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COVER:

PhD students Maruta Bunka
and Holger Dorrer demon-
strate the working condi-
tions in the new GMP (good
manufacturing practice)
compliant laboratory for the
production of radiopharma-
ceuticals at the University of
Bern, which will allow trans-
ferring new developments
in diagnosis and treatment
of cancer to clinical trials.
The new laboratory contains
five so-called hotcells and
one sterile isolator and will
be operated by the Labora-
tory for Radiochemistry and
Environmental Chemistry
(see page 62 of this report).
It is located in the new build-
ing of SWAN Isotopen AG
on the premises of the Insel
University hospital. This
building is home to a new
proton cyclotron, but also
contains modern patient
floors for nuclear medicine.
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,%0+,'&.8,)%L(M%),)0/%2C-8&) 7% .3/%/8+/-&*/).% ()2% (7(¥5% K=%13&-(&B(%/.% (9=E% H-,0=% !(.9=BTE2=% 10&=E
(.%&.'%/)2%.,%0,).-,9%6,-% ()%/1/).C(9%2-&6.% &) % .3/% I (S S?%L"S;;M=%

9&)/%6 0,)0/).-(.&,)=% >3/% /8+/-&*1).% B('% .3/)%-/4 7<% X=%Hi'039%/.% (9=E% O.*,'=% QIAGBITIBEE%
+1(.12%(.%6,C-%(22&.&,)(9%3C*&2&.&/'=% L*SSYM=

%
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), A+-*"%SE*#-* A (5(&*+&($*1+(&0,:9*
O0*:(%*#4($+' (#)*%)$,"*A%5($*&#)S('(#):*

4"#A8-&@-$#.U*SV#2#3456(#) "#S<&9@7'(#/"#TS&-C-$(HO"#?7$=A, &(#*"#3-8-$#.U*SV6(#U"#OAW#.05U?)*6
"#1$%& '8 .['&0"#1-$#2#3456(#?"#\7T @D&@]E&(#?"#) @ @ 7"'#.34564#

4=T7"&'CHBP7T'I@&IIKAHN$TN# @ &=$AI=ADN# 7'B#'-7$#-BC-# . $7N#7TMIASDBRA#F&'-#98$<=8<$-#9D-=8$A9=A
@A'&BASHESI=8&A'#AF#I>8E& @ &=#7=&B#7'B#AWA'-#<'B-$#-810 &B#=A'B&8&A'9

0" H#$%& (#)* (6.1-% &)0-1(12%[8+,'C-1% .&*I=% >3/% +/(A% (.%"T\=$%/e%

. , , 3,B'% 3% ,++'&.1% J/3(18,C-% ()2% &)0-I(/'% B&.3%
F.%3(% J//)%3,B)%.3(.% -7()&0%0,+,C)2'% *(5% (04 . 7-6'?% ot 882( & )":% é)% (22:’&% )(‘5%)03(()7/;’/0 00% 1%
0,C).%6,-%C+%.,%bSU%,6%*(../-%6,C)2%&)%(/-,',9'%“.Z_i/ﬂ% 8% 3155 7.)% 6% 315 b(.0.85 o
>3/8:% 03/*€0(9% (18)7% 03(7/% 3% +3580(9% (355" oo (- Cy0h "TToSUIE . B/ _39/0/;0"”(3".’_;_&’)%
03/*&0(9% +-,+/-.&/'% Q2%".3/-/6,-/% .3/%/)1&-,)*/).(9% 8019 BLISE%.,% 319 +,.%6/271% (2 ~+8,)9%&). )4
&7+(0.%,6% 3/% (/-",9'% "<=% I3&A&*&0% (0&2% &% ( 45-:%&3&'%0,C92%/&.3/-%J/%0(C'/2%J5%()%(O.C(9%&)O-/(
1.(0,98.1% B3&03% 3(% 1% 6,C)2% .% % +1).9% &) o 0 . (0%
38, ("% JC-)&) 7% (/- 9% :?<=% F)%.31%+-/).%".C25% 3" %, ' +8,)%,6%...

: , 01 \0KB3803% B(% C'12%6,-% ) -*(9&D(.& )=% >3/% 9(../-%
(7&)7% ,6% '3&A&*&0% (082% +(-.&09/'% 1&(% -/(0.&,) c%*}z&%%% 0(C'12% J5% /1/).C(9% /1 (+.-( & )% 6% 1,9(.&9/%
'D.)I%B(% &)1/ &7(./2% C)2/-% 3C*&2%0,)28. &.)'=% >3/ : (£)%,6%1,9(

2z 0, - '—0,
0% B(% * )& /2% 8)9 & Co% C'8)7% 00)&) 7% (4 ~10-8:)%+-2C0. =%

*8."&,)%%j4-(5%*&0-,'0,+5%LI>JKM%()2%)/(-%/27 %4 #
(5% (J+&)% 68&)% '-CO.C-/% ‘+/0.-'0,+5%
L!djONIM=% F#G#$#+1+#H!+1-A,0!11J%H/%

0#*.C

,41"(5,)+0*

[92]
138&A&*&0%(0&2% +(-.&09/'%B/-1%7/)/-(./2%6-,*%(%?=?%ZR
' 9C.&,)% ,6% '3&A&*&0Y(IRIAA1& 7*(4092-&03M% &) %
K&99&k%B(./-%1&(%CQ.-(',)&O%)/JC9&'(.&,):%>3/%+(-.&89‘ —
B/-/% 2-&/2% B&.3% (% 2866C'&,)% 2-&/-E% ()2% (% 2&661-/ 106944t <=01>/
* 18&9&.5% ()(95D/-% L_KB(WC'/2% .,% '/9/0.% )95%
+(-.&09/'% 6% (% '+/0&68&0%/9/0.-8&0(9%*,J&9&.5=%>3/'/9%8 BJ-/%

3)%8&*+(0./2%,)% (%'&9&0,)%)&.-&2/%*/*3-()/=% O%./*4 (96#913#4 gt <=01>1.

+/-(.C-% 0,).-,99/2% /) 18%().(9% *&0-,% -/(0.,-% : <%

B('% C'/2%.,% All+% .3/%3C*&28.5% (% (J,C.% TSU% 2C-&)7T6 ™ el o' o ' o
31%/8+/-&*1).%() 2%6(0898&..(./%&)%'&.C%/8+,'C-/%.,%,D,)/% D' % 019%0%-2| @%EC

6,-% C+%.,%":S%*&)=%>3/% >jK% ()2%!djONI%/8+/-&4 "

*1).'% B/-1%0,)2C0./2% (.% .3/% H,99C8% J/(*9&)/% (.% .3/ 8* 2B >5+&0(9% 0(-J,)% c4/27/% '+/0.-(% ,6% ()% C),8&4
[1=% 2&D/2% '3&A&*&0% (0&2% +(-.&09/% ()2% (6./-% /8+,'C-I% .,

\D,)[E% */('C-12% (.% T$UD=% >3/% '+/0.-(% (-/% 9&)/(-%
J(0A7-,C)2%'CJ".-(0./2% () PU6(9&D/2% .,% .3/% */()%
&).1)'&.5%J1.BIN%?;S%()2%7?"S%/e=%

‘ +&;)#<0,$=,5,)"*
Z/%B,C92%9&A/%.,%(0A),B9/27/%]=%Z (.. %()2%"=%V/((J/%
6,-% .3/&% ./03)&0(9% '@o+:% .3/% H,99C8% J/(*9&)/=%
A coonm b >38'% B,-A% &% 'C++,-/2% J5% .3/% dX% NHY% +-,@/0.
- % HAPOI#1=%

-678*.96L(M%I&D/%'/9/0./2%'3&A&*&0%(0&2%+(-.&09/ %2/+,'4
&.12% ,)% (% '&9&0,)% )&.-&2/% B&)2,B=% LIM% J(0A7+:C)RUs*
' i ' *
f(J é(gé/ﬁi/? G > /;./.;_:gg/,zcy& (7/%.,6%0%C) B&2&DI2% .o, 1 =opoc()(A&2,C%/.%(I=E%O . *=% QBEBEBISE %

' ' L"SS$M=%
00 <% M=%V C28&03%/.%(9=E%QBERPBHUEEL'SS?M=%
- 700 2<% H=% K=% K/2/&-,'% /.% (9=E% d)1&-,)=% 10&=% >/03),9
>3/%0(-J,)%C4/27/%'+/0.-(386,38A&*&0%(0&2%+(-.&09/ %  >2ZE%T?;S%L"SSTM=%
J16,-1% (2% (6./-% ,8&2(.&,)% (-/% '3,B)% &)% 6&7C-/% "=%89%>=% WC.3B/9A/-% /.% (9=E% V/1=% |G&E% F)'.-C*=E¥
-, 7% 03()7/% &)% 6/(.C-/'% 0()% J/% ,J'/-1/2% ,1/-% .3/%  ;;?YS\%L"S;SM=%
0,C-'/%,6%,8&2(.&,)=%>3/%*(&)%2&'.&)7C&'38&) 7%6/(.C4'%
(-1% 6,C)2% (.% "T'=$E% "T\=$% ()2% "TT=$%/e=% >3/% +,'.%
,882(.&,)%"+/0.-(%'3,B%(%.2/0-/('/%&)%.3/%2,CI9/%J,)2%
+/(A% (.%"T"=$%/eE% B3&03% J/0,*/'% *,-1% +-,),C)0/2%




\A#

A%S(S(E*$"(1,)%)+)#:8+0,*&A,5( &+0%:, 1+"+' (#)*()*&#5!0,4*
HI=H)(&FB+", "
V- TN HS<8>P- E-$(#)"BT, A0 #.3456(#a" # <B&=>#.F AN @B&8<8-6(#?"#) @ @7"#.3456#

NETN#?&=$A9D-=8$A9=ADN#78#8>-#3A \<QH#M-7@,&'-#.4\46#P79#<9-B#8A#AMI-$0-# @ASD>A, AC&=7 ,#=>T7'C-9#
><@&B&BNH#E'#F<,0&=#T7=8&BI#HT#DSAQN#FASH78@AID>-$&=#>< @&=#,&E-#9<MI87'=-9#.S/\54

0" #$%& (#)* NI-T&1'% *1).&,)12% (3,1/% (99,B% ,J.(&)&)7% 03/*&0(9%
O.%+3/-80%3C*80%IZAI%'CI . ()01%0,)".&.C.1%(%+(@, Jg: {70 BE-38)% 3% (*+9/=%>3/%C)6-(0.&,)(./29%IVNO%
5 (0.£.00% 05 70209 A1 &S B (L1209, (B OI% /B38I.I2% C.0.8(9% +-T0&D(&.)% 6% 3/%
+(-.8001% T1)1-(./2% J5% 882(.8,)% ,6% +-&*(-5% ,-7()&0%) O /0B3N%.3/%2-5%2-,+9]. % &2C/%B(%3C € 286&/2%
0,%+,C)2'=91C03% (.*,+3/-80% (I-.", 9% +(-. 800/ % 3(1/% 2 bsuo/zog/ 23% 83/)3’3};/)/@ %Z(y&g'.%'gf’(y 33"3{,/2%
(%'CJ'.().&(9%/66/0.%,)%,c-%og&*(./E%J,.3%.3-,c73%2§§-‘ 5'&' J"/o/ ('28:66‘/’ (. é"' /2(;’4%68 2;)(7)5/ ( % 0 \;3/5/' 0 100 &1/%
()2%8)28-10.%/66/0. %:;<=%K()5%GC/ &Y% (-/%" &99% 3 v 1o " G é//)o'/ (.2&606,/ o écoo'éo 0% 7 é o
(% /=7=% .3/% &)69C/)0/% ,6% .3/% -/9(.&1/% 3C*&2&.5% &}%% 1 1B B I.% 6C)0.&)(9% 7-C+%
*+3,9,75% 6% (.*,'+3/-&0% +(- &O0/'=% Z/% .-5% . % (+4 O )20, L/EY(%6'3,B)%&)%N& 7=%6;=%
+-,(03% .3&'% GC/'.&,)% C'&)7% 84-(5% (J',-+.&,)% *&0- P : ==
"+/0.-,'0,+5% &)% (% )/B% 2/1/9,+/2%*&0- -/(0.,-% (.% .3/%
84-(5%*&0-,'0,+1%(.%. 3/0FEBY%I/(*9&)/%LI[IM%:"E 7<=%
Z1% C'1% I1B())//% V&1/-% 6C9180% (0&2'% (‘% (% +-,859
(*,'+3/-80%3C*&0%9I&AI%'C'.()0/'=% =

(@]

,41."(5,)'+0*

>3/% IVNO% B('% +C-03(/2% 6-*% .3/% F)./-)(.&)(9%
WC*&0% ICJ'.()0/% 1,08/.5% LFWIIME% +-,2C0.% )C*J/|
:1:5;:N=% 1,9C.&,)'% ,6% IVNO% B/-/% +-/+(-I2% B&.3%
0,)0/).-(.&,)% ,6% "=\% 7R9% &)% K&99&K% B(./-% L6&)
"=$\M=% 022&.&,)(995E% IVNO% B('% 6-(0.&,)(./2%
C9.-(689.-(.&,)% " <=% N-(0.8,)% N"% 3(1&)7% ()% /'.&*
* 9/0C9(-% B/&73.%-()78) 7%6-,*% S=$4;=S%A_(% B&.3Y6 TP

"= 0()29%6-(0.8,) % NS%-()78)7%6-, %0 S42S%A_(WB&IWANI, . 0 1 . & \or om0 a0t oo g
"= $% BJ-1% C'/2% 3/-/=% >3/% 6CI180% (08&2% '(*+9/'%_%?)%W%+/ F96(J',-+.&,)%&*(7/%*/(C-/12%(.%"T\=\%/e%

i s 2I.8)7%.3/%28&'.-8IC.&,)%,6%+3/),980%#W%7-,C+% &)Y
oI (-129%35%/()%,6% (1B,48-&1/)%6780- 2& ) I-BY 500 6L ) &3 1206IVNOY' (*+9/%(6./-06/8+, &) 7%.,%bSU%
B3&03% 2/+,'&./2% (J,C.%"DBY-7/% 2-,+9/.'% 6% .3/% o (&1/%3C*828. 5= K& 22K &(7/%*(C-12%
,9C.&,)% )% 3/% '(*+9/% 3,92/ '=°./,° 0% '/*J’,/ '('C.'/ %0.)4 (.%$?"=$%/e%.,%-/+-')).%.3/%2&' .-&JC.&,)%,6%Qg#%J,) 2'=%
~199/2%/)1&-,)*1).(9%*&0-U0. -% "E?<%B(% C12%.,% 9% 2&'.-8&JC.&,)% 6% B(./-% B&.3&)% .3/%'(*+9/%2/./-4
1(-5%.3/%-/9(-81/%3C828.5%2C-8)7%.3/%/8+-8]).= &E#/@; AT SN Sy ey ok s
1>jK% ()2%!djONI1%/8+/-&*/).'% B/-/%0,)2C0./2% (.% v e '

0, 0, * 0, 0, 0, =0,

.3/%H,99C8%.J/(*9&)/%(.%.3/%I[I=% +&H<0.$=5)*
":%0"* >38&'% B,-A% B('% 'C++,-./2% J5% .3/% !dO_1% +-,@/0.%

_0, 0, *. 0, 0, - 0, 0, 0,
>31% )/(-% 1271%4-(5% (J'~+.8.,)% "“+0.-(% (.% .3/% QU cA-Q)--% ,6% Q*+1.)0/% &)% d)I-75% (2% K,J&9&.5E%
: . . o oy i QQEK=QWM% ()2% J5% .3/% dX% NHAY % +-,@/0.% dXQOOVI
127/%'3,B%03(-(0./-&".&0% +/(A'% (.%"T =TE%"T\=$% TR Oﬁ . : o
. . 23/% 'CH++,-.% ,6%1=% Z(..'% ()2% =% V/((J/% (.% .3/% H,99C8¢
1% .,.% -I+-I').% (-,*(.&0E% +3/),9&0% ()2% 0(-J,859&0%, > A
. . ~ o i, HCIRYEY ()2%,6% X=%C-&/7/-%()2% P=%Q&,J()C%6,-%3/9+
6C)0.&,)(9%7-,C+E%-/"+/0.8&1/95=%>3/%6-(0.&,)'% N"% Ot &) Yol Oh(++I0&( 2=
N$%'3,B%'&7)&68&0().%28&66/-/)0/'%&)%.3/%-19(.&1/%&)" '&3 0 “CL) 7RO 1e=70
&% ,6% .3/'1% +/(A'% :$<=% H(-(99/9% .,% .3(.E% (.% .3/% #9)/%%
127/E% 6/(.C-I'% -19(./12% .,% .3/% ,857/)% 6C)0.&,)(9&.&/'% /<
0()%J/%C'/2f%(.%$?"=$%/e%6,-% Qg#%2,CI9/%J,) 2 ENNBYe=% V(*()(.3)E% (96E% |0&/)0/E% "bE% ";;b%
31% J-,(2% 6/(.C-I'% (-,C)2% $™"% /e% .,% .%o W L"SS:M=%0%
(",0&(./2%B&.3%.3/%'(*£06 >3/%#fQ%-(.&,'% &)0-/(12% <% >=% WC.3B/9A/-% /.% (9=E% V/1=% |B&E% F)'.-C*=E¥
6-,*% S="T% (.% S% U% .,% S=Y$% (.% bS% U% VWE% -/'+/0.& RXeS# "S: SM=%
>3&'%0,--'+,)2'%-,C7395%.,%.B,%B(./-%*,9/0C9/'%+/-%?<% e=%n/9/)(5%/.%(9=E%"=%O0/-,'| 90 FAVE %
,857/)% &)% 2-5% IVNO% (.% bS% U% VWE% -/'+/0.81/95%0$<d%6 _&)(-% /% (9=E% "% P/+35=% V/=% ;’"E°
>3/% 'BI99&)7% ,6% .3/% +(-.&09/'% 2C/% .,% B(./-% C+.(A/%,&F:S=:S"bR"SS\* SSY "%L"SSYM=%
J1-112%6-,*% &*(7/'% (.% .3/% #4/27/% B(%0,)&'./).% :$<% e=% n/9/)(5% /.% (9=E% d)1=% Q3/*=E% TE% $S% L"S
B&.3%1,9C*/%7-,B.3%*/('C-/*/).'%-I+,-./12%J5%_&)(-%
1.% (9=% :"<=% F*(7/'% .(A)% (.% .3/% 2&66/-/).% &)2&1&2C(9%
%



IH#

HOY6' (H)*#-*' A &+ 1H#)*-%0) &' (# )HO*="HOb1*()*2B: " #;, * &t "*
AAFY 1480, F<(AXAHHEA, 5(&+0HA($+ (#)*

U"#OAW#H#.05U?)*6(#4"#3,788(#5"#U #STBB7B(#C"I"#4, AP&E (#)"4"S"#3$d0e8#.3450) OB (#4"#48-8@-$#.U*SV#2s
IS8 &i#./'&0"#1-$ H2H3456(#2"#\7 @DE&@|E&H?"H) @ @7"#.3456#

O>7'C-9# &'#8>-#=TIMAH#F<'=8&A'7 # CSA<DI# &'# &' B&O&B<7 # D7$8&=,-9# F$A@# 9=AA8-$#-Q>7<98#-QD-$&@-"
=>7@M-$#P-$-#=>7$7=8-$&W-B#MN#9=7"& C#8$7' 9@ &IIKA#":$7N# @ &=SA9=ADN# 7'B#'- 7$#-BC-#":$7N# 7M9IAS
8<$-#9D-=8$A9=ADN"#

0" #$%&' (#)* 1.5% ,6% ".(7/'% JI.BI\% .3/% C)+-,0/"12% ()2% 3/(18&95%
+-,0/"12%'+/0.-(=%>3/'1% 2&66/-/)0/'% &) % .3/% 2/7-1/% ,6%
V/0/).% -/'C9.'% 'C77/".% .33%0 I*&"&,)'% ,6% ,-7()&0%  +-,0/"&)7%"'//*% .,% J/%'&D/% 2/+/)2/).=% 1&*&9(-% '+/04
0,*+,C)2'%6-,*%"0,,./-'% (-/%+*C03% 3&73/-%.3()% 6-,*% .-(9% 03()7/'E% JC.% .,% (% *C03% 9/"/-% /8./).E% B/-/% ,J4
,.3/-% 1/3&09/'% :;<=% 1/0,)2(-5% ,-7()&0% (/-,',9% LI#*OM¥%1/2% &)% (% +-/1&,C'% '.C25% B&.3% B,,2% JC-)&) 7% ()2%
6-,*%"4".-,A/%'0,,./-'%0()%J/%28&'.&)7C&'3/2%I5%(/-,',99%B&/'/9%1/3&09/%/83(C'.%:$<=%
*("% '+/0.-,*/.-5% 6-,*% .3(.% ,86 2&/'/9% 1/3&09/'E% B, ,2%
\]C’)&)?%,_%(9+3(4+&)/)/%,8&2(.&,)‘%+_,2CO.'%:"<:%>3A Moped exhaust partic]es
/1,9C.&,)%2C-&)7%(.*,'+3/-&0%(7&)7%8&99%2/./-*&)/%. carbon K-edge
166/0.'% ,6% .3/'1% (I-,',9'% )% .3/% (.*,'+3/-/% ()2% .3/%
09&*(./%:?<=%F)%.3/%+=2pE8603()7/'%.,%.3/%0(-J,)%
6C)0.8,)(9%7-,C+%&)%&)2&18&2C (9% +(-.&09/'%6-,*%"4
'0,,.-%/8+/-&*1).'"% (.% .3/% HIF% *,J&9/% *,7% 03(*J/-%
B&.3% 2&66/-1).% 2/7-1/'% B2%.8,)% B/-/% &)1/'.&7(./2=%
I(*+9/'% 0,99/0./2% (.% 28&586-'.(7/'% 2C-&)7% ()% /84
+1-&*1).% BJ-/% ()(95D/2% ,669&)/% C'&) 7% '0())&)7% .-()'4
*&"&,)%j4-(5%*&0-,'0,+5% LI>JKM% ()2%)/(-%/271%j4
-(5%(J',-+.&,)%6&)/%'.-C0.C-/%'+/0.-,'0,+5%L!djONIME% Unprocessed
B3&03%(99,B%.3/%-/.-&/1(9%,6%"+(.&(995%-/',91/2%&)6
.&,)% (J,C.% 0(-J,)% 6C)0.&,)(9% 7-,C+% 0,*+,'8.&,)% ()2 — 8
_3/%QR#%-(_&,%;‘<:% 280 290 300 310 320
Photon energy [eV] Kk

-678* .9 >5+8&0(9% O(-J,)% C4/27/% “+/0.-(% ,6% +(-.8&09/'%

* [ e ' ' !
53196, 7%03(*J/-V6/8+-&*1). Y BI-1%+-6,*12%&)%.31% O /°§j6:/§ff’ ()42;)'/’5% 03’(;/'/'%83_(% ,‘.%L?CE)f %2%28%%233) >3/
J/BY%*, J8.91%", 703(*1/-%,6%.3/%[0Q%C)2/-%Xe40873.65 78 :=$% (270 :T% 3% 6% *-.( o ooy aran
L3..+fRRBBB=+&=03R9(OR*,J&9/4" 7403(*J-M=% H(- g "((,/"(0'/ A’%&)/ ('/?J(ON];C,,)..Z/S CJ_';(O'/ 2%()2%).(%4
09/% '(+9/'% B-1% 0,99/0./2% J5% &)/-.&(9% &*+(0.&,)96 e 0+ 70-3/%&) ) &.5%(.%7"S%/e=%
8980,)96)8.-82/%*1"3-(/%B&)2,B% )% 18%B(61-=%>3/%% 1\, o 1.
B(6/-'%B/-/%*,C).12%&).,%.3/%".()2(-2%' (*+9/%3,92/-% * /72 ¥
6&..8&)7%&).,%.3/%1>|K% (.%.3/%H,9[C8% J/(*9&)/% (.% HE=9V ((3/% ()2% 1=% Z(..'% A&)295% 'C++,-./2% .3/% 1>]K%
F*(7/'%()2%!djONI%'+/0.-(%B/-/%.(A/)%(.%.3/%0(-3,)% */('C-I*/)."% (.% H,9[C8% (.% I[I=% K=[=% ()2% P=P=% (-/%
(2% ,857/)% CA4/27/'% &)% .3/% 1)1-75% -()7/'% "TS% a% ?*S¥%-./12%I5% .3/%IB&"%!(.&,)(9%108&/)0/%N,C)2(.&,)=%

18 h processing

1.5 h processing

Abs. intensity (a.u.)

,41"(5,)'+0*

16%()2%8$"S%a%$\S %/ E%-/'+/0.&1/95=%% I=1=96&'%'C++,-./2% . 390HXY %+-, @/0.% HAPOI#1=9%>3/%
* 189/%"*, 703(*J/-Y% +-,@/0.% &% 6C)2/2% J5% .3/% |B&"%
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*onl% ~(0'8.8.)% 6% (-*(.&OE% +3/).980% % AL)%  &O0C"=%EY%"bSh:%L"S: M=96%
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*80-,'0,+5%LI>KM%()2% (£%/27/%j4-(5%(J',-+.&)%  09C2/%.3/% ()(95'&'% ,6% .3/% 03()7/'% .,% .3/% N/% 28&..-&JCA
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530 540 550 560 570

"L ok
%0 Photon energy (eV) *
B Region 2. FF*egcif” ik Teey | Telwedoe -678*29%4/27/% 'djONI%'+/0.-(% ,J.(&)/2% 6-,*% O-&4
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o Region 1. I1# "%()ZWO%.'/ZM:%
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>3/% >&#:SSM% '8)79/% 0-5'.(9% B('% 09/()/2% J5% :% | %10V no; RS
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J,C)2(-&/'E% .3/% &)./-6(0/% B3/-/% .B,% &0/% 7-(&)'% *//.
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J,C)2(-&/'% (/% ,J'1-1/2% B&.3% (% *&O0-,'0,+/% ()2%
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Y% - AR 6,8 #T1-8H( ) (#> ) 9+ B/OBLH 0o+ +-+>*," Y6 * REHE' Ra',"#',)>

VO §,9+ #A&EYo-&E-$%,JH( 6%) (0. )y ) ROOMH( ) ~8&YL DHL: R2I $-4)%t#4) 1! Ch-t>-8&%1
T1,4)&Q) YV HEY U, 1+ (-t + 68 () Tt A )%, 11 B O CT A ORAI o 9% i+ %S, "9 < I T7HE>
71-)-88+)#EY&: OT) M "-O)H& -.' 14,504 - 106y S YA & O %r 7-1LOJA(, %™ EEH&C + (-
Oot-"; +03 $,"0-+ U0&-)- THES' JIN&', 11-6#()# U0 )%.%65 0 0L" *FW)0(H ) JH# $-4)%4#4) 1" +-4>-&&KH1
Yo - VIE QYA UB < Uit $0-r CUoctic’ 01 &-O'SHG' &' QU6 +06.968, 1) %6¥71068)06-+8&" %ot' Vo' T"#)%%r
(HWBH( " * Yottt T1,+)8G: $-H)Uoti+), 1 +-+>.-880617)/H #QTH Vi), 1" HEOL)& 6/ 40, 1 %68 )- 777+, 18&%&
$,"9-+ CU<t<' $,"9-+" (H(UaBH' W™ #8)"%, 1" T1,+) W8 4y Tt (A (L 968 )R %68 )8T%$,118
HOHRRY-+8! +(M-" %-* 88" 0" +%+, #U68&Y%+&G: AL )" " #&) %, 1" CI-+)%+#+),1" +-+>.-&&N1" +(
-&&YL OHL'S, "9+ V8 &Yo-+&<' -&&N1.0#1G'&-0"$#&<

39!0/92)!3/%$

O#5#0#%)#,$

H2I' 4<K<'SoK-6(#)',1<:],)0"#(D' :'XaX'CABB3G<'
HAI' K<' 4#90"+%6&' #)' ,1<:' D)*-&<' 4/#*<' 1/88<"

+#1"/9,%

E,"%b+# #'-&-1'& *T1#& 6H"# $-11#S)H#( -5#" )1# ]<N<'
D)1,+)%$',)'E,$# O#, (CEH#&W="¢#1,+(G."-*D7"%1')-

S$)-0#" ABBX' HAI<' TU+#' 7,")%$01, 4 * )" & 7148, ~ VIR'CAB22G<

Ce2<V' q*G' 6#"#' $-11#P)#( -+, 6##M18' 9,&%&' 0&%+;

LO)-*H( &#S$)-" $-+)"-1' &B&)H#* )-' &#HT,")# $1#,+'

. Clean marine Continental polluted

' Fossil 14% Marine 32%
: Continental Fossil 37%

, non-fossil

, 7%

Marine 79% Continental non-fossil 31%

5:;<$'BD5H" # &-0"$H'$-+)"%00)%0-+)-'-":, +00$ )" Yo+ Y &'~ -8 &Y L' . O#L'$,"9-+'CIL, SMG: +-+>.-&8I6 1" O#L'$-+)%o+#-
)18, 9+ C("M' "HH#+G:' +(*,"Yo+# 0%-#+%$' $,"9-+ COLOHG' &-0"$HE' - $1#,+'*, " Yo+ #' +(' $-+)%-+#+),1' 7-110)#(" %"
* &&H&' )'E, $#O#, (HAI'



I"H$%& Yo()*"+,$"&-#%
|
|

" HSW&IHHH)+ ]

|

-1#./01!,-12344561!7-1289:;4/1! <-$-12=>31!?;-#-! @944A3001! B-!#C/8;38>D1! $-! E58F;G5.1! #-! EB5AAL! @-!"H4>114#-! 1]
,-1B;=K3JC33D381! ,-%-! B83DL1! ,-! B8H/81! @-! 'H/C/1! (-! (/0>/41! @-!)3K3G1! B-! MN/41! ,-O-! MAD./>D1! O-! </H:;/8D1! ,-
$-1+3C/40HG5.1! P-I +3A3>30H1! (-! +:;;1>/41! 2-1 +;;3=FDMAYH>1! #-! +;;HAN61! $-! +/A:;/0G5.1! O-! *;Q84/RO5FNH/:;1!
$-I*5K5F;HA31!$-1¥984/811%-1%H43F1)-17H/;411*-17=0>/84H:;1!$-183G=F;/.

I"HSYHE () $+%0+,- HUS& +I0#Y 12, $(, %0, +&HSH $&', HE L) FFBHA3+90++' % $I1256287 (" $&"#/(-*%4$+,858&'9,*(,:$-#*93-$
)=:4-1SOFD8=A-!(/D;5>F!O;KF-I</F-1+/:D-1$!I TUV1IWXYZWT[N*"WW_-!

|

" 7IE13J/4/8!

+-$& " H(&+)$3%' 3o (#-$'. " H+<(H-*SH)#/#,*-

<3>H5:;HA-1$:D3I\YRV_IXAURXWUNEWW -

#

-(-! E3D/F1! ?;-#-! @944A3001! (-! +:;1>/41! $-1 &3G=F;/.1! $984/81! B-! #C/8;38>D1! ,-%-! B83DL1! @-! $:G/8A3001! --!
$0>/8FF501!(-1245:G117-1289:;4/1!,-! @.583G1!"-E-1#FFBA#AHF501! -1#./01!a-!P58FC/8J1! - E/4430GH1!$- E58F;G5.1!<-
E83/J/81!B-#-1E8/J58H:;117-1"38DA3001!<-@-!"/8LC/8J1! FbOMBI/81! @-1"H4>11$-1"9C0/811#-1,13/81! ,-|B;=K3JC33D381!2-!
BHO0>4/81! -IB8H/81!)-! B=8L 1! +-!'3; HBHLIR-1'5AA/41! (-| (BHDHI-! )HDF:;/1! -O-I MAD./>D1!#-1 03881! @-! <=>54N;1! -!
<=0G/1!"-1+:;3660/8112-1+:;3=FD/011#HAN611$-1+/A:;/0G5.1! -1+D/HO/81!Q84/ROSFNH/:; 1! -la=FHD3451!(-1 7/J8L/:GH1!
)-17H/:4 !

=(%-*$-93H%" #+<ASH)HIH, *$#>3HY ([#,*-$+*$*"#$;52$ Vo ZEDR@ $!"#$3%'89&* (', $+,8$8#&+4S" $H)#/#, *SAABS(,$*"#$
CBHOBB+GH1B,I$%#+&*(',$$

O;KF-I</.-12IVULIAX[TWVNAWW._-I

#

7-1(30/F:;J11-123=>HF11<-| @8/FF4/81!B-!#C/8;38>D1!<-#HBIRI81!<-I'3:G0/81!2-10833FD1!<-1+30D58/44H1!,-1+:;8/H0/8:
(-1*38G3112-17H/J/411$-IcHAC34!

D%'89&* (", $+,8$&"+%+&*#%(J+*(",$'. $+$&9I-*/1/+8#$!" 1L CRESTOIBY#8I8H8S, #9* %' $-' 0% &HS-*%o#, *"$.' U$* " #$0' Vott>(, B
#>3HYo(/# )

38dH.-58IN"WW_-

#

$-1+/85.11)-%-! $GF/05.1! E-$-1 25L;HG5. 1! <-1 #H:;4/81! <F@BB1! %-&-!'/C/>/.1! M- O/D8=F;GHO1! @-! OHJ=/D1! +-! +;HF;G}
#-1*/8/F;3D5.11$-1*984/81!$-196QJ/4/11@-17HDDe/81!"-7-1E11J/4/8!

28-'%3*(", $(,*#%+&*(',$' $+-*+*(#$-3H&(H-$T7 (*"$KO+%6*I$+,85:")85-9%. +&t-

<3>H5:;HA-I$:D3!INf_IXFURTMNAWWE -

#

$-14/85.11<-1#H:;4/811<-| @8/FF4/81!@-|BHRIBIB1!$-1%QJ/4/1!@-I 7THDDe/81!"-7-IE1JJ/4/8!

+-$&"%'[+*:%+3"4%$". $(,8(9/B(,$/+&%'"-&'3(&$+,8S& HIIDOHHS /', *-$9-(,:$KO+%6*I$+,8%5:)8F+-$-*+*(', + YU $3"+-#-
<3>H5:;HA-1$:D3!\]_EXRWAWN AWV -

!

@-17HDDe/81!<-|@8/FF4/811<-I#H:;4/81!"-7-| BII@H OHJ=/D1!$-1+/85.11$-1*984/81!$-196QJ/4/!

I"HSH B/ +) SYoH ) H+-H#S . $-&+,8(9/5.90'/$* (*+, (/S /H*+IBUB)HS T+4$* $3%'898#$39%#$56 1 BBS. % $3#*$+33) (&+*(,
<3>H5:;HA-1$:D3!IN\U_IWFURWITNAWW_-!

!

-1230/443110-1B=>/g5.31!<-!+:;=4L/1!$-1*984/81! -1, 54H/!
6"+%+&*#%(-+*(",$+,85'3*(/(-+*(,$ . $S #TSD%'/3*$; +//+1%+4$28* (< +*(', $P4-(-$ED; 221$.+&() (*4$+*$=MN$??
)=14-1SOFD8=A-1(/D;5>F!0;KF-I</F-1+/:D-I$I TUV1IWAVZWWUNAWW_-!

|

+a<P$2#! ?"#H(S+<&

!
*.1238D/4FR<3=F:;1!E-|B8KFLD56H3G1!$-12/80;38>1!(-1+:;4INNH1!(-1+:;eHG5eFGH1!(- $AA300!
D"*'(,898#83%6#89&*(',$'. $8(<+)#, *$/1%89%AB(,$(&#$04S Yo: +,(&F/+**#%
2;/ABFN;/8/! /0 N]_IWHR]AUNAWWE -

#

*1238D/4FR<3=F:;11*-1a48H:;11*-1"=D;e/4G/81!(-1$AA300!

28, <H)$-4,*"H#-(-$' $*" HSOLAHS)+0#))HBS+/'-3"HVo (&S Yo+ &HS: +-$3H%'>4, (*U0(&$+&(8
<3>H5:;HA-1$:D3!\X_I[VXRINAWW._-!

#

#



!
P-1 #0LA3001! (-(-! (H/>30/81! (-! B/8FD/01! )-! .50! 245:01! B-! @H/;41! +-! 2588A3001! (-! +D3AN3050H1! (-! $AA3001!
*1"=D;e/4G/8!

H1PS(/+:(,:$+,88K+,*(.(&+*(,$'.$:%+93#)$3 %5 0a85-4,& "% *%', 1 B8$/(8&%'1* /. %+3"4

$DABF-1(/3F-1%/:;-1 IA\WA JIXR]JUINAWWE-

#

(-1+;H83He31!(-I$AA3001!*-IB55N1la-|OQF:;4!

+-$93*+QHS+, 8B HI(&+)$+:(,: 5. $-#/(-) (8F'Yo: +, (&S+#%6' ) $3+0* (&) #-

085:-1)3D-1$:3>-1+:123/\]Y _ TWWAMURWWMVNBFWW -

#

(-1+;H83He31!&-1+5F/>5.311$-1<5=.Hh8/1!"-1&30J1!&-!c;30J1!,-O-@-!$CC3DD1!(-'$AA3001!a-|OQF:;4!
I"HSUWHS' . B) 1 1) (<HBSYot+&*(<HS > A:#, B(, HYoIHB(+*#-$(, S+ #S%ott+&*(,$'.$'J HS T (*"$+#%'L ) $3+%6*(&)H#-
)3D-172;/A-1 AN FWRIEXNPWW_-!

#

&-1+5F/>5.311$-1<5=.H/8/1!*-1238D/4FR<3=F:;1!(-!$AA300!
RS2TS?51(,89&#8$,(*%'9-$+&(8S5.'%/+*(,$',$3)43"#,")(&$.()/-$#>3'-#8$*'$:+-#'Q$OU
0;5D5:;/A-!0;5D5CHE28NWA IWTVARWTIANFVW _-

#

@-#-1+D3881!@-10301!,-*-1)/eC/8J1!(-I$AA3001 1#-E-1730J1!$-1(H:;3/4H>/F11"-124=:Al

28#* #$+8-'%3*(",$' $(&HS(,<#-*(:+*#8$04SV1%+4$-3H&*%'-&'34$+,8$8#,-(*4$.9,&F(', +)$*"# %4
O;KF-12;/A-12:/A-10;KF-124N\[[_IWFHVVRWFHTNAWW_-!

#
%-1c/4/03K1!(-I$AA3001!$-1B8/N/45.i1!(-12H88/81!E-!*L./DG5.1!(-E-?-1%/8055Hg1!,-1<33C/11*-1"=D;e/4G/8!
P(%#&*$'0-#%<+*(',$' . $T+*#%$93*+Q#S$+,85%0# ) #+-#$(,$(,8(<(89+)$-90/ (890 [#*#%S$-(JH8S+/I',(9/$-9) . +*#$+,8%+//', (9/$$
-9).+*#T+8(3(&$+&(8$3+%*(&)#-$9-(,:$V1%+4$/(8&%'-BHE&*%'-&'34

-1$/85F541+:HONW_TUVRXWI\JRVW -

#

%-1c/4/03K11*-1"=D;e/4G/81!$#BI/45.i11&-1<=>H:; 11(-I$AA300!
WO/(8(*4$8%(<#,$,+,-&+)#S&"#(&+)$-#3+%+*(, $(,$&13)#>$'%0:+,(&$/+**#%

#0.H850-12;/A-Y \[_I[XAR[TANAWWH -

#

%-1c/4/03K 1! (-#-1(50J/112-1@j$00311?-1E/58J/1!+-$-1+DK4/811*-1"=D;e/4G/81!(-1$AA300!

2, &YoH+-#8$-*#+84$-*+#$93*+QHS' . $'J' #$', $-"*$8IHS SRSTS?5$%+8(+*(,
-IE/5N;KF-I</F225\@WW_ 1@ WWUWH"WW_-

#

#
#

$)$8*S?2$1T P "H(S+<& |
|

j—! 2=G5eH/:GH1! O-! cH/J/81! #-! 7/H0J38D0/81! c-! ,=8i0KH1! (-! EKF/41! 2-1)/HOH0J/81! 2-! +:;0/H>/81! ?-1 "=/J4HO01! $-! a4:
$-17H:;F/811+-1"/00/1! @-128=00/81!<-IB3/JH1!(-!+:;e HG5e FBHIH/81!P-E-17H/0;54>11S-1#0J/4112-12=::A3001!*-10/D/81!
a-1234D/0OFN/8J/8!
:%'0,810+-#8%+,85+(%0'%,#5(, 1-(*9$/#+-9%#/#,*-$' . $* HEXPY¥ZQ9))$<") &+, (&$+#%"-)$3) 9/#$(,$57 (*J#%)+,8$(,$-3%(,:$
CIA[!

$DASF-12;/A-10;KF22\WF_ TWAWWRWANUANBWW -

#

$-1#H:;4/8117-1*H00/811+-1289DF:; 11+-IM4H.H/81!*-I03NH031!(-1+:;eHG5eFGH!

2,$(&H1&' Yt $0+-1#8$"(-* %A% $-(01#%(+,$. Yott-*$.(Yott-$-(&HS2PSAC\[

k=3D-!+:H-1</.43\fRWA_“IWATYRWAU[NSRRVW -

#

-1 EBC8H/4H1! E-1 25LLH1! O-! %344/450J31! (-! +:;eHG5eFGH1! (- +HJ41! -1 #H:G/0C/8J1!'-! 73:G/81! ?-125=D8501! "-7- E|
O-1?/F:5011?-1238C30D!/!

6" ([ +*(,$.$  +)3(HS-, TS+, 8(&HS+*$6"))HS;, (#*(GEBTEH)(+,5+)3-CS. BEPH+ U0 S TH#+3',-$H#-*-
$DASF-1#0.H8506\U_IXVYRXFUNMRW_-

#

+-@-!B3FN38H1!(-1+:;eHG5eFGH1!(-|EKF/41!(-E-1P4300/81!+-!B30J1!+-!"5=110-$-!(3K/eFGH!
M#&#,*$(,&Yot+-#$(,$0)+ QN H, “%o+*(',-$.%' S+ SN IKHYoH-*$(8HS& YoHS$-3+,, (, SAFA[LC[[[$2P

E/5N;KF-1</F-1'/DD4I \[_IA[YAUNAWW

#

+-1(3=F1!+-1(944/81!,-129DD0/81!+-1289DF:; 1 1&MEIB1!(-1+:;e HG5e FGH1!P-1#0LA3001!$-1%!;|D545!
?',$.%+&*(,+*(,$(,$4'9, - #+$(&#$.%6'/$_":-.Y'%8#,G$5<+)0+%8

$00-1E43:H545B0\XY _TUNWRUWANEVW._-



%&#

#

M-! +H>585.31! (-! +3=8/81! %-! (KJ4301! $-! #H:;4/81¢HES5eFGH1! $-! BH8>K305.1! (-! 28K=G;305.31! M-! E/83FHA5.31!
S-1B34=JH01!$-!@38KHO01!<-1+H/Je546!

2$/9)*(13%'>4$+33%'+&"$.' %Yot <#+) (, SYHELE IR+, #-$(, $*"H#EMO--(+,$2)*+(

2AHA-I@KONWR]_ WY XRWVVIEAWW -

#

!

I

<$@7%$+# $)$&rs?+ |
|

+-"/HOHDL11,-1)/=;3=F/01!@-1+:;=A300!

2)Q+)(#$#>*%+&*(,$'.$3")',(9/$.9%'/$) (KO(8$)#+8F0(-/9*"$HO*#&*(&

-1)=:4-1(3D/8-1121N]_1[]WR]IXNAWWH-

#

(-! (/>38>/1! <-1 (558A3001! <-! PBHF501! <-! ,-l£DH3G1! #-1 O5Ag3G=F;H031! B-! ?50>/81! #-! 043D3:HF1! &! @3H1! @-! B
-Ic30HOH1!+-*Q8QG1!0-1c3JK. 3HIHBL'IHA)/=;3=F/01!@-!+:;=A3001!B-1*;5AF/0!

“#+8L:")8SHO*HE* (&@$2,$+) %, +*(<#$)(KO(BS*+H)FES - BBIUS. %0$"(:"$3 7#%$-3+))+*(',$,#9* %', $-19%&#-
-1)=:4-1(3D/8-1122\WRU_IY]RV]\["WW_-

#

-1)/=;3=F/01!@-!+:;=A300!

S+3'9%$3"+-#$&" &t *Yo+*(',-$'.$<")+ (1S KBVt +&* (', $3%'B9&*-$(, $* HEN#: + 3 (HS&'<HYo$:+-
-1)=:4-1(3D/8-1126\U_IUTWRUTTN\#VW _-

#

-1)/=;3=F/011@-1+:;=A3001!<-| @8/FF4/81!2- W L!+-I'"9D;H1!+-"5801!*-1+D5831!(-1#44/8!
M+8('&"#/(&+)$+-3#&*-$'.$)(KI(8S/#%&I%AS-3+)) +*(', $*+%0:#*-$

-1)=:4-1(3D-1*"WW1I>5H WA-WAWTIg-g0=:A3D-]"WW-WW-AWi-11

|

#1)53;11 %-1 25=D/44H/81! <-! 289DF:;1! <-! 23D;/8344 HABDEB,-| BEC30g/.H:1! "-O-1 'HO>/81! (-! (38DHO1! -1 )/=;3=F/01
@-1+1;=A3001!*-1+D5831!"-Ic30HOH!
D'-*1(%%+8(+*(",$+,+)4-(-$ . S #$*+ *+)9/B&' *+(,#%$".$+,$?5U PX$ aX$*+%:#*$
-1)=:4-1(3D-I*"WW1I>5H IWA-WAWTIg-g0=:A3D-]"WW-WW-"U[-!

#

@-1+1;=A3001!,-1)/=;3=F/011<-I(H:;/411%-I$46HA5.1!"-$-1+K0341!,-?-| @3.H>1!$-173440/8!
X>&(*+*(,$.9,&*(,-$.'%$*"#$3%'89&*(,$'.$)',: 1) (Z4BEBI#S, 9&) (8#-$(,$*"#$%ott+8&* (', $,+*$a(EBb>,G43Ic
-10;KF-IE1)=:4-1038D-I0MRT_I"TXWAUNAVV_-

#

!

|

<$@SM)a?'S@#@%#'MO#)*! R?"#(S+*<& !

!

+-1 '/;/0C/8/81! ?-! 238G;3=F/01! +-! ?5;8F1! #-! PHF:;/8H890C/8J1! $-! "5;01! a-! BQFD/81! <-! +;;HC4AH1! $-! *084/81!
B-Ic;/805F/G5.!

I"H$) T 1H#,#%:4$ | S+, 8SH)HE& %' SH/(*#USI01ANAS+- S+, $+) HYLOMAGHS. Y6$*+%:##B83%+8(,9&) (BHS*"#%+34
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N'%3"):4$+ 8$&/3-(*(\$.$( ,8(<(B9+)$*+, (&$+,83-"(Q/(&MBEB+%0*(&)H-$-*OB(HBSLIG HB <(%' /#,*+)$&' B(*(',- !
,a(UOJWW'!,5HOD!aF/8Fj! A//DHOJ! 3D¥HEH /011 +eHDL/8430>1IWXRWT!+/NBFAC/8 1A WW-

|

*1a48H:;11(-1$AA3001!+-!/ =DeK4/811*-1238D/4FR<3=F:;!

I"#$+8-'%3*(,$ SWOS' $(8HS+,8$(*-$*#/3H%+*0%HSBH3H, B#, &#
+/AH038!56!D;/'3C583D58K!56!<3>H5:;/AHFDSK!30>!#0. H850A/0D341?;/AHFD8K 1!03=41+::/88/81SOFDHD=D/!30>!a0H./
2/80/1!+eHDL/8430>11]X!(38:; 11 "WW-!

|

*1a48H:;1)(-'$AA3001!+-!/ =DeK4/811*-1238D/4FR<3=F:;!

I"#$+8-'%3*(,$ . SWOLS', $(&#

#=85N/30!E/5F:H/0:/'aOH50!E/0/834!$FF/ACAK11%H/0031!$=FD8H31!IUR¥ISNSHA 1! WW-

|

%-1 ¢/4/03K1! *-| *BHDF:;/81! $-! B8/N/45.31! (-P-! "/8H0J31!HEP51! $-+-"-1 O8q.rD1! #-! 7/H0J38D0/81! a-! 234D/OFN/8J/81
-|@5AA/0112-173DDF1!,-1<33C/11*-1"=D:e/4G/81!(-'$AA300!

I"HS&) (J+ HSH. H&FF B $3+0*(&)H-$&+I:"B( $+&*

WXD; #+"12506/8/0:/1501?5AC=FDH50!E/0/83D/>!)305N38DH:4/F 1!c=8H:; 11+eHDL/8430> 1! THf!, =0/11]"WW-

|

|



%+#

$)$'8*S?$12"#(S+*<& !
|

#-129;:4A300!

D+96*(&9)+H$/+ 06+ 8B(*-$(,.) O, &HS' $*"HE+)0#8'S . $D)+( HEN 'V #$:) + & (H%$S
+/AH038!56!D;/'3C583D58K!56!<3>H5:;/AHFD8K!30>!#0. H850A/0D34!1?;/AHFD8K 1!03=41+:;/88/81SOFDHD=D1!+eHDL/8"
JWIM:D5C/81MWW-!

|

#-129:4A300!

2,.)0H, &HS' $3+06*(&9)+HB/+*H%$' $'0-HU<HBE+) O#B'$YHBI&* (-5, $D)+(HIN'V*#$:)+& (HANC$57(--$2)3-$
+eHFFIE/5F:H/0://(3FD/81?750J8/FF 11#*"Ic=8H:;11+eHDL/8430>1!WA1)5./AC/S 11" WW-!

1

P-123511+-1+LH>3D1!(-1+::eHG5eFGH!
M+8('&+%0",$+,+)4-(-$'. 9 &B&+%00", $+,8B#)#/#,*+)$&+%00", $(,B(&HT.(%,4-+/3)#-
*[IGH8FDI**M<?"1+=AA/8+::55411"KKDHI41!P58/F DSK#D3BH501!PH0430>11]Y!+/ND/AC/S!R![IM:D5C/8 1M WW-!!
!

$-1#H:;4/811+-1B3FN38H1!(-|IEKF/41(-1+:;eHG5eFGH1!(-E-IP4300/811+-1B30J1!+-1"5=110-$-!(3K/eFGH!

28H& VoHSOHIBIHEE-$(,$a) +&QS6+%60" $&' &#,*Vo+*(',-$

WXD; #+"R?506/8/0:/1501?5AC=FDH50!E/0/83D/>!)305N38DH:4/F1!c=8H:;11+eHDL/8430> 1! TR]f,=0/1*"WW-!

!

$-1#H::4/811(-1+:;eHG5eFGH!

B)(/+*HSYHE W& ('-$.96'/$" ("1 +)3(HB(&HS& Vo#-]$S
2506/8/0:/150lv?4HA3D/1?;30J/1HO!"HJ; §=0D3H0!</JH50F!R!685Al 0308 0J!56!D;/IN3FD!D5! (5>/44H0J!56!D;/IP=D=8/!
+34LC=8J1!$=FD8H31!]fi$=J=FD!RIW!+/ND/AC/8L*"WW-!

!

"7-E1JJ/418 #

28HSE VHSEH(,:

':D=8/1!E83>=3D/!IFD=>/0DF1!)30gH0J!a0H./8FHDK1!?2;HO31! T!+/ND/AC/81!]"WW-!

!

"7-1E133/4/8!

D'))9*(, $YoH& ' %8-$+,85&) (I+*H#B(,.'Vo/+*(', $8HBI&HES.%'/$+)3(HS(&HSE Yott-
)30gHO0J!a0H./8FHDK1!?;HO311V!+/ND/AC/8LI"WW-!!

|

"_7-IE1JJ/4/811(-1+:;eHG5eFGH1!$-1#H:;4/81!'-1*5C4/811+-IM4H.H/811*-IO3NHO3!

234G+ BS&"H#/(&+)$-*OB(#-$'. $+$.(%, T(&HS& Yo#$.%'/$a#)9Q" + GSMOI--(+,$2)*+($
SOD-1+KAN-1501?;30JH0J1?8K5FN;/8/1!73D/8!$.3H43CH4HDK!30>1+=FD3H03C4/!@/./45NA/OD!H0! 2/0D834!$FH311a8=Ar
VRWAIM:D5C/811AWW-!

!

"7-IE133/4/8 |

D'))9*(', $%H&'%8-$+,8$&) (I+*#$(,. %6/ +*(", $8H#BI&HBS. % IB(&HS& Yott-$.%0'/$* #$2,8#-G$2)3-G$+,8$52)*+($
254>130>1$8H>14#0.H850A/0D34!</F/380B0=D/1!'30L;5=1!?;H031!WU!M:D5C/8 1] WW-!

1

"7-1E133/4/8!

D'))9*(', $%H&'%8-$+,8$&) (I+*#$(,. %/ +*(", $8H#BI&HBS. %' IS(&HSE Yott-$.%'/$* #$2,8#-G$2)3-G$+,8$52)*+($
SOFDHD=D/!56!*HC/D30!043D/2441Q/HGBI0J11?;H031!]fM:D5C/8 11" WW-!

!

"7-1E133/4/8!

PYGH(SI+"%6J#" *HSRITH)* '%-&"9,: $+BEHS: -8 #%, GS=+&"<'%*%+:$
O8H{!>/1k=/8.H0!%/84/H:=0J11)3D=8;HFD58HF:;/F!(=F/=A12/801!+eHDL/8430>1!U!)5./AC/8LI|"WW-!

!

0-$-1"/88/0!

D+)#'$&) [+ HSYHE,,-+U9&* (', $.96'I$H"#S&' *(#,+)SN',:") (+,$2)*+($
+/AHO038!56!D;/'3C583D58K!56!<3>H5:;/AHFD8K!30>1#0.H850A/0D3412;/AHFD8K 1!03=4!+::/88/8!SOFDHD=D1!+eHDL/8
TI(3KLIAWW-!

|

O-$-1"/88/011+-1289DF:; 11$-1#H:;4/811+-IM4H.H/811*-I03NH031! 7-1*H00/81!(-1+:;e HG5e FGH!
2,(&H 18 VoHSO+-H#8S"(-* 964 . $5(0H%(+, . VoH-*$.(YoH-$-(,&H#S2PSAC\[$
d%SSS!S)kas$!?50J8/FF12/8011+eHDL/8430>11WR]Y!,=4K 1]AWW-!

|

O-$-1"/88/011$-1#H:;4/81! -1#HG/OC/8J1!"-1(3:;J=D; ID8NHO31!'-*5C4/811#-19%51/411$-Ic3N6 11(-1+::e HG5e FGH!
28HBE YoHSO+-HBSE) [+ HSYHE +%9& (', $ S HIN', ) (+,$2)*+($
fD;1+eHFFIE/SF:H/0://(//DHOJ1H#*"lc=8H:;11+eHDL/8430>1!WWRWU!)5./AC/8 LI "WW-!



%!#

+-1B3FN38H1!(-1+:;eHG5eFGH1!(-IEKF/41!*-"-103HOD/8!
53+%(+)$+,85-#+-',+)$<+%0(+*(",-$(,$0)+&QB&+%0", B&', &#,*%+*(",-$(,$-, 7$+,8$(&H#$(,$*"#$5")91_"9/09%
)IN341!$Ea!P344!(//DH0J1!+30!PBiB051!a+$1!XRfl@/:/AC/81![*"WW-!

|
*.IBH8:;J/58J1!,-IE3C8H/4H1!$-!@8/K/81!c-ldH/W1!(-1+HJ41!(-1+:;,eHG5eFGH1!?-1238C30D/1!?-125=Di8501!<-1#CH0J;3=F
D#9%.)9'%(,+*#8$&/3'0,8-$(, $(&HS& Yot S-+/3)#-$.%'/$*"#$2)3-$
+#*$?1A//DHOJ!w#:5FKFD/A!085D/:DH50!HO!3!+=FD3H03C4/!7584>"131?;344/0J/1658!+:H/0:/'30>!</J=43DH50x1!(H4301!
WXRWII(3K1A"WW-1

!

S-1(38H30H1!*-1,/0G1!(-1+HJ41!(-1+:;eHG5eFGH!

PEHS& VHSI%'> (H-$+-5(,8(&+* Y-8 $/' (-*O%HS-' 0% &HS+YoHH-$. % $*" #$2) 3-
#=85N/30!</F/38:;125=8F/I50!$DA5FN;/8/F\#<?$EB/05C4/1!P830:/1IW", 30=38K!IZIWW!P/C8=38KLI"WW-!

|

S-1(38H3bH

DOGHE(3(*++(', S+, 8S /340 ++006#S-(:, +)-$.96'/$* 7' S(&HSE Vot-H(, $*"#$2)3-
+/AH038!56!D;/I'3C583D58K!56!<3>H5:;/AHFD8K!30>#0. H850A/0D34!1?;/AHFD8K 1!03=41+:;/88/81SOFDHD=D1!+eHDL/8"
TI(BKLMWW-!

|

S-1(38H30H1!(-1+HJ41!$-1#H:;4/81!,- I E3C8H/4H 19@2 EBABEMD/1! 2-125=D8501!"-7-1E1JJ/4/81!(-1+:;eHG5eFGH!
2$A[[[14#+%$%H#& %8S . $5+"+%6+,$89-%$.96'/$+,$2) 3 (A (&#S& Yot
fD;1+eHFFIE/SF:H/0:/1(//DHOJ1#*"Ic=8H:; 11+eHDL/8430>1IWWRWU!)5./AC/81"WW-!

|

0-103.45.31!0-!1+;;AH>1!(-1+:;eHG5eFGH!

28&#)#%+*#HBSYoH)H#+-#E' S3HY:BIBNO*+,*-$.90'52) 3(,#$:)+&(#%-$

#B7SEI+=AA/8!F:;554"WW lw+/>HA/ODF!3F!38:;H./F!56!/0.H850A/0D34!:;30J/x1!'B3FD30H/0C3=A1!+eHDL/8430>1!!
[RWX!,=4K 1A WW-!

|

0-103.45.3!

28 &HHY+HBSYoH)H+-#S SDUD-$.%6'/SRIA(H6: 10 SD6aT PPISU6H& %68$.%'/5)+ Q#$-#8 (4, *-
+/AHO38156!D:/'3C583D58K!561<3>H5:/AHFDSKI30>140. H850A/0D3417:/AHFD8K 1103=41+:/88/81SOFDHD=D1+eHDL/8:
JWIM:D5C/81 A WW-I

|

0-103.45.3110-1+:;;AH>1!1(-1+:;eHG5eFGH!

28 &#)HYo+*#83%oH )#+-#S' . $3HY0- (- HIEIPN £, *-$.%'/$2) 3(#3:) +& (HE @ P P! $%0#&'%683.%'/$) + Q#S-#8(/#,*-$
S0D/8034!F/AH038!56!D;/!$034KDH:34!:;/AHFD8K!>/N38DA/OD1!#AN31!@9C/0>5861!+eHDL/8430>1!V!)5./AC/81|"WW-
!

(-'+:;eHG5eFGH

D+)+#'$&)(/+*#B%H#HE&',-*%9&*(",-$8#%(<#8%.%'/$"(:"1+)3(#S(&H#$&' %o #t-$
+/AH038!E/5J83N;K!a0H./8FHDID!2/801!+eHDL/8430>1!]!(38:; 1!"WW-!

!

(-'+:;eHG5eFGH1!#-129;4A3001!0-%-!"/88/0!

X. #E&*-$' . $-"*GS+): +#GS+,8%/(,#%+)$89-*$' $*"#$5+)0#8'$' . $*"#ED) + (,#EN'%0*#$;) + & (#9DG$57 (*I#%)+,8
S$+?1758GF;5N!50!D;/'=F/'56!3=D5A3D/>!A/3F=8H0J!FKFD/AF!50!J43:H/8F1!050D8/FH031!+eHDL/8430>1!JUR]T!(38:;1
|

(-'+:;eHG5eFGH!

%58D83JF8/H;/\wP58F:;=0J!4H./084/0B3=4!+:;/88/8!SOFDHD=D1!%H44HJ/01!+eHDL/8430>1!T!$N8H41!|"WW-!!
!

(-!+:;eHG5eFGH

X, #&*-$' . $(/39%(*(#-$' $$+)04#8'S . $-, 7$+,8%(d#
O;@'>HFN=D3DH50!BHAC/84K!$00!?3F/K1!a0H./8FHDK!56!MF451!MF451!WX!+/ND/AC/81"WW-!!
!

(-'+:;eHG5eFGH1!0-$-103.45.3!

D& EH)HYo+HBSVYoH)H+-H#S $3HYo-(-*H, BN (RSEDUD-I$.%'/$2) 3(,#$:)+&(#%-$
M??<170U!6344!A//DH0J1!c544HG56/01!+eHDL/8430>1!]"M:D5C/81![*"WW-!

!

S-17/0>411#-ISF3GFF501!(-!+:;eHGbeFGH

5+084%' $+$,#7$5<+)0+%8$(SHS& Vot
fD;!+eHFF!E/5F:H/0:/'(//DH0J1#*"1c=8H:;1!+eHDL/8430>1!WWRWU!5./AC/811"WW-!



%%#

|

S-17/0>4!

a)+&Q$&+%0", $+,+)4-(-$(,S(&H#P&'Yo#t-$
+/AH038!56!D;/I'3C583D58K!56!<3>H5::/AHFD8K!30>!1#0.H850A/0D3417?;/AHFD8K 1!03=4!+::/88/81SOFDHD=D1!%H44HJ/
fl@/:/AC/81I]"WW-!

|

$-1c3N6!

M+8('&+%60", $8+*(,:$". $(&HS&IYb#-
+/AH038!56!D;/!'3C583D58K!56!<3>H5:;/AHFD8K!30>!#0. H850A/0D341?;/AHFD8K 1!03=41+:;/88/81SOFDHD=D1!%H44HJ/
TI(BKLMWW-!

|

$-!C3N61!+-!+LH>3D1!(-!+:;eHG%FGH
M+8('&+%0',$P+*(,:$'.$?&#$6'%6o#-GEnDHS- (I#S) (/(*-$' . SM+8('&+%42,+)4-(-mG$2,$?,*#%, +*(',+)$X>3) % +*'%4$
i'%Q-"3 #

#*"Ic=8H:;1!+eHDL/8430>1'WURWT!+/ND/AC/81!["WW-!

#

$-1c3N61!+-1+LH>3D1!(-!1+:;eHG3eFGH
M+8('&+%0",$8+*(,:$" B &(#%S(&HCSG*"$57 (--$;#'- & (#, &HASNIHH*(,:
#*"lc=8H:;1!+eHDL/8430>1'WWRWU!)5./AC/81"WW-!

!

$-1c3N@
M+8('&+%0",$8+*(,:$".$"(:"$+)3(;#5:) +&(#%-GPFE( $*"'#5 +0'%+*'%4%".$?', $a#+/$D"4-(&-$
#*"Ic=8H:;11+eHDL/8430>1W!@/:/AC/81!|"WW-!

1

!

|

<$@7%$+*#! P)p&rsr+ |

|

(-1$K8305.1!@-1+:;=A3001!<-! @8/FF4/8!

D%#3+%+*(",$ SHEB(GEN,GE2)$+,85 Bt $-+/3)#-$.' % +-*%'3"4-(&+) 1> 31% /1, *-$
)=:4/3810;KFH:!HO!$FD85N;KFH:!X11#H43D1!SF83/41IXRfISNSHA LI AWW-!

!

(-1$K8305.1!@-1+:;=A3001!<-| @8/FF4/81!)-IBH./4!

X>"(&$%+8(',9&) (8#-$#>*%+&*(',$.96'/$ 30+ BH(HABG& 3316 $0#+/$89/3%+,8$520e$&.")(,: ST +*#%
#<$7$+*1SS1e58GF;5N110+S11+eHDL/8430>11]fI$=J=FD!R!]!+/ND/AC/81/|"WW-!

|

@-12/AA/8/811*-1$4R$C>=443;11<-| @8/FF4/81!@-!+:;=A300!
2-$(*$3'--(0)#$*'$-*984ERUBE GIS$Uo#+&* (', $7 (*"$+$%+8(+&* (<HS*+%:#*n
#<$7$+*1SS1e58GF;5N1103=4!+::/88/8!SOFBAHAABII01!+eHDL/8430>1!$=J=FD!R!+/ND/AC/81!]*"WW-!
!

<-|@8/FF4/81!@-!+:;=A300!!
D)+,-$*'$/#+-0%#3$,#9* %', $&+3*9%#SEI(5-$#8BS"+). 1) (<#-$'.$&'-/"#,(&$%+8('1,9&) (8%~
$00=3410y*MP!A//DHOJI'HFABEBD=J341!@/:/AC/81!"WW-!

|

2-1"3AA/8!

D%'89&*(",$+,8$8(-*%(09*(,$'.$)',: 1) (<#8$%+8(', 9&)(8#-$(,$+$)#+810(-/9*"$*+06:#*$.%'/$?5U PX$$
+/AH038!56!D;/I'3C583D58K!56!<3>H5:;/AHFD8K!30>#0.H850A/0D34!1?;/AHFD8K 1!03=41+:;/88/81SOFDHD=D1!%H44HJ/
WW1)5./AC/81IMWW-!

|

+-1"/HOHDL!

U, $*"#$8(..9-(,$.$3"),(9/$*"%'9:"$/#*+)-$
+/AH038!56!D;/1'3C583D58K!56!<3>H5:/AHFD8K!30>!#0.H850A/0D341?;/AHFD8K 1103=41+:;/88/81SOFDHD=D1!%H44HJ/
[1(38:;11]"WW-!

|

@-1BHF/4/.110-123=A3001!(-IE30>/411811@-1+:;=A3001!$-1+D8HO0H0J11$-IB505C/K.!
X>+H(,+*(,$' . $+$& 3346 %S (%6%6+8(+*#8$(, S MBBFS% ™ $04#+/$)(#$+*$D52$
[ DI"HJ:105e/81*38J/D8K! 758G F;5N1!1(34AQ1!+::e/>/0LRT!(3K LIMWW-!



%"#

|

7-1B=DF:;/831! B-12=L:3G1! M-|P58FDOBE4R/81! $-|08H44/81! O-1+D/H/81! ! ©B440/8A3001! <-! @8/FF4/81! E-173440/81!
(-12H:;4/81! E-1+D/H0;3=F/81! O-1?544501! (-125e/8F 1! B-1?;3AC/84HO01! (-1?5=>/81! 7-'=1! @-1<5C/8DF501! (-1*85K 1! $-1+D5
+-1$=FDHO1!S-I$;A3>1! -|E8//01!@-1E83:LKG1!(-103=4!

1#$"+).1) (#$ $=#$%oH<(-(H#8
#<$7$+*1SS1e58GF;5N1103=4!+::/88/8! SOF BAHA4B1/01!+eHDL/8430>11$=J=FD!R!+/ND/AC/8LI]"WW-!

|

*'58/0L112-1"3AA/8!

777]09&)#',(&+],#*$1$7#0$8%(<#,$,9&)#+%$-& (#,&#$
$+S1+/AH0381!%H44HJ/01!+eHDL/8430>1!WW!M:D5C/81!"WW-!

|

-)/=;3=F/01!"-IE43FC8/00/81!+-I"/HOHDL1!(-!, 54GEBAB=83D31!*-IMC3831!)-I*;H544H/8/1!"-Ic30HOH!
6"+3*#%P\@SD%'3#%* (#-$'. $(%%+8(+*#8% aX$+,8$D0%
(//DHOJI56!D;/I7OP?1#tN/8D!E85=N!50!"/3.KI'Hn=H>!(/D34!*/:;05453/F
M#?@11)#$!566H:/F1!SFFKR4/FR(5=4H0/3=t1!P830:/1!WYRWV!,30=38K 1I]"WW-!

|

-1)/=:3=F/0!

M )+-#8 $<')+*(#-$.96/9) (KI(BSDO1+)) 4@SD521%+8(&"#/(-%ABE *U6(09*(, S*ENA%Y6"+$
08/N383DH50!(/DHOJI658ID;/IPOYRO85/: DI+#$<?"1128=FF/4F 112/4JH=A11UIP/C8=38K LIJMWW-!
|

-1)/=:3=F/01! @-! +:;=A3001! <-! @8/FF4/81! 2-! #H::4/8M@HDLL! 2- "3AA/81! P-1 50! <Bi8-1 c30HOH1! %-! 25=D/44H/81!
(-1<9D;H11,-1#HG/OC/8J11#-1)53;!

M+8( & " #(8+)$+-3HE&*-$' . $)(KI(BS/H+)$-3+))+*(', $*+%:#*-$
085://>HOJF!56!@$#R2<)+1+KANSFH=AI501)=:4/381308:24FD8K 11%HF3G;3N3BM3AAL JR] T!P/C8=38K 11" WW-!
!

-1)/=;3=F/01!(-175;4A=D;/8!

at*o+&"9, #,$I9%$SHY68+/3.9,:$<', $D'12-"$BEBSW: 1AgBSOH#($5&"/#)I1$9,8$1%#, <'%:h, #,$
P3::J/FN8I:;IL=14+H:;/8;/HD!=0>#0DF58J=0J HAIS/8! (HESOS#R)3:;=0D/8F=:;=0J/011#)+S1!!
28=1J11+eHDL/8430>11VI$NSHA LA WW-!

!

-1)/=;3=F/01!@-1+:;=A30011%-125=D/44H/81!?;-lc=AC3:;1!(-|@=CF!
5+/3)(,:$+,85%-+8('&"#/(&+)$(,<H-*(+*(,-$ S HINX; 2D ?X 11+ %:#*$
(HE$OS#0+210?ER(//DHOJ11%H44HI/011+eHDL/8430> 11U, =0/1]AWW-!

|

-1)/=;3=F/01!(-/75;4A=D;/81!@-'E3.H44/D!
X<+)9++(',$.$D'$+,8SW: 1AGRS3%+*(', $89%(,:$/H#)*(,:$+,8$80:$ SNX;2D?X$-+/3)#-$
(HE$OS#0+210?ER(//DHOJ1!%H44HI/011+eHDL/8430> 11U, =0/1]AWW-!

!

-)/=;3=F/0!

53+))+*(,$3% 898+ $YoH ) H+-#$+,8$8(-*%6(09*(', $(, $+ SHKEBH*+MB)#SD521M+8( &"#/(-*%4$&' *%(09*(',-$*$X55%
#++170TR(//DHOJ11<HJ311'3D.H31!]TIM:D5C/81I"WW-!

|

-1)/=;3=F/0!
5X2MBWS$IDN@SM#)#+-#$+,8$&+BYVoH#-$.%'/$)(KI(8$ aX$
U<#%<(#7 @SUOYH&*(<#-G$5*%9&*9%#G$a98:#*$
+#$<?"IBH:GR566!(//DH0J1!28=FF/4F1!2/4JH=A1!]U!)5./AC/81!]"WW-!
|

,-N)/=;3=F/0!

5X2M6WS$iD*@ $M#)#+-#$+,8$&+BYV#P#-$.%0'/$)(K9(8$ aX$
D5?1&",*%(09%(", $LS!+-Q$"AS
+#$<?"IBH:GR566!(//DH0J1!28=FF/4F1!2/4JH=A1!]U!)5./AC/81!["WW-!
|

-1)/=;3=F/0!
M+8('&"#/(&+)$+-3#&*-$'.$)(KO(8F/#*+)$-3+))+*(, $*+%:#*-$
(//DH0J!56!D;/!(K88;3R'2#!?50>HDH50H0J!30>!?;/AHFD8K!J85=N1!(541!2/4JH=A1!]X!)5./AC/81!"WW-!
|

(-'<HLLH1!,-1)/=;3=F/O!

D')',(9/$#<+3'%+*(", $-*98(#-$.%6'/$) (KI(8S/H#*+)$-3+))+*(, $*+%o:#*-$

[ D1"HJ:105e/81*38J/D8K! 758G F;5NIAWW1!:5F D/>ICKI#=85N/301+N3443DH50!+5=8:/I\#++ |
(34AQ1!+:;e/>/01RT!(BKLAWW-!

|



%$#

|

@-'+:;=A300!

XM2i25!$L$09&)#+%$6"#/(-4%0 %SO 9&)#+%S5& (#,&#F

] P1#<$7$+*1e58GF;5N11%H44HJI/01!+eHDL/8430>1!]fI$=J=FD!R!]!1+/ND/AC/81!]"WW-!
|

@-1+:;=A3001!(-'$K8305.1!<-|@8/FH4/8!

D'--(0() (*(#-$.'%$*"#$3%#3+%+*(",$' . $#>"*(&S*+%:#*-$+*$D5?
$00=34!0y*MP!A//DH0J1I"'HFE3H8D=J341'WURWX!@/:/AC/81!["WW-!

|

+-14Q4483>411'-1230/443110-1B=>/g5.31IcF-1</.31!<-| @8/FF4/81!@-!+:;=A3001!(-'$K8305.1!$-1*984/8!
D)+, $*' $/#+-0%0HS*" #$,#9*06' $&+3*0%HS&Y - 1-HEHEBUES&)8S,#O*%' -$+ S+ #$D;22$.+&() (4B(, 9, (&"
#<$7$+*1SSIe58GF;5N110+S11+eHDL/8430>11$=J=FDIR!+/ND/AC/S1!]"WW-!

|

$-173440/811B-12=:L3G 1!$-!045AN/01!@-!+:;=A3001!%-1+/AG5.3!

OHTSH>*(8$+,83,, 1-*+,8+0683%+8(',9&)(8#-$(,$2N5$

WP1$::/4/83D58!(3FF!+N/: DS5AKDIB506/8/0:/1!7/44H0ID50E)/3430>! R]X!(38:; 1] WW-!

|

|

|

<$@SM)a?'S@#@%#'MO#)* |

!

(-12=0G31!B-Ic;/805F/G5.1!$-1"5;01!<-1+:;HCAH1!$-1*AB4/8
X,*7(&Q)9,:$<',$9(1D%'89Q*(",$.0RE>H&M+8(,9Q)(8:#,#%+*1%
E@?;R7HFF/OF:;36DF658=AI]"WW1!28/A/01!E/8A30K1![RY!+/ND/AE/S1I|"WW-

#

"-1@588/8!!

D%'89&*(",$'.$*#%0(9/$%+8('(-+'3#-$.'%$8(+:, -*(&SHBG+3#9*(&F+33) (&+*(',-$(,$,9&)#+%$/#8(&(,#$
+/AH038156!D;/1'3C583D58K!56!<3>H5:;/AHFD8K!30>!#0.H850A/0D34!?;/AHFD8K1!03=4!+:;/88/8!SOFDHD=D/!30>!a0H./!
2/80/11+eHDL/8430>111X!(38:; 11" FA/W-

!

".1@588/81!B-Ic;/805F/G5.11a-IBQFD/81!B-!,5;0FD501!<-!+:;HCAHEL1$-1*084/8

WH%-*#))9,:$<" $1#9%0(9/1M+8('(-*'3#,$.0%$8(+:, -*(-&'8$*"#%o+3#O*(-& "#$2, 7#,89, :#,$(,$8#%$O9Q)#+%/#8(I(,$
E@?;R7HFF/OF:;36DF658=A1!28/A/01!E/8A30K1![RY!+/ND/AG81I]"WW-

!

"-1@588/81!la-BQFD/81!?-1(944/81!B-!,5;0FD501!<-I+:;HC4H11$-1*084/81!B#c;/805F/G5.

WiH%-*#))9,:$<" $1#9%0(9/1M+8('(-*'3#,$.0%$8(+:, - * (&9, 8$*"#%+3#O*(-&"#$2, T#,89, #,$(,$8#%$09Q)#+%/#8(J(,
Wi-1,3;8/FD3J=0J!>/8!$8C/HDFJ/A/HOF:;36D!<3>H5: Ak 38A3LH/1!M:;F/06=8D!C/H!798LC=8J1!E/8A30K1!!
WXRWY!+/ND/AC/81"WW-!

!

"-1@588/8!

D%'89&*(",$'.$!#%0(9/$%+8('(-*'3#-$.'%$8(+:, - *(&$H18h+ 3#O*(&$+33)(&+*(',-$(,$,9&)#+%$/#8(&(#$$
+/AH038156!D;/1'3C583D58K!56!<3>H5::/AHFD8K!30>!#0.H850A/0D34!?;/AHFD8K1!03=4!+:;/88/8!SOFDHD=D/!30>!a0H./!
2/80/1!+eHDL/8430>1!f!@/:/AC/81IFRNW-

!

B-Ic;/805F/G5.1!+-IE/HFD4H:;1!$-12430@888/81!+-1'30>54D1!$-1¥984/811<-1+:;HCAH!

AdEQBKO+) (*4%+,88) (/(*+*(',-$+,+)4-(Ta$+,$#. . (&(#,*$3%#3+ %P G5 $) +0#)#8$&'/3'9,8#
E/A/HOF3A/!,3;8/FD3J=0J!>/8! @/=DF t#FD/88/H:;HF:;/0'=0>!+:;e/HL/8HF:;/0'E/F/44F:;36D!6981)=G4/38A/>HLHO!!
28/J/0L1!1$=FD8H31IWURWT!$NSHA L[ NWW-!

!

B-!c;/805F/G5.!

THTT+$%+8(',9&) (8#-$:#,#%+*%-$k$-4, *"#-(-$/'8d)#-

08/1+KAN5SFH=A1!WFD!7584>!250J8/FF!50! E34HOARIN3!</://ND58!<3>HB8=/D;/83NKNO<<)*_-II
23>12/8G31!E/8A30K!]YR]f!,=0/1!"WW-

|

#)%S<M)(#)*$'! <$@SM)a?'S@#+1a )S%#<+S*m*12 #<) |
|

@-1?/C=80HF1!$-IE38C383F 11+-1+EH&BMBB11%-1</A/HGHF 11?-@-M{@5e>!

5'006&H#$ +33'%6* (', /#,*$ .S +/O(#,*S 3+% (&8P &+%0" +&H'O-$ [+ H%S +*$ N+83% 8I%o(,:$ *"#$ Y'(,*$ XNXDTXR622M?$
(*#,-(<HS/H+-O%H/#, *$3#%('8-$(,$.+)) SC[[F$+,8$-3%(,:$C[[g$
#=85N/30!$/85F5412506/8/0:/'"\WW1!(30:;/FD/81!a-B-1![Rfl+/ND/AC/SLI"WW-!



"&#

|

a-|@=F/G1!(-1(503:51!(-/085G5NH5=1!P-IE50J8H/N1!<-!"54H0J/81!+-1+LH>3D1!<-I"HDL/0OC/8J/81!*-I<Q:GA300!
I"#90/+)$-#3+%+*(',$+,8539%(. (&+KW:+,(&S+,8SH)#/#,*+)$&+%0" 5V )) $+#%'-)$-+/3)#-$. % $B6$+,+)4-(-$
S0D/803DH5034!758GF;5N!50!+A3441+:34/1<3>H5:38C50!$034KFHF1!c=8H:;1!+eHDL/8430>1!WURWT!+/ND/AC/81!]*"W
|

+-(-1P3;80H1!+-1+LH>3D1!"-$-1+K0341!'-173:G/8!

2/3%'<(,:$+$:+-$(',$-'9%8&#$ 6 $2N5$
S0D/803DH5034!758GF;5N!50!+A3441+:34/1<3>H5:38C50!$034KFHF1!c=8H:;1!+eHDL/8430>1!WURWT!+/ND/AC/81!]"W
|

(-1P=8J/81!(-1?8HNN31!P-IP8/=D/41!"-|05=43H01 H4I%HHEF3BM | O-Ic5DD/81!$-+-"-108/.5D1!a-1234D/0FN/8J/8!

M#: (', +)$<-1$)'&+)$+#%'-)$-'9%8E#-$89%(,:$* #SNX;2DU" 2$D+%(-$&+/3+(:,-$
]XD;!E/0/8341$FF/ACAKI56!D;/!SOD/803DH5034BMHAKE80>E/SN; KFH:F\SaEE_1!(/4C5=80/1!$=FD834H31!!
IV1,=0/IRIY!,=4K1I]M"WW-!

|

+-1+LH>3D!

OHTS(,. %o +-+%9&*QVHS+ S+ HSUH-&" HATBOR SBHEIBD +* VoSN +--$53HE %' #+64$
04/038K!(//DHOJIM/F:;/812/0D8/!"WW1!2/801!+eHDL/8430>1IWT!P/C8=38K1/["WW-!
|

+-1+LH>3D11+-(-1P3;80H11)-10/885011$-+#DIOBHKL 3:31!"-123=/811"-10=tC3=A1!"173:G/8!
6'/3'9,81-3#&(.(&$ B+ +)4-(-$' . $+&(B(&S+#%'-)$& I3 #,*-$
WPi$::/4/83D58!(3FF!+N/:DS5AKIB506/8/0:/1!7/44H0JD501!)E8B430> 111 R]X!(38:; LI "WW-!
|

.+-!+LH>3D1!+-(-!P3;80H1!'-!73:G/81!"-$-!+K034!
213%'<(,:$+,8$9,8#%-*+,8(,:$+$:+-$(', $-' 9% &#$BHINSS
WP1$::/4/83D58!(3FF!+N/:D85AKDB506/8/0:/1!7/44H0JD5011)EB430>1!]"R]X!(38:; 11" WW-!
|

+-1+LH>3D11&-"1c;30J1!)-10/8850!11$-+-"-1080.rD1!-173:G/8!

M+8('&+%0", $/#+- 9%k /H#,*-$' . $&+%0', +&H'O-$+#%0'-)- GPSHE3)HS3%#3+%+*(, $) (H#S+*SR, (<#%-(*4$'.$a#%,$
WPi$::/4/83D58!(3FF!+N/:DS5AKDB506/8/0:/1!7/44H0JD501!)EB430> 111 R]X!(38:; LI "WW-!

|

+-1+LH>3D1!+-(-!P3;80H1!)-!0/88501!$-+¢DHY8F 3:G/81!(-1<L3:311"-123=/81!"-10=tC3=Al

AB$-'9%0&#$+33'%* (', /#,*$'. $8(&+%0">4) (&$+&(8-$+,85"9/(&1) (QH#S$-90-*+,&#-$(,$+*/'-3"#% (&$+#%'-')-$
WRIS0D/803DH5034!?506/8/0:/!50!238C503:/5=F!O3EDHSBRSHN;/8/1!%H/0031!$=FD8H31!]TR]f!,=0/1!]*"WW-!
!

+-1+LH>3D!

M+8('&+%0',$+,+)4-(-$'.$0)+&Q%$+,850%'7,$&+%0"', @$7"+*$&+,B7#$)#+%,n
JUB1S0D/803DH5034!+KAN5SFH=AI50!054K:K:4H2 B/SSB3MHEL ! (90FD/81!E/8A30K 1![RV!+/ND/AC/8 1" WW-!

!

+-1+LH>3D!

ABS+8&H)HYo+*Yo$/+--$-3HEX Y [H* Y4 @S- HBFTBE*+))+*(,-$+* SR, (<#%-(*4$'. $a#%,$
M/F:;J/812/0D8/!70U!(//DHOJI"WW1!cEBBBA01!+eHDL/8430>1!]NM:D5C/81I"WW-!

!

-1 73:G/81! +-! 2/803F:50H1! $-! 2H8G;54L1! +-! P3:80H1! (-! EHJ/831! S-! "3g>3F1! )-1 O/88501! (-! <=661! *-! +:;=4L/RB5
<-1+AHDD/0C/8J1!"-$-1+K0341!+-1+LH>3D1!&-'-Ic;30J!
2$<H%-+*(JHS+-B(, " H#%0.+&H$. Yo SYBOEHE0, $+,+)4-#-57 3+ +-$(', $-'9%&H#$
WP1$::/4/83D58!(3FF!+N/:D85AKDIB506/8/0:/117/44H0JD501!)EB430> 1! R]X!(38:; 1" WW-!

|

&-'-1c;30J11)-10/88501!$-+-"-108q.rD1!'-173:G/81!+-1+LH>3D!

M+8('&+%0", $/#t+- 9% /#, *-$' $&+%0", +8&H O-$+#%'-)- GISHEI)HS3%#3+%+*(, $)(#S+ SR, (<#%-(*4$'. $a#%,$
WPi+eHFFIE45C3412;30J/!@3K1!12/801!+eHDL/8430>1IWAISNSHA LM WW-!

|

-&—'—!C;3OJ!!

U, $*HSKO+ *((8+*(,$ . SUBS+HEIE+ 8 #(%6$(-)+*(',$ 6B t-+-0%# /1, * @$+$/'8(. (H8$* #I6/+) 1'3*(8&+) /1" 8$$
+/AH038!'3C583D58K!56!$DA5FN;/8H:!?;/AHFD8K1!0+S1!+eHDL/8430>1!T'(3K1M"WW-!

$

&-'-1¢;30J1!)-10/88501!$-+-"-108q.rD1!"-173:G/81!+-!+LH>3D!!

U, $F#SKO+,*(.(&+*(,$ . SUBSHIE+, 8 #(% () +*(', $. 568 #+-90%6#1# * @$+$/'8(.(#8S*"#%/+) 1'3*(8+)$/#*"8$
WRISOD/803DH503412506/8/0:/!501238C503:/5=F!O 3EDABBIRGRI:/8/11%H/0031!$=FD8H3 1! TR]f!,=0/L\WW-!



|

&--1c;30J11$-1c3N6B1!(-1+::eHG5eFGH1!$-+-"-108q.rD1!+-1P3:80H1!-173:G/81!+-1+LH>3D!
N(&Y6":%+/$)H<H#)$%+8( &+%0' BBEH(', S, $&+%60', +&H'O-$+H#%' YB3 +Yo*(&)H-S(, $*"H#$#,< (%' /#,*$
S0D/803DH5034!758GF;5N!I50!+A3441+:34/1<3>H5:38C50!$034KFHF 1!1c=8H:;1!+eHDL/8430>1!WURWT!+/ND/AC/81"W!
|

&-'-1c;30J!

5'006&H#$+33'(,*/#,*$' . S&OY &H'O-$+#%"-)$04$6 1 ABS+, +)AHEAESSH<H)'3/#,*$+,8$+33)(&+*(,-$
+/AH038!56!D;/'3C583D58K!56!<3>H5:;/AHFD8K!30>1#0.H850A/0D3412;/AHFD8K 1103=4!+::/88/8!SOFDHD=D1!%H44HJ/
WW1)5 /AC/8LINWW-!

|

O-! ¢c5DD/81! $-+-"-1 08q.rD1! &'-! ¢;30J1! +-1 +LH>3D108t! &3-! 'HO1! O-! "3K/F1! - +::0/44/RBS/HF1! E-! +/HC/8D1!
<-ICHAA/8A3001!,-@-1+=883DD1!,-'-1,HA/O/L1!<-17/C/81a-1234D/OFN/8J/8!
P(9%,+)$848&)#$".$.'--()$+,88,",1.--()$**+)$&+%0", STaE$, +)4-#-$89%(,:$6+)O#>$

234)/l @3D3!$034KFHF! 758G F;5N11+3:83A/0D51!a+$1IWTRWH! (3K LIAWW-!

|

O-!c5DD/81! $-+-"-1 08q.rD1! &-! ¢;30J1! +-1 +LH>3D1! d-! &:BGII1183-! "3K/F1! ,-| @-! +=883DD1! ,-'-1 HA/O/L1! <-! 7/C/81!
-1+45eHG1la-1234D/0FN/8J/8!

P(9%,+)$&4&)#$".$.'-()$+,8%,, 1.-)$**+)$&+%0', $TaRS, +)4-#-$89%(,:$6+) O#>$
#=85N/30!$/85F541?506/8/0:/'/"WW1!(30:;/FD/81!a-B-1![Rfl+/ND/AC/81!"WW-!

|

O-1¢c5DD/81! $-+-"-108q.rD1! &-'-1 ¢;30J1! +-! +LH>3D1! d-&€"A0Q0N! O-1 "3K/F1! -@-! +=883DD1! --! HA/O/L1! <-! 7/C/81!
a-1234D/OFN/8J/8!

P(9%,+)$&4&)H#$".$.-()$+,83,, 1.'-()$**+)$&+%0" STaGE$, +)4-#-$89%(,:$6+) O#>$
S0D/803DH5034!758GF;5N!50!+A344!+:34/1<3>H5:38C50!$034KFHF 11c=8H:;1!+eHDL/8430>1!WURWT!+/ND/AC/81!]*"W!
|

O-1c5DD/81!$-+-"-1080.rD1!+-1+LH>3DDD1+=888 A/0/L1!<-17/C/811&-'"-Ic;30J 1H-H>3D1!d-!c;30J11&-"-'H01!O-1"3K/F 1!
a-1234D/OFN/8J/8!

P(9%,+)$&4&)#$".$.--()$+,8$,", 1.'--()$**+)$&+%0" $TaE$, +)4-#-$(,$D+-+8#,+$
$A/8H:30!$FF5:H3DH50!658!1$/85F54!</F/38:; \$$$<IH90DEB4! 2506/8/0:/11M8430>51!a+$1IURYIM:D5C/81!"WW-!



(4

0*1"+%78!,$"&-#%,-9%&)$78,+:%,+$"?"$"8# !
!
|
,@ABCDEFAB%+GHIEJDKC
%
7THFF/OF:;36D!3GD=/44\gzeNHFF/OF:;36 DR3GD=/44->/ !
MOp$+9.$8H#/SX<#Yo#-*$
1X1,30=38K!]"WW!
!

7/4D'>/810;KFHG!\;DDN lleee-e/4D>/8N;KFHG->/ !
MOPS$+9.$8H/SX <HYoH-*$

1X1,30=38KI*"WW!

|

c/0D834F:;e/HL!3A!+500D3J!
M9--$9,88P%#&Q$+9.$8#/SP+&"$8#%0$i#)*$
UAL30=38K!"WW!

[

O+SI(/>H318/4/3F/!
MO—-$)N--*SW(+)+4+ 1 B HO6S-&" #))H06$-8"[#) I, $
JWIP/C8=38KI"WW!

|

+:e/HL/SHF::\@/N/F::/03J/0D=8I$E!

)+ 10%-8"9 - SMO--B) - SW(/+) + At - O B-&e" #))HU$-&" 1) I, $
JWIP/C8=38KI"WWI!

|

)ccIMO4HO/!
MO--$)h-—*SW(/+)+4+1; L HY%S$-&" #)H%$-&"1#) I#,$
J]!P/C8=38KI"WW!

|

@H/!ZSDF:;BGD!
O(&"*$,9%$#(,#$="):#$8#%S$_) ([+#% 7h%/;BHBMBW (/+)+4+1;)8& " #%$-&" #))#%$-&"[#) I#,
JUIP/C8=38KI]"WW!

[

;3J/FR$OL/HJ/8!
MO--$)h--*$8+-SX(-S(/SW(/+)+Y+3-&"/#)I#,$
JUIP/C8=38K!]"WW!

!

+9>>/=DF:;/Ic/HD=0J!
P%#&Q%$+9.8X(-$

JUIP/C8=38K!]"WW!

!

?:/AH/'04=FI'3C58!P43F;!
M9O--$/(*-&"9)8(:$+,5; )#*-&"#%-&"I#) I#S
Y!(38:;]"WW!

|

@/A50FD83DH50!

*3J1>/81566/0/01*9813AI0+S!

6 I (HS(I5,) -8 HYoH (- 1$: JH*-BIS+%68&" (< (HYb#, $S(H#$ 9. *<#%6-&"/9*J9,:$
WT!M:D5C/8!]"WW!

|

:DDN lleee-5/F:;/8-=0HC/-:;IN/5SN4/IN856H4/FI34/t30>/8yL3N6y/0-;DAA!
2,4)4-(,:$2.%(&+, $(8&HSOH. VoHS(*$8(-+33H+6-$. YoH<#%
W]!@/:/AC/8I"WW!

|

!
!
%



u)#

‘HALC%8BHIH@DJ%
!

i358=A!698!aOH./8FH DID!=0>!E/F/44F:;36D1!a0H./8FHDID!2/80!
2]$10%)#%GSqM+8(+Q* B @IBI@F, $9,8$5*%6+")9,:-/#--9,:r$
WISNSHAAWW!

|

@<+WN\<3>H5F/0>=0J!@5NN/48=0GD _
2]$10%)#%GIN+%(#$69%(#$9,85("%HSX, *BH&Q, #,5$
WY!,=0/AWW!

|

@/A50FD83DH50!

*3J!>/81566/0/0!*98!3A!0+S!
P#HS#(,-*#,9-(,8B8(#Pi(&"™*(:-*#,$LS+9&"$(,$8#%$6"#/(#$
WTIM:D5C/8!I["WW!

[

@/A50FD83DHS0!
*3J1>/81566/0/01*9813AI0+S!
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