KH�FKORULQH�GHPDQG�RI�
SRQG�ZDWHU�LV�ZLWKLQ�WKH�:+2�VWDQGDUG�KHQFH�FDQ�XVHG�IRU�GRPHVWLF�SXUSRVH�DIWHU�WUHDWPHQW�

,Q�WKH�FDVH�RI�%DJPDWL�ULYHU�ZDWHU�WKH�FKORULQH�GHPDQG�VORZO\�LQFUHDVHV�LQLWLDOO\�DQG�UHDFKHG�DOPRVW�
FRQVWDQW� DW� DERXW� RI� ������ SSP�� )LJXUH� VKRZV� WKDW� DIWHU� ��� PLQXWH� RI� FRQWDFW� WLPH� FKORULQH� GHPDQG�
EHFRPHV�FRQVWDQW�L�H���LW�UHDFKHV�D�GHVLUHG�OHYHO�RI�FKORULQH�DIWHU����PLQXWH�RI�FRQWDFW�WLPH���

)LJXUH�����9DULDWLRQ�RI�FKORULQH�GHPDQG�ZLWK�FRQWDFW�WLPH�RI�ZDWHU�IURP�3RQG�DQG�ULYHU��
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7KH�FORULQH�GHPDQG�RI�'KRELNKROD�ULYHU�EHFRPH�FRQVWDQW�DW�FRQWDFW�WLPH�RI�DERXW����PLQXWH��

7KH� %LVQXPDWL� ULYHU� ZDWHU� VKRZV� KLJKHVW� FKORULQH� GHPDQG� RI� ������ SSP� DIWHU� FRQWDFW� WLPH� RI� ���
PLQXWH�� 1RW� RQO\� %LVQXPDWL� ULYHU�� %DJPDWL� DQG� 'KRELNKROD� ULYHUV� ZHUH� DOVR� SROOXWHG� DQG� KDG� KLJK�
FKORULQH� GHPDQG� EXW� OHVV� WKDQ� %LVQXPDWL� ULYHU�� ,W� DWWULEXWHV� WKDW� ULYHU� ZDWHU� FRQWDLQV� ODUJH� DPRXQW� RI�
SDWKRJHQV��WKH\�PD\�FDXVH�YDULRXV�GLVHDVHV�OLNH�GLDUUKRHD��IHYHU��W\SKRLG�DQG�PDQ\�PRUH�ZKHQ�SHRSOH�RU�
OLYHV�FRPH�LQ�FRQWDFW�ZLWK�WKHVH�ULYHU�ZDWHU��:+2�UHSRUWHG�WKDW�FKORULQH�GHPDQG�JUHDWHU�WKDQ���SSP�LQ�
ZDWHU�LV�GDQJHURXV�IRU�OLYLQJ�EHLQJV���7KHVH�WKUHH�ULYHUV�L�H��%DJPDWL��%LVQXPDWL�DQG�'KRELNKROD�WKDW�KDG�
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