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KDVWDOÕ÷ÕQÕQ#\D\JÕQOÕ÷ÕQD# +WHN#GDPDU/# LNL#GDPDU#YH#�o#GDPDU,#J|UH#VÕQÕIODQGÕUÕOGÕ1#dDOÕúPD#
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KDVWDOÕ÷ÕQÕQ#YDUOÕ÷ÕQÕ#J|VWHUHELOHFH÷LQH#LúDUHW#HWPHNWHGLU1##
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2EMHFWLYH1#,W#KDV#SUHYLRXVO\#EHHQ#VKRZQ#WKDW#ILEULQRJHQ#LV#LQYROYHG#LQ#WKH#SDWKRJHQHVLV#
RI#DWKHURVFOHURVLV#DQG#FRURQDU\#DUWHU\#GLVHDVH1##+RZHYHU/#RQO\#D#IHZ#VWXGLHV#KDYH#VKRZQ#
WKH#FRUUHODWLRQ#EHWZHHQ#WKH#ILEULQRJHQ#OHYHO#DQG#WKH#H[WHQW#RI#FRURQDU\#DUWHU\#GLVHDVH#DQG#
WKH# SUHVHQFH# RI# WRWDO# OXPLQDO# RFFOXVLRQ1# 7KH# SXUSRVH# RI# # WKLV# VWXG\#ZDV# WR# YHULI\# WKH#
H[LVWHQFH#RI#D#FRUUHODWLRQ#EHWZHHQ#ILEULQRJHQ#DQG#WKH#SUHVHQFH#RI#WRWDO#OXPLQDO#RFFOXVLRQ#
DQG#WKH#H[WHQW#RI#FRURQDU\#DUWHU\#GLVHDVH#LQ#RXU#VWXG\#SRSXODWLRQ1#
0HWKRGV# DQG#5HVXOWV1# 7KH# SDWLHQWV#ZHUH# FKDUDFWHUL]HG#ZLWK# UHJDUG# WR# # SUHVHQFH# RU#
DEVHQFH# RI# WRWDO# OXPLQDO# RFFOXVLRQ# # DQG# WKH# H[WHQW# RI# FRURQDU\# DUWHU\# GLVHDVH# +VLQJOH/#
GRXEOH# DQG# WULSOH# YHVVHOV,1# 7KH# VWXG\# SRSXODWLRQ# LQFOXGHG# 693# SDWLHQWV# ZLWK# FRURQDU\#
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SDWLHQWV#KDG#468#DQG#WULSOH#YHVVHO#SDWLHQWV#KDG#931#7KH#OHYHOV#RI#SODVPD#ILEULQRJHQ#LQ#WKH#
SDWLHQWV#ZLWK# WRWDO# OXPLQDO#RFFOXVLRQ#ZHUH# VLJQLILFDQWO\#KLJKHU# WKDQ# WKH#SDWLHQWV#ZLWKRXW#
WRWDO# OXPLQDO# RFFOXVLRQ# +71:9±4169# J2O# YV# 7154±4137J2O/# S?31334,1# $OVR/# ILEULQRJHQ#
LQFUHDVHG# VWHDGLO\#DV# WKH#QXPEHU#RI# LQYROYHG#YHVVHOV# ULVHG# +UHVSHFWLYHO\/# 7185±414;#J2O/#
7196±4166J2O##DQG#71:3±4148J2O/#S?3138,1#
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SUHVHQFH#RI#WRWDO#OXPLQDO#RFFOXVLRQ#DQG#PXOWLSOH#YHVVHO#GLVHDVH1#
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øVNHPLN# NDOS# KDVWDOÕ÷ÕQD# ILEULQRMHQ# G�]H\OHULQ0
GHNL# DUWÕúÕQ# HúOLN# HWWL÷L# X]XQ# ]DPDQGÕU#
ELOLQPHNWHGLU1409# # %LUNDo# oDOÕúPDGD# ILEULQRMHQ#
G�]H\OHULQGHNL# DUWÕú# PLNWDUÕQÕQ# NRURQHU# DUWHU#
KDVWDOÕ÷ÕQÕQ# ER\XWX6/:# YH# KDVWDOÕ÷ÕQ# NOLQLN#
WDEORVXQXQ# úLGGHWL\OH# ;# LOLúNLOL# ROGX÷X# J|VWHULO0
PLúWLU1#%LU# oDOÕúPDGD#DNXW#PL\RNDUG# LQIDUNW�V�#
ROJXODUÕQÕQ# GÕúÕQGD# GD# 7;# VDDW# LoLQGH# LVWLUDKDW#
DQMLQDVÕ# RODQ# YH# |]HOOLNOH# # NRURQHU# DQML\RJUDIL0
OHULQGH# LQWUDNRURQHU#WURPEXV#WHVELW#HGLOHQ#KDV0
WDODUGD# ILEULQRMHQ# G�]H\OHUL# \�NVHN# EXOXQ0
PXúWXU1<#6RQ#oDOÕúPDODU# ILEULQRMHQ#G�]H\OHUL# LOH#
WDP# WÕNDQÕNOÕN# DUDVÕQGDNL# LOLúNLQLQ# ILEULQRMHQ#
G�]H\OHUL# LOH# GDPDU# WXWXOXPX# DUDVÕQGDNL#
LOLúNLGHQ#NXYYHWOL#ROGX÷XQX#J|VWHUPHNWHGLU143#
#
ùLPGL\H# NDGDU# EX# NRQX# LOH# LOJLOL# \DSÕOPÕú#
oDOÕúPDODU# GDKD# oRN# ILEULQRMHQLQ# NRURQHU# DUWHU#
KDVWDOÕ÷Õ# # LoLQ# ULVN# IDNW|U�# ROXS# ROPDGÕ÷ÕQÕ#
DUDúWÕUPÕúWÕU1# %X# NRQX# LOH# LOJLOL# oRN# VD\ÕGD##
oDOÕúPD# ROPDVÕQD# UD÷PHQ# ILEULQRMHQ# G�]H\OHUL#
LOH# WDP# WÕNDQÕNOÕN# YH# NRURQHU# DUWHU# KDVWDOÕ÷ÕQÕQ#
\D\JÕQOÕ÷Õ# DUDVÕQGD# ELU# LOLúNL# ROXS# ROPDGÕ÷ÕQÕ#
DUDúWÕUDQ# oRN# D]# VD\ÕGD# oDOÕúPD# YDUGÕU1# $\UÕFD#
úLPGL\H# NDGDU# \XUW# LoL# JHQLú# NDSVDPOÕ# ELU#
oDOÕúPD#GD#\DSÕOPDPÕúWÕU1#
#
%X# oDOÕúPD# ILEULQRMHQ# # G�]H\OHULQLQ# NRURQHU#
DUWHU#KDVWDOÕ÷ÕQÕQ# úLGGHWL\OH# YH# WDP# WÕNDQÕNOÕ÷ÕQ##
YDUOÕ÷Õ# LOH# LOLúNLOL#ROXS#ROPDGÕ÷ÕQÕ#DUDúWÕUPDN# LoLQ#
SODQODQPÕúWÕU1#
#
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#
+DVWDODU##
%X#oDOÕúPD#J|÷�V#VHPSWRPODUÕ\OD#EDúYXUDQ#YH#
NRURQHU# DQML\RJUDIL# VRQXFXQGD# NRURQHU# DUWHU#
KDVWDOÕ÷Õ# WHVELW# HGLOHQ# 693# KDVWD\Õ# LoHUL\RUGX1#
+DVWDODU#NRURQHU#DQML\RJUDILOHULQGH#WDP#WÕNDQÕN0
OÕ÷Õ# RODQODU# +Q 45<,# YH# ROPD\DQODU# +Q 564,#
RODUDN# LNL\H# YH# KDVWD# GDPDU# VD\ÕVÕQD# J|UH# GH#
�o# JUXED# D\UÕOGÕ# +WHN# GDPDU=498/# LNL# GDPDU=#
468# YH# �o# GDPDU=# 93,1# +DVWDODUÕQ# KLo# ELUL#
LQIHNVL\RQ/# NURQLN# REVWULNWLI# DNFL÷HU# KDVWDOÕ÷Õ/#
PDOLJQHQVL/# KHPDWRORMLN# KDVWDOÕN/# NDOS# NDSDN#
KDVWDOÕ÷Õ/# VHUHEURYDVN�OHU# KDVWDOÕN# YH# SHULIHULN#
DUWHU# KDVWDOÕ÷ÕQD# DLW# NOLQLN# LSXFX# YHUPL\RUGX1#
$\UÕFD# VRQ# ]DPDQODUGD# KDVWDODUÕQ# KLoELUL##
DQWLSODWHOHW#DMDQ/#WURPEROLWLN#DMDQ#YH#DQWLEL\RWLN#
DOPÕ\RUGX1#

.DQ#|UQHNOHULQLQ#WRSODQPDVÕ#
7�P# NDQ# |UQHNOHUL# ;043# VDDW# DoOÕNWDQ# VRQUD#
NRURQHU#DQML\RJUDIL#HVQDVÕQGD#DQWHNXELWDO#YHQ0
GHQ#DOÕQGÕ1#)LEULQRMHQ#VLWUDWOÕ#SOD]PDGD#WURPELQ0
WLPH# PHWRGX\OD# oDOÕúÕOGÕ144# 7RWDO# # NROHVWHURO/#
WULJOLVHULG# +LWDFKL±<44# RWR# DQDOL]DW|U�QGH#
+%RHKULQJHU/# 0DQQKHLP0$OPDQ\D,# HQ]LPDWLN#
NRORULPHWULN#\|QWHP# LOH#|Oo�OG�145/46#+'/#NROHV0
WHURO#PJ0IRVIRWXQJXVWDW# o|NW�UPH# \|QWHPL# LOH#
PDQ�HO# RODUDN# |Oo�OG�1# 47# $\UÕFD# /'/#
NROHVWHURO�#)ULHGHZDOG#IRUP�O�\OH#KHVDSODQGÕ148#
#
.DOS#NDWHWHUL]DV\RQX#
.RURQHU#DQML\RJUDIL#EUDNL\DO#YH# IHPRUDO#SHUN�0
WDQ# JLULúLP# \ROX\OD# \DSÕOGÕ1# /XPHQL# (83¶GHQ#
ID]OD# GDUDOWDQ# W�P# OH]\RQODU# KDVWDODUÕQ# NLPOL÷L#
YH# NOLQLN# |]HOOLNOHULQL# ELOPH\HQ# LNL# GHQH\LPOL#
J|]OHPFL# WDUDIÕQGDQ# EHOLUOHQGL1# /�PHQL# (83#
µGHQ# D]# GDUDOWDQ# OH]\RQODU# GH÷HUOHQGLUPH\H#
DOÕQPDGÕ1#
#
øVWDWLVWLNVHO#DQDOL]#
*UXSODU# DUDVÕQGD# SDUDPHWULN# NDUúÕODúWÕUPDODU#
LoLQ# 6WXGHQW0W# WHVWL# YH# JUXSODU# DUDVÕQGD#
RUDQODUÕQ# NDUúÕODúWÕUÕOPDVÕQGD# NL0NDUH# WHVWL#
NXOODQÕOGÕ1# 3?3138# ROGX÷XQGD# DQODPOÕ# VD\ÕOGÕ1#
'H÷HUOHU# RUWDODPD# ±# VWDQGDUW# VDSPD# RODUDN#
YHULOGL1#
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#
dDOÕúPD\D# DOÕQDQ# 693# KDVWDQÕQ# 5:7¶�# HUNHN/#
;7¶�# NDGÕQGÕ1# 7�P# KDVWDODUÕQ# \Dú# RUWDODPDVÕ#
87±<#\ÕO#+GH÷LúLP#DUDOÕ÷Õ#640:7#\ÕO,#LGL1#+DVWDODU#
NRURQHU# DQML\RJUDILOHULQGH# WDP# WÕNDQÕNOÕ÷Õ#
RODQODU# +JUXS4/#Q 45<,#YH#ROPD\DQODU# +JUXS5/#
Q 564,# RODUDN# LNL# JUXSWD# GH÷HUOHQGLULOGL1#
*UXSODUD# J|UH# KDVWDODUÕQ# NOLQLN/# ODERUDWXDU# YH#
NRURQHU# DQML\RJUDILN# SDUDPHWUHOHUL# 7DEOR# 4¶GH#
J|VWHULOPLúWLU1#
#
*UXS4¶GH#\Dú#RUWDODPDVÕ#88±<#\ÕO#LNHQ#*UXS5¶GH#
LVH# 87±43# \ÕOGÕ1# *UXSODU# DUDVÕQGD# W�P# SDUD0
PHWUHOHU# NDUúÕODúWÕUÕOGÕ÷ÕQGD# ILEULQRMHQ#
+S?31334,# /# WRWDO# YH# /'/# NROHVWHURO# +S?3138,/#
HUNHN#FLQVL\HW#\�]GHVL#+S?3138,#YH#VLJDUD# LoLPL#
+S?3138,# DUDVÕQGD# DQODPOÕ# IDUN# EXOXQXUNHQ/#
GL÷HU# SDUDPHWUH# RUWDODPDODUÕ# DUDVÕQGD#
LVWDWLVWLNVHO# RODUDN# DQODPOÕ# IDUN# EXOXQDPDGÕ#
+S!3138,1#
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#
dDOÕúPD\D#DOÕQDQ#KDVWDODU#KDVWDOÕNOÕ#GDPDU#VD\Õ0
ODUÕQD# J|UH# GH# JUXSODQGÕUÕOGÕ1# +DVWDOÕNOÕ# GDPDU#
VD\ÕVÕ#DUWWÕNoD#ILEULQRMHQ#G�]H\OHULQGH#DUWÕú#ROXS#
EX#DUWÕú# LVWDWLVWLNVHO#RODUDN#DQODPOÕ\GÕ#+S?3138,#
+*UDILN#4,1#
#
7$57,ù0$#
#
%LU# oRN# SURVWHNWLI# HSLGHPL\RORMLN# oDOÕúPDGD#
ILEULQRMHQ# G�]H\OHUL# LOH# LVNHPLN# NDOS# KDVWDOÕ÷Õ#
DUDVÕQGD#GLUHNW#YH#ED÷ÕPVÕ]#ELU# LOLúNLQLQ#ROGX÷X#
EHOLUOHQPLúWLU1409#6RQ# ]DPDQODUGD# \DSÕODQ# oDOÕú0
PDODU# ILEULQRMHQLQ# LVNHPLN# NDOS# KDVWDOÕ÷ÕQÕQ#
KHP#SDWRORMLVLQGH/#KHP#GH#NOLQL÷LQGH#|QHPOL#URO#
R\QDGÕ÷ÕQÕ#J|VWHUPHNWHGLU140:#
#
)LEURQRMHQ/#NRURQHU#DUWHU#GXYDUÕQGD#DWHURVNOH0#

#
URWLN# GH÷LúLNOLNOHULQ# HUNHQ# G|QHPOHULQGH# J|0
U�OPHNWHGLU14904:# %XQXQOD# ELUOLNWH# ILEULQRMHQ#
SODWHOHWOHU#DUDVÕQGD#N|SU�OH\LFL#ELU#PROHN�O#ROD0
UDN# Lú#J|UG�÷�# LoLQ# WURPEXV#ROXúXP#V�UHFLQGH#
GH# NULWLN# URO# R\QDPDNWDGÕU14;054# $\UÕFD# \�NVHN#
ILEULQRMHQ#G�]H\OHUL#SOD]PD#YH#NDQ#YLVNR]LWHVLQL#
DUWÕUDUDN# NRURQHU# DUWHU# KDVWDOÕ÷ÕQD# NDWNÕGD#
EXOXQPDNWDGÕU1:/54/55# %X# ELOJLOHUL# HVDV# DODQ#
ELUNDo# DQML\RJUDILN# oDOÕúPDGD# ILEULQRMHQ#
G�]H\OHUL# LOH# NRURQHU# DUWHU# KDVWDOÕ÷ÕQÕQ##
\D\JÕQOÕ÷Õ#YH# úLGGHWL#DUDVÕQGD#ELU# LOLúNL# #ROGX÷X##
GR÷UXODQPÕúWÕU158/5:/5;# # # %X# # oDOÕúPDODUÕQ# # HQ##
E�\�÷�/# # ILEULQRMHQ# # G�]H\L# # \�NVHN# # RODQODUD##
GDKD##VÕN#RODUDN#WDP#WÕNDQÕNOÕ÷ÕQ#LúWLUDN#HWWL÷LQL/#
ELU# EDúND# GH\LúOH# \�NVHN# ILEULQRMHQ# # G�]H\0
OHULQLQ###WURPERMHQLN##ELU##RUWDP##ROXúWXUGX÷XQX##
J|VWHUPLúWLU143# # %HFNHU# YH# DUN56¶QÕQ# \DSPÕú#
ROGX÷X# ELU# oDOÕúPDGD# ILEULQRMHQ# G�]H\L# \�NVHN#
RODQ# NDUDUVÕ]# # DQJLQDOÕ# KDVWDODUGD# SURJQR]XQ#
N|W�# ROGX÷X# ND\GHGLOPLúWLU1# $\UÕFD# ELU#
oDOÕúPDGD# SOD]PD# ILEULQRMHQ# G�]H\OHULQLQ#
G�ú�U�OPHVLQLQ##NRURQHU#DUWHU#KDVWDOÕ÷ÕQD#ED÷OÕ#
NDUGL\DN#ROD\##YH#|O�POHUL#D]DOWWÕ÷Õ##VDSWDQPÕú0
WÕU159##
#
dDOÕúPDPÕ]D# DOÕQDQ# KDVWDODU# WDP# WÕNDQÕNOÕ÷Õ#
RODQODU#YH#ROPD\DQODU#RODUDN#LNL#JUXED#YH#KDVWD#
GDPDU# VD\ÕODUÕQD# J|UH# �o# JUXED# D\UÕOGÕ1# 7DP#
WÕNDQÕNOÕ÷Õ# RODQ# YH# ROPD\DQ# JUXS# ELUELUOHUL\OH#
NOLQLN# YH# ODERUDWXDU# SDUDPHWUHOHUL# DoÕVÕQGDQ#
NDUúÕODúWÕUÕOGÕ÷ÕQGD# WDP# WÕNDQÕNOÕ÷Õ# ROPD\DQODUD#
J|UH#WDP##WÕNDQÕNOÕ÷Õ##RODQODUGD##HUNHN##FLQVL\HW##
VÕNOÕ÷Õ# +3?3138,/# VLJDUD# LoPH# RUDQÕ# +S?3138,/#
WRWDO# YH# /'/# NROHVWHURO# G�]H\OHUL# +S?3138,# YH#
ILEULQRMHQ# G�]H\OHUL# +S?31334,# DQODPOÕ# RODUDN#
GDKD#\�NVHN#LGL#+7DEOR#4,>#DQFDN#oDOÕúÕODQ#GL÷HU#

7DEOR#41#7DP#WÕNDQÕNOÕ÷Õ#RODQ#YH#ROPD\DQ#JUXSODUÕQ#NOLQLN#YH#ODERUDWXYDU#|]HOOLNOHUL1#
#

# 7DP#WÕNDQÕNOÕN##
+.,#

*UXS4#+Q 45<,##

7DP#WÕNDQÕNOÕN##
+0,#

*UXS5#+Q 564,#

3#GH÷HUL#

<Dú##
&LQV#+(,#
6LJDUD#LoLPL#+.,#
+LSHUWDQVL\RQ#+.,#
'LDEHWHV#0HOOLWXV+.,#
$LOH#|\N�V�#+.,#
)LEULQRMHQ#+J2O,#
7RWDO#NROHVWHURO#+PJ2GO,#
+'/#NROHVWHURO#+PJ2GO,#
/'/#NROHVWHURO#+PJ2GO,#
9/'/#NROHVWHURO#+PJ2GO,#
7ULJOLVHULG#+PJ2GO,#

8818#±#<#
;6#+(97,#
59#+(53,#
47#+(431;,#
;#+(9,#
5<#+(5517,#
71:9#±#4169#
537146#±#7;14<#
6;1<4#±#:188#
45;143#±#7;1;:#
6;144#±#5313:#
4<318<#±#43316:#

8715#±#4315#
;7#+(94,#
58#+(4;,#
49#+(4418,#
43#+(:,#
65#+(56,#
7154#±4137#
4<71:3#±6:164#
73196#±;1:<#
44:1;<#±691;:#
69149#±48178#
4;81;6#±::15;#

$1<1#
$1<1#
$1<1#
$1<1#
$1<1#
$1<1#

3?31334#
3?3138#
$1<1#
3?3138#
$1<1#
$1<1#

'H÷HUOHU#RUWDODPD#.#VWDQGDUW#VDSPD#RODUDN#LIDGH#HGLOGL1#
$1<=#$QODPÕ#\RN#+3!3138,/##+'/=#<�NVHN#GDQVLWHOL#OLSRSURWHLQ/#/'/=#'�ú�N#GDQVLWHOL#OLSRSURWHLQ/#9/'/=#dRN#G�ú�N#GDQVLWHOL#OLSRSURWHLQ#

#
#
*UDILN#41#7HN#GDPDU/#LNL#GDPDU#YH#�o#GDPDU#KDVWDOÕ÷Õ#RODQ#
JUXSODUGD#ILEULQRMHQ#G�]H\OHUL1#
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7XUJXW#g]DO#7ÕS#0HUNH]L#'HUJLVL#9+5,=4<<<######################46<#

SDUDPHWUHOHU# DoÕVÕQGDQ# ELU# IDUN# \RNWX1# %X#
EXOJXODUD# J|UH# WDP# WÕNDQÕNOÕ÷Õ# # EHOLUOH\HQ# HQ#
|QHPOL#ULVN#IDNW|U�Q�Q#ILEULQRMHQ#G�]H\L#ROGX÷X#
J|U�OPHNWHGLU1# %X# VRQXoODU# EL]LP# LoLQ# V�USUL]#
ROPDGÕ1# d�QN�# \�NVHN# ILEULQRMHQ# G�]H\OHULQLQ#
WURPERJHQH]LV# YH\D# WURPEXV# ROXúXPXQX#
EHOLUOHPHGH#|QHPOL#URO#R\QDGÕ÷Õ#X]XQ#]DPDQGÕU#
ELOLQPHNWHGLU1# +DVWD# GDPDU# VD\ÕVÕ# DoÕVÕQGDQ#
ILEULQRMHQ# G�]H\OHUL# NDUúÕODúWÕUÕOGÕ÷ÕQGD/# KDVWD#
GDPDU# VD\ÕVÕ# DUWWÕNoD# ILEULQRMHQ# G�]H\OHULQGH#
DUWPD# H÷LOLPL# ROGX÷X# YH# EX# DUWÕúODUÕQ#
LVWDWLVWLNVHO#DoÕGDQ#DQODPOÕ#ROGX÷X#J|U�OG�1#%X#
EXOJX# # \�NVHN# ILEULQRMHQ# G�]H\OHULQLQ# NRURQHU#
DUWHU# KDVWDOÕ÷ÕQÕQ# \D\JÕQOÕ÷Õ# YH\D# úLGGHWLQL#
EHOLUOHPHGH# |QHPOL# ROGX÷XQX# G�ú�QG�U0
PHNWHGLU1##
#

#
#
#
.$<1$./$5#
#
41# 0HDGH# 7:/# 0HOORZV# 6/# %UR]RYLF# 0/# HW# DO1# +DHPRVWDWLF# IXQFWLRQ# DQG#

LVFKDHPLF# KHDUW# GLVHDVH># SULQFLSDO# UHVXOWV# RI# WKH#1RUWKZLFN# 3DUW#+HDUW#
6WXG\/#/DQFHW#4<;9>#669>#8660:1#

51# /HH# $-/# /RZH# *'2/# :RRGZDUG# 0/# 7XQVWDOO03HGRH# +1# )LEULQRJHQ# LQ#
UHODWLRQ#WR#SHUVRQDO#KLVWRU\#RI#SUHYDOHQW#K\SHUWHQVLRQ/#GLDEHWHV/#VWURNH/#
LQWHUPLWWHQW#FOXDGLFDWLRQ/#FRURQDU\#KHDUW#GLVHDVH/#DQG#IDPLO\#KLVWRU\=#WKH#
6FRWWLVK#+HDUW#6WXG\1#%U#+HDUW#-#4<<6>#9<=#66;0751#

61# (&$7# $QJLQD# 3HFWRULV# 6WXG\# *URXS1# (&$7# DQJLQD# SHFWRULHV# VWXG\=#
EDVHOLQH# DVVRFLDWLRQV# RI# KDHPRVWDWLF# IDFWRUV# ZLWK# H[WHQW# RI# FRURQDU\#
DUWHULRVFOHURVLV# DQG# RWKHU# FRURQDU\# ULVN# IDFWRU# LQ# 6333# SDWLHQWV# ZLWK#
DQJLQD#SHFWRULHV#XQGHUJRLQJ#FRURQDU\#DQJLRJUDSK\1#(XU#+HDUW# -# 4<<6>#
47=#;04:1#

71# :LOKHOPVHQ# //# 6YDUGVXGG# ./# .RUVDQ0%HUJWVHQ# ./# /DUVVRQ# %/#:HOLQ# //#
7LEEOLQ# *1# )LEULQRJHQ# DV# D# ULVN# IDFWRU# IRU# VWURNH# DQG# P\RFDUGLDO#
LQIDUFWLRQ1#1#(QJO#-#0HG#4<;7>#644=#834081#

81# .DQQHO#:%/#:ROI#3$/#&DVWHOOL#:31#)LEULQRJHQ#DQG#ULVN#RI#FDUGLRYDVFXODU#
GLVHDVH=#WKH#)UDPLQJKDP#6WXG\1#-$0$#4<;:>#58;044;6091#

91# 6WRQH#0&/#7KRUSH#-01#3ODVPD#ILEULQRJHQ#±D#PDMRU#FRURQDU\#ULVN#IDFWRU1#
-#5#&ROO#*HQ#SUDFW#4<;8>#68>#8980<1#

:1# /RZH#*''/#'UXPPRQG#00/#/DULPHU#$5/#+XWWRQ#,/#)RUEHV#&'/#3UHQWLFH/#
&51# 5HODWLRQ# EHWZHHQ# H[WHQW# RI# FRURQDU\# DUWHU\# GLVHDVH# DQG# EORRG#
YLVFRVLW\1#%U#0HG#-#4<;3>#4=#9:6071#

;1# .UXVNDO#-%/#&DPPHU#IRUG#3-/#)UDQNV#--/#.LUVFK#5(1#)LEULQ#DQG#ILEULQRJHQ#
±UHODWHG#DQWLJHQV# LQ#SDWLHQWV#ZLWK# VWDEOH#DQG#XQVWDEOH#FRURQDU\#DUWHU\#
GLVHDVH1#1#(QJO#-#0HG#4<;:>#64:=#4694081#

<1# %DOOHU# '/# 0LFKH# (/# *OHLFKPDQQ# 81# +\SHUILEULQRJHQHPLD# DQG# UHODWLYH#
OHXFRF\WRVLV# LQ#XQVWDEOH#DQJLQD#DQG# LQ#SDWLHQWV#ZLWK#DQJLRJUDSKLF#VLJQV#
RI# LQWUDFRURQDU\# WKURPERVLV1# %ORRG# &RDJ# )LEULQRO# 4<<7># 8# +6XSSO# 5,#
+$EVWU#3058,1#

431# +DYHUNDWH#)1#7KURPERVLV#DQG#GLVDELOLWLHV1# ,Q=#%D\D#&/#HG1#$GYDQFHV# LQ#
PHGLFDO#ELRORJ\/#,26#3UHVV/#4<<7=#;404361#

441# &ODXVV# $#*HULQQXQJ# VSK\VLRORJLVFKH# 6FKQHOOPHWKRGH# =XU# %HVWLPPXQJ#
GHV#)LEULQRJHQV1#$FWD#+DHPDWRO#4<8:>#4:=#56:0791#

451# 6LHGHO# -1#+DJHOH# (2/# =LJHQHKRUQ# -/# HW# DO1# 5HDJHQW# IRU# WKH# HQ]\PDWLF#
GHWHUPLQDWLRQ# RI# VHUXP# WRWDO# FKROHVWHURO# ZLWK# LPSURYHG# OLSRO\WLF#
HIILFLHQF\1#&OLQ#&KDQ#4<;6>#5<=#43:80;31#

461# 0F#*RZDQ#:0/#$UWLVV# -$/#6WUHQGEHU#'5/# HW# DO1#$#SHUR[LGDVH# FRXSOHG#
PHWKRG# IRU# WKH# FRORULPHWULF# GHWHUPLQDWLRQ# RI# WKH# WULJO\FHUGLHV1# &OLQ#
&KHP#4<;6>#5<=#86;0751#

471# .RSHV09LUHOOD#0)/# 6WRQH# 3/# (OOLV# 61#&KROHVWHURO# GHWHUPLQDWLRQV# LQ# KLJK#
GHQVLW\# OLSRSURWHLQV# VHSDUDWHG# E\# WKUHH# GLIIHUHQW#PHWKRGV1# &OLQ# &KHP#
4<::>#56=#;;51#

481# .RVWQHU#*0/#/DJJQHU#3/#&KHPLFDO#DQG#SK\VLFDO#SURSHUWLHV#RI#OLSRSURWHLQ1#
,Q># )UXFKDUG# -&/# 6KHSKHUG# -# +HGV,1#+XPDQ# 3ODVPD# /LSRSURWHLQV1#1HZ#
<RUN/#'H#*UX\WHU/#4<;<>#560871#

491# 'XJXLG# -%1# 7KURPERVLV# DV# D# IDFWRU# LQ# WKH# SDWKRJHQHVLV# RI# FRURQDU\#
DWKHURVFOHURVLV1#-#3DWKRO#%DFWHULRO#4<79>#8;=53:0451#

4:1# 'XJXLG# -%1# 7KURPERVLV# DV# D# IDFWRU# LQ# WKH# SDWKRJHQHVLV# RI# DRUWLF#
DWKHURVFOHURVLV1########-#3DWKRO#%DFWHULRO#4<7;>#93=#8:0941#

4;1# 6PLWK# (%1# )LEULQ# GHSRVLWLQ# DQG# ILEULQ# GHJUDGDWLRQ# SUXGXFWV# LQ#
DWKHURVFOHURWLF#SODTXHV1#7KURPE#5HV#4<<7>#:8=#65<0681#

4<1# 4L]LOEDVK# # 11# )LEULQRJHQ# # DQG# # FHUHEURYDVFXODU# # GLVHDVH1(XU# +HDUW# -##
4<<8#>49#+VXSSO#$,#=750#791#

531# 0DQQXFFL# 3101#5HFHQW# SURJUHVV# LQ# WKH# SDWKRSK\VLRORJ\# RI# ILEULQRJHQ1#
(XU#+HDUW#-#4<<8>49#+VXSSO#$,=580631#

541# 0HDGH#71:1#)LEULQRJHQ# LQ# LVFKDHPLF#KHDUW#GLVHDVH1#(XU# #+HDUW#-#4<<8#
>49#+VXSSO#$,=640681#

551# 6PLWK#(1%1#)LEULQRJHQ/#ILEULQ#DQG#WKH#DUWHULDO#ZDOO1#(XU#+HDUW#-#4<<8>49#
+VXSSO#$,=440481#

561# %HFNHU#51&##HW#DO1#3URJQRVWLF#YDOXH#RI#SODVPD#ILEULQRJHQ##FRQFHQWUDWLRQ#
LQ# SDWLHQWV# ZLWK# XQVWDEOH# # DQJLQD# DQG# QRQ0T# ±ZDYH# P\RFDULDO#
LQIDUFWLRQ+7,0,#,,,%#7ULDO,1#$P#-#&DUGLRO#4<<9>:;=475047:1#

571# 7RVV# +/# /LQGDKO# %/# 6LHJEDKQ# $/#:DOOHQWLQ# /1# 3URJQRVWLF# LQIOXHQFH# RI#
LQFUHDVHG# ILEULQRJHQ#DQG#&0UHDFWLYH#SURWHLQ# OHYHOV# LQ#XQVWDEOH#FRURQDU\#
DUWHU\# GLVHDVH1# )5,6&# 6WXG\# *URXS1# )UDJPLQ# GXULQJ# ,QVWDELOLW\# LQ#
&RURQDU\#$UWHU\#'LVHDVH1#&LUFXODWLRQ#4<<:>#<9#+45,=#7537043#1#

581# .HVPDUN\# */# 7RWK# ./# +DERQ# //# 9DMGD# */# -XULFVND\# ,1# +HPRUKHRORJLF#
SDUDPHWHUV#LQ##FRURQDU\#DUWHU\#GLVHDVH1#2UY#+HWLO#4<<;>#46<#+57,=47980
;1#

591# %HKDU#61#/RZHULQJ# ILEULQRJHQ# OHYHOV=#FOLQLFDO#XSGDWH1#%,3#6WXG\#*URXS1#
%H]DILEUDWH# ,QIDUFWLRQ# 3UHYHQWLRQ1#%ORRG#&RDJXO# )LEULQRO\VLV# 4<<<# # >43#
6XSSO#4=674061#

5:1# .DQQHO#:%1#,QIOXHQFH#RI#ILEULQRJHQ#RQ#FDUGLRYDVFXODU#GLVHDVH1#'UXJV##
4<<:#>#87#6XSSO#6=#650731

#

#
#
#
#
#


