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T 8%&! 1963 31$))1$+1713=3: - @%) " #3EA%& , 15)U++IFOS! = 0 ($)! ™ Yo+ ; ESU)AIN. , | 7 %&BI+8Ite+!
" $)$!-+ 1$I/&1(9$!;)$$3!1/((/ 7UFI$! = *, (9!/01+($IB)%E5S , 1 $( = $$&!(9)$$!%& , 10/6)!
7 S($)+UFOBIE/ =1 = Ut 42/ ™ 108, 1+ 7% 1 /6%, $)+ ™ $)SH&($)+.$)+$, ! "*(9!7$, *6 7HHPS, 15)%-$t!
FO$)$! = $)$I0%4SE1SU-$+&1(9B!;)$S31%8: , 1/&1(9B! I%&I+HIFIS! = %($)! = Uot+!;4$%)41%& , |(9$!;)$$3!
1/((/7'9%, "%\%)53! . / . 68(*/ & /0485 #+1IFO$! ;) $$3! 1%&3+! ™ $)$!; /-$)$, | ™ *(9!#%6)5$!)/ ; 3+4!
OHSEISU-SHI+(*; 3+1%&., 10%HS&IE/5+11=¢, $)1()$S+756) 3:'-3=-""E! " $)$1. ) $+S&(UIZH($! ™ 1%#+/19%, !
H/ THT /485! ™ H($)4! = Y+ S0(-$B1+ %/ = 41%&, 19%, 9! ™+, (91/01% 1 /6(IDX! 7 $($)+1IFIS$!; ) $$3!
1/((/7!=%+;/7-3)$, 1 18180)5$1)/;3+1%& , 1 7$, *6 7H+P$ , 15)%-SAIFIS! = %($)! = Yo+! ;45%)41%& , 1(9$!
(3! " %+146)) /68, $, | 181+ 7 %1% , $)+175¢) 3:'-3=-""E1%& , I5)U++LIFOSIN>Z1/ ; U (*/ &1/01$%; 91+ ($!
"0t 7 $%+6)$, 1%& , +EH(S, FRIFY% 1$IBLI!
FRISIBEINSZI"/ /), *&($+107)")$$31Z 7 . #$1Z+($+10/) 0%##1BCDN!

02,1 B+,2,0=-1 B:<C2,0=-)

U™ $$31Z($!D! JXNICTWNI | VIDBIXBX[a!
U#™)$$31Z($!B! JXNIC[! | \VIDB IXBNDB!
U™ $$31Z($!! JIXNIC  Cal | VDB IXBNXQ!

\//+$8$;3!")$$31Z*($ID! JIXNICDB™!I | VIDB IX C[a!
\//+$8$;3I")$$31Z*($!B! JXNICC'[! | VDB IX CXB!
\//+$8$;3I")$$31Z4 (! JIXNUC™CCC! | \V!DBIDWWQ!

/PRSI $$3IZ4(SID! JIXNIBCBW[! | \V/!DBIDW[WQ!
/PRSI $$3IZ4(SIB! JIXNIBC™CC! | \V/!DB IDWQDQ!
" /PRSI)$SIIZH (I JIXNIBC X! | \/IDB  IDWWNB!

i
Z07 .13+ ™ $)$!(%3$810)/ 7N/ /+$8$;31")$$31/&1Z$ . ($7 13)!B™1%&, 'R; (/ 1$)!DXHBCDNI!

R&IZ$. ($7 15)1B 41(9$! = $%(9$)! ™ th+! . %) (#8!;4/6 , 81 ™ H(Qh+#59(! 1) SSPSAN&. , 1(9$1%)!

($7 . $)%(6)$! ™ %HBCIK " UZ*(SIDIO%, 1% = *, (9L/0%. .)/0*7%H($:8( ™ /17 $($)+IFOB! = %($)! = %o+!

HSI0)! ™ H(QhlE/ ™ 108/ = D)H(SUFOS!;)$S3LH I/ (/71 %+ /-$)$, 11 8I5)h-$H = *(914/ 7$11$, )/ ;31!



! DN
28514+ = $)$1% 1 6& , %&(I/&I (IS /((/ 7'%&, 1(99)$! = $)S1+ 7%ttt . //4+1/01, $$ .1 = %($) 11D/ (91++, $#!
J01(9$1;)$831; 78+++($, 1/015) - 19683+ = (9173 ;06+/ &hé) . %h(; 9+1/01;)6°7 1481 %) 1 /&%(S!

15, )/ ; 3UASUHO(($)! = %t )$+$&(1/81(9B!;)$53! 1%&3+%&: , /&I 1/ ((/ 71 /01(9%!;)$$31!
76))/68&.,65!-$5$(h(*/&1&;6 , S, | I'SISH0I 7% £$1758%-' @' #-*<$>US@ENR)$5/8) ™ 9F($1/%3!
MP3U-#3:'0"-->") "EIS/ 65+ 120: %37*. : 30" @Y%) QW6: NELUE., |, $&+$8L_%h; 3%, 14t , $)!)$$+!
751)3:'-3=-"EIZ($ID! " U+ %) (UB1+O%, $, 1 181(9$1+6))/6& , *&5!-$5((*/&UIZH($!B! ™ %+1%1 /6(!
(9)$$I7H($)+ ™+, SUFOBIOE/ ™1 = Uhl+8/ = 1 #(91, $$.1. /761701 %($) 1§/ = 1t/5! ™ $) 1+ . %&&*&5!
(95! ™+, (91/01(9%!;)$S3UASHO!, $1)+15%(9$)$ , 1*&I(9B! = %h($)1% 1 /-$1(9$! = $HUFIS!N /((/ 7



! Da
1#6;31$))"$+171 3=3:""-@%) ¥ "#3:L41%& , 'R)$5/&! ™ 9*($!%+917R-""69) 31" . F*i8 " EIFISIN>Z14/ ;% (*/ &!
701$%; 91 ($! ™ %+ 7 $%+6)$ , 1%& , +1#+($, F&IF% 13BN
!

DE#8%&0)

!

I<)F2-1=)G. A-=0.-67)

!

*+,-)0+H91-) (- 11-A,2: <671

V8L 788;($,1(7 /1™ %($)+% 7 - i5+H%(1$-$)81+% 7 . #&5I++($1%(1$%; 9! ;) SSILFISI0H)+(! = tp+!

S/4$;(S, F&IN+H($) S IWSSES 1/ ((EB1(9%( = $I0%S , 1(/1% 1 /6(1/8$HI%H1& ;910)/ 71 (9$!(/ . 1IFO$!
8578, Ut 7835 (S, MIUIARS!HL/ ((FS1%& , 0S5, 1(/1(9$!(/ .| ™ *(91&/1%)! 16 1 1i$+!IFISIDRS!
/(44" $)$! ™). . $, P8I0/ (/1147 ;3159(1d/ (9! = W($) +% 7 i+ = $)$H7 75, n($:8! . #6;$, 178!
£ SI&IL; /745) RI(9I0SE, 11/ (9% 7 L4SI 1/ ((45+! = $)$D)B(6)&S, | (/IAR0SE, 1" /#S5SL+!

$8-1)/87 S&(UE+; 58 ; SN N LIFOBH+(F) B! = %($) !+ 7 .45+ = $)$1+(/)$ , M&I(9B16 110)$SPS)! (/! 1 $!
0%8YE8PS, 146($)IFOBIARS! = %($) %7 15+ = $)BL. 190; B, H&IN&I& ;6 1%(/) F&IAGI B, L+!

$&-1)/87 S&(H+;*$&; S 110/)10-$!, %8+%(1)// 71($7 . $)%(6)$!?K>=!BCDBIEL=(1(9$!(*7$! = $!
S/H8;($,1(981( " /1™ %($) +% 7 iSHI+()SN 7!, S (O! " Ut 7 $%+6)S , 1%((9SH/ ; U(*/ &1/ 01$%; 9!

S /4S5 C/8IH(S1=0(3)1(93! = %($) %7 1B+ = $)$L; /45 (3, &, 1+ 7!, $. (9! 7 $%+6)$ , 4(93!
074/ =851/ (93)! = %($)!<6%(8! . )% 7 $($)+! = $)$! 7 $%+6)$ , I

081!

! -$l. 17 846)$ 7 $&(+ ™ $)$! (U3S&U(1$-$)81+% 7 . iB1++($1/&!$%; 9! ;) $$31IFIS!

7 $9%+6)$7 $&(+ ™ $)$!(h3$&I6+8&5!( " /! _%&&HI&+()6 7 $&(+ . 1 7S($)+177/ ,$486719)!
_ DWQDBQEL!A$0/)$I%; 910°%¢, !, %84(9$! . | 7F($)+!6&,$) ™ $&(%!( ™ /H. 7+&(! ;% 1)%(*/&!*&! (9$!
BE&I(9SI0°BE, 41(93!. 1)/ 18! ™ %+1+617$)53, 1H&! = %($)!6&(H(9$)$%, *&5! 1 $;% 7 $+(% 1 :$4!(9$8&!
(93!, l5$-$41%&,1(931($7 - $)%(6)$! " $)$N$; /), $, 17 %&8%H!28:+()6 7 $&(+4/BCDNYEL
&%)+<=)#-H9-.+,0.-7

! 5-$ISRI7 $%+6)$ 7 $&(+! ™ $)$! (3SEI%(1$%; O 7 #$1++($1/&I$%; 9!;)$$3!6+:&5! (™ /!
_ %&8%1&+()6 7 $&(HSRI7S($)+77 /7, $1867 1$)!_ WDXaE!=I( = /H. /4&(1;% 1)%(*/&! = Y]
$)0/)7$, 18198111 150/)$1(9$!°&+()6 7 $&(+! ™ $)$!(%3$&I&(/!(9$10°$, 11d$0/)$!$%; 9!

7 $%+6)$7 $&(N(9$ISRI7$($)! ™ %+l ; % 1)%($, I(/1DCCC! /085881 1$0/)$!(9$!. )/ 1! =4+ . #9638, !
&(/1(9%! ™ %($)11=0($)! (9SS, *&5++(% 1*PS , M(9SISR)$% , *&5+*&! . $) ; S&(U . W) (+! . $)! 74/ 8!
%8, 1($7 . $)h(6)$1*&!, $5)$$+ " $i+*6+ = $)$!)$; /), $,17_%&&N1&+()67 $&(+BCDCE!!

|



! DL
Fiz 1)$+,-T!

! 4/ = 1)I($! = H 7 $+6)$, 1651 ™ /INS/ . 0: 3H0E/ =1 7$($)+177 / , $1&6°7 1$)!U - >NDE(!
$h; Q%7 i1+ (/&I 915 )$$3I0-SI(* 7 $+UIFIS!. )/ . $i$)! = ht1+6 1 7$)5$, 1°&1(9B! ™ %($)!0%; &5



! DQ
#0.52=1,31)

) FOS! ™ th($) 1447 . 1%+ ™ $)$17$4+6)$, 10/)1(6) I*, *(816+&5!!_h&&H!8+()6 7 $&(+

75 ) $HNI6) 1 HBI7S($)! 7/, $H_UW [CUFIS! ™ h($)Hh7 15+ ™ $)$! = $#1 7708, 4
/6)3$, 1&(/1(98!(6) I, *(8! 7 $($)!; 6-S(($41&+$)($, "&(/1(9$!(6) I, *(8! 7 $($)41%&,, (9$!(6) I, *(8!
&IFY16&H(H)$, 1IKI; 91 " (S) 47 48! = Ut 7$+6)$, [0°-$I(+7$+4 = *(91(9%!; 6-$(($!1$:85! ™ $#!
708, 11$( " $$&1)$h, "&5+1?_%&&IN&+H()67 $&(+BCONIEL

"'0,.0-<,6!

) >0/+. O(SINT 7 /& HIN& , 18 () h(SHS-$t+! ™ $)$! 7 $h+6)$ , 1&ISh; O = ($)Hh 7 111 :*-$!
($+(+ 7 $)$1.9)0/) 75, 1/&IS%; QN7 #$14*($10)/ 7 1$;91;)$$31>0/+ . O%($$-$#+! = $)$!
76)$, 1™ H(QUAARU/ (($IA/ ™ 10%E5$1>9/+. SH(SINVW(S)IF$+(F (1777, $#;/ , $!” DBDHCDEA
078/ *€5!(981.)/;$,6)$!/6(+&S$, "&!(98!,)$; (/&MU / ((SIBCONIEL=77 /&%i$-$i+! = $)$!
7$%+6)$,! QAR (($1=7 7 /&% 3*()/5$8!F (177 7, $#;/ , SINQaXHCDE!D/#/ = *85!(93)!
)/;$,6)$1/6(78$, P&I(9S!, )$; (*/&+?ARU/ ((SIBCONKENI* ) h(SHS-$#+! = $)$1 7 $4+6)$, | ™ *(91%!
ABU/ (($13*O%(SIT*()/5S&IFRLS(F W7/, S5/, $17 “NXEN/#/ = 1851(9$1.)/;$, 6)$1/6(:8$, &l
(98!, )$; (*/&+72A%U/ (($1BCDN; LI

L+A,-.241!

) T-SL B($H0/)1%; 91 T H(S)HHT - ESH(SIH(1$%;91;)$$3! " $)$1.)$.%)$ , I6+&5IKI+BIN S
F(+U0/5/ 85198166, $,1.)/;$, 6)$I/6(#6$, P&I(9$!,)$; (/&+IVSI6+$, INI74/01 ™ ($)!

0)/ 71U )$SINI 7H0)/ 71" /PES!™)$$3U%& , 11 740)/ 7!






$EQ = BHAM

BC

V10768, 5807 & (81 " $)!. &, ISRIH(I"/PESI(OU&INS /+$8$;31/) U1 )$$3+!
WS EINV/SI6+/10/ 68, 1+580; %&(19'598)($ 7 . $)%(6)SUARSH(B) 1+, (84 . 97+ . Ot($!
SY-*@*) " 4%&, 1/ (99)!; /40/) 7 +Ih(1"" /P& S (O%&IB(1$ (98)I\//+$8$; 31/) UM $$3+1!

Fo LS GIUSH&I+ (&, %) , |, $-90(/&EI0/)! = %($) < 6% (81-06) i +10h(I\/ /+$8&$; 341" /P &SN, !
U™ $$3+&IBCONIIUSHEH = #(9!, 008)SE(ES(($)HI) SH58:0*; he(#8!, 00$)$&(10)/ 71/&S!

18/ (9$)!1!
Gooseneck: mean Cozine: mean Mill: mean

! (standard deviation)!| (standard deviation)! (standard deviation)| P-value!
pH! 7.52 (0.10) Al 7.18 (0.04) C! 7.38 (0.22) B! <.0001!
Flow (cm/s)! 0 (0) B! 3 (4) Al 2 (2) AB! 0.0231!
Temperature (°C)! 15.4 (0.679) B! 16.6 (0.687) Al 15.2 (0.303) B! <.0001!
DO(%)! 94.7 (2.11) Al 58.8 (2.86) B! 94.7 (2.01) Al <.0001!
BOD(%)! -0.66 (6.80) B! 24.8 (14.2) Al 0.5 (1.00) B! <.0001!
Turbidity (FTUs)! 3.04 (0.648) B! 9.49 (0.648) Al 2.07 (0.648) B! <.0001!
Ammonia (ppm)! 0.15 (0.023)! 0.15 (0.023)! 0.09 (0.02)! 0.1154!
Nitrate (ppm)! 4.0 (0.77)! 2.6 (0.77)! 5.1 (0.77) 0.0868!
Phosphate (ppm)! 0.0 (0.059) B!




BD

Fo0 RESIXEIUSU&I7+ (%8, %) , 1, $-"6(*/ &EIO/)! = () <% (BI-06) % Nih+100(1"" /P*&.$!"") $$315%; 918 SH)!
0)/7'BCDD!(/!BCONLUSHEH ™ (9!, “005)$&(HS(($) 1) $1+'58:0°; & (18! , *00$)$8&(10)/ 71/ 83148/ (9$)1!

! 2011! 2012! 2013! 2014! 2015! P-VALUE!
6.49 (0.09) 6.30 (0.09) | 7.18 (0.07)

pH! 6.84 (0.09) B! BC! 6.28 (0.09) C! C! Al <.0001!

Flow (cm/s)! 45 (11) Al 11 (11) AB! 1(11) B! ! 3 (9) B! 0.0255!

Temperature 12.3 (0.292) | 9.56 (0.292) | 11.5(0.292) [ 13.5 (0.292) [ 16.6 (0.226)

(°c)! BC! D! Cl B! Al <.0001!

DO(%)! ! 58.2 (1.93)! | 58.5(1.93)! | 52.4 (1.93)! | 58.8 (2.86)!| 0.0596!

9.84 (3.78) | 16.2 (3.78) | 24.8 (2.93)

BOD(%)! 22.1 (3.78) AB!| 3.68 (3.78) C! BC! ABC! Al 0.0004!

Turbidity ! 5.04 (1.01) {9.49 (0.788)

(FTUs)! ! 5.95 (1.01) B! B! Al 0.0027!

Ammonia ! !

(ppm)! 0.23 (0.035)! | 0.15 (0.035)!]0.14 (0.090)] 0.1271!

Nitrate (ppm)! [ 0.0 (0.85) Al | 0.0 (0.85) Al'| 0.1 (0.8) Al | 2.0 (0.85) Al| 2.6 (0.66) All 0.036!

Phosphate 0.0 (0.041) 0.1 (0.04)

(ppm)! 0.2 (0.04) AB! | 0.0 (0.041) C! BC! BC! 0.3 (0.2) Al{ <.0001!

E. coli (# per

100ml)! 222 (27.3)! | 44.4(27.3)! | 2.22 (4.41)! | 0.00 (0.00)! | 15.0 (40.4)!| 0.052!

Aeromonas (# !

per 100 ml)! 8.89 (14.5) B! | 1170 (466) Al 156 (188) B!| 127 (258) B!| < .0002!

Salmonella (#

per 100ml)! 17.8 (25.4)!  0.00 (0.00)!




! BB

FODESINGIUSUI7+(%& %) , |, $-H6(*/&EI0/)! = ($) <6 (8I-16) % N4 +100(INS /+$8$5 ;31" ) $$31$%; 9185%)!
0)/7'BCDD!(/!BCONLUSHEH ™ (9!, “005)$&(HS(($) 1) $1 580 & (18! , *00$)$8&(10)/ 71/ 8318/ (9$)1!

! | 2011! 2012! | 2013! | 2014! | 2015! | P-VALUE!|

6.62 7.12
(0.371655) (0.242218)
pH! c! B!



! B

Fo% 1EB1abt U S%&I2+(%&, %) , |, $-*(*/&E10/)! = ()| <B%:*(81-%) "% 1 ES+1%(1 U1 ") $$31$%; 918$%)10)/ 7!
BCDD!(/'BCDNIIU$%&+! = *(9!, *008) $& (1S (($)+1%) $!+*5&*0*; %& (48! , *00$) $&(10)/ 7/ &$%&/ (9%)!!
! 2012! 2013! 2014! 2015! P-



! BX

Fo 1! [ USH&I 7%; ) /°&-$) (S 1)($-0) 0 1S +2+ (%8, %) , |, $-h(*/&E&N($) 7+/0>FUI(9$186 7 1$))!
10 786/ 81&(/1$) %8 (/)58 7 HI(9SI&E 7 19)!/01&($) 75, h($!/)5%&*+ 7 +1(9$186 7 1$)1/0!
JHE( /8N (/1)&(1/) 508 7 +HI&, 1(9$1&6 7 19)1/017%;) /*6-8) (S 1)h($!+ . $;*$+!

! Cozine! Gooseneck! Mill! P-value!
PTI! 9 (2)! 14 (6.3)! 13 (8.7) 0.2438!
# Intolerant! 2 (3)! 3(2) 3 (3)! 0.4252!
# Intermediate! 18 (32)! 1(0)! 0 (0)! 0.0982!
# Tolerant! 85 (150)! 3 (1) 2 (1) 0.0980!
# Species! 6 (0.8)! 7 (0.8)! 6 (0.8)! 0.3253!

|

VO$&! " $!;/7 .%)$, (95! 7%;)/*8-$) (S 1)%($! , (%! ; /#35;($,  1$( ™ $$&!BCD " 1%& , 'BCDN!
(1" /PES! ") $S3U ™ $10/6& , 1+580; %&.(#8!959$) >F2N& , I+ . $;*$+!)*; 9&$++!*&BCDN! (9%&!BCDX!
MF% 14$IQE1!S%(%!0)/ 7 'BCDD!%E: , 'BCDB! = $)$18/ (&6, $, ! 1$;%6+$18&/&)%& , /71 7$(9/ ,+0/)!
7 _#&517%;)/*8-3)($1)%($+ = $)$16+$,!.)*/)!(/'BCD 1!
|

Fo LEBIQBIUSY&! 7%; ) /*&-$) ($1)%($!-%) % 1i$+17+(%&, %) , |, $-"(*/ &EM&I($) 7 +/01>F2(9$1&6 7 1$)!
/0 78#6(*/818(/1$)%&(1/)5%&*+ 71(9$186 7 1$)!/0%8($) 75, U($!/) %8+ 7 +41(9$1&6 7 1 $)! /0!
SHE(/&I(/15) 8 (1/) 5% 7 +HI%&:, (93186 7 19)1/017%;)/*&-3) (S 1)%($!+ . $;S+%(1"" /P&$!") $$3!
15( " $$&!'BCD™1%& , 'BCONLIUSH&H = *(9!, *00$) $&(1HS(($)+1%) $!+*5&*0*; %&(#8! , *00$)$&(10)/ 7 1/ &$!
%8/ (9$)1!

! 2013 2014! 2015! P-value!
PTI! 7 (2) AB! 5 (0.8) B! 9 (2) Al 0.0114!
# intolerant! 1(0.7)! 1(2)! 2 (3)! 0.5728!
# intermediate! 7 (6)! 5 (8)! 18 (33)! 0.3249!
# tolerant! 8 (10)! 12 (7.6)! 85 (51)! 0.1442!
# species! 5(2) A B! 4(2) B! 6(1) Al 0.0118!

!

VO$&! " $1: /7 . %)$, (931 7%:;)/:&-S) (S1)W(S!, (! ; /88: ($, (NS /+$8$;31")$$3!
1$( ™ $$&IBCD 1%& , IBCDNY! ™ $10/68., +58:0+ ;& (1BI0S ™ $)! . /HE(*/&I&(/1S)hE(E, | . /#6(*/8!
(/4$)%8.(1/)5&+ 7 +1"&IBCDX1%& , 'BCDN!(9%&*&IBCD ™ 12F% DS IWEL!

!
!



! BN

Fo% LESIWCIUSN&! 7 %; ) /7*8-$) (S 1)%($!-%) % 145 +2+ (%8, %) , |, $-(/ &EM&I($) 7+ /01>F2(9$1&6 7 1$)!
/0 /786 (*/&&(/1$)%&(1/)5%8*+ 7 +41(9$1&6 7 1$)!/01&($) 7 $ , h($!/)5%&*+ 7 +41(9$!&6 7 1$) /0!
HB(/8)(/15)%&(1/)5%8+ 7 +41%&., 1(9$1&6 7 1$)1/017%;) /*8-$) (S 1) %($!+ - $;*$+1%(I\/ /+$83; 3!
")$$311$( " $$&!IBCD ™ 1%& , 'BCONIUSHE+ = *(9!, *00$) $& (S (($)+1%)$!+5&10*; %& (48!, 00$)$&(10)/ 7!
/831%8/(9$)1!

! 2013! 2014! 2015! P-value!
PTI! 10 (6)! 9 (5)! 14 (6.3)! 0.1782!
# intolerant! 13 (11) Al 4 (6) B! 3 (2) B! 0.012!
# intermediate! 0 (0)! 1(3)! 1(1)! 0.5331!
# tolerant! 13 (11) Al 4 (6) B! 3(2)B! 0.0152!
# species! 4 (2)! 5 (3)! 7 (3)! 0.055!

|

VO$&! " $!;/7 . %)$, (957 %;)/*&-$) ($1)%($!, %(%!; 743; (S, (U 1$( ™ $$&!BCD ™ 1%&., !
BCDN4! ™ $10/6& , 1+58*0*; & (18108 ™ $)! . /#6(*/ &*&(/1$)%&(1/)5%&*+ 7 +1*&!BCDX!%& , 'BCDN!(9%&*&!
BCD™1%&, 45&10*; %&(#8! 7 /)$! . /#6(*/ &!(/+$)%&(!/)5%&*+ 7 +1&!BCDX! (9%&*&!$*(9$)!BCD " 1/)!BCDN!
W% LSIWEL!
|

Fo LESIWEIUSH&! 7% )/°&-$) (S 1)($S!-0) 1S +2+ (%8, %) , |, $-h(*/&EF&N($) 7+/0>F(9$1&6 7 1$)!
/00 7H6(/ &Y &(/1$)H8(1/) 584+ 7 +I(9$1&6 7 19)!/0¥6($) 7S, h($!/)5%&H 7 HI(9$186 7 1$)1/0!
JHB(/8)(/15)0&(1/)5U&H 7 HI%E., ((9BI&6 7 19)1/017%; ) /*&-$) (S 1)h(SH+ . $ $HH(UI")$$3!
1$( ™ $$&IBCD 1%& , IBCDNIUSHEH ™ (9!, 00$)S&(HS(($)+%)$+5870; h&(38!, 00$)$&(10)/ 7 1/&S!
18/ (9$)!!

! 2013 2014! 2015! P-value!
PTI! 10 (5)! 10 (5)! 13 (9)! 0.4726!
# intolerant! 17 (16) Al 5 (5) B! 3 (3) B! 0.0135!
# intermediate! 1(1)! 0 (1)! 1(1)! 0.196!
# tolerant! 1(0.8) B! 9 (6) Al 2 (1) B! 0.0003!
# species! 4 (2)! 5(2)! 6 (3)! 0.4157!
)
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R6)!, (%h+655%+(+1(9(!" /PE&$!")$$319%+(9$! . //)$+(1 ™ %($)!<6%(81;/ 7 . %)$, (/1U
/)N//4$83;31")$$3UNV/$I6)$! 1%+&51(9!; /&;6++/81/ 81 (9$10%; (1(9%(P&IBCDNA" /PE$!™) $$3!
9%, 1981/ = $+(1._1%&, ISRINE, 1(9$1959$+(1($7 . $)%(6)SUARSH(6) I*, (811 O/+ . OUh(S!
Sh%-*@*) " 14198, 1/(9%)!; /80/) 71 1%; ($) b1

" IPRRSIM)SEILH L/ /) " () <BU(BIH T /+(13SBNS(S, 1(/1F(+16) 1%&Y/ (/&I !
/481 ) /07T B/ YT . B)-+/6+14+6)0%; SHESSIY IZIMWIEL (S , N6 +(16 . +()$H710)/ 7124($! !



! Ba
17 .$)-*/6+1+6)00; $+1&1(9$1;(81/01U ; U*8&-4$1 708G, 1 (/165 ) $U+$ , 1+6)0%; $1)68/0012Y Z\Z!
BCDNSEL@68/00!; %&! 3 /& &I%& 71 =+ ($U1+$, *7 $8(0)/ 71$)/+/ 8486 ()" $&(+0)/ 715%) , $&!

08) (4PS)HIN& , 1 95 7+, el ; /&(h 7 8UE(+18;16 , *&5L. $+(*;*, $+7YZ\ZIBCONIELFOSIE ; )3+,

17 /68(/0186()'SE(H0)/ 71 (OS+$I8/&H . /1&(1 . JHB(/81+/6); $+; &) S+EH(EIE; ) $h+$ , b5
5)/ ™ (9&, 5%, |(/1$6()/ . 9*; (/8172 (111 /9&+B*-$) \/Uh($) Uh&NA5$ 7 $&(1SH()*; (BCDXEL
K6()/ . 9*;%(/81)$+64(+1°819'59%)IARSINE, i/ ™ $)ISRIES-$i+dl = 973 91+ = 9%(1 = $10/68& , (1" /P&S!
Z(U1/98+0*-$)\VU($) UhEH5S 7 $&(1S™()*; (BCDXE&NS, , *(/&4(9$! = %) 7$)! = %($)10/68&., (!
“/PESI)$$3!; U&IR/ (19/¢, I+ 7 6 91/085$8&16+(9$!; //4$)! = H($)HI/B& , Ih(INS /+$8S; 3148, !
UM™Y $$3+17>$8&IS(UHIBCCWELFOSHSL; /7 1°€S, 1-6) b LS+ 7UBI I $1)$+ . 78+ 11$10/) "' /P&S)
")$$319%-€51(9$!/ = $+(ISRI%& , 19°59$+(!RSIEIBCONIH+9/ = 161 :56)$IDI7>$E&IS (Wi
BCCWELIARS% . . $6)+(/19%-SI0%$&I &I (O$16+(10$ = 18SI) HI(IUHINE , IN//+$8$; 31" ) $$3+! = 94!
H1UH)HS&IH(I" /PrESIN
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*56)$!D6!"' /7 . %)*+/&!/0IdRSIAS-$i+1%(!" /P &SUN/ /+$&$ ; 3 %&, !U*##!")$$3+!0)77!BCDD!(/!
BCDN!

!

24,100 B4 (/ %05 $) (&I (OBIS0%; (1 UE+SL/0" /PH&SLH . /7)1 ™ h($) 1 <6%:(8!1$;%6+3!
" 0h($) <% (8! ;48! 1 SI'QUES&; S, 181+/1 7h&BIE($) ; /88%; (S, 1-6) % LiSHIFS T . $)%(6)$l+(%&, +
/6(hHR5E0¢; h&(14/6) ; $1/01 ™ %($)I<BUE (8!, $5)%, (*/&I(9*+8$)! 1$;%6+$IBCDN! = %+(99!
9/(($+(1+677$)1781)$;7) , "81(9$13/)(9 = $+(17S/¢; $IBCONEUFS 7 . $)%(6)$1H00$; (+1 7 64(* - 13!
" 0h($)!<6%#(81-%) h1ES+11_59$)! = h($)($7 . $)%(6)$+;%&!)$+6(*&1E/ = $)ISRUS-$i+! 15;%6+$!
" U) 7$)! " %($)10/%, +i$++1/085$&I(I%E!; //85)! " h(S)UIAL = ISRUS-$+1 7U3SH(!, 005 64(10/) +/ 7 $!
+.$7$4/010401(/1+6)-*-$17K>=IBCDBIEL!_*59$)($7 . $)%(6)$+; &€ )$+$!(9$%16& , 1&; $1/0!
1%; () 4198, , IHES915)/ = (QUFOH1; &€ ) S+ SIARSIh+1/)5%8%; 1 7%(($)!, $;UB+UE., 1;/8&+6 7 $H!
/085$817YZ\ZIBCON;ELL . 1, $;)$+$+1%+ = h(S)I(S 7 . $)%(6)$1E;)$U+$+l = 9% 91 7%3$+1(9%! ™ ($)!



! BL
7/)$;+, ;1 9$&I($7 - $)%(6)$+)+$17K>=IBCDB, ELIF6) 1*, *(8!; %&&; ) $h+$! = h($)I($ 7 - $)%(6)$!
1$;%6+$1+6+.$&,$, 1. %) (*;45+1&$%)! (9! ™ ($)r++6)0%; $1%1+/) 1SO()HIO$%(10)/ 7 1+6859 (4
" 0%; O1)+$+1(9B1/-$) ikl ™ %($)!($7 - $)%(6)$!7Y Z\ZIBCONYEL!!

VI($)($+(&5IN& , 47 . 15+ ™ $)SI(3S&I(UHIN& , N/ /+$8S$; 31" )$$3+1. )/ ) (/1) b &0



V$10/68 , (9%(1&H()(SES-$e+0(IN/ /+$8S; 31048, U™ $$3HON-$1E ;) $+$, |
580" & (88146 SIBCDXI! ™ 9B)$UH& () h(BUS-$+1%(1"' /P ESIN%-$! 1 $$&I&:; ) $U+&5!+€;$IBCD ™!
7:956)$1 ELIN/ OSEUS-SH /01 ) ($)$h; O( ™ /1. . 71+$&+ (- SIh<BU(*; 1+ . $; $+1#3$1; /91496 7 /84!
I$5°€1(/1,*$17""% 7 %)5/1$ (1% BCCNE=21(9)$$!;)$$3+19%, 187 () (BHS-$+1% 1 /-$1(9$!
)$;/77$&,$, $-$:10/)1;/9/ 1447 /8*&IBCONLUI ™) $$319% , 1(9$1959%+(li-$i1 /018 () (4
0787 = $, 1 1BIUMING , (9S8! /P&SIKO; $++1& () h(S!;%&l ;%6+$N$. )/, 65 (-$1. )/ 1S 7 +10h+] = $itlogs!
)$,6:8,1, -8/ . 7S&(U%&, 1+ 1™ Q85I H(S+IRI KT /&UIFISIBOS-$+/01& (- /6,
,$5)SUHSI(9$!; /971407 /81 . / . 61 (/ 8+ (9B ) $$3+IS+ . $; 81 U1K>=IBCDN,, E1l

6
Maximum level of
5 nitrate for Coho
salmon
- 4 =
g- / 45,3
e i /
o | - -Cozine
- [~ ]
) ST Mill
1 /
0 \
72011 2012 2013 7 2014 2015
Years
|

SH56)$1 6"/ 7 L) H/&I/UT O (SIAS-SH (1" /PESINS /+$6$; 30%& , |1 $$3+10)/ 7 1BCDD!(/!
BCDNLFO$I9%(; 93, 1#&$)$ . )$+$&(+(93! 7%0+ 7 67 18 () h($HS-$10/) 1 /9/ 14347 /&1
!

V$I0/68&, 1(9%(1. O/+. Ih(SHS-SHIRINS/+$8$; 3108 , U™ $$3+ = $)$H580°; h&(:8!
8/ $)1(9%&!""/PESI0/) U418 $I6) +1+°€; SIBCDDA 1 (10681 ;) $$3+10% , IE1E.; ) $U+SIH&! . O/ + . Q% (B!
$+.$; 81" /PRSI 56)SIXEIFISNS; / 7 7$&,$, | 70 7 6 7 iS-$i+1/01 . 9/+ . O($I&I0)$+9 ™ %($)!
H)SH7+68., 1)*-$)+HICIDL. . ZUNHOSU 7 H&, 1)-$)+5/1%1 /-$1(O% (% 7 /68(10)$+9 = ($)!
/)SUEH T HIE3SI" 79/ 1497 /84 1 $5°€) (/1+600$) 7K>=IBCON , ELId/ (QNU1%& , 1N/ /4$8$;31")$$3+
OU-$!. 07+ OU(SHS-$e+ 154/ = (9B 740 76 7% 7 /6&()$:/ 7 7$8,$,10/)1: /97 W47 /&%,
(96+1)$+H0BIS8-*) /& 7 $&(+0/)10+91" /PESI™) $$311/81(9$!/ (98) 9%, H19%+19% , | 9/ + . I%($!
15-$HI01 /-$1(98)$: /7 7$&, S, 167 /68(107)1(9)$$!/6(1/01(9BIF-$I8SU) +($+(+! . /($&(M8!
S/80MNB(85!(/1)$ , 6; (/81847 /818)(9$!; )$SIUKO; $++. 97+ O($I&I(9$! ™ 9h($)! ;% e,
(/19'593) R SUSU-€515++/085$&1°€ (9B! ™ ($)!0/)10++OLKO; $++1. O/ +. O%($l0he+/1; %81 , 1(/!
,$1HSHENS )/, 6; (/&U5)/ ™ (ON)h(SH+ . 1o ™ &*&ENI(SHNE, 1$55!, $-$1/ . 7 $&(17K>=IBCDN,, ELl
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ZUE7 7&%)$7 . /) (0&(&, *;%(/ )+ /01 (9SI9$%H(91/01%! = %($)+9$ , LIFI$H)! . )$+$&;$1/)!
U1+$&;$!; U8 S-Sk ++6$+ = #(91(6) I*, *(BUSRUEH()($4 . 9/+. O%($4!%& , |dRS1!:6)(93) 7 /)$H!
W7 /&) H8INI+58 ;& (1) /45181 () %8:+0$) )*&5!186 ()*$&(+0)/ 71 7 %) &$I(/1($) ) $+() 1S ; /+8+($ 7 +!
%&,1.)/-*, $1%10// ,1+/6); $10/)I8B(-SI%&* 7 e+1? %, $) 1)%& , IS(1%IBCCXEN+ = $#1%+196 7 %&H!
"9/ 14047 /81%)$10/68., 1*81(9$Ib% 7 91" /6&(8\VU($)+9$, 10)/ 7R ; (/ 1$)!(/1%&6%)8!(/ 1+ . % = &1!
0%;3&(!,)/659(19%+)$+64($ , "&1%N)$ , 6; (/&M1& 79/ 1+ 7 /&) . / . 6#%(*/ &+)/*&BCDNA!

%. .)/0*7%(SIBINCI/0I(8 .. *; Ykl /97 7 /&) . / . 6 (*/ &) 6&! 9%+ 1 $$&10/6& , 1*&10% 7 9*#!
"'/6&(8!;)$$3HUIFOH ) 7%(*; NS, 6; (/&IOS . / . 6I(/ &IPS/ 19/ W T /&) /6¢,1)$,6; 9!
(9$!19%%£(917013&(1)$!; ) $$3!$; /+8+($ 711281, , *(*/ &4/ ;%196 7 %&!S; /&7 7*$+1+6;91%+! (93!
/808, $)%(S, IF)* 1$+H/0(9$I\) &, 10/&,$!" /7 7 684(84 , $.$& , /&I (IS4t 7 /818, 6:+() 81%+1%!
+/6);$1/01.)/04(1%&, 107/ ,17"' /80$ , $)%($ , IF)* 1 $+1/00\)%& , |@/& , $IBCDXELN*(9/6(19$%#(98!
/BR80T /84;)$$3IS; /+8+(S 7+ 1, $($)/) (S8, | /++ 1481, +)6 . (10)%, *(*/ &%!
)%; (5 SHIFQH! /68, 181! /&, $)&I07)1 /P& S!") $$31+ISRIQNH I S&! S/ ™ I/ . (7 %#15$-$#+10/7))!
+$-3)%#185%)+1!

R-$)!(9$!8%%)+1/01/6)!+(6 , 8$-$:+1/0/ARSU&()%($4! . 97+ . 9%(SH(B) I*,*(8!%& , |SR!%(!
\//+38$;319%-$N$ 7% &S, 1++7*6)!(/1(9%(1/0U*#41%&16&)$+(/)$, 1) 6) %! ;) $$3k/ ; (S , *&!(9$!
7 $!;/68(817:*56)$+!D!I(/INELN/94$! (9$I5/%1/01(93) $+ (/) (*/ &I%(IN/ /+$8$; 3" ) $$3! = Yo+ (/!
7 )/-$1(93! = 0($)!<6%(81/-$)I(*7 BF(+1++790)*(BI(/ 1L ™) $$31+9/ = +1(9%(1 (IS $+(/)h(*/&!
M+1&/ (19%, |(9$1&($&, $, 17 . %; (1!

)
BID 1#M#1%"* !

R&S$! /0191 7*(%(*/ &+ /01/6)1+(6 , 81(9*+18%%)! ™ %+!(9$16&) S 1#(8! /01(9$!_%&&M%!
28:+()67 $&(+ISR!I 7 $($)+I\V94$!($+(*€5IdRSI&I/6)! = 0($) 4% 7 . 1$+10)/ 7 1(9$!;) $$3+4! = $!
/14$)-$,1(9%('(93!SR!)$%, $)+1+$$7$, 1(/15*-$1959$) ) $%, *&5+1&! (9! 1| (9%& % (! (9$!; ) $$3+1L!
FOSISRI/01(9$10:-$H, %8!&; 6 1%($, ! ™ h($)!+% 7 . £5+1+9/6%, 15*(9$) 1+(%8!(9$1+% 7 $1/)! , $;) $%+$!
15;%6+$1/01/)5%&+ 7 +1%8& , 1; 9$ 7*; %) $th; (*/ &+6+8&5! , *++/4-$ ,1/085$&1IFO$I*&%; ; 6)%; 81*&! (9!
)$%, *&5+&/ (1784814 7*($,1/6)!, h(%hL+) % (8 16 (1Wet+/1; %6+$ , |5 /&;$)&107) ! (9$1%; ;6)%; 81/0!
(9$!SRI!%& , 'dRS!;%¢; 6:%(*/ &+1&1 . %+ (18%%) !, %(ULFOSI+% 7 S 7 $($)+4197 = $-$)4! = $)$!6+$, 10/)!
U1K IeZI@S+S%) ; OIUS(9/ , 1 8++$+I ™ 9¥; 01, $;)$%tS , 1(95!-%) 6 1*4+(81/01(9$!) $% , *&5+! 1 $( = $$&!
8%5%)+1!!

=&/ (93) 7 (h(*/&! = %+1*81/6)!%; ; 6)%;81/0!;/6&(*85!(93! 7%; ) /*&-$) (S 1) %($+1Z/ 7 $!

- GHHIE! %) (*; 68)9(1" /P&SI+($!() A%, 1-$)8!(B) 1, ™ %($)+%&., %1t/ (1/01+$, ¥ 7 $&(1&! (99!



I D
W7 AH)S+BH(E5M8 7 6;9!7 /)SI (7 S+ . $&(15/85!(9)/659!$%; 91/01(9$! . B#+11&1%, , *(*/ &4 (9!
(6)1*,%(819'&, $)$, |(93!<6%(8!/01/6)!;/6&(+ 1$;%6+$!/)5%8+ 7+ = $)$19%) , $)!(/10°€,, 1! /) (9*+!
Bt/ &41+/ 7 SL/0(OBI /PRSUNR)LH ; /6&(+ = $)BI&/ (!, 6. 43 00($ , 11

!

$E(%DDE"" &M#1%" @1

) FOS)$In)BI+$-$) N S; /7 7 58, h(*/ &+ = $! = /6,1 7%31(/106(6)$IK&-*)/& 7 $& (%!
@+$%); 9IUS(9/ , +1;8++$+1 X +(U(9SW% , , *(*/ &I/0HI%EI6 . +() S 7 1+(SI&! /P&$!")$$3! = /64, | 1$!
IS&S0 ;61 (/1+(6 , 8! /++* 1$L; QUESS+#&! ™ %($)!<6%*(81%+(9$1+()$% 717 /-$+10)/ 7 *(+1)6) %!

O$th, = %($)+1&(/1%&!6) 1%&PS , 10)$ULI16+(10/ ; 6+8&51/ &1+ ($+h/ 85! /P8B! ) $$31%& , 15S((*&5!)*,
J01(9SIHH(SHRIUMNS , N/ /+$8$;3! ™ /6%, 11 $1%&1*&($)$+(1&5! . ) /1$; (1(/1; /&, 6; (*&!(9$106(6) 1!

! V9$&!(%3*85! 7%;)/*8-$)($ 1% 7 4$+F () $: /7 78, S, /(7187 (1(%3$1H+% 7 . #$+1/8!
6 1+()%(SH(Q%(R)SN%(S , INI?ES, )/ ; BEUFO ! = 1 )$-$&(! . /(B&(%E 1%+ $+1&1 (9$!
7%;)/*&-$)(S1)%(S!, b0 1$;%6+$11$, )/ ;3407 _i$+1/&18!; /8 (%&S$ , 1+8%H#+1!!

Sl ++$; (&5 7*;)/+;/ . SH(9%(I(/ /31<6%(8! . 9/ (/5)% . 9+1/017%; ) /*&-$) (B 1)h($+!
QI(9BI0$E, 1 /6, 11$19%¢. 064 ™ 9$&I()8*E5!(/ 1, $&(08!+ . $; *S+IS+ . 55 4HBI0! (IS 7 . 15 +14($)!
1$;/731%4($)$, !, 63!(/1(9$1%; /974 . )$+$)-U(*/8&! . )/ ;$+1IV$I$0. $)1$&;$, !, $;/7 . /+(/&!
%8, !, *H&($5) (/8047 T $17%;)/4€-3) (1) %($H+%7 . 45+1(9%(1 7%, BI, S&(0%; %(*/&! , *00%; B4(L!

V$N$;/77$&, 16+85%&16 -, %($, I>F2+8+($71(9%(19%H0/6)!; %($5/)$+/0!
7%;)/*8-$)($1)h($+1&+($%, /01(9$1(9)$$!; %($5/)*$+ (9%(! = $6+%, 1!

V$W+/14()/85881)$;/ 7 7$&, 1. 6); 9%+8&518$ " ISRI$<6*. 7$&(!, 6$!(/1(9$10%; (1(9%(/6)!
:6))$&(ISRI7$($)+%. . $%)$, 16&)$¢ 90 145111

!
M(N"*%*BE&>EDE""#@!

VL, 1#381(/1(9%E3IF/ 7106 . $)+10/)I5)h&(&5!6+! . $) 7H++/&I(/%; ; $++19%1 )/ . $) (818!
/), (/N7 ASIUEINS , N/ /+$8$;31")$$3+UIN/$1%+/! = /6¢, 14331 (/1(9%&3!(9$\bV**10/)!(9$)!
k(1 /80 1B/ 8H& , 1(95))$; /7 7 $& , h(*/ &H11 &8 = $L, 1#¥3$1(/1(9%&31I%& ; 8!dl) /+9/ (!
%8, 1cl%) 1%) 1% I$++10/)100%; (% (&5!(9%+! . ) /I; (1

) )



I "B
SEFESE"" (EQ!

dUHSBUFINEL"/, , AFLL /870 FURL)*$EA%E. , 1U1ID%) 1) IBCDBL™ /7 . 6)%(*-$I\/%($)! T 6%*(8!
Z(6,81/0" /P RSUN/ /+$8S5; 3008, U1 )$$3+110$+$%) ; 91>% . $)10/)! :%#IBCDBIKIeZ! " QN!
"/6)+$Ih(IARRDSE, 1" /S5 SIIN

d//(QUSIILITRR))IZUZ; 96 7 %8 IF/&)% , HZUU%)SSHULAK)+/84%& , 1ZU111d6)5$+IBCCXL!
@$-*—&51Y) 1%&IZ()SU 7 +6IA%& , 16+$_8,)/¢/580d/4/581%&., | 67%&Id$I%-*/)111/6)&%:!
/01(9$1=7 $)*;%H&I\/($)@$+/6) ; $+=++/ ;h(*/&6ID~ NDHD ~ax!!

d)6ORUIALINE , IAIN//40+/ &UIBCC [11=1 ()& &5! 7%&6%H0/) 7 /&4 (/) &5 HIMRIIBE 1K, *(t/&!
U*; 9*5%8&1Z (%h($!Y &*-$)+ (81!

" 7%)5/UN=1=4/ &+ /U=10%& , =11 Z%% 7 %&; UIBCCNILI* () I(BI(/0*;*(81(/ 1< BY(*; Ih&* 7 Yt +1%!
)$-46 17 *(91&$ ™ 1, %(%10/)10)$+0 ™ %($)*&-$) (S 1)%($+"9$ 7 /+ . 9$)$INQHDBNNHDBa 1!

/00O KIS 6&% . IFLIBPSIS) I FLIF)B5$5) %8, d1I@SH; 9%) , IBCDDL™ /7 . %) h(*-$I\V/%($)!
TEUH(8IZ(6, 81/00N//+$8%;3")$$31h&, I"' /P&$!™)$$3L1@$+$%) ; 91>%.. $)10/)1Z.. )*&5!BCOD!
KJeZ!>QNI"/6)+$Ih(IA&0SE, 1" /H$5S!

/808, $)%(S, IF) 1$+H/0N)%E , 1/& , SUBCDXUFOSI" /808 , $)%(S, IF) 1$+/0N)%&, 10/&, 3!
Vi, B0 UG5S 7 $S&(I>H68119(( 6hh ™ = = 15)%&., /&, $1/)5h6 . 4/%, $, -#$+h J@SHV USH
0831 - , 0!

S$. 1) (7 S&(I/0AE, "' /8+$)-%(/&I%& ,|S$-$t/ . 7 $&(IBCCCINH(S) TE%H(BIU/ , $4"'/ , $I%&., !
\6',$1//319((.thh™ = =1/)$5/&15/-hA"'Sh, 7;+h .6 1#;%(/&+h ™ <51;9%. ($)BL. , 0!

S/t;$41"IBCDNUIZ6 7 7 $)IBCONIV U+ /(($+(1/&10%$;7),10/)137)(9 = $+(UFO$IN/$%(9%$)! 9%&&$t1!
9((.Ghh™ ™ =1 $%(9$)L;/ 7h&$ ™ +h;# 7UH(SheS ™ +h)$; /) ,HO/ (1+6 7 7 $)H&s/) (9 ™ $+(H ™ $(H
7%, " $+(!

K>=17K8-)/& 7 $&(H1>)/($; (*/&I=5%&.; SEIDWW[ e /46&($$)!1Z)$% 7 U /& (/) &56I=IU$(9/ , +!
U%&BUIIO((6hh ™ = = 1$.%I5/-h+*($+h. )/ , 6; (/&h0¥S+hBCDNHCaN, /;6 7 $&(+h+()$H 7 1. , 0!

K>=17K&-*)/&7 $&(%#!>)/ ($; (*/&!=5%&; 8ELIBCC~ LIKES 7 S&(+1/01%!Z C%($' V' %($)' U/ &*(/)*&5!%&. , !
=S+ 7$8(1>)/5) 07 I=++$++ 7 $&(1%& , '\V%($)+9$, 1>)/ ($; (/& S*-*+/ &!R0(*; $!/0!
V(& , HIR ; $%&+H%& , 'V %($)+9$ , IY1Z1IK&-*) /&7 $&(%4>)/ ($; (*/ &=5%& ; 8IR&#&$IIK>=!
QXDHdHC HCC !

K>=1K&-*)/87 $&(HI>)/ ($; (*/81=5%3& ; SEIBCDBYLI"" O%. ($)!XIU%; )/*&-$) ($1)%($+%& , | % h*(h(!
9(( - 6hh = %($)1$ . %L5/-h(8 . $h)+h 7 /&*(/)*&5h-7+XC1;07 1!

K>=17K&-*)/8 7 $&(H1>)/($:; (/&1=5$&; BEIBCDBI1ISH+/4-$, IR0S5$&1%E., 1d*/ : 9$ 7+; HIR085 S
S$7%&, 19(( . 6hh = %($)1$ . %15/ -h(8 . $h)+h 7 /&(/)*&5h-7 +NBL;07!

K>=17K&~*)/&7 $&(h!>)/ ($; (*/&I=5%8; 8EIBCDB; 1IV%($)6!>/46($, 106&/001!
(- 6hh ™ %($)1$ . %I5/-h . /¢ = %+ (Sh&.. +h ™ O%(*+1;07!

K>=17K&-*)/87 $&(HI>)/ ($; (/81=5%$&; 8ELIBCDB , IN/OU(1+! . 1%&, 1™ 98I+1*(1¥7 /) (%&(0!
9(( - 6hh = %($)1$ . %l5/-h(8 . $h)+h 7 /&*(/)"&5h- 7 +NX1;07!

K>=1K&-*)/8 7 $&(HI>)/ ($; (*/81=5%$&; SEIBCDBSLINV Q% (1+1+()$% 7108/ = 4., | = 981+14(!
“7 . /)(%8&(019(( . 6hh ™ %($)1$ . %L5/-h(8 . $h)+h7 /&*(/)*&5h-7+NDL;0 7!

K>=1K&-*)/87 $&(HI>)/ ($; (*/81=5%$8.; SEIBCONUL!_*+(/)8L/0I(9S!" 1$&INV%(S)!=; (I
9((-6hh™ = = B1$ . %15/-h#%h = +H)$5686(*/&+9+(/)H; &N ™ %($)Hob; (!

K>=1K&-*)/87 $&(H!>)/ ($; (*/81=5%&; 8EIBCON L/ =1S/1"'=:RI+17 .%; ({(9$IK&-*)/& 7 $8(0!
9((-thh™ = =1$.%15/-h)$5*/&C [N = %($)h; %0/h; %0/p*7 .%; (p$8-*)/& 7 $&(19(7!









! °N

Y1Z11"$8+6+1d6)$%6LBCDNLZ(%h($!%E , I"'/6&(8IT6*; 3! %; (+1!
9(( - 6hh<6*; 300; (+1; $8:+6+15/-h<0, h+(%($+hXDhXDXNCCCLO( 74

YIZI1:40I%& , IN/*, #0$17$)-+; SIBCDNIS 5$+(1/01:$, $)%H1@$+/6) ; SIA% ™ +1/010&($)$+(1(/1(9$1Y1Z!
THOING INH, FOBIZS) -+ 3612, $)Uhe! = ($)I>/#6( /&1 /&0 /81=; (17" 1SU&INVI(S)!=; (EL
=-0H96 14$10)/ 7619((. +6hh ™ = =10™ +15/-h#h = +h#th ™ +, *5$+(h: V=F@>R_FUA!

YZ\ZOY1ZIN$/4/5; %126)-$SEIBCONULIFG) 1+, *(8119(( - 6hh ™ %($)16+5+15/-h$, 6h(6) I*, *(819( 7#!

YZ\ZY1ZIN$/4/5; %176)-$SEUBCON IUN/U%(S)! . )/ . $) ($+ISH+/:-$,1/085$4.1!
9((.6hh ™ %($)16+5+15/-h$ , 6h, *++/¢-$ , /085$819( 74!

YZ\ZI?Y1ZUINS$/4/5; %1 Z6)-$8EIBCDN ; IN%($)! . )/ - $) ($+IFS 7 . $)%(6) S
9((.6hh ™ %($)16+5+15/-h$ , 6h($7 . $)%(6)$19( 73!

YZ\Z1?YIZUN$/4/5; %176)-$BEUBCDN , INU($)! )/ . $) (‘S+OIFOB! = h($)1*&18/611=-%4% 11$10)/ 7!
9((.thh = %($)16+5+15/-h$ , 6h.)/ . $)(88/619( 7!

YZ\ZOY1ZIN$S/4/5; %176)-$8EBCONSLIN/ O8I+ (9++19/6+$! ™ $h)1&5!+ (*#(+0!
9(( - 6hh = %($)16+5+15/-h$, 607 . $)-*/6+19( 7!

YZ\ZI?YIZIN$/4/5; 176)-$8E BCDNOLI@B/0012+6)0%; $! = %($)!) 6&/00EL!
9(( - 6hh = %($)16+5+15/-h$, 6h)68/0019(7#!

O((-6hh = %( = %8+1; / 7h&, $01.9.0/ . (/&q:/ 7 p;/&(S&(T - ™ qH) (35S ¥, qaX i A$ 7+, !
gBB!

V$&1$8, $)UKINE , 1F1I™)RESUBCDDI" /7 . h)h(-$IN/%($) TE%(8IZ(6 , 81/0N//+$8$;3!")$$3!
e, 1" /PH&S!I")$S3LAS+$%) ; O1>% . $)10/)! : U#BCDDIKIEZ! " QNI"'/6)+$Ih(IARSE, 1" /#$5SL!

V/$+(. OUHIALIBCDNI>)$+$&(%(*/851™) , 1=&&6%HT*; 3HR0010/) b 7 941" /9/12% 7 /826)-$81!
\)$%($) D% 7 OHIN/B($)+9$, I"' /68 HIIU ; UHE&-HSIR)$5/81!

D% 7 91 I%++€1"" /6&; HIBCCDLA/ ™ $)Ib% 7 OHIN/Uh($)+O$ , I=++$+ 7 $& (1!
9((.+6hh&)*7 .1, 0= L+(%($L/)16+h = $1CBCH(Z)$+h, h(hCBCH 1)) $+h0$+h\/%($)+9$ , CBC
" /68 4V H($)+9$, CBC"/68&;%#+pBBNPSR""pA/ = $)bh7 9ti=++78&(L. , 0!

%7 91" /68(81=5)Hd6+ES+HIBCCWIIDH 7 91" /68(8!=5) Hd6+&$++K; /&/ 7+ 1%&., 1"/ 7 7 68*(8!
S$-$1/ . 7$8(I>M&IZ6 7 7%)818%$ . /)(1!
9((-6hh ™ = =13 /18%7 9%1/)16+h+($+h , S6H(N4$+hZ6 7 7%)8p@S - /) (pH
pb%h7 9" /6&(8p=5)Hd6+ESH. , 0!



