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6DP +\XS 5HVRXUFH 'HYHORSPHQW &R�� 0DH�UL� 6DQJ�GRQJ� .LPKDH� .\RQJQDP �������� .RUHD

�5HFHLYHG � 6HSWHPEHU ���� � DFFHSWHG �� 6HSWHPEHU �����

$EVWUDFW−3KRWRFDWDO\WLF LQDFWLYDWLRQ RI DOJDH� $QDEDHQD�0LFURF\VWLV� DQG0HORVLUD� ZDV SHUIRUPHG ZLWK 7L2��FRDWHG

S\UH[ JODVV EHDGV XQGHU WKH LOOXPLQDWLRQ RI 89 OLJKW ���� QP ZDYHOHQJWK�� $IWHU EHLQJ LUUDGLDWHG ZLWK 89 OLJKW LQ

WKH SUHVHQFH RI WKH 7L2��FRDWHG S\UH[ JODVV EHDGV� $QDEDHQD DQG 0LFURF\VWLV� NQRZQ DV W\SLFDO F\DQREDFWHULD� ORVW

WKHLU SKRWRV\QWKHWLF DFWLYLW\� DQG WKH VWULQJ RI $QDEDHQD FHOOV DQG WKH FRORQLHV RI 0LFURF\VWLV FHOOV ZHUH FRPSOHWHO\

VHSDUDWHG LQWR LQGLYLGXDO VSKHULFDO RQHV� ,Q WKH FDVH RI 0HORVLUD� ZKLFK LV D W\SLFDO GLDWRP� KRZHYHU� VRPHZKDW ORZHU

SKRWRFDWDO\WLF LQDFWLYDWLRQ HIILFLHQF\ ZDV REWDLQHG� ZKLFK ZDV EHOLHYHG WR EH GXH WR WKH SUHVHQFH RI WKH LQRUJDQLF

VLOLFHRXV ZDOO VXUURXQGLQJ WKH FHOOV RI 0HORVLUD�

.H\ ZRUGV� 3KRWRFDWDO\WLF ,QDFWLYDWLRQ� $OJDH� 7L2��FRDWHG +ROORZ 3\UH[ *ODVV %HDG� 3KRWRV\QWKHVLV� $QDEDHQD� 0LFUR�

F\VWLV�0HORVLUD
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7L2� LQ DQDWDVH FU\VWDO IRUP LV D VHPLFRQGXFWRU ZLWK EDQGJDS

HQHUJ\ RI ��� H9 RU PRUH� 8SRQ H[FLWDWLRQ E\ OLJKW RI ZDYHOHQJWK

OHVV WKDQ ��� QP� WKH SKRWRQ HQHUJ\ JHQHUDWHV DQ HOHFWURQ�KROH SDLU

RQ WKH 7L2� VXUIDFH� 7KLV HOHFWURQ�KROH SDLU SURGXFHV KLJKO\ UHDF�

WLYH R[\JHQ VSHFLHV >+RIIPDQQ HW DO�� ����@� 7KHVH KLJKO\ UHDFWLYH

VSHFLHV R[LGL]H RUJDQLF FRPSRXQGV DGVRUEHG RQ WKH FDWDO\VW VXU�

IDFH� 7KH DSSOLFDWLRQ RI SKRWRFDWDO\VWV WR GHVWUR\ RUJDQLF SROOX�

WDQWV IURP FRQWDPLQDWHG ZDWHU KDV EHHQ H[WHQVLYHO\ VWXGLHG >2OOLV

HW DO�� ����@�

7KH SUREOHPV FUHDWHG E\ DOJDO EORRPV LQ HXWURSKLF ZDWHU DUH WR�

GD\ D VHULRXV WKUHDW WR OLIH� /DUJH SRSXODWLRQV RI DOJDH LQ ZDWHU VXS�

SO\ UHVHUYRLUV PD\ UHVXOW LQ WKH EORFNLQJ RI ILOWHUV LQ WKH WUHDWPHQW

ZRUNV� 7KH UHVHUYRLU PD\ KDYH WR EH WDNHQ RXW RI VHUYLFH VRPH�

WLPHV IRU VHYHUDO ZHHNV� EHFDXVH WKH ZDWHU EHFRPHV XQWUHDWDEOH�

(VSHFLDOO\ ZKHQ WR[LF F\DQREDFWHULDO EORRPV LQ GULQNLQJ ZDWHU VXS�

SOLHV DSSHDU� GULQNLQJ ZDWHU PD\ FDXVH SRWHQWLDO KXPDQ KHDOWK SURE�

OHPV >)HLW] HW DO�� ����@� 3UHVHQWO\� WKH PRVW FRPPRQ PHWKRG WR

FRQWURO DOJDO EORRPV LV GRVLQJ ZLWK FRSSHU EDVHG DOJLFLGHV� :KLOH

WKLV LQYDULDEO\ GHVWUR\V DOJDH� LW LV QR ORQJHU FRQVLGHUHG DQ HIIHF�

WLYH WUHDWPHQW PHWKRG DV LW SURGXFHV VHFRQGDU\ HQYLURQPHQWDO SURE�

OHPV�

0LFURELDO FHOOV LQ ZDWHU ZHUH UHSRUWHG WR EH NLOOHG E\ WKH DFWLRQ

RI 7L2� SKRWRFDWDO\VLV >0DWVXQDJD HW DO�� ����� ,UHODQG HW DO�� �����

&KDL HW DO�� ����@� 7KLV ILQGLQJ JDYH XV DQ LQVLJKW WKDW WKH PDVVLYH

JURZWK RI DOJDH LQ HXWURSKLF ZDWHU FDQ D SULRUL EH SUHYHQWHG E\ DS�

SO\LQJ WKH SKRWRFDWDO\WLF DFWLYLW\ RI 7L2�� 'HVSLWH D EURDG VSHF�

WUXP RI LQYHVWLJDWLRQ� WKH SRWHQWLDO XVH RI WKLV WHFKQRORJ\ IRU WKH

LQDFWLYDWLRQ RI DOJDH KDV EHHQ SUHVHQWO\ XQH[SORUHG�

,Q WKH SUHVHQW ZRUN WKH SKRWRFDWDO\WLF LQDFWLYDWLRQ RI DOJDH LQ

ZDWHU ZDV FDUULHG RXW ZLWK WKH 7L2� WKLQ ILOP FRDWHG RQ WKH VXUIDFH

RI KROORZ S\UH[ JODVV EHDGV� 7KH EHDGV ZHUH GHVLJQHG WR IORDW LQ

ZDWHU LQ RUGHU WR HQKDQFH WKH FORVH FRQWDFW ZLWK DOJDH�

(;3(5,0(17$/

�� 3UHSDUDWLRQ RI 6XSSRUWHG 7L2� )LOP RQ +ROORZ *ODVV %HDGV

$V FDQ EH VHHQ LQ )LJ� �� KROORZ S\UH[ JODVV EHDGV �DYHUDJH GL�

DPHWHU ��PP� ZHUH GHVLJQHG WR IORDW LQ ZDWHU� 7L2� ZDV FRDWHG

RQ WKH VXUIDFH RI WKH EHDGV E\ WKH ZHOO HVWDEOLVKHG PHWKRG RI GLS

FRDWLQJ >3XONHU� ����@� $IWHU EHLQJ FDUHIXOO\ FOHDQHG E\ VRQLFDWLRQ

LQ DFHWRQH WKH EHDGV ZHUH LPPHUVHG LQ D VROXWLRQ RI ���0 WLWD�

QLXP WHWUDLVRSURSR[LGH >7L�2&+�&+������ IURP 0HUFN@ LQ GU\ HWK�

)LJ� �� $ UHSUHVHQWDWLYH SKRWRJUDSK RI WKH 7L2��FRDWHG KROORZ S\�
UH[ JODVV EHDGV IORDWLQJ LQ ZDWHU�
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DQRO ����PO� DQG K\GURFKORULF DFLG ��1� ���PO�� 7KH EHDGV ZHUH

UHPRYHG IURP WKH VROXWLRQ DW D FRQVWDQW UDWH RI � FP�PLQ� 7KH VDP�

SOHV ZHUH WKHQ GULHG LQ DLU IRU ��PLQXWHV� )LQDOO\ WKH VDPSOHV ZHUH

FDOFLQHG DW ��� . IRU � K�

�� &KDUDFWHUL]DWLRQ RI WKH 6DPSOHV

7KH VFDQQLQJ HOHFWURQ PLFURJUDSKV ZHUH REWDLQHG ZLWK D 3KLO�

OLSV �;/���PLFURVFRSHZRUNLQJ DW ��.9�7KH LQVWUXPHQWZDV ILWWHG

ZLWK DQ HQHUJ\ GLVSHUVLYH ;�UD\ �('6� DFFHVVRU\� ;�UD\ GLIIUDF�

WLRQ DQDO\VLV �;5'� ZDV FDUULHG RXW E\ XVLQJ &X.α UDGLDWLRQ LQ D

6LHPHQV '���� GLIIUDFWRPHWHU�

�� 3KRWRFDWDO\WLF ,QDFWLYDWLRQ RI $OJDH

7KUHH VSHFLHV RI DOJDH� $QDEDHQD� 0LFURF\VWLV� DQG 0HORVLUD�

ZKLFK DUH FRPPRQO\ IRXQG LQ DOJDO EORRPV LQ HXWURSKLF ZDWHU� ZHUH

HPSOR\HG IRU WKH H[SHULPHQWV RI SKRWRFDWDO\WLF LQDFWLYDWLRQ� 7KH

UHDFWLRQV ZHUH FDUULHG RXW LQ D EDWFK UHDFWRU ����P ZLGWK� ���P

OHQJWK� DQG ���P GHSWK�� 7KH UHDFWRU ZDV SODFHG EHORZ EODFN OLJKW

89 ODPSV >0RGHO )�7��%/%� ZDYHOHQJWK� ��� QP �XQILOWHUHG��

��:@�:KHQ WKH ODPSVZHUH VZLWFKHG RQ� WKH ODPSV¶ LUUDGLDQFHZDV

����P:FP−�� DV GHWHUPLQHG ZLWK D UDGLRPHWHU �2SWURQLF /DERUD�

WRULHV� ,QF�� 0RGHO 2/���&� DW WKH UHDFWLRQ VROXWLRQ VXUIDFH� 7KLV

89 LQWHQVLW\ ZDV VHOHFWHG VR WKDW WHVW UHVXOWV FRXOG EH UHOHYDQW WR

VRODU�H[FLWHG WUHDWPHQW GHVLJQV >WKH DYHUDJH LQWHQVLWLHV RI 89�$

�������� QP� LQ VXQOLJKW LQ 6HRXO� .RUHD RQ WKH VXUIDFH RI ULYHUV

ZHUH ���P:FP−� DQG ���P:FP−� RQ FORXGOHVV GD\V DW � SP DQG

FORXG\ GD\V DW � DP� UHVSHFWLYHO\@�

3XUH FXOWXUHV RI WKH WKUHH NLQGV RI DOJDH ZHUH REWDLQHG IURP WKH

1DWLRQDO ,QVWLWXWH RI (QYLURQPHQWDO 5HVHDUFK �1,(5�� .RUHD� 7KH

DOJDH ZHUH JURZQ LQ D ODERUDWRU\ LQFXEDWRU WKURXJK WKH SURFHGXUHV

DV LQGLFDWHG E\ 1,(5� $OJDH XVHG LQ WKH H[SHULPHQWV ZHUH REWDLQHG

IURP D[HQLF FXOWXUHV WKDW ZHUH VWDUWHG HYHU\ ����� GD\V WR NHHS WKH

FHOOV JURZLQJ LQ ORJ SKDVH�

7L2��FRDWHG KROORZ S\UH[ JODVV EHDGV ZHUH DGGHG WR WKH UHDFWRU�

DQG VXVSHQVLRQ RI WKH DOJDH ZDV LQWURGXFHG LQWR WKH UHDFWRU WR KDYH

WKH LQLWLDO FKORURSK\OO�D FRQFHQWUDWLRQ RI ��� PJ�P��

�� 0HDVXUHPHQWV RI 3KRWRV\QWKHWLF $FWLYLW\ RI WKH $OJDH

$Q LQGLFDWLRQ RI SKRWRV\QWKHWLF HIILFLHQF\ RI DOJDH ZDV GHWHU�

PLQHG E\ FDUERQ �� PHWKRG� ZKLFK LV NQRZQ WR EH EDVLFDOO\ PRUH

VHQVLWLYH WKDQ RWKHU PHWKRGV >*UHHQEHUJ HW DO�� ����@� 6DPSOHV ZHUH

ZLWKGUDZQ IURP WKH UHDFWRU GXULQJ WKH UHDFWLRQ DW GLIIHUHQW UHDFWLRQ

WLPHV� DQG ZHUH FKDUJHG LQWR OLJKW DQG GDUN ERWWOHV� $ VROXWLRQ RI

UDGLRDFWLYH FDUERQDWH ���&2�

−�� ZDV WKHQ DGGHG WR WKH VDPSOH ERW�

WOHV� $IWHU EHLQJ LQFXEDWHG LQ VLWX� WKH DOJDHZHUH FROOHFWHG RQ DPHP�

EUDQH ILOWHU� ZHUH WUHDWHG ZLWK K\GURFKORULF DFLG �+&O� IXPHV WR UH�

PRYH LQRUJDQLF FDUERQ ��� DQG ZHUH DVVD\HG IRU UDGLRDFWLYLW\ ZLWK

D OLTXLG VFLQWLOODWLRQ FRXQWHU �3DFNDUG &R� 7UL�FDUE PRGHO ������

7KH TXDQWLW\ RI FDUERQ IL[HG E\ DOJDH LV SURSRUWLRQDO WR WKH IUDF�

WLRQ RI UDGLRDFWLYH FDUERQ DVVLPLODWHG� $ PRUH GHWDLOHG SURFHGXUH

RI WKLV PHWKRG LV GHVFULEHG LQ WKH UHIHUHQFH >*UHHQEHUJ HW DO�� ����@�

5(68/76 $1' ',6&866,21

�� &KDUDFWHUL]DWLRQ RI 7L2� )LOP

6(0 PLFURJUDSKV RI 7L2� ILOP RQ WKH KROORZ S\UH[ JODVV EHDG

DUH VKRZQ LQ )LJ� �� 6(0DQDO\VLV RI WKH 7L2� ILOP RQ WKH JODVV EHDG

VKRZV D IUDFWXUHG DSSHDUDQFH� 7KH IUDFWXULQJ RI WKH ILOP LV EHOLHYHG

WR EH GXH WR FRQWUDFWLRQ DQG VWUHVV RQ GU\LQJ� $GGLWLRQDO IUDFWXULQJ

PD\ KDYH RFFXUUHG GXULQJ WKH FDOFLQDWLRQ SURFHVV GXH WR WKH GLIIHU�

HQW WKHUPDO FRHIILFLHQWV RI WKH RYHUOD\HU DQG WKH VXEVWUDWH� )URP

WKH(';DQDO\VLV RI WKH ILOP� WLWDQLXP LV IRXQG WR EH RQH RI WKHPDMRU

FRPSRQHQWV�

:KHQ WKH 7L2� ILOP LV REVHUYHG LQ PRUH GHWDLO ZLWK 6(0 �)LJ� ���

WKH 7L2� ILOP LV NQRZQ WR KDYH SRURXV VXUIDFH PRUSKRORJ\� 7KH

WKLFNQHVV RI WKH 7L2� ILOP FRXOG EH PHDVXUHG IURP WKH 6(0 LPDJH

RI WKH FURVV VHFWLRQ RI WKH JODVV EHDG �)LJ� ��� 7KH DYHUDJH WKLFN�

QHVV RI WKH ILOP ZDV HVWLPDWHG WR EH ��� µP�

)LJ� �� 6(0 PLFURJUDSK DQG ('; DQDO\VLV RI WKH 7L2� ILOP LP�
PRELOL]HG RQ WKH S\UH[ JODVV EHDG�

)LJ� �� 'HWDLOHG 6(0PLFURJUDSK RI WKH 7L2� ILOP LPPRELOL]HG RQ

WKH S\UH[ JODVV EHDG�



3KRWRFDWDO\WLF ,QDFWLYDWLRQ RI $OJDO *URZWK LQ (XWURSKLF :DWHU ���
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)LJ� � VKRZV WKH ;5' SDWWHUQ RI WKH 7L2� ILOP� 7KH SHDN DS�

SHDULQJ DW ����R LV DWWULEXWHG WR WKH FU\VWDOOLQH VLOLFD RI WKH KROORZ

S\UH[ JODVV EHDG� 7KH 7L2� ILOP RQ WKH JODVV EHDG KDV DQDWDVH VWUXF�

WXUH� 6LQFH DQDWDVH VDPSOHV DUH JHQHUDOO\� EXW QRW DOZD\V�PRUH DFWLYH

WKDQ UXWLOH RQHV >6FODIDQL HW DO�� ����� 6XUL HW DO�� ����� /HH DQG &KR�

����@� WKH LPPRELOL]HG 7L2� ILOP LV H[SHFWHG WR VKRZ KLJK HIIL�

FLHQF\ IRU WKH LQDFWLYDWLRQ RI DOJDH�

�� 3KRWRFDWDO\WLF ,QDFWLYDWLRQ RI $OJDH

)LJ� � VKRZV WKH RSWLFDO PLFURVFRSLF LPDJHV RI WKH DOJDH EHIRUH

UHDFWLRQ DQG DIWHU ��PLQXWHV UHDFWLRQ ZLWK WKH 7L2��FRDWHG KROORZ

JODVV EHDGV� 3KRWRJUDSK $ ZDV REWDLQHG IRU $QDEDHQD� $QDEDHQD

LV D W\SLFDO ILODPHQWRXV F\DQREDFWHULXP� &RQVWULFWLRQV EHWZHHQ DGMD�

FHQW FHOOV RI $QDEDHQD¶V XQEUDQFKHG ILODPHQWV JLYH WKH DSSHDUDQFH

RI D VWULQJ RI EHDGV >6]H� ����@� :KHQ LUUDGLDWHG E\ 89 OLJKW LQ

WKH SUHVHQFH RI 7L2��FRDWHG JODVV EHDGV� WKH VWULQJ RI $QDEDHQD

FDPH WR EH VHSDUDWHG� DQG HDFK VSKHULFDO FHOO ZDV FRPSOHWHO\ LVR�

ODWHG� 7KH OXPLQDQW EULJKW \HOORZ FRORU �VKRZQ LQ WKH FRORUIXO SKR�

WRJUDSK� RI WKH FHOOV EHIRUH UHDFWLRQ LV LQGLFDWLYH RI WKH YLJRURXV SKR�

WRV\QWKHWLF DFWLYLW\ RI $QDEDHQD� %XW PRVW RI WKH LVRODWHG FHOOV RI

$QDEDHQD ORVW WKHLU SKRWRV\QWKHWLF DFWLYLW\�

0LFURF\VWLV LV D W\SLFDO QRQILODPHQWRXV DQG D FRORQLDO F\DQR�

EDFWHULXP >6]H� ����@� &RORQLHV RI0LFURF\VWLV FRQVLVW RI KXQGUHGV

RI VSKHULFDO FHOOV LQ DPXFLODJLQRXV VKHDWK� $V VKRZQ LQ SKRWRJUDSK

%� WKH FRORQLHV RI VSKHULFDO FHOOV ZHUH FRPSOHWHO\ LVRODWHG DIWHU ��

PLQXWHV UHDFWLRQ ZLWK WKH 7L2��FRDWHG JODVV EHDGV� DQG HDFK FHOO

DOPRVW ORVW LWV SKRWRV\QWKHWLF DFWLYLW\�

0HORVLUD LV D NLQG RI GLDWRP� ZKLFK LV DQ LPSRUWDQW FRPSRQHQW

RI SODQNWRQLF FRPPXQLWLHV LQ ZDWHU KDELWDWV >6]H� ����@� $ GLVWLQF�

WLYH VLOLFHRXV ZDOO� FDOOHG D IUXVWXOH� VXUURXQGV LWV QRQIODJHOODWHG

YHJHWDWLYH FHOOV >6]H� ����@� $V LQ WKH FDVHV RI$QDEDHQD DQG0LFUR�

F\VWLV� WKH FHOO RI0HORVLUD ZDV VHYHUHO\ GDPDJHG DQG ORVW LWV SKR�

WRV\QWKHWLF DFWLYLW\ DIWHU ��PLQXWHV UHDFWLRQ ZLWK WKH 7L2��FRDWHG

JODVV EHDGV �SKRWRJUDSK &��

7KH UHVXOWV LQ )LJ� � FRXOG EH D GLUHFW HYLGHQFH IRU WKH SKRWRFDW�

DO\WLF UROH RI WKH 7L2��FRDWHG JODVV EHDGV RQ WKH LQDFWLYDWLRQ RI WKH

DOJDH�

)LJ� �� 6(0PLFURJUDSK RI WKH FURVV VHFWLRQ RI WKH 7L2��FRDWHG KRO�
ORZS\UH[ JODVV EHDG�

)LJ� �� ;5'GLIIUDFWRJUDP RI WKH7L2� ILOP LPPRELOL]HG RQ WKH S\�

UH[ JODVV EHDG�

)LJ� �� 2SWLFDO PLFURVFRSLF LPDJHV RI WKH DOJDH EHIRUH DQG DIWHU
SKRWRFDWDO\WLF UHDFWLRQ ZLWK WKH 7L2��FRDWHG KROORZ JODVV

EHDGV IRU ��PLQXWHV �$�$QDEDHQD� %�0LFURF\VWLV� &�0HOR�
VLUD��
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7KH SKRWRV\QWKHWLF DFWLYLWLHV RI WKH DOJDH GXULQJ WKH UHDFWLRQ ZHUH

DOVR PHDVXUHG E\ FDUERQ �� PHWKRG� )LJ� � VKRZV WKH SKRWRFDWD�

O\WLF UHDFWLRQ RFFXUULQJ ZLWK $QDEDHQD� 0LFURF\VWLV DQG 0HORVLUD

DW GLIIHUHQW UHDFWLRQ WLPHV� 7KH UHODWLYH ��&�DVVLPLODWLRQ UHFRUGHG

RQ WKH <�D[LV LV WKH UDWLR RI WKH ��&�DVVLPLODWLRQ EHIRUH UHDFWLRQ DQG

WKDW GXULQJ UHDFWLRQ� 0RVW RI WKH LQDFWLYDWLRQ RI WKH SKRWRV\QWKHWLF

DFWLYLW\ RI$QDEDHQD DQG0LFURF\VWLV WRRN SODFH ZLWKLQ ��PLQ� %XW

LQ WKH FDVH RI0HORVLUDPXFK ORZHU SKRWRFDWDO\WLF LQDFWLYDWLRQ HI�

ILFLHQF\ ZDV REVHUYHG� $ERXW ��� RI WKH FHOOV ORVW WKHLU SKRWRV\Q�

WKHWLF DFWLYLW\ LQ ��PLQXWHV� 7KH ORZHU LQDFWLYDWLRQ RI0HORVLUD LV

EHOLHYHG WR EH GXH WR WKH SUHVHQFH RI LQRUJDQLF VLOLFHRXV ZDOO� FDOOHG

D IUXVWXOH� VXUURXQGLQJ WKH FHOOV�

&21&/86,21

7L2� ZDV FRDWHG RQ WKH VXUIDFH RI WKH KROORZ S\UH[ JODVV EHDGV

WKURXJK D VRO�JHO PHWKRG� 7KH 7L2��FRDWHG KROORZ JODVV EHDG ZDV

HPSOR\HG DV D SKRWRFDWDO\VW WR LQDFWLYDWH WKH DOJDH XQGHU WKH LOOXPL�

QDWLRQ RI 89 OLJKW�

7L2� FRXOG VXFFHVVIXOO\ EH LPPRELOL]HG DV D ILOP RQ WKH VXUIDFH

RI WKH JODVV EHDG� 7KH7L2� ILOP KDG DQDWDVH IRUP DQG D SRURXV VWUXF�

WXUH� 7KH DYHUDJH WKLFNQHVV RI WKH ILOP ZDV HVWLPDWHG WR EH ���µP�
7KUHH VSHFLHV RI DOJDH�$QDEDHQD�0LFURF\VWLV DQG0HORVLUD� ZHUH

WDNHQ IRU WKH LQDFWLYDWLRQ H[SHULPHQWV�:KHQ LUUDGLDWHG E\ 89 OLJKW

LQ WKH SUHVHQFH RI WKH 7L2��FRDWHG JODVV EHDGV� WKH VWUXFWXUH RI WKH

DOJDH FKDQJHG JUHDWO\� 7KH VWULQJ RI $QDEDHQD FHOOV DQG WKH FROR�

QLHV RI0LFURF\VWLV FHOOV ZHUH FRPSOHWHO\ VHSDUDWHG LQWR LQGLYLGXDO

VSKHULFDO RQHV� DQG PRVW RI WKH LVRODWHG FHOOV ORVW WKHLU SKRWRV\Q�

WKHWLF DFWLYLW\� 7KH FHOOV RI 0HORVLUD ZHUH DOVR GDPDJHG VHYHUHO\

DIWHU EHLQJ FRQWDFWHG ZLWK WKH 7L2��FRDWHG JODVV EHDGV� &RPSOHWH

SKRWRFDWDO\WLF LQDFWLYDWLRQ RI $QDEDHQD DQG 0LFURF\VWLV ZDV RE�

WDLQHG LQ DERXW ��PLQ� ZKLOH WKH LQDFWLYDWLRQ HIILFLHQF\ IRU0HOR�

VLUD ZDV VRPHZKDW ORZHU WKDQ WKH F\DQREDFWHULD� 7KH ORZHU HIIL�

FLHQF\ ZDV EHOLHYHG WR EH GXH WR WKH SUHVHQFH RI WKH LQRUJDQLF VL�

OLFHRXV ZDOO VXUURXQGLQJ WKH FHOOV RI0HORVLUD�

$&.12:/('*(0(176

7KLV UHVHDUFK ZDV VXSSRUWHG E\ *�� SURJUDP VSRQVRUHG E\ 0LQ�

LVWU\ RI (QYLURQPHQW� .RUHD�

5()(5(1&(6

&KDL�<� 6�� /HH� -� &� DQG.LP� %�:�� ³3RWRFDWDO\WLF 'LVLQIHFWLRQ RI(�

FROL LQ D 6XVSHQGHG 7L2��89 5HDFWRU�́ .RUHDQ -� &KHP� (QJ�� ���

��� �������

)HLW]�$� -��:DLWH�7�'�� -RQHV�*� -��%R\GHQ�%�+�DQG2UU� 3� 7�� ³3KR�

WRFDWDO\WLF'HJUDGDWLRQ RI WKH%OXH�*UHHQ$OJDO 7R[LQ0LFURQF\VWLQ�
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