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SHUIOXRUDWHV��3%'(V��3&%V��+$3V�DQG�SHVWLFLGHV��,Q�SDUDOOHO�ZLWK�DQDO\WLFDO�
PHWKRGV��<(6�DQG�<$6�ELRDVVD\V�ZHUH�FRQGXFWHG�LQ�RUGHU�WR�TXDQWLI\�HVWURJHQLF�
DQG�DQGURJHQLF�DFWLYLWLHV�LQ�VXUIDFH�ZDWHUV��$QWDJRQLVW�DFWLYLWLHV�ZHUH�DOVR�
HYDOXDWHG��2YHU����ULYHU�VDPSOHV��FRQFHUQLQJ����ULYHU�VDPSOLQJ�SRLQWV�IURP�WKH�
UHJLRQDO�PRQLWRULQJ�QHWZRUN���HVWURJHQLF�DFWLYLW\�ZDV�GHWHFWHG�DQG�TXDQWLILHG�LQ����
VDPSOHV�DQG�FRXOG�UHDFK�OHYHOV�XS�WR������QJ�(�HT�O��PHDQ����������QJ�(�HT�O���
$QGURJHQLF�DFWLYLW\�ZDV�QHYHU�GHWHFWHG��2Q�WKH�RWKHU�KDQG��HVWURJHQLF�DQG�
DQGURJHQLF�DQWDJRQLVW�DFWLYLWLHV�ZHUH�GHWHFWHG�LQ������DQG������RI�WKH�VDPSOHV��
UHVSHFWLYHO\��:KHQ�WKH�HVWURJHQLF�DFWLYLW\�LV�FRPSDUHG�WR�WKH�(8�:DWFK�/LVW�(46�
IRU�(�������QJ�O��������RI�WKH�VDPSOHV�H[FHHG�WKLV�YDOXH��7KH�HVWURJHQLF�DFWLYLW\�ZDV�
FRPSDUHG�WR�WKH�FKHPLFDO�UHVXOWV��$�JRRG�FRUUHODWLRQ�ZDV�IRXQG�ZLWK�WKH�HVWURQH�
FRQFHQWUDWLRQ�EXW�DOVR�ZLWK�RWKHU�('��H�J��ELVSKHQRO�$��SHUIOXRUDWHV���7KLV�VWXG\�LV��
LQ�D�ZD\��WKH�ILUVW�DWWHPSW�LQ�:DOORQLD�WR�IROORZ�WKH�UHFRPPHQGDWLRQV�IRU�WKH�XVH�RI�
HIIHFW�EDVHG�PHWKRGV��(%0��IRU�PRQLWRULQJ�RI�HVWURJHQV�LQ�VXUIDFH�ZDWHUV
HPDQDWLQJ�IURP�WKH�6FLHQFH�WR�3ROLF\�,QWHUIDFH��63,��(VWURJHQ�PRQLWRULQJ�SURMHFW��
7KHVH�UHFRPPHQGDWLRQV�ZHUH�SUHVHQWHG�DW�WKH�ODVW�(8�:* FKHPLFDOV�KHOG�LQ�
2FWREHU������DQG�WKLV�ZRXOG�SRVVLEO\�OHDG�WR�WKH�LQWURGXFWLRQ�RI�(%0�LQ�UHJXODWRU\�
PRQLWRULQJ�XQGHU�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'���HVSHFLDOO\�IRU�HVWURJHQV�
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(FRWR[LFRORJLFDO�WRROV�WR�DVVHVV�WKH�LPSDFW�SROOXWLRQ�RI�WULEXWDULHV�WR�WKH�
$OTXHYD�5HVHUYRLU��6RXWKHUQ�3RUWXJDO�
3��3DOPD��,QVWLWXWR�3ROLWpFQLFR�GH�%HMD���'HSDUWPHQW�RI�7HFQRORJLHV�DQG�$SSOLHG�
6FLHQFHV��6��)LDOKR��$��/LPD��,QVWLWXWR�3ROLWpFQLFR�GH�%HMD��$��3HQKD��+��1RYDLV��
,QVWLWXWR�GH�&LrQFLDV�GD�7HUUD��6��0RQOORU��,QVWLWXWH�RI�(QYLURQPHQWDO�$VVHVVPHQW�
DQG�:DWHU�5HVHDUFK�,'$($�&6,&���'HSDUWPHQW�RI�(QYLURQPHQWDO�&KHPLVWU\��1��
*XLOOHP�$UJLOHV��,QVWLWXWH�RI�(QYLURQPHQWDO�$VVHVVPHQW�DQG�:DWHU�5HVHDUFK�
,'$($&6,&���,QVWLWXWH�RI�(QYLURQPHQWDO�$VVHVVPHQW�DQG�:DWHU�5HVHDUFK�,'$($��
0��/ySH]�GH�$OGD��,QVWLWXWH�RI�(QYLURQPHQWDO�$VVHVVPHQW�DQG�:DWHU�5HVHDUFK�
,'$($�&6,&���'HSDUWPHQW�RI�(QYLURQPHQWDO�&KHPLVWU\��3��$OYDUHQJD��/($)� �
&HQWUR�GH�,QYHVWLJDomR�HP�$JURQRPLD��$OLPHQWRV��$PELHQWH�H�3DLVDJHP��,QVWLWXWR�
6XSHULRU�GH�$JURQRPLD��8QLYHUVLGDGH�GH�/LVERD��0��0RUDLV��5��6DOJDGR��,QVWLWXWR�
GH�&LrQFLDV�GD�7HUUD
'HJUDGDWLRQ�RI�VXUIDFH�ZDWHUV�DQG�ELRGLYHUVLW\�ORVV�DW�GLIIHUHQW�VSDWLDO�DQG�WHPSRUDO�
VFDOHV�RFFXUV�WKURXJK�PXOWLSOH�VWUHVVRUV�ZKRVH�HIIHFWV�DUH�GLIILFXOW�WR�VHSDUDWH�DQG�
LGHQWLI\��(IILFLHQW�PDQDJHPHQW�RI�ZDWHU�ERGLHV�GHSHQGV�RQ�WKH�GHYHORSPHQW�DQG�
VHOHFWLRQ�RI�UREXVW��VHQVLWLYH�DQG�HDVLO\�DSSOLFDEOH�WRROV�WKDW�DOORZ�SULRULWL]LQJ�WKH�
SUHVVXUHV�DQG�VWUHVVRUV�WKDW�DFW�LQ�D�EDVLQ��DQG�PLWLJDWH�WKHLU�HIIHFWV��7KH�$OTXHYD�
UHVHUYRLU�FRQVWLWXWHV�WKH�PRVW�LPSRUWDQW�ZDWHU�VXSSO\�VRXUFH�LQ�VRXWKHUQ�3RUWXJDO��D�
VHPL�DULG�UHJLRQ�ZLWK�KLJK�OHYHOV�RI�ZDWHU�VFDUFLW\�DQG�ZKHUH�DJULFXOWXUH�LV�RQH�RI�
WKH�PDLQ�DFWLYLWLHV��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�DVVHVV�WKH�XVH�RI�DQ�
HFRWR[LFRORJLFDO�WRRO�ER[�LQ�WULEXWDULHV�RI�WKH�$OTXHYD�UHVHUYRLU�IRU�GHWHFWLQJ�
FKHPLFDO�DOWHUDWLRQV�WKDW�PD\�LQIOXHQFH�WKH�ZDWHU�TXDOLW\�RI�WKH�UHVHUYRLU��:DWHU�
VDPSOHV�ZHUH�FROOHFWHG�DORQJ������DW�IRXU�WULEXWDULHV�RI�$OTXHYD��VWUHDPV�RI�=HEUR��
ÈODPRV��$PLHLUD�DQG�/XFHIpFLW��DQG�DQDO\]HG�IRU���L��SK\VLFDO�FKHPLFDO�VXSSRUW�
HOHPHQWV��S+��WHPSHUDWXUH��GLVVROYHG�R[\JHQ��FRQGXFWLYLW\��FKORULGH��WRWDO�
SKRVSKRUXV��.MHOGDKO�QLWURJHQ��DPPRQLXP��QLWULWH��QLWUDWH��%2'��&2'����LL��
KD]DUGRXV�VXEVWDQFHV��SHVWLFLGHV���DQG��LLL��HFRWR[LFRORJLFDO�HQGSRLQWV��XVLQJ�
ELRLQGLFDWRUV�UHSUHVHQWLQJ�GLIIHUHQW�WURSKLF�OHYHOV��9LEULR�ILVFKHUL��
7KDPQRFHSKDOXV�SODW\XUXV��'DSKQLD�PDJQD���,Q�JHQHUDO��=HEUR�DQG�/XFHIpFLW�
SUHVHQWHG�FRQFHQWUDWLRQV�RI�%2'��=HEUR�����������PJ�/����/XFHIpFLW����������PJ�
/����DQG�WRWDO�SKRVSKRUXV��=HEUR������������PJ�/����/XFHIpFLW������������PJ�/����
WKDW�FRPSURPLVH�WKH�VXSSRUW�RI�ELRORJLFDO�OLIH��ZLWK�UHJDUG�WR�QXWULHQW�DQG�
R[\JHQDWLRQ�FRQGLWLRQV��$V�UHJDUGV�SHVWLFLGHV��WKH�FRQFHQWUDWLRQV�GHWHFWHG�ZHUH�
ORZ��EHLQJ�EHQWD]RQH�WKH�FRPSRXQG�TXDQWLILHG�DW�KLJKHVW�OHYHOV��/XFHIpFLW�ZDV�WKH�
WULEXWDU\�WKDW�SUHVHQWHG�KLJKHU�FRQFHQWUDWLRQV�RI�SHVWLFLGHV��ZLWK�YDOXHV�RI�
EHQWD]RQH�RI�������J�/�����SUREDEO\�GXH�WR�WKH�LQWHQVLYH�DJULFXOWXUH�FURSV�DURXQG�LW��
&RQFHUQLQJ�WR�HFRWR[LFRORJLFDO�DQDO\VLV��WKH�UHVXOWV�KLJKOLJKWHG�WKH�WR[LFLW\�LQ�
VXEOHWKDO�SDUDPHWHUV��UHSURGXFWLRQ��IHHG�LQKLELWLRQ�RU�JURZWK�LQKLELWLRQ��LQGXFHG��
PDLQO\��E\�VDPSOHV�IURP�=HEUR�DQG�/XFHIpFLW�VWUHDPV��6R��WKH�UHVXOWV�IURP�WKH�
HFRWR[LFRORJLFDO�WRRO�ER[�DOORZHG�LGHQWLI\LQJ�WKH�VWUHDPV�WKDW�SURPRWH�D�KLJKHU�
FKHPLFDO�LPSDFW�WR�WKH�UHVHUYRLU��ZKLFK�LV�HVVHQWLDO�WR�GHOLQHDWH�PDQDJHPHQW�
DFWLRQV�WR�LPSURYH�WKH�ZDWHU�TXDOLW\�RI�WKH�UHVHUYRLU��
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(IIHFWV�EDVHG�WRROV�IRU�XVH�LQ�FRQMXQFWLRQ�ZLWK�SDVVLYH�VDPSOHUV
5�-��%URZQ��2�/��7UDQ��ZFD�FRQVXOWLQJ��*��:KDOH��6KHOO�+HDOWK���5LVN�6FLHQFH�
7HDP��0�-��6SHQFH��&21&$:(��'��/HYHUHWW��ZFD
$V�SDUW�RI�DQ�RQJRLQJ�UHYLHZ�RI�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'���WKH�
(XURSHDQ�&RPPLVVLRQ��(&��LV�FRQVLGHULQJ�³HIIHFWV�EDVHG�WRROV´��(%7V��IRU�XVH�DV�
DQ�DOWHUQDWLYH�WR��RU�LQ�FRPELQDWLRQ�ZLWK��WKH�PRQLWRULQJ�RI�LQGLYLGXDO�VXEVWDQFH�
FRQFHQWUDWLRQV��7KHUH�DUH�VHYHUDO�ZD\V�LQ�ZKLFK�(%7V�PD\�EH�LQWHJUDWHG�LQWR�
HQYLURQPHQWDO�PRQLWRULQJ�EXW�RQH�DSSURDFK��ZKLFK�LQWHJUDWHV�FKHPLFDO�H[SRVXUH�
RYHU�WLPH��LV�WR�FRQGXFW�WR[LFLW\�SURILOLQJ�RQ�H[WUDFWV�IURP�SDVVLYH�VDPSOHUV�
GHSOR\HG�LQ�VXUIDFH�ZDWHUV��7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�SURYLGH�D�FULWLFDO�
HYDOXDWLRQ�RI�DYDLODEOH�(%7V�WKDW�FRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�SDVVLYH�
VDPSOHUV��DQG�SURSRVH�D�OLVW�RI�DVVD\V�IRU�XVH�LQ�PRQLWRULQJ�VXUIDFH�ZDWHUV�
DVVRFLDWHG�ZLWK�WKH�RLO�DQG�JDV�LQGXVWU\��$�OLVW�RI�SRVVLEOH�(%7V�ZDV�FRPSLOHG�
EDVHG�RQ�UHFHQW�SXEOLVKHG�UHYLHZV�RQ�WKLV�WRSLF��7KHVH�DVVD\V�ZHUH�WKHQ�EURDGO\�
VFUHHQHG�EDVHG�RQ�FRPPHUFLDO�DYDLODELOLW\��JHQHUDO�YDOLGDWLRQ�PDWXULW\��SUHYLRXV�

DSSOLFDWLRQ�WR�HQYLURQPHQWDO�VDPSOHV��DQG�VXLWDELOLW\�IRU�XVH�ZLWK�SDVVLYH�VDPSOHU�
H[WUDFWV�WR�GHULYH�D�VKRUW�OLVW�RI����DVVD\V�IRU�PRUH�GHWDLOHG�FRQVLGHUDWLRQ��7KH�
VKRUW�OLVWHG�DVVD\V�LQFOXGHG�QRYHO�ZKROH�RUJDQLVP�ELRDVVD\V��RU�VXUURJDWHV���DQG�LQ�
YLWUR RU�EDFWHULDO�DVVD\V�IRU�HQGSRLQWV�EDVHG�RQ�HQGRFULQH�GLVUXSWLRQ��RHVWURJHQ��
DQGURJHQ�DQG�WK\URLG���JHQRWR[LFLW\��R[LGDWLYH�VWUHVV��DQG�PHWDEROLVP�RI�
SRO\DURPDWLF�K\GURFDUERQV��3$+V���&RPPRQO\�XVHG�ZKROH�RUJDQLVP�DVVD\V��H�J��
DFXWH�LQYHUWHEUDWH��DOJDH�DQG�ILVK�WHVWV��ZHUH�QRW�VXEMHFW�WR�WKLV�VFUHHQLQJ��VLQFH�WKH\�
DUH�DOUHDG\�ZHOO�SURYHQ�DQG�QR�GHWDLOHG�HYDOXDWLRQ�ZDV�UHTXLUHG��KRZHYHU��WKH\�
ZHUH�FRQVLGHUHG�DV�SDUW�RI�WKH�ILQDO�UHFRPPHQGDWLRQV��7KH�VKRUWOLVWHG�(%7V�ZHUH�
WKHQ�VXEMHFW�WR�D�GHWDLOHG�UHYLHZ��EDVHG�RQ�WKH�SXEOLVKHG�VFLHQWLILF�OLWHUDWXUH��WR�
LGHQWLI\�UHOHYDQW�LQIRUPDWLRQ�ZLWK�UHVSHFW�WR�WKHLU�SHUIRUPDQFH��LQWHUSUHWDWLRQ��DQG�
DSSOLFDWLRQ��7KH�(%7V�ZHUH�FRPSDUHG�XVLQJ�WKH�LQIRUPDWLRQ�LGHQWLILHG�LQ�WKH�
OLWHUDWXUH�UHYLHZV�DQG�DQ�LQLWLDO�VXLWH�RI�WKLUWHHQ�ELRDVVD\V�ZHUH�UHFRPPHQGHG�IRU�
WKH�PRQLWRULQJ�RI�VXUIDFH�ZDWHUV�DVVRFLDWHG�ZLWK�UHILQHU\�HIIOXHQWV�XVLQJ�SDVVLYH�
VDPSOHU�H[WUDFWV��7KLV�UHFRPPHQGHG�VXLWH�RI�(%7V�VKRXOG�EH�FRQVLGHUHG�D�VWDUWLQJ�
SRLQW�IRU�XVH�LQ�WKH�PRQLWRULQJ�RI�ZDWHUV�UHFHLYLQJ�UHILQHU\�HIIOXHQWV��WR�EH�IXUWKHU�
GHYHORSHG�EDVHG�RQ�H[SHULHQFH�LQ�XVLQJ�WKH�DVVD\V�IRU�WKLV�SXUSRVH��DQG�
LQFRUSRUDWLQJ�QHZ�UHOHYDQW�ELRDVVD\V�RQFH�WKH\�KDYH�DFKLHYHG�D�VXIILFLHQW�OHYHO�RI�
YDOLGDWLRQ�PDWXULW\��7KLV�UHYLHZ�ZLOO�EH�SXEOLVKHG�DV�D�&RQFDZH�UHSRUW�LQ������
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,QQRYDWLYH�HFRWR[LFRORJLFDO�PRQLWRULQJ�VWUDWHJLHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�
HFRV\VWHPV�DQG�WKH�LPSOHPHQWDWLRQ�RI�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'�
:��&ULVWLDQR��,QVWLWXWH�IRU�(QYLURQPHQWDO�5HVHDUFK��5:7+� � $DFKHQ���'HSDUWPHQW�
RI�(FRV\VWHP�$QDO\VLV��+��+ROOHUW��5:7+�$DFKHQ�8QLYHUVLW\���,QVWLWXWH�IRU�
(QYLURQPHQWDO�5HVHDUFK��&��'L�3DROR��5:7+�$DFKHQ�8QLYHUVLW\���(FRV\VWHP�
$QDO\VLV��(6$���,��/DFFKHWWL��,VWLWXWR�6XSHULRUH�GL�6DQLWj���(QYLURQPHQW�DQG�+HDOWK��
/��0DQFLQL��,WDOLDQ�,QVWLWXWH�RI�+HDOWK��,66����'HSDUWPHQW�RI�(QYLURQPHQW�DQG�
+HDOWK��0��&DUHUH��,WDOLDQ�,QVWLWXWH�RI�+HDOWK�,66
7KH�:DWHU�)UDPHZRUN�'LUHFWLYH��:)'����������(&��UHJXODWHV�WKH�(XURSHDQ�ZDWHU�
SROLF\�DQG�DGGUHVVHV�WKH�(8�PHPEHU�VWDWHV�WR�DFKLHYH�JRRG�TXDOLWDWLYH�DQG�
TXDQWLWDWLYH�VWDWXV�RI�DOO�ZDWHU�ERGLHV��'HVSLWH�WKH�HIIRUWV�WR�UHGXFH�WKH�UHOHDVH�RI�
FKHPLFDOV�LQWR�WKH�DTXDWLF�HQYLURQPHQWV��SROOXWLRQ�LV�VWLOO�ZLGHVSUHDG�DFURVV�
(XURSH��DQG�QHZ�HPHUJLQJ�VXEVWDQFHV�VKRXOG�EH�DVVHVVHG�DQG�PDQDJHG��7KH�
JHQHUDO�JRDO�RI�WKLV�SURMHFW��UHDOLVHG�LQ�WKH�IUDPHZRUN�RI�WKH�µ7RUQR�VXELWR¶�/D]LR�
2SHUDWLRQDO�3URJUDPPH�(XURSHDQ�6RFLDO�)XQGLQJ������������LV�WR�VHOHFW�DQG�
GHILQH�LQQRYDWLYH�PHWKRGV�WR�DVVHVV�WKH�WR[LFLW\�GXH�WR�WKH�H[SRVXUH�WR�GLIIHUHQW�
SROOXWDQWV��HVSHFLDOO\�WKH�HPHUJLQJ�VXEVWDQFHV DQG�UHVSHFWLYH�PL[WXUHV��ZLWK�D�IRFXV�
RQ�DTXDWLF�HFRV\VWHPV�DQG�KXPDQ�KHDOWK��7KLV�JRDO�KDV�EHHQ�DFKLHYHG��LQ�D�ILUVW�
VWHS��E\�PDNLQJ�D�OLWHUDWXUH�UHYLHZ�RQ�WKH�SULRULW\�DQG�HPHUJLQJ�VXEVWDQFHV�
ZLGHVSUHDG�LQ�WKH�DTXDWLF�HQYLURQPHQW��WR�LQYHVWLJDWH�WKHLU�HIIHFWV�RQ�WKH�
GHYHORSPHQW�RI�]HEUDILVK��'DQLR�UHULR��HPEU\RV��7KHQ��D�IHZ�WR[LF�VXEVWDQFHV�WKDW�
DUH�UHOHYDQW�IRU�RXU�JRDOV�KDYH�EHHQ�VHOHFWHG�DQG�DQDO\VHG�WKURXJK�WKH�ILVK�HPEU\R�
DFXWH�WR[LFLW\�WHVW��)(7��DQG�RWKHU�DVVD\V��SDUWLFXODU�DWWHQWLRQ�KDV�EHHQ�JLYHQ�WR�WKH�
VXE�OHWKDO�HIIHFWV��$IWHUZDUGV��HQYLURQPHQWDO�VDPSOHV�IURP�GLIIHUHQW�DTXDWLF�
V\VWHPV�LQ�,WDO\�ZLOO�EH�DQDO\VHG�WR�GHWHFW�WKH�FKHPLFDOV�SUHVHQW�LQ�WKHVH�VLWHV�DV�
ZHOO�DV�WKHLU�WR[LF�HIIHFWV��,Q�RUGHU�WR�UHDFK�D�EHWWHU�FRPSUHKHQVLRQ�RI�WKH�HIIHFWV�RI�
VXFK�VXEVWDQFHV�RQ�WKH�HFRV\VWHPV��ELRDVVD\V�ZLWK�RWKHU�RUJDQLVPV�IURP�GLIIHUHQW�
WURSKLF�OHYHOV��EDFWHULD�DOJDH��GDSKQLGV��ZLOO�DOVR�EH�SHUIRUPHG��7KH�VWXG\�ZLOO�
XOWLPDWHO\�DLP�WR�SURYLGH�UHFRPPHQGDWLRQV�IRU�WKH�LPSOHPHQWDWLRQ�DQG�WKH�XSGDWH�
RI�WKH�PRQLWRULQJ�VWUDWHJLHV�RI�WKH�:)'��DV�ZHOO�DV�WR�HQKDQFH�WKH�FXUUHQW�(8�
DFWLYLW\�RQ�(IIHFW�%DVHG�0HWKRGV��
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0��&DUHUH��,WDOLDQ�,QVWLWXWH�RI�+HDOWK�,66��,��/DFFKHWWL��,VWLWXWR�6XSHULRUH�GL�6DQLWj���
(QYLURQPHQW�DQG�+HDOWK��5��6FHQDWL��/��/XFHQWLQL��0��%HFFDORQL��,WDOLDQ�,QVWLWXWH�RI�
+HDOWK�,66���(QYLURQPHQW�DQG�+HDOWK��3�0��*XFFL��,WDOLDQ�,QVWLWXWH�RI�+HDOWK�,66���
(QYLURQPHQWDO�DQG�+HDOWK��)��)DOOHQL��,WDOLDQ�,QVWLWXWH�RI +HDOWK�,66���(QYLURQPHQW�
DQG�+HDOWK��&��*DYDVVR��/HJD�1DYDOH��0��&LFHUR��,WDOLDQ�,QVWLWXWH�RI�+HDOWK�,66��*��
0DUVLOL��2VVHUYDWRULR�$PELHQWDOH�GL�&LYLWDYHFFKLD��/��0XVPHFL��,WDOLDQ�,QVWLWXWH�RI�
+HDOWK�,66���(QYLURQPHQW�DQG�+HDOWK��9��)UDX��/��=LQJDUL��&RQVRU]LR�$PELHQWDOH�GL�
&LYLWDYHFFKLD��(��9HVFKHWWL��,WDOLDQ�,QVWLWXWH�RI�+HDOWK�,66
$ PRQLWRULQJ�FDPSDLJQ�KDV�EHHQ�SHUIRUPHG�LQ�&HQWUDO�,WDO\�ZLWK�WKH�DLP�WR�
FKDUDFWHUL]H�WKH�FKHPLFDO�TXDOLW\�VWDWXV�RI�WKH�FRDVWDO�PDULQH�DUHD�LQ�RUGHU�WR�GHWHFW�
WKH�SRVVLEOH�LPSDFW�RI�WKH�HPLVVLRQV�RI�D�&RDO�ILUHG�SRZHU�VWDWLRQ�DQG�RWKHU�VRXUFHV�
RI�SROOXWLRQ�LQ�SUR[LPLW\�RI�WKH�FLW\�RI�&LYLWDYHFFKLD��7KH�VDPSOLQJ�KDV�EHHQ�FDUULHG�
RXW�LQ WZR�GLIIHUHQW�VHDVRQV�RI�WKH�\HDU�DORQJ�WKH�PDULQH�FRDVWDO�DUHD�DQG�LQ�D�
WUDQVLWLRQDO�VXUIDFH�ZDWHUERG\��6DOLQH�GL�7DUTXLQLD���7KH�DQDO\VLV�KDV�EHHQ�
SHUIRUPHG�LQ�WKH�ZDWHU�FROXPQ�DQG�LQ�WKH�ILUVW ���FHQWLPHWHUV�RI�WKH�VHGLPHQWV��7KH�
FKHPLFDO�VXEVWDQFHV�DQDO\]HG�LQFOXGHG�VHYHUDO�SULRULW\�VXEVWDQFHV�RI�WKH�:)'�
�ZDWHU�IUDPHZRUN�GLUHFWLYH��DQG�RWKHU�FKHPLFDO�VXEVWDQFHV��0HWDOV��'LR[LQV��3&%��
3$+��1DSKWDOHQH��7KH�(FRWR[LFRORJLFDO�DVVD\V�KDYH�EHHQ�SHUIRUPHG�ZLWK�WKH�XVH�
RI�DOJDH��3KDHRGDFW\OXP�WULFRUQXWXP� DQG�FUXVWDFHDQV��$UWHPLD IUDQFLVFDQD DQG�
7LJULRSXV�IXOYXV���7KH�UHVXOWV�KDYH�VKRZHG�D�GLIIXVH�OLJKW�H[FHHGDQFH�RI�WKH�
VHGLPHQW�HQYLURQPHQWDO�TXDOLW\�VWDQGDUGV�RI�WKH�,WDOLDQ�OHJLVODWLRQ�IRU�VRPH�PHWDOV�
�H�J��DUVHQLF��OHDG��FKURPLXP��PHUFXU\��DQG�QDSKWKDOHQH��WKH�GDWD�RI�WKH�ZDWHU�
FROXPQ�DUH�LQ�JHQHUDO�EHORZ�WKH�HQYLURQPHQWDO�TXDOLW\�VWDQGDUGV��EXW�8UDQLXP�KDV�
EHHQ�GHWHFWHG�LQ�VXUIDFH�ZDWHU�VDPSOHV�DW�FRQFHQWUDWLRQV�DERYH�WKH�DYDLODEOH�31(&�


