
7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ������������� ����

7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL ��������� ���

'�Q\D �]HULQGH ��� PLO\RQ KHSDWLW % YLU�V
�+%9� WDúÕ\ÕFÕVÕ� ��� PLO\RQ KHSDWLW & YLUXV
�+&9� WDúÕ\ÕFÕVÕ ROGX÷X YH NDQ GRQ|UOHUL
DUDVÕQGD ������ RUDQÕQGD +%9 WDúÕ\ÕFÕOÕ÷Õ�
������� RUDQÕQGD LVH +&9 WDúÕ\ÕFÕOÕ÷Õ ROGX÷X
EHOLUWLOPHNWHGLU�� <DSÕODQ oDOÕúPDODUGD LPP�Q
V�SUHVH JUXSODUGD oHúLWOL YLUDO� IXQJDO� SDUD]LWLN�

EDNWHUL\HO HQIHNVL\RQODUÕQ VÕNOÕ÷ÕQGD DUWÕú
VDSWDQPÕúWÕU� %X JUXS KDVWDODUGD YLUDO KHSDWLW
VÕNOÕ÷ÕQGD GD |QHPOL RUDQODUGD DUWÕú ROGX÷X
J|VWHULOPLúWLU� +DVWDQHOHULQ KHSDWRORML� GLDOL] YH
KHPDWR�RQNRORML VHUYLVOHULQGHNL KDVWDODUGD YH
EXUDGD oDOÕúDQ VD÷OÕN SHUVRQHOOHUL DUDVÕQGD GD
KHSDWLW % YH & YLU�V VHURSR]LWLIOL÷L VÕNOÕ÷ÕQÕQ

5DPD]DQ 6$5,
+DOLO øEUDKLP g=.$1
$OSHU 6(9ø1d
øVPHW $<'2ö'8

 øQ|Q� hQLYHUVLWHVL 7ÕS )DN�OWHVL�
øo +DVWDOÕNODUÕ $QDELOLP 'DOÕ� 0$/$7<$
 7XUJXW g]DO 7ÕS 0HUNH]L .DQ
0HUNH]L� 0$/$7<$
 øQ|Q� hQLYHUVLWHVL 7ÕS )DN�OWHVL�
+HPDWRORML %LOLP 'DOÕ� 0$/$7<$

<D]ÕúPD $GUHVL�
'Ro� 'U� øVPHW $<'2ö'8
7XUJXW g]DO 7ÕS 0HUNH]L�
+HPDWRORML %LOLP 'DOÕ
������ 0$/$7<$
7HO� � ����� ��� �� �� � ����
)D[� � ���� ���� �� ��

$PDo� .DQ YH NDQ �U�QOHUL WUDQVI�]\RQX |\N�V� RODQ YH ROPD\DQ KHPDWRORMLN PDOLJQLWHOL

KDVWDODUGD� KHSDWLW % YH KHSDWLW & YLU�V VHURSR]LWLIOL÷L DUDVÕQGDNL IDUN DUDúWÕUÕOGÕ�

0DWHU\DO YH PHWRW� +HPDWRORML VHUYLVLQGH WHGDYL HGLOHQ� NDQ WUDQVI�]\RQ |\N�V� RODQ

�� YH WUDQVI�]\RQ |\N�V� ROPD\DQ �� KHPDWRORMLN PDOLJQLWHOL KDVWDGD +%V $J� DQWL�+%V

YH DQWL�+&9 DQWLNRU SR]LWLIOL÷L (/,6$ \|QWHPL LOH DUDúWÕUÕOGÕ�

%XOJXODU� dDOÕúPDPÕ]GD KHPDWRORMLN PDOLJQ KDVWDOÕ÷Õ ROXS WUDQVI�]\RQ \DSÕOPÕú YH

WUDQVI�]\RQ |\N�V� ROPD\DQ JUXSODUGD ELUHU KDVWDGD DQWL�+&9 VHURSR]LWLIOL÷L VDSWDQGÕ

������ ������ +%V $J VHURSR]LWLIOL÷L WUDQVI�]\RQ \DSÕODQ KDVWD JUXEXQGD ����� �Q ���

WUDQVI�]\RQ \DSÕOPD\DQ KDVWD JUXEXQGD ���� �Q ��� NRQWURO JUXEXQGD LVH �� �Q ��

RODUDN EXOXQPXúWXU� $QWL�+%V DQWLNRU VHURSR]LWLIOL÷L WUDQVI�]\RQ \DSÕODQ KDVWD JUXEXQGD

����� �Q ���� WUDQVI�]\RQ \DSÕOPD\DQ KDVWD JUXEXQGD ����� �Q ���� NRQWURO JUXEXQGD

��� �Q ��� RUDQÕQGD VDSWDQPÕúWÕU�

6RQXo� .DQ WUDQVI�]\RQX \DSÕOPÕú RODQ KHPDWRORMLN PDOLJQLWHOL KDVWDODUGD +%V $J

VHURSR]LWLIOL÷L� NDQ WUDQVI�]\RQX \DSÕOPDPÕú KDVWD YH NRQWURO JUXEXQGDQ GDKD \�NVHN

EXOXQGX �S�������

$QDKWDU NHOLPHOHU� +HSDWLW� WUDQVI�]\RQ� KHPDWRORMLN PDOLJQLWH

6HURSRVLWLYLW\ RI KHSDWLWLV % DQG KHSDWLWLV & YLUXVHV LQ EORRG DQG EORRG

SURGXFWV LQ WUDQVIXVHG DQG QRQ�WUDQVIXVHG SDWLHQWV ZLWK KHPDWRORJLFDO

PDOLJQDQFLHV

2EMHFWLYH� :H LQYHVWLJDWHG WKH VHURSRVLWLYLW\ GLIIHUHQFH RI KHSDWLWLV % DQG KHSDWLWLV &

YLUXVHV LQ KHPDWRORJLFDOO\ PDOLJQDQW SDWLHQWV ZLWK KLVWRU\ RI EORRG DQG EORRG SURGXFWV

WUDQVIXVLRQV�

0DWHULDO DQG PHWKRGV� +%V $J� $QWL�+%V DQG DQWL�+&9 DQWLERG\ SRVLWLYLW\ ZHUH

LQYHVWLJDWHG LQ �� KHPDWRORJLFDOO\ PDOLJQDQW SDWLHQWV ZLWK KLVWRU\ RI WUDQVIXVLRQV DQG

�� SDWLHQWV ZLWKRXW KLVWRU\ RI WUDQVIXVLRQV ZLWK (/,6$ LQ WKH GHSDUWPHQW RI +HPDWRORJ\�

5HVXOWV� $QWL�+&9 SRVLWLYLW\ ZDV GHWHFWHG LQ ���� �Q �� DQG ���� RI SDWLHQWV �Q ��

ZLWK DQG ZLWKRXW EORRG WUDQVIXVLRQ KLVWRU\� UHVSHFWLYHO\� +%V $J SRVLWLYLW\ ZDV GHWHFWHG

WR EH ����� �Q �� LQ EORRG WUDQVIXVHG JURXS� DQG ���� �Q �� LQ QRQ�WUDQVIXVHG JURXS

DQG �� �Q �� LQ WKH FRQWURO JURXS� $QWL�+%V DQWLERG\ SRVLWLYLW\ ZDV GHWHFWHG LQ �����

RI SDWLHQWV �Q ��� ZLWK D KLVWRU\ RI EORRG WUDQVIXVLRQ� ����� LQ WKH QRQ�WUDQVIXVHG

JURXS �Q ���� DQG ��� LQ WKH FRQWURO JURXS �Q ����

&RQFOXVLRQV�



<R÷XQ EDNÕP KDVWDODUÕQGDQ L]ROH HGLOHQ JUDP QHJDWLI oRPDNODUD ED]Õ DQWLEL\RWLNOHULQ LQ YLWUR HWNLVL
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6WDQGDUWV �1&&/6� VWDQGDUWODUÕQD J|UH
EHOLUOHQPLúWLU�� %X oDOÕúPDGD WURYDIORNVDVLQ�
VLSURIORNVDVLQ� RIORNVDVLQ� VHIHSLP� VHIWULDNVRQ�
VHIWL]RNVLP� VHIRGL]LP GLVRG\XP� VHIRWDNVLP�
VHIWD]LGLP� VHISUR]LO� ORUDNDUEHI� VHIDNORU�
VHIXURNVLP DNVHWLO� LPLSHQHP� PHURSHQHP�
DPLNDVLQ� D]WUHRQDP� WULPHWRSULP VXOIRPH�
WDNVD]RO� DPSLVLOLQ VXOEDNWDP� WLNDUVLOLQ�
NODYXORQLN DVLW ROPDN �]HUH �� DQWLEL\RWLN
NXOODQÕOPÕúWÕU� dDOÕúPDGD 2[RLG GLVNOHUL
NXOODQÕOPÕú ROXS WURYDIORNVDLQ GLVNL �� µJU�
DQWLEL\RWLN LoHUPHNWHGLU� .RQWURO VXúODUÕ RODUDN
(VFKHULFKLD FROL $7&& ����� YH 3VHXGRPRQDV

DHUXJLQRVD $7&& ����� NXOODQÕOPÕúWÕU�
7URYDIORNVDVLQ� EX oDOÕúPD VÕUDVÕQGD KHQ�]
SL\DVDGDQ WRSODWÕOPDGÕ÷Õ LoLQ oDOÕúPD\D GDKLO
HGLOPLúWLU�
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7DEOR �¶GH VXúODU YH DQWLEL\RWLN GLUHQo RUDQODUÕ
YHULOPLúWLU� 7DEOR �¶GH J|VWHULOGL÷L JLEL
WURYDIORNVDVLQ YH VLSURIORNVDVLQ LoLQ LQ YLWUR
RODUDN \R÷XQ EDNÕP KDVWDODUÕQGDQ L]ROH HGLOHQ
*UDP QHJDWLI oRPDNODUGD 3� DHUXJLQRVD ����
�� GÕúÕQGD GLUHQo WHVSLW HGLOHPHPLúWLU�<LQH D\QÕ
WDEORGD J|VWHULOGL÷L JLEL ,,,� NXúDN VHIDORVSR�
ULQOHU LoLQGH VHIRGL]LP GLVRG\XP YH VHIWD]LGLPH
HQ D] GLUHQo WHVSLW HGLOPLúWLU ����� �����
øNLQFL NXúDN VHIDORVSRULQOHU LoLQGH GLUHQo

ROGXNoD ID]OD LNHQ NDUEDSHQHPOHU� WLNDUVLOLQ
NODYXORQDW YH D]WUHRQDP HWNLOL EXOXQPXúWXU�
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<R÷XQ EDNÕP KDVWDODUÕQGDNL LQIHNVL\RQODUGD
JHQHOOLNOH EHWD ODNWDP DQWLEL\RWLNOHU NXOODQÕOÕU�
6RQ ]DPDQODUGD NDUEDSHQHP YH NLQRORQODUÕQ
GD NXOODQÕPÕ DUWPÕúWÕU� dDOÕúPDPÕ]GD \HQL ELU
NLQRORQ RODQ WURYDIORNVDVLQH NDUúÕ *UDP QHJDWLI
oRPDNODUGD GLUHQo RUDQÕ �� ROXS VLSURIORNVDVLQ
YH RIORNVDVLQGH EX RUDQODU VÕUDVÕ\OD �� YH
���¶GXU� 7DEOR �¶GH J|VWHULOGL÷L JLEL 3�

DHUXJLQRVD GÕúÕQGD GL÷HU *UDP QHJDWLI
EDNWHULOHUH NLQRORQODUÕQ LQ YLWUR HWNLQOL÷L ROGXNoD
\�NVHNWLU� )DVV YH DUN��� 5DPLUH]� 5RQGD YH
DUN�� \DSWÕNODUÕ LQ YLWUR oDOÕúPDODUGD *UDP
QHJDWLI EDNWHULOHUGH 3� DHUXJLQRVD KDULo
WURYDIORNVDVLQL GL÷HU NLQRORQODUGDQ GDKD HWNLOL
EXOPXúODUGÕU� %X oDOÕúPDGD 3� DHUXJLQRVD LoLQ
WURYDIORNVDVLQ GLUHQFLQL �� WHVSLW HGHUNHQ EX
RUDQ VLSURIORNVDVLQ LoLQ ��� RIORNVDVLQ LoLQ
��� RODUDN EXOXQPXúWXU�

<R÷XQ EDNÕP �QLWHOHULQGH ROGXNoD VÕN NXOODQÕODQ
�o�QF� NXúDN VHIDORVSRULQOHU YH VHIHSLP LoLQ
\DSÕODQ NDUúÕODúWÕUPDGD HQ D] GLUHQo JHOLúHQ
DQWLEL\RWLN RODUDN VHIRGL]LP GLVRG\XP WHVSLW
HGLOPLúWLU ����� �7DEOR ��� 'DKD |QFH
\DSWÕ÷ÕPÕ] ELU oDOÕúPDGD DPLQRJOLNR]LW GLUHQFL

7DEOR �� *UDP QHJDWLI oRPDNODUÕQ ED]Õ DQWLEL\RWLNOHUH GLUHQo RUDQODUÕ
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RODQ ��� *UDP QHJDWLI EDNWHULOHUGH VHIHSLP�
VHIWL]RNVLP� VHIWULDNVRQ� VHIRWDNVLP GLUHQoOHULQL
VÕUDVÕ\OD ���� ���� ���� ��� RODUDN WHVSLW
HWPLúWLN�� %X oDOÕúPDGD GD D\QÕ DQWLEL\RWLNOHUH
VÕUDVÕ\OD ���� ���� ���� ��� RUDQODUÕQGD
GLUHQo VDSWDQPÕúWÕU� 6HIHSLP KDULo GL÷HU
DQWLEL\RWLNOHUGH GLUHQFLQ DUWWÕ÷Õ J|]OHQPLúWLU�
6HIHSLPLQ \R÷XQ EDNÕP LQIHNVL\RQODUÕQGD
DPSLULN NXOODQÕPÕQÕQ D]DOWÕOPDVÕ EX GLUHQFLQ
D]DOPDVÕQÕ VD÷ODPÕúWÕU� G�ú�QFHVLQGH\L]�
6HIRGL]LP GLUHQFLQLQ GDKD G�ú�N ROPDVÕ EX
DQWLEL\RWL÷LQ GDKD D] NXOODQÕPÕQD ED÷OÕ RODELOLU�
gQJHQ YH DUN � (QWHUREDFWHULFHDH DLOHVLQGH
VHIRGL]LP GLVRG\XP GLUHQFLQL (QWHUREDFWHU

VSS�¶GH ���� .� SQHXPRQLDH¶GH ����
&LWUREDFWHU VSS�¶GH ��� RODUDN VDSWDPÕúODUGÕU�
%L]LP RUDQODUÕPÕ]GDQ IDUNOÕ RODQ EX RUDQODU� D\UÕ
PHUNH]OHULQ IDUNOÕ DQWLEL\RWLN NXOODQÕP
SROLWLNDODUÕ YH IDUNOÕ GLUHQo SDWHUQOHULQH ED÷OD�
QDELOLU� %DúND \D]DUODU VHIRGL]LP GLVRG\XPXQ
(QWHUREDFWHULFHDH DLOHVLQH ROGXNoD HWNLOL
ROGX÷XQX� VÕQÕUOÕ .OHEVLHOOD VSS� 6HUUDWLD VSS�

&LWUREDFWHU VSS� GLUHQoOHUL ROGX÷XQX

ELOGLUPLúOHUGLU����� .DVDL YH DUN��� *UDP QHJDWLI
oRPDNODUD� VHIRGL]LPLQ GL÷HU �o�QF� NXúDN�
ODUGDQ �VHIRWDNVLP� VHIPHQRNVLP� GDKD HWNLOL
EXOPXúODUGÕU� %X oDOÕúPDGD VHIWD]LGLP GLUHQFL
��� RODUDN WHVSLW HGLOPLúWLU� $PSLULN WHGDYLGH
oRN \D\JÕQ RODUDN NXOODQÕODQ EX DQWLEL\RWL÷H
GLUHQFLPL] G�ú�N ROXS EDúND oDOÕúPDODUGD *UDP
QHJDWLI EDNWHULOHUGH ������ RUDQODUÕQGD
VHIWD]LGLP GLUHQoOHUL ELOGLULO�PLúWLU������ ��

6HISUR]LO� ORURNDUEHI� GL÷HU ED]Õ LNLQFL NXúDN
VHIDORVSRULQOHU LoLQGH HQ D] GLUHQo VHIXURNVLP
DNVHWLO ����� LoLQ EXOXQPXúWXU� .|NVDO YH
DUN��� \DSWÕNODUÕ ELU oDOÕúPDGD .OHEVLHOOD� (� FROL�

(QWHUREDFWHU VSS� VXúODUÕQGD VHIXURNVLP
GLUHQFLQL ������ RODUDN WHVSLW HWPLúOHUGLU�
%KDNWD YH DUN��� 3VHXGRPRQDV FHSHFLD

VXúODUÕQD VHISUR]LO YH ORURNDUEHIL HWNLVL]
EXOPXúODUGÕU� %X JUXSWDNL DQWLEL\RWLNOHU
PHUNH]LPL] \R÷XQ EDNÕPÕQGD VÕNOÕNOD
NXOODQÕOPD\DQ DQWLEL\RWLNOHUGLU� 6HISUR]LO� ORUR�
NDUEHI� VHIDNORU GDKD oRN �VW VROXQXP \ROX
LQIHNVL\RQX RODQ SROLNOLQLN KDVWDODUÕQGD NXOODQÕP

DODQÕ EXOPXúWXU������

dDOÕúPDPÕ]GD LPLSHQHP GLUHQFL ���
PHURSHQHP GLUHQFL LVH �� RUDQÕQGD
VDSWDQPÕúWÕU� $WDNDQ YH DUN��� QD]RNRPL\DO
*UDP QHJDWLI oRPDNODUGD LPLSHQHP GLUHQFLQL
RUWDODPD ���� PHURSHQHP GLUHQFLQL ��
EXOPXúODUGÕU� øPLSHQHP GLUHQFLQL ������
PHURSHQHP GLUHQFLQL ���� ELOGLUHQ oDOÕúPDODU
GD YDUGÕU���� �� 0HUNH]LPL]GH PHURSHQHP \HQL
NXOODQÕPD JLUHQ DQWLEL\RWLN ROXS LPLSHQHP LVH
FHUUDKL YH SHGL\DWUL E|O�POHULQGH GDKD X]XQ
V�UHGLU NXOODQÕOPDNWD RODQ DQWLEL\RWLNOHUGLU�

<R÷XQ EDNÕP KDVWDODUÕQÕQ LQIHNVL\RQODUÕQGD
NXOODQÕODQ GL÷HU DQWLEL\RWLNOHUGHQ � DPLNDVLQ�
D]WUHRQDP� DPSLVLOOLQ�VXOEDNWDP� WULPHWRSULP�
VXOIDPHWDNVR]RO� WLNDUVLOLQ�NODYXORQLN� DVLW LoLQ
*UDP QHJDWLI EDNWHULOHUGH GLUHQo RUDQODUÕ
VÕUDVÕ\OD ���� ���� ���� ���� �� RODUDN
WHVSLW HGLOPLúWLU �7DEOR ��� (PHNGDú YH DUN���

g÷�Qo YH DUN��� .DOHOL YH DUN��� \DSWÕNODUÕ
oDOÕúPDODUGD EHQ]HU VRQXoODU ELOGLUPLúOHUGLU�
7LNDUVLOLQ NODYXORQLN DVLW LQ YLWUR RODUDN *UDP
QHJDWLI oRPDNODUD ROGXNoD HWNLQ EXOXQPXúWXU�

6RQXo RODUDN \R÷XQ EDNÕP LQIHNVL\RQODUÕQD
QHGHQ RODQ *UDP QHJDWLI oRPDNODUD LQ YLWUR
RODUDN WURYDIORNVDVLQ ���� VLSURIORNVDVLQ ����
PHURSHQHP ���� WLNDUVLOLQ NODYXORQLN DVLW ���

RUDQÕQGD HWNLQ EXOXQPXúWXU� 7URYDIORNVDVLQLQ
HWNLQOL÷LQLQ NOLQLN oDOÕúPDODUOD GHVWHNOHQPHVL
JHUHNLU� 0HURSHQHP� VLSURIORNVDVLQ YH
WLNDUVLOLQ�NODYXORQLN DVLW N�OW�U±DQWLEL\RJUDP
VRQXoODUÕQD J|UH PHUNH]LPL]GH \R÷XQ EDNÕPÕQ
*UDP QHJDWLI EDNWHUL LQIHNVL\RQODUÕQGD
NXOODQÕODELOLUOHU NDQDDWLQGH\L]�

.$<1$./$5

�� $NDOÕQ +(� +DVWDQH øQIHNVL\RQODUÕ� ,� %DVNÕ� *�QHú <D\ÕQODUÕ�
$QNDUD ����� ����

�� %UXQ %XLVVHQ &� 1RVRFRPLDO LQIHFWLRQ VRXUFHV LQ LQWHQVLYH FDUH
XQLW���WK ,QW FRQJ IRU ,QWHQVLYH &DUH 0HGLFLQH� %UXVVHOV�����
���

�� $QGULROH 97� 7KH 4XLQRORQHV� �QG HG� $FDGHPLF 3UHVV� 6DQ
'LHJR ����� ����

�� 1&&/6� 3HUIRUPDQFH 6WDQGDUGV IRU $QWLPLFURELDO 'LVF
6XVFHSWLELOLW\ 7HVW� �WK HG� 'RFXPHQW 0��$�� 1&&/6� 9LOODRYD
�����

�� )DVV 5-� %DUQLVKDQ -� 6ROJPRU 0&� ,Q YLWUR DFWLYLWLHV RI
TXLQRORQHV� EHWD ODFWDPV� WREUDP\FLQ� DQG WULPHWKRSULP�
VXOIDPHWKR[D]ROH DJDLQVW QRQIHUPHQWDWLYH *UDP� QHJDWLYH
EDFLOOL� $QWLPLFURE $JHQWV &KHPRWKHU ����� ��� �����
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