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Problems Asocciated with not Properly Conducted WFD 
Based Monitoring During Preparation of River Basin 
Management Plans – Bregalnica River Case Study

6YHWLVODY�.UVWLü1��7UDMþH�6WD¿ORY1��=RUDQ�=GUDYNRYVNL1��0LWNR�.RVWDGLQRYVNL1,  
9DOHQWLQD�6ODYHYVND�6WDPHQNRYLü1��9DVNR�.RVWRY2

1� )DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV��³6V��&\ULO�DQG�0HWKRGLXV´�8QLYHUVLW\��6NRSMH��
0DFHGRQLD��(�PDLO��VNUVWLF#SPI�XNLP�PN

2� ,QVWLWXWH�RI�FDWWOH�EUHDGLQJ��³6V��&\ULO�DQG�0HWKRGLXV´�8QLYHUVLW\��6NRSMH��0DFHGRQLD

$EVWUDFW
3UHSDUDWLRQ�RI�WKH�5LYHU�%DVLQ�0DQDJHPHQW�3ODQV��5%03��UHTXLUHV�SRVWXODWLRQ�DQG�LPSOHPHQWDWLRQ�RI�DW�OHDVW�
D�RQH�\HDU�VXUYHLOODQFH�PRQLWRULQJ�RI�WKH�VHOHFWHG�ZDWHU�ERGLHV�LQ�WKH�FDWFKPHQW��7KH�PRQLWRULQJ�VKRXOG�EH�DV�
FRPSUHKHQVLYH�DV�SRVVLEOH��IRFXVHG�RQ�GHWHFWLRQ�RI�UHIHUHQFH�FRQGLWLRQV�DQG�VKRXOG�UHYHDO�WKH�ZDWHU�ERGLHV¶�
HFRORJLFDO�VWDWXV�DQG�WKH�FUXFLDO�GHYLDWLRQV�IURP�WKH�QDWXUDO�FRQGLWLRQV�RQ�ZKLFK�WKH�PHDVXUHV�LQ�WKH�SODQ�DUH�
WR�EH�GHYHORSHG�� ,Q�FRXQWULHV� OLNH�0DFHGRQLD��ZKHUH� WKH� UHJXODU�PRQLWRULQJ�DFWLYLWLHV� �SDVW�DQG�SUHVHQW��DUH�
YHU\�OLPLWHG�DQG�QRW�EDVHG�RQ�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'��SULQFLSOHV��WKH�SURFHVV�RI�PDQDJHPHQW�
SODQ�SUHSDUDWLRQ� LV� WKH�SULQFLSDO�RSSRUWXQLW\� WR�DFKLHYLQJ�WKH�EDVHOLQH�GDWD��1HYHUWKHOHVV��VLQFH�WKH�IXQGV�IRU�
WKHVH�W\SHV�RI�DFWLYLWLHV�DUH�XVXDOO\�REWDLQHG�IURP�LQWHUQD�WLRQDO�GRQRUV��WKH�SUR¿W�GULYHQ�HQYLURQPHQW�GLVWRUWV�
WKH�PRQLWRULQJ� IXQGDPHQWDOV� DQG� SURGXFHV� GRXEWIXO�PRQLWRULQJ� UHVXOWV� ZKLFK� DUH� TXLWH� GLႈFXOW� WR� FRUUHFW� LQ�
VXEVHTXHQW�XSGDWHV�RI�ZDWHU�PDQDJHPHQW�SODQV��7KLV�ZRUN�LV�EDVHG�RQ�WKH�FDVH�VWXG\�RI�WKH�%UHJDOQLFD�5LYHU�
�0DFHGRQLD���ZKHUH�RQO\� WZR� IXOO� VDPSOLQJ� FDPSDLJQV�RI� IXOO� VFDOH�:)'�PRQLWRULQJ�ZHUH� FRQGXFWHG�RQ� WKH�
SK\VLFR�FKHPLFDO�SDUDPHWHUV��K\GURPRUSKRORJLFDO�DQG�ELRORJLFDO�TXDOLW\�HOHPHQWV��7KH�DLP�RI�WKLV�VWXG\�LV�WR�
SUHVHQW�DQG�WR�FRPPHQW�RQ�WKH�REWDLQHG�UHVXOWV��7KH�UHVXOWV�FOHDUO\�SRLQW�WR�WKH�ODFN�RI�D�VXႈFLHQW�DPRXQW�RI�GDWD�
IRU�WKH�FDWFKPHQW�FKDUDFWHUL]DWLRQ��LGHQWL¿FDWLRQ�RI�UHIHUHQFH�FRQGLWLRQV�DQG�DVVHVVPHQW�RI�HFRORJLFDO�VWDWXV�DV�
UHTXLUHG�E\�WKH�:)'�

Keywords:�:)'��5LYHU�%DVLQ�0DQDJHPHQW�3ODQ��PRQLWRULQJ��SUREOHPV��%UHJDOQLFD�5LYHU��0DFHGRQLD��

,QWURGXFWLRQ

$V�D�FDQGLGDWH�FRXQWU\�IRU�WKH�(XURSHDQ�8QLRQ��(8���
0DFHGRQLD� KDV� WR� KDUPRQL]H� QDWLRQDO� OHJLVODWLRQ�
ZLWK� WKH�(8� OHJDO� UHTXLUHPHQWV��&RQVHTXHQWO\�� WKH�
HQYLURQPHQW� DQG� ZDWHU� UHODWHG� UHJXODWLYH�� OLNH� WKH�
:DWHU�)UDPHZRUN�'LUHFWLYH��:)'���������KDYH�EHHQ�
DSSUR[LPDWHG�IRU�PRUH�WKDQ�����LQWR�WKH�GRPHVWLF�
OHJLVODWLRQ��2QH�RI�WKH�EDVLF�SULQFLSOHV�RI�WKH�:)'�LV�
WR�DFKLHYH�JRRG�VWDWXV�IRU�DOO�ZDWHU�ERGLHV�WKURXJK�
SUHSDUDWLRQ�DQG� LPSOHPHQWDWLRQ�RI� WKH�5LYHU�%DVLQ�
0DQDJHPHQW�3ODQV��5%03���ZKLFK�DUH�D�EDVLF�WRRO�
IRU�GHYHORSLQJ�D�VHW�RI�PHDVXUHV�GLUHFWHG�WR�SUHVHUYH�
DQG�LPSURYH�WKH�ZDWHU�VWDWXV�LQ�WKH�FDWFKPHQWV��7KHUH�
DUH�RQO\�WZR�5%03V�GHYHORSHG�VR�IDU�LQ�0DFHGRQLD��
WKH� 3UHVSD� /DNH� ������� DQG� WKH� %UHJDOQLFD� 5LYHU�
��������ZKLOH�IRU�5LYHU�6WUXPLFD��������WKHUH�LV�RQO\�
D� SUHOLPLQDU\� RQH�� 2YHU� WKH� FRXUVH� RI� SUHSDUDWLRQ�

RI� GLႇHUHQW�5%03V�� WKH� LPSOHPHQWLQJ� LQWHUQDWLRQDO�
ERGLHV� �FRPSDQLHV�� KDYH� EHHQ� IRFXVLQJ� RQ� WKH�
SUR¿WV� UDWKHU� WKDQ� WKH� VFLHQWL¿FDOO\� GRFXPHQWHG�
IDFWV� REWDLQHG� IURP� VXUYHLOODQFH� DQG� LQYHVWLJDWLYH�
PRQLWRULQJ� V\VWHPV�� 7KH� XVXDO� SUDFWLFH� RI� EXGJHW�
UHVWULFWLRQV� LQ� PRQLWRULQJ�� EXW� DOVR� VHYHUDO� RWKHUV�
PLVFRQGXFWHG�DSSURDFKHV�HLWKHU�E\�WKH�LQWHUQDWLRQDO�
ERGLHV� RU� GRPHVWLF� LQVWLWXWLRQV� HQDFWHG� WR� FRQGXFW�
DQG� PRQLWRU� WKH� 5%03V�� KDYH� FUHDWHG� PXOWLSOH�
SUREOHPV� DQG� HUURQHRXV� PRQLWRULQJ� UHVXOWV�� $OVR��
EDVHG�RQ�H[SHULHQFH�JDLQHG�WKURXJK�WKH�SUHSDUDWLRQ�
RI�WKH�¿UVW�XSGDWH�RI�D�5%03���������WKHVH�SUREOHPV�
ZLOO�EH�HODERUDWHG�XVLQJ� WKH�H[DPSOH�RI�PRQLWRULQJ�
DQG� WKH� UHVXOWV� REWDLQHG� GXULQJ� WKH� SUHSDUDWLRQ�
RI� WKH� %UHJDOQLFD�5LYHU�5%03��7KLV� SDSHU� KDV� DQ�
XOWLPDWH�LQWHQWLRQ�WR�SRLQW�RXW�WKH�JDLQHG�NQRZOHGJH�
RQ� LPSURSHU� VXUIDFH� ZDWHU� PRQLWRULQJ� GHVLJQ� DQG�
LPSOHPHQWDWLRQ� LQ� RUGHU� WR� HQVXUH� PRUH� HႇHFWLYH�
SUHSDUDWLRQ�RI�WKH�5%03V���

8'.��������������
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0DWHULDOV�DQG�0HWKRGV
,Q�RUGHU�WR�DFKLHYH�WKH�SULQFLSDO�JRDO�RI�GHYHORSLQJ�
WKH�5LYHU�%DVLQ�0DQDJHPHQW�SODQ�IRU�WKH�%UHJDOQLFD�
5LYHU�� WKH� SURMHFW� KDV� SRVWXODWHG� HFRORJLFDO�
VXUYHLOODQFH� PRQLWRULQJ� DFWLYLWLHV� ZLWKLQ� RQH�
FDOHQGDU� \HDU��$� WRWDO� RI� IRXU� VDPSOLQJ� FDPSDLJQV�
IRU� ULYHU� HFRV\VWHPV� DQG� DUWL¿FLDO� FKDQQHOV� KDYH�
EHHQ� SODQHG� ±� WZR� FDPSDLJQV�ZKLFK� FRQVLVWHG� RI�
D�IXOO�UDQJH�RI�SK\VLFR�FKHPLFDO�DQG�ELRORJLFDO�¿HOG�
DQG� ODERUDWRU\� DQDO\VHV� �-XO\� DQG� 2FWREHU� ������
DQG�WZR�FDPSDLJQV�ZKLFK�ZHUH�FRQGXFWHG�LQ�RUGHU�
WR�FROOHFW�RQO\� WKH�EDVLF�SK\VLFR�FKHPLFDO�GDWD� IRU�
VHOHFWHG�ZDWHU�ERGLHV� �$XJXVW������DQG�)HEUXDU\�
������� 5HJDUGLQJ� WKH� VL[� VHOHFWHG� UHVHUYRLUV� LQ�
WKH� FDWFKPHQW�� RQO\� WZR� VDPSOLQJ� FDPSDLJQV�
ZHUH�SODQHG��-XO\�DQG�2FWREHU�������IRU�WKH�EDVLF�
SK\VLFR�FKHPLFDO� DQG� ELRORJLFDO� SDUDPHWHUV�� WKH�
SULRULW\�VXEVWDQFHV�ZHUH�WR�EH�PHDVXUHG�RQO\�RQFH�
±� 2FWREHU� ������ 3K\VLFR�FKHPLFDO� DQDO\VHV� ZHUH�
FRQGXFWHG�DFFRUGLQJ� WR�VWDQGDUG�PHWKRGV� �$3+$��
������� ZKLOH� ELRORJLFDO� DQDO\VHV� IROORZHG� PXOWLSOH�
,62� RU� &(1� VWDQGDUGV� IRU� VDPSOLQJ� DOJDH� IURP�
ULYHUV�DQG� ODNHV� �&(1���������PDFURSK\WHV� �&(1��
������� PDFURLQYHUWHEUDWHV� �&(1�� ������ DQG� ¿VK�

�&(1���������DV�ZHOO�DV�WKH�JXLGDQFH�IRU�PRQLWRULQJ�
XQGHU�:)'��&,6���������

5HVXOWV�DQG�'LVFXVVLRQ�
7KH� SURMHFW� PDQDJHPHQW� �WHDP� RI� H[SHUWV�� KDG�
RULJLQDOO\� SUH�VHOHFWHG� D� WRWDO� RI� ��� ULYHU� ZDWHU�
ERGLHV� DQG� WZR� DUWL¿FLDO� FKDQQHOV� DV� REMHFWV� IRU�
WKH�HFRORJLFDO�VXUYHLOODQFH�PRQLWRULQJ��,I�WKH�ZKROH�
FDWFKPHQW� RI� WKH� %UHJDOQLFD� 5LYHU� LV� WDNHQ� LQWR�
FRQVLGHUDWLRQ� �)LJXUH� ���� LW� LV� REYLRXV� WKDW� PDQ\�
PRUH�ZDWHU�ERGLHV�ZRXOG�KDYH�WR�EH�GHOLQHDWHG� LQ�
RUGHU�WR�REWDLQ�D�UHDOLVWLF�HFRORJLFDO�VLWXDWLRQ��

$QRWKHU� FULWLFDO� SUREOHP� ZLWK� WKH� SUH�VHOHFWLRQ� RI�
ZDWHU� ERGLHV� WR� EH�PRQLWRUHG�ZDV� GHWHFWHG�ZKHQ�
VHYHUDO� RI� WKH� ULYHUV� ZHUH� IRXQG� ZLWKRXW� ZDWHU� LQ�
WKH� ULYHUEHG� WKURXJKRXW� PRVW� RI� WKH� VXUYHLOODQFH�
PRQLWRULQJ� SHULRG� �)LJ�� ���� ZDWHU� LQ� WKH� =HOHYLFD�
�65B����� .R]MDFND� �65B����� 2WLQMD� �65B����
DQG� 2UHOVND�0DYURYLFD� �65B���� ULYHUV�� ZDV� RQO\�
GHWHFWHG� GXULQJ� WKH� ZLQWHU� VDPSOLQJ� FDPSDLJQ� LQ�
)HEUXDU\�������7KH� OHIW��DUWL¿FLDO�FKDQQHO� �$&B����
ZDV�DOVR�IRXQG�ZLWKRXW�ZDWHU�

)LJXUH����(PSW\�ULYHUEHGV�RI�WKH�2UHOVND�0DYURYLFD�DQG�.R]MDFND�ULYHUV��2FWREHU�������

7ZR�RI�WKH�VHOHFWHG�ZDWHU�ERGLHV��WKH�6YHWL�1LNROVND�
5LYHU� �65B��B���� DQG� .ULYD� /DNDYLFD� 5LYHU�
�65B��B����ZHUH�IRXQG�WR�EH�KHDYLO\�SROOXWHG��)LJXUH�
��� DQG� VDPSOLQJ� DQG� DQDO\VHV� ZHUH� SHUIRUPHG�
LQ� DFFRUGDQFH� ZLWK� VSHFLDO� SURWRFROV� DQG� VDIHW\�
SUHFDXWLRQV�� 7KH� 6YHWL� 1LNROVND� 5LYHU� ZDV� IRXQG�
LQ� WKH� VDPH� HFRORJLFDO� VWDWH� WKURXJKRXW� LWV� HQWLUH�
FRXUVH�WR�WKH�FRQÀXHQFH�ZLWK�WKH�%UHJDOQLFD�5LYHU��
WKXV� KDYLQJ� D� GHWULPHQWDO� HႇHFW� RQ� WKH� HFRORJLFDO�
FRQGLWLRQV� RI� WKH� UHFLSLHQW� ZDWHUV�� 7KH� XSVWUHDP�
ÀRZ�RI�WKH�.ULYD�/DNDYLFD�LV�KLJKO\�XQVWDEOH�DQG�QRW�
VXLWDEOH�IRU�FRQWLQXHG�RSHUDWLRQDO�PRQLWRULQJ�

3UH�VHOHFWHG�UHIHUHQFH�VLWHV�KDYH�EHHQ�SURYHQ�DV�D�
VSHFL¿F�SUREOHP�WRR��2XW�RI�WKH�WRWDO�RI���SUH�VHOHFWHG�
UHIHUHQFH� VLWHV� RQO\� WKH� XSSHU� SDUW� RI� WKH� 5LYHU�
=UQRYVND� �65B��B���� KDV� EHHQ� DSSURYHG� WR� EH� LQ�
UHIHUHQFH�VWDWXV��EDVHG�RQ�WKH�UHVXOWV�RI�PRQLWRULQJ�

RI�SK\VLFR�FKHPLFDO�DQG�ELRORJLFDO�TXDOLW\�HOHPHQWV��
7KH�UHVW�RI�WKH�SUH�VHOHFWHG�UHIHUHQFH�VLWHV�ZHUH�IRXQG�
WR�EH�XQGHU�GLႇHUHQW�W\SH�DQG�OHYHO�RI�DQWKURSRJHQLF�
SUHVVXUH�WKDW�ZDV�UHÀHFWHG�HLWKHU�E\�WKH�GHWHULRUDWLRQ�
RI� VHYHUDO� SK\VLFR�FKHPLFDO� SDUDPHWHUV� �XVXDOO\�
%2'��&2'��7RWDO�3��3KRVSKDWHV�RU�6XOIDWHV��RU�RQ�
ELRWD� FRPSRVLWLRQ�DQG�DEXQGDQFH��&RQVHTXHQWO\�� LW�
ZDV�QHFHVVDU\� WR�VHOHFW�QHZ�UHIHUHQFH�VLWHV��7KXV��
VRXUFHV� RI� WKH� %UHJDOQLFD� 5LYHU� �65B��B����� WKH�
%UEXVQLFD�5LYHU� �65B��B��B����DQG� WKH�.RFDQVND�
5LYHU� XSVWUHDP� RI� WKH� *UDGFH� 5HVHUYRLU� �65B�����
DV�ZHOO�DV� WKH�=UQRYVND��65B��B����DQG�5DWHYVND�
�65B��B����ZHUH�¿QDOO\�VHOHFWHG�DV�UHIHUHQFH�RU�³QHDU�
QDWXUDO´�VLWHV�IRU�WKH�%UHJDOQLFD�5LYHU�FDWFKPHQW��

,Q� RUGHU� WR� GHWHUPLQH� WKH� UHIHUHQFH� FRQGLWLRQV�
DQG� WKUHVKROG� YDOXHV� IRU� GLႇHUHQW� SDUDPHWHUV� RI�
HFRORJLFDO� VWDWXV�� WKH�RYHUDOO� YDULHW\�RI�ZDWHU�ERG\�



��

.UVWLü�HW�DO� Water Research and Management, Vol. 6, No. 2 (2016)  35-43

W\SHV�LQ�WKH�FDWFKPHQW�KDG�WR�EH�GHOLQHDWHG�ZLWK�WKH�
KLJKHVW�SRVVLEOH�SUHFLVLRQ��8VLQJ�:)'¶V�6\VWHP�$��
WKH� SURMHFW� PDQDJHPHQW� SUH�VHOHFWHG� �SRVWXODWHG��
D� WRWDO� RI� �� �DQG� HYHQ� ��� ZDWHU� ERG\� W\SHV� LQ� WKH�
%UHJDOQLFD� 5LYHU� FDWFKPHQW�� $FFRUGLQJ� WR� WKH�
UHVXOWV� REWDLQHG� GXULQJ� WKH� VXUYHLOODQFH�PRQLWRULQJ�
�W\SRORJ\� 6\VWHP� %� SURSRVHG� E\� WKH� :)'� XVHG��
LW� DSSHDUV� WKDW� LQ� WKLV� FDWFKPHQW� WKHUH� DUH� RQO\� ��
ZDWHU�ERG\�W\SHV�IRU�ULYHUV�����KLJK�PRXQWDLQ��DERYH�
�����P�ODWLWXGH��VRXUFH�ZDWHU�ERGLHV�ZLWK�UHIHUHQFH�
FRQGLWLRQV�����ZDWHU�ERGLHV� WKDW�RFFXS\� WKH�PLGGOH�
VWUHWFKHV�RI�ULYHUV��QRW�EHORZ�����P���DQG����ORZODQG�
ULYHU� VWUHWFKHV� SULRU� WR� WKHLU� FRQÀXHQFH� ZLWK� WKH�
UHFLSLHQWV��EHORZ�����P���+DYLQJ�LQ�PLQG�WKDW�VLOLFD�LV�
WKH�GRPLQDQW�JHRORJLFDO�VXEVWUDWH�LQ�WKH�FDWFKPHQW��
LQ�DGGLWLRQ�WR�WKH�REVHUYHG�FKHPLFDO�DQG�ELRORJLFDO�
IHDWXUHV� RI� WKH� H[DPLQHG� ZDWHU� ERGLHV�� WKLV� ZDWHU�
ERG\�W\SH�GHOLQHDWLRQ�VHHPV�WR�EH�WKH�PRVW�UHOLDEOH�

RQH��7KHUH�LV�D�GH¿QLWH�QHFHVVLW\�IRU�IXUWKHU�UHVHDUFK�
WR�FRUURERUDWH�WKLV�SURSRVDO��EXW� LI�VXFK�GHOLQHDWLRQ�
LV�DFFHSWHG�WKH�SRVWXODWLRQ�RI�RSHUDWLRQDO�PRQLWRULQJ�
DQG�LPSOHPHQWDWLRQ�RI�WKH�PDQDJHPHQW�SODQ�ZRXOG�
EH�PXFK�HDVLHU�WR�DFKLHYH�DQG�PRQLWRU��

)LQDOO\��RQH�RI�WKH�PRVW�GHPDQGLQJ�UHVXOWV��SRVWHG�DV�
DQ�RXWFRPH�RI�WKH�SHUIRUPHG�VXUYHLOODQFH�PRQLWRULQJ�
DFWLYLWLHV��LV�WKH�GH¿QLWLRQ�RI�UHIHUHQFH�YDOXHV�DQG�W\SH�
VSHFL¿F�DVVHVVPHQW�V\VWHP��7KURXJKRXW� WKH�FRXUVH�
RI� RQO\� WZR� IXOO� FDPSDLJQV� �ELRORJLFDO� DQG� FKHPLFDO�
DQDO\VHV��DQG�WZR�DGGLWLRQDO�FDPSDLJQV�IRU�SK\VLFR�
FKHPLFDO� DQDO\VHV�� ZLWK� OLPLWHG� DQDO\VHV� RI� SULRULW\�
VXEVWDQFHV�DQG�KHDY\�PHWDOV�ZHUH�SHUIRUPHG��WKHUH�
LV�REYLRXV�QHHG�IRU�LQFUHDVLQJ�WKH�UHOLDELOLW\�RI�WKH�¿QDO�
FRQFOXVLRQV��)RU�H[DPSOH��WKHUH�ZHUH�WZR�GRFXPHQWHG�
HYHQWV�RI�¿VK�NLOOLQJV��)LJXUH����GXULQJ�WKH�FRXUVH�RI�
WKH�PRQLWRULQJ�IRU�ZKLFK�WKH�XQGHUO\LQJ�FDXVHV�KDYH�
QRW�EHHQ�GHWHFWHG�E\�WKH�PRQLWRULQJ�DFWLYLWLHV�

)LJXUH����7KH�IXOO�UDQJH�RI�WKH�%UHJDOQLFD�5LYHU�FDWFKPHQW�DUHD�

)LJXUH����7KH�.ULYD�/DNDYLFD�DQG�6YHWL�1LNROVND�ULYHUV�±�KHDYLO\�SROOXWHG�ZDWHUV�
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)LJXUH����1HZO\�VHOHFWHG�UHIHUHQFH�ZDWHU�ERGLHV�±�5DPQD�5HND�5LYHU��%UHJDOQLFD�VRXUFHV��DQG�
%DUEXVQLFD�5LYHU�

)LJXUH����)LVK�NLOO�LQ�WKH�%UHJDOQLFD�5LYHU�DIWHU�
'HOFKHYR��1RYHPEHU�������

$� ELW� GLႇHUHQW� OLQH� RI� DUJXPHQWV� IRU� XWLOL]DWLRQ�
RI� QRW� UHOLDEOH� ELRWLF� LQGLFHV� �VSHFL¿FDOO\� IRU�
PDFURLQYHUWHEUDWHV�DQG�GLDWRPV��FDQ�EH�XQGHUOLQHG�
LQ� UHJDUG� WR� REWDLQLQJ� YHU\� XQUHOLDEOH� UHIHUHQFH�
YDOXHV� DQG� OLPLWV� �.UVWLF� HW� DO��� ������ �������
1DPHO\�� ELRWLF� LQGLFHV� OLNH� ,36� DQG� ,%0:3� KDYH�
EHHQ�GHYHORSHG�LQ�GLႇHUHQW�FRXQWULHV�DQG�WHVWHG�LQ�
YDULHW\� RI� HFRORJLFDO� FRQGLWLRQV�� 'XH� WR� VSHFL¿FLW\�
RI� WD[D�FRPSRVLWLRQ�DQG�GLႇHUHQW� LQGLFDWLYH�YDOXHV�
RI�VSHFLHV� LQ� LQYHVWLJDWHG�DUHD�� WKHUH� LV�D�QHHG� WR�
GHYHORS�LQGLFHV�DGDSWHG�IRU�SDUWLFXODU�UHJLRQ���

&RPPHQWV�RQ�5HIHUHQFH�&RQGLWLRQV��
7\SHV�RI�:DWHU�%RGLHV�DQG�/LPLWLQJ�
9DOXHV�IRU�3DUDPHWHUV
,Q�RUGHU�WR�GHWHUPLQH�WKH�UHDO�HFRORJLFDO�VWDWH�DQG�
ZDWHU�TXDOLW\�VWDWXV�RI�WKH�H[DPLQHG�ZDWHU�ERGLHV��
GHWHFWLQJ� WKH� FRQVWDQW� DQG� UHOLDEOH� UHIHUHQFH�

FRQGLWLRQV� IRU� PDQ\� LPSRUWDQW� SDUDPHWHUV� LV� RI�
FUXFLDO� VLJQL¿FDQFH�� )XUWKHUPRUH�� WKH� UHIHUHQFH�
FRQGLWLRQV� DUH� WR� EH� SRVWXODWHG� IRU� HYHU\� ZDWHU�
ERG\� W\SH� LQ� WKH� FDWFKPHQW�� DQG� WUHVKROG� YDOXHV�
IRU� GLႇHUHQW� ERXQGDULHV� DPRQJ� FODVVHV� QHHG� WR�
EH�GH¿QHG� LQ� RUGHU� WR� GHWHFW� WKH� RYHUDOO� VWDWXV� RI�
WKH�SDUWLFXODU�ZDWHU�ERG\�IRU�ZKLFK�WKHUH�LV�D�QHHG�
RI� DFWLYLWLHV� LQ� WKH� PDQDJHPHQW� SODQ� RU� QRW�� 7KH�
UHVXOWV�REWDLQHG�LQ�WKH�IUDPH�RI�WKLV�SURMHFW�GR�QRW�
SHUPLW� FRQ¿GHQW� FRQFOXVLRQV� RQ� WKHVH� LPSRUWDQW�
LVVXHV�GXH�WR�VHYHUDO�UHDVRQV�

��� /DFN� RI� GDWD� ±� WUDGLWLRQDOO\� WKHUH� LV� D� KXJH�
ODFN� RI� PRQLWRULQJ� GDWD� LQ� 0DFHGRQLD�� DQG�
FRQVHTXHQWO\� DOVR� LQ� WKH� %UHJDOQLFD� 5LYHU�
FDWFKPHQW�� (VSHFLDOO\� XQNQRZQ� DUH� WKH�
EDFNJURXQG�QDWXUDO�YDOXHV�IRU�DOO�SDUDPHWHUV�
ZKLFK� DUH� SDUWLFXODUO\� LPSRUWDQW� LQ� DUHDV�
ZKHUH� VLJQLILFDQW� FRQFHQWUDWLRQV� RI� QDWXUDO�
PLQHUDOV��RUHV�DQG�PHWDOV�DUH�GHWHFWHG�DQG�
H[SORLWHG��

��� /RZ� VDPSOLQJ� IUHTXHQF\� DQG� QDUURZ� DUHD� RI�
LQYHVWLJDWLRQV�±�LQ�WKH�FRXUVH�RI�WKLV�SURMHFW�WKH�
SUHGLFWHG�VDPSOLQJ�IUHTXHQFLHV�IRU�WKH�ELRORJLFDO�
LQYHVWLJDWLRQV�DUH�YHU\�PRGHVW�DQG�GR�QRW�DOORZ�
DQ\� VLJQL¿FDQW� ¿HOG� DQG� ODERUDWRU\� ZRUN�� 7KH�
VDPH� FDQ� EH� VWDWHG� IRU� WKH� DUHD� FRYHUHG� E\�
WKH�PRQLWRULQJ�DFWLYLWLHV�� ,Q�RUGHU� WR�GHWHUPLQH�
WKH�UHDO�QDWXUDO�FRQGLWLRQV��WKHVH�UHPRWH�DUHDV�
VKRXOG�EH�PRQLWRUHG�DW� OHDVW��� WLPHV�SHU�\HDU�
�LQFOXGLQJ�RQH�VDPSOLQJ�LQ�ZLQWHU�PRQWKV��DQG�
EH� LQ� WKH� IRFXV�RI� WKH� LQYHVWLJDWLYH�PRQLWRULQJ�
IRU�VHYHUDO�\HDUV��

��� ,QLWLDOO\� GHWHUPLQHG� ZDWHU� ERG\� W\SHV� ±� DV�
VWDWHG� EHIRUH�� WKH� LQLWLDO� FDWHJRUL]DWLRQ� RI�
ZDWHU� ERG\� W\SHV� DFFRUGLQJ� WR� WKH� :)'�
6\VWHP�$��KDYH�SURYHQ�WR�EH�HUURQHRXV�DV�D�
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UHVXOW�RI�ERWK�GDWD�REWDLQHG� WKURXJK�UHVHDUFK�
DQG� WKH� GDWD� REWDLQHG� IURP� YDULRXV� KLVWRULFDO�
UHIHUHQFHV�� 1DPHO\�� WKH� JHRORJ\� RI� WKH�
%UHJDOQLFD�5LYHU� FDWFKPHQW� LV�DOPRVW�HQWLUHO\�
FRPSRVHG�RI�YDULRXV�VLOLFHRXV�VXEVWUDWHV�DQG�
WKH� ULYHUV� KDYH� D� JHQHUDOO\� VLPLODU� FKHPLFDO�
DQG� SK\VLFDO� HQYLURQPHQW�� 6PDOO� RU� HYHQ�
PHGLXP�GLႇHUHQFHV�LQ�WKH�FDWFKPHQW�DUHDV�DUH�
QRW�DQ�LPSRUWDQW�IDFWRU�IRU�SURFODLPLQJ�GLႇHUHQW�
ZDWHU� ERG\� W\SHV�� :KDW� UHPDLQV� LV� RQO\� WKH�
DOWLWXGH�RI� WKH�ÀRZ�� LQ�ZKLFK� UHJDUG� WKHUH�DUH�
RQO\���ZDWHU�ERG\�W\SHV�LQ�WKH�FDWFKPHQW������
KLJK�PRXQWDLQ��DERYH������P�ODWLWXGH��VRXUFH�
ZDWHU� ERGLHV� ZLWK� UHIHUHQFH� FRQGLWLRQV�� ���
ZDWHU�ERGLHV�WKDW�RFFXS\�WKH�PLGGOH�VWUHWFKHV�
RI� ULYHUV� �QRW� EHORZ� ���� P��� DQG� ��� ORZODQG�
ULYHU� VWUHWFKHV� SULRU� WR� WKHLU� FRQÀXHQFH� ZLWK�
WKH� UHFLSLHQWV� �EHORZ� ���� P��� +DYLQJ� LQ�
PLQG� WKDW� VLOLFD� LV� WKH� GRPLQDQW� JHRORJLFDO�
VXEVWUDWH� LQ� WKH� FDWFKPHQW�� LQ� DGGLWLRQ� WR� WKH�
REVHUYHG� FKHPLFDO� DQG� ELRORJLFDO� IHDWXUHV� RI�
WKH� H[DPLQHG� ZDWHU� ERGLHV�� WKLV� ZDWHU� ERG\�
W\SH�GHOLQHDWLRQ�VHHPV�WR�EH�WKH�PRVW�UHOLDEOH�
RQH�� 7KHUH� LV� D� GH¿QLWH� QHFHVVLW\� IRU� IXUWKHU�
UHVHDUFK� WR� FRUURERUDWH� WKLV� SURSRVDO�� EXW� LI�
VXFK�GHOLQHDWLRQ�LV�DFFHSWHG�WKH�SRVWXODWLRQ�RI�
RSHUDWLRQDO�PRQLWRULQJ� DQG� LPSOHPHQWDWLRQ� RI�
WKH�PDQDJHPHQW� SODQ�ZRXOG� EH�PXFK� HDVLHU�
WR� DFKLHYH� DQG� PRQLWRU�� &RQVHTXHQWO\�� WKH�
UHVHUYRLUV�VKRXOG�DOVR�EH�GLYLGHG�LQWR���W\SHV��
DFFRUGLQJ� WR� WKH� W\SH�RI� ULYHU� WKDW� LV�XVHG� IRU�
WKHLU�FUHDWLRQ��

5HJDUGLQJ� WKH� OLPLWLQJ�YDOXHV� IRU�SK\VLFR�FKHPLFDO�
DQG� ELRORJLFDO� SDUDPHWHUV� WKDW� GH¿QH� WKH� YDULRXV�
HFRORJLFDO�DQG�ZDWHU�TXDOLW\�FODVVHV�DQG�ERXQGDULHV��
WKH� SHUIRUPHG� DQDO\VHV� DUH� WKH� OHDVW� VXSSRUWLYH�
DQG� LQIRUPDWLYH�� 7KH� UHVXOWV� REWDLQHG� IURP� WKH�
PRQLWRULQJ� DFWLYLWLHV� DUH� IDU� WRR� LQVXႈFLHQW� IRU�
REWDLQLQJ�D�UHOLDEOH�GDWDEDVH�FDSDEOH�RI�JHQHUDWLQJ�
D� VXႈFLHQW� DPRXQW� RI� SK\VLFR�FKHPLFDO� G\QDPLFV�
DQG�ELRWD�FRPSRVLWLRQ�VWUXFWXUHV�LQIRUPDWLRQ�DW�WKH�
YDULRXV�ZDWHU�ERGLHV�RYHU�WLPH��,Q�DGGLWLRQ�� OLPLWHG�
LQIRUPDWLRQ� SHUWDLQLQJ� WR� UHIHUHQFH� FRQGLWLRQV�
PD\� KDYH�PDGH� WKLV� SDUW� RI� WKH�PRQLWRULQJ� UHSRUW�
KLJKO\� HUURQHRXV��&RQVHTXHQWO\�� WKH� ¿QDO� UHSRUWHG�
FDWHJRUL]DWLRQ�RI�WKH�ZDWHU�TXDOLW\�VWDWXV�PLJKW�DOVR�
EH�HUURQHRXV�DQG�KDYH�DQ�LPSRUWDQW�LPSDFW�RQ�WKH�
PDQDJHPHQW�SODQ�LWVHOI��

1HYHUWKHOHVV�� WKH� REWDLQHG� UHVXOWV� IURP� WKH�
PRQLWRULQJ� DUH� UHDO� GDWD�� DQG� WKH\� DUH� XVHG�
WR� GHWHUPLQH� WKH� H[DFW� YDOXHV� IRU� PRQLWRUHG�
SDUDPHWHUV�WR�WKH�KLJKHVW�SRVVLEOH�OHYHO��6HFRQGO\��
WKH�REWDLQHG�GDWD�DUH�FRPSDUHG�WR�SUH�GHWHUPLQHG�
ZDWHU� TXDOLW\� FODVV� GDWD� FKDUWV� ZKLFK� DUH� VWDWHG�
LQ� GRPHVWLF� OHJLVODWLRQ� �WKLV� LV� DQ� ROG� OHJLVODWLRQ�
DQG� QHHGV� WR� EH� LPSURYHG��� EXW� DOVR� WR� RWKHU�
SURWRFROV� GHYHORSHG� IRU� WKLV� DUHD� DQG� (XURSH��
7KHUH� DUH� PDQ\� DSSURDFKHV� LQ� WKLV� UHVSHFW�� WKH�

FODVVLI\LQJ�YDOXHV�DUH�XVXDOO\�GLႇHUHQW�IRU�GLႇHUHQW�
FRXQWULHV� DQG� WKH� UDQJHV� EHWZHHQ� FODVVHV� PD\�
GLႇHU� VXEVWDQWLDOO\�� 2Q� WKH� RWKHU� KDQG�� WKHUH� DUH�
ZHOO�GRFXPHQWHG�DQG�WKRURXJKO\�FRQ¿UPHG�YDOXHV�
IRU�SDUDPHWHUV�VXFK�DV�QXWULHQWV��OLNH�SKRVSKRUXV�
DQG� QLWURJHQ� FRPSRXQGV�� IRU� ZKLFK� GLႇHUHQW�
UHDFWLRQV�RI�ELRORJLFDO�FRPPXQLWLHV�DUH�REVHUYHG��
.QRZOHGJH�RQ�DGYHUVH�HႇHFWV�RI�KHDY\�PHWDOV�DQG�
GLႇHUHQW�WR[LQV�LV�PXFK�PRUH�HODERUDWH��7KHUHIRUH��
HYHQ�LI�WKH�SK\VLFR�FKHPLFDO�UHVXOWV�GR�QRW�UHÀHFW�
WKH� UHDO� HFRORJLFDO� VLWXDWLRQ� �ZKDW� LV� IUHTXHQWO\�
UHFRUGHG� LQ� ORWLF� HQYLURQPHQWV��� WKH� ELRORJLFDO�
SDUDPHWHUV�XVXDOO\� GR�� ,Q� WKDW� VHQVH�� HYHQ� LI� WKH�
SRVWXODWHG�YDOXHV�IRU�SK\VLFR�FKHPLFDO�SDUDPHWHUV�
DUH�VLJQL¿FDQWO\�HUURQHRXV��WKH�ELRORJLFDO�DQDO\VHV�
DUH�JHQHUDOO\�FRUUHFW�

,Q� WKH� FDVH� RI� WKH� %UHJDOQLFD� 5LYHU� FDWFKPHQW��
WKH� REWDLQHG� UHVXOWV� DUH� GHYDVWDWLQJ�� %XW�� WKH�
SUREOHPV� DUH� QRW� GXH� WR� WKH� H[FHVVLYHO\� VWULFW�
OLPLWLQJ�YDOXHV�DQG�FODVV�ERXQGDULHV��EXW� UDWKHU��
GXH� WR� WKH� OLPLWHG� DPRXQW� RI� DYDLODEOH� GDWD��
UHVHDUFK�DQG�NQRZOHGJH��%LRORJLFDO�FRPSRQHQWV�
RI�WKH�ZDWHU�HFRV\VWHPV�DUH�LQGLFDWRUV�RI�LQWHQVLYH�
KXPDQ� LPSDFWV� ZLWKLQ� WKH� HQWLUH� FDWFKPHQW��
H[FHSW� RI� FRXUVH� WKH� ILVK� DQG� PDFURSK\WHV�
ZKLFK� DUH� JRYHUQHG�E\� RWKHU� SULQFLSOHV� �ILVKLQJ��
UHSRSXODWLQJ�� PLJUDWLRQV�� FKDQQHOL]DWLRQ��
LQWURGXFWLRQ� RI� DOLHQ� VSHFLHV�� HWF��� VR� WKDW� WKH�
FKDQJHV� LQ� SRVWXODWHG� FODVV� ERXQGDULHV�ZLOO� QRW�
KDYH�HIIHFW�RQ�WKH�ILQDO�FRQFOXVLRQV�IRU�WKH�ZDWHU�
TXDOLW\� VWDWXV�� 7KLV� FDQ� RQO\� EH� DFKLHYHG� E\�
FRQWLQXRXV�PRQLWRULQJ�DQG�UHVHDUFK�IRU�WKH�EDVLF�
UHIHUHQFH� FRQGLWLRQV�� HVSHFLDOO\� LQ� UHJDUGV� WR�
ELRWD��EXW�DOVR� IRU�GHWHFWLQJ� WKH�QDWXUDO�SK\VLFR�
FKHPLFDO�FDSDFLW\� LQ� WKH�FDWFKPHQW��2QO\� LQ� WKLV�
ZD\� ZLOO� WKH� PDQDJHPHQW� SODQ� KDYH� LWV� FOHDU�
JRDOV�DQG�PLOHVWRQHV��

,Q�FRQFOXVLRQ��WKH�REWDLQHG�UHVXOWV� LQ�WKH�FRXUVH�
RI� WKH� SHUIRUPHG� VXUYHLOODQFH� PRQLWRULQJ� LQ�
WKH� %UHJDOQLFD� 5LYHU� FDWFKPHQW�� FDQ� RQO\� EH�
UHJDUGHG�DV�SUHOLPLQDU\�LQIRUPDWLRQ�RQ�WKH�DFWXDO�
HFRORJLFDO� VWDWH� RI� WKH� DQDO\]HG� ORWLF� DQG� OHQWLF�
ZDWHU� ERGLHV�� 0RQLWRULQJ� VKRXOG� EH�PXFK�PRUH�
UHILQHG�� WKH� QXPEHU� RI� ZDWHU� ERGLHV� LQFUHDVHG��
WKHLU�W\SRORJ\�DQG�GHOLQHDWLRQ�FKDQJHG��UHIHUHQFH�
FRQGLWLRQV� SURSHUO\� FKHFNHG� DQG� FRQILUPHG��
OLPLWLQJ� YDOXHV� FKHFNHG� DQG� UHILQHG�� ELRORJLFDO�
FRPPXQLWLHV�FOHDUO\�GHILQHG�IRU�WKH�YDULRXV�ZDWHU�
ERG\� W\SHV�� IRUFHG�ELRWD�FKDQJHV�GXH� WR�KXPDQ�
LPSDFWV� UHFRUGHG�DQG�GHILQHG�� LI� WKH�SURSHU�DQG�
UHOLDEOH� RSHUDWLRQDO� PRQLWRULQJ� V\VWHP� LV� WR� EH�
DFKLHYHG�� 0RUHRYHU�� LI� WKH� PDQDJHPHQW� SODQ�
LV� WR� EH� SURSHUO\� GHYHORSHG� DQG� LWV� DSSOLFDWLRQ�
PRQLWRUHG�� WKHVH� FKDQJHV� DQG� WKH� UHOHYDQW�
LQIRUPDWLRQ� KDYH� WR� EH� LQWURGXFHG� DV� VRRQ� DV�
SRVVLEOH�
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)LQDO�&DWHJRUL]DWLRQ�RI�6XUIDFH�:DWHU�%RGLHV�LQ�WKH�&DWFKPHQW

7DEOH����$UWL¿FLDO�FKDQQHOV�
$UWL¿FLDO�:DWHU�%RG\ ,' 3K�&K

:%�6WDWXV &KHPLFDO�6WDWXV :DWHU�%RG\�6WDWXV
,UULJDWLRQ�&KDQQHO
5LJKW�&KDQQHO�� $&B�� P *F F

7DEOH����5HIHUHQFH�ZDWHU�ERGLHV�IRU�ULYHUV�

:DWHU�ERG\ ,' $/*$( ,19(57(%5$7(6 ),6+ 0$&523+<7(6 %$6,&�����������
3K�&K

&+(0,&$/�
67$786

),1$/�
67$786�

5HIHUHQFH�VLWHV�±�ULYHUV�
%UHJDOQLFD�6SULQJV 65B��B�� M * % + M *F M

=HOHYLFD��� 65B��B�� M M M M * *F M
.DPHQLFD��� 65B��B�� P P % * P *F P
%UEXVQLFD 65B��B��B�� * + P * * *F *
=UQRYVND��� 65B��B�� * * + + * *F *
2UL]DUVND��� 65B��B�� * * * * M *F M

.ULYD�/DNDYLFD��� 65B��B�� P M * M M *F P
6YHWLQLNROVND��� 65B��B�� % % % M % *F %

7DEOH����5LYHU�ZDWHU�ERGLHV�
:DWHU�ERG\ ,'

$OJDH ,%0:3 )LVK 4%5 ,+) %LRORJLFDO�
Status

3K�&K�
Status

(FRORJLFDO�
Status

&KHPLFDO�
Status

:%�
Status5LYHUV

%UHJDOQLFD��� 65B�� M * + * M M P P *F )JV
%UHJDOQLFD��� 65B�� P P * M M P % % F )JV
%UHJDOQLFD��� 65B�� P M * M M P % % F )JV
%UHJDOQLFD��� 65B�� P P * P P P % % F )JV
%UHJDOQLFD��� 65B�� P P * M M P % % F )JV
%UHJDOQLFD��� 65B�� P P * % M % % % F )JV
%UHJDOQLFD��� 65B�� P P * P P P % % *F )JV
%UHJDOQLFD��� 65B�� P M * P M P % % F )JV
%UHJDOQLFD��� 65B�� P P * P M P % % F )JV
%UHJDOQLFD��� 65B�� P M * * M P %� % F )JV
5DWHYVND��� 65B�� M + % * M % P % *F )JV
5DWHYVND��� 65B�� P M * M M P % % *F )JV

Zelevica 65B�� P M * P M P M P F )JV
.DPHQLFD 65B�� P P % M M % % % F )JV
2VLMQLFD 65B��B�� M + * M M M P P *F )JV
2VLMQLFD 65B�� P P * % % % P % F )JV
=UQRYVND 65B��B�� P % % % P % % % F )JV
2UL]DUVND 65B��B�� P P * P P P % % F )JV

.RFDQVND��� 65B�� P + * * M P P P F )JV

.RFDQVND��� 65B�� P % M P P % % % F )JV
=OHWRYVND 65B�� P P * P M P % % *F )JV
.R]MDFND 65B�� 1�$ % % P P % P P F )JV
2WLQMD 65B�� P P % M % P % % F )JV

.ULYD�/DNDYLFD��� 65B��B�� P M % * M % M % F )JV

.ULYD�/DNDYLFD��� 65B��B�� % % % P P % % % F )JV
0DGHQVND 65B��B�� % % % M M % % % F )JV

6YHWLQLNROVND��� 65B��B�� % % % P M % % % F )JV
1HPDQMLFD 65B�� P P % % P P % % F )JV
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&RQFOXVLRQV�
$IWHU� D� IXOO� UDQJH� RI� VXUYHLOODQFH� PRQLWRULQJ� ZDV�
SHUIRUPHG� WKURXJKRXW� WKH� FRXUVH� RI� WKLV� SURMHFW�
RQ�WKH�VHOHFWHG�ORWLF�DQG�OHQWLF�ZDWHU�ERGLHV�LQ�WKH�
%UHJDOQLFD� 5LYHU� FDWFKPHQW�� ZKLFK� LQFOXGHG� IRXU�
SK\VLFR�FKHPLFDO�VDPSOLQJV��WZR�ELRORJLFDO�VXUYH\V�
DQG� RQH� DGGLWLRQDO� VDPSOLQJ� RQ� ��� PRQLWRULQJ�
VLWHV�ZKLFK�ZHUH�IRXQG�HLWKHU�ZLWKRXW�ZDWHU�RU�KDG�
FRQWURYHUVLDO� UHVXOWV�� WKH� IROORZLQJ� DVVHVVPHQWV�
RI� WKH� HFRORJLFDO� �ZDWHU� TXDOLW\�� VWDWXV� KDYH� EHHQ�
GHYHORSHG��

7KH�PRVW�VWULNLQJ�IDFW�LV�WKDW�DOO�H[DPLQHG�ORWLF�ZDWHU�
ERGLHV�ZHUH�IRXQG�WR�EH�LQ�D�EDG�RU�SRRU�HFRORJLFDO�
VWDWH��WKH�EDG��RU�WKH�ZRUVW��HFRORJLFDO�VWDWH�EHLQJ�
GRPLQDQW� LQ� WKH� FDWFKPHQW� ���� :%� RXW� RI� ���� RU�
DOPRVW� ������ 7KLV� VLWXDWLRQ� LV� KLJKO\� FULWLFDO� DQG�
KDV� WR� EH� DGGUHVVHG�ZLWK� RXWPRVW� VLQFHULW\� LQ� WKH�
SURFHVV�RI�GHYHORSPHQW�RI�WKH�PDQDJHPHQW�SODQ��

7KH� SULQFLSDO� XQGHUO\LQJ� FDXVH� RI� WKLV� LQWHQVLYH�
LPSDFW� LV� WKH� XQWUHDWHG� ZDVWH� ZDWHUV� VXFK� DV�
FRPPXQDO�ZDVWH�ZDWHUV�WKDW�LQWURGXFH�QXWULHQWV��3�
DQG�1�FRPSRXQGV��DQG�PDQ\�RWKHU�SROOXWDQWV��OLNH�
SKWKDODWHV��LQ�YDVW�TXDQWLWLHV��ZKLOH�LQGXVWULDO�ZDVWH�
ZDWHUV� KDYH� D� GHYDVWDWLQJ� HႇHFW� WKURXJK� YDULRXV�
WR[LQV�DQG�RUJDQLF�DQG�RU� LQRUJDQLF�SROOXWDQWV�� OLNH�
RLO�IURP�WKH�UH¿QHU\�LQ�6WLS�RU�VWURQJ�VROYHQWV�IURP�
WKH� GDLU\� ZRUNV�� 7KHVH� LPSDFWV� VHYHUHO\� FKDQJH�
WKH�QDWXUDO�FRQGLWLRQV�RI�WKH�ZDWHU�HQYLURQPHQW�DQG�
HQFRXUDJH� WKH�GHYHORSPHQW� RI� VSHFL¿F�DQG�KLJKO\�
UHVLVWDQW�PLFURÀRUD� DQG� LQYHUWHEUDWH� FRPPXQLWLHV��
WKH� ELRORJLFDO� HOHPHQWV� WKDW� UHVSRQG� FORVHO\� WR�
FKDQJHV� LQ�ZDWHU� TXDOLW\� VWDWXV��0DFURSK\WHV� DQG�
HVSHFLDOO\� ¿VK� GR� QRW� UHYHDO� WKH� DFWXDO� HFRORJLFDO�
VWDWH�RI�WKH�ZDWHU�TXDOLW\�DV�SUHFLVHO\�DV�H[SHFWHG��,W�LV�
PRUH�OLNHO\�WKDW�VSHFLHV�FRPSRVLWLRQ�DQG�FRPPXQLW\�
VWUXFWXUH� RI� ¿VK� DQG� PDFURSK\WHV�� EXW� HVSHFLDOO\�
WKHLU� LQGLFHV�� UHÀHFW� RWKHU� KXPDQ� LPSDFWV� UDWKHU�
WKDQ�WKH�ZDWHU�TXDOLW\��,W�PLJKW�EH�PRUH�IHDVLEOH�WR�
XVH�WKHP�DV�biomonitors�WKDQ�ELRLQGLFDWRUV�LQ�RUGHU�
WR�UHYHDO�WKH�OHYHOV�RI�GLႇHUHQW�WR[LQV�DFFXPXODWLRQ�
LQ� WKHLU� WLVVXHV� DQG� FRUUHVSRQGLQJ� GDPDJHV� WR�
RUJDQV�RU�UHSURGXFWLYH�VWDJHV��

2QH� VSHFL¿F� SUREOHP� WKDW� RFFXUUHG� GXULQJ� WKH�
SHUIRUPHG�VXUYHLOODQFH�PRQLWRULQJ�LQ�WKH�%UHJDOQLFD�
5LYHU� FDWFKPHQW� ZDV� WKH� GHWHFWHG� VWDWXV� RI� WKH�
SUH�VHOHFWHG� UHIHUHQFH�ZDWHU� ERGLHV� IRU� ULYHUV��$V�

SUHVHQWHG�LQ�7DEOH����RQO\�WZR�VDPSOHG�ZDWHU�ERGLHV��
WKH� %UEXVQLFD� DQG� =UQRYVND�� FDQ� EH� UHJDUGHG� DV�
VLWHV� ZLWK� UHIHUHQFH� FRQGLWLRQV��� DOWKRXJK� WKH� ¿VK�
UHVXOWV�IRU�%UEXVQLFD�ZHUH�IRXQG�LQ�SRRU�FRQGLWLRQV��
7KHUH� DUH� PDQ\� UHDVRQV� IRU� WKLV� VLWXDWLRQ�� EXW�
WKH� SULQFLSDO� RQH� LV� WKDW� WKH� SHUIRUPHG�PRQLWRULQJ�
DFWLYLWLHV�DUH�QRW�HQRXJK�WR�UHYHDO�WKH�UHDO�VLWXDWLRQ�
RU�QDWXUDO�FRQGLWLRQV��6LQFH�WKH�UHIHUHQFH�FRQGLWLRQV�
DUH� FUXFLDO� IRU� GHWHFWLQJ� WKH� OHYHO� RI� GHWHULRUDWLRQ�
LQ�WKH�FDWFKPHQW�DQG�DUH�WKH�WDUJHW�IRU�GHYHORSLQJ�
OLPLWLQJ�SDUDPHWHU�YDOXHV��DV�ZHOO�DV�PDQDJHPHQW�
DFWLYLWLHV�� 7KH� UHIHUHQFH� ZDWHU� ERGLHV� UHPDLQ� WR�
EH�DQ�REMHFW�RI�LQYHVWLJDWLYH�PRQLWRULQJ�LQ�WKH�QH[W�
SHULRG�

$V�H[SHFWHG��WKH�RQO\�DUWL¿FLDO�FKDQQHO�IRU�LUULJDWLRQ�
WKDW�ZDV�ZRUNLQJ�GXULQJ�WKH�PRQLWRULQJ�SHULRG�KDG�
UHYHDOHG�WKH�ZDWHU�ERG\�VWDWXV��7DEOH����LQ�WKH�OLQH�
ZLWK� WKH� VWDWXV� RI� WKH� HFRV\VWHP� LW� LV� FRQVWUXFWHG�
IURP��1DPHO\�� WKH�SRRU�ZDWHU�TXDOLW\� UHPDLQV� LQ�D�
FKDQQHO�ZKLFK�IDLOV�WR�DFKLHYH�JRRG�VWDWXV��

)LQDOO\�� DV� D� FRQVHTXHQFH� RI� DOO� WKH� GHWHFWHG�
LQÀXHQFHV� RQ� ULYHUV�� WKH� ZDWHU� TXDOLW\� RI� WKH�
PRQLWRUHG� UHVHUYRLUV� LV� DOVR� YHU\� EDG� �7DEOH� ����
$V�WKH�SROOXWLQJ�FKHPLFDOV�DUH�DFFXPXODWLQJ�LQ�WKH�
UHVHUYRLUV��WKHLU�RYHUDOO�HFRORJLFDO�VWDWH�LV�FRQWLQXDOO\�
GHWHULRUDWLQJ�RYHU�WKH�WLPH��7KLV�SURFHVV�LV�WHUPHG�
eutrophication�� D� SURFHVV� WKDW� FDQ� FKDQJH� WKH�
HFRORJLFDO�VWDWH�RI�DQ�HFRV\VWHP�SHUPDQHQWO\��WKXV�
UHQGHULQJ� LW� XQXVDEOH� DQG� XQVDIH� IRU� DQ\� KXPDQ�
DFWLYLW\��$GGLWLRQDOO\�� WKH�DFFXPXODWHG�FKHPLFDOV� LQ�
WKH�ERWWRP�VHGLPHQWV�DFW�DV�DQ� LQVLGH�SRRO�ZKLFK�
JHQHUDWHV� QXWULHQWV� LQ� H[FHVV�� HYHQ� ZLWKRXW� WKH�
H[WHUQDO�LQSXW�RI�SROOXWDQWV��,Q�WKLV�FDVH�PLFUR�ÀRUD�
DQG�IDXQD�DUH�H[SRVHG�WR�LQFUHDVHG�HQYLURQPHQWDO�
SUHVVXUHV� RQ� ZKLFK� WKH\� UHDFW� E\� FKDQJLQJ� WKHLU�
VSHFLHV� FRPSRVLWLRQ� DQG� DEXQGDQFH� WRZDUGV� WKH�
PRVW� UHVLVWDQW�VSHFLHV�� ,Q� WKH�FDVH�RI�DOJDH� WKHVH�
DUH�XVXDOO\�EOXH�JUHHQ�F\DQREDFWHULD�ZKLFK�WHQG�WR�
GRPLQDWH� WKH� HFRV\VWHP� DQG� SUHVHQW� \HW� DQRWKHU�
VRXUFH�RI�WR[LFLW\�VXFK�DV�H[FHVV�RI�ELRPDVV��DOJDO�
EORRPV�� DQG� UHOHDVH� RI� WR[LF� FRPSRXQGV� ±� the 
cyanotoxins. 

([FHSW� IRU� WKH� .QH]HYR� UHVHUYRLU�� DOO� WKH� RWKHU�
¿YH� HFRV\VWHPV� ZHUH� IRXQG� LQ� D� GHHS� VWDJH�
RI� HXWURSKLFDWLRQ�� 3HUIRUPLQJ� WZR� IXOO� VDPSOLQJ�
FDPSDLJQV�ZDV�LQVXႈFLHQW�IRU�SURSHU�GHWHFWLRQ�RI�DOO�
FKDQJHV�LQ�WKH�PRQLWRUHG�UHVHUYRLUV��EXW�WKH�REWDLQHG�

7DEOH����5HVHUYRLUV�

:DWHU�ERG\ ,' $/*$( ,19(57(%5$7(6 ),6+ %$6,&�����������
3K�&K

&+(0,&$/�
67$786

),1$/�
67$786

5DWHYVND�5HND $/B�� P P * % F %
.DOLPDQFL $/B�� P % M % F %
*UDGFH $/B�� P % M P F %
.QH]HYR $/B�� M * * * F M
0DQWRYR $/B�� P % P M F %
0DYURYLFD $/B�� % % M % F %
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UHVXOWV� ZHUH� FOHDUO\� GRFXPHQWHG� DQG� FRQFOXVLYH��
'HYHORSLQJ�DQG�LPSOHPHQWLQJ�DQ�HႈFLHQW�UHVHUYRLU�
PDQDJHPHQW�SODQ�UHSUHVHQWV�D�UHDO�FKDOOHQJH��7KHLU�
PRQLWRULQJ�VKRXOG�EH�H[SDQGHG�DQG�H[WHQGHG�LQ�WKH�
IROORZLQJ� SODQ� VLQFH� HYHQ� WKH� .QH]HYR� 5HVHUYRLU�
VKRZV�QDWXUDO�RU�KXPDQ�SUHVVXUHV��ZKLOH�WKH�RWKHUV�
PD\�EH�UHJDUGHG�DV�KLJKO\�XQVDIH�IRU�DQ\�XWLOL]DWLRQ�
RWKHU� WKDQ� HQHUJ\� SURGXFWLRQ�� 7KHLU� UHDO� WKUHDW�
UHPDLQV� \HW� WR� EH� UHVROYHG�DQG�XQGHUVWRRG��ZKLOH�
WKH� 0DYURYLFD� 5HVHUYRLU� LV� DOUHDG\� D� GDQJHURXV�
HFRV\VWHP�LQ�HYHU\�UHVSHFW��

3HUIRUPHG� LQYHVWLJDWLRQV� FRXOG� QRW� DQVZHU� WKH�
TXHVWLRQV�RI�WKH�GLႇXVH�DJULFXOWXUDO�SROOXWLRQ�RU�DHUR�
GHSRVLWLRQ�RI�SROOXWDQWV�FRPLQJ�IURP�WUDQVSRUW�DQG�
EXUQLQJ�RI� IRVVLO� IXHOV��SROOXWLRQ�VRXUFHV�WKDW�PLJKW�
KDYH�DQ�LPSRUWDQW�LPSDFW�RQ�ZDWHU�UHVRXUFHV�LQ�WKH�
%UHJDOQLFD�5LYHU�FDWFKPHQW��

)XWXUH�SURVSHFWV�
�� 0RQLWRULQJ� UHSUHVHQWV� D� VWDUWLQJ� DQG� DQ�

HQGLQJ� SRLQW� RI� HYHU\� DFWLYLW\�� ,Q� UHJDUGV�
WR� WKH� HQYLURQPHQW�� WKLV� PHDQV� WKDW� WKH�
PRQLWRULQJ� VKRXOG� UHYHDO� WKH� VWDWH� RI� WKH�
V\VWHPV� DW� SUHVHQW�� EXW� DOVR� H[SODLQ� WKH� SDVW�
FKDQJHV� DQG� SUHGLFW� IXWXUH� WUHQGV�� $� SURSHU�
PRQLWRULQJ� V\VWHP� ZLOO� DOVR� EH� DEOH� WR� IROORZ�
WKH� LPSOHPHQWDWLRQ� RI� DQ\� DFWLYLW\� DQG� GHWHFW�
DQ\�SRVLWLYH�RU�QHJDWLYH�HႇHFWV�� ,W� LV� WKHUHIRUH�
HVVHQWLDO� WR� SRVWXODWH�� SHUIRUP� DQG� HQDEOH� D�
UHOLDEOH�DQG�FRPSUHKHQVLYH�PRQLWRULQJ�SODQ�DQG�
DFWLYLWLHV�EDVHG�RQ�H[SHUWLVH�RI�KLJKO\�HGXFDWHG�
DQG� FRQ¿UPHG� H[SHUWV�� 0RQLWRULQJ� FDQQRW� EH�
PRGL¿HG� DFFRUGLQJ� WR� WKH� SURMHFW� EXGJHW� ±� LQ�
WKDW�FDVH�WKH�UHVXOWV�ZLOO�EH�HUURQHRXV��

�� $V� D� IXQGDPHQWDO� IRFXV� RI� :)'�� ELRORJLFDO�
SDUDPHWHUV�RI�WKH�PRQLWRULQJ�VKRXOG�EH�WUHDWHG�
ZLWK�D� VSHFLDO� DSSUHFLDWLRQ��1DPHO\��ELRORJLFDO�
RUJDQLVPV�DUH�DGDSWDEOH�DQG�FKDQJHDEOH��WKH\�
XVXDOO\�FDQQRW�EH�HDVLO\�FRPSDUHG�DPRQJ�HDFK�
RWKHU�±�WKDW�LV�RQH�RI�WKH�SULQFLSDO�GULYLQJ�IRUFHV�
IRU�WKH�YDVW�ELRGLYHUVLW\�RQ�RXU�SODQHW��+\GURELRWD�
DUH�SDUWLFXODUO\�GLႈFXOW�WR�FRPSDUH�VLQFH�ZDWHU�
LV� D�PXFK�PRUH� UDSLG� HQYLURQPHQW�ZLWK� VKDUS�
DQG�LQWHQVLYH�RVFLOODWLRQV�LQ�VKRUW�WLPH�SHULRGV��
,Q�HYHU\�SDUWLFXODU�PRPHQW�PXOWLSOH�SDUDPHWHUV�
LQÀXHQFH� OLYLQJ� RUJDQLVPV� WR�ZKLFK� WKH\� QHHG�
WR� DGMXVW� RWKHUZLVH� WKH\� ZLOO� EHFRPH� H[WLQFW��
7KHVH� LPSDFWV� DUH� XQLTXH� IRU� HYHU\� SDUWLFXODU�
HFRV\VWHP��7KHUHIRUH��D�XQLYHUVDO�SDWWHUQ�FDQQRW�
EH� HOXFLGDWHG�� ZKLOH� WKH� FRPPRQ� LQGLFHV� DUH�
REVROHWH��(YHU\�HFRV\VWHP�VKRXOG�EH�UHJDUGHG�
DV�D�VHSDUDWH�HQWLW\�ZLWK�D�XQLTXH�ELRORJ\��DQG�
WKH� FKDQJHV� IROORZHG� WKURXJK� WKH� FKDQJHV�
ZLWKLQ� WKH�FRPPXQLWLHV� UDWKHU� WKDQ�FKDQJHV� LQ�
QXPEHUV� ZKLFK� DUH� HUURQHRXV�� (YROXWLRQ� DQG�
KLVWRU\�LPSO\�WKDW�WKHUH�LV�QR�QXPEHU�ZKLFK�FDQ�
EH� DSSOLHG� WR� OLYLQJ� RUJDQLVPV�� IURP� EDFWHULD�

WR� KXPDQV�� VXFK�PDWKHPDWLFV� KDYH� QRW� EHHQ�
LQYHQWHG� \HW�� $SSOLFDWLRQ� RI� ELRORJLFDO� LQGLFHV�
GHYHORSHG�LQ�GLႇHUHQW�UHJLRQV�HQG�HFRV\VWHPV�
LV�HUURQHRXV� WRR�� WKDW� LV� WKH�SULQFLSOH�REVWDFOH�
WKH� :)'� LQWHU�FDOLEUDWLRQ� SURFHVV� LV� IDFLQJ�
WRGD\��

$FNQRZOHGJHPHQWV
7KLV� ZRUN� ZDV� SHUIRUPHG� LQ� WKH� IUDPH� RI� WKH�
�%UHJDOQLFD� 5LYHU� :DWHUVKHG� 0DQDJHPHQW� 3ODQ��
SURMHFW��IXQGHG�E\�WKH�6ZLVV�$JHQF\�IRU�&RRSHUDWLRQ�
�6(&2�� DQG�PDQDJHG� E\� (UQVW� %DVOHU� 	�3DUWQHU��
7KH�DXWKRUV�ZLVK�WR�WKDQN�0U��7HRGRU�&RQHYVNL�DQG�
0U��1HQDG�.UDQJR� �*7,�*HRWHFKQLFDO� (QJLQHHULQJ�
6NRSMH�� IRU� FUHDWLQJ� DQ� HQDEOLQJ� HQYLURQPHQW� IRU�
WKLV�ZRUN��

5HIHUHQFHV
$3+$��������6WDQGDUG�PHWKRGV�IRU�H[DPLQDWLRQ�RI�

ZDWHU�DQG�ZDVWHZDWHU��:DVKLQJWRQ��$PHULFDQ�
3XEOLF� +HDOWK� $VVRFLDWLRQ�� ������ ����� SS��
,6%1�������������������

&(1� ������� :DWHU� 4XDOLW\� ±� *XLGDQFH� 6WDQGDUG�
IRU� WKH� ,GHQWL¿FDWLRQ�� (QXPHUDWLRQ� DQG�
,QWHUSUHWDWLRQ�RI�%HQWKLF�'LDWRP�6DPSOHV�IURP�
5XQQLQJ�:DWHUV��(1������������

&(1� ������� :DWHU� TXDOLW\� ±� *XLGDQFH� VWDQGDUG�
IRU� WKH� URXWLQH� DQDO\VLV� RI� SK\WRSODQNWRQ�
DEXQGDQFH� DQG� FRPSRVLWLRQ� XVLQJ� LQYHUWHG�
PLFURVFRS\��(1�������������

&(1� ������� :DWHU� TXDOLW\� �� *XLGDQFH� IRU� WKH�
VXUYH\LQJ� RI� DTXDWLF� PDFURSK\WHV� LQ� UXQQLQJ�
ZDWHUV�� (1� ������������ &(1� ������� :DWHU�
TXDOLW\� ��*XLGDQFH�VWDQGDUG� IRU� WKH�VXUYH\LQJ�
RI�PDFURSK\WHV�LQ�ODNHV��(1�������������

&(1� ������� :DWHU� TXDOLW\� �� *XLGHOLQHV� IRU� WKH�
VHOHFWLRQ�RI�VDPSOLQJ�PHWKRGV�DQG�GHYLFHV�IRU�
EHQWKLF�PDFURLQYHUWHEUDWHV�LQ�IUHVK�ZDWHUV��(1�
,62�������������

&(1��������:DWHU�TXDOLW\���*XLGDQFH�RQ�WKH�VFRSH�
DQG� VHOHFWLRQ� RI� ¿VK� VDPSOLQJ� PHWKRGV�� (1�
������������ &(1� ������� :DWHU� TXDOLW\� ��
6DPSOLQJ�RI�¿VK�ZLWK�PXOWL�PHVK�JLOO�QHWV��(1�
�����������

&,6��������*XLGDQFH�'RFXPHQW�1R�����0RQLWRULQJ�
XQGHU�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH������SS��

(&� 'LUHFWLYH� ������� 'LUHFWLYH� ��������(&� RI� WKH�
(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����
2FWREHU� ����� (VWDEOLVKLQJ� D� )UDPHZRUN� IRU�
&RPPXQLW\�$FWLRQ�LQ�WKH�)LHOG�RI�:DWHU�3ROLF\��
2ႈFLDO�-RXUQDO�RI�WKH�(XURSHDQ�&RPPXQLWLHV�
/�����������
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6HOHFWLQJ� DSSURSULDWH� ELRLQGLFDWRU� UHJDUGLQJ�
WKH� :)'� JXLGHOLQHV� IRU� IUHVKZDWHUV� �� D�
0DFHGRQLDQ�H[SHULHQFH�� ,QWHUQDWLRQDO�-RXUQDO�
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.UVWLF� 6��� /HYNRY� =�� DQG� 6WRMDQRYVNL� 3�� ��������
'LDWRP� FRPPXQLWLHV� DV� LQGLFDWRU� RI� SROOXWLRQ�
LQ�ULYHU�9DUGDU��0DFHGRQLD��3URFHHGLQJ�RI���WK�
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