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! i 

3->#*?%(/@.(#,0&

A?)!"#')%!B):C)*+!2<+?!D,!D?#'@!D?)!E#%<F,*'<#!>D#D)!G#D)*!H)+,$*/)+!E,'D*,%!I,#*(!#'(!
D?)!>D#@)?,%()*!&(=<+,*0!E,::<DD))!F,*!D?)!,JJ,*D$'<D0!D,!+)*=)!,'!D?<+!>/<)'/)!&(=<+,*0!
"#')%7!G)!2,$%(!%<@)!D,!D?#'@!2#D)*!#5)'/<)+!#'(!$D<%<D<)+-!D?)!G#D)H)$+)!&++,/<#D<,'!
E#%<F,*'<#-!)'=<*,':)'D#%!5*,$J+-!#+!2)%%!#+!/,::)*/<#%!#'(!*)+)#*/?!%#C,*#D,*<)+!F,*!J*,=<(<'5!
2#D)*!K$#%<D0!<'F,*:#D<,'!,F!*)/0/%)(!2#D)*!<'!E#%<F,*'<#7!G)!#*)!5*#D)F$%!F,*!D?)!:#'0!
K$)+D<,'+!#'(!+$55)+D<,'+!2)!*)/)<=)(!F*,:!+D#@)?,%()*+!($*<'5!+)=)*#%!:))D<'5+!#'(!
#JJ*)/<#D)!D?)!/*<D<K$)!D?)!:#'0!+D#@)?,%()*+!<'=,%=)(!<'!D?)!J*,/)++!+?#*)(!2<D?!$+7!

G)!#%+,!%<@)!D,!D?#'@!>D)=)!G)<+C)*5!#'(!L)<D?!B#*$0#!2<D?!D?)!>,$D?)*'!E#%<F,*'<#!E,#+D#%!

)'=<*,':)'D!#'(!+$JJ,*D!J*,=<()(!C0!>EEGH"!2)*)!)M/)%%)'D-!2?</?!D?)!"#')%!=)*0!:$/?!

/,$'D%)++!?,$*+!,F!)(<D<'5!D?)!(*#FD!#'(!F<'#%!*)J,*D-!#'(!?<+!$'(<=<()(!#DD)'D<,'!#'(!+$JJ,*D!D,!
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34*5!67!1*)2)+!8E?#<*9!
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! ii 

AB(-<,"4(&2<..$+5&

! E#%<F,*'<#!J*)+)'D%0!*)/0/%)+!#JJ*,M<:#D)%0!NOP-PPP!#/*)QF))D!,F!2#D)*!J)*!0)#*-!C$D!?#+!
<()'D<F<)(!D?)!J,D)'D<#%!D,!*)$+)!#'!#((<D<,'#%!R7O!:<%%<,'!#/*)QF))D!<'!D?)!F$D$*)7!A,!)'/,$*#5)!
)MJ#'()(!*)$+)!<'!#!+D#D)!D?#D!<+!)MJ)*<)'/<'5!2#D)*!+?,*D#5)+-!D?)!E#%<F,*'<#!>D#D)!G#D)*!
H)+,$*/)+!E,'D*,%!I,#*(!8>GHEI9!#(,JD)(!#!H)/0/%)(!G#D)*!",%</0!<'!S)C*$#*0!TPPU!<'D)'()(!
D,!J*,=<()!J)*:<DD<'5!/%#*<D0!F,*!*)/0/%)(!2#D)*!J*,V)/D+7!;')!/?#%%)'5)!<'!()=)%,J<'5!D?#D!
J,%</0!2#+!?,2!D,!#((*)++!')2!/%#++)+!,F!/?):</#%+-!+$/?!#+!J?#*:#/)$D</#%+-!/$**)'D!$+)!
J)+D</<()+-!#'(!<'($+D*<#%!/?):</#%+-!/,%%)/D<=)%0!*)F)**)(!D,!#+!/?):</#%+!,F!):)*5<'5!/,'/)*'!
8E6E+97!B#'0!E6E+!#*)!J,D)'D<#%%0!J*)+)'D!<'!*)/0/%)(!2#D)*-!C$D!D?)!()D)/D<,'!,F!:#'0!,F!D?)+)!
/?):</#%+!<+!+,!*)/)'D!D?#D!*,C$+D!:)D?,(+!F,*!D?)<*!K$#'D<F</#D<,'!#'(!D,M</,%,5</#%!(#D#!F,*!
<'D)*J*)D<'5!J,D)'D<#%!?$:#'!,*!)/,+0+D):!?)#%D?!)FF)/D+!#*)!$'#=#<%#C%)7!!!

H)/,5'<W<'5!D?#D!/,'+<()*#D<,'!,F!E6E!)FF)/D+!,'!?$:#'!?)#%D?!#'(!#K$#D</!%<F)!<+!#!*#J<(%0!
)=,%=<'5!F<)%(-!#'(!D?#D!*)5$%#D,*0!*)K$<*):)'D+!'))(!D,!C)!C#+)(!,'!C)+D!#=#<%#C%)!+/<)'/)-!D?)!
>GHEI!<'/%$()(!#!J*,=<+<,'!<'!D?)!H)/0/%)(!G#D)*!",%</0!D,!)+D#C%<+?!#!>/<)'/)!&(=<+,*0!"#')%7!

#++)++!J,D)'D<#%!E6E!D?*)#D+!F*,:!=#*<,$+!2#D)*!*)/0/%<'5!J*#/D</)+-!<'/%$(<'5!<'(<*)/D!J,D#C%)!
*)$+)!=<#!+$*F#/)!+J*)#(<'5X!<'(<*)/D!J,D#C%)!*)$+)!=<#!+$C+$*F#/)!<'V)/D<,'!<'D,!#!(*<'@<'5!2#D)*!
#K$<F)*X!#'(!$*C#'!%#'(+/#J)!<**<5#D<,'7!!!

A?)!"#')%!2#+!F,*:)(!<'!B#0!TPPU!#'(!<'/%$()+!+<M!'#D<,'#%!)MJ)*D+!<'!D?)!F<)%(+!,F!
/?):<+D*0-!C<,/?):<+D*0-!D,M</,%,50-!)J<():<,%,50-!*<+@!#++)++:)'D!#'(!)'5<'))*<'5-!2<D?!:,*)!
D?#'!RPP!0)#*+!,F!/,:C<')(!)MJ)*<)'/)!<'=)+D<5#D<'5!E6E!<++$)+7!A?)!"#')%!?)%(!F,$*!<'QJ)*+,'!
:))D<'5+!#'(!'$:)*,$+!/,'F)*)'/)!/#%%+!,=)*!D?)!%#+D!0)#*7!A?)!:))D<'5+!<'/%$()(!D?)!
,JJ,*D$'<D0!F,*!+D#@)?,%()*!<'J$D!<'!/%#*<F0<'5!D?)<*!/?#*5)-!)M/?#'5)!,F!<'F,*:#D<,'-!(<#%,5!
2<D?!D?)!"#')%!#'(!/,'+<()*#D<,'!,F!J$C%</!/,::)'D+!,'!D?)!(*#FD!*)J,*D7!A?<+!*)J,*D!J*,=<()+!

>D#D)!
<'!*)F<'<'5!<D+!*)/0/%)(!2#D)*!J,%</07!

6+*/<-,&CDE&&3&-*#-(),<$%&1+$.(?*+>&1*+&/(,(+."#"#@&?:"-:&9A90&,*&.*#",*+&

Y<=)'!D?#D!D?,$+#'(+!,F!/?):</#%+!#*)!J,D)'D<#%%0!J*)+)'D!<'!*)/0/%)(!2#D)*!#'(!D?#D!
<'F,*:#D<,'!#C,$D!D?,+)!/?):</#%+!<+!*#J<(%0!)=,%=<'5-!D?)!"#')%!*)/,::)'(+!D?#D!D?)!>D#D)!
*)%0!,'!#!D*#'+J#*)'D-!+/<)'/)QC#+)(!F*#:)2,*@!D,!5$<()!J*<,*<D<W#D<,'!,F!2?</?!E6E+!+?,$%(!C)!
<'/%$()(!<'!*)/0/%)(!2#D)*!:,'<D,*<'5!J*,5*#:+!C,D?!',2!#'(!<'!D?)!F$D$*)!#+!#((<D<,'#%!(#D#!
C)/,:)!#=#<%#C%)7!S<5$*)!6>R!
F,$*!+D)J+Z!!

R7 E,:J<%)!)'=<*,':)'D#%!/,'/)'D*#D<,'+!8)757-!:)#+$*)(!)'=<*,':)'D#%!
/,'/)'D*#D<,'!,*!B6E9!,F!E6E+!<'!D?)!+,$*/)!2#D)*!F,*!*)$+)!J*,V)/D+X!!

T7 1)=)%,J!#!:,'<D,*!D*<55)*<'5!%)=)%!8BA[9!F,*!)#/?!,F!D?)+)!/,:J,$'(+!8,*!5*,$J+!
D?)*),F9!C#+)(!,'!D,M</,%,5</#%!*)%)=#'/)X!!!

\7 E,:J#*)!D?)!)'=<*,':)'D#%!/,'/)'D*#D<,'!8)757-!B6E9!D,!D?)!BA[7!E6E+!2<D?!#!
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! iii 

2<D?!#!*#D<,!%)++!D?
D*)#D:)'D!J*,/)++!J)*F,*:#'/)!<'(</#D,*+X!#'(-!!

]7 >/*))'!D?)!J*<,*<D0!%<+D!D,!)'+$*)!D?#D!#!/,::)*/<#%%0Q#=#<%#C%)!*,C$+D!#'#%0D</#%!
:)D?,(!<+!#=#<%#C%)!F,*!D?#D!/,:J,$'(7!

!

A?<+!J#*D!,F!D?)!F*#:)2,*@!<+!F,/$+)(!,'!E6E+!F,*!2?</?!D?)*)!#*)!/,'/)'D*#D<,'!(#D#!F*,:!
*)/0/%)(!+,$*/)!2#D)*!#'(!D,M</,%,5</#%!<'F,*:#D<,'7!A?)!F*#:)2,*@!#%+,!<'/%$()+!#!J*,=<+<,'!
F,*!J*<,*<D<W<'5!/?):</#%+!F,*!2?</?!+$/?!<'F,*:#D<,'!<+!J*)+)'D%0!$'#=#<%#C%)!#'(!2?</?!#*)!
*)F)**)(!D,!<'!D?)!F*#:)2,*@!#+! 7!S,*!D?)+)!/?):</#%+-!D?)!F*#:)2,*@!
F,/$+)+!,'!D?)!J*)(</D<,'!,F!)'=<*,':)'D#%!/,'/)'D*#D<,'+!#'(!D?)!$+)!,F!C<,#'#%0D</#%!#'(!
/?):</#%!+/*))'<'5!:)D?,(+!D,!<()'D<F0!/?):</#%+!F,*!2?</?!D?)*)!<+!D?)!5*)#D)+D!$*5)'/0!<'!
()=)%,J<'5!B6E!#'(!BA[!(#D#!F,*!
F$*D?)*!#++)++:)'D7!A?)!"#')%!
$'()*+D#'(+!D?#D!#!/?):</#%QC0Q!
/?):</#%!#JJ*,#/?!F,*!J*<,*<D<W#D<,'!
,F!E6E+!<+!(<FF</$%D!C)/#$+)!,F!%<:<D)(!
*)+,$*/)+!#'(!D?)!5*,2<'5!'$:C)*!
,F!E6E+!C)<'5!<()'D<F<)(7!A?)!"#')%!
*)/,5'<W)+!D?#D!C<,#'#%0D</#%!
:)D?,(+!2<%%!%<@)%0!C)!D?)!C)+D!2#0!
D,!#//,:J%<+?!D?<+!D#+@7!&%D?,$5?!D?)!
^>6"&!?#=)!()=)%,J)(!?<5?Q
D?*,$5?J$D!C<,#'#%0D</#%!+/*))'+!F,*!
/?):</#%!D)+D<'5-!#!J*<,*<D<W#D<,'!
F*#:)2,*@!F,*!D?)!)=#%$#D<,'!,F!
2#D)*!$+<'5!C<,#'#%0D</#%!:)D?,(+!<+!
',D!#=#<%#C%)!#D!D?<+!J,<'D!<'!D<:)7!
_,2)=)*-!D?)!"#')%!)'/,$*#5)+!D?<+!
D,J</!D,!C)!#!F,/$+!,F!*)+)#*/?!#'(!
()=)%,J:)'D!#'(!F$D$*)!*)=<)2!
:))D<'5+!C0!#'!<'()J)'()'D!#(=<+,*0!
J#')%!8+$55)+D)(!F,*!TPR\9!#+!:,*)!
<'F,*:#D<,'!C)/,:)+!#=#<%#C%)7!!

Figure ES1. Conceptual framework to prioritize CECs for 
inclusion in recycled water monitoring programs. 
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`'!#((<D<,'!D,!()F<'<'5!#'!#JJ*,#/?!D,!+)%)/D!E6E+!D,!:,'<D,*!C#+)(!,'!D?)<*!J,D)'D<#%!D,!
J,+)!#!?)#%D?!*<+@-!D?)!"#')%!#%+,!()F<')(!#'!#JJ*,#/?!D,!<()'D<F0!<'(</#D,*!/,:J,$'(+!F,*!
#++)++<'5!D*)#D:)'D!J)*F,*:#'/)7!B,+D!*)$+)!J*,V)/D+!):J%,0!:$%D<J%)!D*)#D:)'D!J*,/)++)+!
2<D?!#!():,'+D*#D)(!#C<%<D0!D,!*):,=)!/,'D#:<'#'D+-!C$D!D?)!D*)#D:)'D!J*,/)++)+!'))(!#!
:,'<D,*<'5!J*,5*#:!()+<5')(!D,!J*,D)/D!#5#<'+D!+0+D):!

!
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! iv 

*)/,::)'()(!#JJ*,#/?!F,*!:,'<D,*<'5!*):,=#%!,F!E6E+!($*<'5!D*)#D:)'D!<+!D,!$+)!#!
/,:C<'#D<,'!,F!+$**,5#D)!J#*#:)D)*+!#'(!E6E!<'(</#D,*!/,:J,$'(+!D#<%,*)(!D,!:,'<D,*!D?)!
*):,=#%!)FF</<)'/0!,F!<'(<=<($#%!$'<D!J*,/)++)+7!&'!<'(</#D,*!/,:J,$'(!<+!#'!<'(<=<($#%!E6E!D?#D!
*)J*)+)'D+!/)*D#<'!J?0+</,/?):</#%!#'(!C<,()5*#(#C%)!/?#*#/D)*<+D</+!,F!#!F#:<%0!,F!D*#/)!
,*5#'</!/,'+D<D$)'D+7!!A?)!<'(</#D,*!/,:J,$'(+!#*)!*)%)=#'D!D,!F#D)!#'(!D*#'+J,*D!,F!C*,#()*!
/%#++)+!,F!/?):</#%+!#'(!J*,=<()!#!/,'+)*=#D<=)!#++)++:)'D!,F!*):,=#%!($*<'5!D*)#D:)'D7!!&!
+$**,5#D)!J#*#:)D)*!<+!#!K$#'D<F<#C%)!/?#'5)!,F!#!C$%@!J#*#:)D)*!D?#D!/#'!:)#+$*)!D?)!
J)*F,*:#'/)!,F!<'(<=<($#%!$'<D!J*,/)++)+!8,FD)'!<'!*)#%QD<:)9!,*!,J)*#D<,'+!<'!*):,=<'5!D*#/)!
,*5#'</!/,:J,$'(+!#'(a,*!#++$*<'5!(<+<'F)/D<,'7!

!
6+*/<-,&CFE&&3))%"-$,"*#&*1&,:(&1+$.(?*+>&,*&"/(#,"15&$&%"0,&*1&-:(."-$%0&,:$,&0:*<%/&8(&
.*#",*+(/&)+(0(#,%5&

A,!#++<+D!D?)!>D#D)!<'!+?,*DQD)*:!J*,5*#:!<:J%):)'D#D<,'-!D?)!"#')%!/,:J<%)(!#=#<%#C%)!
E#%<F,*'<#!B6E!(#D#!#'(!()*<=)(!<'<D<#%!BA[+!F*,:!(*<'@<'5!2#D)*!C)'/?:#*@+!D,!#JJ%0!<D+!
*)/,::)'()(!+/*))'<'5!#JJ*,#/?!#'(!<()'D<F0!D?)!/?):</#%+!D?#D!+?,$%(!C)!J*<,*<D<W)(!F,*!
J*)+)'D!E6E!:,'<D,*<'57!`'!#JJ%0<'5!D?)!F*#:)2,*@-!D?)!"#')%!:#()!#!'$:C)*!,F!/,'+)*=#D<=)!
#++$:JD<,'+!8)757-!B6E+!*)J,*D)(!D,!D?)!"#')%!#*)!<'())(!*)J*)+)'D#D<=)!F,*!D?)!)'D<*)!+D#D)-!
#'#%0D</#%!:)D?,(!$+)(!D,!K$#'D<F0!#*)!#//$*#D)-!)D/79!D,!:#M<:<W)!D?)!'$:C)*!,F!/#'(<(#D)!
/?):</#%+!D?#D!#*)!D,M</,%,5</#%%0!*)%)=#'D7!!!

S,*!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+-!F,$*!<'(</#D,*!/,:J,$'(+!2)*)!J*<,*<D<W)(!C#+)(!,'!
D?)<*!D,M</,%,5</#%!*)%)=#'/)Z!.Q'<D*,+,(<:)D?0%#:<')-!RbC)D#Q)+D*#(<,%-!/#FF)<')-!#'(!D*</%,+#'7!
`'!#((<D<,'-!F,$*!#((<D<,'#%!E6E+!8.-.Q1<)D?0%Q:)D#QD,%$#:<()!8166A9-!5):F<C*,W<%-!<,J*,:<()!
#'(!+$/*#%,+)9!2)*)!<()'D<F<)(!F,*!+$*F#/)!+J*)#(<'5!#'(!(<*)/D!<'V)/D<,'!,J)*#D<,'+!#+!=<#C%)!
J)*F,*:#'/)!<'(</#D,*!/,:J,$'(+!#%,'5!2<D?!/)*D#<'!+$**,5#D)!J#*#:)D)*+!8)757-!#::,'<#-!
(<++,%=)(!,*5#'</!/#*C,'-!/,'($/D<=<D09-!2?</?!(<FF)*!C0!D?)!D0J)!,F!*)$+)!J*#/D</)7!A?)!"#')%!
#%+,!*)/,::)'()(!:)D?,(!*)J,*D<'5!%)=)%+!8BH[+9!D?#D!2)*)!/,:J,$'(!+J)/<F</!#'(!D?#D!
*#'5)(!F*,:!R!D,!RPP!'5a[!F,*!D?)+)!E6E+7!S,*!:,'<D,*<'5!J*,5*#:+!D,!#++)++!E6E!D?*)#D+!F,*!
$*C#'!<**<5#D<,'!*)$+)-!',')!,F!D?)!/?):</#%+!F,*!2?</?!:)#+$*):)'D!:)D?,(+!#'(!)MJ,+$*)!
(#D#!#*)!#=#<%#C%)!)M/))()(!D?)!D?*)+?,%(!F,*!:,'<D,*<'5!J*<,*<D07!A?<+!<+!%#*5)%0!#DD*<C$D#C%)!D,!
?<5?)*!BA[+!C)/#$+)!,F!*)($/)(!2#D)*!<'5)+D<,'!<'!#!%#'(+/#J)!<**<5#D<,'!+)DD<'5!/,:J#*)(!D,!
(*<'@<'5!2#D)*7!S,*!<**<5#D<,'!#JJ%</#D<,'+-!D?)!"#')%!*)/,::)'(+!:,'<D,*<'5!):J?#+<+!C)!
J%#/)(!,'!$+)!,F!+$**,5#D)!J#*#:)D)*+!D?#D!/#'!():,'+D*#D)!D?#D!D?)!D*)#D:)'D!J*,/)++)+!
):J%,0)(!#*)!)FF)/D<=)!<'!*):,=<'5!E6E+7!!

A?)!"#')%!):J?#+<W)+!D?#D!#%%!/,:J,$'(+!%<+D)(!#C,=)!*)J*)+)'D!#'!<'<D<#%!%<+D!C#+)(!,'!D?)!
%<:<D)(!(#D#!D?#D!#*)!J*)+)'D%0!#=#<%#C%)!#'(!,'!#!'$:C)*!,F!K$#%<F0<'5!#++$:JD<,'+!(<+/$++)(!
<'!D?)!*)J,*D7!A?)!"#')%!C)%<)=)+!<D!<+!/*<D</#%!D,!):J?#+<W)!D?#D!<F!#!:)#+$*)(!,*!J*)(</D)(!
/,'/)'D*#D<,'!,F!#!E6E!#D!D?)!J,<'D!,F!:,'<D,*<'5!8";B9!)M/))(+!<D+!*)+J)/D<=)!BA[-!D?)!F<'(<'5!

J*,J,+)(!F*#:)2,*@!#*)!()=)%,J)(!D,!C)!/,'+)*=#D<=)!#'(!$+)(!,'%0!F,*!D?)!J$*J,+)!,F!
J*<,*<D<W<'5!E6E+!F,*!:,'<D,*<'57!A?)!"#')
:#@)!J*)(</D<,'+!#C,$D!*<+@7!!
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! v 

G?<%)!D?)!J*<,*<D0!%<+D!,F!E6E+!*)J*)+)'D+!
<'F,*:#D<,'!#=#<%#C%)!F,*!+$/?!+/*))'<'5!<+!5*,2<'5!*#J<(%0!#'(!D?)!"#')%!$*5)+!D?)!>D#D)!D,!
*)#JJ%0!D?<+!J*<,*<D<W#D<,'!J*,/)++!,'!#D!%)#+D!#!D*<)''<#%!C#+<+7!`'!,*()*!D,!F<%%!(#D#!5#J+!F,*!E6E+!
2<D?!%<:<D)(!,*!',!<'F,*:#D<,'!,'!B6E+!<'!E#%<F,*'<#-!D?)!"#')%!+$55)+D+!D?#D!D?)!>D#D)!<'<D<#%%0!
/,'($/D!#!:,*)!D?,*,$5?!*)=<)2!,F!E6E+!%<@)%0!D,!,//$*!<'!*)/0/%)(!2#D)*!$+<'5!B6E!#'(!
J*)(</D)(!)'=<*,':)'D#%!/,'/)'D*#D<,'!8"6E9!(#D#!F*,:!D?)!J))*Q*)=<)2)(!%<D)*#D$*)!#'(!
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"#')%!*)/,::)'(+!:,=<'5!D,!#!+)/,'(!J?#+)!,F!)'?#'/)(!:,'<D,*<'5!D,!/,'F<*:!D?)!J*)+)'/)!
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"#')%7!!
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! vii 

I$8%(&*1&9*#,(#,0&
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R7T7!A?)!>/<)'/)!&(=<+,*0!"#')%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!R!
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R7O!H)$+)!"*#/D</)+!#'(!"#D?2#0+!D,!6MJ,+$*)!D,!E6E+!777777777777777777777777777777777777777777777777777777777777777777777777!\!

R7O7R!>$*F#/)!>J*)#(<'5!;J)*#D<,'+!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!]!

R7O7T!>$C+$*F#/)!`'V)/D<,'!;J)*#D<,'+!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O!

R7O7\![#'(+/#J)!`**<5#D<,'!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!N!

FJL&'(@<%$,*+5&6$+$/"@.&,*&6+*,(-,&N2&$#/&9$%"1*+#"$&O+"#>"#@&;$,(+&JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJP!

T7R!1)F<'<'5!D?)!^'<=)*+)!,F!E6E+!H)%)=#'D!D,!G#D)*!H)/0/%<'5!<'!E#%<F,*'<#!777777777777777777777777777777777777777!b!

!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!c!

T7\!S)()*#%!H)5$%#D,*0!B,'<D,*<'5!H)K$<*):)'D+!7777777777777777777777777777777777777777777777777777777777777777777777777777777!RR!

T7]!E#%<F,*'<#!>J)/<F</!H)5$%#D<,'+!,F!1*<'@<'5!G#D)*!#'(!G#D)*!H)$+)!777777777777777777777777777777777777777777777!RO!
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'(R<"+(.(#,0&JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ&DS!

\7R!`'D*,($/D<,'!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!RU!

\7T!E$**)'D![)=)%+!,F!G#D)*!H)/0/%<'5!#'(!S$D$*)!H)+,$*/)!1):#'(+!77777777777777777777777777777777777777777777777!RU!

\7\!E$**)'D!G#D)*!H)/0/%<'5!H)5$%#D<,'+-!E*<D)*<#!#'(!",%</0!7777777777777777777777777777777777777777777777777777777777777!TP!

\7]!L)0!E*<D)*<#!Y,=)*'<'5!"%#'')(!`'(<*)/D!",D#C%)!H)$+)!"*,V)/D+!77777777777777777777777777777777777777777777777777!T\!

\7O!H)/0/%)(!G#D)*!Q!E#+)!6M#:J%)+!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!TO!

HJL&I*B"-*%*@"-$%&'(%(4$#-(&*1&9A90&"#&'(-5-%(/&;$,(+&,*&T<.$#&T($%,:&JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ&FP!

]7R!`'D*,($/D<,'!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Tb!
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]7T!>/*))'<'5!"*,/)++!D,!&++)++!A,M</,%,5</#%!H)%)=#'/)!,F!E6E+!7777777777777777777777777777777777777777777777777777777!Tb!

]7\!1)*<=#D<,'!,F!B,'<D,*<'5!A*<55)*![)=)%+!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!\\!

]7\7R!`'<D<#%!B,'<D,*<'5!A*<55)*![)=)%+!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!\]!

]7]!G?#D!#*)!D?)!#JJ*,J*<#D)!/,'+D<D$)'D+!D,!C)!:,'<D,*)(d!777777777777777777777777777777777777777777777777777777777777!\O!

UJL&7($0<+(/&A#4"+*#.(#,$%&9*#-(#,+$,"*#0&*1&9A90&"#&'(-5-%(/&;$,(+&"#&9$%"1*+#"$&JJJJJJJJJJJJJJJJJJJJJJJJ&GP!

O7R!`'D*,($/D<,'!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!\b!

O7T!;//$**)'/)!,F!E6E+!<'!H)/0/%)(!G#D)*!<'!E#%<F,*'<#!7777777777777777777777777777777777777777777777777777777777777777777777!\b!

O7\!H)/,::)'(#D<,'+!D,!Y#D?)*!&((<D<,'#%!B6E!1#D#!F,*!E6E+!<'!E#%<F,*'<#!777777777777777777777777777777777777!]R!

VJL&2-+((#"#@&N#>#*?#&9A90&"#&'(-5-%(/&;$,(+&,*&300(00&AB)*0<+(&JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ&HH!

N7R!`'D*,($/D<,'!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!]]!

N7T!I<,#'#%0D</#%!>/*))'<'5!A,,%+!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!]O!

N7\7R!>D*)'5D?+!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!]b!

N7\7T!G)#@')++)+!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!]b!

N7]!e$#'D<F0<'5!^'@',2'!L',2'!E6E+!<'!H)/0/%)(!G#D)*!777777777777777777777777777777777777777777777777777777777777777777!]U!

PJL&6+(+(R<"0",(0&1*+&7*#",*+"#@&9A90&"#&'(-5-%(/&;$,(+&JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ&UD!

b7R!I#/@5*,$'(!#'(!&'#%0D</#%!E,:J,')'D+!F,*!B,'<D,*<'5!E6E+!<'!H)/0/%)(!G#D)*!777777777777777777777777!OR!

b7T!>#:J%)!E,%%)/D<,'a"*)+)*=#D<,'!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!OR!

b7T7R!>#:J%)!E,%%)/D<,'!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!OR!

b7T7T!"*)+)*=#D<,'!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!OT!

b7T7\!H)+<($#%!;M<(#'D!e$)'/?<'5!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O\!

b7\!`'+D*$:)'D#%!&'#%0+<+!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O\!

b7\7R!YEQB>!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O\!

b7\7T![EQB>!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O]!

b7\7\!YEQB>!=+7![EQB>!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!O]!

b7\7]!`+,D,J)!1<%$D<,'![EQB>!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!OO!

b7\7O!e$#%<D0!&++$*#'/)ae$#%<D0!E,'D*,%!B)#+$*)+!7777777777777777777777777777777777777777777777777777777777777777777777!OO!

b7\7N!B)D?,(!1)D)/D<,'![<:<D+!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!OO!
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^>! ^'<D)(!>D#D)+!
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DJL&M#,+*/<-,"*#&

:;:(<*1='&">#8(

E#%<F,*'<#!J*)+)'D%0!*)/0/%)+!#JJ*,M<:#D)%0!NOP-PPP!#/*)QF))D!,F!2#D)*!J)*!0)#*-!#'!#:,$'D!D?#D!
?#+!(,$C%)(!<'!D?)!%#+D!D2)'D0!0)#*+!8G#D)H)$+)-!TPRP97!S$D$*)!*)$+)!J,D)'D<#%!<'!D?)!>D#D)!<+!
)+D<:#D)(!D,!C)!#'!#((<D<,'#%!R7]!D,!R7N!:<%%<,'!#/*)QF))D!J)*!0)#*!C0!TP\P7!!!(

A,!)'/,$*#5)!)MJ#'()(!*)$+)!<'!#!+D#D)!D?#D!<+!)MJ)*<)'/<'5!2#D)*!+?,*D#5)-!D?)!E#%<F,*'<#!
>D#D)!G#D)*!H)+,$*/)+!E,'D*,%!I,#*(!8>GHEI9!#(,JD)(!<'!S)C*$#*0!TPPU!#'!$J(#D)(!H)/0/%)(!
G#D)*!",%</0!8#(,JD)(!$'()*!H)+,%$D<,'!.,7!TPPUQPPRR9!<'D)'()(!D,!J*,=<()!J)*:<DD<'5!/%#*<D0!
2?<%)!)'+$*<'5!J*,D)/D<,'!,F!2#D)*!K$#%<D07!A?)!",%</0!+D#D)+!D?#D!%,/#%!2#D)*!#'(!2#+D)2#D)*!
)'D<D<)+-!D,5)D?)*!2<D?!+D#@)?,%()*+-!2<%%!F$'(!%,/#%%0!(*<=)'!#'(!/,%%#C,*#D<=)!J*,/)++)+!D,!
()=)%,J!+#%Da'$D*<)'D!:#'#5):)'D!J%#'+!F,*!)#/?!5*,$'(2#D)*!C#+<'!a+$CQC#+<'!<'!E#%<F,*'<#7!`'!
#((<D<,'-!D?)!",%</0!#'(!+$JJ,*D<'5!<'F,*:#D<,'!J*,=<()!F$*D?)*!()F<'<D<,'!#'(!/%#*<F</#D<,'!D,!
D?)!/,%%#C,*#D<=)!*,%)+!,F!D?)!>GHEI-!D?)!E#%<F,*'<#!1)J#*D:)'D!,F!"$C%</!_)#%D?!8E1"_9-!D?)!
H)5<,'#%!G#D)*!e$#%<D0!E,'D*,%!I,#*(+!8HGeEI9-!#'(!D?)!E#%<F,*'<#!1)J#*D:)'D!,F!G#D)*!
H)+,$*/)+!81GH97!

;')!/?#%%)'5)!<'!()=)%,J<'5!D?#D!J,%</0!2#+!?,2!D,!#((*)++!')2!/%#++)+!,F!/?):</#%+-!+$/?!
#+!J?#*:#/)$D</#%+!#'(!J)*+,'#%!/#*)!J*,($/D+!8""E"+9-!/$**)'D%0!$+)(!J)+D</<()+-!#'(!
<'($+D*<#%!/?):</#%+-!/,%%)/D<=)%0!*)F)**)(!D,!#+!/?):</#%+!,F!):)*5<'5!/,'/)*'!8E6E+97!A?<+!
(<=)*+)!5*,$J!,F!*)%#D<=)%0!$':,'<D,*)(!/?):</#%+!?#+!C))'!F,$'(!D,!,//$*!#D!D*#/)!%)=)%+!<'!
2#+D)2#D)*!(<+/?#*5)+-!#:C<)'D!*)/)<=<'5!2#D)*+-!#'(!(*<'@<'5!2#D)*!+$JJ%<)+-!C$D!:#'0!,F!
D?):!#*)!+,!')2!D?#D!+D#'(#*(<W)(!:)#+$*):)'D!:)D?,(+!#'(!D,M</,%,5</#%!(#D#!F,*!
<'D)*J*)D<'5!D?)<*!J,D)'D<#%!?$:#'!,*!)/,+0+D):!?)#%D?!)FF)/D+!#*)!$'#=#<%#C%)7!A?<+!%#/@!,F!

#++)++!D?)<*!J,D)'D<#%!*<+@+!#'(!()=)%,J!*)5$%#D,*0!J*,D,/,%+7!S,*!:#'0!,F!D?)+)!/?):</#%+-!)=)'!
<'F,*:#D<,'!#C,$D!J*,($/DQ+J)/<F</!#JJ%</#D<,'+!<+!$'#=#<%#C%)-!:#@<'5!<D!(<FF</$%D!D,!#+/)*D#<'!
D?)!J*,C#C<%<D0!,F!)MJ,+$*)!#'(!D?)!J,D)'D<#%!D,!<:J#/D!C)')F</<#%!$+)+!,F!2#D)*!*)+,$*/)+!<'!
E#%<F,*'<#7!

!
:;?;(@/+()1$+#1+(A8B$,"&7(C*#+2 (

H)/,5'<W<'5!D?#D!/,'+<()*#D<,'!,F!E6E!)FF)/D+!,'!?$:#'!?)#%D?!#'(!#K$#D</!%<F)!<+!#!*#J<(%0!
)=,%=<'5!F<)%(!#'(!D?#D!*)5$%#D,*0!*)K$<*):)'D+!'))(!D,!C)!C#+)(!,'!C)+D!#=#<%#C%)!+/<)'/)-!D?)!
>GHEI!<'/%$()(!#!J*,=<+<,'!<'!D?)!H)/0/%)(!G#D)*!",%</0!D,!)+D#C%<+?!#!>/<)'/)!&(=<+,*0!"#')%!
D?#D!2,$%(!J*,=<()!5$<(#'/)!<'!()=)%,J<'5!:,'<D,*<'5!J*,5*#:+!D?#D!#++)++!D?)!J,D)'D<#%!
?)#%D?!D?*)#D!,F!E6E+!F*,:!=#*<,$+!2#D)*!*)/0/%<'5!J*#/D</)+7!A?)!"#')%!2#+!F,*:)(!<'!B#0!
TPPU!#'(!<'/%$()(!+<M!'#D<,'#%!)MJ)*D+!<'!D?)!F<)%(+!,F!/?):<+D*0-!C<,/?):<+D*0-!D,M</,%,50-!
)J<():<,%,50-!*<+@!#++)++:)'D-!#'(!)'5<'))*<'57!A?)+)!)MJ)*D+!?#=)!:,*)!D?#'!RPP!0)#*+!,F!
/,:C<')(!)MJ)*<)'/)!<'=)+D<5#D<'5!E6E!<++$)+7!&!C*<)F!C<,5*#J?0!,F!)#/?!J#')%!:):C)*!<+!
J*,=<()(!<'!&JJ)'(<M!&Z!!

 1*7!"#$%!&'()*+,'-!&HE&1`>!#'(!I,+D,'!^'<=)*+<D0! !
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! 2 

 1*7!.#'/0!1)'+%,2-!^'<=)*+<D0!,F!S%,*<(#!

 1*7!34*5!67!1*)2)+-!E,%,*#(,!>/?,,%!,F!B<')+!8!"#$%9!

 1*7!&(#:!;%<=<)*<-!6;&-!`'/7!

 1*7!1#'<)%!>/?%)'@-!^'<=)*+<D0!,F!E#%<F,*'<#QH<=)*+<()!

 1*7!>?#')!>'0()*-!A,D#%!6'=<*,':)'D!>,%$D<,'+-!`'/7!

!
A?)!"#')%!?)%(!F,$*!<'QJ)*+,'!:))D<'5+!#'(!'$:)*,$+!/,'F)*)'/)!/#%%+7!A?)!:))D<'5+!

<'/%$()(!D?)!,JJ,*D$'<D0!F,*!+D#@)?,%()*!<'J$D!<'!/%#*<F0<'5!D?)<*!/?#*5)-!)M/?#'5)!,F!
<'F,*:#D<,'-!(<#%,5!2<D?!D?)!"#')%!#'(!/,'+<()*#D<,'!,F!J$C%</!/,::)'D+!,'!D?)!(*#FD!*)J,*D7!
A?<+!*)J,*D!J*,=<()+!D?)! !

!
:;D(./*&'+(%"(%/+()1$+#1+(A8B$,"&7(C*#+2( (

A?)!"#')%!2#+!J*,=<()(!2<D?!F<=)!+J)/<F</!/?#*5)!K$)+D<,'+!8+))!#//,:J#'0<'5!C,M9-!C$D!2#+!
5)')*#%%0!#+@)(!D,!*)=<)2!D?)!,//$**)'/)-!*)%)=#'/)-!#'(!K$#'D<F</#D<,'!,F!E6E+!<'!*)/0/%)(!
2#D)*!<'!D?)!>D#D)!,F!E#%<F,*'<#!2<D?!D?)!5,#%!D,!J*,=<()!*)/,::)'(#D<,'+!F,*!()=)%,J:)'D!,F!#!
:,'<D,*<'5!J*,5*#:!,F!E6E+!<'!*)/0/%)(!2#D)*7!A?)!"#')%!2#+!#+@)(!D,!F,/$+!,'!D?*))!*)$+)!
J*#/D</)+!<'!2?</?!E6E+!:#0!*)J*)+)'D!#!J,D)'D<#%!
D?*)#D!D,!?$:#'!#'(!#K$#D</!?)#%D?Z!

R9 `'(<*)/D!J,D#C%)!*)$+)!=<#!+$*F#/)!+J*)#(<'5!,F!
*)/0/%)(!2#D)*X!

T9 `'(<*)/D!J,D#C%)!*)$+)!=<#!+$C+$*F#/)!<'V)/D<,'!,F!
*)/0/%)(!2#D)*!<'D,!#!J,D#C%)!#K$<F)*X!#'(!!

\9 ^*C#'!%#'(+/#J)!<**<5#D<,'!2<D?!*)/0/%)(!2#D)*7!!
!

A?)!"#')%!/?,+)!D,!F,/$+!<D+!*)/,::)'(#D<,'+!,'!
D,M</,%,5</#%!*)%)=#'/)!,F!E6E+!D,!?$:#'!?)#%D?!
C)/#$+)!:,+D!2#D)*!*)$+)!J*#/D</)+!?#=)!%<:<D)(!
<:J#/D!,'!)/,%,5</#%!*)/)JD,*+!8+))!&JJ)'(<M!I!F,*!#!
:,*)!()D#<%)(!(<+/$++<,'97!;D?)*!*)$+)!J*#/D</)+!D?#D!
/,$%(!*)+$%D!<'!(<+/?#*5)!,F!*)/0/%)(!2#D)*!D,!+$*F#/)!
2#D)*-!)+D$#*<)+-!#'(!D?)!,/)#'!2)*)!#%+,!',D!
#((*)++)(!C0!D?)!"#')%7!_,2)=)*-!D?)!>GHEI-!<'!
/,%%#C,*#D<,'!2<D?!D?)!"#/@#*(!S,$'(#D<,'-!)+D#C%<+?)(!#',D?)*!>/<)'/)!&(=<+,*0!"#')%!<'!
3#'$#*0!TPRP!D?#D!2#+!/?#*5)(!D,!#((*)++!E6E!(<+/?#*5)!D,!D?)!,/)#'!#'(!J,D)'D<#%!)FF)/D+!,F!
)MJ,+$*)!,F!?$:#'+!#'(!,/)#'!%<F)!D,!E6E+!F*,:!D?<+!J*#/D</)7!A?)!*)J,*D!<++$)(!C0!D?)!,/)#'!
(<+/?#*5)!J#')%!<+!F,*D?/,:<'5!<'!D?)!+J*<'5!,F!TPRR7!

`'!/,'+<()*<'5!D?)!/?#*5)-!D?)!"#')%!()F<')(!E6E+!D,!*)J*)+)'D!J)*+,'#%!/#*)!J*,($/D+-!
J?#*:#/)$D</#%+!<'/%$(<'5!#'D<C<,D</+!#'(!#'D<:</*,C<#%+X!<'($+D*<#%-!#5*</$%D$*#%-!#'(!?,$+)?,%(!
/?):</#%+X!'#D$*#%!?,*:,')+X!F,,(!#((<D<=)+!8)757-!J?0D,)+D*,5)'+-!/#FF)<')-!+2))D)')*+9X!

./*&'+(%"(%/+()1$+#1+(A8B$,"&7(C*#+2(

 7"#3&#%*&3"*&#88%48%$#3*&14)93$3(*)39&

34&:*&24)$34%*;-&$)15(;$)<&#)#5=3$1#5&

2*3"4;9&#);&2*3"4;&;*3*13$4)&5$2$39>&

 7"#3&$9&3"*&?)4@)&34A$1454<$1#5&

$)64%2#3$4)&64%&3"*&#:4B*&14)93$3(*)39>&&&

 74(5;&3"*&#:4B*&5$939&46&14)93$3(*)39&

1"#)<*&:#9*;&4)&5*B*5&46&3%*#32*)3&#);&

(9*>&&C6&94-&"4@>&&&

 7"#3&#%*&8499$:5*&$);$1#34%9&3"#3&

%*8%*9*)3&9($3*9&46&!D!9>&&

 7"#3&5*B*59&46&!D!9&9"4(5;&3%$<<*%&

*)"#)1*;&24)$34%$)<&46&!D!9&$)&%*1=15*;&

@#3*%-&<%4();@#3*%-&#);E4%&9(%6#1*&

@#3*%9>&
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! 3 

D*#'+F,*:#D<,'!J*,($/D+-!<',*5#'</!/,'+D<D$)'D+!8)757-!C,*,'-!/?%,*#D)-!5#(,%<'<$:9X!#'(!
'#',:#D)*<#%+7!A?)!"#')%!#%+,!/?,+)!',D!D,!/,'+<()*!D?)!,//$**)'/)!,F!2#D)*C,*')!:</*,C<#%!
J#D?,5)'+!,*!D?)<*!#/K$<+<D<,'!,F!#'D<C<,D</!*)+<+D#'/)7!Y<=)'!D?)!:$%D<J%)!C#**<)*!/,'/)JD!#'(!
2#D)*!D*)#D:)'D!J*,/)++!*)($'(#'/0!*)K$<*):)'D+!<'!J%#/)-!D?)!"#')%!C)%<)=)+!D?#D!D?)!
J,D)'D<#%!J$C%</!?)#%D?!*<+@!#++,/<#D)(!2<D?!)MJ,+$*)!D,!J#D?,5)'+!<'!*)/0/%)(!2#D)*!$+)(!F,*!
%#'(+/#J)!<**<5#D<,'!,*!5*,$'(2#D)*!*)/?#*5)R!<+!=)*0!+:#%%7!_,2)=)*-!D?)!"#')%!#/@',2%)(5)+!
D?#D!+,:)!$'/)*D#<'D<)+!)M<+D!*)5#*(<'5!D?)!,//$**)'/)!,F!):)*5<'5!2#D)*C,*')!:</*,C<#%!
J#D?,5)'+!#'(!)'/,$*#5)+!#((<D<,'#%!*)+)#*/?!<'D,!D?)<*!F#D)!<'!2#D)*!*)$+)!+0+D):+7!!

A?)!"#')%!(<(!J*,=<()!#!/$*+,*0!*)=<)2!,F!#'D<C<,D</!*)+<+D#'/)!<'!*)%#D<,'!D,!2#D)*!*)$+)!
J*#/D</)+!8+))!&JJ)'(<M!E9!#'(!*)#%<W)(!D?#D!D?)!<++$)!2#+!/,:J%)M!#'(!D?#D!#!D?,*,$5?!
D*)#D:)'D!*)K$<*)(!:,*)!*)+,$*/)+!D?#'!D?)!"#')%!?#(!#//)++!D,7!.)=)*D?)%)++!C#+)(!,'!D?)!
/$*+,*0!*)=<)2!D?)!"#')%!/,'($/D)(-!#'D<C<,D</!*)+<+D#'/)!(,)+!',D!#JJ)#*!D,!C)!#'!<++$)!2<D?!
D?)!2#D)*!*)$+)!J*#/D</)+!/,'+<()*)(-!C$D!D?)!"#')%!#%+,!*)/,::)'(+!D?#D!#!:,*)!#JJ*,J*<#D)!
J#')%!8)757-!E)'D)*+!F,*!1<+)#+)!E,'D*,%!#'(!"*)=)'D<,'9!/,:J%)D)!#!:,*)!D?,*,$5?!*)=<)2!#'(!

!J*)%<:<'#*0!/,'/%$+<,'+7!

!
:;E(F&'*#$G*%$"#("-(%/+(6+H"&%(

A?<+!*)J,*D!/,'D#<'+!U!+)/D<,'+!#'(!R\!#JJ)'(</)+7!A?)!*):#<'()*!,F!D?<+!+)/D<,'!()+/*<C)+!
D?)!J,D)'D<#%!)MJ,+$*)!+/)'#*<,+!F,*!)#/?!,F!D?)!D?*))!*)$+)!J*#/D</)+!D?)!"#')%!2#+!#+@)(!D,!
/,'+<()*7!>)/D<,'+!T!D?*,$5?!]!J*,=<()!C#/@5*,$'(!:#D)*<#%!,'!D?)!*)5$%#D,*0!F*#:)2,*@!F,*!
E6E+-!D?)!2#D)*!*)$+)!J*#/D</)+!<'!E#%<F,*'<#-!#'(!#!*)=<)2!,F!D,M</,%,5</#%!*)%)=#'/)!,F!E6E+7!
>)/D<,'+!O!D?*,$5?!b!()+/*<C)!D?)!E#%<F,*'<#!*)%)=#'D!<'F,*:#D<,'!'))()(!D,!()=)%,J!#!
*)/,::)'()(!:,'<D,*<'5!J*,5*#:7!>)/D<,'! J*,J,+)(!F*#:)2,*@!F,*!
+)%)/D<'5!E6E+!F,*!:,'<D,*<'5!J*,5*#:+-!#'(!>)/D<,'!U!+$::#*<W)+! !
*)/,::)'(#D<,'+7!!!

!
:;I(6+>,+(C&*1%$1+,(*#8(C*%/J*7,(%"(3KH",>&+(%"(.3., (

! A,!<%%$+D*#D)!J,D)'D<#%!J#D?2#0+!,F!)MJ,+$*)!,F!E6E+!D,!?$:#'+!#'(!#K$#D</!%<F)!F,*!D?)!
D?*))!*)$+)!J*#/D</)+!D?)!"#')%!2#+!#+@)(!D,!/,'+<()*-!D?)!@)0!D*)#D:)'D!)%):)'D+!,F!)#/?!
#JJ%</#D<,'-!D?)!J,<'D+!,F!:,'<D,*<'5!8";B+9!F*,:!#!*)5$%#D,*0!+D#'(J,<'D-!#'(!J,D)'D<#%!J,<'D+!
,F!)MJ,+$*)!8";6+9!D,!?$:#'+!#'(!#K$#D</!%<F)!#*)!<%%$+D*#D)(!<'!S<5$*)+!R7R!D,!R7\7!!

! Y*,$'(2#D)*!*)/?#*5)!D,!#$5:)'D!(*<'@<'5!2#D)*!+$JJ%<)+!<+!/$**)'D%0!J*#/D</)(!<'!+)=)*#%!
*)$+)!J*,V)/D+!<'!E#%<F,*'<#7!A?)+)!J*,V)/D+!#JJ%0!*)/0/%)(!2#D)*!)<D?)*!=<#!+$*F#/)!+J*)#(<'5!,*!
+$C+$*F#/)!<'V)/D<,'7!>$*F#/)!+J*)#(<'5!,J)*#D<,'+!$D<%<W)!*)/0/%)(!2#D)*!2<D?!#!K$#%<D0!)K$#%!D,!
D?#D!*)+$%D<'5!F*,:!D)*D<#*0!D*)#D:)'D!D?#D!D?)'!<+!#JJ%<)(!D,!<'F<%D*#D<,'!,*!*)/?#*5)!C#+<'+7!
>$C+)K$)'D%0-!D?<+!2#D)*!<+!+$CV)/D)(!D,!+,<%Q#K$<F)*!D*)#D:)'D!8>&A9!*)+$%D<'5!<'!#((<D<,'#%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R!B$%D<J%)!C#**<)*+!F,*!D?)!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+!<'/%$()!+,$*/)!/,'D*,%!#'(!/,'+<()*#D<,'!,F!D?)!
D*)#D:)'D!J*,/)++)+!#D!D?)!2#D)*!*)/0/%<'5!J%#'D-!#DD)'$#D<,'!($*<'5!5*,$'(2#D)*!*)/?#*5)!<'/%$(<'5!()D)'D<,'!
D<:)-!(<%$D<,'-!#'(!(<)Q,FF-!#'(!=#*<,$+!J,D#C%)!2#D)*!D*)#D:)'D!J*,/)++)+!#++,/<#D)(!2<D?!D?)!J*,($/D<,'!,F!
F<'<+?)(!J,D#C%)!2#D)*7 
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<:J*,=):)'D+!,F!2#D)*!K$#%<D0!<'!D?)!+$C+$*F#/)7!1$*<'5!*)/?#*5)-!*)/0/%)(!2#D)*!<+!+$CV)/D!D,!
(<%$D<,'!2<D?!'#D<=)!5*,$'(2#D)*!#'(!,D?)*!*)/?#*5)(!2#D)*!+,$*/)+-!+$/?!#+!+D,*:2#D)*!#'(!
<:J,*D)(!+$*F#/)!2#D)*7!>$C+$*F#/)!<'V)/D<,'!J*,V)/D+!*)K$<*)!:,*)!#(=#'/)(!D*)#D:)'D!J*<,*!
D,!<'V)/D<,'!#'(!#%+,!D#@)!#(=#'D#5)!,F!(<%$D<,'!2<D?!'#D<=)!5*,$'(2#D)*!#'(!*)/?#*5)(!2#D)*!
F*,:!,D?)*!+,$*/)+7!S,*!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+!<'!E#%<F,*'<#-!D?)!*)/?#*5)(!2#D)*!<+!
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Figure 1.1. Conceptual model of surface spreading reuse operations in California (recycled water 
contribution <50% at point of extraction). 
!
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!
Figure 1.2. Conceptual model of subsurface spreading reuse operations in California (recycled water 
contribution >50% at point of extraction). 
!
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Figure 1.3. Conceptual model of reuse operations for landscape irrigation in California using recycled 
water meeting Title 22 requirements. 
!
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*)/0/%)(!2#D)*-!#'(!+$C+)K$)'D!J$C%</!)MJ,+$*)7!A?$+-!D?)!"#')%!/,'/%$()(!D?#D!)MJ,+$*)!,F!
#K$#D</!%<F)!D,!#'0!E6E+!*):#<'<'5!<'!*)/0/%)(!2#D)*!$+)(!F,*!%#'(+/#J)!<**<5#D<,'!<+!/,'+<()*)(!
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!
Figure 2.1. Classes of CECs potentially present in recycled water to be considered for monitoring 
programs in California. 
!
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^'<=)*+)7!A?)!#//)++<C<%<D0!C)/#:)!#!?<5?%0!%<:<D<'5!F#/D,*-!#+!#'0!(#D#C#+)!D,!C)!$+)(!:$+D!C)!
)%)/D*,'</#%%0!#//)++<C%)!#'(!F*))!,F!/?#*5)7!A?)!6"&!<'<D<#%%0!<()'D<F<)(!+,:)!Tc]!J,D)'D<#%!
(#D#C#+)+!,'!2?</?!D?)0!/,$%(!*)%0!F,*!J,J$%#D<'5!D?)!EE[\!^'<=)*+)!
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<()'D<F<)(-!R]T!2)*)!)%<:<'#D)(!($)!D,!*)%)=#'/)-!RT!)%<:<'#D)(!($)!D,!/,:J%)D)')++-!TN!
)%<:<'#D)(!($)!D,!*)($'(#'/0-!#'(!N]!)%<:<'#D)(!($)!D,!*)D*<)=#C<%<D07!`'!D)*:+!,F!*)%)=#'/)-!
+)=)*#%!(#D#C#+)+!2)*)!F,$'(!D,!/,'D#<'!,'%0!()+/*<JD<=)!(#D#!+$/?!#+!$+)(!F,*!J)+D</<()!
%#C)%<'5!,*!',:)'/%#D$*)!D?#D!<+!',D!*)%#D)(!D,!,//$**)'/)!,*!D,M</<D0!#'(!D?)+)!2)*)!',D!
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D,!#=,<(!($J%</#D<,'!#'(!2?)'!*)($'(#'D!(#D#!2#+!F,$'(-!D?)!:,*)!/,:J*)?)'+<=)!(#D#C#+)!
2#+!$D<%<W)(7!!H)D*<)=#C<%<D0!2#+!#!:#V,*!%<:<D#D<,'!F,*!(#D#C#+)!<'/%$+<,'X!(#D#C#+)+!D?#D!
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(#D#C#+)+!2<D?!+<:J%)!%<+D+!<'!D)MD!F,*:#D!D?#D!/,$%(!C)!)#+<%0!<:J,*D)(!2)*)!+,:)D<:)+!$+)(7!
1$)!D,!D*#'+J#*)'/0!/,'/)*'+-!(#D#C#+)+!D?#D!2)*)!#=#<%#C%)!,'%0!C0!+$C+/*<JD<,'!8F))+9!,*!
2)*)!J*,J*<)D#*0!2)*)!',D!$D<%<W)(7!^%D<:#D)%0-!,'%0!]P!(#D#C#+)+!2)*)!$D<%<W)(!8&JJ)'(<M!1-!
A#C%)!1QT97!A?)!%<:<D#D<,'+!,'!D?)!
(#D#C#+)+!D?#D!2)*)!+/*))')(!#*)!%<@)%0!
D?)!5*)#D)+D!?<'(*#'/)+!<'!$D<%<W<'5!D?)!
EE[\!F,*!J*<,*<D<W#D<,'!,F!E6E+!<'!*)$+)!
+0+D):+7!G?<%)!+,:)!(#D#C#+)+!#*)!
/%)#*%0!*)%)=#'D-!:$/?!,F!D?)!(#D#!
J$C%<+?)(!<'!J))*Q*)=<)2)(!%<D)*#D$*)!
#'(!=#*<,$+!*)J,*D+!2,$%(!',D!?#=)!C))'!
/,'+<()*)(!<'!D?)!EE[\!^'<=)*+)7!
G<D?,$D!K$)+D<,'-!:,'<D,*<'5!(#D#!F*,:!
2#D)*!#5)'/<)+a$D<%<D<)+!<'!E#%<F,*'<#!
2,$%(!',D!%<@)%0!?#=)!C))'!<'/%$()(!
#:,'5!D?)!(#D#C#+)+!)=#%$#D)(-!2?</?!<+!
#!:#V,*!%<:<D#D<,'!,F!*)%0<'5!+,%)%0!,'!D?)!
EE[\!#+!#!J*<,*<D0!%<+D!F,*!E6E+!,F!<'D)*)+D!
D,!E#%<F,*'<#7!

F
i
g
u
Figure 2.2. The CCL3 process (from 
http://www.epa.gov/safewater/ccl/ccl3_processflowdia
gram_docs.html). 

S*,:!D?)!]P!(#D#C#+)+!+/*))')(-!')#*%0!TN-PPP!+$C+D#'/)+!2)*)!<()'D<F<)(7!A?)*)F,*)-!
^>6"&!()=)%,J)(!#!J*)Q^'<=)*+)!+)%)/D<,'!J*,/)++!D,!)=#%$#D)!D?,+)!/,:J,$'(+!D?#D!2)*)!
:,+D!+$<D#C%)!F,*!<'/%$+<,'!<'!D?)!^'<=)*+)!8S<5$*)!T7\97!A?)!<'<D<#%!J*,/)++!)++)'D<#%%0!
()D)*:<')(!2?)D?)*!,*!',D!#!/,'D#:<'#'D!?#(!?)#%D?!)FF)/D+!8_69!#'(!,//$**)'/)!(#D#7!`F!,'%0!
_6!(#D#!2)*)!#=#<%#C%)-!D?)+)!/,'D#:<'#'D+!2,$%(!C)!+/*))')(!D,!()D)*:<')!<F!D?)!

!
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F<'<+?)(!,*!#:C<)'D!+,$*/)!2#D)*!(#D#-!*)%)#+)!(#D#-!,*!J*,($/D<,'!,F!,=)*!R!C<%%<,'!
J,$'(+a0)#*!8&JJ)'(<M!1-!A#C%)!1Q]97!

A?<+!J*)Q^'<=)*+)!+)%)/D<,'!J*,/)++!<()'D<F<)(!b-bTP!/?):</#%+-!2?</?!2)'D!,'!D,!D?)!F<'#%!
+)%)/D<,'!J*,/)++!8&JJ)'(<M!1-!S<5$*)!1Q]97!A?)!F<'#%!+)%)/D<,'!J*,/)++!F<*+D!)=#%$#D)(!2?)D?)*!
,*!',D!J*<:#*0!(*<'@<'5!2#D)*!+D#'(#*(+!#%*)#(0!)M<+D)(-!2?</?!)%<:<'#D)(!R-PPU!/?):</#%+!
8:,+D%0!*#(<,'$/%<()+!#'(!/,:J,$'(+!2<D?!:$%D<J%)!<+,:)*+-!+$/?!#+!J,%0/?%,*<'#D)(!C<J?)'0%+!
8"EI+97!S,$*Q?$'(*)(!D?<*D0!+$C+D#'/)+!D?#D!#*)!/,'+<()*)(!:<MD$*)+-!+$/?!#+!J)D*,%)$:!
J*,($/D+!#'(!*)+<'!#/<(+-!2)*)!)%<:<'#D)(!F*,:!F$*D?)*!/,'+<()*#D<,'7!&%+,-!+$C+D#'/)+!D?#D!#*)!

D+9!2)*)!)%<:<'#D)(7![#+D%0-!D2,!
+$C+D#'/)+!2)*)!*):,=)(!C)/#$+)!D?)0!#*)!/,'+<()*)(!C<,%,5</#%!#'(!2,$%(!',D!C)!/,'+<()*)(!
2<D?<'!D?)!/?):</#%!^'<=)*+)7!A?)!^>6"&!#%+,!/,'+<()*)(!Rb]!/,'D#:<'#'D+!D?#D!2)*)!
',:<'#D)(!D?*,$5?!D?)!J$C%</!<'J$D!J*,/)++!#'(!R\T!,F!D?,+)!',:<'#D)(!2)*)!#%*)#(0!
/,'+<()*)(7!A?)!*):#<'<'5!',:<'#D<,'+!2)*)!)=#%$#D)(!D?*,$5?!D?)!+#:)!/*<D)*<#!#+!#%%!,D?)*!
/?):</#%+!F,*!/,'+<()*#D<,'!,F!D?)!EE[\!^'<=)*+)7!;'/)!D?)!(*#FD!EE[\!2#+!*)%)#+)(!<'!S)C*$#*0!
TPPc-!D?)!^>6"&!+$C+)K$)'D%0!*)/)<=)(!Rbb!/,::)'D+7!S*,:!D?)+)!/,::)'D+-!\P!#((<D<,'#%!
/,'D#:<'#'D+!2)*)!#(()(!D,!D?)!^'<=)*+)7!

!

!
Figure 2.3. Initial process for selecting the CCL3 Universe.  
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D?#D!D?)!J$C%</!?)#%D?!2<%%!C)!J*,D)/D)(!F*,:!(*<'@<'5!2#D)*!/,'D#:<'#D<,'-!#'(!2#<=)*+!:$+D!
#((*)++!/,'D#:<'#'D+!<'(<=<($#%%07!S$*D?)*:,*)-!D?)!J$C%</!2#D)*!+0+D):!:$+D!+?,2!D?)!+D#D)!
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',!%,'5)*!*)%<#C%0!,*!/,'+<+D)'D%0!C)%,2!D?)!BE[-!D?)!+0+D):!:$+D!)<D?)*!():,'+D*#D)!D?#D!D?)!
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/,'D#:<'#'D+7!`'!RUUN-!D?)!>1G&!2#+!#:)'()(!#'(!D?)!^EB!J*,5*#:!2#+!+<5'<F</#'D%0!*)=<+)(!
#'(!#!')2!^'*)5$%#D)(!E,'D#:<'#'D!B,'<D,*<'5!H)5$%#D<,'!8^EBH9!)+D#C%<+?)(7!E,'D#:<'#'D+!
()D)/D)(!$'()*!D?)!^EBH!:$+D!C)!*)J,*D)(!D,!/$+D,:)*+!<'!#!E,'+$:)*!E,'F<()'/)!H)J,*D!
<++$)(!C0!D?)!+0+D):!#'(!*)=<)2)(!C0!D?)!+D#D)7!!A?)!6"&!<+!*)K$<*)(!D,!*)=<)2!#'(!$J(#D)!D?)!
^EBH!)=)*0!F<=)!0)#*+7!A?)!F<*+D!^EBH!8^EBHR9!2#+!<++$)(!<'!>)JD):C)*!RUUU!#'(!D?)!+)/,'(!
^EBH!8^EBHT9!2#+!<++$)(!<'!3#'$#*0!TPPb7!^EBH!(#D#!#*)!)'D)*)(!<'D,!D?)!.#D<,'#%!
E,'D#:<'#'D!;//$**)'/)!1#D#C#+)!8.E;197!A?)!^EBH\!<+!/$**)'D%0!<'!()=)%,J:)'D!#'(!2<%%!
%<@)%0!<'/%$()!+D)*,<(!?,*:,')+-!,*5#'</!J)*F%$,*<'#D)(!/,:J,$'(+!8"SE+9-!#'(!,D?)*!E6E+7!
G?<%)!D?)!^EBH!<+!5)')*#%%0!C#+)(!,'!D?)!EE[-!D?<+!<+!',D!#%2#0+!D?)!/#+)7!A?)!J*<:#*0!
)M/)JD<,'!<'=,%=)+!/,:J,$'(+!<'/%$()(!2<D?<'!#'!#'#%0D</#%!:)D?,(7!S,*!<'+D#'/)-!)=)'!D?,$5?!
J)*F%$,*,,/D#',</!#/<(!8"S;&9!#'(!J)*F%$,*,,/D#',</!+$%F,'#D)!8"S;>9!#*)!D?)!,'%0!"SE+!
+J)/<F</#%%0!<'/%$()(!<'!D?)!EE[\-!<D!<+!)MJ)/D)(!D?#D!D?)!^EBH!"SE!%<+D!2<%%!<'/%$()!,D?)*!"SE+!
D?#D!#*)!+<:$%D#'),$+%0!:,'<D,*)(!$+<'5!^>6"&!:)D?,(!O\b7!A?)*)F,*)-!2?<%)!D?)!^EBH!
5)')*#%%0!F,%%,2+!D?)!EE[-!<D!,FD)'!/,'D#<'+!,D?)*!/,:J,$'(+!D?#D!#*)!+<:$%D#'),$+%0!:)#+$*)(!
$+<'5!D?)!:)D?,(+!):J%,0)(7!!!!!

!
?;E(.*2$-"&#$*()H+1$-$1(6+'>2*%$"#,("-(L&$#=$#'(9*%+&(*#8(9*%+&(6+>,+ (

^'()*!^>6"&!5*#'D)(!J*<:#/0-!D?)!+D#D)!,F!E#%<F,*'<#!?#+!D?)!#$D?,*<D0!D,!$J?,%(!D?)!
J*,=<+<,'+!,F!D?)!>#F)!1*<'@<'5!G#D)*!&/D!#'(!D,!)'F,*/)!#%%!*)%#D)(!F)()*#%!+D#'(#*(+7!G?<%)!D?)!
+D#D)!<+!',D!J)*:<DD)(!82<D?,$D!+J)/<#%!)M):JD<,'9!D,!*)%#M!D?)!(*<'@<'5!2#D)*!+D#'(#*(+!,F!D?)!
>#F)!1*<'@<'5!G#D)*!&/D-!D?)!+D#D)!:#0!()=)%,J!#'(!)'F,*/)!#((<D<,'#%!#'(a,*!:,*)!+D*<'5)'D!
*)K$<*):)'D+7!A?)!>D#D)!,F!E#%<F,*'<#!?#+!#!%,'5Q+D#'(<'5!?<+D,*0!,F!()=)%,J<'5!*<5,*,$+!
+D#'(#*(+!C)0,'(!D?)!*)K$<*):)'D+!,F!D?)!^>6"&7!A?)!E1"_!)'F,*/)+!C,D?!D?)!F)()*#%!#'(!
+D#D)!(*<'@<'5!2#D)*!*)5$%#D<,'+!D?*,$5?!D?)!(*<'@<'5!2#D)*!J*,5*#:!81G"9!2<D?<'!D?)!1<=<+<,'!
,F!1*<'@<'5!G#D)*!#'(!6'=<*,':)'D#%!B#'#5):)'D7!S<)%(!,J)*#D<,'+!C*#'/?)+!#*)!*)+J,'+<C%)!
F,*!2#D)*!*)5$%#D<,'!)'F,*/):)'D!#'(!2,*@!2<D?!D?)!^>6"&-!D?)!>GHEI-!D?)!H)5<,'#%!G#D)*!
e$#%<D0!E,'D*,%!I,#*(+!8HGeEI+9-!#'(!,D?)*!<'D)*)+D)(!J#*D<)+!D,!#/?<)=)!*)5$%#D,*0!5,#%+7!&!
:,'<D,*<'5!#'(!)=#%$#D<,'!$'<D!)M<+D+!$'()*!D?)!D)/?'</#%!J*,5*#:+!C*#'/?-!2?</?!/,%%)/D+!
*)+$%D+!F*,:!#'#%0D</#%!%#C,*#D,*<)+!#'(!*)J,*D+!+$C+)K$)'D!(*<'@<'5!2#D)*!K$#%<D0!(#D#!D?#D!
:))D+!D?)!^>6"
<'!E#%<F,*'<#!#*)!5)')*#%%0!/,:J#*#C%)!D,!D?,+)!:#'(#D)(!C0!D?)!^>6"&-!#%C)<D!#D!D<:)+!
E#%<F,*'<#!*)5$%#D<,'+!#*)!:,*)!+D*<'5)'D7!_,2)=)*-!D?)*)!#*)!+)=)*#%!/,'D#:<'#'D+!*)5$%#D)(!
C0!D?)!>D#D)!,F!E#%<F,*'<#!F,*!2?</?!',!F)()*#%!+D#'(#*(!/$**)'D%0!)M<+D+!8A#C%)!T7R97!E,'+<()*<'5!
D?)!/?#*5)!,F!D?<+!"#')%-!D?)+)!/?):</#%+!2)*)!',D!/,'+<()*)(!E6E+!+<'/)!D?)0!#*)!#%*)#(0!
*)5$%#D)(!<'!D?)!>D#D)!,F!E#%<F,*'<#7!

E#%<F,*'<#!#(:<'<+D)*+!#!+D#D)!$'*)5$%#D)(!/,'D#:<'#'D!:,'<D,*<'5!*$%)!J*,5*#:!8A#C%)!
T7T9-!2?</?!*)K$<*)+!*,$D<')!:,'<D,*<'5!#'(!*)J,*D<'57!A?)!>D#D)!,F!E#%<F,*'<#!#%+,!?#+!
)+D#C%<+?)(!#!+)*<)+!,F!',D<F</#D<,'!%)=)%+!F,*!TU!$'*)5$%#D)(!/,'D#:<'#'D+!8A#C%)!T7\97!
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`'D)*)+D<'5%0-!C)+<()+!',D<F</#D<,'!/,:J,$'(+!D?#D!#*)!#%+,!%<+D)(!<'!D?)!E#%<F,*'<#!^EBH+-!D?)+)!
/,'D#:<'#'D+!#*)!',D!J#*D!,F!:#'(#D)(!:,'<D,*<'5!J*,5*#:+-!',*!<+!*)J,*D<'5!D,!D?)!J$C%</!
:#'(#D)(-!C$D!<D!<+!*)/,::)'()(7!.,D<F</#D<,'!%)=)%+!#*)!)+D#C%<+?)(!C0!D?)!>D#D)!$+<'5!?)#%D?Q
C#+)(!/*<D)*<#!()+/*<C)(!<'!()D#<%!#D!
?DDJZaa2227/(J?7/#75,=a/)*D%</a(*<'@<'52#D)*a1,/$:)'D+a.,D<F</#D<,'%)=)%+a.,D<F</#D<,'[)=)%+7J(F7!
A?$+-!/,'D#:<'#'D+!%<+D)(!<'!A#C%)+!T7T!#'(!T7\!2)*)!/,'+<()*)(!E6E+7!

!
Table 2.1. Contaminants regulated in California, but not by USEPA. 
!

Contaminant CA MCL 
(mg/L) 

1,1-Dichloroethane 0.005 

1,3-Dichloropropene 0.0005 

Methyl-tert-butyl ether (MTBE) 0.013 

1,1,2,2-Tetrachloroethane 0.001 

Trichlorofluoromethane 0.15 

1,1,2-Trichloro-1,2,2-trifluoroethane 1.2 

Bentazon 0.018 

Molinate 0.02 

Thiobencarb 0.07 

Perchlorate 0.006 

&

&

Table 2.2. California Unregulated Contaminant Monitoring Requirements for Drinking Water. 
!

Contaminant Detection Limit for Reporting 
( g/L) 

Boron 100 

Chromium-6 1 

Dichlorodifluoromethane 0.5 

Ethyl tertiary butyl ether 3 

Tertiary amyl methyl ether 3 

Tertiary butyl alcohol 2 

1,2,3-Trichloropropane 0.005 

Vanadium 3 

!

http://www.cdph.ca.gov/certlic/drinkingwater/Documents/Notificationlevels/NotificationLevels.pdf
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Table 2.3. California notification substances and levels. 
 

 Compound Notification Level (mg/L) 

 1    Boron   1   

 2    n-Butylbenzene   0.26   

 3    sec-Butylbenzene   0.26   

 4    tert-Butylbenzene   0.26   

 5    Carbon disulfide   0.16   

 6    Chlorate   0.8   

 7    2-Chlorotoluene   0.14   

 8    4-Chlorotoluene   0.14   

 9    Dichlorodifluoromethane (Freon 12) 1   

 10    1,4-Dioxane   0.003   

 11    Ethylene glycol 14   

 12    Formaldehyde   0.1   

 13    HMX   0.35   

 14    Isopropylbenzene   0.77   

 15    Manganese   0.5   

 16    Methyl isobutyl ketone (MIBK)   0.12   

 17    Naphthalene   0.017   

 18   N-Nitrosodiethyamine (NDEA)  0.00001   

 19   N-Nitrosodimethylamine (NDMA)  0.00001   

 20   N-Nitrosodi-n-propylamine (NDPA)  0.00001   

 21    Propachlor   0.09   

 22    n-Propylbenzene   0.26   

 23    RDX   0.0003  

 24    Tertiary butyl alcohol (TBA)   0.012   

 25    1,2,3-Trichloropropane (1,2,3-TCP) 0.000005  

 26    1,2,4-Trimethylbenzene   0.33   

 27    1,3,5-Trimethylbenzene   0.33   

 28    2,4,6-Trinitrotoluene (TNT)   0.001   

 29    Vanadium   0.05   

!
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&+!(<+/$++)(!<'!>)/D<,'!\-!(*#FD!*)5$%#D<,'+!?#=)!C))'!)+D#C%<+?)(!F,*!5*,$'(2#D)*!*)/?#*5)!
2<D?!*)/0/%)(!2#D)*7!A?)+)!(*#FD!*)5$%#D<,'+!*)K$<*)!D?#D!:,'<D,*<'5!F,*!#%%!J*<:#*0!#'(!
+)/,'(#*0!BE[+!D#@)!J%#/)!#+!2)%%!#+!D)+D<'5!F,*!D,D#%!'<D*,5)'!8A.9!#'(!D,D#%!,*5#'</!/#*C,'!
8A;E97!&((<D<,'#%%0-!D?)!(*#FD!5*,$'(2#D)*!*)/?#*5)!*)5$%#D<,'+!+$55)+D!K$#*D)*%0!:,'<D,*<'5!

2<D?!>D#D)!',D<F</#D<,'!%)=)%+!8A#C%)!T7\9-!#'(!#((<D<,'#%!/,'+D<D$)'D!:,'<D,*<'5!#+!+J)/<F<)(!C0!
D?)!>D#D)7!A?)!*)K$<*):)'D+!F,*!#((<D<,'#%!/,'+D<D$)'D!:,'<D,*<'5!#*)!J*,=<()(!<'!6'(',D)!]!
#'(!O!,F!D?)!(*#FD!*)5$%#D<,'+7!6'(',D)!O!+$55)+D+!D?#D!<'(</#D,*+!,F!2#+D)2#D)*!C)!:,'<D,*)(-!
2?</?!:#0!<'/%$()!$'*)5$%#D)(!/,:J,$'(+-!+$/?!#+!J?#*:#/)$D</#%+-!)'(,/*<')!(<+*$JD,*+-!
J)*+,'#%!/#*)!J*,($/D+-!#'(!

F!
8?DDJZaa2227/(J?7/#75,=a_)#%D?`'F,a)'=<*,'?)#%D?a2#D)*a"#5)+aG#D)**)/0/%<'57#+JM97!

!

http://www.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling.aspx
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GJL&;$,(+&'(<0(&6+$-,"-(0&"#&9$%"1*+#"$Q&300<+$#-(&*1&6%$#,&6(+1*+.$#-(Q&$#/&
9<++(#,&7*#",*+"#@&'(R<"+(.(#,0&

D;:(Q#%&"8>1%$"#(

! G#D)*!*)/%#:#D<,'-!*)/0/%<'5-!#'(!*)$+)!#*)!<'D)5*#%!/,:J,')'D+!,F!2#D)*!*)+,$*/)!
J%#''<'5!#'(!:#'#5):)'D7!`'!D?)!J#+D-!D?)!(*<=<'5!:,D<=#D<,'!F,*!2#D)*!*)$+)!2#+!D,!
+$JJ%):)'D!+/#*/)!*)+,$*/)+!#'(!D,!J*,=<()!#!:)#'+!,F!#=,<(<'5!)FF%$)'D!(<+J,+#%!<'D,!+$*F#/)!
2#D)*+7!G<D?!<'/*)#+)(!2#D)*!():#'(!C*,$5?D!,'!C0!/,'D<'$)(!(*,$5?D!#'(!<'/*)#+<'5!
J,J$%#D<,'-!*)/0/%)(!2#+D)2#D)*!<+!',2!/,'+<()*)(!#'!<:J,*D#'D!2#D)*!*)+,$*/)7!.,'QJ,D#C%)!
#'(!J,D#C%)!$+)!,F!*)/0/%)(!2#D)*!/#'!)'#C%)!/,::$'<D<)+!D,!:#M<:<W)!#'(!)MD)'(!D?)!$+)!,F!
%<:<D)(!2#D)*!*)+,$*/)+7!

^D<%<W#D<,'!,F!#JJ*,J*<#D)%0!D*)#D)(!2#+D)2#D)*!#+!#%D)*'#D<=)!#'(a,*!+$JJ%):)'D#%!2#D)*!
+,$*/)+!D,!<'/*)#+)!D?)!+$JJ%0!,F!?<5?!K$#%<D0!2#D)*!F,*!J,D#C%)!$+)+!<'/%$()+!#JJ%</#D<,'+!+$/?!
#+Z!

 [#'(+/#J)!<**<5#D<,'!8)757-!J#*@+-!5,%F!/,$*+)+-!*)+<()'D<#%9X!

 &5*</$%D$*#%!<**<5#D<,'!8)757-!/*,J+-!/,::)*/<#%9X!

 `'($+D*<#%!$+)+!8)757-!/,,%<'5!D,2)*+-!/,'+D*$/D<,'9X!!

 ^*C#'!','QJ,D#C%)!8)757-!D,<%)D!F%$+?<'5-!F<*)!F<5?D<'59X!

 ",D#C%)!2#D)*!$+)+!8)757-!C%)'(<'5!<'!*)+)*=,<*+-!C%)'(<'5!<'!5*,$'(2#D)*-!(<*)/D!$+)9X!
#'(!

 H)/*)#D<,'#%a)'=<*,':)'D#%!$+)+!8)757-!%#@)+-!:#*+?)+-!+D*)#:!F%,2!#$5:)'D#D<,'97!

!
A?)!J$*J,+)!,F!D?<+!+)/D<,'!<+!D,!J*,=<()!#!+$::#*0!,F!D?)!F,%%,2<'5!@)0!<D):+7!&!:,*)!

()D#<%)(!(<+/$++<,'!/#'!C)!F,$'(!<'!&JJ)'(</)+!6!8E1"_!1*#FD!Y*,$'(2#D)*!H)/?#*5)!
H)5$%#D<,'+9-!S!8H)/0/%)(!G#D)*!E#+)!6M#:J%)+9-!Y!8E,'/)JD!,F!H)%<#C<%<D09-!#'(!_!8"*)D*)#D:)'D!
H)5$%#D,*0!&$D?,*<D0!F,*!>,$*/)!E,'D*,%97!

!
D;?(.>&&+#%(N+B+2,("-(9*%+&(6+1712$#'(*#8(O>%>&+(6+,">&1+(L+0*#8, (

S,*!')#*%0!#!/)'D$*0-!*)/0/%)(!2#D)*!?#+!C))'!$+)(!<'D)'D<,'#%%0!#+!#!','QJ,D#C%)!2#D)*!
+$JJ%0!+,$*/)!<'!E#%<F,*'<#7!A?)!<:J%):)'D#D<,'!,F!*)/%#:#D<,'!J*,V)/D+!?#+!<'/*)#+)(!
+<5'<F</#'D%0!)=)'!<'!D?)!F#/)!,F!*)5$%#D,*0-!)/,',:</-!#'(!+,/<#%!/,'+D*#<'D+7!`'!RUcU-!*)$+)!,F!
:$'</<J#%!2#+D)2#D)*!<'!E#%<F,*'<#!2#+!)+D<:#D)(!#D!\TO-PPP!#/*)QF))D!J)*!0)#*T7!`'!TPPT!D?)!
>GHEI!/,'($/D)(!#!/,:J*)?)'+<=)!+D#D)2<()!+$*=)0!,F!:$'</<J#%!F#/<%<D<)+!D?#D!F,/$+)(!,'!
(,/$:)'D<'5!D?)!/$**)'D!%)=)%+!,F!','QJ,D#C%)!*)$+)!,F!D*)#D)(!:$'</<J#%!2#+D)2#D)*7!A?)!
*)+$%D+!,F!D?)!TPPT!+$*=)0!<'(</#D)(!D?#D-!#+!,F!D?)!)'(!,F!TPPR-!#JJ*,M<:#D)%0!OTO-PPP!#/*)Q
F))D!J)*!0)#*!,F!*)/0/%)(!2#D)*!2#+!$+)(!<'!E#%<F,*'<#7!!B,*)!*)/)'D!>GHEI!(#D#!<'(</#D)!D?#D!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
T;')!#/*)QF,,D!<+!)K$<=#%)'D!D,!#JJ*,M<:#D)%0!\TO-cOR!5#%%,'+!,F!2#D)*7!
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($*<'5!TPPU!#JJ*,M<:#D)%0!N]N-RPP!#/*)QF))D!J)*!0)#*!,F!*)/0/%)(!2#D)*!2#+!$+)(!8G#D)H)$+)-!
TPRP97!&!+$::#*0!,F!D?)!+D#D)2<()!+$*=)0!<+!+?,2'!<'!S<5$*)!\7R!+$55)+D<'5!D?#D!D?)!D,J!D?*))!
*)$+)+!#*)!F,*!#5*</$%D$*#%!$+)+!8\bm9-!%#'(+/#J)!<**<5#D<,'!8Rcm9-!#'(!5*,$'(2#D)*!*)/?#*5)!
#'(!+)#2#D)*!<'D*$+<,'!C#**<)*!$+)+!8Tbm97!&D!D?)!J*)+)'D!D<:)-!)+D<:#D)+!<'(</#D)!D?#D!#C,$D!c!
D,!RP!J)*/)'D!,F!:$'</<J#%!2#+D)2#D)*!<+!*)/0/%)(!<'!J%#'')(!*)$+)!J*,V)/D+7!6+D<:#D)+!
*)5#*(<'5!F$D$*)!*)$+)!<'(</#D)!D?#D!E#%<F,*'<#!?#+!D?)!J,D)'D<#%!D,!*)/0/%)!#'!#((<D<,'#%!R7]!D,!
R7N!:<%%<,'!#/*)QF))D!J)*!0)#*!,F!2#D)*!C0!D?)!0)#*!TP\P!8G#D)H)$+)-!TPRP97!!!&

 

 
!

Figure 3.1 Types of recycled water use in California as a percentage of annual use, 2009 (Source: 
WateReuse, 2010). 
!
!
D;D(.>&&+#%(9*%+&(6+1712$#'(6+'>2*%$"#,R(.&$%+&$*(*#8(C"2$17 (

! H)/0/%)(!2#+D)2#D)*!<'!E#%<F,*'<#!<+!:#<'%0!*)5$%#D)(!C0!D?*))!+D#D)!#5)'/<)+Z!!D?)!
1)J#*D:)'D!,F!"$C%</!_)#%D?!81"_9-!D?)!>GHEI-!#'(!D?)!'<')!HGeEI7!A?)!>GHEI!#'(!D?)!
HGeEI+!?#=)!D?)!J*<:#*0!*)+J,'+<C<%<D0!F,*!D?)!J*,D)/D<,'!#'(!)'?#'/):)'D!,F!D?)!2#D)*+!,F!
D?)!>D#D)7!A?)!>GHEI!#%+,!?#+!D?)!J*<:#*0!*)+J,'+<C<%<D0!F,*!#(:<'<+D)*<'5!2#D)*!*<5?D+7!A?)!
1"_!?#+!D?)!#$D?,*<D0!#'(!*)+J,'+<C<%<D0!D,!)+D#C%<+?!J$C%</!?)#%D?!/*<D)*<#!F,*!2#+D)2#D)*!
*)/%#:#D<,'-!<'/%$(<'5!5*,$'(2#D)*!*)/?#*5)-!#'(!*)=<)2+!#%%!J*,J,+#%+!#'(!J%#'+!F,*!+$/?!
J*,V)/D+!D?*,$5?,$D!D?)!+D#D)7![,/#%!?)#%D?!#5)'/<)+!#'(!2#D)*!(<+D*</D+!/#'!()=)%,J!J,%</<)+!
#'(!J*,5*#:+-!2?</?!#*)!:,*)!+D*<'5)'D!D?#'!D?,+)!+J)/<F<)(!C0!D?)!1"_7!!

! >D#D)!+D#D$D)+!#'(!*)5$%#D<,'+!J)*D#<'<'5!D,!D?)!$+)!,F!*)/0/%)(!2#D)*!<'!E#%<F,*'<#!/#'!C)!
F,$'(!<'!D?)!E#%<F,*'<#!G#D)*!E,()!8EGE9-!E#%<F,*'<#!E,()!,F!H)5$%#D<,'+!8EEH9-!#'(!E#%<F,*'<#!
_)#%D?!#'(!>#F)D0!E,()7!G#D)*!K$#%<D0!/,'D*,%!J%#'+!8C#+<'!J%#'+9!:#0!#%+,!/,'D#<'!D?)!*)/0/%)(!
2#D)*!$+)!J,%</0!,F!<'(<=<($#%!HGeEI7!A?)!1"_!G#+D)2#D)*!H)/%#:#D<,'!E*<D)*<#!5,=)*'<'5!
=#*<,$+!$+)+!,D?)*!D?#'!<'(<*)/D!J,D#C%)!*)$+)!#*)!/,'D#<')(!<'!A<D%)!TT-!1<=<+<,'!]!,F!D?)!EEH7!&!
+$::#*0!,F!D?)!A<D%)!TT!/*<D)*<#!<+!J*)+)'D)(!<'!A#C%)!\7R7!!!
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!

Table 3.1 .Summary of California Department of Public Health Water Recycling Treatment Requirements. 
!

6<+)*0(&*1&N0(& I+($,.(#,&'(R<"+(.(#,&

;*/?#*(+!#'(!n<')0#*(+!8',!/,'D#/D!2<D?!)(<C%)!
/*,J+9-!.,'F,,(!C)#*<'5!A*))+-!S,(()*!,*!S<C)*!
E*,J+-!>))(!E*,J+!8',D!)#D)'!C0!?$:#'+9-!S,,(!
E*,J+!82<D?!#((<D<,'#%!J#D?,5)'!D*)#D:)'D!F,*!/*,J9-!
#'(!S%$+?<'5!>#'<D#*0!>)2)*+!

!

E):)D)*<)+-!S*))2#0![#'(+/#J<'5-!Y,%(!E,$*+)+!
8*)+D*</D)(!#//)++9-!;*'#:)'D#%!.$*+)*0!+D,/@-!>,(!
F#*:+-!"#+D$*)!8:<%@!#'<:#%+9-!.,'Q)(<C%)!=)5)D#D<,'!
8/,'D*,%%)(!#//)++9-!E,::)*/<#%a`'($+D*<#%!/,,%<'5!
D,2)*+!82<D?!(*<FD!*)($/D<,'9-![#'(+/#J)!
<:J,$'(:)'D+!8',!()/,*#D<=)!F,$'D#<'+9-!`'($+D*<#%!
C,<%)*!F))(-!!>,<%!/,:J#/D<,'-!B<M<'5!/,'/*)D)-!1$+D!
/,'D*,%!8*,#(+9-!E%)#'<'5!*,#(+-!.,'+D*$/D$*#%!F<*)!
F<5?D<'5!

!

S,,(!/*,J+!!8)(<C%)!J,*D<,'!#C,=)!5*,$'(! !',!
/,'D#/D9-!H)+D*</D)(!*)/*)#D<,'#%!<:J,$'(:)'D+!!

!
S,,(!/*,J+-!"#*@+!#'(!J%#05*,$'(+-!>/?,,%!0#*(+-!
H)+<()'D<#%!%#'(+/#J<'5-!Y,%F!/,$*+)+!8$'*)+D*</D)(9-!
E,::)*/<#%a`'($+D*<#%!/,,%<'5!D,2)*+!8:<+D!()=</)+9-!
^'*)+D*</D)(!*)/*)#D<,'#%!<:J,$'(:)'D+!82<D?!
+J)/<F</!J#D?,5)'!:,'<D,*<'59-!S%$+?<'5!D,<%)D!#'(!
$*<'#%+-!>D*$/D$*#%!F<*)!F<5?D<'5-!1)/,*#D<=)!F,$'D#<'+-!
&*D<F</<#%!+',2!:#@<'5-!E,::)*/<#%!/#*!2#+?)+-!
Y*,$'(2#D)*!*)/?#*5)!82<D?!#((<D<,'#%!D*)#D:)'D!
+))!E1"_!(*#FD!5*,$'(2#D)*!*)5$%#D<,'+9!!

^'(<+<'F)/D)(!>)/,'(#*0#!

!

!

!

!

1<+<'F)/D)(!>)/,'(#*0-!T\!B".aRPP!:[C!

!

!

!

!

!

!

!

1<+<'F)/D)(!>)/,'(#*0-!T7T!B".aRPP!:[/!

!

1<+<'F)/D)(!A)*D<#*0(!!

!

!

!

!

!
!

!
#!^'(<+<'F)/D)(!+)/,'(#*0!D*)#D:)'DZ!:)#'+!,M<(<W)(!2#+D)2#D)*!8;M<(<W)(!2#+D)2#D)*Z!2#+D)2#D)*!<'!2?</?!D?)!,*5#'</!:#DD)*!?#+!C))'!

+D#C<%<W)(-!<+!','QJ$D*)+/<C%)-!#'(!/,'D#<'+!(<++,%=)(!,M05)'79!
C!1<+<'F)/D)(!+)/,'(#*0! !T\!*)/0/%)(!2#D)*Z!!,M<(<W)(!#'(!(<+<'F)/D)(!+,!D?#D!D?)!:)(<#'!/,'/)'D*#D<,'!,F!D,D#%!/,%<F,*:!C#/D)*<#!(,)+!',D!

)M/))(!#!:,+D!J*,C#C%)!'$:C)*!,F!T\!J)*!RPP!:[!#'(!D?)!B".!(,)+!',D!)M/))(!T]P!J)*!RPP!:[!<'!:,*)!D?#'!,')!+#:J%)!<'!#'0!\P!(#0!
J)*<,(7!

/!1<+<'F)/D)(!+)/,'(#*0! !T7T!*)/0/%)(!2#D)*Z!,M<(<W)(!#'(!(<+<'F)/D)(!+,!D?#D!D?)!:)(<#'!/,'/)'D*#D<,'!,F!D,D#%!/,%<F,*:!C#/D)*<#!(,)+!',D!
)M/))(!#!:,+D!J*,C#C%)!'$:C)*!,F!T7T!J)*!RPP!:[!#'(!D?)!B".!(,)+!',D!)M/))(!T\!J)*!RPP!:[!<'!:,*)!D?#'!,')!+#:J%)!<'!#'0!\P!(#0!
J)*<,(7!

(!1<+<'F)/D)(!D)*D<#*0!*)/0/%)(!2#D)*Z!:)#'+!#!F<%D)*)(!#'(!(<+<'F)/D)(!2#+D)2#D)*!D?#D!:))D+!#!EA!8J*,($/D!,F!D,D#%!/?%,*<')!*)+<($#%!#'(!:,(#%!
/,'D#/D!D<:)!:)#+$*)(!#D!D?)!+#:)!J,<'D9!=#%$)!,F!',D!%)++!D?#'!]OP!:5Q:<'7!J)*![!#D!#%%!D<:)+!2<D?!#!:,(#%!/,'D#/D!D<:)!,F!UP!:<'7!
8C#+)(!,'!J)#@!(*0!2)#D?)*!()+<5'!F%,29!,*!J*,=<()+!#!O!%,5!*):,=#%a*)($/D<,'!,F!B>T!SQ+J)/<F</!J?#5)!,*!J,%<,!=<*$+!,*!+<:<%#*!=<*$+97!!

S<%D)*)(!2#+D)2#D)*Z!#'!,M<(<W)(-!/,#5$%#D)(-!/%#*<F<)(!2#+D)2#D)*!2?</?!?#+!C))'!J#++)(!D?*,$5?!'#D$*#%!$'(<+D$*C)(!+,<%+!,F!F<%D)*!:)(<#-!
+$/?!#+!+#'(!,*!(<#D,:#/),$+!)#*D?-!+,!D?#D!D?)!D$*C<(<D0-!#+!()D)*:<')(!C0!#'!#JJ*,=)(!%#C,*#D,*0!:)D?,(-!(,)+!',D!)M/))(!O!
D$*C<(<D0!$'<D+!:,*)!D?#'!O!J)*/)'D!,F!D?)!D<:)!($*<'5!#'0!T]Q?,$*!J)*<,(-!#'!#=)*#5)!,F!T!.A^!($*<'5!#!T]Q?,$*!J)*<,(-!#'(!(,)+!',D!
)M/))(!#!RP!.A^!#D!#'0!D<:)X!<'!#((<D<,'-!D?)!F<%D)*!:#0!',D!)M/))(!O!5#%+!J)*!:<'!J)*!+K$#*)!F,,D!8D*#=)%<'5!C*<(5)!#$D,:#D</!C#/@2#+?!
F<%D)*+!/#'',D!)M/))(!T!5#%+!J)*!:<'97!!

8>,$*/)Z!!>$::#*0!#(#JD)(!F*,:!E#%<F,*'<#!E,()!,F!H)5$%#D<,'+-!A<D%)!TT-!1<=<+<,'!]-!1<=<+<,'!,F!6'=<*,':)'D#%!_)#%D?79!

!
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&!+$::#*0!,F!D?)!&$5$+D!TPPc!E1"_!(*#FD!5*,$'(2#D)*!H)/?#*5)!H)$+)!H)5$%#D<,'+!<+!
J*)+)'D)(!<'!A#C%)!\7T7!A?)!(*#FD!*)/?#*5)!*)5$%#D<,'+!#((*)++!D?)!+$JJ%):)'D<'5!,F!
5*,$'(2#D)*!D?*,$5?!+$*F#/)!,*!+$C+$*F#/)!#JJ%</#D<,'!,F!D*)#D)(!:$'</<J#%!2#+D)2#D)*!J*<,*!
D,!)=)'D$#%!)MD*#/D<,'!=<#!(*<'@<'5!2#D)*!2)%%+!F,*!J,D#C%)!$+)7!A?)!J*,J,+)(!E#%<F,*'<#!/*<D)*<#!
F,*!5*,$'(2#D)*!*)/?#*5)!*)F%)/D!#!/#$D<,$+!#JJ*,#/?!D,2#*(!J,D)'D<#%!+?,*DQ!#'(!%,'5QD)*:!
?)#%D?!/,'/)*'+7!A?)!*)/)'D%0!#(,JD)(!>D#D)!G#D)*!I,#*(!H)/0/%)(!G#D)*!",%</0!#'(!+$JJ,*D<'5!
<'F,*:#D<,'!J*,=<()!F$*D?)*!()F<'<D<,'!#'(!/%#*<F</#D<,'!D,!D?)!/,%%#C,*#D<=)!*,%)+!,F!D?)!>GHEI-!
D?)!E1"_-!#'(!D?)!HGeEI+!#+!D?)0!*)%#D)!D,!J)*:<DD<'5!#'(!:,'<D,*<'5!2#D)*!*)/0/%<'5!
J*,V)/D+7!A?)!",%</0!#'(!+$JJ,*D<'5!(,/$:)'D#D<,'!/%)#*%0!#'(!#JJ*,J*<#D)%0!)'=<+<,'!D?#D!D?)!
HGeEI+!*)%0!,'!D?
/,'(<D<,'+9!'))()(!D,!J*,D)/D!?$:#'!?)#%D?7!&!:,*)!()D#<%)(!(<+/$++<,'!,F!D?)!@)0!E#%<F,*'<#!
*)5$%#D<,'+!8C,D?!/$**)'D!#'(!(*#FD9-!/*<D)*<#-!#'(!J,%</0!D?#D!<:J#/D!*)$+)!J*,V)/D+!<+!J*,=<()(!
<'!&JJ)'(<M!67!

! A,!J*,D)/D!J$C%</!(*<'@<'5!2#D)*!+$JJ%<)+-!D?)!E1"_!#%+,!?#+!*)5$%#D<,'+!D,!J*)=)'D!/*,++!
/,'')/D<,'+!C)D2))'!*)/0/%)(!2#D)*!+0+D):+!#'(!J,D#C%)!2#D)*!+0+D):+7![,/#%!?)#%D?!
()J#*D:)'D+!#'(!D?)!E1"_!?#=)!)'F,*/):)'D!#$D?,*<D0!,=)*!D?)+)!/*,++!/,'')/D<,'!
J*)=)'D<,'!*)5$%#D<,'+7!A?)!E#%<F,*'<#!I$<%(<'5!>D#'(#*(+!E,::<++<,'!+)D+!J%$:C<'5!+D#'(#*(+!
F,*!$+)!,F!*)/0/%)(!2#D)*!<'!C$<%(<'5+!#'(!<'($+D*<)+7!

!
Table 3.2. Summary of CDPH Draft Groundwater Recharge Regulations (DRAFT August 5, 2008). 
&

Contaminant Reuse Applications 

 Surface Spreading Direct Injection 

Pathogenic microorganisms1 

 
 

Secondary treatment  
Filtration  
Disinfection 

 
 
Retention time underground 
 
Control nitrogen compounds 
 
Regulated contaminants 
 
 
Recycled Water Contribution RWC) 

Initial Operation 
 
 
Max RWC  

 

Disinfected secondary and filtered 
recycled water  
 
Oxidized 
<2 NTU 
<5-log virus inactivation, < 2.2 total 
coliform per 100 mL 
 
Min. 6 months  
 
Three options   e.g., Option1 = TN 
< 5 mg/L as N in reuse water 
 
Meet all drinking water MCLs  
 

20 to <50% depends on % RO and 
AOP treatment and NDMA and 
1,4-dioxane reduction 
 
Up to 100% (see note 2) plus TOC 
performance over 20 weeks meets 
TOC max  0.5 mg/L / RWC proposed 
(may be increased with DPH 
approval) 

Disinfected secondary and filtered 
recycled water  
 
Same 
 
 
 
 
Same 
 
Same 
 
 
Same 
 
<50% plus all RW treated with RO 
and AOP treatment and NDMA and 
1,4-dioxane reduction 
 
Up to 100% (see note 2) plus TOC 
performance over 20 weeks meets     
TOC max  0.5 mg/L / RWC proposed 
(may be increased with DPH 
approval) 
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Table 3.2. Continued 
!

Contaminant Reuse Applications 

 Surface Spreading Direct Injection 

Diluent Water 
 
 
 
 
Downgradient Monitoring 
 
 
 
Source Control and Outreach 
 

Implement monitoring program, 
quality < to primary MCLs, meet 
nitrogen controls, determine 
volume for credit 
 
One location at least 3 months 
prior to domestic supply 
Additional points including each 
aquifer 
 
Industrial monitoring and 
investigation 
 

Same 
 
 
 
Same 
 
 
 
 
Same 

Unregulated Contaminants Data collection for 
pharmaceuticals, endocrine 
disruptors and other indicators 

Data collection for 
pharmaceuticals, endocrine 
disruptors and other indicators 

!

.,D)+Z!
RQ>))!A<D%)!TT!*)K$<*):)'+D!F,*!(<+<'F)/D)(!F<%D)*)(!8+)/D<,'!NP\PR7\TP9!#'(!D)*D<#*0!8+)/D<,'!NP\PT7T\P9!*)/0/%)(!2#D)*7!
T!`'/*)#+<'5!HGE!*)K$<*)+!:))D<'5!#!'$:C)*!,F!/*<D)*<#7!!S,*!)M#:J%)-!#!?)#%D?!)FF)/D+!+D$(0!:$+D!C)!/,'($/D)(!<'/%$(<'5!#'(!)MJ,+$*)!
#++)++:)'D-!*)=<)2!,F!#=#<%#C%)!)J<():<,%,50!+D$(<)+-!#'(!)=#%$#D<,'!,F!<'(<=<($#%!#'(!/$:$%#D<=)!)FF)/D+!,F!*)5$%#D)(!/,'D#:<'#'D+7!

I;1!o!C<,/?):</#%!,M05)'!():#'(X!.&!o!',D!#JJ%</#C%)X!.A^!o!')J?)%,:)D*</!D$*C<(<D0!$'<DX!HGE!o!D?)!J)*/)'D!*)/0/%)(!2#D)*!/,'D*<C$D<,'!<'!
5*,$'(2#D)*!)MD*#/D)(!C0!(*<'@<'5Q2#D)*!2)%%+X!>&A!o!+,<%!#K$<F)*!D*)#D:)'DX!A;E!o!D,D#%!,*5#'</!/#*C,'7!

!

D;E(S+7(.&$%+&$*(T"B+&#$#'(C2*##+8(Q#8$&+1%(C"%*U2+(6+>,+(C&"V+1%, (

& `'!B#0!RUU\-!#!E#%<F,*'<#!",D#C%)!H)$+)!E,::<DD))!2#+!F,*:)(!C0!D?)!1"_!#'(!D?)!
E#%<F,*'<#!1)J#*D:)'D!,F!G#D)*!H)+,$*/)+!D,!%,,@!<'D,!D?)!F)#+<C<%<D0!#'(!+#F)D0!,F!J,D#C%)!
*)$+)!,F!*)/0/%)(!2#D)*!F,%%,2<'5!#(=#'/)(!D*)#D:)'D7!A?)!:):C)*+!/,'/%$()(!D?#D!J%#'')(!
<'(<*)/D!J,D#C%)!*)$+)!,F!#(=#'/)(!D*)#D)(!*)/0/%)(!2#D)*!$+<'5!+$*F#/)!2#D)*!*)+)*=,<*+!<+!
F)#+<C%)!<F!+<M!+J)/<F</!/*<D)*<#!2)*)!#((*)++)(!8+))!&JJ)'(<M!697!!

`'!#((<D<,'-!<'!RUUc-!D?)!.#D<,'#%!H)+)#*/?!E,$'/<%!8.HE9!)=#%$#D)(!D?)!<++$)!,F!J,D#C%)!
*)$+)!#'(!J*,=<()(!+J)/<F</!*)/,::)'(#D<,'+!D,!/,'+<()*!<'!C,D?!)=#%$#D<'5!#'(!5,=)*'<'5!
+$/?!$+)+!8.HE-!RUUc97!&%D?,$5?!D?)!.HE!*)/,::)'(#D<,'+!#*)!',D!+J)/<F</#%%0!J#*D!,F!D?)!
E#%<F,*'<#!2#D)*!*)/%#:#D<,'!#'(!*)$+)!%#2+-!*)5$%#D<,'+!#'(a,*!5$<(#'/)-!D?)<*!
*)/,::)'(#D<,'+!#*)!*)%)=#'D!D,!D?)!+J)/<F</!K$)+D<,'+!C)<'5!#((*)++)(!C0!D?<+!"#')%7!`'!
#((<D<,'-!D?)!*)/,::)'(#D<,'+!,F!D?)!.HE!#*)!/,'+<+D)'D!2<D?!#'(!)MJ#'(!D?)!
*)/,::)'(#D<,'+!/,'D#<')(!<'!D?)!RUUN!E#%<F,*'<#!+$*F#/)!2#D)*!#$5:)'D#D<,'!F*#:)2,*@!
(,/$:)'D!8+))!&JJ)'(<M!697!!

A?)!RUUc!.HE!*)J,*D!*)/,::)'()(!D?#D!2#D)*!#5)'/<)+!/,'+<()*<'5!J,D#C%)!*)$+)!F$%%0!
)=#%$#D)!D?)!J,D)'D<#%!J$C%</!?)#%D?!<:J#/D+!F*,:!D?)!:</*,C<#%!J#D?,5)'+!#'(!/?):</#%!
/,'D#:<'#'D+!F,$'(!,*!%<@)%0!D,!C)!F,$'(!<'!D*)#D)(!2#+D)2#D)*!D?*,$5?!+J)/<#%!
:</*,C<,%,5</#%-!/?):</#%-!D,M</,%,5</#%-!#'(!)J<():<,%,5</#%!+D$(<)+-!:,'<D,*<'5!J*,5*#:+-!*<+@!
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#++)++:)'D+-!#'(!+0+D):!*)%<#C<%<D0!#++)++:)'D+7!`'!#((<D<,'-!D?)!RUUc!.HE!*)J,*D!#%+,!J*,=<()(!
+,:)!+J)/<F</!*)/,::)'(#D<,'+!*)5#*(<'5!*)%<#C<%<D0!#'(!K$#%<D0!#++$*#'/)7!!

A?)!.HE!*)/,::)'(#D<,'+!8.HE-!RUUc9!/,:C<')(!2<D?!/$**)'D!J*#/D</)+!#'(!*)/,::)'()(!
/*<D)*<#!)+D#C%<+?)(!<'!D?)!>D#D)!,F!E#%<F,*'<#-!#+!+$::#*<W)(!C)%,2-!+?,$%(!C)!/#*)F$%%0!
/,'+<()*)(!F,*!)=#%$#D<'5!#'(!:#'#5<'5!J,D#C%)!*)$+)!J*,V)/D+Z!

R7 ^D<%<W)!D?)!I)+D!&=#<%#C%)!A)/?',%,50!<'!#(=#'/)(!2#+D)2#D)*!D*)#D:)'DX!!

T7 ^D<%<W)!:$%D<J%)-!<'()J)'()'D!C#**<)*+-!)+J)/<#%%0!$+<'5!*,C$+D!C#**<)*+!F,*!D?)!*):,=#%!,F!
:</*,C<,%,5</#%!/,'D#:<'#'D+\X!

\7 6:J%,0!K$#'D<D#D<=)!*)%<#C<%<D0!#++)++:)'D+!D,!:,'<D,*!#'(!#++)++!J)*F,*:#'/)!#'(!
*)%<#C<%<D0!8<7)7-!C,D?!J*,/)++!/,'D*,%!#'(!F<'#%!2#D)*!K$#%<D0!:,'<D,*<'5!#'(!#++)++:)'D!
#+!2)%%!#+!#++)++:)'D!,F!:)/?#'</#%!*)%<#C<%<D09X!!

]7 Q/<*/$<D<'5 !<'!)'=<*,':)'D#%!C$FF)*+!<'/%$(<'5!D?)!:#<'D)'#'/)!,F!
#JJ*,J*<#D)!*)D)'D<,'!D<:)+!2<D?<'!D?)!)'=<*,':)'D#%!C$FF)*+!#+!2)%%!#+!D?)!
:#<'D)'#'/)!,F!2#D)*!K$#%<D0!<'!D?)!)'=<*,':)'D#%!C$FF)*!8<7)7-!5*,$'(2#D)*!#'(a,*!
*)+)*=,<*8+99X!

O7 "*,=<()!F,*!#%D)*'#D<=)!:)#'+!F,*!(<+J,+<'5!,F!D?)!J*,($/D<,'!2#D)*!D?#D!(,)+!',D!:))D!
*)K$<*)(!+D#'(#*(+X!

N7 1)=)%,J!#'(!<:J%):)'D!#!2)%%!/,,*(<'#D)(!J$C%</!?)#%D?!+$*=)<%%#'/)!+0+D):+!D,!
(,/$:)'D!#'(!J,++<C%0!J*,=<()!)#*%0!2#*'<'5!,F!#'0!#(=)*+)!?)#%D?!)=)'D+!#++,/<#D)(!
2<D?!D?)!<'5)+D<,'!,F!*)/0/%)(!2#D)*X!!

b7 `:J%):)'D!#'!)FF)/D<=)!+,$*/)!/,'D*,%!J*,5*#:X!

c7 ;J)*#D,*+!,F!2#D)*!*)/%#:#D<,'!F#/<%<D<)+!+?,$%(!*)/)<=)!D*#<'<'5!#'(!/)*D<F</#D<,'!
*)5#*(<'5!D?)!J*<'/<J%)+!,F!,J)*#D<,'!,F!#(=#'/)(!D*)#D:)'D!J*,/)++)+-!D?)!J#D?,5)'</!
,*5#'<+:+!%<@)%0!D,!C)!F,$'(!<'!2#+D)2#D)*+-!#'(!D?)!*)%#D<=)!)FF)/D<=)')++!,F!D?)!
=#*<,$+!D*)#D:)'D!J*,/)++)+!<'!*)($/<'5!/,'D#:<'#'D+!/,'/)'D*#D<,'+X!

U7 ^D<%<W)!#'!<'()J)'()'D!:,'<D,*<'5!,=)*+<5?D!#$D?,*<D0!D,!J*,=<()!#!D?<*(QJ#*D0!*)=<)2!,F!
,J)*#D<,'#%-!*)5$%#D,*0-!#'(!)'=<*,':)'D#%!<++$)+!#++,/<#D)(!2<D?!D?)!<'(<*)/D!J,D#C%)!
J*,V)/DX!!

RP7 ̀ '+D<D$D)!F,*:#%!/?#'')%+!,F!/,,*(<'#D<,'!C)D2))'!2#D)*!*)/%#:#D<,'!#5)'/<)+-!
*)5$%#D,*0!#5)'/<)+-!#'(!#5)'/<)+!*)+J,'+<C%)!F,*!J$C%</!2#D)*!+0+D):+X!#'(!

RR7 6+D#C%<+?!#!E6E!:,'<D,*<'5!J*,5*#:!D?#D!<'/,*J,*#D)+!$+)!,F!<'(</#D,*+!#'(!+$**,5#D)+!
D,!*)J*)+)'D!E6E+7!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
\!>))!>#@#V<!*3&#57!8>#@#V<-!RUUc9!#'(!;%<=<)*<!*3&#57!8;%<=<)*<-!RUUU9!F,*!#((<D<,'#%!()D#<%!#'(!(<+/$++<,'7!
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D;I(6+1712+8(9*%+&(W(.*,+(3K*0H2+,( (

`'!E#%<F,*'<#-!#!D0J</#%%0!#*<(!#'(!+):<Q#*<(!*)5<,'!,F!D?)!^'<D)(!>D#D)+-!5*,$'(2#D)*!
*)/?#*5)!#'(!<**<5#D<,'!#*)!:#V,*!*)$+)!,JD<,'+!D,!#9!*)J%)'<+?!)M<+D<'5!5*,$'(2#D)*!*)+,$*/)+-!
C9!D,!J*,D)/D!5*,$'(2#D)*!*)+,$*/)+!=<#!+#%D!2#D)*!<'D*$+<,'!C#**<)*+!#'(!/9!D,!#$5:)'D!#'(!
*)J%#/)!J,D#C%)!2#D)*!/$**)'D%0!$+)(!F,*!#5*</$%D$*#%!#'(!<**<5#D<,'!J*#/D</)+7!!>$::#*<)+!2)*)!
J*)J#*)(!F,*!D2,!,F!D?)!,%()+D!#'(!%#*5)+D!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+!<'!D?)!'#D<,'!
8&JJ)'(<M!S9Z!

 ;*#'5)!E,$'D0!G#D)*!1<+D*</D!Q!Y*,$'(2#D)*!H)J%)'<+?:)'D!=<#!(<*)/D!<'V)/D<,'!#'(!
+$*F#/)!+J*)#(<'5X!#'(!!

 B,'D)C)%%,!S,*)C#0!Y*,$'(2#D)*!H)/?#*5)!"*,V)/D!=<#!+$*F#/)!+J*)#(<'57!

!
`'!#((<D<,'-!+$::#*<)+!2)*)!J*,=<()(!F,*!D2,!,F!D?)!:#'0!,'5,<'5!%#'(+/#J)!<**<5#D<,'!

J*,V)/D+!8<7)7-!E<D0!,F!>$''0=#%)!#'(!E<D0!,F!>#'!3,+)9X!+$::#*<)+!#*)!J*)+)'D)(!<'!&JJ)'(<M!S7!
A?)!+$::#*<)+!C*<)F%0!/,=)*!?,2!D?)!J*,V)/D+!#((*)++!:#'0!,F!D?)!#C,=)!@)0!F#/D,*+!#'(!
<()'D<F0!?,2!D,!%,/#D)!#((<D<,'#%!<'F,*:#D<,'7!&!+$::#*0!,F!D?)!C#+</!D*)#D:)'D!J*,/)++)+a!
,J)*#D<,'+!D0J</#%%0!$D<%<W)(!F,*!2#+D)2#D)*!D*)#D:)'D!<+!J*,=<()(!<'!A#C%)!\7\!#'(!#!+$::#*0!
,F!D?,+)!J*,/)++)+!$+)(!F,*!5*,$'(2#D)*!*)/?#*5)!*)$+)!J*,V)/D+!#'(!F,*!%#'(+/#J)!<**<5#D<,'!
J*,V)/D+!<+!J*,=<()(!<'!A#C%)!\7]7!

!

Table 3.3. General summary of wastewater treatment processes/operations. (Adapted from Asano et al. 
2006). 
!

Treatment Level Description 

Preliminary Removal of wastewater constituents, such as rags, 
sticks, grit etc., that may cause operational problems 

Primary Partial removal of suspended solids and organics 

Advanced primary Enhanced removal of suspended solids and organic 
matter (via chemical addition and filtration) 

Secondary  Removal of biodegradable organic matter (in 
solution or suspension) and suspended solids 

Secondary with nutrient removal Secondary treatment with additional processes 
designed specifically to remove nutrients such as 
nitrogen and phosphorous  

Tertiary  Removal of residual suspended solids through use 
of granular/surface filtration and/or membranes  

Advanced Removal of total dissolved solids and trace 
constituents (nutrient removal may be included as 
well) with membranes and advanced oxidation 
processes 

Disinfection Removal/destruction of microbial pathogens 

!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#C#

! 26 

!

Table 3.4. General summary of water reuse application and wastewater treatment processes/operations. 
!

Water Reuse Application Treatment Level 

Groundwater Recharge  Surface Water Spreading 
 
 

Preliminary, primary, secondary (sometimes 
advanced secondary), nutrient removal, tertiary, 
disinfection 

Groundwater Recharge  Direct Injection Preliminary, primary, secondary (sometimes 
advanced secondary), nutrient removal, tertiary, 
advanced, and disinfection 

Landscape Irrigation  Restricted   Preliminary, primary, secondary (sometimes 
advanced secondary), disinfection  

Landscape Irrigation - Unrestricted  Preliminary, primary, secondary (sometimes 
advanced secondary), tertiary, disinfection 

!

`'!+$::#*0-!#%%!,F!D?)!#C,=)!@)0!J,D#C%)!*)$+)!J*,V)/D!)%):)'D+!8+))!>)/D<,'!\7]9-!)M/)JD!
F,*!D?)!<D):+!',D)(!C)%,2-!#JJ)#*!D,!C)!#()K$#D)%0!#((*)++)(!#+!J#*D!,F!/$**)'D!>D#D)!
*)5$%#D<,'+!#'(!5$<(#'/)7!!

 8p\9!6:J%,0!K$#'D<D#D<=)!*)%<#C<%<D0!#++)++:)'D+!D,!:,'<D,*!#'(!#++)++!J)*F,*:#'/)!#'(!
*)%<#C<%<D0!8<7)7-!C,D?!J*,/)++!/,'D*,%!#'(!F<'#%!2#D)*!K$#%<D0!:,'<D,*<'5!#'(!#++)++:)'D!
#+!2)%%!#+!#++)++:)'D!,F!:)/?#'</#%!*)%<#C<%<D09X!!

 8pN9!1)=)%,J!#'(!<:J%):)'D!#!2)%%!/,,*(<'#D)(!J$C%</!?)#%D?!+$*=)<%%#'/)!+0+D):+!D,!
(,/$:)'D!#'(!J,++<C%0!J*,=<()!)#*%0!2#*'<'5!,F!#'0!#(=)*+)!?)#%D?!)=)'D+!#++,/<#D)(!
2<D?!D?)!<'5)+D<,'!,F!*)/0/%)(!2#D)*X!!

 8pU9!^D<%<W)!#'!<'()J)'()'D!:,'<D,*<'5!,=)*+<5?D!#$D?,*<D0!D,!J*,=<()!#!D?<*(QJ#*D0!
*)=<)2!,F!,J)*#D<,'#%-!*)5$%#D,*0-!#'(!)'=<*,':)'D#%!<++$)+!#++,/<#D)(!2<D?!D?)!J*,V)/DX!
#'(!

 8pRR9!6+D#C%<+?!#!E6E!:,'<D,*<'5!J*,5*#:!D?#D!<'/,*J,*#D)+!$+)!,F!<'(</#D,*+!#'(a,*!
+$**,5#D)+!D,!*)J*)+)'D!+$<D)+!,F!E6E+7!

!

S$*D?)*-!C#+)(!,'!D?)!J*)%<:<'#*0!*)=<)2!,F!D2,!:#V,*!<'(<*)/D!*)$+)!J*,V)/D+-!D?)!#C,=)!
@)0!)%):)'D+!#JJ)#*!D,!C)!*)K$<*)(!#'(!<:J%):)'D)(!F,*!<'(<*)/D!J,D#C%)!*)$+)7!&((<D<,'#%!
<'F,*:#D<,'!,'!@)0!)%):)'D+!D?#D!#*)!',D!/$**)'D%0!C)<'5!#()K$#D)%0!#((*)++)(!8'$:C)*+!\-!N-!
U!#'(!RR!#C,=)9!<+!J*,=<()(!<'!&JJ)'(</)+!Y!#'(!_7!!!

!
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HJL&I*B"-*%*@"-$%&'(%(4$#-(&*1&9A90&"#&'(-5-%(/&;$,(+&,*&T<.$#&T($%,:&

E;:(Q#%&"8>1%$"#(

! A?)!J$*J,+)!,F!D?<+!+)/D<,'! F,*!()D)*:<'<'5!D?)!
D,M</,%,5</#%!*)%)=#'/)!,F!E6E+!<'!*)/0/%)(!2#D)*!2<D?!*)+J)/D!D,!?$:#'!?)#%D?7!!

A,!)=#%$#D)!D?)!@',2'!D,M</,%,5</#%!<'F,*:#D<,'!F,*!E6E+!*)5#*(<'5!?$:#'!?)#%D?-!D?)!
"#')%!*)=<)2)(!*)+$%D+!,F!:#'0!,F!D?)!@)0!+D$(<)+!/,'($/D)(!,=)*!D?)!J#+D!]P!0)#*+!,'!D?)!
D,M</,%,5</#%!*)%)=#'/)!D,!?$:#'+!,F!E6E+!<'!*)/0/%)(!2#D)*7!A?,+)!+D$(<)+!<'/%$()!
)J<():<,%,5</#%!+D$(<)+!)M#:<'<'5!)FF)/D+!<'!?$:#'+!(<*)/D%0-!+D$(<)+!<'!2?</?!%#C,*#D,*0!
#'<:#%+!?#=)!C))'!)MJ,+)(!D,!*)/0/%)(!2#D)*-!C<,Q#'#%0D</#%!+D$(<)+-!#'(!*<+@!#++)++:)'D+!D?#D!
J*)(</D!D?)!J,D)'D<#%!)FF)/D+!D,!?$:#'+!,F!<'(<=<($#%!E6E+!<'!*)/0/%)(!2#D)*!8+))!+$::#*0!<'!
&JJ)'(<M!`97!G?<%)!#%:,+D!#%%!,F!D?)+)!+D$(<)+!*)J,*D!D?)!#C+)'/)!,F!#(=)*+)!)FF)/D+!F*,:!
*)/0/%)(!2#D)*!$+)-!D?)!)J<():<,%,5</#%!+D$(<)+!#*) -!J#*D</$%#*%0!<:J,*D#'D7!

D<#%!
)FF)/D+!,F!(<+<'F)/D<,'!C0J*,($/D+!J*,($/)(!F,%%,2<'5!(<+<'F)/D<,'!,F!(*<'@<'5!2#D)*!2<D?!
/?%,*<')7!>,:)!,F!D?,+)!)#*%0!+D$(<)+!*)J,*D!#'!<'/*)#+)!<'!C%#(()*!#'(!*)/D#%!/#'/)*+!J,++<C%0!
#++,/<#D)(!2<D?!/?%,*<'#D<,'!C0J*,($/D+!8+))!+$::#*0!<'!>%,++-!RUUN97!B,*)!*)/)'D!+D$(<)+!,F!
*)/0/%)(!2#D)*!F<'(-!)++)'D<#%%0-!',!#(=)*+)!?)#%D?!,$D/,:)+!<'!J,J$%#D<,'+!$+<'5!*)/0/%)(!
2#D)*!8+))!+$::#*0!<'!&JJ)'(<M!`97!A?,$5?!)J<():<,%,5</!+D$(<)+-!%<@)!#'0!+D$(0-!/#'!?#=)!
%<:<D#D<,'+-!<'!J#*D</$%#*!D?)!<'F%$)'/)!,F!/,'F,$'(<'5!F#/D,*+!+$/?!#+!$'/)*D#<'D0!#C,$D!D?)!
)M#/D!#:,$'D!,F!)MJ,+$*)!D,!*)/0/%)(!2#D)*!8.HE-!RUUc9!,*!2?)D?)*!%,'5!D)*:!)MJ,+$*)!D,!
E6E+!,=)*!5)')*#D<,'+!/#'!#FF)/D!?$:#'!?)#%D?!D?*,$5?!#+!0)D!$'@',2'!8)757-!)J<5)')D</9!
:)/?#'<+:+-!D?)!F#/D!D?#D!(<FF)*)'D!*)+)#*/?!5*,$J+!?#=)!<'=)+D<5#D)(!(<FF)*)'D!J,J$%#D<,'+!
,=)*!D?)!/,$*+)!,F!+)=)*#%!()/#()+-!#'(!*)J,*D)(!+<:<%#*!*)+$%D+-!<+!<:J,*D#'D7!A?)!
)J<():<,%,5</!+D$(<)+!#*)!J#*D</$%#*%0!<:J,*D#'D-!#+!#*)!%#C,*#D,*0!#'<:#%!#'(!C<,Q#'#%0D</#%!
+D$(<)+-!C)/#$+)!D?)0!%,,@!#D!)MJ,+$*)!D,!D?)!)'D<*)!:<MD$*)!,F!/?):</#%+!D?#D!:#0!C)!J*)+)'D!
<'!*)/0/%)(!2#D)*7!A?#D!:<MD$*)!<'/%$()+!/?):</#%+-!C,D?!'#D$*#%%0!,//$**<'5!#'(!:#'Q:#()-!
D?#D!?#=)!',D!C))'!<()'D<F<)(!0)D-!#+!2)%%!#+!D?)!<'D)*#/D<,'+!C)D2))'!D?,+)!D?#D!?#=)!C))'!
J*)=<,$+%0!<()'D<F<)(7!`'!+$::#*0-!D?)!"#')%!=<)2+!D?)!J*)(,:<'#'D%0!')5#D<=)!F<'(<'5+!,F!D?)!
/,:C<')(!)J<():<,%,5</#%!+D$(<)+-!%#C,*#D,*0!*,()'D!+D$(<)+-!C<,Q#'#%0D</#%!+/*))'<'5!+D$(<)+!
#'(!*<+@!#++)++:)'D+!#+!+)=)*#%!/,'/,*(#'D!%<')+!,F!)=<()'/)!D?#D!#JJ*,J*<#D)%0!D*)#D)(!
*)/0/%)(!2#D)*!*)J*)+)'D+!#!+#F)!+,$*/)!,F!2#D)*!D,!+$JJ%):)'D!J,D#C%)!(*<'@<'5!2#D)*!
+$JJ%<)+7!

!
E;?()1&++#$#'(C&"1+,,(%"(A,,+,,(@"K$1"2"'$1*2(6+2+B*#1+("-(.3., (

A?)!J*)(,:<'#'D%0!')5#D<=)!F<'(<'5+!()+/*<C)(!#C,=)!(,!',D!J*)/%$()!D?)!'))(!D,!:,'<D,*!
*)/0/%)(!2#D)*!D,!#++$*)!<D+!/,'D<'$)(!+#F)D07!;')!*)#+,'!F,*!:,'<D,*<'5!<+!D?)!J,D)'D<#%!
J*)+)'/)!,F!')2%0!()=)%,J)(!/,:J,$'(+!D?#D!2)*)!',D!C)<'5!:#'$F#/D$*)(!#D!D?)!D<:)!D?)!
#C,=)!:)'D<,')(!)J<():<,%,5</#%!+D$(<)+!2)*)!/,'($/D)(7!&+!()+/*<C)(!<'!>)/D<,'!T!,F!D?<+!
*)J,*D-!E6E+!D,!C)!/,'+<()*)(!<'!:,'<D,*<'5!J*,5*#:+!/#'!C)!+)%)/D)(!F,*!#!=#*<)D0!,F!*)#+,'+-!
,'%0!,')!,F!2?</?!<+!D?)!J,D)'D<#%!D,!J,+)!#!*<+@!D,!?$:#'!?)#%D?!8<7)7-!D,M</,%,5</#%!*)%)=#'/)97!
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A,!<()'D<F0!E6E+!D?#D!?#=)!D?)!5*)#D)+D!J,D)'D<#%!D,!C)!,F!D,M</,%,5</#%!*)%)=#'/)!D,!?$:#'!
?)#%D?-!D?)!"#')%!()=)%,J)(!#!+/*))'<'5!J*,/)++7!!!

`'!J*<'/<J%)-!D?)!+/*))'<'5!J*,/)++!<+!+<:J%)Z!B6E+!,*!"6E+!,F!E6E+!#D!D?)!";B!F,*!#!
J#*D</$%#*!2#D)*!*)$+)!+/)'#*<,!#*)!/,:J#*)(!D,!:,'<D,*<'5!D*<55)*!%)=)%+!8BA[+9!()=)%,J)(!F,*!

97!`F!D?)!/,'/)'D*#D<,'!,F!#!E6E!<+!%)++!D?#'!D?)!BA[-!D?)'!D?#D!E6E!<+!
#++$:)(!D,!?#=)!%<DD%)!,*!',!J,D)'D<#%!D,!J,+)!#'!$'#//)JD#C%)!J,D)'D<#%!*<+@!D,!?$:#'!?)#%D?!
#'(!(,)+!',D!'))(!D,!C)!<'/%$()(!<'!#!E6E!:,'<D,*<'5!J*,5*#:-!#D!%)#+D!2<D?!*)+J)/D!D,!<D+!

:,'<D,*<'5!J*,5*#:!C)/#$+)!D?)0!:#0!C)!*)%)=#'D!#+!<'(</#D,*!/,:J,$'(+!8+))!D?

BA[-!D?)'!D?)!E6E!+?,$%(!C)!/,'+<()*)(!F,*!<'/%$+<,'!<'!#!:,'<D,*<'5!J*,5*#:!8+$/?!#!E6E!

C)%<)=)+!<D!<+!<:J,*D#'D!D,!+D*)++!D?#D!)M/))(#'/)!,F!#!BA[!C0!#!:)#+$*)(!,*!J*)(</D)(!
/,'/)'D*#D<,'!#D!D?)!";B!(,)+!',D!:)#'!D?#D!D?)!E6E!J,+)+!#!?)#%D?!*<+@!D,!?$:#'+7!A?)!
/,:J#*<+,'!D,!BA[+!+?,$%(!C)!/,'($/D)(!#D!D?)!";B-!',D!D?)!J,<'D!,F!)MJ,+$*)7!&+!(<+/$++)(!
<'!>)/D<,'!O-!E6E!/,'/)'D*#D<,'+!#D!D?)!J,<'D!,F!)MJ,+$*)!#*)!%<@)%0!D,!C)!:#'0!F,%(!%,2)*!D?#'!
D?)0!#*)!#D!D?)!";B7!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

Figure 4.1. Conceptual exposure screening of CEC regarding relevance in recycled water. 



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#D#

! 29 

E)'D*#%!D,!D?)!+/*))'<'5!J*,/)++!<+!D?)!()=)%,J:)'D!,F!BA[+!F,*!)#/?!2#D)*!*)$+)!+/)'#*<,7!
`D!<+!<:J,*D#'D!D,!',D)!D?#D!D?)!J*,/)++!D?)!"#')%!?#+!*)/,::)'()(!+?,$%(!',D!C)!=<)2)(!#+!#!
J*,/)++!D,!)+D#C%<+?!(*<'@<'5!2#D)*!,*!+$*F#/)!2#D)*!/*<D)*<#!F,*!E6E+-!D?,$5?!+$/?!#!J*,/)++!
:#0!C)#*!+$C+D#'D<#%!+<:<%#*<D0!D,!D?)!BA[!J*,/)++7!H)5$%#D,*0!#5)'/<)+!#%*)#(0!?#=)!J,%</<)+!
#'(!J*,/)($*)+!<'!J%#/)!D,!()=)%,J!+$/?!/*<D)*<#7!A?)!/?):</#%!#'(!D,M</,%,5</#%!J*,J)*D<)+!,F!
/,:J,$'(+!/$**)'D%0!=<)2)(!#+!E6E+!#*)!',D!$'<K$)!/,:J#*)(!D,!+$C+D#'/)+!#%*)#(0!
/,'+<()*)(!C0!D?)!>D#D)!F,*!*)5$%#D,*0!J$*J,+)+!#'(!D?$+!E6E+!#*)!#:)'#C%)!D,!D?)!D0J</#%!
/*<D)*<#!()=)%,J:)'D!J*,/)++7!G?)'!*)5$%#D,*0!#5)'/<)+!()D)*:<')!D?#D!#!(*<'@<'5!,*!+$*F#/)!
2#D)*!/*<D)*<,'!<+!*)K$<*)
)+D#C%<+?)(!J,%</<)+!#'(!J*,/)($*)+!+?,$%(!C)!F,%%,2)(!8+))!(<+/$++<,'!<'!>)/D<,'!T97!!!!

`'!*)/,::)'(<'5!#'!#JJ*,#/?!D,!()=)%,J!BA[+-!#'!,=)**<(<'5!5,#%!F,*!D?)!"#')%!2#+!D?#D!
D?)!BA[+!C)!+$FF</<)'D%0!%,2!8<7)7-!/,'+)*=#D<=)9!+$/?!D?#D!#!/,:J,$'(!2?</?!?#+!D?)!J,D)'D<#%!
D,!J,+)!#!?$:#'!?)#%D?!/,'/)*'!/#'!C)!<()'D<F<)(!#'(!<'/%$()(!#+!#!J,D)'D<#%!E6E!F,*!
:,'<D,*<'57!A?)!"#')%!/,$%(!?#=)!*)/,::)'()(!D?#D!E#%<F,*'<#!+<:J%0!$+<'5!(*<'@<'5!2#D)*!
C)'/?:#*@+!8)757-!)<D?)*!(*<'@<'5!2#D)*!+D#'(#*(+-!/*<D)*<#!,*!+/*))'<'5!%)=)%+9!#%*)#(0!()*<=)(!
C0!=#*<,$+!*)5$%#D,*0!#5)'/<)+!#'(!J))*Q*)=<)2)(!J$C%</#D<,'+!D,!)+D#C%<+?!BA[+!8+))!&JJ)'(<M!
3!F,*!+$/?!#!/,:J<%#D<,'97!_,2)=)*-!D?)!"#')%!F)%D!*)%<#'/)!$J,'!)M<+D<'5!C)'/?:#*@+!#++):C%)(!
F*,:!#!=#*<)D0!,F!+,$*/)+!?#(!#D!%)#+D!D2,!<:J,*D#'D!(*#2C#/@+!D?#D!:$+D!C)!@)JD!<'!:<'(!2?)'!
()=)%,J<'5!BA[+7!!

S<*+D-!<D!%)#(+!D,!D?)!)+D#C%<+?:)'D!,F!BA[+!()*<=)(!$+<'5!(<FF)*)'D!#++$:JD<,'+-!2?</?-!<'!
D$*'-!:)#'+!D?#D!')<D?)*!D?)!"#')%!',*!#'0,')!$+<'5!+$/?!BA[+!$'()*+D#'(+!?,2!/,'+)*=#D<=)!
)#/?!,')!<+X!#D!%)#+D!',D!2<D?,$D!*)=<)2<'5!D?)!()D#<%+!,F!D?)!()*<=#D<,'!,F!)#/?!,F!D?)!(*<'@<'5!
2#D)*!C)'/?:#*@+!$J,'!2?</?!D?)!BA[+!#*)!C#+)(7!A?)!J*,D)/D<=)')++!,F!#!C)'/?:#*@!2<%%!
()J)'(!$J,'!D?)!<'F,*:#D<,'!#'(!:)D?,(+!$+)(!D,!()*<=)!<D7!S,*!)M#:J%)-!+)%)/D<'5!D?)!%,2)+D!
,F!D2,!C)'/?:#*@+!2<D?,$D!#!()D#<%)(!*)=<)2!,F!D?)<*!()*<=#D<,'!J*)/%$()+!D?)!$+)*!F*,:!
$'()*+D#'(<'5!D?)!C#+<+!#'(!J*,D)/D<=)')++!,F!)#/?!C)'/?:#*@7!A?)!%,2)*!,F!D?)!D2,!
C)'/?:#*@+!:#0!C)!C#+)(!$J,'!')2!D,M</,%,5</#%!<'F,*:#D<,'!',D!#=#<%#C%)!D,!D?)!#$D?,*+!2?,!
()*<=)(!D?)!?<5?)*!C)'/?:#*@7!&%D)*'#D<=)%0-!C,D?!5*,$J+!,F!#$D?,*+!:#0!?#=)!$+)(!D?)!+#:)!
D,M</<D0!<'F,*:#D<,'!C$D!(<FF)*)(!<'!D?)<*!#JJ%</#D<,'!,F!$'/)*D#<'D0!F#/D,*+!F,*!=#*<,$+!*)#+,'+7!
G?<%)!?#=<'5!#!+)D!,F!C)'/?:#*@+!D?#D!=#*0!<'!D?)<*!%)=)%!,F!J*,D)/D<=)')++!<+!',D!<'?)*)'D%0!
$'#//)JD#C%)-!D?)!"#')%!+))+!=#%$)!D,!?#=<'5!BA[+!D?#D!?#=)!#!/,::,'!%)=)%!,F!J*,D)/D<=)')++!
C)/#$+)!D?)0!#*)!()*<=)(!$+<'5!#!/,::,'!+)D!,F!)MJ,+$*)!#'(!D,M</<D0!#++$:JD<,'+7!

A?)!+)/,'(!(*#2C#/@!,F!$+<'5!)M<+D<'5!(*<'@<'5!2#D)*!C)'/?:#*@+!D,!)+D#C%<+?!BA[+!<+!D?#D!
+$/?!C)'/?:#*@+!#*)!,'%0!#=#<%#C%)!F,*!E6E+!D?#D!2)!@',2!#C,$D!D,(#07!&!+$C+D#'/)!D?#D!<+!',D!

F%,2/?#*D!<'!S<5$*)!T7R9-!2,$%(!',D!%<@)%0!?#=)!#!%<D)*#D$*)QC#+)(!
C)'/?:#*@7!S,*!+$/?!#!/,:J,$'(-!#!:,'<D,*<'5!J*,5*#:!2,$%(!',D!?#=)!#!(*<'@<'5!2#D)*!
C)'/?:#*@!D,!2?</?!D,!/,:J#*)!#!:)#+$*)(!/,'/)'D*#D<,'!#'(-!D?$+-!D?)!B6E!,*!"6E!,F!D?)!
/,:J,$'(!/,$%(!',D!C)!/,:J#*)(!D,!#'!BA[7!!!
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`'!%<)$!,F!*)/,::)'(<'5!$+)!,F!#%*)#(0!)+D#C%<+?)(!(*<'@<'5!2#D)*!C)'/?:#*@+!F*,:!+)=)*#%!
+,$*/)+-!D?)!"#')%!*)=<)2)(!D?)!*)/)'D!%<D)*#D$*)!,'!E6E+!D,!()D)*:<')!2?)D?)*!#'0,')!?#(!
J$C%<+?)(!#!*)%#D<=)%0!+<:J%)!J*,/)++!D?#D!/,$%(!C)!$+)(!D,!()*<=)!+/*))'<'5!%)=)%!#%%,2#C%)!
(#<%0!<'D#@)+!8&1`+9!D?#D!/,$%(!D?)'!C)!):J%,0)(!D,!)+D#C%<+?!BA[+!D?#D!?#=)!#!/,::,'!
()*<=#D<,'!#'(!#!/,'+<+D)'D!#'(!D*#'+J#*)'D!%)=)%!,F!J*,D)/D<=)')++7!`'!D?)!/,$*+)!,F!D?#D!*)=<)2!
D?)!"#')%!<()'D<F<)(!#!J*,/)++!D,!()*<=)!+/*))'<'5!%)=)%!#//)JD#C%)!(#<%0!<'D#@)+!8&1`+9!F,*!#!
=#*<)D0!,F!E6E+!<'!*)/0/%)(!2#D)*!J*)+)'D)(!<'! 9-&

K"#%2#1*(3$1#59-&#);&K*%94)#5&!#%*&K%4;(13&C)<%*;$*)39&46&L*#53"&!4)1*%)&6%42&K43*)3$#5&

!8>'0()*!*3&#57!TPRP97!>'0()*!*3&#57!8TPRP9!
()=)%,J)(!#!/,::,'!J*,/)++!C#+)(!$J,'!#!+<:J%)!()/<+<,'!D*))-!*)#(<%0!#=#<%#C%)!<'F,*:#D<,'!
F,*!)#/?!/,:J,$'(-!#'(!#!/,::,'!+)D!,F!#++$:JD<,'+!D,!)+D#C%<+?!#!+/*))'<'5!%)=)%!&1`!8S<5$*)!
]7T97!A?)!J*,/)++!,F!()*<=<'5!#'!BA[!<+!J*)+)'D)(!<'!D?)!C,M)+!<'!D?)!F%,2/?#*D!D,!D?)!%)FD!,F!D?)!
6MJ,+$*)!>/*))'<'5!C,M!8S<5$*)!]7R97!`'!D?#D!J*,/)++!D?)!F%,2/?#*D!#+@+!2?)D?)*!D,M</<D0!(#D#!D,!
()=)%,J!#'!&1`!#*)!#=#<%#C%)-!#'(!<F!D?)0!#*)-!D?)!J*,/)++!()+/*<C)(!C)%,2!<+!F,%%,2)(!D,!
()=)%,J!#!BA[]7!

&

!"@<+(&HJF&J!"#$%&O(-"0"*#&I+((&1*+&6`A9&O(,(+."#"#@&2-:(.(&1*+&`(?&$#/&A.(+@"#@&9*#,$."#$#,0&_$/*),(/&
1+*.&2#5/(+&+%(*2J&FLDLaJ&&

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 A?)!"#')%!2<+?)+!D,!J,<'D!,$D!D?#D!<F!D?)!>D#D)!,F!E#%<F,*'<#-!,*!#',D?)*!#5)'/0!D?#D!D?)!>D#D)!,F!E#%<F,*'<#!
*)/,5'<W)+!#+!?#=<'5!D?)!)MJ)*D<+)!D,!()=)%,J!&1`+-!?#+!()=)%,J)(!#'!&1`!F,*!#!J,D)'D<#%!E6E-!D?)'!D?)!"#')%!
*)/,::)'(+!D?#D!D?)!&1`!()=)%,J)(!C0!D?)!>D#D)!+?,$%(!C)!$+)(!D,!)+D#C%<+?!#'!BA[!<'!%<)$!,F!D?)!J*,/)++!
()+/*<C)(!<'!>'0()*!*3&#57!8TPRP97 
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()*<=#D<,'!,F!+/*))'<'5!%)=)%!&1`+!2#+!D?)!<'=,%=):)'D!,F!#!%#*5)!'$:C)*!,F!J,D)'D<#%!
+D#@)?,%()*+!#'(!)MJ)*D+!<'!D?)!()=)%,J:)'D!,F!D?)!+/*))'<'5!C)'/?:#*@!()*<=#D<,'!J*,/)++!
()+/*<C)(!<'!>'0()*!*3&#57!8TPRP9!#'(!2?#D!D?)!"#')%!=<)2)(!#+!#!/,:J*)?)'+<=)!*)=<)2!,F!
#=#<%#C%)!+/*))'<'5!C)'/?:#*@!()*<=#D<,'!:)D?,(+!$'()*D#@)'!C0!D?)!#$D?,*+!#'(!
+D#@)?,%()*+!<'=,%=)(!<'!>'0()*!*3&#57!8TPRP97!&

A?)!,=)*#%%!5,#%!,F!>'0()*!*3&#57!8TPRP9!2#+!D,!*)=<)2!:)D?,(,%,5<)+!F,*!()=)%,J<'5!
+/*))'<'5!%)=)%!?$:#'!?)#%D?!*<+@QC#+)(!/*<D)*<#!F,*!E6E+!J,D)'D<#%%0!J*)+)'D!<'!*)/0/%)(!2#D)*7!
>'0()*!*3&#57!8TPRP9!<()'D<F<)(!+)=)*#%!:)D?,(,%,5<)+!D?#D!/,$%(!C)!$+)(!D,!()=)%,J!+/*))'<'5!
%)=)%!C)'/?:#*@+!F,*!J*,D)/D<,'!,F!J$C%</!?)#%D?7!S*,:!D?,+)!:)D?,(,%,5<)+-!D?)!#$D?,*+-!<'!
/,'V$'/D<,'!2<D?!,$D+<()!)MJ)*D+!()=<+)(!#!+<:J%)-!/,'+)*=#D<=)!#JJ*,#/?!F,*!D?)!()=)%,J:)'D!
,F!?)#%D?!*<+@QC#+)(!5$<()%<')+!F,*!E6E+! *5*139&3"*&54@*93&1#51(5#3*;&5*B*5&M$F*F-&2493&

8%43*13$B*&46&"(2#)&"*#53"N&6%42&9*B*%#5&8499$:5*&%$9?&#99*992*)3&91"*2*9 7!A?)!"#')%!
):J?#+<W)(!D?#D!#JJ%</#D<,'!,F!D?)!()/<+<,'!D*))!<'!D?)!()=)%,J:)'D!,F!+/*))'<'5!=#%$)+!+?,$%(!
C)!J)*F,*:)(!<'!/,'+$%D#D<,'!2<D?!#JJ*,J*<#D)!)MJ)*D+!<'!D,M</,%,50!#'(!*<+@!#++)++:)'D7!&!
+$::#*0!,F!D?)!J*,J,+)(!#JJ*,#/?!<+!)M/)*JD)(!F*,:!D?)!6M)/$D<=)!>$::#*0!,F!>'0()*!*3&#57!
8TPRP9!C)%,2Z!!

R9 `F!D?)!/?):</#%!<+!#!J?#*:#/)$D</#%-!+)%)/D!D?)!%,2)+D!=#%$)!F*,:!#:,'5!/,:J#*<+,'!
=#%$)+!()*<=)(!$+<'5!D?)!F,%%,2<'5!J*,/)++)+Z!

#9 1<=<()!D?)!D?)*#J)$D</!(,+)!8,'!#!:<%%<5*#:!J)*!@<%,5*#:!C,(0!2)<5?D!C#+<+-!C#+)(!
$J,'!*#'5)!,F!(,+)+!#'(!#5)!5*,$J+!F,*!2?</?!D?)!/?):</#%!<+!J*)+/*<C)(9!C0!#!
()F#$%D!$'/)*D#<'D0!F#/D,*!8^S9!,F!\-PPPX!(<=<()!C0!#'!#((<D<,'#%!^S!,F!RP!<F!D?)!
/,:J,$'(!<+!)<D?)*!#!','Q5)',D,M</!/#*/<',5)'!,*!#'!)'(,/*<')!(<+*$JD<'5!
/,:J,$'(+!861E97!

C9 1<=<()!D?)!%<D)*#D$*)QC#+)(!',!,C+)*=)(!#(=)*+)!)FF)/D!%)=)%!8.;&6[9!C0!#!()F#$%D!^S!
,F!R-PPP!,*!D?)!%,2)+D!,C+)*=)(!#(=)*+)!)FF)/D!%)=)%!8[;&6[9!C0!#!()F#$%D!^S!,F!
\-PPPX!(<=<()!C0!#'!#((<D<,'#%!^S!,F!RP!<F!D?)!/,:J,$'(!<+!)<D?)*!#!','Q5)',D,M</!
/#*/<',5)'!,*!#'!61E7!

/9 `F!D?)!/,:J,$'(!<+!#!5)',D,M</!/#*/<',5)'!#'(!D$:,*!<'/<()'/)!(#D#!#*)!#=#<%#C%)-!
()=)%,J!#!+%,J)!F#/D,*!#'(!)+D#C%<+?!#!/,:J#*<+,'!=#%$)!#++$:<'5!#!;*&2$)$2$9!
/#'/)*!*<+@!,F!R!<'!R-PPP-PPP7!

(9 `F!D?)!/,:J,$'(!<+!#!5)',D,M</!/#*/<',5)'!#'(!',!D$:,*!<'/<()'/)!(#D#!#*)!
#=#<%#C%)-!$+)!D?)!%,2)*!,F!D?)!=<*D$#%%0!+#F)!(,+)!()*<=)(!$+<'5!D?)!:)D?,(!,F!Y#0%,*!
#'(!Y,%(!8RUUc9!,*!D?)!D?*)+?,%(!,F!D,M</,%,5</#%!/,'/)*'!8AAE97!

T9 `F!D?)!/?):</#%!<+!',D!#!J?#*:#/)$D</#%!#'(!)<D?)*!#!%<D)*#D$*)QC#+)(!.;&6[!,*![;&6[!
/#'!C)!<()'D<F<)(!,*!D?)!/?):</#%!<+!#!5)',D,M</!/#*/<',5)'-!+)D!5$<()%<')+!C#+)(!,'!
D,M</,%,5</#%!(#D#!F,%%,2<'5!8C9-!8/9-!#'(!8(9-!#C,=)7!

\9 `F!D?)!/?):</#%!<+!',D!#!J?#*:#/)$D</#%!C$D!(,)+!',D!?#=)!)<D?)*!#!%<D)*#D$*)QC#+)(!
.;&6[!,*![;&6[!,*!D?)*)!<+!',!)=<()'/)!<D!<+!#!5)',D,M</!/#*/<',5)'-!()*<=)!#!+/*))'<'5!
%)=)%!C#+)(!,'!D?)!AAE7!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#D#

! 32 

A?)!"#')%!#JJ*)/<#D)+!D?#D!D?)!J*,/)++!()+/*<C)(!<'!>'0()*!*3&#57!8TPRP9!<+!:)#'D!F,*!
()*<=#D<,'!,F!+/*))'<'5!%)=)%!?$:#'!?)#%D?!*<+@QC#+)(!/*<D)*<#!F,*!E6E+!J*)+)'D!<'!(*<'@<'5!
2#D)*7!A?,$5?!',D!+J)/<F</#%%0!()*<=)(!F,*!#JJ%</#D<,'!#+!BA[+-!D?)!"#')%!C)%<)=)+!D?)!
/,'+)*=#D<=)!'#D$*)!,F!D?)!D,M</<D0!C)'/?:#*@+!$+<'5!D?)!J*,/)++!()+/*<C)(!<'!>'0()*!*3&#57!
8TPRP9-!2<%%!*)+$%D!<'!D*<55)*!%)=)%+!D?#D!#*)!+$FF</<)'D%0!/,'+)*=#D<=)!D,!C)!$+)(!#+!BA[+!F,*!D?)!
J*,D)/D<,'!,F!?$:#'!?)#%D?7!A?,$5?!D?)!>'0()*!*3&#57!8TPRP9!J*,/)++!2#+!()=)%,J)(!F,*!""E"+-!
#'(!)'(,/*<')!(<+*$JD<'5!/,:J,$'(+-!D?)!"#')%!C)%<)=)+!D?)!J*,/)++!/#'!C)!#JJ%<)(!D,!:,+D!
#'0!E6E!F,*!/#%/$%#D<'5!#'!BA[7!^+)*+!,F!D?)!BA[+!()*<=)(!$+<'5!D?)!>'0()*!*3&#57!8TPRP9!J*,/)++!
+?,$%(!',D)!D?#D!BA[+!+,!()*<=)(!(<(!',D!/,'+<()*!J*,D)/D<,'!,F!)/,%,5</#%!*)/)JD,*+7!!!

A?)!#$D?,*+!,F!>'0()*!#D!#%7!8TPRP9!#%+,!

9(<<*939&3"*&14284();&$9&#&6%#)?&3*%#34<*)&#3&3"*&54@*93&;49*-&4%&3"*&14284();&$9&#&

1"*243"*%#8=&#<*)3N-&3"*)&3"*&14284();&9"4(5;&:*&9(:H*13&34&#&6(55&14284();O98*1$6$1&%$9?&

!`'!()=)%,J<'5!BA[+!
F,*!D?)!<'<D<#%!%<+D!,F!/#'(<(#D)!E6E+!D,!C)!:,'<D,*)(-!D?)!"#')%!/#:)!#/*,++!#',D?)*!+<D$#D<,'!<'!
2?</?!D?)!+/*))'<'5!%)=)%!&1`+!()*<=)(!$+<'5!D?)!>'0()*!*3&#57!8TPRP9!()/<+<,'!D*))!%<@)%0!'))(!
#((<D<,'#%!/#*)F$%!/,'+<()*#D<,'!C)F,*)!C)<'5!$+)(!D,!()*<=)!BA[+7!A?)!+J)/<F</!)M#:J%)!<+!D?)!
+/*))'<'5!&1`!=#%$)! Q)+D*#(<,%!86T9X!6T!?#+!C))'!)MD)'+<=)%0!+D$(<)(-!#'(!<D+!
J,D)'D<#%!)FF)/D+!#*)!2)%%!$'()*+D,,(7!>)=)*#%!)MJ)*D!+/<)'D<F</!C,(<)+!#'(!*)5$%#D,*0!#5)'/<)+!
?#=)!/,'($/D)(!*)=<)2+!,F!#=#<%#C%)!D,M</<D0!<'F,*:#D<,'!8+))!D)MD!C,M!C)%,297!>,:)!,F!D?,+)!
#5)'/<)+!?#=)!+)%)/D)(!#'!&1`!D?#D!<+!#C,$D!TPPPQF,%(!?<5?)*!D?#'!D?)!+/*))'<'5!%)=)%!&1`!
()D)*:<')(!$+<'5!D?)!()/<+<,'!D*))!J*)+)'D)(!<'!>'0()*!*3&#57!8TPRP9!8+))!D)MD!C,M!C)%,297!!

-estradiol (E2) 

Various expert bodies have recognized that E2 is a potential carcinogen (WHO 2000 (Toxicological Evaluation of Certain 
Veterinary Drug Residues in Food. WHO Food Additive Series: 43. Estradiol-17β, Progesterone, and Testosterone. 
Geneva:World Health Organization, International Programmeon Chemical Safety. available:  
http://www.inchem.org/documents/jecfa/jecmono/v43jec01.htm); EPA in the CCL dossiers.) Sufficient data are 
available to derive a cancer slope factor (SF) of 39 (mg/kg-day)-1 (CA OEHHA, 1992 as cited in Snyder et al. (2010)).  
Based on the carcinogenic potential of E2 and the availability of the SF, the Snyder et al. (2010) decision tree would lead 
to the establishment of a screening level ADI of 0.000026 ig/kg-day assuming an allowable excess lifetime cancer risk of 
one in one million (1x10-6). This screening level ADI is nearly 2000 times lower than the ADI of 0.05 ig/kg-day  
recommended by Australia (Australian-guideline,  2008), the only regulatory body that has proposed a drinking water 
guideline for E2 (see Appendix J summarizing drinking water levels identified by the Panel). The Australia drinking water 
guideline is based upon the WHO ADI, which is derived through the application of a total uncertainty factor of 100 to a 
NOAEL of 0.3 mg/day derived from studies of changes in several hormone-dependent parameters in postmenopausal 
women. pidemiological data available for E2 and decision to base 
the ADI for E2 on a non-cancer endpoint, the Expert Panel believes the WHO ADI is just as valid as the ADI that can be 
derived using the CA OEHHA slope factor and a 1x10-6 excess lifetime cancer risk level. Indeed, given that the mechanism 
by which tumors were induced in the rodent study, upon which cancer slope factor is based, has no equivalent in humans, 
the WHO ADI may have greater validity than the ADI based upon the results of the rodent cancer bioassay. The decision 
of which ADI to use for compounds like E2 is one of science policy and needs to consider previous precedent as well as 
new precedent such a decision establishes. For example, if the ADI based upon the CA OEHHA slope factor is accepted 
and used to establish MTLs, it likely means that many common dietary items that contain naturally occurring E2 and other 
steroid estrogens (e.g., dairy products and various meats) pose a potentially unacceptable cancer risk.  If WHO  ADI is 
used, consumption of many common dietary items would not pose an unacceptable risk. 

http://www.inchem.org/documents/jecfa/jecmono/v43jec01.htm
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!
E;D(L+&$B*%$"#("-(!"#$%"&$#'(@&$''+&(N+B+2, (

A2,!$'<K$)!+)D+!,F!BA[+!'))(!D,!C)!()=)%,J)(-!/,**)+J,'(<'5!D,!D?)!(<FF)*<'5!()5*))!,F!
)MJ,+$*)!D,!*)/0/%)(!2#D)*!D?<+!<+!#++$:)(!D,!C)!#++,/<#D)(!2<D?!D?)!D2,!2#D)*!*)$+)!J*#/D</)+!
()+/*<C)(!<'!>)/D<,'!R7!A,!D*#'+%#D)!D?)!+/*))'<'5!%)=)%!&1`+!()*<=)(!$+<'5!D?)!()/<+<,'!D*))!
J*)+)'D)(!<'!>'0()*!*3&#57!8TPRP9!<'D,!BA[+!F,*!J,D#C%)!2#D)*!$+)!8#+!,JJ,+)(!D,!%#'(+/#J)!
<**<5#D<,'9-!D?)!"#')%!#(,JD)(!D?)!/,::,'!#JJ*,#/?!,F!#++$:<'5!D?#D!#'!#($%D!F):#%)!8D?)!

/,'+$:)+!T!%<D)*+!,F!2#D)*!J)*!(#0!F,*!?)*!)'D<*)!%<F)7!A?$+-!D?)!+/*))'<'5!%)=)%!&1`!<+!:$%D<J%<)(!
C0!NP!@5!#'(!(<=<()(!C0!T!%<D)*+aJ)*+,'Q(#0!86K$#D<,'!]7R9!D,!()*<=)!D?)!J,D#C%)!2#D)*!$+)!BA[7!
A?)!"#')%!#%+,!C)%<)=)+!D?#D!<D!<+!#JJ*,J*<#D)!D,!<'/,*J,*#D)!#!*)%#D<=)!+,$*/)!/,'D*<C$D<,'!8H>E9!
<'!D?)!()*<=#D<,'!,F!BA[+-!D?,$5?!D?)!=#%$)!,F!D?)!H>E!+?,$%(!()J)'(!$J,'!D?)!J#*D</$%#*!E6E7!
S,*!E6E+!2?)*)!(*<'@<'5!2#D)*!<+!#++$:)(!D,!C)!D?)!(,:<'#'D!)MJ,+$*)!J#D?2#0!F,*!D?)!
5)')*#%!J$C%</-!#'!H>E!,F!R7P!<+!#JJ*,J*<#D)!8)757-!?$:#'!$+)!J?#*:#/)$D</#%+-!(<+<'F)/D<,'!
C0J*,($/D+97!G?<%)!E6E+!2<D?!:#'0!J,D)'D<#%!)'=<*,':)'D#%!+,$*/)+!,D?)*!D?#'!(*<'@<'5!2#D)*!
8)757-!:,+D!J)+D</<()+9!+?,$%(!):J%,0!#'!H>E!,F!%)++!D?#'!R7P7!
D<:)!/,'+D*#<'D+-!<D!(<(!',D!F))%!<D!2#+!<'!#!J,+<D<,'!D,!*)/,::)'(!+J)/<F</!H>E+!F,*!+J)/<F</!
/%#++)+!,F!E6E+-!C$D!*)/,::)'(+!D?#D!D?)!')MD!"#')%!*)=<)2!D?)!()=)%,J:)'D!,F!H>E+!#'(!
*)/,::)'(!=#%$)+!D,!$+)!<'!D?)!()=)%,J:)'D!,F!BA[+7!!!

!
B,'<D,*<'5!A*<55)*![)=)%!o!>/*))'<'5![)=)%!&1`!M!NP!@5!M!H>E!!! 86K7!]7R9!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! T![a(#0!! !

!
A,!()*<=)!D?)!BA[+!F,*!%#'(+/#J)!<**<5#D<,'-!D?)!"#')%!*)/,::)'(+!$+<'5!D?)!+#:)!

#++$:JD<,'+!#+!$+)(!D,!()*<=)!BA[+!F,*!J,D#C%)!$+)-!2<D?!D?)!)M/)JD<,'!,F!D?)!2#D)*!<'5)+D<,'!
*#D)7!S)2!K$#'D<D#D<=)!(#D#!2)*)!#=#<%#C%)!D,!*<5,*,$+%0!/?#*#/D)*<W)!D?)!J,D)'D<#%!<'/<()'D#%!
<'5)+D<,'!*#D)!,F!2#D)*!F,*!D?)!%#'(+/#J)!<**<5#D<,'!+/)'#*<,7!A?)!"#')%!+D#*D)(!C0!*)=<)2<'5!
<'F,*:#D<,'!/,:J<%)(!C0!^>6"&!,'!<'/<()'D#%!2#D)*!<'5)+D<,'!2?<%)!+2<::<'5!8^>6"&!TPPU#9!
#+!#!J,++<C%)!+,$*/)!D,!()=)%,J!#'!)+D<:#D)!,F!D?)!#:,$'D!,F!2#D)*!/,'+$:)(!<'!D?)!%#'(+/#J)!
<**<5#D<,'!+/)'#*<,7!A?)!"#')%!F)%D!D?#D!<'!:,+D!/#+)+-!:)#+$*)(!#:,$'D+!,F!2#D)*!<'5)+D)(!
<'/<()'D#%%0!2?<%)!+2<::<'5!2,$%(!C)!+$C+D#'D<#%%0!5*)#D)*!D?#'!D?)!#:,$'D+!,F!2#D)*!D?#D!
:<5?D!C)!<'5)+D)(!F*,:!%#'(+/#J)!<**<5#D<,'7!^>6"&!*)J,*D+!D?#D!/?<%(*)'!<'5)+D!:,*)!2#D)*!
2?<%)!+2<::<'5!D?#'!#($%D+!8:)#'!#'(!$JJ)*!UOm!<'5)+D<,'!*#D)+!,F!\b!#'(!]U!:[a?,$*!F,*!
/?<%(*)'!#'(!RN!#'(!TP!:[a?,$*!F,*!#($%D+97!A?)!"#')%!#%+,!*)=<)2)(!+D$(<)+!*)J,*D<'5!,'!D?)!
J*,J,*D<,'!,F!(#<%0!(*<'@<'5!2#D)*!<'D#@)!($)!D,!J#*@!<**<5#D<,'!8E,,J)*!q!;%<=<)*<-!RUUcX!>#@#V<!
*3&#5F!RUUcX!;DD,+,'!q!>D)'+D*,:-!TPP\97!A?)+)!+D$(<)+!F,*:!#!C)DD)*!C#+<+!F*,:!2?</?!D,!
)+D<:#D)!<'/<()'D#%!<**<5#D<,'!)MJ,+$*)+!D?#'!+D$(<)+!,F!+2<::<'5!)MJ,+$*)+7!I#+)(!$J,'!D?)+)!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#D#

! 34 

+D$(<)+-!D?)!"#')%!+)%)/D)(!#!?<5?Q)'(!<'/<()'D#%!<'5)+D<,'!F*#/D<,'!,F!Rm!,F!D,D#%!(#<%0!2#D)*!
<'D#@)!C)<'5!/,:J*<+)(!,F!<'D#@)!F*,:!%#'(+/#J)!<**<5#D<,'7!!Y<=)'!D?#D!D,D#%!(#<%0!<'D#@)!<+!
#++$:)(!D,!C)!T!%<D)*+!J)*!(#0!F,*!D?)!()*<=#D<,'!,F!J,D#C%)!$+)!BA[+-!D?)!<'D#@)!F,*!%#'(+/#J)!
<**<5#D<,'!2#+!#++$:)(!D,!C)!P7PT!%<D)*+-!,*!TP!:<%%<%<D)*+!J)*!(#07!A?$+-!D?)!)MJ)/D)(!<'5)+D<,'!
,F!2#D)*!#++,/<#D)(!2<D?!%#'(+/#J)!<**<5#D<,'!<+!RPPQF,%(!%,2)*!D?#'!D?#D!#++$:)(!F,*!J,D#C%)!
2#D)*!$+)7!&+!D?<+!<+!D?)!,'%0!(<FF)*)'/)!C)D2))'!D?)!D2,!+)D+!,F!BA[+!F,*!D?)!D2,!*)$+)!
J*#/D</)+-!D?)!%#'(+/#J)!<**<5#D<,'!BA[+!#*)!RPP!D<:)+!5*)#D)*!D?#'!D?)!BA[+!F,*!J,D#C%)!*)$+)7!

!
PFIF/&C)$3$#5&Q4)$34%$)<&R%$<<*%&J*B*59 &

A?)!"#')%!C)%<)=)+!D?#D!BA[+!()*<=)(!F,%%,2<'5!D?)!J*,/)++!()+/*<C)(!#C,=)-!2<%%!C)!
/,'+<+D)'D-!J*,D)/D<=)!,F!J$C%</!?)#%D?-!#'(!2?)'!/,:J#*)(!D,!*)J*)+)'D#D<=)!B6E+!,*!"6E+-!
2<%%!%)#(!D,!D?)!<()'D<F</#D<,'!,F!E6E+!D?#D!+?,$%(!C)!<'/%$()(!<'!#!:,'<D,*<'5!J*,5*#:!C#+)(!
$J,'!D?)<*!D,M</,%,5</#%!*)%)=#'/)!D,!?$:#'+7!A?)!"#')%!#%+,!*)/,5'<W)+!D?#D!F$%%!
<:J%):)'D#D<,'!,F!<D+!*)/,::)'()(!J*,/)++!8<'/%$(<'5!()*<=#D<,'!,F!BA[+9!2<%%!*)K$<*)!:,*)!
*)+,$*/)+!D?#'!2)*)!#=#<%#C%)!D,!D?)!"#')%7!S,*!)M#:J%)-!*)=<)2!,F!#=#<%#C%)!D,M</<D0!
<'F,*:#D<,'!F,*!)#/?!E6E!#'(!D?)!$+)!,F!D?#D!<'F,*:#D<,'!<'!D?)!F%,2!/?#*D!J*)+)'D)(!<'!>'0()*!
*3&#57!8TPRP9!8+))!S<5$*)!]7T9-!/,$%(!D#@)!+<5'<F</#'D!)FF,*D!#'(!D,M</,%,5</#%!)MJ)*D<+)!#'(!
V$(5:)'D7!A?)!"#')%!?#(!D?)!*)K$<*)(!)MJ)*D<+)!#'(!V$(5:)'D-!C$D!+<:J%0!(<(!',D!?#=)!D?)!
D<:)!#'(!*)+,$*/)+!#D!<D+!(<+J,+#%!D,!/,'($/D!+$/?!#!*)=<)27!A?#D!C)<'5!+#<(-!D?)!"#')%!(<(!2#'D!
D,!()=)%,J!#'!$'()*+D#'(<'5!,F!2?)D?)*!<D+!*)/,::)'()(!F*#:)2,*@!,F!/,:J#*<'5!:)#+$*)(!
8,*!J*)(</D)(9!)'=<*,':)'D#%!/,'/)'D*#D<,'+!D,!BA[+!D,!<()'D<F0!E6E+!D,!<'/%$()!<'!#!:,'<D,*<'5!
J*,5*#:!2#+!2,*@#C%)7!A?)!"#')%!#%+,!F)%D!<D!2#+!2<D?<'!D?)<*!/?#*5)!D,!J*,=<()!*)5$%#D,*+!2<D?!
<'<D<#%!BA[+!+,!D?#D!:,'<D,*<'5!/,$%(!C)!*)#(<%0!<:J%):)'D)(7!

A,!/,'($/D!+$/?!#'!)=#%$#D<,'-!D?)!"#')%!()*<=)(!<'<D<#%!BA[+!C#+)(!$J,'!(*<'@<'5!2#D)*!
C)'/?:#*@+!#=#<%#C%)!F*,:!+)=)'!(<FF)*)'D!+,$*/)+!8+))!&JJ)'(<M!397!A?)+)!+,$*/)+!<'/%$()!
(*<'@<'5!2#D)*!C)'/?:#*@+!()=)%,J)(!C0!D?*))!*)5$%#D,*0!#5)'/<)+!8^>6"&-!E1"_-!&$+D*#%<#'!
6'=<*,':)'D#%!"*,D)/D<,'!#'(!_)*<D#5)!E,$'/<%9-!D2,!J#J)*+!*)/)'D%0!J$C%<+?)(!<'!+/<)'D<F</!
V,$*'#%+!8>/?2#C!*3&#57!TPPO-!>/?*<@+!*3&#57!TPPU9-!#'(!D2,!J))*Q*)=<)2)(!*)+)#*/?!*)J,*D+!
F,/$+<'5!,'!D?)!()=)%,J:)'D!,F!C)'/?:#*@+!F,*!E6E+!8>'0()*!*3&#57!TPPc#-!E,D*$=,!*3&#57!TPRP97!
A?)!@)0!#++$:JD<,'+!)#/?!,F!D?)!+,$*/)+!$+)(!D,!()*<=)!(*<'@<'5!2#D)*!C)'/?:#*@+!#*)!
()+/*<C)(!<'!&JJ)'(<M!37!

G?)'!<'F,*:#D<,'!F*,:!D?)+)!+)=)'!+,$*/)+!<+!/,:C<')(-!(*<'@<'5!2#D)*!C)'/?:#*@+!#*)!
J*)+)'D)(!F,*!]Rc!/,:J,$'(+!D?#D!:<5?D!C)!/%#++<F<)(!#+!E6E+7!A?)!:#V,*<D0!,F!E6E+!?#=)!,'%0!#!
+<'5%)!C)'/?:#*@!8<7)7-!,'%0!,')!,F!D?)!+,$*/)+!J*)+)'D+!#!C)'/?:#*@!F,*!D?#D!E6E9!D?#D!/,$%(!
C)!$+)(!#+!D?)!BA[7!_,2)=)*-!+)=)*#%!E6E+-!,FD)'!D?)!J?#*:#/)$D</#%+-!?#=)!:$%D<J%)!
C)'/?:#*@+7!S,*!+,:)!E6E+-!D?,+)!C)'/?:#*@+!#*)!+<:<%#*!8)757-!/,()<')-!)D?<'0%!)+D*#(<,%-!(<Q'Q
C$D0%!J?D?#%#D)9!2?<%)!F,*!,D?)*+-!D?)!C)'/?:#*@+!/#'!C)!K$<D)!(<+J#*#D)!8)757-!<C$J*,F)'-!116-!
166A-!D*</%,+#'97!!

A?)!(*<'@<'5!2#D)*!C)'/?:#*@!+)%)/D)(!#+!D?)!C#+<+!F,*!D?)!<'<D<#%!BA[+!F,*!)#/?!/,:J,$'(!
<+!?<5?%<5?D)(!8<'!J<'@9!<'!&JJ)'(<M!37!&+!()+/*<C)(!<'!&JJ)'(<M!3!F,,D',D)+-!D?)!C)'/?:#*@+!#*)!
()*<=)(!C0!/,:C<'<'5!#++$:JD<,'+!#C,$D!D?)!D,M</<D0!,F!#!E6E!#'(!J,D)'D<#%!)MJ,+$*)!D,!D?)!
E6E!=<#!/,'+$:JD<,'!,F!(*<'@<'5!2#D)*7!A?)!#++$:JD<,'+!#C,$D!D?)!J,D)'D<#%!D,M</<D0!,F!#!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#D#

! 35 

J#*D</$%#*!E6E!#'(!?,2!D?)!&1`!F,*!D?#D!J#*D</$%#*!E6E!2#+!()*<=)(!/#'!=#*0!C)D2))'!D?)!
+,$*/)+!,F!D?)!C)'/?:#*@+7!1)D#<%+!,F!D?,+)!(<FF)*)'/)+!#*)!#=#<%#C%)!F*,:!D?)!+,$*/)+7!
>$::#*<W<'5!D?)!()*<=#D<,'!,F!D?)!#%%,2#C%)!<'D#@)!F,*!)#/?!C)'/?:#*@!2#+!C)0,'(!D?)!+/,J)!

!

3$+D!#+!#++$:JD<,'+!#C,$D!D?)!J,D)'D<#%!D,M</<D0!,F!#!E6E!/#'!=#*0!C)D2))'!+,$*/)+-!+,!/#'!
#++$:JD<,'+!#C,$D!)MJ,+$*)7!S,*!)M#:J%)-!+,:)!+,$*/)+!()=)%,J)(!(*<'@<'5!2#D)*!

*#D)X!?,2)=)*-!
8>/?2#C!*3&#57!TPPO9!2?<%)!D?)!,D?)*+!2)*)!C#+)(!,'!#'!
#++$:)(!%,'5QD)*:!(#<%0!/,'+$:JD<,'!,F!(*<'@<'5!2#D)*7!>,:)!+,$*/)+!/,'+<+D)'D%0!#(V$+D)(!
D?)!#%%,2)(!)MJ,+$*)!F*,:!(*<'@<'5!2#D)*!D,!#//,$'D!F,*!J,D)'D<#%!)MJ,+$*)!F*,:!,D?)*!
J#D?2#0+!8)757-!(<)D9!2?<%)!,D?)*!+,$*/)+!(<(!',D7!A?<+!#(V$+D:)'D!<+!*)F)**)(!D,!#+!D?)!H>E!<'!
D?)!^>7!A?)!&$+D*#%<#'!5$<()%<')+!*)F)*!D,!<D!#+!#!J*,J,*D<,'!8"9!F*,:!2#D)*!8&$+D*#%<#'Q
5$<()%<')-!TPPc97!A?)!()/<+<,'!D,!$+)!,*!',D!$+)!#'!H>E!8,*!"9!(,)+!',D!#JJ)#*!D,!C)!*#'(,:7!
S,*!)M#:J%)-!>/?2#C!*3&#57!8TPPO9!(<(!',D!$+)!#'!H>E!C)/#$+)!D?)!,'%0!E6E+!D?)0!)=#%$#D)(!
2)*)!J?#*:#/)$D</#%+7!S,*!J),J%)!',D!D#@<'5!#!J#*D</$%#*!J?#*:#/)$D</#%!F,*!D?)*#J)$D</!$+)-!

'))(!D,!#//,$'D!F,*!)MJ,+$*)!F*,:!,D?)*!+,$*/)+!<+!/,:J,$'(Q+J)/<F</7!`'!,D?)*!2,*(+-!D?)!H>E!
/#'!C)!+)D!D,!R7P!F,*!J?#*:#/)$D</#%+7!A?)!&$+D*#%<#'!5$<()%<')+!+<:<%#*%0!$+)!#!"!,F!R7P!F,*!
?$:#'Q$+)!J?#*:#/)$D</#%+!C$D!$+)!#!"!,F!P7R!F,*!,D?)*!/,:J,$'(+-!<'/%$(<'5!J?#*:#/)$D</#%+!
2<D?!=)D)*<'#*0!,*!#5*</$%D$*#%!#JJ%</#D<,'+!8&$+D*#%<#'Q5$<()%<')-!TPPc97!

Y<=)'!D?)!/,'+)*=#D<=)!'#D$*)!,F!D?)!<'<D<#%!BA[!+)%)/D<,'!J*,/)++!F,%%,2)(!C0!D?)!"#')%!F,*!
D?)!J$*J,+)+!,F!D?<+!*)J,*D-!D?)!"#')%!C)%<)=)+!D?)!BA[+!?<5?%<5?D)(!<'!&JJ)'(<M!3!#*)!?)#%D?!
J*,D)/D<=)!#'(!#JJ*,J*<#D)!F,*!$+)!<'!#!E6E!:,'<D,*<'5!J*,5*#:7!A?<+!*)J,*D!*)F)*+!D,!D?,+)!

,')!*)/,::)'()(!C0!D?)!"#')%7!&!@)0!J#*D!,F!D?)!F*#:)2,*@!J*,J,+)(!C0!D?)!"#')%!<+!J)*<,(</!
*)=<)2!,F!D?)!BA[+!#'(!B6E+a"6E+!$+)(!D,!<()'D<F0!<'(</#D,*!E6E+!D,!C)!<'/%$()(!<'!#!
:,'<D,*<'5!J*,5*#:7!A?)!"#')%!#'D</<J#D)+!D?#D!#+!J#*D!,F!+$/?!F$D$*)!J)*<,(</!*)=<)2+-!D?)!

#JJ*,#/?7!!

!
E;E(9/*%(*&+(%/+(*HH&"H&$*%+(1"#,%$%>+#%,(%"(U+(0"#$%"&+8X(

6+D#C%<+?<'5!BA[+!<+!,'%0!?#%F!,F!D?)!<'F,*:#D<,'!*)K$<*)(!D,!()D)*:<')!2?)D?)*!#!E6E!
'))(+!D,!C)!<'/%$()(!<'!#!:,'<D,*<'5!J*,5*#:7!A?)!,D?)*!+)D!,F!'))()(!<'F,*:#D<,'!<+!,'!
J*)(</D)(!,*!B6E+!,F!D?)!E6E!<'!*)/0/%)(!2#D)*7!E6E+!2<D?!/,'/)'D*#D<,'+!D?#D!?#=)!C))'!
(,/$:)'D)(!D,!C)!C)%,2!BA[+!2,$%(!',D!'))(!D,!C)!<'/%$()(!<'!#!:,'<D,*<'5!J*,5*#:X!E6E+!
2<D?!/,'/)'D*#D<,'+!#C,=)!D?)!BA[!2,$%(!C)!/#'(<(#D)+!D,!C)!<'/%$()(!<'!,*!*)D#<')(!<'!#!
:,'<D,*<'5!J*,5*#:7!!!

E$**)'D%0-!C#+)%<')!:,'<D,*<'5!(#D#!)M<+D!F,*!:#'0!E6E+!,//$**<'5!<'!*)/0/%)(!2#D)*!<'!
E#%<F,*'<#7!A?)+)!(#D#!/#'!C)!/,:J#*)(!D,!BA[+!D,!()D)*:<')!2?)D?)*!D,!<'/%$()!D?):!<'!#!
:,'<D,*<'5!J*,5*#:7!A?)!"#')%!?#+!+$::#*<W)(!#=#<%#C%)!(#D#!*)%)=#'D!D,!E#%<F,*'<#!<'!>)/D<,'!
O7!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#D#

! 36 

A?)!"#')%!C)%<)=)+!<D!<+!/*<D</#%!D,!):J?#+<W)!D?#D!<F!:)#+$*)(!,*!J*)(</D)(!/,'/)'D*#D<,'+!,F!
#!E6E!#D!D?)!";B!)M/))(!*)+J)/D<=)!BA[+-!)M/))()'/)+!(,!',D!')/)++#*<%0!<'(</#D)!D?)!

F*#:)2,*@!#*)!()=)%,J)(!D,!C)!/,'+)*=#D<=)!#'(!$+)(!,'%0!F,*!D?)!J$*J,+)!,F!J*<,*<D<W<'5!E6E+!

J,D)'D<#%!*<+@!F*,:!E6E+!<'!*)/0/%)(!2#D)*7!!&

!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#E#

! 37 

UJL&7($0<+(/&A#4"+*#.(#,$%&9*#-(#,+$,"*#0&*1&9A90&"#&'(-5-%(/&;$,(+&"#&
9$%"1*+#"$&

I;:(Q#%&"8>1%$"#(

`'!,*()*!D,!/,:J<%)!B6E+!,F!E6E+!<'!*)/0/%)(!2#D)*!<'!E#%<F,*'<#-!D?)!"#')%!()=)%,J)(!#!
+$*=)0!D?#D!/,'+<()*)(!+#:J%<'5!%,/#D<,'+-!#'#%0D</#%!:)D?,(+!$+)(!F,*!D?)<*!K$#'D<F</#D<,'-!
F*)K$)'/<)+-!#'(!D*)#D:)'D!J*,/)++)+!F,*!D?)!2#D)*!*)$+)!J*#/D</)+!,F!<'D)*)+D!D,!D?)!>D#D)!
I,#*(7!A?)!+$*=)0!2#+!J*,=<()(!D,!+D#@)?,%()*+!<'!E#%<F,*'<#!#'(!E6E!:,'<D,*<'5!(#D#!2)*)!
*)K$)+D)(!F,*!D?)!D<:)!J)*<,(!TPPb!#'(!TPPU7!A?)!"#')%!*)/)<=)(!+$*=)0!*)+J,'+)+!F*,:!2#D)*!
#'(!2#+D)2#D)*!$D<%<D<)+!<'!E#%<F,*'<#-!D?)!G#D)H)$+)!&++,/<#D<,'!,F!E#%<F,*'<#-!/,::)*/<#%!
%#C,*#D,*<)+-!#'(!*)+)#*/?!%#C,*#D,*<)+!D?#D!2)*)!)'5#5)(!<'!:,'<D,*<'5!)FF,*D+!F,*!E6E+!<'!
*)/0/%)(!2#D)*!J*,V)/D+!<'!E#%<F,*'<#7!A?)!"#')%!+/*))')(!D?)+)!(#D#C#+)+!#'(!+$::#*<W)(!D?)!
,//$**)'/)!,F!E6E+!<'!D?)+)!*)$+)!#JJ%</#D<,'+7!

G?<%)!D?)!"#')%!#/@',2%)(5)(!D?#D!D?)+)!*)$+)!J*#/D</)+!)'5#5)!/,'=)'D<,'#%!#'(!
#(=#'/)(!2#D)*!D*)#D:)'D!J*,/)++)+!D?#D!*)+$%D!<'!=)*0!(<FF)*)'D!2#D)*!K$#%<D<)+-!D?)!"#')%!
/?,+)!#!/,'+)*=#D<=)!#JJ*,#/?!<'!/,:J#*<'5!B6E+!D,!BA[+!8+))!>)/D<,'!]9!F,*!D?)!)MJ,+$*)!
+/*))'<'5!D?#D!2#+!J*,J,+)(!D,!+)%)/D!<'(</#D,*!E6E+!F,*!:,'<D,*<'5!J*,5*#:+7!A?<+!
/,'+)*=#D<=)!:)#+$*)!/,'+<()*)(!#!2#D)*!K$#%<D0!D?#D!*)J*)+)'D+!#!+)/,'(#*0!,*!D)*D<#*0!
D*)#D)(!)FF%$)'D!K$#%<D0! !A?)+)!
B6E+!2)*)!#%+,!/?,+)'!#+!#!*)J*)+)'D#D<=)!2#+D)2#D)*!)FF%$)'D!K$#%<D0!F,*!5*,$'(2#D)*!
*)/?#*5)!J*#/D</)+!$+<'5!+$*F#/)!+J*)#(<'5!,*!(<*)/D!<'V)/D<,'!<'D,!#!J,D#C%)!#K$<F)*7!A?)!"#')%!
#/@',2%)(5)(!D?#D!D?)!2#D)*!K$#%<D0!F,*!D?)+)!5*,$'(2#D)*!*)/?#*5)!*)$+)!J*#/D</)+!C,D?!#D!
D?)!";B!#FD)*!D*#=)%!D?*,$5?!D?)!=#(,+)!W,')!#'(!D?)!#K$<F)*-!#+!2)%%!#+!#D!D?)!J,<'D!,F!
)MJ,+$*)-!#*)!%<@)%0!D,!C)!:#'0QF,%(!%,2)*7!.)=)*D?)%)++-!D?)!)FF)/D!,F!#((<D<,'#%!2#D)*!
D*)#D:)'D!,'!2#D)*!K$#%<D0!2#+!',D!/,'+<()*)(!<'!()*<=<'5!B6E+!#'(!D?)!:,+D!/,'+)*=#D<=)!
=#%$)+!2)*)!$+)(!<'!D?)!J*<,*<D<W#D<,'7!Y<=)'!D?#D!',!+D#'(#*(<W)(!:)D?,(+!2)*)!$+)(!D,!
5)')*#D)!B6E!(#D#!<'!D?)!J#+D-!D?)!"#')%!#%+,!*)/,5'<W)+!D?#D!=#*<#C<%<D0!#'(!F#%+)!
J,+<D<=)a')5#D<=)!<++$)+!%<@)%0!/,'F,$'(!D?)!B6E+!/,'+<()*)(!F,*!D?)!()=)%,J:)'D!,F!D?)!

!

 

I;?(F11>&&+#1+("-(.3.,($#(6+1712+8(9*%+&($#(.*2$-"&#$*(

B6E+!F,*!EE[\!#'(!','QEE[\!E6E+!8+))!>)/D<,'!T9!*)J*)+)'D<'5!+)/,'(#*0!,*!D)*D<#*0!
)FF%$)'D!K$#%<D<)+!2)*)!/,:J<%)(!8*)J*)+)'D#D<=)!,F!#!A<D%)!TT!2#D)*!K$#%<D0!#+!',D)(!#C,=)9!D,!
*)J*)+)'D!D?)!F<'#%!B6E!F,*!D?)!J$*J,+)+!,F!D?)!*)J,*D+!#'#%0+<+7!A?)!/,:C<')(!)FF%$)'D!
K$#%<D<)+!*)J*)+)'D!#!/,'+)*=#D<=)!)+D<:#D)!,F!B6E+!F,*!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+!+<'/)!
D*)#D:)'D!/*)(<D!<+!',D!<'/%$(<'5!#((<D<,'#%!#(=#'/)(!2#D)*!D*)#D:)'D!J*,/)++)+-!(<%$D<,'!<'!D?)!
#K$<F)*-!#'(a,*!<'/<()'D#%!D*)#D:)'D!<'!D?)!+,<%Q#K$<F)*!+0+D):7!`'!#((<D<,'-!D?)!/,:C<')(!
+)/,'(#*0aD)*D<#*0!)FF%$)'D!()*<=)(!B6E!*)J*)+)'D+!#!*)#+,'#C%)!#'(!/,'+)*=#D<=)!)+D<:#D)!F,*!
#%%!%#'(+/#J)!<**<5#D<,'!$+)+!8*)+D*</D)(!#'(!','Q*)+D*</D)(97!S$*D?)*-!<F!E6E+!2)*)!*)J,*D)(!#+!
',D!()D)/D)(-!D?)!:)D?,(!()D)/D<,'!%<:<D!8B1[9!2#+!#(,JD)(!#+!D?)!%,2)+D!,//$**)'/)!=#%$)-!#!
/,'+)*=#D<=)!#++$:JD<,'7!S,*!)#/?!E6E!=#*<,$+!+D#D<+D</#%!J#*#:)D)*+!2)*)!()D)*:<')(!#+!
<%%$+D*#D)(!F,*!<C$J*,F)'!<'!S<5$*)!O7R7!1<+D*<C$D<,'!J%,D+!F,*!#%%!E6E+!#*)!%<+D)(!<'!&JJ)'(<M!L7!S,*!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#E#

! 38 

D?)!EE[\!#'(!','QEE[\!E6E+-!D?)!UPD?!J)*/)'D<%)!,F!)#/?!B6E!2#+!*)/,*()(7!A#C%)!O7R!
+$::#*<W)+!D?)!UPD?!J)*/)'D<%)!B6E+!,F!EE[\!E6E+7!A?)!UPD?!J)*/)'D<%)+!,F!B6E+!F,*!','QEE[\!
E6E+!#*)!+$::#*<W)(!<'!A#C%)!O7T7!;F!D?)!/?):</#%+!/,'+<()*)(!C0!D?)!"#')%-!B6E+!F,*!)<5?D!
EE[\!E6E+!2)*)!/,:J<%)(7!S,*!D?)!','QEE[\!E6E+-!]\!B6E+!2)*)!<()'D<F<)(7!!

!

&

Figure 5.1. Statistical assessment of CCL3 CECs and non-CCL3 CECs (e.g., ibuprofen). 

!
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Table 5.1. 90th percentile MECs of CCL3 CECs in recycled water. 
!

CCL3 CECs  Occurrence in 
Recycled Water 
Secondary/Tertiary 
Treated (ng/L) 

MTLs MEC/MTL 

  
Potable 
Reuse Irrigation Potable 

Reuse Irrigation 

17 -estradiol 1 3.5E+02 3.5E+03 0.00 0.00 
17 -estradiol 8.4 9.0E-01 9.0E+00 9.33 0.93 
Erythromycin 113 4.9E+03 4.9E+04 0.02 0.00 
Estrone 73 3.5E+02 3.5E+03 0.21 0.02 
Ethinyl estradiol 1 2.8E+02 2.8E+03 0.00 0.00 
PFOA 28 1.1E+03 1.1E+04 0.03 0.00 
PFOS 90 2.0E+02 2.0E+03 0.45 0.05 
Nitrosodiethylamine 
(NDMA) 

68 1.0E+01 1.0E+02 6.80 0.68 

!
!
!
Table 5.2. 90th percentile MECs of non-CCL3 CECs in recycled water. 
!

Non-CCL3 CECs Occurrence in 
Recycled Water 
Secondary/Tertiary 
Treated (ng/L) 

MTLs MEC/MTL 

  Potable Reuse Irrigation Potable 
Reuse Irrigation 

4-Nonylphenol 161 500000 5000000 0.00 0.00 
Atorvastatin 79 5000 50000  0.02 0.00 

Diclofenac 230 1800 18000 0.13 0.01 

Epitestosterone  
(cis-Testosterone) 

10 N/A N/A   

Ketoprofen 43 3500 35000 0.01 0.00 

Metoprolol 246 25000 250000 0.01 0.00 

o-hydroxy 
atorvastatin 

10 N/A N/A   

Propanolol 25 40000 400000   

Simvastatin 
hydroxyacid 

25 N/A N/A   

Sucralose 26390 N/A N/A 0.02 0.00 

Acetaminophen 550 350000 3500000 0.00 0.00 

Bisphenol A 286 350000 3500000 0.00 0.00 

Dilantin 217 N/A N/A   

Tris (2-chloroethyl) 
phosphate (TCEP) 

688 2500 25000 0.28 0.03 



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#E#

! 40 

Table 5.2. Continued 
!

Non-CCL3 CECs Occurrence in 
Recycled Water 
Secondary/Tertiary 
Treated (ng/L) 

MTLs MEC/MTL 

  Potable 
Reuse Irrigation Potable Reuse Irrigation 

4-octylphenol 207 50000 500000 0.00 0.00 

Atenolol 1780 70000 700000 0.03 0.00 

Azithromycin 1200 3900 39000 0.31 0.03 

Caffeine 900 350 3500 2.57 0.26 

Carbamazepine 400 1000 10000 0.40 0.04 

Ciprofloxacin 100 17000 170000 0.01 0.00 

Clofibric acid 820 30000 300000 0.03 0.00 

DEET 1520 2500 25000 0.61 0.06 

Diethylstilbestrol 10 N/A N/A   

Fluoxetine (Prozac) 31 10000 100000 0.00 0.00 

Furosemide 38 N/A N/A   

Gemfibrozil 3550 45000 450000 0.08 0.01 

Ibuprofen 500 34000 340000 0.01 0.00 

Iopromide 2174 750000 7500000 0.00 0.00 

Meprobamate 430 260000 2600000 0.00 0.00 

Methylisothio-
cyanate 

114 N/A N/A   

Musk ketone 25 350000 3500000 0.00 0.00 

Naproxen 851 220000 2200000 0.00 0.00 

Primidone 264 N/A N/A   

Progesterone 18 110000 1100000 0.00 0.00 

Salicylic acid 110 29000 290000 0.00 0.00 

Sulfamethoxazole 1400 35000 350000 0.04 0.00 

TCDPP 296 1000000 10000000 0.00 0.00 

TCPP 5920 N/A N/A   

Testosterone (trans-
Testosterone) 

37 7000 70000 0.01 0.00 

Triclocarban 223 N/A N/A   

Triclosan 485 350 3500 1.39 0.14 

Trimethoprim 112 61000 610000 0.00 0.00 

Warfarin 16 2300 23000 0.01 0.00 

&
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!
Table 5.3. CCL3 CECs with MTLs of less than 500 ng/L and no MECs in Recycled Water in California. 90th 

percentile MECs in recycled water were not available for these CECs. 
!

CCL3 CECs MTLs 
Potable 
Reuse 
(ng/L) 

Note Recommend 
Gathering MEC 

Information 

Available 
Analytical 

Method 

1,2,3-Trichloropropane 5.0E+00 On Cal UCMR Yes Yes 

1,3-Butadiene 1.0E+01 High production volume industrial 
chemical; rapid volatility from 
water; log Kow 1.99; main uptake 
via lungs in humans 

No No 

3-Hydroxycarbofuran 4.2E+02 Pesticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

4,4'-Methylenedianiline 2.2E+01 Industrial chemical; only slightly 
soluble in water; low likelihood to 
occur in recycled water at elevated 
concentrations 

No No 

!
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Table 5.3. Continued 

CCL3 CECs MTLs 
Potable 
Reuse 
(ng/L) 

Note Recommend 
Gathering MEC 

Information 

Available 
Analytical 

Method 

Acetamide 5.0E+02 Industrial chemical; well water 
soluble; low likelihood to occur in 
recycled water at elevated 
concentrations 

No No 

Alachlor OA 4.0E+02 Herbicide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Alpha.-
Hexachlorocyclohexane 

6.0E+00 Pesticide; log Kow 3.78; low 
likelihood to occur in recycled 
water at elevated concentrations 

No No 

Benzyl chloride 2.0E+02 Not stable in activated 
sludge/wastewater 

No No 

Cumene hydroperoxide 7.6E+01 very unstable in the environment; 
unlikely to persist during water 
reclamation 

No No 

Dicrotophos 4.9E+02 Insecticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Equilenin 3.5E+02 Steroid replacement drug; low 
likelihood to occur in recycled 
water at elevated concentrations 

No No 

Equilin 3.5E+02 Steroid replacement drug; low 
likelihood to occur in recycled 
water at elevated concentrations 

No No 

Estriol 3.5E+02 Steroid; occurrence in recycled 
water usually less than 5 ng/L 

No No 

Ethylene oxide 1.1E+02 intermediate industrial chemical; 
unstable in the environment; low 
likelihood to occur in recycled 
water at elevated concentrations 

No No 

Hydrazine 1.0E+01 Industrial chemical Yes Yes 

Mestranol 2.8E+02 Synthetic estrogen; low likelihood 
to occur in recycled water at 
elevated concentrations 

No No 

Nitroglycerin 2.9E+02 Industrial chemical; low likelihood 
to occur in recycled water at 
elevated concentrations 

No No 

N-nitrosopyrrolidine 
(NPYR) 

2.0E+01 Low likelihood to occur in recycled 
water at elevated concentrations 

No No 

Norethindrone 4.0E+01 Contraceptive drug; low likelihood 
to occur in recycled water at 
elevated concentrations 

No No 

o-Toluidine 1.9E+02 Herbicide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Oxirane, methyl- 2.3E+02 Industrial chemical; low likelihood 
to occur in recycled water at 
elevated concentrations 

No No 

Oxydemeton-methyl 9.1E+02 Insecticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 
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Table 5.3. Continued 

!
CCL3 CECs MTLs 

Potable 
Reuse 
(ng/L) 

Note Recommend 
Gathering MEC 

Information 

Available 
Analytical 

Method 

Oxyfluorfen 4.8E+02 Herbicide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Profenofos 3.5E+02 Pesticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Quinoline 1.0E+01 Industrial chemical Yes Yes 

RDX (Hexahydro-1,3,5-
trinitro-1,3,5-triazine) 

3.0E+02 Explosive residue; low likelihood 
to occur in recycled water at 
elevated concentrations 

No No 

Terbufos 3.5E+02 Pesticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Terbufos sulfone 3.5E+02 Pesticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

Triphenyltin hydroxide 
(TPTH) 

1.9E+00 Pesticide; low likelihood to occur 
in recycled water at elevated 
concentrations 

No No 

&

&
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)+J)/<#%%0!F,*!J*)(</D<,'!,F!?$:#'!?)#%D?!8<7)7-!+D*#<'!(<FF)*)'/)+!<'!:</)!#'(!*#D+!+))'!($*<'5!
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2?#D!:#0!C)!?#JJ)'<'5!$)&B$B47!.,=)%!:)D?,(+!<'!5)',:</+!#'(!J*,D),:</+!+?,2!5*)#D!
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#!2<()!+J)/D*$:!,F!E6E+-!#'(!2?)'!/#%<C*#D)(-!:#0!#%+,!J*,=<()!+,:)!<'(</#D<,'!,F!#(=)*+)!
)FF)/D7!G?<%)!#'#%0D</#%!/?):<+D*0!*)K$<*)+!D?)!#=#<%#C<%<D0!,F!+D#'(#*(+!#'(!@',2'!/,:J,$'(+-!
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<'D)*#/D<,'+!2<D?<'!#'!)'=<*,':)'D#%!:#D*<M7!`'!#((<D<,'-!2<D?!*)/)'D!:,=):)'D!C0!*)5$%#D,*0!
#5)'/<)+!D,2#*(!#!:,()!,F!#/D<,'!#JJ*,#/?!<'!*<+@!#++)++:)'D!J#*#(<5:+-!+)=)*#%!C<,#++#0+!
?#=)!*)/)'D%0!C))'!()=)%,J)(!F,*!D?)!+/*))'<'5!,F!/,:J,$'(+!F,*!+J)/<F</!C<,%,5</#%!D#*5)D!
#/D<=<D<)+!+$/?!#+!(<,M<'Q%<@)!#/D<=<D0!8)757-!D,M</!)K$<=#%)'D+!8A6e99!8n#'!()'QI)*5!*3&#57-!RUUc9-!
)'(,/*<')!*)+J,'+)+!8<7)7-!)+D*,5)'-!#'(*,5)'-!D?0*,<(9-!#'(!5)',D,M</<D07!!!!!

&FD)*!')#*%0!RP!0)#*+!,F!+/<)'D<F</!)=#%$#D<,'-!D?)!^>6"&!?#+!*)/)'D%0!#'',$'/)(!D?)!61>"!
A<)*!`!C<,#++#0+!*)/,::)'()(!C0!D?)!6'(,/*<')!1<+*$JD,*+!>/*))'<'5!#'(!A)+D<'5!&(=<+,*0!
E,::<DD))!861>A&E9!8^>6"&-!TPPUC97!B#'0!,F!D?)+)!:)D?,(+!#*)!',2!/,::)*/<#%%0!#=#<%#C%)!
#'(!?#=)!#()K$#D)!K$#%<D0!#++$*#'/)!5$<()%<')+!8A#C%)!N7R97!`'!D?)!/#+)!,F!/?):</#%+!D?#D!
C)?#=)!#+!?,*:,')!:<:</+!8)757-!)+D*,5)'-!#'(*,5)'-!D?0*,<(!?,*:,')+9-!D?)+)!C<,#++#0+!/,$%(!
J%#0!#!*,%)!#+!#'!<'<D<#%!+/*))'<'5!D,,%!F,*!E6E+-!2?</?!/,$%(!D?)'!(<*)/D!+J)/<F</!#'#%0D</#%!
/?):<+D*0!:)#+$*):)'D+7!S,*!)M#:J%)-!<F!#!2#D)*!+#:J%)!F#<%)(!D,!():,'+D*#D)!)+D*,5)'</!
#/D<=<D0!<'!,')!,F!D?)!#++#0+!()+/*<C)(!C)%,2-!D?)!:)#+$*):)'D!,F!(<FF</$%D!#'#%0D)+!C0!
#'#%0D</#%!:)D?,(+!:#0!',D!C)!')/)++#*07!A?$+-!)MJ,+$*)!/,$%(!C)!()+/*<C)(!<'!D)*:+!,F!
)K$<=#%)'D!:#++!,F!)+D*#(<,%!866e9!J)*!$'<D!=,%$:)!$+<'5!#!()*<=)(!66e!=#%$)!8)757-!'5a[97!
&%D?,$5?!#!?<5?!()5*))!,F!/,**)%#D<,'!)M<+D+!C)D2))'!/?):</#%%0!()*<=)(!66e!#'(!C<,#++#0!
()*<=)(!66e!8S<5$*)!N7T9-!F#%+)!')5#D<=)+!:#0!C)!J*)+)'D!<'!#!+:#%%!J)*/)'D#5)!,F!+#:J%)+!D?#D!
J,++)++!#'D#5,'<+D</!#/D<=<D0-!J#*D</$%#*%0!<'!D?)!0)#+D!)+D*,5)'!+/*))'<'5!8g6>9!#++#07!
E,'+)K$)'D%0-!<D!:#0!C)!J*$()'D!D,!$+)!:,*)!D?#'!,')!C<,#++#0!8BESQbX!6HQE&[^f9!D,!/,'F<*:!
')5#D<=)!*)+$%D+7!!
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Table 6.1. Commercially available EDSP Tier I Bioassays with adequate quality assurance guidelines 
(http://www.epa.gov/scipoly/oscpendo/pubs/assayvalidation/tier1battery.htm#assays).!
!

Test Environment Endpoint Assay 

In vitro Estrogen receptor (ER) binding Rat uterine cytosol 

 
Estrogen receptor (hER ) transcriptional 
activation Human cell line (HeLA-9903) 

 Androgen receptor (AR) binding Rat prostate cytosol 
 Steriodogenesis Human cell line (H295R) 
 Aromatase Human recombinant microsomes 
   
In vivo  Uterotrophic (rat) 
  Pubertal female (rat) 
  Pubertal male (rat) 
  Amphibian metamorphosis (frog) 

  
Fish short-term reproduction 

!

!

!

!

!
Figure 6.2. Correlation between chemically estimated EEQs and bioassay EEQs (Bulloch et al., in press). 
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Y;D()%&+#'%/,(*#8(9+*=#+,,+,("-(<$"*,,*7,!

SFIF/&03%*)<3"9&

! I<,#++#0+!D?#D!:)#+$*)!C<'(<'5!)K$<=#%)'/0!8<7)7-!66e-!A6e9!#*)!=)*0!J,2)*F$%!C)/#$+)!D?)0!
/#'!C)!$+)(!D,!()D)*:<')!D?)!C<,#/D<=<D0!,F!#!2#D)*!)MD*#/D!,'!+J)/<F</!C<,%,5</#%!)'(J,<'D+!#'(-!
D?$+!J*,=<()!<'F,*:#D<,'!,'!$'@',2'a$'@',2'!E6E+7!>)%(,:!#*)!/?):</#%+!J*)+)'D!#%,')!#'(!
*#*)%0!/#'!#%%!C)!:)#+$*)(7! Q)D?<'0%!
)+D*#(<,%!66T!8k!R!'5a[9-!2?</?!C0!<D+)%F!:#0!C)!C)%,2!D?)!D?*)+?,%(!F,*!C<,%,5</#%!,*!D,M</!
*)+J,'+)+-!#'(!#%+,!,D?)*!)+D*,5)'</!/?):</#%+!D?#D!#/D!=<#!D?)!+#:)!+,%$C%)!+)M!+D)*,<(!
*)/)JD,*+-!/#'!<'/*)#+)!D?)!#/D<=<D0!#C,=)!D?)!D?*)+?,%(!8I*<#'!*3&#57-!TPPb97!S,*!:#M<:$:!
J*,D)/D<,'!,F!?$:#'!?)#%D?-!,')!'))(+!D,!5*,$J!/?):</#%+!C0!D?)<*!:,()+!,F!#/D<,'!#'(!D)+D!
D?):!<'!C<,#++#0+!D?#D!?#=)!C))'!/#%<C*#D)(!D,!:#::#%<#'!D,M</<D0!$)&B$B4!#'(!/%)#*%0!
(<+D<'5$<+?!C<,%,5</#%!)FF)/D+!#DD*<C$D)(!D,!J,D)'D<#%!:<MD$*)+7!A?<+!<+!)+J)/<#%%0!D*$)!<F!<D!<+!
J,++<C%)!D?#D!$'@',2'!/?):</#%+!#*)!J*)+)'D!<'!D?)!D*)#D)(!2#D)*7!!

! I<,#++#0+!/#'!C)!=)*0!$+)F$%!D,!)=#%$#D)!#/D<=)!/,'+D<D$)'D+!,F!$'@',2'!/?):</#%!+D*$/D$*)!
<'!A`6!:)D?,(+7!S,*!D?<+!D,!C)!J*#/D</#%-!?<5?!D?*,$5?J$D!$)&B$3%4!#++#0+!+?,$%(!C)!$+)(!D,!
*)($/)!D?)!#:,$'D!,F!D<:)!*)K$<*)(!F,*!A`6!J*,/)($*)+7!>,:)!,F!D?)!#++#0+!:)'D<,')(!#C,=)!
/#'!C)!(,')!<'!#!:#DD)*!,F!?,$*+7!!!

! &',D?)*!<:J,*D#'D!#+J)/D!,F!C<,#++#0+!<+!D?#D!D?)0!/#'!C)!$+)(!<'!:,()!,F!#/D<,'!
#++)++:)'D+!,F!<'(<=<($#%!/?):</#%+!#'(!<'!/)%%QC#+)(!#++#0+!D,!?)%J!(<+D<'5$<+?!#5,'<+D!F*,:!
#'D#5,'<+D!#/D<=<D<)+7!>,:)!/)%%!D0J)+!#%+,!#%%,2!:)D#C,%<+:!D,!,//$*!2<D?<'!D?)!D)+D-!D?$+!
<'/%$(<'5!?)#%D?!#++)++:)'D!D)+D+!F,*!J,D)'D!:)D#C,%<D)+!,F!/?):</#%+-!2?</?!:#0!,'!D?)<*!,2'!
C)!:$/?!%)++!D,M</7!>)=)*#%!$)&B$3%4!C<,#++#0+!?#=)!$'()*5,')!*,$'(!*,C<'!D)+D<'5!<'/%$(<'5!
D?,+)!F,*!)+D*,5)'</!#/D<=<D0-!+D)*,<(,5)'</!<:J#/D+-!#'(!5)',D,M</<D07!A?)!^>6"&!#'(!D?)!
.#D<,'#%!`'+D<D$D)!,F!6'=<*,':)'D#%!_)#%D?!>/<)'/)+a.#D<,'#%!A,M</,%,50!"*,5*#:!8.`6_>a.A"9!
#*)!$+<'5!D?)+)!#++#0+!<'!+/*))'<'5!D<)*+!F,*!D)+D<'5!J$*J,+)+7!

!

SFIF+&7*#?)*99*9&

G?<%)!+D*)'5D?+!<'/%$()!)MJ,+$*)!#++)++:)'D!F,*!$'@',2'a$'@',2'!E6E+-!D?)!J*<:#*0!
2)#@')++!,F!$+<'5!C<,#++#0+!<+!D?)!$'/)*D#<'D0!+$**,$'(<'5!D?)!J,D)'D<#%!F,*!K$#'D<F0<'5!
#(=)*+)!)FF)/D+!<'!?$:#'+!#++,/<#D)(!2<D?!#!J,+<D<=)!*)+J,'+)7!S)2!,F!D?)+)!C<,#++#0+!?#=)!
C))'!/#%<C*#D)(!D,!?<5?)*!,*()*!)FF)/D+!8<7)7-!#(=)*+)!)FF)/D+!<'!?$:#'+97!A?)*)!<+!#!J,++<C<%<D0!,F!
F#%+)!J,+<D<=)+!)+J)/<#%%0!F,*!%,2!/,'/)'D*#D<,'+!,F!/?):</#%+!8<7)7-!$)&B$3%4!D?)!/?):</#%+!+<5'#%!
#/D<=<D0!C$D!$)&B$B4!D?)0!F#<%!D,!(,!+,-!,*!=</)!=)*+#97!A?)!:,+D!%<@)%0!)MJ%#'#D<,'!F,*!D?)+)!
<'/,'+<+D)'/<)+!<+!:)D#C,%<+:!#'(!2?,%)!,*5#'<+:!<'D)5*#D)(!*)+J,'+)+!/,:J#*)(!D,!+J)/<F</!
C<,#++#0!*)+J,'+)7!`'!#((<D<,'-!)MD*#/D<,'!J*,/)($*)+!?#=)!',D!C))'!)=#%$#D)(!<'!*,$'(Q*,C<'!
<'D)*/#%<C*#D<,'!+D$(<)+7!S,*!D?)!:,+D!J#*D-!D?)!$)&B$3%4!#++#0+!*)%0!,'!/?):</#%!)MD*#/D<,'!,F!D?)!
/,'D#:<'#'D+!F*,:!D?)!2#D)*!/,%$:'-!2<D?,$D!@',2<'5!<F!D?)!)MD*#/D<,'!:)D?,(+!*)%<#C%0!
,CD#<'!D?)!/?):</#%!/,'D#:<'#'D!,*!',D7!S,*!)M#:J%)-!J)*/?%,*#D)!2,$%(!?#=)!C))'!:<++)(!C0!
D?)+)!#++#0+7!&'(-!D?)*)!<+!$'/)*D#<'D0!#+!D,!D?)!J*,J)*!=,%$:)+!,F!2#D)*!D,!)MD*#/D!D,!5)D!#'!$)&
B$3%4!*)+J,'+)!#'(!?,2!D?)+)!/,'/)'D*#D<,'+!/#'!C)!)MD*#J,%#D)(!D,!?$:#'!?)#%D?7!
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S)2!/,::)*/<#%!D)+D<'5!/,:J#'<)+!/$**)'D%0!?#=)!D?)!)K$<J:)'D!#'(!D*#<')(!+D#FF!D,!
J)*F,*:!C<,#++#0+!/*)#D<'5!#!+<5'<F</#'D!'))(!F,*!D*#<'<'57!I$D-!D?<+!+?,$%(!',D!+D,J!D?)!J*,/)++7!
`D!<+!%<@)%0!D?#D!+$JJ%<)*+!,F!D?)!C<,%,5</#%!D)+D!+0+D):+!#'(!@<D+!8+$/?!#+!`'=<D*,5)'9!2,$%(!
J*,=<()!/,$*+)+!F,*!J)*+,'')%!<'!D)+D<'5!/,:J#'<)+!D,!D)#/?!D?):!?,2!D,!*$'!D?)!#++#0+!$'()*!
Y["!/,'(<D<,'+7!&%D)*'#D<=)%0-!/,'D<'$<'5!)($/#D<,'!/,$*+)+!#++,/<#D)(!2<D?!D?)!>,/<)D0!,F!
A,M</,%,50!8>;A9!,*!>,/<)D0!,F!6'=<*,':)'D#%!A,M</,%,50!#'(!E?):<+D*0!8>6A&E9!/,$%(!J*,=<()!
D?<+!+)*=</)7!&+!2<D?!:)(</#%!D)+D+!F,*!?$:#'!(<+)#+)-!/,::)*/<#%!/,:J#'<)+!/#'!?<*)!:)(</#%!
D)/?'</<#'+!D?#D!#*)!#()K$#D)%0!D*#<')(!D,!*$'!D?)!D)+D+7!!

&',D?)*!+?,*DQD)*:!J*,C%):!2<D?!C<,#++#0+!<+!D?#D!:#'0-!J#*D</$%#*%0!$)&B$B4!#'(!:</*,#**#0!
#++#0+-!+D<%%!'))(!D,!C)!=)DD)(!<'!*,$'(Q*,C<'!+D$(<)+!D,!()D)*:<')!D?)!%<:<D+!,F!D?)!
:)D?,(,%,50-!D?)!=#*<#C<%<D0!,F!*)+J,'+)!#'(!D?)!*,C$+D')++!#'(!+)'+<D<=<D<)+!,F!D?)!#++#0+7!`'!
#((<D<,'-!+J)/<#%!):J?#+<+!+?,$%(!C)!J%#/)(!,'!)MD*#/D<,'!J*,/)($*)+!+<'/)!:,+D!*,$'(!*,C<'!
D)+D+!2)*)!/#**<)(!,$D!,'!#!/,::,'!)MD*#/D7!A?<+!%)=)%!,F!K$#%<D0!#++$*#'/)aK$#%<D0!/,'D*,%!
8e&aeE9!=#%<(#D<,'!2<%%!*)K$<*)!*)+,$*/)+!<'!J#*#%%)%!2<D?!,D?)*!D)+D+!D?#D!#*)!,'5,<'57!G?<%)!<'!
D?)!+?,*D!*$'!D?)+)!#((<D<,'#%!*)+,$*/)+!2<%%!/,+D!:,*)!D?#'!V$+D!J)*F,*:<'5!/?):</#%!#'#%0+)+-!
<'!D?)!%,'5!*$'-!D?)!C<,#++#0+!:#0!?)%J!*)($/)!D?)!,=)*#%%!/,+D+!,F!:,'<D,*<'5!*)$+)!J*,V)/D+7!`'!
D?<+!+/)'#*<,-!D?)!C<,#++#0+!/,$%(!<'(</#D)!2?</?!#'#%0D</#%!:)D?,(+!,')!:$+D!):J%,0!D,!
<()'D<F0!D?)!/?):</#%+!,F!5*)#D)+D!/,'/)*'7!!!!

A?$+-!C<,#++#0!:)D?,(+!?,%(!5*)#D!J*,:<+)!F,*!:,'<D,*<'5!D?)!+#F)D0!,F!*)/0/%)(!2#D)*7!
=<)2!+)=)*#%!+D)J+!,F!D?)!J*,/)++!+D<%%!'))(!D,!C)!()=)%,J)(7!A?)+)!

<'/%$()Z!

 1)=)%,J:)'D!,F!C<,#++#0!:)D?,(+!D?#D!:)#+$*)!D?)!/*<D</#%!?$:#'!?)#%D?!
)'(J,<'D+a:)/?#'<+:+!,F!#/D<,'7!E$**)'D%0-!C<,#++#0+!:)#+$*<'5!)+D*,5)'</!)FF)/D+!
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C)5<'!)=#%$#D<'5!D?)!)FF</#/0!,F!C<,#++#0+!<'!E6E!:,'<D,*<'5X!

 1)=)%,J<'5!#!D*<55)*!%)=)%!F,*!C<,#++#0!*)+J,'+)!%<'@)(!D,!)FF)/D+!<'!?$:#'+7!&5#<'-!5<=)'!
D?#D!?$:#'!?)#%D?!&1`+!)M<+D!,F!)+D*,5)'!)MJ,+$*)!#'(!/#'!C)!)MJ*)++)(!,'!#'!
)+D*,5)'Q)K$<=#%)'D!C#+<+-!+$55)+D+!D?#D!#D!%)#+D!F,*!C<,#++#0+!D?)!:)#+$*)!)+D*,5)'!
*)+J,'+)-!*)%#D<=)%0!*#J<(!()=)%,J:)'D!,F!?$:#'!?)#%D?QC#+)(!D*<55)*!%)=)%+!:#0!C)!C)!
J,++<C%)7!S,*!F$%%!#JJ%</#D<,'!,F!C<,#++#0QC#+)(!+/*))'<'5-!+$/?!D*<55)*!%)=)%+!2,$%(!C)!
'))()(!F,*!#%%!@)0!?$:#'!?)#%D?!)'(J,<'D+X!#'(!

 1)=)%,J<'5!#!*)+J,'+)!D,!D?)!)M/))(#'/)!,F!#!D*<55)*!%)=)%7!A?)!"#')%!C)%<)=)+!+$/?!#!
*)+J,'+)!/#'!D#@)!,')!,F!D2,!F,*:+7!;')!*)+J,'+)!/,$%(!C)!D,!/,'($/D!#!A`6!D,!<()'D<F0!
D?)!/,:J,$'(8+9!*)+J,'+<C%)!F,*!D?)!)M/))(#'/)!,F!D?)!D*<55)*7!A?#D!/,:J,$'(8+9!/,$%(!
D?)'!C)!<'/%$()(!<'!D?)!E6E!:,'<D,*<'5!J*,5*#:7!Y<=)'!D?#D!:,'<D,*<'5!+#F)D0!,F!2#D)*!
+$JJ%<)+!+D<%%!*)%<)+!,'!/,:J,$'(QC0Q/,:J,$'(!)=#%$#D<,'+-!D?<+!<+!D?)!:,+D!%<@)%0!')#*Q
D)*:!*)+J,'+)7!&'!#%D)*'#D)!*)+J,'+)!2,$%(!C)!()=)%,J<'5!#'!$'()*+D#'(<'5!,F!?,2!
D?)!:)#+$*)(!C<,%,5</!#/D<=<D0!<'!2#D)*!%)#=<'5!#!D*)#D:)'D!J%#'D!<+!%<'@)(!D,!D*)#D:)'D!
:)D?,(+!2<D?<'!D?)!D*)#D:)'D!J%#'D7!>$/?!#'!$'()*+D#'(<'5!:<5?D!%)#(!D,!D?)!*)($/D<,'!
<'!C<,%,5</!#/D<=<D0!,F!#'!)FF%$)'D!D?*,$5?!:,(<F</#D<,'+!<'!D*)#D:)'D!:)D?,(+-!2<D?,$D!
D?)!'))(!D,!/,'($/D!/?):</#%Q+J)/<F</!:)#+$*):)'D+7!
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A?)!"#')%!C)%<)=)+!F$%%!<:J%):)'D#D<,'!,F!C<,#++#0!+/*))'<'5!:)D?,(+!<+!+D<%%!+)=)*#%!0)#*+!
#2#0!#'(-!D?$+-!D?)!"#')%!<+!',D!*)/,::)'(<'5!D?)!#(,JD<,'!,F!+$/?!:)D?,(+!#D!D?<+!D<:)7!
_,2)=)*-!D?)!"#')%!(,)+!*)/,::)'(!D?#D!()=)%,J:)'D!,F!+$/?!:)D?,(+!C)!5<=)'!?<5?!J*<,*<D0!
#'(!D?#D!D?)!>D#D)!+?,$%(!/?#*5)!D?)!')MD!<'()J)'()'D!#(=<+,*0!J#')%!2<D?!()=)%,J<'5!#!J<%,D!
J*,5*#:!D?#D!(,/$:)'D+!D?)!)FF</#/0!,F!C<,#++#0+!#+!:,'<D,*<'5!D,,%+-!#++$:<'5!C<,#++#0!
:)D?,(+!#*)!/,::)*/<#%%0!#=#<%#C%)-!#'(!/,:J#*)+!D?)<*!J*)(</D<,'+!D,!D?,+)!,F!#!/?):</#%QC0Q
/?):</#%!:,'<D,*<'5!J*,5*#:7!!!

!
Y;E(Z>*#%$-7$#'(M#=#"J#(S#"J#(.3.,($#(6+1712+8(9*%+&(

B#'0!,F!D?)!/,:J,$'(+!$+)(!<'!/,::)*/)-!,*!D?#D!#*)!@',2'!,*!+$+J)/D)(!,F!C)<'5!
)M/*)D)(!C0!?$:#'+-!,//$*!#D!/,'/)'D*#D<,'+!D,,!%,2!D,!C)!()D)/D)(!C0!/$**)'D%0!#=#<%#C%)!
#'#%0D</#%!:)D?,(+7!>$/?!/,:J,$'(+!/#'!C)!<'/%$()(!<'!D?)!E6E!+/*))'<'5!J*,/)++!
*)/,::)'()(!C0!D?)!"#')%-!<F!"6E+!/#'!C)!()=)%,J)(!8S<5$*)!N7\97!A?)!"#')%!C)%<)=)+!
()=)%,J<'5!#!J*,/)++!D?#D!#%%,2+!F,*!)+D<:#D<'5!D?)!J,++<C%)!/,'/)'D*#D<,'!,F!E6E+!<'!*)/0/%)(!
2#D)*!<+!@)0!D,!()D)*:<'<'5!2?)D?)*!/,:J,$'(+!F,*!2?</?!B6E+!#*)!',D!#=#<%#C%)!,*!F,*!2?</?!

#=#<%#C%)!#'#%0D</#%!()D)/D<,'!%<:<D+!#*)!
2)%%!#C,=)!D?)!BA[-!?#=)!D?)!J,D)'D<#%!D,!
J,+)!#!?$:#'!?)#%D?!*<+@7!`'!/,'/)JD-!#!
J*,/)++!D,!()=)%,J!+/*))'<'5!%)=)%!
J*)(</D)(!/,'/)'D*#D<,'+!,F!E6E+!<'!
*)/0/%)(!2#D)*!<+!F#<*%0!+<:J%)7!;')!+<:J%0!
'))(+!D,!@',2!?,2!:$/?!,F!D?)!
/,:J,$'(!<+!$+)(!)#/?!0)#*!<'!#!
?,$+)?,%(!,*!J)*!/#J<D#-!:#@)!#'!
#++$:JD<,'!#C,$D!?,2!:$/?!2#D)*!#!
J)*+,'!,*!?,$+)?,%(!$+)+!)=)*0!(#0-!
)+D<:#D)!D?)!#:,$'D!)'D)*<'5!#!
D*)#D:)'D!J%#'D-!()/<()!?,2!:#'0!
J,++<C%)!%,++!:)/?#'<+:+!($*<'5!D?)!$+)-!
D*#'+J,*D!#'(!D*)#D:)'D!J*,/)++!,')!
2#'D+!D,!#//,$'D!F,*-!#'(!D?)'!J*)(</D!#!
/,'/)'D*#D<,'!<'!*)/0/%)(!2#D)*7!_#''#?!
*3&#57!8TPPU9!()+/*<C)!+$/?!#!J*,/)++!D,!
()=)%,J!"6E+!F,*!)D?<'0%!)+D*#(<,%!<'!^>!
+$*F#/)!2#D)*+7!

Figure 6.3. Estimating PECs for unknown known CECs. 
!

A?)!5*)#D)+D!/?#%%)'5)!D,!<:J%):)'D<'5!#!J*,($/D<,'Q!,*!$+)QC#+)(!:,()%!D,!J*)(</D!
/,'/)'D*#D<,'+!,F!@',2'!$'@',2'+!<'!*)/0/%)(!2#D)*!<+!()=)%,J<'5!#'!)+D<:#D)!,F!D?)!:#++!,F!
#!/,:J,$'(!$+)(!#'(!*)%)#+)(!<'D,!D?)!2#+D)!2#D)*!+0+D):7!>$/?!(#D#!#*)!#=#<%#C%)X!F,*!:,+D!
/,:J,$'(+!D?)0!V$+D!:#0!',D!?#=)!C))'!/,:J<%)(!<'!#!*)#(<%0!#//)++<C%)!%,/#D<,'7!`F!D?)!
/,:J,$'(!<'!K$)+D<,'!<+!<'!/,::)*/)-!D?)!#:,$'D!+,%(!)=)*0!0)#*!+?,$%(!C)!#=#<%#C%)!F*,:!
:#'$F#/D$*)*+!2?,!@',2!?,2!:$/?!,F!/,:J,$'(!D?)0!+)%%7!`F!D?)!/,:J,$'(!<'!K$)+D<,'!<+!#!

!
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:)D#C,%<D)-!<'F,*:#D<,'!,'!<D+!)M/*)D<,'!:#0!C)!#=#<%#C%)!<'!D?)!+/<)'D<F</!%<D)*#D$*)!,*!/,$%(!C)!
)+D<:#D)(!C#+)(!$J,'!<'D#@)!#'(!<'F,*:#D<,'!#C,$D!:)D#C,%<+:7!!!&

A?)!=#%$)!,F!()=)%,J<'5!#!+<:J%)!:,()%!D,!J*)(</D!/,'/)'D*#D<,'+!,F!/,:J,$'(+!<'!*)$+)(!
2#D)*!<+!D?#D!/,:J#*<+,'+!D,!BA[+!/#'!C)!/,'($/D)(!)=)'!F,*!/,:J,$'(+!D?#D!(,!',D!0)D!?#=)!
#'#%0D</#%!:)D?,(+7!A?)!#=#<%#C<%<D0!,F!+$/?!#!J*,($/D<,'QC#+)(!+/*))'<'5!+0+D):!2,$%(!#%%,2!
F,*!D?)!+/*))'<'5!,F!F#*!:,*)!/,:J,$'(+!D?#'!2)!/$**)'D%0!?#=)!#'#%0D</#%!:)D?,(+!F,*7!!
H)+$%D+!,F!+$/?!#!+/*))'<'5!#'#%0+<+!/,$%(!D?)'!C)!$+)(!D,!J*<,*<D<W)!D?)!()=)%,J:)'D!,F!
#'#%0D</#%!:)D?,(+!F,*!E6E+7!A?)!"#')%!*)/,::)'(+!D?#D!D?)!>D#D)!/?#*5)!D?)!')MD!
<'()J)'()'D!#(=<+,*0!J#')%!2<D?!)=#%$#D<'5!#!J*,($/D<,'!=,%$:)QC#+)(!+0+D):!D,!J*<,*<D<W)!
@',2'!$'@',2'!E6E+!F,*!#!:,'<D,*<'5!J*,5*#:7!

!
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PJL&6+(+(R<"0",(0&1*+&7*#",*+"#@&9A90&"#&'(-5-%(/&;$,(+&

[;:(<*1='&">#8(*#8(A#*27%$1*2(."0H"#+#%,(-"&(!"#$%"&$#'(.3.,($#(6+1712+8(
9*%+&(

&%D?,$5?!D?)!D)
C))'!*)/)'D%0!()D)/D)(!<'!D?)!)'=<*,':)'D-!D?)!#'#%0+<+!,F!61E+!#'(!""E"+!?#+!C))'!,'5,<'5!
F,*!()/#()+7!!1)+J<D)!+)=)*#%!)#*%0!*)J,*D+!,F!61E+!#'(!J?#*:#/)$D</#%+!<'!D?)!)'=<*,':)'D-!
D?)0!*)/)<=)(!%<DD%)!#DD)'D<,'!$'D<%!*)+)#*/?)*+!<'!D?)!^'<D)(!L<'5(,:!#'(!^'<D)(!>D#D)+!%<'@)(!
D?)!,//$**)'/)!,F!D*#/)!+D)*,<(+!D,!C<,%,5</#%!#/D<=<D0!<'!F<+?!#'(!/)%%$%#*!C<,#++#0+!81)+C*,2!*3&
#57-!RUUcX!H,$D%)(5)!*3&#57-!RUUcX!>'0()*!*3&#57-!TPPR9!#'(!D?)!,FDQ/<D)(!+D$(0!J$C%<+?)(!<'!TPPT!
C0!D?)!^>!Y),%,5</#%!>$*=)0!8L,%J<'!*3&#57-!TPPT9 K"#%2#1*(3$1#59-&"4%24)*9-&#);&43"*%&

4%<#)$1&@#93*&14)3#2$)#)39&$)&T0&93%*#29-&/UUUO+...V&#&)#3$4)#5&%*14))#$99#)1* 7!A?<+!%#DD)*!
:#'$+/*<JD!*)J,*D)(!+$::)(!+D)*,<(!?,*:,')!/,'/)'D*#D<,'+!#+!?<5?!#+!+)=)*#%!i5a[!#'(!
:#M<:$:!66T!#'(!RUQ',*)D?<+D)*,')!/,'/)'D*#D<,'+!,F!c\R!#'(!cbT!'5a[-!*)+J)/D<=)%0!8L,%J<'!
*3&#57-!TPPT97!!

A?)+)!()=)%,J:)'D+-!#%,'5!2<D?!#(=#'/)+!<'!#'#%0D</#%!<'+D*$:)'D#D<,'-!?#=)!%)(!D,!#!*#J<(!
<'/*)#+)!<'!D?)!'$:C)*!,F!#'#%0D</#%!D)/?'<K$)+!$+)(!D,!+D$(0!+D)*,<(!?,*:,')+!#'(!,D?)*!
)M,5)',$+!#5)'D+!+$/?!#+!""E"+!<'!2#D)*7!!&'#%0D</#%!D)/?'<K$)+!?#=)!<'/*)#+)(!D?)!+)'+<D<=<D0!
#'(!#//$*#/0!,F!E6E!#'#%0+<+-!#%%,2<'5!$%D*#QD*#/)!%)=)%+!,F!#!2<()!=#*<)D0!,F!/,'D#:<'#'D+!D,!C)!
<()'D<F<)(!#'(!K$#'D<F<)(!<'-!F,*!<'+D#'/)-!^>!(*<'@<'5!2#D)*!8I)',DD<!*3&#57-!TPPUX!e$<',')+!q!
>'0()*-!TPPU97!!!

I)/#$+)!E6E+!*)J*)+)'D!#'!)MD*):)%0!C*,#(!+J)/D*$:!,F!/,:J,$'(+-!()=)%,J<'5!#!+<'5%)!
#%%Q)'/,:J#++<'5!D)/?'<K$)!F,*!D?)<*!#'#%0+<+!<+!?<5?%0!$'%<@)%07!A?)+)!/?):</#%+!=#*0!2<()%0!<'!
D?)<*!J?0+</,Q/?):</#%!J*,J)*D<)+!8)757-!J,%#*<D0-!:,%)/$%#*!2)<5?D-!JL#-!2#D)*!+,%$C<%<D0-!)D/79!
:#@<'5!#'#%0+<+!C0!D*#(<D<,'#%!#'#%0D</#%!D)/?'<K$)+!(<FF</$%D7!&((<D<,'#%%0-!D?)!/,'/)'D*#D<,'!,F!
:#'0!E6E+!<'!D?)!)'=<*,':)'D!/#'!C)!K$<D)!%,2-!D0J</#%%0!+$CQ 5a[-!2?</?!F$*D?)*!<'/*)#+)+!D?)!
/,:J%)M<D0!,F!#'#%0+<+!C0!')/)++<D#D<'5!)MD*#/D<,'!#'(!/,'/)'D*#D<,'!+D)J+7!`'!5)')*#%X!?,2)=)*-!
#!J%#'!F,*!D?)!#'#%0+<+!,F!D#*5)D!E6E+!)'/,:J#++)+!+<:<%#*!J*<:#*0!+D)J+-!<'/%$(<'5Z!+#:J%)!
/,%%)/D<,'aJ*)+)*=#D<,'-!#'#%0+<+-!#'(!K$#'D<F</#D<,'7!!

!
[;?()*0H2+(."22+1%$"#\C&+,+&B*%$"#(

WF+F/&0#285*&!455*13$4)&

1$)!D,!D?)!/,::,'!$+)!,F!J?#*:#/)$D</#%+-!D?)!$C<K$<D,$+!'#D$*)!,F!J)*+,'#%!/#*)!
J*,($/D+-!#'(!D?)!/,::,'!,//$**)'/)!,F!')#*%0!$C<K$<D,$+!/,::)*/<#%!J*,($/D+!/,'D#<'<'5!
F%#:)!*)D#*(#'D+-!J%#+D</<W)*+-!#'(!,D?)*!<'($+D*<#%!/?):</#%+-!5*)#D!/#*)!:$+D!C)!D#@)'!D,!#=,<(!
/,'D#:<'#D<,'!,F!+#:J%)+!C0!+#:J%)*+-!+#:J%<'5!)K$<J:)'D!#'(!%#C,*#D,*0!J)*+,'')%7!!
E,::$'</#D<,'!C)D2))'!D?)!%#C,*#D,*0!#'(!D?,+)!/,%%)/D<'5!+#:J%)+!*)5#*(<'5!D?)!%<+D!,F!
D#*5)D!/,:J,$'(+!<+!<:J,*D#'D!D,!?)%J!J*)=)'D!/,'D#:<'#D<,'!C0!<()'D<F0<'5!#'(!)%<:<'#D<'5!
J,++<C%)!$'()+<*)(!+,$*/)+!,F!D#*5)D!#'#%0D)+7!`'!5)')*#%-!'<D*<%)!5%,=)+!+?,$%(!C)!2,*'!#D!#%%!
D<:)+!($*<'5!D?)!/,%%)/D<,'!#'(!?#'(%<'5!,F!+#:J%)+!D,!J*)=)'D!/,'D#:<'#D<,'!2<D?!J)*+,'#%!
/#*)!J*,($/D+!#JJ%<)(!(<*)/D%0!D,!D?)!+@<'!8+$/?!#+!D*</%,+#'-!166A-!#'(!=#*<,$+!+$'+/*))'!
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#5)'D+97!><:<%#*%0-!+:,@<'5!#'(!?#'(%<'5!,*!<'5)+D<'5!J?#*:#/)$D</#%+!,*!/#FF)<'#D)(!C)=)*#5)+!
+?,$%(!C)!#=,<()(!+?,*D%0!C)F,*)!#'(!($*<'5!+#:J%<'5!J*,5*#:+!()+<5')(!D,!()D)/D!D*#/)!%)=)%+!
,F!""E"+7!A,!:,'<D,*!C#/@5*,$'(!%)=)%+!,F!D?)!D#*5)D!E6E+-!D*#=)%!C%#'@+!+?,$%(!#%2#0+!C)!
<'/%$()(7!

`D!<+!5)')*#%%0!*)/,::)'()(!D,!/,%%)/D!+#:J%)+!<'!#:C)*-!5%#++!C,DD%)+!D,!J*)=)'D!#'#%0D)!
%,++!($)!D,!J?,D,()5*#(#D<,'-!/,'D#:<'#D<,'!2<D?!=#*<,$+!J%#+D</<W)*+-!#'(!#(+,*JD<,'!D,!D?)!
2#%%+!,F!J%#+D</!+#:J%<'5!C,DD%)+!8n#'()*F,*(!*3&#57-!TPPN97!>J)/<#%!#DD)'D<,'!:$+D!C)!5<=)'!D,!
/,:J,$'(+!+$/?!#+!F%$,*,/?):</#%+-!2?</?!#*)!@',2'!D,!C)!J*)+)'D!<'!A)F%,'!%<')(!C,DD%)!/#J+!
#'(!2?</?!/#'!C<'(!+D*,'5%0!D,!5%#++!8e$<',')+!q!>'0()*-!TPPU97!>#:J%)!C,DD%)+!+?,$%(!#%+,!C)!
/%)#')(!D?,*,$5?%0!2<D?!#JJ%</#C%)!+,%=)'D+!8)757-!2#D)*-!:)D?#',%-!#/)D,')-!(</?%,*,:)D?#')-!
?)M#')9!D,!)'+$*)!D?)!/%)#'%<')++!,F!D?)!C,DD%)+!J*<,*!D,!+#:J%<'57!S$*D?)*:,*)-!+#:J%<'5!
)K$<J:)'D!+?,$%(!C)!/,:J,+)(!,F!:#D)*<#%+!+$/?!#+!+D#<'%)++!+D))%!D?#D!2<%%!',D!%)#/?!D#*5)D!
E6E+!#'(!+?,$%(!C)!/%)#')(!2<D?!+,%=)'D!C)D2))'!+#:J%)!%,/#D<,'+!D,!J*)=)'D!/*,++!
/,'D#:<'#D<,'7!

!
WF+F+&K%*9*%B#3$4)&

&D!D?)!D<:)!,F!/,%%)/D<,'-!+#:J%)+!#*)!5)')*#%%0!J*)+)*=)(!D,!*)($/)!:</*,C<#%!()5*#(#D<,'-!
?0(*,%0+<+-!#'(!#(+,*JD<,'!,F!D?)!D#*5)D!#'#%0D)+7!A?<+!<+!D0J</#%%0!#//,:J%<+?)(!D?*,$5?!
%,2)*)(!D):J)*#D$*)!#'(a,*!/?):</#%!J*)+)*=#D<=)+7!_,2)=)*-!<D!:$+D!C)!',D)(!D?#D!
J*)+)*=#D<=)!+)%)/D<,'!()J)'(+!5*)#D%0!,'!D?)!E6E+!+)%)/D)(!F,*!#'#%0+<+7!S,*!)M#:J%)-!+,:)!
E6E+!:#0!?#=)!#'!#(=)*+)!*)#/D<,'!2<D?!#!/?):</#%!J*)+)*=#D<=)X!D?)*)F,*)-!<D!<+!#(=<+#C%)!D,!
D)+D!D?)!D#*5)D!#'#%0D)+!2<D?!D?)!+)%)/D)(!J*)+)*=#D<=)!<'!#!/,'D*,%%)(!)MJ)*<:)'D!C)F,*)!$+<'5!
<D!<'!D?)!F<)%(7!

&FD)*!+#:J%)+!#*)!/,%%)/D)(-!D?)0!+?,$%(!C)!/,,%)(!D,!J*)=)'D!#'#%0D)!()5*#(#D<,'7!A?<+!
$+$#%%0!<'=,%=)+!J%#/<'5!D?)!+#:J%)!<'!#!/,,%)*!2<D?!</)!2?<%)!,D?)*!+#:J%)+!#*)!D#@)'!#'(!2?)'!
D?)0!#*)!D*#'+J,*D)(!C#/@!D,!D?)!%#C,*#D,*07!`F!+#:J%)+!#*)!D,!C)!D*#'+J,*D)(!,=)*!%,'5!
(<+D#'/)+-!<D!<+!*)/,::)'()(!D?#D!C%$)!</)!C)!$+)(!D,!:#<'D#<'!+#:J%)!D):J)*#D$*)!($*<'5!
+?<J:)'D7!;'/)!+#:J%)+!?#=)!C))'!*)/)<=)(!C0!D?)!%#C,*#D,*0-!D?)0!:#0!D?)'!C)!+D,*)(!#D!]rE!
,*!%)++!$'D<%!#'#%0+<+7!`D!<+!+D*,'5%0!#(=<+)(!D,!/,'($/D!?,%(<'5!+D$(<)+!$+<'5!D?)!:#D*</)+!,F!
<'D)*)+D!D,!=)*<F0!D?)!:#M<:$:!?,%(<'5!D<:)!2<D?,$D!()5*#(#D<,'7!!!

E?):</#%!J*)+)*=#D<=)+!#*)!,FD)'!$+)(!D,!J*)=)'D!#'#%0D)!()5*#(#D<,'7!>)=)*#%!?#=)!C))'!
/,::,'%0!$+)(!<'/%$(<'5!*)($/<'5!D?)!+#:J%)!J_!D,!T!,*!C)%,2!$+<'5!)<D?)*!+$%F$*</!
8n#'()*F,*(!*3&#57-!TPP\9!,*!?0(*,/?%,*</!#/<(!8_)*'#'(,!*3&#57-!TPPN9-!#((<'5!F,*:#%()?0()!D,!#!
F<'#%!/,'/)'D*#D<,'!C)D2))'!R! !]!J)*/)'D!8I#*,'D<!*3&#57-!TPPPX!S)*5$+,'!*3&#57-!TPPR9-!,*!
#((<'5!+,(<$:!#W<()!D,!#!F<'#%!/,'/)'D*#D<,'!,F!R!5a[!8n#'()*F,*(!q!>'0()*-!TPPN97!&+!+D#D)(!
#C,=)-!/#*)!:$+D!C)!D#@)'!D,!)'+$*)!D?)!J*)+)*=#D<=)!,F!/?,</)!(,)+!',D!<'D)*F)*)!2<D?!D?)!
D#*5)D!#'#%0D)+7!S,*!)M#:J%)-!F,*:#%()?0()!?#+!C))'!)MD)'+<=)%0!$+)(!D,!J*)+)*=)!+#:J%)+!F,*!
+D)*,<(!#'#%0+<+X!?,2)=)*-!n#'()*F,*(!*3&#57!8TPP\9!*)J,*D)(!D?#D!$+<'5!F,*:#%()?0()!F,*!D?)!
J*)+)*=#D<,'!,F!J?#*:#/)$D</#%+!*)+$%D)(!<'!+<5'<F</#'D!/?#'5)+!<'!D?)<*!/,'/)'D*#D<,'+!,=)*!
D<:)7!
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&%D?,$5?!+#:J%)!J*)+)*=#D<=)+!/#'!*)($/)!D?)!#:,$'D!,F!()5*#(#D<,'!D?#D!,//$*+!C)F,*)!
D?)!+#:J%)+!#*)!)MD*#/D)(!#'(a,*!#'#%0W)(-!<D!<+!*)/,::)'()(!D?#D!+#:J%)+!C)!)MD*#/D)(!#+!
+,,'!#+!J,++<C%)!#FD)*!D?)0!#*)!*)/)<=)(7![,'5!+D,*#5)!D<:)+!/#'!*)+$%D!<'!+#:J%)!#(+,*JD<,'!D,!
C,D?!D?)!C,DD%)!#'(!+$+J)'()(a(<++,%=)(!,*5#'</!:#DD)*!<'!D?)!+#:J%)7!A0J</#%!?,%(<'5!D<:)+!
*#'5)!F*,:!T]!D,!b!(#0+!8_)*'#'(,!*3&#57-!TPPNX!B<#,!q!B)D/#%F)-!TPP\X!B,%(,=#'-!TPPNX!n<)',!
*3&#57-!TPPN97!

!
WF+FI&X*9$;(#5&GA$;#)3&Y(*)1"$)<&

G?)'!/,%%)/D<'5!#'(!#'#%0W<'5!+#:J%)+!F*,:!(*<'@<'5!2#D)*QD*)#D:)'D!,*!J,D#C%)!*)$+)!
F#/<%<D<)+-!<D!<+!<:J,*D#'D!D,!@',2!2?)D?)*!*)+<($#%!,M<(#'D+-!+$/?!#+!F*))!/?%,*<')-!:#0!C)!
J*)+)'D7!`F!D?)!*)+<($#%!,M<(#'D+!#*)!',D!K$)'/?)(-!D#*5)D!#'#%0D)+!2<%%!/,'D<'$)!D,!C)!)MJ,+)(!
D,!/?%,*<')!$'D<%!D?)!+#:J%)+!#*)!)MD*#/D)(7!&'#%0D)+!D?#D!#*)!+$+/)JD<C%)!D,!,M<(#D<,'!2<%%!C)!
F$*D?)*!()5*#()(!($)!D,!D?<+!<'/*)#+)!<'!/,'D#/D!D<:)-!%)#(<'5!D,!:<+<'D)*J*)D#D<,'!,F!#'#%0D)!
/,'/)'D*#D<,'+!J*)+)'D!#D!D?)!D<:)!,F!+#:J%<'57!A?)*)F,*)-!*)+<($#%!,M<(#'D+!:$+D!C)!K$)'/?)(!
$+<'5!+$<D#C%)!/?):</#%!#5)'D+7!!

E,::,'%0!$+)(!K$)'/?<'5!#5)'D+!<'/%$()!+,(<$:!D?<,+$%F#D)!8&/)*,!*3&#57-!TPPO9-!+,(<$:!
+$%F<D)!8_,!*3&#57-!TPPN9-!#::,'<$:!/?%,*<()!8")J</?!*3&#57-!TPP]9-!#'(!#+/,*C</!#/<(!8g)!*3&#57-!
TPPb97!_,2)=)*-!*)+)#*/?)*+!?#=)!F,$'(!D?#D!+,:)!K$)'/?<'5!#5)'D+!*)#/D!#(=)*+)%0!2<D?!
=#*<,$+!D#*5)D!#'#%0D)+!8A*)'?,%:!*3&#57-!TPPNX!g)&*3&#57-!TPPb97!A?)*)F,*)-!<D!<+!)++)'D<#%!D?#D-!
%<@)!D?)!J*)+)*=#D<,'!#5)'D+-!D)+D+!#*)!J)*F,*:)(!D,!)'+$*)!D?)!+)%)/D)(!K$)'/?<'5!#5)'D!(,)+!
',D!<'D)*F)*)!2<D?!D?)!D#*5)D!#'#%0D)+7!S$*D?)*:,*)-!#(=)*+)!*)#/D<,'+!C)D2))'!J*)+)*=#D<=)+!
#'(!K$)'/?<'5!#5)'D+!+?,$%(!C)!)MJ%,*)(-!)+J)/<#%%0!2<D?!*)5#*(!D,!+#F)D07!

!
[;D(Q#,%&>0+#%*2(A#*27,$, (

A?)!/,:C<'#D<,'!,F!D)/?'<K$)+!,F!/?*,:#D,5*#J?</!+)J#*#D<,'!#'(!()D)/D<,'!<+!D?)!
+D#'(#*(!F,*!()D)/D<,'!,F!)'=<*,':)'D#%!/,'D#:<'#'D+7!A?)!D2,!:,+D!J,2)*F$%!#'(!:,+D!
2<()%0!$+)(!/,:C<')(!D)/?'<K$)+!#*)!5#+!/?*,:#D,5*#J?0Q:#++!+J)/D*,:)D*0!8YEQB>9!#'(!
%<K$<(!/?*,:#D,5*#J?0Q:#++!+J)/D*,:)D*0!8[EQB>9!($)!D,!D?)<*!*,C$+D')++-!+)'+<D<=<D0!#'(!
+)%)/D<=<D07!!!

!
WFIF/&Z!OQ0&

I)/#$+)!B>!+)J#*#D)+!#'(!()D)/D+!#'!#'#%0D)!C#+)(!,'!:#++!D,!/?#*5)!*#D<,!8:aW9-!D?)!
/,:J,$'(!:$+D!C)!/?#*5)(!8<,'<W)(9!C)F,*)!<D!)'D)*+!D?)!B>7!`'!YEQB>-!D?)*)!#*)!D2,!/,::,'!
<,'<W#D<,'!D)/?'<K$)+Z!)%)/D*,'!<,'<W#D<,'!86`9!#'(!/?):</#%!<,'<W#D<,'!8E`97!`'!6`-!D?)!YE!/,%$:'!
)%$)'D!<+!(<*)/D)(!D?*,$5?!#!C)#:!,F!)%)/D*,'+!/*)#D)(!C0!#!F<%#:)'D!D?#D!J*,($/)+!)%)/D*,'+!
?#=<'5!#'!)')*50!,F!bP!)n7!A?)!)%)/D*,'!<'D)*#/D+!2<D?!#'#%0D)!:,%)/$%)+!<'!D?)!5#+!J?#+)-!
*)+$%D<'5!<'!D?)!%,++!,*!5#<'!,F!#'!)%)/D*,'!C0!D?)!#'#%0D)!/*)#D<'5!#!J,+<D<=)%0!,*!')5#D<=)%0!
/?#*5)(!:,%)/$%)-!*)+J)/D<=)%07!A?<+!D0J)!,F!<,'<W#D<,'!*)+$%D+!<'!:,%)/$%#*!F*#5:)'D#D<,'-!
2?</?!<+!*)%#D)(!D,!D?)!+D*$/D$*#%!J*,J)*D<)+!,F!D?)!/,:J,$'(7!A?$+-!)#/?!/,:J,$'(!?#+!#!

F*#5:)'D#D<,'!J#DD)*'7!_,2)=)*-!C)/#$+)!D?)!#'#%0D)!<+!F*#5:)'D)(!C)F,*)!<D!*)#/?)+!D?)!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#G#

! 54 

()D)/D,*-!#!%,++!<'!+)'+<D<=<D0!*)+$%D+7!`'!E`-!#!5#+!8D0J</#%%0!:)D?#')!,*!#::,'<#9!<+!F<*+D!<,'<W)(!
#'(!D?)'!<'D)*#/D+!2<D?!D?)!#'#%0D)-!*)+$%D<'5!<'!D?)!5#<'!8J,+<D<=)!<,'<W#D<,'9!,*!%,++!8')5#D<=)!

/#$+)!<D!5)')*#%%0!*)+$%D+!
<'!%)++!F*#5:)'D#D<,'!D?#'!6`-!*)+$%D<'5!<'!D?)!J,D)'D<#%!F,*!<'/*)#+)(!+)'+<D<=<D07!`'!/,'D*#+D-!E`!
,FD)'!J*,=<()+!%)++!+D*$/D$*#%!<'F,*:#D<,'7!!

!
WFIF+&J!OQ0&

^'%<@)!YEQB>-!D?)!+)J#*#D<,'!,F!#'#%0D)+!<'![EQB>!,//$*+!<'!D?)!%<K$<(!J?#+)7!A?$+-!#'#%0D)+!
*)#/?!D?)!B>!#+!(<++,%=)(!+,%$D)+!<'!D?)!%<K$<(!J?#+)!*#D?)*!D?#'!<'!D?)!5#+),$+!J?#+)7!
`,'<W#D<,'!,F!D?)!D#*5)D!#'#%0D)!<'![EQB>!#%+,!(<FF)*+!F*,:!YEQB>!<'!D?#D!D?)*)!#*)!D?*))!
/,::,'!<,'<W#D<,'!D)/?'<K$)+Z!)%)/D*,+J*#0!<,'<W#D<,'!86>`9-!#D:,+J?)*</!J*)++$*)!/?):</#%!
<,'<W#D<,'!8&"E`9-!#'(!#D:,+J?)*</!J*)++$*)!J?,D,<,'<W#D<,'!8&""`97!I0!F#*!D?)!:,+D!$D<%<W)(!
F,*:!,F![EQB>!<,'<W#D<,'-!6>`!J*,($/)+!#!F<')!:<+D!,F!/?#*5)(!(*,J%)D+!/,'D#<'<'5!D?)!#'#%0D)!,F!
<'D)*)+D7!1*,J%)D+!#*)!*)($/)(!<'!+<W)!$'D<%!D?)!/?#*5)(!#'#%0D)!)+/#J)+!D?)!(*,J%)D!8<,'!
()+,*JD<,'9!,*!D?)!+,%=)'D!?#+!)=#J,*#D)(!D,!%)#=)!D?)!/?#*5)(!#'#%0D)!<'!D?)!5#+!J?#+)7!A?<+!
J*,/)++!/#'!F,*:!J,+<D<=)!#'(!')5#D<=)!<,'+!C#+)(!,'!D?)!J,%#*<D0!,F!#JJ%<)(!=,%D#5)+7!A?)!
D)*:+!6>`s!#'(!6>`Q!*)F)*!D?)!J,%#*<D0!,F!<,'<W#D<,'!<:J#*D)(!D,!D?)!F*#5:)'D!<,'7!`'!&"E`-!D?)!
)%$)'D!F*,:!D?)![E!/,%$:'!<+!')C$%<W)(!#'(!?)#D)(!D,!/,:J%)D)%0!=#J,*<W)!D?)!+,%=)'D!#'(!
D#*5)D!#'#%0D)+7!A?)!)=#J,*#D)(!+,%=)'D!D?)'!C)/,:)+!#!*)#5)'D!5#+!2?</?!<+!D?)'!<,'<W)(!#'(!
2?,+)!/?#*5)!<+!D?)'!D*#'+F)**)(!D,!D?)!D#*5)D!#'#%0D)-!/*)#D<'5!/?#*5)(!<,'+!F,*!()D)/D<,'!C0!
B>7!&""`!<+!+<:<%#*!D,!&"E`-!)M/)JD!#!J?,D,'Q):<DD<'5!@*0JD,'!%#:J!<+!$+)(!D,!(<*)/D%0!<,'<W)!D?)!
D#*5)D!#'#%0D)7!&"E`!#'(!&""`!#*)!5)')*#%%0!,'%0!$+)(!F,*!/,:J,$'(+!F,$'(!D,!C)!%)++!#:)'#C%)!
D,!<,'<W#D<,'!C0!6>`7!

!
WFIFI&Z!OQ0&B9F&J!OQ0&

`'!5)')*#%-!YEQB>!<+!:,*)!#:)'#C%)!D,!=,%#D<%)-!D?)*:#%%0!+D#C%)-!%)++!J,%#*!/,:J,$'(+7!
A?)*)F,*)-!<D!?#+!C))'!D?)!:)D?,(!,F!/?,</)!<'!D?)!J#+D!F,*!%)5#/0!J,%%$D#'D+!+$/?!#+!
J,%0/?%,*<'#D)(!C<J?)'0%+!8"EI+9-!J,%0/0%</!#*,:#D</!?0(*,/#*C,'+!8"&_+9-!#'(!
(</?%,*,(<J?)'0%D*</?%,*,)D?#')!811A97!_,2)=)*-!')2%0!(<+/,=)*)(!/,'D#:<'#'D+-!+$/?!#+!
""E"+-!#*)!,FD)'!J,%#*!#'(!','Q=,%#D<%)7!!A?<+!?#+-!<'!J#*D-!%)(!D,!D?)!+$*5)!,F!J,J$%#*<D0!F,*!D?)!
$+)!,F![EQB>!D,!:,'<D,*!):)*5<'5!/,'D#:<'#'D+7!S,*!:#'0!,F!D?)+)!/,:J,$'(+!D,!C)!
:,'<D,*)(!C0!YEQB>-!D?)0!'))(!D,!C)!()*<=#D<W)(!J*<,*!D,!#'#%0+<+7!A?<+!J*,/)++!/#'!C)!
J#<'+D#@<'5-!%#C,*Q<'D)'+<=)!#'(!<')FF)/D<=)7!;'!D?)!,D?)*!?#'(-![EQB>!?#+!D?)!#C<%<D0!D,!#'#%0W)!
#!2<()!=#*<)D0!,F!/,:J,$'(+!2<D?,$D!D?)!'))(!F,*!()*<=#D<W#D<,'7!

_,2)=)*-!D?)!6>`!J*,/)++!D?#D!<+!:,+D!F*)K$)'D%0!$+)(!($*<'5![EQB>!#'#%0+<+!/#'!C)!
+$+/)JD<C%)!D,!:#D*<M!)FF)/D+7!1$*<'5!D?)!<,'<W#D<,'!J*,/)++-!','QD#*5)D!#'#%0D)+!#D!#!5*)#D)*!
/,'/)'D*#D<,'!#'(a,*!D?#D!?#=)!#!?<5?)*!#FF<'<D0!F,*!C)/,:<'5!/?#*5)(!2<%%!)M?#$+D!D?)!#=#<%#C%)!
/?#*5)!#'(!%)#=)!D#*5)D!#'#%0D)+!$'/?#*5)(7!`F!$'/,**)/D)(-!:#D*<M!)FF)/D+!:#0!*)+$%D!<'!
<:J*,J)*!(#D#!<'D)*J*)D#D<,'!C)/#$+)!D?)!)FF)/D+!/#'!=#*0!+$C+D#'D<#%%0!C)D2))'!:#D*</)+!#'(!
%)#(!D,!D?)!*)J,*D<'5!,F!#*D<F</<#%%0!%,2!/,'/)'D*#D<,'+7!!H)+)#*/?)*+!?#=)!D*<)(!D,!:<'<:<W)!
:#D*<M!)FF)/D+!$+<'5!=#*<,$+!)MD*#/D<,'-!/%)#'$J-!#'(!)%$D<,'!D)/?'<K$)+!8L%,)JF)*!*3&#57-!TPPOX!
e$<'D#'#!*3&#57-!TPP]X!H)):D+:#-!TPP\9!,*!/,:J)'+#D)!F,*!D?):!$+<'5!(<FF)*)'D!/#%<C*#D<,'!
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D)/?'<K$)+!8S)*5$+,'!*3&#57-!TPPPX![<'(+)0!*3&#57-!TPPR97!!_,2)=)*-!:,+D!/#%<C*#D<,'!D)/?'<K$)+!
C)/,:)!J*,C%):#D</!2?)'!#JJ%<)(!D,!D?)!+<:$%D#'),$+!#'#%0+<+!,F!#!C*,#(!*#'5)!,F!/,:J,$'(+!
D?#D!)'/,:J#++!:#'0!(<FF)*)'D!/%#++)+!#'(!+D*$/D$*)+!<'!:#D*</)+!?#=<'5!=#*0<'5!()5*))+!,F!
+$JJ*)++<,'!#'(!)'?#'/):)'D!8n#'()*F,*(!q!>'0()*-!TPPN97!

!
WFIFP&C94348*&[$5(3$4)&J!OQ0&

")*?#J+!D?)!:,+D!J*,:<+<'5!:)D?,(!D,!(#D)!<+!D?)!$+)!,F!<+,D,J)!(<%$D<,'!D,!/,**)/D!F,*!
:#D*<M!)FF)/D+7!`'!D?<+!:)D?,(-!<+,D,J</#%%0Q%#C)%)(!=)*+<,'+!,F!)#/?!#'#%0D)!#*)!#(()(!D,!#%%!
+#:J%)+!J*<,*!D,!+,%<(!J?#+)!)MD*#/D<,'!8>"697!H)+$%D+!,CD#<')(!F,*!$'%#C)%)(!D#*5)D!#'#%0D)+!#*)!
/,**)/D)(!F,*!:#D*<M!)FF)/D+!C#+)(!,'!D?)!*)/,=)*0!,F!D?)!%#C)%)(!=)*+<,'7!A?<+!:)D?,(!?#+!
+?,2'!J*,:<+)!2?)'!#JJ%<)(!D,!D?)!#'#%0+<+!,F!#!=#*<)(!5*,$J!,F!""E"+-!J)+D</<()+!#'(!61E+!
8n#'()*F,*(!q!>'0()*-!TPPN97!

!
WFIF,&Y(#5$3=&\99(%#)1*EY(#5$3=&!4)3%45&Q*#9(%*9 &

&!/,:J*)?)'+<=)-!J)*F,*:#'/)QC#+)(!e&aeE!#JJ*,#/?!F,*!E6E+!+$/?!#+!61E+!#'(!
J?#*:#/)$D</#%+!<+!/*<D</#%!<'!5)')*#D<'5!?<5?!K$#%<D0!(#D#!F,*!()/<+<,'!:#@<'5!J$*J,+)+7!
I)/#$+)!E6E!/,'/)'D*#D<,'+!#*)!,FD)'!%)++!D?#'!RPP!'5a[-!)MD)'+<=)!/#*)!:$+D!C)!D#@)'!D,!
J*)=)'D!#//<()'D#%!/,'D#:<'#D<,'!C0!+#:J%<'5!#'(!%#C,*#D,*0!J)*+,'')%!8+))!>)/D<,'!b7T!,F!D?<+!
*)J,*D97!`'!#!*)J,*D!F,%%,2<'5!D?)<*!'#D<,'#%!*)/,''#<++#'/)!,F!^>!+D*)#:+-!D?)!^>!Y),%,5</#%!
>$*=)0!*)J,*D)(!#!+<5'<F</#'D!'$:C)*!,F!)J<+,()+!,F!C%#'@!/,'D#:<'#D<,'!8I#*')+!*3&#5F-!TPPT9-!
+$55)+D<'5!D?#D!)=)'!D?)!:,+D!)MJ)*<)'/)(!%#C,*#D,*<)+!)'/,$'D)*!C%#'@Q*)%#D)(!<++$)+7!A?$+-!
C%#'@+!+?,$%(!C)!#'!<'D)5*#%!J,*D<,'!,F!)=)*0!+#:J%<'5!)=)'D!#'(!#'#%0D</#%!C#D/?!D,!)'+$*)!D?#D!
*)J,*D)(!/,'/)'D*#D<,'+!#*)!J*)+)'D!<'!D?)!)'=<*,':)'D!#'(-!<F!/,'D#:<'#D<,'!<+!+$+J)/D)(-!D,!
?)%J!()D)*:<')!#!+,$*/)!,F!/,'D#:<'#D<,'7!!S*)K$)'D!D*#=)%-!F<)%(-!#'(!%#C,*#D,*0!*)#5)'D!
C%#'@+-!#+!2)%%!#+!<'+D*$:)'D!C%#'@+-!#*)!*)/,::)'()(7!

A?)!%#C,*#D,*0!F,*D<F<)(!C%#'@-!$+)(!D,!)=#%$#D)!D?)!J)*F,*:#'/)!,F!D?)!D,D#%!#'#%0D</#%!
+0+D):-!<'/%$(<'5!#%%!J*)J#*#D<,'!#'(!#'#%0+<+!+D)J+-!<+!?<5?%0!*)/,::)'()(!F,*!E6E!#'#%0+<+7!
H)+$%D+!,F!D?)!%#C,*#D,*0!F,*D<F<)(!C%#'@!#*)!/,:J#*)(!D,!)+D#C%<+?)(!/*<D)*<#!#'(-!<F!F,$'(!D,!C)!
,$D+<()!D?)+)!/*<D)*<#-!<'(</#D)!D?#D!D?)!#'#%0D</#%!+0+D):!<+!',D!J)*F,*:<'5!/,**)/D%0!#'(!:#0!
',D!C)!J*,($/<'5!#//)JD#C%)!*)+$%D+7!S,*D<F<)(!C%#'@+!#*)!D0J</#%%0!J*)J#*)(!$+<'5!#!+D#'(#*(!
+J<@)!F*,:!#!(<FF)*)'D!+,$*/)aC#D/?!F*,:!D?)!,')!$+)(!D,!/#%<C*#D)!D?)!<'+D*$:)'D7!A,!#//,$'D!
F,*!:#D*<M!)FF)/D+-!:#D*<M!+J<@)+!#*)!#%+,!*)/,::)'()(!D,!:,'<D,*!D?)!#//$*#/0!#'(!
K$#'D<D#D<=)!*)/,=)*0!,F!D#*5)D!#'#%0D)+7!`'!D?<+!:#'')*-!()F</<)'/<)+!<'!D?)!:)D?,(!/#'!C)!
*)=)#%)(!#'(!/,**)/D)(!C0!D)/?'<K$)+!+$/?!#+!<+,D,J)!(<%$D<,'!8n#'()*F,*(!q!>'0()*-!TPPN97!
1$J%</#D)!:#D*<M!+J<@)+!#*)!#%+,!*)/,::)'()(!D,!J*,=<()!#'!<'(</#D<,'!,F!J*)/<+<,'7!

!
WFIFS&Q*3"4;&[*3*13$4)&J $2$39&

A?)!%<:<D+!,F!()D)/D<,'!#'(!K$#'D<F</#D<,'!()F<')!D?)!%,2)+D!%)=)%+!#D!2?</?!#'!<'+D*$:)'D!
/#'!(<FF)*)'D<#D)!C)D2))'!#!+<5'#%!#'(!',<+)!#'(!D?)!%,2)+D!%)=)%!#D!2?</?!#!=#%$)!:#0!C)!
*)J,*D)(-!*)+J)/D<=)%07!A?)!()D)*:<'#D<,'!,F!D?)+)!=#%$)+!<+!)+J)/<#%%0!<:J,*D#'D!F,*!D?)!
#'#%0+<+!,F!E6E+-!#+!:#'0!,F!D?)+)!/,:J,$'(+!,//$*!#D!D*#/)!%)=)%+!8+$CQi5a[97!S,*:#%!()D)/D<,'!
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#'(!*)J,*D<'5!%<:<D!+D$(<)+!#*)!?<5?%0!*)/,::)'()(!8Y%#+)*!*3&#5F-!RUcRX!^>6"&-!RUc]X!B#*D<'!*3&
#5F-!TPPbX!G<'+%,2!*3&#5F-!TPPN97!`'!#((<D<,'-!)=)*0!)FF,*D!+?,$%(!C)!:#()!D,!()D)*:<')!#'(!
=)*<F0!D?)!*)J,*D<'5!%<:<D!<'!D?)!:#D*</)+!D,!C)!#'#%0W)(7!A?<+!+?,$%(!<'/%$()!#'#%0W<'5!+#:J%)!
:#D*</)+!F,*D<F<)(!#D!,*!+%<5?D%0!#C,=)!D?)!()D)*:<')(!*)J,*D<'5!%<:<D!,F!D?)!:)D?,(!D,!()D)/D!
D?)!J*)+)'/)!,F!J,D)'D<#%!<'D)*F)*)'/)+!D?#D!:#0!%)#(!D,!F#%+)!')5#D<=)!,*!J,+<D<=)!*)+$%D+7!
S$*D?)*:,*)-!*)J,*D<'5!%<:<D+!+?,$%(!C)!*)Q)=#%$#D)(!F*)K$)'D%0!#+!+#:J%)!:#D*</)+!/?#'5)!,*!
<'+D*$:)'D#%!J)*F,*:#'/)!=#*<)+7!

!
[;E(6+P>$&+0+#%,(-"&(.3.(!"#$%"&$#'(

"$C%</!2#D)*!+0+D):+!#*)!*)+J,'+<C%)!F,*!/,:J%0<'5!2<D?!#%%!*)5$%#D<,'+-!<'/%$(<'5!
:,'<D,*<'5-!*)J,*D<'5-!J)*F,*:<'5!D*)#D:)'D!D)/?'<K$)+-!*)/,*(!@))J<'5-!#'(!J$C%</!',D</)!
*)K$<*):)'D+7!>D#D)+-!<'!D$*'-!@))J!D?)!(#D#!F,*!J$C%</!2#D)*!+0+D):+!<'!D?)!+D#D)!(#D#!F<%)+7!!
>D#D)+!*)J,*D!=<,%#D<,'+!,F!BE[+-!#+!2)%%!#+!:,'<D,*<'5!=<,%#D<,'+-!D,!D?)!^>6"&7!

E,:J%<#'/)!<+!C#+)(!,'!#!'$:C)*!,F!F#/D,*+!#'(!()J)'(+!,'!D?)!<'(<=<($#%!/,'D#:<'#'D7!A?)+)!
F#/D,*+!#*)!+$::#*<W)(!<'!&JJ)'(<M!B!$+<'5!#D*#W<')!#+!#'!)M#:J%)7!!

!
[;I(!"#$%"&$#'(-"&(.3.,(>,$#'(."00+&1$*227(AB*$2*U2+(!+%/"8, (

&JJ*,=)(!#'#%0D</#%!:)D?,(+!:$+D!C)!$+)(!2?)'!#'#%0W<'5!2#D)*!+#:J%)+!D,!:))D!F)()*#%!
:,'<D,*<'5!*)K$<*):)'D+!,*!D,!():,'+D*#D)!/,:J%<#'/)!2<D?!(*<'@<'5!2#D)*!*)5$%#D<,'+7!
&JJ*,=)(!:)D?,(+!#*)!%<+D)(!<'!D?)!E,()!,F!S)()*#%!H)5$%#D<,'+!#FD)*!J$C%</#D<,'!<'!#!F<'#%!*$%)!
,*!#+!J#*D!,F!#'!)MJ)(<D)(!#JJ*,=#%7!A?)0!#*)!()=)%,J)(!C0!D?)!^>6"&-!,D?)*!5,=)*':)'D!
#5)'/<)+-!$'<=)*+<D<)+-!/,'+)'+$+!:)D?,(+!,*5#'<W#D<,'+-!2#D)*!%#C,*#D,*<)+-!#'(!<'+D*$:)'D!
:#'$F#/D$*)*+7![#C,*#D,*<)+!D?#D!#'#%0W)!/,:J%<#'/)!+#:J%)+!:$+D!C)!/)*D<F<)(!C0!D?)!^>6"&!
,*!)#/?!<'(<=<($#%!+D#D)-!#%D?,$5?!*)/)'D%0!D?)*)!?#+!C))'!:,=):)'D!D,!'#D<,'#%<W)!
#//*)(<D#D<,'!D?*,$5?!D?)!/*)#D<,'!,F!D?)!.#D<,'#%!6'=<*,':)'D#%![#C,*#D,*0!&//*)(<D#D<,'!
E,'F)*)'/)!`'+D<D$D)!8A.`97!A.`!<+!#'!,*5#'<W#D<,'!D?#D!R9!()=)%,J+!#'(!#(,JD+!F,*!$+)!<'D,!<D+!
J*,5*#:+!/,'+)'+$+!+D#'(#*(+!F,*!#//*)(<D#D<,'!,F!)'=<*,':)'D#%!D)+D<'5!%#C,*#D,*<)+!#'(!
,D?)*!,*5#'<W#D<,'+!(<*)/D%0!<'=,%=)(!<'!D?)!)'=<*,':)'D#%!:)#+$*):)'D!J*,/)++X!T9!
<:J%):)'D+!#!'#D<,'#%!J*,5*#:!F,*!D?)!#//*)(<D#D<,'!,F!)'=<*,':)'D#%!%#C,*#D,*<)+X!\9!()=)%,J+!
#'(!:#<'D#<'+!#!'#D<,'#%!J*,F</<)'/0!D)+D!J*,5*#:X!]9!()=)%,J+!#'(!:#<'D#<'+!#!'#D<,'#%!
(#D#C#+)!,F!#//*)(<D)(!%#C,*#D,*<)+X!#'(!O9!J*,=<()+!D*#<'<'5!#'(!D)/?'</#%!+$JJ,*D!D,!F#/<%<D#D)!
D?)!<:J%):)'D#D<,'!,F!#!'#D<,'#%!#//*)(<D#D<,'!J*,5*#:!C0!#//*)(<D,*+!8)757-!+D#D)!#5)'/<)+9!
#'(!D?,+)!)'D<D<)+!J$*+$<'5!#//*)(<D#D<,'!8)757-!)'=<*,':)'D#%!%#C,*#D,*<)+97!A,!)'+$*)!D?)!
K$#%<D0!,F!D?)!(#D#-!:)D?,(+!#JJ*,=)(!C0!D?)!^>6"&!():#'(!*<5,*,$+!e&aeE!:)#+$*)+7!A?)+)!
5$<()%<')+!/#'!C)!F,$'(!<'!&JJ)'(<M!B7!!!!

!
WF,F/&\B#$5#:$5$3=&46&!422*%1$#5&J#:4%#34%$*9&64%&!D!&\)#5=9*9 &

1$*<'5!D?)!/,$*+)!,F!D?<+!+D$(0-!D?)!"#')%!/,'D#/D)(!F<=)!/,::)*/<#%!%#C,*#D,*<)+!<'!,*()*!D,!
)=#%$#D)!D?)!/,::)*/<#%!#=#<%#C<%<D0!,F!E6E!#'#%0+)+7!S*,:!D?)!(#D#!*)/)<=)(-!<D!2#+!,C=<,$+!
D?#D!D?)*)!2#+!*)%#D<=)%0!%<DD%)!/,'+<+D)'/0!<'!/,:J,$'(+!#'(!:)D?,(!*)J,*D<'5!%<:<D+!#:,'5!
D?)!%#C,*#D,*<)+!+$*=)0)(7!A?)!"#')%!+D*,'5%0!*)/,::)'(+!D?#D!,'/)!D?)!<'<D<#%!J*<,*<D0!%<+D!,F!
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E6E+!<+!<:J%):)'D)(!C0!D?)!>D#D)-!/,::)*/<#%!%#C,*#D,*<)+!#5#<'!C)!+$*=)0)(!F,*!/#J#C<%<D0!,F!
#'#%0+<+!,F!D?)!<'<D<#%!E6E!%<+D7!&((<D<,'#%%0-!<D!<+!*)/,::)'()(!D?#D!D?)!>D#D)!/,'($/D!#'!<'<D<#%!
J)*F,*:#'/)!)=#%$#D<,'!,F!#%%!%#C,*#D,*<)+-!2?,!*)+J,'(!C0!J*,=<(<'5!#!+)*<)+!,F!C%<'()(!
+#:J%)+!,F!*)/0/%)(!2#D)*+!F*,:!D?)!+D#D)-!C,D?!$'+J<@)(!#'(!+J<@)(!2<D?!D#*5)D!E6E+7!
B,*),=)*-!D?)!<'<D<#%!J)*F,*:#'/)!D)+D<'5!+?,$%(!<'/%$()!*#'(,:<W)(!C%#'@+!#'(!+)=)*#%!
*)J%</#D)!+#:J%)+7!S*,:!D?)+)!(#D#-!D?)!>D#D)!2<%%!C)DD)*!C)!#C%)!D,!5#$5)!D?)!*,C$+D')++!,F!
#'#%0D</#%!:)D?,(+!#=#<%#C%)!F,*!<'(</#D,*!E6E+7!

&!/$**)'D%0!,'5,<'5!+D$(0!+J,'+,*)(!C0!D?)!G#D)*!H)+)#*/?!S,$'(#D<,'!8GHS!p]RNb9!%)#(!
C0!D?)!>,$D?)*'!.)=#(#!G#D)*!&$D?,*<D0!<+!)=#%$#D<'5!+)=)*#%!/,::)*/<#%!#'(!#/#():</!
%#C,*#D,*<)+!2<D?!*)+J)/D!D,!#'#%0+<+!,F!#!+J)/<F</!5*,$J!,F!J?#*:#/)$D</#%+!#'(!+$+J)/D)(!
)'(,/*<')!(<+*$JD<'5!/,:J,$'(+7!1#D#!/,%%)/D)(!D?$+!F#*!F,*!+J<@)(!%#C,*#D,*0!J$*<F<)(!2#D)*!
?#+!+?,2'!D?#D!=#*<#C<%<D0!<+!C,D?!%#C,*#D,*0!#'(!/,:J,$'(!+J)/<F</7!B,*),=)*-!D?)!*#D)!,F!F#%+)!
J,+<D<=)+!8C%#'@!/,'D#:<'#D<,'9!#'(!F#%+)!')5#D<=)+!8+J<@)(!C$D!',D!()D)/D)(9!#%+,!2#+!*)%#D)(!
D,!C,D?!%#C,*#D,*0!J)*F,*:#'/)!#'(!B1[+-!#+!2)%%!#+!C)<'5!/,:J,$'(!()J)'()'D7!!!

A?)!"#')%!#%+,!*)/,5'<W)+!D?#D!=#*<#C<%<D0!#'(!F#%+)!J,+<D<=)a')5#D<=)!<++$)+!%<@)%0!/,'F,$'(!
D?)!B6E+!/,'+<()*)(!F,*!D?)!()=)%,J:)'D!,F!D?)<*!E6E!J*<,*<D0!%<+D!8+))!>)/D<,'!O97!_,2)=)*-!#!
()D#<%)(!)=#%$#D<,'!,F!D?)!J)*F,*:#'/)!+D#'(#*(+!$D<%<W)(!C0!%#C,*#D,*<)+!*)J,*D<'5!:)#+$*)(!
E6E+!<'!E#%<F,*'<#!2#+!C)0,'(!D?)!+/,J)!,F!D?<+!J*,V)/D7!`D!2#+!,C=<,$+!D?#D!+,:)!/,:J,$'(+!<'!
D?<+!(#D#+)D!2)*)!:,*)!=#*<#C%)!D?#'!,D?)*+7!`'!+$::#*0-!D?)!"#')%!C)%<)=)+!D?#D!%#C,*#D,*0!
=#%<(#D<,'!+D$(<)+!#*)!,F!D?)!$D:,+D!<:J,*D#'/)!+?,$%(!D?)!)MJ,+$*)!+/*))'<'5!#JJ*,#/?!
J*,J,+)(!C0!D?<+!"#')%!C)!#(,JD)(!C0!D?)!>D#D)7!

!
[;Y()+2+1%$"#\3,%*U2$,/0+#%("-(AHH&"H&$*%+(!+%/"8(6+H"&%$#'(N$0$%, (

A?)!"#')%!*)/,5'<W)+!D?#D!:,'<D,*<'5!#D!D?)!%,2)+D!J,++<C%)!#'#%0D</#%!()D)/D<,'!%<:<D!<+!
,FD)'!',D!J*,($/D<=)!#'(!,FD)'!%)#(+!D,!)**,'),$+!(#D#7!&'#%0D</#%!=#*<#C<%<D0!#'(!<'F%$)'/)!,F!
F#%+)!J,+<D<=)a')5#D<=)!*)+$%D+!C)/,:)+!#!:,*)!+<5'<F</#'D!<++$)!#D!:<'$D)!%)=)%+7!A?<+!"#')%!
*)/,::)'(+!D?#D!F,*!?)#%D?QC#+)(!=#%$)+-!,*!BA[+-!#!BH[!,F!RPM!%,2)*!D?#'!BA[!C)!$D<%<W)(!
8A#C%)!b7R97!_,2)=)*-!<'!:#'0!/#+)+-!#!RPM!%,2)*!B1[!:#0!',D!C)!#/?<)=#C%)!$+<'5!/$**)'D%0!
#=#<%#C%)!:)D?,(,%,5<)+7!S,*!<'+D#'/)-!D?)!BA[!,F!.1B&!<+!R!'5a[-!2?</?!2,$%(!*)+$%D!<'!#!
+$55)+D)(!BH[!,F!P7R!'5a[-!F#*!C)%,2!/,::,'%0!):J%,0)(!#'#%0D</#%!:)D?,(+!F,*!.1B&7!`'!
D?)+)!/#+)+-!D?)!"#')%!+$55)+D+!D?)!$+)!,F!D?)!BH[!D?#D!<+!/%,+)+D!D,!D?)!BH[Q5,#%!#'(!?#+!
J*,=)'!*)%<#C<%<D07!S,*!E6E!J)*F,*:#'/)!<'(</#D,*+-!D?)!"#')%!*)/,::)'(+!BH[+!D?#D!#*)!,F!
+$FF</<)'D!+)'+<D<=<D0!D,!:,'<D,*!#DD)'$#D<,'!0)D!J*,=<()!*,C$+D!#'#%0D</#%!*)+$%D+7!A?)*)F,*)-!D?)!
"#')%!?#+!/,%%)/D)(!*)/,::)'()(!#JJ*,M<:#D)!BH[+!F,*!J)*F,*:#'/)!<'(</#D,*+-!0)D!+$55)+D+!
D?#D!D?)+)!=#%$)+!#*)!',D!J*)+/*<JD<=)!#'(!+?,$%(!C)!C#+)(!,'!:)D?,(!J)*F,*:#'/)!
:)#+$*):)'D+7!A?)!"#')%!+D*)++)+!D?#D!#//$*#D)!#'(!J*)/<+)!e&aeE!<+!=<D#%!<'!#%%!:,'<D,*<'5!
J*,5*#:+7!A?)!"#')%!+D*,'5%0!*)/,::)'(+!D?)!<'/%$+<,'!,F!F<)%(!C%#'@+-!%#C,*#D,*0!C%#'@+-!
*)J%</#D)!+#:J%)+-!#'(!:#D*<M!+J<@)+!2<D?<'!)#/?!+#:J%<'5!)=)'D7!A?)!"#')%!#%+,!#(=<+)+!D?#D!
D?)!+#:J%)+!C)!+)'D!D,!D?)!#'#%0D</#%!%#C,*#D,*<)+!#+!#','0:,$+!*#'(,:<W)(!+#:J%)+-!D?#D!<+-!
+#:J%)+!+?,$%(!',D!<'(</#D)!D?)!+,$*/)!#'(!+?,$%(!J*,=<()!<'F,*:#D<,'!D?#D!#%%,2+!D?):!D,!C)!
<()'D<F<)(!#+!C%#'@+!,*!:#D*<M!+J<@)+7!&!:,'<D,*<'5!J*,5*#:!D*$%0!<+!,'%0!#+!5,,(!#+!D?)!
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*)%<#C<%<D0!,F!D?)!(#D#!/,%%)/D)(7!A?)*)F,*)-!<D!<+!=<D#%!D?#D!#!*,C$+D!e&aeE!J*,5*#:!C)!$D<%<W)(!#D!
#%%!+D#5)+!,F!D?)!:,'<D,*<'5!J*,5*#:7!

 
 
Table 7.1. Recommended MRLs for health and performance based indicator CECs. 
!

Compound Health-based MRL 
(ng/L) 

Health-based 
MRLpractical (ng/L) 

Performance indicator MRL 
(ng/L) 

17beta-estradiol 0.09 1 1 

NDMA 0.1 2 2 

Caffeine 35 50 50 

Triclosan 50 50 50 

Sucralose N/A N/A 100 

Iopromide N/A N/A 50 

DEET N/A N/A 50 

Gemfibrozil N/A N/A 50 

!

!
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WJL&7*#",*+"#@&6+*@+$.&1*+&9A90&"#&;$,(+&'(<0(&K($/"#@&,*&N+8$#&M++"@$,"*#&$#/&
O+"#>"#@&;$,(+&3<@.(#,$,"*#&

];:(@/+(C&"H",+8(C&$"&$%$G*%$"#()1/+0+(-"&(.3.,($#(6+1712+8(9*%+& (

J*,5*#:+!
<+!<%%$+D*#D)(!<'!S<5$*)!c7R7!

!

!

!

Figure 8.1. Conceptual CEC prioritization scheme.  
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A?<+!J*<,*<D<W#D<,'!+/?):)!J*,=<()+!5$<(#'/)!,'!?,2!D,!+)%)/D!+$<D#C%)-!D,M</,%,5</#%%0!
*)%)=#'D!/?):</#%+!F,*!:,'<D,*<'5!J$*J,+)+!#'(!/,'+<()*+!D?#D!*)/0/%)(!2#D)*!/,'D#<'+!#'!
$'@',2'!J,,%!,F!E6E+!#D!%#*5)7!E6E+!#*)!/%#++<F<)(!<'D,!/?):</#%+!D?#D!?#=)!',D!C))'!J*)=<,$+%0!

!S,*!J*)=<,$+%0!<()'D<F<)(!E6E+!D?)!
+)%)/D<,'!#JJ*,#/?!/,'+<+D+!,F!F,$*!+D)J+Z!!

 E,:J<%)!)'=<*,':)'D#%!/,'/)'D*#D<,'+!,F!)<D?)*!:)#+$*)(!,*!J*)(</D)(!)'=<*,':)'D#%!
/,'/)'D*#D<,'+!,F!E6E+!<'!*)/0/%)(!2#D)*!D?#D!<+!D?)!+,$*/)!F,*!2#D)*!*)$+)!J*,V)/D+X!!

 1)=)%,J!#!BA[!F,*!)#/?!,F!D?)+)!/,:J,$'(+!8,*!5*,$J+!D?)*),F9!C#+)(!,'!D,M</,%,5</#%!
*)%)=#'/)X!

 E,:J#*)!D?)!)'=<*,':)'D#%!/,'/)'D*#D<,'!8)757-!B6E-!"6E9!D,!D?)!BA[7!E6E+!2<D?!#!
!

J*,/)++!J)*F,*:#'/)!<'(</#D,*+X!#'(!
 >/*))'!D?)!J*<,*<D0!%<+D!D,!)'+$*)!D?#D!#!/,::)*/<#%%0!#=#<%#C%)-!*,C$+D!#'#%0D</#%!:)D?,(!

<+!#=#<%#C%)!F,*!D?#D!/,:J,$'(7!
!!

S,*! & &E6E+!/,'/)'D*#D<,'+!J,D)'D<#%%0!J*)+)'D!<'!*)$+)(!2#D)*!/#'!C)!
)+D<:#D)(!$+<'5!<'F,*:#D<,'!,'!J)*!/#J<D#!$+)!,*!J*,($/D<,'!=,%$:)!#'(!/,:C<')(!2<D?!
<'F,*:#D<,'!,'!J)*!/#J<D#!2#D)*!$+)!D,!()=)%,J!#!"6E!#+!(<+/$++)(!<'!>)/D<,'!N7!A?)!"6E+!F,*!
?)4@)&()?)4@)9 !/#'!D?)'!C)!/,:J#*)(!D,!BA[+!D,!<()'D<F0!D?)!E6E+!2<D?!D?)!5*)#D)+D!
$*5)'/0!D,!()=)%,J!#'#%0D</#%!:)D?,(+!#'(!/,'F<*:!D?)!"6E+7!

S,*! !E6E+-!C<,#'#%0D</#%!#'(!/?):</#%!+/*))'<'5!:)D?,(+!+?,$%(!C)!
):J%,0)(-!2?)'!/,::)*/<#%%0!#=#<%#C%)-!D,!K$#'D<F0!)FF)/D+!,*!)K$<=#%)'D!/,'/)'D*#D<,'+!#'(!
<()'D<F0!/?):</#%+!F,*!2?</?!D?)*)!<+!D?)!5*)#D)+D!$*5)'/0!<'!()=)%,J<'5!B6E!#'(!BA[!(#D#!F,*!
F$*D?)*!#++)++:)'D!8S<5$*)!c7R97!&+!(<+/$++)(!<'!>)/D<,'!N-!C<,#'#%0D</#%!:)D?,(+!#*)!/$**)'D%0!
C)<'5!$+)(!C0!+)=)*#%!F)()*#%!#5)'/<)+!D,!)=#%$#D)!/?):</#%!+#F)D0-!2?</?!2<%%!%<@)%0!(<:<'<+?!
<'J$D!,F!?#W#*(,$+!/?):</#%+!<'D,!2#+D)2#D)*7!S)()*#%!#5)'/<)+!?#=)!)MJ*)++)(!+<:<%#*!
/,'/)*'+!#+!D?)!+D#D)!*)5$%#D,*0!)'D<D<)+!*)5#*(<'5!D?)<*!<'#C<%<D0!D,!@))J!$J!2<D?!D?)!*)5$%#D<,'!
,F!E6E+!,'!#!/?):</#%QC0Q/?):</#%!C#+<+!$+<'5!/$**)'D!*<+@!#++)++:)'D!5$<()%<')+7!S)()*#%!
#5)'/<)+!?#=)!J*,=<()(!')2!*<+@!#++)++:)'D!J#*#(<5:+!D?#D!<'/,*J,*#D)!?<5?!D?*,$5?J$D!
:,()%+!#'(!C<,#'#%0D</#%!#++#0+!D,!+/*))'!/?):</#%+!2<D?!+J)/<F</!#'<:#%!D)+D<'5!(<*)/D)(!,'%0!#D!

*)5$%#D,*0!/,::$'<D0!#'(!D?)!/$**)'D!()=)%,J:)'D!#'(!D)+D<'5!,F!C<,#'#%0D</#%!:)D?,(+-!D?)!
"#')%!)+D<:#D)+!D?#D!C<,#'#%0D</#%!:)D?,(+!2<%%!)=)'D$#%%0!C)!F,*:#%%0!$D<%<W)(!F,*!/?):</#%!#'(!
:<MD$*)!#++)++:)'D+!2<D?<'!D?)!')MD!\!D,!RP!0)#*+7!><'/)!D?)+)!:)D?,(+!#*)!+D<%%!<'!
()=)%,J:)'D-!<D!<+!*)/,::)'()(!D?#D!F$D$*)!+/<)'/)!#(=<+,*0!J#')%+!8<7)7-!*)=<)2!J#')%!
+$55)+D)(!F,*!TPR\9!$J(#D)!D?)!J*<,*<D<W#D<,'!F*#:)2,*@!#+!C<,#'#%0D</#%!:)D?,(+!C)/,:)!

*)/0/%)(!2#D)*7!!

&!'$:C)*!,F!/,'+)*=#D<=)!#++$:JD<,'+!#*)!):C)(()(!2<D?<'!D?)!F*#:)2,*@!$D<%<W)(!D,!
<()'D<F0!J,D)'D<#%!E6E+!F,*!:,'<D,*<'5!<'!*)/0/%)(!2#D)*7!A?)!#++$:JD<,'!/#D)5,*0!#'(!#'!
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)MJ)/D)(!)MJ,+$*)+!<'/%$()!D?)!F,%%,2<'5Z!!

 >)%)/D<,'!,F!D?)!B6E!#+!D?)!/,:C<')(!+)/,'(#*0aD)*D<#*0!D*)#D)(!)FF%$)'D+!F,*!#!
J#*D</$%#*!*)$+)!J*#/D</)!2<%%!*)+$%D!<'!B6E+!D?#D!#*)!,'!D?)!,*()*!,F!]P!D,!cPP!D<:)+!
?<5?)*!D?#'!2?#D!<+!%<@)%0!,C+)*=)(!#D!D?)!";B!+<'/)!',!/*)(<D!2#+!5<=)'!F,*!/,'+<+D)'D!
D)*D<#*0!D*)#D:)'D!,*!F,*!#(=#'/)(!D*)#D:)'D!J*,/)++)+!*)K$<*)(!F,*!(<*)/D!<'V)/D<,'!
5*,$'(2#D)*!*)/?#*5)!J*,V)/D+!81*)2)+!*3&#57-!TPPc97!S,*!)M#:J%)-!D?)!B6EUPD?!F,*!
D*</%,+#'!2#+!*)J,*D)(!#+!]cO!'5a[X!?,2)=)*-!C,D?!>&A!#'(!H;!/#'!*)($/)!D?<+!
/,'/)'D*#D<,'!D,!%)++!D?#'!OP!'5a[!*)($/<'5!D?)!BA[aB6E!*#D<,!F*,:!R7\U!D,!P7R]7!!!

 S,*!5*,$'(2#D)*!*)/?#*5)!J*,V)/D+-!',!/*)(<D!2#+!<'/%$()(!D,!#((*)++!(<%$D<,'!J*,=<()(!
C0!:<M<'5!2<D?!'#D<=)!5*,$'(2#D)*-!#'(a,*!<'/<()'D#%!D*)#D:)'D!J*,=<()(!C0!D?)!+,<%Q
#K$<F)*!+0+D):7!1<%$D<,'!/*)(<D!F,*!D?<+!#++$:JD<,'!/,$%(!J*,=<()!#'!)+D<:#D)(!+#F)D0!
F#/D,*!,F!D2,QF,%(!8)757-!C#+)(!,'!D?)!#++$:JD<,'!,F!OPZOP!(<%$D<,'!,F!*)/0/%)(!2#D)*!
2<D?!'#D<=)!5*,$'(2#D)*97!A*)#D:)'D!/*)(<D!<'!D?)!+,<%Q#K$<F)*!+0+D):!8)757-!#(+,*JD<,'-!
C<,()5*#(#D<,'9!/,$%(!J*,=<()!#!+#F)D0!F#/D,*!,'!D?)!,*()*!,F!RPQ!D,!UPQF,%(!81*)2)+!*3&
#57-!TPPc97!

 S,*!D?)!)'=<*,':)'D#%!)MJ,+$*)!/,'/)'D*#D<,'+-!D?)!UPD?!J)*/)'D<%)+!,F!B6E+!2)*)!
$D<%<W)(!2?</?!J*,=<()+!#!+#F)D0!F#/D,*!,F!#JJ*,M<:#D)%0!RPQF,%(!8)757-!C#+)(!,'!
/,:J#*<+,'!,F!D?)!*#D<,!,F!D?)!UPD?!J)*/)'D<%)!D,!:)(<#'!/,'/)'D*#D<,'+!/,'D#<')(!<'!
&JJ)'(<M!L97!

 S,*!E6E+!2<D?!B6E+!C)%,2!()D)/D<,'!%<:<D+-!D?)!=#%$)!,F!D?)!*)J,*D)(!B1[!2#+!$+)(!D,!
*)J*)+)'D!D?)!B6E!J*,=<(<'5!#'!#((<D<,'#%!:#*5<'!,F!+#F)D0X!

 E?):</#%!D,M</<D0!#++$:JD<,'+!<'/%$()(!D,D#%!$'/)*D#<'D0a+#F)D0!F#/D,*+!D?#D!5)')*#%%0!
*#'5)!F*,:!RPP!D,!RP-PPP!#'(-!D?$+-!#(()(!#((<D<,'#%!()5*))+!,F!/,'+)*=#D<+:!8+))!
>)/D<,'!]97!

 ;=)*#%%-!D?)!#++$:JD<,'+!$D<%<W)(!D,!<()'D<F0!J,D)'D<#%!E6E+!F,*!:,'<D,*<'5!<'/%$()!
C)D2))'!]!D,!N!,*()*+!,F!:#5'<D$()!,F!/,'+)*=#D<+:!F,*!%#'(+/#J)!<**<5#D<,'!J*,V)/D+!
#'(!C)D2))'!N!D,!RR!,*()*+!,F!:#5'<D$()!,F!/,'+)*=#D<+:!F,*!<'(<*)/D!J,D#C%)!*)$+)!
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!
];?(AHH2$1*%$"#("-(%/+(.3.(C&$"&$%$G*%$"#()1/+0+(%"(Q8+#%$-7(./+0$1*2,(%/*%(,/">28(
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J*,J,+)(!+/?):)!#'(!D,!<()'D<F0!D?)!/?):</#%+!D?#D!+?,$%(!C)!J*<,*<D<W)(!F,*!J*)+)'D!E6E!
:,'<D,*<'57!`'!#JJ%0<'5!D?)!F*#:)2,*@!#'(!<'!*)/,5'<D<,'!,F!D?)!D<:)!#'(!*)+,$*/)!/,'+D*#<'D+!
F#/)(!C0!D?)!"#')%!F,*!D?)!J$*J,+)+!,F!D?<+!*)J,*D-!D?)!"#')%!:#()!,F!D?)!F,%%,2<'5!
#++$:JD<,'+Z!
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 A?)!B6E+!,F!E6E+!*)J,*D)(!D,!D?)!"#')%!2)*)!()*<=)(!$+<'5!=#%<(#D)(!#'(!*,C$+D!
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 A?)!"#')%!$+)(!D?)!C)'/?:#*@+!+$::#*<W)(!<'!&JJ)'(<M!3!D,!()=)%,J!<'<D<#%!BA[+!F,*!
D?)!J$*J,+)!,F!<()'D<F0<'5!#'!<'<D<#%!%<+D!,F!E6E+!D,!C)!<'/%$()(!<'!#!:,'<D,*<'5!J*,5*#:7!
A?)!"#')%!2<+?)+!D,!J,<'D!,$D!D?#D!D?)!BA[+!J*)+)'D)(!<'!A#C%)+!c7R!#'(!c7T!#*)!
J*,=<()(!#+!<'<D<#%!=#%$)+-!C#+)(!<'!J#*D!,'!D?)!+#F)D0!F#/D,*+!#'(!#++$:JD<,'+!<()'D<F<)(!
#C,=)-!D,!D?)!>D#D)!F,*!D?)!J$*J,+)!,F!)+D#C%<+?<'5!<'D)*<:!*)/0/%)(!2#D)*!:,'<D,*<'5!
J%#'+7!A?)!"#')%-!#+!<+!(<+/$++)(!C)%,2!<'!>)/D<,'!c7\!$*5)+!D?)!>D#D)!D,!*)/,'=)')!D?)!
"#')%!D,!J)*<,(</#%%0!$J(#D)!D?)!<'<D<#%!BA[+-!#+!2)%%!#+!#'0!+$C+)K$)'D%0!()=)%,J)(!
BA[+-!$+<'5!&1`+!()=)%,J)(!C0!D?)!>D#D)-!,*!<F!+$/?!#*)!',D!#=#<%#C%)-!C#+)(!$J,'!F$*D?)*!
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5<=)'!?<5?)+D!J*<,*<D07!A?$+-!2?)'!#!E6E!?#+!#!E1"_!()*<=)(!C)'/?:#*@-!D?#D!
C)'/?:#*@!F,*:)(!D?)!C#+<+!F,*!D?)!<'<D<#%!BA[!F,*!D?#D!E6E-!*)5#*(%)++!,F!2?)D?)*!
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BA[!F,*!D?#D!E6EX!

 Y<=)'!D?#D!D?)!(*<'@<'5!2#D)*!C)'/?:#*@+!J*)+)'D)(!<'!D?)!J*)%<:<'#*0!EE[!#'(!
EE[\!%<+D+!2)*)!()*<=)(!C0!#!*)5$%#D,*0!#5)'/0!8+))!>)/D<,'!T9-!D?,+)!2)*)!5<=)'!D?)!
')MD!?<5?)+D!J*<,*<D07!A?$+-!F,*!/,:J,$'(+!2<D?,$D!#!E1"_!(*<'@<'5!2#D)*!
C)'/?:#*@!C$D!2<D?!#!C)'/?:#*@!J*)+)'D)(!<'!D?)!^>6"&!EE[!(,++<)*+-!D?)!EE[!
(,++<)*!C)'/?:#*@!2#+!):J%,0)(-!*)5#*(%)++!,F!2?)D?)*!D?)!*):#<'<'5!+,$*/)+!#%+,!
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C)'/?:#*@!F*,:!D?)!*):#<'<'5!F<=)!J,D)'D<#%!+,$*/)+!2#+!$+)(!#+!D?)!C#+<+!F,*!D?)!
<'<D<#%!BA[7!!!

A?)!<'<D<#%!BA[+!+)%)/D)(!#+!()+/*<C)(!#C,=)!2)*)!/,:J#*)(!D,!B6E+!F,*!*)/0/%)(!2#D)*!<'!
E#%<F,*'<#!D,!()D)*:<')!2?)D?)*!,*!',D!#!E6E!+?,$%(!C)!<'/%$()(!<'!#!:,'<D,*<'5!J*,5*#:!F,*!
J,D#C%)!#'(!','QJ,D#C%)!*)$+)!+0+D):+7!A,!()*<=)!D?)!<'<D<#%!BA[+!F,*!%#'(+/#J)!<**<5#D<,'-!D?)!
"#')%!:$%D<J%<)(!J,D#C%)!$+)!<'<D<#%!BA[+!C0!RPP!D,!#//,$'D!F,*!D?)!#++$:)(!*)($/)(!#:,$'D!,F!
2#D)*!<'5)+D<,'!<'!#!%#'(+/#J)!<**<5#D<,'!+)DD<'5!8#+!()+/*<C)(!<'!>)/D<,'!]97!Y<=)'!D?#D!D?)!
)MJ)/D)(!<'5)+D<,'!,F!2#D)*!#++,/<#D)(!2<D?!%#'(+/#J)!<**<5#D<,'!<+!RPPQF,%(!%,2)*!D?#'!D?#D!
#++$:)(!F,*!J,D#C%)!2#D)*!$+)-!#'(!D?#D!<+!D?)!,'%0!(<FF)*)'/)!C)D2))'!D?)!D2,!+)D+!,F!BA[+!
F,*!D?)!D2,!+/)'#*<,+-!D?)!%#'(+/#J)!<**<5#D<,'!<'<D<#%!BA[+!#*)!RPP!D<:)+!5*)#D)*!D?#'!D?)!<'<D<#%!
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EE[\!E6E+!F,*!2?</?!B6E+!#'(!BA[+!2)*)!#=#<%#C%)-!,'%0!/#FF)<')!#'(!D*</%,+#'!)M/))()(!#!
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!8+))!A#C%)!O7T97!S,*!D?)!','QJ,D#C%)!*)$+)!J*#/D</)+-!',')!,F!D?)!EE[\!
E6E+!#'(!','QEE[\!E6E+!)M/))()(!#!B6EaBA[!*#D<,!,F!R7!
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 E#FF)<')!<+!
D)#-!/?,/,%#D)-!#+!2)%%!#+!<'!+,:)!J?#*:#/)$D</#%!J*,($/D+7!A?)!<'<D<#%!BA[!F,*!/#FF)<')!
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$J,'!D?)!/?):</#%!+D*$/D$*)!,F!/#FF)<')-!&$+D*#%<#!#++$:)+!D?#D!/#FF)<')!<+!#!A?*)+?,%(!
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/,:J,$'(!#'(!D?)!$+)!,F!#'!$'/)*D#<'D0!F#/D,*!,F!R-OPP!*)+$%D!<'!#'!)M/)JD<,'#%%0!
/,'+)*=#D<=)!5$<()%<')!#'(!<'<D<#%!BA[7!&!+)'+)!,F!D?)!()5*))!,F!/,'+)*=#D<+:!,F!D?)!
<'<D<#%!BA[!,F!P7\O!i5a%!<+!J*,=<()(!C0!#!/,:J#*<+,'!,F!D?)!<'<D<#%!BA[!D,!D?)!
/,'/)'D*#D<,'!,F!/#FF)<')!<'!C*)2)(!/,FF))-!2?</?!/#'!*#'5)!C)D2))'!TOP-PPP!#'(!
OPP-PPP!i5a%!#'(!<'!C%#/@!D)#!<+!#C,$D!TPP-PPP!i5a[7!A?$+-!D?)!/,'/)'D*#D<,'!,F!/#FF)<')!
<'!/,FF))!<+!#JJ*,M<:#D)%0!,')!:<%%<,'!8R-PPP-PPP9!D<:)+!5*)#D)*!D?#'!D?)!<'<D<#%!BA[!#'(!
<'!C%#/@!D)#!<+!#C,$D!OPP-PPP!D<:)+!5*)#D)*!D?#'!D?)!<'<D<#%!BA[7!Y<=)'!D?#D!D?)!B6E!F,*!
/#FF)<')!,'%0!)M/))(+!D?)!<'<D<#%!BA[!C0!#C,$D!T7NQF,%(-!?#(!/#FF)<')!C))'!#++<5')(!D,!#!
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Q
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#JJ%<)+!D?)!+#F)D0!F#/D,*!,F!R-OPP!D,!D?)!.;6[!()+/*<C)(!#C,=)!D,!()*<=)!D?)<*!5$<()%<')!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ;'789?&#H#

! 64 

8&$+D*#%<#'Q5$<()%<')-!TPPc97!^'%<@)!/#FF)<')-!D2,!,F!D?)!,D?)*!+,$*/)+!,F!(*<'@<'5!2#D)*!
C)'/?:#*@+!*)=<)2)(!C0!D?)!"#')%!?#(!(*<'@<'5!2#D)*!C)'/?:#*@+!F,*!D*</%,+#'7!>'0()*!
*3&#5F!8TPPc#9!*)J,*D!#!(*<'@<'5!2#D)*!C)'/?:#*@!,F!T-NPP!i5a[!()*<=)(!F*,:!C0!#JJ%0<'5!
#!+#F)D0!F#/D,*!,F!R-PPP!D,!#!.;6[!,F!bO!:5a@5Q(#0!F,*!+0+D):</!)FF)/D+!<'!?#:+D)*+7!
E,D*$=,!*3&#57!8TPRP9!*)J,*D!#!(*<'@<'5!2#D)*!C)'/?:#*@!,F!OPP!i5a[7!A?)+)!C)'/?:#*@+!
#*)!C)D2))'!:,*)!D?#'!R-PPP!D,!')#*%0!RP-PPP!D<:)+!5*)#D)*!D?#'!&$+D*#%<#'!C)'/?:#*@!
#'(!:,*)!<'!%<')!2<D?!D?)!2<()+J*)#(!$+)!,F!D*</%,+#'!#D!%)=)%+!,F!C)D2))'!P7R!#'(!R7Pm!
<'!/,::,'!/,'+$:)*!J*,($/D+!+$/?!#+!+,#J+!#'(!D,,D?J#+D)+7!_#(!)<D?)*!,F!D?)+)!
#%D)*'#D<=)!C)'/?:#*@+!C))'!$+)(-!D*</%,+#'!2,$%(!',D!?#=)!C))'!<()'D<F<)(!#+!#!<'<D<#%!
E6E!F,*!:,'<D,*<'57!

 .1B&!<+!#!(<+<'F)/D<,'!C0J*,($/D!D?#D!#%+,!,//$*+!<'!=#*<,$+!F,,(+!#'(!#%/,?,%</!
C)=)*#5)+7!E#%<F,*'<#!?#+!)+D#C%<+?)(!#!',D<F</#D<,'!%)=)%!,F!P7PR!i5a[!F,*!.1B&!C#+)(!
$J,'!,'!#'!)M/)++!%<F)D<:)!/#'/)*!*<+@!%)=)%!,F!\7\MRPQN-!2?</?!<+!+<:<%#*!D,!
/#'/)*!*<+@!C)'/?:#*@!,F!,')!<'!,')!:<%%<,'7!!!!

!
Table 8.1. Exposure screening for CCL3 and non-CCL3 CECs in recycled water. 
!
 Secondary/Tertiary 

Treated MEC 90th 

(ng/L) 

 Initial MTLs  MEC/MTLs 

 
  Potable Reuse Irrigation  Potable Reuse Irrigation 

CCL3 CECs        

17 -estradiol 8.4  9.0E-01 9.0E+00  9.33 0.93 

NDMA 68  1.0E+01 1.0E+02  6.8 0.68 

        

Non-CCL3 CECs        

Caffeine 900  350 3500  2.57 0.26 

Triclosan 485  350 3500  1.39 0.14 

&

A?)+)!C*<)F!+$::#*<)+!J*)+)'D)(!#C,=)!,F!D?)!C#/@5*,$'(!)MJ,+$*)+!#'(!D,M</,%,5</#%!
C#+)+!F,*!D?)!<'(</#D,*!E6E+!J,<'D!D,!D?)!'))(!D,!F$%%0!$'()*+D#'(!D?)!/,'+)*=#D<=)!'#D$*)!,F!
D?)!<'<D<#%!BA[+7!`D!<+!F,*!D?)+)!*)#+,'+!D?#D!D?)!"#')%!$*5)+!J),J%)!<'D)*J*)D<'5!D?)!*)+$%D+!,F!
D?)!)MJ,+$*)!+/*))'<'5!D?#D!F,*:+!D?)!/,*)!,F!D?)!E6E!J*<,*<D<W#D<,'!F*#:)2,*@!+?,2'!<'!S<5$*)!
c7R-!D,!#%2#0+!@))J!<'!:<'(!D?#D!D?)!)MJ,+$*)!+/*))'<'5!2#+!()=)%,J)(!D,!J*<,*<D<W)!E6E+!F,*!#!
:,'<D,*<'5!J*,5*#:X!',D!D,!/,'($/D!#'!)=#%$#D<,'!,F!J,D)'D<#%!*<+@7!`'/%$+<,'!,F!#!E6E!,'!D?)!
J*<,*<D0!:,'<D,*<'5!%<+D!(,)+!',D!:)#'!D?)!E6E!J,+)+!#!?)#%D?!*<+@7!S$*D?)*!#'#%0+)+!,$D+<()!,F!
D?)!F*#:)2,*@!J*,J,+)(!C0!D?)!"#')%!#*)!'))()(!D,!)=#%$#D)!D?)!J,D)'D<#%!F,*!#!?)#%D?!D?*)#D7!!&

A?)!,=)*#*/?<'5!5,#%!,F!#!E6E!:,'<D,*<'5!J*,5*#:!<+!D,!)'+$*)!D?#D!D?)!)MJ)/D)(!
J)*F,*:#'/)!,F!#!*)/0/%)(!2#D)*!D*)#D:)'D!J%#'D!,J)*#D)+!/,'+<+D)'D%0!,=)*!)MD)'()(!J)*<,(+!
,F!D<:)!#'(-!D?$+-!*)%<#C%0!J*,($/)+!*)/0/%)(!2#D)*!D?#D!:#D/?)+-!,*!<+!+$J)*<,*!D,!
J*)()D)*:<')(!+D#'(#*(+!#'(!D?$+-!/#'!C)!$+)(!#+!+,$*/)!2#D)*!F,*!<'(<*)/D!J,D#C%)!*)$+)!
J*,V)/D+7!><'/)!2#D)*!K$#%<D0!+D#'(#*(+!F,*!E6E+!#*)!',D!/$**)'D%0!#=#<%#C%)-!*)%<#C<%<D0!D?)'!:$+D!
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C)!()F<')(!#+!D?)!%<@)%<?,,(!,F!#/?<)=<'5!#!/,'+<+D)'D!)FF%$)'D!K$#%<D0O7!S,*!D?)!J$*J,+)+!,F!
()=)%,J<'5!D?)!E6E!:,'<D,*<'5!J*,5*#:!8<7)7-!+D#*DQ$J!#'(!C#+)%<')!()F<')(!#+!D?)!:,'<D,*<'5!
J*,5*#:!/,'($/D)(!#FD)*!1"_!#JJ*,=#%!,F!<'(<*)/D!J,D#C%)!*)$+)!J*,V)/D!,J)*#D<,'9-!/,'+<+D)'D!

B6EaBA[!F,*!D?)!<'(</#D,*!E6E+!%<+D)(!<'!A#C%)!c7R7!`D!+?,$%(!C)!',D)(!#5#<'-!D?#D!D?)!E6E+!
%<+D)(!<'!A#C%)!c7R!*)J*)+)'D!#'!<'<D<#%!%<+D!,F!:,'<D,*<'5!/,:J,$'(+!C#+)(!,'!#!'$:C)*!,F!
K$#%<F0<'5!#++$:JD<,'+!J*)=<,$+%0!(<+/$++)(7!&+!+$/?-!2?<%)!D?)!<'(</#D,*!E6E+!2)*)!+)%)/D)(!
$+<'5!D?)!+/*))'<'5!#JJ*,#/?!()=)%,J)(!#'(!#JJ%<)(!C0!D?)!"#')%-!D?)0!/#'!#%+,!C)!$+)(!<'!
J*)%<:<'#*0!+/*))'<'5!)=#%$#D<,'+!,F!)FF%$)'D!K$#%<D07!!!

!
];D(Q#8$1*%"&(."0H">#8,(*#8()>&&"'*%+(C*&*0+%+&,(-"&(@&+*%0+#%(C+&-"&0*#1+(
A,,+,,0+#%(

&+!J*)=<,$+%0!()+/*<C)(-!#!/,'+)*=#D<=)!*)5$%#D,*0!#JJ*,#/?!F,*!D?)!()+<5'!#'(!,J)*#D<,'!,F!
J,D#C%)!*)$+)!+0+D):+!?#+!)=,%=)(!D?#D!):J%,0+!:$%D<J%)!C#**<)*+!,F!D*)#D:)'D!J*,/)++)+!2<D?!
#!():,'+D*#D)(!#C<%<D0!D,!*):,=)!/,'D#:<'#'D+!8+))!>)/D<,'!\97!A?)!D*)#D:)'D!J*,/)++)+!#*)!
+$CV)/D)(!D,!<'D)'+<=)!2#D)*!K$#%<D0!:,'<D,*<'5!J*,5*#:+!()+<5')(!D,!()D)/D!F#<%$*)+!<'!+0+D):!
J)*F,*:#'/)7!A*#(<D<,'#%!2#D)*!K$#%<D0!:)D?,(+!,F!:)#+$*<'5!C$%@!,*5#'</!:#DD)*!<'!
2#+D)2#D)*-!+$/?!#+!:)#+$*):)'D+!,F!/?):</#%!,M05)'!():#'(!8E;19-!D,D#%!,*5#'</!/#*C,'!
8A;E9-!D,D#%!,*5#'</!?#%<()+!8A;f9-!,*!/,'($/D<=<D0-!/,'D<'$)!D,!C)!$+)(!<'!:,'<D,*<'5!J*,5*#:+-!
)=)'!D?,$5?!D?)<*!#C<%<D0!D,!+)*=)!#+!+$**,5#D)+!F,*!E6E+!?#+!,'%0!C))'!():,'+D*#D)(!=)*0!
*)/)'D%0!81*)2)+!*3&#5F-!TPPcX!1</@)'+,'!*3&#57!TPPUX!1*)2)+!*3&#57-!TPRPC97!A?)+)!+D$(<)+!
():,'+D*#D)!D?#D!/?#'5)+!<'!C$%@!J#*#:)D)*+!(,!/,**)%#D)!2<D?!/?#'5)+!,F!<'(</#D,*!/?):</#%+!
<'!D?)!+$C+$*F#/)!,*!($*<'5!H;!D*)#D:)'D!%)#(<'5!D,!(<*)/D!<'V)/D<,'!81*)2)+!*3&#57!TPRP#97!A?$+-!
D,!)'+$*)!J*,J)*!J)*F,*:#'/)!,F!$'<D!,J)*#D<,'+!*)5#*(<'5!D?)!*):,=#%!,F!E6E+-!#!/,:C<'#D<,'!
,F!#JJ*,J*<#D)!+$**,5#D)!J#*#:)D)*+!#'(!J)*F,*:#'/)!<'(</#D,*!E6E+!+?,$%(!C)!+)%)/D)(!D?#D!
#*)!D#<%,*)(!D,!:,'<D,*!D?)!*):,=#%!)FF</<)'/0!,F!<'(<=<($#%!$'<D!J*,/)++)+!/,:J*<+<'5!#'!,=)*#%%!
D*)#D:)'D!D*#<'7!")*F,*:#'/)!<'(</#D,*!E6E+!#'(!+$**,5#D)!J#*#:)D)*+!#*)!()F<')(!#+!F,%%,2+Z!

 `'(</#D,*!QQ!&'!<'(</#D,*!/,:J,$'(!<+!#'!<'(<=<($#%!E6E!,//$**<'5!#D!#!K$#'D<F<#C%)!%)=)%!
D?#D!*)J*)+)'D+!/)*D#<'!J?0+</,/?):</#%!#'(!C<,()5*#(#C%)!/?#*#/D)*<+D</+!,F!#!F#:<%0!,F!
D*#/)!,*5#'</!/,'+D<D$)'D+!D?#D!#*)!*)%)=#'D!D,!F#D)!#'(!D*#'+J,*D!($*<'5!D*)#D:)'D7!`D!
J*,=<()+!#!/,'+)*=#D<=)!#++)++:)'D!,F!*):,=#%7!

 >$**,5#D)!QQ!&!+$**,5#D)!J#*#:)D)*!<+!#!K$#'D<F<#C%)!/?#'5)!,F!#!C$%@!J#*#:)D)*!D?#D!/#'!
:)#+$*)!D?)!J)*F,*:#'/)!,F!<'(<=<($#%!$'<D!J*,/)++)+!8,FD)'!<'!*)#%QD<:)9!,*!,J)*#D<,'+!
<'!*):,=<'5!D*#/)!,*5#'</!/,:J,$'(+7!

&'!<'(</#D,*!#'(!+$**,5#D)!#JJ*,#/?!$D<%<W)+!,'%0!#!%<:<D)(!+)D!,F!#'#%0D)+!F,*!D?)!)=#%$#D<,'!
,F!J,D#C%)!*)$+)!J*,V)/D+7!A?)!+)%)/D<,'!,F!#!J*#/D</#%!+)D!,F!<'(</#D,*!/,:J,$'(+!<+!(*<=)'!C0!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
O!A?)!()F<'<D<,'!,F!J)*F,*:#'/)!*)%<#C<%<D0!,'%0!)'/,:J#++!D?)!=#*<#C<%<D0!#++,/<#D)(!2<D?!)FF%$)'D!K$#%<D0!*)%#D)(!D,!
C0!<'QJ%#'D!D*)#D:)'D!J*,/)++)+!#'(!#++$:)+!D?#D!D?)!J%#'D!<+!J*,J)*%0!()+<5')(-!,J)*#D)(!#'(!:#<'D#<')(7!!!

!
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D*)#D:)'D!J)*F,*:#'/)!#'(!%)++!+,!C0!D,M</,%,5</#%!*)%)=#'/)7!A?$+-!+)%)/D<'5!:$%D<J%)!
<'(</#D,*+!*)J*)+)'D<'5!#!C*,#(!*#'5)!,F!J*,J)*D<)+!2<%%!#%%,2!#//,$'D<'5!F,*!/,:J,$'(+!

)'=<*,':)'D!<'!D?)!F$D$*)!8<7)7-!')2!J?#*:#/)$D</#%+9!J*,=<()(!D?)0!F#%%!2<D?<'!D?)!*#'5)!,F!
J*,J)*D<)+!/,=)*)(7!A?)!$'()*%0<'5!/,'/)JD!<+!D?#D!#C+)'/)!,*!*):,=#%!,F!#'!<'(</#D,*!
/,:J,$'(!($*<'5!#!D*)#D:)'D!J*,/)++!2,$%(!#%+,!)'+$*)!#C+)'/)!,*!*):,=#%!,F!$'<()'D<F<)(!
/,:J,$'(+!2<D?!+<:<%#*!J*,J)*D<)+7!A#C%)!c7T!%<+D+!?)#%D?QC#+)(!<'(</#D,*!E6E+!#%,'5!2<D?!
J)*F,*:#'/)QC#+)(!<'(</#D,*!E6E+!F,*!D?)!D2,!5*,$'(2#D)*!*)/?#*5)!J*#/D</)+!,F!<'D)*)+D!D,!
D?)!"#')%7!"%)#+)!',D)!D?#D!/)*D#<'!?)#%D?QC#+)(!<'(</#D,*!E6E+!#*)!#%+,!F$%F<%%<'5!D?)!F$'/D<,'!,F!
J)*F,*:#'/)QC#+)(!<'(</#D,*+!8)757-!/#FF)<')-!.1B&97!S,*!D?)+)!*)$+)!J*#/D</)+!#+!2)%%!#+!$*C#'!
<**<5#D<,'-!J)*F,*:#'/)!+$**,5#D)!J#*#:)D)*+!#*)!#%+,!%<+D)(7!`D!<+!',D)2,*D?0-!D?#D!
J)*F,*:#'/)QC#+)(!:)#+$*)+!8$+<'5!D?)!+)%)/D!<'(</#D,*!E6E+!#'(!+$**,5#D)+9!#*)!(<FF)*)'D<#%!
:)#+$*)+!8<7)7-!(<FF)*)'/)!C)D2))'!D?)!<'F%$)'D!#'(!)FF%$)'D!,F!#!J*,/)++97!S,*!C,D?!D?)!?)#%D?Q!
#'(!J)*F,*:#'/)QC#+)(!<'(</#D,*!E6E+X!BH[+!#*)!J*,=<()(!

 
Table 8.2. Health-based and performance based indicator CECs and performance surrogates for potable and 
non-potable reuse practices. 
!

Reuse 
Practice 

Health-
based 
Indicator 

MRL 
(ng/L) 

Performance-
based 
Indicator 

Expected 
Removal8 

MRL 
(ng/L) 

Surrogate Method Expected 
Removal8 

Groundwater 
Recharge  

17 -
estradiol1 

1 gemfibrozil5 >90% 10 ammonia SM >90% 

SAT Triclosan2 50 DEET6 >90% 10 nitrate SM >30% 
 Caffeine3 50 Caffeine3 >90% 50 DOC SM >30% 
 NDMA4 2 iopromide5 >90% 50 UVA SM >30% 
   Sucralose7 <25% 100    
         
Direct 
Injection 

17 -
estradiol1 

1 DEET >90% 10 conductivity SM >90% 

 Triclosan2 50 Sucralose >90% 100 DOC SM >90% 
 Caffeine3 50 NDMA 25-50% 2    
 NDMA4 2 Caffeine >90% 50    
         
         
Landscape 
Irrigation 

None  None   Turbidity SM  

      Cl2 Residual SM  
      Total Coliform SM  

R>D)*,<(!?,*:,')+X!T&'D<:</*,C<#%X!\>D<:$%#'DX!]1<+<'F)/D<,'!C0J*,($/DX!O"?#*:#/)$D</#%!*)+<($)X!N")*+,'#%!
/#*)!J*,($/DX!bS,,(!#((<D<=)X!cD*#=)%!D<:)!<'!+$C+$*F#/)!D2,!2))@+!#'(!',!(<%$D<,'-!+))!()D#<%+!<'!1*)2)+!*3&
#57!TPPcX!>B! !>D#'(#*(!B)D?,(+!

!
A?)!()D)*:<'#D<,'!,F!D?)+)!(<FF)*)'D<#%+!8F,*!J)*F,*:#'/)!<'(</#D,*!E6E+!#'(!+$**,5#D)+9!F,*!

<'(<=<($#%!$'<D!J*,/)++)+!/,:J*<+<'5!#'!,=)*#%%!D*)#D:)'D!D*#<'!<+!(<+D<'5$<+?)(!<'D,!D2,!J?#+)+Z!
J<%,D<'5a+D#*DQ$J!#'(!F$%%Q+/#%)!,J)*#D<,'!:,'<D,*<'5!8A#C%)!b7\97!`'!,*()*!D,!#JJ%0!D?)!
+$**,5#D)a<'(</#D,*!F*#:)2,*@!D,!#!5<=)'!,*!J*,J,+)(!D*)#D:)'D!D*#<'-!F<*+D!,J)*#D<,'#%!
C,$'(#*0!/,'(<D<,'+!,F!D*)#D:)'D!J*,/)++)+!'))(!D,!C)!<()'D<F<)(-!)'+$*<'5!D?)!J)*F,*:#'/)!,F!
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)#/?!$'<D!J*,/)++!#//,*(<'5!D,!D?)<*!D)/?'</#%!+J)/<F</#D<,'+7!1$*<'5!#!J<%,D<'5a+D#*DQ$J!J?#+)!
F,*!)#/?!$'<D!J*,/)++-!D?)!+$**,5#D)!,*!,J)*#D<,'#%!J#*#:)D)*+!D?#D!():,'+D*#D)!#!:)#+$*#C%)!
*):,=#%!8(<FF)*)'D<#%9!$'()*!',*:#%!,J)*#D<'5!/,'(<D<,'+!8 f!o!tf<'!Q!f,$Duaf<'9!'))(!D,!C)!
<()'D<F<)(7!`'!J#*#%%)%-!#'!,//$**)'/)!+D$(0!<+!D,!C)!J)*F,*:)(!/,'F<*:<'5!D?)!J*)+)'/)!,F!D?)!
J*,J,+)(!J)*F,*:#'/)!<'(</#D,*!E6E+!<'!D?)!F))(2#D)*!,F!)#/?!$'<D!J*,/)++!8<'!D?)!/#+)!,F!#!
+$*F#/)!+J*)#(<'5!F#/<%<D0-!*)/0/%)(!2#D)*!J*<,*!D,!#'(!#FD)*!>&AX!<'!/#+)!,F!(<*)/D!<'V)/D<,'-!
*)/0/%)(!2#D)*!J*<,*!D,!#'(!#FD)*!H;a&;"97!1$*<'5!J<%,D<'5!,*!+D#*DQ$J!,F!#!')2!D*)#D:)'D!
J*,/)++-!:,'<D,*<'5!F,*!#!+?,*D!D<:)!J)*<,(!+?,$%(!C)!/,'($/D)(!2<D?!D?)!J*,J,+)(!
J)*F,*:#'/)QC#+)(!<'(</#D,*!E6E+!D,!()D)*:<')!D?)!*):,=#%!(<FF)*)'D<#%! g!$'()*!',*:#%!
,J)*#D<'5!/,'(<D<,'+7!S,*!D?)!F$%%Q+/#%)!,J)*#D<,'-!D?)!,J)*#D<,'#%!C,$'(#*0!/,'(<D<,'+!#'(!
*):,=#%!(<FF)*)'D<#%! f!#'(! g!F,*!+)%)/D)(!+$**,5#D)!#'(!,J)*#D<,'#%!J#*#:)D)*+!#'(!<'(</#D,*!
/,:J,$'(+!+?,$%(!C)!/,'F<*:)(7!A,!)'+$*)!D?)!J*,J)*!J)*F,*:#'/)!,F!)#/?!F$%%Q+/#%)!$'<D!
,J)*#D<,'-!+)%)/D!+$**,5#D)!#'(!,J)*#D<,'#%!J#*#:)D)*+!+?,$%(!C)!:)#+$*)(!,'!#!*)5$%#*!C#+<+7!
G?<%)!<D!<+!<:J%<)(!D?#D!J*,J)*!J)*F,*:#'/)!,F!D?)!F$%%Q+/#%)!D*)#D:)'D!D*#<'!2<%%!)'+$*)!
#JJ*,J*<#D)!*):,=#%!,F!E6E+-!D?)!J*,J,+)(!J)*F,*:#'/)!C#+)(!<'(</#D,*!/,:J,$'(+!F,*!)#/?!
2#D)*!*)$+)!J*#/D</)!+?,$%(!C)!:,'<D,*)(!#D!F*)K$)'/<)+!<'!D?)!,*()*!,F!+):<#''$#%%0!,*!
#''$#%%07!!

Table 8.3. Application of surrogate/indicator framework to an overall treatment train (adopted from Drewes et 
al. 2010b). 
!

 !"##$%&'()*&#&+('(#, *(#-$#+&./()0.12/&'$#)343, 

*25$'2.%)&.16$#)!'&#'7"8 
!"#$%& '#()*#%+$#,-")+*-.%/+0*1-,2%3+*1)")+*4%(+,%

40,(-3#%4$,#-1)*5%6!789%+,%1),#3"%)*:#3")+*%
6;<=7<>9%(+,%$,+$#,%+$#,-")+*%-33+,1)*5%
"+%"#3?*)3-.%4$#3)()3-")+*4 

 

!"#$%@ A+,%#-3?%0*)"%$,+3#44B%)1#*")(2%"?+4#%
40,,+5-"#%+,%+$#,-")+*-.%$-,-C#"#,4%"?-"%
1#C+*4",-"#%-%C#-40,-/.#%,#C+D-.%0*1#,%
*+,C-.%+$#,-")*5%3+*1)")+*4%-*1%E0-*")(2%
"?#),%,#C+D-.%1)((#,#*")-.%

F%G%HF)*%I%F+0"J=F)*9 

K+*103"%+330,,#*3#%4"012%"+%3+*(),C%$,#4#*3#%+(%
$#,(+,C-*3#%/-4#1%)*1)3-"+,%KLK4%)*%"?#%
(##1M-"#,%+(%#-3?%0*)"%$,+3#44 

!"#$%N !#.#3"%D)-/.#%40,,+5-"#%-*1%+$#,-")+*-.%
$-,-C#"#,4%(+,%#-3?%0*)"%$,+3#44 

O+*)"+,%(+,%$#,(+,C-*3#%)*1)3-"+,%KLK4%10,)*5%
$).+"%43-.#%+,%4"-,"I0$%"+%1#"#,C)*#%"?#%,#C+D-.%
1)((#,#*")-.4%0*1#,%*+,C-.%+$#,-")*5%3+*1)")+*4%

P%G%HP)*%I%P+0"J=P)*9 

9"557!/&5():8(#&'2$.)&.1)*(#-$#+&./();$.2'$#2.% 
!"#$%Q K+*(),C%+$#,-")+*-.%/+0*1-,2%3+*1)")+*4%+(%

(0..I43-.#%+$#,-")+*%-*1%,#C+D-.%1)((#,#*")-.%
F%(+,%4#.#3"#1%40,,+5-"#%-*1%+$#,-")+*-.%

$-,-C#"#,4 

 

!"#$%R O+*)"+,%1)((#,#*")-.% F%+(%4#.#3"%40,,+5-"#%
-*1%+$#,-")+*-.%$-,-C#"#,4%(+,%#-3?%0*)"%
$,+3#44%+*%-%,#50.-,%/-4)4%61-).2B%M##S.29 

O+*)"+,%1)((#,#*")-.% P%+(%4#.#3"#1%)*1)3-"+,%
3+C$+0*14%(+,%#-3?%0*)"%$,+3#44%
4#C)-**0-..2=-**0-..2 
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`'!#((<D<,'!D,!<()'D<F0<'5!D?)!+$**,5#D)-!*)#%QD<:)!,*!,'Q%<')!2#D)*!K$#%<D0!:,'<D,*<'5!
*)J*)+)'D+!#'!<++$)!,F!/,'/)*'!#'(!$'/)*D#<'D07!;'Q%<')!:,'<D,*<'5!<'=,%=)+!/,'+D#'D!$)O9$3(!
:)#+$*):)'D!,F!#!C,(0!,F!2#D)*!#+!,JJ,+)(!D,!#'#%0W<'5!+#:J%)+!<'!D?)!%#C,*#D,*07!&+!
E#%<F,*'<#!#'(!2,*%(2<()!*)$+)!D*)#D:)'D!J%#'D!J)*F,*:#'/)!#'(!*)%<#C<%<D0!*)K$<*):)'D+!
C)/,:)!:,*)!+D*<'5)'D!D?)!D,J</!2<%%!*)K$<*)!#'!<'/*)#+<'5!%)=)%!,F!<'=)+D<5#D<,'!#'(!
()=)%,J:)'D7!S#/)(!2<D?!/,:J%<#'/)!2<D?!:,*)!+D*<'5)'D!)'=<*,':)'D#%!*)5$%#D<,'+-!J%#'D!
,J)*#D,*+!#+!2)%%!#+!<'+D*$:)'D!:#'$F#/D$*)*+!2<%%!'))(!')2!+D#'(#*(+!#'(!<:J*,=)(!
D)/?'<K$)+7!E$**)'D%0!#=#<%#C%)!:)D?,(+!D)'(!D,!F,/$+!,'!,'Q%<')!:,'<D,*<'5!,'!#!+:#%%!+$C+)D!
,F!5)')*#%!,*5#'</!J#*#:)D)*+!8)757-!I;1-!E;1-!A;E9!#'(!+,:)!J?0+</#%!J#*#:)D)*+!8)757-!
=,%$:)-!F%,2-!J_-!D$*C<(<D0-!+#%<'<D097!E$**)'D%0-!C<,+)'+,*+-!,JD</#%!+)'+,*+!#'(!+)'+,*!#**#0+!#+!
2)%%!#+!=<*D$#%!+)'+,*+!F,*!D?)!:,'<D,*<'5!,F!2#+D)2#D)*!,*5#'</!%,#(!#'(!,D?)*!/?):</#%!
/,'+D<D$)'D+!#*)!$'()*!<'=)+D<5#D<,'a()=)%,J:)'D7!&+!*)%<#C%)!:)D?,(+!#'(!)K$<J:)'D!C)/,:)!
#=#<%#C%)-!D?)0!+?,$%(!C)!<'/,*J,*#D)(!<'D,!D?)!2#D)*!*)$+)!*)5$%#D,*0!#'(!<'($+D*0!+D#'(#*(+!
,F!J*#/D</)7!!

!
];E(!"#$%"&$#'(C&"'&*0(*#8()>''+,%+8(6+,H"#,+4,5(-"&(Q#8$&+1%(C"%*U2+(6+>,+(
C&"V+1%,( (

1$)!D,!D<:)!#'(!*)+,$*/)!/,'+D*#<'D+-!D?)!5$<(#'/)!J*,=<()(!*)5#*(<'5!#!+D#*DQ$J!#'(!
C#+)%<')!:,'<D,*<'5!J*,5*#:!(,)+!',D!#((*)++!#%%!+<D$#D<,'+!D?#D!D?)!*)5$%#D,*!#'(!*)5$%#D)(!
)'D<D0!2<%%!'))(!D,!#((*)++7!^'()*!D?)+)!/<*/$:+D#'/)+-!D?)!"#')%!*)/,::)'(+!D?#D!D?)!
#FF)/D)(!+D#@)?,%()*+!/,'+$%D!)MJ)*D+!D,!*)/,::)'(!#!J%#'D!,*!*)5<,'#%Q+J)/<F</!+,%$D<,'7!!

A,!/#**0!,$D!D?)!:,'<D,*<'5!J*,5*#:!F,*!D?)!<'(</#D,*!E6E+!<()'D<F<)(!#C,=)-!D?)!"#')%!
*)/,::)'(+!#!:$%D<QD<)*)(!#JJ*,#/?!F,*!<:J%):)'D<'5!#'(!<'D)*J*)D<'5!*)+$%D+!F*,:!E6E!
:,'<D,*<'5!J*,5*#:+!F,*!*)/0/%)(!2#D)*7!G?<%)!D?)!"#')%!J*,=<()+!*)/,::)'()(!D?*)+?,%(+!
F,*!)#/?!,F!D?)+)!D<)*+-!/,'+)*=#D<=)!=#%$)+!2)*)!+)%)/D)(!C)/#$+)!,F!D?)!%<:<D)(!D,M</,%,5</#%!
<'F,*:#D<,'!#=#<%#C%)!#'(!D?)!<'D)*<:!'#D$*)!,F!D?)!<'<D<#%!BA[+7!G?)'!(*<'@<'5!2#D)*!
C)'/?:#*@+!,*!&1`+!()*<=)(!C0!D?)!>D#D)!#*)!#=#<%#C%)-!D?,+)!+?,$%(!C)!$+)(!D,!$J(#D)!#'(!
)+D#C%<+?!BA[+7!A?)!"#')%!#%+,!$'()*+D#'(+!D?#D!(<FF)*)'/)+!<'!*)/0/%)(!2#D)*!K$#%<D0!#'(!
F#/<%<D0!,J)*#D<,'+!2<%%!,//$*!C0!*)5<,'!#'(!D?#D!<'=)+D<5#D<,'!,F!/?*,'</!)M/))(#'/)+!2<%%!'))(!
D,!C)!D#<%,*)(!,'!#!*)5<,'QC0Q*)5<,'!,*!/#+)QC0Q/#+)!C#+<+7!

*)+J,'+)!#'(!D?)!+$C+)K$)'D!*)=<)2a$J(#D<'5!,F!D?,+)!J%#'+!F,*!5*,$'(2#D)*!*)/?#*5)!
J*,V)/D+!$+)(!F,*!(*<'@<'5!2#D)*!#$5:)'D#D<,'7!

!
]FPF/&Z($;#)1*&4)&03#%3O(8&#);&^#9*5$)*&!D!&Q4)$34%$)<&K%4<%#29&64%&Z%4();@#3*%&

X*1"#%<*&K%4H*139&

A?)!+#:J%<'5!%,/#D<,'-!D0J)!,F!`"H!J*,V)/D!8<'/%$(<'5!D*)#D:)'D!J*,/)++)+9-!E6E!
/,'+D<D$)'D8+9-!#'(!F*)K$)'/0!,F!+#:J%<'5!#%%!()J)'(!,'!D?)!+#:J%<'5!,CV)/D<=)7!A2,!D0J)+!,F!
:,'<D,*<'5!#*)!+$55)+D)(-!+D#*DQ$J!#'(!C#+)%<')!:,'<D,*<'57!&%+,-!D?)!+$55)+D)(!/,'+D<D$)'D+!
/,'D#<')(!<'!A#C%)!c7T!?#=)!C))'!<()'D<F<)(!#+!)<D?)*!#'!<'(</#D,*!,F!?)#%D?!*)%)=#'/)-!,=)*#%%!
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J%#'D!)FF</#/0!,*!#!+$**,5#D)!D,!*)J*)+)'D!D*)#D:)'D!J*,/)++!J)*F,*:#'/)7!I#+)(!,'!D?)!#C,=)-!
D?)!"#')%!J*,=<()+!D?)!F,%%,2<'5!5$<(#'/)Z!

 ;=)*#%%!A*)#D:)'D!"%#'D!6FF</#/0!Q!`'!5)')*#%-!+#:J%<'5!F,*!E6E+!<'(</#D,*+!+?,$%(!,//$*!
#D!D?)!";B!8#+!(<+/$++)(!<'!>)/D<,'!R97!A,!:))D!D?)!(*#FD!E1"_!5*,$'(2#D)*!*)/?#*5)!
*)$+)!*)5$%#D<,'+!#((<D<,'#%!+#:J%<'5!<+!D0J</#%%0!')/)++#*0!F*,:!(,2'5*#(<)'D!2)%%+-!
F*,:!:,'<D,*<'5!2)%%+!*)J*)+)'D<'5!D?)!$'()*%0<'5!5*,$'(2#D)*!#'(a,*!F*,:!+?#%%,2!
%0+<:)D)*!2)%%+7!!A?)!%,/#D<,'!#'(!:,'<D,*<'5!/*<D)*<#!F,*!+)%)/D<,'!#'(!$+)!,F!D?)+)!
+#:J%<'5!%,/#D<,'+!#*)!+<D)Q+J)/<F</!#'(!'))(!D,!C)!()F<')(!,'!#!/#+)QC0Q/#+)!C#+<+7!A?)!
5$<(#'/)!J*,=<()(!2<D?<'!D?<+!*)J,*D!+?,$%(!C)!$+)(!D,!+$JJ%):)'D!D?)!:,'<D,*<'5!
/,'($/D)(!#+!J#*D!,F!/,:J%<#'/)!2<D?!D?)!(*#FD!E1"_!*)5$%#D<,'+X!

 "%#'D!>D#*DQ$J!B,'<D,*<'5!S*)K$)'/0!Q!`'<D<#%!+D#*DQ$J!:,'<D,*<'5!+?,$%(!<'/%$()-!
#D!#!:<'<:$:-!K$#*D)*%0!#'#%0+)+!,F!D?)!/,:J,$'(+!<()'D<F<)(!#+!`'(</#D,*!E6E+!
8+))!A#C%)!c7T9!F,*!D?)!F<*+D!0)#*!,F!J*,V)/D!,J)*#D<,'7!A?)!+$**,5#D)+!<()'D<F<)(!<'!
A#C%)!c7T!+?,$%(!C)!:,'<D,*)(!$+<'5!,'%<')!()=</)+-!2?)*)!F)#+<C%)7!

 I#+)%<')!B,'<D,*<'5!S*)K$)'/0!Q!I#+)%<')!:,'<D,*<'5!+?,$%(!,//$*!D2</)!J)*!
0)#*!F,*!#%%!<'(</#D,*!E6E+!#D!D?)!";B!F,*!#!:<'<:$:!,F!D?*))!0)#*+7!!E,'+<+D)'D!
2#D)*!*)/0/%)!J%#'D!,J)*#D<,'!+?,$%(!J*,($/)!F<'#%!)FF%$)'D!`"H!J*,V)/D!+,$*/)!
2#D)*!/,'D#<'<'5!A#C%)!c7T!E6E!/,'/)'D*#D<,'+!D?#D!#*)!/,'+<+D)'D%0!%)++!D?#'!O!
D<:)+!D?)!*#D<,!,F!B6EaBA[7!A?)!+$**,5#D)+!<()'D<F<)(!<'!A#C%)!c7T!+?,$%(!C)!
:,'<D,*)(!$+<'5!,'%<')!()=</)+-!2?)*)!F)#+<C%)7!

 A*)#D:)'D!^'<D!"*,/)++!")*F,*:#'/)!Q!A?)!F,%%,2<'5!5$<(#'/)!<+!J*,=<()(!F,*!
:,'<D,*<'5!D?)!+$**,5#D)+!#'(!<'(</#D,*+!($*<'5!+D#*DQ$J!#'(!C#+)%<')!,J)*#D<,'+7!!

 "%#'D!>D#*DQ$J!B,'<D,*<'5!S*)K$)'/0!Q!`'<D<#%!+D#*DQ$J!:,'<D,*<'5!+?,$%(!<'/%$()-!
#D!#!:<'<:$:-!K$#*D)*%0!#'#%0+)+!,F!D?)!/,:J,$'(+!<()'D<F<)(!#+!<'(</#D,*!E6E+!
8+))!A#C%)!c7T9!F,*!D?)!F<*+D!0)#*!,F!J*,V)/D!,J)*#D<,'7!A?)!+$**,5#D)+!<()'D<F<)(!<'!
A#C%)!c7T!+?,$%(!C)!:,'<D,*)(!$+<'5!,'%<')!()=</)+-!2?)*)!F)#+<C%)7!A,!J*,=<()!
/)*D#<'D0!D?#D!D?)!<'(<=<($#%!D*)#D:)'D!J*,/)++)+!#*)!J)*F,*:<'5!#//,*(<'5!D,!
D?)<*!D)/?'</#%!+J)/<F</#D<,'+-!:,'<D,*<'5!8()J)'(<'5!,'!D?)!D0J)!,F!`"H!J*,V)/D9!
+?,$%(!,//$*!#D!D?)!F,%%,2<'5!*)J*)+)'D#D<=)!%,/#D<,'+7!A?)!F,%%,2<'5!)M#:J%)!<+!
F,*!#!(<*)/D!<'V)/D<,'!C#+)(!`"H!8<7)7-!$+<'5!H;a&;"97!1$J%</#D<,'!,F!)FF,*D!#D!D?)!
";B!<+!',D!D?)!<'D)'D-!C$D!V$+D!+?,2'!F,*!/,:J%)D)')++7!!!!

! I)D2))'!+)/,'(#*0!#'(!:):C*#')!D*)#D:)'D!J*,/)++)+X!

! I)D2))'!:):C*#')!#'(!#(=#'/)(!,M<(#D<,'!D*)#D:)'DX!#'(!

! S<'#%!)FF%$)'D!#FD)*!#(=#'/)(!,M<(#D<,'!#'(!J*<,*!D,!5*,$'(2#D)*!
<'V)/D<,'!8";B97!

A?)!F,%%,2<'5!+#:J%<'5!%,/#D<,'+!#*)!+$55)+D)(!F,*!#'!`"H!$+<'5!+$*F#/)!
+J*)#(<'57!&+!',D)(!#C,=)!D?)!+)%)/D<,'!,F!:,'<D,*<'5!#'(!%0+<:)D)*!2)%%+!#*)!
+<D)Q+J)/<F</!#'(!'))(!D,!C)!+)%)/D)(!/,'+<+D)'D!2<D?!1"_!*)5$%#D<,'+7!

! S<'#%!)FF%$)'D!#FD)*!D)*D<#*0!D*)#D:)'D!#'(!J*<,*!D,!*)%)#+)!D,!D?)!
5*,$'(2#D)*!+J*)#(<'5!C#+<'!8)757-!";B97!
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! &D!:,'<D,*<'5!2)%%+!*)J*)+)'D<'5!D?)!$'()*%0<'5!5*,$'(2#D)*!#'(a,*!
F*,:!+?#%%,2!%0+<:)D)*!2)%%+7!!

! &D!(,2'Q5*#(<)'D!2)%%8+9!*)J*)+)'D<'5!D?)!J,D#C%)!+,$*/)!2#D)*!J*<,*!
D,!D?)!J,D#C%)!2#D)*!D*)#D:)'D!J%#'D7!

 I#+)%<')!B,'<D,*<'5!S*)K$)'/0!Q!I#+)%<')!:,'<D,*<'5!+?,$%(!,//$*!D2</)!J)*!
0)#*!F,*!#%%!<'(</#D,*!E6E+!#D!D?)!";B!F,*!#!:<'<:$:!,F!D?*))!0)#*+7!!E,'+<+D)'D!
2#D)*!*)/0/%)!J%#'D!,J)*#D<,'!+?,$%(!J*,($/)!F<'#%!)FF%$)'D!`"H!J*,V)/D!+,$*/)!
2#D)*!/,'D#<'<'5!A#C%)!c7T!E6E!/,'/)'D*#D<,'+!D?#D!#*)!/,'+<+D)'D%0!%)++!D?#'!O!
D<:)+!D?)!*#D<,!,F!B6EaBA[7!A?)!+$**,5#D)+!<()'D<F<)(!<'!A#C%)!c7T!+?,$%(!C)!
:,'<D,*)(!#D!D?)!=#*<,$+!D*)#D:)'D!$'<D!%,/#D<,'+!',D)(!#C,=)!$+<'5!,'%<')!
()=</)+-!2?)*)!F)#+<C%)7!

 `'/*)#+<'5!B,'<D,*<'5Z!`F!<'(</#D,*!E6E+!)M/))(!D?)!+$55)+D)(!D?*)+?,%(+!($*<'5!+D#*DQ$J!
,*!C#+)%<')!:,'<D,*<'5-!D?)!"#')%!*)/,::)'(+!D?#D!D?)!*)/?#*5)!#5)'/0!2,*@!2<D?!1"_!
#'(!D?)!HGeEI+!D,!<()'D<F0!D?)!'))(!F,*!#'(!)MD)'D!,F!<'/*)#+)(!:,'<D,*<'5!D,!/,'F<*:!
D?)!J*)+)'/)!,F!J*,C%):#D</!E6E8+9-!+,$*/)!<()'D<F</#D<,'!+D$(<)+-!#'(a,*!D,M</,%,5</#%!
+D$(<)+7!`F!#JJ*,J*<#D)-!<'/*)#+)(!:,'<D,*<'5!:<5?D!<'=,%=)!)'5<'))*<'5!*):,=#%!+D$(<)+!
#'(a,*!:,(<F</#D<,'!,F!J%#'D!,J)*#D<,'!<F!F,$'(!D,!C)!2#**#'D)(7!

 E,::)*/<#%![#C,*#D,*0!E,'(<D<,'+Z!B)D?,(+!$+)(!D,!K$#'D<F0!<'(</#D,*!E6E+!'))(!D,!
:))D!+D*<'5)'D!e&aeE!:)#+$*)+-!<'/%$(<'5!C%#'@+-!*)J%</#D<,'-!#'(!:#D*<M!+J<@)+7!A?)!
"#')%!*)/,::)'(+!D?)!$+)!,F!<+,D,J)Q(<%$D<,'!#'(!D#'():!:#++!+J)/D*,:)D*0!
2?)')=)*!J,++<C%)7!&!()D#<%)(!()+/*<JD<,'!,F!#'#%0D</#%!/,'+<()*#D<,'+!<+!J*,=<()(!<'!
>)/D<,'!b!#'(!&JJ)'(<M!B7!

!
]FPF+&X*984)9*&34&Q4)$34%$)<&X*9(539 &

>?,$%(!D?)*)!C)!J,+<D<=)!C#+)%<')!:,'<D,*<'5!*)+$%D+-!D?)!*)/?#*5)!#5)'/0-!HGeEI+!#'(!
E1"_!'))(+!D,!/,'+<()*!2?)D?)*!D?)!*)+$%D!<+!,F!/,'/)*'7!E,'+<()*#D<,'!+?,$%(!)'D#<%!D,J</+!
+$/?!#+Z!*)=<)2!,F!D?)!C#+<+!,F!D?)!8<'<D<#%9!BA[X!2?#D!<+!@',2'!#'(!2?#D!<+!',D!@',2'!#C,$D!D?)!
J#*D</$%#*!/?):</#%-!D?)!/?):</#% +!J,D)'D<#%!?)#%D?!)FF)/D+!#D!D?)!5<=)'!/,'/)'D*#D<,'-!D?)!
+,$*/)!,F!D?)!/?):</#%-!#+!2)%%!#+!J,++<C%)!:)#'+!,F!C)DD)*!/,'D*,%!D,!%<:<D!<D+!J*)+)'/)-!
D*)#D:)'D!+D*#D)5<)+!<F!')/)++#*0-!#'(!,D?)*!#JJ*,J*<#D)!#/D<,'+7!!!

A?)!"#')%!J*,=<()+!D?)!F,%%,2<'5!5$<(#'/)!*)%#D<=)!D,!()F<'<'5!J,+<D<=)!:,'<D,*<'5!*)+$%D+!
#'(!D?)!J,D)'D<#%!#++,/<#D)(!F,%%,2Q$J!#/D<,'8+97!G?<%)!D?)!"#')%!J*,=<()+!5$<(#'/)!,'!
D?*)+?,%(+!F,*!)#/?!,F!D?)+)!D<)*+-!/,'+)*=#D<=)!=#%$)+!2)*)!+)%)/D)(!C)/#$+)!,F!D?)!%<:<D)(!
D,M</,%,5</#%!<'F,*:#D<,'!#=#<%#C%)7!A?)!5$<(#'/)!<+!J*,=<()(!C#+)(!,'!D?)!#++$:JD<,'!D?#D!D?)!

#JJ*,M<:#D)%0!RP-PPPQF,%(7!A?)!"#')%!*)/,::)'(+!D?#D!D?)!*)/?#*5)!#5)'/0!/,'F)*!2<D?!D?)!
1"_!#'(!D?)!#JJ*,J*<#D)!HGeEI!D,!()=)%,J!#!*)+J,'+)!J%#'!2<D?!+J)/<F</!#/D<,'+!D,!C)!
<:J%):)'D)(!C0!D?)!*)/?#*5)!#5)'/0!#+!J#*D!,F!<'D)*J*)D<'5!#JJ*,J*<#D)!*)+J,'+)+!D,!D?)!
:,'<D,*<'5!*)+$%D+7!

!
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 `F!',!:,*)!D?#'!TO!J)*/)'D!,F!D?)!+#:J%)+!($*<'5!J?#+)QT!:,'<D,*<'5!)M/))(!#!
B6EaBA[!*#D<,!,F!P7R-!D?)!"#')%!*)/,::)'(+!D?#D!D?)!1"_!/,'+<()*!()%)D<'5!D?)!
/,:J,$'(!F*,:!F$*D?)*!:,'<D,*<'5-!<F!*)K$)+D)(!C0!D?)!J)*:<DD)(!#5)'/07!`'!/#+)+!
2?)*)!#!*)($/D<,'!,F!:,'<D,*<'5!<+!*)K$)+D)(-!D?)!BA[8+9!+?,$%(!C)!$J(#D)(-!<F!F)#+<C%)-!
#+!J#*D!,F!*)=<)2<'5!D?)!*)K$)+D7!

 `F!RkB6EaB[Ak!RPZ!(#D#!/?)/@-!/,'D<'$)!D,!:,'<D,*-!$'D<%!R!0)#*!#'(!D?)!B6EaB[A!k!R!
#'(!J*)F)*#C%0!<+!/,'+<+D)'D%0!%)++!D?#'!O!D<:)+!D?)!*#D<,!,F!B6EaBA[7!

 `F!RPkB6EaB[Ak!RPPZ!(#D#!/?)/@-!<::)(<#D)!*)Q+#:J%<'5!#'(!#'#%0+<+!D,!/,'F<*:!B6E-!
/,'D<'$)!D,!:,'<D,*-!$'D<%!R!0)#*!#'(!D?)!B6EaB[Ak!R!#'(!J*)F)*#C%0!<+!/,'+<+D)'D%0!%)++!
D?#'!O!D<:)+!D?)!*#D<,!,F!B6EaBA[7!

 `F!RPPkB6EaB[Ak!RPPPZ!!#%%!,F!D?)!#C,=)!J%$+!)'?#'/)!+,$*/)!<()'D<F</#D<,'!J*,5*#:7!!
&%+,!:,'<D,*<'5!#D!#!J,<'D!<'!D?)!(<+D*<C$D<,'!+0+D):!/%,+)*!D,!D?)!";6!D,!/,'F<*:!
#DD)'$#D<,'!,F!D?)!E6E!<+!,//$**<'5!#'(!D,!/,'F<*:!D?)!:#5'<D$()!,F!#++$:)(!+#F)D0!
F#/D,*+!#++,/<#D)(!2<D?!*):,=#%!)FF</<)'/07!A?)!";6!+?,$%(!C)!+)%)/D)(!/,'+<+D)'D!2<D?!
D?)!1"_!*)5$%#D<,'+N7!

 B6EaBA[jRPPPZ!#%%!,F!D?)!#C,=)!J%$+!<::)(<#D)%0!/,'F)*!2<D?!D?)!E1"_!#'(!D?)!
HGeEI+!D,!()D)*:<')!D?)!*)K$<*)(!*)+J,'+)!#/D<,'7!E,'F<*:!J%#'D!/,**)/D<=)!#/D<,'+!
D?*,$5?!#((<D<,'#%!:,'<D,*<'5!D?#D!<'(</#D)+!D?)!E6E!%)=)%+!#*)!C)%,2!#D!%)#+D!#'!
B6EaBA[!,F!RPP79!

!
"%)#+)!',D)!D?#D!D?)!C#+)%<')!:,'<D,*<'5!*)/,::)'()(!C0!D?)!"#')%!#'(!#((<D<,'#%!F,%%,2Q

$J!:,'<D,*<'5!D,!<'=)+D<5#D)!#'(!#((*)++!J,+<D<=)!F<'(<'5+!+?,$%(!',D!C)!/,'+<()*)(!F,*!
/,:J%<#'/)!#'(a,*!*)5$%#D,*0!J$*J,+)+-!C$D!F,*!<'=)+D<5#D<,'!#'(!J,D)'D<#%!$+)!F,*!#((<D<,'#%!
F,%%,2Q$J!#/D<,'+!,'%0!#+!J#*D!,F!/,'F)**<'5!2<D?!D?)!E1"_!#'(!D?)!HGeEI+7!

!
]FPFI&X*B$*@ET8;#3*&46&Q4)$34%$)<&#);&X*984)9*&K5#)9 &

`'!#((<D<,'!D,!D?)!#C,=)!+$55)+D)(!:,'<D,*<'5!#'(!*)+$%D+QC#+)(!*)+J,'+)+-!D?)!"#')%!
+$55)+D+!D?)!F,%%,2<'5!#/D<,'+!*)%#D<=)!D,!$J(#D<'5!#'(!/,'F<*:<'5!D?)!J%#'D!(#D#!#+!2)%%!#+!D?)!
%<+D!,F!<'(</#D,*!E6E+!F,*!:,'<D,*<'5!J$*J,+)+7!

 ;'/)!)=)*0!F<=)!0)#*+-!,')!#((<D<,'#%!*,$'(!,F!E6E!:,'<D,*<'5!+?,$%(!C)!/,'($/D)(!D,!
/,'F<*:!:,'<D,*<'5!*)+$%D+7!A?)!:,'<D,*<'5!%<+D!+?,$%(!*)F%)/D!+$55)+D<,'+!,F!#'!
<'()J)'()'D!J#')%-!J*)F)*#C%0!#!+<'5%)!','QJ*,V)/D!C#+)(!>D#D)!J#')%-!F,%%,2<'5!#!
+)%)/D<,'!J*,/)++!,$D%<')(!<'!D?<+!*)J,*D7!A?)!:,'<D,*<'5!*)+$%D+!+?,$%(!C)!+$C:<DD)(-!
#%,'5!2<D?!#%%!,F!D?)!J*)=<,$+!:,'<D,*<'5!(#D#-!#+!J#*D!,F!D?)!F<=)!0)#*!E1"_!*)J,*D!8+))!
(*#FD!E1"_!*)5$%#D<,'+-!+)/D<,'!NP\TP7PUP97!

 A?)!>D#D)!<'()J)'()'D!J#')%!+?,$%(!*)=<)2!#'(!$J(#D)!D?)!%<+D!,F!<'(</#D,*!E6E+!#D!%)#+D!
D*<)''<#%%07!A?)!*)=<)2!#'(!$J(#D)!+?,$%(!<'/%$()!D?)!F,%%,2<'5Z!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
N!H)F)*!D,!(*#FD!E1"_!*)5$%#D<,'+!+)/D<,'+!NP\TP7PbP!#'(!NP\TP7PUP-!F,*!)M#:J%)7!! 
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 E,%%)/D!#'(!*)=<)2!*)#(<%0!#=#<%#C%)!D,M</<D0!(#D#!#'(!$J(#D)!BA[+X!

 E,%%)/D!#'(!*)=<)2!E#%<F,*'<#!#(=#'/)(!D*)#D:)'D!J%#'D!)FF%$)'D!(#D#!<'/%$(<'5!
`"H!:,'<D,*<'5!(#D#!/,%%)/D)(!#+!J#*D!,F!E1"_!J)*:<DD)(!J*,V)/D+!#'(!$J(#D)!
B6E+X!

 ^J(#D)!%<+D!,F!<'(</#D,*!E6E+!D,!<'/%$()!')2%0!<()'D<F<)(!E6E+!2?)*)!D?)!
B6EaBA[jR!#'(!*):,=)!E6E+!2?)*)!$J(#D)(!(#D#!<'(</#D)!D?#D!D?)!/$**)'D!
B6EaBA[kRX!!

 H)=<)2!E6E+!D?#D!?#=)!/,:)!,FF!D?)!:,'<D,*<'5!%<+D!D,!+))!2?)D?)*!$+)!J#DD)*'+!
?#=)!/?#'5)(!#'(!2?)D?)*!D?<+!/?#'5)!2#**#'D+!D?)<*!*)Q%<+D<'5!F,*!:,'<D,*<'5X!

 H)=<)2!#'(!$J(#D)!5$<(#'/)!,'!+#:J%<'5!F*)K$)'/0!#'(!%,/#D<,'X!

 H)=<)2!#'(!$J(#D)!/,'/%$+<,'+!*)5#*(<'5!%#C,*#D,*0!#'#%0D</#%!:)D?,(+X!

 H)=<)2!#'(!$J(#D)!C<,%,5</#%!#'(!/?):</#%!+/*))'<'5!:)D?,(+-!#+!(<+/$++)(!<'!
>)/D<,'!N-!#'(!J*,=<()!5$<(#'/)!,'!J,D)'D<#%!')2!:,'<D,*<'5!:)D?,(+aD,,%+!D?#D!
2,$%(!+<5'<F</#'D%0!)'?#'/)!/?):</#%!/,'=)'D<,'#%!/?):</#%!:,'<D,*<'5!
:)D?,(+X!

 1)=)%,J!5$<(#'/)!D,!D?)!>D#D)!F,*!$J(#D<'5!D?)!:,'<D,*<'5!*)K$<*):)'D+!<'!
5*,$'(2#D)*!*)/?#*5)!J*,V)/D!J)*:<D+X!#'(!

 H)=<)2!#'(!$J(#D)!"#')%!5$<(#'/)!,'!+)%)/D<'5!=<#C%)!+$**,5#D)!J#*#:)D)*+!#'(!
J)*F,*:#'/)!<'(</#D,*!E6E+7!

!
];I(!"#$%"&$#'(-"&(A88$%$"#*2(.3.,(J$%/(Q#,>--$1$+#%(!3.,((

&+!J,<'D)(!,$D!*)J)#D)(%0-!D?)!"#')%!+)%)/D)(!D?)!<'(</#D,*!E6E+!F,*!#!:,'<D,*<'5!J*,5*#:!
C#+)(!,'!B6E!(#D#!#=#<%#C%)!D,!D?)!"#')%7!&+!+,:)!,F!D?)!EE[\!E6E+!(<(!',D!?#=)!#'0!E#%<F,*'<#!
B6E!(#D#-!D?)!"#')%!*)=<)2)(!D?)!)'D<*)!(#D#!C#+)!,F!EE[\!E6E+!#'(!+?,*DQ%<+D)(!D?,+)!E6E+!
2<D?!BA[+!,F!%)++!D?#'!OPP!'5a[!D?#D!/,$%(!?#=)!D?)!J,D)'D<#%!D,!D*<55)*!#!B6EaBA[!*#D<,!,F!

,F!D?)+)!E6E+!D,!D?)!2#D)*!*)/0/%<'5!J*#/D</)+!,F!<'D)*)+D-!D?)!"#')%!+$55)+D+!:,'<D,*<'5!+)%)/D!
EE[\!E6E+!F,*!2?</?!/$**)'D%0!',!E#%<F,*'<#!B6E+!#*)!#=#<%#C%)!<'!+)/,'(#*0aD)*D<#*0!D*)#D)(!
)FF%$)'D!*)J*)+)'D<'5!D?)!F))(!2#D)*!K$#%<D0!D,!)<D?)*!+$*F#/)!+J*)#(<'5!,*!#(=#'/)(!2#D)*!
D*)#D:)'D!8<7)7-!H;a&;"9!#?)#(!,F!(<*)/D!<'V)/D<,'7!B,'<D,*<'5!+?,$%(!,//$*!K$#*D)*%0!F,*!,')!
0)#*7!A#C%)!c7]!%<+D+!D?)+)!+$55)+D)(!EE[\!E6E+!F,*!2?</?!/,::)*/<#%!:)D?,(+!#*)!#=#<%#C%)!#'(!
D?)<*!/,**)+J,'(<'5!:)D?,(!*)J,*D<'5!%<:<D+7!

`'!,*()*!D,!F<%%!(#D#!5#J+!*)5#*(<'5!E6E+!2<D?!%<:<D)(!,*!',!<'F,*:#D<,'!,'!B6E+!<'!
E#%<F,*'<#-!D?)!"#')%!#%+,!+$55)+D+!D?#D!D?)!>D#D)!<'<D<#%%0!/,'($/D!#!:,*)!D?,*,$5?!*)=<)2!,F!
E6E+!%<@)%0!D,!,//$*!<'!*)/0/%)(!2#D)*!$+<'5!B6E!#'(!"6E!(#D#!F*,:!D?)!J))*Q*)=<)2)(!
%<D)*#D$*)!#'(!,//$**)'/)!+D$(<)+!,$D+<()!E#%<F,*'<#7!A?,+)!E6E+!D?#D!)M?<C<D!?<5?!B6E+!#'(!
"6E+!/,$%(!C)!J%#/)(!,'!#!+)/,'(#*0!:,'<D,*<'5!%<+D!D?#D!<+!:)#+$*)(!%)++!F*)K$)'D%0!D,!/,'F<*:!
)<D?)*!J*)+)'/)!,*!#C+)'/)!,F!D?)+)!E6E+!<'!*)/0/%)(!2#D)*!<'!E#%<F,*'<#!J*,=<(<'5!/,::)*/<#%!
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#'#%0D</#%!:)D?,(+!#*)!#=#<%#C%)7!H)+$%D+!,F!D?<+!)FF,*D!2<%%!J*,=<()!D?)!C#+<+!F,*!*)=<+<'5!D?)!
J*,J,+)(!<'<D<#%!:,'<D,*<'5!%<+D!($*<'5!D?)!')MD!D*<)''<#%!*)=<)27!

 
Table 8.4. Suggested CECs with limited MEC for additional monitoring.  
&

CECs for Additional Monitoring MTL MRL (ng/L) 

1,2,3-Trichloropropane 5.0E+00 5 

Hydrazine 1.0E+01 1 

Quinoline 1.0E+01 1 
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SJL&'(-*..(#/$,"*#0&

I)/#$+)!D?)!+/<)'/)!,F!E6E!<'=)+D<5#D<,'!<+!+D<%%!<'!<D+!)#*%0!+D#5)+!#'(!D?)!"#')%!2#+!%<:<D)(!
<'!C,D?!D<:)!#'(!*)+,$*/)+-!D?)!>D#D)!/#'!$'()*D#@)!+)=)*#%!#/D<=<D<)+!D,!<:J*,=)!D?)!K$#%<D0!,F!
F$D$*)!:,'<D,*<'5!#'(!D,M</,%,5</#%!<'F,*:#D<,'!D?#D!F))(+!<'D,!D?)!J*,/)++!D?#D!D?)!"#')%!?#+!
<()'D<F<)(!F,*!D?<+!<'#$5$*#%!E6E!:,'<D,*<'5!)FF,*D7!A?)!>D#D)!+?,$%(!$D<%<W)!#!>/<)'/)!&(=<+,*0!
"#')%!D,!/,'($/D!#'(!,=)*+))!D?)+)!#/D<=<D<)+7!A?<+!6MJ)*D!"#')%!J*,=<()+!#!'$:C)*!,F!
*)/,::)'(#D<,'+!D?#D!#*)!5)#*)(!D,2#*(!)'+$*<'5!D?#D!:,'<D,*<'5!(#D#!<+!,F!#JJ*,J*<#D)%0!
?<5?!K$#%<D0!#'(!<()'D<F0<'5!D?,+)!E6E+!<'!*)/0/%)(!2#D)*!D?#D!#*)!,F!5*)#D)+D!/,'/)*'!#'(!
*)%)=#'/)!D,!)/,+0+D):+!#'(!?$:#'!?)#%D?-!<'/%$(<'5Z!

R9 `'!,*()*!D,!J,J$%#D)!#!*)/0/%)(!2#D)*!(#D#!C#+)!,F!E6E+!2<D?!B6E!#'(!"6E!(#D#-!/,'($/D!
#!/,:J*)?)'+<=)!*)=<)2!,F!E6E+!%<@)%0!D,!,//$*!<'!*)/0/%)(!2#D)*!C#+)(!,'!J))*Q
*)=<)2)(!%<D)*#D$*)!#'(!,//$**)'/)!+D$(<)+!,$D+<()!E#%<F,*'<#X!

T9 1)=)%,J!*,C$+D!#'(!*)J*,($/<C%)!#'#%0D</#%!:)D?,(+!D,!:)#+$*)!E6E+!<'!*)/0/%)(!2#D)*X!

\9 ")*F,*:!%#C,*#D,*0!J)*F,*:#'/)!#'(!#'#%0D</#%!:)D?,(!=#%<(#D<,'!+D$(<)+!F,*!E6E+!
#(,JD)(!C0!D?)!>D#D)!#+!:,'<D,*<'5!J*<,*<D<)+X!

]9 1)=)%,J!#!()D#<%)(!J*,/)($*)!D,!)+D<:#D)!"6E+!F,*!E6E+!F,*!2?</?!B6E+!#*)!/$**)'D%0!
',D!#=#<%#C%)!C#+)(!,'!J*,($/D<,'-!$+)!#'(!)'=<*,':)'D#%!F#D)X!

O9 A?)!>GHEI!+?,$%(!/,'=)')!#'(!/?#*5)!#!>/<)'/)!&(=<+,*0!"#')%!D,!+/,J)!,$D!#'!
<'=)+D<5#D<=)-!+?,*DQD)*:!:,'<D,*<'5!+D$(0!8)757!K$#*D)*%0!+#:J%<'5!,=)*!#!,')Q0)#*!
J)*<,(9!F,*!E6E+!D?#D!)M?<C<D!*)%#D<=)%0!%,2!BA[+!8)757!k!OPP!'5a[9-!C$D!F,*!2?</?!',!,*!
%<DD%)!B6E!,*!"6E!<'F,*:#D<,'!<+!#=#<%#C%)!F,*!+)/,'(#*0aD)*D<#*0!)FF%$)'D+!$+)(!F,*!D?)!
2#D)*!*)$+)!J*#/D</)+!,F!<'D)*)+DX!#'(!!

N9 6'/,$*#5)!()=)%,J:)'D!,F!C<,#'#%0D</#%!+/*))'<'5!D)/?'<K$)+!D?#D!<'/%$()!E6E+!

/?):</#%+97!1)=)%,J!#JJ*,J*<#D)!D*<55)*!%)=)%+!F,*!D?)+)!C<,#'#%0D</#%!+/*))'<'5!
D)/?'<K$)+!D?#D!/,**)+J,'(!D,!#!*)+J,'+)!J,+<'5!#!/,'/)*'!F*,:!#!?$:#'!?)#%D?!
+D#'(J,<'D7!

!
A?)!"#')%!):J?#+<W)+!D?#D!D?)!/,:J,$'(+!+)%)/D)(!F,*!:,'<D,*<'5!<'!<'(<*)/D!J,D#C%)!*)$+)!

#JJ%</#D<,'+!*)J*)+)'D!#!J*)%<:<'#*0!%<+D!C#+)(!,'!D?)!%<:<D)(!(#D#!D?#D!#*)!J*)+)'D%0!#=#<%#C%)!
<'!E#%<F,*'<#!#'(!,'!#!'$:C)*!,F!K$#%<F0<'5!#++$:JD<,'+!(<+/$++)(!<'!D?)!*)J,*D7!G?<%)!D?)0!

+/*))'<'5!<+!5*,2<'5!*#J<(%0!#+!<+!D?)!+?))*!=,%$:)!,F!:,'<D,*<'5!#'(!+$JJ,*D<'5!D,M</,%,5</#%!
<'F,*:#D<,'7!!A?$+-!<'!#((<D<,'!D,!D?)!*)+)#*/?!*)/,::)'(#D<,'+!F*,:!#C,=)-!D?)!"#')%!$*5)+!
D?)!>D#D)!D,Z!

R9 1)=)%,J!#!J*,/)++!D,!*#J<(%0!/,:J<%)-!+$::#*<W)!#'(!)=#%$#D)!:,'<D,*<'5!(#D#!#+!D?)0!
C)/,:)!#=#<%#C%)7!`()'D<F0!D*)'(+!<'!,//$**)'/)!J#DD)*'!#+!#!F$'/D<,'!,F!D<:)!#'(!
+#:J%<'5!%,/#D<,'+X!!

T9 H)#JJ%0!D?)!J*<,*<D<W#D<,'!J*,/)++!#D!%)#+D!,'!#!D*<)''<#%!C#+<+X!#'(!
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\9 6+D#C%<+?!#!>D#D)!<'()J)'()'D!*)=<)2!J#')%!D?#D!/#'!J*,=<()!#!J)*<,(</!*)=<)2!D,!D?)!
J*,J,+)(!+)%)/D<,'!#JJ*,#/?-!*)$+)!J*#/D</)+-!#'(!B6E+!,F!,'5,<'5!E6E!:,'<D,*<'5!
)FF,*D+7!!
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&/)*,-!37![7-!67!H,(*<5$)W!#'(!37!B)*<%$,D,!8TPPO97!vL<')D</+!,F!*)#/D<,'+!C)D2))'!/?%,*<')!#'(!
D?)!/0#',C#/D)*<#%!D,M<'+!:</*,/0+D<'+7v!G#D)*!H)+!\U8c9Z!RNTcQRN\c7!

&'@%)0-!Y7!A7-!L7!B7!3)'+)'-!B7!17!L#?%-!37!37!L,*D)!#'(!67!&7!B#@0')'!8TPPR97!v1)+/*<JD<,'!#'(!
)=#%$#D<,'!,F!#!+?,*DQD)*:!*)J*,($/D<,'!D)+D!2<D?!D?)!F#D?)#(!:<'',2!8K$2*8"#5*9&

8%42*5#997v!6'=<*,'!A,M</,%!E?):!TPZ!RTbNQRTUP7!

&+#',-!A-!S7[7!I$*D,'-!_7[7[)=)*)'W-!H0$V<*,!A+$/?<?#+?<!#'(!Y7A/?C#',5%,$+!8TPPN9!G#D)*!
H)$+)X!`++$)+-!A)/?',%,5<)+-!#'(!&JJ%</#D<,'+-!B)D/#%F!q!6((0a&6E;B-!B/Y*#2!_<%%-!
.)2!g,*@-!.7g7!

&$+D*#%<#'Q5$<()%<')!8TPPc97!6'=<*,':)'D!"*,D)/D<,'!#'(!_)*<D#5)!E,$'/<%-!&$+D*#%<#'!
Y$<()%<')+!F,*!G#D)*!H)/0/%<'57!!&$5:)'D#D<,'!,F!1*<'@<'5!G#D)*!>$JJ%<)+7!!B#0!TPPc7!

I#*')+-!L7![7-!17!L,%J<'-!B7!B)0)*-!67!A?$*:#'-!67!S$*%,'5-!>7!w#$55!#'(![7!I#*C)*!8TPPT97!7#3*%O

Y(#5$3=&[#3#&64%&K"#%2#1*(3$1#59-&L4%24)*9-&#);&G3"*%&G%<#)$1&7#93*@#3*%&

!4)3#2$)#)39&$)&TF0F&03%*#29-&/UUUO+...7!`,2#!E<D0-!`&-!^>!Y),%,5</#%!>$*=)07!

I#*,'D<-!E7-!H7!E$*<'<-!Y7!1x#+/)'W,-!&7!1<!E,*/<#-!&7!Y)'D<%<!#'(!H7!>#:J)*<!8TPPP97!vB,'<D,*<'5!
'#D$*#%!#'(!+0'D?)D</!)+D*,5)'+!#D!#/D<=#D)(!+%$(5)!+)2#5)!D*)#D:)'D!J%#'D+!#'(!<'!#!
*)/)<=<'5!*<=)*!2#D)*7v!6'=<*,'!>/<!A)/?',%!\]8T]9Z!OPOUQOPNN7!

I#D)+,'-!"7-!17!I#*@)*-!A7!E%$DD,'QI*,/@-!17!1)C-!I7!1x^(<')-!H7!&7!S,%)0-!"7!Y%$/@:#'-!L7!
Y,(F*)0-!A7!L<*@2,,(-!B7!B7![#?*-!37!B/.#:#*#-!.7!I7!B)D/#%F)-!"7!B,'#5?#'-!_7!Y7!
>J)'/)*!#'(!>7!67!>$%D#'!8TPP]97!v1)=)%,J:)'D#%!J%#+D</<D0!#'(!?$:#'!?)#%D?7v!.#D$*)!
]\P8NUUc9Z!]RUQTR7!

I)'')DD-!H7!>7-!H7!37!6*</@+,'-!17!_,FF-!B7!G7!_,*'$'5-!H7!17!3,?'+,'-!17!H7!B,$'D-!37!G7!.</?,%+-!
E7![7!H$++,:-!"7!L7!>/?:<)()*-!37!&7!>)**#',-!37!67!A<)D5)!#'(!17![7!n<%%)')$=)!8TPRP97!
v&(=)*+)!,$D/,:)!J#D?2#0+Z!#!/,'/)JD$#%!F*#:)2,*@!D,!+$JJ,*D!)/,D,M</,%,50!
*)+)#*/?!#'(!*<+@!#++)++:)'D7!v!6'=<*,'!A,M</,%!E?):!TUZ!b\PQb]R7!

I)',DD<-!B7!37-!H7!&7!A*)'?,%:-!I7!37!n#'()*F,*(-!37!E7!_,%#(0-!I7!17!>D#'F,*(!#'(!>7!&7!>'0()*!
8TPPU97!v"?#*:#/)$D</#%+!#'(!)'(,/*<')!(<+*$JD<'5!/,:J,$'(+!<'!^>!(*<'@<'5!2#D)*7v!!
6'=<*,'!>/<!A)/?',%!]\8\9Z!OUbQNP\7!

I4*V)++,'-!>7-!>7!B)%<'-!&7!B#D$++)@!#'(!"7!67![<'(5*)'!8TPPU97!v&!+)#+,'#%!+D$(0!,F!D?)!:)/&!
5)')!#'(!03#8"=541411(9&#(%*(9!<'/%$(<'5!:)D?</<%%<'Q*)+<+D#'D!0F&#(%*(9!<'!#!:$'</<J#%!
2#+D)2#D)*!D*)#D:)'D!J%#'D7v!G#D)*!H)+!]\8]9Z!UTOQU\T7!

I*<#'-!37!n7-!E7!&7!_#**<+-!B7!>/?,%W)-!&7!L,*D)'@#:J-!"7!I,,0-!B7![#:,*))-!Y7!",V#'#-!.7!3,'@)*+-!
&7!B#*/,:<'<!#'(!37!"7!>$:JD)*!8TPPb97!v6=<()'/)!,F!)+D*,5)'</!:<MD$*)!)FF)/D+!,'!D?)!
*)J*,($/D<=)!J)*F,*:#'/)!,F!F<+?7v!6'=<*,'!>/<!A)/?',%!]R8R9Z!\\bQ]]7!

I$%%,/?-!17-!H7![#=#(,!#'(!17!>/?%)'@!8<'!J*)++97!I<,#++#0!5$<()(!F*#/D<,'#D<,'!8A,M</<D0!
`()'D<F</#D<,'!#'(!6=#%$#D<,'9!F,*!D?)!()D)*:<'#D<,'!,F!)+D*,5)'</!#5)'D+!<'!
)'=<*,':)'D#%!+#:J%)+7!6:)*5<'5!E,'D#:<'#'D+Z!"?#*:#/)$D</#%+-!")*+,'#%!E#*)!
"*,($/D+!#'(!;*5#',?#%,5)'+7!!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # .'J'='&7'@#

! 77 

E#%(2)%%-!17!37-!S7!B#+D*,//,-!67!.,2#@-!37!3,?'+D,'-!_7!g)@)%-!17!"F)<FF)*-!B7!_,0D-!I7!B7!
1$"%)++<)!#'(!"7!17!&'()*+,'!8TPRP97!v&'!#++)++:)'D!,F!J,D)'D<#%!)MJ,+$*)!#'(!*<+@!
F*,:!)+D*,5)'+!<'!(*<'@<'5!2#D)*7v!6'=<*,'!_)#%D?!")*+J)/D!RRc8\9Z!\\cQ]]7!

E#%<F,*'<#!8TPPU97!vE<D0!,F!>$''0=#%)!E&7!!E<D0x+!TPPU!H)/0/%)(!G#D)*!&''$#%!H)J,*D7v!

E?#'5-!B7!G7-!S7!A,5?*,%!#'(!G7!67!I)'D%)0!8TPPb97!vA,M</,5)',:</!*)+J,'+)!D,!/?%,*<'#D<,'!
<'/%$()+!<'($/D<,'!,F!:#V,*!=<*$%)'/)!5)')+!<'!03#8"=541411(9&#%*(97v!6'=<*,'!>/<!
A)/?',%!]RZ!bObPQbObO7!

E,%%<'+-!S7-!Y7!Y*#0!#'(!37!I$/?)*!8TPPc97!vA*#'+F,*:<'5!)'=<*,':)'D#%!?)#%D?!J*,D)/D<,'7v!!
>/<)'/)!\RUZ!UPNQUPb7!

E,,J)*!H7!E-!#'(!&7!G7!;%<=<)*<!!8RUUc9!`'F)/D<,$+!(<+)#+)!/,'/)*'+!<'!2#+D)2#D)*!*)$+)7!`'Z!
&+#',!A-!)(7!7#93*@#3*%&%*15#2#3$4)&#);&%*(9*7![#'/#+D)*-!"&-!A)/?',:</!"$C%<+?<'5-!
RUUcZ!]cU OTP7!

E,,J)*-!H7!E7-!&7!G7!;%<=<)*<-!17!B7!6<+)'C)*5-![7!")DD)5*)2-!H7!67!1#'<)%+,'-!G7!&7!S#<*/?<%(!#'(![7!
&7!>#'/?)W!8RUUT97!!$3=&46&0#)&[$*<4&7#3*%&R43#5&X*94(%1*&X*14B*%=&8%4H*13&O&L*#53"&

D66*139&03(;=&M\_(#&CCNF!I)@)%)0-!E&-!"*)J#*)(!F,*!D?)!E<D0!,F!>#'!1<)5,!C0!D?)!G)+D)*'!
E,'+,*D<$:!F,*!"$C%</!_)#%D?7!

E,,J)*-!H7!E7-!&7!G7!;%<=<)*<-!17!B7!6<+)'C)*5-!37!&7!>,%%)*-![7!&7!")DD)5*)2!#'(!H7!67!1#'<)%+,'!
8RUUb97!A?)!E<D0!,F!>#'!1<)5,!A,D#%!H)+,$*/)!H)/,=)*0!"*,V)/D!&K$#!```!>#'!"#+K$#%!
_)#%D?!6FF)/D+!>D$(0-!S<'#%!>$::#*0!H)J,*D7!I)*@)%)0-!E&-!"*)J#*)(!C0!D?)!G)+D)*'!
E,'+,*D<$:!F,*!"$C%</!_)#%D?7!

E,D*$=,-!37-!I$%%-!H7-!E*,,@-!37-!#'(!G?<DD#@)*-!B7!8TPRP97!`()'D<F0<'5!_)#%D?!6FF)/D+!E,'/)*'+!,F!
D?)!G#D)*!H)$+)!`'($+D*0!#'(!"*<,*<D<W<'5!H)+)#*/?!.))(+!F,*!.,:<'#D<,'!,F!E?):</#%+!
F,*!H)+)#*/?!D,!&JJ*,J*<#D)!.#D<,'#%!#'(!`'D)*'#D<,'#%!&5)'/<)+7!S<'#%!H)J,*D7!
&%)M#'(*<#-!n&-!G#D)H)$+)!H)+)#*/?!S,$'(#D<,'7!!!!

E*,,@-!37-!H7!_$%DK$<+D!#'(!H7!>#@#V<!8TPPP97!v.)2!#'(!`:J*,=)(!1*#FD!Y*,$'(2#D)*!H)/?#*5)!
E*<D)*<#!<'!E#%<F,*'<#7v!K%41F-&\))(#5&!4)6F&46&3"*&\2*%$1#)&7#3*%&74%?9&\9941$#3$4)-!
1)'=)*-!E;7!

1#$5?D,'-!E7!Y7!#'(!A7!&7!A)*')+!8RUUU97!v"?#*:#/)$D</#%+!#'(!J)*+,'#%!/#*)!J*,($/D+!<'!D?)!
)'=<*,':)'DZ!#5)'D+!,F!+$CD%)!/?#'5)dv!6'=<*,'!_)#%D?!")*+J)/D!RPb!>$JJ%!NZ!UPbQU\c7!

1)'5-!f7-!B7!E#*')0-!17!67!_<'D,'-!>7![0,'-!Y7!G,,(+<()-!E7!.7!1$,'5-!>7!17!L<:!#'(!17!>/?%)'@!
8TPPc97!vI<,:,'<D,*<'5!*)/0/%)(!2#D)*!<'!D?)!>#'D#!&'#!H<=)*!I#+<'!<'!+,$D?)*'!
E#%<F,*'<#7v!3!A,M</,%!6'=<*,'!_)#%D?!&!bR8T9Z!RPUQRRc7!

1)+C*,2-!E7-!67!37!H,$D%)(5)-!Y7!E7!I*<5?D0-!37!"7!>$:JD)*!#'(!B7!G#%(,/@!8RUUc97!v`()'D<F</#D<,'!
,F!)+D*,5)'</!/?):</#%+!<'!>AG!)F%%)$'D7!R7!/?):</#%!F*#/D<,'#D<,'!#'(!<'!=<D*,!C<,%,5</#%!
+/*))'<'57v!6'=<*,'!>/<!A)/?',%!\T8RR9Z!RO]UQROOc7!

1</@)'+,'-!67!H7-!37!67!1*)2)+-!17![7!>)(%#@-!67!E7!G)*D!#'(!>7!&7!>'0()*!8TPPU97!v&JJ%0<'5!
+$**,5#D)+!#'(!<'(</#D,*+!D,!#++)++!*):,=#%!)FF</<)'/0!,F!D*#/)!,*5#'</!/?):</#%+!($*<'5!
/?):</#%!,M<(#D<,'!,F!2#+D)2#D)*+7v!6'=<*,'!>/<!A)/?',%!]\8RN9Z!NT]TQb7!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # .'J'='&7'@#

! 78 

1<W)*-!_7-!67!G<DD)@<'(D-!I7!S<+/?)*!#'(!"7!17!_#'+)'!8TPPT97!vA?)!/0D,D,M</!#'(!5)',D,M</!
J,D)'D<#%!,F!+$*F#/)!2#D)*!#'(!2#+D)2#D)*!)FF%$)'D+!#+!()D)*:<')(!C0!C<,%$:<')+/)'/)-!
$:$Q#++#0+!#'(!+)%)/D)(!C<,:#*@)*+7v!E?):,+J?)*)!]N8T9Z!TTOQT\\7!

1,%<',0-!17!E7-!37!H7!G)<(:#'!#'(!H7![7!3<*D%)!8TPPb97!v6J<5)')D</!5)')!*)5$%#D<,'Z!%<'@<'5!)#*%0!
()=)%,J:)'D#%!)'=<*,':)'D!D,!#($%D!(<+)#+)7v!H)J*,(!A,M</,%!T\8\9Z!TUbQ\Pb7!

1*)2)+-!37!67-!>7!>'0()*!#'(!67!1</@)'+,'!8TPRP#97![*B*548$)<&46&0(%%4<#3*9&34&[*3*%2$)*&3"*&

D66$1$*)1=&46&Z%4();@#3*%&%*1"#%<*&9=93*29&34&%*24B*&3%#1*&4%<#)$1&1"*2$1#59F&`$)#5&

X*84%3&M7X`O.,O..PN7!&%)M#'(*<#-!n&-!G#D)H)$+)!H)+)#*/?!S,$'(#D<,'7!!

1*)2)+-!37!67-!>7!37!L?#'-!37!&7!B/1,'#%(-!A7!A7!A7!A*#'5!#'(!B7!n7!>D,*)0!8TPRPC97!vE?):</#%!
:,'<D,*<'5!+D*#D)50!F,*!D?)!#++)++:)'D!,F!#(=#'/)(!2#D)*!D*)#D:)'D!J%#'D!
J)*F,*:#'/)7v!G#D)*!>/<!A)/?',%-&$)&8%*997!!

1*)2)+-!37!67-!17!>)(%#@-!>7!>'0()*!#'(!67!1</@)'+,'!8TPPc97![*B*5482*)3&46&C);$1#34%9&#);&

0(%%4<#3*9&64%&!"*2$1#5&!4)3#2$)#)3&X*24B#5&;(%$)<&7#93*@#3*%&R%*#32*)3&#);&

X*15#2#3$4)&8GHSQP\QPR]9-!&%)M#'(*<#-!n&-!G#D)H)$+)!H)+)#*/?!S,$'(#D<,'7!

S)*5$+,'-!"7![7-!E7!H7!`()'!#'(!I7!37!I*,2'#2)%%!8TPPP97!v&'#%0+<+!,F!#%@0%J?)',%!)D?,M0%#D)!
:)D#C,%<D)+!<'!D?)!#K$#D</!)'=<*,':)'D!$+<'5!%<K$<(!/?*,:#D,5*#J?0Q)%)/D*,+J*#0!:#++!
+J)/D*,:)D*07v!&'#%!E?):!bT8Rc9Z!]\TTQ]\\P7!

S)*5$+,'-!"7![7-!E7!H7!`()'-!&7!67!B/6%*,0!#'(!I7!37!I*,2'#2)%%!8TPPR97!v1)D)*:<'#D<,'!,F!+D)*,<(!
)+D*,5)'+!<'!2#+D)2#D)*!C0!<::$',#FF<'<D0!)MD*#/D<,'!/,$J%)(!2<D?!_"[EQ)%)/D*,+J*#0Q
B>7v!&'#%!E?):!b\8RN9Z!\cUPQ\cUO7!

S,M-!"7-!>7!_,$+D,'-!"7!G)+D)*?,FF-!B7!.)%%,*-!G7!g#'@,-!H7!I#<*(-!B7!H<'/,'-!37!Y$%%0-!>7!E#**-!H7!
&*',%(-!L7![#'+)0-!17!e$#'*$(-!G7!6%#-!Y7!&:0-!B7!H)<'?#*(!#'(!37!67!&7!1*)2)+!8TPPN97!
\;B#)1*9&$)&04$5O\_($6*%&R%*#32*)3&64%&0(93#$)#:5*&X*(9*7!1)'=)*-!E;-!&:)*</#'!G#D)*!
G,*@+!&++,/<#D<,'!H)+)#*/?!S,$'(#D<,'7!

Y#0%,*-!17!G7!#'(![7!>2<*+@0!Y,%(!8RUUc97!vH)5$%#D,*0!/#'/)*!*<+@!#++)++:)'D!C#+)(!,'!#!K$</@!
)+D<:#D)!,F!#!C)'/?:#*@!(,+)!()*<=)(!F*,:!D?)!:#M<:$:!D,%)*#D)(!(,+)7v!H)5$%!
A,M</,%!"?#*:#/,%!Tc8\9Z!TTTQO7!

Y)+)%C*#/?D-!37!#'(!37!E*,,@!8TPPP97!v&!J*,J,+)(!#%D)*'#D)!:)#'+!,F!:))D<'5!A;E!*)K$<*):)'D+!
F,*!5*,$'(2#D)*Q*)/?#*5)7v!K%41F-&\))(#5&!4)6F&46&3"*&\2*%$1#)&7#3*%&74%?9&

\9941$#3$4)-!1)'=)*-!E;7!

Y%#+)*-!37!&7-!17![7!S,)*+D-!Y7!17!B/@))-!>7!&7!e$#=)!#'(!G7![7!I$(()!8RUcR97!vA*#/)!#'#%0+)+!F,*!
2#+D)2#D)*+7v!6'=<*,'!>/<!A)/?',%!RO8RT9Z!R]TNQR]\O7!

Y$)**)*,QI,+#5'#-!E7!B7!#'(!B7!L7!>@<'')*!8TPPU97!v6J<5)')D</!D*#'+5)')*#D<,'#%!)FF)/D+!,F!
)'(,/*<')!(<+*$JD,*+!,'!:#%)!*)J*,($/D<,'7v!>):<'!H)J*,(!B)(!Tb8O9Z!]P\Qc7!

_#:)*-!I7-!.7!I<?#*<-!Y7!H)<FF)*+/?)<(-!H7!L7!w#?'-!G7!67!B$%%)*!#'(!H7!I#D)%!8TPPP97!v6=#%$#D<,'!
,F!D?)!>;>a$:$QD)+D!J,+DQD*)#D:)'D!#++#0!F,*!D?)!()D)/D<,'!,F!5)',D,M</!#/D<=<D<)+!,F!
J$*)!/,:J,$'(+!#'(!/,:J%)M!)'=<*,':)'D#%!:<MD$*)+7v!B$D#D!H)+!]NN8T9Z!RNRQRbR7!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # .'J'='&7'@#

! 79 

_#''#?-!H7-!n7!37!1x&/,-!"7!17!&'()*+,'-!B7!67!I$WC0-!17!37!E#%(2)%%-!n7![7!E$''<'5?#:-!37!S7!
6*</+,'-!&7!E7!3,?'+,'-!.7!37!"#*@)-!37!_7!>#:$)%<#'!#'(!37!"7!>$:JD)*!8TPPU97!v6MJ,+$*)!
#++)++:)'D!,F!Rb#%J?#Q)D?<'0%!)+D*#(<,%!<'!+$*F#/)!2#D)*+!,F!D?)!^'<D)(!>D#D)+!#'(!
6$*,J)7v!6'=<*,'!A,M</,%!E?):!TcZ!TbTOQTb\T7!

_#*D%<'5-!67!#'(!B7!.)%%,*!8RUUc97!vG#D)*!H)/0/%<'5!<'![,+!&'5)%)+!E,$'D0-!E?#JD)*!TPv7!
7#93*@#3*%&X*15#2#3$4)&#);&X*(9*-&7#3*%&Y(#5$3=&Q#)#<*2*)3&J$:%#%=&/.7!A7!&+#',7!
I,/#!H#D,'-!S[-!EHE!"*)++7!

_#*D$'5-!A7!#'(!Y7!1#+D,'!8TPPU97!v&*)!$)&B$3%4!D)+D+!+$<D#C%)!F,*!*)5$%#D,*0!$+)dv!A,M</,%!>/<!
RRR8T9Z!T\\QT\b7!

_#*2,,(-!n7!37-!&7!17![)=<')-!A7!B7!>/,DD-!n7!E?<=$@$%#-!37![$@#+<@-!>7!H7!S#**#?!#'(!37!I7!H,+)!
8TPPO97!vn#%<(<D0!,F!D?)!<'(</#D,*!,*5#'<+:!J#*#(<5:!F,*!J#D?,5)'!*)($/D<,'!<'!
*)/%#<:)(!2#D)*!#'(!J$C%</!?)#%D?!J*,D)/D<,'7v!&JJ%!6'=<*,'!B</*,C<,%!bRZ!\RN\Q\RbP7!

_)/@)*-!B7-!37!"7!Y<)+0!#'(!Y7!A<::!8TPPc97!B$%D<Q[#C,*#D,*0!n#%<(#D<,'!,F!D?)!_TUOH!
>D)*,<(,5)')+<+!&++#0!D,!`()'D<F0!B,($%#D,*+!,F!A)+D,+D)*,')!#'(!6+D*#(<,%!"*,($/D<,'7!
>#+@#D,,'-!E#'#(#-!J*)J#*)(!F,*!6"&!C0!6'D*<M7!

_)/@)*-!B7-!37!"7!Y<)+0!#'(!Y7!A<::!8TPPU97!B$%D<Q[#C,*#D,*0!n#%<(#D<,'!,F!D?)!_TUOH!
>D)*,<(,5)')+<+!&++#0!D,!`()'D<F0!B,($%#D,*+!,F!A)+D,+D)*,')!#'(!6+D*#(<,%!"*,($/D<,'-!
J*)J#*)(!F,*!D?)!n#%<(#D<,'!B#'#5):)'D!Y*,$J!F,*!.,'Q&'<:#%!A)+D<'5!8nBYQ.&9-!
;*5#'<+#D<,'!F,*!6/,',:</!E,Q,J)*#D<,'!#'(!1)=)%,J:)'D!8;6E197!>#+@#D,,'-!6'D*<M7!

_)*'#'(,-!B7!17-!67!_)#D?-!B7!")D*,=</!#'(!17!I#*/)%,!8TPPN97!vA*#/)Q%)=)%!()D)*:<'#D<,'!,F!
J?#*:#/)$D</#%!*)+<($)+!C0![EQB>aB>!<'!'#D$*#%!#'(!D*)#D)(!2#D)*+7!&!J<%,DQ+$*=)0!
+D$(07v!&'#%!I<,#'#%!E?):!\cO8N9Z!UcOQUUR7!

_<5'<D)-!E7!#'(!17![7!&W#*',FF!8RUbb97!v1*$5+!#'(!(*$5!:)D#C,%<D)+!#+!)'=<*,':)'D#%!
/,'D#:<'#'D+Z!/?%,*,J?)',M0<+,C$D0*#D)!#'(!+#%</0/%</!#/<(!<'!+)2#5)!2#D)*!)FF%$)'D7v!
[<F)!>/<!TP8T9Z!\\bQ\]R7!

_,-![7-!Y7!;'+D#(-!^7!=,'!Y$'D)'-!>7!H<'/@Q"F)<FF)*-!L7!E*#<5!#'(!Y7!.)2/,:C)!8TPPN97!
v1<FF)*)'/)+!<'!D?)!/?%,*<')!*)#/D<=<D0!,F!F,$*!:</*,/0+D<'!#'#%,5$)+7v!G#D)*!H)+!]P8N9Z!
RTPPQRTPU7!

_,@)-!H7!&7!#'(!Y7!A7!&'@%)0!8TPPO97!v!%$3$1#5&X*B$*@V!&JJ%</#D<,'!,F!F*,5!):C*0,!D)*#D,5)')+<+!
#++#0QM)',J$+!D,!)/,%,5</#%!*<+@!#++)++:)'D7v!6'=<*,'!A,M</,%!E?):!T]Z!TNbbQTNUP7!

_$++#<'-!`7-!B7!w7!L?#'-!&7!L?#'-!`7!3#=)(!#'(!B7!L7!>#%)):<!8TPPc97!vA,M</,%,5</#%!)FF)/D+!,F!
(</%,F)'#/!<'!F,$*!#=<#'!+J)/<)+7v!&=<#'!"#D?,%!\b8\9Z!\ROQ\TR7!

3<*D%)-!H7![7!#'(!B7!L7!>@<'')*!8TPPb97!v6'=<*,':)'D#%!)J<5)',:</+!#'(!(<+)#+)!+$+/)JD<C<%<D07v!
.#D!H)=!Y)')D!c8]9Z!TO\QNT7!

L?#'-!>7!#'(!17!H,+)*!8TPPb97!H<+@!&++)++:)'D!#'(!_)#%D?!6FF)/D+!>D$(<)+!,F!`'(<*)/D!",D#C%)!
H)$+)!>/?):)+7!S<'#%!H)J,*D-!EGGA!H)J,*D!TPPbaPc7!Rc!&J*<%!TPPb7!>0(')0-!&$+D*#%<#-!
E)'D*)!S,*!G#D)*!#'(!G#+D)!A)/?',%,50-!>/?,,%!,F!E<=<%!#'(!6'=<*,':)'D#%!6'5<'))*<'5-!
^'<=)*+<D0!,F!.)2!>,$D?!G#%)+7!
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L<((-!L7!&7-!"7!37!I%#'/?F<)%(-!L7!_7!B<%%+-!n7!"7!"#%#/)-!H7!67!6=#'+-!37!B7![#W,*/?#@!#'(!H7!G7!S%</@!
8TPPb97!vE,%%#J+)!,F!#!F<+?!J,J$%#D<,'!#FD)*!)MJ,+$*)!D,!#!+0'D?)D</!)+D*,5)'7v!"*,/!.#D%!
&/#(!>/<!^!>!&!RP]8TR9Z!ccUbQcUPR7!

L<'')0-!E7!&7-!67!A7!S$*%,'5-!17!G7!L,%J<'-!B7!H7!I$*@?#*(D-!>7!17!w#$55-!>7![7!G)*')*-!37!"7!I,++<,!
#'(!B7!37!I)',DD<!8TPPc97!vI<,#//$:$%#D<,'!,F!J?#*:#/)$D</#%+!#'(!,D?)*!#'D?*,J,5)'</!
2#+D)!<'(</#D,*+!<'!)#*D?2,*:+!F*,:!#5*</$%D$*#%!+,<%!#:)'()(!2<D?!C<,+,%<(!,*!+2<')!
:#'$*)7v!6'=<*,'!>/<!A)/?',%!]T8N9Z!RcN\QbP7!

L<'')0-!E7!&7-!67!A7!S$*%,'5-!>7![7!G)*')*!#'(!37!17!E#?<%%!8TPPN97!v"*)+)'/)!#'(!(<+D*<C$D<,'!,F!
2#+D)2#D)*Q()*<=)(!J?#*:#/)$D</#%+!<'!+,<%!<**<5#D)(!2<D?!*)/%#<:)(!2#D)*7v!6'=<*,'!
A,M</,%!E?):!TO8T9Z!\RbQTN7!

L%,)JF)*-!&7-!37!I7!e$<'D#'#!#'(!A7!H)):D+:#!8TPPO97!v;J)*#D<,'#%!,JD<,'+!D,!*)($/)!:#D*<M!
)FF)/D+!<'!%<K$<(!/?*,:#D,5*#J?0Q)%)/D*,+J*#0!<,'<W#D<,'Q:#++!+J)/D*,:)D*0!#'#%0+<+!,F!
#K$),$+!)'=<*,':)'D#%!+#:J%)+7v!3!E?*,:#D,5*!&!RPNb8RQT9Z!RO\QRNP7!

L,%J<'-!17!G7-!67!A7!S$*%,'5-!B7!A7!B)0)*-!67!B7!A?$*:#'-!>7!17!w#$55-![7!I7!I#*C)*!#'(!_7!A7!
I$MD,'!8TPPT97!v"?#*:#/)$D</#%+-!?,*:,')+-!#'(!,D?)*!,*5#'</!2#+D)2#D)*!
/,'D#:<'#'D+!<'!^7>7!+D*)#:+-!RUUUQTPPPZ!#!'#D<,'#%!*)/,''#<++#'/)7v!6'=<*,'!>/<!
A)/?',%!\N8N9Z!RTPTQRR7!

[)$+/?-!S7!17![7!8TPPc97!A,,%+!D,!1)D)/D!6+D*,5)'</!&/D<=<D0!<'!6'=<*,':)'D#%!G#D)*+7![,'(,'-!^L-!
Y%,C#%!G#D)*!H)+)#*/?!E,#%<D<,'7!

[<'(+)0-!B7!67-!A7!B7!B)0)*!#'(!67!B7!A?$*:#'!8TPPR97!v&'#%0+<+!,F!D*#/)!%)=)%+!,F!+$%F,'#:<()!
#'(!D)D*#/0/%<')!#'D<:</*,C<#%+!<'!5*,$'(2#D)*!#'(!+$*F#/)!2#D)*!$+<'5!+,%<(QJ?#+)!
)MD*#/D<,'!#'(!%<K$<(!/?*,:#D,5*#J?0a:#++!+J)/D*,:)D*07v!&'#%!E?):!b\8RU9Z!]N]PQ
]N]N7!

B#*D<'-!37!37-!>7!17!G<'+%,2!#'(!17!37!B$'/?!8TPPb97!v&!')2!#JJ*,#/?!D,!(*<'@<'5Q2#D)*QK$#%<D0!
(#D#Z!%,2)+DQ/,'/)'D*#D<,'!:<'<:$:!*)J,*D<'5!%)=)%7v!6'=<*,'!>/<!A)/?',%!]R8\9Z!NbbQ
NcR7!

B)*+/?Q>$'()*:#''-!n7-!>7!L'#+:$%%)*-!f7!37!G$-!S7!1#**,$(<!#'(!S7!L#++<)!8TPP]97!v^+)!,F!#!
?$:#'Q()*<=)(!%<=)*!/)%%!%<')!F,*!D?)!()D)/D<,'!,F!/0D,J*,D)/D<=)-!#'D<5)',D,M</!#'(!
/,5)',D,M</!#5)'D+7v!A,M</,%,50!RUc8RQ\9Z!\TUQ\]P7!

B<#,-!f7!>7!#'(!E7!17!B)D/#%F)!8TPP\97!v1)D)*:<'#D<,'!,F!/#*C#:#W)J<')!#'(!<D+!:)D#C,%<D)+!<'!
#K$),$+!+#:J%)+!$+<'5!%<K$<(!/?*,:#D,5*#J?0Q)%)/D*,+J*#0!D#'():!:#++!
+J)/D*,:)D*07v!&'#%!E?):!bO8RO9Z!\b\RQ\b\c7!

B,%(,=#'-!w7!8TPPN97!v;//$**)'/)+!,F!J?#*:#/)$D</#%!#'(!J)*+,'#%!/#*)!J*,($/D+!#+!
:</*,J,%%$D#'D+!<'!*<=)*+!F*,:!H,:#'<#7v!E?):,+J?)*)!N]8RR9Z!RcPcQRcRb7!

B,DD#%)C-!B7!&7-!>7!^+)'@,-!37!Y7!;x1,'')%%-!&7!37!H#:<*)W-!I7!G7!I*,,@+!#'(!E7!L7!E?#:C%<++!
8TPPU97!vY#+!/?*,:#D,5*#J?0Q:#++!+J)/D*,:)D*0!+/*))'<'5!:)D?,(+!F,*!+)%)/D!^n!
F<%D)*+-!+0'D?)D</!:$+@+-!#%@0%J?)',%+-!#'!#'D<:</*,C<#%!#5)'D-!#'(!#'!<'+)/D!*)J)%%)'D!<'!
F<+?7v!3!E?*,:#D,5*!&!RTRN8O9Z!cROQcT\7!
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.)%%,*-!B7!_7!8TPPU97!E,'+D<D$)'D+!,F!6:)*5<'5!E,'/)*'!8E6E97!!>/<)'/)!&(=<+,*0!"#')%!
`'F,*:#D<,'!H)K$)+D7!G7!E7!;7!B):,*#'($:!D,!1#=)!>:<D?-!TPPU7!

.)%%,*-!B7!_7-!H7!I7!I#<*(!#'(!37!H7!>:0D?!8RUc]97!_)#%D?!6FF)/D+!>D$(07!S<'#%!H)J,*D7!G?<DD<)*-!E&-!
>#'<D#D<,'!1<+D*</D+!,F![,+!&'5)%)+!E,$'D07!

.HE!8RUUc97!a#3$4)#5&X*9*#%1"&!4()1$5F&C99(*9&$)&K43#:5*&X*(9*V&R"*&b$#:$5$3=&46&\(<2*)3$)<&

[%$)?$)<&7#3*%&0(885$*9&@$3"&X*15#$2*;&7#3*%F!G#+?<'5D,'-!1E-!.#D<,'#%!&/#():0!
"*)++7!

;#@+-!37![7-!B7!Y<%C)*D-!B7!w7!n<*#'<-!H7!A7!G#D+,'-!E7!^7!B)D)0)*-!I7!&7!H<(),$D-!_7![7!>?<=#J*#+#(-!
>7!&?:)(-!B7!37!E?#$(?*0-!B7!&*+?#(-!>7!B#?:,,(-!&7!&%<!#'(!&7!&7!L?#'!8TPP]97!
v1</%,F)'#/!*)+<($)+!#+!D?)!/#$+)!,F!=$%D$*)!J,J$%#D<,'!()/%<')!<'!"#@<+D#'7v!.#D$*)!
]Tb8NUbO9Z!N\PQN\\7!

;@$'-!17!8RUcP97!v"?<%,+,J?0!,F!D?)!>#F)!1*<'@<'5!G#D)*!&/D!#'(!J,D#C%)!*)$+)7v!6'=<*,'!>/<!
A)/?',%!R]Z!RTUcQR\P\7!

;%<=<)*<-!&7-!17!6<+)'C)*5-!H7!E,,J)*-!37!L,*D)-!S7!B#<D+@<!#'(!L7!A?,:J+,'!8RUcb97!\;B#)1*;&
7#93*@#3*%&R%*#32*)3&0=93*2&X*5$#:$5$3=&DB#5(#3$4)-!!$3=&46&0#)&[$*<47!I)*@)%)0-!E&-!
G)+D)*'!E,'+,*D<$:!F,*!"$C%</!_)#%D?-!B#0!RUcb7!

;%<=<)*<-!&7-!17!6<+)'C)*5-!37!>,%%)*-!37!6<+)'C)*5-!H7!E,,J)*-!Y7!A/?,C#',5%,$+-!H7!A*$++)%%!#'(!"7!
Y#5%<#*(,!8RUUU97!v6+D<:#D<,'!,F!J#D?,5)'!*):,=#%!<'!#'!#(=#'/)(!2#D)*!D*)#D:)'D!
F#/<%<D0!$+<'5!B,'D)!E#*%,!+<:$%#D<,'7v!G#D)*!>/<!A)/?',%!]P8]QO9Z!TT\QT\]7!

;%<=<)*<-!&7!G7!#'(!67!>)D,!8TPPb97!\885$1#3$4)&46&Q$1%4:$#5&X$9?&\99*992*)3&R*1")$_(*9&34&

D93$2#3*&X$9?&[(*&34&DA849(%*&34&X*15#$2*;&7#3*%9&M7X`&.PO.//NF!&%)M#'(*<#-!n&-!
G#D)H)$+)!S,$'(#D<,'7!!

;DD,+,'-!37!#'(!A7!&7!>D)'+D*,:!8TPP\97!vS#)/#%!/,'D#:<'#D<,'!,F!5*)02#D)*!#'(!#++,/<#D)(!
:</*,C<#%!*<+@+7v!G#D)*!H)+!\b8\9Z!N]OQOO7!

")J</?-!I7!n7-!B7!B7!1,:<',-!A7!&7!1#DD<%<,-!"7!>7!S#<*!#'(!17!37!B$'/?!8TPP]97!vn#%<(#D<'5!+#:J%)!
J*)+)*=#D<,'!D)/?'<K$)+!#'(!?,%(<'5!D<:)+!F,*!D?)!#JJ*,=)(!/,:J%<#'/)!:,'<D,*<'5!
:)D?,(+!F,*!?#%,#/)D</!#/<(+!$'()*!D?)!^>6"&x+!+D#5)!R!1a1I"!*$%)7v!G#D)*!H)+!\c8]9Z!
cUOQUPT7!

e$<',')+-!;7!#'(!>7!&7!>'0()*!8TPPU97!v;//$**)'/)!,F!J)*F%$,*,#%@0%!/#*C,M0%#D)+!#'(!+$%F,'#D)+!
<'!(*<'@<'5!2#D)*!$D<%<D<)+!#'(!*)%#D)(!2#D)*+!F*,:!D?)!^'<D)(!>D#D)+7v!6'=<*,'!>/<!
A)/?',%!]\8T]9Z!UPcUQUPUO7!

e$<'D#'#-!37!I7-!H7!H,(<%!#'(!A7!H)):D+:#!8TPP]97!v>$<D#C<%<D0!,F!?,%%,2!F<C*)!%<K$<(QJ?#+)!
:</*,)MD*#/D<,'!F,*!D?)!()D)*:<'#D<,'!,F!#/<(</!J?#*:#/)$D</#%+!<'!2#+D)2#D)*!C0!%<K$<(!
/?*,:#D,5*#J?0Q)%)/D*,+J*#0!D#'():!:#++!+J)/D*,:)D*0!2<D?,$D!:#D*<M!)FF)/D+7v!3!
E?*,:#D,5*!&!RPNR8R9Z!RUQTN7!

H)):D+:#-!A7!8TPP\97!v[<K$<(!/?*,:#D,5*#J?0Q:#++!+J)/D*,:)D*0!#'(!+D*#D)5<)+!F,*!D*#/)Q%)=)%!
#'#%0+<+!,F!J,%#*!,*5#'</!J,%%$D#'D+7v!3!E?*,:#D,5*!&!RPPP8RQT9Z!]bbQOPR7!
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H)<FF)*+/?)<(-!Y7-!E7!w<):#''-!17!S<)C%<'5)*-!S7!1<%%-!H7!Y:<'+@<-!_7!37!Y*$::D-!E7!_#F')*-!_7!
_,%%)*D-!>7!L$'W-!Y7!H,(*<5,-!_7!>D,JJ)*!#'(!17!>)%@)!8TPPc97!vB)#+$*):)'D!,F!
5)',D,M</<D0!<'!2#+D)2#D)*!+#:J%)+!2<D?!D?)!$)&B$3%4!:</*,'$/%)$+!D)+DZ!*)+$%D+!,F!#!
*,$'(Q*,C<'!+D$(0!<'!D?)!/,'D)MD!,F!+D#'(#*(<+#D<,'!#//,*(<'5!D,!`>;7v!B$D#D!H)+!N]U8RQ
T9Z!ROQTb7!

H<V#%-!Y7!L7-!37!A7!w:$(#-!H7!Y,*)-!w7!&C)(<'-!A7!Y*#'#D,-![7!L,%%<#+-!#'(!H7![#'0,'!8TPPU97!
v&'D<C<,D</!*)+<+D#'D!C#/D)*<#!<'!2#+D)2#D)*!J*,/)++)(!C0!D?)!B)D*,J,%<D#'!G#D)*!
H)/%#:#D<,'!1<+D*</D!,F!Y*)#D)*!E?</#5,!>0+D):7v!G#D)*!>/<!A)/?',%!OU8RT9Z!TTUbQT\PN7!

H,C)/@-!Y7!8RUcb97!H)J,*D!,F!D?)!>/<)'D<F</!&(=<+,*0!"#')%!Y*,$'(2#D)*!H)/?#*5)!2<D?!
H)/%#<:)(!G#D)*7!>#/*#:)'D,-!E&-!J*)J#*)(!F,*!D?)!>D#D)!,F!E#%<F,*'<#-!>D#D)!G#D)*!
H)+,$*/)+!E,'D*,%!I,#*(-!1)J#*D:)'D!,F!G#D)*!H)+,$*/)+!#'(!E#%<F,*'<#!1)J#*D:)'D!,F!
_)#%D?!>)*=</)+!C0!D?)!1)J#*D:)'D!,F!G#D)*!H)+,$*/)+7!

H,$D%)(5)-!67!37-!17!>?)#?#'-!E7!1)+C*,2-!Y7!E7!I*<5?D0-!B7!G#%(,/@!#'(!37!"7!>$:JD)*!8RUUc97!
v`()'D<F</#D<,'!,F!)+D*,5)'</!/?):</#%+!<'!>AG!)FF%$)'D7!!T7!C)&B$B4!*)+J,'+)+!<'!D*,$D!#'(!
*,#/?7v!6'=<*,'!>/<!A)/?',%!\T8RR9Z!ROOUQRONO7!

>#@#V<-!H7_7X!_$%DK$<+D-!HX!;%<=<)*<-!&7X!>,%%)*-!37X!A*$++)%%-!H7X!#'(!E*,,@-!37!8RUUc9!G<D?)*!D?)!
B$%D<J%)!A*)#D:)'D!I#**<)*d!K%41F&'4$)3&\2F&7#3*%&74%?9&\9941E7#3*%&D)B$%4)F&`*;F&

7#3*%&X*(9*&!4)6-![#@)!I$)'#!n<+D#-!S[7!

>/?*<@+-!B7-!B7!I7!_)*<'5#-!B7!B7!=#'!()*!L,,<-!"7!()!n,,5D!#'(!&7!"7!=#'!G)W)%!8TPPU97!
vA,M</,%,5</#%!*)%)=#'/)!,F!):)*5<'5!/,'D#:<'#'D+!F,*!(*<'@<'5!2#D)*!K$#%<D07v!G#D)*!
H)+!]]8T9Z!]NRQbN7!

>/?$%DW-!`7!H7-!Y7!;*')*-!37![7!B)*(<'@!#'(!&7!>@<%%:#'!8TPPR97!v1,+)Q*)+J,'+)!*)%#D<,'+?<J+!#'(!
J?#*:#/,@<')D</+!,F!=<D)%%,5)'<'!<'!*#<'C,2!D*,$D!#FD)*!<'D*#=#+/$%#*!#(:<'<+D*#D<,'!,F!
Rb#%J?#Q)D?0'0%)+D*#(<,%7v!&K$#D!A,M</,%!OR8\9Z!\POQ\Rc7!

>/?2#C-!I7!G7-!67!"7!_#0)+-!37!B7!S<,*<-!S7!37!B#+D*,//,-!.7!B7!H,()'-!17!E*#5<'-!H7!17!B)0)*?,FF-!
n7!37!1x&/,!#'(!"7!17!&'()*+,'!8TPPO97!v_$:#'!J?#*:#/)$D</#%+!<'!^>!+$*F#/)!2#D)*+Z!#!
?$:#'!?)#%D?!*<+@!#++)++:)'D7v!H)5$%!A,M</,%!"?#*:#/,%!]T8\9Z!TUNQ\RT7!

>/?2#<5)*-!37-!_7!S)*%<'5-!^7!B#%%,2-!_7!G<'D)*:#0*!#'(!H7!17!.)5)%)!8TPP]97!vA,M</!)FF)/D+!,F!
D?)!','Q+D)*,<(#%!#'D<Q<'F%#::#D,*0!(*$5!(</%,F)'#/7!"#*D!`Z!?<+D,J#D?,%,5</#%!#%D)*#D<,'+!
#'(!C<,#//$:$%#D<,'!<'!*#<'C,2!D*,$D7v!&K$#D!A,M</,%!Nc8T9Z!R]RQROP7!

>@<'')*-!B7!L7-!B7!17!&'2#0-!B7!`7!>#=)'@,=#-!&7!E7!Y,*)!#'(!17!E*)2+!8TPPc97!
vA*#'+5)')*#D<,'#%!)J<5)')D</!J*,5*#::<'5!,F!D?)!C*#<'!D*#'+/*<JD,:)!#'(!#'M<)D0!
C)?#=<,*7v!"[,>!;')!\8RR9Z!)\b]O7!

>%,++-!67!B7-!>7!&7!Y)+/?2<'(-!17!S7!B/E#FF*)0!#'(!I7!H7!H<DW!8RUUN97!Z%4();@#3*%&X*1"#%<*&@$3"&
X*1=15*;&7#3*%V&\)&D8$;*2$454<$1&\99*992*)3&$)&J49&\)<*5*9-&!4()3=-&/U]WO/UU/7!>#'D#!
B,'</#-!E&-!H)J,*D!J*)J#*)(!F,*!D?)!G#D)*!H)J%)'<+?:)'D!1<+D*</D!,F!>,$D?)*'!
E#%<F,*'<#-!C0!H&.17!

>%,++-!67!B7-!17!S7!B/E#FF*)0-!H7!17!S*</@)*-!>7!&7!Y)+/?2<'(!#'(!I7!H7!H<DW!8RUUU97!Z%4();@#3*%&
X*1"#%<*&@$3"&X*1=15*;&7#3*%V&^$%3"&G(3142*9&$)&J49&\)<*5*9&!4()3=&/U]+O/UUI7!>#'D#!
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B,'</#-!E&-!H)J,*D!J*)J#*)(!F,*!D?)!G#D)*!H)J%)'<+?:)'D!1<+D*</D!,F!>,$D?)*'!
E#%<F,*'<#-!C0!H&.17!

>'0()*-!>7!&7-!I7!17!>D#'F,*(-!Y7!B7!I*$/)-!H7!E7!"%)$+!#'(!37!67!1*)2)+!8TPRP97!C;*)3$6=$)<&
L4%24)#55=&\13$B*&!4284();9-&K"#%2#1*(3$1#59-&#);&K*%94)#5&!#%*&K%4;(13&C)<%*;$*)39&

46&L*#53"&!4)1*%)&6%42&K43*)3$#5&K%*9*)1*&$)&7#3*%&C)3*);*;&64%&C);$%*13&K43#:5*&X*(9*7!
&%)M#'(*<#-!n&-!G#D)*H)$+)!S,$'(#D<,'7!

>'0()*-!>7!&7-!H7!&7!A*)'?,%:-!67!B7!>'0()*-!Y7!B7!I*$/)-!H7!E7!"%)$+!#'(!37!17!E7!_)::<'5!
8TPPc#97!R4A$1454<$1#5&X*5*B#)1*&46&D[!9&#);&K"#%2#1*(3$1#59&$)&[%$)?$)<&7#3*%7!
1)'=)*-!E;-!&GG&!H)+)#*/?!S,$'(#D<,'7!

>'0()*-!>7!&7-!I7!37!n#'()*F,*(-!37!67!1*)2)+-!67!1</@)'+,'-!67!B7!>'0()*-!Y7!B7!I*$/)!#'(!H7!E7!
"%)$+!8TPPcC97!03#3*&46&c)4@5*;<*&46&D);41%$)*&[$9%(834%9&#);&K"#%2#1*(3$1#59&$)&

[%$)?$)<&7#3*%7!1)'=)*-!E;-!&GG&!H)+)#*/?!S,$'(#D<,'7!!

>'0()*-!>7!&7-!67!E7!G)*D-![7!_,'5M<#-!"7!G)+D)*?,FF!#'(!g7!g,,'!8TPPb97!X*24B#5&46&D[!9&#);&

K"#%2#1*(3$1#59&$)&[%$)?$)<&#);&X*(9*&R%*#32*)3&K%41*99*97!1)'=)*-!E;-!&GG&!
H)+)#*/?!S,$'(#D<,'7!

>'0()*-!>7!&7-!17![7!n<%%)')$=)-!67!B7!>'0()*!#'(!37!"7!Y<)+0!8TPPR97!v`()'D<F</#D<,'!#'(!
K$#'D<F</#D<,'!,F!)+D*,5)'!*)/)JD,*!#5,'<+D+!<'!2#+D)2#D)*!)FF%$)'D+7v!6'=<*,'!>/<!
A)/?',%!\O8Rc9Z!\NTPQ\NTO7!

>,$D?)*'!.)=#(#!G#D)*!&$D?,*<D0!8TPRP97!DB#5(#3$4)&46&\)#5=3$1#5&Q*3"4;9&64%&D[!9&#);&KK!K9&

B$#&C)3*%OJ#:4%#34%=&!428#%$94)&dP/SW7!1)'=)*-!E;-!G#D)*!H)+)#*/?!S,$'(#D<,'7!!

>D#D)!,F!E#%<F,*'<#!8RUcb97!X*84%3&46&3"*&01$*)3$6$1&\;B$94%=&K#)*5&4)&Z%4();@#3*%&%*1"#%<*&@$3"&
X*15#$2*;&7#3*%7!>#/*#:)'D,-!E#%<F,*'<#7!

>D#D)!,F!E#%<F,*'<#!8RUUN97!\&K%4849*;&`%#2*@4%?&64%&X*<(5#3$)<&3"*&C);$%*13&K43#:5*&X*(9*&46&

\;B#)1*;&R%*#3*;&X*15#$2*;&7#3*%&:=&0(%6#1*&7#3*%&\(<2*)3#3$4)7!E#%<F,*'<#!",D#C%)!
H)$+)!E,::<DD))7!>#/*#:)'D,-!E#%<F,*'<#7!

>D$::Qw,%%<'5)*-!67!#'(!Y7!B7!S#<*!8RUNO97!vI<,()5*#(#D<,'!,F!+D)*,<(!?,*:,')+7v!3!G#D)*!",%%$D!
E,'D*,%!S)(!\b8RR9Z!ROPNQRORP7!

A#C#@-!_7!_7-!#'(!H7![7!I$'/?!8RUbP97!v>D)*,<(!?,*:,')+!#+!2#D)*!J,%%$D#'D+7!`7!B)D#C,%<+:!,F!
'#D$*#%!#'(!+0'D?)D</!,=$%#D<,'Q<'?<C<D<'5!?,*:,')+!C0!:</*,,*5#'<+:+!,F!#/D<=#D)(!
+%$(5)!#'(!J*<:#*0!+)DD%)(!+)2#5)7v!1)=!`'(!B</*,C<,%!RRZ!\NbQ\bN7!

A*)'?,%:-!H7!&7-!I7!37!n#'()*F,*(-!37!E7!_,%#(0-!17!37!H)M<'5!#'(!>7!&7!>'0()*!8TPPN97!vI*,#(!*#'5)!
#'#%0+<+!,F!)'(,/*<')!(<+*$JD,*+!#'(!J?#*:#/)$D</#%+!$+<'5!5#+!/?*,:#D,5*#J?0!#'(!
%<K$<(!/?*,:#D,5*#J?0!D#'():!:#++!+J)/D*,:)D*07v!E?):,+J?)*)!NO8RR9Z!RUUPQRUUc7!

^>6"&!8RUc]9-!&JJ)'(<M!I!D,!"#*D!R\N 1)F<'<D<,'!#'(!"*,/)($*)!F,*!D?)!1)D)*:<'#D<,'!,F!D?)!
B)D?,(!1)D)/D<,'![<:<D

!
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^>6"&!8TPPU#97!6MJ,+$*)!S#/D,*+!_#'(C,,@Z!TPPU!^J(#D)7!6MD)*'#%!H)=<)2!1*#FD7!;FF</)!,F!
H)+)#*/?!#'(!1)=)%,J:)'D-!.#D<,'#%!E)'D)*!F,*!6'=<*,':)'D#%!&++)++:)'D-!
G#+?<'5D,'-!1E7!6"&aNPPaHQPUaPOT&7!3$%07!

^>6"&!8TPPUC97!6'(,/*<')!1<+*$JD,*!>/*))'<'5!"*,5*#:!861>"9X!&'',$'/<'5!D?)!&=#<%#C<%<D0!,F!
D?)!A<)*!R!>/*))'<'5!I#DD)*0!#'(!H)%#D)(!A)+D!Y$<()%<')+-!.,D</)-!S)()*#%!H)5<+D)*Z!
;/D,C)*!TR-!TPPU-!n,%$:)!b]!8TPT9ZO]]ROQO]]TT7!

n#'!()'QI)*5-!B7-![7!I<*'C#$:-!&7!A7!I,+=)%(-!I7!I*$'+D*,:-!"7!E,,@-!B7!S))%)0-!37!"7!Y<)+0-!&7!
_#'C)*5-!H7!_#+)5#2#-!>7!G7!L)'')(0-!A7!L$C<#@-!37!E7![#*+)'-!S7!f7!=#'![))$2)'-!&7!L7!
[<):-!E7!.,%D-!H7!67!")D)*+,'-![7!",)%%<'5)*-!>7!>#F)-!17!>/?*)'@-!17!A<%%<DD-!B7!A0+@%<'(-!B7!
g,$')+-!S7!G#)*'!#'(!A7!w#/?#*)2+@<!8RUUc97!vA,M</!)K$<=#%)'/0!F#/D,*+!8A6S+9!F,*!"EI+-!
"E11+-!"E1S+!F,*!?$:#'+!#'(!2<%(%<F)7v!6'=<*,'!_)#%D?!")*+J)/D!RPN8RT9Z!bbOQbUT7!

n#'()*F,*(-!I7!37-!H7!&7!")#*+,'-!17!37!H)M<'5!#'(!>7!&7!>'0()*!8TPP\97!v&'#%0+<+!,F!)'(,/*<')!
(<+*$JD,*+-!J?#*:#/)$D</#%+-!#'(!J)*+,'#%!/#*)!J*,($/D+!<'!2#D)*!$+<'5!%<K$<(!
/?*,:#D,5*#J?0aD#'():!:#++!+J)/D*,:)D*07v!&'#%!E?):!bO8TT9Z!NTNOQNTb]7!

n#'()*F,*(-!I7!37!#'(!>7!&7!>'0()*!8TPPN97!v&'#%0+<+!,F!J?#*:#/)$D</#%+!<'!2#D)*!C0!<+,D,J)!
(<%$D<,'!%<K$<(!/?*,:#D,5*#J?0aD#'():!:#++!+J)/D*,:)D*07v!6'=<*,'!>/<!A)/?',%!
]P8T\9Z!b\RTQb\TP7!

n<)',-!.7!B7-!A7!A$?@#')'!#'(![7!L*,'C)*5!8TPPN97!v&'#%0+<+!,F!')$D*#%!#'(!C#+</!
J?#*:#/)$D</#%+!<'!+)2#5)!D*)#D:)'D!J%#'D+!#'(!<'!*)/<J<)'D!*<=)*+!$+<'5!+,%<(!J?#+)!
)MD*#/D<,'!#'(!%<K$<(!/?*,:#D,5*#J?0QD#'():!:#++!+J)/D*,:)D*0!()D)/D<,'7v!3!
E?*,:#D,5*!&!RR\]8RQT9Z!RPRQRRR7!

n<%#',=#-!f7-!&7!B#')*,-!B7!E)*(#QE$)%%#*!#'(!&7!H7!I%#'/?!8TPP]97!vA?)!/,:J,+<D<,'!#'(!
J)*+<+D)'/)!,F!F#)/#%!/,%<F,*:+!#'(!)'D)*,/,//#%!J,J$%#D<,'+!<'!+)2#5)!D*)#D:)'D!
J%#'D+7v!3!&JJ%!B</*,C<,%!UN8T9Z!TbUQTcc7!

G#D)H)$+)!8TPRP97!GHSQPOQPPO!*)J,*D!!!!!k?DDJZaa22272#D)*)$+)7,*5a<'F,a'2*(Cj7!

G#D@<'+,'-!&7!37-!67!37!B$*C0!#'(!>7!17!E,+D#'W,!8TPPb97!vH):,=#%!,F!#'D<C<,D</+!<'!/,'=)'D<,'#%!
#'(!#(=#'/)(!2#+D)2#D)*!D*)#D:)'DZ!<:J%</#D<,'+!F,*!)'=<*,':)'D#%!(<+/?#*5)!#'(!
2#+D)2#D)*!*)/0/%<'57v!G#D)*!H)+!]R8Rc9Z!]RN]Q]RbN7!

G<'+%,2-!>7!17-!I7!n7!")J</?-!37!37!B#*D<'-!Y7!H7!_#%%C)*5-!17!37!B$'/?-!E7!"7!S*)C<+-!67!37!_)(*</@!
#'(!H7!&7!L*,J!8TPPN97!v>D#D<+D</#%!J*,/)($*)+!F,*!()D)*:<'#D<,'!#'(!=)*<F</#D<,'!,F!
:<'<:$:!*)J,*D<'5!%)=)%+!F,*!(*<'@<'5!2#D)*!:)D?,(+7v!6'=<*,'!>/<!A)/?',%!]P8R9Z!TcRQ
Tcc7!

g)-!w7-!_7!>7!G)<'C)*5!#'(!B7!A7!B)0)*!8TPPb97!vA*#/)!#'#%0+<+!,F!D*<:)D?,J*<:!#'(!
+$%F,'#:<()-!:#/*,%<()-!K$<',%,')-!#'(!D)D*#/0/%<')!#'D<C<,D</+!<'!/?%,*<'#D)(!(*<'@<'5!
2#D)*!$+<'5!%<K$<(!/?*,:#D,5*#J?0!)%)/D*,+J*#0!D#'():!:#++!+J)/D*,:)D*07v!&'#%!
E?):!bU8\9Z!RR\OQRR]]7!

()D)*:<'#D<,'!,F!/0D,D,M</!#'(!5)',D,M</!J,D)'D<#%!,F!2#+D)2#D)*-!+$*F#/)!2#D)*!#'(!
(*<'@<'5!2#D)*!+#:J%)+7v!E?):,+J?)*)!bO8RR9Z!R]O\QR]NP7!
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w?#'5-!g7-!E7!S7!B#**+-!E7!><:,'!#'(!E7!f<!8TPPU97!vG#+D)2#D)*!D*)#D:)'D!/,'D*<C$D)+!D,!
+)%)/D<=)!<'/*)#+)!,F!#'D<C<,D</!*)+<+D#'/)!#:,'5!\1$)*34:#13*%!+JJ7v!>/<!A,D#%!6'=<*,'!
]PbZ!\bPTQ\bPN7!

!
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! A - 1 

3))(#/"B&3&X&="*@+$):"(0&*1&6$#(%&7(.8(+0&

!
TN73`&TA3KIT&IZcM9ZKZYM2I&

!
O+J&6$<%&3#/(+0*#&

n</)!"*)+<()'D!#'(!"*<'/<J#%!>/<)'D<+D!

&HE&1`>!^>-!`'/7!!

T!6M)/$D<=)!1*<=)-!>$<D)!\P\-!E?)%:+F,*(-!B&!!PRcT]!

"?,')Z!UbcQU\bQUUUU!M\P]!

6:#<%Z!J#$%7#'()*+,'y#*/#(<+Q$+7/,:!

!
6($/#D<,'Z!!

",+D(,/D,*#%!S)%%,2+?<J-!_#*=#*(!>/?,,%!,F!"$C%</!_)#%D?-!`'D)*(<+/<J%<'#*0!"*,5*#:+!<'!_)#%D?!!

",+D(,/D,*#%!S)%%,2+?<J-!_#*=#*(!^'<=)*+<D0-!I<,%,50!1)J#*D:)'D!!

"?717-!I<,%,50-!_#*=#*(!^'<=)*+<D0!

B7&7-!I<,%,50-!_#*=#*(!^'<=)*+<D0!

I7&7-!I<,%,50-!I,+D,'!^'<=)*+<D0!

!
1*7!&'()*+,'!?#+!,=)*!TP!0)#*+!,F!)MJ)*<)'/)!<'!?$:#'!?)#%D?!#'(!)/,%,5</#%!*<+@!#++)++:)'D7!><'/)!
TPPP-!1*7!&'()*+,'!?#+!%)(!+)=)*#%!*)+)#*/?!)FF,*D+!<'=)+D<5#D<'5!D?)!J,D)'D<#%!J*)+)'/)!#'(!)FF)/D+!,F!
#/D<=)!J?#*:#/)$D</#%!<'5*)(<)'D+!8&"`+9!#'(!J)*+,'#%!/#*)!J*,($/D+!<'!+$*F#/)!2#D)*!#+!2)%%!#+!,D?)*!
)'=<*,':)'D#%!:)(<#7!_<+!*)+)#*/?!<'!D?)!#*)#!,F!/,'+D<D$)'D+!,F!):)*5<'5!/,'/)*'!8E6E+9!C)5#'!2<D?!
D?)!()=)%,J:)'D!,F!#!+/*))'<'5!%)=)%!:,()%!8D?)!"?#*:#/)$D</#%!&++)++:)'D!#'(!A*#'+J,*D!6=#%$#D<,'!
8,*!"" Q$+)!J?#*:#/)$D</#%+!#'(!
,D?)*!/,:J,$'(+!*)%)#+)(!F*,:!+)2#5)!D*)#D:)'D!J%#'D+!#/*,++!D?)!^'<D)(!>D#D)+!8<'/%$(<'5!D?)!
>#/*#:)'D,!#'(![,2)*!E,%,*#(,!H<=)*+97!A?)!:,()%!?#+!+<'/)!C))'!/,**,C,*#D)(!#'(!2#+!J$C%<+?)(!<'!
6'=<*,':)'D#%!>/<)'/)!#'(!A)/?',%,50!<'!TPP]7!&((<D<,'#%%0-!1*7!&'()*+,'!?)%J)(!()=)%,J!#'(!
/,'D<'$)+!D,!,=)*+))!D?)!$+)!,F!#!(#D#C#+)!D?#D!+$::#*<W)+!D?)!6'5%<+?!%#'5$#5)!J))*Q*)=<)2)(!
%<D)*#D$*)!,'!#K$#D</!D,M</<D0-!)'=<*,':)'D#%!F#D)!<'!+$*F#/)!2#D)*!#'(!D*)#D:)'D!J%#'D!*):,=#%!,F!
J?#*:#/)$D</#%+7!A?)!(#D#C#+)!<+!()+<5')(!D,!:#@)!#%%!?<+D,*</#%!<'F,*:#D<,'!)#+<%0!#//)++<C%)!D,!$+)*+!#+!
2)%%!#+!J*,=<(<'5!D?):!2<D?!$JQD,Q(#D)!<'F,*:#D<,'7!1*7!&'()*+,'!#'(!?<+!/,%%)#5$)+!?#=)!$+)(!D?)+)!
D,,%+!D,!/,'($/D!+)=)*#%!)=#%$#D<,'+-!<'/%$(<'5!#'!#++)++:)'D!,F!D?)!J,D)'D<#%!?$:#'!?)#%D?!)FF)/D+!,F!
+)=)*#%!D?)*#J)$D</!/%#++)+!,F!J?#*:#/)$D</#%+!<'!^>!+$*F#/)!2#D)*+X!D?)!()=)%,J:)'D!,F!#!J*)(</D)(!',!
)FF)/D!/,'/)'D*#D<,'!F,*!J*,D)/D<,'!,F!#K$#D</!*)/)JD,*+!F*,:!)D?<'0%!)+D*#(<,%!866T9X!#!/,:J#*<+,'!,F!
J*)(</D)(!D,!:)#+$*)(!/,'/)'D*#D<,'+!,F!66T!<'!+$*F#/)!2#D)*!D,!)+D#C%<+?!D?)!*#'5)!,F!%<@)%0!66T!
/,'/)'D*#D<,'+!8+$C:<DD)(!F,*!J$C%</#D<,'9X!#'!)=#%$#D<,'!,F!D?)!J,D)'D<#%!F,*!)+D*,5)'+!8C,D?!J*)+/*<C)(!
#'(!'#D$*#%%0!,//$**<'59!<'!(*<'@<'5!2#D)*!D,!J,+)!#!J,D)'D<#%!*<+@!D,!?$:#'+!<'!D?)!^'<D)(!>D#D)+!
8+$C:<DD)(!F,*!J$C%</#D<,'9X!#'(!/?#*#/D)*<W#D<,'!,F!D?)!J,D)'D<#%!)/,%,5</#%!*<+@!#++,/<#D)(!2<D?!66T!<'!
+$*F#/)!2#D)*!8:#'$+/*<JD!<'!J*)J#*#D<,'97!B,*)!*)/)'D%0-!1*7!&'()*+,'!?#+!)MJ#'()(!?<+!*)+)#*/?!<'!
D?)!#*)#!,F!D*#/)!/,:J,$'(+!<'!+$*F#/)!2#D)*+!D,!<'/%$()!D2,!/,:J*)?)'+<=)!*)=<)2+!,F!)M<+D<'5!

mailto:paul.anderson@arcadis-us.com
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! A - 2 

<'F,*:#D<,'!#'(!,'5,<'5!*)+)#*/?!)FF,*D+7!!A?)!F<*+D!2#+!#!*)=<)2!,F!D?)!+D#D)Q,FQD?)Q+/<)'/)!,F!
)'(,/*<')!(<+*$JD<'5!/,:J,$'(+!861E+9!#'(!D?)!<:J%</#D<,'+!,F!D?)!J*)+)'/)!,F!+$/?!/,:J,$'(+!F,*!
2#+D)2#D)*!D*)#D:)'D-!J$C%<+?)(!C0!D?)!G#D)*!6'=<*,':)'D!H)+)#*/?!S,$'(#D<,'!<'!TPPO7!`D!()+/*<C)(!
D?)!+,$*/)+!,F!61E+!<'!2#+D)2#D)*-!D?)<*!F#D)!<'!2#+D)2#D)*!D*)#D:)'D!J%#'D+-!#'(!<:J#/D+!<'!D?)!
)'=<*,':)'D!#+!#!*)+$%D!,F!(<+/?#*5)+7!A?)!+)/,'(!J*,V)/D-!J$C%<+?)(!<'!TPPc-!$J(#D)(!#'(!)MJ#'()(!
D?)!TPPO!2,*@!,'!61E+!D,!<'/%$()!D?)!F$%%!*#'5)!,F!,*5#'</!/,:J,$'(+!D?#D!:#0!,//$*!#D!D*#/)!%)=)%+!<'!
2#+D)2#D)*!D*)#D:)'D!J%#'D!)FF%$)'D+7!A?)!*)+)#*/?!<'/%$()(Z!#!*)=<)2!,F!D?)!(<FF)*)'D!+,$*/)+!#'(!
/#D)5,*<)+!,F!D*#/)!,*5#'</!/,:J,$'(+X!?,2!D?)0!#*)!:)#+$*)(X!D?)<*!*):,=#%!<'!D*)#D:)'D!J%#'D+X!#'!
<'D*,($/D<,'!D,!D?)!J,D)'D<#%!)/,%,5</#%!#'(!?$:#'!?)#%D?!)FF)/D+!#++,/<#D)(!2<D?!D*#/)!,*5#'</+!<'!
D*)#D)(!2#+D)2#D)*-!*)/0/%)(!2#D)*-!#'(!*)/)<=<'5!+D*)#:+X!#'(!#'!,=)*=<)2!,F!/$**)'D!*)+)#*/?!'))(+!
<'/%$(<'5!#!+$::#*0!,F!2)CQ%<'@+!()+/*<C<'5!:#V,*!/$**)'D!*)+)#*/?!<'<D<#D<=)+7!1*7!&'()*+,'!<+!#%+,!#'!
#(V$'/D!J*,F)++,*!<'!D?)!E)'
Y),5*#J?0!1)J#*D:)'D7!

!
&
A`dM'Z`7A`I3K&IZcM9ZKZYM2I&

!
O+J&O$#"(%&2-:%(#>&&

"*,F)++,*!

1)J#*D:)'D!,F!6'=<*,':)'D#%!>/<)'/)+!!

^'<=)*+<D0!,F!E#%<F,*'<#-!H<=)*+<()-!E&!UTOTR!!

"?,')Z!UORQcTbQTPRc!

6:#<%Z!(#'<)%7+/?%)'@y$/*7)($!!

!

6($/#D<,'Z!

",+D(,/D,*#%!S)%%,2-!1$@)!^'<=)*+<D0!!

"?717-!I<,/?):</#%!A,M</,%,50-!;*)5,'!>D#D)!^'<=)*+<D0!

I7>7-!A,M</,%,50-!.,*D?)#+D![,$<+<#'#!^'<=)*+<D0!

!

A?)!,=)*#%%!F,/$+!,F!1*7!>/
#K$#D</!#'(!:#*<')!,*5#'<+:+7!S,*!D?)!J#+D!RO!0)#*+-!1*7!>/?%)'@!?#+!C))'!<'D)*)+D)(!<'!D?)!)+D*,5)'</!
)FF)/D+!,F!%)5#/0!#'(!):)*5<'5!/?):</#%+!,F!/,'/)*'7!!`'<D<#%!2,*@!C)5#'!2<D?!)MJ%,*<'5!D?)!
+D)*),+)%)/D<=)!C<,D*#'+F,*:#D<,'!#'(!#/D<=#D<,'!,F!D?)!%)5#/0!/,'D#:<'#'D-!:)D?,M0/?%,*7!_<+!%#C!
?)%J)(!()=)%,J!#!:)D?,(!D,!:)#+$*)!D?)!)55!0,%@!J*,D)<'-!=<D)%%,5)'<'!<'!/?#'')%!/#DF<+?!#'(!3#J#')+)!
:)(#@#7!A?<+!:)D*</!2#+!$+)(!D,!)=#%$#D)!)+D*,5)'</!#/D<=<D0!<'!2#+D)2#D)*!D*)#D:)'D!J%#'D+!<'!D?)!
+,$D?!#'(!)#+D!/,#+D+!#'(!2#D)*2#0+!,F!D?)!^'<D)(!>D#D)+7!S*,:!D?)*)-!?<+!%#C,*#D,*0!)=#%$#D)(!D?)!
)FF)/D+!,F!zQ#(*)')*5</!#'D#5,'<+D+!#'(!,D?)*!J?#*:#/)$D</#%!#5)'D+!,'!#K$#D</!F<+?!#'(!<'=)*D)C*#D)+7!

*)J*,($/D<,'!#'(!J,J$%#D<,'+!#+!2)%%!#+!D?)!<()'D<F</#D<,'!,F!/#$+#%!#5)'D+!<'!+)(<:)'D+!#'(!2#D)*!
*)/)<=<'5!,/)#'</!(<+/?#*5)!F*,:!:$'</<J#%!2#+D)2#D)*!D*)#D:)'D!F#/<%<D<)+-!J#*D</$%#*%0!,FF!D?)!/,#+D!,F!
;*#'5)!E,$'D07!`'!#((<D<,'-!?<+!%#C,*#D,*0!/,'($/D)(!+D$(<)+!)=#%$#D<'5!D?)!%,'5QD)*:!)FF)/D+!,F!

mailto:daniel.schlenk@ucr.edu
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! A - 3 

*)/0/%)(!2#D)*!,'!F<+?!?)#%D?7!E$**)'D!+D$(<)+!#*)!$'()*2#0!D,!<()'D<F0!$'@',2'!)+D*,5)'</!/,:J,$'(+!
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F*,:!P7PO!85#%#M,%<()9!D,!Tb!8D*</%,+#'97!G?)'!/,'/)'D*#D<,'+!,F!E6E!<'!C<,+,%<(+!8:5a@59!#*)!
/,:J#*)(!D,!/,'/)'D*#D<,'!,F!+,<%+!D*)#D)(!2<D?!*)/0/%)(!2#D)*!8 5a@59-!C<,#//$:$%#D<,'!<'D,!
D)**)+D*<#%!,*5#'<+:+!+)):+!$'%<@)%0!)+J)/<#%%0!2<D?!D?)!%<:<D)(!I&S+7!_,2)=)*-!#((<D<,'#%!
+D$(<)+!#*)!'))()(!D,!/,'F<*:!D?)+)!J*)(</D<,'+!#'(!D,!C)DD)*!$'()*+D#'(!D?)!)FF)/D+!,F!D?)+)!
/,:J,$'(+!<'!D*,J?</!F,,(!2)C+7!

!

!
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3))(#/"B&9&X&3#,"8"*,"-&'(0"0,$#,&=$-,(+"$&$#/&3#,"."-+*8"$%0&*1&9*#-(+#&"#&
'(-5-%(/&$#/&O+"#>"#@&;$,(+&

!

A?)!/#$+)!,F!D?)!J*)=#%)'/)!,F!(*$5!*)+<+D#'D!C#/D)*<#!<'!D?)!^'<D)(!>D#D)+!<+!/,'D*,=)*+<#%!
#'(!(*$5!*)+<+D#'/)!<'!C#/D)*<#!:#0!<'!F#/D!?#=)!:#'0!,*<5<'+7!A?)!"#')%!2#+!',D!/?#*5)(!2<D?!
D?<+!<:J,*D#'D!K$)+D<,'!#'(!+$55)+D+!D?#D!F$*D?)*!*)+)#*/?!<'D,!D?<+!J*,C%):!<+!')/)++#*0!#'(!
:#0!*)K$<*)!*)+,$*/)+!#D!D?)!S)()*#%!%)=)%7!E,'/)*'+!D?#D!E#%<F,*'<#!(*<'@<'5!2#D)*!
#$5:)'D#D<,'!J*,V)/D+!:#0!#((!D,!D?)!J*,C%):!,F!#'D<C<,D</Q*)+<+D#'D!C#/D)*<#!/,'D#<'<'5!
#'D<C<,D</+!#'(!#'D<:</*,C<#%+!<'!D*#/)!#:,$'D+!#*)!',D!%<@)%0!D,!C)!#!J*,C%):!<'!E#%<F,*'<#!2#D)*!
*)/0/%<'5!J*,5*#:+-!C$D!D?)0!#*)!#((*)++)(!+J)/<F</#%%0!C)%,27!A?)!#'D<C<,D</+!,F!:,+D!/,'/)*'!
($)!D,!D?)<*!J)*+<+D)'/)!<'!2#D)*!*)/%#:#D<,'!J*,/)++)+!<'/%$()!+$%F#:)D?,M#W,%)-!
D*<:)D?,J*<:-!#'(!)*0D?*,:0/<'-!2?<%)!D?)!#'D<:</*,C<#%+!<'/%$()!D*</%,+#'!#'(!D*</%,/#*C#'!8&%Q
&?:#(-!1#+/?')*!*3&#57!RUUUX!"?<%%<J+-!E#+)2)%%!*3&#57!TPP]97!A?)!/,'/)'D*#D<,'+!,F!D?)+)!
#'D<C<,D</+!#'(!#'D<:</*,C<#%+-!#'(!,D?)*+-!<'!F<'<+?)(!2#D)*!D?#D!<+!$+)(!F,*!*)/?#*5)!J*,V)/D+!
#*)!C)%,2!%)=)%+!D?#D!/#$+)!*)+<+D#'/)!D,!,//$*!()!',=,!8G#D@<'+,'-!B$*C0!*3&#57!TPPb9!#'(!
D?$+!#*)!',D!%<@)%0!D,!C)!D?)!+,$*/)!,F!#'D<C<,D</!*)+<+D#'/)7!!!

A?)*)!<+!@))'!<'D)*)+D!<'!D?)!J,D)'D<#%!?)#%D?!)FF)/D+!,F!(*$5!*)+<+D#'D!:</*,C)+-!2?</?!#*)!
#%*)#(0!J*)+)'D!<'!D?)!)'=<*,':)'D-!J,D)'D<#%%0!C)/,:<'5!*)+<+D#'D!C)/#$+)!,F!)MJ,+$*)!D,!%,2!
/,'/)'D*#D<,'+!,F!#'D<C<,D</+7!&D!+$CQ<'?<C<D,*0!(,+)+-!#'D<C<,D</+!:#0!%)#(!D,!<'/*)#+)(!
*)+<+D#'/)!<'!C#/D)*<#! !C$D!D?)!/,'/)'D*#D<,'+!F,$'(!<'!*)/0/%)(!2#D)*!#*)!#D!%)#+D!D?*))!,*()*+!
,F!:#5'<D$()!%,2)*!D?#'!D?)!/,'/)'D*#D<,'+!'))()(!F,*!*)+<+D#'/)!8G#D@<'+,'-!B$*C0!*3&#57!
TPPb97!!>J)/<#%!<'D)*)+D!?#+!C))'!F,/$+)(!<'!:)D?</<%%<'Q*)+<+D#'D!03#8"=541411(9&#(%*(9!8BH>&9-!
<'!2?</?!D?)!:)/&!5)')!:)(<#D)+!*)+<+D#'/)!8I4*V)++,'-!B)%<'!*3&#57!TPPU97!A?)!(0'#:</+!,F!
?,2!BH>&!#'(!,D?)*!#'D<C<,D</!*)+<+D#'D!:</*,C)+!:#0!F%,$*<+?!<'!2#+D)2#D)*!D*)#D:)'D!J%#'D+!
?#+!C))'!D?)!/,'/)*'!,F!:#'0!?)#%D?!J*,=<()*+!#'(!D?)!J$C%</!#D!%#*5)7!A*)#D:)'D!J*,/)++)+!#D!
*)/%#:#D<,'!F#/<%<D<)+!)FF)/D<=)%0!*)($/)(!D?)!#:,$'D!,F!C,D?!BH>&!#'(!D?)!:)/&!5)')-!
?,2)=)*-!(<(!',D!)%<:<'#D)!D?):!8I4*V)++,'-!B)%<'!*3&#57!TPPU97!`'!D)*:+!,F!J$C%</!?)#%D?!
/,'/)*'+-!D?)!BH>&!<+!D?)!:,+D!F)#*)(7!_,2)=)*-!,D?)*!C#/D)*<#-!+$/?!#+!5=93*%$#&,*!DF&145$-!/#'!
#%+,!<:J#/D!?$:#'!?)#%D?-!D?$+!F,*:+!,F!D?)+)!:</*,C)+!D?#D!#*)!*)+<+D#'D!D,!#'D<C<,D</+!+?,$%(!
#%+,!C)!<'=)+D<5#D)(7!A?)*)!<+!',!(,$CD!D?#D!D*)#D:)'D!D?*,$5?!2#+D)2#D)*!J%#'D+!*)($/)+!D?)!
'$:C)*!,F!J#D?,5)'</!C#/D)*<#!8_#*2,,(-![)=<')!*3&#57!TPPOX!H<V#%-!w:$(#!*3&#57!TPPUX!w?#'5-!
B#**+!*3&#57!TPPU9X!?,2)=)*-!D?)*)!<+!/,'D*,=)*+0!<'!D?)!%<D)*#D$*)!#+!D,!2?)D?)*!D?)!*)($/D<,'!<+!
+$FF</<)'D!8_#*2,,(-![)=<')!*3&#57!TPPOX!!"#)<-!R4<"%45!*3&#57!TPPb99!!#'(!2?)D?)*!D?)!/,%<F,*:!
#++#0+!$+)(!#+!+$**,5#D)+!#*)!+$FF</<)'D!8w?#'5-!B#**+!*3&#57!TPPU97!!!!

`'!#!+D$(0!C0!n<%#',=#!*3&#57!8n<%#',=#-!B#')*,!*3&#57!TPP]9!!D?)!+D*$/D$*)!#'(!/,:J,+<D<,'!
,F!F)/#%!/,%<F,*:+!#'(!)'D)*,/,//#%!C#/D)*<#%!J,J$%#D<,'+!2)*)!<'=)+D<5#D)(!<'!2#+D)2#D)*!F*,:!
F<=)!D*)#D:)'D!J%#'D+!):J%,0<'5!/,'=)'D<,'#%!J*,/)++)+!D,!5#$5)!D?)!)MD)'D!,F!F,*:+!D?#D!2)*)!
*)+<+D#'D!D,!=#'/,:0/<'!#'(!)*0D?*,:0/<'7!A?)!,*<5<'!,F!2#+D)!#'(!+)2)*+?)(!+<W)!=#*<)(!F,*!
D?)!F<=)!J%#'D+7!I#/D)*<#%!J,J$%#D<,'+!2)*)!+<:<%#*!#D!#%%!F<=)!,F!D?)!J%#'D+!D?#D!2)*)!D)+D)(-!
<'/%$(<'5!D?)!F*#/D<,'!,F!C#/D)*<#!D?#D!2)*)!*)+<+D#'D!D,!#'D<C<,D</+7!A?)!#'D<C<,D</!*)+<+D#'D!
C#/D)*<#!2)*)!',D!+)%)/D<=)%0!)%<:<'#D)(!C0!/,'=)'D<,'#%!D*)#D:)'D!C$D!D?)0!2)*)!*)($/)(7!
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&(=#'/)(!D*)#D:)'D!J*,/)++)+!2)*)!',D!D)+D)(!<'!D?<+!+D$(07!;M<(#D<,'!#+!2)%%!#+!%,2Q!#'(!
?<5?QJ*)++$*)!:):C*#')!F<%D*#D<,'!#*)!%<@)%0!D,!*):,=)!:,*)!D?#'!UUm!,F!D?)!C#/D)*<#!
8I,/@)%:#''-!1,**<)+!*3&#57!TPPU97!

S<'(<'5+!F*,:!#',D?)*!+D$(0-!/,'($/D)(!C0!D?)!B)D*,J,%<D#'!G#D)*!H)/%#:#D<,'!1<+D*</D!,F!
Y*)#D)*!E?</#5,-!+$JJ,*D)(!D?)!/,'/%$+<,'!D?#D!+)/,'(#*0!2#+D)2#D)*!D*)#D:)'D!)FF)/D<=)%0!
*)($/)(!D?)!'$:C)*!,F!#'D<C<,D</!*)+<+D#'D!/,%<F,*:!C#/D)*<#!#'(!D?#D!D?)!)'=<*,':)'D+!<'!D?)!
2#+D)2#D)*!D*)#D:)'D!F#/<%<D<)+!2)*)!',D!+$JJ,*D<=)!,F!D?)<*!5*,2D?!8H<V#%-!w:$(#!*3&#57!TPPU97!!

"),J%)!2?,!/,'+$:)!#'D<C<,D</+!/#'!#'(!2<%%!)M/*)D)!+,:)!,F!D?)!#'D<C<,D</+!/,'+$:)(-!C$D!
:,*)!<:J,*D#'D%0!D?)0!2<%%!#%+,!)M/*)D)!#'D<C<,D</!*)+<+D#'D!C#/D)*<#7!A?$+!D?)!J*)+)'/)!,F!D?)+)!
C#/D)*<#!<'!D?)!<'F%$)'D+!<+!J*,C#C%0!F*,:!?$:#'!+,$*/)+7!A?)!#:,$'D!,F!#'D<C<,D</+!)M/*)D)(!C0!
?$:#'+!<+!(<%$D)(!<'!D?)!*)/)<=<'5!2#D)*+!D,!/,'/)'D*#D<,'+!D?#D!#*)!',D!%<@)%0!D,!/,'=)*D!D?)!
C#/D)*<#!<'!2#+D)2#D)*!D*)#D:)'D!J%#'D+!D,!#'D<C<,D</!*)+<+D#'/)7!I$D!D?<+!J,<'D!<+!/,'D*,=)*+<#%!
8H<V#%-!w:$(#!*3&#57!TPPUX!w?#'5-!B#**+!*3&#57!TPPU9!#'(!()+)*=)+!:,*)!+D$(07!A?)!J,++<C<%<D0!
)M<+D+!F,*!#'D<C<,D</!*)+<+D#'D!C#/D)*<#!D?#D!#*)!)M/*)D)(!F*,:!?$:#'+!D,!)<D?)*!)=#()!D*)#D:)'D!
,*!D,!D*#'+F)*!#'D<C<,D</!*)+<+D#'/)!D,!,D?)*!C#/D)*<#!2<D?<'!D?)!2#D)*!*)/%#:#D<,'!J%#'D!8w?#'5-!
B#**+!*3&#57!TPPU97!E%)#*%0!D?)!)M<+D)'/)!#'(!*#<+<'5!/,'/)'D*#D<,'+!,F!#'D<C<,D</Q*)+<+D#'D!
C#/D)*<#!<'!D?)!)'=<*,':)'D!#*)!#!'#D<,'#%!J*,C%):!D?#D!*)K$<*)+!F$*D?)*!+D$(0!D,!$'()*+D#'(!
D?)<*!,*<5<'+!#'(!?,2!D,!/,'D*,%!D?):-!?,2)=)*-!<D!<+!D?)!=<)2!,F!D?)!"#')%!D?#D!D?)!+J)/<F</!
2#D)*!*)$+)!J*#/D</)+!()+/*<C)(!<'!D?<+!*)J,*D!(,!',D!/#$+)!D?)!J*,C%):!',*!#((!D,!<D!#D!D?)!
J*)+)'D!D<:)7!!!!

&
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3))(#/"B&O&X&!(/(+$%&6$+$/"@.&1*+&'(@<%$,"#@&9A90&"#&O+"#>"#@&;$,(+&

&

^$,%"&7("-(O+8+&*2(6+'>2*%$"#("-(L&$#=$#'(9*%+&(

A?)!^>!E,'5*)++!)'#/D)(!D?)!"$C%</!_)#%D?!>)*=</)!&/D!<'!RURT-!2?</?!<'<D<#D)(!+D$(<)+!D,!
)%</<D!D?)!%<'@!C)D2))'!/%)#'!(*<'@<'5!2#D)*!#'(!?$:#'!?)#%D?7!`'!RUNT!D?<+!%)5<+%#D<,'!2#+!
*)=<+)(!#+!D?)!^>!"$C%</!_)#%D?!>)*=</)+!1*<'@<'5!G#D)*!>D#'(#*(+!H)=<+<,'+-!2?</?!)+D#C%<+?)(!
*)5$%#D<,'+!F,*!Tc!/,'D#:<'#'D+7!A?)!&:)*</#'!G#D)*!G,*@+!&++,/<#D<,'!)'(,*+)(!D?)!RUNT!
+D#' >$C+)K$)'D%0-!#%%!OP!+D#D)+!
#//)JD)(!D?)+)!+D#'(#*(+!#+!)<D?)*!5$<()%<')+!,*!*)5$%#D<,'+7!A?)!RUNT!(*<'@<'5!2#D)*!+D#'(#*(+!
#%+,!J*,=<()(!+,:)!<'+<5?D!<'D,!/,'/)*'+!*)%#D)(!D,!<:J#<*)(!2#D)*+!F*,:!$'<'D)'D<,'#%!2#D)*!

)43&#;*_(#3*5=&8%43*13*;&:=&)#3(%#5&2*#)9-&3"*&9(885=&9"#55&:*&#;*_(#3*5=&8%43*13*;&:=&

3%*#32*)3 7!`'D)*)+D<'5%0-!D?)!RUNT!+D#'(#*(+!<'/%$()(!#%@0%!C)'W)')!+$%F,'#D)!8&I>9-!#'!#'<,'</!
+$*F#/D#'D!D?#D!2#+!/,::,'%0!$+)(!<'!()D)*5)'D+7!A?)!+D#D):)'D!<+!:#()!D?#D!
14)3#$)$)<&\^0&#%*&5$?*5=&34&:*&#3&5*#93&/.&8*%1*)3&46&9*@#<*&4%$<$)&64%&*#1"&2<&\^0E5$3*%&

8%*9*)3 F!&%+,!,F!J)*D<')'D!<'D)*)+D!2#+!D?)!$+)!,F!/#*C,'!/?%,*,F,*:!)MD*#/D!8EE69!<'!D?)!RUNT!
+D#'(#*(+!#+!#'!<'(</#D,*!,F!,*5#'</!/,:J,$'(+!<'!2#D)*7!A?)!EE6!+D#'(#*(!,F!TPP!i5a[!2#+!
)+D#C%<+?)(!D,!
$55O 7!A?)!&I>!#'(!EE6!+D#'(#*(+!J*,:$%5#D)(!<'!RUNT!():,'+D*#D)!D?#D!D?)!
F)()*#%!5,=)*':)'D!$'()*+D,,(!D?#D!$'<'D)'D<,'#%!2#D)*!*)$+)!2#+!<'())(!,//$**<'5!#'(!D?#D!
D?)!/,'D#:<'#D<,'!,F!(*<'@<'5!2#D)*!F*,:!#!(<=)*+<D0!,F!,*5#'</!/,'D#:<'#'D+!2#+!J,++<C%)7!
B,*),=)*-!D?)+)!)#*%0!+D#'(#*(+!C)5#'!D,!J#=)!D?)!2#0!F,*!D?)!$+)!,F!/?):</#%!<'(</#D,*+!#'(!
+$**,5#D)!:)#+$*):)'D+!<'!#!*)5$%#D,*0!F*#:)2,*@7!E,'5*)++!/*)#D)(!D?)!^>6"&!<'!RUbP!#'(!
+$C+)K$)'D%0!#$D?,*<W)(!D?<+!C*#'/?!,F!D?)!F)()*#%!5,=)*':)'D!D,!)'+$*)!(*<'@<'5!2#D)*!+#F)D07!!!

!

@/+()*-+(L&$#=$#'(9*%+&(A1%(

`'!RUb]-!E,'5*)++!J#++)(!D?)!>#F)!1*<'@<'5!G#D)*!&/D!8>1G&9!D,!J*,D)/D!J$C%</!?)#%D?!C0!
*)5$%#D<'5!(*<'@<'5!2#D)*!+$JJ%<)+7!A?*,$5?,$D!D?)!^'<D)(!>D#D)+-!D?)*)!2)*)!/,'/)*'+!D?#D!
(*<'@<'5!2#D)*!+$JJ%<)+!2)*)!C)/,:<'5!D#<'D)(!C0!<'($+D*<#%!#/D<=<D<)+-!#5*</$%D$*)-!#'(!
2#+D)2#D)*!)FF%$)'D+7!A?)!>1G&!J*,=<()+!#$D?,*<D0!D,!D?)!^>6"&!D,!)+D#C%<+?!#'(!)'F,*/)!
'#D<,'#%!+D#'(#*(+!D,!J*,D)/D!#5#<'+D!/?):</#%!#'(!:</*,C<#%!?)#%D?!*<+@+!F*,:!(*<'@<'5!2#D)*7!!
A?)+)!'#D<,'#%!+D#'(#*(+!+)D!)'F,*/)#C%)!:#M<:$:!/,'D#:<'#'D!%)=)%+!8BE[+9!F,*!C<,%,5</#%!
#'(!/?):</#%!/,'D#:<'#'D+-!#+!2)%%!#+!D*)#D:)'D!D)/?',%,5<)+!<'!+,:)!/#+)+-!()):)(!D,!
')/)++#*0!F,*!D?)!J*,D)/D<,'!,F!J$C%</!?)#%D?7!A?)!6"&!(*<'@<'5!2#D)*!+D#'(#*(+!*)K$<*)!*)5$%#*!
D)+D<'5!D,!#++$*)!D?#D!/,'D#:<'#'D+!(,!',D!)M/))(!D?)<*!BE[+7!!

>D#D)+!/#'!#JJ%0!D,!D?)!^>6"&!F,*!J*<:#/0-!2?</?!5*#'D+!D?)!J#*D</$%#*!+D#D)!D?)!*<5?D!D,!
<:J%):)'D!D?)!>1G&!*)K$<*):)'D+!2<D?<'!D?)!+D#D)7!6=)*0!+D#D)!<'!D?)!^>!)M/)JD!F,*!G0,:<'5!
#'(!D?)!1<+D*</D!,F!E,%$:C<#!?#=)!#JJ%<)(!F,*!#'(!C))'!+$C+)K$)'D%0!5*#'D)(!J*<:#/07!A?<+!
:)#'+!D?#D!D?)!+D#D)!2<%%!)'F,*/)!>1G&!/,:J%<#'/)!#'(!?#+!D?)!*<5?D!D,!*)K$<*)!:,*)!+D*<'5)'D!
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*)5$%#D<,'+!D?#'!D?,+)!+J)/<F<)(!<'!D?)!>1G&7!S,*!<'+D#'/)-!D?)!+D#D)!,F!E#%<F,*'<#!*)/)'D%0!
)+D#C%<+?)(!#'!)'F,*/)#C%)!(*<'@<'5!2#D)*!BE[!,F!N!i5a[!F,*!J)*/?%,*#D)!<'!D?)!#C+)'/)!,F!#!
F)()*#%!BE[7!!!

A?)!^>6"&!)+D#C%<+?)+!'#D<,'#%!+D#'(#*(+!C#+)(!,'!,//$**)'/)!#'(!*<+@!D,!J$C%</!?)#%D?7!
A?)!*<+@!<+!)+D<:#D)(!C0!)+D#C%<+?<'5!#!?)#%D?QC#+)(!:#M<:$:!/,'D#:<'#'D!%)=)%!5,#%!8BE[Y9!
F,*!D?)!:,+D!+)'+<D<=)!J,J$%#D<,'!8<7)7-!/?<%(*)'-!J*)5'#'D!2,:)'-!D?)!)%()*%0-!)D/797!A?)!BE[Y!
<+!D?)!%)=)%!,F!#!/,'D#:<'#'D!<'!(*<'@<'5!2#D)*!C)%,2!2?</?!',!@',2'!,*!)MJ)/D)(!*<+@!)M<+D+7!
A?)!BE[Y!<'/%$()+!$'/)*D#<'D0!F#/D,*+!8,*!+#F)D0!F#/D,*+9!D?#D!#*)!$+)(!D,!#(V$+D!F,*!
$'/)*D#<'D<)+!,*!<'#()K$#/<)+!<'!D?)!(#D#!+)D!$+)(!D,!()=)%,J!D?)!BE[Y7!A?)!6"&!D?)'!
)=#%$#D)+!D?)!D0J)+!#'(!/,+D+!,F!D*)#D:)'D!D,!*)($/)!D?)!/,'D#:<'#'D!/,'/)'D*#D<,'!#'(!
J)*F,*:+!#!/,+DQC)')F<D!#'#%0+<+!D,!<()'D<F0!#'!)'F,*/)#C%)!BE[!#+!/%,+)!D,!D?)!BE[Y!#+!
J,++<C%)7!A?)!#=#<%#C<%<D0!#'(!*)%<#C<%<D0!,F!#'#%0D</#%!:)D?,(+!F,*!()D)/D<,'!#'(!K$#'D<F</#D<,'!,F!
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+$CV)/D<=)!+)%)/D<,'!,F!/,'D#:<'#'D+!$+)(!F,*!EE[R!#'(!EE[T7!A?)!EE[\!+)%)/D<,'!J*,/)++!
$D<%<W)(!D?)!)MJ)*D!,J<'<,'+!J*,=<()(!C0!D?)!.HE!#+!2)%%!#+!D?)!.#D<,'#%!1*<'@<'5!G#D)*!
&(=<+,*0!E,$'/<%!8.1G&E97!A?<+!:$%D<Q+D)J!J*,/)++!<'/%$()+!D?*))!@)0!)%):)'D+Z!

 `()'D<F</#D<,'!,F!#!C*,#(!$'<=)*+)!,F!J,D)'D<#%!C<,%,5</#%!/?):</#%!#'(!/?):</#%!
/,'D#:<'#'D+!8EE[!^'<=)*+)9X!
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D?#D!<+!',D!*)%#D)(!D,!,//$**)'/)!,*!D,M</<D0!2)*)!',D!$D<%<W)(7!E,:J%)D)')++!2#+!5#$5)(!C#+)(!
,'!:<'<:$:!(,/$:)'D#D<,'!#'(!K$#%<D0!*)K$<*):)'D+-!+$/?!#+!/,'D#/D!<'F,*:#D<,'-!()+/*<JD<,'!
,F!(#D#!)%):)'D+-!<'F,*:#D<,'!,'!?,2!(#D#!2)*)!,CD#<')(-!#'(!2?)D?)*!,*!',D!(#D#!2)*)!J))*Q
*)=<)2)(7!H)($'(#'/0!2#+!#++)++)(!D,!#=,<(!($J%</#D<,'!#'(!2?)'!*)($'(#'D!(#D#!2#+!F,$'(-!
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`'!,*()*!D,!)=#%$#D)!,//$**)'/)-!D?)!^>6"&!/,'+<()*)(!(#D#!F*,:!:)#+$*)(!/,'/)'D*#D<,'+!
<'!#:C<)'D!#'(!F<'<+?)(!2#D)*-!D,D#%!*)%)#+)+!D,!D?)!)'=<*,':)'D!8F*,:!+D#D)!(#D#9-!J)+D</<()!
#JJ%</#D<,'!*#D)+-!#'(!J*,($/D<,'!=,%$:)7!A?)!^>6"&!#%+,!/,'+<()*)(!()+/*<JD<=)!(#D#-!2?</?!
<'/%$()+!/,:J,$'(+-!+$/?!#+!(<+<'F)/D<,'!C0J*,($/D+!#'(!(*<'@<'5!2#D)*!D*)#D:)'D!/?):</#%+7!!
S,*!C,D?!F<'<+?)(!#'(!#:C<)'D!2#D)*!K$#%<D0!(#D#-!D?)!^>6"&!/,'+<()*)(!D?)!J)*/)'D!,F!+#:J%)+!
2<D?!()D)/D<,'+-!J)*/)'D!,F!+<D)+!2<D?!()D)/D<,'+-!#'(!D?)!:)(<#'-!:#M<:$:-!#'(!:)#'!
/,'/)'D*#D<,'+!()D)/D)(7!`'!#((<D<,'-!D?)!^>6"&!/,'+<()*)(!A,M</+!H)%)#+)!`'=)'D,*0!#'(!D?)!
.#D<,'#%!")+D</<()!^+)!1#D#C#+)!D,!()D)*:<')!D,D#%!*)%)#+)+!D,!D?)!)'=<*,':)'D!8%C+a0)#*9-!
'$:C)*!,F!+D#D)+!2<D?!(,/$:)'D)(!*)%)#+)+-!J)+D</<()!#JJ%</#D<,'!8%C+a0)#*9-!#'(!'$:C)*!,F!
+D#D)+!2<D?!J)+D</<()!#JJ%</#D<,'7!1#D#!F*,:!D?)!A,M</!>$C+D#'/)+!E,'D*,%!&/D!8A>E&9!J*,($/D<,'!
=,%$:)!(#D#!*)J,*D)(!<'!D?)!E?):</#%!^J(#D)!>0+D):a`'=)'D,*0!^J(#D)!H$%)-!2?</?!<'/%$()+!

,!/,'+<()*)(!<'!D?)!)MJ,+$*)!
#++)++:)'D7!1<+<'F)/D<,'!C0J*,($/D+!#'(!2#D)*!D*)#D:)'D!/?):</#%!<'F,*:#D<,'!2#+!5#D?)*)(!
F*,:!1>>QA,M!(#D#C#+)!#'(!?)!.>S!+D#'(#*(!NP-!*)+J)/D<=)%07!I)/#$+)!,F!D?)!?<5?!J*,J)'+<D0!
F,*!1I"+!#'(!2#D)*!D*)#D:)'D!/?):</#%+!D,!J)*+<+D!<'!(*<'@<'5!2#D)*-!D?)!^>6"&!:,=)(!D?)+)!
/#D)5,*<)+!F,*2#*(!F,*!/,'+<()*#D<,'!D,!"EE[!)=)'!2?)'!%<:<D)(!,//$**)'/)!(#D#!2)*)!#=#<%#C%)!
8#+!%,'5!#+!D?)0!F)%%!<'D,!D,M</<D0!/#D)5,*<)+!R!,*!T97!I)/#$+)!,//$**)'/)!(#D#!,FD)'!F#%%!<'D,!
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! D - 14 

:$%D<J%)!/#D)5,*<)+!8<7)7-!F<'<+?)(!2#D)*!/,'/)'D*#D<,'!#'(!J*,($/D<,'!=,%$:)!(#D#9-!D?)!^>6"&!
)+D#C%<+?)(!D?)!F,%%,2<'5!?<)*#*/?0Z!

!

!"#"0:(/&;$,(+&i&3.8"(#,&;$,(+&j&A#4"+*#.(#,$%&'(%($0(&O$,$&j&6+*/<-,"*#&O$,$&

!

A?<+!?<)*#*/?0!C)/,:)+!)+J)/<#%%0!<:J,*D#'D!<'!D?)!(<+/$++<,'!,F!D?)!<'/%$+<,'+!,F!+D)*,<(!
?,*:,')+!<'!D?)!F<'#%!EE[\-!+<'/)!F<'<+?)(!(*<'@<'5!2#D)*!:)#+$*):)'D+!2)*)!)++)'D<#%%0!','Q
()D)/D#C%)!8I)',DD<!*3&#57!TPPU9!0)D!#:C<)'D!2#D)*!/,'/)'D*#D<,'+!$+)(!C0!^>6"&!2)*)!
)MD*):)%0!%#*5)7!A?<+!:)#'+!D?#D!2#D)*!D*)#D:)'D!<+!',D!/,'+<()*)(!<'!D?)!+)%)/D<,'!,F!D?)!EE[\!
#'(!D?)!:,+D!/,'+)*=#D<=)!=#%$)+!#*)!$+)(!<'!D?)!J*<,*<D<W#D<,'7!!!

&'!<'D)5*#D)(!#++)++:)'D!/,:C<'<'5!D?)!,//$**)'/)!#'(!?)#%D?!)FF)/D+!(#D#!#*)!J*,=<()(!<'!
A#C%)!1QO7!A?)!#+D)*<+@+!<'!A#C%)!1QO!+<5'<F0!2?)*)!/#%/$%#D)(!(*<'@<'5!2#D)*!)K$<=#%)'D!%)=)%+!
81G6[9!D?*)+?,%(+!F)%%!2<D?<'!)#/?!D,M</<D0!/#D)5,*07!S,*!<'+D#'/)-!F,*!/#D)5,*0!R!D,M</<D0!8:,+D!
D,M</9-!#'0!/,'/)'D*#D<,'!,*!)=)'!','Q()D)/D!2,$%(!:,=)!D?)!/?):</#%!<'D,!D?)!"EE[7!G?<%)!<'!
D,M</<D0!/#D)5,*0!D?*))-!D?)!1G6[!D?*)+?,%(!2#+!/#%/$%#D)(!D,!C)!]P!i5a[7!A?)*)F,*)-!D?)!C,%(!
%<')!D?#D!+)J#*#D)+!D?)!5*)0!F*,:!D?)!2?<D)!#*)#!<'!A#C%)!1QO!<+!D?)!(<=<(<'5!%<')!C)D2))'!""E[!
<'/%$+<,'!82?<D)9!#'(!""E[!)M/%$+<,'!85*)097!!!

!

I$8%(&OXUJ&9*.)$+"#@&:($%,:&(11(-,0&,*&$.8"(#,&k&1"#"0:(/&?$,(+&-*#-(#,+$,"*#0&1*+&699K&_1+*.&
:,,)E]]???J()$J@*4]0$1(?$,(+]--%])/10]--%Gh/*-0]99KG9:(.h2-+((#"#@h,*h699KhLWXGDXLShULW4FJ)/1a&

!

!

&!+<:<%#*!""E[!<'/%$+<,'a)M/%$+<,'!+/)'#*<,!2#+!()=)%,J)(!F,*!/,:J#*<'5!*)%)#+)!(#D#!D,!
D,M</<D0!/#D)5,*<)+!8A#C%)!1QN97!&5#<'-!D?)!+?#()(!#*)#!<'(</#D)+!/,:J,$'(+!',D!<'/%$()(!<'!D?)!
"EE[!2?<%)!D?)!2?<D)!#*)#+!<'(</#D)!<'/%$+<,'!,'!D?)!"EE[7!S,*!<'+D#'/)-!#!/,:J,$'(!*)%)#+)(!
#D!UPP-PPP!%C+a0)#*!<'!D,M</<D0!/#D)5,*0!]!2,$%(!',D!C)!/,'+<()*)(!F,*!D?)!"EE[-!2?<%)!#!
/,:J,$'(!2<D?!D?)!+#:)!*)%)#+)!C$D!<'!D,M</<D0!/#D)5,*0!\!2,$%(!C)!<'/%$()(7!!!
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! D - 15 

!

I$8%(&OXVJ&9*.)$+"#@&:($%,:&(11(-,0&,*&+(%($0(&/$,$&1*+&699K&_1+*.&
:,,)E]]???J()$J@*4]0$1(?$,(+]--%])/10]--%Gh/*-0]99KG9:(.h2-+((#"#@h,*h699KhLWXGDXLShULW4FJ)/1a&

!

!

&'!#'#%,5,$+!#++)++:)'D!2#+!J)*F,*:)(!F,*!J*,($/D<,'!=,%$:)!(#D#!8A#C%)!1Qb97!;'/)!
#5#<'-!D?)!+?#()(!#*)#!*)J*)+)'D+!/,:J,$'(+!D?#D!2,$%(!',D!C)!/,'+<()*)(!F,*!"EE[!2?<%)!D?)!
2?<D)!#*)#+!<'(</#D)!/,:J,$'(+!D?#D!2,$%(!C)!<'/%$()(!,'!D?)!""E[7!

!

I$8%(&OXPJ&9*.)$+"#@&:($%,:&(11(-,0&,*&)+*/<-,"*#&/$,$&1*+&699K&_1+*.&
:,,)E]]???J()$J@*4]0$1(?$,(+]--%])/10]--%Gh/*-0]99KG9:(.h2-+((#"#@h,*h699KhLWXGDXLShULW4FJ)/1a&

!

!

&FD)*!D?)!<'<D<#%!+/*))'<'5-!^>6"&!#JJ%<)(!K$#%<D0!#++$*#'/)!:)#+$*)+!#'(!/,'($/D)(!
()D#<%)(!)=#%$#D<,'+!,F!D?,+)!/?):</#%+!F#%%<'5!')#*!D?)!C,*()*!C)D2))'!<'/%$+<,'!#'(!)M/%$+<,'!
,'!D?)!""E[7!^+<'5!D?<+!#JJ*,#/?-!D?)!^>6"&!+/*))')(!D?)!/?):</#%!^'<=)*+)!,F!:,*)!D?#'!
N-PPP!/,:J,$'(+!#'(!+)%)/D)(!ONR!F,*!/,'+<()*#D<,'!,'!D?)!"EE[7!A?)!/,:J%)D)!%<+D!,F!"EE[!
/?):</#%+!#%,'5!2<D?!D?)<*!/,**)+J,'(<'5!(#D#!+?))D+!/#'!C)!F,$'(!#D!
?DDJZaa2227)J#75,=a+#F)2#D)*a//%aJ(F+a//%\h(,/+aS<'#%mTP"EE[mTP\mTPE,'D#:<'#'DmTP`'F
,*:#D<,'mTP>?))D+7J(F7!

(

http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/Final%20PCCL%203%20Contaminant%20Information%20Sheets.pdf
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/Final%20PCCL%203%20Contaminant%20Information%20Sheets.pdf
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O&"0(C..N(%"(..N&&

S*,:!D?)!ONR!/?):</#%+!<'/%$()(!,'!D?)!"EE[-!D?)!^>6"&!#JJ%<)(!/%#++<F</#D<,'!:,()%+!
C#+)(!,'!J#+D!)MJ)*D!()/<+<,'+!#'(!#(=</)!F*,:!D?)!.HE!#'(!.1G&E7!A?)!^>6"&!/%#++<F<)(!
/?):</#%+!C#+)(!,'!#DD*<C$D)+!C#+)(!,'!+<:<%#*<D<)+!,F!K$#%<D<)+!,*!D*#<D+!D?#D!#*)!<'(</#D<=)!,F!
J*,J)'+<D0!F,*!,//$**)'/)!#'(!?)#%D?!)FF)/D+7!>)=)*#%!#%5,*<D?:+!2)*)!D?)'!()=)%,J)(!#'(!
)=#%$#D)(!D,!J*,=<()!F,*!*#J<(!#'(!*)J*,($/<C%)!J*<,*<D<W#D<,'7!;'/)!#DD*<C$D)+!2)*)!)+D#C%<+?)(!
#'(!#!+$<D#C%)!#%5,*<D?:!#JJ%<)(-!D?)!^>6"&!$+)(!)MJ)*D!*)=<)2!#+!#!F<'#%!#'#%0+<+!J*<,*!D,!
*)%)#+<'5!D?)!(*#FD!EE[7!!!

A?)!^>6"&!$+)(!D?)!#DD*<C$D)+!,F!J,D)'/0!#'(!+)=)*<D0!D,!()+/*<C)!?)#%D?!)FF)/D+!#'(!D?)!
#DD*<C$D)+!,F!J*)=#%)'/)!#'(!:#5'<D$()!D,!()+/*<C)!,//$**)'/)7!`'!D?)!#C+)'/)!,F!,//$**)'/)!
(#D#-!D?)!^>6"&!+,:)D<:)+!$+)(!J)*+<+D)'/)!#'(!:,C<%<D0!)'=<*,':)'D#%!F#D)!J*,J)*D<)+7!
&DD*<C$D)+!5<=)'!#!'$:)*</#%!+/,*<'5!+0+D):!82?)*)!?<5?)*!'$:C)*+!)K$#D)!D,!5*)#D)*!/,'/)*'9!
<'!,*()*!D,!#++)++!D?)!*)%#D<=)!<:J,*D#'/)!,F!#!J#*D</$%#*!#DD*<C$D)!F,*!)#/?!/?):</#%7!!

_)#%D?!)FF)/D+!#DD*<C$D)+!,F!+)=)*<D0!#'(!J,D)'/0!#*)!<'D)**)%#D)(7!",D)'/0!*)J*)+)'D+!D?)!
%,2)+D!(,+)!,F!#!/?):</#%!D?#D!<'($/)+!#'!#(=)*+)!)FF)/D-!2?<%)!+)=)*<D0!<+!D?)!#(=)*+)!?)#%D?!
)FF)/D!#'(!<+!*#'@)(!#//,*(<'5!D,!+<5'<F</#'/)!8<7)7-!/#'/)*!=)*+$+!+@<'!<**<D#D<,'97!&!*#D?)*!
()D#<%)(!#'(!%)'5D?0!()+/*<JD<,'!,F!?,2!J,D)'/0!#'(!+)=)*<D0!#DD*<C$D)!+/,*)+!2)*)!()D)*:<')(!
<+!J*,=<()(!#D!?DDJZaa2227)J#75,=a+#F)2#D)*a//%aJ(F+a//%\h(,/+aEE[\h"EE[D,EE[hPcQ\RQ
PUhOPc7J(F7!`'!C*<)F-!J,D)'/0!+/,*)+!*#'5)(!F*,:!R! !RP!#'(!2)*)!5)')*#%%0!C#+)(!$J,'!
*)F)*)'/)!(,+)+!8HF19-![;&6[a.;&6[-![1OP-!#'(!/#'/)*!*<+@!8A#C%)!1Qc97!A?)!+)=)*<D0!#DD*<C$D)!
+/,*<'5!<+!F#*!:,*)!/,:J%)M!#'(!J)*?#J+!:,*)!+$CV)/D<=)!8A#C%)!1QU97!S,*!()D#<%)(!()+/*<JD<,'+!
*)5#*(<'5!+)=)*<D0!+/,*<'5-!+))!6M?<C<D!&7\!#D!
?DDJZaa2227)J#75,=a+#F)2#D)*a//%aJ(F+a//%\h(,/+aEE[\h"EE[D,EE[hPcQ\RQPUhOPc7J(F7!

S,*!,//$**)'/)!#DD*<C$D)+-!C,D?!J*)=#%)'/)!#'(!:#5'<D$()!#*)!/,'+<()*)(7!"*)=#%)'/)!
+/,*<'5!<+!)++)'D<#%%0!D?)!F*)K$)'/0!,F!,//$**)'/)!,*!*)%)#+)aJ*,($/D<,'-!#'(!<+!C#+)(!$J,'!
C,D?!#!?<)*#*/?0!#+!(<+/$++)(!J*)=<,$+%0!8A#C%)!1QN97!B#5'<D$()!<+!)++)'D<#%%0!D?)!K$#'D<D0!,F!
/,'/)'D*#D<,'+!*)J,*D)(-!#JJ%</#D<,'a*)%)#+)!(#D#-!,*!J)*+<+D)'/)a:,C<%<D0!(#D#!8A#C%)!1QRP97!`'!
,*()*!D,!()D)*:<')!D?)!J)*+<+D)'/)a:,C<%<D0!+/,*)-!D?)!/,**)+J,'(<'5!=#%$)!F*,:!A#C%)!1QRR!
#'(!A#C%)!1QRT!#*)!#=)*#5)(!#'(!D?)!#=)*#5)(!=#%$)!:$%D<J%<)(!C0!RPa\!<'!,*()*!D,!()D)*:<')!
J)*+<+D)'/)a:,C<%<D0!#DD*<C$D)!+/,*)!8A#C%)!1QR\97!!!

!

http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_PCCLtoCCL_08-31-09_508.pdf
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_PCCLtoCCL_08-31-09_508.pdf
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_PCCLtoCCL_08-31-09_508.pdf
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I$8%(&OXWJ&6*,(#-5&$,,+"8<,(0&

_1+*.&:,,)E]]???J()$J@*4]0$1(?$,(+]--%])/10]--%Gh/*-0]99KGh699K,*99KhLWXGDXLShULWJ)/1a&

!

!

!

I$8%(&OXSJ&2(4(+",5&$,,+"8<,(&@(#(+$%"b(&0-*+"#@&

2(4(+",5&
2-*+(& 2-*+(&O(1"#","*#&

R! .,!&(=)*+)!6FF)/D!

T! E,+:)D</!6FF)/D!

\! H)=)*+<C%)!6FF)/D+!

]! E)%%$%#*a"?0+<,%,5</#%!E?#'5)+!D?#D!E,$%(![)#(!D,!1<+,*()*+!

O!
><5'<F</#'D!S$'/D<,'#%!E?#'5)+!D?#D!#*)!H)=)*+<C%)!,*!")*:#')'D!E?#'5)+!D?#D!#*)!,F!
B<'<:#%!A,M</,%,5</#%!><5'<F</#'/)!

N! ><5'<F</#'D-!`**)=)*+#C%)-!.,'%)D?#%!E,'(<D<,'+!,*!1<+,*()*+!

b! 1)=)%,J:)'D#%!,*!H)J*,($/D<=)!6FF)/D+![)#(<'5!D,!B#V,*!10+F$'/D<,'!

c! A$:,*+!,*!1<+,*()*+![<@)%0![)#(<'5!D,!1)#D?!

U! 1)#D?!

!

!

http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_PCCLtoCCL_08-31-09_508.pdf
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I$8%(&OXDLJ&T"(+$+-:5&$#/&$,,+"8<,(&0-*+(&1*+&)+(4$%(#-(&

!

!

!

I$8%(&OXDDJ&T"(+$+-:5&$#/&$,,+"8<,(&0-*+(&1*+&.$@#",</(&

!
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! D - 19 

I$8%(&OXDFJ&7*8"%",5&0-$%(&

 Units 1 (Low) 2 (Medium) 3 (High) 
Organic Carbon Partitioning Coefficient 
(Koc) mL/g >1,000 100-1,000 <100 

Log Octanol/Water Partitioning Coefficient 
(Kow) dimensionless >4 1-4 <1 

Soil/Water Distribution Coefficient (Kd) mL/g >10 1-10 <1 

Henry's Law Coefficient (Kh) atm-m3/mol >10-3 10-7 - 10-3 <10-7 

Henry's Law Coefficient (Kh) dimensionless >0.042 0.042-4.2x10-6   <4.2x10-6 

Solubility Mg/L <1 1-1,000 >1,000 

Percent in water (PBT Profiler) dimensionless  >25-50 > 50 

!

I$8%(&OXDGJ&6(+0"0,(#-(&0-$%(&

 Units 1 (Low) 2 (Medium) 3 (High) 
Half Life (t1/2) Time days months recalcitrant 

Measured Degradation Rate Time days months recalcitrant 

Modeled Degradation Rate (PBT 
Profiler) Time days months recalcitrant 

!

;'/)!D?)!#DD*<C$D)+!?#(!C))'!#++<5')(!F,*!#%%!"EE[!/?):</#%+-!D?)+)!#DD*<C$D)+!2)*)!
)=#%$#D)(!$+<'5!D?*))!J*)F)**)(!:,()%+!D,!()D)*:<')!%<+D-!',!%<+D-!,*!K$)+D<,'#C%)!+D#D$+!F,*!
EE[\7!A?)!D?*))!:,()%+!2)*)!&*D<F</<#%!.)$*#%!.)D2,*@!8&..9-!E%#++<F</#D<,'!A*))!2<D?![<')#*!
.,()+!8e$)+D9-!#'(![<')#*!H)5*)++<,'!8[<')#*97!^>6"&!)MJ)*D+!D?)'!)=#%$#D)(!D?)!:,()%!,$DJ$D!
#'(!F$*D?)*!)=#%$#D)(!D?)!/?):</#%+!C0!/#%/$%#D<,'!,F!#!?)#%D?!*)F)*)'/)!%)=)%!8_H[97!A#C%)!1QR]!
J*,=<()+!D?)!)K$#D<,'+!$+)(!C0!D?)!6"&-!2<D?!/,**)+J,'(<'5!$'/)*D#<'D0!F#/D,*+-!F,*!D?)!
/#%/$%#D<,'!,F!D?)!_H[7!.,D)!D?#D!#!*)%#D<=)!+,$*/)!/,'D*<C$D<,'!,F!P7T!<+!$+)(!<'!)#/?!,F!D?)!','Q
/#'/)*!)K$#D<,'+7!A?)!_H[!<+!D?)'!/,:J#*)(!D,!D?)!UPD?!J)*/)'D<%)!/,'/)'D*#D<,'!<'!#:C<)'D!,*!
F<'<+?)(!2#D)*7!S,*!/,:J,$'(+!2<D?,$D!:)#+$*)(!(#D#!8J*<:#*<%0!J)+D</<()+9!D?)!^>6"&!2,$%(!
$+)!#'!)+D<:#D)(!)'=<*,':)'D#%!/,'/)'D*#D<,'!/#%/$%#D)(!F*,:!:,()%+7!`F!D?)!/,**)+J,'(<'5!
*#D<,!C)D2))'!D?)!_H[!#'(!D?)!,//$**)'/)!=#%$)!2#+!%)++!D?#'!,*!)K$#%!D,!RP-!D?)!^>6"&!2,$%(!
%<+D!D?)!/,'D#:<'#'D!,'!D?)!(*#FD!EE[\7!!!

&',D?)*!J,+DQ:,()%!)=#%$#D<,'!2#+!D?)!*)%#D<=)!*#'@<'5!,F!/)*D#<'D0!,F!D?)!(#D#!<'D,!%,2-!
:)(<$:-!#'(!?<5?!/)*D#<'D0!C#+)(!$J,'!D?)!D0J)!,F!(#D#!D?#D!2#+!$+)(!D,!#++<5'!#DD*<C$D)+7!S,*!
<'+D#'/)-!:)#+$*)(!/,'/)'D*#D<,'+!/,$J%)(!2<D?!*)F)*)'/)!(,+)+!,*!/#'/)*!+%,J)!F#/D,*+!2)*)!
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! Q!TN!J)+D</<()+!#'(!/?):</#%+!<'!D?)!:)(<$:!/)*D#<'D0!C<'!82<D?!#JJ%</#D<,'!,*!*)%)#+)!! ! !!!!!!
,//$**)'/)!(#D#9X!#'(-!
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!

!
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.&>-!.1G&E-!>&I-!#'(!=#*<,$+!)MJ)*D!J#')%+-!D,!C)!*<5,*,$+!#'(!D*#'+J#*)'D7!!_,2)=)*-!D?)!
"#')%!*)/,5'<W)+!D?#D!D?)!@)0!:<++<'5!)%):)'D+!#*)!:,+D%0!*)%#D)(!D,!D?)!(#D#!#JJ*,J*<#D)!D,!
E#%<F,*'<#!*)/0/%)(!2#D)*7!!A?)!EE[!(#D#C#+)+!2,$%(!',D!?#=)!/,::,'%0!/#JD$*)(!D?)!B6E!
(#D#!F*,:!E#%<F,*'<#!$D<%<D<)+!',*!?#=)!/#JD$*)(!D?)!:#V,*<D0!,F!2#D)*!*)$+)!%<D)*#D$*)!+$/?!#+!
G#D)H)$+)!S,$'(#D<,'!#'(!.GH`!*)J,*D+7!!G?)'!D,M</,%,5</#%!(#D#!2)*)!#=#<%#C%)!2<D?<'!D?)!
EE[!(,++<)*+!D?)0!2)*)!/,'+<()*)(!C0!D?)!J#')%7!_,2)=)*-!F,*!E6E+!2<D?!:)#+$*)(!
)'=<*,':)'D#%!/,'/)'D*#D<,'+!<'!E#%<F,*'<#!D?#D!2)*)!',D!/,'+<()*)(!<'!D?)!EE[!J*,/)++-!D?)!
"#')%!*)/,5'<W)+!D?)!'))(!D,!$D<%<W)!,D?)*!(#D#C#+)+!,*!+/*))'<'5!D,,%+!()+/*<C)(!%#D)*7!

http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_PCCLtoCCL_08-31-09_508.pdf
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! A?)!F,%%,2<'5!<+!#!:,*)!()D#<%)(!(<+/$++<,'!D?)!@)0!E#%<F,*'<#!*)5$%#D<,'+!8<7)7-!/$**)'D!#'(!
(*#FD9-!/*<D)*<#-!#'(!J,%</0!D?#D!<:J#/D!*)$+)!J*,V)/D+7!
(
)>00*&7("-(.*2$-"&#$*(3#*U2$#'(N+'$,2*%$"#(-"&(6+1712$#'()1/+0+,(

 ",*D)*QE,%,5')!G#D)*!e$#%<D0!E,'D*,%!&/D!,F!D?)!E#%<F,*'<#!G#D)*!E,()!8EGE9!Q!A?)!
",*D)*QE,%,5')!&/D!,F!D?)!EGE!<+!D?)!:#<'!*)5$%#D<,'!D?#D!5<=)+!D?)!#$D?,*<D0!#'(!
*)+J,'+<C<%<D0!D,!D?)!HGI+!D,!)+D#C%<+?!2#D)*!K$#%<D0!,CV)/D<=)+-!D,!J*)+/*<C)!#'(!
)'F,*/)!*)K$<*):)'D+!F,*!2#+D)!(<+/?#*5)!D,!J*,D)/D!+$*F#/)!#'(!5*,$'(2#D)*!K$#%<D0-!
#'(-!<'!/,'+$%D#D<,'!2<D?!1"_-!J*)+/*<C)!#'(!)'F,*/)!*)/%#:#D<,'!*)K$<*):)'D+7!^'()*!
D?)!EGE-!G#+D)!1<+/?#*5)!H)K$<*):)'D+!8G1H+9!#*)!<++$)(!C0!D?)!HGI+!D?#D!/,'D#<'!
D?)!2#D)*!K$#%<D0!,CV)/D<=)+-!)FF%$)'D!%<:<D+-!#'(!,D?)*!*)K$<*):)'D+!D?#D!#*)!$+)(!D,!
*)5$%#D)!*)/%#:#D<,'!J*,V)/D+7!A?)!>D#D)!?#+!#!J,%</0!D,!J*,:,D)!D?)!$+)!,F!*)/0/%)(!
2#D)*!D,!D?)!:#M<:$:!)MD)'D!<'!,*()*!D,!+$JJ%):)'D!)M<+D<'5!+$*F#/)!#'(!5*,$'(!2#D)*!
+$JJ%<)+!D,!?)%J!:))D!2#D)*!'))(+!8EGE!+)/D<,'+!R\ORPQR\ORT97!;')!,F!D?)!J*<:#*0!
/,'(<D<,'+!,'!D?)!$+)!,F!*)/0/%)(!2#D)*!<+!J*,D)/D<,'!,F!J$C%</!?)#%D?!8EGE!+)/D<,'+!
R\OTR-!R\OTT-!R\OOP8#98\997!`'!#((<D<,'-!D?)!RUbb!#:)'(:)'D+!D,!D?)!EG&!*)K$<*)(!
J$C%</%0!,2')(!D*)#D:)'D!2,*@+!8";AG+9!D,!)'+$*)!/,:J%<#'/)!2<D?!D?)!J*)D*)#D:)'D!
+D#'(#*(+!C0!)#/?!+<5'<F</#'D!%,/#%!+,$*/)!<'D*,($/<'5!J,%%$D#'D+!+$CV)/D!D,!J*)D*)#D:)'D!
+D#'(#*(+!<'D,!#!";AG7!A,!:))D!D?)!*)K$<*):)'D+!,F!D?)!RUbb!#:)'(:)'D+-!D?)!^>6"&!
()=)%,J)(!D?)!Y)')*#%!"*)D*)#D:)'D!H)5$%#D<,'+!F,*!6M<+D<'5!#'(!.)2!>,$*/)+!,F!
",%%$D<,'-!2?</?!#*)!F$*D?)*!(<+/$++)(!<'!&JJ)'(<M!_7!

!
 >GHEI!H)/0/%)(!G#D)*!",%</0!Q!`'!S)C*$#*0!TPPU-!D?)!>GHEI!#(,JD)(!#'!$J(#D)(!

H)/0/%)(!G#D)*!",%</0!8H)+,%$D<,'!.,7!TPPUQPPRR97!A?)!5,#%!,F!D?)!",%</0!<+!D,!<'/*)#+)!
D?)!$+)!,F!*)/0/%)(!2#D)*!2?<%)!J*,D)/D<'5!5*,$'(2#D)*!K$#%<D07!A?)!",%</0!+D#D)+!D?#D!
%,/#%!2#D)*!#'(!2#+D)2#D)*!)'D<D<)+-!D,5)D?)*!2<D?!+#%Da'$D*<)'D!/,'D*<C$D<'5!
+D#@)?,%()*+-!2<%%!F$'(!%,/#%%0!(*<=)'!#'(!/,'D*,%%)(!/,%%#C,*#D<=)!J*,/)++)+!,J)'!D,!#%%!
+D#@)?,%()*+!D,!()=)%,J!+#%Da'$D*<)'D!:#'#5):)'D!J%#'+!F,*!)#/?!5*,$'(2#D)*!C#+<'!
a+$CQC#+<'!<'!E#%<F,*'<#7!A?)!J,%</0!#%+,!#DD):JD+!D,!<'/,*J,*#D)!D?)!:,+D!/$**)'D!+D#D)Q
,FQD?)Q+/<)'/)!,'!E6E+!<'D,!*)5$%#D,*0!J,%</<)+!F,*!$+)!C0!=#*<,$+!+D#D)!#5)'/<)+7!&+!#!
J#*D!,F!D?<+!J,%</0-!>,$D?)*'!E#%<F,*'<#!E,#+D#%!G#D)*!H)+)#*/?!"*,V)/D!8>EEGH"9!2#+!
#+@)(!D,!/,'=)')!#!>/<)'/)!&(=<+,*0!"#')%!,F!+<M!)MJ)*D+!D,!J*,=<()!*)/,::)'(#D<,'+!
D,!D?)!>GHEI7!A?)!J%#'!()=)%,J:)'D!J*,/)++)+!:$+D!<'/%$()!/,:J%<#'/)!2<D?!E#%<F,*'<#!

+!
/,:J%)M<D0!()J)'(+!,'!#!=#*<)D0!,F!+<D)Q+J)/<F</!F#/D,*+!<'/%$(<'5-!C$D!',D!%<:<D)(!D,-!+<W)!
#'(!/,:J%)M<D0!,F!D?)!C#+<'-!+,$*/)!2#D)*!K$#%<D0-!+D,*:2#D)*!*)/?#*5)-!?0(*,5),%,50-!
#'(!#K$<F)*!2#D)*!K$#%<D07!A?)!J,%</0!*)/,::)'(+!D?#D!J*<,*<D0!C)!5<=)'!D,!D?,+)!C#+<'+!
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<()'D<F<)(!#+!J*<,*<D0!C#+<'+!C0!D?)!Y*,$'(2#D)*!&:C<)'D!B,'<D,*<'5!&++)++:)'D!
8Y&B&9!J*,5*#:7!!

!
 >GHEI!.,'()5*#(#D<,'!",%</0!Q!`'!RUNc!D?)!>GHEI!#(,JD)(!H)+,%$D<,'!.,7!NcQRN-!

)'D<D%)(!v!>D#D):)'D!,F!",%</0!2<D?!H)+J)/D!D,!B#<'D#<'<'5!_<5?!e$#%<D0!G#D)*+!<'!
E#%<F,*'<#v7!A?<+!J,%</0!*)K$<*)+!D?)!/,'D<'$)(!:#<'D)'#'/)!,F!)M<+D<'5!?<5?!K$#%<D0!
2#D)*+-!#'(!J*,=<()+!/,'(<D<,'+!$'()*!2?</?!#!/?#'5)!<'!2#D)*!K$#%<D0!<+!#%%,2#C%)7!&!
/?#'5)!:$+D!C)!/,'+<+D)'D!2<D?!:#M<:$:!C)')F<D!D,!D?)!J),J%)!,F!D?)!>D#D)-!',D!
$'*)#+,'#C%0!#FF)/D!J*)+)'D!#'(!#'D</<J#D)(!C)')F</<#%!$+)+!,F!2#D)*-!#'(!',D!*)+$%D!<'!
2#D)*!K$#%<D0!%)++!D?#'!D?#D!J*)+/*<C)(!<'!2#D)*!K$#%<D0!/,'D*,%!J%#'+!,*!J,%</<)+7!!

!
 HGI!I#+<'!"%#'+!Q!A?)!EGE!*)K$<*)+!#%%!HGI+!D,!()=)%,J-!#(,JD!#'(!<:J%):)'D!#!G#D)*!

e$#%<D0!E,'D*,%!"%#'!8I#+<'!"%#'97!A?)!I#+<'!"%#'!<'/%$()+!D?*))!C#+</!/,:J,')'D+Z!!
2#D)*+!,F!D?)!+D#D)!#'(!#++,/<#D)(!C)')F</<#%!$+)+!8J,D)'D<#%!#'(!)M<+D<'59X!2#D)*!K$#%<D0!
,CV)/D<=)+!')/)++#*0!D,!J*,D)/D!D?)!$+)+X!#'(-!#'!<:J%):)'D#D<,'!J%#'!#'(!D<:)!
+/?)($%)!F,*!#/?<)=<'5!D?)!2#D)*!K$#%<D0!,CV)/D<=)+7!>,:)!,F!HGI+!?#=)!+J)/<F</!2#D)*!
*)/0/%<'5!5$<(#'/)!#'(a,*!<:J%):)'D#D<,'!/*<D)*<#!()+<5')(!D,!)'?#'/)!D?)!F)#+<C<%<D0!,F!
2#D)*!*)/0/%<'5!J*,V)/D+!8)757-!*)%#M!+$*F#/)!#'(!5*,$'(2#D)*!K$#%<D0!,CV)/D<=)+!C#+)(!,'!
D)/?'</#%!*)J,*D+!():,'+D*#D<'5!D?#D!D?)!*)=<+)(!,CV)/D<=)+!2,$%(!+D<%%!J*,D)/D!)M<+D<'5!
C)')F</<#%!$+)+!F$%%0!2?<%)!:<'<:<W<'5!D?)!'))(!F,*!$'')/)++#*0!D*)#D:)'D-!#'(!
+D*)#:F%,2!#$5:)'D#D<,'!D,!)'?#'/)!,*!#((!*<J#*<#'!?#C<D#D!#'(!F<+?)*<)+!C)')F</<#%!
$+)+!C0!*)%0<'5!,'!+D*)#:C)(+!F,*!D*#'+J,*D<'5!#'(a,*!*)/?#*5<'5!*)/0/%)(!2#D)*97!

!
.*2$-"&#$*(L+H*&%0+#%("-(C>U2$1(^+*2%/(

A?)!HGI+!:$+D!/,'+$%D!2<D?!#'(!/,'+<()*!*)/,::)'(#D<,'+!,F!D?)!1)J#*D:)'D!,F!"$C%</!
_)#%D?!81"_9!2?)'!<++$<'5!2#+D)!(<+/?#*5)a2#D)*!*)/0/%<'5!*)K$<*):)'D+!8EGE!+)/D<,'!R\OT\97!
A?)!+D#D$D)!*)K$<*)+!D?)!1"_!<+!D,!)+D#C%<+?!$'<F,*:!+D#D)2<()!*)/0/%<'5!/*<D)*<#!F,*!D?)!=#*<,$+!
$+)+!,F!*)/0/%)(!2#D)*!D,!#++$*)!J*,D)/D<,'!,F!J$C%</!?)#%D?!2?)*)!*)/0/%)(!2#D)*!$+)!<+!
<'=,%=)(!8EGE!+)/D<,'!R\OTR97!1"_!?#+!J*,:$%5#D)(!*)5$%#D,*0!/*<D)*<#!<'!A<D%)!TT-!1<=<+<,'!]-!
E?#JD)*!\-!+)/D<,'!NP\PR!)D!+)K7!,F!D?)!EEH7!1"_!*)5$%#D,*0!/*<D)*<#!<'/%$()!+J)/<F<)(!#JJ*,=)(!
$+)+!,F!*)/0/%)(!2#D)*-!'$:)*</#%!%<:<D#D<,'+!#'(!*)K$<*):)'D+-!D*)#D:)'D!:)D?,(!
*)K$<*):)'D+!#'(!J)*F,*:#'/)!+D#'(#*(+7!1"_!*)5$%#D<,'+!#%%,2!$+)!,F!#%D)*'#D)!:)D?,(+!,F!
D*)#D:)'D!<'!+,:)!/#+)+-!+,!%,'5!#+!D?)!#%D)*'#D)!:)D?,(+!#*)!()D)*:<')(!C0!1"_!D,!J*,=<()!
)K$<=#%)'D!D*)#D:)'D!#'(!*)%<#C<%<D07!

&!RUUN!B):,*#'($:!,F!&5*)):)'D!8B;&9!C)D2))'!D?)!1"_-!>D#D)!G#D)*!H)+,$*/)+!E,'D*,%!
I,#*(-!#'(!D?)!*)5<,'#%!2#D)*!C,#*(+!,'!D?)!$+)!,F!*)/0/%)(!2#D)*!#%%,/#D)+!J*<:#*0!#*)#+!,F!
*)+J,'+<C<%<D0!#'(!#$D?,*<D0!C)D2))'!D?)+)!#5)'/<)+7!A?)!B;&!J*,=<()+!:)D?,(+!#'(!
:)/?#'<+:+!')/)++#*0!D,!#++$*)!,'5,<'5!#'(!/,'D<'$,$+!F$D$*)!/,,*(<'#D<,'!,F!#/D<=<D<)+!
*)%#D<=)!D,!D?)!$+)!,F!*)/0/%)(!2#D)*!<'!E#%<F,*'<#7!

A,!J*,D)/D!J$C%</!(*<'@<'5!2#D)*!+$JJ%<)+-!D?)!1"_!#%+,!?#+!*)5$%#D<,'+!D,!J*)=)'D!/*,++!
/,'')/D<,'+!C)D2))'!*)/0/%)(!2#D)*!+0+D):+!#'(!J,D#C%)!2#D)*!+0+D):+7![,/#%!?)#%D?!
()J#*D:)'D+!#'(!D?)!1"_!?#=)!)'F,*/):)'D!#$D?,*<D0!,=)*!D?)+)!/*,++!/,'')/D<,'!J*)=)'D<,'!
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*)5$%#D<,'+7!A?)!E#%<F,*'<#!I$<%(<'5!>D#'(#*(+!E,::<++<,'!+)D+!J%$:C<'5!+D#'(#*(+!F,*!$+)!,F!
*)/0/%)(!2#D)*!<'!C$<%(<'5+!#'(!<'($+D*<)+7!&!+$::#*0!,F!@)0!*)5$%#D<,'+!<+!J*,=<()(!C)%,27!

!

 E#%<F,*'<#!E,()!,F!H)5$%#D<,'+!8EEH9-!A<D%)!TT!Q!A?)!EGE!*)K$<*)+!D?)!1"_!D,!)+D#C%<+?!
+D#D)2<()!*)/%#:#D<,'!#'(!J$C%</!?)#%D?!/*<D)*<#!F,*!)#/?!D0J)!,F!*)/0/%)(!2#D)*!$+)!
8>)/D<,'!R\OTR97!1"_!G#+D)2#D)*!H)/%#:#D<,'!E*<D)*<#!#*)!/,'D#<')(!<'!A<D%)!TT-!
1<=<+<,'!]!,F!D?)!EEH7!&!+$::#*0!,F!D?)!A<D%)!TT!/*<D)*<#!<+!J*)+)'D)(!<'!A#C%)!\7R7!A<D%)!
TT!/*<D)*<#!/,=)*!D?*))!C#+</!#*)#+Z!+D#'(#*(+!F,*!C#/D)*<#%!K$#%<D0-!%)=)%+!#'(!D0J)+!,F!
D*)#D:)'D!*)K$<*)(!F,*!#!+J)/<F</!*)/0/%)(!2#D)*!$+)-!#'(!+D#'(#*(+!F,*!*)%<#C<%<D0!,F!D?)!
*)/%#:#D<,'!J%#'D7!A?)!1"_!<+!*)+J,'+<C%)!F,*!D?)!*)=<)2!,F!#%%!J*,J,+)(!*)/%#:#D<,'!
J*,V)/D+!#'(!(<+/?#*5)!J)*:<D+!F,*!/,'+<+D)'/0!2<D?!A<D%)!TT!/*<D)*<#7!`'!#((<D<,'-!
#%D?,$5?!D?)!K$#%<D0!,F!*)/0/%)(!2#D)*!/#'!C)!J*,($/)(!#D!#!%)=)%!D?#D!<+!#//)JD#C%)!F,*!
F$%%!C,(0!/,'D#/D!#/D<=<D<)+!#'(!D?)!<**<5#D<,'!,F!F,,(!/*,J+-!#!'$:C)*!,F!#((<D<,'#%!
J*)/#$D<,'+!#*)!#%+,!<:J%):)'D)(!D,!J*,D)/D!J$C%</!?)#%D?7!S,*!)M#:J%)Z!

!

 H)/0/%)(!2#D)*!J<J)+!#*)!/,%,*)(!J$*J%)!#'(!#JJ*,J*<#D)%0!:#*@)(X!!!

 6MJ,+)(!#<*!=)'D+!#'(!#JJ$*D)'#'/)+!#*)!%#C)%)(X!!

 >J*<'@%)*!?)#(+!#'(!=#%=)+!#*)!:#*@)(!<'(</#D<'5!*)/0/%)(!2#D)*X!

 _,+)!C<C+!#*)!5)')*#%%0!:#()!<'#//)++<C%)!D,!D?)!J$C%</X!

 `**<5#D<,'!D<:)+!#*)!#(V$+D)(!#'(!,=)*+J*#0!:<'<:<W)(!D,!*)($/)!J$C%</!/,'D#/DX!

 ><5'#5)!#'(!J,+D<'5+!#*)!J*,=<()(!D,!',D<F0!D?)!J$C%</X!

 I#/@QF%,2!J*)=)'D<,'!()=</)+!#'(!2?)*)!')/)++#*0!#<*Q5#J+!#*)!J*,=<()(!D,!
J*,D)/D!J,D#C%)!2#D)*X!#'(-!!

 E*,++Q/,'')/D<,'!<'+J)/D<,'+!#*)!/,'($/D)(!D,!J*,D)/D!J,D#C%)!2#D)*!+$JJ%<)+7!!

!
 [X\`R!Y*,$'(2#D)*!H)/?#*5)!H)$+)!H)5$%#D<,'+!!8E1"_!TPPc9!Q!A?)!(*#FD!*)/?#*5)!

*)5$%#D<,'+!#((*)++!D?)!+$JJ%):)'D<'5!,F!5*,$'(2#D)*!D?*,$5?!+$*F#/)!,*!+$C+$*F#/)!
#JJ%</#D<,'!,F!D*)#D)(!:$'</<J#%!2#+D)2#D)*!J*<,*!D,!)=)'D$#%!)MD*#/D<,'!=<#!(*<'@<'5!
2#D)*!2)%%+!F,*!J,D#C%)!$+)7!A?)!J*,J,+)(!E#%<F,*'<#!/*<D)*<#!F,*!5*,$'(2#D)*!*)/?#*5)!
*)F%)/D!#!/#$D<,$+!#JJ*,#/?!D,2#*(!J,D)'D<#%!+?,*D!#'(!%,'5QD)*:!?)#%D?!/,'/)*'+7!!A?)!
/*<D)*<#!*)%0!,'!#!/,:C<'#D<,'!,F!/,'D*,%+!<'D)'()(!D,!:#<'D#<'!#!:</*,C<,%,5</#%%0!#'(!
/?):</#%%0!J$C%</!?)#%D?!J*,D)/D<=)!5*,$'(2#D)*!*)/?#*5)!,J)*#D<,'!#'(!J*,D)/D!/$**)'D!
#'(!F$D$*)!J,D#C%)!5*,$'(2#D)*!+$JJ%<)+7!A?)!/*<D)*<#!+J)/<F0!+,$*/)!/,'D*,%-!
2#+D)2#D)*!D*)#D:)'D!J*,/)++)+-!2#D)*!K$#%<D0-!*)/?#*5)!:)D?,(+!8<7)7-!+$*F#/)!
+J*)#(<'5!=)*+$+!(<*)/D!<'V)/D<,'9-!(<%$D<,'-!)MD*#/D<,'!2)%%!%,/#D<,'-!#'(!:,'<D,*<'5!
F*)K$)'/0!#'(!%,/#D<,'7!1"_!*)K$<*)+!:,'<D,*<'5!,F!#((<D<,'#%!/,'+D<D$)'D+!F,*!
$'*)5$%#D)(!/?):</#%+!8)757-!/?*,:<$:QN-!(<#W<','-!R-]Q(<,M#')-!D?)!'<D*,+#:<')!.Q
'<D*,+,(<:)D?0%#:<')!8.1B&9-!#'(!R-T-\QD*</?%,*,J*,J#')9!$+<'5!(*<'@<'5!2#D)*!
#'#%0D</#%!:)D?,(+-!2?)*)!#=#<%#C%)!#'(!J*#/D</#C%)-!#'(!2<%%!+J)/<F0!,D?)*!:)D?,(+!
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2?)*)!')/)++#*0!8)757-!F,*!/)*D#<'!)'(,/*<')!(<+*$JD<'5!/?):</#%+-!J?#*:#/)$D</#%+-!
J)*+,'#%!/#*)!J*,($/D+97!1"_!',D)+!D?#D!:,'<D,*<'5!F,*!D?)+)!/?):</#%+ ,*!/#D)5,*<)+!
,F!/?):</#%+ <+!#!(<%<5)'D!2#0!,F!#++)++<'5!#'(!=)*<F0<'5!*)/0/%)(!:$'</<J#%!2#+D)2#D)*!
K$#%<D0!/?#*#/D)*<+D</+-!2?</?!/#'!C)!$+)F$%!<'!#((*)++<'5!<++$)+!,F!J$C%</!J)*/)JD<,'!
#C,$D!D?)!+#F)D0!,F!*)/?#*5)!J*,V)/D+7!A?)!J*,J,+)(!*)5$%#D<,'+!?#=)!$'()*5,')!+)=)*#%!
:,(<F< #((<D<,'#%!(<+/$++<,'!<+!/,'D#<')(!<'!&JJ)'(<M!
697!

!
 I#+<+!,F!1"_!&JJ*,=#%!,F!>$*F#/)!G#D)*!&$5:)'D#D<,'!2<D?!H)/0/%)(!G#D)*!Q!A?)!

1)J#*D:)'D!,F!"$C%</!_)#%D?!#'(!D?)!1)J#*D:)'D!,F!G#D)*!H)+,$*/)+!/,'=)')(!D?)!
E#%<F,*'<#!",D#C%)!H)$+)!E,::<DD))-!F,%%,2<'5!D?)!<'<D<#%!#JJ*,=#%!,F!D?)!>#'!1<)5,!
<'(<*)/D!J,D#C%)!*)$+)!J*,J,+#%!D,!#$5:)'D!#!+$*F#/)!2#D)*!*)+)*=,<*-!D,!<()'D<F0!D?)!
/,'(<D<,'+!')/)++#*0!F,*!
"*,J,+)(!S*#:)2,*@!F,*!H)5$%#D<'5!D?)!`'(<*)/D!",D#C%)!H)$+)!,F!&(=#'/)(!A*)#D)(!
H)/0/%)(!
/,::<DD))7!A?)!E#%<F,*'<#!H)/0/%)(!G#D)*!A#+@!S,*/)!2#+!/*)#D)(!C0!+D#D$D)!<'!TPPR!
#'(!2#+!D#+@)(-!<'!J#*D-!D,!)=#%$#D)!D?)!'))(!D,!*)/,'=)')!D?)!E#%<F,*'<#!",D#C%)!H)$+)!
E,::<DD))!D,!$J(#D)!D?)<*!F<'(<'5+!<'!D?)!S*#:)2,*@7!A?)!A#+@!S,*/)!/,'/%$()(!8G#D)*!
H)/0/%<'5!TP\P! !H)/,::)'(#D<,'+!,F!E
E#%<F,*'<#-!TPP\-!H)/,::)'(#D<,'!N7\9!D?#D!<D!2#+!',D!')/)++#*0!D,!*)=<+<D!D?)!
S*#:)2,*@!#'(!D?#D!D?)!>D#D)!+?,$%(!C)!#C%)!D,!:#@)!()D)*:<'#D<,'+!*)5#*(<'5!<'(<*)/D!
J,D#C%)!*)$+)!C#+)(!,'!D?)!F,%%,2<'5!J$C%</#D<,'+Z!

!
 
H)/%#<:)(!G# !

 -!.HE-!RUUcX!

 
A*)#D)(!H)/%#<:)(!G#D)*!C0!>$*F#/)!G#D)*!&$5:)'D#D
RUUNX!#'(-!

 1"_!(*#FD!5*,$'(2#D)*!*)/?#*5)!*)5$%#D<,'+!8&$5$+D!O-!TPPc97!

!

 "*,J,+)(!RUUN!S*#:)2,*@!F,*!H)5$%#D<'5!`'(<*)/D!",D#C%)!H)$+)!C0!>$*F#/)!G#D)*!
&$5:)'D#D<,'!Q!`'!B#0!RUU\!#!E#%<F,*'<#!",D#C%)!H)$+)!E,::<DD))!2#+!F,*:)(!C0!D?)!
1"_!#'(!D?)!E#%<F,*'<#!1)J#*D:)'D!,F!G#D)*!H)+,$*/)+!D,!%,,@!<'D,!D?)!F)#+<C<%<D0!#'(!
+#F)D0!,F!J,D#C%)!*)$+)!,F!*)/0/%)(!2#D)*!F,%%,2<'5!#(=#'/)(!D*)#D:)'D7!A?)!:):C)*+!
/,'/%$()(!D?#D!J%#'')(!<'(<*)/D!J,D#C%)!*)$+)!,F!#(=#'/)(!D*)#D)(!*)/0/%)(!2#D)*!$+<'5!
+$*F#/)!2#D)*!*)+)*=,<*+!<+!F)#+<C%)!$'()*!D?)!F,%%,2<'5!+<M!+J)/<F</!/*<D)*<#Z!!

!
R7 &JJ%</#D<,'!,F!I)+D!&=#<%#C%)!A)/?',%,50!<'!#(=#'/)(!2#+D)2#D)*!D*)#D:)'D!2<D?!D?)!

D*)#D:)'D!J%#'D+!:))D<'5!,J)*#D<'5!/*<D)*<#X!
T7 B#<'D)'#'/)!,F!#JJ*,J*<#D)!*)D)'D<,'!D<:)+!C#+)(!,'!*)+)*=,<*!(0'#:</+X!
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\7 B#<'D)'#'/)!,F!#(=#'/)(!2#+D)2#D)*!D*)#D:)'D!J%#'D!*)%<#C<%<D0!D,!/,'+<+D)'D%0!:))D!
J*<:#*0!:</*,C<,%,5</#%-!/?):</#%-!#'(!J?0+</#%!(*<'@<'5!2#D)*!+D#'(#*(+X!

]7 >$*F#/)!2#D)*!#$5:)'D#D<,'!J*,V)/D+!$+<'5!#(=#'/)(!D*)#D)(!*)/0/%)(!2#D)*!:$+D!
/,:J%0!2<D?!#JJ%</#C%)!>D#D)!,F!E#%<F,*'<#!/*<D)*<#!F,*!5*,$'(2#D)*!*)/?#*5)!F,*!(<*)/D!
<'V)/D<,'!2<D?!*)/0/%)(!2#D)*X!

O7 B#<'D)'#'/)!,F!*)+)*=,<*!K$#%<D0X!#'(-!!
N7 "*,=<+<,'!F,*!#'!)FF)/D<=)!+,$*/)!/,'D*,%!J*,5*#:7!!

!
;D?)*!J*,V)/D!#JJ*,=#%!/,'+<()*#D<,'+!<()'D<F<)(!<'!D?)!S*#:)2,*@!<'/%$()Z!

R9 `'()J)'()'D!B,'<D,*<'5!;=)*+<5?D!&$D?,*<D07!A?<+!#$D?,*<D0!2,$%(!C)!#JJ,<'D)(!C0!D?)!
E1"_!#'(!HGeEI!D,!J*,=<()!#!D?<*(QJ#*D0!*)=<)2!,F!,J)*#D<,'#%-!*)5$%#D,*0-!#'(!
)'=<*,':)'D#%!<++$)+!#++,/<#D)(!2<D?!D?)!J*,V)/DX!!!!

T9 E,,*(<'#D<,'7!E,,*(<'#D<,'!C)D2))'!2#D)*!*)/%#:#D<,'!#5)'/<)+-!*)5$%#D,*0!#5)'/<)+-!
#'(!#5)'/<)+!*)+J,'+<C%)!F,*!J$C%</!2#D)*!+0+D):+!+?,$%(!C)!<'+D<D$D)(!<'!C,D?!F,*:#%!#'(!
<'F,*:#%!/?#'')%+X!

\9 ;J)*#D,*!A*#<'<'5!#'(!E)*D<F</#D<,'7!;J)*#D,*!D*#<'<'5!#'(!/)*D<F</#D<,'!J*,5*#:+!:$+D!
#++$*)!*)%<#C%)!,J)*#D<,'!,F!#(=#'/)(!D*)#D:)'D!F#/<%<D<)+X!#'(-!!

]9 >,$*/)!&)+D?)D</!e$#%<D07!^+)!,F!#(=#'/)(!D*)#D)(!*)/0/%)(!2#D)*!+?,$%(!',D!')5#D<=)%0!
<:J#/D!D?)!#)+D?)D</+!8D#+D)-!,(,*-!#'(!#JJ)#*#'/)9!,*!/,'+$:)*!#//)JD#'/)!,F!D?)!J$C%</!
(*<'@<'5!2#D)*!+$JJ%07!

!
3//","*#$%&O"0-<00"*#&*1&9$%"1*+#"$&O()$+,.(#,&*1&T($%,:&Y+*<#/?$,(+&'(-:$+@(&'(<0(&
'(@<%$,"*#0DL&

`'!D?)!%#D)!RUcP+-!D?)!E#%<F,*'<#!1)J#*D:)'D!,F!"$C%</!_)#%D?!8E1"_9-!F,*:)*%0!@',2'!#+!
E#%<F,*'<#!1)J#*D:)'D!,F!_)#%D?!>)*=</)+!8E#%1_>9-!()=)%,J)(!(*#FD!/*<D)*<#!F,*!D?)!$+)!,F!
*)/0/%)(!:$'</<J#%!2#+D)2#D)*!D,!*)/?#*5)!5*,$'(2#D)*!C#+<'+!D?#D!#*)!+,$*/)+!,F!(,:)+D</!
2#D)*!+$JJ%0!8E*,,@!*3&#57-!TPPP97!A?)!E1"_!/*<D)*<#-!2?</?!+)D!F,*D?!D?)!#
2*<D<'5!J)*:<D+!F,*!<'(<*)/D!J,D#C%)!*)$+)!+0+D):+-!?#=)!C))'!$J(#D)(!+)=)*#%!D<:)+!C$D!?#=)!
')=)*!C))'!#JJ*,=)(!,*!F<'#%<W)(7!A?)!E1"_!(*#FD!5*,$'(2#D)*!*)/?#*5)!/*<D)*<#!#*)!()+<5')(!
D,!)'+$*)!#!5*,$'(2#D)*!+$JJ%0!D?#D!:))D+!#%%!D?)!(*<'@<'5!2#D)*!+D#'(#*(+!#'(!,D?)*!
*)K$<*):)'D+!:,*)!+J)/<F</!D,!2#D)*!()*<=)(!F*,:!2#+D)2#D)*!)FF%$)'D!8E1"_-!TPPbC97!`'!
F,*:$%#D<'5!D?)!J*,J,+)(!/*<D)*<#-!E1"_!/,'+<()*)(!C,D?!#/$D)!?)#%D?!)FF)/D+!F*,:!:</*,C<#%!
J#D?,5)'+!#'(!J,D)'D<#%!%,'5QD)*:!?)#%D?!)FF)/D+!#++,/<#D)(!2<D?!/?):</#%!/,'+D<D$)'D+-!
J#*D</$%#*%0!D*#/)!,*5#'</+!8Y)+)%C*#/?D!#'(!E*,,@!TPPP97!&FD)*!*)/)<=<'5!D?)!F<'#%!*)J,*D!
J*)J#*)(!C0!#!+/<)'/)!#(=<+,*0!J#')%!8>&"9!+$C:<DD)(!D,!D?)!+D#D)!<'!RUcb-!E1"_!+)%)/D)(!A;E!
%<:<D+!<'!2#+D)2#D)*!)FF%$)'D!J*<,*!D,!*)/?#*5)!#+!#!:)#'+!,F!)'+$*<'5!D?)!%,2)+D!J,++<C%)!
/,'/)'D*#D<,'!,F!$'*)5$%#D)(!2#+D)2#D)*Q()*<=)(!,*5#'</!/,'D#:<'#'D+!8H,C)/@!RUcb97!`'!<D+!
+$::#*0!*)J,*D-!D?)!>&"!/,'/%$()(!D?#D!,*5#'</!/#*C,'!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RP!6M/)*JD)(!F*,:!1*)2)+!*3&#57!TPPc7!
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C0!*)=)*+)!,+:,+<+!#'(!)++)'D<#%%0!#%%!<()'D<F<#C%)!D*#/)!,*5#'</!/,:J,$'(+!,F!+<5'<F</#'/)!
!

A?)!/$**)'D!(*#FD!/*<D)*<#!8E1"_!TPPc9!/,$J%)!#'!)=)'!:,*)!+D*<'5)'D!A;E!%<:<D!2<D?!D?)!
F*#/D<,'!,F!D?)!(*<'@<'5!2#D)*!+$JJ%0!D?#D!<+!()*<=)(!F*,:!2#+D)2#D)*!)FF%$)'D!#+!#!F#/D,*!<'!
()D)*:<'<'5!+0+D):!J)*F,*:#'/)!*)K$<*):)'D+!8K$#'D<F<)(!#+!A;E97!A?<+!F*#/D<,'!<+!*)F)**)(!D,!

+$C+$*F#/)!<'V)/D<,'!J*,V)/D+!J*,($/)!2#D)*!2<D?!A;E!,F!2#+D)2#D)*!,*<5<'!%)++!D?#'!,*!)K$#%!D,!
P7O!:5a[!#D!D?)!J,<'D!2?)*)!D?)!*)/0/%)(!2#D)*!82<D?!,*!2<D?,$D!(<%$D<,'!2#D)*9!:<M)+!2<D?!
'#D<=)!5*,$'(2#D)*7!>$C+$*F#/)!<'V)/D<,'!J*,V)/D+!#*)!*)K$<*)(!D,!D*)#D!RPPm!,F!D?)!*)/0/%)(!
2#D)*!C0!H;!D,!J*,=<()!+$FF</<)'D!*):,=#%!,F!,*5#'</+!#'(!:$+D!:))D!D?)!A;E!%<:<D!#D!D?)!J,<'D!
,F!<'V)/D<,'7!`F!D?)!HGE!)M/))(+!OPm-!#(=#'/)(!,M<(#D<,'!J*,/)++)+!8&;"+9!$+<'5!^na&;"!:$+D!
C)!):J%,0)(!F,%%,2<'5!H;!D*)#D:)'D7!S,*!+$*F#/)!+J*)#(<'5!,J)*#D<,'+-!A;E!:$+D!C)!)K$#%!D,!
,*!%)++!D?#'!P7O!:5a[!(<=<()(!C0!D?)!HGE!#D!D?)!J,<'D!2?)*)!D?)!*)/0/%)(!2#D)*!:))D+!D?)!
5*,$'(2#D)*7!A?)*)F,*)-!+$*F#/)!+J*)#(<'5!J*,V)/D+!/#'!*)/)<=)!/*)(<D!F,*!A;E!*):,=#%!D?#D!
,//$*+!2<D?<'!D?)!=#(,+)!W,')7!

`'!*)/,5'<D<,'!,F!D?)!J,++<C%)!+?,*D/,:<'5+!,F!$+<'5!A;E!#+!#!+$**,5#D)!F,*!2#+D)2#D)*Q
()*<=)(!/,'D#:<'#'D+-!E1"_!#%+,!<'/%$()(!#((<D<,'#%!:,'<D,*<'5!*)K$<*):)'D+!<'!D?)!TPP\!
(*#FD!/*<D)*<#!8E1"_!TPP\97!!

!



!"!#$%&'(# )*+,-#."$/.0# #12&'#3454# # ,KK'&L96#)#

! F - 1 

3))(#/"B&!&X&'(-5-%(/&;$,(+E&9$0(&AB$.)%(0&

A?)!F,%%,2<'5!<+!#!C*<)F!+$::#*0!,F!D?)!D2,!@)0!<'(<*)/D!J,D#C%)!*)$+)!J*,V)/D+!<'!E#%<F,*'<#7!!
E#+)!6M#:J%)+!F,*!%#'(+/#J)!<**<5#D<,'!J*,V)/D+!#*)!#%+,!J*,=<()(7!&+!(<+/$++)(!<'!>)/D<,'!\7]-!
D?)!5*,$'(2#D)*!*)/?#*5)!/#+)!)M#:J%)+!#*)!J*,=<()(!D,!<%%$+D*#D)!D?)!)MD)'D!,F!
<:J%):):D#D<,'!,F!D?)!@)0!*)/,::)'(#D<,'+!F*,:!C,D?!D?)!RUUc!.HE!*)J,*D!#'(!D?)!

)M#:J%)+!#*)!J*,=<()(!D,!<%%$+D*#D)!D?#D!D?)!1"_!A<D%)!TT!*)5$%#D<,'+!#*)!+$FF</<)'D!#'(!
#JJ*,J*<#D)7!!!

!

Z+$#@(&9*<#,5&;$,(+&O"0,+"-,&X&Y+*<#/?$,(+&'()%(#"0:.(#,&4"$&O"+(-,&M#l(-,"*#&$#/&2<+1$-(&
;$,(+&3<@.(#,$,"*#&_11I!6'5<'))*<'5!TPPc-!B<%%+!)D7#%7!RUUc9&

;*#'5)!E,$'D0!G#D)*!1<+D*</D!8;EG19!<+!%,/#D)(!<'!+,$D?)*'!E#%<F,*'<#!2?)*)!?<+D,*</!
#5*</$%D$*)!2#D)*!$+)!?#+!C))'!*)J%#/)(!2<D?!2#D)*!():#'(+!F*,:!$*C#'<W#D<,'7!;EG1!2#+!

+$JJ%07!!E$**)'D%0-!,=)*!TPP!5*,$'(2#D)*!J*,($/D<,'!2)%%+!)M<+D!2<D?<'!D?)!;EG1!+)*=</)!#*)#!
#'(!+$JJ%0!*,$5?%0!bOm!,F!D?)!2#D)*!():#'(7!A?)!*):#<'<'5!2#D)*!+$JJ%0!():#'(!<+!:)D!
D?*,$5?!<:J,*D<'5!2#D)*!F*,:!D?)!E,%,*#(,!H<=)*!#'(!',*D?)*'!E#%<F,*'<#7!!!

;EG1!,J)*#D)(!D?)!,*<5<'#%!G#D)*!S#/D,*0!TR!8GSQTR9!F*,:!RUbO!D,!TPP]!#'(!`'D)*<:!
G#D)*!S#/D,*0!TR!8`GSQTR9!F*,:!TPP]!D,!TPPN7!GSQTR!2#+!#'!#(=#'/)(!2#D)*!D*)#D:)'D!F#/<%<D0!
D?#D!*)/0/%)(!+)/,'(#*0Q
S,$'D#<'!n#%%)0-!E#%<F,*'<#7!GSQTR!J*,($/)(!$J!D,!RO!:<%%<,'!5#%%,'+!J)*!(#0!8:5(9!,F!?<5?%0!
D*)#D)(!*)/0/%)(!2#D)*!F,*!<'V)/D<,'!<'D,!D?)!A#%C)*D!Y#J!>)#2#D)*!`'D*$+<,'!I#**<)*!8A#%C)*D!
I#**<)*9!D,!J*)=)'D!D?)!<'F%,2!,F!+)#2#D)*!<'D,!D?)!;*#'5)!E,$'D0!Y*,$'(2#D)*!I#+<'7!`GSQTR!
2#+!#!D*#'+<D<,'#%!#(=#'/)(!2#D)*!D*)#D:)'D!F#/<%<D0!($*<'5!/,'+D*$/D<,'!,F!#!')2!F$%%Q+/#%)!
5*,$'(2#D)*!*)J%)'<+?:)'D!+0+D):!8YGH9!D?#D!J*,($/)(!$J!D,!O!:5(!,F!?<5?!K$#%<D0!*)/0/%)(!
2#D)*!F,*!<'V)/D<,'!#D!D?)!C#**<)*7!G<D?,$D!D?)!C#**<)*-!+)#2#D)*!/#'-!<F!D?)!5*,$'(2#D)*!C#+<'!
%)=)%!<+!%,2-!:<5*#D)!<'%#'(!D?*,$5?!D?)!+?#%%,2-!?<5?%0!J)*:)#C%)-!+#'(0-!F*)+?!2#D)*!#K$<F)*+!
#D!D?)!A#%C)*D!Y#J!')#*!D?)!>#'D#!&'#!H<=)*!8>&H9!#'(!/,'D#:<'#D)!D?)!())J)*!J,D#C%)!#K$<F)*+!
<'!D?)!5*,$'(2#D)*!C#+<'7!!

A?)!YGH!>0+D):!<+!#!2#D)*!+$JJ%0!J*,V)/D!V,<'D%0!+J,'+,*)(!C0!;EG1!#'(!;E>1!D,!
+$JJ%):)'D!)M<+D<'5!2#D)*!+$JJ%<)+!C0!J*,=<(<'5!#!')2-!*)%<#C%)-!?<5?QK$#%<D0!+,$*/)!,F!2#D)*!D,!
*)/?#*5)!D?)!;*#'5)!E,$'D0!Y*,$'(2#D)*!I#+<'!#'(!J*,D)/D!D?)!I#+<'!F*,:!F$*D?)*!
()5*#(#D<,'!($)!D,!+)#2#D)*!<'D*$+<,'7!A?)!YGH!>0+D):!<+!%,/#D)(!<'!/)'D*#%!;*#'5)!E,$'D0!
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(#D#C#+)+!,F!,D?)*!#5)'/<)+!+$/?!#+!S<*)!1)J#*D:)'D+!#'(!D?)!A,M</!H)%)#+)!`'=)'D,*0!
C0!>,$*/)!E,'D*,%7!A?)!<'=)'D,*<)+!#*)!5),QJ,+<D<,')(!D,!F#/<%<D#D<,'!+,$*/)!
<()'D<F</#D<,'!+)#*/?)+!#'(!F#+D!*)+J,'+)7!E?):</#%!F#/D!+?))D+!,F!E6E!#%+,!F#/<%<D#D<,'!
F#+D!*)+J,'+)!,*!/,,*(<'#D<,'!2<D?!,D?)*!#5)'/<)+7!

8>,$*/)Z!&DD#/?:)'DQ`!;*#'5)!E,$'D0!>#'<D#D<,'!1<+D*</D!>,$*/)!E,'D*,%!"*,5*#:!8;E>1!%)DD)*!
F*,:!6(!A,**)+-!B#0!R]-!TPRP9!

!

>D#FF<'5!#'(!e$#%<D0!&++$*#'/)Z!;EG1!J%#'+!/#%%!F,*!D?)!J%#'!D,!C)!/,'D<'$,$+%0!:#'')(-!T]!
?,$*+!J)*!(#0-!b!(#0+!J)*!2))@7!`'!#((<D<,'!D,!D?)!E?<)F!;J)*#D,*-!D?)*)!#*)!#JJ*,M<:#D)%0!RN!
J%#'D!,J)*#D,*+!2?,!)#/?!2,*@!RTQ?,$*!+?<FD+-!(#0D<:)!#'(!'<5?DD<:)7!A?)*)!#*)!#JJ*,M<:#D)%0!
RR!`q6!A)/?'</<#'+!#'(!Rb!B#<'D)'#'/)!A)/?'</<#'+!2?,!#%+,!2,*@!#%D)*'#D<'5!+?<FD+7!;EG1!
?#+!#'!,'Q+<D)!+D#D)Q/)*D<F<)(!%#C,*#D,*0!D?#D!,J)*#D)+!<'!#//,*(#'/)!2<D?!D?)!;*#'5)!E,$'D0!
G#D)*!1<+D*</D-![#C,*#D,*0!e$#%<D0!&++$*#'/)!B#'$#%!8;EG1-!TPP]97!

!

E,'D<'5)'/0!"%#'+Z!A?)!YGH!>0+D):!/,'D<'5)'/0!J%#'+!/#%%!F,*!,J)*#D<,'!,'!D?)!/,'(<D<,'!D?#D!
<D!/#$+)+!',!<:J#<*:)'D!D,!D?)!5*,$'(2#D)*!C#+<'7!`'!D?)!)=)'D!,F!):)*5)'/<)+-!D?)!YGH!
>0+D):!/#'!C)!+?$D(,2'-!+D,JJ<'5!J*,($/D<,'!,F!*)/0/%)(!2#D)*7!A?)!A#%C)*D!I#**<)*!/#'!C)!
J#*D<#%%0!:#<'D#<')(!$+<'5!J,D#C%)!BG1!2#D)*!,'%0-!<F!')/)++#*07!H)/?#*5)!=<#!+J*)#(<'5!#D!D?)!
&'#?)<:!S,*)C#0!/#'!C)!+$+D#<')(-!<F!')/)++#*0-!$+<'5!,'%0!<:J,*D)(!2#D)*!#'(a,*!/#JD$*)(!
+D,*:2#D)*7!`'!#((<D<,'-!D?)!;EG1!J%#'D!?#+!#!($#%!F))(!J,2)*!+$JJ%0!:#@)+!D?)!%<@)%<?,,(!,F!
)%)/D*</#%!J,2)*!,$D#5)+!)MD*):)%0!*#*)7!!

!

E,,*(<'#D<,'Z!;EG1!#'(!D?)!;E>1!*)/,5'<W)!D?)!<:J,*D#'/)!,F!<'D)**)%#D<,'+?<J!C)D2))'!D?)!
YGH!>0+D):!#'(!D?)!;E>1!2#+D)2#D)*!D*)#D:)'D!J%#'D!#'(!?#=)!#!F,*:#%!#5*)):)'D!8;EG1!
#'(!;E>1-!TPPT9!:):,*<#%<W<'5!D?)!$'()*+D#'(<'5!C)D2))'!D?)!D2,!#5)'/<)+!$'()*!2?</?!D?)!
YGH!>0+D):!<+!,J)*#D)(!#'(!:#<'D#<')(7!A?)!YGH!>0+D):!>D))*<'5!E,::<DD))-!2?</?!<+!
/,:J*<+)(!,'!1<*)/D,*+!F*,:!C,D?!D?)!;EG1!#'(!;E>1!I,#*(+!,F!1<*)/D,*+-!:))D+!*)5$%#*%0!D,!
*)=<)2!:#DD)*+!#'(!:#@)!*)/,::)'(#D<,'+!D,!D?)!F$%%!I,#*(+!,'!<++$)+!J)*D#<'<'5!D,!D?)!YGH!
>0+D):7!A?)!3,<'D!;J)*#D<,'+!E,::<DD))-!2?</?!/,'+<+D+!,F!;EG1!#'(!;E>1!+D#FF-!:))D+!,'!#!
*)5$%#*!C#+<+!D,!/,::$'</#D)!,J)*#D<,'+!#'(!:#<'D)'#'/)!J%#'+-!<:J%):)'D!V,<'D!J,%</<)+!#'(!
J*,/)($*)+-!/*,++QD*#<'!,J)*#D<,'+!+D#FF-!#'(!#((*)++!<++$)+!D?#D!#*<+)!D,!,JD<:<W)!C,D?!D?)!
YGH!>0+D):!#'(!;E>1!D*)#D:)'D!J%#'D7!!
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!

7*#,(8(%%*&!*+(8$5&Y+*<#/?$,(+&'(-:$+@(&6+*l(-,&_T$+,%"#@&$#/&`(%%*+&DSSWa&

><'/)!RUNT-!*)/0/%)(!2#D)*!J*,=<()(!C0!D?)!E,$'D0!>#'<D#D<,'!1<+D*</D+!,F![,+!&'5)%)+!E,$'D0!
8[&E>19!?#+!C))'!$+)(!D,!*)J%)'<+?!D?)!E)'D*#%!Y*,$'(2#D)*!I#+<'!#+!J#*D!,F!D?)!B,'D)C)%%,!
S,*)C#0!Y*,$'(2#D)*!H)/?#*5)!"*,V)/D7!;D?)*!+,$*/)+!,F!*)J%)'<+?:)'D!2#D)*!#*)!<:J,*D)(!
*<=)*!2#D)*!8E,%,*#(,!H<=)*!G#D)*!#'(!>D#D)!"*,V)/D!G#D)*9!+$JJ%<)(!C0!D?)!B)D*,J,%<D#'!G#D)*!
1<+D*</D!,F!>,$D?)*'!E#%<F,*'<#!8BG19!#'(!+D,*:!2#D)*7!A?)!2#D)*+!$+)(!F,*!*)/?#*5)!:))D!
J*<:#*0!(*<'@<'5!2#D)*!+D#'(#*(+7!H)J%)'<+?:)'D!2#D)*!<+!#JJ%<)(!#D!D2,!+J*)#(<'5!5*,$'(+!
,2')(!#'(!,J)*#D)(!C0!D?)![,+!&'5)%)+!E,$'D0!1)J#*D:)'D!,F!"$C%</!G,*@+!8[&E1"G9Z!D?)!H<,!
_,'(,!E,#+D#%!>J*)#(<'5!Y*,$'(+!#'(!D?)!>#'!Y#C*<)%!E,#+D#%!>J*)#(<'5!Y*,$'(+!8S<5$*)!S7R97!
`'!#((<D<,'-!D?)!>#'!Y#C*<)%!H<=)*!/?#'')%!<D+)%F!<+!$'%<')(!8+,FD!'#D$*#%!C,DD,:9!#'(!<+!#%+,!$+)(!
F,*!*)/?#*5)7!6#/?!+J*)#(<'5!5*,$'(!<+!+$C(<=<()(!<'D,!#'!,*5#'<W)(!+0+D):!,F!+:#%%)*!J,'(+!
D?#D!/#'!C)!F<%%)(!,*!(*<)(!#%D)*'#D<=)%0!D,!#%%,2!:#<'D)'#'/)!<'!+,:)!2?<%)!,D?)*+!#*)!C)<'5!
$+)(7!A?)!+J*)#(<'5!C#+<'+!#*)!,J)*#D)(!$'()*!#!2)DD<'5a(*0<'5!/0/%)!()+<5')(!D,!,JD<:<W)!
<'F%,2!#'(!(<+/,$*#5)!D?)!()=)%,J:)'D!,F!=)/D,*+7!!!
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!
!"@<+(&!JD&Y+*<#/?$,(+&'(-:$+@(&K*-$,"*#0&

!

&

A?)!E)'D*#%!Y*,$'(2#D)*!I#+<'!<+!#(V$(</#D)(!#'(!?#+!C))'!5,=)*')(!#+!J#*D!,F!#!
/,'D*,%%)(!*)J%)'<+?:)'D!#'(!2#D)*!2<D?(*#2#%!F*#:)2,*@!F,*!,=)*!OP!0)#*+!D,!J*)=)'D!+#%D!
2#D)*!F*,:!D?)!,/)#'!F*,:!/,'D#:<'#D<'5!%,/#%!+$JJ%<)+!($)!D,!,=)*(*#FD!,F!D?)!#K$<F)*!#'(!D,!
)'+$*)!#!?<5?!K$#%<D0!#'(!*)%<#C%)!+,$*/)!,F!5*,$'(2#D)*RR7!A?)!B,'D)C)%%,!S,*)C#0!"*,V)/D!<+!
D?)!,%()+D!#'(!C)+D!/?#*#/D)*<W)(!5*,$'(2#D)*!*)/?#*5)!J*,V)/D!<'!E#%<F,*'<#7!A?)!J*,V)/D!<+!D?)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RR!H)+)#*/?!?#+!C))'!/,'($/D)(!,'!D?)!#C<%<D0!,F!+,<%!D,!D*)#D!*)/0/%)(!2#D)*!#+!<D!J)*/,%#D)+!D,!5*,$'(2#D)*!=<#!D?)!+,<%!#K$<F)*!
D*)#D:)'D!8>&A9!J*,/)++7!!A?)!<'=)+D<5#D<,'!F,$'(!D?#D!>&A!<+!#'!)FF)/D<=)!#'(!+$+D#<'#C%)!J*,/)++!D,!*):,=)!,*5#'</!
/,:J,$'(+!+$/?!#+!J?#*:#/)$D</#%+-!J)*+,'#%!/#*)!J*,($/D+-!#'(!)'(,/*<')!(<+*$JD<'5!/,:J,$'(+!8S,M!*3&#57-!TPPRX!S,M!*3&#5-!
TPPN97!

!
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V,<'D!*)+J,'+<C<%<D0!,F!D?)!G#D)*!H)J%)'<+?:)'D!1<+D*</D!,F!>,$D?)*'!E#%<F,*'<#!8GH19-![&E>1-!
#'(![&E1"G7!!

;=)*!+)=)*#%!>D#D)!J)*:<D!/0/%)+!#%%,2#C%)!*)/?#*5)!?#+!C))'!<'/*)#+)(!D,!#%%,2!$J!D,!
NP-PPP!&Sg!,F!*)/0/%)(!2#D)*!D,!C)!$+)(!F,*!*)/?#*5)!#'(!$J!D,!OP!J)*/)'D!*)/0/%)(!2#D)*!<'!
#'0!,')!0)#*!#+!%,'5!#+!D?)!*$''<'5!\Q0)#*!D,D#%!(<(!',D!)M/))(!ROP-PPP!&Sg!,*!\O!J)*/)'D!
*)/0/%)(!2#D)*7!A?)!*)/0/%)(!2#D)*!J)*/)'D#5)!2#+!C#+)(!,'!D?)!/,:C<')(!D,D#%!<'F%,2!D,!C,D?!
+J*)#(<'5!5*,$'(+!2?)*)!D,D#%!<'F%,2!<'/%$()(!#%%!2#D)*+!+J*)#(-!*#<'F#%%-!#'(!D?)!$'()*F%,2!
F*,:!D?)!B#<'!>#'!Y#C*<)%!Y*,$'(2#D)*!I#+<'7!A0J</#%%0-!D?)!#:,$'D!,F!*)/0/%)(!2#D)*!?#+!
#=)*#5)(!]P-PPP!&Sg7!

A?)!>D#D)!J)*:<D!2#+!*)/)'D%0!#:)'()(!8&J*<%!TPPU9!D,!:#@)!#!/?#'5)!<'!D?)!#=)*#5<'5!
J)*<,(!F,*!D?)!/#%/$%#D<,'!,F!D?)!*)/0/%)(!2#D)*!#%%,2#'/)!D,!)'+$*)!D?#D!#'!#()K$#D)!#'(!
*)%<#C%)!+,$*/)!,F!5*,$'(2#D)*!2#+!#=#<%#C%)!($)!D,!D?)!%#/@!,F!BG1!<:J,*D)(!2#D)*!D?#D!
/,$%(!C)!$+)(!F,*!*)J%)'<+?:)'D7!A?)!TPPU!J)*:<D!#:)'(:)'D!#%%,2+!#'!<'/*)#+)!<'!D?)!
#:,$'D!,F!*)/0/%)(!2#D)*!C0!*):,=<'5!D?)!*$''<'5!\Q0)#*!#%%,2#C%)!#''$#%!K$#'D<D0!%<:<D!#'(!
#''$#%!=,%$:)!/#J+!,F!*)/0/%)(!2#D)*7!`D!#%%,2+!D?)!:#M<:$:!K$#'D<D0!,F!*)/0/%)(!2#D)*!+J*)#(!
D,!C)!\O!J)*/)'D!C#+)(!,'!D?)!/,:C<')(!D,D#%!<'F%,2!D,!C,D?!+J*)#(<'5!5*,$'(+!($*<'5!#!J)*<,(!
,F!F<=)!0)#*+!<'+D)#(!,F!D?*))!0)#*+!#'(!D?$+!2<%%!#%%,2!F,*!#((<D<,'#%!*)/0/%)(!2#D)*!D,!C)!
+J*)#(!D,!#//,$'D!F,*!2)D!0)#*+!#'(!D,!J*,=<()!:,*)!F%)M<C<%<D0!<'!,J)*#D<,'+7!!

`'!#((<D<,'-!%,/#%!2#D)*!#5)'/<)+!#*)!%,,@<'5!#D!#!J,++<C%)!J*,V)/D!<'!D?)!E)'D*#%!Y*,$'(2#D)*!
I#+<'!<'/%$(<'5!)MJ#'(<'5!D?)!*,%)!,F!+D,*:!2#D)*!#'(!*)/0/%)(!2#D)*7!;')!,JD<,'!2,$%(!C)!D,!
J*,=<()!#'!#(=#'/)(!%)=)%!,F!D*)#D:)'D!D,!D?)!D)*D<#*0!)FF%$)'D!F*,:!D?)!>#'!3,+)!E*))@!GH"!F,*!
5*,$'(2#D)*!*)J%)'<+?:)'D7!!

!

I)+D!&=#<%#C%)!A)/?',%,50!#'(!B$%D<J%)!I#**<)*+Z!!A?)!*)/0/%)(!2#D)*!J*,=<()(!C0![&E>1!/,:)+!
F*,:!D?*))!2#D)*!*)/%#:#D<,'!J%#'D+!8GH"+9Z!D?)!",:,'#!GH"-!G?<DD<)*!.#**,2+!GH"-!#'(!
>#'!3,+)!E*))@!GH"7!A?)!D*)#D:)'D!+0+D):!F,*!D?)+)!F#/<%<D<)+-!#+!+?,2'!<'!S<5$*)!S7T-!/,'+<+D+!
,F!J*<:#*0!D*)#D:)'D-!'<D*<F</#D<,'a()'<D*<F</#D<,'!'<D*<F</#D<,'!#/D<=#D)(!+%$(5)!C<,%,5</#%!
D*)#D:)'D-!5*#'$%#*!:)(<#!F<%D*#D<,'-!(<+<'F)/D<,'!$+<'5!+)K$)'D<#%!/?%,*<'#D<,'-!#'(!
()/?%,*<'#D<,'7!A?)!/?#'5)!D,!F*,:!/?%,*#:<'#D<,'!D,!+)K$)'D<#%!/?%,*<'#D<,'!?#+!,//$**)(!,=)*!
D?)!J#+D!F)2!0)#*+!<'!*)+J,'+)!D,!D?)!5,#%!,F!:<'<:<W<'5!(<+<'F)/D<,'!C0J*,($/D!F,*:#D<,'7!
>)K$)'D<#%!/?%,*<'#D<,'!<'=,%=)+!D?)!#JJ%</#D<,'!,F!/?%,*<')!D,!F$%%0!'<D*<F<)(!+)/,'(#*0!)FF%$)'D!
$J+D*)#:!,F!D?)!5*#'$%#*!:)(<#!F<%D)*+!8D,!F,*:!F*))!#=#<%#C%)!/?%,*<')9-!#'(!+$C+)K$)'D!
#((<D<,'!,F!/?%,*#:<')+!8#::,'<#!F,%%,2)(!C0!/?%,*<')9!(,2'+D*)#:!,F!D?)!F<%D)*+7!!
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!
!"@<+(&!JF&2-:(.$,"-&*1&K392O&;'6&I+($,.(#,&250,(.&

!

"%#'D!B,'<D,*<'5!#'(!")*F,*:#'/)!6=#%$#D<,'aE,'D*,%Z!!A?)!GH"+!)'+$*)!J%#'D!J)*F,*:#'/)!
*)%<#C<%<D0!D?*,$5?!=#*<,$+!<'QJ%#'D!/,'D*,%!J#*#:)D)*+-!*)($'(#'/0!/#J#C<%<D<)+-!#'(!):)*5)'/0!
,J)*#D<,'!J%#'+7!`'QJ%#'D!/,'D*,%!J#*#:)D)*+!<'/%$()!D?)!F,%%,2<'5Z!

!

 B<M)(!%<K$,*!1;! !<'(</#D)+!J,++<C%)!?<5?!%,#(!,*!?<5?!<'($+D*<#%!2#+D)!2?</?!
<:J#/D+!+)/,'(#*0!K$#%<D0!

 >)/,'(#*0!D$*C<(<D0! !*)F%)/D+!+)/,'(#*0!D*)#D:)'D!#'(!%,#(<'5!,'!D?)!F<%D)*+!

 S<%D)*!)FF%$)'D!D$*C<(<D0! !)#*%0!2#*'<'5!F,*!F<'#%!D$*C<(<D0-!J*,=<()+!D<:)!D,!*)#/D!
8',D<F0!*)$+)*+!D,!+?$D(,2'9!!

 S<'#%!)FF%$)'D!D$*C<(<D0! !<'(</#D)+!2?)'!D,!D$*'!*)$+)*+!C#/@!,'!!!

 "*)Q/?%,*<')!*)+<($#%!#'#%0W)*! !)'+$*)!F*))!/?%,*<')!*)+<($#%!C)F,*)!F<%D*#D<,'!8R!
:5a[9!

 ",+DQ/?%,*<')!*)+<($#%!#'#%0W)*! !)'+$*)!(<+<'F)/D<,'!,F!)FF%$)'D!8]QN!:5a[9!

 ;$DQ/?%,*<')!*)+<($#%!#'#%0W)*! !)'+$*)!#()K$#D)!(<+<'F)/D<,'!8T7O!:5a[9!

 S<'#%!/?%,*<')!*)+<($#%!#'#%0W)*! !=)*<F0!#()K$#D)!()Q/?%,*<'#D<,'!8kP7R!:5a[9!

 >)/,'(#*0!)FF%$)'D!#::,'<#!#'#%0W)*! !<'(</#D)+!#::,'<#!C%))(!D?*,$5?!

 S<%D)*!+D*$/D$*)!,=)*F%,2!<'(</#D<,'! !2#*'<'5!,'!<:J)'(<'5!)FF%$)'D!F<%D)*!C0J#++!

!
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1)J#*D:)'D!,F!"$C%</!_)#%D?!H)%<#C<%<D0!H)K$<*):)'D+!#*)!#((*)++)(!C0!D?)!GH"+!D?*,$5?!
?#=<'5!)',$5?!D#'@#5)!D,!,J)*#D)!<'!#'!):)*5)'/0!2<D?!,')!$'<D!,$D!,F!+)*=</)!<F!F%,2+!#*)!
',*:#%7!A?)!GH"+!?#=)!#()K$#D)!+D,*#5)!#'(!+D#'(C0!F))()*+!F,*!/,#5$%#D<,'!2<D?!#$D,!
/,'D*,%+-!D?)!F<%D*#D<,'!+0+D):!?#+!#%#*:+!F,*!?<5?!?)#(!%,++!#'(!?<5?!F<%D)*!)FF%$)'D!D$*C<(<D0-!
#'(!D?)!(<+<'F)/D<,'!+0+D):!?#+!+D#'(C0!+D,*#5)!D#'@+-!#$D,:#D</!*)+<($#%!/,'D*,%+-!*)/,*()*+-!
#%#*:+-!#'(!:$%D<J,<'D+!F,*!#((<D<,'7!&%D?,$5?!D?)!GH"+!?#=)!',!%,'5!,*!+?,*DQD)*:!+D,*#5)-!
D?)0!(,!?#=)!D?)!#C<%<D0!D,!C0J#++!F%,27!

A?)!*)/?#*5)!J*,V)/D!<+!+$CV)/D!D,!#!/,:J%)M!2#D)*!K$#%<D0!:,'<D,*<'5!#'(!/,:J%<#'/)!
J*,5*#:!D?#D!#++)++)+!#%%!,F!D?)!2#D)*+!$+)(!F,*!*)J%)'<+?:)'D!#'(!<'!D?)!5*,$'(2#D)*!+0+D):7!
6FF%$)'D!+#:J%)+!F*,:!D?)!GH"+!#*)!/,%%)/D)(!:,'D?%0-!C<:,'D?%0-!#'(!K$#*D)*%07!H)/0/%)(!
2#D)*!J*,($/)(!C0!D?)!GH"+!/,:J%<)+!2<D?!D?)!J*<:#*0!(*<'@<'5!2#D)*!+D#'(#*(+-!#'(!:))D+!
D,D#%!/,%<F,*:!#'(!D$*C<(<D0!%<:<D+!,F!T7TaRPP!:[!#'(!T!.A^-!*)+J)/D<=)%07!&((<D<,'#%%0-!)MD)'+<=)!
=<*$+!#'(!J#*#+<D)!+#:J%<'5!<'(</#D)+!D?#D!D?)!*)/0/%)(!2#D)*!<+!)++)'D<#%%0!F*))!,F!:)#+$*#C%)!
%)=)%+!,F!J#D?,5)'+7!!

><M!+J*)#(<'5!5*,$'(!:,'<D,*<'5!2)%%+!#*)!+J)/<F<)(!F,*!C<:,'D?%0!+#:J%<'5!$'()*!D?)!
'5!J*,5*#:7!`'!#((<D<,'-!'<')D))'!J*,($/D<,'!2)%%+!<'!D?)!=</<'<D0!,F!D?)!

B,'D)C)%%,!S,*)C#0!#*)!+J)/<F<)(!F,*!+):<#''$#%!+#:J%<'5!#'(!D?)!?)#(2,*@+!#D!C,D?!,F!D?)!
H<,!_,'(,!#'(!>#'!Y#C*<)%!+J*)#(<'5!F#/<%<D<)+!#*)!+#:J%)(!,'!#!K$#*D)*%0!C#+<+!8S<5$*)!S7\97!!
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!"@<+(&!JG&7*#,(8(%%*&!*+(8$5&2$.)%"#@&K*-$,"*#0&

!

!

>,$*/)!E,'D*,%Z!!A?)!D?*))!GH"+!D?#D!J*,=<()!*)/0/%)(!2#D)*!F,*!D?)!*)/?#*5)!J*,V)/D!#*)!J#*D!

E,'D*,%!"%#'D!83G"E"9-!+<M!GH"+-!#'(!/,%%)/D<,'!+0+D):+7![&E>1-!J*<:#*<%0!D?*,$5?!<D+!+,$*/)!
/,'D*,%!J*,5*#:-!D#@)+!+D)J+!D,!J*)=)'D!/,'D#:<'#'D+!D?#D!:<5?D!#(=)*+)%0!<:J#/D!D?)!K$#%<D0!
,F!D?)!*)/0/%)(!2#D)*!C)<'5!J*,($/)(!F*,:!)'D)*<'5!D?)!+)2)*!+0+D):7!!`'($+D*<#%!F#/<%<D<)+!2<D?!
(<+/?#*5)+!D,!GH"+!D?#D!#*)!',D!/,:J#D<C%)!2<D?!D?)!1<+D*</D+x!*)$+)!5,#%+!:#0!C)!5<=)'!
+D*<'5)'D!%<:<D+!,*!)=)'!*)K$<*)(!D,!*)*,$D)!D?)<*!F%,2+!#*,$'(!D?)!GH"+!F,*!D*)#D:)'D!#D!
3G"E"!#'(!,/)#'!(<+J,+#%7!!A?)!GH"+!D*)#D!:#<'%0!*)+<()'D<#%!#'(!/,::)*/<#%!2#+D)-!2<D?!
5)')*#%%0!%)++!D?#'!RPm!,F!D?)!<'F%$)'D!/,:<'5!F*,:!<'($+D*<#%!+,$*/)+7!

D*)#D:)'D!F#/<%<D<)+!#*)!#C%)!D,!/,:J%0!2<D?!2#+D)!(<+/?#*5)!*)K$<*):)'D+X!D,!J*,D)/D!D?)!J$C%</!
#'(!D?)!)'=<*,':)'DX!#'(!D,!J*,D)/D!J)*+,'')%!#'(!F#/<%<D<)+!F*,:!J,D)'D<#%%0!?#*:F$%!<'($+D*<#%!
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2#+D)+7!!A,!#/?<)=)!D?)+)!,CV)/D<=)+-!#!+0+D):Q2<()!J*)D*)#D:)'D!J*,5*#:!2#+!/*)#D)(!<'!
RUbT-!C)5<''<'5!2<D?!D?)!#(,JD<,'!,F!D?)!7#93*@#3*%&G%;$)#)1*7!!A?<+!(,/$:)'D!)+D#C%<+?)+!

=#*<)(!<'($+D*<#%!C#+)!/,'+<+D<'5!,F!,=)*!T-NPP!<'($+D*<#%!$+)*+!8`^+97!!!

!

A?)!@)0!)%):)'D+!,F!D?)!+,$*/)!/,'D*,%!J*,5*#:!<'/%$()Z!

 6(+.",,"#@J!`'($+D*<#%!2#+D)2#D)*!(<+/?#*5)!J)*:<D+!#*)!<++$)(!V,<'D%0!2<D?!D?)!/<D0!<'!2?</?!
D?)!<'($+D*0!<+!%,/#D)(!,*!D?)![&E1"G!F,*!#!J)*<,(!,F!F<=)!0)#*+7!

 M#/<0,+"$%&;$0,(?$,(+&7*#",*+"#@J!A?)!<'($+D*<#%!2#+D)2#D)*!:,'<D,*<'5!J*,5*#:!J*,=<()+!
(#D#!F,*!D?)!)=#%$#D<,'!,F!*)5$%#D,*0!/,:J%<#'/)!8F)()*#%-!+D#D)!#'(!%,/#%9X!2#+D)2#D)*!
D*)#D:)'D!J%#'D!%,#(<'5+!#'(!,J)*#D<,'X!#'(!D?)!(<+/?#*5)!,F!<%%)5#%!,*!<'/,:J#D<C%)!2#+D)+7!!
`'($+D*<#%!2#+D)2#D)*!(<+/?#*5)*+!#*)!:,'<D,*)(!D?*,$5?!D?*))!+)J#*#D)!:)/?#'<+:+Z!R9!
<'($+D*<#%!$+)*!+)%FQ:,'<D,*<'5X!T9![&E>1!:,'<D,*<'5!=<#!,'+<D)!/,:J,+<D)!,*!5*#C!+#:J%<'5X!
#'(!\9!+$*=)<%%#'/)!+#:J%<'57!!

 M#0)(-,"*#J![&E>1!?#+!()=)%,J)(!#'!#/D<=)!<'($+D*<#%!2#+D)!<'+J)/D<,'!J*,5*#:!D?#D!
<'/%$()+!F*)K$)'D!<'+J)/D<,'+!#'(!/,,*(<'#D<,'!2<D?!):)*5)'/0!*)+J,'+)!#'(!,D?)*!
*)5$%#D,*0!#5)'/<)+7!!

 A#1*+-(.(#,J![&E>1!?#+!)+D#C%<+?)(!#!D<)*)(!)'F,*/):)'D!J*,5*#:!D,!*)+J,'(!D,!
J*)D*)#D:)'D!=<,%#D<,'+7!`'($+D*<)+!#*)!*)K$<*)(!D,!#((*)++!)#/?!=<,%#D<,'!#'(!<:J%):)'D!
/,**)/D<=)!#/D<,'+7!S,%%,2Q$J!<'+J)/D<,'!#'(a,*!+#:J%<'5!<+!/,'($/D)(!D,!/,'F<*:!D?#D!D?)!
/,**)/D<=)!#/D<,'+!D#@)'!2)*)!+$//)++F$%!<'!#/?<)=<'5!/,:J%<#'/)7!!6#/?!+$C+)K$)'D!
=<,%#D<,'!%)#(+!D,!)+/#%#D<,'!,F!)'F,*/):)'D!#/D<,'-!<'/%$(<'5!%)5#%!#/D<,'!<F!')/)++#*07!!!

 6*%%<,"*#&6+(4(#,"*#J![&E>1!J#*D</<J#D)+!<'!D?)!+D#D)2<()!.,!1*$5+!1,2'!D?)!1*#<'!
J*,5*#:-!2?</?!<+!#!J$C%</!,$D*)#/?!J*,5*#:!D,!#%)*D!E#%<F,*'<#!*)+<()'D+!%<=<'5!<'!+J)/<F</!
*)5<,'+!#C,$D!D?)!J*,C%):+!#++,/<#D)(!2<D?!F%$+?<'5!$'$+)(-!$'2#'D)(-!#'(!)MJ<*)(!
:)(</#D<,'+!(,2'!D?)!D,<%)D!,*!(*#<'!#'(!D,!J*,=<()!D?):!2<D?!,D?)*-!+#F)!#'(!J*,J)*!
(<+J,+#%!/?,</)+7!`'!#((<D<,'-!D?)![&E>1!<+!<'=,%=)(!2<D?!#!'$:C)*!,F!%,/#%!#'(!+D#D)2<()!
J,%%$D<,'!J*)=)'D<,'!<'<D<#D<=)+!<'/%$(<'5!2,*@<'5!2<D?!D?)!%,/#%!#<*!*)5$%#D,*0!#5)'/0!D,!
)'+$*)!D?#D!:#'(#D)(-!2<()+J*)#(!/,'=)*+<,'!D,!#K$),$+!/%)#')*+!(,)+!',D!*)+$%D!<'!
#((<D<,'#%!J,%%$D#'D!(<+/?#*5)+7!

!

>D#FF<'5!#'(!e$#%<D0!&++$*#'/)Z!!

E,'D<'5)'/0!"%#'+Z!`'!/#+)!,F!J%#'D!F#<%$*)!,*!(<+*$JD<,'-!D?)!",:,'#!#'(!G?<DD<)*!.#**,2+!
GH"+!/#'!C)!/,:J%)D)%0!C0J#++)(!<'!/)*D#<'!/#+)+7!&((<D<,'#%%0!D?)!+)/,'(#*0!)FF%$)'D!F*,:!
D?)!",:,'#!#'(!G?<DD<)*!.#**,2+!GH"+!/#'!C)!(<=)*D)(!C#/@!D,!D?)!+)2)*!<F!'))()(7!A?)!>#'!
3,+)!E*))@!G)+D!GH"!/#'!(<=)*D!D?)!+)/,'(#*0!)FF%$)'D!C#/@!D,!D?)!+)2)*!#'(!D?)!>#'!3,+)!
E*))@!6#+D!GH"!/#'!(<=)*D!D?)!F<'#%!)FF%$)'D!C#/@!D,!D?)!+)2)*7!S%,2!/#'!#%+,!C)!+)'D!
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()J)'(+!,'!D<:)!,F!(#0!#'(!+)2)*!/,'(<D<,'+!(,2'!+D*)#:!,F!D?)!GH"+7!

6M/)JD!#D!D?)!>#'!3,+)!E*))@!GH"+-!D?)!GH"+!?#=)!)',$5?!+D#'(C0!):)*5)'/0!J,2)*!D,!
,J)*#D)!#%%!J%#'D!J*,/)++!)K$<J:)'D7!A?)!>#'!3,+)!E*))@!GH"+!?#=)!)',$5?!J,2)*!D,!,J)*#D)!
#%%!J%#'D!)K$<J:)'D!)M/)JD!D?)!J*,/)++!#<*!/,:J*)++,*+7!A?)!>#'!3,+)!E*))@!GH"!/#'!J$:J!#'(!
(<+<'F)/D!D?)!2#D)*!C$D!',D!C<,%,5</#%%0!D*)#D!<D7!

!

E,,*(<'#D<,'Z!A?)!J*,V)/D!<+!J)*:<DD)(!C0!D?)![,+!&'5)%)+!H)5<,'#%!G#D)*!e$#%<D0!E,'D*,%!I,#*(!
8HGeEI9!$'()*!G#D)*!H)/%#:#D<,'!H)K$<*):)'D+!8GHH+9!8;*()*!.,7!URQRPP9-!2?</?!2)*)!
#:)'()(!<'!&J*<%!TPPU!=<#!;*()*!.,7!H]QTPPUQP]c7!A?)!J)*:<D!2#+!V,<'D%0!<++$)(!D,![&E>1-!
GH1-!#'(![&E1"G7!!

!
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9$0(&AB$.)%(0&X&2<..$+5&*1&`*#X)*,$8%(&+(<0(&_'(0,+"-,(/&$#/&N#+(0,+"-,(/&M++"@$,"*#a&
6+*l(-,0&"#&9$%"1*+#"$&8)M/)*JD)(!F*,:!;%<=<)*<!#'(!>)D,!TPPb9&

.*,+(,%>87(:_(.$%7("-()>##7B*2+R(.A(

A?)!E<D0!,F!>$''0=#%)!G#D)*!",%%$D<,'!E,'D*,%!"%#'D!8G"E"9!<+!%,/#D)(!<'!>$''0=#%)-!
E#%<F,*'<#7!A?)!J%#'D!J*,=<()+!#(=#'/)(!+)/,'(#*0!D*)#D:)'D!,F!2#+D)2#D)*!F*,:!(,:)+D</-!
/,::)*/<#%!#'(!<'($+D*<#%!+,$*/)+!2<D?<'!D?)!E<D0!,F!>$''0=#%)-!H#'/?,!H<'/,'#(#!#'(!B,FF)DD!
S<)%(7!A?)!+)*=</)!#*)#!?#+!#!J,J$%#D<,'!,F!#JJ*,M<:#D)%0!RTb-PPP7!A?)!J%#'D!?#+!#'!#=)*#5)!(*0!
2)#D?)*!F%,2!()+<5'!/#J#/<D0!,F!TU7O!BY#%a(!#'(!#!J)#@!F%,2!/#J#/<D0!,F!]P!BY#%a(7!
1<+<'F)/D)(!D)*D<#*0!*)/0/%)(!2#D)*!<+!J*,($/)(!<'D)*:<DD)'D%0!D,!:))D!$+)*!():#'(!#'(!D,!F<%%!#!
T!:<%%<,'!5#%%,'!+D,*#5)!D#'@-!2?</?!D?)'!+)*=)+!#+!#!+$JJ%0!+,$*/)7!A?)!*)/0/%)(!2#D)*!<+!
(<+D*<C$D)(!D?*,$5?,$D!D?)!',*D?)*'!J,*D<,'!,F!D?)!E<D0!,F!>$''0=#%)-!2?)*)!<D!<+!$+)(!:#<'%0!
F,*!<**<5#D<,'!J$*J,+)+7!

A?)!2#+D)2#D)*!D*)#D:)'D!J*,/)++!/,'+<+D+!,F!<'F%$)'D!5*<'(<'5-!J*)Q#)*#D<,'a5*<D!*):,=#%-!
J*<:#*0!+)(<:)'D#D<,'-!+)/,'(#*0!C<,%,5</#%!D*)#D:)'D!8,M<(#D<,'!J,'(+9-!F<M)(QF<%:!*)#/D,*!
'<D*<F</#D<,'-!(<++,%=)(!#<*!F%,D#D<,'!2<D?!/,#5$%#D<,'-!($#%!:)(<#!F<%D*#D<,'-!/?%,*<'#D<,'!#'(!
()/?%,*<'#D<,'7!!1$*<'5!J)*<,(+!,F!*)/0/%)(!2#D)*!J*,($/D<,'-!J%#'D!,J)*#D<'5!/,'(<D<,'+!#*)!

7#3*%&X*1=15$)<&!%$3*%$#!F,*!(<+<'F)/D)(!D)*D<#*0!*)/0/%)(!2#D)*!
8#=)*#5)!D$*C<(<D0!%)++!D?#'!T!.A^!J*<,*!D,!/?%,*<'#D<,'-!/?%,*<')!/,'D#/D!8EA9!,F!j!]OP!:5Q:<'a[!
8#+!)+D<:#D)(!C0!*)+<($#%!/?%,*<')!/,'/)'D*#D<,'!8:5a[9!D<:)+!/,'D#/D!D<:)!8:<'9!9!2<D?!UP!
:<'$D)+!:<'<:$:!:,(#%!/?%,*<')!/,'D#/D!D<:)-!#'(!:)(<#'!D,D#%!/,%<F,*:!kT7T!B".7!!A?)+)!
/,'(<D<,'+!#*)!#/?<)=)(!D?*,$5?!/?#'5)+!<'!(<++,%=)(!#<*!F%,D#D<,'!J,%0:)*!(,+)-!/?%,*<')!(,+)-!
#'(!F%,2!*#D)+!D?*,$5?!D?)!/,'D#/D!C#+<'+!$+)(!F,*!*)/0/%)(!2#D)*7!!S<%D)*)(!2#D)*!D$*C<(<D0-!
F<'#%!/?%,*<')!*)+<($#%-!#'(!EA!#*)!:,'<D,*)(!/,'D<'$,$+%0!C0!D?)!/,'D*,%!+0+D):7!!`F!D$*C<(<D0!,*!
EA!)M/))(!D?)!*)5$%#D,*0!%<:<D+-!D?)!/,'D*,%!+0+D):!2<%%!#$D,:#D</#%%0!(<=)*D!2#D)*!F*,:!D?)!
*)/0/%)(! #%$)+!#*)!',*:#%%0!:$/?!
?<5?)*!D?#'!D?)!:<'<:$:!*)K$<*):)'D7!!

A?)!*)/0/%)(!2#D)*!F%,2!F*,:!D?)!/,'D#/D!D#'@+!D,!D?)!*)/0/%)(!2#D)*!J$:J!+D#D<,'!<+!
J#*D<#%%0!()/?%,*<'#D)(!2<D?!+,(<$:!C<+$%F<D)!D,!:#<'D#<'!#!/?%,*<')!*)+<($#%!,F!#JJ*,M<:#D)%0!TQ
\!:5a[7!!A?)!/#%/$%#D)(!EA!(,)+!',D!<'/%$()!#'0!#((<D<,'#%!/,'D*<C$D<,'!F*,:!D?)!/?%,*<')!
*)+<($#%!<'!D?)!(<+D*<C$D<,'!+0+D):7!

1$*<'5!D?)!J)#@!*)/0/%)(!2#D)*!J*,($/D<,'!+)#+,'!8&J*<%Q;/D,C)*9!D?)!J%#'D!)FF%$)'D!<+!
?<5?%0!'<D*<F<)(7!I)D2))'!B#0!#'(!3$%0-!#::,'<#!%)=)%+!J*<,*!D,!/?%,*<'#D<,'!#*)!D0J</#%%0!C)%,2!
P7O!:5a[-!<'(</#D<'5!D?#D!/?%,*<')!<+!:,+D%0!%<@)%0!<'<D<#%%0!J*)+)'D!<'!D?)!F*))!*)+<($#%!F,*:!
($*<'5!D?<+!J)*<,(7!!1$*<'5!D?)!%#D)!+$::)*-!F#%%-!#'(!2<'D)*-!+,:)!,*!#%%!,F!D?)!/?%,*<')!<+!%<@)%0!
J*)+)'D!<'!D?)!F,*:!,F!#!/,:C<')(!*)+<($#%7!

`'!TPPO-!TNO!:<%%<,'!5#%%,'+!,F!*)/0/%)(!2#D)*!2#+!(<+D*<C$D)(!D,!/$+D,:)*+!D?*,$5?,$D!D?)!
',*D?)*'!J,*D<,'!,F!D?)!E<D0!,F!>$''0=#%)7!!`'!TPP]!D?)!D,D#%!*)/0/%)(!2#D)*!(<+D*<C$D)(!2#+!\PN!
:<%%<,'!5#%%,'+7!&!+$::#*0!,F!*)/0/%)(!2#D)*!$+#5)!C0!*)$+)!#JJ%</#D<,'!/#D)5,*0!F,*!TPPO!<+!
J*,=<()(!<'!A#C%)!S7R7!H)=<)2!,F!D?)!D#C%)!/%)#*%0!<'(</#D)+!D?#D!%#'(+/#J)!#'(!J#*@!<**<5#D<,'!
#//,$'D+!F,*!D?)!=#+D!:#V,*<D0!,F!*)/0/%)(!2#D)*!$+)7!

!
&=#<%#C%)!1#D#Z!!1#D#!F,*!F%,2-!F<%D)*)(!2#D)*!D$*C<(<D0-!/?%,*<')!*)+<($#%-!#'(!EA!#*)!*)/,*()(!
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,F!TPPN-!RU!+#:J%)+!2)*)!#%+,!#'#%0W)(!F,*!)'D)*,/,//$+7!!A?,+)!*)+$%D+!=#*<)(!F*,:!kRD,!
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.#D<,'#%!"*)D*)#D:)'D!"*,5*#:!2#+!()=)%,J)(!C0!^>6"&!D,!/,'D*,%!D?)!(<+/?#*5)!,F!J,%%$D#'D+!
F*,:!";AG+!tJ$C%</#%%0!,2')(!D*)#D:)'D!2,*@+u7!A?)!+D#D$D,*0!#$D?,*<D0!F,*!D?)!.#D<,'#%!
"*)D*)#D:)'D!"*,5*#:!%<)+!<'!D?)!S)()*#%!G#D)*!",%%$D<,'!E,'D*,%!&/D!,F!RUbT-!2?</?!2#+!
#:)'()(!C0!E,'5*)++!<'!RUbb!#'(!*)'#:)(!D?)!E%)#'!G#D)*!&/D!8EG&97!^'()*!>)/D<,'!\Pb8C9-!
t^>u6"&!:$+D!()=)%,J!"*)D*)#D:)'D!>D#'(#*(+!D?#D!J*)=)'D!D?)!(<+/?#*5)!,F!J,%%$D#'D+!D?#D!
J#++!D?*,$5?-!<'D)*F)*)!2<D?-!,*!#*)!,D?)*2<+)!<'/,:J#D<C%)!2<D?!";AG+7!A?)!RUbb!
#:)'(:)'D+!D,!D?)!EG&!*)K$<*)(!";AG+!D,!)'+$*)!/,:J%<#'/)!2<D?!D?)!J*)D*)#D:)'D!
+D#'(#*(+!C0!)#/?!+<5'<F</#'D!%,/#%!+,$*/)!<'D*,($/<'5!J,%%$D#'D+!+$CV)/D!D,!J*)D*)#D:)'D!
+D#'(#*(+!<'D,!#!";AG7!A,!:))D!D?)!*)K$<*):)'D+!,F!D?)!RUbb!#:)'(:)'D+-!t^>u6"&!
()=)%,J)(!D?)!Y)')*#%!"*)D*)#D:)'D!H)5$%#D<,'+!F,*!6M<+D<'5!#'(!.)2!>,$*/)+!,F!",%%$D<,'!t]P!

QHQ
P]QPPT&-!;FF</)!,F!G#+D)2#D)*!B#'#5):)'D!]TP\-!3$%0!TPP]-!J#5)!RQR9!

QE,%,5')!G#D)*!e$#%<D0!E,'D*,%!&/D!*)K$<*)+!)#/?!H)5<,'#%!
I,#*(!D,!F,*:$%#D)!#'(!#(,JD!2#D)*!K$#%<D0!/,'D*,%!J%#'+-!,*!C#+<'!J%#'+-!F,*!#%%!#*)#+!2<D?<'!D?)!
H)5<,'7!A?)!",*D)*QE,%,5')!&/D!#%+,!*)K$<*)+!)#/?!H)5<,'#%!I,#*(!D,!)+D#C%<+?!2#D)*!K$#%<D0!
,CV)/D<=)+!D,!)'+$*)!D?)!*)#+,'#C%)!J*,D)/D<,'!,F!C)')F</<#%!$+)+!#'(!#!J*,5*#:!,F!
<:J%):)'D#D<,'!F,*!#/?<)=<'5!2#D)*!K$#%<D0!,CV)/D<=)+!2<D?<'!D?)!C#+<'!J%#'+7!A<D%)!]P-!E,()!,F!
S)()*#%!H)5$%#D<,'+-!"#*D!R\R!*)K$<*)+!)#/?!>D#D)!D,!#(,JD!2#D)*!K$#%<D0!+D#'(#*(+!C0!
()+<5'#D<'5!2#D)*!$+)+!D,!C)!J*,D)/D)(!#'(!#(,JD<'5!2#D)*!K$#%<D0!/*<D)*<#!D?#D!J*,D)/D!D?)!

&$5$+D!TPPO-!"*,5*#:!H)J,*D+-!I#+<'!"%#''<'5!"*,5*#:-!
?DDJZaa22272#D)*C,#*(+7/#75,=a/)'D*#%=#%%)0a2#D)*h<++$)+a!
C#+<'hJ%#'+aJ%#''<'5h,=)*=<)27J(F-!.,=):C)*!RN-!TPPU9!

*)K$<*):)'D+-!#!";AG!2<%%!()+<5'!<D+!%,/#%!%<:<D+!C#+)(!,'!+<D)Q+J)/<F</!/,'(<D<,'+7!&:,'5!D?)!
F#/D,*+!
)FF</<)'/0!<'!D*)#D<'5!2#+D)+X!<D+!?<+D,*0!,F!/,:J%<#'/)!2<D?!<D+!."16>!J)*:<D!%<:<D+X!D?)!
/,'(<D<,'!,F!D?)!2#D)*!C,(0!D?#D!*)/)<=)+!<D+!D*)#D)(!)FF%$)'DX!#'0!2#D)*!K$#%<D0!+D#'(#*(+!D?#D!

,F!+)2#5)!+%$(5)X!#'(!2,*@)*!?)#%D?!#'(!+#F)D0!/,'/)*'+7!A?)!Y)')*#%!"*)D*)#D:)'D!
H)5$%#D<,'+!*)K$<*)!D?)!F,%%,2<'5Z!!

 ";AG+!D?#D!#*)!()=)%,J<'5!J*)D*)#D:)'D!J*,5*#:+!:$+D!()=)%,J!#'(!)'F,*/)!
+J)/<F</!%<:<D+!,'!J*,?<C<D)(!(<+/?#*5)+-!,*!():,'+D*#D)!D?#D!D?)!%<:<D+!#*)!',D!
')/)++#*0!t]P!ESH!]P\7c8F98]9u7!!

 ";AG+!D?#D!?#=)!#JJ*,=)(!J*)D*)#D:)'D!J*,5*#:+!:$+D!/,'D<'$)!D,!()=)%,J!
#'(!*)=<+)!%,/#%!%<:<D+!#+!')/)++#*0!t]P!ESH!]P\7O8/98R9u7!!

http://www.waterboards.ca.gov/centralvalley/water_issues/%20basin_plans/
http://www.waterboards.ca.gov/centralvalley/water_issues/%20basin_plans/
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! H - 2 

 ";AG+!D?#D!(,!',D!?#=)!#JJ*,=)(!J*)D*)#D:)'D!J*,5*#:+!:$+D!()=)%,J!+J)/<F</!
%,/#%!%<:<D+!<F!J,%%$D#'D+!F*,:!','Q(,:)+D</!+,$*/)+!*)+$%D!<'!<'D)*F)*)'/)!,*!J#++!
D?*,$5?!#'(!+$/?!,//$**)'/)!<+!%<@)%0!D,!*)/$*!t]P!ESH!]P\7O8/98T9u7!!

!

t^>u6"&!#'(!D?)!>D#D)+!?#=)!#JJ*,=)(!:,*)!D?#'!R-]PP!";AG!J*)D*)#D:)'D!J*,5*#:+7!
6#/?!J*,5*#:!:$+D!()=)%,J-!<:J%):)'D-!#'(!)'F,*/)!D)/?'</#%%0!C#+)(!%,/#%!%<:<D+7!I)/#$+)!
:,+D!,F!D?)!";AG+!D?#D!*)K$<*)!J*)D*)#D:)'D!J*,5*#:+!',2!?#=)!D?):-!,'%0!#!F)2!')2!
J*,5*#:+!#*)!#JJ*,=)(!)#/?!0)#*7!G,*@!,'!%,/#%!%<:<D+!/,'D<'$)+-!?,2)=)*-!C)/#$+)!";AG+!
2<D?!#JJ*,=)(!J*,5*#:+!:$+D!J)*<,(</#%%0!*)=<)2!D?)+)!%,/#%!%<:<D+7!t^>u6"&!*)5$%#D<,'+!*)K$<*)!

/#%!)=#%$#D<,'!,F!D?)!'))(!

RTT7]]8V98T98<<9u7!&((<D<,'#%%0-!t^>u6"&!*)/,::)'(+!D?#D!E,'D*,%!&$D?,*<D<)+!*)=<)2!D?)!
#()K$#/0!,F!%,/#%!%<:<D+!<F!/$**)'D!2#+D)2#D)*!D*)#D:)'D!J%#'D!J)*F,*:#'/)!F#<%+!,*!2<%%!F#<%!D,!
#DD#<'!#JJ%</#C%)!."16>-!>D#D)-!,*!%,/#%!J)*:<D!*)K$<*):)'D+!,*!,D?)*!,J)*#D<,'#%!,CV)/D<=)+-!
<'/%$(<'5!2#D)*!K$#%<D0!,CV)/D<=)+!,F!*)/)<=<'5!2#D)*+X!#'(!<F!D?)!J)*F,*:#'/)!+?,*D/,:<'5+!
:#0!C)!*)#+,'#C%0!#DD*<C$D)(!D,!J#++!D?*,$5?!,*!<'D)*F)*)'/)!/#$+)(!C0!#!";E!tJ,%%$D#'D!,F!
/,'/)*'u7!S<'#%%0-!E,'D*,%!&$D?,*<D<)+!:#0!F<'(!<D!C)')F</<#%!D,!*)Q)=#%$#D)!D?)<*!%,/#%!%<:<D+!2?)'!
#!/?#'5)!<'!";AG!,J)*#D<,'+!*)+$%D+!<'!#!+<5'<F</#'D!/?#'5)!<'!,J)*#D<,'#%!,CV)/D<=)+X!2?)'!D?)!
";AG!)MJ)*<)'/)+!#!+<5'<F</#'D%0!(<FF)*)'D!<'F%$)'D!F%,2!,*!J,%%$D#'D!/?#*#/D)*<+D</+X!,*!2?)'!#!
+<5'<F</#'D!#%D)*#D<,'!,F!@)0!)'=<*,':)'D#%!/*<D)*<#!,//$*+7!!7!7!7!

A?)!.#D<,'#%!"*)D*)#D:)'D!"*,5*#:!/,'+<+D+!,F!D?*))!D0J)+!,F!'#D<,'#%!J*)D*)#D:)'D!
+D#'(#*(+!)+D#C%<+?)(!C0!*)5$%#D<,'!D?#D!#JJ%0!D,!<'($+D*<#%!$+)*+!8`^+97!A?)+)!<'/%$()!J*,?<C<D)(!
(<+/?#*5)+-!/#D)5,*</#%!+D#'(#*(+-!#'(!%,/#%!%<:<D+7!"*,?<C<D)(!(<+/?#*5)+-!/,:J*<+)(!,F!5)')*#%!
#'(!+J)/<F</!J*,?<C<D<,'+-!#JJ%0!D,!#%%!`^+!*)5#*(%)++!,F!D?)!+<W)!,*!D0J)!,F!,J)*#D<,'7!E#D)5,*</#%!
+D#'(#*(+!#JJ%0!D,!+J)/<F</!J*,/)++!2#+D)2#D)*!(<+/?#*5)+!F*,:!J#*D</$%#*!<'($+D*<#%!/#D)5,*<)+7!
[,/#%!%<:<D+!#*)!+<D)Q+J)/<F</!%<:<D+!()=)%,J)(!C0!D?)!";AG!D,!)'F,*/)!5)')*#%!#'(!+J)/<F</!
J*,?<C<D<,'+!,'!` QR!D,!RQT9!

!

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||!

A?)!F,%%,2<'5!#*)!()F<'<D<,'+!<'/%$()(!<'!D?)![,/#%![<:<D+!1)=)%,J:)'D!Y$<(#'/)!/<D)(!#C,=)Z!

 `'D)*F)*)'/)7!t^>u6"&!$+)+!D?)!D)*:!
()+/*<C)!#!(<+/?#*5)!D?#D-!#%,')!,*!2<D?!(<+/?#*5)+!F*,:!,D?)*!+,$*/)+-!
<'?<C<D+!,*!(<+*$JD+!#!";AG-!<D+!D*)#D:)'D!J*,/)++)+!#'(!,J)*#D<,'+-!,*!<D+!
+%$(5)!J*,/)++)+-!$+)-!,*!(<+J,+#%!#'(-!D?)*)F,*)-!/#$+)+!#!=<,%#D<,'!,F!D?)!

=<,%#D<,'-!,*!J*)=)'D+!D?)!J*,J)*!$+)!,*!(<+J,+#%!,F!+)2#5)!+%$(5)!<'!
/,:J%<#'/)!2<D?!D?)!E%)#'!G#D)*!&/D-!>,%<(!G#+D)!1<+J,+#%!&/D-!A,M</!
>$C+D#'/)!E,'D*,%!&/D+-!,*!D?)!B#*<')!"*,D)/D<,'-!H)+)#*/?!#'(!>#'/D$#*<)+!
&/D7!
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! H - 3 

 "#++!A?*,$5?7!&!(<+/?#*5)!D?#D!)'D)*+!D?)!2#D)*+!,F!D?)!^'<D)(!>D#D)+!F*,:!#!
";AG!<'!K$#'D<D<)+!,*!/,'/)'D*#D<,'+!D?#D-!#%,')!,*!2<D?!(<+/?#*5)+!F*,:!
,D?)*!+,$*/)+-!)<D?)*!/#$+)+!#!=<,%#D<,'!,F!#'0!*)K$<*):)'D!,F!D?)!";
."16>!J)*:<D-!,*!<'/*)#+)+!D?)!:#5'<D$()!,*!($*#D<,'!,F!#!=<,%#D<,'!,F!D?)!

!

 ",%%$D#'D!,F!E,'/)*'!8";E97!&'0!J,%%$D#'D!D?#D!:<5?D!*)#+,'#C%0!C)!)MJ)/D)(!
D,!C)!(<+/?#*5)(!D,!D?)!";AG!<'!+$FF</<)'D!#:,$'D+!D,!J#++!D?*,$5?!,*!
<'D)*F)*)!2<D?!D?)!2,*@+-!/,'D#:<'#D)!<D+!+%$(5)-!/#$+)!J*,C%):+!<'!<D+!
/,%%)/D<,'!+0+D):-!,*!V),J#*(<W)!<D+!2,*@)*+7!

!
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! I - 1 

3))(#/"B&M&X&Z4(+4"(?&$#/&2<..$+5&*1&[(5&2,</"(0&*1&,:(&I*B"-*%*@"-$%&
'(%(4$#-(&*1&'(<0(/&;$,(+&

`'!)=#%$#D<'5!D?)!D,M</,%,5</#%!*)%)=#'/)!,F!*)/0/%)(!2#D)*!D,!?$:#'!?)#%D?-!D?)!"#')%!*)%<)(!
J*<:#*<%0!$J,'!+,$*/)+!D?#D!?#(!#%*)#(0!/,:J<%)(-!*)=<)2)(!#'(!+$::#*<W)(!F<'(<'5+!F*,:!
:#'0!,F!D?)!@)0!+D$(<)+!/,'($/D)(!,=)*!D?)!J#+D!]P!0)#*+7!!A?,+)!+D$(<)+!<'/%$()!
)J<():<,%,5</#%!+D$(<)+!)M#:<'<'5!)FF)/D+!<'!?$:#'+!(<*)/D%0-!+D$(<)+!<'!2?</?!%#C,*#D,*0!
#'<:#%+!?#=)!C))'!)MJ,+)(!D,!*)/0/%)(!2#D)*-!C<,Q#'#%0D</#%!+/*))'<'5!+D$(<)+!#'(!*<+@!
#++)++:)'D+!D?#D!J*)(</D!D?)!J,D)'D<#%!)FF)/D+!D,!?$:#'+!,F!<'(<=<($#%!E6E+!<'!*)/0/%)(!2#D)*!
8)757-!>/?2#C!*3&#5!TPPO-!>/?*<@+!*3&#57!TPPU97!
+$::#*0!,F!?<+D,*</!+D$(<)+!()=)%,J)(!C0!B+7!B#*5#*)D!_7!.)%%,*!#'(!F,*2#*()(!D,!D?)!"#')%!
C0!B*7!1#=<(!>:<D?!,F!G#D)*H)$+)!E#%<F,*'<#7!A#C%)!`7R!8&!+$::#*0!,F!6J<():<,%,50!>D$(<)+9!
#'(!A#C%)!`7T!8>$::#*0!,F!I<,Q#'#%0D</#%!>/*))'<'5!>D$(<)+9!2)*)!D#@)'!(<*)/D%0!F*,:!D?)!
:#D)*<#%+!B+7!.)%%,*!J*,=<()(!D,!B*7!>:<D?!8.)%%,*!TPPU97!&((<D<,'#%%0!D?)!"#')%!F,$'(!D?)!
+$::#*<)+!,F!J*)=<,$+!+D$(<)+!<'!C,D?!.HE8.HE!RUUc9!#'(!>%,++!*3&#57!8>%,++-!Y)+/?2<'(!*3&#57!
RUUN9!D,!C)!=)*0!?)%JF$%7!!!

I#+)(!$J,'!<D+!*)=<)2!,F!D?<+!<'F,*:#D<,'-!D?)!"#')%!C)%<)=)+!D?)!F<'(<'5+!,F!D?)!
)J<():<,%,5</#%!+D$(<)+!,F!*)/0/%)(!2#D)*!#*)!=)*0!)'/,$*#5<'5!F*,:!#!?$:#'!?)#%D?!*<+@!

J,D)'D<#%!)FF)/D+!,F!(<+<'F)/D<,'!C0J*,($/D+!J*,($/)(!F,%%,2<'5!(<+<'F)/D<,'!,F!(*<'@<'5!2#D)*!
2<D?!/?%,*<')7!G?<%+D!:,+D!,F!D?)+)!)#*%0!+D$(<)+!F<'(!',!/%)#*!#++,/<#D<,'!C)D2))'!*)/0/%)(!
2#D)*!$+)!#'(!#(=)*+)!?)#%D?!,$D/,:)+!<'!?$:#'+-!+,:)!,F!D?)!)#*%0!+D$(<)+!*)J,*D!#'!
<'/*)#+)!<'!C%#(()*!#'(!*)/D#%!/#'/)*+!J,++<C%0!#++,/<#D)(!2<D?!/?%,*<'#D<,'!C0J*,($/D+!8+))!
+$::#*0!<'!>%,++!*3&#57-!8>%,++-!Y)+/?2<'(!*3&#57!RUUN997!B,*)!*)/)'D!+D$(<)+!,F!*)/0/%)(!2#D)*!
F<'(-!)++)'D<#%%0-!',!#(=)*+)!?)#%D?!,$D/,:)+!<'!J,J$%#D<,'+!$+<'5!*)/0/%)(!2#D)*!8+))!A#C%)!
`7R97!A?)!=<*D$#%!#C+)'/)!,F!#(=)*+)!?)#%D?!,$D/,:)+!F*,:!D?)!)#*%0!)J<():<,%,5</#%!+D$(<)+!<+!
)'/,$*#5<'5-!<'!D?#D!D*)#D:)'D!:)D?,(+!#D!D?#D!D<:)!2)*)!%)++!+,J?<+D</#D)(!#'(!D?)<*!)FF</#/0!
#D!*):,=<'5!D*#/)!/?):</#%+!2#+!',D!2)%%!$'()*+D,,(7!;=)*!D?)!J#+D!()/#()+-!D?,+)!:)D?,(+!
?#=)!C))'!*)F<')(!#'(!D?)!#:,$'D!,F!(<+<'F)/D<,'!C0J*,($/D+!J*)+)'D!<'!*)/0/%)(!2#D)*!?#+!
()/*)#+)(7!A?$+-!<F!=)*0!F)2!)FF)/D+!2)*)!F,$'(!<'!*)/0/%)(! !
(<+<'F)/D<,'!C0J*,($/D!/,'/)'D*#D<,'+!2)*)!?<5?)*-!D?#'!)=)'!F)2)*!)FF)/D+!2,$%(!C)!)MJ)/D)(!
D,(#0-!#D!%)#+D!F*,:!D?)+)!C0J*,($/D+7!!

A?)+)!)J<():<,%,5</#%!F<'(<'5+!#*)!J#*D</$%#*%0!*,C$+D!C)/#$+)!D?)0!+J#'!()/#()+7!G?<%)!
E6E+!?#=)!/,:)!D,!D?)!F,*)F*,'D!,F!J$C%</!?)#%D?!+/*$D<'0!2<D?<'!D?)!%#+D!()/#()-!#!5*)#D!()#%!,F!
D?#D!+/*$D<'0!,2)+!D,!D?)!<:J*,=):)'D+!<'!#'#%0D</#%!()D)/D<,'!:)D?,(+7!B#'0!,F!2?#D!#*)!
D,(#0!/,'+<()*)(!E6E+!?#=)!%<@)%0!C))'!J*)+)'D!<'!*)/0/%)(!2#D)*!F,*!()/#()+!8;@$'!RUcP97!!
6J<():<,%,5</#%!+D$(<)+!/,'($/D)(!<'!D?)!J#+D!%<@)%0!<'/%$()(!J,D)'D<#%!)FF)/D+!#++,/<#D)(!2<D?!
E6E+-!)=)'!D?,$5?!E6E+!2)*)!',D!D?)!F,/$+-!,*!)=)'!:)'D<,')(-!<'!D?)!+D$(<)+7!`'())(-!#+!
',D)(!#C,=)-!D?)!)#*%<)+D!,F!D?,+)!+D$(<)+!F,/$+)(!,'!D?)!J,D)'D<#%!)FF)/D+!,F!(<+<'F)/D<,'!C0!
J*,($/D+!C)/#$+)!D?)!(*<'@<'5!2#D)*!J*,=<()*+!#'(!D?)!J$C%</!?)#%D?!/,::$'<D0!2<+?)(!D,!
C)DD)*!$'()*+D#'(!2?#D!)FF)/D+-!<F!#'0-!2)*)!#++,/<#D)(!2<D?!2?#D!2)*)-!#D!D?#D!D<:)-!',=)%!,*!
')2!2#D)*!D*)#D:)'D!:)D?,(+-!<'/%$(<'5!/?%,*<'#D<,'-!F,*!)M#:J%)7!
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A?#D!D?)!:,+D!*)/)'D!)J<():<,%,5</#%!+D$(<)+!F<'(!)=)'!F)2)*!#(=)*+)!)FF)/D+!D?#'!?<+D,*</!
+D$(<)+!<+!',D!+$*J*<+<'5!F,*!+)=)*#%!*)#+,'+7!G#+D)2#D)*!#'(!(*<'@<'5!2#D)*!D*)#D:)'D!
J*,/)++)+!#*)!:,*)!*)F<')(!D?#'!D?)0!2)*)!D2,!,*!D?*))!()/#()+!#5,7!"*,($/D!#'(!/?):</#%!
*)5<+D*#D<,'!*)K$<*):)'D+!#*)!:$/?!+D*</D)*7!E,:J,$'(+!#'(!J*,($/D+!#*)!()=)%,J)(!2<D?!
:$/?!5*)#D)*!F,/$+!,'!)'=<*,':)'D#%!+D)2#*(+?<J7!G)!#%+,!@',2!#!5*)#D!()#%!:,*)!#C,$D!
/?):</#%+!#'(!:,<)D<)+!D?#D!/#$+)!#(=)*+)!)FF)/D+-!+,!()=)%,J)*+!#*)!%<@)%0!J*,($/<'5!#'(!$+<'5!
F)2)*!/?):</#%+!2<D?!@',2'!#(=)*+)!<:J#/D+-!,*!D?#D!2)!?#=)!#!+D*,'5!+$+J</<,'!:<5?D!/#$+)!
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! L!Q!R 

3))(#/"B&[&X&SL,:&6(+-(#,"%(&7A9&*1&
9A90&"#&2(-*#/$+5]I(+,"$+5&I+($,(/&
A11%<(#,0&"#&9$%"1*+#"$&

 
Acetaminophen 

 

 

Quantiles 
      

100.0% maximum 550 

99.5%  550 

97.5%  550 

90.0%  550 

75.0% quartile 292.95 

50.0% median 10 

25.0% quartile 1 

10.0%  1 

2.5%  1 

0.5%  1 

0.0% minimum 1 

 

Moments 
    

Mean 119.58 

Std Dev 241.03627 

Std Err Mean 107.7947 

Upper 95% Mean 418.86605 

Lower 95% Mean -179.7061 

N 5 

 
 
 
 
 
Atenolol 

 

 

Quantiles 
      

100.0% maximum 1800 

99.5%  1800 

97.5%  1800 

90.0%  1780 

75.0% quartile 1700 

50.0% median 1470 

25.0% quartile 830 

10.0%  20.48 

2.5%  5.6 

0.5%  5.6 

0.0% minimum 5.6 

 

Moments 
    

Mean 1226.8727 

Std Dev 641.19792 

Std Err Mean 193.32845 

Upper 95% Mean 1657.6354 

Lower 95% Mean 796.1101 

N 11 
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! L!Q!T 

Atorvastatin 

 

Frequencies 
Level  Count Prob 

0 1 0.06667 

0.25 3 0.20000 

0.5 5 0.33333 

10 1 0.06667 

4.3 1 0.06667 

62 1 0.06667 

65 1 0.06667 

66 1 0.06667 

79 1 0.06667 

Total 15 1.00000 

 
 
Azithromycin 

 

 

Quantiles 
      

100.0% maximum 1200 

99.5%  1200 

97.5%  1200 

90.0%  1200 

75.0% quartile 1200 

50.0% median 540 

25.0% quartile 248 

10.0%  248 

2.5%  248 

0.5%  248 

0.0% minimum 248 

Moments 
    

Mean 662.66667 

Std Dev 487.7103 

Std Err Mean 281.57967 

Upper 95% Mean 1874.2062 

Lower 95% Mean -548.8729 

N 3 

 
 
Benzophenone 

 

 

Quantiles 
      

100.0% maximum 120 

99.5%  120 

97.5%  120 

90.0%  120 

75.0% quartile 115 

50.0% median 89 

25.0% quartile 69.5 

10.0%  50 

2.5%  50 

0.5%  50 

0.0% minimum 50 

 

Moments 
    

Mean 91.6 

Std Dev 26.87564 

Std Err Mean 12.019151 

Upper 95% Mean 124.97051 

Lower 95% Mean 58.229486 

N 5 
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! L!Q!\ 

Bisphenol A 

 

Quantiles 
     

100.0% maximum 520 

99.5%  520 

97.5%  520 

90.0%  286 

75.0% quartile 191.25 

50.0% median 19 

25.0% quartile 5 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 88.883333 

Std Dev 141.64005 

Std Err Mean 33.38488 

Upper 95% Mean 159.31927 

Lower 95% Mean 18.447393 

N 18 

 
 
Caffeine 

 

 

Quantiles 
      

100.0% maximum 2700 

99.5%  2700 

97.5%  2700 

90.0%  900 

75.0% quartile 355 

50.0% median 280 

25.0% quartile 50 

10.0%  3 

2.5%  0 

0.5%  0 

0.0% minimum 0 

Moments 
    

Mean 401.84211 

Std Dev 596.49572 

Std Err Mean 136.8455 

Upper 95% Mean 689.34384 

Lower 95% Mean 114.34037 

N 19 

 
Carbamezepine 

 

Quantiles 
     

100.0% maximum 480 

99.5%  480 

97.5%  480 

90.0%  400.2 

75.0% quartile 260 

 

50.0% 

median 200 

25.0% quartile 130 

10.0%  50 

2.5%  1.1 

0.5%  1.1 

0.0% minimum 1.1 
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! L!Q!] 

Moments 
    

Mean 209.3087 

Std Dev 113.48913 

Std Err Mean 23.664119 

Upper 95% Mean 258.38508 

Lower 95% Mean 160.23232 

N 23 

 
 
Clofibric acid 

 

 
Quantiles 
      

100.0% maximum 820 

99.5%  820 

97.5%  820 

90.0%  820 

75.0% quartile 820 

50.0% median 820 

25.0% quartile 820 

10.0%  820 

2.5%  820 

0.5%  820 

0.0% minimum 820 

 
Moments 
    

Mean 820 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

Diazepam 

 

Quantiles 
     

100.0% maximum 5 

99.5%  5 

97.5%  5 

90.0%  5 

75.0% quartile 1.8 

50.0% median 0.94 

25.0% quartile 0.3 

10.0%  0.25 

2.5%  0.25 

0.5%  0.25 

0.0% minimum 0.25 

 

Moments 
    

Mean 1.3822222 

Std Dev 1.4857134 

Std Err Mean 0.4952378 

Upper 95% Mean 2.5242427 

Lower 95% Mean 0.2402018 

N 9 

 
 
Diclofenac 
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! L!Q!O 

Quantiles 
      

100.0% maximum 230 

99.5%  230 

97.5%  230 

90.0%  203 

75.0% quartile 53 

50.0% median 21.5 

25.0% quartile 0.5125 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 
Moments 
    

Mean 48.198333 

Std Dev 75.303899 

Std Err Mean 17.749299 

Upper 95% Mean 85.646081 

Lower 95% Mean 10.750585 

N 18 

 
 
DEET 

 

 
Quantiles 
      

100.0% maximum 1700 

99.5%  1700 

97.5%  1700 

90.0%  1520 

75.0% quartile 925 

50.0% median 137 

25.0% quartile 81.775 

10.0%  45.5 

2.5%  44 

      

0.5%  44 

0.0% minimum 44 

 

Moments 
    

Mean 446.55833 

Std Dev 546.38599 

Std Err Mean 157.72805 

Upper 95% Mean 793.71543 

Lower 95% Mean 99.401238 

N 12 

 
 
Dilantin 

 

Quantiles 
      

100.0% maximum 220 

99.5%  220 

97.5%  220 

90.0%  217 

75.0% quartile 180 

50.0% median 160 

25.0% quartile 87 

10.0%  81.8 

2.5%  77 

0.5%  77 

0.0% minimum 77 

 

Moments 
    

Mean 149.73333 

Std Dev 48.506946 

Std Err Mean 12.52444 

Upper 95% Mean 176.59558 

Lower 95% Mean 122.87108 

N 15 
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! L!Q!N 

1,4-Dioxane 

 

 

Frequencies 
Level  Count Prob 

1000 1 0.01333 

1100 4 0.05333 

1200 2 0.02667 

12600 1 0.01333 

1300 1 0.01333 

1400 9 0.12000 

1500 5 0.06667 

1600 11 0.14667 

1700 7 0.09333 

1800 7 0.09333 

1900 4 0.05333 

2000 6 0.08000 

2100 3 0.04000 

2200 4 0.05333 

2400 2 0.02667 

2500 1 0.01333 

2600 2 0.02667 

2700 1 0.01333 

2900 1 0.01333 

3000 1 0.01333 

3300 1 0.01333 

4800 1 0.01333 

Total 75 1.00000 

 
Erythromycin 

 

 

Quantiles 
      

100.0% maximum 113 

99.5%  113 

97.5%  113 

90.0%  113 

75.0% quartile 113 

50.0% median 113 

25.0% quartile 113 

10.0%  113 

2.5%  113 

0.5%  113 

0.0% minimum 113 

 
Moments 
    

Mean 113 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

 

17 -Estradiol 

 

Quantiles 
      

100.0% maximum 0 

99.5%  0 

97.5%  0 

90.0%  0 

75.0% quartile 0 

50.0% median 0 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 
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! L!Q!b 

Moments 
    

Mean 0 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

 
 

17 -Estradiol 

 

 
Quantiles 
      

100.0% maximum 8.4 

99.5%  8.4 

97.5%  8.4 

90.0%  8.4 

75.0% quartile 5.2 

50.0% median 1.5 

25.0% quartile 0.5 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 2.7 

Std Dev 2.9068884 

Std Err Mean 0.9689628 

Upper 95% Mean 4.9344322 

Lower 95% Mean 0.4655678 

N 9 

Estriol 

 

 
Quantiles 
      

100.0% maximum 0 

99.5%  0 

97.5%  0 

90.0%  0 

75.0% quartile 0 

50.0% median 0 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 0 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

 
 
Estrone 
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! L!Q!c 

Quantiles 
      

100.0% maximum 73 

99.5%  73 

97.5%  73 

90.0%  72.2 

75.0% quartile 57 

50.0% median 3 

25.0% quartile 1.2 

10.0%  0.2 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 28.654545 

Std Dev 31.390329 

Std Err Mean 9.4645402 

Upper 95% Mean 49.742855 

Lower 95% Mean 7.5662358 

N 11 

 
 
Fluoxetine 

 

 

Quantiles 
      

100.0% maximum 32 

99.5%  32 

97.5%  32 

90.0%  30.5 

75.0% quartile 11.325 

50.0% median 1.3 

25.0% quartile 0.6625 

10.0%  0.5 

2.5%  0.5 

      

0.5%  0.5 

0.0% minimum 0.5 

 

Moments 
    

Mean 7.1916667 

Std Dev 11.082754 

Std Err Mean 3.1993155 

Upper 95% Mean 14.233313 

Lower 95% Mean 0.1500208 

N 12 

 
 
Furosemide 

 

Quantiles 
      

100.0% maximum 63 

99.5%  63 

97.5%  63 

90.0%  63 

75.0% quartile 63 

50.0% median 63 

25.0% quartile 63 

10.0%  63 

2.5%  63 

0.5%  63 

0.0% minimum 63 

 

Moments 
    

Mean 63 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 
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! L!Q!U 

Gemfibrozil 

 

 
Quantiles 
      

100.0% maximum 4300 

99.5%  4300 

97.5%  4300 

90.0%  3550 

75.0% quartile 2612.5 

50.0% median 610 

25.0% quartile 0.925 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 1252.4068 

Std Dev 1411.3658 

Std Err Mean 300.90419 

Upper 95% Mean 1878.1713 

Lower 95% Mean 626.64229 

N 22 

 
 
o-hydroxy atorvastatin 

 

Quantiles 
      

100.0% maximum 10 

99.5%  10 

97.5%  10 

90.0%  10 

75.0% quartile 7.625 

50.0% median 0.5 

25.0% quartile 0.5 

10.0%  0.5 

2.5%  0.5 

0.5%  0.5 

0.0% minimum 0.5 

 

Moments 
    

Mean 2.875 

Std Dev 4.75 

Std Err Mean 2.375 

Upper 95% Mean 10.43331 

Lower 95% Mean -4.68331 

N 4 

 
p-hydroxy atorvastatin 

 

Quantiles 
      

100.0% maximum 10 

99.5%  10 

97.5%  10 

90.0%  10 

75.0% quartile 7.625 

50.0% median 0.5 

25.0% quartile 0.5 

10.0%  0.5 

2.5%  0.5 

0.5%  0.5 

0.0% minimum 0.5 
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! L!Q!RP 

Moments 
    

Mean 2.875 

Std Dev 4.75 

Std Err Mean 2.375 

Upper 95% Mean 10.43331 

Lower 95% Mean -4.68331 

N 4 

 
 
Ibuprofen 

 

 

Quantiles 
      

100.0% maximum 1000 

99.5%  1000 

97.5%  1000 

90.0%  500 

75.0% quartile 370 

50.0% median 50 

25.0% quartile 16 

10.0%  10 

2.5%  5.5 

0.5%  5.5 

0.0% minimum 5.5 

 

Moments 
    

Mean 191.21053 

Std Dev 253.12773 

Std Err Mean 58.071484 

Upper 95% Mean 313.21419 

Lower 95% Mean 69.206866 

N 19 

Iohexal 

 

 

Quantiles 
      

100.0% maximum 5948 

99.5%  5948 

97.5%  5948 

90.0%  5948 

75.0% quartile 5948 

50.0% median 5948 

25.0% quartile 5948 

10.0%  5948 

2.5%  5948 

0.5%  5948 

0.0% minimum 5948 

 

Moments 
    

Mean 5948 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

 
 
Iopromide 
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! L!Q!RR 

Quantiles 
      

100.0% maximum 2174 

99.5%  2174 

97.5%  2174 

90.0%  2174 

75.0% quartile 800 

50.0% median 110 

25.0% quartile 30 

10.0%  11 

2.5%  11 

0.5%  11 

0.0% minimum 11 

 

Moments 
    

Mean 462.88889 

Std Dev 719.77539 

Std Err Mean 239.92513 

Upper 95% Mean 1016.1572 

Lower 95% Mean -90.37945 

N 9 

 
Ketoprofen 

 

Quantiles 
      

100.0% maximum 43 

99.5%  43 

97.5%  43 

90.0%  43 

75.0% quartile 32.25 

50.0% median 0 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 10.75 

Std Dev 21.5 

Std Err Mean 10.75 

Upper 95% Mean 44.961298 

Lower 95% Mean -23.4613 

N 4 

 
 
Meprobamate 

 

 

Quantiles 
      

100.0% maximum 430 

99.5%  430 

97.5%  430 

90.0%  430 

75.0% quartile 340 

50.0% median 320 

25.0% quartile 265 

10.0%  31 

2.5%  31 

0.5%  31 

0.0% minimum 31 

 

Moments 
    

Mean 292.22222 

Std Dev 110.08948 

Std Err Mean 36.696495 

Upper 95% Mean 376.84449 

Lower 95% Mean 207.59995 

N 9 
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! L!Q!RT 

Methylisothiocyanate 

 

 

Quantiles 
      

100.0% maximum 120 

99.5%  120 

97.5%  120 

90.0%  114 

75.0% quartile 70 

50.0% median 50 

25.0% quartile 40 

10.0%  26 

2.5%  20 

0.5%  20 

0.0% minimum 20 

 

Moments 
    

Mean 60 

Std Dev 28.784917 

Std Err Mean 7.4322335 

Upper 95% Mean 75.940556 

Lower 95% Mean 44.059444 

N 15 

 
 
Metoprolol 

 

Quantiles 
      

100.0% maximum 246 

99.5%  246 

97.5%  246 

90.0%  246 

75.0% quartile 246 

50.0% median 246 

25.0% quartile 246 

10.0%  246 

2.5%  246 

0.5%  246 

0.0% minimum 246 

 

Moments 
    

Mean 246 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

 
Musk ketone 

 

Quantiles 
      

100.0% maximum 25 

99.5%  25 

97.5%  25 

90.0%  25 

75.0% quartile 25 

50.0% median 25 

25.0% quartile 25 

10.0%  25 

2.5%  25 

0.5%  25 

0.0% minimum 25 
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! L!Q!R\ 

Moments 
    

Mean 25 

Std Dev 0 

Std Err Mean 0 

Upper 95% Mean 25 

Lower 95% Mean 25 

N 6 

 
 
Naproxen 

 

Quantiles 
      

100.0% maximum 860 

99.5%  860 

97.5%  860 

90.0%  851 

75.0% quartile 126.25 

50.0% median 23 

25.0% quartile 1.175 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 150.03333 

Std Dev 281.22278 

Std Err Mean 66.284845 

Upper 95% Mean 289.88213 

Lower 95% Mean 10.184535 

N 18 

NDMA 

 

 

Quantiles 
      

100.0% maximum 330 

99.5%  330 

97.5%  208 

90.0%  67.7 

75.0% quartile 42.5 

50.0% median 29 

25.0% quartile 19 

10.0%  11.3 

2.5%  7.5575 

0.5%  6.6 

0.0% minimum 6.6 

 

Moments 
    

Mean 39.593478 

Std Dev 43.414478 

Std Err Mean 4.5262722 

Upper 95% Mean 48.584362 

Lower 95% Mean 30.602595 

N 92 

 
 
Nonylphenol 
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! L!Q!R] 

Quantiles 
      

100.0% maximum 161 

99.5%  161 

97.5%  161 

90.0%  161 

75.0% quartile 161 

50.0% median 81.3 

25.0% quartile 1.6 

10.0%  1.6 

2.5%  1.6 

0.5%  1.6 

0.0% minimum 1.6 

 

Moments 
    

Mean 81.3 

Std Dev 112.71282 

Std Err Mean 79.7 

Upper 95% Mean 1093.9845 

Lower 95% Mean -931.3845 

N 2 

 
 
Octylphenol 
 

 

 

Quantiles 
      

100.0% maximum 210 

99.5%  210 

97.5%  210 

90.0%  207 

75.0% quartile 25 

50.0% median 25 

25.0% quartile 25 

10.0%  5.84 

      

2.5%  0.2 

0.5%  0.2 

0.0% minimum 0.2 

 

Moments 
    

Mean 52.433333 

Std Dev 71.64939 

Std Err Mean 20.683397 

Upper 95% Mean 97.957184 

Lower 95% Mean 6.9094825 

N 12 

 
PFOA 

 

Quantiles 
      

100.0% maximum 28 

99.5%  28 

97.5%  28 

90.0%  28 

75.0% quartile 27.25 

50.0% median 21 

25.0% quartile 15.5 

10.0%  15 

2.5%  15 

0.5%  15 

0.0% minimum 15 

 

Moments 
    

Mean 21.25 

Std Dev 6.2383224 

Std Err Mean 3.1191612 

Upper 95% Mean 31.176563 

Lower 95% Mean 11.323437 

N 4 
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! L!Q!RO 

PFOS 

 

Quantiles 
      

100.0% maximum 90 

99.5%  90 

97.5%  90 

90.0%  90 

75.0% quartile 82.75 

50.0% median 53.5 

25.0% quartile 28.75 

10.0%  23 

2.5%  23 

0.5%  23 

0.0% minimum 23 

 

Moments 
    

Mean 55 

Std Dev 28.08321 

Std Err Mean 14.041605 

Upper 95% Mean 99.686653 

Lower 95% Mean 10.313347 

N 4 

 
 
Primidone 

 

Quantiles 
      

100.0% maximum 285 

99.5%  285 

97.5%  285 

90.0%  264 

75.0% quartile 150 

50.0% median 130 

25.0% quartile 97 

10.0%  68.2 

2.5%  40 

0.5%  40 

0.0% minimum 40 

 

Moments 
    

Mean 143.06667 

Std Dev 65.858579 

Std Err Mean 17.004612 

Upper 95% Mean 179.53793 

Lower 95% Mean 106.5954 

N 15 

 
Progesterone 

 

Quantiles 
      

100.0% maximum 18 

99.5%  18 

97.5%  18 

90.0%  18 

75.0% quartile 10.75 

50.0% median 1 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 
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! L!Q!RN 

Moments 
    

Mean 4.375 

Std Dev 7.2690636 

Std Err Mean 2.5700021 

Upper 95% Mean 10.452089 

Lower 95% Mean -1.702089 

N 8 

 
 
Propranolol 

 

 

Quantiles 
      

100.0% maximum 25 

99.5%  25 

97.5%  25 

90.0%  25 

75.0% quartile 25 

50.0% median 25 

25.0% quartile 25 

10.0%  25 

2.5%  25 

0.5%  25 

0.0% minimum 25 

 

Moments 
    

Mean 25 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

Salicylic acid 

 

 
Quantiles 
      

100.0% maximum 110 

99.5%  110 

97.5%  110 

90.0%  110 

75.0% quartile 109.5 

50.0% median 90 

25.0% quartile 74.1 

10.0%  63 

2.5%  63 

0.5%  63 

0.0% minimum 63 

 

Moments 
    

Mean 91.44 

Std Dev 19.382157 

Std Err Mean 8.667964 

Upper 95% Mean 115.50613 

Lower 95% Mean 67.373874 

N 5 

 
 
Simvastatin hydroxyacid 
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! L!Q!Rb 

Quantiles 
      

100.0% maximum 25 

99.5%  25 

97.5%  25 

90.0%  25 

75.0% quartile 18.8125 

50.0% median 0.25 

25.0% quartile 0.25 

10.0%  0.25 

2.5%  0.25 

0.5%  0.25 

0.0% minimum 0.25 

 

Moments 
    

Mean 6.4375 

Std Dev 12.375 

Std Err Mean 6.1875 

Upper 95% Mean 26.128887 

Lower 95% Mean -13.25389 

N 4 

 
 
Sulfamethoxazole 

 

 

Quantiles 
      

100.0% maximum 2100 

99.5%  2100 

97.5%  2100 

90.0%  1400 

75.0% quartile 1150 

50.0% median 295 

25.0% quartile 110 

10.0%  5 

2.5%  2.3 

      

0.5%  2.3 

0.0% minimum 2.3 

 

Moments 
    

Mean 577.12105 

Std Dev 603.79351 

Std Err Mean 138.51973 

Upper 95% Mean 868.14021 

Lower 95% Mean 286.1019 

N 19 

 
 
TCEP 

 

Quantiles 
      

100.0% maximum 730 

99.5%  730 

97.5%  730 

90.0%  688 

75.0% quartile 500 

50.0% median 400 

25.0% quartile 314 

10.0%  250.4 

2.5%  240 

0.5%  240 

0.0% minimum 240 

 

Moments 
    

Mean 422.54545 

Std Dev 135.79497 

Std Err Mean 40.943723 

Upper 95% Mean 513.77375 

Lower 95% Mean 331.31716 

N 11 
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! L!Q!Rc 

TCPP 

 

 

Quantiles 
      

100.0% maximum 7200 

99.5%  7200 

97.5%  7200 

90.0%  5920 

75.0% quartile 2250 

50.0% median 1200 

25.0% quartile 572 

10.0%  343.2 

2.5%  270 

0.5%  270 

0.0% minimum 270 

 

Moments 
    

Mean 1828.2308 

Std Dev 1903.4643 

Std Err Mean 527.92601 

Upper 95% Mean 2978.4827 

Lower 95% Mean 677.9788 

N 13 

 
 
TDCPP 

 

Quantiles 
      

100.0% maximum 296 

99.5%  296 

97.5%  296 

90.0%  296 

75.0% quartile 222 

50.0% median 0 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 

 

Moments 
    

Mean 74 

Std Dev 148 

Std Err Mean 74 

Upper 95% Mean 309.50103 

Lower 95% Mean -161.501 

N 4 

 
Testosterone 

 

Quantiles 
      

100.0% maximum 1 

99.5%  1 

97.5%  1 

90.0%  1 

75.0% quartile 0.75 

50.0% median 0 

25.0% quartile 0 

10.0%  0 

2.5%  0 

0.5%  0 

0.0% minimum 0 
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! L!Q!RU 

Moments 
    

Mean 0.25 

Std Dev 0.46291 

Std Err Mean 0.1636634 

Upper 95% Mean 0.6370025 

Lower 95% Mean -0.137002 

N 8 

 
 
Triclocarban 

 

 

Quantiles 
      

100.0% maximum 223 

99.5%  223 

97.5%  223 

90.0%  223 

75.0% quartile 223 

50.0% median 223 

25.0% quartile 223 

10.0%  223 

2.5%  223 

0.5%  223 

0.0% minimum 223 

 

Moments 
    

Mean 223 

Std Dev . 

Std Err Mean . 

Upper 95% Mean . 

Lower 95% Mean . 

N 1 

Triclosan 

 

 

Quantiles 
      

100.0% maximum 510 

99.5%  510 

97.5%  510 

90.0%  485 

75.0% quartile 380 

50.0% median 25 

25.0% quartile 1.9 

10.0%  1.1 

2.5%  1 

0.5%  1 

0.0% minimum 1 

 

Moments 
    

Mean 168.37368 

Std Dev 203.52077 

Std Err Mean 46.690866 

Upper 95% Mean 266.46755 

Lower 95% Mean 70.279814 

N 19 
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! L!Q!TP 

Trimethroprim 

 

 
Quantiles 
      

100.0% maximum 120 

99.5%  120 

97.5%  120 

90.0%  111.6 

75.0% quartile 89.5 

50.0% median 44.5 

25.0% quartile 1 

10.0%  0.28 

2.5%  0.25 

0.5%  0.25 

0.0% minimum 0.25 

 

Moments 
    

Mean 49.883333 

Std Dev 44.288334 

Std Err Mean 12.784941 

Upper 95% Mean 78.022798 

Lower 95% Mean 21.743869 

N 12 

&
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! [!Q!R 

3))(#/"B&K&X&300$50&-<++(#,%5&34$"%$8%(&'(R<"+"#@&K".",(/&^<$%",5&
300<+$#-(]^<$%",5&9*#,+*%&O(4(%*).(#,&

C)&B$3%4&#99#=9&

B$%D<J%)!$)&B$3%4!#++#0+!#*)!#=#<%#C%)!F,*!D?)!#++)++:)'D!,F!+J)/<F</!C<,%,5</#%!*)+J,'+)+7!!
H)/)JD,*!C<'(<'5!#++#0+!F,*!D?)!)+D*,5)'!#'(!#'(*,5)'!*)/)JD,*!?#=)!C))'!#JJ*,=)(!F,*!
61>A&E!#+!?#+!D?)!_TUOH!+D)*,<(,5)')+<+!#++#0!8^>6"&-!TPPU#97!&%D)*'#D<=)!+0+D):+!F,*!
)+D*,5)'</!#/D<=<D0!D?#D!?#=)!C))'!#%+,!C))'!)=#%$#D)(!<'/%$()!D?)!BESQb!/)%%!%<')!86Q+/*))'9-!
D?)!g)#+D!6+D*,5)'!>/*))'<'5!8g6>9!C<,#++#0-!D?)!6+D*,5)'QH)/)JD,*QE&[^f!+0+D):!8J,J$%#*!<'!
6$*,J)9-!#'(!D?)!*#<'C,2!D*,$D!D<++$)!+%</)!:)D?,(!81)=)%,J)(!C0!^>6"&9!8[)$+/?-!TPPc97!6#/?!
,F!D?)+)!#++#0+!/#'!C)!/#%<C*#D)(!#5#<'+D!Rb Q)+D*#(<,%!D,!J*,=<()!66e!!8'5a[9!,F!#'0!2#D)*!
:#D*<M7!!

&!*)/)'D!*,$'(!*,C<'!)MJ)*<:)'D!$+)(!F<=)!<'!=<D*,!#++#0+!8g6>-!6HQE&[^f-!B6[.-!A]b1Q
LI%$/!#'(!6Q>/*))'9!D,!:)#+$*)!)+D*,5)'!)K$<=#%)'/)!<'!D?)!*#'5)!,F!P7R!D,!\TP!'5a[!66K!
8[)$+/?-!TPPc97!A#J!2#D)*!2#+!+J<@)(!2<D?!/?):</#%+!D?#D!?#=)!)+D*,5)'</!#/D<=<D0!<'/%$(<'5!
?,*:,')+-!#%@0%J?)',%+-!J?D?#%#D)+-!J)+D</<()+-!J?0D,+D)*,%+7!`'!#((<D<,'-!*)#%!)'=<*,':)'D#%!
+#:J%)+!<'/%$(<'5!+)2#5)-!*<=)*!#'(!5*,$'(2#D)*!2)*)!D)+D)(7!A?)!D2,!#++#0+!D?#D!+)):)(!D,!
2,*@!D?)!C)+D!2)*)!D?)!6HQE#%$M!#'(!D?)!6Q+/*))'!#++#0+!#'(!D?)+)!#%+,!/,**)%#D)(!D?)!C)+D!
2<D?!#'#%0D</#%!/?):<+D*0!*)+$%D+!F,*!+J<@)(!/,'D#:<'#'D+7!A?)!6HQE#%$M!#++#0!()J)'(+!,'!A]b1!
?$:#'!C*)#+D!/#'/)*!/)%%+!2?</?!/,'D#<'!#!+D#C%0!D*#'+F)/D)(!6H6Q[$/<F)*#+)!J%#+:<(7!A?)+)!
/)%%+!)MJ*)++!C,D?!?$:#'!6H+!86H !#'(!6H 97!`'!D?)!J*)+)'/)!,F!)+D*,5)'-!%$/<F)*#+)!<+!
)MJ*)++)(!C0!D?)!/)%%+!2?</?!/#'!C)!*)#(!C0!#!%$:<')+/)'/)!J%#D)!*)#()*7!!!A?)!6Q+/*))'!<+!#'!
#++#0!D?#D!()J)'(+!,'!D?)!J*,%<F)*#D<,'!,F!BESQb!/)%%+!8#',D?)*!?$:#'!C*)#+D!/#'/)*!/)%%!%<')9!
#'(!D)+D+!D?)!#/D<,'!,F!)+D*,5)'!,'!C,D?!5)',:</!#'(!','Q5)',:</!:,()+!,F!#/D<,'!8)757-!
:):C*#')!+<5'#%<'5!)FF)/D+!#+!2)%%!#+!(<*)/D!5)')!)MJ*)++<,'!)FF)/D+!D?*,$5?!+,%$C%)!)+D*,5)'!
*)/)JD,*+97!I,D?!#++#0+!2)*)!/,'+<()*)(!D,!C)!*,C$+D!#'(!*)%<#C%)!#'(!2,*@)(!2)%%!D,!+/*))'!
D?)!)+D*,5)'</!/,:J,$'(+7!I,D?!,F!D?)+)!#++#0+!/,$%(!)#+<%0!C)!J)*F,*:)(!<'!D?)!/,::)*/<#%!
*)#%:!,'!#%<K$,D+!,F!2#D)*!)MD*#/D+!$+)(!F,*!#'#%0D</#%!/?):<+D*0!:)#+$*):)'D+7!

G?)'!)=#%$#D<'5!'<')!+D$(<)+!,=)*!D?)!%#+D!D)'!0)#*+!2?)*)!66e!()*<=)(!F*,:!<'!=<D*,!#++#0+!
#'(!#'#%0D</#%!/?):<+D*0!F,*!)+D*,5)'</!/,:J,$'(+!2#+!/,'($/D)(-!#!=)*0!+D*,'5!/,**)%#D<,'!
2#+!,C+)*=)(!8S<5$*)!N7T97!A?<+!J%,D!/,:J<%)(!(#D#!F*,:!+D$(<)+!(,')!#*,$'(!D?)!2,*%(!<'!#!
=#*<)D0!,F!2#D)*!D0J)+-!<'/%$(<'5!*<=)*!+$*F#/)!2#D)*-!+D*)#:!+$*F#/)!2#D)*!#'(!2#+D)2#D)*!
<'F%$)'D+a)FF%$)'D+!$+<'5!F,$*!(<FF)*)'D!<'!=<D*,!C<,#++#0+!8I$%%,/?-![#=#(,!*3&#57!<'!J*)++97!
E,'+)K$)'D%0-!#!*)%#D<=)%0!<')MJ)'+<=)!C<,#++#0!/#'!C)!$+)(!D,!5#*')*!<'F,*:#D<,'!#C,$D!D?)!
,//$**)'/)!,F!@',2'!#'(!>#=#"J#!/,:J,$'(+!<'!2#D)*!D?#D!?#=)!)+D*,5)'Q%<@)!#/D<=<D07!

&',D?)*!<'!=<D*,!C<,#++#0!?#+!*)/)'D%0!C))'!D?*,$5?!#'!<'D)*%#C,*#D,*0!/,:J#*<+,'!#'(!
D#*5)D+!#!?<5?%0!/,'+)*=)(!J#D?2#0!<'=,%=)(!<'!+D)*,<(!C<,+0'D?)+<+!<'!?$:#'+!8_)/@)*-!Y<)+0!*3&
#57!TPPc97!A?)!_TUOH!+D)*,<(,5)')+<+!#++#0!<+!C#+)(!,'!#!?$:#'!#(*)',Q/#*/<',:#!/)%%!%<')!#'(!
:)#+$*)+!#%D)*#D<,'+!,F!+D)*,<(,5)')+<+7!A?)!_TUOH!/)%%+!*)J*)+)'D!#!$'<K$)!$)&B$3%4&+0+D):!<'!
D?#D!D?)0!?#=)!D?)!#C<%<D0!D,!J*,($/)!#%%!,F!D?)!+D)*,<(!?,*:,')+!F,$'(!<'!D?)!#($%D!#(*)'#%!
/,*D)M!#'(!D?)!5,'#(+-!#%%,2<'5!D)+D<'5!F,*!)FF)/D+!,'!C,D?!/,*D</,+D)*,<(!+0'D?)+<+!#'(!D?)!
J*,($/D<,'!,F!+)M!+D)*,<(!?,*:,')+!+$/?!#+!J*,5)+D)*,')-!#'(*,5)'+!#'(!)+D*,5)'+7!A?<+!#++#0!
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! [!Q!T 

<+!*)%#D<=)%0!')2!C$D!?#+!C))'!=#%<(#D)(!<'!#'!<'<D<#%!*,$'(!*,C<'!D)+D!C0!;6E1!8_)/@)*-!Y<)+0!*3&
#57!TPPU9!#'(!#JJ*,=)(!F,*!$+)!F,*!D?)!61>"!8^>6"&-!TPPU#97!

A?)*)!#*)!#%+,!#!'$:C)*!,F!5)',D,M</!#++#0+!D?#D!?#=)!C))'!$+)(!D,!D)+D!2#+D)2#D)*-!
+$*F#/)!2#D)*-!#'(!(*<'@<'5!2#D)*! *3&#57!TPPU97!`'!J#*D</$%#*-!D?)!&B6>!D)+D!8`>;!
RNT]PZTPPO9-!D?)!>;>a$:$E!#++#0!88_#:)*-!I<?#*<!*3&#57!TPPP9!#'(!`>;!R\cTUZTPPP9-!#'(!D?)!<'!
=<D*,!:</*,'$/%)$+!D)+D!D?#D!?#+!C))'!#JJ%<)(!D,!2#+D)2#D)*!+#:J%)+!88H)<FF)*+/?)<(-!w<):#''!
*3&#57!TPPc9!#'(!`>;!TR]TbQTZTPPN97!A?)!F<*+D!D2,!#*)!)+D#C%<+?)(!#++#0+!D?#D!*)%0!,'!
5)',D,M</<D0!D,!C#/D)*<#-!2?<%)!D?)!:</*,'$/%)$+!D)+D!$+)+!#!:#::#%<#'!/)%%!%<')- nbU!/)%%+7!8>))!
#%+,!D?)!+$::#*0!<'!A#C%)!`7T!,F!D?)!*)+$%D+!,F!+)=)*#%!C<,#++#0+!#JJ%<)(!D,!*)/0/%)(!2#D)*79!

A?)!$+)!,F!5)',D,M</!#'(!/0D,D,M</!#++#0+!:#0!#%%,2!()D)*:<'#D<,'!,F!J,D)'D<#%!?#*:!D,!
?$:#'!?)#%D?7!A?)!<'!=<D*,!:</*,'$/%)$+!D)+D!2?</?!$+)+!:#::#%<#'!/)%%+!D,!D)+D!F,*!
/0D,D,M</<D0!#'(!:$D#5)'</<D0!?#+!*)/)'D%0!$'()*5,')!#!*,$'(!*,C<'!D)+D!8H)<FF)*+/?)<(-!
w<):#''!*3&#57!TPPcX!I$%%,/?-![#=#(,!*3&#57!<'!J*)++97!A?)!D)+D!<+!+<:J%)!<'!()+<5'!#'(!J,2)*F$%!D,!
+?,2!)FF)/D+!,F!5)',D,M</!/?):</#%+7!A?)!*,$'(!*,C<'!2#+!J)*F,*:)(!C0!D)'!(<FF)*)'D!
%#C,*#D,*<)+!*)J*)+)'D<'5!5,=)*':)'D-!<'($+D*<)+!#'(!#/#():</!<'+D<D$D<,'+7!E)%%+!2)*)!
<'/$C#D)(!2<D?!D?)!D)+D!+,%$D<,'+!F,*!T]!?,$*+!#'(!D?)'!F<M)(!,'!+%<()+!F,*!)M#:<'#D<,'!,F!
:</*,'$/%)<!F,*:#D<,'7!E0D,D,M</<D0!:$+D!#%+,!C)!:)#+$*)(!+<'/)!D?<+!/,$%(!/,'F,$'(!D?)!
*)+$%D+7!A?<+!2#+!(,')!C0!:)#+$*<'5!D?)!+$*=<=#%!<'()M!85*,2D?!*#D)!,F!D*)#D)(!/)%%+!=)*+$+!
/,'D*,%!/)%%+97!A?<+!D)+D!/,$%(!)#+<%0!C)!(,')!<'!/,::)*/<#%!%#C,*#D,*<)+7&

&',D?)*!)M#:J%)!<+!D?)!$+)!,F!#!/,:C<'#D<,'!,F!D?)!>;>a$:$E!#++#0!2<D?!0#524)*55#&

3=8"$2(%$(2!#'(!D?)!BAA!/0D,D,M</<D0!#++#0!2<D?!?$:#'!?)J#D,:#!_)JYT!/)%%+-!*)+J)/D<=)%0!
*3&#57!TPPU97!A?)!>;>a$:$E!#++#0!?#+!C))'!+D#'(#*(<W)(!#'(!<+!/$**)'D%0!$+)(!<'!

:#'0!/,$'D*<)+!D,!D)+D!2#D)*!)FF%$)'D+!8_#:)*-!I<?#*<!*3&#57!TPPPX!1<W)*-!G<DD)@<'(D!*3&#57!TPPT97!
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