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D&HQWUR�1DFLRQDO�GH�3HVTXLVD�GH�0LOKR�H�6RUJR��(0%5$3$��&�3�������

����������6HWH�/DJRDV���0*��%UD]LO
E(VFROD�GH�9HWHULQiULD���8)0*������������%HOR�+RUL]RQWH���0*��%UD]LO

F/DERUDWyULR�GH�3URGXWRV�1DWXUDLV���8)&H��&�3��������

����������)RUWDOH]D���&(��%UD]LO
G'HSDUWDPHQWR�GH�4XtPLFD��,QVWLWXWR�GH�&LrQFLDV�([DWDV��8)0*��&�3�������

����������%HOR�+RUL]RQWH���0*��%UD]LO

5HFHLYHG��$SULO��������

2�yOHR�HVVHQFLDO�GR�FDSLP�JRUGXUD��0HOLQLV�PLQXWLIORUD�%HDXY���DSUHVHQWRX�PRUWDOLGDGH�SDUD

�����GDV�ODUYDV�GH�FDUUDSDWR�GR�ERL��%RRSKLOXV�PLFURSOXV��DSyV����PLQ�GH�H[SRVLomR��$�DQiOLVH

GR�yOHR� HVVHQFLDO� SRU�&*�(0�SHUPLWLX� D� LGHQWLILFDomR�GH� VHLV� FRPSRQHQWHV�PDMRULWiULRV�� iFLGR

SURSL{QLFR��iFLGR�EXWLULFR��iOFRRO�IHQLOHWtOLFR��KH[DQDO������FLQHRO�H���(�HLFRVHQR��'RLV�GRV�FRPSR�

QHQWHV������FLQHRO�DQG�Q�KH[DQDO��DSUHVHQWDUDP�WDPEpP������GH�PRUWDOLGDGH�jV�ODUYDV�GH�FDUUUD�

SDWR�GR�ERL� HP� ���PLQ��2EVHUYRX�VH� WDPEpP� D� SUHVHQoD� GR� ����GL�W�EXWLO���PHWLOIHQRO� TXH� IRL

DWULEXtGD�D�XP�FRQWDPLQDQWH�GR�pWHU�GLHWtOLFR��FRPHUFLDOPHQWH�IRUQHFLGR��H�XVDGR�SDUD�H[WUDomR�GR

yOHR�HVVHQFLDO�

7KH�HVVHQWLDO�RLO�RI�PRODVVHV�JUDVV��0HOLQLV�PLQXWLIORUD�%HDXY���KDV�VKRZQ�YLUWXDOO\�����
OHWKDO�HIIHFW�RQ�ODUYDH�RI�WKH�FDWWOH�WLFN��%RRSKLOXV�PLFURSOXV��ZLWKLQ����PLQ�H[SRVXUH��*&�06

DQDO\VLV�RI�WKH�HVVHQWLDO�RLO�OHG�WR�WKH�LGHQWLILFDWLRQ�RI�VL[�PDMRU�FRPSRQHQWV��SURSLRQLF�DFLG��EXW\ULF

DFLG�� SKHQ\OHWK\O� DOFRKRO�� KH[DQDO�� ����FLQHROH� DQG� �� �(�HLFRVHQH�� 7ZR� RI� WKRVH� FRPSRQHQWV

�����FLQHROH�DQG�Q�KH[DQDO��KDYH�DOVR�VKRZQ�LQGLYLGXDOO\������OHWKDO�HIIHFW�RQ�FDWWOH�WLFN�ODUYDH

ZLWKLQ����PLQ��7KH�SUHVHQFH�RI�����GL�W�EXW\O���PHWK\OSKHQRO�ZDV�DVVLJQHG�WR�D�FRQWDPLQDQW�IURP

FRPPHUFLDOO\�VXSSOLHG�GLHWK\O�HWKHU�XVHG�IRU�WKH�HVVHQWLDO�RLO�H[WUDFWLRQ�

.H\ZRUGV��PRQRWHUSHQHV��PRODVVHV�JUDVV��DFDULFLGH

,QWURGXFWLRQ

7KH�HIIHFWV�RI�0HOLQLV�PLQXWLIORUD�%HDXY��RQ�%RRSKLOXV
PLFURSOXV�LQIHVWDWLRQ�KDYH�EHHQ�SUHYLRXVO\�VWXGLHG��DQG�WKH
JUDVV�KDV�EHHQ�FRQVLGHUHG�RI�SRWHQWLDO�XVH�IRU�ELRORJLFDO

FRQWURO�RI�FDWWOH�WLFN��3RSXODUO\�NQRZQ�LQ�WURSLFDO�DUHDV�DV

PRODVVHV�JUDVV��0HOLQLV�PLQXWLIORUD�LV�YHU\�VHQVLWLYH�WR�IURVW
EXW�LW�LV�ZHOO�DGDSWHG�WR�WURSLFDO�DQG�VXEWURSLFDO�UHJLRQV�

/HDYHV� DQG� VWHPV� RI� WKLV� JUDPLQRLG� DUH� FRYHUHG� ZLWK

WULFKRPHV� �RU� JODQGXODU� KDLUV�� ZKHUH� D� YLVFRXV� IOXLG� RI

FKDUDFWHULVWLF�RGRU�LV�VHFUHWHG��7KLV�RLO\�PDWHULDO�LV�UHSRUWHG

WR�EH�UHVSRQVLEOH�IRU�WKH�DELOLW\�RI�PRODVVHV�JUDVV�WR�UHGXFH

FDWWOH�WLFN� LQIHVWDWLRQ� HLWKHU� E\� UHSHOOLQJ� RU� NLOOLQJ� WLFN

ODUYDH����

3UHYLRXV�ILHOG�H[SHULPHQWV�ZLWK�FDWWOH�WLFN�DQG�PRODV�

VHV� JUDVV� KDYH� LQGLFDWHG� UHSHOOHQW� UDWKHU� WKDQ� ODUYLFLGDO

$UWLFOH

-��%UD]��&KHP��6RF���9RO�����1R������������������� ������� 6RF��%UDV��4XtPLFD

3ULQWHG�LQ�%UD]LO� �����¤������������������



SURSHUWLHV�����7KH�OHWKDO�HIIHFW�XSRQ�ODUYDH�ZDV�H[SODLQHG

E\�-HVXV��DV�EHLQJ�D�FRQVHTXHQFH�RI�H[KDXVWLRQ��PHFKDQL�

FDO�HIIHFW�FDXVHG�E\�D�YLVFRXV�VHFUHWLRQ�ZKLFK�SUHYHQWHG

WKH�ODUYDH�IURP�FOLPELQJ�WKH�VWHP�DQG�UHDFKLQJ�WKH�OHDYHV�

DQG�DVSK\[LDWLRQ��ZKHQ�ERG\�RI�ODUYDH�EHFRPH�FRYHUHG�E\

SODQW�VHFUHWLRQ����$�VHYHUH�UHGXFWLRQ�LQ�ODUYDO��DQG�DGXOW�

WLFN� SRSXODWLRQ� LQGXFHG� E\�PRODVVHV� JUDVV� KDV� EHHQ� GH�

VFULEHG�� 5HFHQW� LQ� YLWUR� DQG� LQ� YLYR� DVVD\V����� SHUPLWWHG

LGHQWLILFDWLRQ�RI�WKH�ELRORJLFDO�DFWLYLW\�RI�PRODVVHV�JUDVV�DV

EHLQJ�GXH�WR�WKH�WULFKRPDO�HVVHQWLDO�RLO��ZKLFK�LV�DFWXDOO\

UHVSRQVLEOH�IRU�WKH�UHSHOOHQW��DFDULFLGDO�DQG�RYLFLGDO�SURS�

HUWLHV�

7KH�VHFRQGDU\�PHWDEROLWHV�RI�WULFKRPHV�RI�VHYHUDO�SODQW

VSHFLHV�SOD\�D�FHQWUDO�UROH�LQ�SODQW�SURWHFWLRQ�DJDLQVW�SODQW�

IHHGLQJ� LQVHFWV���������� 0RQRWHUSHQHV� RFFXUULQJ� LQ� WUL�

FKRPHV� KDYH� DQ� LQVHFWLFLGDO� HIIHFW�� SDUWLFXODUO\� RQ

WHUPLWHV�������0DQ\�PRQRWHUSHQHV�� LQFOXGLQJ�OLPRQHQH� ��

D�SLQHQH� �� DQG�P\UFHQH� �� DUH� LQYROYHG� LQ� SODQW�DQLPDO

LQWHUDFWLRQV���

$GGLWLRQDOO\��VHFRQGDU\�PHWDEROLWHV�IURP�KLJKHU�SODQWV

KDYH�UHFHQWO\�EHHQ�XVHG�DV�SHVWLFLGHV�RU�PRGHOV�IRU�QHZ

V\QWKHWLF�SHVWLFLGHV��H�J���WR[DSKHQH��LQVHFWLFLGH�DQG�KHUEL�
FLGH��DQG�FLQPHWK\OLQ��KHUELFLGH���7KHVH�FKHPLFDOV�ZHUH

GHYHORSHG� IURP� SODQW� GHULYHG� QDWXUDO� SURGXFWV� VXFK� DV

WHUSHQRLGV�WKDW�FDQ�EH�IRXQG�LQ�WKH�HVVHQWLDO�RLO�VHFUHWHG�E\

WKH� JODQGXODU� WULFKRPHV� RI� $UWHPLVLD� �&RPSRVLWDH�� RU

FORVHO\�UHODWHG�JHQHUD����3LQH�RLO��D�E\�SURGXFW�RI�WKH�VXOIDWH

ZRRG� SXOSLQJ� LQGXVWU\�� KDV� WKH� WHUSHQRLG� D�WHUSLQHRO

DPRQJ�LWV�PDMRU�FRQVWLWXHQWV��D�7HUSLQHRO���KDV�EHHQ�UH�

SRUWHG�WR�SURWHFW�OLYLQJ�WUHHV�ZLWKLQ�D����P�UDGLXV�IURP�WKUHH

EDUN�EHHWOH� VSHFLHV� DWWDFN����$OIDUR�HW�DO���� UHSRUWHG� WKDW
SLQH� RLO� LV� D� IHHGLQJ� GHWHUUHQW� IRU� 3LVVRGHV� VWUREL
�&2/(237(5$��&85&8/,21,'$(���)UDJUDQW�YRODWLOH

RLOV� W\SLFDOO\� FRQWDLQ� PRQRWHUSHQHV� RU� WKHLU� UHODWHG

PRQRWHUSHQRLGV�� LQFOXGLQJ� DOFRKROV�� NHWRQHV�� DOGHK\GHV�

FDUER[\OLF�DFLGV��DQG�R[LGHV����7KHVH�VHFRQGDU\�SODQW�VXE�

VWDQFHV� DUH� WR[LF� WR� KRXVH� IO\�� *HUPDQ� FRFNURDFK�� ULFH

ZHHYLO��DQG�ZHVWHUQ�FRUQ�URRWZRUP�

6XWKHUVW�DQG�FR�ZRUNHUV������KDYH�VKRZQ�WKDW�WURSLFDO

SDVWXUH�OHJXPHV�RI�WKH�JHQXV�6W\ORVDQWKHV�SURGXFH�D�VWLFN\
VHFUHWLRQ�ZKLFK� LPPRELOL]HV� DQG� NLOO� FDWWOH�WLFNV�� 7KHVH

HIIHFWV�ZHUH�DWWULEXWHG�WR�D�PL[WXUH�RI�WKH�PRQRWHUSHQHV�D

DQG�E�SLQHQH����DQG����WZR�FRPSRQHQWV�RI�WKH�HVVHQWLDO�RLO

RI�WKH�JUDVV�

,Q�D�UHFHQW�SDSHU��ZH�UHSRUWHG�WKH�ELRFLGDO�DFWLYLW\�RI

WKH�HVVHQWLDO�RLO�IURP�PRODVVHV�JUDVV�RQ�ODUYDH�RI�%RRSKLOXV
PLFURSOXV����+RZHYHU��LW�LV�QRW�FOHDU�VR�IDU�ZKLFK�FKHPLFDO

FRPSRQHQWV�DUH�DFWLYH�LQ�WKH�QDWXUDO�PL[WXUH��7KH�SUHVHQW

SDSHU�GHVFULEHV�WKH�*&�06�DQDO\VLV�RI�WKH�HVVHQWLDO�RLO�DQG

WKH�DFDULFLGDO�HIIHFW�RI�WZR�RI�LWV�FRPSRQHQWV��,Q�DGGLWLRQ

WKH� IROORZLQJ� PRQRWHUSHQRLGV�� FLWURQHOORO� ��� OLQDORRO� ��

LVRSLQRFDPSKRQH� �� DQG� FDPSKRU� ��ZHUH� DOVR� WHVWHG� IRU

ELRORJLFDO�DFWLYLW\�RQ�%��PLFURSOXV�

0DWHULDO�DQG�0HWKRGV

3ODQW�PDWHULDO��DOO�PRODVVHV�JUDVV� VDPSOHV�ZHUH�FRO�

OHFWHG�GXULQJ�WKH�VXPPHU�UDLQ�VHDVRQ�DW� WKH�)RUHVW�6WDWH

,QVWLWXWH�QXUVHU\�LQ�%HOR�+RUL]RQWH���0*��%UD]LO��6DPSOHV

ZHUH� FXW� DW� ��� FP�KLJK� IURP� WKH� JURXQG�� SDFNHG� LQWR� D

SODVWLF�EDJ��(VVHQWLDO�RLO�ZDV�REWDLQHG�E\�VWHDP�GLVWLOODWLRQ

H[WUDFWLRQ�� 7KLV� SURFHGXUH� ZDV� EDVHG� RQ� WKH� ZRUN� RI

+HUQiQGH]�HW�DO����LQ�ZKLFK�WKH�DXWKRUV�UHSRUWHG�WKH�DQWL�
WLFN�DFWLYLW\�RI�DQ�RLO�IUDFWLRQ�RI�WKH�SHWUROHXP�HWKHU�H[WUDFW

IURP�PRODVVHV�JUDVV�

��� 3UDWHV�HW�DO� -��%UD]��&KHP��6RF�
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0\UFHQH/LPRQHQH D�SLQHQH
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([WUDFWLRQ�RI�WKH�HVVHQWLDO�RLO��D�����J�VDPSOH�RI�PR�

ODVVHV�JUDVV�FXW�LQWR����FP��OHDYHV�DQG�VWHPV��SLHFHV�ZDV

VWHDP�GLVWLOOHG�IRU���K��$V�QR�FOHDU�SKDVH�VHSDUDWLRQ�ZDV

REVHUYHG��GLHWK\O�HWKHU�ZDV�XVHG�WR�H[WUDFW�WKH�HVVHQWLDO�RLO

IURP�WKH�GHVWLOODWH��7KH�H[WUDFW�ZDV�HYDSRUDWHG�LQ�D�URWDU\

HYDSRUDWRU� DW� DWPRVSKHULF� SUHVVXUH�� DW� D� FRQWUROOHG� WHP�

SHUDWXUH�RI�����&�DQG������J�RI�HVVHQWLDO�RLO�ZDV�REWDLQHG�

7KH�\LHOG�ZDV�DYHUDJLQJ��������OLW�������������7KH�\HOORZ

RLO\�UHVLGXH�ZDV�NHSW�DW�����&�LQ�D�VHDOHG�JODVV�WXEH�

7R�GHWHUPLQH�VROYHQW� UHVLGXH��D�EODQN�H[WUDFWLRQ�ZDV

FDUULHG�RXW�E\�WDNLQJ�RQH�OLWHU�RI�WKH�VDPH�EDWFK�RI�GLHWK\O

HWKHU�XVHG�IRU�H[WUDFWLRQ�DQG�HYDSRUDWLQJ�LW� LQ� WKH�URWDU\

HYDSRUDWRU�DW�DWPRVSKHULF�SUHVVXUH�DQG�FRQWUROOHG�WHPSHUD�

WXUH�RI�����&�

*&�06���HVVHQWLDO�RLO�DQDO\VLV��*&�06�GDWD�RI�PDMRU

FRQVWLWXHQWV�RI�PRODVVHV�JUDVV�HVVHQWLDO�RLO�ZHUH�REWDLQHG

XVLQJ� D� +3� �����+HZOHWW�3DFNDUG� *&� HTXLSSHG�ZLWK� D

IXVHG�VLOLFD�FDSLOODU\�FROXPQ����P�[������PP��,�'������

PP��6(������VWDWLRQDU\�SKDVH��7KH�WHPSHUDWXUH�ZDV�SUR�

JUDPPHG�IURP�����&�WR������&�DW����&���PLQ�DQG�WKHQ�DW

����&���PLQ�WR������&���7KH�PDVV�VSHFWURPHWHU��PRGHO�+3

�����ZDV�HTXLSSHG�ZLWK�D�PDVV�TXDGUXSROH�GHWHFWRU�ZLWK

KHOLXP�DV�FDUULHU�JDV��HOHFWURQLF�LPSDFW�LRQL]DWLRQ�����H9�

LRQL]DWLRQ�FKDPEHU�DW������&�DQG�WUDQVIHU�OLQH�WHPSHUDWXUH

RI������&�

$FDULFLGDO� DFWLYLW\� WHVW�� WKH� SURFHGXUH� GHVFULEHG� E\
6WRQH�DQG�+D\GRFN���IRU�/'���HYDOXDWLRQ�RQ�WKH�DFDULFLGDO

DFWLYLW\�RI�FRPPHUFLDO�LQVHFWLFLGHV�UHFRPPHQGV�ZHWWLQJ�D

VTXDUHG� ILOWHU� SDSHU� ����� [� ���� FP�� ZLWK� WKH� VXEVWDQFHV

XQGHU� WHVW� LQ� VHYHUDO� GLOXWLRQV�� $IWHU� GU\LQJ� WKH� SDSHU�

DSSUR[LPDWHO\�����ODUYDH�ZRXOG�EH�SXW�RQ�LW��+RZHYHU��LQ

WKH�SUHVHQW�FDVH�WKLV�SURFHGXUH�ZDV�LQDSSURSULDWH�WR�ERWK

YRODWLOH�VXEVWDQFHV�DQG�HVVHQWLDO�RLO��7KH�DQWL�WLFN�DFWLYLW\

WHVW� EHWWHU� XVHG� LQ� WKLV� VWXG\�ZDV� WKDW� UHFRPPHQGHG� E\

6XWKHUVW�HW� DO�����ZKLFK�RULJLQDOO\� FRQVLVWV� RI� D� FOXPSHG

JDX]H� RI� ILQH� Q\ORQ� FRQWDLQLQJ� WKH� HVVHQWLDO� RLO� LQVLGH� D

ODUYD�SURRI�VWDLQOHVV�VWHHO�JDX]H�F\OLQGHU����FP�[���FP��

7KH�F\OLQGHU�ZDV�VHFXUHO\�FDSSHG�DQG�KHOG�ILUPO\�LQ�WKH

PLGGOH�RI�D���[�����FP�JODVV�YLDO�LQ�ZKLFK�DSSUR[LPDWHO\

����ODUYDH�ZHUH�EUXVKHG��6RPH�VPDOO�PRGLILFDWLRQV�ZHUH

PDGH�LQ�WKH�SUHVHQW�FDVH��D���[����FP�ILOWHU�SDSHU�EDQG�ZDV

ZHW�ZLWK�WKH�HVVHQWLDO�RLO���VXEVWDQFHV�DQG�SODFHG�LQWR�D�JODVV

WHVW�WXEH����FP�ORQJ�DQG�����FP�LQWHUQDO�GLDPHWHU��,�'����DW

KRUL]RQWDO� SRVLWLRQ�� FRQWDLQLQJ� LQ� WKH� ERWWRP� D� SLHFH� RI

FRWWRQ�ZRRO�LPSUHJQDWHG�ZLWK�3%6�SKRVSKDWH�EXIIHU�VDOLQH

�S+������VROXWLRQ��$SSUR[LPDWHO\�����ODUYDH�ZHUH�JHQWO\

SODFHG� LQWR� WKH� WXEH�ZLWK� D� VRIW� EUXVK� DQG� WKH� WXEH�ZDV

FDSSHG�ZLWK�D�UXEEHU�VWRSSHU�

7KH� WHVW� IRU� HVVHQWLDO� RLO� DQG� SXUH� VXEVWDQFHV� ZHUH

FDUULHG�RXW�E\�LPSUHJQDWLQJ�WKH�SDSHU�EDQG�ZLWK���GURSV��#

���PJ��RI�HDFK�WHVW�VXEVWDQFH�LQ�ILYH�UHSHWLWLRQV��LQFOXGLQJ

FRQWURO��$�FRQWURO�WHVW�WXEH�ZDV�SUHSDUHG�LQ�WKH�VDPH�ZD\

EXW�QR�LPSUHJQDWLQJ�VXEVWDQFH�ZDV�XVHG��/DUYDO�PRUWDOLW\

ZDV�REVHUYHG�ZLWK�D�VWHUHRPLFURVFRSH�HYHU\�ILYH�PLQXWHV

GXULQJ�WKH�ILUVW�KRXU�DQG�DIWHU����K�RI�HODSVHG�WLPH��$IWHU

���K�DOO�FRQWURO�ODUYDH�ZHUH�VWLOO�DOLYH�

7KH�DFDULFLGDO�DFWLYLW\�RI�WKH�PRQRWHUSHQHV�D�DQG�E�

SLQHQH�ZDV�SUHYLRXVO\�LQYHVWLJDWHG�E\�6XWKHUVW�DQG�:LO�

VRQ����DORQJ�ZLWK�ELRORJLFDOO\�DFWLYH�DQDORJXHV�GHVFULEHG

LQ�WKH�OLWHUDWXUH���������������

6ROYHQW�DQG�UHDJHQWV��GLHWK\O�HWKHU�XVHG�IRU�HVVHQWLDO�RLO
H[WUDFWLRQ�ZDV�SHVWLFLGH�UHVLGXH�DQDO\VLV�JUDGH�VXSSOLHG�E\

*UXSR�4XLPLFD��%UD]LO��

([FHSW�IRU�WKH�FLWURQHOORO��VXSSOLHG�E\�(OR�9LWDO��%UD]LO�

DQG� LVRSLQRFDPSKRQH� V\QWKHVL]HG� LQ� WKH� ODERUDWRU\� E\

3UDWHV����WKH�SXUH�VXEVWDQFHV�XVHG�LQ�WKH�WHVW�ZHUH�RI�DQD�

O\WLFDO�UHDJHQW�JUDGH�VXSSOLHG�E\�$OGULFK��86$���&RRNLQJ

ROLYH�RLO�ZDV�XVHG�IRU�GLOXWLRQ�LQ�DFDULFLGDO�WHVW�

5HVXOWV�DQG�'LVFXVVLRQ

*&�06�DQDO\VLV�DOORZHG�XV�WR�LGHQWLI\�VL[�RXW�RI�WHQ

FRPSRQHQWV�IURP�WKH�HVVHQWLDO�RLO��3URSLRQLF�DFLG��������

���DQG�WKH�PRQRWHUSHQRLG�����FLQHROH������������ZHUH�WKH

PDMRU�FRQVWLWXHQWV�LGHQWLILHG��7DEOH�����2WKHU�FRPSRQHQWV

IRXQG�ZHUH��KH[DQDO�����SKHQ\OHWK\O�DOFRKRO� ����EXW\ULF

DFLG�����DQG�����(���HLFRVHQH�����7KH�VXEVWDQFH�DVVLJQPHQW

ZDV�LQIHUUHG�E\�WKH�PDWFK�TXDOLW\�VFRUH��7DEOH�����%\�WKLV

FULWHULRQ� ����FLQHROH� DQG� SKHQ\OHWK\O� DOFRKRO� ZHUH� DV�

VLJQHG� ZLWK� ��� DQG� ���� FHUWDLQW\�� UHVSHFWLYHO\�� ZKLFK

UHIOHFWV�JRRGQHVV�RI�ILW�IURP�GDWD�DYDLODEOH�LQ�WKH�06�GLJLWDO

OLEUDU\��)LQDOO\��PDVV� VSHFWUD�ZHUH� FRPSDUHG�ZLWK� WKRVH

DYDOLDEOH�LQ�OLWHUDWXUH�

7KH�UHVXOWV�RI�WKH�DFDULFLGDO�WHVW�SUHVHQWHG�LQ�7DEOH��

VKRZHG�WKH�OHWKDO�HIIHFW�RI�WKH�HVVHQWLDO�RLO�DQG�RI�VLQJOH

FRPSRQHQWV�FRQWDLQHG�LQ�WKH�RLO�DJDLQVW�FDWWOH�WLFN�ODUYDH�

9LUWXDOO\� ����� RI� ODUYDH� ZHUH� GHDG� LQ� ��� PLQ�� 7KH

PRQRWHUSHQHV�D�DQG�E�SLQHQH�VHSDUDWHO\�RU�FRPELQHG�KDG

VLPLODU�HIIHFWV��EXW�D���0�VROXWLRQ�RI�HDFK�PRQRWHUSHQH�LQ

ROLYH�RLO�ZDV�OHVV�HIIHFWLYH�WKDQ�WKH�SXUH�FRPSRXQGV��DQG

WKH���0�VROXWLRQV�UHTXLUHG����K�WR�SURGXFH������PRUWDOLW\�

7KH�WZR�DYDLODEOH�FRPSRQHQWV�RI�WKH�PRODVVHV�HVVHQWLDO�RLO�

����FLQHROH�DQG�KH[DQDO�ZHUH�OHWKDO�WR������RI�WKH�ODUYDH

LQ���PLQ��$PRQJ�RWKHU�WHVWHG�PRQRWHUSHQHV��FLWURQHOORO�ZDV

OHWKDO�LQ���PLQ��OLQDORRO�LQ����PLQ��IROORZHG�E\�LVRSLQRFDP�

SKRQH� DQG� FDPSKRU��ZLWK����PLQ� DQG�RQH�KRXU�� UHVSHF�

WLYHO\�� 7KH� SUHVHQW� UHVXOWV� FRQILUP� GDWD� UHSRUWHG� E\
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