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!" Sfff! `,$,3'! %.! 1! Z$)*,2)3(! 132!X)3)$1A!:131')$G!:$6! X#,*A1,3! "#kF)$')G! 132! ,BCA)B)3(1(,%3! %.! 13!

%$'13,l)2!F&*,3)**!*($&-(&$)6!
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.,)A2!%.!(#)!'A%F1A!B131')B)3(!%.!>?@!%..)$,3'!(#)!.%AA%Q,3'!C$%2&-(*!132!*)$+,-)*e!
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4%A&(,%3_*!)BCA%D))*!1$)!*&F0)-(!(%!-%3.,2)3(,1A,(D!132!3%3P-%BC)(,(,%3!1'$))B)3(*6!



 

* S*W9*S*

EVC]52U2X@CTU*cVZVU2!?V5E*

B(,%,*+3*/Q#*E#.Q'+$+4%.($*!$(/3+"&*

"#)! ()-#3%A%',-1A! CA1(.%$B! 2)+)A%C)2! FD! >?@! 4%A&(,%3! &*)*! 1! F,%A%',-1A! C$%-)**! (%! -%3+)$(! >?@! ,3(%! 13!
)3+,$%3B)3(1AAD!*1.)!*&F*(13-)G!31B)AD!F,-1$F%31()!7`>?NP=6!"#,*!C$%-)**! A)+)$1')*! (#)!-1C1-,(D!%.!13!)3lDB)!(%!
-1(1ADl)!(#)!($13*.%$B1(,%3!%.!>?@!,3!13!1]&)%&*!)3+,$%3B)3(6!!

"#)!C1()3()2!C$%-)**!7*))!2,1'$1B!F)A%Q=!%.!>?@!4%A&(,%3!(1Y)*!CA1-)!(#$))P*()C*6!>?@!,*!,3,(,1AAD!2,**%A+)2!,3!(#)!
1]&)%&*!*%A&(,%3G!(#)3G!,3!(#)!C$)*)3-)!%.!(#)!)3lDB)G!-%3+)$(*!,(!,3(%!1!F,-1$F%31()!,%36!"#)!*%A&(,%3!)I($1-()2!.$%B!
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!!

W)1-(%$!?C)$1(,%3!!!
:%2)!!

a1F%$1(%$D!Z$%(%(DC)! g,$*(!X)3)$1(,%3!
532&*($,1A!Z$%(%(DC)!

CO2 is 
absorbed 

Bicarbonate is 
released 

Clean air 
exit 

Pure water
entry

Air + CO2

entry

Water + bicarbonate 
exit 

!
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Q)AA!C$%+)3!132!2%-&B)3()2!132!Q#,-#!-133%(!F)!]&)*(,%3)2G!31B)ADe!
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($13*.%$B1(,%36!
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!" 4,'31(&$)!%.!13!1'$))B)3(!Q,(#!%3)!%$!B%$)!*($1()',-!C1$(3)$*!7Q,3()$!@MM\=o!
!" ")-#3,-1A!.)1*,F,A,(D!*(&2D!7*&BB)$!@MM\=o!
!" /,',(1A!*,B&A1(,%3!7*C$,3'!@MML=o!
!" O]&,CB)3(!2)*,'3!7Q,3()$!@MMT=o!
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Q1()$! .%$! &*)! ,3! *&CCAD,3'! (#)! F,%$)1-(,%3! %.! (#)!>?@ 4%A&(,%3! C$%-)**6!
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E#.Q'+$+4)*3+"*.(-/0"%'4*C29*

E).%$)! F),3'! *)]&)*()$)2G! >?@! B&*(! .,$*(! F)! -1C(&$)26! <A(#%&'#! (#)$)! 1$)! B13D! ()-#3,]&)*! .%$! -1C(&$,3'! 132!
*)C1$1(,3'!>?@! ,3-A&2,3'!-$D%')3,-!*)C1$1(,%3G!-#)B,-1A!132!C#D*,-1A!1F*%$C(,%3!%$!12*%$C(,%3G! (#)*)!B)(#%2*!1$)!
3%(!$)12,AD!+,1FA)!)-%3%B,-1AAD!,3!(#)!-%3()I(!%.!A1$')!*-1A)!>?@!-%3.,3)B)3(6!

53!(#)!*#%$(!()$BG!>?@!4%A&(,%3!Q,AA!%..)$!C$%2&-(*!.%$!(#)!-1C(&$)!%.!>?@G!1A(#%&'#!,(*!&A(,B1()!%F0)-(,+)!,*!(%!*)AA!(#)!
-%BCA)()!*)]&)*($1(,%3!C$%-)**6!



 

* S*9:*S*

cVZVU2!?V5E*AEDTEVXY*

A/"(/#4)*

>?@! 4%A&(,%3! ,*! 13! )3+,$%3B)3(! F,%()-#3%A%'D! .,$B! *C)-,1A,l,3'! ,3! -A,B1(,-! -#13')6! 5(*! B1,3! *($)3'(#*! $)*(! ,3!
()-#3%A%',-1A! ,33%+1(,%3! 7Y3%QA)2')! 132! Y3%QP#%Q=! Q#,-#! #1*! 1AA%Q)2! ,(! (%! 2)+)A%C! ,(*! >?@! -1C(1(,%3! 132!
($13*.%$B1(,%3!()-#3%A%'D!*,3-)!SffL6!

"#)! F&*,3)**! B%2)A! C$%C%*)2! FD! >?@! 4%A&(,%3! -%3*,*(*! ,3! C&((,3'! ,3! CA1-)! -%P2)+)A%CB)3(! 1'$))B)3(*! 70%,3(!
2)+)A%CB)3(=! (#1(!Q,AA! 1AA%QG! 1*! 1! .,$*(! *()CG! (%! .,31A,l)! (#)! -%BB)$-,1A! *-1A)2P&C! +)$*,%3*! %.! (#)! ()-#3%A%'D! .%$!
+1$,%&*!,32&*($,1A!*)-(%$*6!"#)*)!1'$))B)3(*!Q,AA!F)!3)'%(,1()2!F1*)2!%3!(#)!-%3($,F&(,%3!%.!)1-#!C1$(3)$!1--%$2,3'!(%!
(#)!1..)-()2!B1$Y)(*6!!

4&F*)]&)3(ADG! &*)$! C)$B,(*! FD! ,32&*($,1A! *)-(%$! %$! FD! ')%'$1C#,-! $)',%3!B1D! F)! 1(($,F&()26!"#)*)! C)$B,(*!Q,AA! F)!
-%3-A&2)2!Q,(#!)3',3))$,3'!.,$B*!%..)$,3'!1AAP,3-A&*,+)!*%A&(,%3*G!%$!Q,(#!C1$(*!B13&.1-(&$)$*!($D,3'!(%!-%BCA)()!(#)!
1,$!C$%-)**,3'!)]&,CB)3(!(#)D!2,*($,F&()!(%!B10%$!)B,(()$*6!R)!*#%&A2!C%,3(!%&(!(#1(G!,3!-)$(1,3!-1*)*G!1!3)Q!-%BC13D!
780%,3(! +)3(&$);=! -%&A2! F)! -$)1()2! .%$! (#)! C&$C%*)! %.! 2)+)A%C,3'! 132! B1$Y)(,3'! *C)-,.,-! )]&,CB)3(! .%$! 1! ',+)3!
,32&*($,1A!*)-(%$6!53!(#,*!-%3()I(G!1!$%D1A(D!*D*()B!Q%&A2!F)!)*(1FA,*#)2!(%!$)B&3)$1()!(#)!2)+)A%CB)3(!-%3($,F&()2!
FD!>?@!4%A&(,%3!(%!21()6!

R)!*#%&A2!B)3(,%3!(#1(!,3!(#)!-%3()I(!%.!(#,*!*($1()'DG!>?@!4%A&(,%3!$)B1,3*!(#)!$)-%'3,l)2!*&CCA,)$!%.!(#)!)3lDB)!
$).,AA!$)]&,$)2!.%$!(#)!%C)$1(,%3!%.!(#)!$)1-(%$6!"#,*!B)(#%2!(#)$).%$)!1AA%Q*!.%$!$)-&$$,3'!*1A)*!(#1(!Q,AA!,3-$)1*)!Q,(#!
(#)!3&BF)$!%.!)]&,CB)3(*! ,3*(1AA)26!"#)!C$%(%(DC)*!132!)3lDB)*!&*)2! ,3!B13&.1-(&$,3'! $)1-(%$*!Q,AA! $)B1,3!>?@!
4%A&(,%3!C$%C)$(D6!

<*!%.!(#)!21()!%.!(#,*!C$%*C)-(&*G!*)+)$1A!,3()$31(,%31AAD!$)3%Q3)2!F&*,3)**)*!#1+)!-%BB&3,-1()2!Q,(#!>?@!4%A&(,%3!
132!3)'%(,1(,%3*! 1$)!&32)$Q1D! (%! )*(1FA,*#! -%P2)+)A%CB)3(! 1'$))B)3(*!%$! A,-)3*,3'!1'$))B)3(*! .%$! (#)!&*)!%.! (#)!
()-#3%A%'D6! 4&-#! 1'$))B)3(*! Q,AA! C)$B,(! (#)! >%BC13D! (%! &32)$(1Y)! (#)! Q%$Y! (%! *-1A)P&C! (#)! ()-#3%A%'D! 7*))e!
8!")-#3%A%',-1A!/)+)A%CB)3(!;=6!

"#)!.%AA%Q,3'!,AA&*($1(,%3*!*#%Q!(#)!,3-%B)!*%&$-)*!')3)$1()2!FD!(#)!C1$(3)$*#,C!*($&-(&$)!(#1(!,*!*%&'#(6!

! !



 

* S*9W*S*

EQ#*,/"(/#4)*/Q(/*$#P*/+*/Q#*.0""#'/*P#6#$+-&#'/*+3*/Q#*/#.Q'+$+4)**

J3(,A!3%QG!(#)!2)+)A%CB)3(!%.!(#)!>?@!4%A&(,%3!()-#3%A%'D!Q1*!B12)!C%**,FA)!(#$%&'#!-%P%C)$1(,%3!1'$))B)3(*!713!
1'$))B)3(!,3!Q#,-#!)1-#!%$'13,l1(,%3!-%3($,F&()*!,(*!Y3%QA)2')G!132!*#1$)*!Q,(#!(#)!%(#)$!,3!%$2)$!(%!12+13-)!(#)!
$)*)1$-#P2)+)A%CB)3(! %.! )1-#! %$'13,l1(,%3=6! "#)*)! 1'$))B)3(*! #1+)! 1AA%Q)2! .%$! *,'3,.,-13(! ,BC$%+)B)3(*! ,3! (#)!
%+)$1AA!($13*.%$B1(,%3!C$%-)**6!`)$)!,*!1!A,*(!%.!(#)!B1,3!-%P%C)$1(,%3!1'$))B)3(*!(#1(!(%%Y!CA1-)!Q,(#,3!(#)!.,$Be!!

U(6($*>'%6#",%/)e!4,3-)!SffTG!>?@!4%A&(,%3!#1*!-%3-A&2)2!*)+)$1A!$)*)1$-#!-%3($1-(*!Q#,-#!C)$B,(()2G!1B%3'!%(#)$!
(#,3'*G!(%!%F(1,3!(#)!*)$+,-)*!%.!C$%.)**%$*!132!(#),$!()1B*!*C)-,1A,l)2!,3!B%A)-&A1$!F,%A%'DG!132!(%!#1+)!1--)**!(%!1!
Q)1A(#! %.! *C)-,1A,l)2! *-,)3(,.,-! Y3%QA)2')6! >&$$)3(ADG! 3%! *&-#! -%3($1-(! ,*! ,3! .%$-)6! 53! 122,(,%3G! >?@! 4%A&(,%3!
-%3-A&2)2!1'$))B)3(*!Q,(#!(#)!J3,+)$*,(k!a1+1A!B131')B)3(!.%$!(#)!&*)!%.!-)$(1,3!*C)-,1A,l)2!)]&,CB)3(!A%-1()2!1(!
(#)!&3,+)$*,(D6!"#)!-%3($1-(!-&$$)3(AD!,3!.%$-)!*#1AA!()$B,31()!%3!g)F$&1$D!@VG!@MM\6!

?#P%.(4+* @'.He! ?3! /)-)BF)$! SN(#G! @MMSG! 1! *($1()',-! 1AA,13-)! 1'$))B)3(! Q1*! *,'3)2! Q,(#!:)2,-1'%! 53-6G! 1! .,$B!
2)2,-1()2!(%!(#)!C$%2&-(,%3!%.!F,%1-(,+)!B%A)-&A)*!Q,(#!A&-)$3)6!"#,*!1'$))B)3(!-%3-)$3*!(#)!-%BCA)(,%3!%.!$)*)1$-#!
132!2)+)A%CB)3(!1-(,+,(,)*!3)-)**1$D!(%!2)+)A%C!132!C$%2&-)!)3lDB)*!.%$!,32&*($,1A!&*)*G!(%!1AA%Q!>?@!4%A&(,%3!(%!
&*)!13!1A()$31(,+)!B)(#%2!%.!)3lDB)!C$%2&-(,%3G!,3!122,(,%3!(%!C$%2&-(,%3!&*,3'!(#)!($12,(,%31A!-A%3,3'!B)(#%26!<*!
%.!(#)!21()!#)$)%.G!(#)!C$%0)-(!#1*!F))3!*&*C)32)2!F)-1&*)!C$%B,*,3'!$)*&A(*!Q)$)!%F(1,3)2!(%%!]&,-YAD!,3!+,)Q!%.!(#)!
-&$$)3(!2)+)A%CB)3(!%.!(#)!$)1-(%$!)]&,CB)3(6!"#)!C$%0)-(!-%&A2!F)!$)1-(,+1()2!Q#)3!.%$)-1*(*!,32,-1()!1!*,'3,.,-13(!
3))2!.%$!)3lDB)*!,3!(#)!*#%$(!()$B6!<(!(#,*!(,B)G!1!3)Q!2)+)A%CB)3(!1'$))B)3(!,*!F),3'!3)'%(,1()2!Q,(#!:)2,-1'%!
53-6!.%$!(#)!Q%$Y!(%!F)!-%3(,3&)26!

N+"%'/#M*C('(P(*C+"-He!?3!i%+)BF)$!@f(#G!@MM@G!>?@!4%A&(,%3!-%3-A&2)2!1!0%,3(!2)+)A%CB)3(!1'$))B)3(!Q,(#!(#)!
>1312,13! Q%%2! C$%2&-(! $)*)1$-#! ,3*(,(&()G! g%$,3()Y! >13121! >%$C6! "#)! %F0)-(,+)! %.! (#)! C$%0)-(! ,*! (%! 2)+)A%C!
)]&,CB)3(! .%$! C$%-)**,3'! )B,**,%3*! $)*&A(,3'! .$%B! (#)! C$%2&-(,%3! %.! C1$(,-&A1()! F%1$2*G! Q#,-#! Q%&A2! 1A*%! F)!
)B,**,%3!.$))6!"#,*!C$%0)-(!Q1*!-%BCA)()2!1--%$2,3'!(%!*-#)2&A)6!"#)!$)*&A(*!1$)!+)$D!C%*,(,+)!132!3)'%(,1(,%3*!1$)!
&32)$!Q1D!Q,(#!g%$,3()Y!>13121!>%$C6!(%!C$%-))2!(%!(#)!3)I(!*()CG!F),3'!13!,32&*($,1A!*-1A)P&C6!

A%$%C).$#* @'.He!?3!/)-)BF)$! SVG! @MMdG!>?@! 4%A&(,%3! 132! 4,A,>D-A)!53-6! 0%,3)2! .%$-)*! .%$! (#)! 2)+)A%CB)3(! %.! 13!
)3lDB)! 1((1-#B)3(! ,32&*($,1A! ()-#3,]&)! %3! 1! *,A,-1! *&CC%$(6! "#)! *C)-,.,-! %F0)-(,+)! %.! (#)! C$%0)-(! ,*! (%! $)2&-)!
2)+)A%CB)3(!-%*(*!132!1--)A)$1()!(#)!()-#3%A%',-1A!12+13-)B)3(!%.!>?@!4%A&(,%36!"#,*!C$%0)-(!,*!*-#)2&A)2!(%!)32!
%3!%$!3%!A1()$!(#13!/)-)BF)$!NSG!@MM\6!

T$$%('.#,*

53! C1$1AA)A! Q,(#! (#)! ,BCA)B)3(1(,%3! %.! 1! -%P2)+)A%CB)3(! 1'$))B)3(G! >?@! 4%A&(,%3! -%3(,3&)*! (%! 2)+)A%C! ,(*!
()-#3%A%'D!FD!*)AA,3'! (%!)32P&*)$*! (#)*)!%3P*,()! ()*(! -1BC1,'3*6!"#)*)!C$%0)-(*!1AA%QG!1B%3'!%(#)$! (#,3'*G! .%$! (#)!
*(&2D!%.!(#)!,32&*($,1A!2)+)A%CB)3(!.%$!($)1(B)3(G!(#)3!(#)!1**)**B)3(!%.!(#)!-%*(!%.!(#)!3)-)**1$D!)]&,CB)3(!(%!($)1(!
(#)!+%A&B)*!(#)!-&*(%B)$!Q13(*6!JC!&3(,A!3%QG!(#,*!(DC)!%.!131AD*,*!Q1*!-1$$,)2!Q,(#!(#)!.%AA%Q,3'!C1$(3)$*e!

T$0&%'%0&* T,,+.%(/%+'* +3* C('(P(e! ?3! i%+)BF)$! L(#G! @MM@G! >?@! 4%A&(,%3! *,'3)2! 13! 1'$))B)3(! Q,(#! (#,*!
1**%-,1(,%3G!Q#%*)!B)BF)$*! ,3-A&2)e!<A-13! 53-6G!<A-%1!>13121!Z$,B1$D!:)(1A! 53-6! 132!<A&B,3)$,)!<A%&)(()! 53-6!
"#)!1'$))B)3(!2)1A*!Q,(#!(#)!-%BCA)(,%3!%.!1!.)1*,F,A,(D!*(&2D!%3!(#)!1CCA,-1(,%3!%.!>?@!4%A&(,%3_*!()-#3%A%'D!,3!(#)!
1A&B,3,&B!B13&.1-(&$,3'!,32&*($D6!"#)!-%3($1-(G!*,'3)2!Q,(#!(#)!<A&B,3,&B!<**%-,1(,%3!%.!>13121G!Q1*!-%BCA)()2!
1--%$2,3'!(%!(#)!.%AA%Q,3'!B,A)*(%3)*e!

#" 4,'31(&$)!%.!(#)!-%3($1-(!7i%+)BF)$!@MM@=!
#" 4(&2D!%.!(#)!()-#3,-1A!-%3()I(!%.!(#)!1A&B,3,&B!*B)A()$!)3+,$%3B)3(!7/)-)BF)$!@MM@=!
#" ")-#3,-1A!132!)-%3%B,-1A!*(&2D!7g)F$&1$D!@MMN=!
#" i&B)$,-1A!B%2)A!7<C$,A!@MMN=!
#" ")*(,3'!%.!$)1-(%$!7j&AD!@MMN=!
#" W)*&A(!131AD*,*!74)C()BF)$!@MMN=!
#" ")*(,3'!%.!$)1-(%$!%3!*,()!7/)-)BF)$!@MMN=!
#" g,31A!$)C%$(!7g)F$&1$D!@MMd=!



 

* S*99*S*

"#)!-%3-A&*,%3*!%.!(#)!.,31A!$)C%$(!1$)!1*!.%AA%Q*e!

q"W<i4a<"5?ir! 8"#)! %F0)-(,+)! %.! (#,*! *(&2D!Q1*! (%! 1**)**! (#)! C%()3(,1A! 1CCA,-1(,%3! %.! (#)! )3lDB)! ()-#3%A%'D!
2)+)A%C)2! FD! >?@! 4%A&(,%3! (%! -1C(&$)! '$))3#%&*)! '1*)*G! F),3'! (#)! >?@! C$)*)3(! ,3! '1*! )B,**,%3*! $)A)1*)2! FD!
1A&B,3,&B! *B)A()$*6! "#)! %+)$1AA! Q%$Y! C)$.%$B)2! ,3! (#)! -%3()I(! %.! (#,*! *(&2D! *#%Q)2! (#1(! (#)! >?@! 4%A&(,%3!
()-#3%A%'D!*#%&A2!F)!-%3*,2)$)2!1*!+,1FA)G!$%F&*(!132!)..,-,)3(!()-#3%A%'D!.%$!1A&B,3,&B!*B)A()$*6;!

[0#1#.*C%/)e!?3!4)C()BF)$! SdG! @MMdG!>?@!4%A&(,%3! *,'3)2! 1! *)$+,-)! 1'$))B)3(!Q,(#!H&)F)-!>,(D! -%3-)$3,3'! 1!
C$%0)-(!.%$!(#)!2)+)A%CB)3(!%.!1!>?@!$)-D-A,3'!)3lDB)!$)1-(%$!,3!13!,3-,3)$1(%$6!"#)!-%3($1-(G!+1A&)2!1(!K@fTGf\TG!
Q1*!.,313-)2!0%,3(AD!FD!(#)!g)2)$1(,%3!%.!>1312,13!:&3,-,C1A,(,)*G!(#)!B,3,*(u$)!2)!A_O3+,$%33)B)3(!2&!H&kF)-!132!
H&)F)-!>,(D!,(*)A.6!!

"#)!Q%$Y!F)'13!,3!4)C()BF)$!@MMd!132!)32)2!,3!:1D!@MMVG!1*!CA133)26!"#,*!*(&2D!C$%0)-(G!Q#,-#!,3-A&2)*!3%3P*(%C!
()*(*!7$%&32!(#)!-A%-YG!L!21D*!1!Q))Y=!-1BC1,'3!A1*(,3'!1CC$%I,B1()AD!%3)!B%3(#6!"#)!131AD*)*!B12)!.%AA%Q,3'!(#)!
C,A%(!()*(*!*#%Q!(#1(!(#)!C$,%$,(,)*!Q)$)!B)(G!,3-A&2,3'!(#)!($13*.%$B1(,%3!%.!1!*,'3,.,-13(!]&13(,(D!%.!(#)!>?@!$)A)1*)2!
FD!%3)!%.!(#)!-#,B3)D*!,3(%!-1A-,&B!-1$F%31()G!13!)3+,$%3B)3(1AAD!*1.)!C$%2&-(6!"#,*!C$%0)-(!(#)$).%$)!1AA%Q*!&*!(%!
-%3-A&2)!(#1(!(#)!>?@!4%A&(,%3!()-#3%A%'D!,*!.&3-(,%31A!%3!1!*)B,P,32&*($,1A!*-1A)6!

<(!(#)!)32!%.!(#,*!*(&2DG!>?@!4%A&(,%3!Q1*!1FA)!(%!B1Y)!$)-%BB)321(,%3*!.%$!(#)!,3*(1AA1(,%3!%.!13!1**)**B)3(!&3,(!
%3!1!A1$')$!*-1A)6!"#,*!-%3($1-(!,*!(#)!.,$*(!C#1*)!.%$!Q#1(!Q,AA!&A(,B1()AD!1AA%Q!H&)F)-!>,(D!(%!)*(1FA,*#!1!C,A%(!&3,(!
Q,(#,3!1!C)$,%2!%.!(Q%!(%!(#$))!D)1$*!,.!(#)!-,(D!*%!Q,*#)*6!

2NN@CVDA*T5c*c@DVCE2DA*

"#)! .%AA%Q,3'! -#1$(! C$%+,2)*! (#)! 31B)*G! B&3,-,C1A,(,)*! %.! $)*,2)3-)G! %..,-)! 132! C$,3-,C1A! %--&C1(,%3! %.! >?@!
4%A&(,%3_*!/,$)-(%$*!132!?..,-)$*e!

5(&#*
F&0'%.%-($%/)*+3*
"#,%P#'.#G*

233%.#* !"%'.%-($*+..0-(/%+'** c%"#./+"*+"*
+33%.#"*,%'.#*

?#&1#"*+3*/Q#*
3+$$+R%'4*.+&&%//##,*
+3*/Q#*B+("P*+3*
c%"#./+",*

X#,*A1,3!"#kF)$')!
791APEkA1,$=!!

Z$)*,2)3(G!>#,).!OI)-&(,+)!
?..,-)$G!4)-$)(1$D!132!
/,$)-(%$!

Z$)*,2)3(!132!>#,).!OI)-&(,+)!?..,-)$!%.!
>?@!4%A&(,%3!!

Sfff! !

W)3k!>$)*-)3(!!!!!!!!!
741,3()Pg%D=!

9,-)PZ$)*,2)3(G!W)*)1$-#!132!
/)+)A%CB)3(!

9,-)PZ$)*,2)3(G!W)*)1$-#!132!
/)+)A%C)B)3(!%.!>?@!4%A&(,%3!!

@MMN! !"4-,)3(,.,-!

j%!a13%x!!!!!!!!!!!!!!!!!!!
7a_yA)P2_?$Ak13*=!

9,-)PZ$)*,2)3(G!E&*,3)**!
/)+)A%CB)3(!

9,-)PZ$)*,2)3(G!E&*,3)**!/)+)A%CB)3(!
%.!>?@!4%A&(,%36!

@MMd! !

a,321!Z1$)3(!!!!!!!!!
7H&)F)-!>,(D=!

9,-)PZ$)*,2)3(G!g,313-)!132!
<2B,3,*($1(,%3!

9,-)PZ$)*,2)3(!g,313-)!132!
<2B,3,*($1(,%3!%.!>?@!4%A&(,%3!!

@MMN! !

Wk0)13!EA1,*!!!!!!!!!
7ak+,*=!!

>#1,$B13!%.!(#)!E%1$2!132!
/,$)-(%$!

E&*,3)**!/)+)A%CB)3(!/,$)-(%$!P!F&,A2,3'*!
t!X)3,+1$!53-6!

SffL! !

h+%3!X,1**%3!!!!!!!!!!!
741,3(P:,-#)A!2)!
E)AA)-#1**)=!

/,$)-(%$! >%3*&A(13(! Sfff! !"<&2,(,3'!132!
W)B&3)$1(,%3!!
!"X%+)$313-)!712!#%-=!

b,BF)$A)D!?Y)AA!
7H&)F)-!>,(D=!

/,$)-(%$! /,$)-(%$!%.!A)'1A!*)$+,-)*!132!-%$C%$1()!
*)-$)(1$DG!>%**)(()!>%BB&3,-1(,%3!X$%&C!
53-6!

@MMS! !"<&2,(,3'!132!
W)B&3)$1(,%3!

!"X%+)$313-)!712!#%-=!

:1$(,3!Z6!Z)AA)(,)$!
74,AA)$D=!!

/,$)-(%$! 4)3,%$!<2+,*%$G!>1*-12)*!X$%&C!53-6! @MM@! !

E)$31$2!9)$$)1&A(!
741,3()Pg%D=!

/,$)-(%$!! 9,-)PZ$)*,2)3(!)ICA%,(1(,%3!t!O1*()$3!
H&)F)-!1(!"OaJ4!4%A&(,%3*!7H&)F)-=!53-6!

@MMS! !"<&2,(,3'!132!
W)B&3)$1(,%3!

!"X%+)$313-)!712!#%-=!
>A1&2)!9,AA)3)&+)!
7a1()$$,u$)=!!

/,$)-(%$!! E,%A%',*(G!C$%.)**%$!1(!(#)!J3,+)$*,(k!2&!
H&kF)-!,3!>#,-%&(,B,!

Sfff! !"4-,)3(,.,-!

!
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+1$,%&*!B10%$!*(1Y)#%A2)$*!,3+%A+)2!,3!(#)!.,)A2!%.!-A,B1()!-#13')6!!

!" "#$))!-%3($1-(*! ,3+%A+,3'!-%$C%$1()!-%BB&3,-1(,%3*!132! ,3+)*(%$! $)A1(,%3*6!"#)*)!-%3($1-(*!)*C)-,1AAD!#)AC! (#)!
>%BC13D!2)+)A%C!1!B1$Y)(!C%*,(,%3,3'!*($1()'DG!2)+)A%C!132!B1,3(1,3!B)2,1!132!,3+)*(%$!$)A1(,%3*!132!F)1$!(#)!
)IC)3*)*!%.!($13*.)$!1')3(*6!



 

* S*7W*S*

!" "#)!'$%&C,3'!%.!(#)!+1$,%&*!.1-,A,(,)*!132!(#)!A1D%&(!,3!1!3)Q!*,3'A)!A%-1(,%3!,3!g)F$&1$D!@MMV6!

i)(!.,313-,1A!)IC)3*)*!
i)(! .,313-,1A! )IC)3*)*! .%$! (#)! .,*-1A! D)1$! )32)2! j&3)! NMG! @MMV! (%(1A! 1! '1,3! %.! KN\GLVd! -%BC1$)2!Q,(#! 1! -%*(! %.!
KSfMGfTL! .%$! (#)! *1B)! C)$,%2! ,3! @MMdG! 1! K@@LGLdS! 2)-$)1*)6!"#,*! 2)-$)1*)! ,*! C$,B1$,AD! 2&)! (%! (#)! (Q%! .%AA%Q,3'!
.1-(%$*e!

"#)! )1$AD! $)2)BC(,%3! %.! 2)F)3(&$)*G! 1*! Q)AA! 1*! (#)! 2)F)3(&$)*! -%3+)$()2! %3! :1$-#!SfG! @MMd! )ICA1,3! (#)!
KLMG@L\!,3()$)*(!$)2&-(,%3G!(#)!KVdG@@T!$,*)!,3!(#)!+1A&)!%.!(#)!-%3+)$(,FA)!2)F)3(&$)*!132!(#)!1B%$(,l1(,%3!132!Q$,()P
%..!%.!K@fGNTT!,3!2).)$$)2!.,313-,3'!-%*(*6!

"#)!*#%$(P()$B!,3+)*(B)3(!%.!(#)!1+1,A1FA)!-1*#!1**)(*!%$,',31(,3'!.$%B!(#)!:1$-#!SfG!@MMd!C&FA,-!%..)$,3'!)ICA1,3*!
(#)!KdSGdNL!,3-$)1*)!,3!,3()$)*(!,3-%B)6!

a%**!.%$!(#)!C)$,%2!
"#)! >%BC13D! $)-%$2)2! 1! A%**! %.! KSGMN\GT\MG! (#1(! ,*G! KM6Md! C)$! *#1$)G! .%$! (#)! .,*-1A! D)1$! )32)2! j&3)! NMG! @MMVG!
-%BC1$)2!Q,(#!1!A%**!%.!KTdMGVMMG!-%$$)*C%32,3'!(%!KM6Md!C)$!*#1$)G!.%$!(#)!*1B)!C)$,%2!,3!@MMd6!

4+56('02+&$>#,C##&$,"#$302*()$7#('2$#&<#<$N9&#$Z[W$F[[]$(&<$N9&#$Z[W$F[[Z$

Z$%2&-(*!
/&$,3'!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMdG!(#)!>%BC13D!$)-%$2)2!)1$3,3'*!%.!KddGMMM!.%$!(#)!-%BCA)(,%3!%.!(#)!A1*(!
B,A)*(%3)!%.!1!$)*)1$-#!1'$))B)3(!*,'3)2!,3!@MMNo!(#,*!$)*)1$-#!1'$))B)3(!#12!C$%+,2)2!)1$3,3'*!%.!KSdSGMMM!2&$,3'!
(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMN6!

>%*(!%.!*1A)*!
g%$!(#)!C&$C%*)!%.!-%BCA)(,3'!(#)!1F%+)PB)3(,%3)2!$)*)1$-#!1'$))B)3(G! (#)!>%BC13D!1**&B)2!2,$)-(!132!,32,$)-(!
-%*(*!(%(1AA,3'!K@\GTff!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMd!132!KfSGTSL!.%$!(#)!*1B)!C)$,%2!,3!@MMNG!(#&*!D,)A2,3'!
1!'$%**!B1$',3!%.!NT6TL^!132!Nd6TT^!$)*C)-(,+)AD6!

X)3)$1A!132!12B,3,*($1(,+)!)IC)3*)*!
X)3)$1A!132!12B,3,*($1(,+)!)IC)3*)*!1B%&3()2!(%!K\\\G\Sd!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMdG!-%BC1$)2!Q,(#!
KLddGdTL! .%$! (#)! *1B)! C)$,%2! ,3! @MMNG! -%$$)*C%32,3'! (%! 1! 2)-$)1*)! %.! KLLGTLN6! "#)! (#$))! .1-(%$*! (#1(! C$,B1$,AD!
-%3($,F&()2!(%!(#,*!2)-$)1*)!1$)e!

!" "#)! 2)C1$(&$)G! 1(! (#)! F)',33,3'! %.! (#)! (1$')(! C)$,%2G! %.! (#)! 9,-)PZ$)*,2)3(! P! 4($1()',-! Z1$(3)$*#,C*G! Q#%! Q1*!
1CC%,3()2!Z$)*,2)3(!%.!(#)!>%BB,**,%3!2)!A1!-1C,(1A)!31(,%31A)6!"#,*!2)C1$(&$)!$)*&A()2!,3!1!2)-$)1*)!,3!C1D$%AA!
)IC)32,(&$)*6!"#,*!C%*,(,%3!Q1*!.,AA)2!,3!:1D!@MMd!.%AA%Q,3'!j%!a13%x_*!1$$,+1A6!

!" g%AA%Q,3'!(#)!'$13(,3'!%.!*(%-Y!%C(,%3!CA13*!2&$,3'!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMdG!1!3%3PB%3)(1$D!)IC)3*)!
%.!KfVGL@V!73,A!1*!1(!j&3)!NMG!@MMN=!Q1*!1**)**)2!1'1,3*(! (#)!$)*&A(*! (%!$).A)-(! (#)!.1,$!+1A&)!%.! (#)!*(%-YPF1*)2!
-%BC)3*1(,%36!"#)*)!)IC)3*)*!Q)$)!)3()$)2!&32)$!(#)!)A)B)3(!841A1$,)*!132!.$,3')!F)3).,(*;6!

!" "#)! ,3-$)1*)2! '%+)$3B)3(! 1**,*(13-)! .%AA%Q,3'! (#)! 1'$))B)3(! *,'3)2! ,3! :1$-#! @MMN! Q,(#! 4&*(1,31FA)!
/)+)A%CB)3(! ")-#3%A%'D! >13121! 74/">=! .%$! 13! 1B%&3(! %.! KSL\Gf\fG! -%BC1$)2! Q,(#! KfVGf@f! .%$! (#)! *1B)!
C)$,%2!,3!@MMN6!!

i)(!.,313-,1A!)IC)3*)*!
i)(!.,313-,1A!)IC)3*)*!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMd!(%(1A!KSfMGfTL!-%BC1$)2!Q,(#!K@SNG\d@!.%$!(#)!*1B)!
C)$,%2!,3!@MMNG!-%$$)*C%32,3'!(%!1!K@@G\VV!2)-$)1*)6!"#,*!2)-$)1*)!,*!C$,B1$,AD!2&)!(%!(#)!(#$))!.%AA%Q,3'!.1-(%$*e!

!" "#)! )1$AD! $)2)BC(,%3! %.! -)$(1,3! 2)F)3(&$)*! %3! :1$-#! SfG! @MMdG! (#)$)FD! )ICA1,3,3'! (#)! KSdG@V@! ,3-$)1*)! ,3!
1B%$(,l1(,%3!132!Q$,()P%..!%.!2).)$$)2!.,313-,3'!)IC)3*)*G!F&(!1!KS\GdTN!2)-$)1*)!%.!(#)!,3()$)*(!%3!-%3+)$(,FA)!
2)F)3(&$)*6!

!" "1I!-$)2,(*!Q)$)!.,313-)2!(#$%&'#!1!K\MMGMMM!F13Y!A%13!-%3($1-()2!1(!(#)!)32!%.!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!
@MMN!132!F)1$,3'!,3()$)*(!1(!C$,B)!CA&*!S6V^6!!

!" <3!,3-$)1*)!,3!(#)!,3()$)*(!)1$3)2!.%$!1!(%(1A!%.!K@VG@SM!-%B)*!.$%B!1!*#%$(P()$B!,3+)*(B)3(!.%AA%Q,3'!1+1,A1FA)!
-1*#!1**)(*!1*!1(!j&3)!NMG!@MMd!$)*&A(,3'!.$%B!(#)!C&FA,-!%..)$,3'6!



 

* S*79*S*

a%**!.%$!(#)!C)$,%2!
"#)!>%BC13D!$)-%$2)2!1!A%**!%.!KTdMGVMMG!(#1(!,(!KM6Md!C)$!*#1$)G!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMdG!-%BC1$)2!
Q,(#!1!A%**!%.!KfMTGfd\G!(#1(!,*!KM6M\!C)$!*#1$)!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMN6!

J=/JB8!@B$^J/M!@MOR$Y8=/=48/O$8=YEMT/!8E=$
"#)!.%AA%Q,3'!(1FA)!C$%+,2)*!1!*&BB1$D!%.!-)$(1,3!)A)B)3(*!%.!.,313-,1A!21(1!$)'1$2,3'!(#)!>%BC13D!.%$!)1-#!%.!(#)!
A1*(!),'#(!]&1$()$*e!
! H&1$()$*!)32)2!
! @MMdP@MMV! @MMdP@MMN!

! 4)C()BF)$!NMG!
@MMd!

/)-)BF)$!NSG!
@MMd!

:1$-#!NSG!
@MMV!

j&3)!NMG!
@MMV!

4)C()BF)$!NMG!
@MMN!

/)-)BF)$!NSG!
@MMN!

:1$-#!NSG!
@MMd!

j&3)!NMG!
@MMd!

"%(1A!*1A)*! !K! M! !K! M! !K!SLNGSLL! !K! T\G\Nf! ! !K! M! !K! M! !K! ddGMMM! !K! M!
i)(!A%**! !K!@@TGd\\! !K!@TfGLST! !K!@@TGSV@! !K!@fMGV@d! ! !K!@S\GdSf! !K!STNG\Tf! !K!@@MGdSM! !K!@SfGfT@!
i)(!A%**!C)$!
*#1$)! !K! M6MS! !K! M6MS! !K! M6MS! !K! M6MS! ! !K! M6MS! !K! M6MS! !K! M6MS! !K! M6MS!

YEJM!?$^J/M!@M$EY$F[[\$
/&$,3'! (#)! A1*(! ]&1$()$! %.! @MMVG! (#)! >%BC13D! -%BCA)()2! 1! .)1*,F,A,(D! *(&2D! 132! 13! %3P*,()! ()*(! -1BC1,'3! Q,(#!
1**)**B)3(!&3,(!.%$!(#)!>,(D!%.!H&kF)-6!"#)!>%BC13D!$)-%$2)2!1!3)(!A%**!%.!K@fMGV@dG!%$!KM6MS!C)$!*#1$)G!-%BC1$)2!
Q,(#!1!A%**!%.!K@SfGfT@!%$!KM6MS!C)$!*#1$)!.%$!(#)!*1B)!C)$,%2!,3!@MMd6!!

<2B,3,*($1(,+)!)IC)3*)*!,3-$)1*)2!53!(#)!A1*(!]&1$()$!%.!@MMVG!$,*,3'!.$%B!K@M\GNTd!,3!@MMd!(%!KNVSG\dM!(#,*!D)1$G!1!
KSdVG@V\!,3-$)1*)6!"#,*!,*!B1,3AD!2&)!(%!(#)!$)-%$2,3'!%.!1!.,313-,1A!-%3($,F&(,%3!%.!KSNMGMMM!&32)$!(#)!5BB,'$13(!
53+)*(%$!Z$%'$1B!.%$!F&*,3)**!1**,*(13-)6!"#)!3)(!.,313-,1A!)IC)3*)*!%.!(#,*!A1*(!]&1$()$!%.!@MMV!$)B1,3)2!*(1FA)!Q,(#!
$)*C)-(!(%!(#)!*1B)!C)$,%2!A1*(!D)1$G!(#1(!,*G!KSNGTL@!,3!@MMVG!-%BC1$)2!Q,(#!KSNGVfT!,3!@MMd6!

4/H?$/HH@!H$/=B$Y8=/=48/O$M@HEJM4@H$YEM$!?@$Y8H4/O$R@/MH$@=B@B$NJ=@$Z[W$F[[\W$F[[]$
/=B$F[[Z$
"#)!>%BC13D!1,B*!.%$!(#)!F)*(!C%**,FA)!-%32,(,%3*!,3!(#)!$)*C)-(!%.!(#)!-$,()$,1!$)A1()2!(%!2,A,')3-)G!12B,3,*($1(,+)!
)..)-(,+)3)**G!(#)!>%BC13D_*!)(#,-1A!+1A&)*!132!2)+)A%CB)3(!%.!H&kF)-6!

<*! 1(! j&3)! NMG! @MMVG! @MMd! 132! @MMNG! -1*#! .A%Q*! 1B%&3()2! (%! K@MSGTLdG! KN\NGSMV! 132! KSGM@fGMS@! $)*C)-(,+)AD6!
53+)*(B)3(*! ,3! $)*)1$-#!132!2)+)A%CB)3(G! (#)!2)F(!*)$+,-)!132! (#)!')3)$1A!Q%$Y,3'!-1C,(1A!1$)!1(! (#)!%$,',3!%.! (#)!
>%BC13D_*!B10%$!-1*#!$)]&,$)B)3(*6!

:131')B)3(!F)A,)+)*!(#1(!,(*!1+1,A1FA)!-1*#!.A%Q*!132!(#)!122,(,%3!%.!(#)!3)(!C$%2&-(!2)$,+)2!.$%B!(#,*!,3+)*(B)3(!
Q,AA!1AA%Q!,(!(%!*1(,*.D!,(*!$)]&,$)B)3(*6!

?C)$1(,3'!1-(,+,(,)*!
"#)!3)'1(,+)!-1*#!.A%Q*!1**,'3)2!(%!%C)$1(,3'!1-(,+,(,)*!(%(1AA)2!KLTLGdd@G!K\\TGLVM!132!KL\VGVLN!,3!@MMVG!@MMd!132!
@MMN!$)*C)-(,+)AD!132!)**)3(,1AAD!$)*&A(*!.$%B!(#)!2,..)$)3-)!F)(Q))3!(#)!A%**)*!.%$!)1-#!%.!(#)!.,*-1A!D)1$*6!



 

* S*7K*S*

53+)*(B)3(!1-(,+,(,)*!
g%$! (#)! .,*-1A! D)1$! )32)2! j&3)! NMG! @MMVG! (#)! -1*#! .A%Q*! ')3)$1()2! FD! ,3+)*(B)3(! 1-(,+,(,)*! (%(1AA)2! KLS\GdSTG!
-%BC1$)2!Q,(#!-1*#!.A%Q*!.$%B!,3+)*(B)3(!1-(,+,(,)*!%.!KNGTTdGdTS!132!KVdMGSfN!,3!@MMd!132!@MMN!$)*C)-(,+)AD6!

!" 4#%$(P()$B!,3+)*(B)3(*!
"#)!*#%$(P()$B!,3+)*(B)3(*!*()B!.$%B!(#)!A,]&,2!1**)(*!%F(1,3)2!.%AA%Q,3'!1!C&FA,-!%..)$,3'!-%BCA)()2!,3!:1$-#!
@MMd6!"#)!*#%$(P()$B!,3+)*(B)3(*!1$)!-%BC%*)2!%.!()$B!2)C%*,(*!132!B1$Y)(1FA)!F%32*6!

!" 53(13',FA)!1**)(*!
g%$! (#)! .,*-1A! D)1$! )32)2! j&3)! NMG! @MMVG! (#)! KTf\GLM@!,3+)*(B)3(!Q1*! &*)2! .%$! (#)! 2)*,'3! 132! -1A-&A1(,%3! %.!
C$%-)**)*!FD!2,',(1A!*,B&A1(,%3G!132!.%$!(#)!2)+)A%CB)3(!132!C#D*,-1A!,3*(1AA1(,%3!%.!(#)!*)-%321$D!C$)-,C,(1(,%3!
132!C%Q2)$!)I($1-(,%3!B%2&A)*!132!'1*!-%%A,3'!B%2&A)6!"#)!.&32*!Q)$)!1A*%!&*)2!(%!*,B&A1()!132!2)+)A%C!(#)!
C$%-)**! -#1,3! .%$! -%3(,3&%&*! %C)$1(,%3G! .$%B! -%BC$)**,%3! %.! '1*)%&*! )..A&)3(*! (%! (#)! $)P-,$-&A1(,%3! %.! 13!
120&*()2! -%BC%*,(,%3! 1B,3)! *%A&(,%36! "#,*! C$%0)-(! $)]&,$)2! (#)! 2)*,'3! 132! 2)+)A%CB)3(! %.! 1! 'A%F1A!
,3*($&B)3(1(,%3! 132! -%3($%A! *D*()B! .%$! )+)$D! B%2&A)6! "#)*)! 3)Q!B%2&A)*! Q)$)! -%33)-()2! (%! (#)! B1,3! >?@!
1F*%$C(,%3!B%2&A)!2)*,'3)2!132!2)+)A%C)2!2&$,3'!(#)!C$)+,%&*!.,*-1A!D)1$6!"#,*!3)Q!,32&*($,1A!C$%(%(DC)G!Q#,-#!
-13! C$%-)**! SVM!(,B)*! B%$)! '1*! (#13! (#)! A1F%$1(%$D! C$%(%(DC)G! ,*! &*)2! 1*! 13! %3P*,()! 1**)**B)3(! &3,(G! (#&*!
1AA%Q,3'!.%$!(#)!+1A,21(,%3!%.!()-#3%A%'D!,3!13!,32&*($,1A!)3+,$%3B)3(6!g%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMdG!
(#)!KSGSLdG\Td!,3+)*(B)3(!Q1*!B1,3AD!&*)2!.%$!($,1A!132!131AD*,*!&*,3'!1!-A%*)2!-,$-&,(!132!,3()'$1()2!A1F%$1(%$D!
C$%(%(DC)G!132!.%$!(#)!2)*,'3!%.!(#)!B1,3!>?@!1F*%$C(,%3!B%2&A)!Q,(#!1!+%A&B)!1CC$%I,B1()AD!SVM!(,B)*!'$)1()$!
(#13!(#)!A1F%$1(%$D!C$%(%(DC)6!

g%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMNG!(#)!KSGdSdG@dM!,3+)*(B)3(!Q1*!&*)2!.%$!(#)!-%3*($&-(,%3!%.!1!.,$*(!-A%*)2!
-,$-&,(! 132! ,3()'$1()2! A1F%$1(%$D! C$%(%(DC)! 7Q#,-#! -%BF,3)*! (#)! (#$))! .&3-(,%3*e! 1F*%$C(,%3! -%A&B3G! ,%3!
-%3-)3($1(,%3!*D*()B!132!-1$F%31()!C$)-,C,(1(,%3=!132!.%$!(#)!*&F*(13(,1A!$)2&-(,%3!%.!(#)!)3lDB)!C$%2&-(!-%*(*6!

!" Z$%C)$(DG!CA13(!132!)]&,CB)3(!
g%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMVG!1!K@NVGLML!,3+)*(B)3(!Q1*!3))2)2G!,3-A&2,3'!KSS@G\@f!(%!$)A%-1()!(#)!
>%BC13D_*! .1-,A,(,)*! 132! KS@NGMLT! (%! -%BCA)()! (#)! 2)*,'3! 132! ,3*(1AA1(,%3! %.! (#)! *)-%321$D! '1*! -%%A,3'G!
C$)-,C,(1(,%3! 132! C%Q2)$! )I($1-(,%3!B%2&A)*! %.! (#)! ,32&*($,1A! C$%(%(DC)6!/&$,3'! (#)! *1B)!C)$,%2! ,3! @MMdG! (#)!
>%BC13D!C&$-#1*)2!(#)!B1**!,BB%F,A,l)$!$)]&,$)2!(%!C$%2&-)!B%$)!)3lDB)*!(%!B))(!(#)!3))2*!%.!(#)!,32&*($,1A!
F,%$)1-(%$6!

g,313-,3'!1-(,+,(,)*!
"#)!-1*#!.A%Q*!.$%B!.,313-,3'!1-(,+,(,)*!.%$!(#)!.,*-1A!D)1$!)32)2!j&3)!NMG!@MMV!(%(1AA)2!KfMG@MLG!Q#,-#!-%$$)*C%32*!
(%! (#)! $)C1DB)3(! %.! (#)! A%3'P()$B! 2)F(! 132! (%! (#)! -1C,(1A! A)1*)! %FA,'1(,%3*G! 1*! -%BC1$)2! Q,(#! -1*#! .A%Q*! %.!
KNGTTLGN@d!132!KSGTf\GNfT!.%$! (#)!*1B)!C)$,%2!,3!@MMd!132!@MMN!$)*C)-(,+)AD6!/&$,3'!(#)! (1$')(!@MMd!C)$,%2G! (#)!
>%BC13D!(%(1AAD!$)C1,2!(#)!K\MMGMMM!A%13!'&1$13())2!FD!a1!g,313-,u$)!2&!H&kF)-G!Q#,-#!#12!F))3!&*)2!(%!.,313-)!
(#)! $).&321FA)! (1I! -$)2,(*! 1*! 1(! j&3)!NMG! @MMN6! KV@MGMMM! %.! -%3+)$(,FA)! 2)F)3(&$)*! Q)$)! $)2))B)2! )1$AD6! "#)!
>%BC13D!1A*%!,**&)2!*#1$)*!(%(1AA,3'!K\G@VVGMMM!7KVG@@\GfM\!1.()$!2)2&-(,3'!*#1$)!,**&)!)IC)3*)*=6!"#,*!-1*#!,3.A%Q!
,*!B1,3AD!)ICA1,3)2!FD!(#)!.%AA%Q,3'!)A)B)3(*e!

!" 4(%-Y!%C(,%3*!(%!1!B131')$G!)I)$-,*)2!,3!-%3*,2)$1(,%3!%.!KVGMMM!,3!-1*#6!
!" ?3!g)F$&1$D!S\G!@MMdG!%3)!%.!(#)!-%3+)$(,FA)!2)F)3(&$)!#%A2)$*!,3+)*()2!13!122,(,%31A!3%B,31A!KSVMGMMM!1B%&3(G!
Q#,-#!Q1*!-%3+)$()2!,3(%!-%BB%3!*#1$)*!%3!:1$-#!SfG!@MMd6!

!" ?3!:1$-#!SfG!@MMdG!1!C$,+1()!%..)$,3'!Q1*!-1$$,)2!%&(!1*!1!*&F*-$,C(,%3!.%$!LfNG\VS!&3,(*6!
!" ?3!:1$-#!SfG!@MMdG!(#)!>%BC13D!$)-),+)2!KVG\MMGMMM!,3!-%3*,2)$1(,%3!%.!1!C&FA,-!%..)$,3'!%.!TGMMMGMMM!&3,(*6!
!



 

* S*77*S*

g,31AADG!,3!@MMNG!(#)!>%BC13D!,**&)2!KNMMGMMM!%.!-%3+)$(,FA)!2)F)3(&$)*!132!\MVGT\M!*#1$)*!(%(1AA,3'!KTSLGfSS6!
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Auditors' Report

To the Directors of

CO2 Solution inc.

We have audited the balance sheet of CO2 Solution inc. as at June 30, 2005 and

the statements of earnings, contributed surplus, deficit and cash flows for the

year then ended. These financial statements are the responsibility of the

Company's management. Our responsibility is to express an opinion on these

financial statements based on our audit.

We conducted our audit in accordance with Canadian generally accepted auditing

standards. Those standards require that we plan and perform an audit to obtain

reasonable assurance whether the financial statements are free of material

misstatement. An audit includes examining, on a test basis, evidence supporting

the amounts and disclosures in the financial statements. An audit also includes

assessing the accounting principles used and significant estimates made by

management, as well as evaluating the overall financial statement presentation.

In our opinion, these financial statements present fairly, in all material respects,

the financial position of the Company as at June 30, 2005 and the results of its

operations and its cash flows for the year then ended in accordance with

Canadian generally accepted accounting principles.

The comparative figures for the years ended June 30, 2004 and 2003 are based upon

financial statements which were reported on by other auditors who expressed an

opinion without reservation on these financial statements in their reports dated July

26, 2004 and July 24, 2003.

Chartered Accountants

Québec

July 26, 2005



Auditors' Report 

To the Directors of 

CO2 Solution inc.

We have audited the balance sheet of CO2 Solution inc. as at June 30, 2004 and the statement of

earnings, deficit and cash flows for the years ended June 30, 2004 and 2003. These financial statements 

are the responsibility of the company's management. Our responsibility is to express an opinion on

these financial statements based on our audits. 

We conducted our audits in accordance with Canadian generally accepted auditing standards. Those 

standards require that we plan and perform an audit to obtain reasonable assurance whether the 

financial statements are free of material misstatement. An audit includes examining, on a test basis, 

evidence supporting the amounts and disclosures in the financial statements. An audit also includes 

assessing the accounting principles used and significant estimates made by management, as well as 

evaluating the overall financial statement presentation. 

In our opinion, these financial statements present fairly, in all material respects, the financial position 

of the company as at June 30, 2004 and the results of its operations and its cash flows for the years

ended June 30, 2004 and 2003 in accordance with Canadian generally accepted accounting principles.

Chartered Accountants

Quebec, Quebec, Canada 

July 26, 2004
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