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6HYHUDO# VWXGLHV# KDYH# SUHYLRXVO\# UHSRUWHG# DQ# LQFUHDVHG# SODWHOHW# DJJUHJDELOLW\# LQ#
SDWLHQV# ZLWK# 99,# SDFHPDNHUV># PRUHRYHU/# VRPH# DXWKRUV# KDYH# VKRZHG# WKDW#
DQWLSODWHOHW# GUXJV# PD\# EH# HIIHFWLYH# LQ# UHGXFLQJ# SODWHOHW# DJJUHJDWLRQ/# WKXV#
VXJJHVWLQJ#DQ#LQFUHDVHG#IRUPDWLRQ#RI#SODWHOHW#DFWLYDWLRQ#PDUNHUV#LQ#WKHVH#SDWLHQWV1#
,Q# WKLV#UHVSHFW/#SODWHOHW#DJJUHJDELOLW\#ZDV# LQYHVWLJDWHG# LQ#WZHQW\# ILYH#99,#SDWLHQWV#
DQG# ILIWHHQ# FRQWURO# VXEMHFWV1# ,Q# DGGLWLRQ/# β0WKURPERJOREXOLQ# +β07*,# DQG# SODWHOHW#
IDFWRU# 7# +3)7,#SODVPD# OHYHOV#ZHUH#PHDVXUHG# WR#GHWHUPLQH# WKH#GHJUHH#RI#SODWHOHW#
DFWLYDWLRQ#EHIRUH#DQG#DIWHU#WLFORSLGLQH#WUHDWPHQW1##
#
3ODVPD# β07*# DQG# 3)7# OHYHOV# ZHUH# VLJQLILFDQWO\# LQFUHDVHG# LQ# 99,# SDWLHQWV# DV#
FRPSDUHG#ZLWK#FRQWURO#VXEMHFWV#+#47:1;7#±#77148#YV#:8197#±#641::/#3#?#31334#DQG#
951<3#±#:41<6#YV#541;;#±#44143/#S#?#3/334>#UHVSHFWLYHO\,1#$GGLWLRQDOO\/#SODVPD#β0
7*# DQG# 3)7# OHYHOV# DIWHU# WLFORSLGLQH# WUHDWPHQW# ZHUH# VLJQLILFDQWO\# GHFUHDVHG# DV#
FRPSDUHG#ZLWK#WKDW#EHIRUH#WLFORSLGLQH##WUHDWPHQW#+7619<#±#49189#YV#47:1;7#±#77178/#
3#?#31334#DQG#4813:#±:14:#YV#951<3#±#:41<6/#3#?#31334>#UHVSHFWLYHO\,1##
#
2XU# GDWD# FRQILUP# DQ# LQFUHDVHG# RI# SODWHOHW# DJJUHJDELOLW\# LQ# SDWLHQWV# ZLWK# 99,#
SDFHPDNHUV#DQG#VKRZ#WKH#HIILFDF\#RI#WLFORSLGLQH#LQ#UHGXFLQJ#SODWHOHW#DJJUHJDELOLW\1##
#
.H\# ZRUGV=# 99,# SDFHPDNHU/# SODWHOHW# DJJUHJDELOLW\/# β0WKURPERJOREXOLQ/# SODWHOHW#
IDFWRU#71#
#
99,#SDFHPDNHUOÕ#KDVWDODUGD#WLNORSLGLQLQ#SODWHOHW#DJUHJDELOLWHGHNL#HWNLQOL÷L#
#
%LUNDo#oDOÕúPD#99,#SDFHPDNHUOÕ#KDVWDODUGD#SODWHOHW#DJUHJDELOLWHGH#ELU#DUWÕú#ROGX÷XQX#
GDKD#|QFHGHQ#VDSWDPÕú# LGL>#�VWHOLN#ED]Õ#\D]DUODU/#EX#KDVWDODUGD#SODWHOHW#DNWLYDV\RQ#
EHOLUWHoOHULQLQ# DUWPÕú# ROXúXPXQX# J|VWHUHQ# SODWHOHW# DJUHJDV\RQXQXQ# D]DOPDVÕQGD#
DQWLSODWHOHW#LODoODUÕQ#HWNLOL#RODELOGL÷LQL#J|VWHUGL1#%X#KXVXVWD/#SODWHOHW#DJUHJDELOLWH##58#
99,# SDFHPDNHU# KDVWDVÕQGD# YH# 48# NRQWURO# JUXEXQGD# DUDúWÕUÕOGÕ1# $\UÕFD/# β0
WKURPERJOREXOLQ# +β07*,# DQG#SODWHOHW# IDNW|U# 7# +3)7,¶�Q#SOD]PD#G�]H\OHUL# WLNORSLGLQ#
WHGDYLVL#|QFHVL#YH#VRQUDVÕ#SODWHOHWOHULQ#DNWLYDV\RQ#GHUHFHVLQL#VDSWDPDN#LoLQ#|Oo�OG�1##
#
3OD]PD#β07*#DQG#3)7#G�]H\OHUL#NRQWURO#JUXEX\OD#NDUúÕODúWÕUÕOGÕ÷ÕQGD#99,¶OÕ#KDVWDODUGD#
|QHPOL#|Oo�GH#DUWPÕú# LGL1# +6ÕUDVÕ\OD/# 47:1# ;7#±# 77178/# :8197#±# 641::/#3?31334#YH#
951<3#±#:41<6/#541;;#±#44143/#3#?#31334,1#$\UÕFD#/WLNORSLGLQ#WHGDYLVL#VRQUDVÕ#SOD]PD#
β07*#YH#3)7#G�]H\OHUL# WLNORSLGLQ# WHGDYLVL#|QFHVLQGHNL#G�]H\OHUOH#NDUúÕODúWÕUÕOGÕ÷ÕQGD#
|QHPOL#RUDQGD#D]DOPÕú# LGL1# +6ÕUDVÕ\OD/#7619<±49189/#47:1;7#±#77178/#3#?#31334#YH#
4813:#±#:14:/#951<3#±#:41<6/#3#?#31334,1##
#
9HULOHULPL]/# 99,# SDFHPDNHUOÕ# KDVWDODUGD# SODWHOHW# DJUHJDELOLWHGH# ELU# DUWÕú# ROGX÷XQX#
GR÷UXODPDNWD# YH# SODWHOHW# DJUHJDELOLWH\L# D]DOWPDNWD# WLNORSLGLQLQ# HWNLOL# # ROGX÷XQX#
J|VWHUPHNWHGLU1##
#
$QDKWDU# NHOLPHOHU=# 99,# SDFHPDNHU/# SODWHOHW# DJUHJDELOLWH/# β0WKURPERJOREXOLQ/#
SODWHOHW#IDNW|U#71##
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#

6RPH# SURVSHFWLYH# VWXGLHV# KDYH# VXJJHVWHG# D
JUHDWHU# QXPEHU# RI# WKURPERHPEROLF# HYHQWV# LQ
SDWLHQWV#ZLWK#99,#SDFHPDNHUV#DV#FRPSDUHG#ZLWK
SDWLHQWV#ZLWK#'''#RU#$$,#SDFHPDNHUV#4/91###)D]LR
HW#DO#:#VKRZHG#WKDW#ORQJ#WHUP#WUHDWPHQW#ZLWK#DQ
DQWLSODWHOHW# GUXJ# LV# HIIHFWLYH# LQ# UHGXFLQJ
WKURPERHPEROLF# HYHQWV# LQ# 99,# SDWLHQWV/# WKXV
VXJJHVWLQJ# DQ# LQFUHDVHG# IRUPDWLRQ# RI# SODWHOHW
WKURPEL#LQ#WKHVH#SDWLHQWV1#0RUHRYHU/#6DVDNL#HW#D
;# UHSRUWHG# WKDW# LQ#D#JURXS#RI#SDWLHQWV#ZLWK#99,
SDFHPDNHU# WUHDWHG# ZLWK# DQWLFRDJXODQWV# WKH
LQFLGHQFH# RI# WKURPERHPEROLF# HSLVRGHV# ZDV
VLJQLILFDQWO\# ORZHU# ZKHQ# FRPSDUHG# ZLWK# WKDW
RFFXUULQJ#LQ#FRQWURO#VXEMHFWV1#
#
7KH# DLP# RI# WKH# SUHVHQW# VWXG\#ZDV# WR# HYDOXDWH
ZKHWKHU# VKRUW0WHUP# WUHDWPHQW# +45#ZHHNV,#ZLWK
WLFORSLGLQH# UHGXFHV# SODWHOHW# DJJUHJDELOLW\# LQ
SDWLHQWV#ZLWK#99,#SDFHPDNHUV1##
#
3$7,(176#$1'#0(7+2'6#
#
7ZHQW\0ILYH# SDWLHQWV# +PHDQ# DJH# 87# ±# <# \HDUV/
UDQJH#IURP#65#WR#;3,#ZLWK#99,#SDFHPDNHUV#ZHUH
LQFOXGHG# LQ# WKH# VWXG\1# $OO# SDWLHQWV# ZLWK# 99,
SDFHPDNHUV# ZHUH# WUHDWHG# ZLWK# WLFORSLGLQH# +583
PJ# WZLFH# GDLO\,# IRU# D# GXUDWLRQ# RI# 6# PRQWKV1
6HYHQWHHQ# SDWLHQWV# ZHUH# PHQ# DQG# ;# ZHUH
ZRPHQ1# $GGLWLRQDOO\/# ILIWHHQ# QRUPDO# YROXQWHHUV
+PHDQ#DJH#5:#±#8#\HDUV/# UDQJH# IURP#4;# WR#65,
ZLWK# QR# KLVWRU\# RU# SK\VLFDO# ILQGLQJV# RI
FDUGLRYDVFXODU# GLVHDVH# ZHUH# VWXGLHG/# ILYH
SDWLHQWV# KDG# V\VWHPLF# K\SHUWHQVLRQ/# 6# GLDEHWHV
PHOOLWXV#DQG#5#FRQJHVWLYH#KHDUW#IDLOXUH1##
#
0HDVXUHPHQW# RI# SODVPD# OHYHOV# RI# β0
WKURPERJOREXOLQ# +β07*,# DQG# SODWHOHW# IDFWRU# 7
+3)7,# ZHUH# SHUIRUPHG# WR# GHWHFW# LQFUHDVHG
SODWHOHW#DFWLYDWLRQ#EHIRUH#DQG#DIWHU#WUHDWPHQW1##
#
:H#KDYH#XVHG#D#FRPPHUFLDO#NLW#IRU#WKH#DVVD\#RI
%07*#DQG#3)7#<1#%ORRG#VDPSOHV#ZHUH#FROOHFWHG#LQ
WKH# WXEHV#SURYLGHG#E\# WKH#PDQXIDFWXUHU#RI# WKH
FRPPHUFLDO# NLW# SUHYLRXVO\# VWRUHG# DW# 3R&1
9HQLSXQFWXUH# ZDV# SHUIRUPHG# LQ# WKH# VKRUWHVW
SRVVLEOH# WLPH# +<5# PLQ,# WR# DYRLG# SODWHOHW
DFWLYDWLRQ1##
#
$OO# YDOXHV#ZHUH# H[SUHVVHG# DV#PHDQ# ±# 6'1# 7KH
WZR0WDLOHG#XQSDLUHG# VWXGHQW# W0WHVW#ZDV#XVHG# IRU
VWDWLVWLFDO#DQDO\VLV1#$#S#YDOXH#RI<#3138#ZDV#WDNHQ
DV#VLJQLILFDQW1##

5(68/76#
#
7DEOH# 4# VKRZV# SODVPD# β07*/# 3)7# OHYHOV# LQ# 99,
SDWLHQWV#DQG#FRQWURO#VXEMHFWV1#3ODVPD#β07*#DQG
3)7# OHYHOV# ZHUH# VLJQLILFDQWO\# LQFUHDVHG# LQ# 99,
SDWLHQWV#DV#FRPSDUHG#ZLWK#FRQWURO#VXEMHFWV#+3#?
31334,1##
#
7DEOH#41#3ODVPD#β07*/#3)7#OHYHOV#LQ#99,#SDWLHQWV#DQG#FRQWURO
VXEMHFWV#
#
#
#
#
#
#
#
#
7DEOH# 5# VKRZV# SODVPD# β07*/# 3)7# OHYHOV# LQ# 99,
SDWLHQWV# EHIRUH# DQG# DIWHU# WLFORSLGLQH# WUHDWPHQW1
$IWHU# 45# ZHHNV# RI# WLFORSLGLQH# WUHDWPHQW/# WKHUH
ZDV#D#VLJQLILFDQW# UHGXFWLRQ#RI#SODVPD#β07*#DQG
3)7# OHYHOV# LQ# SDWLHQWV# ZLWK# 99,# SDFHPDNHUV
+3?31334,1##
#
7DEOH#51#3ODVPD#β07*/#3)7#OHYHOV#LQ#99,#SDWLHQWV#EHIRUH#DQG
DIWHU#WLFORSLGLQH#WUHDWPHQW1#
#
#
#
#
#
#
#
#
#
',6&866,21#
#
0DQ\# VWXGLHV# KDYH# VKRZHG# WKDW# SODWHOHW
LQKLELWRUV# PD\# LPSURYH# SURJQRVLV# LQ# SDWLHQWV
ZLWK#FDUGLRYDVFXODU#GLVHDVH/#VXFK#DV#P\RFDUGLDO
LQIDUFWLRQ/# WUDQVLHQW# LVFKHPLF#DWWDFN/#DQG# VWURNH
43/441# 6RPH# UHSRUWV# KDYH# VSHFLILFDOO\
GHPRQVWUDWHG# WKDW# SDWLHQWV# ZLWK# 99,
SDFHPDNHUV# KDYH# DQ# LQUHDVHG# LQFLGHQFH# RI
WKURPERHPEROLF#HYHQWV/# WKXV#VXJJHVWLQJ# WKDW# LQ
WKHVH#SDWLHQWV#WKHUH#LV#DQ#LQFUHDVHG#IRUPDWLRQ#RI
SODWHOHW# WKURPEL45/# 461# 7KH# PDMRU# PHFKDQLVPV
WKDW# FRXOG# H[SODLQ# WKH# LQFUHDVHG# SODWHOHW
DFWLYDWLRQ# DUH=# +4,# 7KH# DWULRYHQWULFXODU
DV\QFKURQLVP# WKDW# FDXVHV# QXPHURXV# DWULDO
FRQWUDFWLRQV# DJDLQVW# FORVHG# DWULRYHQWULFXODU
YDOXHV9>#+5,##7KH##SUHVHQFH##RI##WKH##OHDG##LQ##WKH#

#



(IILFDF\#RI#WLFORSLGLQH#RQ#SODWHOHW#DJJUHJDELOLW\#LQ#SDWLHQWV#ZLWK#D#99,#SDFHPDNHU#
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#

ULJKW#YHQWULFOH47>#+6,#7KH#ROG#DJH#RI#WKH#SDWLHQWV
ZLWK# SDFHPDNHU># +7,# 7KH# LQWHUYHQWULFXODU# DQG
LQWUDYHQWULFXODU#DV\QFKURQLVP#RI#FRQWUDFWLRQ481#
#
3ODWHOHW# DFWLYDWLRQ#ZDV# HYDOXDWHG# E\#PHDVXULQJ
SODVPD#OHYHOV#RI#ERWK#SODWHOHW#IDFWRU#7#+3)7,#DQG
β0WKURPERJOREXOLQ/# ZKLFK# DUH# SODWHOHW# VSHFLILF
SURWHLQV# VHFUHWHG# IURP# WKH#JUDQXOHV#GXULQJ# WKH
UHDFWLRQ49/4:1#3)7#ELQGV#WR#WKH#HQGRWKHOLDO#VXUIDFH
KHSDULQ0# OLNH#PROHFXOHV# DQG# KHQFH# KDV# D# VKRUW
KDOI# OLIH/# ZKHUHDV# β0WKURPERJOREXOLQ# LV# QRW
ERXQG#E\#YDVFXODU#HQGRWKHOLXP1##
#
7LFORSLGLQH# LV# D#SODWHOHW# LQKLELWRU#GUXJ# WKDW# DFWV
E\# LQWHUIHULQJ# ZLWK# ILEULQRJHQ# DQG# WKH# 9RQ
:LOOHEUDQG# IDFWRU# # ELQGLQJ# WR# SODWHOHWV1# ,W
SURORQJV# WKH# EOHHGLQJ# WLPH# DQG# EORFN# WKH
SODWHOHW# UHOHDVH# UHDFWLRQ4;/# 531# 7KHUHIRUH/# WKH
SODVPD#OHYHOV#RI#β07*#DQG#3)7#ZHUH#PHDVXUHG#WR
GHWHUPLQH# WKH# HIILFDF\# RI# DQWLSODWHOHW# GUXJ
WKHUDS\1##
#
7KH# UHVXOWV# RI# WKH# VWXG\# GHPRQVWUDWH# WKDW# DQ
LQFUHDVH# RI# SODWHOHW# DJJUHJDELOLW\# LV# SUHVHQW# LQ
SDWLHQWV# ZLWK# 99,# SDFHPDNHU# DQG# WKDW# VKRUW0
WHUP# WUHDWPHQW# +45# ZHHHNV,# ZLWK# WLFORSLGLQH
SURGXFHV# D# VLJQLILFDQW# UHGXFWLRQ# RI# SODWHOHW
DJJUHJDELOLW\#LQ#99,#SDWLHQWV1##
#
,Q# D# SUHYLRXV# VWXG\/# )D]LR# HW# DO:# REVHUYHG# # D
UHGXFWLRQ#RI# WKURPERHPEROLF#HYHQWV# LQ#SDWLHQWV
ZLWK# D# 99,# SDFHPDNHU# WUHDWHG#ZLWK# WLFORSLGLQH/
ZKLFK#VXSSRUWV#WKH#K\SRWKHVLV#RI#DQ# LQFUHDVH#RI
SDOHWHOHW# DFWLYLW\# LQ# WKHVH# SDWLHQWV1# 7KHUHIRUH/
HYHQ# LI# RXU# GDWD# DUH# QRW# FRQFOXVLYH# IRU# WKH
SUHVHQFH# RI# D# SUHFLVH# FDXVDO# UHODWLRQVKLS
EHWZHHQ#SODVPD#β07*/#3)7#OHYHOV#DQG#LQFUHDVH#RI
WKURPERHPEROLF# HYHQWV# REVHUYHG# LQ# SDWLHQWV
ZLWK# D#99,#SDFHPDNHU/# WKH#SUHVHQW# VWXG\#KDYH
UHSRUWHG# WKH# HIILFDF\# RI# WLFORSLGLQH# +583# PJ
WZLFH# GDLO\,# LQ# UHGXFLQJ# SODWHOHW# DFWLYDWLRQ# LQ
SDWLHQWV#ZLWK#99,#SDFHPDNHUV1##
#
#
#
#
#

7KH#SULPDU\#DQDO\VLV#RI#HIILFDF\#ZDV#EDVHG#RQ#D
SURQRXQFHG# UHGXFWLRQ# RI# SODWHOHW# DFWLYDWLRU
PDUNHUV1# )RU# WKLV# UHDVRQ/# β07*# DQG# 3)7# OHYHOV
PD\# EH# D#PHDQV# RI#PRQLWRULQJ# WKH# HIILFDF\# RI
DQWLSODWHOHW#GUXJ#WKHUDS\1##
#
#
#

#
5()(5(1&(6#
#
41# 6XWWRQ#5/#.HQQ\#5$/#99,#9HUVXV#$$,#RU#GXDO#FKDPEHU#SDFLQJ#LQ#VLFN#VLQXV

V\QGURPH1#,Q#VDQWLQL#0/#3LVWROHVH#0/#$OOLHJUD#$/#+HGV,=#3URJUHVV#LQ#&OLQLFDO
3DFLQJ/#5RPD/#&(3,/#4<;9/#SS1#5860981##

51# .DXO# 7/# .XPDU# (%/# 7KRPVRQ# 5#0/# HW# DO1# 6LQRDWQDO# GLVRUGHUV># WKH# ³6LFN
6LQXV´# 6\QGURPH1# ([SHULHQFH# ZLWK# LPSODQWHG# FDUGLDF# SDFHPDNHUV1# -
&DUGLRYDVF#6XUJ#4<:;>#4<=#5940991##

61# 5RVHQTYVW#0/#9DOOLQ#+/#(GKDJ#2/#&OLQLFDO#DQG#HOHFWURSK\VLRORJLFDO#FRXUVH#RI
VLQXV# QRGH# GLVHDVH=# )LYH# \HDU# IROORZ0XS# VWXG\1# $P#+HDUW# -# 4<;8># 43<=
8460551##

71# 6WRQH# -# 0/# %KDNWD# 5# '/# /XWJRQ# -1'XDO# &KDPEHU# VHTXHQWLDO# SDFLQJ
PDQDJHPHQW#RI#VLQXV#QRGH#G\VIXQFWLRQ=#$GYDQWDJHV#RYHU#VLQJOH#FKDPEHU
SDFLQJ1#$P#+HDUW#-#4<;5>#437=#464<05:1##

81# %UHLYLN# ./# 2KP# 21# -/# 6HJDGDO# //# 6LFN# VLQXV# V\QGURPH# WUHDWHG# ZLWK
SHUPDQHQW#SDFHPDNHU#LQ#43<#SDWLHQWV1#$#IROORZ0XS#VWXG\1#$FWD#0HG#6FDQG
4<:<>#539=#4860<1##

91# &XU]L#*#)/#0RFFKHJODQQ#5/#&LDPSDQL#1/#HW#DO1#7KURPERHPEROLVP#GXULQJ
99,# SHUPDQHQW# SDFLQJ# LQ# FDUGLDF# SDFLQJ1# (OHFWURSK\VRORJ\# DQG# WDFK\
DUU\K\WKPLDV1#,Q#*RPH]#3/#+HG,=#&DUGLDF#3DFLQJ1#0DGULG/#(GLWLRQDO#*URX]/
4<;8/#SS1#4536091#

:1# )D]LR#6/#&LWWDGLQL#$/#6DEDWLQL#'/#HW#DO1#3ODWHOHW#DJJUHJDELOW\#LQ#SDWLHQWV#ZLWK
D#99,#SDFHPDNHU1#3$&(##4<<6>49=587091#

;1# 6DVDNL# 6/# 7DNHXFKL# $/# $K]HNL# 0/# HW# DO1# /RQJWHUP# IROORZ0XS# RI# SDFHG
SDWLHQWV#ZLWK#VLFN#VLQXV#V\QGURPH#LQ#FDUGLDF#SDFLQJ1#,Q#6WHLQEDFK#./#+HG,=
3URFHHGLQJV#RI#WKH#:#WK#ZRUOG#6\PSRVLXP#RQ#&DUGLDF#3DFLQJ1#'DUPVWDGW/
6WDLQNRSII#9HUODJ/#4<;6/#SS1#;80<1##

<1# .DSODQ#.#//#2ZRQ#-1#3ODVPD# OHYHOV#RI#EHWD0#WKURPERJOREXOLQ#DQG#SODWHOHW
IDFWRU#7#DV#LQGLFHV#RI#SODWHOHW#DFWLYDWLRQ#LQ#YLYR1#%ORRG#4<;4>#8:=#4<<05351##

431# $QWL0SODWHOHW# 7ULDOLVWV# &ROODERUDWLRQ# 6HFRQGDU\# SUHYHQWLRQ# RI# YDVFXODU
GLVHDVH#E\#SURORQJHG#DQWLSODWHOHW#WKHUDS\1#%U#0HG#-#4<;;>#5<9=#6530641##

441# %DXU#+#5/#9DQ#7DVVHO#5#$/#3LHUDFK#&$/#HW#DO1#(IIHFWV#RI#VXOILQS\UD]RQH#RQ
HDUO\#JUDIW#FORVXUH#DIWHU#P\RFDUGLDO#UHYDVFXODUL]DWLRQ1#$P#-#FDUGLRO#4<;5>
7<=#753091#

451# 'DQWD#*/#3ODWHOHW#DGKHVLYHQHVV#LQ#FHUHEUDYDVFXODU#GLVHDVH1#$WKHURVFOHURVLV
4<:3>#5=#5660:1##

461# *UHHQ# //# 6HURSSLDQ# (/# +DQGULQ# 5# ,/# 3ODWHOHW# DFWLYDWLRQ# GXULQJ# H[HUFLVH0
LQGXFHG#P\RFDUGLDO#LVFKDPLD1#1#(QJO#-#0HG#4<;3>#635=#4<60<1##

471# 'DYLG# */# .DSODQ# ./# .ZDDQ#+# &/# 3XOPRQDU\# HPEROL# IURP# D# SODWHOHW0ULFK
WKURPEXV#DWWDFKHG#WR#D#SDFHPDNHU#HOHFWURGH1#3$&(#4<;6>#9=#;;6091##

481# )D]LR#6/#6DQWRPDXUR#0/#)HUUDUR#6#HW#DO1#)RXULHU#DQDO\VLV# LQ#SDWLHQWV#ZLWK
FDUGLDF#SDFLQJ1#&DUGLRVWLPROD]LRQH#4<;<>#:=#;90<51##

491# )LWHV# -/#0DOSDVV#7/#<HH/# (/#5LWFKLH# -/#+DUNHO/# 6WXGLHV# RI#KXPDQ#SODWHOHW
DOSKD#JUDQXOH#UHOHDVH#LQ#YLYR1#%ORRG#4<;4>#8;=#93:04;1##

4:1# :X#.#.1#3ODWHOHW#DFWLYDWLRQ#PHFKDQLVPV#DQG#PDUNHUV#LQ#DWULDO#WKURPERVLV1
-#,QWHUQ#0HG#4<<9>#56<=#4:0671#

4;1# 'H#)UH\Q#*/#%HUQDW#$/#'HOHEDVVHH#'/#HW#DO1#3KDUPDFRORJ\#RI#WLFORSLGLQH>#D
UHYLHZ1#6HUQ#7KURPE#+HPRVWDV#4<;<>#48=#48<0991##

4<1# 6DOWLHO# 5/# :DUG# $# 7LFORSLGLQH=# D# UHYLHZ# RI# LWV# SKDUPDFRG\QDPLFV# DQG
SKDUPDFRNLQHWLF#SURSHUWLHV#DQG#WKHUDSHXWLF#HIILFDF\#LQ#SODWHOHW#GHSHQGHQW
GLVHDVH#VWDWHV1#'UXJV#4<;:>#67=#5550951#

531# 9LROL# )/# $OHVVDQGUL# //# )UDWWDUOL# 6/# HW# DO1# (IIHFWV# RI# WLFORSLGLQH# RQ# SODWHOHW
IXQFWLRQ#DQG#EORRG#FRDJXODWLRQ1#7KURPE#+DHPRVWDV#4<;5>#7;=#4990<1#


