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%:ément Numéro atomique Masse atomique Essentialité

Ag Argent 47 108 Non

G> G>éricium 95 243 Non

As Arsenic (1) 33 75 Oui

Cd Cadmium 48 112 Non (2)

Co Cobalt 27 59 Oui

Cr Chrome 24 52 Oui

Cs Césium 55 133 Non

Cu Cuivre 29 64 Oui

Hg Mercure 80 201 Non

Mn Manganèse 25 55 Oui

Po Polonium 84 209 Non

Se Sélénium (1) 50 109 Oui

Zn Zinc 30 65 Oui
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*.+%PZ&=%./%$&'%$&%E-8+3%2)%$&>%28%$&%2&/,1(+,*(3+%&-%+>%**%2*&'03$(/%+&/,&7(3%&,/3>%2*,3+%&
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323*3,/%&>%$.+8%&',2$&/0(+4,23$>%&,.&'81.*&'%&/,&-8+3('%&'%&'8-.+,*3(2&E&WXXPZ&

23H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



N

&

2
&,
\,2

O+,
-,7M[7+,-,&,^,2

O(,
-,7M[7(,-,&

,7%)&2
O(,
\,2:

Ve&G
*
&%*&G

X %
&%$*&/,&)(2$*,2*%&'%&

'8-.+,*3(2&O3Z%Z&%CC/.E&+,*%&)(2$*,2*P&%E-+3>8%&%2&bNWZ&9%$&32'3)%$&s$t&%*&s/t&$(2*&/38$&

+%#0&M&70)

)(>-($,2*%&'8)+37,2*&/,&-%+*%&/%2*%&O3Z%Z&(#63M&70)PZ&9,&)(>-($,2*%&s$t&+%-+8$%2*%&

/,&'8-.+,*3(2&'%&/,&C+,)*3(2&'%&+,'3(*+,)%.+&C,31/%>%2*&,$$()38%&,.E&(+4,23$>%$&%*&

N

$,2*%&s/t&'8)+3*& /,&'8-.+,*3(2&'%& /,& C+,)*3(2&'%& +,'3(*+,)%.+&Q.3&%$*&%CC%)*37%>%2*&

,1$(+18%&-,+&/0(+4,23$>%&%*&8/3>328%&/%2*%>%2*&OL.11%//&%*&,/Z&W]TnD&:%3)"/%&W]TRD&

N

*3>%+& /0%CC3),)3*8& '0,$$3>3/,*3(2& O,32$3&G;& z&G
X/

W]RRD&J3+,>,2'&%*&,/Z&W]^SPZ&5,2$&)%+*,32$&),$D&/,&-%+*%&'%&/,&C+,)*3(2&>8*,//3Q.%&

Articles 2N4D&7&%*&8P&)%&Q.3&$%& *+,'.3*&>,N

%/
&Q.3&20%$*&-,$&$3423C3),*37%>%2*&'3CC8+%2*%&'%&

'%73%2*&<

2
&,
\,2

O+,
-,7M[7+,-,&,^,2:

H%**%&>8*"('%&28)%$$3*%&.2%&'.+8%&'%&'8-.+,*3(2&$.CC3$,>>%2*&/(24.%&-(.+&(1*%23+&

.2%& '8*%+>32,*3(2& -+8)3$%& '%& /,& -",$%& '%& -%+*%& /%2*%Z&L,13*.%//%>%2*D& ',2$& )%**%&

>8*"('%D&/,&'8-.+,*3(2&'.&-(3$$(2&'.+%&-/.$3%.+$&$%>,32%$Z&r*,2*&'(228&Q.%&*(.$&

/%$&-+()%$$.$&'0%E)+8*3(2&O.+32,3+%D&1+,2)"3,/%&%*&13/3,3+%P&$(2*&-+3$&%2&)(>-*%D&)0%$*&

/,&>8*"('%&/,&-/.$&+(1.$*%&-(.+&'8*%+>32%+&,7%)&-+8)3$3(2&/0G;&%*&)0%$*&-(.+Q.(3&

%//%&,&8*8&+%*%2.%&',2$&/%&),'+%&'%$&*+,7,.E&>%28$&'.+,2*&)%**%&*"#$%Z

24 H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



_j`j*,-*'5%/(&.6)(&#%*3-66-*N*!"*.!(#,*5%&(#"%"(*5.!&*

,-*+)(%&6#"-(#."*+%*,Y-%*+%'*6)(-![

B,+&+,--(+*&,.E&,--+()"%$&)/,$$3Q.%$D&/,&$-%)*+(>8*+3%&4,>>,&(CC+%2*&-/.$3%.+$&,7,2*,4%$Z&

+8).-8+,*3(2&)(>-/#*%&'%$&>,*3#+%$&C8),/%$Z&G32$3D&3/&%$*&-($$31/%&'%&4828+%+&'%$&'(228%$&

-/.$& +,-3'%>%2*& ,7%)& .2%& 7,+3,13/3*8& 13(/(43Q.%& +8'.3*%& %*& '%& '3>32.%+& $%2$31/%>%2*& /%&

N

'0%CC%)*.%+&'%$&%E-8+3%2)%$&'%&13(,)).>./,*3(2&',2$&'%$&)(2'3*3(2$&'0%E-($3*3(2&+8,/3$*%$D&

N

*3(2$&2,*.+%//%$&'%$&>8*,.E&',2$& /0%273+(22%>%2*& Oi,+2,.&p&A.$*,>,2*%&SXXRPD&)%&Q.3&

-%+>%*&'%&2%&-,$&%2*+,K2%+&'0%CC%*$&*(E3Q.%$&$.+&/%$&(+4,23$>%$&$.373$&%*&'%&2%&-,$&-%+*.+1%+&

C,3*&,--+(-+38%&-(.+&8*.'3%+&/%$&-,+,>#*+%$&)328*3Q.%$&'%&13(,)).>./,*3(2&'%$&>8*,.EZ&

5,2$&/%&),$&'%&/08*.'%&'0.2&*+,2$C%+*&*+(-"3Q.%&'%$&>8*,.ED&)%$&-,+,>#*+%$&$(2*&/%&*,.E&'%&

N

*+(>8*+3%&4,>>,&%$*&/,+4%>%2*&,--/3Q.8%&%2&8)(*(E3)(/(43%&>,+32%&%E-8+3>%2*,/%&$.+&'%&

2(>1+%.E&(+4,23$>%$&O%Z4Z&i,+2,.&%*&,/Z&W]]T,D&A.$*,>,2*%&%*&,/Z&SXXSD&J%*3,2&%*&,/Z&SXX]D&

i,24&%*&,/Z&SXWSPZ&5,2$&/%$&*+,7,.E&+8,/3$8$&'.+,2*&)%**%&*"#$%D&/%&*+,2$C%+*&*+(-"3Q.%&'%$&

+8$(/.*3(2&)(>-($8&'%&n&'8*%)*%.+$&8Q.3-8$&'0.2&)+3*,/&'%&4%+>,23.>&-%+>%**,2*&/,&'8*%)N

*3(2&$3>./*,28%&'%&-/.$3%.+$&+,'3(*+,)%.+$Z&9,&+,'3(,)*373*8&',2$&/%$&(+4,23$>%$&737,2*$&%*&

/%$&8)",2*3//(2$&'%&*3$$.$&,&8*8&'8*%+>328%&-,+&)(>-,+,3$(2&,7%)&'%$&8)",2*3//(2$&'%&+8C8N

/,&'8$32*84+,*3(2&+,'3(/,1%//%'&%*&'.&1+.3*&'%&C(2'&%273+(22,2*Z&

25H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



Pour les )(>-*,4%$D& /%$&-(3$$(2$&737,2*$&(2*& 8*8&-/,)8$&',2$&'%$& *.1%$&'%&)(>-*,4%&'%&

-(/@$*@+#2%&)+3$*,/&*+,2$-,+%2*&OArticle 7&<&[S&>>&E&Tn&>>D&Article 2  5&%*&10&<&^X&>>&E&

nX&>>D&Article 6&%*&Articles 8 9&<&WWT&>>&E&^X&>>PD&+%>-/3$&'0%,.&'%&>%+&2(2&)(2*,N

>328%Z&=3& 28)%$$,3+%D& '%$& '3$-($3*3C$& -(.+& /3>3*%+& /%$&>(.7%>%2*$& '%$& 32'373'.$& (2*& 8*8&

,b(.*8$&-%+>%**,2*&'%&>,32*%23+&.2%&48(>8*+3%&)(2$*,2*%&-%2',2*&/,&-8+3('%&'%&)(>-*,4%&

8*8&>,32*%2.%$&,.$$3&)(.+*%$&Q.%&-($$31/%&%*&,b.$*8%$&-(.+&(1*%23+&.2%&%++%.+&'%&)(>-*,4%&

%$$,3$&(2*&8*8&$@$*8>,*3Q.%>%2*&%CC%)*.8$&,7,2*&/%$&%E-8+3%2)%$Z&B(.+&)%/,D&/%$&(+4,23$>%$&

>,E3>.>&'%&TX&>32&',2$&/0(1$).+3*8Z&9,&)(2)%2*+,*3(2&'0V
S
&'3$$(.$&,&8*8&$.373%&*(.*&,.&

/(24&'%&)%$&%$$,3$&%*&,&*(.b(.+$&8*8&}l&>4&9NWZ&B,+&,3//%.+$D&,.).2%&,/*8+,*3(2&'%&/,&$,2*8&(.&

'.&)(>-(+*%>%2*&'%$&(+4,23$>%$&20,&8*8&(1$%+78%&-,+&/,&$.3*%Z&

_jaj*,-*(%/0"#4!%*+!*+,-./0'1002,-.

N

*373*8&3248+8%&-,+&/%$&,23>,.E&)%&Q.%&-%+>%*&'%&C,3+%&/,&*%)"23Q.%&'%&+.63(7M177=.63&O,.$$3&

,--%/8%&$*(+7M"%'+7,177=.63PZ&5,2$&)%**%&*%)"23Q.%D& /%$&(+4,23$>%$&$(2*&2(.++3$&,7%)&.2&

,/3>%2*&+,'3(>,+Q.8&-%2',2*&.2%&)(.+*%&-8+3('%&'%&*%>-$&O-/.$&)(.+*%&Q.%&/%&?!!P&-(.+&

2(.++3$&,7%)&'%$&,/3>%2*$&2(2&+,'3(,)*3C$&',2$&'%$&)(2'3*3(2$&3'%2*3Q.%$&-(.+&-.+4%+&/%.+$&

32*%$*32$&'%$&>,*3#+%$&+,'3(,)*37%$&2(2&'348+8%$Z&G-+#$&/%&+.63(7M177=.63,%*&+84./3#+%>%2*&

'.+,2*&/,&'8-.+,*3(2D&/%$&(+4,23$>%$&$(2*&)(>-*8$&-(.+&'8*%+>32%+&/,&)328*3Q.%&'%&'8-.N

+,*3(2&'%$&>8*,.E&3248+8$Z&5,2$&.2%&%E-8+3%2)%&'%&+.63(7M177=.63D&3>-/3Q.,2*&.2&2(.++3$N

$,4%&.23Q.%&'%$&(+4,23$>%$&,7%)&.2&,/3>%2*&+,'3(>,+Q.8&$.373&'0.2%&-.+4%&'%$&>,*3#+%$&

3248+8%$&,7%)&'%$&,/3>%2*$&2(2&+,'3(,)*3C$D&3/&%$*&'(2)&3>-(+*,2*&Q.%&/%$&(+4,23$>%$&$(3%2*&

26 H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



B(.+&-+('.3+%&'%$&,/3>%2*$&+,'3(,)*3C$&'%$*328$&,.E&-(3$$(2$D&'%$&-+(3%$&2,*.+%//%$&O>(/N

/.$Q.%$D&)+.$*,)8$D&-(/@)"#*%$&(.&'0,.*+%$&-(3$$(2$P&(.&'%$&,/3>%2*$&)(>-($8$&O3Z%Z&4+,N

2./8$P& $(2*& *@-3Q.%>%2*& +,'3(>,+Q.8$& -,+& 7(3%& '3$$(.*%& -%2',2*& .2%& -8+3('%& '%& *%>-$&

/(24&'%$&%E-8+3%2)%$Z&;2&%CC%*D&/0.*3/3$,*3(2&'%&+,'3(3$(*(-%$&-(.+&'8*%+>32%+&/0G;&3>-/3Q.%&

N

N

-%+>%*&'(2)&'%&4,+,2*3+&Q.%&/0%E-($3*3(2&'%$&(+4,23$>%$&-+8',*%.+$&,.E&+,'3(*+,)%.+$&$%&

C,3*&.23Q.%>%2*&-,+& /,&2(.++3*.+%Z&62&$)"8>,&'.&-+(*()(/%&%E-8+3>%2*,/&%$*&-+8$%2*8&)3N

,-+#$& O2;9j* aPZ& 9,& *%)"23Q.%& '.& +.63(7M177=.63& $.--($%& Q.%& /%& -+()%$$.$& '0,$$3>3/,*3(2&

%*& ,32$3& ,--(+*%+& .2%&7,/3',*3(2& %E-8+3>%2*,/%&'%& /0,--+()"%& +.63(7M177=.63D& '%.E& %E-8N

+3%2)%$&(2*&8*8&)(2'.3*%$&%2&-,+,//#/%&(e&'%$&b.7823/%&'%&*.+1(*$&!"#$%&%'()*+,)'-.)*+D&

.2&O+.63(7M177=.63P,(.&Q.,*+%&2(.++3$$,4%$&O)*(&.M177=.63P&,7%)&'%$&4+,2./8$&+,'3(>,+Q.8$&

On[J2D& nRH(D& Tnm2&%*& WX]H'D&-?E;I:<*_PZ&9%$&'(228%$& )328*3Q.%$& 3$$.%$&'%& /0%E-8+3%2)%&'%&

+.63(7M177=.63&(2*&%2$.3*%&-%+>3$&'%&+%)(2$*3*.%+&.2&)*(&.M177=.63&*"8(+3Q.%&1,$8&$.+&/0"@N

-(*"#$%&'0.2%&G;&)(2$*,2*%&-(.+&)",).2&'%$&2(.++3$$,4%$Z&9%$&+8$./*,*$&(1*%2.$&32'3Q.%2*&

Q.%& /,& +%)(2$*+.)*3(2&'0.2&)*(&.M177=.63& *"8(+3Q.%& %$*& )("8+%2*%& ,7%)& /%$&'(228%$& C(.+N

23%$&-,+&/%&)*(&.M177=.63,

7,/3',*3(2&%E-8+3>%2*,/%&'%& /0,--+()"%&'%&+.63(7M177=.63Z& F/& $%+,3*& )%-%2',2*& 32*8+%$$,2*&

27H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



28 H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$

bouteille CO2

électrovanne

système de contrôle (e.g. IKS) 

sonde pH

pompe à airchaux

détecteur 

à cristal de 

Germanium

65Zn

proie

radiomarquée

54Mn

57Co

Energie (keV)

Coups

proies
source radioactive

A – Exposition des proies (de la nourriture) aux radiotraceurs

par voie dissoute

B – +"#$%&'(&&)"#$ des poissons acclimatés à un pH réduit

C – Comptages réguliers des poissons

2;9M?<*aj +.63(7M177=.63&1,$8&$.+&/0.*3/3$,*3(2&'%&+,N

'%&-L&'%&/0%,.&$.+&/%&*+,2$C%+*&*+(-"3Q.%&'08/8>%2*$&*+,)%$&%$$%2*3%/$&OH(D&J2&%*&m2PZ&B/.$&'%&'%&-+8)3$3(2$&

',2$&/%$&$%)*3(2$&s&J,*%+3,/$&,2'&J%*"('$&t&'%$&,+*3)/%$&'3$-(231/%$&%2&G22%E%$&O7(3+&-?E;I:<C*_NfPZ



_jbj*,-*+!&)%*+%*,-*+)5!&-(#."*N*!"*/0.#[*

6)(0.+.,.3#4!%*/&!/#-,

9,&-+%>3#+%&-",$%&O",13*.%//%>%2*&Q.%/Q.%$&"%.+%$&,-+#$& /0,/3>%2*,*3(2PD&%$*& *+#$&)(.+*%&

N

$.$&'0,1$(+-*3(2&,&/3%.Z&B,+&/,&$.3*%D&/%$&8/8>%2*$&2(2&,1$(+18$&$(2*&87,).8$Z&9,&'%.E3#>%&

-",$%&O",13*.%//%>%2*&',2$&/,&-+%>3#+%&$%>,32%&'%&'8-.+,*3(2D&A,32%$&%*&,/Z&SXXSD&5.**(2&

p&k3$"%+&SXWWD&-?E;I:<C*_ fP&%$*&),+,)*8+3$8%&-,+&/%$&-+()%$$.$&'0,1$(+-*3(2&%*&'0%E)+8*3(2&

+,-3'%Z&G.&)(.+$&'%$&'%.E&-+%>3#+%$&-",$%$D&)(>>%&2(.$&/0,7(2$&'8>(2*+8&',2$&/0-?E;I:<*

b N

/,& *+(3$3#>%& -",$%& $%& ),+,)*8+3$%& %$$%2*3%//%>%2*& -,+& /%$& 8)",24%$& '%$&>8*,.E& ,1$(+18$&

%2*+%&/%$&'3CC8+%2*$&(+4,2%$&%*&*3$$.$Z&9,&-%+*%&%$*D&-%2',2*&)%**%&-",$%&-/.$&/%2*%&%*&/,&Q.,2*3N

*8&'%&>8*,.E&-+8$%2*%&',2$&/%&)(+-$D&-+(7%2,2*&'%&/,&2(.++3*.+%&+,'3(>,+Q.8%&3248+8%&323*3,N

-/.$3%.+$&-",$%$&'3$*32)*%$&(e&'%&2(>1+%.E&-+()%$$.$&13(/(43Q.%$&-+%22%2*&-/,)%D&/%&)"(3E&

'%&/,&'.+8%&'%$&%E-8+3%2)%$&,--,+,K*&'8)3$3C&-(.+&'8*%+>32%+&-+8)3$8>%2*&/0G;Z&;2&%CC%*D&3/&

N

N

43%D&)%+*,32$&,.*%.+$&%$*3>%2*&.2&?!!&-,+&/,&)(//%)*%&'%&>,*3#+%$&C8),/%$&+,'3(,)*37%$Z&5,2$&

(2*&8*8&)(//%)*8%$Z&G32$3D&/,&'.+8%&'%&'8-.+,*3(2&%$*&)"(3$3%&-(.+&)(.7+3+&/%&?!!&O3Z%Z&',2$&

N

tD&/0%$*3>,*3(2&'%&/,&C+,)*3(2&+%$*,2*%&'%$&>8*,.E&3248+8$&2%&*3%2*&-,$&)(>-*%&'%&*(.$&/%$&

-+()%$$.$&'0%E)+8*3(2&Q.3&$%&$(2*&-+('.3*$&,.&)(.+$&'%&/,&*+(3$3#>%&-",$%&'%&/,&'8-.+,*3(2Z&

%*&%E-+3>8&%2&-(.+)%2*,4%&'%&>8*,.E&+%*%2.$Z&H%**%&,--+()"%&2%&-%+>%*&-,$&'%&'8)+3+%&/,&

)328*3Q.%&'%&/,&*+(3$3#>%&-",$%&'%&'8-.+,*3(2&)(>>%&)%/,&%$*&C,3*&",13*.%//%>%2*&/(+$Q.%&/,&

'.+8%&'%&/,&'8-.+,*3(2&$08*%2'&$.+&-/.$3%.+$&$%>,32%$&O,--+()"%&s&/(24&*%+>%&tPZ&

29H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$



30 H",-3*+%&S&<&G--+()"%$&>8*"('(/(43Q.%$

'MKK:<B<GE8?k*+8E8&'%&/0-?E;I:<*_D&.2%&)(>-,+,3N

$(2&$*,*3$*3Q.%&O*%$*&2(2&-,+,>8*+3Q.%&'%&i3/)(E(2NJ,22Ni"3*2%@P&,&8*8&%CC%)*.8%&$.+&/%$&

,)*373*8$&+%$*,2*%$&'%&b.7823/%$&'%&*.+1(*&!L,)'-.)*+&2(.++3$&,7%)&'%$&4+,2./8$&+,'3(>,+Q.8$&

,7%)&'.&n[

N

*37%&O-&z&XDX[P&%2*+%&/%$&G;&32'373'.%//%$&%$*3>8%$&)(>>%&8*,2*&/%&-(.+)%2*,4%&'%&/0,)*373*8&

+%$*,2*%&,-+#$&'%.E&b(.+$&O,--+()"%&s&)(.+*&*%+>%&tP&%*&/%$&G;$&32'373'.%//%$&(1*%2.%$&%2&

,b.$*,2*&.2&>('#/%&O,--+()"%&s&/(24&*%+>%&tPZ&H%*&%E%>-/%&>(2*+%&Q.%D&$.+&.2&%2$%>1/%&'%&

N

-%+>%*&.2%&'8*%+>32,*3(2&-+8)3$%&'%&/0G;Z&5,2$&/0,--+()"%&'%&'8-.+,*3(2&s&)(.+*&*%+>%&tD&

.2%&-,+*3%&'%$&-+()%$$.$&'0%E)+8*3(2&32*%+7%2.$&,.&)(.+$&'%&/,&'%+23#+%&-",$%&'%&/,&'8-.+,N

*3(2&%$*&$.--($8%&284/34%,1/%D&)%&Q.3&20%$*&-,$&*(.b(.+$&7+,3Z&90,--+()"%&s&)(.+*&*%+>%&t&2%&

)(2'3*3(2$&%E-8+3>%2*,/%$&'(228%$Z&B(.+&/0%2$%>1/%&'%&)%$&+,3$(2$D&)0%$*&.2%&,--+()"%&s&

/(24&*%+>%&t&Q.3&,&8*8&,'(-*8%&-(.+&/0%2$%>1/%&'%$&%E-8+3%2)%$&-+8$%2*8%$&',2$&)%**%&*"#$%Z

_jcj*,%'*6.+l,%'*=#.,.3#4!%'*/0.#'#'

B/.$3%.+$&%$-#)%$&'%&-(3$$(2$&(2*&8*8&)(2$3'8+8%$&',2$&/%$&*+,7,.E&-+8$%2*8$&',2$&)%&>,N

2.$)+3*&%2&C(2)*3(2&'%$&Q.%$*3(2$&*+,3*8%$Z&B(.+&)",Q.%&%$-#)%&8*.'38%D&.2%&'%$)+3-*3(2&+,N

N

/(43Q.%Z&

9%& *.+1(*&!L,)'-.)*+&%$*&.2%&%$-#)%&'%& /,&C,>3//%&'%$&=)(-"*",/>3'8$&%*&'%& /0(+'+%&'%$&

%*&$%2$31/%$&,.E&,)*373*8$&,2*"+(-3Q.%$Z&B,+&,3//%.+$D&3/&$0,43*&'0.2&-+8',*%.+&'%&237%,.&*+(N
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Chapitre 4
In�uence des facteurs 

environnementaux
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F2*&M&T<][no]Tl

?,.>%*&kD&A(%.C&?D&=%7%+%&GD&9%&:(.E&GD&J,@%+N?($*,2&I&OW]]nP&;CC%)*$&(C&$,/323*@&(2&

N

23*@&(2&1/(('&,)3'N1,$%&$*,*.$&32&b.7%23/%&*.+1(*&O!"#$%&%'()*+,)'-.)*+&9ZPZ&H(>-&

A3()"%>&B"@$3(/&G&B"@$3(/&WX]<]^no]][&

?%(+4%&=D&A.+4%$$&5D&9%,7%+&JD&k+%+3)"$&I&OW]]SP&J%*,//(*"3(2%32&32'.)*3(2&32&)./*.+%'&

!"#$%&%'()*+,)'-.)*+Z&k3$"&

B"@$3(/&A3()"%>&WX<[lon[

;273+(2&A3(/&k3$"%$&WT<n]oRR

B(//.*&A.//&[n<[TonS

0**************************************** * * * * * * *

N

N

L8'(.32&9&OSXXTP&H,+,)*8+3$,*3(2&'0%$-#)%$&13(32'3),*+3)%$&-(.+&/,&$.+7%3//,2)%&'%$&

,)*373*8$&>323#+%$&%*&/,&4%$*3(2&'%&/0%273+(22%>%2*&%2&>3/3%.&+8)3C,/&%*&/,4(2,3+%&<&

,--/3),*3(2&,.&/,4(2&'%&I(.7%//%NH,/8'(23%Z&!"#$%&'%&'()*(+,2*Z&6237%+$3*8&'%&9,&

:()"%//%

nTR

N

B(//.*&A.//&TW<nT^onRn

N
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+%/,*3(2$"3-$&32&*"%&13()(2)%2*+,*3(2&(C&"%,7@&>%*,/$&1@&*"%&%'31/%&*+(-3),/&)/,>&

W'10'0.*),&*).=*)Z&=)3&!(*,/&;273+(2&lTT<Wn[oWTl&

L%.%+&:JD&?+($%//&J&OSXW[P&B"@$3(/(43),/&3>-,)*$&(C&%/%7,*%'&),+1(2&'3(E3'%&,2'&()%,2&

WRX<STRoS^l

L(C%+&:D&=)"3%>%+&k&OW]^WP&B+(*%(/@*3)&,)*373*@&32&*"%&'34%$*37%&*+,)*&(C&$%7%+,/&$-%)3%$&(C&

L(4$*+,2'&H&OSXWWP&m32)Z&F2<&i(('&HJD&k,++%//&GBD&A+,.2%+&HM&O%'P&L(>%($*,$3$&,2'&

!(E3)(/(4@&(C&;$$%2*3,/&J%*,/$Z&G),'%>3)&B+%$$D&-&WlnoSXX

L(4$*+,2'&HD&?+($%//&JD&i(('&HJD&L,2$%2&L&OSXXlP&F2*%+2,/&+%'3$*+31.*3(2&(C&+,'3(N

C6"#0%96"%*+,)9[.++P&,2'&;.+(-%,2&

%%/&O263*.((','63*.(('

WnR

L(/3$*%+&?D&B(+*%(.$&G&OW]RTP&!"%&%273+(2>%2*<&G&53)*3(2,+@&(C&*"%&i(+/'&G+(.2'&6$D&

N

/,2'$

(C&324%$*3(2&,2'&,$$3>3/,*3(2&+,*%$&(C&,2&3$(-('Z&L%,/*"&B"@$&WW<W[^noWnXW

O%'P&J,+32%&k3$"&9,+7,%<&J(+-"(/(4@D&;)(/(4@&,2'&:%/,*3(2&*(&k3$"%+3%$Z&6237Z

i,$"324*(2&B+%$$D&=%,**/%D&-&llNRR

#*************************************** * * * * * * * *

F>$/,2'&G�D&Ab�+2$$(2&A!D&?.22,+$$(2&=D&k($$&GD&=*%C,2$$(2&=V&OSXXRP&!%>-%+,N

!"#$%&%'()*+,)'-.)*+PZ&GQ.,)./*.+%&SRW<n[TonnS
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;&7D&I�7',/&?D&=*%C,2$$(2&=V&OSXXWP&!"%&32*%+,)*3(2&(C&*%>-%+,*.+%&,2'&$,/323*@&

!"#$%&%'()*+,)'-.)*+PZ&GQ.,N

)./*.+%&W]^<lnlolTR

F>$/,2'&G�D&?.22,+$$(2&=D&k($$&GD&=*%C,2$$(2&=V&OSXXlP&?3//&I,|D&�|NG!B,$%&,)*373*@D&

-/,$>,&)"/(+3'%&,2'&($>(/,/3*@&32&b.7%23/%&*.+1(*&O!"#$%&%'()*+,)'-.)*+P&+%,+%'&,*&

'3CC%+%2*&*%>-%+,*.+%$&,2'&$,/323*3%$Z&GQ.,)./*.+%&SW^<TRWoT^l

?+(.-&F&*(&*"%&k3C*"&G$$%$$>%2*&:%-(+*&(C&*"%&F2*%+4(7%+2>%2*,/&B,2%/&(2&H/3>,*%&

H",24%D&H,>1+3'4%&6237%+$3*@&B+%$$Z&F2*%+4(7%+2>%2*,/&B,2%/&(2&H/3>,*%&H",24%&

F************************************** *** * * * * * * *

93>2(/&V)%,2(4+&[W<RTToRR^

r**************************************** * * * * * * *

i,*%+&:%$&lT<nXSlonXS^

N

!70.#(',G*.6G*70'=.'&' N

43',%P&C%'&%E*+.'%'&'3%*$&)(2*,32324&'3CC%+%2*&-+(*%32&,2'&%2%+4@&/%7%/$Z&GQ.,)&:%$&

lT<T]ToRXl

W[l[

G.$*+,/3,
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N

*3,2&J&OSXWTP&A3()(2)%2*+,*3(2&(C&G4D&H'D&H(D&J2&,2'&m2&32&*"%&>,24+(7%&(@$*%+&

O>0'++#+&07',3'+'0

$*.'@Z&A.//&;273+(2&H(2*,>&!(E3)(/&]R<[Wlo[WR

,**************************************** * * * * * * *

9,)(.%N9,1,+*"%&!D&J,+*32&=D&V1%+"j2$/3&kD&!%@$$38&MN9D&M%CC+%%&:D&?,**.$(&MNBD&A.$*,N

>,2*%&B&OSXWSP&!%>-%+,*.+%&,2'&-HV
S
&%CC%)*&(2&*"%&13(,)).>./,*3(2&(C&+,'3(2.N

Z&M&

;E-&J,+&A3(/&;)(/&[Wl<[no[]&

N

>,2*%&B&OSXX]P&;CC%)*$&(C&32)+%,$%'&-HV
S
&,2'&*%>-%+,*.+%&(2&*+,)%&%/%>%2*&OG4D&

Z&

A3(4%($)3%2)%$&T<SnTWoSnRl

N

9,2'$1%+4&ML&OSXXSP&!"%&%CC%)*$&(C&",+>C./&,/4,/&1/((>$&(2&,Q.,*3)&(+4,23$>$Z&:%7&k3$"&

=)3&WX<WWlol]X

b'076.',807;.+&+%'&*3'%$D&1+%7%*(E32$&32&*"%&

^<n]^oTXR

9,2%&!iD&J(+%/&kJ&OSXXXP&G&13(/(43),/&C.2)*3(2&C(+&),'>3.>&32&>,+32%&'3,*(>$Z&B+()&

I,*/&G),'&=)3&]R<[TSRo[TlW

N

9,24/%@&GD&J,24,$&=D&I,*3(2,/&;273+(2>%2*,/&L%,/*"&k(+.>&OW]]RP&m32)&<&+%-(+*&(C&,2&

32*%+2,*3(2,/&>%%*324&WSNWl&=%-*%>1%+D&W]]T&G'%/,3'%Z&I,*3(2,/&;273+(2>%2*,/&

L%,/*"&k(+.>D&G'%/,3'%D&G.$*+,/3,

N

B.1/3$"%+$D&!"%&L,4.%D&-&lRnol]S
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<70'$#6,a'08*'

G4&,2'&H.Z&J,+&;)(/&B+(4&=%+&S]W<SWnoSST

9(24&GD&i,24&iNq&OSXXn1P&G$$3>3/,*3(2&,2'&13()(2)%2*+,*3(2&(C&G4&,2'&H'&1@&*"%&

H"%>&=;!GH&S[<RX]oWT

,$&,&.23C@324&)(2)%-*Z&;273+(2&=)3&!%)"2(/&l]<W]SWoW]lW

M                                              

(C&$%7%2&*+,)%&>%*,/$&32&,&C(.+N$*%-&>,+32%&C(('&)",32Z&J,+&;)(/&B+(4&=%+&lTR<Slo

ll

N

N

=%+&lTX<WoWS

A/%3)"&JD&B�+*2%+&LNV&OSXX]P&B"@$3(/(43),/&1,$3$&C(+&"34"&HV
S
&*(/%+,2)%&32&>,N

+32%&%)*(*"%+>3)&,23>,/$<&-+%N,',-*,*3(2&*"+(.4"&/3C%$*@/%&,2'&(2*(4%2@�&A3(4%($N

)3%2)%$&T<SlWloSllW

J%*3,2&JD&A.$*,>,2*%&BD&L8'(.32&9D&V1%+"j2$/3&kD&i,+2,.&J&OSXX]P&5%/32%,*3(2&(C&

>%(')9+,

;'0.',.$324&+,'3(*+,)%+&*%)"23Q.%$Z&J,+&;)(/&B+(4&=%+&lRn<WTWoWRW

J%*3,2&JD&B(.3/&=D&L8'(.32&9D&V1%+"j2$/3&kD&!%@$$38&MN9D&A.$*,>,2*%&BD&i,+2,.&J&

OSXWTP&53CC%+%2*3,/&13(,)).>./,*3(2&(C&Wl[H$&32&*+(-3),/&>,+32%&(+4,23$>$&,2'&*"%&

lT
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J%*3,2&JD&i,+2,.&JD&L8'(.32&9D&A.$*,>,2*%&B&OSXX]P&A3(,)).>./,*3(2&(C&%$$%2*3,/&

?7"&76,)'-.)*+

$%'3>%2*&%E-($.+%$Z&J,+&A3(/&WnT<SXTloSXRn

N

$"324D&B%2$,)(/,D&k9

!70.#(',('('6=.PZ&GQ.,)./*.+%&lX^<W[noWnW

N

*"+%%&$-%)3%$&(C&%)"32('%+>$Z&J,+&A3(/&TR<WSRoWl[

N

,+)",%(/(43),/&$3*%$Z&=)3&:%-&n<W[SnS

I4,&A,@&,2'&A,2&5(2&A,@D&!",3/,2'Z&�,$%*$,+*&6237%+$3*@D&5%-,+*>%2*&(C&k3$"%+@&

A3(/(4@D&!",3/,2'

)('&W'=*+,)#0%*'&9Z&GQ.,*&!(E3)(/&G>$*&I%*"&WXS<S[olX

N

SRT<lSRnolS^l

N

;)(/&B+(4&=%+&[Sl<SWWoSSW

N                                              

k3$"&=)3&WX<nn]onRn
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N

F2*&=()&!(E32(/(4@&nX<RXRoRSl

I%.>,22&AD&c,C%3'3$&G!D&m3>>%+>,22&MD&I3)"(//$&:M&OSXWnP&k.*.+%&)(,$*,/&-(-./,*3(2&

B9V=&VI;&WX<%XWW^nRW

N

?70.#$%&%'()*+,"'6&#676+.+Z&H"%>($-"%+%&

TW<WTXRoWTWR

?70.#$%&%'()*+,"'6&#676+.+,,2'&4/,$$@&2)8'++.+,*0#&'76.'

;)(/&B+(4&=%+&W][<SXloSWX&

I3%1(%+&;D&:3)",+'$(2&5L=&OW]^XP&!"%&+%-/,)%>%2*&(C&*"%&2(2'%$)+3-*&*%+>&_"%,7@&

;273+(2&B(//.*&=%+&A&H"%>&B"@$&W<loST

F2*&M&]<^Wlo^[T

O                                              

F$"3',&GD&M(($&kD&�%@&:JD&932'$,@&�D&J,3%+N:%3>%+&;D&J,*%,+&:D&J(2C+,@&BD&J(.N

N

23$>$Z&I,*.+%&[lR<T^WoT^T
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5* ************************************** * * * * * * *

k9

B,./@&5D&H"+3$*%2$%2&cD&?.82%**%&=D&B3*)"%+&!MD&=.>,3/,&6:D&i,/*%+$&HMD&i,*$(2&:D&m%/N

B%2*+%,*"&:M&OW]RlP&!"%&,)).>./,*3(2&,2'&+%*%2*3(2&(C&n]k%&,2'&n^H(&1@&*"%&-/,3)%D&?(7*M

0#67"&7+,$('&7++',9Z&M&;E-&J,+&A3(/&;)(/&WS&

B%2*+%,*"&:M&OW]RTP&=(>%&C.+*"%+&$*.'3%$&(2&*"%&,)).>./,*3(2&,2'&+%*%2*3(2&(C&Tnm2&,2'&
n[J2&1@&*"%&-/,3)%D&?(7*0#67"&7+,$('&7++'&9Z&M&;E-&J,+&A3(/&;)(/&SW<WR]oW^]

!&76#&#)*+,

"%09+#$+Z&;)(/&;7(/&n<[W^Ro[W]T

B"3//3-$&5M&OW]RRP&!"%&.$%&(C&13(/(43),/&32'3),*(+&(+4,23$>$&*(&>(23*(+&*+,)%&>%*,/&

Wl<S^WolWR

I%*"%+/,2'$

B3)",7,2*&�D&B%+$(2N9%N:.@%*&MD&9%&A,@(2&ID&=87#+%&GD&9%&:(.E&GD&\.8>82%+&9D&

N

/3$>&(C&b.7%23/%&*.+1(*Z&GQ.,)./*.+%&W^^<WXloWW[

)",24324&()%,2Z&B9V=&VI;&WX<%XWl[X^S

B(./32&:D&i(/C&I?D&�+,>%+&59&OW]^RP&!"%&%CC%)*&(C&"@-(E3,&(2&*"%&7./2%+,13/3*@&(C&4.-N

-3%$&O?#7".(.',07&."*('&'D&B(%)3/33',%P&*(&,2&,Q.,*3)&-+%',*(+&O2+&0#6#&*+,#"7(('&*+D&

H3)"/3',%PZ&;273+(2&A3(/&k3$"%$&SX<S^noS]S

*(E3)3*@D&,2'&C%%'324&1%",73(+Z&V%)(/(43,&W[R<[R]o[^^

A31/3(4+,-"3% 97



A,/*&=%,&;273+(2&B+()&W]<[llo[[W

&* ************************************** * * * * * * *

N

*3(2&(C&*"%&623*%'&I,*3(2$D&:(>,D&F*,/@

>,+32%&)"%>3$*+@�&M&J,+&A3(/&G$$()&6&�&RR<W]noSWX

-+%@D&,$$3>3/,*3(2&1@&,&4,$*+(-('&-+%',*(+&,2'&.6,;.&0#&'34%$*3(2&$3>./,*3(2$Z&J,+&

;)(/&B+(4&=%+&l[^<WSnoWl^

N

!(E3)(/&G>$*&I%*"&WTS<WXSoWX^

;273+(2&B(//.*&Wn]<Sl[RoSl[]

N

W^n<l[]lolnXS

:,2',//&5M&OW]^WP&!"%&;7(/.*3(2&(C&G3+&A+%,*"324&32&c%+*%1+,*%$Z&H,>1+3'4%&6237%+$3*@&

B+%$$D&H,>1+3'4%

N

*3(2$Z&;)(/(4@&[^<lnWolTT

32&C(('&)",32$Z&I.)/&=,C&WW&[lNnn&M,2Nk%1&W]RX

576.M

=.',)76.=.'D&576.=.',8709((.6'

WR^]

:%32C%/'%+&M:D&k3$"%+&I=D&9.(>,&=ID&I3)"(/$&MiD&i,24&iNq&OW]]^P&!+,)%&%/%>%2*&

!(*,/&;273+(2&SW]<WWRoWln
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;+Z&
Sl[!"&>%,$.+%>%2*$&32&$>,//N7(N

:($,&:D&B3>%2*%/&JD&?,/,2&M?D&A,-*3$*,&JD&9(-%$&cJD&H(.*(&GD&?.%++%3+(&JD&=,>-,3(&

>%.#6#7"7&7+,#$.(.#P&,2'&G>%+3),2&-/,3)%&O/.$M

$#3(#++#.=7+,$('&7++#.=7+PZ&;273+(2&!(E3)(/&H"%>&W]<TlWoTlR

'* ************************************** * * * * * * *

=,2.'(Ni3/"%/>@&=GD&k/%4,/&G:&OW]]SP&G2*"+(-(4%23)&$3/7%+&32&*"%&=(.*"%+2&H,/3C(+23,&

J5D&B,@2%&:D&�%++&FD&M("2&B3%+)%&=+&i&OSXWlP&?/(1,/&,$$%$$>%2*&(C&$3/7%+&-(//.N

?%9+7&70,)'"0#"7$%'(*+P&,$&,2&32'3),*(+&$-%)3%$Z&M&;273N

+(2&G2,/&!(E3)(/&l<WT]

=%%1,.4"&5:D&?(*(&5D&i,//,)%&i?&OSXXnP&A3(%2",2)%>%2*&(C&),'>3.>&*+,2$C%+&,/(24&,&

32&)%//$Z&;2'%,7(.+&l<SoT

,&?/(1,/&;-3'%>3)Z&F2&?+,2%/3&;D&=.2'$*+�>&AD&;'/%+&9D&G2'%+$(2&5J&O%'P&!(E3)&

O%'P&L,+>C./&J,+32%&G/4,/&A/((>$Z&9,7(3$3%+D&B,+3$D&-&WXloWWS

O?+7&&',)'-.)'&9ZP&+%/%,$%&",13*,*&$.3*,13/3*@Z&:%7&k3$"&=)3&WT<ll^ol[R

b'076.',807;.+&1/((>$&32&*"%&

?./C&(C&J%E3)(&.$324&$,*%//3*%&()%,2&)(/(+&3>,4%+@&,2'&(*"%+&',*,Z&L,+>C./&G/4,%&

S<W[RoWTX
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(* ************************************** * * * * * * *

!,)(2&G?M&OW]^RP&!"%&I.*+3*3(2&,2'&k%%'324&(C&k,+>%'&k3$"&,2'&="+3>-D&,&!+,32324&

I,*3(2$&OkGVPD&:(>,D&F*,/@&

!"(>,22&:c&OW]^WP&;Q.3/31+3.>&>('%/&(C&C,*%&(C&>3)+()(2*,>32,2*$&32&'37%+$%&,Q.,*3)&

C(('&)",32$Z&H,2&M&k3$"&GQ.,*&=)3&l^<S^XoS]T

!"(>,22&:cD&J,"(2@&M5D&J.%//%+&:&OW]]nP&=*%,'@N$*,*%&>('%/&(C&13(*,&$%'3>%2*&,)).N

W]]^

$* ************************************** * * * * * * *

32&*"%&)(>>(2&),+-&O>9$0.6*+,"'0$.#P<&;CC%)*$&(C&>%*,/&)(2)%2*+,*3(2D&*%>-%+,*.+%&

N

c,/'373,&=D&ij4%+&BD&L,.$)"/3'&JmD&'%&�(2324&G&OSXWlP&;273+(2>%2*,/&H",//%24%$&

N

4+,>>%D&I,3+(13D&�%2@,

s* ************************************** * * * * * * *

-+%@&,2'&),'>3.>&*+(-"3)&*+,2$C%+&*(&,&-+%',*(+Z&;$*.,+3%$&W]<]Slo]lX

SnR<WSnoWlR
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i,24&i&OW]^RP&k,)*(+$&,CC%)*324&>%*,/&*(E3)3*@&*(&O,2'&,)).>./,*3(2&1@P&,Q.,*3)&(+4,N

i,24&i&OSXXSP&F2*%+,)*3(2$&(C&*+,)%&>%*,/$&,2'&'3CC%+%2*&>,+32%&C(('&)",32$Z&J,+&;)(/&

B+(4&=%+&S[l<S]nolX]&i,24&iNq&OSXWlP&53%*,+@&*(E3)3*@&(C&>%*,/$&32&,Q.,*3)&,23N

>,/$<&:%)%2*&$*.'3%$&,2'&-%+$-%)*37%$Z&H"32&=)3&A.//&n^<SXloSWl

i,24&iNqD&k3$"%+&I=&OW]]TP&G$$3>3/,*3(2&(C&*+,)%&%/%>%2*$&,2'&),+1(2&1@&*"%&>.$$%/&

59&.(*+,7=*(.+<&;CC%)*$&(C&C(('&)(>-($3*3(2Z&93>2(/&V)%,2(4+&[W<W]RoSXR

i,24&iNqD&k3$"%+&I=&OW]]^P&G)).>./,*3(2&(C&*+,)%&%/%>%2*$&32&,&>,+32%&)(-%-('Z&93>N

(C&)"%>3),/&)(2*,>32,2*$&32&,Q.,*3)&327%+*%1+,*%$<&G&$@2*"%$3$Z&;273+(2&!(E3)(/&

H"%>&W^<SXl[oSX[n&

i,24&!D&9%C%7+%&=D&!",2"&L.(24&5!D&H(24&I&7,2D&A,@/%@&J&OSXX]P&!"%&;CC%)*$&(C&

L@-(E3,Z&G),'%>3)&B+%$$D&-&lTWol]T

i,24&iNqD&V2$,23*&=D&5,24&k&OSXWSP&53%*,+@&13(,7,3/,13/3*@&(C&),'>3.>D&32(+4,23)&>%+N

lnTolnR<]^oWX[

N

?(7"&#0%.6"%*+,

3.88#+*+Z&J,+&;)(/&B+(4&=%+&STW<SnRoST^
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pH 7.5 at 20°CpH 7.5 at 17°CpH 8.0 at 17°C pH 8.0 at 20°C
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