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(IIHFWLYH�5HPRYDO�RI�1LWUDWH��1LWULWH��$PPRQLD�DQG�,URQ�
IURP�&RQWDPLQDWHG�*URXQG�:DWHU�XVLQJ�%LR�6DQG�0HWKRG�

DQG�6SRQJH�/D\HU�)LOWUDWLRQ�0HWKRG�

�3XVSD�/DO�+RPDJDL �DQG�6XMDQ�3RXGHO�
�$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��7KDPHO��.DWKPDQGX��1HSDO�

(PDLO��KRPDJDLSO#JPDLO�FRP�

$EVWUDFW�

$�VWXG\�ZDV�XQGHUWDNHQ�WR�FRPSDUH�WKH�UHPRYDO�HIILFLHQF\�RI�1LWUDWH��1LWULWH��$PPRQLD�DQG�,URQ�IURP�
JURXQG� ZDWHU� E\� XVLQJ� %LR�6DQG� DQG� 6SRQJH� OD\HU� )LOWUDWLRQ� SURFHVV�� 6DPSOHV� ZHUH� FROOHFWHG� IURP�
JURXQG� ZDWHU� VRXUFHV� RI� GLIIHUHQW� ORFDWLRQV� RI� .DWKPDQGX�� %KDNWDSXU� DQG� /DOLWSXU� GLVWULFWV�� 7KH�
FRQFHQWUDWLRQ�RI�WKHVH�HOHPHQWV�ZDV�IRXQG�RYHU�WKH�:+2�JXLGHOLQH�IRU�GULQNLQJ�ZDWHU���7KH�S+�YDOXHV�RI�
DOO� ZDWHU� VDPSOHV�ZHUH� IRXQG� WR� OLH�ZLWKLQ�1HSDO� 6WDQGDUG� ���� WR� ����� 7KH� FRQFHQWUDWLRQ� RI� DPPRQLD�
YDULHV�IURP�SODFH�WR�SODFH�DOWKRXJK�PRVW�RI�WKH�ZHOO�ZDWHU�LQ�WKHVH�GLVWULFWV�ZDV�IRXQG�DERYH�WKH�:+2�
JXLGHOLQH�����PJ�/��1LWUDWH��QLWULWH�DQG� LURQ�DUH�DOVR�YDULHG�SODFH� WR�SODFH��7KH�UHPRYDO�SHUFHQWDJH�RI�
1LWUDWH��1LWULWH��$PPRQLD�DQG�,URQ�ZDV�IRXQG�����������������������DQG��������SHUFHQWDJH�LQ�%LR�6DQG�
)LOWUDWLRQ�3URFHVV�LQ�DQ�DYHUDJH�DQG�ZDV�IRXQG������������������������DQG��������SHUFHQWDJH�LQ�6SRQJH�
/D\HU�)LOWUDWLRQ�3URFHVV��

.H\ZRUGV��%LR�6DQG�)LOWUDWLRQ��6SRQJH�OD\HU�)LOWUDWLRQ��:DWHU�FRQWDPLQDWLRQ��7R[LF�LRQV�

,QWURGXFWLRQ

:DWHU�FRQWDPLQDWLRQV�E\�WR[LF�FKHPLFDOV�DQG�ELRORJLFDO�DJHQWV�DUH�EHLQJ�VHULRXV�SUREOHPV�QRZ�GD\V���
7KH�OHYHOV�RI�QLWUDWH���QLWULWH���DPPRQLD���LURQ��DQG�RWKHU�WR[LF�FKHPLFDOV�SUHVHQW�LQ�ZDWHU�KHOSV�WR�PRQLWRU�
WKH�VWDQGDUG�RI�GULQNLQJ�ZDWHU��+LJK�OHYHOV�RI�QLWULWHV�DUH�WR[LF�WR�KXPDQV�DV�ZHOO�DV�DQLPDOV��HVSHFLDOO\�
LQIDQWV��,W�FDQ�HQWHU�WKH�ERG\�DV�QLWUDWH�DQG�EH�FRQYHUWHG�LQWR�QLWULWH��ZKLFK�GLVUXSWV�WKH�R[\JHQ�GHOLYHULQJ�
DELOLW\�RI�KHPRJORELQ�LQ�WKH�EORRG�VWUHDP��1LWULWH�ZDV�VKRZQ�WR�UHDFW�ZLWK�QLWURVDWDEOH�FRPSRXQGV�LQ�WKH�
KXPDQ� VWRPDFK� WR� IRUP� 1�QLWURVR� FRPSRXQGV��� %OXH� EDE\� V\QGURPH� �PHWKHPRJORELQHPLD�� LV� EHLQJ�
VHULRXV�SUREOHPV�LQ�LQIDQWV�FDXVHG�E\�H[FHVV�QLWUDWH���%HVLGH�WKH�QLWUDWH�DQG�QLWULWH��H[FHVV�DPPRQLD�DOVR�
SOD\V�YLWDO�UROH�LQ�PXVFOH�ZHDNQHVV��IDWLJXH��NLGQH\�GLVIXQFWLRQLQJ�RU�HYHQ�GDPDJH��,QKDODWLRQ�RI�ORZHU�
FRQFHQWUDWLRQV� RI� DPPRQLD� FDQ� FDXVH� FRXJKLQJ� ZLWK� QRVH� DQG� WKURDW� LUULWDWLRQ� ZKLFK� FDQ� FDXVH�
EURQFKLRODU�DQG�DOYHRODU�HGHPD��DQG�DLUZD\�GHVWUXFWLRQ�UHVXOWLQJ�LQ�UHVSLUDWRU\�GLVWUHVV�RU�HYHQ�IDLOXUH���
7KH� SUHVHQFH� RI� DPPRQLD� DW� KLJKHU� WKDQ� JHRJHQLF� OHYHOV� LV� DQ� LPSRUWDQW� LQGLFDWRU� RI� IDHFDO� SROOXWLRQ��
6XFK� 1LWUDWHV�� 1LWULWHV� DQG� $PPRQLD� LQ� WKH� JURXQG� ZDWHU� DUH� JHQHUDOO\� IURP� IHUWLOL]HU� UXQRII�� OHDN\�
FHVVSRROV��VHZDJH�WUHDWPHQW�SODQWV��PDQXUH�UXQRII�DQG�XQPDQDJHG�VHSWLF���

�ŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ
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,URQ�FRQWDPLQDWLRQ�LQ�GULQNLQJ�ZDWHU�KDV�EHHQ�UHFRUGHG�IURP�ODVW�GHFDGH�DQG�IRXQG�WR�FDXVH�$QHPLD�
ZKLFK�LV�FRPPRQ�DOO�RYHU�WKH�ZRUOG�DPRQJ�PDQ\�GHPRJUDSKLFV�DIIHFWLQJ�PRUH�WKDQ�����RI�WKH�ZRUOG¶V�
SRSXODWLRQ� DQG�GLVSURSRUWLRQDWHO\� DIIHFWLQJ�QHDUO\�KDOI� RI� DOO�ZRPHQ�� DGROHVFHQW�JLUOV�� DQG� FKLOGUHQ������
,URQ�H[LVW�LQ�ERWK�WKH�R[LGDWLRQ�VWDWH�)H�,��DQG�)H�,,��VWDWH�DQG�KDV�JUHDW�UROH�LQ�KXPDQ�ERG\�IXQFWLRQLQJ�
E\� WKH� WUDQVSRUW�RI� WKH�R[\JHQ� WKURXJKRXW� WKH�ERG\���� ,URQ� LV�QRW�KD]DUGRXV� WR�KHDOWK�DV� LW� UHTXLUHG� IRU�
ERG\�IXQFWLRQLQJ�XS�WR�D�FHUWDLQ�OLPLW��EXW�LW�LV�FRQVLGHUHG�D�VHFRQGDU\�RU�DHVWKHWLF�FRQWDPLQDQW����:DWHU�
GLVDJUHHDEOH� PHWDOOLF� WDVWH� LV� JLYHQ� E\� GLVVROYHG� IHUURXV� LURQ� ZKHUHDV� DQ� LQN\� EODFN� DSSHDUDQFH� DQG�
XQDFFHSWDEOH� WDVWH� LV� JLYHQ�ZKHQ� LW� FRPELQHV�ZLWK� WHD�� FRIIHH� DQG� RWKHU� EHYHUDJHV����:KHQ� YHJHWDEOHV�
ZHUH�FRRNHG�LQ�ZDWHU�FRQWDLQLQJ�H[FHVVLYH�LURQ�WKHQ�LW�WXUQV�GDUN�DQG�ORRN�XQDSSHDOLQJ���

%LR�VDQG� ILOWHU� LV� DQ� LQQRYDWLYH� YHUVLRQ� RI� WKH� VORZ� VDQG� ILOWHU� VSHFLILFDOO\� GHVLJQHG� IRU� ZDWHU�
SXULILFDWLRQ� WKDW� XVHV� VDQG�� JUDYHOV� DQG� FRQFUHWHV� DERXW� WKH� VL]H� RI� DQ� RIILFH� ZDWHU� FRROHU� ZLWK� VRPH�
VLPSOH� HQJLQHHULQJ� WR� SXULI\� ZDWHU� FRQWDPLQDWHG� ZLWK� ELRORJLFV� DQG� FKHPLFDOV���� *HQHUDOO\�� %LR�VDQG�
V\VWHP�LV�PDGH�XS�RI�FRQFUHWH�ILOOHG�ZLWK�OD\HUV�RI�JUDYHO�DQG�VDQG�WKDW�HQFRXUDJH�WKH�JURZWK�RI�QDWXUDOO\�
SUHVHQW�PLFUREHV� LQ�ZDWHU�� MXVW� OLNH� LQ� WKH� JURXQG� LQ� QDWXUH�� 7KHVH�PLFUREHV� GHYHORS� LQWR� ELROD\HU� RU�
ELRILOP��ZKLFK� GHVWUR\V� GLVHDVH�FDXVLQJ� SDWKRJHQLF�PLFUREHV� WR� FUHDWH� FOHDQ� GULQNLQJ�ZDWHU�� 7KH� VDQG�
DOVR�FDXVHV�SDWKRJHQLF�PLFUREHV�WR�EHFRPH�WUDSSHG��DGVRUEHG�RU�VXFNHG�WKDW�KHOS�WR�GLH�IURP�ODFN�RI�IRRG�
RU� R[\JHQ��� 7KLV� LV� WKH� ZD\� KRZ� %LR�VDQG� ILOWUDWLRQ� V\VWHP� ZRUNHG� IRU� SXULILFDWLRQ� RI� GLUW\� ZDWHU�
FRQWDPLQDWHG�ZLWK�PLFUREHV���

/LNH�WKLV���IRU�SXULILFDWLRQ�RI�ZDWHU�GLIIHUHQW�ILOWHU�V\VWHP�VXFK�DV�DFWLYDWHG�DOXPLQD�ZDWHU�ILOWHU����ILOWHU�
ZLWK�DFWLYDWHG�FDUERQ��FHUDPLF�ILOWHU�� UHYHUVH�RVPRVLV�ILOWHU��XOWUDYLROHW�ZDWHU�SXULILHU��ZDWHU�GLVWLOODWLRQ��
ZDWHU�ILOWHU�SLWFKHU��IDXFHW�ZDWHU�ILOWHU��VKRZHUKHDG�ILOWHU��FRXQWHUWRS�ZDWHU�ILOWHU��XQGHU�VLQN�ZDWHU�ILOWHU��
ZKROH�KRXVH�ZDWHU�ILOWHU�V\VWHP�KDV�EHHQ�XVHG�ZLGHO\�HQWLUH�WKH�ZRUOG��6LPLODUO\�ORZ�FRVW�VSRQJH�LV�DOVR�
XVHG� ZLGHO\� IRU� WKH� DGVRUSWLRQ� RI� GLIIHUHQW� PHWDOV� OLNH� DUVHQLF�� LURQ�� OHDG�� FDGPLXP�� QLWUDWH�� QLWULWH��
DPPRQLD�HWF��,Q�WKLV�UHVHDUFK�6SRQJH�OD\HU�ILOWUDWLRQ�ZDV�XVHG�IRU�WKH�FRPSDUDEOH�VWXG\�ZLWK�ZLGHO\�XVHG�
%LR�VDQG�ILOWUDWLRQ�IRU�WKH�SXULILFDWLRQ�RI�ZDWHU��7KH�PDLQ�REMHFWLYH�RI�WKLV�UHVHDUFK�ZRUN�LV�WR�FRPSDUH�
WKH� %LR�VDQG�ZDWHU� SXULILFDWLRQ� V\VWHP� DQG� 6SRQJH� OD\HU� ILOWUDWLRQ� V\VWHP� IRU� WKH� UHPRYDO� RI� 1LWUDWH��
1LWULWH��$PPRQLD�DQG�,URQ��7KLV�UHVHDUFK�ZLOO�EH�ERRQ�IRU�WKH�ZDWHU�SXULILFDWLRQ�V\VWHP�ZLWK�ORZ�FRVW�WKDW�
FDQ�EH�SUHSDUHG�E\�XVLQJ�ORFDOO\�DYDLODEOH�PDWHULDOV�

([SHULPHQWDO�0HWKRGV�

,QVWDOODWLRQ�RI�%LR�6DQG�5HDFWRU

%LR�VDQG� UHDFWRU� FRQVLVWLQJ� VDQG�� JUDYHOV� DQG� FRQFUHWHV� DERXW� VL]H� RI� DQ� RIILFH� ZDWHU� FRROHU� ZDV�
LQVWLOOHG�PDQXDOO\��,W�ZDV�PDGH�E\�XVLQJ�ORFDOO\�DYDLODEOH�EXFNHWV��7KH�EXFNHWV�ZHUH�DUUDQJHG�LQ�FROXPQ��
&RQWDPLQDWHG� ZDWHU� ZDV� VXSSOLHG� DW� WKH� UDWH� RI� ���� P/� SHU� PLQXWH� IURP� WKH� WRS� RI� FROXPQ�� ,W� ZDV�
DOORZHG�LQVLGH�WKH�V\VWHP�DQG�GUDLQHG�RXW�IURP�WKH�ERWWRP�RI�WKH�ILOWHU�V\VWHP��:DWHU�SUHYHQWV�VDQG�IURP�
GU\LQJ�DQG� LW�DOVR�NHHSV�PRLVWXUH� LQ�ILQH�VDQG�GXULQJ� WKH�IRUPDWLRQ�RI�D�ELRILOP� OD\HU�DQG�SUHYHQWV� WKH�
OD\HU� RI� ELRILOP� IURP� GDPDJH��'LIIXVLRQ� SODWH�PDGH� XS� RI� ILEHU� SODVWLF�ZDV� DGMXVWHG� MXVW� DERYH�ZDWHU�
VXUIDFH� WR�PDLQWDLQ�ZDWHU� IORZ� UDWH��:DWHU� LV� UHFHLYHG� WKURXJK� RULILFH� KROH� SODFHG� RQ� WKH� ODWHUDO� SLSH��
/RFDOO\�DYDLODEOH�ULYHU�VDQG�ZDV�VHOHFWLYHO\�VLHYHG��XVLQJ�D�VHW�RI�VLHYHV� IRU�VDQG�DQDO\VLV��7KH�SRUWLRQ�
SDVVLQJ�WKURXJK������PP�VLHYH�DQG�UHWDLQHG�RQ�������PP�ZDV�XVHG�LQ�WKLV�VWXG\�DV�ILOWHU�PHGLXP��)LOWHU�
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PHGLXP�KDYH�DQ�HIIHFWLYH�VL]H�RI������±������PP�ILOOHG�LQWR�WKH�UHDFWRU�ZLWK�GHSWK�RI����PP�RQ�WKH�WRS�
DQG�FRDUVH�VDQG�RI������PP�VL]H�DQG����FP�LQ�WKH�PLGGOH�RI�PHGLD��)LQDOO\��LQ�WKH�ODVW�ERWWRP�OD\HUV�RI�
XQGHU� GUDLQ� KDYH�JUDYHO� RI� ������PP� VL]H� RI� ��� FP��6DQG� DQG�JUDYHOV�ZHUH�ZDVKHG�ZLWK� FOHDQ�ZDWHU�
VHYHUDO�WLPHV�WR�HOLPLQDWH�SROOXWDQW�SUHVHQW�LQ�ILOWUDWLRQ�PHGLD�DQG�LW�ZDV�GULHG�LQ�DQ�RYHQ�IRU����KRXUV�DW�
WKH�WHPSHUDWXUH�RI������&�IRU�VWHULOL]DWLRQ��DIWHU�WKDW�PHGLD�ZHUH�SXW�LQWR�UHDFWRU�VHTXHQWLDOO\��)LOWHU�PHGLD�
ZHUH�VLHYHG�DQG�ZDVKHG�WR�UHPRYH�FOD\�SDUWLFOHV��RUJDQLF�FRQWHQWV�DQG�RWKHU�PDWHULDOV�LQ�DFFRUGDQFH�WR�
PHHW�VWDQGDUG�SURFHGXUHV��)LQDOO\��ILOWHU�ZDWHU�ZDV�FROOHFWHG�DQG�QLWUDWH��QLWULWH��DPPRQLD�DQG�LURQ�ZHUH�
PHDVXUHG�DQG�WDOO\�ZLWK�VWDQGDUG�YDOXH�IRU�GULQNLQJ�ZDWHU�SUHVFULEHG�E\�:+2��

,QVWLOODWLRQ�RI�6SRQJH�/D\HU�)LOWHU�6\VWHP

7KH�VOLFHV�RI�VSRQJH�ILOWHU�ZHUH�FROOHFWHG�IURP�WKH�ORFDO�PDUNHW��7R�FRPSDUH�WKH�UHVXOWV�REWDLQHG�IURP�
6SRQJH�OD\HU�ILOWHU�PHWKRG�ZLWK�%LR�VDQG�PHWKRG��IORZ�UDWH�RI�ZDWHU�ZDV�IL[HG�RI�����PO�SHU�PLQXWH�IURP�
WKH� LQOHW�� 7KH� VSRQJH� VOLFH� RI� RQH� PHWHU� ZDV� OD\� GRZQ� XS� WR� ��� PHWHU� LQ� KRUL]RQWDO� SRVLWLRQ� IRU� DQ�
DGVRUSWLRQ�SURFHVV��6SRQJH�VOLFHV�ZHUH�RYHUODSV�RQH�DIWHU�DQRWKHU�WR�PDNH�OD\HU��7KLV�ZKROH�V\VWHP�ZDV�
FRYHUHG�ZLWK�KDUG�SODVWLF�EDJ� WR� UHPRYH� WKH�DLU� FRQWDPLQDWLRQ�DQG� WR�SURWHFW� WKH� V\VWHP� IURP�H[WHUQDO�
DJHQWV�� 7KHQ� ZDWHU� ZDV� DOORZHG� RQ� WKH� VXUIDFH� RI� WKH� VSRQJH� IRU� WKH� DGVRUSWLRQ� RI� QLWUDWH�� QLWULWH��
DPPRQLD�DQG�LURQ��&RQFHQWUDWLRQV�RI�WKHVH�HOHPHQWV�EHIRUH�DQG�DIWHU�WKH�ILOWUDWLRQ�ZHUH�UHFRUGHG��)LQDOO\��
ILOWHUHG�ZDWHU�ZDV�FROOHFWHG�DQG�QLWUDWH��QLWULWH��DPPRQLD�DQG�LURQ�ZHUH�PHDVXUHG�DQG�WDOO\�ZLWK�VWDQGDUG�
YDOXH�IRU�GULQNLQJ�ZDWHU�SUHVFULEHG�E\�:+2��

:DWHU�6RXUFHV��

3XUH�GULQNLQJ�ZDWHU�KDV�EHHQ�VWLOO�SUREOHP�IRU�SHRSOHV�OLYLQJ�LQ�.DWKPDQGX��%KDNWDSXU�DQG�/DOLWSXU�
GLVWULFW�RI�1HSDO��:DWHU�VRXUFHV�OLNH�WDS��ZHOO��SXPS�DQG�ZDWHU�UHVHUYH�WDQN�ZHUH�XVHG�IRU�GDLO\�DFWLYLWLHV�
VXFK�DV�ZDVKLQJ�FORWKHV��EDWKLQJ�DQG�IRU�GULQNLQJ�ZDWHU�ZLWKLQ�WKHVH�GLVWULFWV��)RU�WKLV�H[SHULPHQW�ZDWHU�
VDPSOHV�ZHUH�FROOHFWHG�IURP�GLIIHUHQW�ORFDOLW\�RI�.DWKPDQGX��%KDNWDSXU�DQG�/DOLWSXU�GLVWULFW�DQG�DOORZV�
WR�ILOWUDWLRQ�V\VWHP��

&KHPLFDOV�DQG�5HDJHQWV

5HDJHQWV�IRU�1LWUDWH�DQG�1LWULWH

1LWUDWH� WHVW�ZDV�GRQH�E\�XVLQJ���1�+\GURFKORULF�DFLG�SUHSDUHG�E\�DGGLQJ�����PO�RI�GLVWLOOHG�ZDWHU�
ZLWK� ��� PO� RI� +\GURFKORULF� DFLG�� )RU� WKH� WHVW� RI� QLWULWH�� FRORULQJ� UHDJHQW� ZDV� SUHSDUHG� E\� DGGLQJ�
SKRVSKRULF� DFLG� RI� �� PO� ZLWK� VXOIDQLODPLGH� RI� ���� J� DQG� PL[HG� ZLWK� ����� JP� 1����QDSWK\O� HWK\OHQH�
GLDPLQH�GLK\GURFKORULGH��DQG�ULQVHG�LQ�YROXPHWULF�IODVN�RI����PO�XS�WR�WKH�PDUN��

5HDJHQWV�IRU�$PPRQLD

6ROXWLRQ�$�ZDV�SUHSDUHG�E\� WDNLQJ�����PO�GLVWLOOHG�ZDWHU� DQG�����JP�RI�SKHQRO� DQG��������JP�RI�
VRGLXP�QLWURSUXVVLGH�LQ�YROXPHWULF�IODVN�RI�����PO�DQG�LW�ZDV�ULQVHG�XS�WR�WKH�PDUN�E\�DGGLQJ�GLVWLOOHG�
ZDWHU��6LPLODUO\��6ROXWLRQ�%�ZDV�SUHSDUHG�E\�DGGLQJ������PO�RI�VRGLXP�K\SRFKORULWH�DQG������JP�1D2+�
LQ�����PO�RI�GLVWLOOHG�ZDWHU�DQG�ULQVHG�XS�WR�WKH�PDUN�RI�����PO�RI�VWDQGDUG�YROXPHWULF�IODVN��
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5HDJHQWV�IRU�,URQ

5HDJHQWV� IRU� ,URQ�ZDV� XVHG� DV�+&/��+\GUR[\ODPLQH� 6ROXWLRQ��$PPRQLXP� DFHWDWH� EXIIHU� VROXWLRQ��
3KHQDQWKUROLQH�VROXWLRQ�RI�����P/������P/����P/�DQG�����P/�UHVSHFWLYHO\��

5HVXOWV�DQG�'LVFXVVLRQ

1LWUDWH��1LWULWH��$PPRQLD�DQG� ,URQ� LQ�JURXQG�ZDWHU�KDV�EHHQ� UHJDUGHG�DV� VHULRXV�SUREOHP� LQ�1HSDO�
DQG�DOVR�HQWLUH�WKH�ZRUOG��$OO�PRVW�DOO�SHRSOH�HQWLUH�WKH�ZRUOG�FRQVXPHG�ODUJH�DPRXQW�RI�JURXQG�ZDWHU�IRU�
ZDVKLQJ��EDWKLQJ�FRRNLQJ��GULQNLQJ��K\GUR�HOHFWULFLW\�JHQHUDWLRQ�DQG�LUULJDWLRQ�SXUSRVH��$FFRUGLQJ�WR�WKH�
FHQVXV� UHFRUG�RI� �����%6�� DOO�PRVW� DOO� ��������KRXVHKROGV¶� SHRSOH� RI�.DWKPDQGX�� ������� KRXVHKROGV�
SHRSOH�RI�%KDNWDSXU�DQG���������KRXVHKROGV�SHRSOH�RI�/DOLWSXU�'LVWULFW�ZHUH�GHSHQG�XSRQ�JURXQG�ZDWHU�
UHVRXUFHV� WR�FRQGXFW�GLIIHUHQW�DFWLYLW\� LQ�GDLO\� OLIH�� � ,W�KDV�VHHQ� WKDW�PRVW�RI� WKH�SHRSOH�RI�.DWKPDQGX��
%KDNWDSXU�DQG�/DOLWSXU�GLVWULFW�XVH�7DS�ZDWHU�RU�3LSHG�ZDWHU�UDWKHU�WKDQ�7XEH�ZHOO�ZDWHU��6SRXW�ZDWHU��
5DLQ� ZDWHU� DQG� 5LYHU� ZDWHU�� ������ KRXVHKROGV� SHRSOH� RI� .DWKPDQGX�� ���� KRXVHKROGV� SHRSOH� RI�
%KDNWDSXU� DQG�������KRXVHKROGV�SHRSOH�RI�/DOLWSXU�KDYH�QRW� VWDUWHG� DQ\�RI�ZDWHU� VRXUFHV� IRU�GULQNLQJ�
ZDWHU�LQGLFDWHV��KRZ�PXFK�VFDUFLW\�KDV�EHHQ�IDFHG�E\�1HSDOHVH�WLOO�QRZ�IRU�SXUH�GULQNLQJ�ZDWHU��5HVW�RI�
WKH� UHPDLQLQJ�ZDWHU� VXSSO\� UDWKHU� WKDQ� WKHVH�DUH�DOVR� IRXQG�XQGHU� WKH�:+2�VWDQGDUG� IRU�GLUHFW�XVH�RI�
GULQNLQJ�ZDWHU�SXUSRVH���

7DEOH��� +RXVHKROGV�E\�VRXUFH�RI�GULQNLQJ�ZDWHU

6�1� 'LVWULFW� 7RWDO� 6RXUFH�RI�'ULQNLQJ�:DWHU�

7DS���
SLSHG�

7XEH�ZHOO���
KDQG�SXPS�

&RYHUHG�
ZHOO��

8QFRYHUHG�
ZHOO��

6SRXW�
ZDWHU�

5LYHU���
VWUHDP

2WKHUV� 1RW�
VWDWHG�

�� .DWKPDQGX� �������� �������� ������� ������� ������ ������� ������ ������� ������

�� %KDNWDSXU� ������� ������� ������ ������ ������ ������ ��� ������ ����

�� /DOLWSXU� �������� ������� ������ ������� ������ ������ ���� ������� ������

7KLV�GDWD�SURYLGHV�VXIILFLHQW�HYLGHQFH�IRU�WKH�XVH�RI�JURXQG�ZDWHU�UHVRXUFHV�LQ�.DWKPDQGX��%KDNWDSXU�
DQG�/DOLWSXU�'LVWULFW��$ERXW���������KRXVHKROGV�RI�.DWKPDQGX��%KDNWDSXU�DQG�/DOLWSXU�'LVWULFW�XWLOL]H�
JURXQG�ZDWHU�UHVRXUFHV�IRU�GD\�WR�GD\�SXUSRVHV��&RQWDPLQDWLRQ�RI�WKLV�ZDWHU�EULQJV�KD]DUGRXV�HIIHFW�IRU�
VRFLDO� VWDELOLW\�� HFRQRPLF� GHYHORSPHQW� DQG� HQWLUH� VWHSV� IRUZDUG� RI� WKH� 1DWLRQ�� 7R� RYHUFRPH� VXFK�
SUREOHPV� IDFHG� E\� FRQWDPLQDWHG� JURXQG�ZDWHU�� ORZ� FRVW�ZDWHU� SXULILFDWLRQ� SURFHVV� VKRXOG� EH� LQFUHDVH�
UDSLGO\�� 7KLV� UHVHDUFK� LV� RULHQWHG� WR� UHPRYH� FKHPLFDO� DQG� PLFURELDO� WR[LFLW\� IURP� LPSXUH� DQG�
FRQWDPLQDWHG�JURXQG�ZDWHU�UHVRXUFHV��%LR�VDQG�)LOWUDWLRQ�DQG�6SRQJH�OD\HU�ILOWUDWLRQ�SURFHVV�ZHUH�XVHG�
WR� UHPRYH� WKH� FRQWDPLQDWLRQ� RI� GULQNLQJ� ZDWHU� VRXUFHV� LQ� WKLV� UHVHDUFK�� 7KH� UHPRYDO� SHUFHQWDJH� LV�
FDOFXODWHG�E\�IROORZLQJ�UHODWLRQ��

:KHUH��&L DQG�&H DUH�LQLWLDO�DQG�ILQDO�FRQFHQWUDWLRQ�RI�UHVSHFWLYH�LRQV��
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DPPRQLD�LQ�JURXQG�ZDWHU�LQGLFDWHV�KRZ�PXFK�HQYLURQPHQWDO�SROOXWLRQ�LV�RQJRLQJ�SURFHVV��'XH�WR�RI�RYHU�
SRSXODWLRQ�� LQGXVWULDOL]DWLRQ� KDV� EHHQ� LQFUHDVHG� DQG� E\SURGXFW� RI� VXFK� LQGXVWULDOL]DWLRQ� PL[HV� ZLWK�
XQPDQDJHG� VHZDJH� GUDLQ� ZKLFK� GLUHFWO\� JURXQGHG� E\� ZDWHU� UHFKDUJLQJ� SURFHVV� OHDGLQJ� LQ� ULVH� WKH�
FRQFHQWUDWLRQ�RI�QLWUDWH��QLWULWH��DPPRQLD��LURQ�DQG�RWKHUV�WR[LF�FKHPLFDOV��:DWHU�LV�PRVW�FUXFLDO�HOHPHQW�
IRU� PRVW� RI� WKH� OLYLQJ� OLIH� LQ� WKH� (DUWK� DQG� EHLQJ� FRQWDPLQDWHG� VXFK� HOHPHQW� EULQJV� VRPEHU� HIIHFWV��
'LIIHUHQW�PHWKRGV�KDYH�EHHQ�GHYHORSHG� WR�SXULI\�FRQWDPLQDWHG�ZDWHU��3HRSOHV�XVHV� VHGLPHQW� ILOWUDWLRQ��
LRQ�H[FKDQJH��DFWLYDWHG�FDUERQ��XOWUD�YLROHW�OLJKW��PLFUR�ILOWHU��UHYHUVH�RVPRVLV��R]RQDWLRQ��ERWWOLQJ�SURFHVV�
HWF��WR�SXULI\�FRQWDPLQDWHG�ZDWHU��:DWHU�KDV�VLJQLILFDQW�UROH�IRU�IXQFWLRQLQJ�RI�KXPDQ�ERG\��+RZ�PXFK�
ZDWHU� VKRXOG� FRQVXPH� E\� ERG\� LV� GHSHQGV� XSRQ� ZHLJKW� RI� WKH� ERG\� DOWKRXJK� PRVW� RI� WKH� KHDOWK�
DXWKRULWLHV� FRPPRQO\� UHFRPPHQGHG� DERXW� WZR� OLWHUV� RU� KDOI� RI� D� JDOORQ�SXUH� GULQNLQJ�ZDWHU� FUDPPHG�
ZLWK� PLQHUDOV� VKRXOG� FRQVXPH� SHU� GD\� IRU� KHDOWK\� OLIH�� � 7KLV� UHVHDUFK� DLPHG� WR� PLQLPL]H� WKH�
FRQWDPLQDWLRQ�RI�VXFK�FUXFLDO�ZDWHU�DQG�IRFXV�RQ�SXULILFDWLRQ�SURFHVV��7R�DFKLHYH�WKH�DLP�ZDWHU�VDPSOHV�
IURP� GLIIHUHQW� ORFDWLRQ� ZHUH� FROOHFWHG� LQ� UHVHUYH� WDQN� DQG� DOORZV� WR� ILOWUDWLRQ� V\VWHP� WR� REVHUYH�
DPSXWDWLRQ�RI�ZDWHU�FRQWDPLQDWLRQ��'XULQJ�WKH�ILOWUDWLRQ�RI�VXFK�FRQWDPLQDWHG�ZDWHU�IROORZLQJ�UHVXOW�ZDV�
DFKLHYHG�VXFFHVVIXOO\����

)LJXUH����&RQFHQWUDWLRQ�3URILOH�RI�12��1�XVLQJ�%LR�6DQG�)LOWUDWLRQ�DQG�6SRQJH�/D\HU�)LOWUDWLRQ�

)LJXUH����&RQFHQWUDWLRQ�3URILOH�RI�12��1�XVLQJ�%LR�6DQG�)LOWUDWLRQ�DQG�6SRQJH�/D\HU�)LOWUDWLRQ�
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)LJXUH����&RQFHQWUDWLRQ�3URILOH�RI�1+��1�XVLQJ�%LR�6DQG�)LOWUDWLRQ�DQG�6SRQJH�/D\HU�)LOWUDWLRQ�

)LJXUH�����&RQFHQWUDWLRQ�3URILOH�RI�)H�LRQV�XVLQJ�%LR�6DQG�)LOWUDWLRQ�DQG�6SRQJH�/D\HU�)LOWUDWLRQ�

,W�ZDV�IRXQG�WKDW�ERWK�%LR�VDQG�ILOWUDWLRQ�SURFHVV�DQG�6SRQJH�OD\HU�ILOWUDWLRQ�JLYHV�HIIHFWLYH�UHVXOW�IRU�
WKH�UHPRYDO�RI�1LWUDWH��1LWULWH��$PPRQLD�DQG�,URQ��1RW�RQO\�WKH�FKHPLFDO�SDUDPHWHUV�LW�ZDV�IRXQG�WKDW�WKH�
SURFHVV� DOVR� KHOS� WR� UHPRYH�PLFURELDO� FRQWDPLQDWLRQ� HIIHFWLYHO\�� 7KH� IROORZLQJ� UHVXOWV�ZHUH� REVHUYHG�
GXULQJ�WKH�H[SHULPHQWV��

7DEOH��� 0LFURELDO�HIIHFWLYHQHVV�RI�ILOWUDWLRQ�SURFHVV

6�1� )LOWHU�6\VWHP� %DFWHULD� 9LUXVHV� 3URWR]RD� +HOPLQWKHV� 7XUELGLW\�
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,W�VLJQLI\�WKDW�%LR�VDQG�ILOWHU�DQG�6SRQJH�OD\HU�ILOWHU�FDQ�EH�XVHG�IRU�DQ\�NLQG�RI�ZDWHU�VRXUFHV� OLNH�
ZHOO�ZDWHU��ERUHKROH�ZDWHU��SRQG�ZDWHU�� ULYHU�ZDWHU�� WDS�VWDQG�ZDWHU�� HYHQ� LQ� UDLQ�ZDWHU��7KLV�PDNHV� LW�
YHU\�FRQYHQLHQW�IRU�SHRSOH�EHFDXVH�WKH\�FDQ�XVH�ZKLFKHYHU�ZDWHU�VRXUFH�LV�FORVHVW�WR�KRPH��PDNH�LW�VDIH�
WR�GULQN��,Q�FDVH�RI�%LR�VDQG�PHWKRG��ZDWHU�PXVW�QRW�EH�FKORULQDWHG�WKRXJK��RU�WKH�FKORULQH�ZLOO�NLOO�WKH�
ELROD\HU�� 7KH� ZDWHU� VKRXOG� QRW� FRQWDLQ� DQ\� GDQJHURXV� FKHPLFDOV�� EHFDXVH� WKH� %LR�VDQG� ILOWHU� FDQQRW�
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UHPRYH�PRVW�FKHPLFDOV�IURP�ZDWHU��,W�KDV�IRXQG�WKDW�FRQWDPLQDWHG�ZDWHU�SRXUHG�LQWR�WKH�WRS�RI�WKH�%LR�
VDQG�ILOWHU�DW�OHDVW�RQFH�SHU�GD\�EXW�QRW�FRQWLQXRXVO\��)RU�WKH�VSRQJH�OD\HU�DOVR�LW�KDV�IRXQG�WKDW�LW�PXVW�EH�
ZDVK�DQG�FOHDQ�WLPH�WR�WLPH��2WKHUZLVH�LW�FRXOG�QRW�SUHFHGH�HIIHFWLYH�UHVXOW��7KH�ZDWHU�SDVVHG�LQWR�WKH�WRS�
RI�WKH�ILOWHU�VORZO\�GULSV�WKURXJK�WKH�KROHV�LQ�WKH�GLIIXVHU��DQG�IORZV�GRZQ�WKURXJK�WKH�VDQG�DQG�JUDYHO��
7UHDWHG� ZDWHU� IORZV� RXW� RI� WKH� RXWOHW� WXEH� DQG� ILOWUDWLRQ� ZRUNV� LV� GRQH� E\� JUDYLW\�� 3DWKRJHQV� DQG�
VXVSHQGHG�VROLGV�DUH�UHPRYHG�WKURXJK�ELRORJLFDO�DQG�SK\VLFDO�SURFHVVHV�WKDW�WDNH�SODFH�LQ�WKH�VDQG��7KHVH�
SURFHVVHV�LQFOXGH�PHFKDQLFDO�WUDSSLQJ��SUHGDWLRQ��DGVRUSWLRQ��DQG�QDWXUDO�GHDWK��

*RYHUQPHQW� RI� 1HSDO� KDV� DOVR� IRFXV� RI� DWWHQWLRQ� RQ� GULQNLQJ� ZDWHU� VWDQGDUG�� $FFRUGLQJ� WR�
(QYLURQPHQW�6WDWLVWLFV�RI�1HSDO�������*RYHUQPHQW�RI�1HSDO��1DWLRQDO�3ODQQLQJ�&RPPLVVLRQ�6HFUHWDULDW��
&HQWUDO�%XUHDX�RI�6WDWLVWLFV��.DWKPDQGX��1HSDO��WKH�IROORZLQJ�VWDQGDUG�LV�UHFRPPHQGHG���

7DEOH��� *RYHUQPHQW�RI�1HSDO�DQG�:+2�JXLGHOLQHV�IRU�GULQNLQJ�:DWHU�TXDOLW\

6�1� 3DUDPHWHUV� 0D[LPXP�&RQFHQWUDWLRQ�
/LPLW�3UHVFULEHG�E\�*RY�RI�

1HSDO�

0D[LPXP�
&RQFHQWUDWLRQ�/LPLW�
3UHVFULEHG�E\�:+2�

&RQFHQWUDWLRQ�LQ�
'ULQNLQJ�3UHVFULEHG�

E\�:+2�
�� 1LWUDWH� ���PJ�/� ���PJ�/� ������PJ�/�
�� 1LWULWH� ���PJ�/O� ���PJ�/� ������PJ�/�
�� $PPRQLD� ����PJ�/� ����PJ�/� �������PJ�/�
�� ,URQ� ����PJ�/��ILJXUH�LQ�SDUHQWKHVLV�

DUH� XSSHU� UDQJH� RI� 6WDQGDUG�
UHFRPPHQGHG��

����PJ�/� ������PJ�/�

9DULRXV�UHVHDUFKHV�KDYH�EHHQ�DOUHDG\�GRQH�IRU�WKH�SXULILFDWLRQ�RI�ZDWHU�XVLQJ�%LR�VDQG�PHWKRG�DQG�
VSRQJH� ILOWUDWLRQ� PHWKRG�� ,W� LV� ZLGHO\� XVHG� LQ� GHYHORSLQJ� DQG� XQGHU� GHYHORSLQJ� FRXQWULHV� ZKHUH� LV�
SUREOHP�WR�XVHG�DGYDQFH�ILOWUDWLRQ�DQG�SXULILFDWLRQ�SURFHVV�EHFDXVH�RI�ORZ�HFRQRPLF�VWDWXV��7KLV�UHVHDUFK�
LV� RULHQWHG� IRU� WKRVH� XOWUD�SRRU� DQG� YXOQHUDEOH� IDPLOLHV� ZKR� FDQ� HDVLO\� XVH� VXFK� ILOWUDWLRQ� V\VWHP� IRU�
SXULILFDWLRQ�SURFHVV��7KH�DERYH�ILJXUH�������������VKRZV�DSSOLFDWLRQ�RI�VXFK�ILOWUDWLRQ�SURFHVV�LQ�RXU�GDLO\�
OLIH�EXW�LW�KDV�DOVR�VRPH�GUDZEDFNV�WKDW�LW�VKRXOG�EH�PDLQWDLQ�UHJXODUO\�ZKLFK�LV�TXLWH�WURXEOH�IRU�XVHUV��
7KLV�%LR�VDQG� ILOWUDWLRQ�PHWKRG� DQG�6SRQJH� ILOWUDWLRQ�PHWKRG�RI�ZDWHU� SXULILFDWLRQ� LV� EHLQJ� WUDGLWLRQDO�
PHWKRG� E\� WKH� GHYHORSPHQW� RI� VRSKLVWLFDWHG� WHFKQRORJ\� DOWKRXJK� LW� KDV� EHHQ� VWLOO� UXQQLQJ� LQ� XQGHU�
GHYHORS�FRXQWULHV��5HFHQWO\�VHYHUDO�DGYDQFH�WHFKQRORJLHV�KDYH�EHHQ�GHYHORSHG�ZKLFK�SHUIRUPV�HIIHFWLYH�
UHVXOW� WKDQ�VXFK�SURFHVV��7KLV� UHVHDUFK�ZDV�SHUIRUPHG� MXVW� WR�PLQLPL]H� WKH�GULQNLQJ�ZDWHU�SUREOHPV� LQ�
XQGHU�GHYHORSLQJ�FRXQWULHV�OLNH�1HSDO��7KH�ILJXUH���������������DQG���VKRZV�WKDW�WKHUH�LV�FRQWDPLQDWLRQ�RI�
H[FHVV�DPPRQLD�LQ�DOO�WKH����VDPSOHV�VSRW�RI�HDFK�.DWKPDQGX��%KDNWDSXU�DQG�/DOLWSXU�GLVWULFW�RI�1HSDO��
7KH� VDPSOH� RI� /DOLWSXU� GLVWULFW� ZDV� VKRZQ� WKH� FRQFHQWUDWLRQ� RI� QLWUDWH�� QLWULWH� DQG� DPPRQLD� LQ� TXLWH�
KLJKHU�FRQFHQWUDWLRQ��6LPLODUO\��%KDNWDSXU�GULQNLQJ�ZDWHU�VDPSOH�KDV�DOVR�SUREOHP�IRU�GLUHFW�XVHG�RI�ZHOO�
ZDWHU�EHFDXVH�RI�KLJKHU�DPPRQLD�FRQFHQWUDWLRQ��([FHVV�RI�LURQ�FDQ�EH�UHPRYHG�E\�WKH�DHUDWLRQ�SURFHVV�
DOVR�� ,W� KDV� VHHQ� PRVW� RI� WKH� KRXVHV� XVH� DHUDWLRQ� SURFHVV� WR� RYHUFRPH� LURQ� FRQFHQWUDWLRQ� EXW� H[FHVV�
DPPRQLD�FRQFHQWUDWLRQ�KDV�EHHQ�UHPRYHG�IURP�JURXQG�ZDWHU��8QPDQDJHG�VHZDJH�GLVWULEXWLRQ�DORQJ�ZLWK�
VWRRO�GUDLQ�PD\�SOD\�UROH� LQ� OHDNDJH�RI�GULQNLQJ�ZDWHU�SLSH�VXSSO\� OHDGLQJ�ZDWHU�FRQWDPLQDWLRQ�� ,W�ZDV�
IRXQG� WKDW� WKH� SLSHV� OLQHV� RI� GULQNLQJ� ZDWHU� DQG� VWRRO� GUDLQ� VKRXOG� EH� DYRLGHG� RU� VKRXOG� PDQDJH�
VFLHQWLILFDOO\� WR�DYRLG�XQZDQWHG� OHDNDJH�FRQWDPLQDWLRQ�RI� WDS�ZDWHU�ZLWK� LQ� WKHVH�GLVWULFWV��8QPDQDJHG�
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LQGXVWULHV� VHZDJH�� RUJDQLF� PDWWHU� GHFRPSRVLWLRQ�� RYHUXVHG� RI� IHUWLOL]HU� DOVR� LQIOXHQFHV� LQ� LQFUHDVH� RI�
DPPRQLD��QLWUDWH��QLWULWH�DQG�RWKHU�FKHPLFDOV�LQ�ZHOO�ZDWHU��2YHU�SRSXODWLRQ�HQWLUH�WKH�ZRUOG�LQFUHDVHV�WKH�
LQGXVWULDOL]DWLRQ�ZKLFK�DIIHFWV�WKH�HQYLURQPHQWDO�SUREOHPV�HQWLUH�WKH�ZRUOG��7KLV�HDUWK�LV�FRPPRQ�IRU�DOO�
SHRSOH�DURXQG�WKH�ZRUOG�DQG�LQWHU�FRQQHFWHG�WR�HDFK�RWKHU�VR�SUREOHPV�IDFHG�LQ�RQH�SODFH�PD\�EH�E\�QH[W�
SODFHV�VR�WKH�DWWHQWLRQ�RI�HQWLUH�ZRUOG�VKRXOG�IRFXV�RQ�VXFK�FRPPRQ�SUREOHPV�HQWLUH�WKH�ZRUOG��

7KH�S+�YDOXHV�RI�DOO�ZDWHU�VDPSOHV�ZHUH�IRXQG�WR�OLH�ZLWKLQ�1HSDO�6WDQGDUG��+DUGQHVV�RI�ZDWHU�ZDV�
IRXQG�LQ�ZLGH�UDQJH�RI�YDULDWLRQ�LW�PD\�EH�E\�WKH�FRQFHQWUDWLRQ�RI�$PPRQLD��1LWUDWH��1LWULWH�DQG�RWKHU�
HOHPHQWV��$�QXPEHU�RI�VRXUFHV�LQ�WKHVH�GLVWULFWV�ZHUH�IRXQG�ZLWKLQ�1HSDO�VWDQGDUG�OLPLW�RQO\�IRU�QLWUDWH�
DQG�QLWULWH�DQG�SHRSOH�DUH�XVLQJ�VXFK�ZDWHU�IRU�ZDVKLQJ�DQG�LUULJDWLRQ�SXUSRVH��8QNQRZLQJ�SHRSOH�ZHUH�
IDFLQJ� VHYHUDO� GLVHDVHV� E\� WKH� FRQVXPSWLRQ� RI� KDUPIXO� EDFWHULD� ZLWK� WKH� GULQNLQJ� ZDWHU� ZLWKLQ� WKHVH�
GLVWULFWV��7KH�FRQWDPLQDWLRQ�RI�ZDWHU�ZLWK�VXFK�HOHPHQWV�DQG�LWV�FRPSRXQGV�SOD\V�YLWDO�UROH�IRU�GLIIHUHQW�
GLVHDVHV� LQ� WKH� ORFDOLW\�� 7UDGLWLRQDO� ZDWHU� UHVRXUFHV� ZHUH� IRXQG� PRUH� FRQWDPLQDWHG� WKDQ� PRGHUQ� WDS�
ZDWHU��8WLOLW\�RI�VXFK�FRPSRXQG�IRU�DJULFXOWXUDO�SURGXFW�DV�IHUWLOL]HU�ZLOO�EH�VROXWLRQ�IRUP�VLWH�HIIHFW�RI�
VXFK�FRPSRXQG��3HRSOH�FDQ�FXOWLYDWH�YDULRXV�NLQGV�RI�SODQWV�ZKLFK�LQKDOH�VXFK�FRPSRXQGV�DQG�KHOSV�WR�
FRQWURO� ZDWHU� FRQWDPLQDWLRQ� SUREOHPV�� 9DULRXV� UHVHDUFK� ZRUNV� KDG� GRQH� SUHYLRXVO\� WR� PLQLPL]H� WKH�
FRQFHQWUDWLRQ� RI� VXFK� FRPSRXQG� LQ� GULQNLQJ� ZDWHU� DQG� VRPH� DUH� VWLOO� UXQQLQJ�� 7KLV� UHVHDUFK� LV� WKH�
RXWFRPH�RI�SUREOHPV�IDFHG�E\�VXFK�HOHPHQWV�LQ�GULQNLQJ�ZDWHU��6XFK�FRPSRXQGV�FDQ�EH�UHPRYHG�IURP�
GULQNLQJ�ZDWHU�E\�WKH�XVH�RI�%LR�VDQG�ILOWUDWLRQ�SURFHVV�DQG�6SRQJH�ILOWUDWLRQ�SURFHVV�ZKLFK�FDQ�EH�XVHV�LQ�
ERWK� XUEDQ� DQG� UXOHU� DUHDV�� 6SRQJH� OD\HU� ILOWUDWLRQ� ZLOO� EH� HIIHFWLYH� LQ� XUEDQ� DUHD� ZKHUHDV� %LR� VDQG�
ILOWUDWLRQ� SURFHVV� ZLOO� EH� HIIHFWLYH� LQ� UXOHU� DUHDV�� 7KH� SHUFHQW� UHPRYDO� ZDV� IRXQG� ZHOO� LQ� DOO� WKHVH�
FRPSRXQGV� LQ� ERWK� %LR�6DQG� )LOWUDWLRQ� SURFHVV� DQG� 6SRQJH� /D\HU� )LOWUDWLRQ� 3URFHVV�� 7KH� UHPRYDO�
SHUFHQWDJH� RI� 1LWUDWH�� 1LWULWH�� $PPRQLD� DQG� ,URQ� ZDV� IRXQG� �������� ������� ������� DQG� �������
SHUFHQWDJH�LQ�%LR�6DQG�)LOWUDWLRQ�3URFHVV�LQ�DQ�DYHUDJH�DQG�ZDV�IRXQG������������������������DQG��������
SHUFHQWDJH�LQ�6SRQJH�/D\HU�)LOWUDWLRQ�3URFHVV��,W�LQGLFDWHV�WKDW�ERWK�V\VWHPV�ZHUH�VXLWDEOH�IRU�SXULILFDWLRQ�
RI�ZDWHU�LQ�GHYHORSLQJ�FRXQWULHV�OLNH�1HSDO��

&RQFOXVLRQV�

,W�KDV�EHHQ�FRQFOXGHG�WKDW�ERWK�%LR�VDQG�ILOWUDWLRQ�DQG�6SRQJH�OD\HU�ILOWUDWLRQ�V\VWHP�FDQ�EH�XVHG�LQ�
GHYHORSLQJ�FRXQWU\�� �7KH�HIIHFWLYHQHVV�IRU�ERWK�V\VWHPV� LV�RI� UHDVRQDEOH� OLPLW�EHFDXVH�RI� ORZ�FRVW�DQG�
ORFDOO\�DYDLODEOH�PDWHULDOV�DUH�VXIILFLHQW�IRU�WKH�SXULILFDWLRQ�RI�ZDWHU�FRQWDLQLQJ�FRQWDPLQDWLRQ�RI�1LWUDWH��
1LWULWH��$PPRQLD�DQG�,URQ�ZKLFK�KDV�DGYHUVH�HIIHFW�RQ�KXPDQ�KHDOWK�DV�ZHOO�DV�HQYLURQPHQWDO�DVSHFW��,W�
LV�FRQFOXGHG�IURP�WKH�VXUYH\�DQDO\VLV�UHVXOW�WKDW�LW�LV�HVVHQWLDO�WR�VXSSO\�SXUH�GULQNLQJ�ZDWHU�IRU�SHRSOH�RI�
UXUDO�DQG�XUEDQ�DUHDV���

$FNQRZOHGJHPHQWV�

7KH�DXWKRUV�DUH�WKDQNIXO�WR�+HDG�RI�'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��
.DWKPDQGX�� 1HSDO� IRU� SURYLGLQJ� WKH� DYDLODEOH� UHVHDUFK� IDFLOLWLHV� WR� FRQGXFW� WKLV� UHVHDUFK� ZRUN�
VXFFHVVIXOO\��
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�� 7�+��%RWKZHOO�HW�DO��,URQ�PHWDEROLVP�LQ�PDQ��2[IRUG��%ODFNZHOO��������
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��� 5HTXLUHPHQWV�RI�YLWDPLQ�$�� LURQ�� IRODWH� DQG�YLWDPLQ�%����5HSRUW�RI� D� -RLQW�)$2�:+2�([SHUW�
&RQVXOWDWLRQ��5RPH��)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV��)$2�)RRG�DQG�
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