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1XPEHU#76
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RQ#&RPSDUDWLYH#7R[LFLW\#6WXGLHV#RI

R0/#P0/#DQG#S0&KORURDQLOLQH
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5DMHQGUD#61#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
1DWLRQDO#7R[LFRORJ\#3URJUDP

3RVW#2IILFH#%R[#45566
5HVHDUFK#7ULDQJOH#3DUN/#1&#5::3<

8QLWHG#6WDWHV#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV
3XEOLF#+HDOWK#6HUYLFH
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1RWH#WR#WKH#5HDGHU

7KH#1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#LV#PDGH#XS#RI#IRXU#FKDUWHU#DJHQFLHV#RI#WKH#8QLWHG#6WDWHV
'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV#+'++6,=

� WKH#1DWLRQDO#&DQFHU#,QVWLWXWH#+1&,,#RI#WKH#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK>#
� WKH#1DWLRQDO#,QVWLWXWH#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV#+1,(+6,#RI#WKH#1DWLRQDO#,QVWLWXWHV#RI

+HDOWK>#
� WKH#1DWLRQDO#&HQWHU#IRU#7R[LFRORJLFDO#5HVHDUFK#+1&75,#RI#WKH#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ>#DQG#
� WKH#1DWLRQDO#,QVWLWXWH#IRU#2FFXSDWLRQDO#6DIHW\#DQG#+HDOWK#+1,26+,#RI#WKH#&HQWHUV#IRU#'LVHDVH

&RQWURO1
,Q#-XO\#4<;4/#WKH#&DUFLQRJHQHVLV#%LRDVVD\#7HVWLQJ#3URJUDP#ZDV#WUDQVIHUUHG#IURP#1&,#WR#1,(+61##173
FRRUGLQDWHV#WKH#UHOHYDQW#3XEOLF#+HDOWK#6HUYLFH#SURJUDPV/#VWDII/#DQG#UHVRXUFHV#WKDW#DUH#FRQFHUQHG#ZLWK#EDVLF
DQG#DSSOLHG#UHVHDUFK#DQG#ZLWK#ELRORJLFDO#DVVD\#GHYHORSPHQW#DQG#YDOLGDWLRQ1

7KH#173#GHYHORSV/#HYDOXDWHV/#DQG#GLVVHPLQDWHV#VFLHQWLILF#LQIRUPDWLRQ#DERXW#SRWHQWLDOO\#WR[LF#DQG#KD]DUGRXV
FKHPLFDOV1##7KLV#NQRZOHGJH#LV#XVHG#IRU#SURWHFWLQJ#WKH#KHDOWK#RI#WKH#$PHULFDQ#SHRSOH#DQG#IRU#WKH#SULPDU\
SUHYHQWLRQ#RI#GLVHDVH1

7KH#173#GHVLJQV#DQG#FRQGXFWV#VWXGLHV#WR#FKDUDFWHUL]H#DQG#HYDOXDWH#WKH#WR[LFRORJLF#SRWHQWLDO#RI#VHOHFWHG
FKHPLFDOV#LQ#ODERUDWRU\#DQLPDOV#+XVXDOO\#WZR#VSHFLHV/#UDWV#DQG#PLFH,1##&KHPLFDOV#VHOHFWHG#IRU#173
WR[LFRORJ\#VWXGLHV#DUH#FKRVHQ#SULPDULO\#RQ#WKH#EDVHV#RI#KXPDQ#H[SRVXUH/#OHYHO#RI#SURGXFWLRQ/#DQG#FKHPLFDO
VWUXFWXUH1##7KH#LQWHUSUHWLYH#FRQFOXVLRQV#SUHVHQWHG#LQ#WKLV#7R[LFLW\#6WXG\#5HSRUW#DUH#EDVHG#RQO\#RQ#WKH#UHVXOWV
RI#WKHVH#173#VWXGLHV1##([WUDSRODWLRQ#RI#WKHVH#UHVXOWV#WR#RWKHU#VSHFLHV#DQG#TXDQWLWDWLYH#ULVN#DQDO\VHV#IRU
KXPDQV#UHTXLUH#ZLGHU#DQDO\VHV#EH\RQG#WKH#SXUYLHZ#RI#WKHVH#VWXGLHV1##6HOHFWLRQ#SHU#VH#LV#QRW#DQ#LQGLFDWRU#RI#D
FKHPLFDO*V#WR[LF#SRWHQWLDO1

7KH#VWXGLHV#GHVFULEHG#LQ#WKLV#7R[LFLW\#6WXG\#5HSRUW#ZHUH#SHUIRUPHG#XQGHU#WKH#GLUHFWLRQ#RI#1,(+6#DQG#ZHUH
FRQGXFWHG#LQ#FRPSOLDQFH#ZLWK#173#ODERUDWRU\#KHDOWK#DQG#VDIHW\#UHTXLUHPHQWV1##7KHVH#VWXGLHV#PHW#RU
H[FHHGHG#DOO#DSSOLFDEOH#IHGHUDO/#VWDWH/#DQG#ORFDO#KHDOWK#DQG#VDIHW\#UHJXODWLRQV1##$QLPDO#FDUH#DQG#XVH#ZHUH#LQ
DFFRUG#DQG#FRPSOLDQFH#ZLWK#WKH#3XEOLF#+HDOWK#6HUYLFH#3ROLF\#RQ#+XPDQH#&DUH#DQG#8VH#RI#$QLPDOV1

/LVWLQJV#RI#DOO#SXEOLVKHG#173#UHSRUWV#DQG#RQJRLQJ#VWXGLHV#DUH#DYDLODEOH#IURP#173#&HQWUDO#'DWD
0DQDJHPHQW/#1,(+6/#3121#%R[#45566/#0'(4035/#5HVHDUFK#7ULDQJOH#3DUN/#1&##5::3<#+<4<08740674<,1#
2WKHU#LQIRUPDWLRQ#DERXW#173#VWXGLHV#LV#DYDLODEOH#DW#WKH#173*V#:RUOG#:LGH#:HE#VLWH=#
KWWS=22QWS0VHUYHU1QLHKV1QLK1JRY1



1DWLRQDO#7R[LFRORJ\#3URJUDP
7R[LFLW\#5HSRUW#6HULHV

1XPEHU#76

173#7HFKQLFDO#5HSRUW
RQ#&RPSDUDWLYH#7R[LFLW\#6WXGLHV#RI

R0/#P0/#DQG#S0&KORURDQLOLQH
+&$6#1RV1#<808405/#43;0750</#DQG#43907:0;,

$GPLQLVWHUHG#E\#*DYDJH
WR#)67721#5DWV#DQG#%9&6) #0LFH4

5DMHQGUD#61#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
1DWLRQDO#7R[LFRORJ\#3URJUDP

3RVW#2IILFH#%R[#45566
5HVHDUFK#7ULDQJOH#3DUN/#1&#5::3<

8QLWHG#6WDWHV#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV
3XEOLF#+HDOWK#6HUYLFH

1DWLRQDO#,QVWLWXWHV#RI#+HDOWK
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&2175,%87256

1DWLRQDO#7R[LFRORJ\#3URJUDP 173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV P0&KORURDQLOLQH=##(YDOXDWHG#VOLGHV#DQG#SUHSDUHG#SDWKRORJ\#UHSRUW

5161#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
-151#%XFKHU/#3K1'1
/171#%XUND/#3K1'1
51(1#&KDSLQ/#3K1'1
0151#(OZHOO/#'19101/#3K1'1
-1#0DKOHU/#'19101
*161#7UDYORV/#'19101
.1/1#:LWW/#0161/#,QWHJUDWHG#/DERUDWRU\#6\VWHPV

%DWWHOOH#&ROXPEXV#/DERUDWRULHV
&RQGXFWHG#VWXGLHV#DQG#HYDOXDWHG#SDWKRORJ\#ILQGLQJV

31-1#.XUW]/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
0151#+HMWPDQFLN/#3K1'1
51/1#3HUVLQJ/#'19101
01-1#5\DQ/#'19101/#3K1'1
%1$1#7UHOD/#3K1'1
-171#<DUULQJWRQ/#'19101/#3K1'1

173#3DWKRORJ\#:RUNLQJ#*URXS
R0&KORURDQLOLQH=##(YDOXDWHG#VOLGHV#DQG#SUHSDUHG#SDWKRORJ\#UHSRUW
+5:#$SULO#4<<6,

31.1#+LOGHEUDQGW/#'19101/#&KDLUSHUVRQ
3$7+&2/#,QF1

0151#(OZHOO/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

:1)1#0DF.HQ]LH/#'19101/#0161
&RQVXOWDQW

51$1#+HUEHUW/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

51&1#6LOOV/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

61$1#6WHIDQVNL/#'19101/#0161
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

+7#2FWREHU#4<<7,

31.1#+LOGHEUDQGW/#'19101/#&KDLUSHUVRQ
3$7+&2/#,QF1

51#&DWWOH\/#9101'1/#3K1'1
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\

)1#*HRO\/#'19101/#2EVHUYHU
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

'161#0DUVPDQ/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

$1#5DGRYVN\/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1
([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1

51&1#6LOOV/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
3URYLGHG#SDWKRORJ\#TXDOLW\#DVVXUDQFH

-1#3HFNKDP/#'19101/#0161/#3K1'1
&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1

(QYLURQPHQWDO#+HDOWK#5HVHDUFK#
DQG#7HVWLQJ/#,QF1
3URYLGHG#VSHUP#PRWLOLW\#DQG#YDJLQDO#F\WRORJ\#HYDOXDWLRQV

71#&RFDQRXJKHU/#%1$1
'1.1#*XODWL/#3K1'1
61#5XVVHOO/#%1$1

$QDO\WLFDO#6FLHQFHV/#,QF1
3URYLGHG#VWDWLVWLFDO#DQDO\VHV

51:1#0RUULV/#0161/#3ULQFLSDO#,QYHVWLJDWRU
61#51#/OR\G/#0161
11*1#0LQW]/#%161

%LRWHFKQLFDO#6HUYLFHV/#,QF1
3UHSDUHG#7R[LFLW\#6WXG\#5HSRUW

6151#*XQQHOV/#01$1/#3ULQFLSDO#,QYHVWLJDWRU
$101#0DFUL0+DQVRQ/#01$1/#01)1$1
:1'1#6KDUS/#%1$1/#%161



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 6

3((5#5(9,(:
7KH#GUDIW#UHSRUW#RQ#WKH#WR[LFLW\#VWXGLHV#RI#R0FKORURDQLOLQH/#P0FKORURDQLOLQH/#DQG#S0FKORURDQLOLQH#ZDV#HYDOXDWHG#E\
WKH#UHYLHZHUV#OLVWHG#EHORZ1##7KHVH#UHYLHZHUV#VHUYH#DV#LQGHSHQGHQW#VFLHQWLVWV/#QRW#DV#UHSUHVHQWDWLYHV#RI#DQ\
LQVWLWXWLRQ/#FRPSDQ\/#RU#JRYHUQPHQWDO#DJHQF\1##,Q#WKLV#FDSDFLW\/#UHYLHZHUV#GHWHUPLQH#LI#WKH#GHVLJQ#DQG#FRQGLWLRQV
RI#WKHVH#173#VWXGLHV#DUH#DSSURSULDWH#DQG#HQVXUH#WKDW#WKH#WR[LFLW\#VWXG\#UHSRUW#SUHVHQWV#WKH#H[SHULPHQWDO#UHVXOWV
DQG#FRQFOXVLRQV#IXOO\#DQG#FOHDUO\1

*DU\#31#&DUOVRQ/#3K1'1 -RKQ#0HQQHDU/#3K1'1
6FKRRO#RI#+HDOWK#6FLHQFHV 5DOHLJK/#1&
3XUGXH#8QLYHUVLW\
:HVW#/DID\HWWH/#,1
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&217(176

$%675$&7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

,1752'8&7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
3K\VLFDO#3URSHUWLHV/#3URGXFWLRQ/#8VH/#DQG#([SRVXUH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
'LVSRVLWLRQ#DQG#0HWDEROLVP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
7R[LFLW\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
6WXG\#5DWLRQDOH#DQG#'HVLJQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

0$7(5,$/6#$1'#0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
3URFXUHPHQW#DQG#&KDUDFWHUL]DWLRQ#RI#R0&KORURDQLOLQH#DQG#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
'RVH#)RUPXODWLRQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
7R[LFLW\#6WXG\#'HVLJQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
6WDWLVWLFDO#0HWKRGV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
4XDOLW\#$VVXUDQFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
*HQHWLF#7R[LFLW\#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
460:HHN#*DYDJH#6WXGLHV#LQ#)67721#5DWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
460:HHN#*DYDJH#6WXGLHV#LQ#%9&6) #0LFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 794

*HQHWLF#7R[LFLW\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

',6&866,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

5()(5(1&(6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

$33(1',;(6
$SSHQGL[#$ 6XPPDU\#RI#1RQQHRSODVWLF#/HVLRQV#LQ#5DWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $04

$SSHQGL[#% 6XPPDU\#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0LFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %04

$SSHQGL[#& 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &04

$SSHQGL[#' +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#5HVXOWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '04

$SSHQGL[#( 5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#
DQG#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (04

$SSHQGL[#) *HQHWLF#7R[LFRORJ\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )04
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$%675$&7

R0&KORURDQLOLQH P0&KORURDQLOLQH S0&KORURDQLOLQH

&$6#1XPEHU <808405 43;0750< 43907:0;
6\QRQ\PV R0DPLQRFKORUREHQ]HQH P0DPLQRFKORUREHQ]HQH S0DPLQRFKORUREHQ]HQH

50FKORUREHQ]HQDPLQH 60FKORUREHQ]HQDPLQH 70FKORUREHQ]HQDPLQH
50FKORURDQLOLQH 60FKORURDQLOLQH 70FKORURDQLOLQH
50FKORURSKHQ\ODPLQH 60FKORURSKHQ\ODPLQH 70FKORURSKHQ\ODPLQH

0ROHFXODU#)RUPXOD & + &O19 9

0ROHFXODU#:HLJKW 45:18:

&KORULQDWHG#DQLOLQHV#DUH#XVHG#DV#LQWHUPHGLDWHV#LQ#WKH#PDQXIDFWXUH#RI#G\HV/#GUXJV/#DQG#DJULFXOWXUDO#DJHQWV1##,Q

FRPSDUDWLYH# 460ZHHN# VWXGLHV# FRQGXFWHG# WR# GHWHUPLQH# WKH# VWUXFWXUH0WR[LFLW\# UHODWLRQVKLSV# RI# R0/# P0/# DQG

S0FKORURDQLOLQH/#JURXSV#RI#43#PDOH#DQG#43#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH#DGPLQLVWHUHG#3/#43/#53/4

73/#;3/#RU#493#PJ#R0#RU#P0FKORURDQLOLQH#SHU#NLORJUDP#ERG\#ZHLJKW# LQ#GLOXWH#K\GURFKORULF#DFLG#E\#JDYDJH1

$QLPDOV#ZHUH#HYDOXDWHG#IRU#KHPDWRORJ\/#FOLQLFDO#FKHPLVWU\/#KLVWRSDWKRORJ\/#DQG#UHSURGXFWLYH#V\VWHP#HIIHFWV1

*HQHWLF#WR[LFLW\#VWXGLHV#RI#R0#DQG#P0FKORURDQLOLQH#LQ#YLYR#DQG#LQ#YLWUR#ZHUH#DOVR#FRQGXFWHG1##7KH#UHVXOWV#RI#WKH

R0#DQG#P0FKORURDQLOLQH#VWXGLHV#ZHUH#FRPSDUHG#WR#UHVXOWV#IURP#WKH#S0FKORURDQLOLQH#VWXGLHV#SHUIRUPHG#SUHYLRXVO\

XQGHU#VLPLODU#H[SHULPHQWDO#FRQGLWLRQV#E\#WKH#VDPH#ODERUDWRU\>#GRVHV#LQ#WKH#S0FKORURDQLOLQH#VWXGLHV#ZHUH#3/#8/

43/#53/#73/#DQG#;3#PJ2NJ#IRU#UDWV#DQG#3/#:18/#48/#63/#93/#DQG#453#PJ2NJ#IRU#PLFH1

7KH#KHPDWRSRLHWLF#V\VWHP#ZDV#WKH#WDUJHW#RI#R0/#P0/#DQG#S0FKORURDQLOLQH#LQ#UDWV#DQG#PLFH1##1HLWKHU#WKH#R0#QRU#WKH

S0#LVRPHU#KDG#DQ#DGYHUVH#HIIHFW#RQ#VXUYLYDO>#WKH#GHDWK#RI#RQH#IHPDOH#UDW#LQ#WKH#493#PJ2NJ#P0FKORURDQLOLQH#JURXS

GXULQJ#ZHHN#45#ZDV#SRVVLEO\#VHFRQGDU\#WR#PHWKHPRJORELQHPLD1##7KH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG#ZHLJKW#JDLQV

RI#PDOH# UDWV# LQ# WKH# KLJKHVW# GRVH# JURXS# LQ# HDFK# VWXG\# DQG# IHPDOH#PLFH# LQ# WKH# 493#PJ2NJ# JURXS# LQ# WKH

R0FKORURDQLOLQH#VWXG\#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH#RI#WKH#UHVSHFWLYH#FRQWUROV1##&OLQLFDO#ILQGLQJV#RI#WR[LFLW\

LQFOXGHG# D# WUDQVLHQW# EOXLVK# GLVFRORUDWLRQ# RI# WKH# JHQLWDO# DQG# IRRWSDG# UHJLRQV# LQ# UDWV# DGPLQLVWHUHG# R0# RU

P0FKORURDQLOLQH# DQG# WUHPRUV# LQ# UDWV# DQG# PLFH# DGPLQLVWHUHG# R0FKORURDQLOLQH# DQG# LQ# PLFH# DGPLQLVWHUHG
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P0FKORURDQLOLQH># WKHVH# HIIHFWV# RFFXUUHG# SULPDULO\# LQ# WKH# ;3# DQG# 493# PJ2NJ# JURXSV1# # 0HWKHPRJORELQ

FRQFHQWUDWLRQV#ZHUH#LQFUHDVHG#LQ#GRVHG#UDWV#DQG#PLFH#LQ#DOO#VWXGLHV#DQG#UHVXOWHG#LQ#D#VHFRQGDU\#DQHPLD>#WKH

VHYHULW\#RI# WKH#DQHPLD# LQFUHDVHG#ZLWK# LQFUHDVLQJ#GRVH1##0LFURVFRSLF# OHVLRQV#FRQVLGHUHG#UHODWHG# WR#FKHPLFDO

DGPLQLVWUDWLRQ# LQ#UDWV#DQG#PLFH# LQFOXGHG#KHPRVLGHULQ#SLJPHQWDWLRQ# LQ# WKH#ERQH#PDUURZ/#NLGQH\/# OLYHU/#DQG

VSOHHQ>#KHPDWRSRLHVLV#LQ#WKH#OLYHU#DQG#VSOHHQ>#DQG#HU\WKURLG#FHOO#K\SHUSODVLD#LQ#WKH#ERQH#PDUURZ1##7KHVH#OHVLRQV

UHIOHFWHG# WKH# UHVSRQVH# WR# KHPRO\WLF# DQHPLD# DQG# PHWKHPRJORELQHPLD# LQGXFHG# E\# WKH# FKORURDQLOLQHV1# # $

FRPSDUDWLYH#DQDO\VLV#RI#WKH#UHVXOWV#VXJJHVWV#WKDW#S0FKORURDQLOLQH#LV#WKH#PRVW#SRWHQW#RI#WKH#FKORURDQLOLQH#LVRPHUV

LQ# WKH# LQGXFWLRQ# RI#PHWKHPRJORELQ# IRUPDWLRQ# LQ# UDWV# DQG#PLFH/# IROORZHG# E\#P0FKORURDQLOLQH# DQG# WKHQ# E\

R0FKORURDQLOLQH1##7KLV#RUGHU#RI#SRWHQF\#ZDV#DOVR#REVHUYHG#IRU#FKDQJHV#LQ#RWKHU#KHPDWRORJ\#SDUDPHWHUV#DQG#LQ

VSOHHQ#ZHLJKWV/#JURVV#DQG#PLFURVFRSLF#OHVLRQV/#DQG#WKH#VHYHULW\#RI#KHPRVLGHULQ#GHSRVLWLRQ1

$OWKRXJK#WKH#R0/#P0/#DQG#S0#LVRPHUV#RI#FKORURDQLOLQH#DOO#H[KLELW#JHQHWLF#WR[LFLW\/#WKH#SURILOHV#RI#DFWLYLW\#DPRQJ

WKH#WKUHH#LVRPHUV#DUH#QRW#LGHQWLFDO1##S0&KORURDQLOLQH#ZDV#PXWDJHQLF#LQ#DOO#DVVD\V#LQ#ZKLFK#LW#ZDV#WHVWHG/#LQFOXGLQJ

WKH#6DOPRQHOOD#DVVD\/#WKH#PRXVH#O\PSKRPD#DVVD\/#LQ#YLWUR#&KLQHVH#KDPVWHU#RYDU\#FHOO#F\WRJHQHWLFV#DVVD\V/#DQG

WKH#LQ#YLYR#PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#DVVD\>#LQ#FRQWUDVW/#R0#DQG#P0FKORURDQLOLQH#JDYH#PL[HG#UHVXOWV

DPRQJ#WKH#YDULRXV#DVVD\V#LQ#ZKLFK#HDFK#ZDV#WHVWHG1

,Q#FRQFOXVLRQ/#FKORURDQLOLQH#LVRPHUV#DUH#KHPDWRWR[LF#DQG#KDYH#WKH#VDPH#SDWWHUQ#RI#WR[LFLW\#LQ#UDWV#DQG#PLFH1

+HPDWRWR[LFLW\#RFFXUUHG#DW#DOO#GRVHV#LQ#WKHVH#VWXGLHV1##S0&KORURDQLOLQH#LQGXFHV#WKH#PRVW#VHYHUH#KHPDWRWR[LF

HIIHFW/#IROORZHG#E\#P0FKORURDQLOLQH/#WKHQ#R0FKORURDQLOLQH1##(DFK#RI#WKH#WKUHH#LVRPHUV#LV#PRUH#WR[LF#WR#UDWV#WKDQ

WR#PLFH1##S0&KORURDQLOLQH#LV#FOHDUO\#JHQRWR[LF#LQ#YDULRXV#WHVW#V\VWHPV/#ZKLOH#WKH#UHVXOWV#IRU#WKH#R0#DQG#P0#LVRPHUV

DUH#LQFRQVLVWHQW#DQG#LQGLFDWH#ZHDN#RU#QR#JHQRWR[LF#HIIHFWV1



:

,1752'8&7,21

3+<6,&$/#3523(57,(6/#352'8&7,21/#86(/#$1'#(;32685(

R0&KORURDQLOLQH# DQG# P0FKORURDQLOLQH# DUH# V\QWKHVL]HG# E\# WKH# UHGXFWLRQ# RI# 40FKORUR050QLWUREHQ]HQH# DQG

40FKORUR060QLWUREHQ]HQH/#UHVSHFWLYHO\#+0HUFN#,QGH[/#4<;6,1##6RPH#RI#WKH#SK\VLFDO#SURSHUWLHV#RI#WKHVH#DURPDWLF

DPLQHV#DUH#JLYHQ#LQ#7DEOH#41

7$%/(#4 3K\VLFDO#3URSHUWLHV#RI#R0&KORURDQLOLQH#DQG#P0&KORURDQLOLQHD

3DUDPHWHU R0&KORURDQLOLQH P0&KORURDQLOLQH

%RLOLQJ#SRLQW 53;1;7(#& 56318(#&

'HQVLW\#DW#55(#& 4145447 415483

9DSRU#SUHVVXUH 314:#PP#+J#DW#53(#& ?314#PP#+J#DW#63(#&

6ROXELOLW\ 3UDFWLFDOO\#LQVROXEOH#LQ#ZDWHU>
VROXEOH#LQ#DFLGV#DQG#RUJDQLF#VROYHQWV VROXEOH#LQ#RUJDQLF#VROYHQWV

3UDFWLFDOO\#LQVROXEOH#LQ#ZDWHU>

+6'%/#4<<8D

R0&KORURDQLOLQH#LV#XVHG#DV#D#G\H#LQWHUPHGLDWH#DQG#DV#DQ#LQWHUPHGLDWH#LQ#WKH#PDQXIDFWXUH#RI#SHWUROHXP#VROYHQWV/

UXEEHU/#DQG#IXQJLFLGHV#+,$5&/#4<;5>#+DZOH\*V#&RQGHQVHG#&KHPLFDO#'LFWLRQDU\/#4<;:,1##7KH#7R[LF#6XEVWDQFHV

&RQWURO#$FW#&KHPLFDO#6XEVWDQFHV#,QYHQWRU\#UHSRUWHG#LQ#4<::#WKDW#EHWZHHQ#433/333#DQG#4/333/333#SRXQGV#ZHUH

SURGXFHG#LQ#WKH#8QLWHG#6WDWHV#DQG#DSSUR[LPDWHO\#533/333#SRXQGV#ZHUH#LPSRUWHG#+86(3$/#4<;6,1

P0&KORURDQLOLQH# LV#XVHG# DV# DQ# LQWHUPHGLDWH# LQ# WKH#SURGXFWLRQ#RI# D]R#G\HV# DQG#SLJPHQWV/#SKDUPDFHXWLFDOV/

LQVHFWLFLGHV/# DQG# KHUELFLGHV# ++DZOH\*V# &RQGHQVHG# &KHPLFDO#'LFWLRQDU\/# 4<;:,1# # ,WV#PDMRU# XVH# LV# LQ# WKH

PDQXIDFWXUH#RI# WKH#KHUELFLGH# FKORUSURSKDP># LQ# 4<:;/# 7/833/333#JUDPV#RI#P0FKORURDQLOLQH#ZHUH#SURGXFHG

++6'%/#4<<8,1

&KORURDQLOLQHV#PD\#EH#UHOHDVHG#LQWR#WKH#HQYLURQPHQW#IURP#SURFHVV2ZDVWH#HPLVVLRQV#LQYROYHG#LQ#WKHLU#SURGXFWLRQ

RU#XVH#DQG#PD\#DOVR#HQWHU#WKH#HQYLURQPHQW#DV#GHJUDGDWLRQ#SURGXFWV#RI#YDULRXV#SHVWLFLGHV#++DUJHVKHLPHU#HW#DO1/

4<;4,#RU#IURP#UHVLGXHV#LQ#IRRG#++6'%/#4<<8,1##&KORURDQLOLQHV#ERQG#ZLWK#KXPLF#PDWHULDOV#LQ#ZDWHU#DQG#VRLO

+/\PDQ#HW#DO1/#4<;5,1##'HWHFWDEOH#OHYHOV#RI#P0FKORURDQLOLQH#LQ#WKH#5KLQH#5LYHU#DQG#LWV#WULEXWDULHV#KDYH#EHHQ

DWWULEXWHG# WR#ZDVWHZDWHU# HIIOXHQWV# IURP# FKHPLFDO# DQG# RWKHU# LQGXVWULDO# SODQWV# +*UHYH# DQG#:HJPDQ/# 4<:8,1

)ROORZLQJ# WKH#DSSOLFDWLRQ#RI# WKH#KHUELFLGH#SURSDQLO# WR# LUULJDWHG# ILHOGV/#P0FKORURDQLOLQH#ZDV# LGHQWLILHG#DV#D

SURSDQLO0GHULYHG#PHWDEROLWH# LQ# ILVK#DQG#DOJDH#RI# LUULJDWLRQ# UHVHUYRLUV# +%DUDEDQRYD#DQG#0RWRHQNRY/# 4<:6,1
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R0&KORURDQLOLQH#DQG#P0FKORURDQLOLQH#KDYH#DOVR#EHHQ#GHVLJQDWHG#DV#KD]DUGRXV#ZDVWHV#E\#WKH#8161#(QYLURQPHQWDO

3URWHFWLRQ#$JHQF\#+73#&)5/#3DUW#94,1

2FFXSDWLRQDO#H[SRVXUH#WR#R0#DQG#P0FKORURDQLOLQH#RFFXUV#SULPDULO\#E\#GHUPDO#FRQWDFW#RU#LQKDODWLRQ1##1,26+

VXUYH\V#VKRZHG#WKDW#DSSUR[LPDWHO\#4;/46;#ZRUNHUV#ZHUH#H[SRVHG#WR#R0FKORURDQLOLQH#LQ#WKH#8161#EHWZHHQ#4<:5

DQG#4<:7#+1,26+/#4<<3D,#DQG#DSSUR[LPDWHO\#;84#ZRUNHUV#ZHUH#H[SRVHG#WR#P0FKORURDQLOLQH#EHWZHHQ#4<;4#DQG

4<;6#+1,26+/#4<<3E,1

',6326,7,21#$1'#0(7$%2/,60

8ULQDU\#PHWDEROLWHV#LQ#DQ#XQVSHFLILHG#VWUDLQ#RI#UDWV#ZHUH#DQDO\]HG#57#KRXUV#DIWHU#WKH#LQWUDJDVWULF#DGPLQLVWUDWLRQ

LQ# RLO# RI# 483# PJ# P0FKORURDQLOLQH# SHU# NLORJUDP# ERG\# ZHLJKW# +%|KPH# DQG# *UXQRZ/# 4<9<,1# # $URPDWLF

K\GUR[\ODWLRQ# ZDV# WKH# SULPDU\# URXWH# RI# PHWDEROLVP# IRU# P0FKORURDQLOLQH0GHULYHG# PDWHULDO# LQ# WKH# XULQH1

P0&KORURDQLOLQH#ZDV#SUHIHUHQWLDOO\#K\GUR[\ODWHG#DW#WKH#FDUERQ#RSSRVLWH#WR#WKH#DPLQR#JURXS/#IRUPLQJ#50FKORUR0

70DPLQRSKHQRO># 6;19(#RI# WKH# DGPLQLVWHUHG#GRVH#ZDV# H[FUHWHG# LQ# WKLV# IRUP1# #$# VPDOOHU#SHUFHQWDJH#RI# WKH

DGPLQLVWHUHG#GRVH#+4917(,#ZDV#H[FUHWHG#DV#RUWKR0K\GUR[\#FRQJHQHUV1##2I#WKH#WZR#SRWHQWLDO#IRUPV#RI#R0K\GUR[\

PHWDEROLWHV/#50DPLQR070FKORURSKHQRO#ZDV#GHWHFWHG#LQ#WKH#JUHDWHVW#DPRXQW1##7KH#RWKHU#R0K\GUR[\#FRPSRXQG/

50DPLQR090FKORURSKHQRO/# ZDV# IRXQG# LQ# WUDFH# TXDQWLWLHV# DV# WKH# JOXFXURQLGH# RU# VXOIDWH/# DQG# 31;(# RI# WKH

DGPLQLVWHUHG#GRVH#ZDV#H[FUHWHG#XQFKDQJHG1##7KH#SKHQROLF#PHWDEROLWHV#RI#P0FKORURDQLOLQH#ZHUH#HOLPLQDWHG#VROHO\

LQ# WKH# FRQMXJDWHG# IRUP># RQO\# WUDFH# DPRXQWV# RI# IUHH# SKHQRO# ZHUH# IRXQG1# # 10$FHW\O# GHULYDWLYHV# RI

DPLQRFKORURSKHQROV#ZHUH#DOVR#GHWHFWHG1##%UD\#HW#DO1#+4<89,#UHSRUWHG#WKDW#LQ#IHPDOH#UDEELWV#DGPLQLVWHUHG#314#J2NJ

R0FKORURDQLOLQH#+URXWH#QRW#VSHFLILHG,/#R0FKORURDQLOLQH#LV#PHWDEROL]HG#WR#50DPLQR060FKORURSKHQRO#DQG#70DPLQR0

60FKORURSKHQRO1

72;,&,7<

7KH#PDMRU#WR[LF#HIIHFW#RI#DQLOLQH#DQG#LWV#DURPDWLF#DPLQH#DQG#FKORULQDWHG#GHULYDWLYHV#LV#PHWKHPRJORELQ#IRUPDWLRQ

LQ#HU\WKURF\WHV/#UHVXOWLQJ#IURP#WKH#R[LGDWLRQ#RI#KHPH#LURQ#IURP#WKH#IHUURXV#WR#WKH#IHUULF#VWDWH#+0F/HDQ#HW#DO1/

4<9<>#GH#%UXLQ/#4<:9>#&KKDEUD#HW#DO1/#4<<3,1##$QLOLQH#GHULYDWLYHV#DUH#RQO\#HIIHFWLYH#DV#PHWKHPRJORELQ0LQGXFLQJ

DJHQWV#LQ#YLYR/#DQG#LW#KDV#WKHUHIRUH#EHHQ#VSHFXODWHG#WKDW#WKH#XOWLPDWH#KHPDWRWR[LF#VSHFLHV#DUH#DPLQRSKHQRO#RU

10K\GUR[\ODPLQH#PHWDEROLWHV#+6PLWK/#4<<9,1##%HFDXVH#PHWKHPRJORELQ#LV#SK\VLRORJLFDOO\#LQDFWLYH#DQG#FDQQRW

ELQG# UHYHUVLEO\#ZLWK#R[\JHQ/# WKH# FRRSHUDWLYLW\#EHWZHHQ#KHPH#JURXSV# WKDW# LV# UHTXLUHG# IRU# WKH# ORDGLQJ# DQG

XQORDGLQJ#RI#R[\JHQ#LV#FRPSURPLVHG/#DQG#D#VPDOOHU#SURSRUWLRQ#RI#EORRG#R[\JHQ#LV#DYDLODEOH#IRU#UHOHDVH#LQWR

WLVVXHV1##&LUFXODWLQJ#OHYHOV#RI#PHWKHPRJORELQ#KDYH#EHHQ#VKRZQ#WR#SURGXFH#D#JUHDWHU#LPSDLUPHQW#LQ#SHULSKHUDO

R[\JHQ#WUDQVSRUW#WKDQ#DQ#HTXLYDOHQW#WUXH#DQHPLD#SURGXFHG#E\#D#UHGXFWLRQ#LQ#HU\WKURF\WH#FRXQW#+'DUOLQJ#DQG
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5RXJKWRQ/#4<75,1##0HWKHPRJORELQHPLD#LV#XVXDOO\#D#WUDQVLHQW#HIIHFW#GXH#WR#LQWUDHU\WKURF\WLF#PHFKDQLVPV#WKDW

IDFLOLWDWH#WKH#FRQYHUVLRQ#RI#PHWKHPRJORELQ#WR#KHPRJORELQ/#EXW#LW#PD\#EH#VXVWDLQHG#XQGHU#UHSHDWHG#FKHPLFDO

H[SRVXUH1# #7KH# UHVXOWLQJ# JHQHUDOL]HG# K\SR[LD#PD\# OHDG# WR# VHFRQGDU\# FHQWUDO# QHUYRXV# V\VWHP# DQG# FDUGLDF

GLVRUGHUV1

7R[LF#(IIHFWV#LQ#+XPDQV

([SRVXUH# WR# FKORURDQLOLQHV# KDV# EHHQ# DVVRFLDWHG#ZLWK#PHWKHPRJORELQHPLD/#ZLWK# SRWHQWLDO# OLYHU# DQG# NLGQH\

GDPDJH/#LQ#KXPDQV#+%HQ\D#DQG#&RUQLVK/#4<<7,1

7R[LF#(IIHFWV#LQ#$QLPDOV

0HGLDQ# OHWKDO# LQKDODWLRQ# FRQFHQWUDWLRQV# +/& ,# RU# RUDO# RU# GHUPDO# OHWKDO# GRVHV# +/' ,# RI# R0/# P0/# DQG83 # # # # # # # 83

S0FKORURDQLOLQH#DUH#JLYHQ#LQ#7DEOH#51

7KH#ORZHVW#OHWKDO#FRQFHQWUDWLRQ#+/& ,#RI#P0FKORURDQLOLQH#LV#<33#SSP#LQ#UDWV#H[SRVHG#E\#LQKDODWLRQ#IRU#9#KRXUV/R

+57(&6/#4<<8,1##/' V#RI#R0/#P0/#DQG#S0FKORURDQLOLQH#LQ#FDWV#IROORZLQJ#VXEFXWDQHRXV#LQMHFWLRQ#DUH#643/#458//R

DQG# 458#PJ2NJ/# UHVSHFWLYHO\# +/HKPDQQ/# 4<66,># IROORZLQJ# LQWUDYHQRXV# DGPLQLVWUDWLRQ/#/' V# LQ# GRJV# DUH/R

83#PJ2NJ#IRU#P0FKORURDQLOLQH#DQG#433#PJ2NJ#IRU#S0FKORURDQLOLQH#+.LHVH/#4<96,1

7KH#IRUPDWLRQ#RI#PHWKHPRJORELQ#ZDV#IROORZHG#RYHU#8#KRXUV#LQ#D#JURXS#RI#ILYH#FDWV#DGPLQLVWHUHG#3158#PPRO

R0#RU#P0FKORURDQLOLQH#RUDOO\#+0F/HDQ#HW#DO1/#4<9<,1##)RU#R0FKORURDQLOLQH/#WKH#SHUFHQWDJH#RI#PHWKHPRJORELQ#LQ

WKH#EORRG#ZDV#JUHDWHVW#+95(,#5#KRXUV#DIWHU#WUHDWPHQW#DQG#ZDV#GHFUHDVHG#WR#74(#DIWHU#8#KRXUV1###)LYH#KRXUV#DIWHU

GRVLQJ#ZLWK#P0FKORURDQLOLQH/# WKH#PHWKHPRJORELQ# FRQFHQWUDWLRQ#ZDV# 8;(1# #7KH#PHWKHPRJORELQ0JHQHUDWLQJ

SRWHQWLDO#RI#P0FKORURDQLOLQH#ZDV#URXJKO\#HTXLYDOHQW#WR#WKDW#RI#DQLOLQH#DQG#R0FKORURDQLOLQH#EXW#ZDV#VXEVWDQWLDOO\

OHVV#WKDQ#WKDW#RI#S0FKORURDQLOLQH1##:DWDQDEH#HW#DO1#+4<:9,#UHSRUWHG#D#45(#LQFUHDVH#LQ#PHWKHPRJORELQ#8#KRXUV

DIWHU#UDWV#UHFHLYHG#D#VLQJOH#LQWUDSHULWRQHDO#LQMHFWLRQ#RI#R0FKORURDQLOLQH1##7KHVH#VWXGLHV#VKRZHG#WKDW#FKORURDQLOLQHV

WHQG#WR#SURGXFH#D#ORQJ0ODVWLQJ#PHWKHPRJORELQ#UHVSRQVH/#ZKLFK#KDV#EHHQ#DVVRFLDWHG#ZLWK#WKH#IRUPDWLRQ#RI#+HLQ]

ERGLHV# LQ#HU\WKURF\WHV# +5HQWVFK/# 4<9;,1# #$# VLPLODU# UDQN#RUGHU#RI#PHWKHPRJORELQ0LQGXFLQJ#DFWLYLW\# IRU# WKH

FKORURDQLOLQH#LVRPHUV#KDV#EHHQ#UHSRUWHG#LQ#GRJV#+.LHVH/#4<96,1
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7$%/(#5 6XPPDU\#RI#6HOHFWHG#$QLPDO#7R[LFLW\#'DWD#IRU#R0&KORURDQLOLQH/#P0&KORURDQLOLQH/#
DQG#S0&KORURDQLOLQH

5RXWH#RI
6SHFLHV ([SRVXUH /& #RU#/' 5HIHUHQFH83# # 83

R0&KORURDQLOLQH

0RXVH ,QKDODWLRQ 5133#PPRO2NJ 57(&6/#4<<8
0RXVH 'HUPDO 589#PJ2NJ 57(&6/#4<<8
&DW ,QKDODWLRQ 41:7#PPRO2NJ 57(&6/#4<<8
&DW 'HUPDO 555#PJ2NJ 57(&6/#4<<8

P0&KORURDQLOLQH

5DW 2UDO 589#PJ2NJ 0DONRYD/#4<99
5DW 'HUPDO 583#PJ2NJ ,]PHURY#HW#DO1/#4<;5
5DW ,QWUDSHULWRQHDO 533#PJ2NJ 57(&6/#4<<8
0RXVH ,QKDODWLRQ 883#PJ2P 27+ ,]PHURY#HW#DO1/#4<;56

0RXVH ,QKDODWLRQ 5195#PPRO2NJ 57(&6/#4<<8
0RXVH 'HUPDO 667#PJ2NJ 57(&6/#4<<8
0RXVH ,QWUDSHULWRQHDO 533#PJ2NJ 57(&6/#4<<8
*XLQHD#SLJ 2UDO 583#PJ2NJ 0DONRYD/#4<99
*XLQHD#SLJ ,QWUDSHULWRQHDO 433#PJ2NJ 57(&6/#4<<8
&DW ,QKDODWLRQ 41:8#PPRO2NJ 57(&6/#4<<8
&DW 'HUPDO 556#PJ2NJ 57(&6/#4<<8

S0&KORURDQLOLQH

5DW 2UDO 633#PJ2NJ .KDPXHY/#4<9:
5DW 'HUPDO 6/533#PJ2NJ 6]L]D#DQG#3RGKUDJ\DL/#4<8:
5DW ,QWUDSHULWRQHDO 753#PJ2NJ 6]L]D#DQG#3RGKUDJ\DL/#4<8:
0RXVH 2UDO 433#PJ2NJ 57(&6/#4<<8
0RXVH ,QKDODWLRQ 41:<#PPRO2NJ 57(&6/#4<<8
0RXVH 'HUPDO 55;#PJ2NJ 57(&6/#4<<8
0RXVH ,QWUDSHULWRQHDO 533#PJ2NJ 57(&6/#4<<8
5DEELW 'HUPDO 693#PJ2NJ 6P\WK#HW#DO1/#4<95
*XLQHD#SLJ 2UDO 683#PJ2NJ ,]PHURY#HW#DO1/#4<;5
&DW ,QKDODWLRQ 41;;#PPRO2NJ 57(&6/#4<<8
&DW 'HUPDO 56<#PJ2NJ 57(&6/#4<<8

7KH#QHSKURWR[LF#SRWHQWLDO#RI#DQLOLQH#DQG#RI#R0/#P0/#DQG#S0FKORURDQLOLQH#ZDV#DVVHVVHG#LQ#)LVFKHU#677#UDWV#DIWHU

VLQJOH#LQWUDSHULWRQHDO#LQMHFWLRQV#UDQJLQJ#IURP#317#WR#418#PPRO2NJ#+5DQNLQ#HW#DO1/#4<;9,1##,Q#YLWUR#WHVWV#ZHUH#DOVR

SHUIRUPHG#LQ#ZKLFK#UHQDO#FRUWLFDO#VOLFHV#ZHUH#LQFXEDWHG#ZLWK#DQLOLQH#RU#D#GHULYDWLYH#DQG#S0DPLQRKLSSXUDWH#+3$+,

RU# WHWUDHWK\ODPPRQLXP1# #,QWUDSHULWRQHDO# LQMHFWLRQ#RI#R0FKORURDQLOLQH# +413#PPRO2NJ,#FDXVHG#GHFUHDVHG#XULQH

YROXPH/#HOHYDWHG#XUHD#QLWURJHQ#FRQFHQWUDWLRQ/#DQG#GHFUHDVHG#EDVDO#DQG#ODFWDWH0VWLPXODWHG#3$+#DFFXPXODWLRQ1

(LJKW#RI#45#UDWV#DGPLQLVWHUHG#418#PPRO2NJ#P0FKORURDQLOLQH#GLHG1##5HQDO#HIIHFWV#LQFOXGLQJ#KHPDWXULD/#SURWHLQXULD/

GHFUHDVHG#XULQH#YROXPH/#DQG#LQFUHDVHG#XUHD#QLWURJHQ#ZHUH#REVHUYHG#LQ#DQLPDOV#UHFHLYLQJ#418#PPRO2NJ#P0#RU

S0FKORURDQLOLQH1# # ,Q# UDWV# DQG#PLFH# DGPLQLVWHUHG# S0FKORURDQLOLQH# IRU# 46#ZHHNV/#PHWKHPRJORELQ# IRUPDWLRQ/

KHPRO\WLF#DQHPLD/#VSOHQRPHJDO\/#DQG#H[WUDPHGXOODU\#KHPDWRSRLHVLV#ZHUH#REVHUYHG#+&KKDEUD#HW#DO1/#4<<3,1
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5HSURGXFWLYH#(IIHFWV

1R#VSHUP#DEQRUPDOLWLHV#ZHUH#REVHUYHG#LQ#PDOH#+&%$#ð#%$/%2F,) #PLFH#DGPLQLVWHUHG#DQ#LQWUDSHULWRQHDO#GRVH4

RI#58#WR#833#PJ2NJ#R0FKORURDQLOLQH#GDLO\#IRU#8#GD\V#+7RSKDP/#4<;3,1

&DUFLQRJHQLFLW\

$#OLWHUDWXUH#UHYLHZ#UHYHDOHG#QR#UHIHUHQFHV#WKDW#SHUWDLQHG#WR#SUHFKURQLF#WR[LFLW\#RU#FKURQLF#FDUFLQRJHQLFLW\#VWXGLHV

RI#R0#RU#P0FKORURDQLOLQH# LQ# URGHQWV1# # ,Q# DGGLWLRQ/#QR# HSLGHPLRORJLF# VWXGLHV#RU# FDVH# UHSRUWV# H[DPLQLQJ# WKH

UHODWLRQVKLS#EHWZHHQ#H[SRVXUH#WR#R0#RU#P0FKORURDQLOLQH#DQG#KXPDQ#FDQFHU#ZHUH#IRXQG#LQ#WKH#OLWHUDWXUH#++6'%/

4<<8,1

$QLOLQH#K\GURFKORULGH#KDV#EHHQ#VKRZQ#WR#EH#FDUFLQRJHQLF#LQ#UDWV#+*UDOOD#HW#DO1/#4<:<,1##$]REHQ]HQH/#'#)#&#5HG

1R1#</#GDSVRQH/#DQG#R0WROXLGLQH#K\GURFKORULGH/#DOO#VWUXFWXUDOO\#UHODWHG#WR#DQLOLQH/#DUH#FDUFLQRJHQLF#LQ#UDWV#+1&,/

4<::/# 4<:<D/E># 173/# 4<;5,1# # ,Q# 50\HDU# VWXGLHV/# JURXSV# RI# 83# PDOH# DQG# 83# IHPDOH# )67721# UDWV# ZHUH

DGPLQLVWHUHG#5/#9/#RU#4;#PJ#S0FKORURDQLOLQH#SHU#NLORJUDP#ERG\#ZHLJKW#LQ#ZDWHU#E\#JDYDJH>#JURXSV#RI#83#PDOH

DQG#83#IHPDOH#%9&6) #PLFH#ZHUH#DGPLQLVWHUHG#6/#43/#RU#63#PJ2NJ#S0FKORURDQLOLQH#+173/#4<;<,1##7KHUH#ZDV4

FOHDU#HYLGHQFH#RI#FDUFLQRJHQLFLW\#LQ#WKH#PDOH#UDW#DQG#HTXLYRFDO#HYLGHQFH#LQ#WKH#IHPDOH#UDW/#DV#LQGLFDWHG#E\#DQ

LQFUHDVHG#QXPEHU#RI#UDUH#VDUFRPDV#RI#WKH#VSOHHQ1##3KHRFKURPRF\WRPDV#DOVR#DSSHDUHG#WR#EH#DVVRFLDWHG#ZLWK

S0FKORURDQLOLQH#WUHDWPHQW1##&RPSRXQG0UHODWHG#VSOHQLF#ILEURVLV#ZDV#REVHUYHG#LQ#PDOH#DQG#IHPDOH#UDWV1##7KHUH#ZDV

VRPH#HYLGHQFH#RI#FDUFLQRJHQLFLW\#LQ#WKH#PDOH#PRXVH/#DV#LQGLFDWHG#E\#LQFUHDVHG#LQFLGHQFHV#RI#KHSDWRFHOOXODU

QHRSODVPV#DQG#KHPDQJLRVDUFRPDV#RI#WKH#VSOHHQ#DQG#OLYHU1##7KHUH#ZDV#QR#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LQ

IHPDOH#%9&6) #PLFH#WKDW#ZHUH#WUHDWHG#ZLWK#S0FKORURDQLOLQH#IRU#5#\HDUV14

*HQHWLF#7R[LFLW\

3RVLWLYH#UHVXOWV#ZHUH#REWDLQHG#ZLWK#R0FKORURDQLOLQH#LQ#WHVWV#IRU#LQGXFWLRQ#RI#GLIIHUHQWLDO#JURZWK#LQKLELWLRQ#LQ#D

'1$#UHSDLU0GHILFLHQW#VWUDLQ#RI#(VFKHULFKLD#FROL#+5RVHQNUDQ]#DQG#3RLULHU/#4<:<>#7KRPSVRQ#HW#DO1/#4<;6,>#WKHVH

ILQGLQJV#LQGLFDWH#'1$#GDPDJH1##3RVLWLYH#UHVXOWV#ZHUH#DOVR#REWDLQHG#IRU#LQGXFWLRQ#RI#PXWDWLRQV#LQ#/84:;<#PRXVH

O\PSKRPD#FHOOV#+0F*UHJRU#HW#DO1/#4<<4,1##7KHVH#SRVLWLYH#UHVSRQVHV#FRQWUDVW#ZLWK#WKH#QHJDWLYH#UHVXOWV#UHSRUWHG

IRU#DOO#DVVD\V#LQ#ZKLFK#P0FKORURDQLOLQH#ZDV#WHVWHG1##2WKHU#DVVD\V#LQ#ZKLFK#R0FKORURDQLOLQH#ZDV#WHVWHG#\LHOGHG

QHJDWLYH#UHVXOWV1##R0&KORURDQLOLQH#GLG#QRW#LQGXFH#PXWDWLRQV#LQ#(1#FROL#+7KRPSVRQ#HW#DO1/#4<;6,#RU#6DOPRQHOOD

W\SKLPXULXP#+*DUQHU#DQG#1XWPDQ/#4<::>#5RVHQNUDQ]#DQG#3RLULHU/#4<:<>#6LPPRQ/#4<:<>#=LPPHU#HW#DO1/#4<;3>

0L\DWD#HW#DO1/#4<;4>#7KRPSVRQ#HW#DO1/#4<;6>#=HLJHU#HW#DO1/#4<;:,/#ZLWK#RU#ZLWKRXW#6<>#XQVFKHGXOHG#'1$

V\QWKHVLV#LQ#)LVFKHU#677#UDW#KHSDWRF\WHV#H[SRVHG#LQ#YLWUR#+7KRPSVRQ#HW#DO1/#4<;6,>#RU#VSHUP#KHDG#DEQRUPDOLWLHV

LQ#+&%$#ð#%$/%2F,) #PLFH#WUHDWHG#ZLWK#XS#WR#833#PJ2NJ#IRU#8#GD\V#+7RSKDP/#4<;3,1##$GGLWLRQDO#GDWD#DUH4

QHHGHG#IRU#D#FRPSOHWH#DVVHVVPHQW#RI#WKH#JHQRWR[LFLW\#RI#R0FKORURDQLOLQH1
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7KH# VKRUW0WHUP#JHQRWR[LFLW\# WHVW#GDWD# DYDLODEOH# IRU#P0FKORURDQLOLQH/# DOWKRXJK# OLPLWHG# LQ# W\SH# DQG# DPRXQW/

LQGLFDWH# WKDW# P0FKORURDQLOLQH# LV# QRW# PXWDJHQLF1# # 1R# LQGXFWLRQ# RI# JHQH# PXWDWLRQV# ZDV# REVHUYHG# ZLWK

P0FKORURDQLOLQH/#ZLWK#RU#ZLWKRXW#6</#LQ#(1#FROL#+7KRPSVRQ#HW#DO1/#4<;6,#RU#61#W\SKLPXULXP#+*DUQHU#DQG#1XWPDQ/

4<::>#0L\DWD#HW#DO1/#4<;4>#7KRPSVRQ#HW#DO1/#4<;6>#/\RQV#HW#DO1/#4<;8>#=HLJHU#HW#DO1/#4<;:,1##/LNHZLVH/#UHVXOWV

RI#PDPPDOLDQ#FHOO#JHQRWR[LFLW\#WHVWV#ZLWK#P0FKORURDQLOLQH#VKRZ#QR#LQGXFWLRQ#RI#XQVFKHGXOHG#'1$#V\QWKHVLV

LQ#)LVFKHU#677#UDW#KHSDWRF\WHV#+7KRPSVRQ#HW#DO1/#4<;6,#RU#VSHUP#KHDG#DEQRUPDOLWLHV#LQ#+&%$#ð#%$/%2F,) 4

PLFH#WUHDWHG#ZLWK#XS#WR#733#PJ2NJ#SHU#GD\#IRU#8#GD\V#+7RSKDP/#4<;3,1

678'<#5$7,21$/(#$1'#'(6,*1

R0&KORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZHUH#VHOHFWHG#IRU#VWXG\#WR#HYDOXDWH#WKH#VWUXFWXUH0DFWLYLW\#UHODWLRQVKLS#IRU

WR[LFLW\#DPRQJ# WKH# WKUHH# LVRPHUV#RI#FKORURDQLOLQH1# #7KH# WKLUG# LVRPHU/#S0FKORURDQLOLQH/#KDV#EHHQ#HYDOXDWHG

SUHYLRXVO\# E\# WKH# 173# +4<;<,1# # *DYDJH# ZDV# FKRVHQ# DV# WKH# URXWH# RI# H[SRVXUH# IRU# R0FKORURDQLOLQH# DQG

P0FKORURDQLOLQH#EHFDXVH#S0FKORURDQLOLQH#ZDV#VWXGLHG#E\# WKDW#URXWH#GXH# WR# LWV# LQVWDELOLW\# LQ# IHHG1# #(QGSRLQWV

HYDOXDWHG#GXULQJ# WKHVH#460ZHHN# VWXGLHV# LQFOXGHG#KLVWRSDWKRORJ\#DQG#FOLQLFDO#SDWKRORJ\# LQ#)67721# UDWV#DQG

%9&6) #PLFH1##7KH#UHSURGXFWLYH#WR[LFLW\#RI#R0FKORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZDV#DVVHVVHG#E\#WKH#HYDOXDWLRQ4

RI#WHVWLFXODU#DQG#VSHUPDWR]RDO#SDUDPHWHUV#DQG#E\#GHWHUPLQDWLRQ#RI#WKH#OHQJWK#RI#WKH#HVWURXV#F\FOH1##,Q#DGGLWLRQ/

WKH#JHQHWLF#WR[LFLW\#RI#WKHVH#FKHPLFDOV#ZDV#DVVHVVHG#LQ#VWXGLHV#LQ#61#W\SKLPXULXP#DQG#FXOWXUHG#&KLQHVH#KDPVWHU

RYDU\#FHOOV#DQG#E\#GHWHUPLQDWLRQV#RI#WKH#LQGXFWLRQ#RI#WULIOXRURWK\PLGLQH#UHVLVWDQFH#LQ#/84:;<#PRXVH#O\PSKRPD

FHOOV#DQG#RI#PLFURQXFOHL#LQ#ERQH#PDUURZ#FHOOV#RI#UDWV#DQG#PLFH#IURP#WKH#460ZHHN#VWXGLHV1
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0$7(5,$/6#$1'#0(7+2'6

352&85(0(17#$1'#&+$5$&7(5,=$7,21#2)#20&+/252$1,/,1(#

$1'#00&+/252$1,/,1(

6LQJOH#ORWV#RI#R0FKORURDQLOLQH#+/RW#37<547;,#DQG#P0FKORURDQLOLQH#+/RW#3754739,#ZHUH#REWDLQHG#IURP#$OGULFK

&KHPLFDO#&RPSDQ\#+0LOZDXNHH/#:,,1##,QIRUPDWLRQ#RQ#LGHQWLW\#DQG#SXULW\#ZDV#SURYLGHG#E\#WKH#VXSSOLHU1

R0&KORURDQLOLQH/# D# FRORUOHVV# OLTXLG/# DQG#P0FKORURDQLOLQH/# D#SDOH#\HOORZ# OLTXLG/#ZHUH# LGHQWLILHG#E\# LQIUDUHG

VSHFWURVFRS\>#HDFK#VSHFWUXP#ZDV#FRQVLVWHQW#ZLWK#D#OLWHUDWXUH#UHIHUHQFH#+$OGULFK#/LEUDU\#RI#)70,5#6SHFWUD/#4<;8,

DQG#ZLWK#WKDW#H[SHFWHG#IRU#WKH#FKHPLFDO#VWUXFWXUH1##*DV#FKURPDWRJUDSK\#LQGLFDWHG#D#SXULW\#JUHDWHU#WKDQ#<<(#IRU

HDFK#FKHPLFDO1

7KURXJKRXW#WKH#460ZHHN#VWXGLHV/#R0FKORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZHUH#VWRUHG#LQ#DPEHU#JODVV#ERWWOHV#VHDOHG

ZLWK#7HIORQ�0OLQHG#OLGV#DW#URRP#WHPSHUDWXUH>#SHULRGLF#UHDQDO\VHV#SHUIRUPHG#E\#WKH#VWXG\#ODERUDWRU\#XVLQJ#KLJK0

SHUIRUPDQFH#OLTXLG#FKURPDWRJUDSK\#++3/&,#DQG#LQIUDUHG#VSHFWURVFRS\#LQGLFDWHG#QR#GHFRPSRVLWLRQ1

'26(#)2508/$7,216

*DYDJH#VROXWLRQV#ZHUH#SUHSDUHG#E\#PL[LQJ#R0FKORURDQLOLQH#RU#P0FKORURDQLOLQH#ZLWK#4#0#K\GURFKORULF#DFLG/

VRQLFDWLQJ#IRU#53#PLQXWHV/#DQG#GLOXWLQJ#WR#YROXPH#ZLWK#GHLRQL]HG#ZDWHU1##7KH#S+#ZDV#PHDVXUHG#DQG#DGMXVWHG

ZLWK#K\GURFKORULF#DFLG#+S+#418#WR#513,1##7KH#GRVH#OHYHOV#DUH#H[SUHVVHG#DV#EDVH#R0#RU#P0FKORURDQLOLQH1

6WDELOLW\#VWXGLHV#RI#WKH#JDYDJH#VROXWLRQV#ZHUH#SHUIRUPHG#E\#WKH#VWXG\#ODERUDWRU\#XVLQJ#+3/&1##7KH#UHVXOWV

LQGLFDWHG#WKDW#4#PJ2P/#VROXWLRQV#RI#R0FKORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZHUH#VWDEOH#IRU#68#GD\V#ZKHQ#VWRUHG

VHDOHG/#LQ#WKH#GDUN/#DW#URRP#WHPSHUDWXUH#RU#DW#8(#&>#WKH#VROXWLRQV#ZHUH#VWDEOH#IRU#6#KRXUV#XQGHU#VLPXODWHG#GRVLQJ

FRQGLWLRQV1

'XULQJ#WKH#460ZHHN#VWXGLHV/#WKH#JDYDJH#VROXWLRQV#ZHUH#VWRUHG#DW#8(#&#LQ#FRQWDLQHUV#UHVLVWDQW#WR#XOWUDYLROHW2YLVLEOH

OLJKW1##7KH#VWXG\#ODERUDWRU\#SHULRGLFDOO\#DQDO\]HG#WKH#JDYDJH#VROXWLRQV#DQG#DQLPDO#URRP#VDPSOHV#E\#+3/&1

$OO#GRVH#IRUPXODWLRQV#DGPLQLVWHUHG#WR#UDWV#DQG#PLFH#ZHUH#ZLWKLQ#43(#RI#WKH#WKHRUHWLFDO#FRQFHQWUDWLRQV1##$OO

DQLPDO#URRP#VDPSOHV#IRU#UDWV#LQ#WKH#R0FKORURDQLOLQH#VWXG\#DQG#UDWV#DQG#PLFH#LQ#WKH#P0FKORURDQLOLQH#VWXGLHV#ZHUH

ZLWKLQ#43(#RI#WKH#WKHRUHWLFDO#FRQFHQWUDWLRQV>#IRXU#RI#ILYH#DQLPDO#URRP#VDPSOHV#IRU#PLFH#LQ#WKH#R0FKORURDQLOLQH

VWXG\#ZHUH#ZLWKLQ#43(#RI#WKH#WKHRUHWLFDO#FRQFHQWUDWLRQV1
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72;,&,7<#678'<#'(6,*16

&RUH#6WXGLHV

0DOH#DQG# IHPDOH#)67721# UDWV#DQG#%9&6) #PLFH#ZHUH#REWDLQHG# IURP#&KDUOHV#5LYHU#%UHHGLQJ#/DERUDWRULHV4

+5DOHLJK/#1&,#DQG#ZHUH#69#GD\V#ROG#DW#UHFHLSW1# #5DWV#DQG#PLFH#ZHUH#TXDUDQWLQHG#44# WR#47#GD\V#DQG#ZHUH

DSSUR[LPDWHO\#:#ZHHNV#ROG#ZKHQ#WKH#VWXGLHV#EHJDQ1##%ORRG#VDPSOHV#ZHUH#FROOHFWHG#IURP#ILYH#PDOH#DQG#ILYH

IHPDOH# UDWV# DQG#PLFH# DW# WKH#EHJLQQLQJ#RI# WKH#R0FKORURDQLOLQH# DQG#P0FKORURDQLOLQH# VWXGLHV1# #7KH# VHUD#ZHUH

DQDO\]HG#IRU#DQWLERG\#WLWHUV#WR#URGHQW#YLUXVHV#+%RRUPDQ#HW#DO1/#4<;9>#5DR#HW#DO1/#4<;<D/E,>#DOO#UHVXOWV#ZHUH

QHJDWLYH1##$GGLWLRQDO#GHWDLOV#FRQFHUQLQJ#WKH#VWXG\#GHVLJQ#DUH#SURYLGHG#LQ#7DEOH#61

7KH#GRVHV#IRU#WKH#460ZHHN#VWXGLHV#ZHUH#VHOHFWHG#EDVHG#RQ#OLWHUDWXUH#YDOXHV1##,Q#WKH#FRUH#VWXGLHV/#JURXSV#RI

43#PDOH#DQG#43# IHPDOH# UDWV#DQG#PLFH#ZHUH#DGPLQLVWHUHG#3/#43/#53/#73/#;3/#RU#493#PJ#R0FKORURDQLOLQH#RU

P0FKORURDQLOLQH#SHU#NLORJUDP#ERG\#ZHLJKW#LQ#GLOXWH#K\GURFKORULF#DFLG#E\#JDYDJH#8#GD\V#D#ZHHN#IRU#46#ZHHNV1

5DWV#ZHUH#KRXVHG#ILYH#SHU#FDJH#E\#VH[#DQG#PLFH#ZHUH#KRXVHG#LQGLYLGXDOO\1##1,+03:#2SHQ#)RUPXOD#'LHW#+=HLJOHU

%URWKHUV/#,QF1/#*DUGQHUV/#3$,#DQG#ZDWHU#+&ROXPEXV#0XQLFLSDO#6XSSO\,#ZHUH#DYDLODEOH#DG#OLELWXP1##$QLPDO

URRPV#ZHUH#PDLQWDLQHG#DW#9<(#WR#:8(#)#DQG#68(#WR#98(#UHODWLYH#KXPLGLW\/#ZLWK#45#KRXUV#RI#IOXRUHVFHQW#OLJKW

SHU#GD\#DQG#DW#OHDVW#43#URRP#DLU#FKDQJHV#SHU#KRXU1

&RPSOHWH#QHFURSVLHV#ZHUH#SHUIRUPHG#RQ#DOO#FRUH#VWXG\#DQLPDOV1##2UJDQV#DQG#WLVVXHV#ZHUH#H[DPLQHG#IRU#JURVV

OHVLRQV#DQG#IL[HG#LQ#43(#QHXWUDO#EXIIHUHG#IRUPDOLQ1##7LVVXHV#WR#EH#H[DPLQHG#PLFURVFRSLFDOO\#ZHUH#WULPPHG/

HPEHGGHG# LQ# SDUDIILQ/# VHFWLRQHG/# DQG# VWDLQHG# ZLWK# KHPDWR[\OLQ# DQG# HRVLQ1# # &RPSOHWH# KLVWRSDWKRORJLF

H[DPLQDWLRQV#ZHUH#SHUIRUPHG#RQ#DOO#YHKLFOH#FRQWURO#DQLPDOV/#DOO#DQLPDOV#LQ#WKH#KLJKHVW#GRVH#JURXSV#ZLWK#93(

VXUYLYDO/#DQG#DOO#DQLPDOV#WKDW#GLHG#HDUO\1##*URVV#OHVLRQV#DQG#VHOHFWHG#RUJDQV#RI#UDWV#DQG#PLFH#LQ#ORZHU#GRVH

JURXSV#ZHUH#H[DPLQHG#XQWLO#D#QR0REVHUYHG0HIIHFW#OHYHO#ZDV#GHWHUPLQHG1##2UJDQV#ZHLJKHG#DQG#WLVVXHV#H[DPLQHG

PLFURVFRSLFDOO\#DUH#OLVWHG#LQ#7DEOH#61

8SRQ#FRPSOHWLRQ#RI# WKH# ODERUDWRU\#SDWKRORJLVW*V#KLVWRSDWKRORJLF#HYDOXDWLRQ/# WKH#VOLGHV/#SDUDIILQ#EORFNV/#DQG

UHVLGXDO#ZHW#WLVVXHV#ZHUH#VHQW#WR#WKH#173#$UFKLYHV#IRU#LQYHQWRU\/#VOLGH2EORFN#PDWFK/#DQG#ZHW#WLVVXH#DXGLW1##7KH

VOLGHV/#LQGLYLGXDO#DQLPDO#GDWD#UHFRUGV/#DQG#SDWKRORJ\#WDEOHV#ZHUH#VHQW#WR#DQ#LQGHSHQGHQW#SDWKRORJ\#ODERUDWRU\

ZKHUH#TXDOLW\#DVVHVVPHQW#ZDV#SHUIRUPHG1##5HVXOWV#ZHUH#UHYLHZHG#DQG#HYDOXDWHG#E\#WKH#173#3DWKRORJ\#:RUNLQJ

*URXS#+3:*,>#WKH#ILQDO#GLDJQRVHV#UHSUHVHQW#D#FRQVHQVXV#RI#FRQWUDFWRU#SDWKRORJLVWV#DQG#WKH#3:*1##'HWDLOV#RI

WKHVH#UHYLHZ#SURFHGXUHV#KDYH#EHHQ#GHVFULEHG#E\#0DURQSRW#DQG#%RRUPDQ#+4<;5,#DQG#%RRUPDQ#HW#DO1#+4<;8,1

'XULQJ#WKH#TXDOLW\#DVVHVVPHQW#DQG#3:*#UHYLHZ#RI#P0FKORURDQLOLQH/#VOLGHV#IURP#WKH#VWXGLHV#RI#S0FKORURDQLOLQH

+173/# 4<;<,#ZHUH# UHYLHZHG># IRU#FRPSDULVRQ#SXUSRVHV/#GDWD#ZHUH# UHSRUWHG#ZLWK# WHUPLQRORJ\#DQG# VHYHULW\

JUDGLQJ#FRQVLVWHQW#ZLWK#WKRVH#XVHG#LQ#WKH#R0#DQG#P0FKORURDQLOLQH#VWXGLHV1
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6XSSOHPHQWDO#(YDOXDWLRQV

&OLQLFDO#3DWKRORJ\

&OLQLFDO#SDWKRORJ\#VWXGLHV#ZHUH#SHUIRUPHG#RQ#UDWV#GHVLJQDWHG#IRU#FOLQLFDO#SDWKRORJ\#WHVWLQJ#DQG#RQ#DOO#FRUH#VWXG\

UDWV#DQG#PLFH#DW#WKH#HQG#RI#WKH#460ZHHN#VWXGLHV1##7HQ#DQLPDOV#SHU#VH[#DQG#GRVH#OHYHO#ZHUH#HYDOXDWHG1##%ORRG#IRU

KHPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#HYDOXDWLRQV#ZDV#FROOHFWHG#IURP#FOLQLFDO#SDWKRORJ\#VWXG\#UDWV#RQ#GD\V#6#DQG

56>#EORRG#ZDV#FROOHFWHG#IURP#FRUH#VWXG\#UDWV#DQG#PLFH#DW#WKH#HQG#RI#WKH#VWXGLHV1##7KH#DQLPDOV#ZHUH#DQHVWKHWL]HG

ZLWK#D#&2 =2 #PL[WXUH/#DQG#EORRG#VDPSOHV#ZHUH#GUDZQ#IURP#WKH#UHWURRUELWDO#VLQXV1##6DPSOHV#IRU#KHPDWRORJ\5 5

DQDO\VLV#ZHUH#SODFHG#LQ#PLFUR0FROOHFWLRQ#WXEHV#+6DUVWHGW/#,QF1/#1�PEUHFKW/#*HUPDQ\,#FRDWHG#ZLWK#SRWDVVLXP

('7$>#VDPSOHV#IRU#FOLQLFDO#FKHPLVWU\#HYDOXDWLRQV#ZHUH#SODFHG#LQ#VLPLODU#WXEHV#GHYRLG#RI#DQWLFRDJXODQW1##7KH

ODWWHU#VDPSOHV#ZHUH#DOORZHG#WR#FORW>#WKH#VDPSOHV#ZHUH#WKHQ#FHQWULIXJHG#DQG#VHUXP#ZDV#UHPRYHG1

+HPDWRORJLF#GHWHUPLQDWLRQV#ZHUH#PDGH#RQ#D#6HURQR0%DNHU#'LDJQRVWLFV#6\VWHP#<333#+HPDWRORJ\#$QDO\]HU

+6HURQR0%DNHU#'LDJQRVWLFV/#$OOHQWRZQ/#3$,#ZLWK#UHDJHQWV#REWDLQHG#IURP#WKH#PDQXIDFWXUHU1##7KH#SDUDPHWHUV#WKDW

ZHUH#HYDOXDWHG#DUH#OLVWHG#LQ#7DEOH#61##'LIIHUHQWLDO#OHXNRF\WH#FRXQWV#DQG#PRUSKRORJLF#HYDOXDWLRQ#RI#EORRG#FHOOV

ZHUH#GHWHUPLQHG#E\#OLJKW#PLFURVFRS\#IURP#EORRG#VPHDUV#VWDLQHG#ZLWK#PRGLILHG#:ULJKW0*LHPVD1##6PHDUV#PDGH

IURP#EORRG#VDPSOHV#VWDLQHG#ZLWK#QHZ#PHWK\OHQH#EOXH#RU#EULOOLDQW#FUHV\O#EOXH#ZHUH#H[DPLQHG#PLFURVFRSLFDOO\

IRU#TXDQWLWDWLYH#GHWHUPLQDWLRQ#RI#UHWLFXORF\WHV#DQG#+HLQ]#ERGLHV1##1HXWUDOL]HG#F\DQLGH#ZDV#DGGHG#WR#D#EXIIHUHG

KHPRO\VDWH#WR#FRQYHUW#PHWKHPRJORELQ#WR#F\DQPHWKHPRJORELQ/#ZKLFK#ZDV#WKHQ#PHDVXUHG#VSHFWURSKRWRPHWULFDOO\1

&OLQLFDO#FKHPLVWU\#YDULDEOHV#ZHUH#PHDVXUHG#ZLWK#D#+LWDFKL#:37�#FKHPLVWU\#DQDO\]HU#+%RHKULQJHU#0DQQKHLP/

,QGLDQDSROLV/#,1,1##7KH#SDUDPHWHUV#WKDW#ZHUH#HYDOXDWHG#DUH#OLVWHG#LQ#7DEOH#61##5HDJHQW#IRU#DVVD\V#RI#VRUELWRO

GHK\GURJHQDVH#ZDV#REWDLQHG#IURP#6LJPD#&KHPLFDO#&RPSDQ\#+6W1#/RXLV/#02,>#RWKHU#UHDJHQWV#ZHUH#REWDLQHG

IURP#WKH#HTXLSPHQW#PDQXIDFWXUHU1

6SHUP#0RWLOLW\#DQG#9DJLQDO#&\WRORJ\#(YDOXDWLRQV

9DJLQDO#F\WRORJ\#DQG#VSHUP#PRWLOLW\#HYDOXDWLRQV#ZHUH#SHUIRUPHG#RQ#FRUH#VWXG\#UDWV#DQG#PLFH#DW#WKH#HQG#RI#WKH

VWXGLHV1##7HQ#PDOH#DQG#43#IHPDOH#UDWV#IURP#WKH#YHKLFOH#FRQWURO/#73/#;3/#DQG#493#PJ2NJ#JURXSV#ZHUH#HYDOXDWHG1

7KH#SDUDPHWHUV#WKDW#ZHUH#HYDOXDWHG#DUH#OLVWHG#LQ#7DEOH#61##0HWKRGV#ZHUH#WKRVH#GHVFULEHG#LQ#WKH#173#6WDWHPHQW

RI#:RUN#+173/#4<<4,1##%ULHIO\/#IRU#WKH#45#GD\V#SULRU#WR#VDFULILFH/#WKH#YDJLQDO#YDXOWV#RI#43#IHPDOH#UDWV#DQG#PLFH

SHU#GRVH#JURXS#ZHUH#PRLVWHQHG#ZLWK#VDOLQH/#LI#QHFHVVDU\/#DQG#VDPSOHV#RI#YDJLQDO#IOXLG#DQG#FHOOV#ZHUH#VWDLQHG1

5HODWLYH#QXPEHUV#RI#OHXNRF\WHV/#QXFOHDWHG#HSLWKHOLDO#FHOOV/#DQG#ODUJH#VTXDPRXV#HSLWKHOLDO#FHOOV#ZHUH#GHWHUPLQHG

DQG#XVHG#WR#DVFHUWDLQ#HVWURXV#F\FOH#VWDJH#+L1H1/#GLHVWUXV/#SURHVWUXV/#HVWUXV/#DQG#PHWHVWUXV,1

6SHUP#PRWLOLW\#ZDV#HYDOXDWHG#DW#QHFURSV\# LQ# WKH# IROORZLQJ#PDQQHU1# #7KH# OHIW#HSLGLG\PLV#ZDV# LVRODWHG#DQG

ZHLJKHG1##7KH#WDLO#RI#WKH#HSLGLG\PLV#+FDXGD#HSLGLG\PLV,#ZDV#WKHQ#UHPRYHG#IURP#WKH#HSLGLG\PDO#ERG\#+FRUSXV
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HSLGLG\PLV,#DQG#ZHLJKHG1##7HVW#\RON#+UDWV,#RU#PRGLILHG#7\URGH*V#EXIIHU#+PLFH,#ZDV#DSSOLHG#WR#VOLGHV#DQG#D#VPDOO

LQFLVLRQ#ZDV#PDGH#DW#WKH#GLVWDO#ERUGHU#RI#WKH#FDXGD#HSLGLG\PLV1##7KH#VSHUP#HIIOX[LQJ#IURP#WKH#LQFLVLRQ#ZHUH

GLVSHUVHG#LQ#WKH#EXIIHU#RQ#WKH#VOLGHV/#DQG#WKH#QXPEHUV#RI#PRWLOH#DQG#QRQPRWLOH#VSHUPDWR]RD#ZHUH#FRXQWHG#IRU

ILYH#ILHOGV#SHU#VOLGH#E\#WZR#REVHUYHUV1

)ROORZLQJ#FRPSOHWLRQ#RI#VSHUP#PRWLOLW\#HVWLPDWHV/#HDFK#OHIW#FDXGD#HSLGLG\PLV#ZDV#SODFHG#LQ#EXIIHUHG#VDOLQH

VROXWLRQ1##&DXGDH#ZHUH#ILQHO\#PLQFHG#DQG#WKH#WLVVXH#ZDV#LQFXEDWHG#LQ#WKH#VDOLQH#VROXWLRQ#DQG#WKHQ#KHDW#IL[HG#DW

98(#&1##6SHUP#GHQVLW\#ZDV#WKHQ#GHWHUPLQHG#PLFURVFRSLFDOO\#ZLWK#WKH#DLG#RI#D#KHPDF\WRPHWHU1##7R#TXDQWLI\

VSHUPDWRJHQHVLV/# WHVWLFXODU# VSHUPDWLG# KHDG# FRXQW#ZDV# GHWHUPLQHG# E\# UHPRYLQJ# WKH# WXQLFD# DOEXJLQHD# DQG

KRPRJHQL]LQJ#WKH#OHIW#WHVWLV#LQ#SKRVSKDWH0EXIIHUHG#VDOLQH#FRQWDLQLQJ#43(#GLPHWK\O#VXOIR[LGH1##+RPRJHQL]DWLRQ0

UHVLVWDQW#VSHUPDWLG#QXFOHL#ZHUH#FRXQWHG#ZLWK#D#KHPDF\WRPHWHU1
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7$%/(#6 ([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#460:HHN#*DYDJH#6WXGLHV#
RI#R0&KORURDQLOLQH#DQG#P0&KORURDQLOLQH

R0&KORURDQLOLQH#6WXGLHV P0&KORURDQLOLQH#6WXGLHV

(;3(5,0(17$/#'(6,*1

6WXG\#/DERUDWRU\
%DWWHOOH#&ROXPEXV#/DERUDWRULHV#+&ROXPEXV/#2+, 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

6WUDLQ#DQG#6SHFLHV
)67721#UDWV 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
%9&6) #PLFH4

$QLPDO#6RXUFH
&KDUOHV#5LYHU#%UHHGLQJ#/DERUDWRULHV#+5DOHLJK/#1&, 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

6L]H#RI#6WXG\#*URXSV
43#PDOHV#DQG#43#IHPDOHV 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

'RVHV
3/#43/#53/#73/#;3/#RU#493#PJ2NJ#ERG\#ZHLJKW#LQ#GLOXWH#K\GURFKORULF 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
DFLG#E\#JDYDJH#8#GD\V#D#ZHHN#IRU#46#ZHHNV#SOXV#5#GD\V

'DWH#RI#)LUVW#'RVH
5DWV= 5:#-DQXDU\#4<<5#+PDOHV,/#5;#-DQXDU\#4<<5#+IHPDOHV, 5DWV= 49#0DUFK#4<<5#+PDOHV,/#4:#0DUFK#4<<5#+IHPDOHV,
0LFH= 5<#-DQXDU\#4<<5#+PDOHV,/#63#-DQXDU\#4<<5#+IHPDOHV, 0LFH= 4;#0DUFK#4<<5#+PDOHV,/#4<#0DUFK#4<<5#+IHPDOHV,

'DWH#RI#/DVW#'RVH#DQG#1HFURSV\
5DWV= 5;#$SULO#4<<5#+PDOHV,/#5<#$SULO#4<<5#+IHPDOHV, 5DWV= 49#-XQH#4<<5#+PDOHV,/#4:#-XQH#4<<5#+IHPDOHV,
0LFH= 63#$SULO#4<<5#+PDOHV,/#4#0D\#4<<5#+IHPDOHV, 0LFH= 4;#-XQH#4<<5#+PDOHV,/#4<#-XQH#4<<5#+IHPDOHV,

7\SH#DQG#)UHTXHQF\#RI#2EVHUYDWLRQ
$QLPDOV#ZHUH#REVHUYHG#WZLFH#GDLO\#DQG#ZHUH#ZHLJKHG#DW#WKH#VWDUW#RI 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
WKH#VWXG\/#ZHHNO\#WKHUHDIWHU/#DQG#DW#QHFURSV\1##&OLQLFDO#REVHUYDWLRQV
ZHUH#UHFRUGHG#ZHHNO\1

1HFURSV\
&RPSOHWH#QHFURSVLHV#ZHUH#SHUIRUPHG#RQ#DOO#DQLPDOV#LQ#WKH#FRUH 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
VWXGLHV1##7KH#IROORZLQJ#RUJDQV#ZHUH#ZHLJKHG=##KHDUW/#ULJKW#NLGQH\/
OLYHU/#OXQJV/#VSOHHQ/#ULJKW#WHVWLV/#DQG#WK\PXV1

+LVWRSDWKRORJLF#([DPLQDWLRQ
+LVWRSDWKRORJLF#HYDOXDWLRQV#ZHUH#SHUIRUPHG#RQ#DOO#DQLPDOV#LQ#WKH +LVWRSDWKRORJLF#HYDOXDWLRQV#ZHUH#SHUIRUPHG#RQ#DOO#DQLPDOV#LQ#WKH
YHKLFOH#FRQWURO#DQG#493#PJ2NJ#JURXSV1##7KH#IROORZLQJ#WLVVXHV#ZHUH YHKLFOH#FRQWURO#DQG#493#PJ2NJ#JURXSV1##7LVVXHV#URXWLQHO\#H[DPLQHG
H[DPLQHG=##DGUHQDO#JODQGV/#EUDLQ#+WKUHH#VHFWLRQV,/#FOLWRUDO#JODQGV/ ZHUH#WKH#VDPH#DV#WKRVH#H[DPLQHG#LQ#WKH#R0FKORURDQLOLQH#VWXGLHV1#
HVRSKDJXV/#H\HV#+LI#JURVVO\#DEQRUPDO,/#IHPXU#DQG#PDUURZ/ 7LVVXHV#H[DPLQHG#LQ#ORZHU#GRVH#JURXSV#LQFOXGHG#WKH#ERQH#PDUURZ/
JDOOEODGGHU#+PLFH#RQO\,/#JURVV#OHVLRQV#DQG#WLVVXH#PDVVHV/#KHDUW/ NLGQH\V/#OLYHU/#DQG#VSOHHQ#LQ#UDWV#DQG#PLFH1
NLGQH\V/#ODUJH#LQWHVWLQH#+FHFXP/#FRORQ/#UHFWXP,/#OLYHU#+WZR#VHFWLRQV,/
OXQJV/#O\PSK#QRGHV#+PDQGLEXODU#DQG#PHVHQWHULF,/#PDPPDU\#JODQG/
QDVDO#FDYLW\#DQG#WXUELQDWHV#+WKUHH#VHFWLRQV,/#RYDULHV/#SDQFUHDV/
SDUDWK\URLG#JODQGV/#SLWXLWDU\#JODQG/#SUHSXWLDO#JODQGV/#SURVWDWH#JODQG/
VDOLYDU\#JODQG/#VHPLQDO#YHVLFOH/#VPDOO#LQWHVWLQH#+GXRGHQXP/#MHMXQXP/
LOHXP,/#VSLQDO#FRUG2VFLDWLF#QHUYH#+LI#QHXURORJLFDO#VLJQV#ZHUH#SUHVHQW,/
VSOHHQ/#VWRPDFK#+IRUHVWRPDFK#DQG#JODQGXODU#VWRPDFK,/#WHVWHV#+ZLWK
HSLGLG\PLV,/#WKLJK#PXVFOH/#WK\PXV/#WK\URLG#JODQG/#WUDFKHD/#XULQDU\
EODGGHU/#XWHUXV/#DQG#YDJLQD#+IHPDOHV#LQ#YDJLQDO#F\WRORJ\#VWXGLHV
RQO\,1##*URVV#OHVLRQV#DQG#WLVVXH#PDVVHV#RI#UDWV#DQG#PLFH#LQ#DOO#ORZHU
GRVH#JURXSV#ZHUH#H[DPLQHG1##7LVVXHV#H[DPLQHG#LQ#ORZHU#GRVH
JURXSV#LQFOXGHG#WKH#ERQH#PDUURZ/#NLGQH\V/#OLYHU/#DQG#VSOHHQ#LQ#UDWV
DQG#WKH#VSOHHQ#LQ#PLFH1
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7$%/(#6 ([SHULPHQWDO#'HVLJQ#DQG#0DWHULDOV#DQG#0HWKRGV#LQ#WKH#460:HHN#*DYDJH#6WXGLHV#
RI#R0&KORURDQLOLQH#DQG#P0&KORURDQLOLQH#+FRQWLQXHG,

R0&KORURDQLOLQH#6WXGLHV P0&KORURDQLOLQH#6WXGLHV

6XSSOHPHQWDO#(YDOXDWLRQV
&OLQLFDO#3DWKRORJ\
%ORRG#IRU#KHPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#HYDOXDWLRQV#ZDV
FROOHFWHG#RQ#GD\V#6#DQG#56#IURP#UDWV#LQ#WKH#FOLQLFDO#SDWKRORJ\#VWXG\
JURXSV1##&RUH#VWXG\#UDWV#DQG#PLFH#ZHUH#HYDOXDWHG#DW#WKH#HQG#RI#WKH
VWXGLHV1##+HPDWRORJ\#SDUDPHWHUV#LQFOXGHG#KHPDWRFULW/#KHPRJORELQ
FRQFHQWUDWLRQ/#HU\WKURF\WH#FRXQW/#UHWLFXORF\WH#FRXQW/#QXFOHDWHG
HU\WKURF\WH#FRXQW/#PHDQ#FHOO#YROXPH/#PHDQ#FHOO#KHPRJORELQ/#PHDQ
FHOO#KHPRJORELQ#FRQFHQWUDWLRQ/#SODWHOHW#FRXQW/#OHXNRF\WH#FRXQW#DQG
GLIIHUHQWLDO/#PHWKHPRJORELQ#FRQFHQWUDWLRQ/#DQG#+HLQ]#ERG\#FRXQW1#
&OLQLFDO#FKHPLVWU\#SDUDPHWHUV#LQFOXGHG#XUHD#QLWURJHQ/#FUHDWLQLQH/
WRWDO#SURWHLQ/#DOEXPLQ/#DODQLQH#DPLQRWUDQVIHUDVH/#DONDOLQH
SKRVSKDWDVH/#FUHDWLQH#NLQDVH/#VRUELWRO#GHK\GURJHQDVH/#DQG#ELOH#VDOWV1

6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

6SHUP#0RWLOLW\#DQG#9DJLQDO#&\WRORJ\#(YDOXDWLRQV
6SHUP#PRWLOLW\#DQG#YDJLQDO#F\WRORJ\#HYDOXDWLRQV#ZHUH#SHUIRUPHG#RQ
FRUH#VWXG\#DQLPDOV#DW#WKH#HQG#RI#WKH#VWXGLHV1##5DWV#DQG#PLFH#LQ#WKH#3/
73/#;3/#DQG#493#PJ2NJ#JURXSV#ZHUH#HYDOXDWHG1##0DOH#UDWV#DQG#PLFH
ZHUH#HYDOXDWHG#IRU#QHFURSV\#ERG\#DQG#UHSURGXFWLYH#WLVVXH#ZHLJKWV/
HSLGLG\PDO#VSHUPDWR]RDO#GDWD/#DQG#VSHUPDWRJHQHVLV1##)HPDOHV#ZHUH
HYDOXDWHG#IRU#QHFURSV\#ERG\#ZHLJKW/#HVWURXV#F\FOH#OHQJWK/#DQG#WKH
SHUFHQWDJH#RI#F\FOH#VSHQW#LQ#WKH#YDULRXV#VWDJHV1

6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

$1,0$/#0$,17(1$1&(

7LPH#+HOG#%HIRUH#6WXG\
5DWV=##44#GD\V#+PDOHV,/#45#GD\V#+IHPDOHV, 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
0LFH=##46#GD\V#+PDOHV,/#47#GD\V#+IHPDOHV,

$JH#:KHQ#6WXG\#%HJDQ
$SSUR[LPDWHO\#:#ZHHNV 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

$JH#:KHQ#.LOOHG
53#ZHHNV 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV

0HWKRG#RI#$QLPDO#'LVWULEXWLRQ
$QLPDOV#ZHUH#GLVWULEXWHG#UDQGRPO\#LQWR#JURXSV#RI#DSSUR[LPDWHO\ 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
HTXDO#LQLWLDO#PHDQ#ERG\#ZHLJKW1

'LHW
1,+03:#2SHQ#)RUPXOD#'LHW#+=HLJOHU#%URWKHUV/#,QF1/#*DUGQHUV/#3$, 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
LQ#SHOOHW#IRUP#DQG#ZDWHU#+&ROXPEXV#0XQLFLSDO#6XSSO\,#ZHUH
DYDLODEOH#DG#OLELWXP1

$QLPDO#5RRP#(QYLURQPHQW
5DWV#ZHUH#KRXVHG#ILYH#SHU#FDJH#E\#VH[#DQG#PLFH#ZHUH#KRXVHG 6DPH#DV#R0FKORURDQLOLQH#VWXGLHV
LQGLYLGXDOO\1##7KH#WHPSHUDWXUH#ZDV#PDLQWDLQHG#DW#9<(#WR#:8(#)#DQG
UHODWLYH#KXPLGLW\#DW#68(#WR#98(/#ZLWK#DW#OHDVW#43#DLU#FKDQJHV#SHU
KRXU1##)OXRUHVFHQW#OLJKW#ZDV#SURYLGHG#IRU#45#KRXUV#SHU#GD\1
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67$7,67,&$/#0(7+2'6

&DOFXODWLRQ#DQG#$QDO\VLV#RI#/HVLRQ#,QFLGHQFHV

7KH#LQFLGHQFHV#RI#OHVLRQV#DV#SUHVHQWHG#LQ#$SSHQGL[HV#$#DQG#%#DUH#JLYHQ#DV#WKH#QXPEHU#RI#DQLPDOV#EHDULQJ#VXFK

OHVLRQV#DW#D#VSHFLILF#DQDWRPLF#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#WKDW#VLWH#H[DPLQHG#PLFURVFRSLFDOO\1##7KH

)LVKHU#H[DFW# WHVW/#D#SURFHGXUH#EDVHG#RQ# WKH#RYHUDOO#SURSRUWLRQ#RI#DIIHFWHG#DQLPDOV/#ZDV#XVHG# WR#GHWHUPLQH

VLJQLILFDQFH#+*DUW#HW#DO1/#4<:<,1

$QDO\VLV#RI#&RQWLQXRXV#9DULDEOHV

7ZR#DSSURDFKHV#ZHUH#HPSOR\HG#WR#DVVHVV#WKH#VLJQLILFDQFH#RI#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#GRVHG#DQG#FRQWURO

JURXSV#LQ#WKH#DQDO\VLV#RI#FRQWLQXRXV#YDULDEOHV1##2UJDQ#DQG#ERG\#ZHLJKW#GDWD/#ZKLFK#DUH#DSSUR[LPDWHO\#QRUPDOO\

GLVWULEXWHG/#ZHUH#DQDO\]HG#ZLWK#WKH#SDUDPHWULF#PXOWLSOH#FRPSDULVRQV#SURFHGXUHV#RI#:LOOLDPV#+4<:4/#4<:5,#RU

'XQQHWW#+4<88,1##&OLQLFDO#FKHPLVWU\/#KHPDWRORJ\/#VSHUPDWLG/#DQG#HSLGLG\PDO#VSHUPDWR]RDO#GDWD/#ZKLFK#W\SLFDOO\

KDYH#VNHZHG#GLVWULEXWLRQV/#ZHUH#DQDO\]HG#ZLWK# WKH#QRQSDUDPHWULF#PXOWLSOH#FRPSDULVRQV#PHWKRGV#RI#6KLUOH\

+4<::,#RU#'XQQ#+4<97,1##-RQFNKHHUH*V# WHVW#+-RQFNKHHUH/#4<87,#ZDV#XVHG# WR#DVVHVV# WKH#VLJQLILFDQFH#RI#GRVH0

UHVSRQVH#WUHQGV#DQG#WR#GHWHUPLQH#ZKHWKHU#D#WUHQG0VHQVLWLYH#WHVW#+:LOOLDPV/#6KLUOH\,#ZDV#PRUH#DSSURSULDWH#IRU

SDLUZLVH#FRPSDULVRQV#WKDQ#D#WHVW#FDSDEOH#RI#GHWHFWLQJ#GHSDUWXUHV#IURP#D#PRQRWRQLF#GRVH#UHVSRQVH#+'XQQHWW/

'XQQ,1##,I#WKH#3#YDOXH#IURP#-RQFNKHHUH*V#WHVW#ZDV#JUHDWHU#WKDQ#RU#HTXDO#WR#3143/#'XQQ*V#RU#'XQQHWW*V#WHVW#ZDV

XVHG#UDWKHU#WKDQ#6KLUOH\*V#RU#:LOOLDPV*#WHVW1

7KH#RXWOLHU#WHVW#RI#'L[RQ#DQG#0DVVH\#+4<84,#ZDV#HPSOR\HG#WR#GHWHFW#H[WUHPH#YDOXHV1##1R#YDOXH#VHOHFWHG#E\#WKH

RXWOLHU#WHVW#ZDV#HOLPLQDWHG#XQOHVV#LW#ZDV#DW#OHDVW#WZLFH#WKH#QH[W#ODUJHVW#YDOXH#RU#DW#PRVW#KDOI#RI#WKH#QH[W#VPDOOHVW

YDOXH1##([WUHPH#YDOXHV#LGHQWLILHG#E\#WKH#VWDWLVWLFDO#WHVW#ZHUH#UHYLHZHG#E\#173#SHUVRQQHO#EHIRUH#EHLQJ#HOLPLQDWHG

IURP#WKH#DQDO\VLV1

%HFDXVH#YDJLQDO#F\WRORJ\#GDWD#DUH#SURSRUWLRQV#+WKH#SURSRUWLRQ#RI#WKH#REVHUYDWLRQ#SHULRG#WKDW#DQ#DQLPDO#ZDV#LQ

D#JLYHQ#HVWURXV#VWDJH,/#DQ#DUFVLQH# WUDQVIRUPDWLRQ#ZDV#XVHG# WR#EULQJ# WKH#GDWD# LQWR#FORVHU#FRQIRUPDQFH#ZLWK

QRUPDOLW\#DVVXPSWLRQV1##7UHDWPHQW#HIIHFWV#ZHUH#LQYHVWLJDWHG#E\#DSSO\LQJ#D#PXOWLYDULDWH#DQDO\VLV#RI#YDULDQFH

+0RUULVRQ/#4<:9,#WR#WKH#WUDQVIRUPHG#GDWD#WR#WHVW#IRU#VLPXOWDQHRXV#HTXDOLW\#RI#PHDVXUHPHQWV#DFURVV#GRVH#OHYHOV1

48$/,7<#$6685$1&(

7KH#DQLPDO#VWXGLHV#RI#R0FKORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZHUH#SHUIRUPHG#LQ#FRPSOLDQFH#ZLWK#8QLWHG#6WDWHV

)RRG# DQG#'UXJ#$GPLQLVWUDWLRQ#*RRG#/DERUDWRU\# 3UDFWLFHV# UHJXODWLRQV# +54#&)5/# 3DUW# 8;,1# #7KH#4XDOLW\
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$VVXUDQFH#8QLW#RI#(*)*#0DVRQ#5HVHDUFK#,QVWLWXWH#SHUIRUPHG#DXGLWV#DQG#LQVSHFWLRQV#RI#SURWRFROV/#SURFHGXUHV/

GDWD/#DQG#UHSRUWV#WKURXJKRXW#WKH#FRXUVH#RI#WKH#VWXGLHV1

*(1(7,&#72;,&,7<#678',(6

6DOPRQHOOD#W\SKLPXULXP#0XWDJHQLFLW\#7HVW#3URWRFRO

7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#=HLJHU#HW#DO1#+4<;:,1##R0&KORURDQLOLQH#DQG#P0FKORURDQLOLQH#ZHUH#VHQW#WR

WKH#WHVWLQJ#ODERUDWRULHV#DV#FRGHG#DOLTXRWV#DQG#ZHUH#LQFXEDWHG#ZLWK#WKH#61#W\SKLPXULXP#WHVWHU#VWUDLQV#7$<:/#7$<;/

7$433/#7$4868/#DQG#7$486:#HLWKHU#LQ#EXIIHU#RU#6<#PL[#+PHWDEROLF#DFWLYDWLRQ#HQ]\PHV#DQG#FRIDFWRUV#IURP

$URFORU#45870LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#RU#6\ULDQ#KDPVWHU#OLYHU,#IRU#53#PLQXWHV#DW#6:(#&1##7RS#DJDU

VXSSOHPHQWHG#ZLWK#/0KLVWLGLQH#DQG#G0ELRWLQ#ZDV#DGGHG/#DQG#WKH#FRQWHQWV#RI#WKH#WXEHV#ZHUH#PL[HG#DQG#SRXUHG#RQWR

WKH#VXUIDFHV#RI#PLQLPDO#JOXFRVH#DJDU#SODWHV1##+LVWLGLQH0LQGHSHQGHQW#PXWDQW#FRORQLHV#DULVLQJ#RQ#WKHVH#SODWHV#ZHUH

FRXQWHG#IROORZLQJ#LQFXEDWLRQ#IRU#5#GD\V#DW#6:(#&1

(DFK#WULDO#FRQVLVWHG#RI#WULSOLFDWH#SODWHV#RI#FRQFXUUHQW#SRVLWLYH#DQG#QHJDWLYH#FRQWUROV#DQG#RI#DW#OHDVW#ILYH#GRVHV#RI

R0#RU#P0FKORURDQLOLQH1##7KH#KLJK#GRVH#ZDV#OLPLWHG#E\#WR[LFLW\1

$# SRVLWLYH# UHVSRQVH# LQ# WKH# 61# W\SKLPXULXP# DVVD\# LV# GHILQHG# DV# D# UHSURGXFLEOH/# GRVH0UHODWHG# LQFUHDVH# LQ

KLVWLGLQH0LQGHSHQGHQW#+UHYHUWDQW,#FRORQLHV#LQ#DQ\#RQH#VWUDLQ2DFWLYDWLRQ#FRPELQDWLRQ1##$Q#HTXLYRFDO#UHVSRQVH#LV

GHILQHG#DV#DQ#LQFUHDVH#LQ#UHYHUWDQWV#WKDW#ZDV#QRW#GRVH#UHODWHG/#QRW#UHSURGXFLEOH/#RU#QRW#RI#VXIILFLHQW#PDJQLWXGH

WR#VXSSRUW#D#GHWHUPLQDWLRQ#RI#PXWDJHQLFLW\1##$#QHJDWLYH#UHVSRQVH#ZDV#REWDLQHG#ZKHQ#QR#LQFUHDVH#LQ#UHYHUWDQW

FRORQLHV#ZDV#REVHUYHG# IROORZLQJ#FKHPLFDO# WUHDWPHQW1# #7KHUH#ZDV#QR#PLQLPXP#SHUFHQWDJH#RU# IROG# LQFUHDVH

UHTXLUHG#IRU#D#FKHPLFDO#WR#EH#MXGJHG#SRVLWLYH#RU#ZHDNO\#SRVLWLYH1

0RXVH#/\PSKRPD#0XWDJHQLFLW\#7HVW#3URWRFRO

7KH# H[SHULPHQWDO# SURWRFRO# LV# SUHVHQWHG# LQ# GHWDLO# E\# 0F*UHJRU# HW# DO1# +4<<4,1# # R0&KORURDQLOLQH# DQG

P0FKORURDQLOLQH#ZHUH#VXSSOLHG#DV#FRGHG#DOLTXRWV1# #7KH#KLJK#GRVH#ZDV# OLPLWHG#E\# WR[LFLW\1# #/84:;<#PRXVH

O\PSKRPD#FHOOV#ZHUH#PDLQWDLQHG#DW#6:(#&#DV#VXVSHQVLRQ#FXOWXUHV#LQ#VXSSOHPHQWHG#)LVFKHU*V#PHGLXP>#QRUPDO

FHOO# F\FOLQJ# WLPH# ZDV# DSSUR[LPDWHO\# 43# KRXUV1# # 7R# UHGXFH# WKH# QXPEHU# RI# VSRQWDQHRXVO\# RFFXUULQJ

WULIOXRURWK\PLGLQH0UHVLVWDQW#FHOOV/#VXEFXOWXUHV#ZHUH#H[SRVHG#RQFH#WR#PHGLXP#FRQWDLQLQJ#7+0*#+WK\PLGLQH/

K\SR[DQWKLQH/#PHWKRWUH[DWH/#DQG#JO\FLQH,#IRU#4#GD\/# WR#PHGLXP#FRQWDLQLQJ#7+*#IRU#4#GD\/#DQG# WR#QRUPDO

PHGLXP#IRU#6#WR#8#GD\V1##)RU#FORQLQJ/#WKH#KRUVH#VHUXP#FRQWHQW#ZDV#LQFUHDVHG#DQG#1REOH#DJDU#ZDV#DGGHG1#

$OO#WUHDWPHQW#OHYHOV#ZLWKLQ#DQ#H[SHULPHQW/#LQFOXGLQJ#FRQFXUUHQW#SRVLWLYH#DQG#VROYHQW#FRQWUROV/#ZHUH#UHSOLFDWHG1

7UHDWHG#FXOWXUHV#FRQWDLQHG#9#ð#43 #FHOOV#LQ#43#P/#RI#PHGLXP1##7KLV#YROXPH#LQFOXGHG#WKH#6<#IUDFWLRQ#LQ#WKRVH9
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H[SHULPHQWV#SHUIRUPHG#ZLWK#PHWDEROLF#DFWLYDWLRQ1##,QFXEDWLRQ#ZLWK#R0#RU#P0FKORURDQLOLQH#FRQWLQXHG#IRU#7#KRXUV/

DW#ZKLFK#WLPH#WKH#PHGLXP#SOXV#FKHPLFDO#ZDV#UHPRYHG#DQG#WKH#FHOOV#ZHUH#UHVXVSHQGHG#LQ#IUHVK#PHGLXP#DQG

LQFXEDWHG#IRU#DQ#DGGLWLRQDO#5#GD\V#WR#H[SUHVV#WKH#PXWDQW#SKHQRW\SH1##&HOO#GHQVLW\#ZDV#PRQLWRUHG#VR#WKDW#ORJ

SKDVH#JURZWK#ZDV#PDLQWDLQHG1##$IWHU#WKH#7;0KRXU#H[SUHVVLRQ#SHULRG/#FHOOV#ZHUH#SODWHG#LQ#PHGLXP#DQG#VRIW#DJDU

VXSSOHPHQWHG#ZLWK# WULIOXRURWK\PLGLQH# +7)7,# IRU#VHOHFWLRQ#RI#7)70UHVLVWDQW#FHOOV#DQG#SODWHG# LQ#QRQVHOHFWLYH

PHGLXP#DQG#VRIW#DJDU#WR#GHWHUPLQH#FORQLQJ#HIILFLHQF\1##3ODWHV#ZHUH#LQFXEDWHG#DW#6:(#&#LQ#8(#&2 #IRU#43#WR5

45#GD\V1##7KH#DVVD\V#ZHUH#LQLWLDOO\#SHUIRUPHG#ZLWKRXW#6<#DQG#ZHUH#UHSHDWHG#XVLQJ#IUHVKO\#SUHSDUHG#6<#IURP#WKH

OLYHUV#RI#$URFORU#45870LQGXFHG#PDOH#)67721#UDWV1

0LQLPXP#FULWHULD#IRU#DFFHSWLQJ#DQ#H[SHULPHQW#DV#YDOLG#DQG#D#GHWDLOHG#GHVFULSWLRQ#RI#WKH#VWDWLVWLFDO#DQDO\VLV#DQG

GDWD#HYDOXDWLRQ#DUH#SUHVHQWHG#LQ#&DVSDU\#HW#DO1#+4<;;,1##$OO#GDWD#ZHUH#HYDOXDWHG#VWDWLVWLFDOO\#IRU#ERWK#WUHQG#DQG

SHDN#UHVSRQVHV1##%RWK#UHVSRQVHV#KDG# WR#EH#VLJQLILFDQW#+3&3138,#IRU#D#FKHPLFDO# WR#EH#FRQVLGHUHG#FDSDEOH#RI

LQGXFLQJ#7)7#UHVLVWDQFH>#D#VLQJOH#VLJQLILFDQW#UHVSRQVH#OHG#WR#D#%TXHVWLRQDEOH%#FRQFOXVLRQ/#DQG#WKH#DEVHQFH#RI

ERWK#D#WUHQG#DQG#D#SHDN#UHVSRQVH#UHVXOWHG#LQ#D#%QHJDWLYH%#FDOO1

&KLQHVH#+DPVWHU#2YDU\#&HOO#&\WRJHQHWLFV#3URWRFROV

7HVWLQJ#ZDV#SHUIRUPHG#DV#UHSRUWHG#E\#*DOORZD\#HW#DO1#+4<;:,1##P0&KORURDQLOLQH#ZDV#VXSSOLHG#DV#D#FRGHG#DOLTXRW1

7KH# DOLTXRW#ZDV# WHVWHG# LQ# FXOWXUHG#&KLQHVH# KDPVWHU# RYDU\# +&+2,# FHOOV# IRU# LQGXFWLRQ# RI# VLVWHU# FKURPDWLG

H[FKDQJHV# +6&(V,# DQG# FKURPRVRPDO# DEHUUDWLRQV# +$EV,# ERWK# LQ# WKH# SUHVHQFH# DQG# WKH# DEVHQFH# RI#$URFORU

45870LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#OLYHU#6<#DQG#FRIDFWRU#PL[1##&XOWXUHV#ZHUH#KDQGOHG#XQGHU#JROG#OLJKWV#WR

SUHYHQW#SKRWRO\VLV#RI#EURPRGHR[\XULGLQH0VXEVWLWXWHG#'1$1# #(DFK# WHVW#FRQVLVWHG#RI#FRQFXUUHQW# VROYHQW#DQG

SRVLWLYH#FRQWUROV#DQG#RI#DW#OHDVW#WKUHH#GRVHV#RI#P0FKORURDQLOLQH>#WKH#KLJK#GRVH#ZDV#OLPLWHG#E\#WR[LFLW\1##$#VLQJOH

IODVN#SHU#GRVH#ZDV#XVHG1

6LVWHU#&KURPDWLG#([FKDQJH#7HVW=##,Q#WKH#6&(#WHVW#ZLWKRXW#6</#&+2#FHOOV#ZHUH#LQFXEDWHG#IRU#651;#KRXUV#ZLWK

P0FKORURDQLOLQH#LQ#VXSSOHPHQWHG#0F&R\*V#8$#PHGLXP1##%URPRGHR[\XULGLQH#+%UG8,#ZDV#DGGHG#5#KRXUV#DIWHU

FXOWXUH#LQLWLDWLRQ1##$IWHU#651;#KRXUV/#WKH#PHGLXP#FRQWDLQLQJ#P0FKORURDQLOLQH#ZDV#UHPRYHG#DQG#UHSODFHG#ZLWK

IUHVK#PHGLXP#SOXV#%UG8#DQG#&ROFHPLG/#DQG#LQFXEDWLRQ#ZDV#FRQWLQXHG#IRU#5#KRXUV1##&HOOV#ZHUH#WKHQ#KDUYHVWHG

E\#PLWRWLF#VKDNH0RII/#IL[HG/#DQG#VWDLQHG#ZLWK#+RHFKVW#6658;#DQG#*LHPVD1##7KH#LQFXEDWLRQ#WLPH#RI#651;#KRXUV

ZDV#H[WHQGHG#IURP#WKH#QRUPDO#WLPH#RI#59#KRXUV#WR#RIIVHW#P0FKORURDQLOLQH0LQGXFHG#FHOO#F\FOH#GHOD\#DQG#WR#HQVXUH

D#VXIILFLHQW#QXPEHU#RI#VFRUDEOH#+VHFRQG0GLYLVLRQ#PHWDSKDVH,#FHOOV1##,Q#WKH#6&(#WHVW#ZLWK#6</#FHOOV#ZHUH#LQFXEDWHG

ZLWK#P0FKORURDQLOLQH/#VHUXP0IUHH#PHGLXP/#DQG#6<#IRU#5#KRXUV1##7KH#PHGLXP#ZDV#WKHQ#UHPRYHG#DQG#UHSODFHG

ZLWK#PHGLXP#FRQWDLQLQJ#VHUXP#DQG#%UG8#DQG#QR#P0FKORURDQLOLQH/#DQG#LQFXEDWLRQ#SURFHHGHG#IRU#DQ#DGGLWLRQDO

5818#KRXUV/#ZLWK#&ROFHPLG#SUHVHQW#IRU#WKH#ILQDO#5#KRXUV1##+DUYHVWLQJ#DQG#VWDLQLQJ#ZHUH#WKH#VDPH#DV#IRU#FHOOV
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WUHDWHG#ZLWKRXW#6<1##$OO#VOLGHV#ZHUH#VFRUHG#EOLQG#DQG#WKRVH#IURP#D#VLQJOH#WHVW#ZHUH#UHDG#E\#WKH#VDPH#SHUVRQ1

)LIW\#VHFRQG0GLYLVLRQ#PHWDSKDVH#FHOOV#ZHUH#VFRUHG#IRU#IUHTXHQF\#RI#6&(V#SHU#FHOO#IURP#HDFK#GRVH#OHYHO1

6WDWLVWLFDO#DQDO\VHV#ZHUH#FRQGXFWHG#RQ#WKH#VORSHV#RI#WKH#GRVH0UHVSRQVH#FXUYHV#DQG#WKH#LQGLYLGXDO#GRVH#SRLQWV

+*DOORZD\#HW#DO1/#4<;:,1##$Q#6&(#IUHTXHQF\#53(#DERYH#WKH#FRQFXUUHQW#VROYHQW#FRQWURO#YDOXH#ZDV#FKRVHQ#DV#D

VWDWLVWLFDOO\#FRQVHUYDWLYH#SRVLWLYH#UHVSRQVH1##7KH#SUREDELOLW\#RI#WKLV#OHYHO#RI#GLIIHUHQFH#RFFXUULQJ#E\#FKDQFH#DW

RQH#GRVH#SRLQW#LV#OHVV#WKDQ#3134>#WKH#SUREDELOLW\#IRU#VXFK#D#FKDQFH#RFFXUUHQFH#DW#WZR#GRVH#SRLQWV#LV#OHVV#WKDQ

313341##$Q#LQFUHDVH#RI#53(#RU#JUHDWHU#DW#DQ\#VLQJOH#GRVH#ZDV#FRQVLGHUHG#ZHDN#HYLGHQFH#RI#DFWLYLW\>#LQFUHDVHV

DW#WZR#RU#PRUH#GRVHV#LQGLFDWHG#WKDW#WKH#WULDO#ZDV#SRVLWLYH1##$#VWDWLVWLFDOO\#VLJQLILFDQW#WUHQG#+3?3138,/#LQ#WKH

DEVHQFH#RI#DQ\#UHVSRQVHV#UHDFKLQJ#53(#DERYH#EDFNJURXQG/#OHG#WR#D#FDOO#RI#HTXLYRFDO1

&KURPRVRPDO#$EHUUDWLRQV#7HVW=##,Q#WKH#$EV#WHVW#ZLWKRXW#6</#FHOOV#ZHUH#LQFXEDWHG#LQ#0F&R\*V#8$#PHGLXP#ZLWK

P0FKORURDQLOLQH#IRU#4;1;#KRXUV>#&ROFHPLG#ZDV#DGGHG#DQG#LQFXEDWLRQ#FRQWLQXHG#IRU#5#KRXUV1##7KH#FHOOV#ZHUH#WKHQ

KDUYHVWHG#E\#PLWRWLF#VKDNH0RII/#IL[HG/#DQG#VWDLQHG#ZLWK#*LHPVD1##)RU#WKH#$EV#WHVW#ZLWK#6</#FHOOV#ZHUH#WUHDWHG

ZLWK#P0FKORURDQLOLQH#DQG#6<#IRU#5#KRXUV/#DIWHU#ZKLFK#WKH#WUHDWPHQW#PHGLXP#ZDV#UHPRYHG#DQG#WKH#FHOOV#ZHUH

LQFXEDWHG#IRU#;18#KRXUV#LQ#IUHVK#PHGLXP/#ZLWK#&ROFHPLG#SUHVHQW#IRU#WKH#ILQDO#5#KRXUV1##&HOOV#ZHUH#KDUYHVWHG

LQ#WKH#VDPH#PDQQHU#DV#IRU#WKH#WUHDWPHQW#ZLWKRXW#6<1##7KH#KDUYHVW#WLPH#IRU#WKH#$EV#WHVW#ZDV#EDVHG#RQ#WKH#FHOO

F\FOH#LQIRUPDWLRQ#REWDLQHG#LQ#WKH#6&(#WHVW>#EHFDXVH#FHOO#F\FOH#GHOD\#ZDV#DQWLFLSDWHG#LQ#WKH#WULDO#ZLWKRXW#6</#WKH

LQFXEDWLRQ#SHULRG#ZDV#H[WHQGHG1

&HOOV# ZHUH# VHOHFWHG# IRU# VFRULQJ# RQ# WKH# EDVLV# RI# JRRG# PRUSKRORJ\# DQG# FRPSOHWHQHVV# RI# NDU\RW\SH

+54#�#5#FKURPRVRPHV,1##$OO#VOLGHV#ZHUH#VFRUHG#EOLQG#DQG#WKRVH#IURP#D#VLQJOH#WHVW#ZHUH#UHDG#E\#WKH#VDPH#SHUVRQ1

2QH#KXQGUHG#ILUVW0GLYLVLRQ#PHWDSKDVH#FHOOV#ZHUH#VFRUHG#DW#HDFK#GRVH#OHYHO1##&ODVVHV#RI#DEHUUDWLRQV#UHFRUGHG

LQFOXGHG# VLPSOH# +EUHDNV# DQG# WHUPLQDO# GHOHWLRQV,/# FRPSOH[# +UHDUUDQJHPHQWV# DQG# WUDQVORFDWLRQV,/# DQG# RWKHU

+SXOYHUL]HG#FHOOV/#GHVSLUDOL]HG#FKURPRVRPHV/#DQG#FHOOV#FRQWDLQLQJ#43#RU#PRUH#DEHUUDWLRQV,1

&KURPRVRPDO#DEHUUDWLRQ#GDWD#DUH#SUHVHQWHG#DV#WKH#SHUFHQWDJHV#RI#FHOOV#ZLWK#DEHUUDWLRQV1##7R#DUULYH#DW#D#VWDWLVWLFDO

FDOO#IRU#D#WULDO/#DQDO\VHV#ZHUH#FRQGXFWHG#RQ#ERWK#WKH#GRVH0UHVSRQVH#FXUYH#DQG#LQGLYLGXDO#GRVH#SRLQWV#+*DOORZD\

HW#DO1/# 4<;:,1# #)RU# D# VLQJOH# WULDO/# D# VWDWLVWLFDOO\# VLJQLILFDQW# +3?3138,#GLIIHUHQFH# IRU#RQH#GRVH#SRLQW# DQG# D

VLJQLILFDQW#WUHQG#+3?31348,#ZHUH#FRQVLGHUHG#ZHDN#HYLGHQFH#IRU#D#SRVLWLYH#UHVSRQVH>#VLJQLILFDQW#GLIIHUHQFHV#IRU

WZR#RU#PRUH#GRVHV#LQGLFDWHG#WKH#WULDO#ZDV#SRVLWLYH1##$#SRVLWLYH#WUHQG/#LQ#WKH#DEVHQFH#RI#D#VWDWLVWLFDOO\#VLJQLILFDQW

LQFUHDVH#DW#DQ\#RQH#GRVH#SRLQW/#OHG#WR#D#FRQFOXVLRQ#RI#HTXLYRFDO#DFWLYLW\1##8OWLPDWHO\/#WKH#WULDO#FDOOV#ZHUH#EDVHG

RQ#D#FRQVLGHUDWLRQ#RI#WKH#VWDWLVWLFDO#DQDO\VHV#DV#ZHOO#DV#WKH#ELRORJLFDO#LQIRUPDWLRQ#DYDLODEOH#WR#WKH#UHYLHZHUV1
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5DW#DQG#0RXVH#%RQH#0DUURZ#0LFURQXFOHXV#7HVW#3URWRFRO

3UHOLPLQDU\#UDQJH0ILQGLQJ#VWXGLHV#ZHUH#SHUIRUPHG>#IDFWRUV#DIIHFWLQJ#GRVH#VHOHFWLRQ#LQFOXGHG#FKHPLFDO#VROXELOLW\

DQG#WR[LFLW\#DQG#WKH#H[WHQW#RI#FHOO#F\FOH#GHOD\#LQGXFHG#E\#FKHPLFDO#H[SRVXUH1##,Q#WKH#ERQH#PDUURZ#PLFURQXFOHXV

HYDOXDWLRQV/#PDOH#)67721#UDWV#UHFHLYHG#WKUHH#LQWUDSHULWRQHDO#LQMHFWLRQV#RI#R0#RU#P0FKORURDQLOLQH#GLVVROYHG#LQ#FRUQ

RLO#DW#570KRXU#LQWHUYDOV1##0DOH#%9&6) #PLFH#UHFHLYHG#RQH#LQWUDSHULWRQHDO#LQMHFWLRQ#RI#R0#RU#P0FKORURDQLOLQH#RU4

WKUHH#LQMHFWLRQV#RI#P0FKORURDQLOLQH#DW#570KRXU#LQWHUYDOV1##7KH#WRWDO#GRVLQJ#YROXPH#ZDV#317#P/1##6ROYHQW#FRQWURO

UDWV#DQG#PLFH#ZHUH#LQMHFWHG#ZLWK#FRUQ#RLO#RQO\>#WKH#SRVLWLYH#FRQWURO#DQLPDOV#UHFHLYHG#LQMHFWLRQV#RI#58#PJ2NJ

F\FORSKRVSKDPLGH1##7ZHQW\0IRXU#KRXUV#DIWHU#WKH#ILQDO#LQMHFWLRQ/#WKH#DQLPDOV#ZHUH#NLOOHG#DQG#VPHDUV#RI#WKH#ERQH

PDUURZ# FHOOV# REWDLQHG# IURP# WKH# IHPXUV# ZHUH# SUHSDUHG1# # $LU0GULHG# VPHDUV# ZHUH# IL[HG# DQG# VWDLQHG>

5/333#SRO\FKURPDWLF#HU\WKURF\WHV#+3&(V,#ZHUH#VFRUHG#IRU#IUHTXHQF\#RI#PLFURQXFOHDWHG#FHOOV#LQ#HDFK#RI#ILYH

DQLPDOV#SHU#GRVH#JURXS1##,Q#DGGLWLRQ/#WKH#SHUFHQWDJH#RI#3&(V#DPRQJ#WKH#WRWDO#HU\WKURF\WH#SRSXODWLRQ#LQ#WKH#ERQH

PDUURZ#ZDV#VFRUHG#IRU#HDFK#GRVH#JURXS#DV#D#PHDVXUH#RI#WR[LFLW\>#QR#ERQH#PDUURZ#WR[LFLW\#ZDV#REVHUYHG1

7KH#UHVXOWV#ZHUH#WDEXODWHG#DV#WKH#PHDQ#RI#WKH#SRROHG#UHVXOWV#IURP#DOO#DQLPDOV#ZLWKLQ#D#WUHDWPHQW#JURXS/#SOXV#RU

PLQXV# WKH# VWDQGDUG# HUURU# RI# WKH#PHDQ1# # 7KH# IUHTXHQF\# RI#PLFURQXFOHDWHG# FHOOV# DPRQJ# QRUPRFKURPDWLF

HU\WKURF\WHV#ZDV#DQDO\]HG#E\#D#VWDWLVWLFDO#VRIWZDUH#SDFNDJH#WKDW#WHVWHG#IRU#LQFUHDVLQJ#WUHQG#RYHU#GRVH#JURXSV

XVLQJ#D#RQH0WDLOHG#&RFKUDQ0$UPLWDJH#WUHQG#WHVW/#IROORZHG#E\#SDLUZLVH#FRPSDULVRQV#EHWZHHQ#HDFK#GRVHG#JURXS

DQG#WKH#FRQWURO#JURXS#+0DUJROLQ#HW#DO1/#4<<3,1##,Q#WKH#SUHVHQFH#RI#H[FHVV#ELQRPLDO#YDULDWLRQ/#DV#GHWHFWHG#E\#D

ELQRPLDO#GLVSHUVLRQ#WHVW/#WKH#ELQRPLDO#YDULDQFH#RI#WKH#&RFKUDQ0$UPLWDJH#WHVW#ZDV#DGMXVWHG#XSZDUG#LQ#SURSRUWLRQ

WR#WKH#H[FHVV#YDULDWLRQ1##,Q#WKH#PLFURQXFOHXV#WHVW/#DQ#LQGLYLGXDO#WULDO#ZDV#FRQVLGHUHG#SRVLWLYH#LI#WKH#WUHQG#WHVW

3#YDOXH#ZDV#JUHDWHU#WKDQ#RU#HTXDO#WR#31358#RU#LI#WKH#3#YDOXH#IRU#DQ\#VLQJOH#GRVH#JURXS#ZDV#JUHDWHU#WKDQ#RU#HTXDO

WR#31358#GLYLGHG#E\#WKH#QXPEHU#RI#GRVH#JURXSV1##$#ILQDO#FDOO#RI#SRVLWLYH#IRU#PLFURQXFOHXV#LQGXFWLRQ#LV#SUHIHUDEO\

EDVHG#RQ#UHSURGXFLEO\#SRVLWLYH#WULDOV#+DV#QRWHG#DERYH,1##5HVXOWV#RI#WKH#460ZHHN#VWXGLHV#ZHUH#DFFHSWHG#ZLWKRXW

UHSHDW#WHVWV/#EHFDXVH#DGGLWLRQDO#WHVW#GDWD#FRXOG#QRW#EH#REWDLQHG1##8OWLPDWHO\/#WKH#ILQDO#FDOO#LV#GHWHUPLQHG#E\#WKH

VFLHQWLILF#VWDII#DIWHU#FRQVLGHULQJ#WKH#UHVXOWV#RI#VWDWLVWLFDO#DQDO\VHV/#WKH#UHSURGXFLELOLW\#RI#DQ\#HIIHFWV#REVHUYHG/

DQG#WKH#PDJQLWXGHV#RI#WKRVH#HIIHFWV1

0RXVH#3HULSKHUDO#%ORRG#0LFURQXFOHXV#3URWRFRO

$#GHWDLOHG#GLVFXVVLRQ#RI#WKLV#DVVD\#LV#SUHVHQWHG#LQ#0DF*UHJRU#HW#DO1#+4<<3,1##$W#WKH#HQG#RI#WKH#460ZHHN#WR[LFLW\

VWXG\/#EORRG#ZDV#REWDLQHG#IURP#PDOH#DQG#IHPDOH#PLFH#DQG#VPHDUV#ZHUH#LPPHGLDWHO\#SUHSDUHG#DQG#IL[HG#LQ

DEVROXWH#PHWKDQRO1##7KH#PHWKDQRO0IL[HG#VOLGHV#ZHUH#VWDLQHG#ZLWK#D#FKURPDWLQ0VSHFLILF#IOXRUHVFHQW#G\H#+DFULGLQH

RUDQJH,#DQG#FRGHG1##6OLGHV#ZHUH#VFDQQHG#WR#GHWHUPLQH#WKH#IUHTXHQF\#RI#PLFURQXFOHL#LQ#5/333#QRUPRFKURPDWLF

HU\WKURF\WHV#LQ#HDFK#RI#ILYH#DQLPDOV#SHU#GRVH#JURXS1##6WDWLVWLFDO#DQDO\VHV#ZHUH#SHUIRUPHG#DV#GHVFULEHG#IRU#WKH

UDW#DQG#PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#DQDO\VHV1
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5(68/76

460:((.#*$9$*(#678',(6#,1#)67721#5$76

,Q#WKH#R0FKORURDQLOLQH#VWXG\/#RQH#PDOH#LQ#WKH#73#PJ2NJ#JURXS#DQG#RQH#IHPDOH#LQ#WKH#53#PJ2NJ#JURXS#GLHG#RI

XQGHWHUPLQHG#FDXVHV#EHIRUH# WKH#HQG#RI# WKH#VWXG\# +7DEOH#7,>#RQH# IHPDOH#UDW# LQ# WKH#493#PJ2NJ#JURXS# LQ# WKH

P0FKORURDQLOLQH#VWXG\#GLHG#GXULQJ#ZHHN#45#RI#VXVSHFWHG#HU\WKURWR[LFLW\#+7DEOH#8,1##7KH#ILQDO#PHDQ#ERG\#ZHLJKWV

DQG#PHDQ#ERG\#ZHLJKW#JDLQV#RI#PDOH#UDWV#LQ#WKH#493#PJ2NJ#JURXSV#LQ#ERWK#VWXGLHV#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ

WKRVH#RI#WKH#UHVSHFWLYH#YHKLFOH#FRQWUROV>#LQ#ERWK#VWXGLHV/#WKH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG#PHDQ#ERG\#ZHLJKW

JDLQV#RI#GRVHG#IHPDOHV#ZHUH#VLPLODU#WR#WKRVH#RI#WKH#YHKLFOH#FRQWUROV#+7DEOHV#7#DQG#8#DQG#)LJXUHV#4#DQG#5,1

,Q#ERWK#VWXGLHV/#FOLQLFDO#ILQGLQJV#RI#WR[LFLW\#ZHUH#JHQHUDOO\#REVHUYHG#EHJLQQLQJ#63#PLQXWHV#DIWHU#GRVLQJ1##,Q#WKH

R0FKORURDQLOLQH# VWXG\/# UDWV# LQ# WKH# ;3# DQG# 493#PJ2NJ# JURXSV# IUHTXHQWO\# KDG# WUHPRUV/# DQG# IHPDOHV# LQ# WKH

493#PJ2NJ#JURXS#DSSHDUHG#WKLQ#GXULQJ#WKH#VHFRQG#ZHHN#RI#WKH#VWXG\1##,Q#WKH#R0FKORURDQLOLQH#VWXG\/#PDOH#DQG

IHPDOH# UDWV# DGPLQLVWHUHG# 73#PJ2NJ#RU#JUHDWHU#GHYHORSHG# D#EOXLVK#GLVFRORUDWLRQ#RI# WKH#JHQLWDO# DQG# IRRWSDG

UHJLRQV1# # ,Q#PDOH#DQG# IHPDOH#UDWV# LQ# WKH#;3#DQG#493#PJ2NJ#JURXSV# LQ# WKH#P0FKORURDQLOLQH#VWXG\/#D#VLPLODU

GLVFRORUDWLRQ#RI#WKH#HDU/#QDVDO/#JHQLWDO/#DQG#IRRWSDG#UHJLRQV#ZDV#REVHUYHG1
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7$%/(#7 6XUYLYDO#DQG#%RG\#:HLJKWV#RI#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#R0&KORURDQLOLQH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2NJ, +(,

0$/(

3 43243 468#�#5 659#�#6 4<4#�#5
43 43243 467#�#5 654#�#9 4;:#�#8 <<
53 43243 469#�#5 663#�#9 4<7#�#8 434
73 <243 465#�#5 657#�#7 4<3#�#6 <<F

;3 43243 468#�#5 64:#�#8 4;7#�#8 <:G

493 43243 466#�#6 637#�#7-- 4:3#�#6-- <6

)(0$/(

3 43243 445#�#4 4;8#�#5 :6#�#5
43 43243 446#�#5 4;9#�#6 :6#�#6 434
53 <243 446#�#4 4;<#�#6 ::#�#6 435H

73 43243 443#�#5 4:;#�#6 9<#�#6 <:
;3 43243 444#�#5 4;3#�#5 9<#�#6 <;

493 43243 444#�#4 4:;#�#5 99#�#5 <9

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
1XPEHU#VXUYLYLQJ#DW#46#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1E

:HHN#RI#GHDWK=##5F

7KH#LQLWLDO#DQG#ILQDO#ERG\#ZHLJKWV#RI#RQH#UDW#DUH#QRW#LQFOXGHG#LQ#WKH#PHDQV1G

:HHN#RI#GHDWK=##9H
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7$%/(#8 6XUYLYDO#DQG#%RG\#:HLJKWV#RI#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#P0&KORURDQLOLQH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2NJ, +(,

0$/(

3 43243 489#�#5 656#�#9 499#�#:
43 43243 487#�#4 654#�#< 49:#�#; 433
53 43243 488#�#5 644#�#: 489#�#9 <9
73 43243 489#�#4 653#�#8 498#�#8 <<
;3 43243 489#�#5 646#�#9 48:#�#9 <:

493 43243 48:#�#4 5;<#�#9-- 465#�#:-- <3

)(0$/(

3 43243 457#�#4 4;6#�#6 8<#�#6
43 43243 457#�#4 4;9#�#6 95#�#6 435
53 43243 456#�#4 4;8#�#6 95#�#6 434
73 43243 456#�#4 4;9#�#6 95#�#5 434
;3 43243 457#�#4 4:;#�#6 87#�#5 <:

493 <243 459#�#4 4;7#�#6 8;#�#5 433F

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
1XPEHU#VXUYLYLQJ#DW#46#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXSD

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1E

:HHN#RI#GHDWK=##45F



28 o-, m-, & p-Chloroaniline, NTP TOX 43

FIGURE 1      Body Weights of F344/N Rats Administered o-Chloroaniline by Gavage for 13 Weeks



29o-, m-, & p-Chloroaniline, NTP TOX 43

FIGURE 2      Body Weights of F344/N Rats Administered m-Chloroaniline by Gavage for 13 Weeks
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R0&KORURDQLOLQH=##+HPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#GDWD#DUH#OLVWHG#LQ#7DEOHV#9#DQG#'41##$GPLQLVWUDWLRQ#RI

R0FKORURDQLOLQH#FDXVHG#D#PLQLPDO# WR#PDUNHG/#GRVH0#DQG# WLPH0GHSHQGHQW#PHWKHPRJORELQHPLD/#HYLGHQFHG#E\

LQFUHDVHG#PHWKHPRJORELQ#FRQFHQWUDWLRQV/#LQ#DOO#JURXSV#RI#GRVHG#PDOH#DQG#IHPDOH#UDWV#DW#ZHHN#461##,QFUHDVHG

PHWKHPRJORELQ# FRQFHQWUDWLRQV# DOVR# RFFXUUHG# LQ#PDOHV# LQ# WKH# ;3# DQG# 493#PJ2NJ# JURXSV# DQG# LQ# IHPDOHV

DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#RQ#GD\#6>#E\#GD\#56/#PHWKHPRJORELQ#FRQFHQWUDWLRQV#ZHUH#LQFUHDVHG#LQ#PDOHV

DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU1##,Q#DOO#GRVHG#JURXSV/#WKH

LQFUHDVHV#LQ#PHWKHPRJORELQ#FRQFHQWUDWLRQ#EHFDPH#PRUH#VHYHUH#ZLWK#WLPH1##)HPDOH#UDWV#DSSHDUHG#WR#EH#PRUH

VXVFHSWLEOH# WR# WKH# PHWKHPRJORELQ0LQGXFLQJ# HIIHFWV# RI# R0FKORURDQLOLQH/# EDVHG# RQ# WKH# RFFXUUHQFH# RI

PHWKHPRJORELQHPLD#LQ#JURXSV#UHFHLYLQJ#ORZHU#GRVHV#RU#DW#HDUOLHU#WLPH#SRLQWV#WKDQ#LQ#PDOHV1

$#PLQLPDO# WR#PLOG/# GRVH0# DQG# WLPH0UHODWHG# DQHPLD/# HYLGHQFHG# E\# GHFUHDVHV# LQ# KHPDWRFULW# ++FW,# YDOXHV/

KHPRJORELQ#++JE,#FRQFHQWUDWLRQV/#DQG#HU\WKURF\WH#+5%&,#FRXQWV/#RFFXUUHG#LQ#PDOHV#LQ#WKH#493#PJ2NJ#JURXS

DQG# IHPDOHV# LQ# WKH# ;3# DQG# 493#PJ2NJ# JURXSV# RQ# GD\# 561# # %\#ZHHN# 46/# WKH# DQHPLD# RFFXUUHG# LQ#PDOHV

DGPLQLVWHUHG#;3#RU#493#PJ2NJ#DQG#IHPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU1##7KH#DQHPLD#ZDV#FKDUDFWHUL]HG

DV#PDFURF\WLF/#QRUPRFKURPLF/#DQG#UHVSRQVLYH1##(YLGHQFH#RI#PDFURF\WRVLV#LQFOXGHG#LQFUHDVHV#LQ#WKH#PHDQ#FHOO

YROXPH#+0&9,#LQ#IHPDOH#UDWV#LQ#WKH#493#PJ2NJ#JURXS#RQ#GD\#56#DQG#LQ#PDOHV#DGPLQLVWHUHG#;3#RU#493#PJ2NJ

DQG#IHPDOHV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#DW#ZHHN#461##7KH#PDFURF\WRVLV#ZDV#DWWULEXWHG#WR#WKH#LQFUHDVHG

QXPEHUV#RI#ODUJHU#UHWLFXORF\WHV#LQ#WKH#EORRGVWUHDP#DQG#ZRXOG#EH#FRQVLVWHQW#ZLWK#DQ#HU\WKURSRLHWLF#UHVSRQVH#WR

DQHPLD1##1RUPRFKURPLF#5%&V#ZHUH#HYLGHQFHG#E\#WKH#ODFN#RI#FKDQJH#LQ#PHDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ

+0&+&,1##(YLGHQFH#RI#DQ#HU\WKURSRLHWLF#UHVSRQVH#ZDV#GHPRQVWUDWHG#E\#LQFUHDVHV#LQ#UHWLFXORF\WH#DQG#QXFOHDWHG

HU\WKURF\WH#+15%&,#FRXQWV1##5HWLFXORF\WH#FRXQWV#ZHUH#LQFUHDVHG#LQ#PDOHV#LQ#WKH#493#PJ2NJ#JURXS#DQG#IHPDOHV

LQ# WKH# ;3# DQG# 493#PJ2NJ# JURXS# RQ# GD\# 56# DQG# LQ#PDOHV# DGPLQLVWHUHG# 73#PJ2NJ# RU# JUHDWHU# DQG# IHPDOHV

DGPLQLVWHUHG# 53#PJ2NJ# RU# JUHDWHU# DW#ZHHN# 461# # ,QFUHDVHV# LQ#15%&# FRXQWV# DFFRPSDQLHG# WKH# LQFUHDVHV# LQ

UHWLFXORF\WH#FRXQWV1##5HWLFXORF\WRVLV#FDQ#FDXVH#VOLJKWO\#LQFUHDVHG#PHDQ#FHOO#KHPRJORELQ#+0&+,#YDOXHV>#WKXV/

WKH#PLQLPDO#LQFUHDVHV#LQ#0&+#RQ#GD\#56#DQG#DW#ZHHN#46#LQ#PDOHV#LQ#WKH#493#PJ2NJ#JURXS#DQG#IHPDOHV#LQ#WKH

;3#DQG#493#PJ2NJ#JURXSV#ZRXOG#EH#FRQVLVWHQW#ZLWK#WKH#LQFUHDVHG#UHWLFXORF\WH#FRXQWV#LQ#WKHVH#JURXSV1##'RVHG

IHPDOH#UDWV#DSSHDUHG#WR#EH#PRUH#VXVFHSWLEOH#WR#WKH#GHYHORSPHQW#RI#DQHPLD#WKDQ#PDOHV>#WKLV#ILQGLQJ#LV#FRQVLVWHQW

ZLWK#WKH#VH[#GLIIHUHQFH#REVHUYHG#IRU#WKH#PHWKHPRJORELQ#UHVXOWV1
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7$%/(#9 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#R0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 43 < 43 43 43
:HHN#46 43 43 43 < < 43

0HWKHPRJORELQ#+J2G/,
'D\#6 315;#�#3136 3157#�#3135 3167#�#3136 3164#�#3137 3186#�#3135-- 4157#�#313;--
'D\#56 3148#�#3135 3147#�#3135 3153#�#3136 316<#�#3138-- 31;4#�#313:-- 41:3#�#3143--E

:HHN#46 3163#�#3135 3173#�#3135-- 318<#�#3137-- 31;7#�#3137-- 418<#�#3139-- 51:<#�#313<--
+HPDWRFULW#+(,

'D\#6 6<1;#�#318 7315#�#31: 7316#�#317 731:#�#317 7315#�#318 7414#�#317
'D\#56 7816#�#316 781<#�#319 7817#�#318 7819#�#318 7817#�#317 751<#�#316--
:HHN#46 7817#�#317 781:#�#316 781:#�#316 7719#�#317 7615#�#319- 761:#�#316--

+HPRJORELQ#+J2G/,
'D\#6 4715#�#314 4716#�#314 4714#�#314 4714#�#314 4716#�#314 4716#�#314
'D\#56 4915#�#314 4913#�#314 4914#�#314 4915#�#314 4914#�#315 4814#�#314--
:HHN#46 4914#�#314 4915#�#314 4914#�#315 4819#�#314- 4815#�#315-- 4817#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 9196#�#313; 9198#�#3145 91:3#�#313; 91:8#�#3139 91:4#�#313< 91;6#�#3139
'D\#56 :1;9#�#3139 ;135#�#3144 :1<;#�#3143 :1<:#�#3143 ;133#�#3143 :174#�#3139--
:HHN#46 ;188#�#313: ;196#�#3139 ;1:4#�#313: ;17;#�#3143 :1<4#�#3146-- :185#�#313:--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 3148#�#3135 3146#�#3136 3146#�#3135 3145#�#3135 314<#�#3135 3148#�#3136
'D\#56 3149#�#3134 314;#�#3134 3149#�#3134 314:#�#3134 314:#�#3134 315<#�#3137--
:HHN#46 3149#�#3134 3148#�#3135 314<#�#3134 3154#�#3135- 3165#�#3137-- 3179#�#3135--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3134#�#3134 3133#�#3133 3133#�#3133 3135#�#3135 3136#�#3134 3134#�#3134
'D\#56 3134#�#3134 3134#�#3134 3134#�#3134 3134#�#3134 3134#�#3134 3138#�#3135
:HHN#46 3134#�#3134 3133#�#3133 3134#�#3134 3135#�#3134 3136#�#3134- 3146#�#3136--

0HDQ#FHOO#YROXPH#+I/,
'D\#6 9314#�#315 9317#�#315 9314#�#315 9317#�#316 8<1<#�#315 9314#�#314
'D\#56 8:19#�#315 8:15#�#315 891<#�#315 8:15#�#314 891:#�#317-- 8;13#�#314
:HHN#46 8614#�#315 8613#�#315 8517#�#315 8519#�#316 8719#�#317- 8;14#�#318--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5417#�#314 5419#�#316 5413#�#315- 531<#�#314- 5416#�#316 5413#�#314
'D\#56 5319#�#314 5313#�#315 5315#�#315 5316#�#315 5314#�#315- 5317#�#314
:HHN#46 4;1<#�#314 4;1;#�#314 4;18#�#314 4;17#�#315 4<15#�#315 5318#�#315--

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 915#�#319--



65 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#9 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#R0&KORURDQLOLQH#+FRQWLQXHG,

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

)(0$/(

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 < 43 43 43 43
:HHN#46 43 43 < 43 43 43

0HWKHPRJORELQ#+J2G/,
'D\#6 314<#�#3136 3157#�#3135 3156#�#3136 3179#�#3135-- 4144#�#313<-- 41<5#�#313<--
'D\#56 3154#�#3136 3159#�#3136 317:#�#3135-- 31<7#�#313<-- 419<#�#313<-- 5179#�#3143--E

:HHN#46 316:#�#3137 3187#�#3136-- 31;6#�#3135-- 4186#�#313:-- 5168#�#3139-- 51;3#�#313:--
+HPDWRFULW#+(,

'D\#6 741<#�#319 741;#�#317 751;#�#319 7514#�#318 7615#�#317 7618#�#318
'D\#56 7919#�#319 781<#�#317 7917#�#316 781:#�#319 761<#�#318-- 741;#�#316--
:HHN#46 7815#�#317 7814#�#317 7717#�#317 7715#�#317 7518#�#317-- 741<#�#316--

+HPRJORELQ#+J2G/,
'D\#6 4718#�#315 4719#�#314 471:#�#315 4719#�#315 471<#�#314 471<#�#314
'D\#56 4916#�#315 4915#�#314 4917#�#315 4913#�#315 4813#�#314-- 4719#�#314--
:HHN#46 481:#�#314 4819#�#314 4815#�#314- 4813#�#315-- 4716#�#314-- 4719#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 91;:#�#3144 91;9#�#3138 91<<#�#3143 91;:#�#3143 :146#�#3143 :156#�#313<-
'D\#56 :1:7#�#3144 :1:5#�#3138 :1:<#�#313: :199#�#3143 :15:#�#313;-- 918:#�#3138--
:HHN#46 :1:;#�#313; :1:7#�#3138 :186#�#3139-- :167#�#313;-- 91;5#�#3137-- 9174#�#313:--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 3144#�#3134 3144#�#3134 3143#�#3134 3143#�#3134 3144#�#3134 3144#�#3134
'D\#56 3148#�#3134 3149#�#3134 314:#�#3134 314;#�#3135 315:#�#3135-- 317;#�#3137--
:HHN#46 3146#�#3134 3146#�#3134 314;#�#3134-- 314<#�#3135-- 3167#�#3134-- 317:#�#3135--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3135#�#3134 3133#�#3133 3135#�#3134 3136#�#3134 3133#�#3133 3134#�#3134
'D\#56 3134#�#3134 3133#�#3133 3134#�#3134 3135#�#3134 313;#�#3135-- 3154#�#313:--
:HHN#46 3136#�#3134 3136#�#3134 3139#�#3135 3139#�#3135 3145#�#3135-- 3167#�#3143--

0HDQ#FHOO#YROXPH#+I/,
'D\#6 9414#�#316 931<#�#316 9415#�#317 9416#�#317 9319#�#316 9315#�#316
'D\#56 9316#�#316 8<18#�#316 8<19#�#317 8<1:#�#317 9316#�#315 961:#�#316--
:HHN#46 8;14#�#315 8;16#�#316 8<13#�#317 9315#�#315-- 9515#�#316-- 9818#�#315--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5414#�#314 5417#�#314 5413#�#314 5416#�#314 531<#�#315 5319#�#314-
'D\#56 5414#�#315 531<#�#315 5413#�#314 531<#�#314 531:#�#314 5515#�#314--
:HHN#46 5315#�#314 5315#�#314 5314#�#314 5318#�#315 5413#�#314-- 551;#�#315--

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 431:#�#31:--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ43E
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0RUSKRORJLF#UHYLHZ#RI#5%&V#UHYHDOHG#+HLQ]#ERGLHV/#VFKLVWRF\WHV/#NHUDWRF\WHV/#VSKHURF\WHV/#DQG#DFDQWKRF\WHV/

RFFXUULQJ#RFFDVLRQDOO\#RU#DW#PLQLPDOO\#LQFUHDVHG#QXPEHUV/#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXSV#DW#DOO

WLPH#SRLQWV1##7KH#+HLQ]#ERGLHV#ZHUH#40#WR#60�P#VSKHULFDO#VWUXFWXUHV#VHHQ#DV#QLSSOHV#SURWUXGLQJ#IURP#WKH#5%&

VXUIDFH1##,QFUHDVHG#QXPEHUV#RI#SRO\FKURPDWRSKLOLF#UHG#FHOOV#RFFXUUHG#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ

JURXSV#RQ#GD\#56#DQG#DW#ZHHN#461##7KH#SUHVHQFH#RI#WUHDWPHQW0UHODWHG#DOWHUHG#UHG#FHOO#PRUSKRORJ\#+H1J1#+HLQ]

ERGLHV/#VFKLVWRF\WHV/#NHUDWRF\WHV/#VSKHURF\WHV/#DQG#DFDQWKRF\WHV,#LV#FRQVLVWHQW#ZLWK#UHG#FHOO#LQMXU\#DQG#VXJJHVWV

WKDW#WKH#DQHPLD#ZDV#RI#KHPRO\WLF#RULJLQ1##7KH#SUHVHQFH#RI#+HLQ]#ERGLHV#LQGLFDWHV#WKDW#KHPRJORELQ#ZDV#D#WDUJHW

RI#WKH#R[LGDWLYH#LQMXU\#DQG#LV#FRQVLVWHQW#ZLWK#WKH#PHWKHPRJORELQHPLD1##7KH#LQFUHDVH#LQ#SRO\FKURPDVLD#LQ#GRVHG

UDWV#ZRXOG#EH#FRQVLVWHQW#ZLWK#D#ERQH#PDUURZ#UHVSRQVH#WR#WKH#DQHPLD1

$Q#DSSDUHQW#PLQLPDO#WR#PLOG#OHXNRF\WRVLV/#HYLGHQFHG#E\#LQFUHDVHG#WRWDO#OHXNRF\WH#+:%&,#FRXQWV/#RFFXUUHG#LQ

IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#RQ#GD\#56#DQG#LQ#PDOHV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV

DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DW#ZHHN#46# +7DEOH#'4,1# #(VWLPDWHV#RI#:%&#FRXQWV# IURP#EORRG#VPHDUV/

KRZHYHU/#GLG#QRW#VXSSRUW#WKH#TXDQWLWDWLYH#UHVXOWV/#VXJJHVWLQJ#WKDW#WKH#DXWRPDWHG#:%&#FRXQWV#ZHUH#HUURQHRXVO\

HOHYDWHG#EHFDXVH#RI#WKH#SUHVHQFH#RI#QRQO\VHG#UHWLFXORF\WHV#RU#5%&#IUDJPHQWV/#+HLQ]#ERGLHV/#RU#ODUJH#SODWHOHWV/

ZKLFK#ZHUH#FRXQWHG#DV#:%&V#E\#WKH#DXWRPDWHG#FHOO#FRXQWHU1##3ODWHOHW#FRXQWV#ZHUH#PLQLPDOO\#LQFUHDVHG#LQ#PDOHV

LQ#WKH#493#PJ2NJ#JURXS#DQG#IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#RQ#GD\#56>#DW#ZHHN#46/#SODWHOHW#FRXQWV

ZHUH# LQFUHDVHG# LQ#PDOHV# DGPLQLVWHUHG# ;3# RU# 493#PJ2NJ# DQG# IHPDOHV# DGPLQLVWHUHG# 53#PJ2NJ# RU# JUHDWHU

+7DEOH#'4,1##7KH#LQFUHDVHG#SODWHOHW#FRXQWV#FRXOG#KDYH#EHHQ#UHODWHG#WR#D#JHQHUDO#LQFUHDVH#LQ#KHPDWRSRLHWLF#DFWLYLW\

RU#FRXOG#KDYH#EHHQ#HUURQHRXVO\#HOHYDWHG#GXH#WR#WKH#SUHVHQFH#RI#IUHH#+HLQ]#ERGLHV#DQG2RU#5%&#IUDJPHQWV#LQ#WKH

FLUFXODWLRQ1

(YLGHQFH#RI#LQFUHDVHG#KHSDWRFHOOXODU#OHDNDJH#DQG2RU#DOWHUHG#IXQFWLRQ#ZDV#GHPRQVWUDWHG#E\#LQFUHDVHG#VRUELWRO

GHK\GURJHQDVH#+6'+,#DFWLYLWLHV#DQG#ELOH#VDOW#FRQFHQWUDWLRQV#LQ#GRVHG#PDOHV#DQG#IHPDOHV#DW#ZHHN#46#+7DEOH#'4,1

7KH#LQFUHDVHV#LQ#WKHVH#SDUDPHWHUV#ZHUH#PLQLPDO#WR#PLOG#DQG#ZHUH#PRVW#SURQRXQFHG#LQ#WKH#493#PJ2NJ#JURXSV1

$EVROXWH#DQG#UHODWLYH#VSOHHQ#ZHLJKWV#RI#PDOH#DQG#IHPDOH#UDWV#JHQHUDOO\#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH#+7DEOHV#:

DQG#&4,1##7KH#DEVROXWH#VSOHHQ#ZHLJKWV#RI#PDOH#UDWV#DGPLQLVWHUHG#;3#RU#493#PJ2NJ#DQG#IHPDOHV#DGPLQLVWHUHG

53#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV>#UHODWLYH#VSOHHQ#ZHLJKWV#RI

PDOHV#DQG#IHPDOHV#LQ#WKH#73/#;3/#DQG#493#PJ2NJ#JURXSV#ZHUH#DOVR#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH

FRQWUROV1##'LIIHUHQFHV#LQ#WKH#UHODWLYH#KHDUW/#ULJKW#NLGQH\/#OLYHU/#DQG#ULJKW#WHVWLV#ZHLJKWV#RI#GRVHG#PDOHV#DQG

UHODWLYH#KHDUW#DQG#OLYHU#ZHLJKWV#RI#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS#+7DEOH#&4,#JHQHUDOO\#UHIOHFWHG#GLIIHUHQFHV

LQ#QHFURSV\#ERG\#ZHLJKWV1
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7$%/(#: 6SOHHQ#:HLJKWV#DQG#6SOHHQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#)67721#5DWV#
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q 43 43 43 < < 43

1HFURSV\#ERG\#ZW 667#�#6 65;#�#9 667#�#: 65<#�#7 64<#�#8 637#�#8--

6SOHHQ
$EVROXWH 319;7#�#31347 31996#�#31345 319;4#�#3134; 31:83#�#31346 31;94#�#31376-- 41437#�#31357--
5HODWLYH 5138#�#3137 5135#�#3135 5138#�#3138 515;#�#3136- 51:3#�#3146-- 6196#�#3139--

)(0$/(

Q 43 43 < 43 43 43

1HFURSV\#ERG\#ZW 4;6#�#6 4;<#�#6 4<3#�#6 4:9#�#6 4:;#�#5 4:7#�#5-

6SOHHQ
$EVROXWH 3174<#�#3133< 31765#�#3133: 3178<#�#31343- 31793#�#31343- 318<7#�#31346-- 31<3:#�#3134;--
5HODWLYH 515;#�#3136 515<#�#3135 5175#�#3137 5194#�#3138-- 6166#�#3139-- 8156#�#313<--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

6SOHHQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#VSOHHQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DVD

PJ#RUJDQ#ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1

7KH#VSOHHQV#RI#DOO#UDWV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#ZHUH#HQODUJHG#DQG#GDUN#UHG1##7KHUH#ZHUH#QR#RWKHU

WUHDWPHQW0UHODWHG#JURVV#ILQGLQJV1

0LQLPDO#WR#PLOG#KHPRVLGHULQ#SLJPHQWDWLRQ#ZDV#REVHUYHG#PLFURVFRSLFDOO\#LQ#WKH#VSOHHQ/#OLYHU/#DQG#UHQDO#FRUWH[

RI#PDOH#DQG#IHPDOH#UDWV#LQ#WKH#493#PJ2NJ#JURXSV#DQG#LQ#WKH#VSOHHQ#RI#IHPDOHV#LQ#WKH#;3#PJ2NJ#JURXS#+7DEOHV#;/

$4/#DQG#$5,1##+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#DQG#FDSVXOH#ILEURVLV#RI#PLQLPDO#WR#PLOG#VHYHULW\#RFFXUUHG#LQ#WKH

VSOHHQV#RI#PDOHV#DQG#IHPDOHV# LQ# WKH#;3#DQG#493#PJ2NJ#JURXSV1##$OO#PDOHV#DQG#IHPDOHV#DGPLQLVWHUHG#;3#RU

493#PJ2NJ#R0FKORURDQLOLQH#DQG#RQH#PDOH#DGPLQLVWHUHG#73#PJ2NJ#KDG#PLQLPDO#WR#PLOG#K\SHUSODVLD#RI#WKH#ERQH

PDUURZ#HU\WKURLG#FHOOV1

7KHUH#ZHUH#QR#VLJQLILFDQW#GLIIHUHQFHV# LQ#VSHUP#PRWLOLW\#RU#YDJLQDO#F\WRORJ\#SDUDPHWHUV#EHWZHHQ#GRVHG#DQG

YHKLFOH#FRQWURO#PDOHV#RU#IHPDOHV#+7DEOHV#(4#DQG#(5,1
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7$%/(#; ,QFLGHQFH#RI#6HOHFWHG#/HVLRQV#LQ#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#R0&KORURDQLOLQH

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

%RQH#PDUURZ 43 43 43 43 43 43D

(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 4 +513, 43-- +419, 43-- +513,E F

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 3 43-- +417,

/LYHU 43 ³ 4 4 ³ 43G

.XSIIHU#FHOO/#SLJPHQWDWLRQ/#
##KHPRVLGHULQ 3 3 3 43-- +413,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 3 43-- +41;, 43-- +513,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 3 <-- +417,
&DSVXOH/#ILEURVLV 3 3 3 3 43-- +413, <-- +513,

)(0$/(

%RQH#PDUURZ 43 43 43 43 43 43
(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 3 43-- +41;, 43-- +513,

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 3 43-- +414,

/LYHU 43 ³ 4 ³ ³ 43
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 43-- +413,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 3 43-- +513, 43-- +41<,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 <-- +41;, <-- +41<,
&DSVXOH/#ILEURVLV 3 3 3 3 43-- +413, 43-- +513,

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
1XPEHU#RI#DQLPDOV#ZLWK#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGF

1RW#H[DPLQHGG
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P0&KORURDQLOLQH=# #+HPDWRORJ\# DQG# FOLQLFDO# FKHPLVWU\# GDWD# DUH# OLVWHG# LQ# 7DEOHV# <# DQG#'51# # ,Q# JHQHUDO/

KHPDWRORJLFDO#DQG#VHUXP#FKHPLVWU\#DOWHUDWLRQV#VLPLODU#WR#WKRVH#RFFXUULQJ#LQ#WKH#R0FKORURDQLOLQH#VWXG\#RFFXUUHG

LQ# WKH# P0FKORURDQLOLQH# VWXG\># KRZHYHU/# WKH# FKDQJHV# FDXVHG# E\# P0FKORURDQLOLQH# ZHUH# PRUH# VHYHUH1

$GPLQLVWUDWLRQ# RI#P0FKORURDQLOLQH# FDXVHG# D# GRVH0GHSHQGHQW#PHWKHPRJORELQHPLD/# HYLGHQFHG# E\# LQFUHDVHG

PHWKHPRJORELQ#FRQFHQWUDWLRQV#LQ#DOO#GRVHG#JURXSV#DW#DOO#WLPH#SRLQWV/#ZKLFK#ZDV#VLPLODU#WR/#EXW#PRUH#VHYHUH#WKDQ/

WKDW#RFFXUULQJ#LQ#WKH#R0FKORURDQLOLQH#VWXG\1##,Q#PDOHV#DQG#IHPDOHV/#WKH#LQFUHDVHV#LQ#PHWKHPRJORELQ#FRQFHQWUDWLRQ

LQ# WKH#43/#53/#DQG#73#PJ2NJ#JURXSV#EHFDPH#PRUH#VHYHUH#ZLWK#WLPH>#WKH#PHWKHPRJORELQHPLD#LQ#WKH#;3#DQG

493#PJ2NJ#JURXSV#ZDV#PRVW#VHYHUH#DW#GD\#6#DQG#DSSHDUHG#WR#DPHOLRUDWH#VOLJKWO\#RQ#GD\#56#DQG#DW#ZHHN#461##$V

LQ#WKH#R0FKORURDQLOLQH#VWXG\/#IHPDOH#UDWV#DSSHDUHG#WR#EH#PRUH#VXVFHSWLEOH#WR#WKH#PHWKHPRJORELQ0LQGXFLQJ#HIIHFWV

RI#P0FKORURDQLOLQH#WKDQ#PDOHV/#DV#HYLGHQFHG#E\#WKH#JUHDWHU#VHYHULW\#RI#PHWKHPRJORELQHPLD#LQ#DOO#GRVHG#JURXSV

RI#IHPDOHV#DW#DOO#WLPH#SRLQWV1

$V#ZLWK# R0FKORURDQLOLQH# DGPLQLVWUDWLRQ/# D# GRVH0UHODWHG/#PDFURF\WLF/# QRUPRFKURPLF/# UHVSRQVLYH# DQHPLD# RI

PLQLPDO#WR#PRGHUDWH#VHYHULW\#RFFXUUHG#LQ#PDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#LQ#DOO#GRVHG#JURXSV#RI

IHPDOHV#+7DEOH#<,1##7KH#DQHPLD#ZDV#HYLGHQFHG#E\#GHFUHDVHG#+FW#YDOXHV/#+JE#FRQFHQWUDWLRQV/#DQG#5%&#FRXQWV1

7KH#PDFURF\WRVLV#ZDV#HYLGHQFHG#E\# LQFUHDVHG#0&9#YDOXHV1# #(OHYDWLRQV# LQ#0&+#YDOXHV#DFFRPSDQLHG#DQG

UHIOHFWHG#WKH#LQFUHDVHV#LQ#0&91##7KH#LQFUHDVHV#LQ#UHWLFXORF\WH#DQG#15%&#FRXQWV#ZRXOG#EH#FRQVLVWHQW#ZLWK#DQ

HU\WKURSRLHWLF#UHVSRQVH#WR#WKH#DQHPLD1##7KHUH#ZHUH#QR#FRQVLVWHQW#FKDQJHV#LQ#0&+&#LQ#GRVHG#PDOHV#RU#IHPDOHV1

0LFURVFRSLF#HYDOXDWLRQ#RI#EORRG#VPHDUV#UHYHDOHG#PLQLPDOO\#WR#PRGHUDWHO\#LQFUHDVHG#QXPEHUV#RI#+HLQ]#ERGLHV/

VFKLVWRF\WHV/#NHUDWRF\WHV/#VSKHURF\WHV/#DFDQWKRF\WHV/#VWRPDWRF\WHV/#DQG#HFFHQWURF\WHV#LQ#PDOHV#DQG#IHPDOHV#LQ

WKH#493#PJ2NJ#JURXSV#DW#DOO#WLPH#SRLQWV#EXW#ZHUH#PRVW#SURPLQHQW#RQ#GD\#56#DQG#DW#ZHHN#461##$OWHUHG#5%&

PRUSKRORJ\#DOVR#RFFXUUHG#LQ#WKH#ORZHU#GRVHG#JURXSV1##7KH#SUHVHQFH#RI#+HLQ]#ERGLHV/#VFKLVWRF\WHV/#NHUDWRF\WHV/

VSKHURF\WHV/#DQG#HFFHQWURF\WHV#LV#FRQVLVWHQW#ZLWK#R[LGDWLYH#LQMXU\#WR#PDWXUH#5%&V#DQG#VXJJHVWV#WKDW#WKH#DQHPLD

ZDV#RI#KHPRO\WLF#RULJLQ1##$#PDUNHG#LQFUHDVH#LQ#WKH#QXPEHUV#RI#SRO\FKURPDWRSKLOLF#UHG#FHOOV#RFFXUUHG#LQ#WKH

493#PJ2NJ#JURXSV#RQ#GD\#56#DQG#DW#ZHHN#46>#LQFUHDVHG#SRO\FKURPDVLD#DOVR#RFFXUUHG#LQ#WKH#;3#PJ2NJ#JURXSV1

7KH#LQFUHDVH#LQ#SRO\FKURPDVLD#LQ#GRVHG#UDWV#ZRXOG#EH#FRQVLVWHQW#ZLWK#D#ERQH#PDUURZ#UHVSRQVH#WR#WKH#DQHPLD1

2Q#GD\#56/#EDVRSKLOLF#VWLSSOLQJ#RFFXUUHG#LQ#UDWV#LQ#WKH#493#PJ2NJ#JURXSV>#WKLV#ZRXOG#DOVR#EH#FRQVLVWHQW#ZLWK

D#ERQH#PDUURZ#UHVSRQVH1
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7$%/(#< 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#P0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q 43 43 43 43 43 43

0HWKHPRJORELQ#+J2G/,
'D\#6 316<#�#3137 3189#�#3138-- 4197#�#3148-- 5187#�#314:-- 718:#�#3159-- 9146#�#313<--
'D\#56 3154#�#3136 31;3#�#313:-- 41:3#�#3143-- 6145#�#3145-- 71:<#�#3148-- 8144#�#3158--
:HHN#46 3164#�#3135 4144#�#3139-- 5146#�#3139-- 6198#�#314<-- 71;<#�#3153-- 81;6#�#314;--

+HPDWRFULW#+(,
'D\#6 7518#�#319 7618#�#31: 7719#�#317 751;#�#317 7518#�#317 741;#�#318
'D\#56 7<1;#�#417 7913#�#316 7617#�#315-- 7619#�#316-- 751:#�#318-- 7517#�#317--
:HHN#46 791:#�#31; 7913#�#319 771;#�#317- 771<#�#31<-- 7614#�#318-- 7:17#�#413-

+HPRJORELQ#+J2G/,
'D\#6 4813#�#315 4814#�#315 4818#�#315 471:#�#314 471:#�#314 4719#�#314
'D\#56 4:19#�#317 4916#�#314- 4818#�#314-- 4815#�#314-- 4815#�#315-- 4813#�#314--
:HHN#46 4913#�#316 481;#�#315 4816#�#314-- 4819#�#316-- 4817#�#314-- 4818#�#316-

(U\WKURF\WHV#+43 2�/,9

'D\#6 :149#�#3144 :16<#�#3147 :187#�#313: :157#�#313: :148#�#313; 91<7#�#3143
'D\#56 ;1;4#�#3156 ;169#�#313: :1;7#�#3137-- :186#�#3139-- 91:6#�#313;-- 8185#�#3139--
:HHN#46 ;1;<#�#3146 ;1:8#�#3144 ;166#�#313;-- :1:<#�#3149-- 9195#�#313:-- 81;6#�#313;--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 315<#�#3134 315<#�#3135 3163#�#3136 3164#�#3136 316:#�#3135- 3173#�#3136-
'D\#56 3149#�#3134 3153#�#3134- 3158#�#3135-- 3174#�#3136-- 317;#�#3136-- 31;5#�#3139--
:HHN#46 3145#�#3134 314;#�#3134-- 3154#�#3134-- 3169#�#3136-- 318:#�#3136-- 41;8#�#3144--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3136#�#3134 3134#�#3134 313:#�#3137 3137#�#3135 313;#�#3136 3159#�#313;--
'D\#56 3134#�#3134 3134#�#3134 3136#�#3135 313:#�#3136- 317<#�#3148-- 7149#�#3165--E

:HHN#46 3134#�#3134 3134#�#3134 3139#�#3135- 3143#�#3136-- 3148#�#3137-- 3187#�#313:--
0HDQ#FHOO#YROXPH#+I/,

'D\#6 8<17#�#316 8;1;#�#315 8<15#�#315 8<14#�#315 8<17#�#315 9316#�#316
'D\#56 8918#�#316 8814#�#314 8817#�#315 8:1;#�#314 9617#�#316-- :91<#�#319--
:HHN#46 8518#�#315 8519#�#315 861;#�#315-- 8:19#�#315-- 9815#�#316-- ;416#�#414--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 531<#�#315 5318#�#315 5318#�#314 5316#�#315- 5319#�#314 5413#�#315
'D\#56 4<1<#�#314 4<19#�#314 4<1;#�#314 5315#�#315 551:#�#314-- 5:14#�#315--
:HHN#46 4;13#�#315 4;14#�#314 4;17#�#314 5314#�#314-- 5616#�#315-- 591:#�#316--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 6816#�#315 671;#�#316 671:#�#314- 6716#�#316-- 6719#�#314-- 671;#�#314-
'D\#56 6816#�#316 6818#�#315 681;#�#315 671<#�#315 681:#�#315 6816#�#315
:HHN#46 6717#�#315 6716#�#314 6715#�#315 671<#�#315 681;#�#315- 651;#�#316-

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 91:#�#31<-- 4917#�#414-- 41:#�#319--
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7$%/(#< 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#P0&KORURDQLOLQH#+FRQWLQXHG,

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

)(0$/(

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 43 < 43 43 43
:HHN#46 43 43 43 43 43 <

0HWKHPRJORELQ#+J2G/,
'D\#6 3153#�#3137 3195#�#3139-- 41<7#�#3145-- 61<8#�#3146-- 913<#�#3163-- :165#�#3159--
'D\#56 3163#�#3136 4154#�#313<-- 5193#�#3144-- 7157#�#3146-- 8169#�#3146-- 91;<#�#3149--
:HHN#46 3159#�#3135 4187#�#3139-- 51<8#�#3144-- 71:5#�#3154-- 819;#�#3156-- 9189#�#3155--

+HPDWRFULW#+(,
'D\#6 771;#�#317 771<#�#319 771:#�#317 7819#�#317 7619#�#318 7616#�#318
'D\#56 7:17#�#317 7916#�#317 751<#�#318-- 7619#�#318-- 7316#�#318-- 7619#�#318--
:HHN#46 7:16#�#31: 7816#�#317- 7813#�#31;- 7618#�#317-- 7513#�#319-- 7719#�#317--

+HPRJORELQ#+J2G/,
'D\#6 4819#�#314 4819#�#315 4817#�#315 481:#�#315 471<#�#314-- 4817#�#315-
'D\#56 4916#�#314 4819#�#314-- 4718#�#314-- 4814#�#314-- 4717#�#314-- 4815#�#314--
:HHN#46 481;#�#315 4816#�#314 4813#�#316-- 4719#�#315-- 4719#�#315-- 4815#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 :15:#�#313: :163#�#313; :163#�#313; :17;#�#313< :139#�#3139 91;5#�#313:--
'D\#56 :1;8#�#313: :19<#�#3138 91<5#�#313:-- 919<#�#313:-- 8199#�#3138-- 816<#�#313<--
:HHN#46 ;147#�#3144 :196#�#313:-- :173#�#3146-- 91:4#�#313:-- 81;8#�#313;-- 8173#�#313<--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 314<#�#3134 3153#�#3134 314<#�#3134 3153#�#3135 3159#�#3135-- 3163#�#3135--
'D\#56 3145#�#3134 3148#�#3134- 3167#�#3134-- 316;#�#3136-- 319;#�#3137-- 4145#�#3138--
:HHN#46 3143#�#3134 3149#�#3134-- 3154#�#3135-- 3166#�#3136-- 318<#�#3137-- 31<;#�#313;--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3135#�#3134 3135#�#3134 3136#�#3134 3136#�#3135 3139#�#3135 3194#�#3153--
'D\#56 3135#�#3134 3134#�#3134 313<#�#3136 3153#�#3138-- 418:#�#3169-- 4168#�#316<--
:HHN#46 3134#�#3134 3139#�#3136 313;#�#3136- 3147#�#3137-- 3175#�#3143-- 3178#�#314<--F

0HDQ#FHOO#YROXPH#+I/,
'D\#6 941:#�#316 9419#�#316 9415#�#316 9413#�#316 941;#�#316 9618#�#316--
'D\#56 9317#�#315 9315#�#316 9513#�#316-- 9815#�#316-- :416#�#31:-- ;414#�#319--
:HHN#46 8;15#�#314 8<17#�#314-- 931;#�#315-- 971<#�#315-- :41:#�#316-- ;51;#�#31;--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5418#�#314 5417#�#315 5414#�#314 5413#�#314- 5414#�#314 5519#�#314
'D\#56 531;#�#314 5316#�#314 531<#�#314 5519#�#314-- 5817#�#315-- 5;16#�#316--
:HHN#46 4<17#�#314 5314#�#315-- 5316#�#315-- 541;#�#314-- 5813#�#315-- 5;15#�#316--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 671<#�#315 671;#�#316 6718#�#314 6717#�#315 6714#�#315 6819#�#315
'D\#56 6717#�#315 661:#�#315 661:#�#315 6719#�#315 681:#�#318- 671<#�#315
:HHN#46 6617#�#315 661<#�#316 6617#�#315 6619#�#315 671<#�#315-- 6714#�#315--

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 616#�#317-- 4313#�#413-- 4618#�#516--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ<E

QÛ;F
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$Q#DSSDUHQW#PLOG#WR#PDUNHG#OHXNRF\WRVLV/#HYLGHQFHG#E\#LQFUHDVHG#:%&#FRXQWV/#RFFXUUHG#LQ#IHPDOH#UDWV#LQ#WKH

;3#DQG#493#PJ2NJ#JURXSV#RQ#GD\#56#DQG#LQ#PDOHV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV#DGPLQLVWHUHG

53#PJ2NJ#RU#JUHDWHU#DW#ZHHN#461##(VWLPDWHV#RI#:%&#FRXQWV#IURP#EORRG#VPHDUV/#KRZHYHU/#GLG#QRW#VXSSRUW#WKH

TXDQWLWDWLYH# UHVXOWV/# VXJJHVWLQJ# WKDW# WKH# DXWRPDWHG#:%&# FRXQWV#ZHUH# HUURQHRXVO\# HOHYDWHG#EHFDXVH#RI# WKH

SUHVHQFH#RI#QRQO\VHG#UHWLFXORF\WHV#RU#5%&#IUDJPHQWV/#+HLQ]#ERGLHV/#RU#ODUJH#SODWHOHWV/#ZKLFK#ZHUH#FRXQWHG#DV

:%&V#E\# WKH#DXWRPDWHG#FHOO#FRXQWHU1# #$# WKURPERF\WRVLV/# HYLGHQFHG#E\#PLOG# LQFUHDVHV# LQ#SODWHOHW#FRXQWV/

RFFXUUHG#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#RQ#GD\#6#DQG#LQ#YDULRXV#GRVHG#JURXSV#RQ#GD\#561

$W#ZHHN# 46/#KRZHYHU/# D# WKURPERF\WRSHQLD/# HYLGHQFHG#E\#PLOGO\# WR#PRGHUDWHO\#GHFUHDVHG#SODWHOHW#FRXQWV/

RFFXUUHG#LQ#PDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS1

%LRFKHPLFDO#HYLGHQFH#RI#LQFUHDVHG#KHSDWRFHOOXODU#OHDNDJH#DQG2RU#DOWHUHG#IXQFWLRQ#ZDV#GHPRQVWUDWHG#E\#LQFUHDVHG

6'+#DFWLYLWLHV#DQG#ELOH#VDOW#FRQFHQWUDWLRQV#LQ#GRVHG#PDOHV#DQG#IHPDOHV#DW#ZHHN#46#+7DEOH#'5,1##7KH#LQFUHDVHV

LQ#WKHVH#SDUDPHWHUV#ZHUH#PLQLPDO#WR#PLOG#DQG#ZHUH#PRVW#SURQRXQFHG#LQ#WKH#493#PJ2NJ#JURXSV1##,Q#FRQWUDVW/

DODQLQH# DPLQRWUDQVIHUDVH# DFWLYLW\/# DQRWKHU# ELRPDUNHU# RI# KHSDWRFHOOXODU# OHDNDJH/# ZDV# GHFUHDVHG# LQ# PDOHV

DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#LQ#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS1##6HUXP#FUHDWLQH#NLQDVH#DFWLYLW\/#D

PDUNHU#RI#PXVFOH#LQMXU\/#ZDV#PLQLPDOO\#LQFUHDVHG#LQ#WKH#493#PJ2NJ#JURXSV1##$ONDOLQH#SKRVSKDWDVH#DFWLYLW\#ZDV

PLQLPDOO\# GHFUHDVHG# LQ# WKH# 493# PJ2NJ# JURXSV># WKLV# GHFUHDVH# ZRXOG# EH# FRQVLVWHQW# ZLWK# GHFUHDVHG# IHHG

FRQVXPSWLRQ#+IHHG#FRQVXPSWLRQ#GDWD#QRW#DYDLODEOH,1##0LQLPDOO\#LQFUHDVHG#FUHDWLQLQH#FRQFHQWUDWLRQV#LQ#DOO#GRVHG

JURXSV#RI#PDOHV#DQG#IHPDOHV#FRXOG#VXJJHVW#D#PLQLPDOO\#GHFUHDVHG#JORPHUXODU#ILOWUDWLRQ#UDWH1##+RZHYHU/#WKH

FUHDWLQLQH# FRQFHQWUDWLRQV# RI# GRVHG# UDWV#ZHUH#ZLWKLQ# SK\VLRORJLFDO# UDQJHV# DQG# GLG# QRW# GHPRQVWUDWH# D# GRVH

UHODWLRQVKLS/#DQG#VHUXP#XUHD#QLWURJHQ#FRQFHQWUDWLRQV/#DQRWKHU#PDUNHU#RI#WKH#JORPHUXODU#ILOWUDWLRQ#UDWH/#ZHUH#QRW

LQFUHDVHG1##7KLV#VXJJHVWV#WKDW#WKH#HOHYDWHG#FUHDWLQLQH#FRQFHQWUDWLRQV#ZHUH#QRW#WR[LFRORJLFDOO\#UHOHYDQW#DQG#PD\

UHIOHFW#D#QRQSK\VLRORJLFDO#PHFKDQLVP#VXFK#DV#FRPSRXQG0UHODWHG#LQWHUIHUHQFH#ZLWK#WKH#DQDO\WLFDO#PHWKRG1

7KH#DEVROXWH#DQG#UHODWLYH#VSOHHQ#ZHLJKWV#RI#PDOH#DQG#IHPDOH#UDWV#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH/#DQG#WKH#VSOHHQ

ZHLJKWV#RI#UDWV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV

+7DEOHV#43#DQG#&5,1##7KH#DEVROXWH#DQG#UHODWLYH#KHDUW/#ULJKW#NLGQH\/#OLYHU/#DQG#WK\PXV#ZHLJKWV#RI#IHPDOH#UDWV#LQ

WKH#493#PJ2NJ#JURXS#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV>#IHPDOHV#LQ#WKH#;3#PJ2NJ

JURXS#DOVR#KDG#JUHDWHU#DEVROXWH#DQG#UHODWLYH#OLYHU#ZHLJKWV#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV#+7DEOH#&5,1##7KH

DEVROXWH#DQG#UHODWLYH#OXQJ#ZHLJKWV#RI#IHPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH

RI#WKH#YHKLFOH#FRQWUROV>#KRZHYHU/#WKHVH#GLIIHUHQFHV#ZHUH#QRW#GRVH#UHODWHG1
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7$%/(#43 6SOHHQ#:HLJKWV#DQG#6SOHHQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#)67721#5DWV#
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q 43 43 43 43 43 43

1HFURSV\#ERG\#ZW 659#�#9 65:#�#; 64:#�#: 658#�#9 64<#�#9 5<6#�#9--

6SOHHQ
$EVROXWH 31:34#�#31363 31:;;#�#31348 31;8<#�#31344- 415:8#�#31357-- 517;6#�#3139;-- 616:6#�#313<;--
5HODWLYH 5148#�#3143 5175#�#3137 51:5#�#3138-- 61<6#�#313:-- :1:;#�#3144-- 44185#�#314;--

)(0$/(

Q 43 43 43 43 43 <

1HFURSV\#ERG\#ZW 4;6#�#6 4;8#�#6 4;9#�#6 4;6#�#5 4:<#�#6 4;8#�#6

6SOHHQ
$EVROXWH 31784#�#3134: 31837#�#3133; 31936#�#31348-- 31;;8#�#31348-- 41947#�#31383-- 5167<#�#31379--
5HODWLYH 517:#�#313: 51:5#�#3137 6158#�#3139-- 71;6#�#313<-- <137#�#3156-- 451:8#�#315;--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

6SOHHQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#VSOHHQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DVD

PJ#RUJDQ#ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1

$W# QHFURSV\/# PDOH# DQG# IHPDOH# UDWV# DGPLQLVWHUHG# 73# PJ2NJ# RU# JUHDWHU# KDG# HQODUJHG/# GDUNHQHG# VSOHHQV1

0LFURVFRSLF#H[DPLQDWLRQ#UHYHDOHG#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#DQG#KHPRVLGHULQ#SLJPHQWDWLRQ#LQ#WKH#VSOHHQV

RI#UDWV#LQ#DOO#GRVHG#JURXSV#+7DEOHV#44/#$6/#DQG#$7,1##7KH#LQFUHDVHV#LQ#WKH#LQFLGHQFHV#RI#WKHVH#OHVLRQV#ZHUH

VLJQLILFDQW# LQ# DOO# GRVHG# JURXSV/# DQG# WKH# VHYHULW\# JHQHUDOO\# LQFUHDVHG#ZLWK# GRVH1# #$GGLWLRQDOO\/# FRQJHVWLRQ

RFFXUUHG#LQ#PRVW#PDOHV#DQG#IHPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#LQ#RQH#PDOH#LQ#WKH#43#PJ2NJ#JURXS>

VHYHULW\#UDQJHG#IURP#PLQLPDO#LQ#WKH#53#PJ2NJ#JURXS#WR#PRGHUDWH#LQ#WKH#493#PJ2NJ#JURXS1##7KH#LQFLGHQFHV#DQG

VHYHULW\# RI# FDSVXOH# ILEURVLV# DQG# FHOOXODU# LQILOWUDWLRQ#ZHUH# DOVR# VLJQLILFDQWO\# JUHDWHU# LQ#PDOHV# DQG# IHPDOHV

DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#WKDQ#LQ#WKH#YHKLFOH#FRQWUROV1

7KH#LQFLGHQFHV#RI#K\SHUSODVLD#RI#WKH#ERQH#PDUURZ#HU\WKURLG#FHOOV#LQ#PDOH#DQG#IHPDOH#UDWV#DGPLQLVWHUHG#73#PJ2NJ

RU#JUHDWHU#DQG#KHPRVLGHULQ#SLJPHQWDWLRQ#LQ#WKH#ERQH#PDUURZ#RI#PDOHV#DQG#IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ

JURXSV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#LQ#WKH#YHKLFOH#FRQWUROV>#WKH#VHYHULW\#RI#WKHVH#OHVLRQV#ZDV#GRVH#UHODWHG

+7DEOHV#44/#$6/#DQG#$7,1
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7$%/(#44 ,QFLGHQFH#RI#6HOHFWHG#/HVLRQV#LQ#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#P0&KORURDQLOLQH

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

%RQH#PDUURZ 43 43 43 43 43 43D

3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 43-- +418, 43-- +41<,E F

(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 43-- +413, 43-- +419, 43-- +51<,
.LGQH\ 43 43 43 43 43 43

&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 43-- +415, 43-- +41:, 43-- +613,
/LYHU 43 43 43 43 43 43

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 4 +413, 3 3 <-- +413, <-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 <-- +413, 43-- +413, 43-- +415,

6SOHHQ 43 43 43 43 43 43
&RQJHVWLRQ 3 4 +413, <-- +414, 43-- +516, 43-- +51<, 43-- +613,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 :-- +413, 43-- +413, 43-- +418, 43-- +415, 43-- +41;,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 9-- +413, 43-- +413, 43-- +41;, 43-- +418, 43-- +517,
&DSVXOH/#ILEURVLV 3 5 +413, 5 +413, ;-- +416, 43-- +516, 43-- +513,
&DSVXOH/#FHOOXODU#LQILOWUDWLRQ 4 +413, 5 +413, 5 +413, 43-- +513, 43-- +517, 43-- +513,

)(0$/(

%RQH#PDUURZ 43 43 43 43 43 43
&HOOXODU#LQILOWUDWLRQ/#KLVWLRF\WH 3 4 +413, 5 +413, 6 +413, 3 4 +413,
0\HORILEURVLV 6 +416, 4 +413, 3 4 +413, 4 +513, 4 +413,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 6 +413, 43-- +416, <-- +513,
(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 9-- +413, 43-- +419, 43-- +613,

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 4 +413, 43-- +415, 43-- +513, 43-- +51<,

/LYHU 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 5 +413, 3 4 +413, 43-- +413, 43-- +413, 43-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 43-- +413, 43-- +413, 43-- +41;,

6SOHHQ 43 43 43 43 43 43
&RQJHVWLRQ 3 3 ;-- +413, <-- +416, 43-- +515, 43-- +51;,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 8- +413, ;-- +413, 43-- +416, 43-- +518, <-- +513,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 43-- +413, 43-- +413, <-- +516, 43-- +41<, 43-- +51;,
&DSVXOH/#ILEURVLV 3 3 3 9-- +416, 43-- +514, <-- +419,
&DSVXOH/#FHOOXODU#LQILOWUDWLRQ 4 +413, 4 +413, 3 <-- +417, 43-- +513, ;-- +41<,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
-- 3&3134

1XPEHU#RI#DQLPDOV#ZLWK#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGF
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+HPRVLGHULQ#SLJPHQWDWLRQ#DOVR#RFFXUUHG#ZLWK#GRVH0UHODWHG#LQFUHDVHV#LQ#VHYHULW\#LQ#WKH#.XSIIHU#FHOOV#RI#WKH#OLYHU

DQG#LQ#WKH#UHQDO#FRUWH[#LQ#PDOH#DQG#IHPDOH#UDWV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#+7DEOHV#44/#$6/#DQG#$7,1

$GGLWLRQDOO\/#IHPDOHV# LQ# WKHVH#JURXSV#DQG#PDOHV# LQ# WKH#;3#DQG#493#PJ2NJ#JURXSV#KDG#VLJQLILFDQWO\#JUHDWHU

LQFLGHQFHV#RI#PLQLPDO#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#LQ#WKH#OLYHU#WKDQ#GLG#WKH#YHKLFOH#FRQWUROV1

7KH#VSHUP#PRWLOLW\#RI#PDOHV#LQ#WKH#493#PJ2NJ#JURXS#ZDV#VLJQLILFDQWO\#OHVV#WKDQ#WKDW#RI#WKH#YHKLFOH#FRQWUROV

+7DEOH#(6,1##7KH#GHFUHDVH#LQ#VSHUP#PRWLOLW\#LQ#WKLV#JURXS#FRXOG#KDYH#EHHQ#GXH#WR#D#VLJQLILFDQW#UHGXFWLRQ#LQ#ERG\

ZHLJKW1##,Q#WKH#DEVHQFH#RI#D#GRVH0UHODWHG#HIIHFW#LQ#UDWV#RU#DQ\#VLPLODU#HIIHFW#LQ#PLFH/#WKLV#REVHUYDWLRQ#ZDV#QRW

FRQVLGHUHG#WR#EH#ELRORJLFDOO\#VLJQLILFDQW1##7KH#SHUFHQWDJH#RI#WLPH#VSHQW#LQ#WKH#YDULRXV#HVWURXV#VWDJHV#DQG#WKH

HVWURXV#F\FOH#OHQJWK#RI#GRVHG#DQG#YHKLFOH#FRQWURO#IHPDOHV#ZHUH#VLPLODU#+7DEOH#(7,1
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S0&KORURDQLOLQH=##7KH#UHVXOWV#RI#WKH#490GD\/#460ZHHN/#DQG#50\HDU#S0FKORURDQLOLQH#VWXGLHV#KDYH#EHHQ#SXEOLVKHG

+173/#4<;<,1##7KHUH#ZHUH#QR#GHDWKV#RU#FOLQLFDO#ILQGLQJV#UHODWHG#WR#S0FKORURDQLOLQH#DGPLQLVWUDWLRQ#LQ#WKH#460ZHHN

UDW#VWXG\1##7KH#ILQDO#PHDQ#ERG\#ZHLJKW#DQG#PHDQ#ERG\#ZHLJKW#JDLQ#RI#PDOHV#LQ#WKH#;3#PJ2NJ#JURXS#ZHUH#OHVV

WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV1

%ORRG#VDPSOHV#IRU#KHPDWRORJ\#DQDO\VHV#ZHUH#FROOHFWHG#:5#KRXUV#DIWHU#WKH#ILQDO#GRVH#ZDV#DGPLQLVWHUHG#IRU#PDOHV

DQG#57#KRXUV#DIWHU#WKH#ILQDO#GRVH#IRU#IHPDOHV1##$OO#GRVHG#JURXSV#RI#PDOHV#DQG#IHPDOHV#KDG#VLJQLILFDQWO\#ORZHU

+FW#YDOXHV/#+JE#FRQFHQWUDWLRQV/#DQG#5%&#FRXQWV#DQG#VLJQLILFDQWO\#JUHDWHU#PHWKHPRJORELQ#FRQFHQWUDWLRQV#WKDQ

GLG#WKH#YHKLFOH#FRQWUROV#+7DEOH#45,1##0DOHV#DGPLQLVWHUHG#43#PJ2NJ#RU#JUHDWHU#KDG#VLJQLILFDQWO\#KLJKHU#15%&

FRXQWV/#0&9/#0&+/#DQG#0&+&#WKDQ#WKH#YHKLFOH#FRQWUROV/#DQG#PDOHV#LQ#WKH#73#PJ2NJ#JURXS#KDG#VLJQLILFDQWO\

KLJKHU#:%&/#O\PSKRF\WH/#DQG#VHJPHQWHG#QHXWURSKLO#FRXQWV#WKDQ#WKH#YHKLFOH#FRQWUROV1##)HPDOHV#LQ#DOO#GRVHG

JURXSV# KDG# VLJQLILFDQWO\# KLJKHU#:%&# DQG# O\PSKRF\WH# FRXQWV# DQG#0&9# WKDQ# WKH# YHKLFOH# FRQWUROV1# #7KH

VHJPHQWHG#QHXWURSKLO#FRXQWV#DQG#0&+#RI#IHPDOHV#DGPLQLVWHUHG#43#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#KLJKHU

WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV1##)HPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#KDG#VLJQLILFDQWO\#KLJKHU#15%&

FRXQWV#DQG#0&+&#WKDQ#WKH#YHKLFOH#FRQWUROV1

7KH#DEVROXWH#VSOHHQ#ZHLJKWV#RI#PDOH#DQG#IHPDOH#UDWV#DGPLQLVWHUHG#S0FKORURDQLOLQH#LQFUHDVHG#ZLWK#LQFUHDVLQJ

GRVH1##7KH#GLIIHUHQFHV#ZHUH#VLJQLILFDQW#IRU#PDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#+YHUVXV#WKH#8#PJ2NJ#JURXS>

VSOHHQ#ZHLJKWV#RI#YHKLFOH#FRQWURO#PDOHV#ZHUH#QRW#UHFRUGHG,#DQG#IRU#DOO#JURXSV#RI#GRVHG#IHPDOHV1

7KH#KLVWRSDWKRORJLF#VOLGHV#RI#OHVLRQV#IURP#WKH#S0FKORURDQLOLQH#VWXG\#ZHUH#UHYLHZHG#LQ#SDUDOOHO#ZLWK#WKRVH#IURP

WKH#R0#DQG#P0FKORURDQLOLQH#VWXGLHV# WR#HQVXUH# WKDW#GLDJQRVWLF# WHUPLQRORJ\#DQG#VHYHULW\#JUDGLQJ#FULWHULD#ZHUH

FRQVLVWHQW#EHWZHHQ#WKH#VWXGLHV1##7KH#VSHFWUXP#RI#OHVLRQV#FDXVHG#E\#S0FKORURDQLOLQH#+7DEOH#46,#DQG#WKH#VLWHV#RI

WR[LFLW\#ZHUH#VLPLODU#WR#WKRVH#IRU#WKH#R0#DQG#P0#LVRPHUV1

0DOHV# DQG# IHPDOHV# LQ# DOO# GRVHG# JURXSV# KDG# VLJQLILFDQWO\# JUHDWHU# LQFLGHQFHV# RI# VSOHQLF# FRQJHVWLRQ# DQG

KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#WKDQ#WKH#YHKLFOH#FRQWUROV>#PDOHV#LQ#DOO#GRVHG#JURXSV#H[FHSW#WKH#73#PJ2NJ#JURXS

DOVR#KDG#VLJQLILFDQWO\#LQFUHDVHG#LQFLGHQFHV#RI#KHPRVLGHULQ#SLJPHQWDWLRQ#LQ#WKH#VSOHHQ#+7DEOH#46,1##0DOHV#LQ#WKH

73#PJ2NJ#JURXS#DQG#IHPDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#KDG#VLJQLILFDQWO\#LQFUHDVHG#LQFLGHQFHV#RI#FDSVXOH

ILEURVLV#LQ#WKH#VSOHHQ1##0DOHV#LQ#DOO#GRVHG#JURXSV#DQG#IHPDOHV#DGPLQLVWHUHG#43#PJ2NJ#RU#JUHDWHU#KDG#VLJQLILFDQWO\

JUHDWHU#LQFLGHQFHV#RI#ERQH#PDUURZ#HU\WKURLG#FHOO#K\SHUSODVLD#DQG#UHQDO#FRUWH[#KHPRVLGHULQ#SLJPHQWDWLRQ#WKDQ

GLG# WKH#YHKLFOH#FRQWUROV1# #0DOHV#DQG# IHPDOHV#DGPLQLVWHUHG#43#PJ2NJ#RU#JUHDWHU#KDG#VLJQLILFDQWO\# LQFUHDVHG

LQFLGHQFHV#RI#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#LQ#WKH#OLYHU>#PDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV

DGPLQLVWHUHG# 43# PJ2NJ# RU# JUHDWHU# KDG# VLJQLILFDQWO\# LQFUHDVHG# LQFLGHQFHV# RI# .XSIIHU# FHOO# KHPRVLGHULQ

SLJPHQWDWLRQ1
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7$%/(#45 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#S0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 8 43 53 73 ;3
&RQWURO

0$/(

Q 43 43 < 43 43 43

0HWKHPRJORELQ#
+(#KHPRJORELQ, 313;#�#3137 318<#�#3143- 31:3#�#3157- 319;#�#3153- 319;#�#314<- 31;9#�#3149--

+HPDWRFULW#+(, 7818#�#317 751;#�#318-- 7517#�#315-- 751:#�#317-- 6<17#�#316-- 6918#�#317--
+HPRJORELQ#+J2G/, 4818#�#314 471:#�#315-- 4719#�#314-- 4814#�#314-- 4715#�#314-- 4617#�#315--
(U\WKURF\WHV#+43 2�/, <147#�#3139 ;19;#�#3143-- ;14;#�#3137-- :17;#�#3139-- 913:#�#3139-- 71<3#�#313:--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 41:3#�#3183 6177#�#3193- 51<3#�#3179- ;1:3#�#4169-- 561;3#�#418<--6

0HDQ#FHOO#YROXPH#+I/, 8314#�#315 7<17#�#315 841;#�#316-- 891<#�#316-- 9814#�#317-- :71:#�#317--
0HDQ#FHOO#KHPRJORELQ#+SJ, 491<#�#314 4:13#�#314 4:1<#�#314-- 5314#�#314-- 5618#�#315-- 5:16#�#314--
0HDQ#FHOO#KHPRJORELQ#

FRQFHQWUDWLRQ#+J2G/, 6713#�#314 6716#�#315 6718#�#314-- 6816#�#314-- 681<#�#315-- 6919#�#314--
/HXNRF\WHV#+43 2�/, 817<#�#3155 915;#�#3156 9193#�#3153 9188#�#3144 45188#�#31;5-- 617:#�#3156--6

6HJPHQWHG#
QHXWURSKLOV#+43 2�/, 31:7#�#3143 31;9#�#313: 414<#�#3147 4133#�#313; 513:#�#3166-- 3199#�#313<6

/\PSKRF\WHV#+43 2�/, 7197#�#315: 8169#�#3155 816;#�#3146 8183#�#3145 43167#�#3197-- 51:9#�#314:--6

)(0$/(

Q 43 43 43 43 43 <

0HWKHPRJORELQ#
+(#KHPRJORELQ, 3179#�#3146 4168#�#3148-- 41;8#�#314;-- 41:6#�#3154-- 5173#�#3148-- 619;#�#3178--

+HPDWRFULW#+(, 781:#�#316 761;#�#316-- 7616#�#317-- 7518#�#316-- 6<1;#�#319-- 6916#�#318--
+HPRJORELQ#+J2G/, 4814#�#314 4717#�#314-- 4716#�#314-- 471;#�#315-- 461:#�#315-- 4613#�#314--
(U\WKURF\WHV#+43 2�/, ;166#�#3138 :1::#�#3138-- :15:#�#313;-- 917<#�#3139-- 819<#�#313<-- 8139#�#3139--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 4173#�#3187 6143#�#3194 7173#�#3195 :1<3#�#4138- 55193#�#6195-- 57177#�#419;--6

0HDQ#FHOO#YROXPH#+I/, 8813#�#313 8916#�#315-- 8<16#�#315-- 9814#�#315-- 9<1<#�#316-- :515#�#315--
0HDQ#FHOO#KHPRJORELQ#+SJ, 4;14#�#314 4;18#�#314 4<19#�#314-- 551;#�#315-- 5713#�#315-- 581;#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6614#�#314 651;#�#314 6615#�#316 6813#�#315-- 6716#�#315-- 681:#�#316--
/HXNRF\WHV#+43 2�/, 718:#�#3165# 9137#�#3155- ;13<#�#315;-- <1:3#�#3188-- 43159#�#31:;-- 917<#�#316<--6

6HJPHQWHG#
QHXWURSKLOV#+43 2�/, 319;#�#313; 31;9#�#313; 414:#�#3147- 4197#�#3157-- 5159#�#3157-- 4166#�#3148--6

/\PSKRF\WHV#+43 2�/, 61;7#�#315: 8147#�#3156- 91;4#�#3156-- :1<<#�#317;-- :1<6#�#3198-- 8146#�#3166--6

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#RU#'XQQHWW*V#WHVW
-- 3&3134

173/#4<;<1##'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D
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7$%/(#46 ,QFLGHQFH#RI#6HOHFWHG#/HVLRQV#LQ#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\#
RI#S0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 8 43 53 73 ;3
&RQWURO

0$/(

%RQH#PDUURZ 43 43 43 43 43 43E

(U\WKURLG#FHOO/#K\SHUSODVLD 3 9-- +415, <-- +413, 43-- +418, 43-- +516, 43-- +51;,F G

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 43-- +413, <-- +413, 43-- +414, 43-- +514, 43-- +613,

/LYHU 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 5 +413, ;-- +413, 8- +413, :-- +413, 43-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 :-- +413, 43-- +414, 43-- +41<,

6SOHHQ 43 43 43 43 43 43
&RQJHVWLRQ 4 +513, 43-- +413, 43-- +41:, 43-- +516, 43-- +613, 43-- +51<,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 8- +417, 43-- +418, 43-- +418, 43-- +418, 43-- +514,
3LJPHQWDWLRQ/#KHPRVLGHULQ 4 +513, <-- +417, 43-- +419, <-- +41<, 6 +413, <-- +419,
&DSVXOH/#ILEURVLV 3 3 3 5 +413, 43-- +416, 5 +413,

)(0$/(

%RQH#PDUURZ 43 43 43 43 43 43
(U\WKURLG#FHOO/#K\SHUSODVLD 3 5 +413, <-- +413, 43-- +513, 43-- +613, 43-- +614,

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 5 +413, <-- +413, 43-- +413, 43-- +616, 43-- +618,

/LYHU 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 5 +413, 8 +413, :- +413, ;- +413, <-- +413, <-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 4 +413, 43-- +413, 43-- +415, 43-- +416, 43-- +41<,

6SOHHQ 43 43 43 43 43 43
&RQJHVWLRQ 3 43-- +416, 43-- +41<, 43-- +51<, 43-- +51:, 43-- +614,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 7 +418, 43-- +418, 43-- +41<, 43-- +417, 43-- +517, 43-- +419,
3LJPHQWDWLRQ/#KHPRVLGHULQ < +41;, 43 +419, 43 +41<, < +515, 43 +416, < +513,
&DSVXOH/#ILEURVLV 3 6 +413, 6 +413, 43-- +413, :-- +413, 8- +413,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
-- 3&3134

173/#4<;<#+6OLGHV#ZHUH#UHYLHZHG#E\#D#TXDOLW\#DVVHVVPHQW#SDWKRORJLVW#DQG#DUH#SUHVHQWHG#LQ#WKLV#UHSRUW#ZLWK#WHUPLQRORJ\#DQG#VHYHULW\#JUDGLQJD

FRQVLVWHQW#ZLWK#WKRVH#XVHG#IRU#WKH#R0#DQG#P0FKORURDQLOLQH#GDWD1,
1XPEHU#RI#DQLPDOV#ZLWK#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQF

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGG
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460:((.#*$9$*(#678',(6#,1#%9&6) #0,&(4

7KUHH#PLFH#LQ#WKH#R0FKORURDQLOLQH#VWXG\#DQG#QLQH#PLFH#LQ#WKH#P0FKORURDQLOLQH#VWXG\#GLHG#GXH#WR#JDYDJH#DFFLGHQWV

+7DEOHV#47#DQG#48,>#QR#GHDWKV#ZHUH#DWWULEXWHG#WR#FKHPLFDO#HIIHFWV1##,Q#WKH#R0FKORURDQLOLQH#VWXG\/#WKH#ILQDO#PHDQ

ERG\#ZHLJKW#DQG#PHDQ#ERG\#ZHLJKW#JDLQ#RI#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH

RI#WKH#YHKLFOH#FRQWUROV#+7DEOH#47#DQG#)LJXUH#6,1##,Q#WKH#P0FKORURDQLOLQH#VWXG\/#WKH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG

PHDQ#ERG\#ZHLJKW#JDLQV#RI#GRVHG#PDOH#DQG#IHPDOH#PLFH#ZHUH#VLPLODU#WR#WKRVH#RI#WKH#YHKLFOH#FRQWUROV#+7DEOH#48

DQG#)LJXUH#7,1

0DOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXSV#LQ#ERWK#VWXGLHV#KDG#WUHPRUV#WKDW#GHYHORSHG#LPPHGLDWHO\#DIWHU#GRVLQJ

DQG#SHUVLVWHG#IRU#43#WR#48#PLQXWHV>#PLFH#LQ#WKH#493#PJ2NJ#JURXSV#LQ#WKH#P0FKORURDQLOLQH#VWXG\#DOVR#KDG#DWD[LD1

7$%/(#47 6XUYLYDO#DQG#%RG\#:HLJKWV#RI#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#R0&KORURDQLOLQH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2NJ, +(,

0$/(

3 <243 5814#�#316 6817#�#418 4316#�#417F

43 <243 5815#�#316 6815#�#31< <1<#�#31: <<G

53 43243 5817#�#316 6818#�#413 4314#�#31< 433
73 <243 5819#�#317 6816#�#317 <19#�#316 433F

;3 43243 5814#�#315 6813#�#318 <1<#�#317 <<
493 <243 571;#�#316 6618#�#31< ;1:#�#31< <8F

)(0$/(

3 43243 5319#�#316 6313#�#31; <16#�#31:
43 43243 5317#�#316 6417#�#413 4413#�#31; 438
53 <243 5319#�#316 6414#�#31: 4318#�#319 437H

73 43243 5319#�#317 5<17#�#31: ;1;#�#318 <;
;3 43243 5318#�#315 6318#�#31: 4313#�#31: 435

493 <243 5317#�#315 5:19#�#318- :15#�#317- <5H

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
1XPEHU#VXUYLYLQJ#DW#46#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXS1D

:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1E

2QH#PRXVH#LQ#WKLV#JURXS#GLHG#GXULQJ#EORRG#FROOHFWLRQ#DW#WKH#HQG#RI#WKH#VWXG\/#DIWHU#WKH#ILQDO#ZHLJKLQJ>#ERG\#ZHLJKW#GDWD#IRU#WKLV#DQLPDO#DUHF

LQFOXGHG#LQ#WKH#PHDQV1
:HHN#RI#GHDWK=##5#+JDYDJH#DFFLGHQW,G

2QH#PRXVH#LQ#WKLV#JURXS#GLHG#GXH#WR#D#JDYDJH#DFFLGHQW#GXULQJ#WKH#ILQDO#ZHHN#RI#WKH#VWXG\>#ERG\#ZHLJKW#GDWD#IRU#WKLV#DQLPDO#DUH#LQFOXGHG#LQH

WKH#PHDQV1
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7$%/(#48 6XUYLYDO#DQG#%RG\#:HLJKWV#RI#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#P0&KORURDQLOLQH

0HDQ#%RG\#:HLJKW #+J, )LQDO#:HLJKWE

'RVH 6XUYLYDO ,QLWLDO )LQDO &KDQJH 5HODWLYH#WR#&RQWUROVD

+PJ2NJ, +(,

0$/(

3 <243 5818#�#316 6813#�#414 <19#�#414
43 43243 5819#�#316 6816#�#417 <1:#�#414 434
53 :243 5816#�#317 6619#�#319 ;17#�#317 <9
73 43243 5814#�#317 661<#�#317 ;1<#�#316 <:
;3 43243 581:#�#316 6816#�#317 <18#�#317 434

493 43243 5814#�#316 6816#�#31; 4315#�#31< 434

)(0$/(

3 <243 5414#�#315 5;15#�#31: :15#�#31:
43 <243 5414#�#316 5;17#�#31: :17#�#319 434
53 43243 531<#�#315 5:1;#�#31: 91<#�#31: <<
73 ;243 5416#�#315 5<19#�#415 ;16#�#414 438
;3 43243 531<#�#316 5:1<#�#317 91<#�#318 <<

493 <243 5417#�#315 5;16#�#318 91<#�#318 433

1XPEHU#VXUYLYLQJ#DW#46#ZHHNV2QXPEHU#LQLWLDOO\#LQ#JURXS1##$OO#HDUO\#GHDWKV#ZHUH#GXH#WR#JDYDJH#DFFLGHQWV#DQG#RFFXUUHG#GXULQJ#WKH#ILUVWD

5#ZHHNV#RI#WKH#VWXG\1
:HLJKWV#DQG#ZHLJKW#FKDQJHV#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#DUH#QRW#VLJQLILFDQW#E\E

'XQQHWW*V#WHVW1



48 0-, m-, & p-Chloroaniline, NTP TOX 43

FIGURE 3      Body Weights of B6C3F1 Mice Administered o-Chloroaniline by Gavage for 13 Weeks



49o-, m-, & p-Chloroaniline, NTP TOX 43

FIGURE 4      Body Weights of B6C3F1 Mice Administered m-Chloroaniline by Gavage for 13 Weeks
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R0&KORURDQLOLQH=##+HPDWRORJ\#DQG#FOLQLFDO#FKHPLVWU\#GDWD#DUH#OLVWHG#LQ#7DEOHV#49#DQG#'61##$GPLQLVWUDWLRQ#RI

R0FKORURDQLOLQH#FDXVHG#D#GRVH0GHSHQGHQW#PHWKHPRJORELQHPLD#HYLGHQFHG#E\#PLQLPDO# WR#PDUNHG# LQFUHDVHV# LQ

PHWKHPRJORELQ#FRQFHQWUDWLRQ#LQ#DOO#GRVHG#JURXSV#RI#PDOHV#DQG#IHPDOHV1##(YLGHQFH#RI#D#PLQLPDO#DQHPLD#ZDV

GHPRQVWUDWHG#E\#WUHDWPHQW0UHODWHG#GHFUHDVHV#LQ#+FW#YDOXHV#DQG#5%&#FRXQWV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#RI

PDOHV#DQG#IHPDOHV1##,Q#WKH#493#PJ2NJ#JURXSV/#+JE#FRQFHQWUDWLRQV#ZHUH#LQDSSURSULDWHO\#LQFUHDVHG#LQ#PDOHV#DQG

OHVV# VHYHUHO\# DIIHFWHG# LQ# IHPDOHV# FRPSDUHG# WR# WKH# FKDQJHV# LQ# +FW# DQG# 5%&># WKHVH# LQDSSURSULDWH# RU

GLVSURSRUWLRQDWH# UHVSRQVHV#ZRXOG# EH# FRQVLVWHQW#ZLWK# HUURQHRXVO\# HOHYDWHG#+JE# FRQFHQWUDWLRQV# GXH# WR# WKH

SUHVHQFH#RI#ODUJH#QXPEHUV#RI#+HLQ]#ERGLHV1##0&9#ZDV#QRW#DIIHFWHG/#LQGLFDWLQJ#WKDW#WKH#DQHPLD#ZDV#QRUPRF\WLF1

0&+&#HOHYDWLRQV#LQ#PDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS#LQGLFDWH#WKDW

WKH#DQHPLD#ZDV#K\SHUFKURPLF#DQG#DUH#FRQVLVWHQW#ZLWK#HLWKHU#D#KHPRO\WLF#SURFHVV#RU# WKH#SUHVHQFH#RI# ODUJH

QXPEHUV#RI#+HLQ]#ERGLHV#FDXVLQJ#HUURQHRXVO\#HOHYDWHG#+JE#FRQFHQWUDWLRQV>#LQFUHDVHG#0&+#YDOXHV#DFFRPSDQLHG

WKH# 0&+&# LQFUHDVHV# DQG# ZRXOG# UHIOHFW# VLPLODU# HIIHFWV1# # 5HWLFXORF\WH# FRXQWV# ZHUH# LQFUHDVHG# LQ# PDOHV

DGPLQLVWHUHG#;3#RU#493#PJ2NJ#DQG#IHPDOHV#DGPLQLVWHUHG#493#PJ2NJ>#WKHVH#LQFUHDVHV#ZRXOG#EH#FRQVLVWHQW#ZLWK

DQ#HU\WKURSRLHWLF#UHVSRQVH#WR#WKH#DQHPLD1

0LFURVFRSLF#HYDOXDWLRQ#RI#EORRG#VPHDUV#UHYHDOHG#PLQLPDOO\#WR#PRGHUDWHO\#LQFUHDVHG#QXPEHUV#RI#+HLQ]#ERGLHV

DQG#VFKLVWRF\WHV#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXSV#DW#46#ZHHNV1##7KH#+HLQ]#ERGLHV#ZHUH#40#WR#60�P

VSKHULFDO#VWUXFWXUHV#WKDW#ZHUH#IUHHO\#VFDWWHUHG#EHWZHHQ#UHG#FHOOV#RU#WKDW#RFFXUUHG#DV#QLSSOHV#SURWUXGLQJ#IURP#WKH

5%&#VXUIDFH1##$OWHUHG#5%&#PRUSKRORJ\#DOVR#RFFXUUHG#LQ#WKH#;3#PJ2NJ#JURXSV1##7KH#SUHVHQFH#RI#+HLQ]#ERGLHV

DQG#VFKLVWRF\WHV#LV#FRQVLVWHQW#ZLWK#R[LGDWLYH#UHG#FHOO#LQMXU\#DQG#VXJJHVWV#WKDW#WKH#DQHPLD#ZDV#RI#KHPRO\WLF#RULJLQ1

,QFUHDVHG# QXPEHUV# RI# SRO\FKURPDWRSKLOLF# UHG# FHOOV# DOVR# RFFXUUHG# LQ# WKH# 493# PJ2NJ# JURXSV># LQFUHDVHG

SRO\FKURPDVLD#ZRXOG#EH#FRQVLVWHQW#ZLWK#WKH#LQFUHDVHG#UHWLFXORF\WH#FRXQWV#DQG#LQGLFDWHV#D#ERQH#PDUURZ#UHVSRQVH

WR# WKH# DQHPLD1# #$#PLOG# OHXNRF\WRVLV/# HYLGHQFHG# E\# DQ# LQFUHDVHG#:%&# FRXQW/# RFFXUUHG# LQ# IHPDOHV# LQ# WKH

493#PJ2NJ#JURXS>#WKLV#LQFUHDVH#ZDV#DSSDUHQWO\#UHODWHG#WR#DQ#HOHYDWLRQ#LQ#QHXWURSKLO#FRXQW1##+RZHYHU/#HVWLPDWHV

RI#:%&#FRXQWV# IURP#EORRG# VPHDUV#GLG#QRW# VXSSRUW# WKH#TXDQWLWDWLYH# UHVXOWV/# VXJJHVWLQJ# WKDW# WKH#DXWRPDWHG

OHXNRF\WH#FRXQWV#ZHUH#HUURQHRXVO\#HOHYDWHG#GXH#WR#WKH#SUHVHQFH#RI#QRQO\VHG#UHWLFXORF\WHV#RU#5%&#IUDJPHQWV#RU

RI#+HLQ]#ERGLHV1

1R#ELRORJLFDOO\#VLJQLILFDQW#GLIIHUHQFHV#LQ#FOLQLFDO#FKHPLVWU\#SDUDPHWHUV#ZHUH#REVHUYHG#LQ#GRVHG#PLFH#+7DEOH#'6,1
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7$%/(#49 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#R0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q 43 < 43 43 43 43

0HWKHPRJORELQ#+J2G/, 3148#�#3135 3157#�#3136- 315:#�#3136-- 3177#�#3136-- 31:<#�#3137-- 5145#�#3165--E

+HPDWRFULW#+(, 8315#�#318 8414#�#413 8315#�#31: 7;15#�#31; 7:13#�#31:-- 7818#�#31:--
+HPRJORELQ#+J2G/, 4919#�#314 491:#�#316 4919#�#314 4915#�#315 4914#�#314 4:16#�#316
(U\WKURF\WHV#+43 2�/, 43143#�#3143 43167#�#3154 43149#�#3148 <1::#�#3149 <16:#�#3146-- <143#�#3147--9

5HWLFXORF\WHV#+43 2�/, 3157#�#3135 3155#�#3135 315;#�#3136 3155#�#3135 316;#�#3136-- 3198#�#3137--9

0HDQ#FHOO#YROXPH#+I/, 7<1:#�#314 7<17#�#314 7<17#�#316 7<16#�#315 8315#�#315 8313#�#315
0HDQ#FHOO#KHPRJORELQ#+SJ, 4918#�#315 4915#�#315 4916#�#315 4919#�#314 4:15#�#315- 4<13#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6614#�#317 651;#�#316 6614#�#316 661:#�#316 6716#�#316- 6:1<#�#317--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 314#�#314 917#�#31;--

)(0$/(

Q 43 43 < 43 43 <

0HWKHPRJORELQ#+J2G/, 3147#�#3135 3155#�#3135- 3157#�#3135-- 317;#�#3136-- 413;#�#3146-- 516<#�#3149--
+HPDWRFULW#+(, 7:1:#�#31< 791:#�#319 7918#�#31: 791;#�#318 7817#�#316- 7717#�#319--
+HPRJORELQ#+J2G/, 491:#�#316 4915#�#314 481<#�#314- 4914#�#314- 4819#�#314-- 4916#�#315-
(U\WKURF\WHV#+43 2�/, <18<#�#3154 <179#�#3146 <169#�#3144 <178#�#3144 <14<#�#313: ;1;3#�#3144--9

5HWLFXORF\WHV#+43 2�/, 315<#�#3135 3163#�#3136 3164#�#3136 3167#�#3135 316;#�#3136 31:4#�#3139--9

0HDQ#FHOO#YROXPH#+I/, 7<1:#�#315 7<18#�#315 7<1:#�#315 7<18#�#315 7<17#�#314 8318#�#316
0HDQ#FHOO#KHPRJORELQ#+SJ, 4:17#�#315 4:15#�#314 4:13#�#314 4:14#�#314 4:13#�#314 4;19#�#314-
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6813#�#315 671:#�#315 6716#�#316 6718#�#315 6717#�#314 691;#�#315
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 917#�#318--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ<E
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$EVROXWH#DQG#UHODWLYH#VSOHHQ#ZHLJKWV#RI#PDOH#DQG#IHPDOH#PLFH#JHQHUDOO\#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH/#DQG#WKH

VSOHHQ#ZHLJKWV#RI#PDOHV#DQG#IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI

WKH#YHKLFOH#FRQWUROV#+7DEOHV#4:#DQG#&6,1##7KH#UHODWLYH#KHDUW#DQG#ULJKW#WHVWLV#ZHLJKWV#RI#PDOHV#DQG#WKH#DEVROXWH

DQG# UHODWLYH#KHDUW#ZHLJKWV#RI# IHPDOHV#DGPLQLVWHUHG# 493#PJ2NJ#ZHUH#DOVR#JUHDWHU# WKDQ# WKRVH#RI# WKH#YHKLFOH

FRQWUROV1

7$%/(#4: 6SOHHQ#:HLJKWV#DQG#6SOHHQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#%9&6) #0LFH#4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q < < 43 < 43 <

1HFURSV\#ERG\#ZW 6914#�#416 671:#�#413 6819#�#413 6813#�#317 6817#�#319 6617#�#414

6SOHHQ
$EVROXWH 313:7#�#31336 313::#�#31336 313::#�#31334 313;7#�#31336 3143<#�#31338-- 31488#�#31338--
5HODWLYH 5139#�#313< 5155#�#313< 514;#�#313: 516<#�#313: 613<#�#314:-- 719:#�#3148--

)(0$/(

Q 43 43 < 43 43 <

1HFURSV\#ERG\#ZW 5;1:#�#31: 631;#�#415 631:#�#319 5;18#�#31: 6315#�#319 5:1;#�#319

6SOHHQ
$EVROXWH 313<6#�#31337 31435#�#31337 31444#�#3133: 31439#�#31337 31464#�#31339-- 31538#�#3133<--
5HODWLYH 615:#�#3149 6165#�#3144 6199#�#315< 61:7#�#3147 7166#�#314;-- :169#�#3157--

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
6SOHHQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#VSOHHQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DVD

PJ#RUJDQ#ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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$W#QHFURSV\/#PDOH#DQG#IHPDOH#PLFH#LQ#WKH#493#PJ2NJ#JURXSV#KDG#HQODUJHG/#GDUNHQHG#VSOHHQV1##0LFURVFRSLFDOO\/

WKH# VSOHHQV# RI# RQH#PDOH# LQ# WKH# ;3#PJ2NJ# JURXS/# DOO#PDOHV# LQ# WKH# 493#PJ2NJ# JURXS/# DQG#PRVW# IHPDOHV

DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#KDG#KHPRVLGHULQ#SLJPHQWDWLRQ#+7DEOHV#4;/#%4/#DQG#%5,1##+HPDWRSRLHWLF#FHOO

SUROLIHUDWLRQ#ZDV#REVHUYHG#LQ#WKH#VSOHHQV#RI#PDOHV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV#LQ#WKH#;3#DQG

493#PJ2NJ#JURXSV1##7KH#VHYHULW\#RI#WKHVH#OHVLRQV#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH1

7$%/(#4; ,QFLGHQFH#RI#/HVLRQV#RI#WKH#6SOHHQ#LQ#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#R0&KORURDQLOLQH

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

6SOHHQ 43 43 43 43 43 43D

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 9-- +413, 43-- +418, 43-- +419,E F

3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 4 +413, 43-- +419,

)(0$/(

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 3 <-- +41;, 43-- +513,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 43-- +413, <-- +416, 43-- +41;,

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
1XPEHU#RI#DQLPDOV#ZLWK#VSOHHQ#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#RI#OHVLRQ#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGF

7KHUH#ZHUH#QR#ELRORJLFDOO\#VLJQLILFDQW#GLIIHUHQFHV#LQ#VSHUP#PRWLOLW\#RU#YDJLQDO#F\WRORJ\#SDUDPHWHUV#EHWZHHQ

PDOH#RU#IHPDOH#GRVHG#DQG#YHKLFOH#FRQWURO#PLFH#+7DEOHV#(8#DQG#(9,1
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P0&KORURDQLOLQH=# #+HPDWRORJ\# DQG# FOLQLFDO# FKHPLVWU\# GDWD# DUH# OLVWHG# LQ# 7DEOHV# 4<# DQG#'71# # $V# LQ# WKH

R0FKORURDQLOLQH# VWXG\/# DGPLQLVWUDWLRQ# RI# P0FKORURDQLOLQH# FDXVHG# D# GRVH0GHSHQGHQW# PHWKHPRJORELQHPLD/

HYLGHQFHG#E\#PLQLPDO#WR#PDUNHG#LQFUHDVHV#LQ#PHWKHPRJORELQ#FRQFHQWUDWLRQ#LQ#DOO#GRVHG#JURXSV#RI#PDOHV#DQG

IHPDOHV#DW#ZHHN#461##7KH#PHWKHPRJORELQHPLD#ZDV#PRUH#VHYHUH#LQ#WKH#P0FKORURDQLOLQH#VWXG\1##(YLGHQFH#RI#D

PLOG#WR#PRGHUDWH#DQHPLD#ZDV#GHPRQVWUDWHG#E\#WUHDWPHQW0UHODWHG#GHFUHDVHV#LQ#+FW#YDOXHV#DQG#5%&#FRXQWV#LQ

PDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#IHPDOHV#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU1##7KH#+JE#FRQFHQWUDWLRQV

LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#ZHUH#LQDSSURSULDWHO\#XQFKDQJHG#RU#LQFUHDVHG#LQ#UHODWLRQ#WR#WKH#FKDQJHV#LQ#+FW

YDOXHV#DQG#5%&#FRXQWV1##7KLV#LQDSSURSULDWH#UHVSRQVH#ZRXOG#EH#FRQVLVWHQW#ZLWK#WKH#HUURQHRXV#HOHYDWLRQ#RI#+JE

FRQFHQWUDWLRQV#GXH#WR#WKH#SUHVHQFH#RI#ODUJH#QXPEHUV#RI#+HLQ]#ERGLHV1##$Q#HU\WKURSRLHWLF#UHVSRQVH#WR#WKH#DQHPLD

ZDV#HYLGHQFHG#E\#LQFUHDVHG#UHWLFXORF\WH#FRXQWV1##6LPLODU#WR#WKDW#RFFXUULQJ#LQ#WKH#R0FKORURDQLOLQH#VWXG\/#WKH

DQHPLD#ZDV#QRUPRF\WLF#DQG#K\SHUFKURPLF/#DV#HYLGHQFHG#E\#WKH#ODFN#RI#FKDQJH#LQ#0&9#DQG#WKH#PLQLPDO#WR

PRGHUDWH#LQFUHDVHV#LQ#0&+&1##,QFUHDVHG#0&+#YDOXHV#DFFRPSDQLHG#WKH#FKDQJHV#LQ#0&+&>#WKH#LQFUHDVHV#LQ

WKHVH#SDUDPHWHUV#ZRXOG#EH#FRQVLVWHQW#ZLWK#HLWKHU#D#KHPRO\WLF#SURFHVV#RU#WKH#SUHVHQFH#RI#ODUJH#QXPEHUV#RI#+HLQ]

ERGLHV#FDXVLQJ#HUURQHRXVO\#HOHYDWHG#+JE#FRQFHQWUDWLRQV1

0LFURVFRSLF# HYDOXDWLRQ# RI# EORRG# VPHDUV# UHYHDOHG# PRGHUDWHO\# LQFUHDVHG# QXPEHUV# RI# +HLQ]# ERGLHV# DQG

VFKLVWRF\WHV#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXSV#DW#46#ZHHNV>#RFFDVLRQDO#NHUDWRF\WHV#DQG#DFDQWKRF\WHV

ZHUH#DOVR#REVHUYHG1##,QFUHDVHG#QXPEHUV#RI#+HLQ]#ERGLHV#DQG#VFKLVWRF\WHV#DOVR#RFFXUUHG#LQ#WKH#73#DQG#;3#PJ2NJ

JURXSV1##7KH#SUHVHQFH#RI#+HLQ]#ERGLHV#DQG#VFKLVWRF\WHV#LV#FRQVLVWHQW#ZLWK#R[LGDWLYH#UHG#FHOO#LQMXU\#DQG#VXJJHVWV

WKDW#WKH#DQHPLD#ZDV#RI#KHPRO\WLF#RULJLQ1##,QFUHDVHG#QXPEHUV#RI#SRO\FKURPDWRSKLOLF#UHG#FHOOV#RFFXUUHG#LQ#WKH

;3#DQG#493#PJ2NJ#JURXSV>#LQFUHDVHG#SRO\FKURPDVLD#ZRXOG#EH#FRQVLVWHQW#ZLWK#D#ERQH#PDUURZ#UHVSRQVH#WR#WKH

DQHPLD1# #:KLOH# VLPLODU#5%&# DOWHUDWLRQV#RFFXUUHG# LQ# WKH#R0FKORURDQLOLQH# VWXG\/# WKH# LQFLGHQFHV/# W\SHV/# DQG

VHYHULWLHV#RI# WKH#DOWHUDWLRQV#FDXVHG#E\#P0FKORURDQLOLQH#DGPLQLVWUDWLRQ#ZHUH#PRUH#SURQRXQFHG1# # #$#PLQLPDO

OHXNRF\WRVLV/#HYLGHQFHG#E\#DQ#LQFUHDVHG#:%&#FRXQW/#RFFXUUHG#LQ#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS>#WKLV#LQFUHDVH

ZDV#UHODWHG#WR#DQ#LQFUHDVH#LQ#O\PSKRF\WH#FRXQW1##%HFDXVH#WKH#GLIIHUHQFHV#EHWZHHQ#IHPDOHV#LQ#WKH#YHKLFOH#FRQWURO

DQG#493#PJ2NJ#JURXSV#ZHUH#PLQRU/#VXEVWDQWLDWLQJ#WKH#OHXNRF\WRVLV#E\#HVWLPDWLQJ#:%&#QXPEHUV#IURP#EORRG

VPHDUV#ZDV#QRW#IHDVLEOH>#KRZHYHU/#EDVHG#RQ#WKH#ILQGLQJV#LQ#WKH#R0FKORURDQLOLQH#VWXG\/#WKH#LQFUHDVHG#DXWRPDWHG

OHXNRF\WH#FRXQWV#LQ#WKH#P0FKORURDQLOLQH#VWXG\#PD\#KDYH#EHHQ#HUURQHRXVO\#HOHYDWHG#GXH#WR#WKH#SUHVHQFH#RI#+HLQ]

ERGLHV/#5%&#IUDJPHQWV/#DQG2RU#UHWLFXORF\WHV#LQ#WKH#EORRGVWUHDP1

1R#ELRORJLFDOO\#VLJQLILFDQW#GLIIHUHQFHV#LQ#FOLQLFDO#FKHPLVWU\#SDUDPHWHUV#ZHUH#REVHUYHG#LQ#GRVHG#PLFH#+7DEOH#'7,1
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7$%/(#4< 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#P0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q < 43 : 43 43 43

0HWKHPRJORELQ#+J2G/, 314<#�#3136 315;#�#3137 3183#�#313;-- 41:5#�#315:-- 6155#�#316<-- 61::#�#313<--
+HPDWRFULW#+(, 7<1<#�#319 7<15#�#319 791<#�#316-- 7815#�#316-- 7717#�#31:-- 7514#�#318--
+HPRJORELQ#+J2G/, 491;#�#314 4919#�#314 481;#�#314- 481;#�#316-- 4916#�#314 4:16#�#315
(U\WKURF\WHV#+43 2�/, 43157#�#3146 43148#�#3145 <18:#�#313<-- <14;#�#313:-- <13;#�#3148-- ;185#�#3145--9

5HWLFXORF\WHV#+43 2�/, 3153#�#3134 3157#�#3135 3153#�#3135 3166#�#3137-- 316;#�#3136-- 31<8#�#313;--9

0HDQ#FHOO#YROXPH#+I/, 7;1:#�#315 7;18#�#315 7<13#�#315 7<15#�#315 7;1<#�#314 7<17#�#317-
0HDQ#FHOO#KHPRJORELQ#+SJ, 4917#�#314 4917#�#314 4918#�#314 4:15#�#317- 4;13#�#315-- 5316#�#317--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 661:#�#315 661:#�#315 661;#�#315 671<#�#31:- 691:#�#317-- 7414#�#31:--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 417#�#417 517#�#31:-- 461;#�#618--

)(0$/(

Q < < 43 ; 43 <

0HWKHPRJORELQ#+J2G/, 314;#�#3136 3163#�#3136- 3193#�#3137-- 41;9#�#315<-- 6195#�#3154-- 7193#�#314<--
+HPDWRFULW#+(, 7:17#�#317 7;16#�#318 7:19#�#317 781<#�#317- 761<#�#316-- 7713#�#319--
+HPRJORELQ#+J2G/, 4916#�#314 4917#�#314 4915#�#314 481:#�#314 481;#�#315 491;#�#315
(U\WKURF\WHV#+43 2�/, <195#�#3143 <1;<#�#3144 <1:9#�#3145 <16;#�#313; <133#�#3139-- ;1<8#�#3146--9

5HWLFXORF\WHV#+43 2�/, 314<#�#3135 3157#�#3134 3159#�#3134- 3163#�#3135-- 318:#�#3136-- 31<<#�#3144--9

0HDQ#FHOO#YROXPH#+I/, 7<15#�#315 7;1<#�#314 7;1;#�#316 7;1<#�#315 7;1:#�#315 7<14#�#317
0HDQ#FHOO#KHPRJORELQ#+SJ, 491<#�#314 4919#�#314 4919#�#315 491;#�#314 4:19#�#315- 4;1;#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6716#�#315 661<#�#314 6713#�#315 6716#�#314 6913#�#316-- 6;16#�#317--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 41;#�#319-- 817#�#417--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D
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7KH#DEVROXWH#DQG#UHODWLYH#VSOHHQ#ZHLJKWV#RI#PDOH#DQG#IHPDOH#PLFH#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH/#DQG#WKH#VSOHHQ

ZHLJKWV# RI#PDOHV# DGPLQLVWHUHG# 73#PJ2NJ# RU# JUHDWHU# DQG# IHPDOHV# DGPLQLVWHUHG# 53#PJ2NJ# RU# JUHDWHU#ZHUH

VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV#+7DEOHV#53#DQG#&7,1

7$%/(#53 6SOHHQ#:HLJKWV#DQG#6SOHHQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#%9&6) #0LFH#4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

Q < 43 : 43 43 43

1HFURSV\#ERG\#ZW 6915#�#31< 6817#�#416 661;#�#319 6717#�#317 6814#�#316 6819#�#413

6SOHHQ
$EVROXWH 313;4#�#31335 313;4#�#31335 313;;#�#31338 31444#�#31336-- 31496#�#31336-- 315<8#�#31345--
5HODWLYH 515:#�#313< 5165#�#313< 5193#�#3148 6158#�#3144-- 7198#�#313:-- ;165#�#316<--

)(0$/(

Q < < 43 ; 43 <

1HFURSV\#ERG\#ZW 5;17#�#31: 5;1;#�#31: 5;1<#�#31; 5<1<#�#415 5;14#�#318 5;13#�#31:

6SOHHQ
$EVROXWH 313<7#�#31336 31437#�#31338 31449#�#31337- 3146;#�#31337-- 314<6#�#3133<-- 315;5#�#3133<--
5HODWLYH 6166#�#3148 6196#�#3146 7138#�#3147- 719:#�#3154-- 91;:#�#315<-- 43144#�#3155--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

6SOHHQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#VSOHHQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DVD

PJ#RUJDQ#ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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$W#QHFURSV\/#WKH#VSOHHQV#RI#PDOHV#DQG#IHPDOHV#LQ#WKH#;3#DQG#493#PJ2NJ#JURXSV#ZHUH#HQODUJHG1##+HPRVLGHULQ

SLJPHQWDWLRQ#ZDV#REVHUYHG#PLFURVFRSLFDOO\#LQ#WKH#VSOHHQV#RI#PLFH#LQ#DOO#GRVHG#JURXSV/#DQG#WKH#LQFLGHQFHV#ZHUH

VLJQLILFDQW#LQ#PDOHV#DGPLQLVWHUHG#53#PJ2NJ#RU#JUHDWHU#DQG#LQ#DOO#GRVHG#JURXSV#RI#IHPDOHV#+7DEOHV#54/#%6/#DQG

%7,1# #0DOHV# DGPLQLVWHUHG# 73#PJ2NJ# RU# JUHDWHU# DQG# IHPDOHV# DGPLQLVWHUHG# 53#PJ2NJ# RU# JUHDWHU# DOVR# KDG

VLJQLILFDQWO\#JUHDWHU#LQFLGHQFHV#RI#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#WKDQ#WKRVH#LQ#WKH#YHKLFOH#FRQWUROV>#WKUHH#PDOHV

LQ#WKH#43#PJ2NJ#JURXS#DQG#WZR#IHPDOHV#LQ#WKH#43#PJ2NJ#JURXS#DOVR#KDG#WKLV#OHVLRQ1##7KH#VHYHULW\#RI#WKH#VSOHHQ

OHVLRQV#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH1

+HPRVLGHULQ#SLJPHQWDWLRQ#ZDV#REVHUYHG#LQ#WKH#ERQH#PDUURZ#RI#PDOH#PLFH#DGPLQLVWHUHG#73#PJ2NJ#RU#JUHDWHU

DQG#IHPDOHV#LQ#DOO#GRVHG#JURXSV>#WKH#VHYHULW\#RI#WKLV#OHVLRQ#JHQHUDOO\#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH#+7DEOHV#54/

%6/# DQG# %7,1# # )RXU#PDOHV# DQG# WZR# IHPDOHV# LQ# WKH# 493#PJ2NJ# JURXSV# KDG# ERQH#PDUURZ# HU\WKURLG# FHOO

K\SHUSODVLD>#WKLV#OHVLRQ#ZDV#RI#PLQLPDO#WR#PLOG#VHYHULW\#LQ#PDOHV#DQG#PLQLPDO#VHYHULW\#LQ#IHPDOHV1##$GGLWLRQDOO\/

RQH#IHPDOH#LQ#WKH#73#PJ2NJ#JURXS#KDG#PRGHUDWH#P\HORLG#FHOO#K\SHUSODVLD1

7KH#OLYHUV#RI#WKUHH#PDOH#DQG#QLQH#IHPDOH#PLFH#LQ#WKH#;3#PJ2NJ#JURXSV#DQG#QLQH#PDOHV#DQG#QLQH#IHPDOHV#LQ#WKH

493#PJ2NJ#JURXS#KDG#.XSIIHU#FHOO#SLJPHQWDWLRQ#FRQVLVWHQW#ZLWK#KHPRVLGHULQ>#WKLV#OHVLRQ#ZDV#RI#PLQLPDO#VHYHULW\

LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#;3#PJ2NJ#JURXSV#DQG#PLQLPDO#WR#PLOG#LQ#PDOHV#DQG#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXSV

+7DEOHV#54/#%6/#DQG#%7,1##(LJKW#PDOHV#DQG#VHYHQ#IHPDOHV#DGPLQLVWHUHG#493#PJ2NJ#DQG#RQH#IHPDOH#DGPLQLVWHUHG

;3#PJ2NJ#KDG#PLOG#KHPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ#LQ#WKH#OLYHU1##6L[#IHPDOHV#LQ#WKH#493#PJ2NJ#JURXS#DOVR#KDG

PLOG#SLJPHQWDWLRQ#LQ#WKH#NLGQH\1

1R#VLJQLILFDQW#GLIIHUHQFHV#LQ#VSHUP#PRWLOLW\#RU#YDJLQDO#F\WRORJ\#SDUDPHWHUV#RFFXUUHG#LQ#PDOH#RU#IHPDOH#PLFH

GRVHG#ZLWK#P0FKORURDQLOLQH#+7DEOHV#(:#DQG#(;,1
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7$%/(#54 ,QFLGHQFH#RI#6HOHFWHG#/HVLRQV#LQ#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#P0&KORURDQLOLQH

'RVH#+PJ2NJ,

9HKLFOH 43 53 73 ;3 493
&RQWURO

0$/(

%RQH#PDUURZ 43 43 43 43 43 43D

3LJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 43-- +414, 43-- +514, 43-- +619,E F

(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 3 3 7- +416,
/LYHU 43 ³ 6 ³ 6 43G

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 ;-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 6 +413, <-- +417,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 6 +413, 43-- +41<, 43-- +51;, 43-- +61;,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 4 +413, 7- +418, 43-- +41<, 43-- +613, 43-- +713,

)(0$/(

%RQH#PDUURZ 43 43 43 43 43 43
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 7- +41;, ;-- +414, :-- +419, 43-- +513, <-- +51;,
(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 3 3 5 +413,

.LGQH\ 43 4 ³ 5 ³ 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 9-- +413,

/LYHU 43 4 ³ 5 < 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 3 3 4 +413, :-- +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 <-- +413, <-- +513,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 5 +413, :-- +417, :-- +513, 43-- +51:, <-- +619,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 <-- +416, 43-- +41;, ;-- +517, 43-- +616, <-- +61<,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
-- 3&3134

1XPEHU#RI#DQLPDOV#ZLWK#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\D

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQE

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGF

1RW#H[DPLQHGG
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S0&KORURDQLOLQH=##7KH#UHVXOWV#RI#WKH#490GD\/#460ZHHN/#DQG#50\HDU#S0FKORURDQLOLQH#VWXGLHV#KDYH#EHHQ#SXEOLVKHG

+173/#4<;<,1##7KHUH#ZHUH#QR#GHDWKV#RU#FOLQLFDO#ILQGLQJV#UHODWHG#WR#S0FKORURDQLOLQH#DGPLQLVWUDWLRQ#LQ#WKH#460ZHHN

PRXVH#VWXG\1##7KH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG#PHDQ#ERG\#ZHLJKW#JDLQV#RI#GRVHG#PLFH#ZHUH#VLPLODU#WR#WKRVH

RI#WKH#YHKLFOH#FRQWUROV1

7KH#+FW#YDOXHV#DQG#5%&#FRXQWV#RI#PDOH#PLFH#DGPLQLVWHUHG#48#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ

WKRVH#RI#WKH#YHKLFOH#FRQWUROV#+7DEOH#55,1##0DOHV#LQ#DOO#GRVHG#JURXSV#KDG#VLJQLILFDQWO\#JUHDWHU#PHWKHPRJORELQ

FRQFHQWUDWLRQV#WKDQ#WKH#YHKLFOH#FRQWUROV1##)HPDOHV#LQ#DOO#GRVHG#JURXSV#KDG#VLJQLILFDQWO\#ORZHU#+FW#YDOXHV#WKDQ

WKH#YHKLFOH#FRQWUROV>#IRU#IHPDOHV#DGPLQLVWHUHG#48#PJ2NJ#RU#JUHDWHU/#5%&#FRXQWV#ZHUH#VLJQLILFDQWO\#ORZHU#DQG

PHWKHPRJORELQ#FRQFHQWUDWLRQV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV1##0DOHV#DQG#IHPDOHV

LQ#WKH#93#DQG#453#PJ2NJ#JURXSV#KDG#VLJQLILFDQWO\#JUHDWHU#+JE#FRQFHQWUDWLRQV#WKDQ#WKH#YHKLFOH#FRQWUROV1##15%&

FRXQWV#DQG#0&9#RI#PDOHV#DQG#IHPDOHV#LQ#WKH#453#PJ2NJ#JURXSV#DQG#0&+#DQG#0&+&#RI#PDOHV#DQG#IHPDOHV

DGPLQLVWHUHG#63#PJ2NJ#RU#JUHDWHU#ZHUH#VLJQLILFDQWO\#KLJKHU#WKDQ#WKRVH#RI#WKH#YHKLFOH#FRQWUROV>#PDOHV#LQ#WKH

48#PJ2NJ#JURXS#DOVR#KDG#VLJQLILFDQWO\#KLJKHU#0&+#WKDQ#WKH#YHKLFOH#FRQWUROV1##)HPDOHV#LQ#WKH#93#DQG#453#PJ2NJ

JURXSV#KDG#VLJQLILFDQWO\#KLJKHU#VHJPHQWHG#QHXWURSKLO#FRXQWV#WKDQ#WKH#YHKLFOH#FRQWUROV1##0DOH#DQG#IHPDOH#PLFH

LQ#WKH#63#DQG#453#PJ2NJ#JURXSV#KDG#PRGHUDWHO\#WR#PDUNHGO\#LQFUHDVHG#QXPEHUV#RI#+HLQ]#ERGLHV#FRPSDUHG#WR

WKH#YHKLFOH#FRQWUROV1##0RGHUDWH#WR#PDUNHG#SRO\FKURPDVLD#DQG#SRLNLORF\WRVLV#ZHUH#DOVR#REVHUYHG#LQ#GRVHG#PLFH1

$EVROXWH#VSOHHQ#ZHLJKWV#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH1##7KH#GLIIHUHQFHV#ZHUH#VLJQLILFDQW#IRU#DOO#JURXSV#RI

GRVHG#PDOHV#DQG#IRU#IHPDOHV#DGPLQLVWHUHG#63#PJ2NJ#RU#JUHDWHU1

7KH#KLVWRSDWKRORJLF#VOLGHV#RI#OHVLRQV#IURP#WKH#S0FKORURDQLOLQH#VWXG\#ZHUH#UHYLHZHG#LQ#SDUDOOHO#ZLWK#WKRVH#IURP

WKH#R0#DQG#P0FKORURDQLOLQH#VWXGLHV# WR#HQVXUH# WKDW#GLDJQRVWLF# WHUPLQRORJ\#DQG#VHYHULW\#JUDGLQJ#FULWHULD#ZHUH

FRQVLVWHQW#EHWZHHQ#WKH#VWXGLHV1##7KH#VSHFWUXP#RI#OHVLRQV#FDXVHG#E\#S0FKORURDQLOLQH#+7DEOH#56,#DQG#WKH#VLWHV#RI

WR[LFLW\#ZHUH#VLPLODU#WR#WKRVH#IRU#WKH#R0#DQG#P0#LVRPHUV1

$OO# GRVHG# JURXSV# RI#PDOH# DQG# IHPDOH#PLFH# KDG# VLJQLILFDQWO\# LQFUHDVHG# LQFLGHQFHV# RI# KHPDWRSRLHWLF# FHOO

SUROLIHUDWLRQ# DQG# KHPRVLGHULQ# SLJPHQWDWLRQ# LQ# WKH# VSOHHQ# +7DEOH# 56,1# #0DOHV# DQG# IHPDOHV# DGPLQLVWHUHG

453#PJ2NJ#KDG#VLJQLILFDQWO\#LQFUHDVHG#LQFLGHQFHV#RI#ERQH#PDUURZ#HU\WKURLG#FHOO#K\SHUSODVLD1##,QFLGHQFHV#RI

UHQDO#FRUWH[#KHPRVLGHULQ#SLJPHQWDWLRQ#ZHUH# LQFUHDVHG# LQ#PDOHV#DQG# IHPDOHV# LQ# WKH#453#PJ2NJ#JURXSV#DQG

IHPDOHV# LQ# WKH# 93#PJ2NJ# JURXS1# #0DOHV# DQG# IHPDOHV# LQ# WKH# 93# DQG# 453#PJ2NJ# JURXSV# KDG#.XSIIHU# FHOO

KHPRVLGHULQ#SLJPHQWDWLRQ1##7KH#VHYHULW\#RI#WKHVH#OHVLRQV#JHQHUDOO\#LQFUHDVHG#ZLWK#LQFUHDVLQJ#GRVH1
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7$%/(#55 6HOHFWHG#+HPDWRORJ\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#S0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH :18 48 63 93 453
&RQWURO

0$/(

Q 43 43 43 43 43 ;

0HWKHPRJORELQ
+(#KHPRJORELQ, 3196#�#313; 41:5#�#314<-- 41::#�#3147-- 5169#�#314:-- 51;7#�#316<-- 61;3#�#3153--

+HPDWRFULW#+(, 7;1:#�#317 791<#�#318 7818#�#416-- 761;#�#318-- 7317#�#317-- 6519#�#31;--
+HPRJORELQ#+J2G/, 491:#�#314 481<#�#315 4914#�#319 4916#�#316 4;17#�#315- 4:15#�#316-
(U\WKURF\WHV#+43 2�/, 43199#�#313: 43157#�#3146 <1:<#�#3168-- <159#�#3143-- ;1:;#�#313<-- 91;9#�#3149--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3153#�#3153 3163#�#3148 3183#�#3164 6146#�#31;6--6

0HDQ#FHOO#YROXPH#+I/, 781:#�#315 781<#�#31: 7918#�#318 7:15#�#317 7916#�#316 7:1<#�#317--
0HDQ#FHOO#KHPRJORELQ#+SJ, 481:#�#313 4818#�#315 4918#�#316- 4:19#�#316-- 531<#�#316-- 5814#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6715#�#314 6713#�#315 6817#�#318 6:16#�#317-- 7816#�#31:-- 8519#�#31:--

)(0$/(

Q < 43 43 < : 43

0HWKHPRJORELQ#
+(#KHPRJORELQ, 315<#�#313: 3163#�#3144 4198#�#314<-- 51;;#�#3169-- 6155#�#3148-- 6165#�#3159--

+HPDWRFULW#+(, 7<1;#�#31: 7:16#�#31;- 7:15#�#318- 781:#�#318-- 7417#�#418-- 6817#�#31:--
+HPRJORELQ#+J2G/, 491;#�#315 4914#�#315 4919#�#315 4:14#�#315 4<19#�#319-- 4;14#�#315--
(U\WKURF\WHV#+43 2�/, 4319<#�#3148 43163#�#3149 4314;#�#3148- <196#�#3143-- ;1<6#�#3166-- :159#�#3148--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3155#�#3148 3133#�#3133 3143#�#3143 3133#�#3133 31;9#�#3173 81;3#�#4155--6

0HDQ#FHOO#YROXPH#+I/, 7916#�#316 7913#�#316 7917#�#317 7:19#�#315 791<#�#319 7;1;#�#317--
0HDQ#FHOO#KHPRJORELQ#+SJ, 481:#�#314 481:#�#314 4916#�#314 4:1;#�#315-- 5513#�#319-- 5813#�#317--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 661<#�#315 6714#�#314 6814#�#315 6:18#�#317-- 7:15#�#414-- 8416#�#31;--
6HJPHQWHG

QHXWURSKLOV#+43 2�/, 4146#�#314< 31;6#�#3148 4163#�#314; 4193#�#3154 41;<#�#3157- 41:8#�#3148-6

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#RU#'XQQHWW*V#WHVW
-- 3&3134

173/#4<;<1##'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D
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7$%/(#56 ,QFLGHQFH#RI#6HOHFWHG#/HVLRQV#LQ#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\#4

RI#S0&KORURDQLOLQHD

'RVH#+PJ2NJ,

9HKLFOH :18 48 63 93 453
&RQWURO

0$/(

%RQH#PDUURZ 43 43 43 43 43 43E

(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 3 3 9-- +41:,F G

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 3 <-- +514,

/LYHU 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 4 +413, 3 5 +413, 3 3 4 +413,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 5 +413, 43-- +417, <-- +51;,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 3 ;-- +413, 43-- +419, 43-- +51;, 43-- +41<, ;-- +519,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 <-- +413, <-- +415, <-- +416, 43-- +418, :-- +51:,

)(0$/(

%RQH#PDUURZ 43 43 43 43 43 43
(U\WKURLG#FHOO/#K\SHUSODVLD 3 3 3 3 3 7- +416,

.LGQH\ 43 43 43 43 43 43
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ 3 3 3 3 7- +413, 43-- +518,

/LYHU 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 5 +413, 3 4 +413, 5 +413, 3 9 +418,
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ 3 3 3 3 :-- +413, 43-- +51;,

6SOHHQ 43 43 43 43 43 43
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ 4 +413, <-- +415, 43-- +416, <-- +517, ;-- +616, 43-- +614,
3LJPHQWDWLRQ/#KHPRVLGHULQ 3 43-- +413, 43-- +414, <-- +417, :-- +513, 43-- +51<,

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#WKH#)LVKHU#H[DFW#WHVW
-- 3&3134

173/#4<;<#+6OLGHV#ZHUH#UHYLHZHG#E\#D#TXDOLW\#DVVHVVPHQW#SDWKRORJLVW#DQG#DUH#SUHVHQWHG#LQ#WKLV#UHSRUW#ZLWK#WHUPLQRORJ\#DQG#VHYHULW\#JUDGLQJD

FRQVLVWHQW#ZLWK#WKRVH#XVHG#IRU#WKH#R0#DQG#P0FKORURDQLOLQH#GDWD1,
1XPEHU#RI#DQLPDOV#ZLWK#WLVVXH#H[DPLQHG#PLFURVFRSLFDOO\E

1XPEHU#RI#DQLPDOV#ZLWK#OHVLRQF

$YHUDJH#VHYHULW\#RI#OHVLRQV#LQ#DIIHFWHG#DQLPDOV=##4ÛPLQLPDO/#5ÛPLOG/#6ÛPRGHUDWH/#DQG#7ÛPDUNHGG
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*(1(7,&#72;,&,7<

R0&KORURDQLOLQH# +4# WR# 6/666# �J2SODWH,# DQG#P0FKORURDQLOLQH# +4# WR# 5/333# �J2SODWH,#ZHUH# HDFK# WHVWHG#ZLWK# D

SUHLQFXEDWLRQ#SURWRFRO#DW#WZR#ODERUDWRULHV#IRU#PXWDJHQLFLW\#LQ#6DOPRQHOOD#W\SKLPXULXP#VWUDLQV#7$<:/#7$<;/

7$433/#7$4868/#DQG#7$486:/#ZLWK#DQG#ZLWKRXW#$URFORU#45870LQGXFHG#PDOH#6SUDJXH0'DZOH\#UDW#RU#6\ULDQ

KDPVWHU#OLYHU#6<>#QR#PXWDJHQLF#DFWLYLW\#E\#HLWKHU#FKHPLFDO#ZDV#REVHUYHG#+7DEOHV#)4#DQG#)5>#=HLJHU#HW#DO1/

4<;:,1

,Q#FRQWUDVW#WR#WKH#ODFN#RI#PXWDJHQLF#DFWLYLW\#VHHQ#LQ#61#W\SKLPXULXP/#R0FKORURDQLOLQH#LQGXFHG#VLJQLILFDQW#LQFUHDVHV

LQ#WULIOXRURWK\PLGLQH#PXWDWLRQV#LQ#/84:;<#PRXVH#O\PSKRPD#FHOOV#WUHDWHG#ZLWK#6<#DFWLYDWLRQ#HQ]\PHV#+7DEOH#)6>

0F*UHJRU#HW#DO1/#4<<4,/#DQG#P0FKORURDQLOLQH#LQGXFHG#VLJQLILFDQW#LQFUHDVHV#LQ#WULIOXRURWK\PLGLQH#PXWDWLRQV#LQ

PRXVH#O\PSKRPD#FHOOV#WUHDWHG#ZLWK#DQG#ZLWKRXW#6<#DFWLYDWLRQ#HQ]\PHV#+7DEOH#)7,1##7KH#ORZHVW#HIIHFWLYH#GRVH

RI#R0FKORURDQLOLQH#WKDW#SURGXFHG#D#PXWDJHQLF#UHVSRQVH#ZDV#633#�J2P/1##R0&KORURDQLOLQH#SURGXFHG#D#VLJQLILFDQW

LQFUHDVH#LQ#PXWDQW#FRORQLHV#RQO\#DW#WKH#KLJKHVW#FRQFHQWUDWLRQ#WHVWHG#+733#�J2P/,#LQ#WKH#VHFRQG#WULDO#SHUIRUPHG

ZLWKRXW#6<>#UHVXOWV#RI#WKH#ILUVW#WULDO#ZLWKRXW#6<#ZHUH#FRQVLGHUHG#WR#EH#LQFRQFOXVLYH/#EHFDXVH#DOWKRXJK#QR#LQFUHDVH

LQ#PXWDQW#FRORQLHV#ZDV#REVHUYHG/#WKH#UHODWLYH#WRWDO#JURZWK#+66(,#REVHUYHG#DW#WKH#KLJKHVW#GRVH#LQGLFDWHG#WKDW

KLJKHU#FRQFHQWUDWLRQV#RI#R0FKORURDQLOLQH#FRXOG#KDYH#EHHQ#WHVWHG1##7KH#ORZHVW#HIIHFWLYH#GRVHV#RI#P0FKORURDQLOLQH

SURGXFLQJ#D#PXWDJHQLF#UHVSRQVH#ZHUH#633#�J2P/#ZLWKRXW#6<#DQG#573#�J2P/#ZLWK#6<1

P0&KORURDQLOLQH#DOVR# LQGXFHG#VLVWHU#FKURPDWLG#H[FKDQJHV#DQG#FKURPRVRPDO#DEHUUDWLRQV# LQ#FXOWXUHG#&KLQHVH

KDPVWHU#RYDU\#FHOOV#ZLWK#DQG#ZLWKRXW#6<#+7DEOHV#)8#DQG#)9,1##,Q#WKH#VLVWHU#FKURPDWLG#H[FKDQJH#WHVW#ZLWKRXW#6</

D#GHOD\HG#KDUYHVW#SURWRFRO#ZDV#XVHG#WR#RIIVHW#FHOO#F\FOH#GHOD\#LQGXFHG#E\#P0FKORURDQLOLQH#DQG#PD[LPL]H#WKH

QXPEHU# RI# VHFRQG0GLYLVLRQ# PHWDSKDVH# FHOOV# DYDLODEOH# IRU# VFRULQJ1# # 3RVLWLYH# UHVSRQVHV# ZHUH# REWDLQHG# DW

FRQFHQWUDWLRQV#RI#;3#�J2P/#ZLWKRXW#6<#DQG#933#�J2P/#ZLWK#6<1##,Q#WKH#FKURPRVRPDO#DEHUUDWLRQV#WHVW#ZLWKRXW

6</#D#GHOD\HG#KDUYHVW#SURWRFRO#ZDV#XVHG/#DQG#WKH#ORZHVW#HIIHFWLYH#GRVH#ZDV#63315#�J2P/1##:LWK#6</#RQO\#WKH

KLJKHVW#QRQOHWKDO#GRVH#WHVWHG#+8<;1<#�J2P/,#LQGXFHG#D#VLJQLILFDQW#LQFUHDVH#LQ#FKURPRVRPDO#DEHUUDWLRQV1

#

5HVXOWV#IURP#DQ#LQ#YLYR#UDW#ERQH#PDUURZ#PLFURQXFOHXV#WHVW#ZLWK#R0FKORURDQLOLQH#ZHUH#SRVLWLYH#+7DEOH#):,1##%RWK

WULDOV# VKRZHG#D#GRVH0UHODWHG# LQFUHDVH# +3?3134,# LQ#PLFURQXFOHDWHG#HU\WKURF\WHV# IROORZLQJ#D# VHULHV#RI# WKUHH

LQMHFWLRQV#RI#R0FKORURDQLOLQH#DGPLQLVWHUHG#DW#570KRXU#LQWHUYDOV1##+RZHYHU/#UHVXOWV#RI#D#PRXVH#ERQH#PDUURZ

PLFURQXFOHXV#WHVW#ZHUH#FRQFOXGHG#WR#EH#QHJDWLYH#+7DEOH#)<,1##,Q#WKH#ILUVW#WULDO/#D#SRVLWLYH#UHVSRQVH#ZDV#REWDLQHG

DW# WZR#RI# WKH# IRXU#GRVHV# WHVWHG# LQ#PLFH>#D# VHFRQG# WULDO# VKRZHG#QR# VLJQLILFDQW# LQFUHDVH# LQ# WKH# IUHTXHQF\#RI

PLFURQXFOHDWHG#HU\WKURF\WHV#DW# WKHVH#RU#DW#KLJKHU#GRVHV#RI#R0FKORURDQLOLQH1# #1HLWKHU#R0#QRU#P0FKORURDQLOLQH

H[SRVXUH#OHG#WR#DQ#LQFUHDVH#LQ#WKH#IUHTXHQFLHV#RI#PLFURQXFOHDWHG#QRUPRFKURPDWLF#HU\WKURF\WHV#LQ#SHULSKHUDO

EORRG#VDPSOHV#REWDLQHG#IURP#PDOH#DQG#IHPDOH#PLFH#DW#WKH#HQG#RI#WKH#460ZHHN#VWXGLHV1
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'HVSLWH#WKH#SRVLWLYH#UHVSRQVHV#UHFRUGHG#LQ#LQ#YLWUR#PDPPDOLDQ#FHOO#PXWDJHQLFLW\#WHVWV/#UHVXOWV#IURP#LQ#YLYR#UDW

DQG#PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#WHVWV#ZLWK#P0FKORURDQLOLQH#ZHUH#QHJDWLYH#+7DEOHV#);#DQG#)43,1##,Q#WKH

VLQJOH#WULDO#SHUIRUPHG#ZLWK#PDOH#UDWV/#RQO\#WZR#GRVH#JURXSV#VXUYLYHG/#EXW#WKHVH#ZHUH#VXIILFLHQW#IRU#D#YDOLG#WHVW>

QR#VLJQLILFDQW#LQFUHDVH#LQ#WKH#QXPEHU#RI#PLFURQXFOHDWHG#HU\WKURF\WHV#ZDV#REVHUYHG#LQ#UDWV#+7DEOH#);,1##,Q#WKH

PRXVH#PLFURQXFOHXV#WHVWV/#UHVXOWV#RI#WKH#ILUVW#WULDO#VKRZQ#LQ#7DEOH#)43#ZHUH#SRVLWLYH#+3?31334,/#EXW#WKH#UHVXOWV

RI#D#VHFRQG#WULDO#SHUIRUPHG#ZLWK#WKH#VDPH#H[SHULPHQWDO#SURWRFRO#+VLQJOH#LQWUDSHULWRQHDO#LQMHFWLRQ,#ZHUH#QHJDWLYH

+3Û31<79,1##6XEVHTXHQWO\/#D#WKLUG#WULDO#ZDV#FRQGXFWHG#ZLWK#D#GLIIHUHQW#SURWRFRO#IRU#FKHPLFDO#DGPLQLVWUDWLRQ

+WKUHH#LQMHFWLRQV#YHUVXV#D#VLQJOH#LQMHFWLRQ/#WR#LQFUHDVH#WKH#WRWDO#DPRXQW#RI#FKHPLFDO#DGPLQLVWHUHG,/#DQG#WKH#UHVXOWV

IURP#WKLV#WKLUG#WULDO#ZHUH#DJDLQ#QHJDWLYH1##7KXV/#P0FKORURDQLOLQH#ZDV#FRQFOXGHG#WR#EH#QHJDWLYH#LQ#WKH#PRXVH#ERQH

PDUURZ#PLFURQXFOHXV#WHVW1

,Q#FRQFOXVLRQ/#DOWKRXJK#QHLWKHU#R0FKORURDQLOLQH#QRU#P0FKORURDQLOLQH#LQGXFHG#PXWDWLRQV#LQ#61#W\SKLPXULXP/#ERWK

FKHPLFDOV#ZHUH#JHQRWR[LF#WR#PDPPDOLDQ#FHOOV#LQ#YLWUR1##,Q#YLYR/#R0FKORURDQLOLQH#LQGXFHG#PLFURQXFOHL#LQ#WKH#ERQH

PDUURZ#HU\WKURF\WHV#RI#UDWV/#EXW#QRW#PLFH1##P0&KORURDQLOLQH#GLG#QRW#LQGXFH#PLFURQXFOHL#LQ#HLWKHU#UDWV#RU#PLFH1

7KH#GDWD#IURP#JHQHWLF#WR[LFLW\#WHVWV#FRQGXFWHG#ZLWK#S0FKORURDQLOLQH#LQGLFDWHG#D#EURDGHU#UDQJH#RI#DFWLYLW\#IRU#WKLV

LVRPHU/#ZLWK#SRVLWLYH#UHVXOWV#QRWHG#LQ#DOO#DVVD\V#LQ#ZKLFK#LW#ZDV#WHVWHG/#LQFOXGLQJ#WKH#61#W\SKLPXULXP#DVVD\/#WKH

PRXVH#O\PSKRPD#DVVD\/#LQ#YLWUR#&KLQHVH#KDPVWHU#RYDU\#FHOO#F\WRJHQHWLFV#DVVD\V/#DQG#WKH#LQ#YLYR#PRXVH#ERQH

PDUURZ#PLFURQXFOHXV#DVVD\1
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$V#UHSRUWHG#IRU#DQLOLQH#+.LHVH/#4<99,#DQG#LWV#FKORULQDWHG#GHULYDWLYHV#+0F/HDQ#HW#DO1/#4<9<>#&KKDEUD#HW#DO1/

4<<3,/# WKH# KHPDWRSRLHWLF# V\VWHP# ZDV# WKH# PDMRU# WDUJHW# IRU# WR[LFLW\# LQ# UDWV# DQG# PLFH# H[SRVHG# WR# R0# RU

P0FKORURDQLOLQH1##7KH#SDWWHUQ#RI#WR[LF#HIIHFWV#FDXVHG#E\#R0#DQG#P0FKORURDQLOLQH#LQ#WKH#FXUUHQW#VWXGLHV#ZDV#VLPLODU

LQ# UDWV# DQG# PLFH1# # 0HWKHPRJORELQ# IRUPDWLRQ# DQG# WKH# DFFRPSDQ\LQJ# KHPRO\WLF# DQHPLD/# H[WUDPHGXOODU\

KHPDWRSRLHVLV/#DQG#+HLQ]#ERG\#IRUPDWLRQ#ZHUH#LQGLFDWLYH#RI#HU\WKURF\WH#WR[LFLW\#LQGXFHG#E\#FKORURDQLOLQHV1

,Q#WKH#FXUUHQW#VWXGLHV/#GRVH0UHODWHG#LQFUHDVHV#LQ#VSOHHQ#ZHLJKWV#RFFXUUHG#LQ#UDWV#DQG#PLFH1##6LPLODU#HQODUJHPHQWV

RI#WKH#VSOHHQ#ZHUH#UHSRUWHG#LQ#UDWV#DGPLQLVWHUHG#DQLOLQH#+*UDOOD#HW#DO1/#4<:<,#DQG#LQ#UDWV#DQG#PLFH#DGPLQLVWHUHG

S0FKORURDQLOLQH#+&KKDEUD#HW#DO1/#4<<3,1##6SOHQRPHJDO\#LQ#GRVHG#DQLPDOV#ZDV#DWWULEXWHG#WR#WKH#VHTXHVWUDWLRQ#RI

GDPDJHG#HU\WKURF\WHV# LQ#VSOHQLF#VLQXVRLGV#DQG# WR#D#FRPSHQVDWRU\# LQFUHDVH# LQ#KHPDWRSRLHVLV1##7KHVH#VSOHHQ

HIIHFWV# DSSHDUHG# WR#EH# VHFRQGDU\# WR# HU\WKURF\WH# WR[LFLW\/# DV# WKHUH#ZHUH#QR#GLUHFW#RU#SULPDU\#PLFURVFRSLF

DEQRUPDOLWLHV#LQ#WKH#VSOHHQ1

7KH# ORZHVW#GRVHV#RI#FKORURDQLOLQH# LVRPHUV#DIIHFWLQJ#YDULRXV# WR[LFLW\#SDUDPHWHUV#DUH#JLYHQ# LQ#7DEOH#551##$W

HTXLYDOHQW#GRVHV/#P0FKORURDQLOLQH#ZDV#PRUH#SRWHQW# WKDQ#R0FKORURDQLOLQH# LQ#SURGXFLQJ# HU\WKURF\WH# WR[LFLW\1

$GGLWLRQDOO\/#WR[LFLW\#ZDV#LQGXFHG#DW#ORZHU#GRVHV#E\#P0FKORURDQLOLQH#WKDQ#E\#R0FKORURDQLOLQH1##7KH#PDJQLWXGH

RI#PHWKHPRJORELQ# UHVSRQVH#ZDV#DOVR#PXFK#JUHDWHU# LQ# WKH#P0FKORURDQLOLQH# VWXGLHV>#D#KLJK#FRQFHQWUDWLRQ#RI

PHWKHPRJORELQ#ZDV# IRXQG#DW#HDFK#HYDOXDWLRQ#SHULRG# LQ# WKH#493#PJ2NJ#JURXSV/#VXJJHVWLQJ# WKDW#D#VXVWDLQHG

PD[LPDO#UHVSRQVH#KDG#EHHQ#DFKLHYHG1##,Q#FRQWUDVW/#D#PRUH#JUDGXDO#LQFUHDVH#LQ#PHWKHPRJORELQ#FRQFHQWUDWLRQ

RFFXUUHG#LQ#WKH#R0FKORURDQLOLQH#VWXGLHV1##7KHVH#UHVXOWV#DUH#FRQVLVWHQW#ZLWK#VWXGLHV#RI#PHWKHPRJORELQ#IRUPDWLRQ

LQ#FDWV# +0F/HDQ#HW#DO1/#4<9<,/# LQ#ZKLFK#P0#DQG#S0KDOR#DQLOLQH#GHULYDWLYHV#DSSHDUHG# WR#EH# WKH#PRVW#SRWHQW

PHWKHPRJORELQ# LQGXFHUV1# # ,Q#SUHYLRXV#VWXGLHV#ZLWK#S0FKORURDQLOLQH/#VLJQLILFDQW# LQFUHDVHV# LQ#PHWKHPRJORELQ

FRQFHQWUDWLRQ#RFFXUUHG#DW#JDYDJH#GRVHV#WKDW#ZHUH#ORZHU#WKDQ#WKH#GRVHV#XVHG#LQ#WKH#SUHVHQW#VWXGLHV#+173/#4<;<>

&KKDEUD#HW#DO1/#4<<3,1# #7KHVH# ILQGLQJV#VXJJHVW# WKDW#S0FKORURDQLOLQH# LV# WKH#PRVW#SRWHQW#RI# WKH#FKORURDQLOLQH

LVRPHUV# LQ# WKH# LQGXFWLRQ#RI#PHWKHPRJORELQ# IRUPDWLRQ# LQ# UDWV#DQG#PLFH/# IROORZHG#E\#P0FKORURDQLOLQH/# WKHQ

R0FKORURDQLOLQH1##$#VLPLODU#RUGHU#RI#SRWHQF\#RFFXUUHG#ZLWK#FKDQJHV#LQ#RWKHU#KHPDWRORJ\#SDUDPHWHUV/#VSOHHQ

ZHLJKWV/#JURVV#DQG#PLFURVFRSLF#DEQRUPDOLWLHV/#DQG#WKH#VHYHULW\#RI#KHPRVLGHULQ#GHSRVLWLRQ1##7KH#YDU\LQJ#SRWHQF\

DPRQJ# FKORURDQLOLQH# LVRPHUV# DQG# TXDQWLWDWLYH# VSHFLHV# GLIIHUHQFHV# LQ# WR[LFLW\# FRXOG# EH# UHODWHG# WR# SRVVLEOH

GLVVLPLODULW\#LQ#WKH#UDWLRV#RI#ELRDFWLYDWLRQ#RU#LQDFWLYDWLRQ#RI#UHDFWLYH#LQWHUPHGLDWHV#RI#WKH#LVRPHUV#+5DQNLQ#HW#DO1/

4<<6,1
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7$%/(#55 /RZHVW#'RVHV#&DXVLQJ#$GYHUVH#(IIHFWV#LQ#)67721#5DWV#DQG#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXGLHV#RI#R0/#P0/#DQG#S0&KORURDQLOLQHD

,VRPHU

RUWKR PHWD SDUD

5$76

0DOH

+HPDWRWR[LFLW\ &43 &43 &8
,QFUHDVHG#VSOHHQ#ZHLJKW 73 53 &8
+LVWRSDWKRORJLF#OHVLRQV

%RQH#PDUURZ ;3 73 &8
.LGQH\ 493 73 &8
/LYHU ;3 73 &43
6SOHHQ ;3 &43 &8

)HPDOH

+HPDWRWR[LFLW\ &43 &43 &8
,QFUHDVHG#VSOHHQ#ZHLJKW 73 53 &8
+LVWRSDWKRORJLF#OHVLRQV

%RQH#PDUURZ ;3 73 &43
.LGQH\ 493 73 &43
/LYHU ;3 73 &43
6SOHHQ ;3 &43 &8

0,&(

0DOH

+HPDWRWR[LFLW\ &43 53 &:18
,QFUHDVHG#VSOHHQ#ZHLJKW ;3 73 &:18
+LVWRSDWKRORJLF#OHVLRQV

%RQH#PDUURZ ³ 73 453E

.LGQH\ ³ ³ 453
/LYHU ³ 493 93
6SOHHQ 73 53 &:18

)HPDOH

+HPDWRWR[LFLW\ &43 &43 &:18
,QFUHDVHG#VSOHHQ#ZHLJKW 73 53 48
+LVWRSDWKRORJLF#OHVLRQV

%RQH#PDUURZ ³ 43 453
.LGQH\ ³ 493 93
/LYHU ³ ;3 93
6SOHHQ 73 &43 &:18

'RVHV#DUH#JLYHQ#LQ#PLOOLJUDPV#SHU#NLORJUDP#ERG\#ZHLJKW1##R0&KORURDQLOLQH#DQG#P0FKORURDQLOLQH#GRVHV#ZHUH#3/#43/#53/#73/#;3/#DQG#493#PJ2NJ>D

S0FKORURDQLOLQH#GRVHV#ZHUH#3/#8/#43/#53/#73/#DQG#;3#PJ2NJ#IRU#UDWV#DQG#3/#:18/#48/#63/#93/#DQG#453#PJ2NJ#IRU#PLFH#+173/#4<;<,1
1R#DGYHUVH#HIIHFWV#REVHUYHGE
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7KH#PHWKHPRJORELQ#UHVSRQVH#WR#HDFK#LVRPHU#LQ#DOO#JURXSV#ZDV#FRQVLVWHQWO\#JUHDWHU#LQ#UDWV#WKDQ#LQ#PDOH#RU#IHPDOH

PLFH1##([FHSW#IRU#FDWV#+7KRPSVRQ#HW#DO1/#4<;<,/# WKHUH#GRHV#QRW#DSSHDU#WR#EH#D#VLJQLILFDQW#GLIIHUHQFH#LQ#WKH

VXVFHSWLELOLW\#RI#KHPRJORELQ#IURP#GLIIHUHQW#VSHFLHV#WR#EH#R[LGL]HG#WR#PHWKHPRJORELQ#+6PLWK/#4<<9,1##6KRUW0WHUP

H[SRVXUH#RI#KXPDQV#WR#FKORURDQLOLQHV#SURGXFHV#F\DQRVLV/#D#PDQLIHVWDWLRQ#RI#PHWKHPRJORELQ#IRUPDWLRQ1##/RQJ0

WHUP# H[SRVXUH#PD\# UHVXOW# LQ# UHYHUVLEOH# DQHPLD# +/LQFK/# 4<:7,1# # 7KH#PHWKHPRJORELQ# FDQ# EH# UHGXFHG# WR

KHPRJORELQ#LQ#PDPPDOLDQ#VSHFLHV#E\#1$'+0GHSHQGHQW#PHWKHPRJORELQ#UHGXFWDVH#ORFDWHG#LQ#WKH#HU\WKURF\WHV1

$#430IROG#GLIIHUHQFH#LQ#WKH#DFWLYLW\#RI#WKLV#HQ]\PH#H[LVWV#DPRQJ#YDULRXV#VSHFLHV1##(Q]\PLF#DFWLYLW\#LV#ILYH#WLPHV

KLJKHU#LQ#UDW#HU\WKURF\WHV#DQG#43#WLPHV#KLJKHU#LQ#PRXVH#HU\WKURF\WHV#WKDQ#LQ#KXPDQ#HU\WKURF\WHV#+6PLWK/#4<<9,/

VXJJHVWLQJ# WKDW#KXPDQV#DUH#PRUH#VXVFHSWLEOH# WR# WKLV#SDUWLFXODU# WR[LF#HIIHFW#RI#DQLOLQH#DQG# LWV# LVRPHUV1# #7KH

GLIIHUHQFH#LQ#HQ]\PH#DFWLYLW\#FRXOG#H[SODLQ#WKH#PRUH#VHYHUH#PHWKHPRJORELQHPLD#LQ#UDWV#WKDQ#LQ#PLFH1

)HPDOH#UDWV#DSSHDUHG#WR#EH#PRUH#VXVFHSWLEOH#WR#WKH#IRUPDWLRQ#RI#PHWKHPRJORELQ#DQG#WKH#GHYHORSPHQW#RI#DQHPLD

WKDQ#PDOH# UDWV# LQ# WKH#R0#DQG#P0FKORURDQLOLQH#VWXGLHV1# #7KH#PHFKDQLVP# IRU# WKLV#VH[#GLIIHUHQFH# LV#XQNQRZQ1

*HQHUDOO\/# IHPDOH# UDWV# KDYH# VOLJKWO\# IHZHU# EXW# ODUJHU# HU\WKURF\WHV# WKDQ#PDOH# UDWV# +-DLQ/# 4<;9,># WKLV#PD\

SUHGLVSRVH#WKH#HU\WKURF\WHV#RI#IHPDOH#UDWV#WR#EH#PRUH#VHQVLWLYH#WR#R[LGDWLYH#LQMXU\1##$GGLWLRQDOO\/#PDOH#DQLPDOV

PD\#EH#EHWWHU# DEOH# WR# UHVSRQG# WR# DQ# DQHPLD#GXH# WR# WKH# VWLPXODWRU\# HIIHFW#RI# DQGURJHQV#RQ# HU\WKURSRLHVLV

+:LQWUREH/#4<;4>#-DLQ/#4<;9,1

0HWKHPRJORELQ# FRQFHQWUDWLRQV# ZHUH# LQFUHDVHG# LQ# UDWV# DGPLQLVWHUHG# 73# +IHPDOHV,/# ;3/# RU# 433# PJ2NJ

R0FKORURDQLOLQH#RU#DQ\#GRVH#RI#P0FKORURDQLOLQH#DW#WKH#HDUOLHVW#VDPSOLQJ#WLPH#+GD\#6,/#LQGLFDWLQJ#WKDW#PDUNHG

R[LGDWLYH#UHG#FHOO# LQMXU\#GHYHORSHG#UDSLGO\#DIWHU#DGPLQLVWUDWLRQ1# #0HWKHPRJORELQ#FRQFHQWUDWLRQV#KDYH#EHHQ

VKRZQ# WR# LQFUHDVH# LQ#FDWV#DQG#:LVWDU#UDWV#ZLWKLQ#KRXUV#DIWHU#RUDO#RU# LQWUDSHULWRQHDO#DGPLQLVWUDWLRQ#RI#R0#RU

P0FKORURDQLOLQH# +0F/HDQ#HW#DO1/#4<9<>#:DWDQDEH#HW#DO1/#4<:9,1# #)RU#UDWV# LQ# WKH#P0FKORURDQLOLQH#VWXG\/# WKH

JUHDWHVW# PHWKHPRJORELQ# FRQFHQWUDWLRQV# RFFXUUHG# LQ# WKH# 493# PJ2NJ# JURXSV# RQ# GD\# 6># PHWKHPRJORELQ

FRQFHQWUDWLRQV#LQ#WKHVH#JURXSV#GHFOLQHG#VRPHZKDW#E\#GD\#56/#UHPDLQLQJ#VWDEOH#DW#ZHHN#461##7KLV#REVHUYDWLRQ

VXJJHVWV#WKDW#LQFUHDVHG#DFWLYLW\#RI#WKH#HQ]\PH#V\VWHPV#LQYROYHG#LQ#PHWKHPRJORELQ#UHGXFWLRQ#RFFXUUHG#DQG#FRXOG

EH#H[SODLQHG#E\#DQ#DEVROXWH# LQFUHDVH# LQ#HQ]\PH0ULFK#UHWLFXORF\WHV# WKDW#DSSHDUHG# LQ#UHVSRQVH# WR# WKH#DQHPLD1

6LPLODU#WLPH0GHSHQGHQW#PHWKHPRJORELQ#FRQFHQWUDWLRQ#ILQGLQJV#KDYH#EHHQ#REVHUYHG#IRU#UDWV#H[SRVHG#WR#RWKHU

PHWKHPRJORELQ0IRUPLQJ# FRPSRXQGV# +7UDYORV# HW# DO1/# 4<<9>#173/# 4<<;,1# # ,Q# FRQWUDVW/# WKH# VHYHULW\# RI# WKH

PHWKHPRJORELQHPLD# LQFUHDVHG#ZLWK# WLPH# LQ# WKH# ORZHU# GRVH# JURXSV# DQG# IRU#PDOH# DQG# IHPDOH# UDWV# LQ# WKH

R0FKORURDQLOLQH#VWXG\/#VXJJHVWLQJ#WKDW#WKH#UHG#FHOO#LQMXU\#PD\#QRW#KDYH#EHHQ#DV#VHYHUH/#DQG#WKXV#UHG#FHOOV#ZLWK

R[LGL]HG#KHPRJORELQ#ZHUH#DOORZHG#WR#UHPDLQ#LQ#WKH#EORRGVWUHDP#ORQJHU1

7KH#LQFUHDVHG#SODWHOHW#FRXQWV#WKDW#RFFXUUHG#LQ#WKH#R0#DQG#P0FKORURDQLOLQH#VWXGLHV#FRXOG#KDYH#EHHQ#UHODWHG#WR#D

JHQHUDO#LQFUHDVH#LQ#KHPDWRSRLHWLF#DFWLYLW\#RU#WR#D#SK\VLRORJLF#UHVSRQVH#UHVXOWLQJ#LQ#VSOHQLF#FRQWUDFWLRQ/#RU#WKH

FRXQWV#FRXOG#KDYH#EHHQ#HUURQHRXVO\#HOHYDWHG#GXH#WR#WKH#SUHVHQFH#RI#IUHH#+HLQ]#ERGLHV#RU#HU\WKURF\WH#IUDJPHQWV
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LQ#WKH#EORRGVWUHDP1##7KH#GHFUHDVHG#SODWHOHW#FRXQWV#WKDW#RFFXUUHG#LQ#GRVHG#PDOH#DQG#IHPDOH#UDWV#DW#WKH#HQG#RI#WKH

P0FKORURDQLOLQH#VWXG\#ZRXOG#EH#FRQVLVWHQW#ZLWK#WKH#JUHDWO\#LQFUHDVHG#VSOHHQ#ZHLJKWV1##,Q#DQLPDOV/#WKH#VSOHHQ#ZLOO

VHTXHVWHU#DSSUR[LPDWHO\#D#WKLUG#RI#WKH#FLUFXODWLQJ#SODWHOHW#PDVV#+-DLQ/#4<;9,1##,Q#FDVHV#RI#VSOHQRPHJDO\/#WKHUH

LV# DEQRUPDO# SRROLQJ# RI# SODWHOHWV# ZLWKLQ# WKH# VSOHHQ/# UHVXOWLQJ# LQ# WKURPERF\WRSHQLD># WKH# PDJQLWXGH# RI

WKURPERF\WRSHQLD#LV#UHODWHG#WR#VSOHHQ#VL]H1

7KH#ELRFKHPLFDO#HYLGHQFH#RI#LQFUHDVHG#KHSDWRFHOOXODU#OHDNDJH#DQG2RU#DOWHUHG#OLYHU#IXQFWLRQ#VXJJHVWV#WKDW#WKH#OLYHU

ZDV#D#WDUJHW#RI#WR[LF#HIIHFWV#RI#R0#DQG#P0FKORURDQLOLQH#LQ#UDWV1##+RZHYHU/#HIIHFWV#RQ#WKH#OLYHU#FRXOG#KDYH#EHHQ

VHFRQGDU\#WR#WKH#GHFUHDVHG#HU\WKURF\WH#R[\JHQ0FDUU\LQJ#FDSDFLW\/#UHODWHG#WR#WKH#PHWKHPRJORELQHPLD/#ZKLFK

UHVXOWHG#LQ#PLOG#KHSDWRFHOOXODU#K\SR[LD#DQG#LQFUHDVHG#FHOO#PHPEUDQH#SHUPHDELOLW\1

%DVHG#RQ# WKH#PHWKHPRJORELQ#FRQFHQWUDWLRQV/#D#QR0REVHUYHG0DGYHUVH0HIIHFW# OHYHO#IRU#KHPDWRWR[LFLW\#ZDV#QRW

GHWHUPLQHG#IRU#DQ\#RI#WKH#LVRPHUV#LQ#WKH#FXUUHQW#VWXGLHV1##+RZHYHU/#WKH#GDWD#FDQ#EH#XVHG#WR#HVWDEOLVK#UHIHUHQFH

GRVH#FRQFHQWUDWLRQV#RU#PLQLPXP#ULVN#OHYHOV#IRU#FKORULQDWHG#DQLOLQHV1

$OWKRXJK#WKH#R0/#P0/#DQG#S0#LVRPHUV#RI#FKORURDQLOLQH#DOO#H[KLELW#JHQHWLF#WR[LFLW\/#WKH#SURILOHV#RI#DFWLYLW\#DUH#QRW

FRQVLVWHQW1##S0&KORURDQLOLQH#+173/#4<;<,#ZDV#PXWDJHQLF# LQ#DOO#DVVD\V# LQ#ZKLFK# LW#ZDV# WHVWHG/# LQFOXGLQJ# WKH

6DOPRQHOOD#W\SKLPXULXP#DVVD\#+0RUWHOPDQV#HW#DO1/#4<;9,/#WKH#PRXVH#O\PSKRPD#DVVD\/#LQ#YLWUR#&KLQHVH#KDPVWHU

RYDU\#FHOO#F\WRJHQHWLFV#DVVD\V/#DQG#WKH#LQ#YLYR#PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#WHVW#+173/#XQSXEOLVKHG#GDWD,1

,Q#FRQWUDVW/#QHLWKHU#R0#QRU#P0FKORURDQLOLQH#GHPRQVWUDWHG#FRQVLVWHQW#UHVSRQVHV#DPRQJ#WKH#YDULRXV#DVVD\V#LQ#ZKLFK
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PLFURQXFOHXV#WHVW=##0HDVXUHPHQW#DW#VWHDG\#VWDWH#LQFUHDVHV#DVVD\#HIILFLHQF\#DQG#SHUPLWV#LQWHJUDWLRQ#ZLWK

WR[LFLW\#VWXGLHV1##)XQGDP1#$SSO1#7R[LFRO1#47/#84608551

0&/($1/#61/#67$50(5/#*1$1/#$1'#7+20$6/#-1#+4<9<,1##0HWKDHPRJORELQ#IRUPDWLRQ#E\#DURPDWLF#DPLQHV1##-1

3KDUP1#3KDUPDFRO1#54/#77407831
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0$/.29$/# 91%1# +4<99,1# # ([SHULPHQWDO# GDWD# WR# VXEVWDQWLDWH# WKH# PD[LPXP# SHUPLVVLEOH# FRQFHQWUDWLRQ# RI

PHWKDFKORUDQLOLQ#LQ#ZDWHU#ERGLHV#>LQ#5XVVLDQ/#(QJOLVK#VXPPDU\@1##*LJ1#6DQLW1#64/#90431

0$5*2/,1/#%1+1/#5,6.2/#.1-1/#)520(/#(1/1/#$1'#7,&(/#5151#+4<<3,1##$#JHQHUDO#SXUSRVH#VWDWLVWLFDO#DQDO\VLV

SURJUDP# IRU# PLFURQXFOHXV# DVVD\# GDWD1# # $SSHQGL[# 5=# #0LFURQXFOHXV# GDWD# PDQDJHPHQW# DQG# DQDO\VLV

YHUVLRQ#417D1##,QWHJUDWHG#/DERUDWRU\#6\VWHPV/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

0$521327/#5151/#$1'#%2250$1/#*1$1#+4<;5,1##,QWHUSUHWDWLRQ#RI#URGHQW#KHSDWRFHOOXODU#SUROLIHUDWLYH#DOWHUDWLRQV

DQG#KHSDWRFHOOXODU#WXPRUV#LQ#FKHPLFDO#VDIHW\#DVVHVVPHQW1##7R[LFRO1#3DWKRO1#43/#:40;31

7+(#0(5&.#,1'(;#+4<;6,1##43WK#HG1#+01#:LQGKRO]/#(G1,/#S1#5<:1##0HUFN#DQG#&RPSDQ\/#5DKZD\/#1-1

0,<$7$/#51/#12+0,/#71/#<26+,.$:$/#.1/#$1'#,6+,'$7(/#01/#-51#+4<;4,1##0HWDEROLF#DFWLYDWLRQ#RI#S0QLWURWROXHQH

DQG# WULFKORURHWK\OHQH#E\#UDW0OLYHU#6<#RU#PRXVH0OLYHU#6<#IUDFWLRQV# LQ#6DOPRQHOOD# W\SKLPXULXP#VWUDLQV#>LQ

-DSDQHVH/#(QJOLVK#VXPPDU\@1##(LVHL#6KLNHQMR#+RNRNX#<</#930981

0255,621/#'1)1# +4<:9,1# #0XOWLYDULDWH# 6WDWLVWLFDO#0HWKRGV/# 5QG# HG1/# SS1# 4:304:<1# #0F*UDZ0+LOO# %RRN

&RPSDQ\/#1HZ#<RUN1

0257(/0$16/#.1/#+$:257+/#61/#/$:/25/#71/#63(&./#:1/#7$,1(5/#%1/#$1'#=(,*(5/#(1#+4<;9,1##6DOPRQHOOD

PXWDJHQLFLW\#WHVWV=##,,1#5HVXOWV#IURP#WKH#WHVWLQJ#RI#5:3#FKHPLFDOV1##(QYLURQ1#0XWDJHQ1#;#+6XSSO1#:,/#4044<1

1$7,21$/# &$1&(5# ,167,787(# +1&,,# +4<::,1# # %LRDVVD\# RI# 'DSVRQH# IRU# 3RVVLEOH# &DUFLQRJHQLFLW\# +&$6

1R1#;303;03,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#531##1,+#3XEOLFDWLRQ#1R1#::0;531##8161#'HSDUWPHQW#RI#+HDOWK/

(GXFDWLRQ/#DQG#:HOIDUH/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#%HWKHVGD/#0'1

1$7,21$/# &$1&(5# ,167,787(# +1&,,# +4<:<D,1# # %LRDVVD\# RI# R07ROXLGLQH# +\GURFKORULGH# IRU# 3RVVLEOH

&DUFLQRJHQLFLW\#+&$6#1R1#96905408,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#4861##1,+#3XEOLFDWLRQ#1R1#:<04:3<1

8161#'HSDUWPHQW#RI#+HDOWK/#(GXFDWLRQ/#DQG#:HOIDUH/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/

%HWKHVGD/#0'1

1$7,21$/#&$1&(5#,167,787(#+1&,,#+4<:<E,1##%LRDVVD\#RI#$]REHQ]HQH#IRU#3RVVLEOH#&DUFLQRJHQLFLW\#+&$6

1R1#43606606,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#4871##1,+#3XEOLFDWLRQ#1R1#:<04:431##8161#'HSDUWPHQW#RI

+HDOWK/#(GXFDWLRQ/#DQG#:HOIDUH/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#%HWKHVGD/#0'1
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1$7,21$/# ,167,787(#)25#2&&83$7,21$/#6$)(7<#$1'#+($/7+# +1,26+,# +4<<3D,1# #1DWLRQDO#2FFXSDWLRQDO

+D]DUG#6XUYH\#+4<:5#WR#4<:7,1##&LQFLQQDWL/#2+1

1$7,21$/# ,167,787(#)25#2&&83$7,21$/#6$)(7<#$1'#+($/7+# +1,26+,# +4<<3E,1# #1DWLRQDO#2FFXSDWLRQDO

([SRVXUH#6XUYH\#+4<;4#WR#4<;6,/#XQSXEOLVKHG#SURYLVLRQDO#GDWD#DV#RI#-XO\#4/#4<<31##&LQFLQQDWL/#2+1

1$7,21$/#72;,&2/2*<#352*5$0# +173,# +4<;5,1# #&DUFLQRJHQHVLV#%LRDVVD\# RI#'# )#&#5HG#1R1# <# +&$6

1R1#849303504,#LQ#)677#5DWV#DQG#%9&6) #0LFH#+)HHG#6WXG\,1##7HFKQLFDO#5HSRUW#6HULHV#1R1#5581##1,+4

3XEOLFDWLRQ#1R1#;504:;41##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO

,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&/#DQG#%HWKHVGD/#0'1

1$7,21$/#72;,&2/2*<#352*5$0#+173,#+4<;<,1##7R[LFRORJ\#DQG#&DUFLQRJHQHVLV#6WXGLHV#RI#SDUD0&KORURDQLOLQH

+\GURFKORULGH#+&$6#1R1#535980<90:,# LQ#)67721#5DWV#DQG#%9&6) #0LFH#+*DYDJH#6WXGLHV,1##7HFKQLFDO4

5HSRUW#6HULHV#1R1#6841##1,+#3XEOLFDWLRQ#1R1#;<05;391##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/

3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

1$7,21$/#72;,&2/2*<#352*5$0# +173,# +4<<4,1# #7HFKQLFDO#3URWRFRO#IRU#6SHUP#0RUSKRORJ\#DQG#9DJLQDO

&\WRORJ\#(YDOXDWLRQV#LQ#7R[LFLW\#7HVWLQJ#IRU#5DWV#DQG#0LFH/#432642;5#YHUVLRQ#+XSGDWHG#0D\#4<<4,1##8161

'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK/#5HVHDUFK

7ULDQJOH#3DUN/#1&1

1$7,21$/# 72;,&2/2*<# 352*5$0# +173,# +4<<;,1# # 7R[LFLW\# 6WXGLHV# RI# 0HWK\O# (WK\O# .HWR[LPH# +&$6

1R1#<905<0:,#$GPLQLVWHUHG#LQ#'ULQNLQJ#:DWHU#WR#)67721#5DWV#DQG#%9&6) #0LFH1##7R[LFLW\#5HSRUW#6HULHV4

1R1#841##8161#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV/#3XEOLF#+HDOWK#6HUYLFH/#1DWLRQDO#,QVWLWXWHV#RI

+HDOWK/#5HVHDUFK#7ULDQJOH#3DUN/#1&1##+LQ#SUHSDUDWLRQ,

3$52',/#61/#3$/$/#01/#58662/#31/#=81,12/#$1/#%$/%,/#&1/#$/%,1,/#$1/#9$/(5,2/#)1/#&,0%(5/(/#0151/#$1'

6$17,/#/1#+4<;5D,1##'1$#GDPDJH#LQ#OLYHU/#NLGQH\/#ERQH#PDUURZ/#DQG#VSOHHQ#RI#UDWV#DQG#PLFH#WUHDWHG#ZLWK

FRPPHUFLDO#DQG#SXULILHG#DQLOLQH#DV#GHWHUPLQHG#E\#DONDOLQH#HOXWLRQ#DVVD\#DQG#VLVWHU#FKURPDWLG#H[FKDQJH

LQGXFWLRQ1##&DQFHU#5HV1#75/#55::055;61

3$52',/#61/#7$1,1*+(5/#01/#%2(52/#31/#$1'#6$17,/#/1#+4<;5E,1##4XDQWLWDWLYH#FRUUHODWLRQV#DPRQJVW#DONDOLQH

'1$# IUDJPHQWDWLRQ/#'1$# FRYDOHQW# ELQGLQJ/#PXWDJHQLFLW\# LQ# WKH#$PHV# WHVW# DQG# FDUFLQRJHQLFLW\/# IRU

54#FRPSRXQGV1##0XWDW1#5HV1#<6/#40571
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5$1.,1/#*121/#<$1*/#'1-1/#&5(66(<09(1(=,$12/#.1/#&$672/#61/#:$1*/#5171/#$1'#%52:1/#31,1#+4<;9,1##,Q

YLYR#DQG#LQ#YLWUR#QHSKURWR[LFLW\#RI#DQLOLQH#DQG#LWV#PRQRFKORURSKHQ\O#GHULYDWLYHV#LQ#WKH#)LVFKHU#677#UDW1

7R[LFRORJ\#6;/#59<05;61

5$1.,1/#*121/#9$/(1729,&/#01$1/#%((56/#.1:1/#1,&2///#'1:1/#%$///#-1*1/#$1(67,6/#'1.1/#%52:1/#31,1/

$1'#+8%%$5'/#-1/1#+4<<6,1##5HQDO#DQG#KHSDWLF#WR[LFLW\#RI#PRQRFKORURDFHWDQLOLGHV#LQ#WKH#)LVFKHU#677#UDW1

7R[LFRORJ\#:</#4;404<61

5$2/#*111/#+$6(0$1/#-1.1/#$1'#('021'621/#-1# +4<;<D,1# # ,QIOXHQFH#RI#YLUDO# LQIHFWLRQV#RQ#ERG\#ZHLJKW/

VXUYLYDO/#DQG#WXPRU#SUHYDOHQFH#LQ#)LVFKHU#67721&U#UDWV#RQ#WZR0\HDU#VWXGLHV1##/DE1#$QLP1#6FL1#6</#6;<06<61

5$2/#*111/#3,(*256&+/#:1:1/#&5$:)25'/#'1'1/#('021'621/#-1/#$1'#+$6(0$1/#-1.1#+4<;<E,1##,QIOXHQFH

RI#YLUDO#LQIHFWLRQV#RQ#ERG\#ZHLJKW/#VXUYLYDO/#DQG#WXPRU#SUHYDOHQFH#RI#%9&6)4#+&8:%/291#ð#&6+2+HQ,

PLFH#LQ#FDUFLQRJHQLFLW\#VWXGLHV1##)XQGDP1#$SSO1#7R[LFRO1#46/#48904971

5(*,675<#2)#72;,&#())(&76#2)#&+(0,&$/#68%67$1&(6#+57(&6,#+4<<8,1##0DLQWDLQHG/#UHYLHZHG/#DQG#XSGDWHG

RQ# WKH#1DWLRQDO#/LEUDU\#RI#0HGLFLQH*V#7R[LFRORJ\#'DWD#1HWZRUN# +72;1(7,1# #$YDLODEOH# WKURXJK# WKH

0HGODUV#6\VWHP1

5(176&+/#*1# +4<9;,1# #*HQHVLV#RI#+HLQ]#ERGLHV#DQG#PHWKHPRJORELQ# IRUPDWLRQ1# #%LRFKHP1#3KDUPDFRO1#4:/

756075:1

526(1.5$1=/#+161/#$1'#32,5,(5/#/1$1#+4<:<,1##(YDOXDWLRQ#RI#WKH#PXWDJHQLFLW\#DQG#'1$0PRGLI\LQJ#DFWLYLW\

RI#FDUFLQRJHQV#DQG#QRQFDUFLQRJHQV#LQ#PLFURELDO#V\VWHPV1##-1&,#95/#;:60;<51

6+,5/(</#(1#+4<::,1##$#QRQ0SDUDPHWULF#HTXLYDOHQW#RI#:LOOLDPV*#WHVW#IRU#FRQWUDVWLQJ#LQFUHDVLQJ#GRVH#OHYHOV#RI#D

WUHDWPHQW1##%LRPHWULFV#66/#6;906;<1

6,0021/#91)1# +4<:<,1# # ,Q#YLWUR#PXWDJHQLFLW\#DVVD\V#RI#FKHPLFDO#FDUFLQRJHQV#DQG# UHODWHG#FRPSRXQGV#ZLWK

6DOPRQHOOD#W\SKLPXULXP1##-1&,#95/#;<60;<<1

60,7+/#5131#+4<<9,1##7R[LF#UHVSRQVHV#RI#WKH#EORRG1##,Q#&DVDUHWW#DQG#'RXOO*V#7R[LFRORJ\=##7KH#%DVLF#6FLHQFH

RI#3RLVRQV/#8WK#HG1#+&1'1#.ODDVVHQ/#(G1,/#SS1#66806871##0F*UDZ0+LOO/#1HZ#<RUN1
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60<7+/#+1)1/#-51/#&$53(17(5/#&131/#:(,//#&161/#32==$1,/#81&1/#$1'#675,(*(//#-1$1#+4<95,1##5DQJH0ILQGLQJ

WR[LFLW\#GDWD=##/LVW#9,1##$P1#,QG1#+\J1#$VVRF1#-1#56/#<8043:1

6=,=$/#01/#$1'#32'+5$*<$,/#/1#+4<8:,1##7R[LNRORJLVFKH#8QWHUVXFKXQJ#HLQLJHU#LQ#GHU#XQJDULVFKHQ#,QGXVWULH

]XU#$QZHQGXQJ#JHODQJHQGHQ#DURPDWLVFKHQ#$PLGRYHUELQGXQJHQ1##$UFK1#*HZHUEHSDWKRO1#*HZHUEHK\J1#48/

77:07891

7+203621/#&1=1/#+,///#/1(1/#(33/#-1.1/#$1'#352%67/#*161#+4<;6,1##7KH#LQGXFWLRQ#RI#EDFWHULDO#PXWDWLRQ#DQG

KHSDWRF\WH#XQVFKHGXOHG#'1$#V\QWKHVLV#E\#PRQRVXEVWLWXWHG#DQLOLQHV1##(QYLURQ1#0XWDJHQ1#8/#;360;441

7+203621/#-1&1/#3$8/,/#-191/#+23&52)7/#'1+1/#$1'#%(///#*1+1#+4<;<,1##$Q#XQXVXDO#+HLQ]#ERG\#DQDHPLD

LQ#D#FDW1##-1#&RPS1#3DWKRO1#433/#676067:1

723+$0/#-1&1#+4<;3,1##7KH#GHWHFWLRQ#RI#FDUFLQRJHQ0LQGXFHG#VSHUP#KHDG#DEQRUPDOLWLHV#LQ#PLFH1##0XWDW1#5HV1

9</#47<04881

75$9/26/#*161/#0$+/(5/#-1/#5$*$1/#+1$1/#&+28/#%1-1/#$1'#%8&+(5/#-151#+4<<9,1##7KLUWHHQ0ZHHN#LQKDODWLRQ

WR[LFLW\#RI#50#DQG#70FKORURQLWUREHQ]HQH#LQ#)67721#UDWV#DQG#%9&6)4#PLFH1##)XQGDP1#$SSO1#7R[LFRO1#63/

:80<51

81,7('#67$7(6#(19,5210(17$/#3527(&7,21#$*(1&<#+86(3$,#+4<;6,1##&RPSXWHU#3ULQWRXW#+&,&,6,=##4<::

SURGXFWLRQ#VWDWLVWLFV#IRU#FKHPLFDOV#LQ#WKH#QRQFRQILGHQWLDO#LQLWLDO#76&$#&KHPLFDO#6XEVWDQFHV#,QYHQWRU\1##8161

(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#2IILFH#RI#3HVWLFLGHV#DQG#7R[LF#6XEVWDQFHV/#:DVKLQJWRQ/#'&1

:$5'/#-101/#5(=1,./#*1/#$1'#*$51(5/#)101#+4<;3,1##3UROLIHUDWLYH#OHVLRQV#RI#WKH#VSOHHQ#LQ#PDOH#)677#UDWV#IHG

GLHWV#FRQWDLQLQJ#S0FKORURDQLOLQH1##9HW1#3DWKRO1#4:/#53305381

:$7$1$%(/#71/#,6+,+$5$/#11/#$1'#,.('$/#01#+4<:9,1##7R[LFLW\#RI#DQG#ELRORJLFDO#PRQLWRULQJ#IRU#4/60GLDPLQR0

5/#7/#90WULQLWUREHQ]HQH#DQG#RWKHU#QLWUR0DPLQR#GHULYDWLYHV#RI#EHQ]HQH#DQG#FKORUREHQ]HQH1##,QW1#$UFK1#2FFXS1

(QYLURQ1#+HDOWK#6:/#48:049;1

:,//,$06/#'1$1#+4<:4,1##$#WHVW#IRU#GLIIHUHQFHV#EHWZHHQ#WUHDWPHQW#PHDQV#ZKHQ#VHYHUDO#GRVH#OHYHOV#DUH#FRPSDUHG

ZLWK#D#]HUR#GRVH#FRQWURO1##%LRPHWULFV#5:/#436044:1
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:,//,$06/#'1$1# +4<:5,1# #$#FRPSDULVRQ#RI# VHYHUDO#GRVH# OHYHOV#ZLWK#D#]HUR#GRVH#FRQWURO1# #%LRPHWULFV#5;/

84<08641

:,1752%(/#0101#+4<;4,1##&RQWURO#RI#HU\WKURSRLHVLV1##,Q#&OLQLFDO#+HPDWRORJ\/#;WK#HG1#+0101#:LQWUREH/#*151

/HH/#'151#%RJJV/#71&1#%LWKHOO/#-1#)RHUVWHU/#-1:1#$WKHQV/#DQG#-111#/XNHQV/#(GV1,/#SS1#45804681##/HD#DQG

)HELJHU/#3KLODGHOSKLD1

=(,*(5/#(1/#$1'(5621/#%1/#+$:257+/#61/#/$:/25/#71/#0257(/0$16/#.1/#$1'#63(&./#:1#+4<;:,1##6DOPRQHOOD

PXWDJHQLFLW\#WHVWV=##,,,1#5HVXOWV#IURP#WKH#WHVWLQJ#RI#588#FKHPLFDOV1##(QYLURQ1#0XWDJHQ1#<#+6XSSO1#<,/#404431

=,00(5/#'1/#0$=85(./#-1/#3(7=2/'/#*1/#$1'#%+8<$1/#%1.1#+4<;3,1##%DFWHULDO#PXWDJHQLFLW\#DQG#PDPPDOLDQ

FHOO#'1$#GDPDJH#E\#VHYHUDO#VXEVWLWXWHG#DQLOLQHV1##0XWDW1#5HV1#::/#64:06591
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$04

$33(1',;#$
6800$5<#2)#1211(23/$67,&#/(6,216#,1#5$76

7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $05

7$%/(#$5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $07

7$%/(#$6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $09

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $0;
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7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWK

1DWXUDO#GHDWK 4
6XUYLYRUV

7HUPLQDO#VDFULILFH 43 43 43 < 43 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
/LYHU #+43, #### #+4, #+4, #### +43,

+HSDWRGLDSKUDJPDWLF#QRGXOH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
.XSIIHU#FHOO/#SLJPHQWDWLRQ/#
##KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### #43 +433(,

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #### #### #+4, #### +43,

0\RFDUGLXP/#GHJHQHUDWLRQ/#
##FKURQLF/#IRFDO ##5 +53(,# ### ###### ### ###### ### ###### ### ###### ##5 +53(,#

(QGRFULQH#6\VWHP
1RQH

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
3UHSXWLDO#JODQG #+43, #### #### #+4, #### +43,

,QIODPPDWLRQ/#FKURQLF#DFWLYH ##9 +93(,# ### ###### ### ###### ### ###### ### ###### ##9 +93(,#

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ##4 +43(,# #43 +433(, #43 +433(,
6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ### ###### #43 +433(, #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### ##< +<3(,#
&DSVXOH/#ILEURVLV ### ###### ### ###### ### ###### ### ###### #43 +433(, ##< +<3(,#

,QWHJXPHQWDU\#6\VWHP
1RQH

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 $06

7$%/(#$4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
1RQH

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+43, #+43, #+43, #+43, +43,

0LQHUDOL]DWLRQ/#GLIIXVH ##< +<3(,# #43 +433(, #43 +433(, #43 +433(, #43 +433(, ##< +<3(,#
0LQHUDOL]DWLRQ/#IRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### #43 +433(,



$07 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#$5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWK

1DWXUDO#GHDWK 4
6XUYLYRUV

7HUPLQDO#VDFULILFH 43 43 < 43 43 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
/LYHU #+43, #### #+4, #### #### +43,

.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### #43 +433(,

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #### #+4, #### #### +43,

0\RFDUGLXP/#GHJHQHUDWLRQ/#
##FKURQLF/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

(QGRFULQH#6\VWHP
1RQH

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
&OLWRUDO#JODQG #+43, #### #+4, #### #### +43,

,QIODPPDWLRQ/#FKURQLF#DFWLYH ##6 +63(,# ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
2YDU\ #+43, #### #+4, #### #### +43,

3HULRYDULDQ#WLVVXH/#F\VW ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ### ###### #43 +433(, #43 +433(,
6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ### ###### #43 +433(, #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ##< +<3(,# ##< +<3(,#
&DSVXOH/#ILEURVLV ### ###### ### ###### ### ###### ### ###### #43 +433(, #43 +433(,

,QWHJXPHQWDU\#6\VWHP
1RQH

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 $08

7$%/(#$5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
1RQH

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+43, #+43, #+43, #+43, +43,

0LQHUDOL]DWLRQ/#GLIIXVH #43 +433(, #43 +433(, ##< +<3(,# #43 +433(, #43 +433(, ##< +<3(,
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### #43 +433(,



$09 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#$6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
6XUYLYRUV

7HUPLQDO#VDFULILFH 43 43 43 43 43 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
/LYHU #+43, #+43, #+43, #+43, #+43, +43,

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##4 +43(,# ### ###### ### ###### ##< +<3(,# ##< +<3(,#
+HPRUUKDJH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#DFXWH ### ###### ##4 +43(,# ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF#DFWLYH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
1HFURVLV/#IRFDO ### ###### ##4 +43(,# ### ###### ### ###### ### ###### ### ######
1HFURVLV/#PXOWLIRFDO ### ###### ##4 +43(,# ### ###### ### ###### ### ###### ### ######
9DFXROL]DWLRQ#F\WRSODVPLF ### ###### ### ###### ### ###### ##4 +43(,# ### ###### ### ######
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ ### ###### ### ###### ### ###### ##< +<3(,# #43 +433(, ##43 +433(,#

3DQFUHDV #+43, #### #### #### #### +43,
$FLQXV/#DWURSK\ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #### #### #### #### +43,

&DUGLRP\RSDWK\ #43 +433(, ### ###### ### ###### ### ###### ### ###### ##8 +83(,#

(QGRFULQH#6\VWHP
7K\URLG#JODQG #+43, #### #### #### #### +43,

8OWLPREUDQFKLDO#F\VW ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
3UHSXWLDO#JODQG #+43, #### #### #### #### +43,

,QIODPPDWLRQ/#FKURQLF ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ##7 +73(,#
,QIODPPDWLRQ/#FKURQLF/#IRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF/#PXOWLIRFDO ##7 +73(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF/#VXSSXUDWLYH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

7HVWHV #+43, #### #### #### #### +43,
$WURSK\ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 $0:

7$%/(#$6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### #43 +433(, #43 +433(,
(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### #43 +433(, #43 +433(, #43 +433(,

6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,
&RQJHVWLRQ ### ###### ##4 +43(,# ##< +<3(,# #43 +433(, #43 +433(, #43 +433(,
)LEURVLV ### ###### ### ###### ##4 +43(,# ### ###### ### ###### ### ######
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##: +:3(,# #43 +433(, #43 +433(, #43 +433(, #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##9 +93(,# #43 +433(, #43 +433(, #43 +433(, #43 +433(,
&DSVXOH/#ILEURVLV ### ###### ##5 +53(,# ##5 +53(,# ##; +;3(,# #43 +433(, #43 +433(,
&DSVXOH/#LQILOWUDWLRQ#FHOOXODU ##4 +43(,# ##5 +53(,# ##5 +53(,# #43 +433(, #43 +433(, #43 +433(,

,QWHJXPHQWDU\#6\VWHP
1RQH

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
/XQJ #+43, #### #### #### #### +43,

+HPRUUKDJH/#IRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
$OYHRODU#HSLWKHOLXP/#K\SHUSODVLD ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
$UWHU\/#PLQHUDOL]DWLRQ ##9 +93(,# ### ###### ### ###### ### ###### ### ###### ##8 +83(,#
,QWHUVWLWLXP/#LQIODPPDWLRQ/#FKURQLF/#
##IRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QWHUVWLWLXP/#LQIODPPDWLRQ/#FKURQLF/ ### ###### ### ###### ### ###### ### ###### ### ###### ### ######
###PXOWLIRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
9HLQ/#PLQHUDOL]DWLRQ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

1RVH #+43, #### #### #### #### +43,
/DWHUDO#ZDOO/#LQIODPPDWLRQ/#
##JUDQXORPDWRXV ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+43, #+43, #+43, #+43, +43,

,QIODPPDWLRQ/#FKURQLF/#PXOWLIRFDO ### ###### ##4 +43(,# ### ###### ### ###### ### ###### ### ######
0LQHUDOL]DWLRQ #43 +433(, #43 +433(, ##< +<3(,# #43 +433(, #43 +433(, #43 +433(,
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### #43 +433(, #43 +433(, #43 +433(,
5HQDO#WXEXOH/#UHJHQHUDWLRQ/#IRFDO ##5 +53(,# ### ###### ### ###### ##4 +43(,# ##5 +53(,# ### ######
5HQDO#WXEXOH/#UHJHQHUDWLRQ/#PXOWLIRFDO ##: +:3(,# ##; +;3(,# ##: +:3(,# ##5 +53(,# ### ###### ### ######



$0; R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWK

1DWXUDO#GHDWK 4
6XUYLYRUV

7HUPLQDO#VDFULILFH 43 43 43 43 43 <

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
(VRSKDJXV #+<, #### #### #### #### +43,

0XVFXODULV/#LQIODPPDWLRQ/#
##FKURQLF/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

/LYHU #+43, #+43, #+43, #+43, #+43, +43,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ##5 +53(,# ### ###### ##4 +43(,# #43 +433(, #43 +433(, #43 +433(,
+HSDWRGLDSKUDJPDWLF#QRGXOH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF/#PXOWLIRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
3LJPHQWDWLRQ ##6 +63(,# ### ###### ### ###### ### ###### ### ###### ### ######
%LOH#GXFW/#LQIODPPDWLRQ/#
##FKURQLF/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ ### ###### ### ###### ### ###### #43 +433(, #43 +433(, #43 +433(,

3DQFUHDV #+43, #### #### #### #### +43,
$FLQXV/#DWURSK\ ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #### #### #### #### +43,

&DUGLRP\RSDWK\ ##7 +73(,# ### ###### ### ###### ### ###### ### ###### ##8 +83(,#

(QGRFULQH#6\VWHP
7K\URLG#JODQG #+43, #### #+4, #### #### +43,

&\VW ### ###### ### ###### ##4 +433(, ### ###### ### ###### ### ######
8OWLPREUDQFKLDO#F\VW ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
&OLWRUDO#JODQG #+43, #### #### #### #### +43,

,QIODPPDWLRQ/#FKURQLF ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIODPPDWLRQ/#FKURQLF/#IRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#FKURQLF/#PXOWLIRFDO ##6 +63(,# ### ###### ### ###### ### ###### ### ###### ##9 +93(,#
,QIODPPDWLRQ/#FKURQLF/#PXOWLIRFDO/ ### ###### ### ###### ### ###### ### ###### ### ###### ### ######
###VXSSXUDWLYH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 $0<

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

,QILOWUDWLRQ#FHOOXODU/#PXOWLIRFDO/
##KLVWLRF\WH ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QILOWUDWLRQ#FHOOXODU/#KLVWLRF\WH ### ###### ##4 +43(,# ##5 +53(,# ##6 +63(,# ### ###### ### ######
0\HORILEURVLV ##6 +63(,# ##4 +43(,# ### ###### ### ###### ##4 +43(,# ##4 +43(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ##6 +63(,# #43 +433(, ##< +<3(,#
(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ##9 +93(,# #43 +433(, #43 +433(,
(U\WKURLG#FHOO/#P\HORILEURVLV ### ###### ### ###### ### ###### ##4 +43(,# ### ###### ### ######

/\PSK#QRGH #### #### #+4, #### #### ####
/XPEDU/#SLJPHQWDWLRQ ### ###### ### ###### ##4 +433(, ### ###### ### ###### ### ######

/\PSK#QRGH/#PHVHQWHULF #+43, #### #### #### #### +43,
+\SHUSODVLD/#KLVWLRF\WLF ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,
&RQJHVWLRQ ### ###### ### ###### ##; +;3(,# ##< +<3(,# #43 +433(, #43 +433(,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##8 +83(,# ##; +;3(,# #43 +433(, #43 +433(, ##< +<3(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### #43 +433(, #43 +433(, ##< +<3(,# #43 +433(, #43 +433(,
&DSVXOH/#ILEURVLV ### ###### ### ###### ### ###### ##9 +93(,# #43 +433(, ##< +<3(,#
&DSVXOH/#LQILOWUDWLRQ#FHOOXODU ##4 +43(,# ##4 +43(,# ### ###### ##< +<3(,# #43 +433(, ##; +;3(,#
/\PSKRLG#IROOLFOH/#DWURSK\ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

,QWHJXPHQWDU\#6\VWHP
1RQH

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
/XQJ #+43, #### #### #### #### +43,

&RQJHVWLRQ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#FKURQLF#DFWLYH/#
##PXOWLIRFDO ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
$UWHULROH/#LQIODPPDWLRQ/#
##JUDQXORPDWRXV ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
$UWHU\/#PLQHUDOL]DWLRQ ##6 +63(,# ### ###### ### ###### ### ###### ### ###### ##8 +83(,#
9HLQ/#PLQHUDOL]DWLRQ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

1RVH #+43, #### #### #### #### +43,
5HVSLUDWRU\#HSLWKHOLXP/#LQIODPPDWLRQ/#
##FKURQLF ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,



$043 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#$7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+43, #+43, #+43, #+43, +43,

0LQHUDOL]DWLRQ #43 +433(, #43 +433(, #43 +433(, #43 +433(, #43 +433(, ##< +<3(,#
&RUWH[/#LQIODPPDWLRQ/#FKURQLF/#IRFDO ### ###### ##4 +43(,# ### ###### ### ###### ### ###### ### ######
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ##4 +43(,# #43 +433(, #43 +433(, #43 +433(,
5HQDO#WXEXOH/#UHJHQHUDWLRQ/#IRFDO ##5 +53(,# ### ###### ##4 +43(,# ### ###### ### ###### ### ######



%04

APPENDIX B
SUMMARY OF NONNEOPLASTIC LESIONS IN MICE

7$%/(#%4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %05
7$%/(#%5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %07
7$%/(#%6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %09
7$%/(#%7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %0;



%05 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#%4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWK

$FFLGHQWDO#GHDWK 4
6XUYLYRUV

'LHG#ODVW#ZHHN#RI#VWXG\ 4 4 4
7HUPLQDO#VDFULILFH < < 43 < 43 <

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
(VRSKDJXV #+43, #+4, #### #+4, #### +43,

,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ### ###### ### ###### ### ######

&DUGLRYDVFXODU#6\VWHP
1RQH

(QGRFULQH#6\VWHP
1RQH

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
1RQH

+HPDWRSRLHWLF#6\VWHP
6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ##9 +93(,# #43 +433(, #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ##4 +43(,# #43 +433(,

7K\PXV #+43, #+4, #### #+4, #### +43,
,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ### ###### ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
1RQH

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 %06

7$%/(#%4 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

5HVSLUDWRU\#6\VWHP
3OHXUD #### #+4, #### #### #### ####

,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ### ###### ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+4, #### #+4, #### +43,

1HSKURSDWK\ ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######



%07 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#%5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
6XUYLYRUV

'LHG#ODVW#ZHHN#RI#VWXG\ 4 4
7HUPLQDO#VDFULILFH 43 43 < 43 43 <

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
1RQH

&DUGLRYDVFXODU#6\VWHP
1RQH

(QGRFULQH#6\VWHP
3DUDWK\URLG#JODQG #+:, #### #+4, #### #### +<,

&\VW ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +44(,#
7K\URLG#JODQG #+43, #### #+4, #### #### +43,

&\VW ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ##4 +433(, ### ###### ### ###### ### ######

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
2YDU\ #+43, #### #+4, #+4, #### +43,

&\VW ### ###### ### ###### ### ###### ##4 +433(, ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,

+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ### ###### ##< +<3(,# #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### #43 +433(, ##< +<3(,# #43 +433(,

7K\PXV #+43, #### #+4, #### #### +43,
+HPRUUKDJH ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
,QIODPPDWLRQ/#JUDQXORPDWRXV ### ###### ### ###### ##4 +433(, ### ###### ### ###### ### ######

,QWHJXPHQWDU\#6\VWHP
1RQH

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 %08

7$%/(#%5 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
/XQJ #+43, #### #+4, #### #### +43,

+HPRUUKDJH/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
1RQH



%09 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#%6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWKV

$FFLGHQWDO#GHDWKV 4 6
6XUYLYRUV

7HUPLQDO#VDFULILFH < 43 : 43 43 43

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
(VRSKDJXV #+43, #### #+6, #### #### +43,

)RUHLJQ#ERG\ ### ###### ### ###### ##4 +66(,# ### ###### ### ###### ### ######
,QIODPPDWLRQ/#VXSSXUDWLYH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
3HUIRUDWLRQ ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######

/LYHU #+43, #### #+6, #### #+6, +43,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ### ###### ### ###### ##; +;3(,#
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ##6 +433(, ##< +<3(,#

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #### #+6, #### #### +43,

,QIODPPDWLRQ/#VXSSXUDWLYH ### ###### ### ###### ##5 +9:(,# ### ###### ### ###### ### ######
0\RFDUGLXP/#GHJHQHUDWLRQ ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
3HULFDUGLXP/#LQIODPPDWLRQ/#
##VXSSXUDWLYH ##4 +43(,# ### ###### ##4 +66(,# ### ###### ### ###### ### ######

(QGRFULQH#6\VWHP
1RQH

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
1RQH

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### #43 +433(, #43 +433(, #43 +433(,
(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ### ###### ### ###### ##7 +73(,#

6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ##6 +63(,# #43 +433(, #43 +433(, #43 +433(,
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##4 +43(,# ##7 +73(,# #43 +433(, #43 +433(, #43 +433(,

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 %0:

7$%/(#%6 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

,QWHJXPHQWDU\#6\VWHP
1RQH

0XVFXORVNHOHWDO#6\VWHP
1RQH

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
/XQJ #+43, #### #+6, #### #### +43,

)RUHLJQ#ERG\ ##4 +43(,# ### ###### ##4 +66(,# ### ###### ### ###### ### ######
6HURVD/#LQIODPPDWLRQ/#VXSSXUDWLYH ##4 +43(,# ### ###### ##6 +433(, ### ###### ### ###### ### ######

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
1RQH
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7$%/(#%7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

'LVSRVLWLRQ#6XPPDU\
$QLPDOV#LQLWLDOO\#LQ#VWXG\ 43 43 43 43 43 43
(DUO\#GHDWKV

$FFLGHQWDO#GHDWKV 4 4 5 4
6XUYLYRUV

7HUPLQDO#VDFULILFH < < 43 ; 43 <

$QLPDOV#H[DPLQHG#PLFURVFRSLFDOO\ 43 43 43 43 43 43

$OLPHQWDU\#6\VWHP
(VRSKDJXV #+43, #+4, #### #+5, #### +43,

+HPRUUKDJH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
8OFHU ### ###### ### ###### ### ###### ##4 +83(,# ### ###### ### ######

/LYHU #+43, #+4, #### #+5, #+<, +43,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ### ###### ### ###### ### ###### ##4 +44(,# ##: +:3(,#
1HFURVLV/#IRFDO ### ###### ### ###### ### ###### ### ###### ### ###### ##4 +43(,#
.XSIIHU#FHOO/#SLJPHQWDWLRQ/
##KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ##< +433(, ##< +<3(,#

&DUGLRYDVFXODU#6\VWHP
+HDUW #+43, #+4, #### #+5, #### +43,

3HULFDUGLXP/#LQIODPPDWLRQ/#
##VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ##4 +83(,# ### ###### ### ######

(QGRFULQH#6\VWHP
1RQH

*HQHUDO#%RG\#6\VWHP
1RQH

*HQLWDO#6\VWHP
2YDU\ #### #+4, #+4, #+5, #### ####

&\VW ### ###### ### ###### ##4 +433(, ### ###### ### ###### ### ######

+HPDWRSRLHWLF#6\VWHP
%RQH#PDUURZ #+43, #+43, #+43, #+43, #+43, +43,

3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##7 +73(,# ##; +;3(,# ##: +:3(,# #43 +433(, ##< +<3(,#
(U\WKURLG#FHOO/#K\SHUSODVLD ### ###### ### ###### ### ###### ### ###### ### ###### ##5 +53(,#
0\HORLG#FHOO/#K\SHUSODVLD/#GLIIXVH ### ###### ### ###### ### ###### ##4 +43(,# ### ###### ### ######

6SOHHQ #+43, #+43, #+43, #+43, #+43, +43,
+HPDWRSRLHWLF#FHOO#SUROLIHUDWLRQ ### ###### ##5 +53(,# ##: +:3(,# ##: +:3(,# #43 +433(, ##< +<3(,#
3LJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ##< +<3(,# #43 +433(, ##; +;3(,# #43 +433(, ##< +<3(,#

7K\PXV #+43, #+4, #### #+5, #### +43,
$WURSK\ ### ###### ### ###### ### ###### ##4 +83(,# ### ###### ### ######

1XPEHU#RI#DQLPDOV#H[DPLQHG#PLFURVFRSLFDOO\#DW#WKH#VLWH#DQG#WKH#QXPEHU#RI#DQLPDOV#ZLWK#OHVLRQD



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 %0<

7$%/(#%7 6XPPDU\#RI#WKH#,QFLGHQFH#RI#1RQQHRSODVWLF#/HVLRQV#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

,QWHJXPHQWDU\#6\VWHP
1RQH

0XVFXORVNHOHWDO#6\VWHP
1RQH #### #### #### #### #### ####

1HUYRXV#6\VWHP
1RQH

5HVSLUDWRU\#6\VWHP
/XQJ #+43, #+4, #### #+5, #### +43,

)RUHLJQ#ERG\ ### ###### ### ###### ### ###### ##5 +433(, ### ###### ##4 +43(,#
+HPRUUKDJH ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
6HURVD/#LQIODPPDWLRQ/#VXSSXUDWLYH ### ###### ##4 +433(, ### ###### ##5 +433(, ### ###### ##4 +43(,#

6SHFLDO#6HQVHV#6\VWHP
1RQH

8ULQDU\#6\VWHP
.LGQH\ #+43, #+4, #### #+5, #### +43,

+\SHUSODVLD/#O\PSKRLG ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
,QIDUFW ##4 +43(,# ### ###### ### ###### ### ###### ### ###### ### ######
&RUWH[/#SLJPHQWDWLRQ/#KHPRVLGHULQ ### ###### ### ###### ### ###### ### ###### ### ###### ##9 +93(,#



%043 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76



&04

$33(1',;#&
25*$1#:(,*+76#$1'

25*$10:(,*+70720%2'<0:(,*+7#5$7,26

7$%/(#&4 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &05

7$%/(#&5 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &06

7$%/(#&6 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &07
7$%/(#&7 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &08
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7$%/(#&4 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV#IRU#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

Q 43 43 43 < < 43
1HFURSV\#ERG\#ZW 667#�#6 65;#�#9 667#�#: 65<#�#7 64<#�#8 637#�#8--

+HDUW
$EVROXWH 31<:6#�#3134: 31<:5#�#31359 41378#�#3135: 4133<#�#31349 41357#�#3135; 31<83#�#31346
5HODWLYH 51<4#�#3137 51<9#�#3138 6147#�#313:- 613:#�#3138- 6154#�#313:-- 6146#�#3139--

5LJKW#NLGQH\
$EVROXWH 4145<#�#31357 41443#�#3135: 41464#�#3135< 4147;#�#3134; 4148:#�#31357 41448#�#31348
5HODWLYH 616;#�#3139 616;#�#3138 616<#�#3137 617<#�#3137 6196#�#3138-- 619:#�#3137--

/LYHU
$EVROXWH 4514;9#�#31696 45149<#�#3173< 451857#�#3175; 451988#�#315<6 451::5#�#31668 4417:;#�#31559
5HODWLYH 6917;#�#31<8 6:135#�#31;4 6:184#�#31;7 6;177#�#3195 73138#�#31;;- 6:1:4#�#3174-

/XQJV
$EVROXWH 41695#�#31379 41889#�#31394 41883#�#3138< 41794#�#31388 416<3#�#31396 416:9#�#31378E

5HODWLYH 713;#�#3146 71:7#�#314:- 7198#�#314:- 7177#�#3147 7168#�#314: 7185#�#3147E

6SOHHQ
$EVROXWH 319;7#�#31347 31996#�#31345 319;4#�#3134; 31:83#�#31346 31;94#�#31376-- 41437#�#31357--
5HODWLYH 5138#�#3137 5135#�#3135 5138#�#3138 515;#�#3136- 51:3#�#3146-- 6196#�#3139--

5LJKW#WHVWLV
$EVROXWH 417;6#�#31346 4179;#�#31353 4183:#�#3135: 41847#�#3135< 4177;#�#3136; 41794#�#3134<
5HODWLYH 7177#�#3136 717<#�#3143 7186#�#313< 7194#�#3145 7187#�#3143 71;4#�#3139--

7K\PXV
$EVROXWH 31634#�#31348 3164;#�#3134; 31658#�#31345 3164<#�#31343 31643#�#31344 31633#�#31345
5HODWLYH 31<3#�#3137 31<:#�#3139 31<:#�#3136 31<:#�#3136 31<;#�#3137 31<<#�#3137

)(0$/(

Q 43 43 < 43 43 43
1HFURSV\#ERG\#ZW 4;6#�#6 4;<#�#6 4<3#�#6 4:9#�#6 4:;#�#5 4:7#�#5-

+HDUW
$EVROXWH 3193;#�#31347 3196;#�#31348 31987#�#3133< 3194<#�#31344 3195:#�#31344 31974#�#3134;
5HODWLYH 6165#�#313< 616;#�#313< 6178#�#3138 6184#�#3138 6185#�#3138 619<#�#313;--

5LJKW#NLGQH\
$EVROXWH 31973#�#31344 31983#�#31344 3198:#�#3133< 31948#�#31343 31956#�#3133: 31954#�#31343
5HODWLYH 617<#�#3138 6177#�#3138 617:#�#3137 6183#�#313: 617<#�#3136 618;#�#3138

/LYHU
$EVROXWH 9138;#�#31456 91674#�#314:; 916:6#�#3146< 91333#�#31474 91444#�#313;: 913;5#�#31444
5HODWLYH 66139#�#3199 66188#�#31:: 6618:#�#3177 67136#�#3183 6715<#�#317: 68138#�#3175-

/XQJV
$EVROXWH 41357#�#3135< 413<5#�#31378 413;;#�#31399 41339#�#31373 4134<#�#31369 41354#�#31373
5HODWLYH 8193#�#314< 81::#�#3154 81:9#�#3174 819<#�#314: 81:3#�#3149 81;<#�#3155

6SOHHQ
$EVROXWH 3174<#�#3133< 31765#�#3133: 3178<#�#31343- 31793#�#31343- 318<7#�#31346-- 31<3:#�#3134;--
5HODWLYH 515;#�#3136 515<#�#3135 5175#�#3137 5194#�#3138-- 6166#�#3139-- 8156#�#313<--

7K\PXV
$EVROXWH 31568#�#31343 31565#�#3133< 3156:#�#3133; 31555#�#3133: 3154;#�#3133; 31563#�#3133:
5HODWLYH 415;#�#3138 4156#�#3138 4158#�#3136 4159#�#3136 4155#�#3137 4166#�#3138

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#RU#'XQQHWW*V#WHVW
-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQD

ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
QÛ<E
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TABLE C2 Organ Weights and Organ-Weight-to-Body-Weight Ratios for F344/N Rats
in the 13-Week Gavage Study of m-Chloroaniline a

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

Q 43 43 43 43 43 43
1HFURSV\#ERG\#ZW 659#�#9 65:#�#; 64:#�#: 658#�#9 64<#�#9 5<6#�#9--

+HDUW
$EVROXWH 31<94#�#31358 41343#�#3136< 31<;;#�#3136< 31<;<#�#31358 41374#�#31364 41367#�#3135;
5HODWLYH 51<7#�#3139 613;#�#3139 6144#�#313; 6137#�#3138 6159#�#313:-- 6187#�#313<--

5LJKW#NLGQH\
$EVROXWH 413<9#�#31364 41447#�#31377 413:3#�#31364 41448#�#3135: 41459#�#31364 413:9#�#3135:
5HODWLYH 6169#�#313: 6173#�#3139 616:#�#3137 6176#�#3136 6186#�#3139- 619;#�#3138--

/LYHU
$EVROXWH 441<73#�#3168< 441:<3#�#3186: 441984#�#31738 441<:6#�#317:9 451356#�#3166; 431:;8#�#31688
5HODWLYH 69198#�#4146 681<3#�#31;6 6919:#�#3195 691:5#�#31<: 6:19<#�#3195 691;3#�#3199

/XQJV
$EVROXWH 418:6#�#3137; 4189;#�#31395 4177:#�#313:8 41775#�#3138< 417;3#�#31399 415<9#�#3139;--
5HODWLYH 71;6#�#3148 71;4#�#314< 7188#�#314; 7178#�#3153 7196#�#3149 7176#�#3154

6SOHHQ
$EVROXWH 31:34#�#31363 31:;;#�#31348 31;8<#�#31344- 415:8#�#31357-- 517;6#�#3139;-- 616:6#�#313<;--
5HODWLYH 5148#�#3143 5175#�#3137 51:5#�#3138-- 61<6#�#313:-- :1:;#�#3144-- 44185#�#314;--

5LJKW#WHVWLV
$EVROXWH 4179:#�#31364 41788#�#31358 4178:#�#31363 41768#�#3135< 41849#�#3134; 41696#�#31387
5HODWLYH 7184#�#3144 7179#�#3138 7194#�#313: 7174#�#3139 71:9#�#3139 719;#�#3155

7K\PXV
$EVROXWH 315;5#�#3134: 315<6#�#31346 31593#�#31343 315;6#�#31344 31654#�#31349 315<;#�#3134<
5HODWLYH 31;9#�#3137 31;<#�#3136 31;5#�#3136 31;:#�#3136 4134#�#3138- 4135#�#3139--

)(0$/(

Q 43 43 43 43 43 <
1HFURSV\#ERG\#ZW 4;6#�#6 4;8#�#6 4;9#�#6 4;6#�#5 4:<#�#6 4;8#�#6

+HDUW
$EVROXWH 31964#�#31347 31967#�#31344 3196:#�#31347 31993#�#31343 3197;#�#31347 31:5;#�#31349--
5HODWLYH 617:#�#313< 6175#�#3137 6176#�#313; 6193#�#3138 6196#�#313: 61<8#�#313;--

5LJKW#NLGQH\
$EVROXWH 3195<#�#3133; 3195:#�#31343 31975#�#3133< 31977#�#3133< 31978#�#31346 319;4#�#31345--
5HODWLYH 6178#�#3139 616<#�#3138 6178#�#3137 6185#�#3138 6195#�#3139- 619<#�#3137--

/LYHU
$EVROXWH 81;43#�#31486 914:4#�#313<6 913<4#�#31455 913<<#�#3143< 917:<#�#3164<- :1644#�#3147:--
5HODWLYH 641;4#�#3183 66164#�#317: 651;6#�#31:: 6615;#�#3176 69159#�#418;-- 6<195#�#3193--

/XQJV
$EVROXWH 4153:#�#31366 4143<#�#31377 413;5#�#31367- 41433#�#31369- 31<<4#�#31376-- 41438#�#31374--E

5HODWLYH 9196#�#3156 9133#�#3158 81;7#�#3155- 9134#�#3154- 8189#�#3157-- 81<;#�#314;--E

6SOHHQ
$EVROXWH 31784#�#3134: 31837#�#3133; 31936#�#31348-- 31;;8#�#31348-- 41947#�#31383-- 5167<#�#31379--
5HODWLYH 517:#�#313: 51:5#�#3137 6158#�#3139-- 71;6#�#313<-- <137#�#3156-- 451:8#�#315;--

7K\PXV
$EVROXWH 3153;#�#3133: 31575#�#31343 3155:#�#3133< 31548#�#3133; 31568#�#31343 31577#�#31345-
5HODWLYH 4147#�#3137 4164#�#3138 4155#�#3137 414:#�#3137 4165#�#3138- 4165#�#313:-

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQD

ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
QÛ<E
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TABLE C3 Organ Weights and Organ-Weight-to-Body-Weight Ratios for B6C3F  Mice1

in the 13-Week Gavage Study of o-Chloroaniline a

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

Q < < 43 < 43 <
1HFURSV\#ERG\#ZW 6914#�#416 671:#�#413 6819#�#413 6813#�#317 6817#�#319 6617#�#414

+HDUW
$EVROXWH 31499#�#31337 314:5#�#31339 3149;#�#31338 314:4#�#31338 314:<#�#31338 314:6#�#31337
5HODWLYH 7194#�#3143 71<<#�#3156 71:8#�#3146 71;;#�#3144 8139#�#3154 8155#�#3145-

5LJKW#NLGQH\
$EVROXWH 3163<#�#3133; 31639#�#3133; 315<6#�#3133: 315<5#�#3133; 31633#�#3133: 315<3#�#3133:
5HODWLYH ;193#�#314< ;1;9#�#315< ;15;#�#3156 ;165#�#314< ;17<#�#3156 ;1:5#�#3155

/LYHU
$EVROXWH 41:::#�#3137< 419<7#�#31394 41:9<#�#31368 41:54#�#3136: 41:;5#�#3135< 41996#�#31375
5HODWLYH 7<166#�#31;3 7;1:;#�#413; 7<1;6#�#3185 7<145#�#31;< 83166#�#31:4 7<1<6#�#31;3

/XQJV
$EVROXWH 314<<#�#31338 31545#�#31339 3153;#�#3133: 31539#�#31339 3153:#�#3133: 31533#�#31339
5HODWLYH 8187#�#3153 9149#�#315: 81<5#�#3163 81;<#�#3153 81;7#�#3155 9138#�#3164

6SOHHQ
$EVROXWH 313:7#�#31336 313::#�#31336 313::#�#31334 313;7#�#31336 3143<#�#31338-- 31488#�#31338--
5HODWLYH 5139#�#313< 5155#�#313< 514;#�#313: 516<#�#313: 613<#�#314:-- 719:#�#3148--

5LJKW#WHVWLV
$EVROXWH 3144<#�#31335 3144<#�#31337 31455#�#31336 31455#�#31336 31455#�#31335 31458#�#31337
5HODWLYH 6164#�#3144 6178#�#3146 6177#�#313< 617;#�#3139 6177#�#313; 61:9#�#3145--

7K\PXV
$EVROXWH 31385#�#31337 31384#�#31337 31386#�#31335 31377#�#31336 3137<#�#31335 31383#�#31337
5HODWLYH 4176#�#3143 4179#�#3143 417;#�#3139 4159#�#313< 416:#�#3139 4184#�#3147

)(0$/(

Q 43 43 < 43 43 <
1HFURSV\#ERG\#ZW 5;1:#�#31: 631;#�#415 631:#�#319 5;18#�#31: 6315#�#319 5:1;#�#319

+HDUW
$EVROXWH 3146;#�#31336 31485#�#31337 3147<#�#31338 31475#�#31335 3147:#�#31336 31487#�#31338--
5HODWLYH 71;4#�#3143 71<:#�#314: 71;9#�#314: 71<<#�#313< 71;<#�#3143 8187#�#3147--

5LJKW#NLGQH\
$EVROXWH 31533#�#31338 31534#�#31337 3153:#�#31336 314<6#�#31338 31535#�#31335 31536#�#31337
5HODWLYH 91<:#�#3146 918:#�#314; 91:8#�#3147 91:<#�#3146 91:5#�#3148 :165#�#313<

/LYHU
$EVROXWH 41759#�#31386 418;4#�#31388 4183:#�#31365 41739#�#31383 41844#�#31373 4178:#�#31379
5HODWLYH 7<197#�#415: 84184#�#31<: 7<15:#�#4168 7<154#�#31<6 8313;#�#414: 85175#�#4139

/XQJV
$EVROXWH 314<;#�#3133: 31544#�#31343 31544#�#3133: 31538#�#3133< 3153;#�#3133: 3153<#�#3133;
5HODWLYH 91<4#�#3159 91;;#�#3159 91<6#�#3163 :14;#�#3155 91<4#�#3155 :184#�#3156

6SOHHQ
$EVROXWH 313<6#�#31337 31435#�#31337 31444#�#3133: 31439#�#31337 31464#�#31339-- 31538#�#3133<--
5HODWLYH 615:#�#3149 6165#�#3144 6199#�#315< 61:7#�#3147 7166#�#314;-- :169#�#3157--

7K\PXV
$EVROXWH 31385#�#31335 3138<#�#31337 31387#�#31334 31386#�#31335 31388#�#31335 31384#�#31335
5HODWLYH 41;7#�#3143 41<4#�#313: 41:9#�#3137 41;:#�#3139 41;5#�#3139 41;8#�#313:

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQD

ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
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TABLE C4 Organ Weights and Organ-Weight-to-Body-Weight Ratios for B6C3F  Mice1

in the 13-Week Gavage Study of m-Chloroaniline a

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

Q < 43 : 43 43 43
1HFURSV\#ERG\#ZW 6915#�#31< 6817#�#416 661;#�#319 6717#�#317 6814#�#316 6819#�#413

+HDUW
$EVROXWH 314;:#�#3133: 314:9#�#3133; 314;4#�#31339 314:8#�#31336 314;<#�#3133; 314;<#�#31339
5HODWLYH 8153#�#3155 71<<#�#3157 8167#�#3147 8143#�#313< 8173#�#3153 8164#�#3147

5LJKW#NLGQH\
$EVROXWH 31634#�#3133; 315<:#�#3133: 315<5#�#31343 31634#�#31339 315<<#�#31339 315<:#�#3133;
5HODWLYH ;166#�#315: ;176#�#314: ;196#�#3156 ;1:8#�#314: ;185#�#3146 ;168#�#3153

/LYHU
$EVROXWH 41;67#�#31377 41;57#�#31389 41:88#�#3137: 41:<8#�#3135; 41:;5#�#31356 41;3:#�#31385
5HODWLYH 831;4#�#4167 841:8#�#4186 841;:#�#31;; 85157#�#31<; 831;5#�#3169 831;5#�#31;6

/XQJV
$EVROXWH 3157<#�#31347 31567#�#31345 31558#�#31344 3154:#�#31343 31556#�#31343 31548#�#3133:-E

5HODWLYH 91<3#�#3175 919;#�#3176 919;#�#3169 9166#�#3163 9164#�#3158 913;#�#3158E

6SOHHQ
$EVROXWH 313;4#�#31335 313;4#�#31335 313;;#�#31338 31444#�#31336-- 31496#�#31336-- 315<8#�#31345--
5HODWLYH 515:#�#313< 5165#�#313< 5193#�#3148 6158#�#3144-- 7198#�#313:-- ;165#�#316<--

5LJKW#WHVWLV
$EVROXWH 31453#�#31336 31454#�#31337 31456#�#31335 31457#�#31336 31455#�#31335 3144<#�#31336
5HODWLYH 6167#�#313< 6177#�#3147 6197#�#313: 618<#�#3139 617;#�#3138 6167#�#313;

7K\PXV
$EVROXWH 31376#�#31335 31375#�#31335 31373#�#31336 3137;#�#31336 31377#�#31335 31377#�#31335
5HODWLYH 4154#�#3139 414;#�#3138 414:#�#313: 4173#�#313; 415:#�#3139 4157#�#3137

)(0$/(

Q < < 43 ; 43 <
1HFURSV\#ERG\#ZW 5;17#�#31: 5;1;#�#31: 5;1<#�#31; 5<1<#�#415 5;14#�#318 5;13#�#31:

+HDUW
$EVROXWH 31475#�#31337 31487#�#3133; 31485#�#31338 31484#�#31338 3147:#�#31336 31488#�#31337
5HODWLYH 8137#�#3153 816:#�#3164 815;#�#314< 813<#�#314: 8156#�#3146 8189#�#314;

5LJKW#NLGQH\
$EVROXWH 31545#�#31339 31544#�#3133; 31548#�#31336 31544#�#31339 3153<#�#31336 31554#�#31339
5HODWLYH :183#�#3159 :167#�#314; :17<#�#314; :144#�#3156 :17:#�#3145 :1<8#�#315:

/LYHU
$EVROXWH 417;6#�#31364 41863#�#31376 41866#�#31384 41848#�#31394 417:<#�#31368 41856#�#3135:
5HODWLYH 85169#�#4169 86154#�#31<9 86143#�#4143 831;7#�#4137 85197#�#31:; 8719:#�#4177

/XQJV
$EVROXWH 3154;#�#3133: 3157:#�#31345 31565#�#31345 31559#�#31347 31555#�#31343 31545#�#3133;
5HODWLYH :19<#�#3159 ;18;#�#3168 ;13:#�#3177 :194#�#317< :1<4#�#3167 :194#�#3165

6SOHHQ
$EVROXWH 313<7#�#31336 31437#�#31338 31449#�#31337- 3146;#�#31337-- 314<6#�#3133<-- 315;5#�#3133<--
5HODWLYH 6166#�#3148 6196#�#3146 7138#�#3147- 719:#�#3154-- 91;:#�#315<-- 43144#�#3155--

7K\PXV
$EVROXWH 3137;#�#31334 31386#�#31337 31384#�#31336 31386#�#31336 3137:#�#31335 3137;#�#31334
5HODWLYH 419<#�#3138 41;:#�#3147 41:9#�#313< 41:<#�#3143 419<#�#3139 41:4#�#3137

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#:LOOLDPV*#WHVW
-- 3&3134

2UJDQ#ZHLJKWV#+DEVROXWH#ZHLJKWV,#DQG#ERG\#ZHLJKWV#DUH#JLYHQ#LQ#JUDPV>#RUJDQ0ZHLJKW0WR0ERG\0ZHLJKW#UDWLRV#+UHODWLYH#ZHLJKWV,#DUH#JLYHQ#DV#PJ#RUJDQD

ZHLJKW2J#ERG\#ZHLJKW#+PHDQ#�#VWDQGDUG#HUURU,1
QÛ<E
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'04

$33(1',;#'
+(0$72/2*<#$1'#&/,1,&$/#&+(0,675<

5(68/76

7$%/(#'4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '05

7$%/(#'5 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '09

7$%/(#'6 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '043
7$%/(#'7 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '045



'05 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#'4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

+HPDWRORJ\

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 43 < 43 43 43
:HHN#46 43 43 43 < < 43

+HPDWRFULW#+(,
'D\#6 6<1;#�#318 7315#�#31: 7316#�#317 731:#�#317 7315#�#318 7414#�#317
'D\#56 7816#�#316 781<#�#319 7817#�#318 7819#�#318 7817#�#317 751<#�#316--
:HHN#46 7817#�#317 781:#�#316 781:#�#316 7719#�#317 7615#�#319- 761:#�#316--

+HPRJORELQ#+J2G/,
'D\#6 4715#�#314 4716#�#314 4714#�#314 4714#�#314 4716#�#314 4716#�#314
'D\#56 4915#�#314 4913#�#314 4914#�#314 4915#�#314 4914#�#315 4814#�#314--
:HHN#46 4914#�#314 4915#�#314 4914#�#315 4819#�#314- 4815#�#315-- 4817#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 9196#�#313; 9198#�#3145 91:3#�#313; 91:8#�#3139 91:4#�#313< 91;6#�#3139
'D\#56 :1;9#�#3139 ;135#�#3144 :1<;#�#3143 :1<:#�#3143 ;133#�#3143 :174#�#3139--
:HHN#46 ;188#�#313: ;196#�#3139 ;1:4#�#313: ;17;#�#3143 :1<4#�#3146-- :185#�#313:--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 3148#�#3135 3146#�#3136 3146#�#3135 3145#�#3135 314<#�#3135 3148#�#3136
'D\#56 3149#�#3134 314;#�#3134 3149#�#3134 314:#�#3134 314:#�#3134 315<#�#3137--
:HHN#46 3149#�#3134 3148#�#3135 314<#�#3134 3154#�#3135- 3165#�#3137-- 3179#�#3135--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3134#�#3134 3133#�#3133 3133#�#3133 3135#�#3135 3136#�#3134 3134#�#3134
'D\#56 3134#�#3134 3134#�#3134 3134#�#3134 3134#�#3134 3134#�#3134 3138#�#3135
:HHN#46 3134#�#3134 3133#�#3133 3134#�#3134 3135#�#3134 3136#�#3134- 3146#�#3136--

0HDQ#FHOO#YROXPH#+I/,
'D\#6 9314#�#315 9317#�#315 9314#�#315 9317#�#316 8<1<#�#315 9314#�#314
'D\#56 8:19#�#315 8:15#�#315 891<#�#315 8:15#�#314 891:#�#317-- 8;13#�#314
:HHN#46 8614#�#315 8613#�#315 8517#�#315 8519#�#316 8719#�#317- 8;14#�#318--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5417#�#314 5419#�#316 5413#�#315- 531<#�#314- 5416#�#316 5413#�#314
'D\#56 5319#�#314 5313#�#315 5315#�#315 5316#�#315 5314#�#315- 5317#�#314
:HHN#46 4;1<#�#314 4;1;#�#314 4;18#�#314 4;17#�#315 4<15#�#315 5318#�#315--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 6819#�#315 681:#�#317 671<#�#316 671:#�#315-- 6819#�#316 671<#�#315
'D\#56 681:#�#314 6813#�#315 6819#�#315 6818#�#315 6817#�#315 6814#�#315
:HHN#46 6818#�#315 6819#�#315 6815#�#315 671<#�#316 6815#�#314 6816#�#316

3ODWHOHWV#+43 2�/,6

'D\#6 <;61;#�#531< <861:#�#441; <8919#�#4918 <9<1:#�#4714 <;:15#�#4718 <;315#�#461<
'D\#56 ;;814#�#4914 ;981<#�#451: ;:915#�#4<16 ;9<18#�#491; ;;:17#�#491; <6;18#�#4:18-
:HHN#46 :6;18#�#:15 :7819#�#4418 :4;1:#�#4618 ::;19#�#4515 ;331:#�#4815-- ::;15#�#<1<--

/HXNRF\WHV#+43 2�/,6

'D\#6 9168#�#3166 9165#�#3154 9189#�#3158 91;7#�#3173 919<#�#314: 91;7#�#3165
'D\#56 91:8#�#314< 81<4#�#3158 9135#�#3157 9136#�#3164 9168#�#316< :14;#�#3155
:HHN#46 8183#�#3159 9137#�#314< 81<7#�#314; 918:#�#3155-- 91::#�#3163-- :13:#�#315:--



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 '06

7$%/(#'4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(#+FRQWLQXHG,

+HPDWRORJ\#+FRQWLQXHG,

6HJPHQWHG#QHXWURSKLOV#+43 2�/,6

'D\#6 41<:#�#3156 41;9#�#314< 5134#�#3147 5178#�#3156 5169#�#3154 5154#�#3153
'D\#56 4175#�#3144 4145#�#313: 4154#�#3144 414;#�#313< 4169#�#3143 4176#�#3144
:HHN#46 413<#�#3143 4167#�#3145 4165#�#313< 4159#�#3145 418<#�#313<-- 4177#�#3149-

/\PSKRF\WHV#+43 2�/,6

'D\#6 715:#�#314< 716;#�#3157 7178#�#3156 715;#�#3154 714<#�#3148 7183#�#3145
'D\#56 8159#�#3149 719<#�#3154 71:6#�#314: 71:<#�#315; 71<4#�#3164 8199#�#3159
:HHN#46 7158#�#314< 7193#�#314: 717<#�#3156 814<#�#3156-- 8139#�#3155-- 8184#�#315:--

0RQRF\WHV#+43 2�/,6

'D\#6 313<#�#3135 313:#�#3134 313:#�#3135 313:#�#3135 3146#�#3135 3144#�#3135
'D\#56 3136#�#3134 3137#�#3134 3136#�#3134 3135#�#3134 3136#�#3134 3136#�#3134
:HHN#46 3139#�#3134 3139#�#3135 3138#�#3134 313:#�#3135 313:#�#3135 313<#�#3135

(RVLQRSKLOV#+43 2�/,6

'D\#6 3134#�#3134 3134#�#3134 3136#�#3134 3136#�#3135 3134#�#3134 3135#�#3134
'D\#56 3136#�#3135 3138#�#3135 3138#�#3135 3137#�#3134 3139#�#3135 3139#�#3135
:HHN#46 3143#�#3136 3136#�#3134 313;#�#3135 3138#�#3134 3137#�#3135 3137#�#3135

0HWKHPRJORELQ#+J2G/,
'D\#6 315;#�#3136 3157#�#3135 3167#�#3136 3164#�#3137 3186#�#3135-- 4157#�#313;--
'D\#56 3148#�#3135 3147#�#3135 3153#�#3136 316<#�#3138-- 31;4#�#313:-- 41:3#�#3143--E

:HHN#46 3163#�#3135 3173#�#3135-- 318<#�#3137-- 31;7#�#3137-- 418<#�#3139-- 51:<#�#313<--
+HLQ]#ERGLHV#+(,

:HHN#46 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 915#�#319--

&OLQLFDO#&KHPLVWU\

Q 43 43 43 < < 43

8UHD#QLWURJHQ#+PJ2G/, 5716#�#318 5813#�#319 5617#�#317 5715#�#317 5616#�#317 5615#�#318
&UHDWLQLQH#+PJ2G/, 31:<#�#3134 31:9#�#3135 31:;#�#3134 31::#�#3135 31;3#�#3136 31:<#�#3134
7RWDO#SURWHLQ#+J2G/, :16#�#314 :15#�#314 :16#�#314 :15#�#314 :16#�#314 :15#�#314
$OEXPLQ#+J2G/, 71:#�#313 71;#�#313 71;#�#313 71;#�#314 71<#�#314 71<#�#313-
$ODQLQH#

DPLQRWUDQVIHUDVH#+,82/, 86#�#6 84#�#4 7<#�#5 93#�#9 84#�#6 7:#�#4
$ONDOLQH#

SKRVSKDWDVH#+,82/, 797#�#46 7:<#�#; 797#�#43 798#�#47 784#�#46 777#�#;
&UHDWLQH#NLQDVH#+,82/, 63;#�#56 5:;#�#4; 5:4#�#69 643#�#8: 689#�#84 6;:#�#7;
6RUELWRO#

GHK\GURJHQDVH#+,82/, 59#�#4 55#�#4 54#�#4 5;#�#5 5<#�#6 5<#�#4
%LOH#VDOWV#+�PRO2/, 4;14#�#41; 5617#�#51: 4<1<#�#41; 6617#�#61:-- 5<1;#�#71:-- 6716#�#615--



'07 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#'4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(

+HPDWRORJ\

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 < 43 43 43 43
:HHN#46 43 43 < 43 43 43

+HPDWRFULW#+(,
'D\#6 741<#�#319 741;#�#317 751;#�#319 7514#�#318 7615#�#317 7618#�#318
'D\#56 7919#�#319 781<#�#317 7917#�#316 781:#�#319 761<#�#318-- 741;#�#316--
:HHN#46 7815#�#317 7814#�#317 7717#�#317 7715#�#317 7518#�#317-- 741<#�#316--

+HPRJORELQ#+J2G/,
'D\#6 4718#�#315 4719#�#314 471:#�#315 4719#�#315 471<#�#314 471<#�#314
'D\#56 4916#�#315 4915#�#314 4917#�#315 4913#�#315 4813#�#314-- 4719#�#314--
:HHN#46 481:#�#314 4819#�#314 4815#�#314- 4813#�#315-- 4716#�#314-- 4719#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 91;:#�#3144 91;9#�#3138 91<<#�#3143 91;:#�#3143 :146#�#3143 :156#�#313<-
'D\#56 :1:7#�#3144 :1:5#�#3138 :1:<#�#313: :199#�#3143 :15:#�#313;-- 918:#�#3138--
:HHN#46 :1:;#�#313; :1:7#�#3138 :186#�#3139-- :167#�#313;-- 91;5#�#3137-- 9174#�#313:--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 3144#�#3134 3144#�#3134 3143#�#3134 3143#�#3134 3144#�#3134 3144#�#3134
'D\#56 3148#�#3134 3149#�#3134 314:#�#3134 314;#�#3135 315:#�#3135-- 317;#�#3137--
:HHN#46 3146#�#3134 3146#�#3134 314;#�#3134-- 314<#�#3135-- 3167#�#3134-- 317:#�#3135--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3135#�#3134 3133#�#3133 3135#�#3134 3136#�#3134 3133#�#3133 3134#�#3134
'D\#56 3134#�#3134 3133#�#3133 3134#�#3134 3135#�#3134 313;#�#3135-- 3154#�#313:--
:HHN#46 3136#�#3134 3136#�#3134 3139#�#3135 3139#�#3135 3145#�#3135-- 3167#�#3143--

0HDQ#FHOO#YROXPH#+I/,
'D\#6 9414#�#316 931<#�#316 9415#�#317 9416#�#317 9319#�#316 9315#�#316
'D\#56 9316#�#316 8<18#�#316 8<19#�#317 8<1:#�#317 9316#�#315 961:#�#316--
:HHN#46 8;14#�#315 8;16#�#316 8<13#�#317 9315#�#315-- 9515#�#316-- 9818#�#315--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5414#�#314 5417#�#314 5413#�#314 5416#�#314 531<#�#315 5319#�#314-
'D\#56 5414#�#315 531<#�#315 5413#�#314 531<#�#314 531:#�#314 5515#�#314--
:HHN#46 5315#�#314 5315#�#314 5314#�#314 5318#�#315 5413#�#314-- 551;#�#315--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 6718#�#315 6814#�#316 6717#�#315 671:#�#314 6717#�#315 6715#�#315
'D\#56 671<#�#315 6815#�#316 6816#�#315 6814#�#316 6716#�#315 671<#�#315
:HHN#46 671:#�#315 6719#�#315 6715#�#316 6714#�#315 661:#�#315- 671;#�#315

3ODWHOHWV#+43 2�/,6

'D\#6 <8;1<#�#491; <7418#�#4614 <9519#�#471< <6;15#�#4818 <:418#�#4<1: <<41:#�#4:1:
'D\#56 ;;:16#�#4414 ;9919#�#4917 ;7:13#�#<19 ;:615#�#4615 <8:1;#�#:18-- <631:#�#461;-
:HHN#46 :5418#�#4517 :6715#�#461: :9<19#�#5514-- ;3614#�#451<-- ;9515#�#4819-- ;3415#�#531<--

/HXNRF\WHV#+43 2�/,6

'D\#6 91:8#�#314< 917:#�#315; 91;;#�#3158 9189#�#316; 918<#�#314; 91;6#�#315<
'D\#56 81:<#�#3157 816<#�#315: 81;6#�#3149 81:8#�#314; 91:4#�#3155- <14<#�#3196--
:HHN#46 71<3#�#3155 8153#�#315; 819;#�#3153- 818<#�#3168- 9185#�#316;-- 44173#�#4156--



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 '08

7$%/(#'4 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(#+FRQWLQXHG,

+HPDWRORJ\#+FRQWLQXHG,

6HJPHQWHG#QHXWURSKLOV#+43 2�/,6

'D\#6 4168#�#3145 416;#�#314< 4167#�#3147 4185#�#314; 416;#�#3144 4178#�#314:
'D\#56 4163#�#3146 414<#�#3147 414:#�#313: 31<7#�#313< 4178#�#3144 4198#�#3144
:HHN#46 4146#�#3143 4143#�#313< 413:#�#313< 4144#�#313; 4183#�#313<- 516:#�#3165--

/\PSKRF\WHV#+43 2�/,6

'D\#6 814<#�#3149 71<;#�#314: 8164#�#3148 71<6#�#315; 813;#�#3154 8157#�#3159
'D\#56 715<#�#3156 7133#�#3156 7176#�#313< 7196#�#314; 8135#�#314;- :15<#�#3193--
:HHN#46 6197#�#3153 61<<#�#3154 7183#�#3153-- 716<#�#3163-- 71;<#�#316;-- ;1;7#�#4135--

0RQRF\WHV#+43 2�/,6

'D\#6 3147#�#3135 3139#�#3134 314;#�#3136 313<#�#3134 313<#�#3135 3145#�#3136
'D\#56 3149#�#3136 3146#�#3136 3149#�#3135 3145#�#3135 3149#�#3137 3148#�#3136
:HHN#46 3139#�#3135 3137#�#3135 3138#�#3135 3139#�#3135 3138#�#3135 3145#�#3136

(RVLQRSKLOV#+43 2�/,6

'D\#6 313:#�#3135 3138#�#3135 3138#�#3135 3136#�#3134- 3136#�#3135- 3134#�#3134--
'D\#56 3138#�#3134 313:#�#3134 3143#�#3136 3139#�#3134 313;#�#3135 3143#�#3137
:HHN#46 3139#�#3135 313:#�#3134 3138#�#3134 3137#�#3135 313;#�#3135 3139#�#3136

0HWKHPRJORELQ#+J2G/,
'D\#6 314<#�#3136 3157#�#3135 3156#�#3136 3179#�#3135-- 4144#�#313<-- 41<5#�#313<--
'D\#56 3154#�#3136 3159#�#3136 317:#�#3135-- 31<7#�#313<-- 419<#�#313<-- 5179#�#3143--E

:HHN#46 316:#�#3137 3187#�#3136-- 31;6#�#3135-- 4186#�#313:-- 5168#�#3139-- 51;3#�#313:--
+HLQ]#ERGLHV#+(,

:HHN#46 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 431:#�#31:--

&OLQLFDO#&KHPLVWU\

Q 43 43 < 43 43 43

8UHD#QLWURJHQ#+PJ2G/, 5519#�#31; 5816#�#317 571:#�#319 5615#�#31: 5513#�#318 5515#�#31;
&UHDWLQLQH#+PJ2G/, 31:7#�#3135 31::#�#3135 31::#�#3135 31:;#�#3135 31:;#�#3135 31::#�#3135
7RWDO#SURWHLQ#+J2G/, :14#�#314 :13#�#314 :16#�#314 :15#�#314 :14#�#314 91<#�#314
$OEXPLQ#+J2G/, 71<#�#314 71<#�#314 813#�#314 71<#�#314 813#�#314 71<#�#314
$ODQLQH#

DPLQRWUDQVIHUDVH#+,82/, 83#�#6 86#�#9 9;#�#43 93#�#: 78#�#5 75#�#6
$ONDOLQH#

SKRVSKDWDVH#+,82/, 773#�#6; 73<#�#43 75:#�#9 768#�#78 6;<#�#< 6:;#�#9-
&UHDWLQH#NLQDVH#+,82/, 63;#�#68 576#�#5; 563#�#4: 654#�#94 634#�#66 5:7#�#54
6RUELWRO#

GHK\GURJHQDVH#+,82/, 55#�#5 56#�#5 64#�#6- 64#�#5-- 63#�#4-- 5;#�#4--
%LOH#VDOWV#+�PRO2/, 6818#�#71< 6919#�#616 6;14#�#814 751<#�#81: 8417#�#:16 8814#�#81<-

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ43E



'09 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#'5 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

+HPDWRORJ\

Q 43 43 43 43 43 43

+HPDWRFULW#+(,
'D\#6 7518#�#319 7618#�#31: 7719#�#317 751;#�#317 7518#�#317 741;#�#318
'D\#56 7<1;#�#417 7913#�#316 7617#�#315-- 7619#�#316-- 751:#�#318-- 7517#�#317--
:HHN#46 791:#�#31; 7913#�#319 771;#�#317- 771<#�#31<-- 7614#�#318-- 7:17#�#413-

+HPRJORELQ#+J2G/,
'D\#6 4813#�#315 4814#�#315 4818#�#315 471:#�#314 471:#�#314 4719#�#314
'D\#56 4:19#�#317 4916#�#314- 4818#�#314-- 4815#�#314-- 4815#�#315-- 4813#�#314--
:HHN#46 4913#�#316 481;#�#315 4816#�#314-- 4819#�#316-- 4817#�#314-- 4818#�#316-

(U\WKURF\WHV#+43 2�/,9

'D\#6 :149#�#3144 :16<#�#3147 :187#�#313: :157#�#313: :148#�#313; 91<7#�#3143
'D\#56 ;1;4#�#3156 ;169#�#313: :1;7#�#3137-- :186#�#3139-- 91:6#�#313;-- 8185#�#3139--
:HHN#46 ;1;<#�#3146 ;1:8#�#3144 ;166#�#313;-- :1:<#�#3149-- 9195#�#313:-- 81;6#�#313;--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 315<#�#3134 315<#�#3135 3163#�#3136 3164#�#3136 316:#�#3135- 3173#�#3136-
'D\#56 3149#�#3134 3153#�#3134- 3158#�#3135-- 3174#�#3136-- 317;#�#3136-- 31;5#�#3139--
:HHN#46 3145#�#3134 314;#�#3134-- 3154#�#3134-- 3169#�#3136-- 318:#�#3136-- 41;8#�#3144--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3136#�#3134 3134#�#3134 313:#�#3137 3137#�#3135 313;#�#3136 3159#�#313;--
'D\#56 3134#�#3134 3134#�#3134 3136#�#3135 313:#�#3136- 317<#�#3148-- 7149#�#3165--E

:HHN#46 3134#�#3134 3134#�#3134 3139#�#3135- 3143#�#3136-- 3148#�#3137-- 3187#�#313:--
0HDQ#FHOO#YROXPH#+I/,

'D\#6 8<17#�#316 8;1;#�#315 8<15#�#315 8<14#�#315 8<17#�#315 9316#�#316
'D\#56 8918#�#316 8814#�#314 8817#�#315 8:1;#�#314 9617#�#316-- :91<#�#319--
:HHN#46 8518#�#315 8519#�#315 861;#�#315-- 8:19#�#315-- 9815#�#316-- ;416#�#414--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 531<#�#315 5318#�#315 5318#�#314 5316#�#315- 5319#�#314 5413#�#315
'D\#56 4<1<#�#314 4<19#�#314 4<1;#�#314 5315#�#315 551:#�#314-- 5:14#�#315--
:HHN#46 4;13#�#315 4;14#�#314 4;17#�#314 5314#�#314-- 5616#�#315-- 591:#�#316--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 6816#�#315 671;#�#316 671:#�#314- 6716#�#316-- 6719#�#314-- 671;#�#314-
'D\#56 6816#�#316 6818#�#315 681;#�#315 671<#�#315 681:#�#315 6816#�#315
:HHN#46 6717#�#315 6716#�#314 6715#�#315 671<#�#315 681;#�#315- 651;#�#316-

3ODWHOHWV#+43 2�/,6

'D\#6 <6516#�#:18 <9:13#�#4:15 <8<1:#�#4618 <9517#�#4514 4/33616#�#4715-- 4/46<16#�#4;13--
'D\#56 ;4:13#�#4719 ;5619#�#4717 ;:415#�#<17 <4<15#�#4816-- ;<:18#�#4:13- :;613#�#4514
:HHN#46 ;6:16#�#;31: ;661<#�#:1: ;5:14#�#4618 :;714#�#5614 84:16#�#;18-- 7:61<#�#4318--

/HXNRF\WHV#+43 2�/,6

'D\#6 9194#�#3158 9169#�#3165 ;13;#�#3173- 91;;#�#3158 :1:6#�#3166- 4:133#�#31<4--
'D\#56 913;#�#3164 918;#�#3157 :146#�#3156- :1::#�#3175-- 4615:#�#318:-- 751<6#�#41:3--
:HHN#46 9176#�#31<< 91<8#�#314; 9188#�#315< 915;#�#3169 81:4#�#3175 81<7#�#3164



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 '0:

7$%/(#'5 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(#+FRQWLQXHG,

+HPDWRORJ\#+FRQWLQXHG,

6HJPHQWHG#QHXWURSKLOV#+43 2�/,6

'D\#6 418;#�#314: 4165#�#3148 41;7#�#3156 4177#�#3145 41:6#�#314: 6169#�#3183--
'D\#56 4164#�#3144 4164#�#3144 4185#�#3146 419<#�#3153 51:;#�#3143-- 43139#�#31;7--
:HHN#46 5166#�#31:: 41<4#�#3147 4158#�#3146 4183#�#3145 417;#�#3154 41:<#�#3154

/\PSKRF\WHV#+43 2�/,6

'D\#6 71<;#�#3165 71<:#�#3158 9147#�#3154-- 8167#�#3156 81<4#�#3166 46167#�#31:6--
'D\#56 7194#�#315; 8143#�#3153 8169#�#3156 81;<#�#3163-- 43156#�#3195-- 65174#�#4159--
:HHN#46 61<7#�#315; 71<7#�#3153-- 8154#�#3163-- 7196#�#3159 713;#�#3158 713;#�#314:

0RQRF\WHV#+43 2�/,6

'D\#6 3138#�#3134 3137#�#3135 3138#�#3135 3139#�#3135 3138#�#3135 3147#�#3135-
'D\#56 3145#�#3136 3146#�#3136 3147#�#3136 3149#�#3137 314;#�#3138 3166#�#3148
:HHN#46 313:#�#3134 3138#�#3135 3139#�#3135 313;#�#3135 3143#�#3136 3138#�#3135

(RVLQRSKLOV#+43 2�/,6

'D\#6 3133#�#3133 3136#�#3134- 3138#�#3135- 3137#�#3136 3137#�#3135 3147#�#3138--
'D\#56 3136#�#3134 3138#�#3135 3144#�#3136 3136#�#3135 313;#�#3136 3146#�#313:
:HHN#46 313;#�#3135 3138#�#3134 3136#�#3135 313;#�#3136 3139#�#3135 3136#�#3134

0HWKHPRJORELQ#+J2G/,
'D\#6 316<#�#3137 3189#�#3138-- 4197#�#3148-- 5187#�#314:-- 718:#�#3159-- 9146#�#313<--
'D\#56 3154#�#3136 31;3#�#313:-- 41:3#�#3143-- 6145#�#3145-- 71:<#�#3148-- 8144#�#3158--
:HHN#46 3164#�#3135 4144#�#3139-- 5146#�#3139-- 6198#�#314<-- 71;<#�#3153-- 81;6#�#314;--

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 91:#�#31<-- 4917#�#414-- 41:#�#319--

&OLQLFDO#&KHPLVWU\

Q 43 43 43 43 43 43

8UHD#QLWURJHQ#+PJ2G/, 541:#�#31: 541<#�#318 541;#�#318 5414#�#318 541;#�#317 541:#�#316
&UHDWLQLQH#+PJ2G/, 319<#�#3134 31:;#�#3135-- 31:;#�#3134-- 31;5#�#3134-- 31;7#�#3135-- 31;;#�#3134--
7RWDO#SURWHLQ#+J2G/, 918#�#316 91<#�#314 91<#�#314 91;#�#314 919#�#314- 919#�#313-
$OEXPLQ#+J2G/, 717#�#315 71;#�#314 71;#�#313- 71:#�#313 71:#�#314 71<#�#313--
$ODQLQH#

DPLQRWUDQVIHUDVH#+,82/, 85#�#8 84#�#6 78#�#4- 79#�#4- 78#�#5- 73#�#4--
$ONDOLQH#

SKRVSKDWDVH#+,82/, 76:#�#63 775#�#45 77:#�#46 749#�#<- 76;#�#45 746#�#46-
&UHDWLQH#NLQDVH#+,82/, 734#�#83 689#�#66 6<7#�#74 854#�#85 6<9#�#85 86;#�#6<-
6RUELWRO#

GHK\GURJHQDVH#+,82/, 55#�#4 63#�#5-- 5<#�#4-- 66#�#5-- 74#�#4-- 76#�#5--
%LOH#VDOWV#+�PRO2/, 4414#�#414 4713#�#41; 4617#�#419 451:#�#413 4914#�#516- 5;14#�#515--



'0; R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#'5 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(

+HPDWRORJ\

Q
'D\#6 43 43 43 43 43 43
'D\#56 43 43 < 43 43 43
:HHN#46 43 43 43 43 43 <

+HPDWRFULW#+(,
'D\#6 771;#�#317 771<#�#319 771:#�#317 7819#�#317 7619#�#318 7616#�#318
'D\#56 7:17#�#317 7916#�#317 751<#�#318-- 7619#�#318-- 7316#�#318-- 7619#�#318--
:HHN#46 7:16#�#31: 7816#�#317- 7813#�#31;- 7618#�#317-- 7513#�#319-- 7719#�#317--

+HPRJORELQ#+J2G/,
'D\#6 4819#�#314 4819#�#315 4817#�#315 481:#�#315 471<#�#314-- 4817#�#315-
'D\#56 4916#�#314 4819#�#314-- 4718#�#314-- 4814#�#314-- 4717#�#314-- 4815#�#314--
:HHN#46 481;#�#315 4816#�#314 4813#�#316-- 4719#�#315-- 4719#�#315-- 4815#�#314--

(U\WKURF\WHV#+43 2�/,9

'D\#6 :15:#�#313: :163#�#313; :163#�#313; :17;#�#313< :139#�#3139 91;5#�#313:--
'D\#56 :1;8#�#313: :19<#�#3138 91<5#�#313:-- 919<#�#313:-- 8199#�#3138-- 816<#�#313<--
:HHN#46 ;147#�#3144 :196#�#313:-- :173#�#3146-- 91:4#�#313:-- 81;8#�#313;-- 8173#�#313<--

5HWLFXORF\WHV#+43 2�/,9

'D\#6 314<#�#3134 3153#�#3134 314<#�#3134 3153#�#3135 3159#�#3135-- 3163#�#3135--
'D\#56 3145#�#3134 3148#�#3134- 3167#�#3134-- 316;#�#3136-- 319;#�#3137-- 4145#�#3138--
:HHN#46 3143#�#3134 3149#�#3134-- 3154#�#3135-- 3166#�#3136-- 318<#�#3137-- 31<;#�#313;--

1XFOHDWHG#HU\WKURF\WHV#+43 2�/,6

'D\#6 3135#�#3134 3135#�#3134 3136#�#3134 3136#�#3135 3139#�#3135 3194#�#3153--
'D\#56 3135#�#3134 3134#�#3134 313<#�#3136 3153#�#3138-- 418:#�#3169-- 4168#�#316<--
:HHN#46 3134#�#3134 3139#�#3136 313;#�#3136- 3147#�#3137-- 3175#�#3143-- 3178#�#314<--F

0HDQ#FHOO#YROXPH#+I/,
'D\#6 941:#�#316 9419#�#316 9415#�#316 9413#�#316 941;#�#316 9618#�#316--
'D\#56 9317#�#315 9315#�#316 9513#�#316-- 9815#�#316-- :416#�#31:-- ;414#�#319--
:HHN#46 8;15#�#314 8<17#�#314-- 931;#�#315-- 971<#�#315-- :41:#�#316-- ;51;#�#31;--

0HDQ#FHOO#KHPRJORELQ#+SJ,
'D\#6 5418#�#314 5417#�#315 5414#�#314 5413#�#314- 5414#�#314 5519#�#314
'D\#56 531;#�#314 5316#�#314 531<#�#314 5519#�#314-- 5817#�#315-- 5;16#�#316--
:HHN#46 4<17#�#314 5314#�#315-- 5316#�#315-- 541;#�#314-- 5813#�#315-- 5;15#�#316--

0HDQ#FHOO#KHPRJORELQ#FRQFHQWUDWLRQ#+J2G/,
'D\#6 671<#�#315 671;#�#316 6718#�#314 6717#�#315 6714#�#315 6819#�#315
'D\#56 6717#�#315 661:#�#315 661:#�#315 6719#�#315 681:#�#318- 671<#�#315
:HHN#46 6617#�#315 661<#�#316 6617#�#315 6619#�#315 671<#�#315-- 6714#�#315--

3ODWHOHWV#+43 2�/,6

'D\#6 ;;913#�#461: ;:91;#�#4718 ;;816#�#4<1< <5;17#�#5418 4/3741:#�#5316-- 4/44;17#�#4713--
'D\#56 ;4<1<#�#4716 ;7714#�#;19 <5519#�#<1<-- <441:#�#4;16- <4:13#�#431<-- :6717#�#<13
:HHN#46 :5419#�#5;18 ;431:#�#5316 ;7<17#�#5713 ;3819#�#471: :6517#�#:31; 8:81;#�#4817-

/HXNRF\WHV#+43 2�/,6

'D\#6 :189#�#3164 :149#�#3156 :138#�#318: ;169#�#3174 441;;#�#3169-- 67155#�#41:4--
'D\#56 913<#�#3159 918:#�#3168 :15<#�#3167- ;1;:#�#3154-- 591::#�#41;;-- 6<14;#�#517;--E

:HHN#46 818;#�#314; 81:<#�#317< 9148#�#315; :155#�#3173-- 81<6#�#3175- :1<7#�#3158--F E



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 '0<

7$%/(#'5 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#)67721#5DWV#LQ#WKH#460:HHN#*DYDJH#6WXG\
RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(#+FRQWLQXHG,

+HPDWRORJ\#+FRQWLQXHG,

6HJPHQWHG#QHXWURSKLOV#+43 2�/,6

'D\#6 4197#�#314: 417;#�#3156 418;#�#3157 41;9#�#3156 51<6#�#315:-- ;177#�#31;8--
'D\#56 415;#�#3143 4178#�#3144 4169#�#3147 4186#�#3147 71;8#�#317:-- 915<#�#3196--E

:HHN#46 4175#�#3149 419;#�#316: 4166#�#314: 41:4#�#314< 4177#�#3145 4174#�#3144F E

/\PSKRF\WHV#+43 2�/,6

'D\#6 81::#�#3155 818:#�#314; 816<#�#316< 9173#�#3163 ;1:;#�#3167-- 58144#�#4157--
'D\#56 71:3#�#3158 8137#�#3163 81::#�#3164- :153#�#314<-- 5417<#�#417:-- 65168#�#41<9--E

:HHN#46 7135#�#314: 61<;#�#3163 71:3#�#3148- 816;#�#3167-- 7176#�#3168- 9179#�#3155--F E

0RQRF\WHV#+43 2�/,6

'D\#6 3145#�#3136 313;#�#3136 3138#�#3135 313:#�#3136 3139#�#3136 3175#�#3147
'D\#56 3139#�#3134 3136#�#3134 3144#�#3136 313;#�#3136 3153#�#313; 3153#�#313<E

:HHN#46 3138#�#3134 313:#�#3135 3139#�#3134 313;#�#3135 3136#�#3135 3138#�#3135F E

(RVLQRSKLOV#+43 2�/,6

'D\#6 3136#�#3134 3136#�#3134 3135#�#3134 3137#�#3135 3144#�#3136- 314:#�#3139
'D\#56 3137#�#3135 3139#�#3135 3138#�#3134 3139#�#3135 314<#�#313< 3167#�#3143-E

:HHN#46 313<#�#3135 3139#�#3135 3138#�#3135 3138#�#3135 3136#�#3134- 3135#�#3134--F E

0HWKHPRJORELQ#+J2G/,
'D\#6 3153#�#3137 3195#�#3139-- 41<7#�#3145-- 61<8#�#3146-- 913<#�#3163-- :165#�#3159--
'D\#56 3163#�#3136 4154#�#313<-- 5193#�#3144-- 7157#�#3146-- 8169#�#3146-- 91;<#�#3149--
:HHN#46 3159#�#3135 4187#�#3139-- 51<8#�#3144-- 71:5#�#3154-- 819;#�#3156-- 9189#�#3155--

+HLQ]#ERGLHV#+(,
:HHN#46 313#�#313 313#�#313 313#�#313 616#�#317-- 4313#�#413-- 4618#�#516--

&OLQLFDO#&KHPLVWU\

Q 43 43 43 43 43 <

8UHD#QLWURJHQ#+PJ2G/, 5613#�#31; 5619#�#31: 5615#�#31: 5718#�#31; 5615#�#318 5714#�#318
&UHDWLQLQH#+PJ2G/, 31:5#�#3134 31:<#�#3134-- 31:;#�#3135-- 31;9#�#3136-- 31;5#�#3134-- 31;6#�#3135--
7RWDO#SURWHLQ#+J2G/, :14#�#314 :15#�#314 91;#�#316 :15#�#314 91;#�#315 91:#�#314-
$OEXPLQ#+J2G/, 813#�#313 815#�#314 71<#�#315 815#�#314 813#�#314 813#�#314
$ODQLQH#

DPLQRWUDQVIHUDVH#+,82/, 99#�#: 86#�#8 89#�#43 85#�#7 85#�#8 6<#�#5--
$ONDOLQH#

SKRVSKDWDVH#+,82/, 698#�#46 6:7#�#: 684#�#58 684#�#; 65<#�#46- 664#�#46-
&UHDWLQH#NLQDVH#+,82/, 5<5#�#63 59;#�#57 677#�#64 645#�#5< 675#�#55 6<5#�#6:-
6RUELWRO#

GHK\GURJHQDVH#+,82/, 58#�#5 65#�#6- 69#�#6-- 73#�#5-- 74#�#6-- 73#�#4--
%LOH#VDOWV#+�PRO2/, 581;#�#519 5;13#�#613 5:19#�#616 6317#�#619 6;18#�#714- 7:18#�#514--

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ<E

QÛ;F



'043 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#'6 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\4

RI#R0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

+HPDWRORJ\

Q 43 < 43 43 43 43

+HPDWRFULW#+(, 8315#�#318 8414#�#413 8315#�#31: 7;15#�#31; 7:13#�#31:-- 7818#�#31:--
+HPRJORELQ#+J2G/, 4919#�#314 491:#�#316 4919#�#314 4915#�#315 4914#�#314 4:16#�#316
(U\WKURF\WHV#+43 2�/, 43143#�#3143 43167#�#3154 43149#�#3148 <1::#�#3149 <16:#�#3146-- <143#�#3147--9

5HWLFXORF\WHV#+43 2�/, 3157#�#3135 3155#�#3135 315;#�#3136 3155#�#3135 316;#�#3136-- 3198#�#3137--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3134#�#3134 3133#�#3133 3133#�#3133 3133#�#31336

0HDQ#FHOO#YROXPH#+I/, 7<1:#�#314 7<17#�#314 7<17#�#316 7<16#�#315 8315#�#315 8313#�#315
0HDQ#FHOO#

KHPRJORELQ#+SJ, 4918#�#315 4915#�#315 4916#�#315 4919#�#314 4:15#�#315- 4<13#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6614#�#317 651;#�#316 6614#�#316 661:#�#316 6716#�#316- 6:1<#�#317--
3ODWHOHWV#+43 2�/, 4/3<516#�#7614 4/38314#�#5<14 4/38315#�#4413 4/3581:#�#5517 4/37419#�#431; <;<19#�#63196

/HXNRF\WHV#+43 2�/, 8175#�#3155 8166#�#3157 8178#�#3157 8185#�#316: 913<#�#318; :156#�#31<76

6HJPHQWHG
QHXWURSKLOV#+43 2�/, 4179#�#3157 4163#�#3144 4194#�#3145 41:6#�#3153 41;3#�#314; 514:#�#317<6 E

/\PSKRF\WHV#+43 2�/, 61;3#�#3146 61<9#�#3154 61:<#�#314: 6198#�#3157 6185#�#315; 71<3#�#31986

0RQRF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3134#�#3134 3135#�#3134 3134#�#3134 3133#�#31336

(RVLQRSKLOV#+43 2�/, 3149#�#3136 313;#�#3136 3137#�#3134- 3146#�#3136 3143#�#3135 3149#�#31376 E

0HWKHPRJORELQ#+J2G/, 3148#�#3135 3157#�#3136- 315:#�#3136-- 3177#�#3136-- 31:<#�#3137-- 5145#�#3165--E

+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 314#�#314 917#�#31;--

&OLQLFDO#&KHPLVWU\

Q < < 43 < 43 <

8UHD#QLWURJHQ#+PJ2G/, 7814#�#615 741;#�#618 6<17#�#41< 7517#�#51< 7415#�#51< 7713#�#51:
&UHDWLQLQH#+PJ2G/, 317:#�#3135 3177#�#3135 3176#�#3135 3175#�#3135 3174#�#3135 3176#�#3135
7RWDO#SURWHLQ#+J2G/, 71<#�#314 813#�#314 71<#�#314 813#�#314 71<#�#314 71:#�#314
$OEXPLQ#+J2G/, 617#�#314 616#�#314 617#�#313 616#�#313 616#�#314 615#�#313-
$ODQLQH

DPLQRWUDQVIHUDVH#+,82/, 475#�#46 49:#�#56 495#�#4; 496#�#54 475#�#48 469#�#43
$ONDOLQH#

SKRVSKDWDVH#+,82/, 46;#�#8 46:#�#7 466#�#7 463#�#7 466#�#7 466#�#7
&UHDWLQH#NLQDVH#+,82/, 4/<83#�#8;9 4/458#�#64; 4/39;#�#4<5 4/4<6#�#5<7 5/7;9#�#739 4/;44#�#684F G

6RUELWRO#
GHK\GURJHQDVH#+,82/, ;8#�#5 ;7#�#8 ;3#�#7 :;#�#6 ;3#�#7 :<#�#8F

%LOH#VDOWV#+�PRO2/, ;1:#�#318 <19#�#416 :19#�#318 ;18#�#316 4317#�#416 ;1<#�#415F



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 '044

7$%/(#'6 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\4

RI#R0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(

+HPDWRORJ\

Q 43 43 < 43 43 <

+HPDWRFULW#+(, 7:1:#�#31< 791:#�#319 7918#�#31: 791;#�#318 7817#�#316- 7717#�#319--
+HPRJORELQ#+J2G/, 491:#�#316 4915#�#314 481<#�#314- 4914#�#314- 4819#�#314-- 4916#�#315-
(U\WKURF\WHV#+43 2�/, <18<#�#3154 <179#�#3146 <169#�#3144 <178#�#3144 <14<#�#313: ;1;3#�#3144--9

5HWLFXORF\WHV#+43 2�/, 315<#�#3135 3163#�#3136 3164#�#3136 3167#�#3135 316;#�#3136 31:4#�#3139--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#31336

0HDQ#FHOO#YROXPH#+I/, 7<1:#�#315 7<18#�#315 7<1:#�#315 7<18#�#315 7<17#�#314 8318#�#316
0HDQ#FHOO#

KHPRJORELQ#+SJ, 4:17#�#315 4:15#�#314 4:13#�#314 4:14#�#314 4:13#�#314 4;19#�#314-
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6813#�#315 671:#�#315 6716#�#316 6718#�#315 6717#�#314 691;#�#315
3ODWHOHWV#+43 2�/, <981:#�#6515 ;<<14#�#531: <8414#�#6713 ;<<13#�#4914 <6616#�#4;17 <:71:#�#53186

/HXNRF\WHV#+43 2�/, 71:9#�#3159 71;:#�#3156 7183#�#316; 7164#�#3157 71<8#�#3156 :164#�#31::--6

6HJPHQWHG
QHXWURSKLOV#+43 2�/, 414:#�#3146 4167#�#3149 416;#�#3159 4149#�#314; 416<#�#314: 615<#�#319;--6

/\PSKRF\WHV#+43 2�/, 6178#�#3154 6177#�#314: 51<:#�#3148 6139#�#314; 617;#�#3154 61;<#�#31656

0RQRF\WHV#+43 2�/, 3137#�#3135 3135#�#3134 3134#�#3134 3134#�#3134 3135#�#3135 3135#�#31346

(RVLQRSKLOV#+43 2�/, 3144#�#3136 313:#�#3135 3147#�#3137 313;#�#3134 3139#�#3135 3144#�#31356

0HWKHPRJORELQ#+J2G/, 3147#�#3135 3155#�#3135- 3157#�#3135-- 317;#�#3136-- 413;#�#3146-- 516<#�#3149--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 313#�#313 917#�#318--

&OLQLFDO#&KHPLVWU\

Q 43 43 ; 43 43 <

8UHD#QLWURJHQ#+PJ2G/, 661<#�#717 5<15#�#417 6:16#�#616 6:15#�#713 6:16#�#514 6614#�#51:E

&UHDWLQLQH#+PJ2G/, 3177#�#3135 3174#�#3135 3176#�#3135 3177#�#3135 3175#�#3134 3175#�#3135E

7RWDO#SURWHLQ#+J2G/, 814#�#314 814#�#314 71<#�#314 813#�#314 71;#�#314- 71;#�#314-
$OEXPLQ#+J2G/, 61:#�#314 61:#�#314 617#�#314 619#�#313 618#�#314 618#�#314-E

$ODQLQH
DPLQRWUDQVIHUDVH#+,82/, 433#�#7 444#�#47 456#�#59 46<#�#49 437#�#48 <<#�#43E

$ONDOLQH#
SKRVSKDWDVH#+,82/, 539#�#< 4<6#�#: 4<4#�#44 536#�#9 4:<#�#9 4;;#�#:E

&UHDWLQH#NLQDVH#+,82/, 886#�#495 78<#�#466 63:#�#6; <5;#�#583 99:#�#;; ;9:#�#4;:F E H F E

6RUELWRO#
GHK\GURJHQDVH#+,82/, 8:#�#5 8;#�#4 8:#�#5 99#�#9 96#�#5- 95#�#6E

%LOH#VDOWV#+�PRO2/, 4418#�#316 4414#�#317 441;#�#416 441<#�#414 471:#�#416 4416#�#318E E

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ<E

QÛ;F

QÛ9G

QÛ7H
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7$%/(#'7 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\4

RI#P0&KORURDQLOLQHD

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

0$/(

Q < 43 : 43 43 43

+HPDWRORJ\

+HPDWRFULW#+(, 7<1<#�#319 7<15#�#319 791<#�#316-- 7815#�#316-- 7717#�#31:-- 7514#�#318--
+HPRJORELQ#+J2G/, 491;#�#314 4919#�#314 481;#�#314- 481;#�#316-- 4916#�#314 4:16#�#315
(U\WKURF\WHV#+43 2�/, 43157#�#3146 43148#�#3145 <18:#�#313<-- <14;#�#313:-- <13;#�#3148-- ;185#�#3145--9

5HWLFXORF\WHV#+43 2�/, 3153#�#3134 3157#�#3135 3153#�#3135 3166#�#3137-- 316;#�#3136-- 31<8#�#313;--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#31336

0HDQ#FHOO#YROXPH#+I/, 7;1:#�#315 7;18#�#315 7<13#�#315 7<15#�#315 7;1<#�#314 7<17#�#317-
0HDQ#FHOO#

KHPRJORELQ#+SJ, 4917#�#314 4917#�#314 4918#�#314 4:15#�#317- 4;13#�#315-- 5316#�#317--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 661:#�#315 661:#�#315 661;#�#315 671<#�#31:- 691:#�#317-- 7414#�#31:--
3ODWHOHWV#+43 2�/, 4/459#�#5: 4/395#�#47 4/354#�#44-- 4/3:5#�#59 4/383#�#4: 4/445#�#4<6

/HXNRF\WHV#+43 2�/, 9179#�#3185 8147#�#3169 8173#�#319: 9198#�#3187 81;<#�#3159 :169#�#31936

6HJPHQWHG
QHXWURSKLOV#+43 2�/, 4189#�#3153 4163#�#314< 4167#�#314: 41;9#�#316; 4144#�#3147 414:#�#31536

/\PSKRF\WHV#+43 2�/, 71:6#�#3168 61:5#�#3163 61<8#�#3199 719:#�#315< 719:#�#3154 913:#�#317;6

0RQRF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3133#�#3133 3134#�#3134 3134#�#3134 3133#�#31336

(RVLQRSKLOV#+43 2�/, 314:#�#3137 3144#�#3137 3144#�#3136 3144#�#3135 3144#�#3136 3145#�#31366

0HWKHPRJORELQ#+J2G/, 314<#�#3136 315;#�#3137 3183#�#313;-- 41:5#�#315:-- 6155#�#316<-- 61::#�#313<--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 417#�#417 517#�#31:-- 461;#�#618--

&OLQLFDO#&KHPLVWU\

8UHD#QLWURJHQ#+PJ2G/, 6413#�#419 5;16#�#417 6914#�#716 5<13#�#419 6514#�#41; 651:#�#519
&UHDWLQLQH#+PJ2G/, 3173#�#3133 3173#�#3133 3176#�#3135- 3175#�#3134 3174#�#3134 3176#�#3135
7RWDO#SURWHLQ#+J2G/, 813#�#314 814#�#314 814#�#314 814#�#314 813#�#314 71;#�#314
$OEXPLQ#+J2G/, 618#�#314 619#�#314 618#�#314 618#�#314 618#�#313 617#�#313-
$ODQLQH

DPLQRWUDQVIHUDVH#+,82/, 4:6#�#64 486#�#58 4<8#�#65 4;<#�#73 4:8#�#73 499#�#55
$ONDOLQH#

SKRVSKDWDVH#+,82/, 467#�#6 45;#�#6 467#�#: 45<#�#8 454#�#6- 443#�#5--
&UHDWLQH#NLQDVH#+,82/, 85;#�#456 6;:#�#;8 6<;#�#457 6<5#�#:: 63<#�#86 7:;#�#453E F

6RUELWRO#
GHK\GURJHQDVH#+,82/, 9:#�#6 96#�#6 9;#�#8 96#�#5 :7#�#43 98#�#6F F F

%LOH#VDOWV#+�PRO2/, 4717#�#414 471<#�#414 4:19#�#516 4713#�#414 4718#�#417 4714#�#414
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7$%/(#'7 +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#'DWD#IRU#%9&6) #0LFH#LQ#WKH#460:HHN#*DYDJH#6WXG\4

RI#P0&KORURDQLOLQH#+FRQWLQXHG,

9HKLFOH
&RQWURO 43#PJ2NJ 53#PJ2NJ 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

)(0$/(

Q < < 43 ; 43 <

+HPDWRORJ\

+HPDWRFULW#+(, 7:17#�#317 7;16#�#318 7:19#�#317 781<#�#317- 761<#�#316-- 7713#�#319--
+HPRJORELQ#+J2G/, 4916#�#314 4917#�#314 4915#�#314 481:#�#314 481;#�#315 491;#�#315
(U\WKURF\WHV#+43 2�/, <195#�#3143 <1;<#�#3144 <1:9#�#3145 <16;#�#313; <133#�#3139-- ;1<8#�#3146--9

5HWLFXORF\WHV#+43 2�/, 314<#�#3135 3157#�#3134 3159#�#3134- 3163#�#3135-- 318:#�#3136-- 31<<#�#3144--9

1XFOHDWHG#
HU\WKURF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#31336

0HDQ#FHOO#YROXPH#+I/, 7<15#�#315 7;1<#�#314 7;1;#�#316 7;1<#�#315 7;1:#�#315 7<14#�#317
0HDQ#FHOO#

KHPRJORELQ#+SJ, 491<#�#314 4919#�#314 4919#�#315 491;#�#314 4:19#�#315- 4;1;#�#315--
0HDQ#FHOO#KHPRJORELQ

FRQFHQWUDWLRQ#+J2G/, 6716#�#315 661<#�#314 6713#�#315 6716#�#314 6913#�#316-- 6;16#�#317--
3ODWHOHWV#+43 2�/, <:<16#�#4:1: <5;19#�#4913 <<41:#�#481; <;613#�#5316 <;71<#�#581< <<:17#�#641<6

/HXNRF\WHV#+43 2�/, 7186#�#3173 71:<#�#3165 8137#�#3176 71;3#�#314; 814:#�#3166 916;#�#3186--6

6HJPHQWHG
QHXWURSKLOV#+43 2�/, 31<8#�#3157 416:#�#3157 4165#�#3157 414;#�#3153 4133#�#3144 4179#�#315;6

/\PSKRF\WHV#+43 2�/, 6185#�#315; 616;#�#3156 6198#�#3163 618:#�#314; 7143#�#3168- 71:<#�#316<--6

0RQRF\WHV#+43 2�/, 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3133#�#3133 3135#�#3134-6

(RVLQRSKLOV#+43 2�/, 313:#�#3135 3137#�#3134 313:#�#3135 3139#�#3135 313:#�#3135 3144#�#31366

0HWKHPRJORELQ#+J2G/, 314;#�#3136 3163#�#3136- 3193#�#3137-- 41;9#�#315<-- 6195#�#3154-- 7193#�#314<--
+HLQ]#ERGLHV#+(, 313#�#313 313#�#313 313#�#313 313#�#313 41;#�#319-- 817#�#417--

&OLQLFDO#&KHPLVWU\

8UHD#QLWURJHQ#+PJ2G/, 581;#�#413 5816#�#514 5:1:#�#516 5819#�#41: 5:1;#�#41: 6417#�#415-
&UHDWLQLQH#+PJ2G/, 3174#�#3134 3175#�#3135 3176#�#3135 3177#�#3135 3178#�#3135 3183#�#3135--
7RWDO#SURWHLQ#+J2G/, 813#�#314 814#�#314 813#�#314 814#�#314 71<#�#314 71:#�#314
$OEXPLQ#+J2G/, 619#�#314 61:#�#314 619#�#314 61;#�#313 619#�#314 618#�#314
$ODQLQH

DPLQRWUDQVIHUDVH#+,82/, 44;#�#48 458#�#56 444#�#47 45;#�#54 456#�#48 <<#�#43G G

$ONDOLQH#
SKRVSKDWDVH#+,82/, 537#�#; 539#�#43 4<9#�#< 536#�#8 4<:#�#: 4::#�#8-

&UHDWLQH#NLQDVH#+,82/, 878#�#443 933#�#<; :65#�#473 767#�#;< ::5#�#4;; 755#�#86
6RUELWRO#

GHK\GURJHQDVH#+,82/, 8:#�#5 9<#�#44 8<#�#8 8;#�#5 89#�#5 98#�#5G G

%LOH#VDOWV#+�PRO2/, 451<#�#414 4519#�#413 4413#�#31; 431<#�#316 4513#�#413 4715#�#514

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#'XQQ*V#RU#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#JLYHQ#DV#PHDQ#�#VWDQGDUG#HUURU1##6WDWLVWLFDO#WHVWV#ZHUH#SHUIRUPHG#RQ#XQURXQGHG#GDWD1D

QÛ9E

QÛ<F

QÛ;G
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(04

$33(1',;#(
5(352'8&7,9(#7,668(#(9$/8$7,216

$1'#(675286#&<&/(#&+$5$&7(5,=$7,21

7$%/(#(4 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#)67721#5DWV#
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (05

7$%/(#(5 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (05

7$%/(#(6 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (06

7$%/(#(7 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (06

7$%/(#(8 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#%9&6) #0LFH#4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (07
7$%/(#(9 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (07
7$%/(#(: 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (08
7$%/(#(; 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (08
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7$%/(#(4 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#)67721#5DWV#
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q 43 ; < 43

:HLJKWV#+J,
1HFURSV\#ERG\#ZHLJKW 667#�#6 65<#�#7 64<#�#8- 637#�#8--E

/HIW#HSLGLG\PLV 31769#�#31338 31774#�#31339 3175:#�#3133; 31755#�#31338
/HIW#FDXGD#HSLGLG\PLV 3147;#�#31336 31483#�#31338 31476#�#31336 3146<#�#31337
/HIW#WHVWLV 4189#�#3135 418:#�#3134 417<#�#3136 4183#�#3134

6SHUPDWLG#PHDVXUHPHQWV
6SHUPDWLG#KHDGV#+43 2J#WHVWLV, <197#�#3159 43147#�#3155 <178#�#315< 4313<#�#314::

6SHUPDWLG#KHDGV#+43 2WHVWLV, 48135#�#3179 481<:#�#3174 47136#�#315: 48148#�#3168:

6SHUPDWLG#FRXQW
##+PHDQ243 #P/#VXVSHQVLRQ, :8143#�#5163 :<1;7#�#5136 :314:#�#4167 :81:6#�#41:707

(SLGLG\PDO#VSHUPDWR]RDO#PHDVXUHPHQWV
0RWLOLW\#+(, :3156#�#51:< :5164#�#51;; :41:4#�#7136 :8153#�#41<<E

&RQFHQWUDWLRQ
##+43 2J#FDXGD#HSLGLG\PDO#WLVVXH, <98#�#79 4/344#�#65 ;8;#�#6; <78#�#739 E

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW
-- 3&3134

'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#OHIW#HSLGLG\PDO/#FDXGD#HSLGLG\PDO/#DQG#WHVWLV#ZHLJKWV/D

VSHUPDWLG#PHDVXUHPHQWV/#DQG#HSLGLG\PDO#VSHUPDWR]RDO#PHDVXUHPHQWV#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#RU#6KLUOH\*V#WHVW1
QÛ<E

7$%/(#(5 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q 43 43 43 43

1HFURSV\#ERG\#ZHLJKW#+J, 4;6#�#6 4:9#�#6 4:;#�#5 4:7#�#5--
(VWURXV#F\FOH#OHQJWK#+GD\V, 71<8#�#3147 71;3#�#3144 71<8#�#3138 71<3#�#313:
(VWURXV#VWDJHV#+(#RI#F\FOH,

'LHVWUXV 7313 6715 7313 6<15
3URHVWUXV 491: 4;16 4813 4;16
(VWUXV 5616 5813 591: 531;
0HWHVWUXV 5313 5518 4;16 541:

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW
1HFURSV\#ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#GDWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#HVWURXVD

F\FOH#OHQJWK#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1##%\#PXOWLYDULDWH#DQDO\VLV#RI#YDULDQFH/#GRVHG#JURXSV#GR#QRW#GLIIHU#VLJQLILFDQWO\#IURP#WKH#YHKLFOH#FRQWURO
JURXS#LQ#WKH#UHODWLYH#OHQJWK#RI#WLPH#VSHQW#LQ#WKH#HVWURXV#VWDJHV1
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7$%/(#(6 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#)67721#5DWV#
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q 43 < 43 43

:HLJKWV#+J,
1HFURSV\#ERG\#ZHLJKW 659#�#9 656#�#8 64<#�#9 5<6#�#9--
/HIW#HSLGLG\PLV 31756#�#3133< 31763#�#3133: 3176:#�#31339 31754#�#31337
/HIW#FDXGD#HSLGLG\PLV 31474#�#31339 31473#�#31336 31484#�#31336 31475#�#31336
/HIW#WHVWLV 4186#�#3136 4183#�#3135 4189#�#3135 4183#�#3136

6SHUPDWLG#PHDVXUHPHQWV
6SHUPDWLG#KHDGV#+43 2J#WHVWLV, <153#�#3153 <186#�#3163 <15;#�#3147 <199#�#314::

6SHUPDWLG#KHDGV#+43 2WHVWLV, 47135#�#3155 4715;#�#316; 47183#�#3153 47175#�#3157:

6SHUPDWLG#FRXQW
##+PHDQ243 #P/#VXVSHQVLRQ, :3143#�#413< :416<#�#41<4 :517;#�#4133 :5143#�#415507

(SLGLG\PDO#VSHUPDWR]RDO#PHDVXUHPHQWV
0RWLOLW\#+(, 9:189#�#413; 99169#�#4186 98139#�#5195 8:185#�#6176--
&RQFHQWUDWLRQ
##+43 2J#FDXGD#HSLGLG\PDO#WLVVXH, <;3#�#68 <;;#�#99 4/34;#�#66 <57#�#639

-- 6LJQLILFDQWO\#GLIIHUHQW#+3&3134,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW
'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#OHIW#HSLGLG\PDO/#FDXGD#HSLGLG\PDO/#DQG#WHVWLV#ZHLJKWV/D

VSHUPDWLG#PHDVXUHPHQWV/#DQG#HSLGLG\PDO#VSHUPDWR]RDO#FRQFHQWUDWLRQ#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1

7$%/(#(7 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#)67721#5DWV
LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q 43 43 43 <

1HFURSV\#ERG\#ZHLJKW#+J, 4;6#�#6 4;6#�#5 4:<#�#6 4;8#�#6
(VWURXV#F\FOH#OHQJWK#+GD\V, 71:8#�#3144 71<8#�#3138 71<8#�#3138 71;<#�#313:
(VWURXV#VWDJHV#+(#RI#F\FOH,

'LHVWUXV 631; 681; 6813 6815
3URHVWUXV 4518 4518 4313 4414
(VWUXV 681; 6518 6518 6517
0HWHVWUXV 531; 4<15 5518 5416

1HFURSV\#ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#GDWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#QHFURSV\D

ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1##%\#PXOWLYDULDWH#DQDO\VLV#RI#YDULDQFH/#GRVHG#JURXSV#GR#QRW#GLIIHU#VLJQLILFDQWO\
IURP#WKH#YHKLFOH#FRQWURO#JURXS#LQ#WKH#UHODWLYH#OHQJWK#RI#WLPH#VSHQW#LQ#WKH#HVWURXV#VWDJHV1
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7$%/(#(8 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#%9&6) #0LFH#4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q < < 43 <

:HLJKWV#+J,
1HFURSV\#ERG\#ZHLJKW 6914#�#416 6813#�#317 6817#�#319 6617#�#414
/HIW#HSLGLG\PLV 31374#�#31334 31375#�#31334 31373#�#31334 31374#�#31334
/HIW#FDXGD#HSLGLG\PLV 31346#�#31333 31347#�#31333 31345#�#31333 31345#�#31333
/HIW#WHVWLV 31445#�#31335 31447#�#31335 31447#�#31335 3144;#�#31334-

6SHUPDWLG#PHDVXUHPHQWV
6SHUPDWLG#KHDGV#+43 2J#WHVWLV, 5418;#�#31<6 541;9#�#319< 5319<#�#317: 54156#�#316;:

6SHUPDWLG#KHDGV#+43 2WHVWLV, 5175#�#3144 517<#�#313: 5169#�#3138 5183#�#3138:

6SHUPDWLG#FRXQW
##+PHDQ243 #P/#VXVSHQVLRQ, :8194#�#6174 ::19<#�#5143 :61;;#�#418; :;158#�#419907

(SLGLG\PDO#VSHUPDWR]RDO#PHDVXUHPHQWV
0RWLOLW\#+(, 95159#�#4184 9:163#�#4149 93137#�#61;7 8:18;#�#5189
&RQFHQWUDWLRQ
##+43 2J#FDXGD#HSLGLG\PDO#WLVVXH, 4/6:4#�#475 4/88;#�#45: 4/88:#�#435 4/9<4#�#4;:9

- 6LJQLILFDQWO\#GLIIHUHQW#+3&3138,#IURP#WKH#YHKLFOH#FRQWURO#JURXS#E\#6KLUOH\*V#WHVW
'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#QHFURSV\#ERG\#ZHLJKW/#OHIW#HSLGLG\PDO#DQG#FDXGDD

HSLGLG\PDO#ZHLJKWV/#VSHUPDWLG#PHDVXUHPHQWV/#DQG#HSLGLG\PDO#VSHUPDWR]RDO#FRQFHQWUDWLRQ#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#RU#6KLUOH\*V#WHVW1

7$%/(#(9 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#R0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q 43 43 43 43

1HFURSV\#ERG\#ZHLJKW#+J, 5;1:#�#31: 5;18#�#31: 6315#�#319 5:17#�#319
(VWURXV#F\FOH#OHQJWK#+GD\V, 7143#�#3143 7138#�#3138 7168#�#3148 7143#�#313:
(VWURXV#VWDJHV#+(#RI#F\FOH,

'LHVWUXV 6518 5:18 5;16 6413
3URHVWUXV 5616 5813 5616 561<
(VWUXV 5518 5715 5:18 571;
0HWHVWUXV 531; 5616 531; 5317
8QFHUWDLQ#GLDJQRVHV 31; 313 313 313

1HFURSV\#ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#GDWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#QHFURSV\D

ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1##%\#PXOWLYDULDWH#DQDO\VLV#RI#YDULDQFH/#GRVHG#JURXSV#GR#QRW#GLIIHU#VLJQLILFDQWO\
IURP#WKH#YHKLFOH#FRQWURO#JURXS#LQ#WKH#UHODWLYH#OHQJWK#RI#WLPH#VSHQW#LQ#WKH#HVWURXV#VWDJHV1
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7$%/(#(: 6XPPDU\#RI#5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#LQ#0DOH#%9&6) #0LFH#4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q < 43 43 43

:HLJKWV#+J,
1HFURSV\#ERG\#ZHLJKW 6915#�#31< 6717#�#317 6814#�#316 6819#�#413
/HIW#HSLGLG\PLV 31376#�#31334 31376#�#31334 31376#�#31334 31375#�#31334
/HIW#FDXGD#HSLGLG\PLV 31347#�#31334 31346#�#31334 31347#�#31334 31347#�#31333
/HIW#WHVWLV 3144:#�#31335 3144:#�#31336 3144;#�#31335 31449#�#31336

6SHUPDWLG#PHDVXUHPHQWV
6SHUPDWLG#KHDGV#+43 2J#WHVWLV, 54159#�#317; 5319;#�#317; 5315<#�#3175 54136#�#3198:

6SHUPDWLG#KHDGV#+43 2WHVWLV, 517<#�#3139 5173#�#3139 5173#�#313: 5176#�#3139:

6SHUPDWLG#FRXQW
##+PHDQ243 #P/#VXVSHQVLRQ, ::1;<#�#5134 :8148#�#41:; :8138#�#5145 :81:;#�#41<307

(SLGLG\PDO#VSHUPDWR]RDO#PHDVXUHPHQWV
0RWLOLW\#+(, 9;15;#�#31<9 9;1;8#�#416: 9;146#�#41:5 9:177#�#6148
&RQFHQWUDWLRQ
##+43 2J#FDXGD#HSLGLG\PDO#WLVVXH, 5/4:8#�#4<8 5/443#�#<3 5/399#�#45; 5/368#�#4879

'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1D

7$%/(#(; 6XPPDU\#RI#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ#LQ#)HPDOH#%9&6) #0LFH4

LQ#WKH#460:HHN#*DYDJH#6WXG\#RI#P0&KORURDQLOLQHa

9HKLFOH
6WXG\#3DUDPHWHUV &RQWURO 73#PJ2NJ ;3#PJ2NJ 493#PJ2NJ

Q < ; < <

1HFURSV\#ERG\#ZHLJKW#+J, 5;17#�#31: 5<1<#�#415 5;14#�#318 5;13#�#31:E

(VWURXV#F\FOH#OHQJWK#+GD\V, 715;#�#3148 7139#�#3139 7155#�#3145 714:#�#3145F

(VWURXV#VWDJHV#+(#RI#F\FOH,
'LHVWUXV 5813 5:14 6715 6319
3URHVWUXV 4;18 551< 5313 5416
(VWUXV 6517 5;14 5813 5813
0HWHVWUXV 5714 541< 531; 5614

1HFURSV\#ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#GDWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU1##'LIIHUHQFHV#IURP#WKH#YHKLFOH#FRQWURO#JURXS#IRU#QHFURSV\D

ERG\#ZHLJKW#DQG#HVWURXV#F\FOH#OHQJWK#DUH#QRW#VLJQLILFDQW#E\#'XQQ*V#WHVW1##%\#PXOWLYDULDWH#DQDO\VLV#RI#YDULDQFH/#GRVHG#JURXSV#GR#QRW#GLIIHU#VLJQLILFDQWO\
IURP#WKH#YHKLFOH#FRQWURO#JURXS#LQ#WKH#UHODWLYH#OHQJWK#RI#WLPH#VSHQW#LQ#WKH#HVWURXV#VWDJHV1
QÛ43E

(VWURXV#F\FOH#ORQJHU#WKDQ#45#GD\V#RU#XQFOHDU#LQ#4#RI#43#PLFHF
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)04

$33(1',;#)
*(1(7,&#72;,&2/2*<

7$%/(#)4 0XWDJHQLFLW\#RI#R0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )05
7$%/(#)5 0XWDJHQLFLW\#RI#P0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )08
7$%/(#)6 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV

E\#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )0;
7$%/(#)7 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV

E\#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )043
7$%/(#)8 ,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV

E\#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )046
7$%/(#)9 ,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV

E\#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )047
7$%/(#): ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#)67721#5DWV#E\#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 )048
7$%/(#); ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#)67721#5DWV#E\#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 )048
7$%/(#)< ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#%9&6) #0LFH#E\#R0&KORURDQLOLQH 1 1 1 1 1 1 1 1 )0494

7$%/(#)43 ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#%9&6) #0LFH#E\#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 )04:4

7$%/(#)44 )UHTXHQF\#RI#0LFURQXFOHL#LQ#3HULSKHUDO#%ORRG#RI#%9&6) #0LFH#4

7UHDWHG#ZLWK#R0&KORURDQLOLQH#IRU#46#:HHNV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )04;
7$%/(#)45 )UHTXHQF\#RI#0LFURQXFOHL#LQ#3HULSKHUDO#%ORRG#RI#%9&6) #0LFH#4

7UHDWHG#ZLWK#P0&KORURDQLOLQH#IRU#46#:HHNV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )04<
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D7$%/(#)4 0XWDJHQLFLW\#RI#R0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP

5HYHUWDQWV2SODWHE

'RVH 06< .KDPVWHU#6< .UDW#6<
6WUDLQ +�J2SODWH, 43( 63( 43( 63(

678'<#3(5)250('#$7#65,#,17(51$7,21$/

7$433 3 457#� 4418 438#� 713 479#� <14 446#� 517 47<#� 441;
43 465#� 818 458#� 916 479#� 61;
66 45;#� <17 465#� 71: 45:#� 516 458#� 517 498#� 51<

433 467#� 41: 445#� ;1; 47;#� 914 44;#� 714 495#� 815
666 45:#� 917 447#� ;16 477#� <19 468#� ;13 48<#� 51;

4/333 434#� 431: 436#� 918 463#� 91; <8#� 818 47;#� <17
6/666 3#� 313 3#� 313F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 586#� 631; <54#� 9318 4/:<9#� 5716 834#� 5517 4/33:#� 591;G

7$4868 3 4<#� 316 43#� 513 ;#� 516 46#� 51< 69#� 4314
43 4;#� 418 7#� 415 45#� 513
66 48#� 817 43#� 416 44#� 416 :#� 316 43#� 515

433 55#� 71: ;#� 41< 8#� 418 8#� 31: 44#� 615
666 59#� 415 7#� 41< 7#� 31< :#� 51: :#� 31:

4/333 58#� 61; 7#� 31< 9#� 31< 9#� 41; ;#� 31<
6/666 3#� 313 7R[LFF

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 569#� 4:1< 666#� 7:13 844#� :1: 496#� 5915 5;<#� 6417

7$<: 3 477#� 4719 43;#� 619 546#� 519 454#� 91< 548#� 4<1;
43 4:<#� 4813 4<3#� 913 563#� ;1:
66 4<3#� 441< 45:#� 4518 536#� 4418 45<#� 4918 56:#� 81;

433 4;:#� 815 453#� 914 4<9#� 441: 44:#� 4619 545#� 4318
666 49;#� 71: 44;#� 4415 4<4#� 914 465#� 51: 537#� 914

4/333 :<#� 917 444#� :13 4<4#� ;16 44<#� :17 487#� 61:
6/666 3#� 313 3#� 313F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 4/336#� 5917 <56#� ;619 94:#� 7813 747#� 6817 758#� 81:

7$<; 3 48#� 51; 59#� 619 56#� 41: 57#� 516 66#� 519
43 43#� 517 4;#� 31< 5<#� 81;
66 48#� 418 53#� 518 58#� 41< 64#� 813 67#� 71:

433 43#� 418 57#� 518 5<#� 81; 59#� ;15 66#� 914
666 <#� 513 59#� 813 54#� 513 67#� 515 69#� 515

4/333 44#� 418 64#� 615 5;#� 41: 67#� 61; 63#� 31<
6/666 7R[LF 3#� 313F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO :85#� 5419 :96#� :71< 4/895#� 971: 496#� 5915 ;79#� 5815
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7$%/(#)4 0XWDJHQLFLW\#RI#R0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP#+FRQWLQXHG,

5HYHUWDQWV2SODWH

'RVH 06< .KDPVWHU#6< .UDW#6<
6WUDLQ +�J2SODWH, 43( 63( 43( 63(

678'<#3(5)250('#$7#0,&52%,2/2*,&$/#$662&,$7(6/#,1&1

7$433 3 <5#� 613 ;6#� 513 449#� 813 <9#� 51; 435#� :13
43 ::#� 818 :7#� 81; <7#� 415
66 ;9#� 319 ;4#� 618 446#� 51: ;5#� ;1: 45:#� 415

433 ;3#� 61; :<#� 51< 454#� 91: ;5#� 31< 456#� 71:
666 ;3#� ;1: :8#� 618 449#� 619 <<#� 81; 454#� :13

4/333 :9#� 818 :<#� ;17 446#� :16 <5#� 716 443#� 914F F F F F

5/333 47#� 461: 3#� 313F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 676#� 481; 6<3#� 81; 86:#� 7:13 97<#� 441< 7<;#� ::17

7$4868 3 4;#� 41: :#� 418 ;#� 418 44#� 31: 45#� 418
43 4:#� 513 43#� 31< ;#� 418
66 47#� 513 :#� 41; ;#� 415 44#� 319 <#� 413

433 48#� 41< <#� 519 9#� 415 43#� 418 ;#� 31<
666 47#� 416 43#� 316 43#� 41: 9#� 319 7#� 319

4/333 53#� 418 :#� 31< 43#� 31< 44#� 514 ;#� 319F F F

5/333 43#� 31< 7R[LFF

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 586#� :18 94#� 613 86#� 719 473#� 518 437#� 71;

7$<: 3 ;;#� 613 <:#� 914 436#� 415 454#� ;16 464#� 51<
43 ;3#� <18 447#� :17 448#� 717
66 ;4#� 816 436#� ;18 <7#� 717 438#� 71: 44<#� 415

433 ;9#� 918 437#� :19 99 444#� :18 447#� 481<H

666 <6#� 61; <7#� :16 456#� 4516 453#� 819 45<#� ;16
4/333 :3#� 514 435#� 917 43<#� 714 <9#� 813 448#� 815F F F F

5/333 <8#� 717 88#� 4<1;F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 4<4#� 717 78<#� 441; 85<#� 7316 4/46<#� 4;19 7;4#� 815

7$<; 3 45#� 415 58#� 618 8<#� 319 59#� 514 83#� 815
43 48#� 418 5:#� 516 65#� 613
66 45#� 313 58#� 418 8<#� 616 5:#� 31< 89#� 716

433 44#� 51; 58#� 719 85#� 813 5;#� 513 86#� 61;
666 45#� 316 58#� 615 89#� 616 5:#� 313 86#� ;18

4/333 45#� 316 59#� 41: 7<#� 916 66#� 41< 79#� 61<F F F F F

5/333 6#� 318 45#� 81;F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 49:#� :18 :3#� 813 473#� 4917 59:#� 71< 466#� 4813
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7$%/(#)4 0XWDJHQLFLW\#RI#R0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP#+FRQWLQXHG,

'RVH 5HYHUWDQWV2SODWH
6WUDLQ +�J2SODWH, 06< .43(#KDPVWHU#6< .43(#UDW#6<

678'<#3(5)250('#$7#0,&52%,2/2*,&$/#$662&,$7(6#+FRQWLQXHG,

7$486: 3 8#� 31< ;#� 418 <#� 319
66 ;#� 31: <#� 618 :#� 418

433 9#� 413 9#� 516 ;#� 31:
666 8#� 418 ;#� 418 ;#� 516

4/333 7#� 41: 43#� 516 :#� 31<F

5/333 8#� 418 :#� 31: 7#� 513F F F

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO :4#� 51< :3#� 91: 84#� ;1:

7KH#GHWDLOHG#SURWRFRO#DQG#WKH#GDWD#IURP#WKH#65,#,QWHUQDWLRQDO#VWXG\#DUH#SUHVHQWHG#LQ#=HLJHU#HW#DO1#+4<;:,>#3#�J2SODWH#ZDV#WKH#VROYHQW#FRQWURO1D

5HYHUWDQWV#DUH#SUHVHQWHG#DV#WKH#PHDQ#�#VWDQGDUG#HUURU#IURP#WKUHH#SODWHV1E

6OLJKW#WR[LFLW\F

7KH#SRVLWLYH#FRQWUROV#LQ#WKH#DEVHQFH#RI#PHWDEROLF#DFWLYDWLRQ#ZHUH#VRGLXP#D]LGH#+7$433#DQG#7$4868,/#<0DPLQRDFULGLQH#+7$<:#DQG#7$486:,/#DQGG

70QLWUR0R0SKHQ\OHQHGLDPLQH#+7$<;,1##7KH#SRVLWLYH#FRQWURO#IRU#WULDOV#ZLWK#PHWDEROLF#DFWLYDWLRQ#ZLWK#DOO#VWUDLQV#ZDV#50DPLQRDQWKUDFHQH1
'XH#WR#FRQWDPLQDWLRQ/#RQO\#RQH#RI#WKUHH#SODWHV#ZDV#VFRUDEOH1H



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )08

D7$%/(#)5 0XWDJHQLFLW\#RI#P0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP

'RVH 5HYHUWDQWV2SODWHE

6WUDLQ +�J2SODWH, 06< .43(#KDPVWHU#6< .43(#UDW#6<

678'<#3(5)250('#$7#&$6(#:(67(51#5(6(59(#81,9(56,7<

7$433 3 ;8#� 71< 476#� ;1; 4;9#� 515
43 ;6#� 418 4;6#� 4;13 463#� 815
66 :5#� 415 547#� 917 46<#� 715

433 ;<#� 718 4<3#� 915 47<#� :18
666 ;:#� 514 534#� 4813 4;4#� 4614

4/333 :5#� 51; 489#� 813 47;#� 818

7ULDO#VXPPDU\ 1HJDWLYH (TXLYRFDO 1HJDWLYH
3RVLWLYH#FRQWURO 4/46:#� 5416 4/4:8#� 4::15 5/:;7#� 7814F

7$4868 313 8#� 316 44#� 415 4;#� 517
616 43#� 516 4:#� 618 4<#� 815

4313 8#� 413 44#� 519 43#� 319
6613 ;#� 514 48#� 519 45#� 413

43313 8#� 416 46#� 516 4<#� 418
66613 8#� 31: 43#� 614 49#� 515

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO ::3#� 9:13 4:8#� 6619 45<#� 471;

7$486: 313 7#� 31: 44#� 415 48#� 518
616 6#� 31: 43#� 31: 9#� 319

4313 5#� 316 45#� 318 ;#� 41<
6613 5#� 316 ;#� 415 9#� 41:

43313 5#� 31: 9#� 319 8#� 319
66613 4#� 319 8#� 415 :#� 418

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 636#� ;816 45:#� :15 594#� 5916

7$<; 313 4<#� 31< 5:#� 319 5<#� 41:
413 5<#� 516
616 69#� 715

4313 54#� 418 5;#� 514 79#� 61;
6613 4:#� 41< 66#� 81; 54#� 618

43313 53#� 81: 76#� 513 56#� 91;
66613 4<#� 516 65#� 516 9#� 515

4/33313 4<#� 61; 5:#� 61;

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 54<#� ;19 :97#� 5<17 7<:#� 8416



)09 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)5 0XWDJHQLFLW\#RI#P0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP#+FRQWLQXHG,

5HYHUWDQWV2SODWH

'RVH 06< .KDPVWHU#6< .UDW#6<
6WUDLQ +�J2SODWH, 43( 63( 43( 63(

678'<#3(5)250('#$7#0,&52%,2/2*,&$/#$662&,$7(6/#,1&1

7$433 3 <;#� 717 <7#� 715 454#� 517 445#� 515 453#� 818
66 <7#� 516 434#� 61; 443#� 618 437#� :15 46<#� 815

433 <8#� 61; 436#� <17 453#� <18 434#� 516 46<#� 4313
666 <;#� 91: <:#� :14 463#� 71; 43:#� 516 45:#� 615

4/333 94#� :1< ;<#� 616 455#� <13 436#� 61; 449#� :15G G G

4/833 7;#� 5415 45#� 4313 7R[LFG G

5/333 433#� <13 :7#� <1:G G

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 643#� 913 73<#� 431: :5;#� <13 8:3#� 461: 893#� 8;13

7$4868 3 53#� 613 43#� 313 46#� 41< 43#� 413 46#� 31<
66 48#� 615 45#� 418 44#� 41: 43#� 41; <#� 513

433 49#� 31< ;#� 513 <#� 418 43#� 41; 46#� 41;
666 47#� 513 46#� 516 <#� 31: ;#� 31: ;#� 31<

4/333 45#� 413 43#� 415 46#� 31< ;#� 41; :#� 41:G G

4/833 48#� 813 7#� 413 7R[LFG G

5/333 45#� 518 7R[LFG

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 553#� 4513 8<#� 51; 55;#� 8614 478#� <1; 476#� 316

7$<: 3 ;3#� 516 ;:#� 617 495#� 919 44;#� 61; 48;#� :1:
66 <:#� 813 447#� 41< 4:5#� 4514 44;#� 61; 48:#� <18

433 433#� ;19 <<#� 713 4;7#� 516 43:#� 718 484#� 619
666 ::#� 917 43:#� 614 4:5#� 451: 444#� 615 479#� 816

4/333 :5#� 61: ;5#� 415 46:#� :1; <4#� 618 463#� 91;G G G G G

4/833 7R[LF ::#� <13 7R[LFG

5/333 7R[LF 7R[LF

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 556#� 461: 857#� 4313 886#� 541: 4/354#� 815 7:4#� 7:1:

7$<; 3 45#� 415 54#� 516 7:#� 31: 58#� 418 67#� 61;
66 4:#� 41< 59#� 514 74#� 814 57#� 418 69#� 415

433 43#� 416 5:#� 615 74#� 51< 57#� 31: 67#� 51<
666 43#� 418 5<#� 813 73#� 51< 58#� 517 6;#� 61;

4/333 <#� 41: 5<#� 41; 75#� 61: 4<#� 514 65#� 715G G G

4/833 7R[LF 57#� ;15 <#� 615G G

5/333 79#� 418 58#� 4518G G

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO 494#� 515 ;6#� <18 443#� ;17 578#� 441; 499#� 4416



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )0:

7$%/(#)5 0XWDJHQLFLW\#RI#P0&KORURDQLOLQH#LQ#6DOPRQHOOD#W\SKLPXULXP#+FRQWLQXHG,

'RVH 5HYHUWDQWV2SODWH
6WUDLQ +�J2SODWH, 06< .43(#KDPVWHU#6< .43(#UDW#6<

678'<#3(5)250('#$7#0,&52%,2/2*,&$/#$662&,$7(6/#,1&1#+FRQWLQXHG,

7$486: 3 ;#� 31< 46#� 413 43#� 513
66 44#� 516 45#� 31< 9#� 418

433 43#� 416 <#� 41< ;#� 316
666 :#� 319 <#� 418 ;#� 316

4/333 :#� 517 44#� 418 <#� 517
5/333 6#� 518 43#� 513 7R[LFG G

7ULDO#VXPPDU\ 1HJDWLYH 1HJDWLYH 1HJDWLYH
3RVLWLYH#FRQWURO :7#� 618 453#� 441< 95#� 519

7KH#GHWDLOHG#SURWRFRO#DQG#WKH#GDWD#IURP#WKH#&DVH#:HVWHUQ#5HVHUYH#8QLYHUVLW\#VWXG\#DUH#SUHVHQWHG#LQ#=HLJHU#HW#DO1#+4<;:,>#3#�J2SODWH#ZDV#WKH#VROYHQWD

FRQWURO1
5HYHUWDQWV#DUH#SUHVHQWHG#DV#WKH#PHDQ#�#VWDQGDUG#HUURU#IURP#WKUHH#SODWHV1E

7KH#SRVLWLYH#FRQWUROV#LQ#WKH#DEVHQFH#RI#PHWDEROLF#DFWLYDWLRQ#ZHUH#VRGLXP#D]LGH#+7$433#DQG#7$4868,/#<0DPLQRDFULGLQH#+7$<:#DQG#7$486:,/#DQGF

70QLWUR0R0SKHQ\OHQHGLDPLQH#+7$<;,1##7KH#SRVLWLYH#FRQWURO#IRU#WULDOV#ZLWK#PHWDEROLF#DFWLYDWLRQ#ZLWK#DOO#VWUDLQV#ZDV#50DPLQRDQWKUDFHQH1
6OLJKW#WR[LFLW\G



)0; R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)6 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV
E\#R0&KORURDQLOLQHD

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQWE

+�J2P/, +(, +(, )UDFWLRQF

06<
7ULDO#4

'LPHWK\OVXOIR[LGH
44< 459 4<4 86
43: ;9 493 83
436 << 496 86
444 ;< 4:< 87 85

0HWK\O#PHWKDQHVXOIRQDWH
48 6< 4< 6:; 655

75 4< 6;5 639 647-

R0&KORURDQLOLQH
64158 445 <6 498 7<
9518 434 ;8 463 76

<7 <5 4<9 :3 89
458 437 <9 4;3 8;

44: <: 57< :4 98
583 44; :3 575 9;
833 43< 64 559 9<

443 69 546 98 9:

7ULDO#5
'LPHWK\OVXOIR[LGH

<: 433 :7 58
;3 <: 94 58
;6 44< :: 64
93 ;7 88 64 5;

0HWK\O#PHWKDQHVXOIRQDWH
48 58 67 49: 556

63 5: 4:7 4<9 53<-

R0&KORURDQLOLQH
58 ;< ;6 ;< 66

:; <6 :3 63 65
83 :: :9 98 5;

<7 <8 437 6: 65
433 :4 ;9 93 5;

9< 439 438 84 73
533 :4 :3 <5 76

:; :4 :< 67 6;
733 8; 55 433 8;

:4 58 <7 77 84-



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )0<

7$%/(#)6 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV
E\#R0&KORURDQLOLQH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

.6<
7ULDO#4

'LPHWK\OVXOIR[LGH
<4 <: 56< ;;
;9 447 4;: :6
97 ;< 579 45:
96 433 589 469 439

0HWK\OFKRODQWKUHQH
518 67 49 73: 6<8

6< 48 795 6<6 6<7-

R0&KORURDQLOLQH
533 84 7: 54: 476

77 74 4;5 46< 474
633 77 73 56: 4:;

7< 75 6:9 58; 54;-
733 8: 73 884 653

8; 6; 84< 633 643-
833 86 55 77< 5;3

<5 76 767 48: 54<-
933 :4 57 778 53<

;9 6< 758 499 4;:-
:33 /HWKDO

/HWKDO

7ULDO#5
'LPHWK\OVXOIR[LGH

:< <3 :8 65
:: ;7 9< 63
;4 458 79 4< 5:

0HWK\OFKRODQWKUHQH
518 86 65 74< 596

77 63 683 599 597-

R0&KORURDQLOLQH
633 :3 76 479 9<

:7 6: 465 8< 97-
733 :5 69 5:; 45;

;5 66 6:3 483 46<-
833 :8 56 8<< 59;

9: 63 754 543 56<-
933 :4 49 ;4; 6;5

:4 4< 949 5<4 669-
:33 9< ; 7;5 566

:9 ; 864 566 566-

- 6LJQLILFDQW#SRVLWLYH#UHVSRQVH#+3&3138,
6WXG\#ZDV#SHUIRUPHG#DW#,QYHUHVN#5HVHDUFK#,QWHUQDWLRQDO1##7KH#H[SHULPHQWDO#SURWRFRO#DQG#WKHVH#GDWD#DUH#SUHVHQWHG#LQ#0F*UHJRU#HW#DO1#+4<<4,1##$OO#GRVHVD

ZHUH#WHVWHG#LQ#WULSOLFDWH>#WKH#DYHUDJH#RI#WKH#WKUHH#WHVWV#LV#SUHVHQWHG#LQ#WKH#WDEOH1
0XWDQW#IUDFWLRQ#+0),#+IUHTXHQF\,#LV#D#UDWLR#RI#WKH#PXWDQW#FRXQW#WR#WKH#FORQLQJ#HIILFLHQF\/#GLYLGHG#E\#6#+WR#DUULYH#DW#0)243 #FHOOV#WUHDWHG,1E 9

0HDQ#IURP#WKUHH#UHSOLFDWH#SODWHV#RI#DSSUR[LPDWHO\#43 #FHOOV#HDFKF 9



)043 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)7 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV
E\#P0&KORURDQLOLQHD

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQWE

+�J2P/, +(, +(, )UDFWLRQF

06<
7ULDO#4

'LPHWK\OVXOIR[LGH
:5 <; 4:5 :<
<< 434 56< ;4
<7 439 549 ::
;6 <7 588 436 ;8

0HWK\O#PHWKDQHVXOIRQDWH
48 63 57 575 5:5

57 4< 5;; 733 669-

P0&KORURDQLOLQH
433 :3 ;8 498 :<

94 ;8 4:< <; ;;
533 :9 93 546 <7

:: :3 546 <5 <6
633 56 59 46< 533

69 68 549 533 533-
733 5: 56 494 533

69 56 546 533 533-
833 68 43 544 533

5< < 4:9 533 533-

7ULDO#5
'LPHWK\OVXOIR[LGH

<: 43< 464 78
443 43; ;9 59
<; <7 ;6 5;
<7 <3 446 73 68

0HWK\O#PHWKDQHVXOIRQDWH
48 77 63 4<; 47<

88 6: 583 485 484-

P0&KORURDQLOLQH
493 446 :9 475 75

;6 95 :5 5< 68
573 <6 74 454 76

<3 89 469 83 7:
653 ;7 58 478 8:

:6 64 455 88 89-
733 435 59 4;: 94

:< 57 489 99 97-
7;3 ;9 43 559 ;:

;7 43 555 ;; ;;-



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )044

7$%/(#)7 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV
E\#P0&KORURDQLOLQH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

06<#+FRQWLQXHG,
7ULDO#6

'LPHWK\OVXOIR[LGH
435 <3 75 47
43: 43: ;; 5:
<7 43< 77 49
<5 <6 :< 5< 54

0HWK\O#PHWKDQHVXOIRQDWH
48 75 64 44: <6

74 59 453 <: <8-

P0&KORURDQLOLQH
773 :6 47 :4 66

:3 45 8; 5; 63
793 :7 47 7; 55

;8 44 88 55 55
7;3 443 43 ;3 57

:; < :: 66 5<
833 433 ; :: 59

94 ; ;7 79 69
853 96 9 ;7 78

8: 9 ;: 84 7;-

.6<
7ULDO#4

'LPHWK\OVXOIR[LGH
43; 448 478 78
<5 44: ;8 64
<3 ;7 443 74

437 ;6 479 7: 74

0HWK\OFKRODQWKUHQH
518 89 68 877 655

83 64 8<4 6<4 68:-

P0&KORURDQLOLQH
573 :7 85 4;8 ;7

9; 73 4<4 <6 ;<-
653 89 68 456 :6

89 5; 483 <3 ;5-
733 99 49 479 :6

95 57 465 :4 :5-
7;3 89 49 47< ;<

435 44 59< ;; ;;-
893 6< 9 467 448

79 8 496 44< 44:-



)045 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)7 ,QGXFWLRQ#RI#7ULIOXRURWK\PLGLQH#5HVLVWDQFH#LQ#/84:;<#0RXVH#/\PSKRPD#&HOOV
E\#P0&KORURDQLOLQH#+FRQWLQXHG,

&ORQLQJ 5HODWLYH 0XWDQW 0XWDQW $YHUDJH
&RPSRXQG &RQFHQWUDWLRQ (IILFLHQF\ 7RWDO#*URZWK &RXQW )UDFWLRQ 0XWDQW

+�J2P/, +(, +(, )UDFWLRQ

.6<#+FRQWLQXHG,
7ULDO#5

'LPHWK\OVXOIR[LGH
94 457 89 64
9: 43; 98 65
9: ;; 95 64
95 :< 8: 64 64

0HWK\OFKRODQWKUHQH
518 73 63 746 674

7: 66 683 57; 5<8-

P0&KORURDQLOLQH
493 99 <; :9 6;

:< ;8 439 78 75
573 99 :7 93 63

84 7: :4 79 6;
653 99 93 :: 6<

93 78 ;5 78 75
733 :4 73 455 8:

:< 6; 486 98 94-
7;3 <3 63 47< 88

96 5; <4 7; 85-
893 99 54 464 9:

:6 53 478 9: 9:-

- 6LJQLILFDQW#SRVLWLYH#UHVSRQVH#+3&3138,
6WXG\#ZDV#SHUIRUPHG#DW#,QYHUHVN#5HVHDUFK#,QWHUQDWLRQDO1##7KH#H[SHULPHQWDO#SURWRFRO#LV#SUHVHQWHG#LQ#0F*UHJRU#HW#DO1#+4<<4,1##$OO#GRVHV#ZHUH#WHVWHG#LQD

WULSOLFDWH>#WKH#DYHUDJH#RI#WKH#WKUHH#WHVWV#LV#SUHVHQWHG#LQ#WKH#WDEOH1
0XWDQW#IUDFWLRQ#+0),#+IUHTXHQF\,#LV#D#UDWLR#RI#WKH#PXWDQW#FRXQW#WR#WKH#FORQLQJ#HIILFLHQF\/#GLYLGHG#E\#6#+WR#DUULYH#DW#0)243 #FHOOV#WUHDWHG,1E 9

0HDQ#IURP#WKUHH#UHSOLFDWH#SODWHV#RI#DSSUR[LPDWHO\#43 #FHOOV#HDFKF 9



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )046

7$%/(#)8 ,QGXFWLRQ#RI#6LVWHU#&KURPDWLG#([FKDQJHV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#
E\#P0&KORURDQLOLQHD

1R1#RI 6&(V2 5HODWLYH
&RPSRXQG 'RVH 7RWDO &KURPR0 1R1#RI &KURPR0 6&(V2 +UV &KDQJH#RI#6&(V2

+�J2P/, &HOOV VRPHV 6&(V VRPH &HOO LQ#%UG8 &KURPRVRPH E

+(,

06<
6XPPDU\=#3RVLWLYH

'LPHWK\OVXOIR[LGH 83 4/36< 7:6 3178 <18 5818

0LWRP\FLQ0& 31334 83 4/357 9:6 3198 4618 5818 7716:
31343 8 << 569 516; 7:15 5818 756197

P0&KORURDQLOLQH ;313 83 4/34: 8;3 318: 4419 651; 5815:-F

;<17 83 4/35< 965 3194 4519 651; 671<4-F

43313 83 4/364 984 3196 4613 651; 6;1:3-F

3?31334G

.6<
7ULDO#4
6XPPDU\=#(TXLYRFDO

'LPHWK\OVXOIR[LGH 83 4/35: 78: 3177 <14 5818

&\FORSKRVSKDPLGH 316 83 4/367 964 3194 4519 5818 6:147
513 8 435 468 4165 5:13 5818 4<:176

P0&KORURDQLOLQH 444 83 4/34< 755 3174 ;17 5818 $91<6
6:3 83 4/369 7:< 3179 <19 5818 61<3

4/433 83 4/359 873 3185 431; 5818 4;15;

3Û31334
7ULDO#5
6XPPDU\=#:HDNO\#SRVLWLYH

'LPHWK\OVXOIR[LGH 83 4/34; 7<4 317; <1; 5818

&\FORSKRVSKDPLGH 316 83 4/35< 949 318< 4516 5818 57145
513 8 437 465 4159 5917 5818 496149

P0&KORURDQLOLQH 4<; 83 4/35: 856 3183 4318 5818 818<
735 83 4/356 887 3187 4414 5818 4515;
933 83 4/353 94: 3193 4516 5818 58175-

3?31334

- 3RVLWLYH#+'53(#LQFUHDVH#RYHU#VROYHQW#FRQWURO,
6WXG\#ZDV#SHUIRUPHG#DW#/LWWRQ#%LRQHWLFV/#,QF1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#*DOORZD\#HW#DO1#+4<;:,1##6&(#Û#VLVWHU#FKURPDWLGD

H[FKDQJH>#%UG8#Û#EURPRGHR[\XULGLQH1
6&(V2FKURPRVRPH#LQ#WUHDWHG#FHOOV#YHUVXV#6&(V2FKURPRVRPH#LQ#VROYHQW#FRQWURO#FHOOVE

%HFDXVH#P0FKORURDQLOLQH#LQGXFHG#D#GHOD\#LQ#WKH#FHOO#GLYLVLRQ#F\FOH/#KDUYHVW#WLPH#ZDV#H[WHQGHG#WR#PD[LPL]H#WKH#SURSRUWLRQ#RI#VHFRQG0GLYLVLRQ#FHOOVF

DYDLODEOH#IRU#DQDO\VLV1
6LJQLILFDQFH#RI#6&(V2FKURPRVRPH#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHG



)047 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)9 ,QGXFWLRQ#RI#&KURPRVRPDO#$EHUUDWLRQV#LQ#&KLQHVH#+DPVWHU#2YDU\#&HOOV#
E\#P0&KORURDQLOLQHD

06< .6<

'RVH 7RWDO 1R1#RI $EV2 &HOOV#ZLWK 'RVH 7RWDO 1R1#RI $EV2 &HOOV#ZLWK
+�J2P/, &HOOV $EV &HOO $EV#+(, +�J2P/, &HOOV $EV &HOO $EV#+(,

+DUYHVW#WLPH=#531;#KRXUV +DUYHVW#WLPH=#4318#KRXUVE

6XPPDU\=#3RVLWLYH 6XPPDU\=#:HDNO\#SRVLWLYH

'LPHWK\OVXOIR[LGH 'LPHWK\OVXOIR[LGH
433 3 3133 313 433 6 3136 513

0LWRP\FLQ0& &\FORSKRVSKDPLGH
313958 83 47 315; 5913 83 433 46 3146 4613

P0&KORURDQLOLQH P0&KORURDQLOLQH
58514 433 8 3138 713 6<:1: 433 6 3136 613
63315 433 46 3146 4513- 7<:14 433 43 3143 913
73316 433 46 3146 4413- 8<;1< 433 65 3165 4<13-

3?31334 3?31334F

- 3RVLWLYH#+3?3138,
6WXG\#ZDV#SHUIRUPHG#DW#/LWWRQ#%LRQHWLFV/#,QF1##$#GHWDLOHG#GHVFULSWLRQ#RI#WKH#SURWRFRO#LV#SUHVHQWHG#LQ#*DOORZD\#HW#DO1#+4<;:,1##$EV#Û#DEHUUDWLRQV1D

%HFDXVH#P0FKORURDQLOLQH#LQGXFHG#VLJQLILFDQW#FHOO#F\FOH#GHOD\/#LQFXEDWLRQ#WLPH#SULRU#WR#DGGLWLRQ#RI#&ROFHPLG#ZDV#OHQJWKHQHG#WR#SURYLGH#VXIILFLHQWE

PHWDSKDVH#FHOOV#DW#KDUYHVW1
6LJQLILFDQFH#RI#SHUFHQW#FHOOV#ZLWK#DEHUUDWLRQV#WHVWHG#E\#WKH#OLQHDU#UHJUHVVLRQ#WUHQG#WHVW#YHUVXV#ORJ#RI#WKH#GRVHF



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )048

D7$%/(#): ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#)67721#5DWV#E\#R0&KORURDQLOLQH

'RVH 0LFURQXFOHDWHG#3&(V24/333#3&(VE

+PJ2NJ,

7ULDO#4
&RUQ#RLO 4183#�#3175

&\FORSKRVSKDPLGH 58 451:8#�#4163

R0&KORURDQLOLQH 533 4193#�#318;
733 5183#�#3194
883 7133#�#4159

3Û3133:F

7ULDO#5
&RUQ#RLO 3193#�#316:

&\FORSKRVSKDPLGH 58 46193#�#31;4

R0&KORURDQLOLQH 533 4183#�#3168
733 516;#�#3185
883 :173#�#61:3-

3?31334

- 3RVLWLYH#+3?3133;,
3&(V#Û#SRO\FKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#SRO\FKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1E

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#3&(V24/333#3&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVWF

D7$%/(#); ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#)67721#5DWV#E\#P0&KORURDQLOLQH

'RVH 0LFURQXFOHDWHG#3&(V24/333#3&(VE

+PJ2NJ,

&RUQ#RLO 418#�#317

&\FORSKRVSKDPLGH 58 451;#�#416

P0&KORURDQLOLQH 58 418#�#317
433 41;#�#319

3Û315:9F

3&(V#Û#SRO\FKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#SRO\FKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1E

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#3&(V24/333#3&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVWF



)049 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)< ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#%9&6) #0LFH#E\#R0&KORURDQLOLQH4
D

'RVH 0LFURQXFOHDWHG#3&(V24/333#3&(VE

+PJ2NJ,

7ULDO#4
&RUQ#RLO 414#�#316

&\FORSKRVSKDPLGH 58 4613#�#513

R0&KORURDQLOLQH 458 516#�#31<
583 51;#�#319-
833 617#�#319-
:83 417#�#317

4/333 /HWKDO

3Û31535F

7ULDO#5
&RUQ#RLO 61;#�#41<

&\FORSKRVSKDPLGH 58 4519#�#516

R0&KORURDQLOLQH 458 418#�#317
583 515#�#318
833 513#�#31:
:83 41:#�#316

4/333 615#�#418

3Û3186:

- 3RVLWLYH#+3?31338,
3&(V#Û#SRO\FKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#SRO\FKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1E

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#3&(V24/333#3&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVWF



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )04:

7$%/(#)43 ,QGXFWLRQ#RI#0LFURQXFOHL#LQ#%RQH#0DUURZ#&HOOV#RI#%9&6) #0LFH#E\#P0&KORURDQLOLQH4
D

'RVH 0LFURQXFOHDWHG#3&(V24/333#3&(VE

+PJ2NJ,

7ULDO#4F
&RUQ#RLO 414#�#316

&\FORSKRVSKDPLGH 58 4613#�#513

P0&KORURDQLOLQH 433 417#�#317
533 413#�#317
733 614#�#31:-

3?31334G

7ULDO#5F
&RUQ#RLO 61;#�#41<

&\FORSKRVSKDPLGH 58 4519#�#516

P0&KORURDQLOLQH 533 413#�#317
733 517#�#31<
833 415#�#316

3Û31<79
7ULDO#6H

&RUQ#RLO 415#�#315

&\FORSKRVSKDPLGH 58 491<#�#616

P0&KORURDQLOLQH 433 516#�#31<
533 516#�#316

3Û31399

- 3RVLWLYH#+3?3133;,
3&(V#Û#SRO\FKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#SRO\FKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1E

%RQH#PDUURZ#ZDV#VDPSOHG#57#KRXUV#DIWHU#PLFH#UHFHLYHG#D#VLQJOH#LQWUDSHULWRQHDO#LQMHFWLRQ1F

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#3&(V24/333#3&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVWG

0LFH#UHFHLYHG#WKUHH#LQWUDSHULWRQHDO#LQMHFWLRQV#DW#570KRXU#LQWHUYDOV>#ERQH#PDUURZ#ZDV#VDPSOHG#57#KRXUV#DIWHU#WKH#WKLUG#LQMHFWLRQ1H



)04; R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

7$%/(#)44 )UHTXHQF\#RI#0LFURQXFOHL#LQ#3HULSKHUDO#%ORRG#RI#%9&6) #0LFH#7UHDWHG#ZLWK#R0&KORURDQLOLQH4

IRU#46#:HHNVD

'RVH 0LFURQXFOHDWHG#1&(V24/333#1&(VE

+PJ2NJ,

0DOH
3 413#�#315

43 414#�#316
53 416#�#315
73 419#�#316
;3 416#�#316

493 31:#�#315

3?31;68F

)HPDOH
3 31:#�#316

43 415#�#316
53 31;#�#314
73 31<#�#315
;3 31<#�#315

493 31;#�#316

3Û318<:

1&(V#Û#QRUPRFKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#QRUPRFKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1##'LIIHUHQFHV#IURP#WKH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#DW#3?313381E

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#1&(V24/333#1&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVW/#VLJQLILFDQW#DW#3?313581F



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 )04<

7$%/(#)45 )UHTXHQF\#RI#0LFURQXFOHL#LQ#3HULSKHUDO#%ORRG#RI#%9&6) #0LFH#7UHDWHG#ZLWK#P0&KORURDQLOLQH4

IRU#46#:HHNVD

'RVH 0LFURQXFOHDWHG#1&(V24/333#1&(VE

+PJ2NJ,

0DOH
3 31<#�#315

43 414#�#314
53 417#�#314
73 414#�#315
;3 413#�#315

493 415#�#316

3?31755F

)HPDOH
3 319#�#315

43 414#�#316
53 413#�#313
73 417#�#315
;3 413#�#315

493 31<#�#315

3Û317<4

1&(V#Û#QRUPRFKURPDWLF#HU\WKURF\WHV1##'DWD#DUH#SUHVHQWHG#DV#PHDQ#�#VWDQGDUG#HUURU#IRU#JURXSV#RI#ILYH#DQLPDOV1D

7ZR#WKRXVDQG#QRUPRFKURPDWLF#HU\WKURF\WHV#ZHUH#VFRUHG#SHU#DQLPDO1##'LIIHUHQFHV#IURP#WKH#FRQWURO#JURXS#ZHUH#QRW#VLJQLILFDQW#DW#3?313381E

6LJQLILFDQFH#RI#PLFURQXFOHDWHG#1&(V24/333#1&(V#WHVWHG#E\#D#RQH0WDLOHG#WUHQG#WHVW/#VLJQLILFDQW#DW#3?313581F
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