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$PDo� %LSRODU DIIHNWLI ER]XNOXNWD \D\JÕQ RODUDN NXOODQÕODQ OLW\XPXQ� WLURLG

IRQNVL\RQODUÕ �]HULQH X]XQ V�UHOL HWNLOHULQL DUDúWÕUPDN�

<|QWHP� dDOÕúPD JUXEX� '60�,9 NULWHUOHULQH J|UH ELSRODU DIIHNWLI ER]XNOXN

WDQÕVÕ DOPÕú �� KDVWD YH �� VD÷OÕNOÕ J|Q�OO�GHQ ROXúWX� +DVWD JUXEXQXQ

OLW\XP NXOODQPD V�UHVL �������� \ÕO LGL� 'HQHNOHULQ V7�� V7� GH÷HUOHUL +LJK

6HQVLWLYLW\ 5,$� 76+ GH÷HUOHUL ,50$�&$817 PHWRGX LOH |Oo�OG��

%XOJXODU� 'H÷HUOHULQ DQDOL]L VRQXFXQGD V7��76+ GH÷HUOHUL DUDVÕQGD IDUN

EXOXQDPD]NHQ V7� GH÷HUOHUL DUDVÕQGD DQODPOÕ IDUN EXOXQGX�
7DUWÕúPD�/LW\XPXQ WLURLG IRQNVL\RQODUÕ �]HULQH ER]XFX HWNLOHUL X]XQ

]DPDQGÕU ELOLQPHNWHGLU� g]HOOLNOH JXDWU \DSÕFÕ HWNLOHUL ELU oRN oDOÕúPD\OD
J|VWHULOPLúWLU� %|\OH ELU GXUXP ROXúWX÷XQGD WHGDYL\H WLURLG KRUPRQODUÕ

HNOHQPHOL YH\D DOWHUQDWLI SURIODNWLN WHGDYLOHULQ VHoLOPHVL X\JXQ ELU \RO

ROGX÷X G�ú�Q�OPHNWHGLU�

$QDKWDU NHOLPHOHU� /LW\XP� WLURLG IRNVL\RQODUÕ� ELSRODU DIIHNWLI ER]XNOXN

/RQJ�WHUP HIIHFW RI OLWKLXP RQ WK\URLG IXQFWLRQV

3XUSRVH� 7R HYDOXDWH WKH ORQJ�WHUP HIIHFWV RI OLWKLXP� ZLGHO\ XVHG LQ WKH
WUHDWPHQW RI ELSRODU DIIHFWLYH GLVRUGHUV� RQ WK\URLG IXQFWLRQV�

0DWHULDOV DQG PHWKRG� 7ZHQW\ WZR SDWLHQWV ZLWK WKH GLDJQRVLV RI
ELSRODU DIIHFWLYH GLVRUGHUV DFFRUGLQJ WR WKH FULWHULD RI '60�,9 IRUPHG WKH

VWXG\ JURXS DQG �� KHDOWK\ YROXQWHHUV ZHUH LQFOXGHG LQ WKH FRQWURO JURXS�

0HDQ OLWKLXP XVDJH SHULRG LQ WKH VWXG\ JURXS ZDV ������� \HDUV� )UHH 7�

DQG 7� OHYHOV ZHUH PHDVXUHG ZLWK +LJK 6HQVLWLYH 5,$ DQG 76+ OHYHOV ZHUH

PHDVXUHG ZLWK ,50$�&$817 PHWKRG�

)LQGLQJV� 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH WZR JURXSV LQ

WHUPV RI IUHH 7� DQG 76+ OHYHOV� ZKHUHDV� IUHH 7� OHYHOV ZHUH VLJQLILFDQWO\

ORZHU LQ WKH VWXG\ JURXS�
'LVFXVVLRQ� 7KH HIIHFWV RI OLWKLXP WUHDWPHQW RQ WK\URLG IXQFWLRQV KDYH

EHHQ NQRZQ IRU D ORQJ WLPH� $ ORW RI VWXGLHV KDYH EHHQ GHVLJQHG WR VKRZ

LWV JRLWUH LQGXFLQJ HIIHFWV� ,Q WKLV VLWXDWLRQ� LW LV QHFHVVDU\ WR DGG WK\URLG

KRUPRQHV WR WKH WUHDWPHQW RU WR FKRRVH DOWHUQDWLYH SURSK\ODFWLF PHDVXUHV

GXULQJ WKH WUHDWPHQW�

.H\ ZRUGV� /LWKLXP� WK\URLG IXQFWLRQ� ELSRODU DIIHFWLYH GLVRUGHU
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/LW\XP EDúWD DIIHNWLI KDVWDOÕNODUÕQ WHGDYLVLQGH
ROPDN �]HUH IDUNOÕ SVLNL\DWULN KDVWDOÕNODUGD \D\JÕQ
NXOODQÕODQ ELU LODoWÕU������ /LW\XPXQ DIIHNWLI
ER]XNOXNODUÕQ WHGDYLVLQGH NXOODQÕOPD\D
EDúODQPDVÕQGDQ EHUL WLURLG IRQNVL\RQODUÕ �]HULQH
oHúLWOL HWNLOHUL J|]OHQPH\H EDúODQPÕúWÕU�� gUQH÷LQ
OLW\XP NXOODQDQ KDVWDODUGD JXDWU� KLSRWLURLGL]P�
VH\UHN RODUDN KLSHUWLURLGL]P ROXúWX÷X ELUoRN
oDOÕúPD\OD J|VWHULOPLúWLU������ 7HGDYL V�UHVL LOH

VSHVLILN DQWLWLURLG DQWLNRUODUÕ DUDVÕQGD GD SR]LWLI

NRUHODV\RQ ELOGLULOPHNWHGLU��

/LW\XPXQ WLURLG IRQNVL\RQODUÕ �]HULQH SULPHU

HWNLVL� KRUPRQ VDOÕQÕPÕQGD LQKLELV\RQ� WLURLG

VWLP�ODQ KRUPRQ �76+� G�]H\OHULQGH YH L\RW

DOÕPÕQGD NRPSDQVDWXDU ELU DUWÕúWÕU�� %X

oDOÕúPDGD� |WLPLN ELSRODU KDVWDODUGD X]XQ V�UHOL

OLW\XP NXOODQÕPÕQÕQ WLURLG IRQNVL\RQODUÕ �]HULQH

HWNLOHULQL LQFHOHPH\L DPDoODGÕN�

0$7(5<$/ 9( 0(72'

dDOÕúPD PDWHU\DOLQL� '60�,9 WHúKLV NULWHUOHULQH

J|UH ELSRODU DIIHNWLI ER]XNOXN WDQÕVÕ NRQDQ ��

�������¶VL NDGÕQ� �� �������¶X HUNHN� \Dú

RUWDODPDVÕ RUW�6'� ���������� \ÕO RODQ |WLPLN

ELSRODU KDVWD YH � �����¶VÕ NDGÕQ� � �����¶�

HUNHN� \Dú RUWDODPDVÕ RUW�6'� ���������� \ÕO

RODQ �� VD÷OÕNOÕ NRQWURO ROJXVX ROXúWXUGX �7DEOR

,�� V7�� V7� GH÷HUOHUL +LJK VHQVLWLYLW\ 5,$� 76+

GH÷HUOHUL ,50$�&$817 PHWRGX LOH |Oo�OG��

6RQXoODU $129$� SRVW KRF VFKHIIH LOH

GH÷HUOHQGLULOGL�

%8/*8/$5

+DVWD JUXEXQXQ RUWDODPD KDVWDOÕN V�UHVL

��������� \ÕO� OLW\XP NXOODQPD V�UHVL ��������

\ÕO LGL� +DVWD JUXEXQGD V7� GH÷HUL ����������

V7� GH÷HUL ���������� 76+ GH÷HUL ����������

NRQWURO JUXEXQGD V7� GH÷HUL ���������� V7�

GH÷HUL ���������� 76+ GH÷HUL ��������� LGL
�7DEOR ,,�� 'H÷HUOHULQ DQDOL]L VRQXFXQGD� KDVWD

YH NRQWURO JUXSODUÕ DUDVÕQGD V7� YH 76+ GH÷HUOHUL

DUDVÕQGD LVWDWLVWLNL \|QGHQ DQODPOÕ IDUN

EXOXQPD]NHQ �)������ S!����� )����� S!������

V7� GH÷HUOHUL DUDVÕQGD LVWDWLVWLNL \|QGHQ DQODPOÕ

IDUN EXOXQGX �)� ����� S������� +DVWD JUXEXQGD

V7� GH÷HUOHUL G�ú�N LGL� 7LURLG IRQNVL\RQODUÕ LOH

KDVWDOÕN YH OLW\XP NXOODQPD V�UHOHUL DUDVÕQGD

NRUHODV\RQ EXOXQPDGÕ�

7$57,ù0$

/LW\XP NXOODQÕPÕQÕQ QHIURMHQLN GLDEHWHV LQVLSLWXV�

37+ VWLP�ODV\RQX� JOXNR]D ED÷OÕ LQV�OLQ VDOÕQÕPÕ

�]HULQGH LQKLELV\RQ� NRUWLNRVWHURQ VDOÕQÕPÕQÕQ

X\DUÕPÕ YH JDVWULQ VDOÕQÕPÕ LQKLELV\RQXQXQ GD

DUDODUÕQGD EXOXQGX÷X IDUNOÕ HQGRNULQ

NRPSOLNDV\RQODUD QHGHQ ROGX÷X ELOGLULOPHNWHGLU�

7LURLG GLVIRQNVL\RQX HWNLVL HQ \D\JÕQ LQFHOHQPLú

ROPDNOD EHUDEHU OLW\XPXQ EX HWNLVL KDOD DoÕN

RODUDN RUWD\D NRQDELOPLú GH÷LOGLU�� 7LURLG

KRUPRQODUÕQÕQ EHWD�DGUHQHUMLN UHVHSW|U

GX\DUOÕOÕ÷ÕQÕ DUWWÕUGÕ÷Õ YH DúÕUÕ WLURLG DNWLYLWLVLQLQ

\DWNÕQ NLúLOHUGH PDQLN HSL]RGX SUHVLSLWH

HGHELOHFH÷L LOHUL V�U�OPHNWH YH OLW\XPXQ

DQWLPDQLN HWNLVLQLQ HQ D]ÕQGDQ NÕVPHQ WLURLG

IRQNVL\RQODUÕQÕ D]DOWPDVÕQD ED÷OÕ ROGX÷X NDEXO

HGLOPHNWHGLU��

/LW\XPXQ WLURLG IRQNVL\RQODUÕ �]HULQH LQKLELW|U

HWNLVL ODERUDWXDU KD\YDQODUÕQGD YH QRUPDO

J|Q�OO� LQVDQODUGD J|VWHULOPLú ROXS� RUWD\D

NRQDQ PDM|U HWNL KRUPRQDO YH QRQ�KRUPRQDO

L\RW VDOÕQÕPÕQGD D]DOPDGÕU��

8]XQ G|QHP OLW\XP NXOODQDQ KDVWDODUGD ���¶D

YDUDQ RUDQODUGD JXDWU ROXúWX÷X ELOGLULOPHNWHGLU��

%LU oDOÕúPDGD DUDúWÕUPDFÕODU OLW\XP NXOODQDQ

KDVWDODUGD ���� RUDQÕQGD NOLQLN KLSRWLURLGL]P YH

KLoELU NOLQLN EXOJX ROPDNVÕ]ÕQ ���� RUDQÕQGD 76+

\�NVHNOL÷L WHVSLW HWPLúOHUGLU� /LW\XPXQ 76+ LOH

X\DUÕOPÕú IDUH WLURLGOHULQGH 7� YH 7� VDOÕQÕPÕQÕ

DQODPOÕ úHNLOGH D]DOWWÕ÷Õ ELOGLULOPHNWHGLU� /LW\XP�

76+ LOH ROXúDQ DGHQLODW VLNOD] DNWLYLWHVLQLQ

VWLP�ODV\RQXQX LQKLEH HWPHNWH YH VRQXoWD F$03

ROXúXPX EDVNÕODQPDNWDGÕU��

7DEOR �� +DVWD YH NRQWURO JUXSODUÕQÕQ VRV\RGHPRJUDILN

|]HOOLNOHUL�

Q .DGÕQ (UNHN <Dú S

��� ��� �RUW�6'�

/LW\XP

JUXEX

�� ���� ���� ���������� !����
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JUXEX

�� ���� ���� ���������� !����

7DEOR �� 7URLG IRQNVL\RQ VRQXoODUÕ�

/L *UXEX

�Q ���

�RUW�6'�

.RQWURO

*UXEX
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V7� ��������� ��������� ���� !����

V7� ��������� ��������� ���� �����


76+ ��������� ��������� ��� !����


øVWDWLVWLNL RODUDN DQODPOÕ
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%RFFKHWWD YH DUN�
�
GH÷LúLN V�UH OLW\XP NXOODQPÕú

��� KDVWDQÕQ KLoELULVLQGH VHPSWRPDWLN

KLSRWLURLGL]P WHVSLW HWPH]NHQ � �� RUDQÕQGD

VXENOLQLN KLSRWLURLGL]P EXOPXúODUGÕU� /LW\XPXQ

JXDWURMHQLN HWNLVLQL LQFHOH\HQ oDOÕúPDODUGD oRN

IDUNOÕ VRQXoODU HOGH HGLOPHNWHGLU� %X IDUNOÕOÕNODU�

WHúKLVWH IDUNOÕ PHWRGODUÕQ �LQVSHNVL\RQ�

SDOSDV\RQ� VFDQ JLEL� NXOODQÕOPDVÕQÕQ� FR÷UDILN

IDUNOÕOÕNODUÕQ �oHYUHVHO YH�YH\D JHQHWLN� ROPDVÕQÕQ

VRQXFXGXU��

%LUoRN SURVSHNWLI oDOÕúPDGD� WHGDYLQLQ LON ELUNDo

D\Õ LoHULVLQGH VHUXP 7� GH÷HUOHULQLQ G�úW�÷� YH

EXQX G�]HOWPH\H \|QHOLN RODUDNWD 76+

G�]H\OHULQLQ \�NVHOGL÷L DQFDN EX GH÷HUOHULQ

WHGDYLQLQ ELULQFL \ÕOÕQÕ WDNLEHQ WHGDYL |QFHVL

GH÷HUOHUH GR÷UX \|QHOGL÷L ELOGLULOPLúWLU�� 76+

GH÷HUOHULQLQ GH÷LúLPLQGH WLURLG DQWLNRUODUÕQÕQ

YDUOÕ÷ÕQÕQ GD URO R\QDGÕ÷Õ ELOGLULOPHNWHGLU� %L]LP

oDOÕúPDPÕ]GD WHGDYL V�UHVL RUWDODPDVÕ ELU \ÕOGDQ

ID]OD ROXS� 76+ GH÷HUOHUL NRQWUROOHUH DLW

GH÷HUOHUGHQ IDUNOÕOÕN J|VWHUPHPHNWHGLU� V7�

GH÷HUOHUL LVH NRQWUROOHULQ V7� GH÷HUOHULQGHQ

LVWDWLVWLNL RODUDN DQODPOÕ ELU G�ú�NO�N

J|VWHUPHNWHGLU� %X VRQXo OLW\XPXQ GDKD oRN

KLSRWLURLGL ROXúWXUGX÷X GR÷UXOWXVXQGDNL

EXOJXODUOD X\XPOXGXU� $QFDN NLPL oDOÕúPDODUGD

V7� GH÷HUOHUL \�NVHN EXOXQPXú YH EX \�NVHNOLN

OLW\XPXQ KLSRWLURLG HWNLVLQH DúÕUÕ�DGDSWLI ELU \DQÕW

ROXúXPX úHNOLQGH DoÕNODQPÕúWÕU�� 6HNL] KDIWD

OLW\XP NXOODQÕODUDN \DSÕODQ ELU oDOÕúPDGD V7� YH

76+ G�]H\OHUL DQODPOÕ ELU úHNLOGH \�NVHN� V7�

G�]H\OHUL LVH G�ú�N EXOXQPXú ROXS� \D]DUODU EX

VRQXoODUÕ OLW\XPXQ V7�¶�Q V7�¶H SHULIHUDO

G|Q�ú�P�Q� ED]Õ \DWNÕQ KDVWDODUGD LQKLEH

HGHELOPHVL\OH DoÕNODPD\D oDOÕúPÕúODUGÕU���

%L]LP oDOÕúPDPÕ]GD KDVWD YH NRQWURO JUXSODUÕQÕQ

V7� GH÷HUOHUL DUDVÕQGD LVWDWLVWLNL \|QGHQ DQODPOÕ

IDUN ROPDPDNOD EHUDEHU KDVWD JUXEXQD DLW

GH÷HUOHU GDKD \�NVHNWL� %X� OLW\XPXQ NOLQLN \D GD

VXENOLQLN KLSRWLURLGL ROXúWXUGX÷XQX RUWD\D NR\DQ

oDOÕúPDODUOD X\JXQOXN J|VWHUPHPHNWHGLU� %X V7�

\�NVHNOL÷LQLQ RODVÕ ELU DoÕNODPDVÕ� VDQWUDO VLQLU

VLVWHPLQGH OLW\XPXQ WLURLG KRUPRQ

PHWDEROL]PDVÕ\OD HWNLOHúLPH JLUPHVL YH EXQXQ

VRQXFXQGD GRNXGD YH LNLQFLO RODUDN GD VHUXP

NRQVDQWUDV\RQXQGD ELU DUWÕúD QHGHQ

ROPDODUÕGÕU���

6RQXo RODUDN OLW\XP WLURLG IRQNVL\RQODUÕQÕ

GH÷LúWLUPHNWHGLU� /LW\XP WHGDYLVLQLQ EHOLUOL

SHUL\RGODUÕQGD WLURLG IRQNVL\RQODUÕQÕQ

GH÷HUOHQGLULOPHVL� JHUHNLUVH HQGRNULQRORJODUOD

ELUOLNWH NRQV�OWH HGLOPHVL� |]HOOLNOH JXDWU

PHYFXWVD WHGDYLQLQ NHVLOPHVL YH\D WHGDYL\H

WLURNVLQ HNOHQPHVL� OLW\XPD DOWHUQHWLI

SURIODNVLOHULQ YH\D EXQODUÕQ OLW\XPOD

NRPELQDV\RQODUÕQÕQ J|] |Q�QH DOÕQPDVÕ

JHUHNPHNWHGLU��

.$<1$./$5

�� 0RUL 0� 7DMLPD .� 2GD <� HW DO� ,QKLELWRU\ HIIHFW RI OLWKLXP RQ WKH UHOHDVH

RI WK\URLG KRUPRQHV IURP WK\URWURSLQ�VWLPXODWHG PRXVH WK\URLGV LQ D

SHULIXVLRQ V\VWHP� (QGRFULQRORJ\ �����������������

�� %RFFKHWWD $� %HUQDUGL )� 3HGGLW]L 0� HW DO� 7K\URLG DEQRUPDOLWLHV GXULQJ

OLWKLXP WUHDWPHQW� $FWD 3V\FKLDWU 6FDQG ����� ��������

�� %RODULV 6� 0DUJDULW\ 0� 9DOFDQD 7� (IIHFWV RI /L&O RQ WULLRGRWK\URQLQH

ELQGLQJ WR QXFOHL IURP UDW FHUHEUDO KHPLVSKHUHV�%LRO 3V\FKLDWU\ �����

�����������

�� %DUFOD\ 0/� %HYDQ (� %URZQOLH :� HW DO� /LWKLXP DVVRFLDWHG WK\URWR[LFRVLV�

D UHSRUW RI �� FDVHV� ZLWK VWDWLVWLFDO DQDO\VLV RI LQFLGHQFH� &OLQLFDO

(QGRFULQRORJ\ ����� �����������

�� 6WUDWDNLV &$� &KURXVRV *3� 7UDVLHQW HOHYDWLRQ RI VHUXP WK\URLG KRUPRQH

OHYHOV IROORZLQJ OLWKLXP GLVFRQWLQXDWLRQ� (XU - 3HGLDWU ����� �����������

�� *LWWRHV 1-� )UDQNO\Q -$� 'UXJ�LQGXFHG WK\URLG GLVRUGHUV� 'UXJ 6DI �����

����� ������

�� :HEHU (� &RFKH (� +\SHUWK\URLGLVP DIWHU OLWKLXP ZLWKGUDZDO� FRLQFLGHQFH

RU QRW"� 5HY 0HG ,QWHUQH ����� ���������

�� /HXWJHE 8� /LWKLXP DQG LWV HIIHFW RQ WKH HQGRFULQH V\VWHP� ERQHV DQG

SHULSKHUDO QHUYHV� )RUWVFKU 1HXURO 3V\FKLDWU ����� ��� ��������

�� %RFFKHWWD $� %HUQDUGL )� %XUUDL &� HW DO� 7KH FRXUVH RI WK\URLG

DEQRUPDOLWLHV GXULQJ OLWKLXP WUHDWPHQW� D WZR�\HDU IRORZ�XS VWXG\�$FWD

3V\FKLDWU 6FDQG ����� ���������

��� 7HUDR 7� 2JD 7� 1R]DNL 6� HW DO� 3RVVLEOH LQKLELWRU\ HIIHFW RI OLWKLXP RQ

SHULSKHUDO FRQYHUVLRQ RI WK\UR[LQH WR WULLRGRWK\URQLQH� D SURVSHFWLYH

VWXG\� ,QW &OLQ 3V\FKRSKDUPDFRO ��������������

11. %DXPJDUWQHU $� 6WXFNUDG 0� 0�OOHU�2HUOLQJKDXVHQ %� HW DO�7KH

K\SRWKDODPLF�SLWXLWDU\� WK\URLG D[LV LQ SDWLHQWV PDLQWDLQHG RQ OLWKLXP

SURSK\OD[LV IRU \HDU� KLJK WULLRGRWK\URQLQH VHUXP FRQFHQWUDWLRQV DUH

FRUUHODWHG WR WKH SURSK\ODFWLF HIILFDF\� - $IIHFW 'LVRUG �������� �������


