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*!+!, * +-% '"/# 50" % ./"% !" +(#% (+% -$ % F!*' " % " ,(/+’ !+5% -$ %
K@ NA7@%'"/G #-%nE0(5 1(+  %./"% 0 -!(+!?1 % P'1/(-!-(/+%/.%!,," ,!- %
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? ./" % 0?9 !*'1(+,%(+-/%-$" % - "(1 %'1! -(#%?!, I%8!", "% !*'1  %2 " %
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Q!- "%  !*'1  % 2 " % X1- " 5% 0 (+,% ]IV9µ*% X1- " % !+5% -"!+ . "" 5% -/%
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./"* 5%?3%-$ %bFVK%8!?/"!-/"3%S&!0:%C"!+# U%?3%H&8A%S$(,$%' "./"9
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 "(  %2! %#/+50#- 5%0 (+,%!%5/0?1 5%1 J 1%/.%&%. "-(1(R!-(/+%!-%!%* 5(0*%
!5 /"? +-%5/ !, %S]IVZ[%2e2UI%6P' "(* +- %2 " %#!""( 5%/0-%2(-$% /(1%
."/*%C" (? ",:%2$(#$%( %#/+-!*(+!- 5%+/-%/+13%?3%K %?0-%!1 /%?3%A5%!+5%
&?:%!+5%-$( %*0 -%? %-!) +%(+-/%!##/0+-%(+%-$ %!    * +-%/.%!5 /"? +- %
(+%!,"(#01-0"!1% /(1 %SF!?1 %TUI%K (5 %."/*%!+!13 (+,%-$ %#/+# +-"!-(/+%/.%
#/+-!*(+!+- %(+% /(1%!+5%#"/' :%.0"-$ "%(+J  -(,!-(/+ %2 " %' "./"* 5%
/+%?(/(+5(#!-/" %./"%!    (+,%-$ % .. #-(J +   %/.%!5 /"? +- %(+%" 50#(+,%
-$ %*/?(1(-3:%-"!+ . "%!+5%-/P(#(-3%/.%K %'"  +-%(+%!,"(#01-0"!1% /(1 I%F$ %
*/ -%'"/?!?1 %+0*? "%/.%K %S<<<U9/P(5(R(+,%SF$/0(+% -%!1I:%V]T`U%!+5%K %
SLU9" 50#(+,%*(#"/?  %SF$/0(+% -%!1I:%V]T^U%(+%-" !- 5% /(1%2! %(+J  -(9
,!- 5%! %!%'/- +-(!1%?(/(+5(#!-/"%/.%-$ %?(/!J!(1!?(1(-3%/.%K %(+% /(1 I%<+%
!55(-(/+:% -$ % N* ,!9W% <+5 P% /.% '1!+- % 2! % 5 - "*(+ 5% 50"(+,% -$ %
P' "(* +-%! %!+%(+5(#!-/"%/.%-$ %/P(5!-(J % -"   %(+%'1!+- %#!0 5%?3% /(1%
#/+-!*(+!+- %SMC%6M%<@N%VT\aY:%V]V]UI%

L2=2 [%A )&A) %AC .A&A $M. ! "# ?&

F$ % " */J!1% /.% K % !+5% /-$ "% #/+-!*(+!+- % ."/*%  0".!# % 2!- " %
#/11 #- 5%(+%!0-0*+%V]T^%."/*%/0"% -053% (- %(+%L "50+%2! % P!*(+ 5%
0 (+,% * *?"!+ % - #$+/1/,(  :% #2 2:% +!+/X1-"!-(/+% SMCU:% 1/29'"   0" %
" J " % / */ ( % S NU:% !5 /"'-(/+% !+5% !% #/*?(+!-(/+% /.% N% !+5%
!5 /"'-(/+:%!-%-$ %b+(J " (-3%/.%N010%(+%C(+1!+5I%F$ %#/+# +-"!-(/+%/.%K %
2! %≈ VW] µ,e1% S-/-U% !+5%≈ T^] µ,e1% S5(  /1J 5UI%F$ % /-$ "% 1 * +- %
!+!13 5% !-% -$ %b+(J " (-3% /.%N010%2 " %=+:% C % !+5%A!:%2(-$% (+(-(!1%
#/+# +-"!-(/+ %/.%≈ VW] µ,e1:%\^^] µ,e1%!+5%WWV *,e1:%"  ' #-(J 13I%
K %!%X" -% - ':% #" +(+,% P' "(* +- %2(-$%MC%!+5% N%* *?"!+  %

2 " % ' "./"* 5% 2(-$%  3+-$ -(#% 2!- "%  !*'1  % -/% (5 +-(.3%  0(-!?1 %
* *?"!+  % !+5% /' "!-(+,% #/+5(-(/+ :% #2 2:% '"   0" % !+5% - *' "!-0" I%
F$ %#/*'/ (-(/+%/.%-$ % 3+-$ -(#%2!- "% (*01!- 5%-$ % 0".!# %2!- " %(+%
L "50+% !+5% C" (? ",I% F$ % MCVa]% * *?"!+ % ."/*% O/2% C(1*- #%
S#0"" +-13%O0&/+-U%!+5%N */+(# %K7%."/*%@b6i%Q!- "%F #$+/1/,(  %
@/10-(/+ %2 " %0 5%(+%-$ %MC%!+5% N% P' "(* +- :%"  ' #-(J 13I%
K.- "% -$ %  #" +(+,%  -!, :% N% !+5% !5 /"'-(/+% P' "(* +- % 2 " %

#!""( 5%/0-%2(-$%#/+-!*(+!- 5% 0".!# %2!- "%."/*%L "50+% !*'1 5%."/*%
'/+5 %+ !"%-$ %#/+-!*(+!- 5% /(1% '/- I%F$ %N */+(# %K7% N%* *?"!+ %
2! % 1 #- 5%./"%-$  % P' "(* +- :% (+# %(-% $/2 5%$(,$ "%" */J!1% .9
X#( +#(  %(+%-$ % #" +(+,% -!, %S70" 01!:%V]T^_%L!1)!*!% -%!1I:%V]T^UI%
F2/% 1/29#/ -:% ?39'"/50#-9?! 5% !5 /"? +- % 2 " %  1 #- 5% ./"% -$ %
"  !"#$I% F$ %  #$2 "-*!++(- 9?! 5% !5 /"? +-% @/"'&% !+5% @!#$-/. "%
."/*%@!#$-1 ? +%&(,* +- %N3%S#0"" +-13%L +!-/"%& K%C(+1!+5%N3U%2 " %
!1 /%0 5%(+%-$ % /(1%" * 5(!-(/+% P' "(* +- I%@!#$-/. "%( %!%?39'"/50#-%
/.% F(NV% '(,* +-% '"/50#-(/+I% F$ %K % " */J!1% P' "(* +- %2 " % #/+9
50#- 5% ?3% N% #/*?(+ 5% 2(-$% !5 /"'-(/+:% X" -%  '!"!- 13% !+5% -$ +%
 g0 +-(!113:% #2 2:% X" -% N% ./11/2 5% ?3% !5 /"'-(/+I% K11% -  - % 2 " %

50'1(#!- 5I%
F$ %  0 -!(+!?(1(-3% !    * +-% ./"% -$ % '/- +-(!1% 2!- "% -" !-* +-%

- #$+/1/,(  %2! %?! 5%/+%!%*01-(9#"(- "(!%!''"/!#$%(+#105(+,%- #$+/9
1/,(#!1:% #/+/*(#:% +J("/+* +-!1%!+5% /#(!1%(  0  I%=01-(9#"(- "(!%!+!19
3 ( %( %!%J " !-(1 %!+5%0 "95 X+!?1 %!    * +-%* -$/5%!+5% 0''/"- %-$ %
#/*'!"( /+%/.%5(.. " +-%!1- "+!-(J  %?! 5%/+%/+ %/"% J "!1%#"(- "(!I%F/%
#/+50#-% !% 2(5 9"!+,(+,% !    * +-:% VV% #"(- "(!% 2 " %  1 #- 5I% F$ %
- #$+/1/,(  % #$/ +% ./"% -$( % !    * +-% 2 " % !5 /"'-(/+:% #/!,09
1!-(/+–X1-"!-(/+:%(/+% P#$!+, %!+5%* *?"!+ %- #$+/1/,3I%
F$ %- #$+/1/,(#!1%#"(- "(!%0 5%(+%-$ % 0 -!(+!?(1(-3%!    * +-%2 " %

 0(-!?(1(-3:% c P(?(1(-3e #!1!?(1(-3:% "/?0 -+   % !+5% " 1(!?(1(-3:% " */J!1%
.X#( +#3:% -$ %#!'!#(-3% -/%" */J %/-$ "% (*'0"(-(  :% -$ %+ 5%./"%'" 9%
-" !-* +-:%-$ %+ 5%./"%#$ *(#!1 %!+5%-$ %2!- "%'"/50#-(/+%"!- I%F$ %
#/+/*(#% #"(- "(!%2 " % (+J  -* +-% #/ - :% /' "!-(+,% !+5%*!(+- +!+# %
#/ - :%2! - % 5( '/ !1% #/ - :% /' "!-(/+% 1(. % !+5% #/** "#(!1(R!-(/+% '/9
- +-(!1I% F$ % +J("/+* +-!1% #"(- "(!% 2 " % /' "!-(/+!1% 2! -  :% -$ %
 (*'1(#(-3%/.%2! - %-" !-* +-:%2!- "%1/   %!+5%0 5%*!- "(!1 I%F$ % /9
#(!1%#"(- "(!%2 " %(++/J!-(J +   :%/' "!-/"% )(11%" g0(" * +- :% !. -3%( 9
 0  :% 0 !?(1(-3:% ! % /.% 0 % !+5% ! % /.% (+ -!11!-(/+% SF0"' (+ +% !+5%
7 ( )(:%V]TYUI%
K11% -$ %  -05( 5% - #$+/1/,(  %2 " % "!- 5%2(-$% -$  % #"(- "(!:%!+5%!%

2 (,$-%2! %!  (,+ 5%-/% !#$%#"(- "(/+%-/%(+5(#!- %(- %" 1!-(J %(*'/"-!+# I%
A"(- "(/+% #/"  %2 " % 0** 5%-/%5 "(J %!+%/J "!11%- #$+/1/,3%"!+)(+,:%
2(-$%-$ %$(,$  -% #/"(+,%!1- "+!-(J %? (+,%-$ %'" . "" 5%#$/(# I%

L272 Q#?K&%?? ??C .A&

H !1-$%"( ) %-/%$0*!+ %2 " %  -(*!- 5%0 (+,%-$ %K % P'/ 0" %*/5 1%
5 J 1/' 5%2(-$(+%/0"% -053I%F$ % P'/ 0" %*/5 1%!     % P'/ 0" %-/%K %
-$"/0,$%!11%" 1 J!+-% P'/ 0" %'!-$2!3 :%! % $/2+%(+%C(,I%VI%F$ %*/5 1%( %
5  #"(? 5%(+%5 -!(1%(+%B/+  % -%!1I%SV]TY!:%V]TY?U%!+5%2! %(*'1 * +- 5%
! %!% '" !5 $ -%*/5 1I%
F$ %*/5 1%( %!+% g0(1(?"(0*%*/5 1%-$!-%!  0*  %-$!-%-$ %#/+# +9

-"!-(/+%/.%K %(+%J!"(/0 %'//1 %S /0"#  %/.%K %(+% /(1%!+5%2!- "U%( %#/+ -!+-%
(+%-(* I%D! 5%/+%-$ %1(- "!-0" %5!-!%/+%*!  %c0P  %!+5%K %#/+# +-"!9
-(/+ % S6b% O(" #-(J :% V]]\_% b+)/J(#$% -% !1I:% V]T]_% H!0 *!++:% V]TW_%
6C@K:%V]TZ_%6=6&:%V]T^U:% #/'(+,%#!1#01!-(/+ %/.%-$ %(+'0- %!+5%1/   %
/.%K %-/%!%*/?(1 %'//1%!+5%!+%(**/?(1 %'//1%(+%!,"(#01-0"!1% /(1%(+5(#!- %
-$!-%-$ %-0"+/J "%/.%-$ %*/?(1 %'//1%( %!"/0+5%\[%' "%3 !"%!+5%-$!-%/.%
-$ %(**/?(1 %'//1%( %/+13%]IT[%' "%3 !"%SC(,I%WUI%F$0 :%-$ %-0"+/J "%(+%
 /(1%( %J "3% 1/2I%K%#$!+,(+,% /0"# %- "*:%#2 2&(+#" ! (+,%/"%5 #" ! (+,%
#/+# +-"!-(/+ %/.%K %(+% /(1 %2(-$%-(* :%( %+/-% (,+(X#!+-%./"%$ !1-$%"( )%
!    * +-:%!+5% g0(1(?"(0*%*/5 1 %/.%-$ %-"!+ '/"-%/.%!+5% P'/ 0" %-/%
K %(+%!,"(#01-0"!1% /(1 %!" %5 * 5%!''"/'"(!- I%
F$ %*/5 1%#/+ (5 " %!501- %!+5%#$(15" +%2$/%!" %5(" #-13% P'/ 5%-/%

K %(+%-$ % /(1%(+% J "!1%2!3 4%-$"/0,$%5(" #-%#/+-!#-%?3%, --(+,% /(1%(+%-$ %
*/0-$%!+5%/+%-$ % )(+%/"%?3%(+$!1!-(/+%/.% /(1%50 -I%& " /+ %#!+%!1 /%? %
P'/ 5%-/%K %2$ +% !-(+,%.//5%,"/2+%/+%K 9#/+-!*(+!- 5% /(1%/"% !-(+,%
* !-:% 5!("3% '"/50#- % !+5% ,, % ."/*% .!"*% !+(*!1 % "!( 5% (+% -$ %
#/+-!*(+!- 5% !" !I% C0"-$ "*/" :% ,"/0+52!- "% #/+-!*(+!- 5%2(-$%K %
#!+%? %!+%(*'/"-!+-%'!-$2!3%./"% P'/ 0" %(.%(-%( %0 5%! %5"(+)(+,%2!- "I%
H/2%*0#$%K %' /'1 %!" % P'/ 5%-/%5 ' +5 %/+%-$ ("%$!?(- %!+5%#/+9
 0*'-(/+% '!-- "+ I% F$ % */5 1% !11/2 % ./"% -$ % 0 % /.% !%  (- 9 ' #(X#%
5  #"('-(/+%/.%$0*!+%$!?(- %0 (+,% -!+5!"5% g0!-(/+ %-/%  -(*!- %-$ %
P'/ 0" %-$"/0,$%-$ %J!"(/0 %'!-$2!3 I%
6P'/ 0" %$! %? +%#!1#01!- 5% '!"!- 13%./"%#$(15" +%!+5%!501- I%F$ %

, + "!1%./"*%./"%#!1#01!-(+,%-$ % P'/ 0" %*#%& P'/ 0" %'!-$2!3%G%( 4%
Expj = Cj fbio−or Rj DFj  

Q$ " 4%

G\= -$ %#/+# +-"!-(/+%(+%-$ % P'/ 0" %* 5(!%S 2"2:% /(1:%2!- ":%'1!+- U%
Q\= -$ %!J "!, %(+-!) %/.%-$ % P'/ 0" %* 5(!%' "%0+(-%?/53%2 (,$-%
,I# 9 )= -$ %?(/!J!(1!?(1(-3%/.%K %(+%-$ % P'/ 0" %* 5(!%

O2&S (K !%9Q(?K .# C#& A&%!2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

https://www.imwa.info/docs/imwa_2010/IMWA2010_Janneck_420.pdf
https://www.imwa.info/docs/imwa_2010/IMWA2010_Janneck_420.pdf
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E-\= !% .!#-/"% ./"%'/  (?1 %5(10-(/+% ."/*% -$ %/"(,(+!1%* 5(!% -/% -$ %
P'/ 0" %* 5(!%

F$ % g0!-(/+ % ./"% #!1#01!-(+,% P'/ 0" % ./"% -$ % 5(.. " +-% P'/ 0" %
'!-$2!3 %2 " %?! 5%/+%*/5 1 %5 J 1/' 5%./"%-$ %"( )%!    * +-%/.%
#/+-!*(+!-  %  (-  % S@2 5( $%6&K:%V]]Y_%D"!+5% -% !1I:% V]]a_%b@%6&K:%
TY^YUI%C/"% P!*'1 :%-$ % P'/ 0" %50 %-/% /(1%(+,  -(/+%2! %#!1#01!- 5%! 4%
Expsoil = Cis fbio−or Ris 10−6  

2$ " 4%

G#?= #/+# +-"!-(/+%(+% /(1%S*,e),%5"3%*!-- "U%
,I# – )= " 1!-(J %?(/!J!(1!?(1(-3%/.%K %(+%-$ % /(1%./"%/"!1% P'/ 0" %S9U%
Q#?= -$ %!J "!, % /(1% (+-!) %' "%0+(-%?/53%2 (,$-% S*,e),%?2%!+5%
5!3U%

F$ %!J "!, %5!(13% /(1%(+-!) %' "%0+(-%?/53%2 (,$-%S#$(15%/"%!501-U%( %
#!1#01!- 5%! 4%

Ris =
SI tis

m  

2$ " 4%

'8= -$ % !J "!, %  /(1% (+-!) % 2(-$%  '!"!- % J!10  % ./"% #$(15" +% /"%
!501- %S*,e5!3UI%
A#?= -$ %."!#-(/+%/.%-(* % ' +-%/+%-$ % (- %1 !5(+,%-/% /(1% P'/ 0" %./"%
#$(15" +%/"%!501- %S9UI%
C= ?/53%2 (,$-%/.%#$(15%/"%!501-%S),UI%

F$ % -/-!1% P'/ 0" % *#%& !11% -$ % " 1 J!+-% '!-$2!3 % ( % -$ %  0*% /.%
P'/ 0" %."/*% !#$%'!-$2!3I%
F$ %(+- ,"!- 5%1(. 9-(* % P'/ 0" %2! %#!1#01!- 5%! 4%

Expint,j =
Tchild Expj,child + TadultExpj,adult

Tint  

2$ " 4%

U$M#!/&= h !" %/.% P'/ 0" %! %!%#$(15%S3 !" U%
U%/(!A&= h !" %/.% P'/ 0" %! %!+%!501-%S3 !" U%
U#.A&= <+- ,"!-(/+%-(* :%!  0* 5%-/% g0!1%1(. % P' #-!+#3%S3 !" U%

<+% !55(-(/+% -/% K % P'/ 0" % !"( (+,% ."/*% -$ % #/+-!*(+!- 5%  (- :%
P'/ 0" %-/%K %#!+%/##0"%50 %-/%(- %'"  +# %(+%.//5 -0.. %#/*(+,%."/*%
/-$ "%" ,(/+ %/"%#/0+-"(  %2(-$% 1 J!- 5%1 J 1 %/.%K I%F$ %#!1#01!-(/+%/.%

4(5 )* 6P'/ 0" %'!-$2!3 %(+#105 5%(+%-$ %$ !1-$%"( )%!    * +-I%%

4(5 )7 @0**!"3%/.%-$ %#!1#01!-(/+%/.%!" +(#%c0P  %(+% /(1%S' "%$ #-!" UI%n&//1’ 
" . " %-/% /0"#  %/.%!" +(#%(+% /(1%!+5%2!- "I%

O2&S (K !%9Q(?K .# C#& A&%!2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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-$( % P'/ 0" % -/% /..9 (- % K %2! % ?! 5% /+% #/0+-"39% /"% " ,(/+9 ' #(X#%
#/*'(1!-(/+ % /.% K % #/+# +-"!-(/+ % (+% -$ % #/+-!#-% * 5(!:%  /(1:% 2!- "%
!+5% .//5 -0.. I% F$ % */5 1%  -(*!- 5% -$ % P'/ 0" % -/% K % /+% -$ %
#/+-!*(+!- 5% (- %S/+9 (- U%!+5%-$ % P'/ 0" %-/%K %."/*%/-$ "% /0"#  %
S/..9 (- UI%F$ %-/-!1% P'/ 0" %( %(*'/"-!+-%-/% J!10!- %-$ %"( )%/.%$ !1-$%
.. #- %(+%, + "!1:%2$(1 %!%#/*'!"( /+%/.%-$ %/+9 (- %!+5%/..9 (- % P'/ 0" %
( %(*'/"-!+-%./"%!''13(+,% 0##   .01%"( )%*!+!, * +-%/'-(/+ I%
F$ %*/5 1%2! % -"0#-0" 5%-/%? %0 5%2(-$%5(.. " +-% 1 J 1 %/.%5!-!%

!J!(1!?(1(-3%?3%!11/2(+,%-$ %(+'0-%/.%!J!(1!?1 % (- 9 ' #(X#%5!-!%!+5%-/%
#/*'1 * +-% -$ % 5!-!% 2(-$% */5 1%  -(*!-  % !+5% , + "(#% 5!-!:% ! %
!''"/'"(!- I%6 -(*!-  %#!+%? %?! 5%/+%* ! 0" 5%#/+# +-"!-(/+ %/.%K %(+%
 /(1%2(-$%-"!+ . "%!1/+,%-$ % P'/ 0" %'!-$2!3 %#!1#01!- 5%2(-$%, + "(#%
'!"!* - " :% /"%  (- 9 ' #(X#% '!"!* - " I% K1- "+!-(J 13:%* ! 0" 5% #/+9
# +-"!-(/+ %(+%-$ % P'/ 0" %* 5(!%S./"% P!*'1 :%5"(+)(+,%2!- ":%!,"(9
#01-0"!1%'"/50# U%#!+%? %0 5I%@/(1%( %!1 /%!+% P'/ 0" %* 5(0*%./"%5(" #-%
P'/ 0" %'!-$2!3 % 0#$%! %5(" #-%/"!1%(+-!) %!+5%50 -%(+$!1!-(/+I%<+%-$ %
!? +# %/.% (- 9 ' #(X#%#/+# +-"!-(/+ %(+%-$ % P'/ 0" %* 5(!:%, + "(#%
#/+# +-"!-(/+ :% ./"% P!*'1 % #/0+-"39 ' #(X#% #/+# +-"!-(/+ %  0#$% ! %
-$/ %."/*%-$ %60"/' !+%C//5%@!. -3%K0-$/"(-3%S6C@K:%V]T\U:%#!+%? %
0 5I%
F/%5 - "*(+ %-$ %1() 1($//5%/.%$!"*.01%$ !1-$% .. #- :%-$ %  -(*!- 5%

/"%* ! 0" 5% P'/ 0" %( %0 0!113%#/*'!" 5%2(-$%-/P(#/1/,(#!1%" . " +# %
J!10  :%2$(#$%(+5(#!- %!+% P'/ 0" %1 J 1%!-%2$(#$%-$ %"( )%/.%$!"*.01%
$ !1-$% .. #- %( %G05, 5%-/%? %!-%!%" ! /+!?1 %1 J 1I%F$ %*/5 1%!11/2 %-$ %
0 "%-/%#$// %-$ %-/P(#/1/,(#!1%" . " +# %J!10 %./"%-$ %"( )%!    * +-%
!+5%(-%!11/2 %-$ %!    * +-%/.%-$"  $/15%!+5%+/+9-$"  $/15%-/P(#/1/,9
(#!1% .. #- :% 0#$%! %#!+# "I%F$ %"( )%' "%T]]%]]]%' /'1 %./"% !#$% P'/9
 0" %'!-$2!3%2! %#!1#01!- 5%?3%-!)(+,%-$ %  -(*!- 5% P'/ 0" %."/*%-$!-%
'!"-(#01!"%'!-$2!3%!+5%5(J(5(+,%(-%?3%!%' "*(  (?1 %" . " +# %J!10 %/.%
(+-!) 4%

Riskpathway i =
Expint, i

Reference Value for intake of Arsenic 

F$ %2(5 13%!## '- 5% -/P(#/1/,(#!1% " . " +# %J!10  % ./"%K %" . "% -/%
(+/",!+(#% K :% ?! 5% /+%  -05(  % /.% P'/ 0" % -/% K % (+% 5"(+)(+,% 2!- "%
S6C@K:%V]T]_%QHN:%V]TaUI%
C/"%+/+9-$"  $/15% .. #- %-$ %"( )%( %!55(-(J :%!+5%-$ %-/-!1%"( )%#!+%? %

#!1#01!- 5%?3%!55(+,%-$ %"( )%."/*%-$ %(+5(J(50!1% P'/ 0" %'!-$2!3 4%%
Total Risk =

∑
Risk from pathway i                                                        

K%+0*? "%/.%-$"  $/15% .. #- %$!J %? +%" '/"- 5%! %!%"  01-%/.%K %
P'/ 0" :%  0#$%! %  )(+% 1  (/+ :%5 J 1/'* +-!1% -/P(#(-3:%+ 0"/-/P(#(-3:%
#!"5(/J! #01!"%5( !  :%!?+/"*!1%,10#/ %* -!?/1( *%!+5%5(!? -  I%C/"%
-$  % -3'  % /.% .. #- :% #$"/+(#% P'/ 0" % ( % #!1#01!- 5% (+%*,e),% ?/53%
2 (,$-%!+5%5!3%./"%5(.. " +-%!, %,"/0' I%F$ % P'/ 0" %/.%#$(15" +%!+5%
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 (-  %2 " %0 5%-/%J!1(5!- %-$ %, + "(#%./55 "%-/%!+(*!1%'"/50#-%-"!+ . "%
.!#-/" % -$!-% !" % (+#105 5% (+% -$ %*/5 1% S /5"(,0  % -% !1I:% V]TVUI% F$ %
*/5 11(+,%"  01- %./"%!+(*!1%'"/50#- % $/2 5%-$!-%./"%? .%#!--1 %!+5%
 $ ':%(+,  -(/+%/.% /(1%#!+%? %! %(*'/"-!+-%! %./55 "%#/+ 0*'-(/+%./"%
-$ %-/-!1%(+-!) %/.%K I%
K% 0**!"3%/.%-$ % P!*'1 %#!  % -05( 5%( %1( - 5%$ " 4%%

TI% C" (? ",%T%SV`T *,%K e),%5"3%2 (,$-% /(1U4%D! %#! I%

;369,)*)
&/-% P' "(* +- % 2(-$%  /(1% ."/*% C" (? ",% #/+-!*(+!- 5% 2(-$% !" +(#I% @'"(+,%
?!"1 3%!* +5 5%2(-$% -$ % ("/+9?! 5%!5 /"? +-% /"'&:%! $%!+5%#$!1)I%K""/2 %
(+5(#!- %-$ % .. #-%/.%-" !-* +- %/+%!" +(#:%1 !5%!+5%#!5*(0*%(+%#"/' I%K""/2 %
0'4%(+#" ! %/.%#/+# +-"!-(/+I%K""/2 %5/2+4%5 #" ! %/.%#/+# +-"!-(/+I%%%

K" +(#%
SK U%

A!5*(0*%
SA5U%

8 !5%
S&?U%

H$!%("($!)
@/"'&%S /(1U% ↓ ↑ ↑ 

@/"'&%+ ! $%S /(1U% ↓ ↓ ↓ 

@/"'&%+ #$!1)%S /(1U% ↓ ↓ ↓ 

A$!+, %(+%#"/' %" 1!- 5%-/%#/+-"/1%2(-$%
 /"'&%!1/+ %

9V\[% + Ta[% + TV[%

A/+# +-"!-(/+%(+%#"/' %lµ,e),m%S*(+e%
*!PU%

\\\%e%
TT]`%

TYa%e%W\`% Z\%e%T]a%

I(:(")-39&,)
C//5%lµ,e),m%S60"/' !+%A/**(  (/+:%
V]]TU%

– T]]–V]]!% V]]%

C/55 "%lµ,e),m%S60"/' !+%A/**(  (/+:%
V]]VU%

V]]]% T]]]% T]%]]]%

=/?(1(-3%" 50# 5%S↓U%/"%"!( 5%S↑U%50 %-/%!* +5* +- %0 (+,%2!- "%!+5%!**/+(!9%
+(-"!- % P-"!#-(/+%'"/# 50"  I%
p%M/%1(*(-%J!10 %./"%!" +(#%'"/J(5 5%?3%-$ %" ,01!-(/+%" ,!"5(+,%#"/' %,"/2+%!-%
-$ %C" (? ",% -053% (- I%
! O(.. " +-%1(*(-%J!10  %'"/J(5 5%./"%.//5%'"/50#- %S 2"I:%./"%# " !1 %1() %2$ !-:%
?!"1 3%/"%/!-U%

O2&S (K !%9Q(?K .# C#& A&%!2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&



Journal of Hazardous Materials xxx (xxxx) xxx

9

VI% C" (? ",% V% SV`T *,%K e),% 5"3%2 (,$-%  /(1U4% * 5(!-(/+% " 50# 5%
'1!+-%0'-!) %.!#-/" %?3%Z][:%,"!(+ %/+13I%%

WI% C" (? ",% W% SV`T *,%K e),% 5"3%2 (,$-%  /(1U4% * 5(!-(/+% " 50# 5%
'1!+-%0'-!) %.!#-/" %?3%Z][:%!11%#"/' I%%

\I% L "50+% T% SW] *,% K e),% 5"3% 2 (,$-%  /(1U4% D! % #! :% 1/2% K %
#/+# +-"!-(/+ I%%

ZI% L "50+% V% SV]] *,% K e),% 5"3% 2 (,$-%  /(1U4% D! % #! :% $(,$% K %
#/+# +-"!-(/+ I%%

`I% L "50+% W% SV]] *,% K e),% 5"3% 2 (,$-%  /(1U4% * 5(!-(/+% " 50# 5%
'1!+-%0'-!) %.!#-/" %?3%Z][:%!11%#"/' I%

C/"% ?/-$%  (-  :% -$ % '" 1(*(+!"3% !    * +-% 5 */+ -"!- 5% -$!-% -$ %
"( ) %."/*% P'/ 0" %-/%K %!-%-$ %#/+-!*(+!- 5% (- %5/*(+!- 5%-$ %-/-!1%
K % P'/ 0" I%C/"%-$ %#! %L "50+%V:%/+9 (- % P'/ 0" %!##/0+- 5%./"%*/" %
-$!+%aZ[%/.%-$ %-/-!1% P'/ 0" %50 %-/%-$ %(+-!) %/.%'1!+-%!+5%!+(*!1%
'"/50#- I%F$ %#/""  '/+5(+,%J!10 %./"%-$ %C" (? ",% (- %2! %Y][I%F$ %
*/5 1%(+5(#!- 5%-$!-%-$ %*/ -%(*'/"-!+-% P'/ 0" %'!-$2!3 %2 " %-$ %
(+-!) %/.%J , -!?1  %!+5%."0(-%."/*%-$ %#/+-!*(+!- 5% (- I%F$ %(+-!) %/.%
!+(*!1% '"/50#- % !1 /%  0? -!+-(!113% #/+-"(?0- 5% -/% -$ % -/-!1% P'/ 0" :%
./11/2 5% ?3% -$ % 5(" #-% /"!1% (+-!) % /.%  /(1% !+5% 5 "*!1% #/+-!#-% !-% -$ %
#/+-!*(+!- 5% (- %SC(,I%\UI%H/2 J ":%"( )%*!+!, * +-%* ! 0"  %$!J %
!1" !53%-!) +%'1!# %(+%C" (? ",:%!+5%-$ %"( )% (-0!-(/+%-/5!3%( %+/-%-$!-%
'"  +- 5%(+%C(,I%\I%O(" #-%5 "*!1%#/+-!#-%!+5%/"!1%(+-!) %!" %*(+(*(R 5%
(+%'0?1(#%!+5%'"(J!- %!" ! %S8!+5  5(" )-(/+%A$ *+(-R:%V]TT!:%V]TT?U%
!+5% !5J(# % $! % ? +% ,(J % !?/0-% -$ % */ -% !''"/'"(!- % !,"(#01-0"!1%
'"!#-(#  I%K-%'"  +-:% -$ %L "50+% (- % ( %+/-%0 5%./"%!,"(#01-0" :%!+5%

*!+3%/.%-$ % P'/ 0" %'!-$2!3 %(+%C(,I%\%5/%+/-%-$ " ./" % P( -%-/5!3I%
F$ % !* 1(/"!-(/+% /.% -$ % .. #- % /.% K % (+% !,"(#01-0"!1%  /(1 % 0 (+,%

J!"(/0 % /(1%!* +5* +- %2! % P!*(+ 5%2(-$%-$ %*/5 1I%<.%-$ %!* +59
* +- % #!+% !-% -$ % */ -% " 50# % '1!+-% 0'-!) % ."/*%  /(1% ?3% Z][:% -$ %
*!P(*0*%" 50#-(/+%(+%"( )%( %!?/0-%VZ[%!-%-$ %C" (? ",% (- %!+5%!?/0-%
VW[%!-%-$ %L "50+% (- :%!  0*(+,%!* +5* +- %!" %0 5%/+%!11%#"/' I%
F$( % " 50#-(/+% (+% "( )% ( %  1(,$-13% ," !- "% -$!+% -$ % "( )% ."/*% /..9 (- %
P'/ 0" I%F$ %*/5 11(+,%"  01- %(+5(#!- %-$!-%-$ % P'/ 0" %!-%-$ %-2/%
-  -% (-  %#/015%? %!?/0-%W–Z -(*  %$(,$ "%-$!+%-$ %!J "!, % P'/ 0" %(+%
-$ %-2/%"  ' #-(J %#/0+-"(  I%b (+,%!* +5* +- :%"( )%2/015%? %" 50# 5%
?0-% -(11%? %VIZ–\ -(*  %$(,$ "%-$!+%!J "!, I%

F272 Q#?K&C%.%" C .A&@) $ /() &

F272<2 >*%!(%A# .& ,&%.AM) @ " .#$&%./&"  " .#$&D?&)#?K?&%A&AM &?A(/+&?#A ?&
F$ %!+-$"/'/, +(#%(+c0 +# %( % (,+(X#!+-%(+%L "50+%!+5%C" (? ",I%

C/"%#/*'!"!-(J %'0"'/  :%2 % 1 #- 5%-$ %F!*' " %" ,(/+%(+%C(+1!+5:%
2$(#$%$! %1/#!113% 1 J!- 5%?0-%+/-%$(,$%, /, +(#%#/+# +-"!-(/+ %/.%K I%<+%
-$ %L "50+%!+5%C" (? ",% -053%!" ! :%-$ %*!(+%#/+# "+%( %-$ %#/+-!*(9
+!-(/+%/.%!,"(#01-0"!1% /(1 I%H/2 J ":%,"/0+52!- "%!+5% 0".!# %2!- "%
" #('( +- % ."/*%  (-  % 2(-$% $(,$% K % #/+# +-"!-(/+ % (+%  /(1 % #!+% ? %
#/+-!*(+!- 5%?3%1 !#$(+,%."/*% /(1 I% ( )%*!+!, * +-%(+%-$ %C" (? ",%
!" !%5(.. " %."/*%-$!-%(+%L "50+%2$ " %-$ %K %( %#/+# +-"!- 5%(+%$/-% '/- %
SF!?1 %WUI%<+%L "50+:%-$ %,"/2(+,%/.%!,"(#01-0"!1%'"/50#- %(+%-$  %'1/- %
# ! 5%(+%V]TZI%<+%-$ %F!*' " %!" !%(+%C(+1!+5:%-$ %*!(+%0'-!) %"/0- %( %
K %(+%5"(+)(+,%2!- "%."/*%'"(J!- %? 5"/#)%2 11 %S8/0)/1!9 0 ) +( *(%

4(5 )G ( )% ."/*%/+9 (- %!+5%/..9 (- % P'/ 0" % -/%!" +(#%
./"%-$ % P!*'1 %#!  % -05( 54%3 )F$ % -053% (- %+ !"%L "9
50+:%C"!+# _%6 )F$ %C" (? ",%!" !:%E "*!+3I%O  #"('-(/+%/.%
-$ %-$" %#!1#01!-(/+%#!  %?/-$%."/*%L "50+%!+5%C" (? ",%
( %,(J +%(+%@ #-(/+%\IZI%F$ %"( )%' "%T]]%]]]%' /'1 %./"% !#$%
P'/ 0" %'!-$2!3%2! %#!1#01!- 5%?3%-!)(+,%-$ %  -(*!- 5%
P'/ 0" % ."/*%-$!-%'!-$2!3%!+5%5(J(5(+,%(-%?3%!%' "*( 9
 (?1 % " . " +# % J!10 % /.% (+-!) I% F$ %*/5 1%  -(*!- 5% -$ %
P'/ 0" %-/%!" +(#%/+%-$ %#/+-!*(+!- 5% (- %S/+9 (- U%!+5%
-$ % P'/ 0" %."/*%/-$ "% /0"#  %S/..9 (- UI%%%

O2&S (K !%9Q(?K .# C#& A&%!2&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
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-%!1I:%V]]a_%&!"J(!(+ +% -%!1I:%V]TZU%!+5%+/%#/+-!*(+!-(/+%2! %./0+5%(+%
!,"(#01-0"!1% /(1 %!+5%#"/' %S=!̈) 1!̈970"--/% -%!1I:%V]]`UI%
D 1/2:%2 %5  #"(? %-$ %E "*!+%"( )%*!+!, * +-%'"/# 50" %(+%*/" %

5 -!(1:% (+# %(-%( %*/" %!5J!+# 5%-$!+%(+%/-$ "%G0"( 5(#-(/+ :%2$(1 %!1 /%
#/J "(+,%!%2(5 %!" !%!+5% *?"!#(+,%?/-$%X+!+#(!1%!+5%$ !1-$%(  0  I%

F272;2 (#/ !#. ?&A &C%.%" &%)? .#$0&$%/C#(C&%./&! %/&$ .$ .A)%A# .?&#.&
%")#$(!A()%!&? #!&#.&-) #I )"0& )C%.+&
F$ % /" % 5 '/ (- % /.% -$ % C" (? ",%*(+(+,% !" !% #/+-!(+ 5% +/-% /+13%

 (1J "%!+5%1 !5%(+%,!1 +!:%?0-%!1 /%R(+#%!+5%#!5*(0*%(+% '$!1 "(- %!+5%K %
(+%!" +/'3"(- I%K11%-$  %*(+ "!1 %2 " %*(+ 5%!+5% * 1- 5%-/, -$ ":%
!+5%-$ %"  01-!+-%"  (50  %!+5%2! - %*!- "(!1 %!##0*01!- 5%(+%-!(1(+, %
!+5%2! - %"/#)%50*' I%D #!0 % (+50 -"(!1%/" %'"/#   (+,:%!,"(#01-0" %
!+5% --1 * +-%!" ! %!" %1/#!- 5%#1/ %-/, -$ ":%(-%( %   +-(!1%-/%!    %
-$ %(*'!#-%/.% P'/ 0" %-/%K %!+5%/-$ "%*(+(+,9" 1!- 5%'/110-!+- %/+%-$ %
+J("/+* +-%!+5%$0*!+%$ !1-$I%
6P- + (J %(+J  -(,!-(/+ %$!J %? +%#!""( 5%/0-% (+# %-$ %TYY]  %-/%

!    %-$ %-"!+ . "%/.%K %."/*% /(1%-/%'1!+- %(+%/"5 "%-/%g0!+-(.3%-$ %0'9
-!) %/.%K % (+%.//5%!+5%./55 "I%<+J  -(,!-(/+ %/+% /(1%2(-$%K %#/+# +9
-"!-(/+ % /.% Z]% !+5% T]] *,e),% " J !1 5% -$!-% #"/'% ,"!(+ % #/+-!(+ 5%
]IZ–TI] *,%K e),:%!+5%-$ %1(*(-%J!10 %/.%V *,e),%./"%./55 "%2! %+/-%
P# 5 5:%!1-$/0,$%#/+# +-"!-(/+ %(+%/-$ "%'!"- %/.%-$ %'1!+- % P# 5 5%
-$ %-$"  $/15%J!10 %S@ "c(+,%!+5%71/ :%V]]^_%71/ :%V]TVUI%
D! 5% /+% -$ % 5!-!% ,!-$ " 5:% , + "(#% ,0(5 1(+  % ./"% .!"*(+,% !+5%

,!"5 +(+,%2 " %5 J 1/' 5%-/%/'-(*(R %.!"*(+,%'"/# 50"  :% J +%-/%-$ %
P- +-%/.%#$// (+,% 0(-!?1 %#01-(J!" %/.%'1!+- %#$!"!#- "(R 5%?3%!%1/2 "%
'/- +-(!1%/.%K %0'-!) %SH!ß1 "%!+5%71/ :%V]]`_%@ "c(+,%!+5%71/ :%V]]^_%
@#$>" ":%V]TT_% /̈$"(#$-% -%!1I:%V]TT_%7!0.*!++9D/11% -%!1I:%V]TW_%=>11 "%
-%!1I:%V]TW_%71/ :%V]TaUI%
K%-//1?/P%2! %5 J 1/' 5%-/%*!+!, %K :%A5:%!+5%&?%#/+# +-"!-(/+ %(+%

!,"(#01-0"!1% /(1%(+%-$ %C" (? ",%!" !%(+#105(+,%-$ %* ! 0"  %/+%,"!  1!+5%
!+5%!"!?1 %1!+5%S#"/' U4%

F272;2<2 R %?() ?& .&")%??!%./2&&

TI% <5 !1%'H%!+5%1(* I%%%

VI% 50# %'/110-(/+%."/*%!5$ "(+,% /(1I%%%

WI% A$!+, %,"!  1!+5% ' #(  %#/*'/ (-(/+I%%%

\I% K+!13 ( %/.%3( 15I%

F272;2;2 R %?() ?& .&%)%I! &!%./&]$) @?^2&&

TI% <5 !1%'H%!+5%1(* I%%%

VI% @ 1 #-(/+%/.% ' #(  I%%%

WI% @ 1 #-(/+%/.%#01-(J!" I%%%

\I% &" 9$!"J  -%!+!13 ( I%

F272L2 D")#$(!A()%!&@)%$A#$ ?&
K,"(#01-0"!1% '"!#-(#  % '"/J(5 % .X#( +-% "( )% *!+!, * +-% -//1 I%

O ' +5(+,%/+%-$ %1!+5%0 %!+5%-"!+ . "%'!-$2!3 :%5(.. " +-%* ! 0"  %!" %
'"/'/ 5% ./"% -$ %!5!'-(/+%/.%!,"(#01-0"!1%'"!#-(#  I%@(+# % (-%$! %? +%
 -!?1( $ 5%-$!-%K %#/+-!*(+!-(/+%(+%!,"(#01-0"!1%#"/' %( %*!(+13%#!0 5%
?3% -$ %!5$ " +# %/.%  /(1%'!"-(#1  %– 5(" #-13%/"%*#%&50 -%– !+5%+/-%?3%
 3 - *(#%0'-!) %?3%'1!+-% "//- :%* ! 0"  %#!+%? % -!) +% -/%" 50# % -$ %
'"  +# %/.% /(1%'!"-(#1  %/+%$!"J  - 5%'"/50#- I%F$( %#!+%? %5/+ %0 (+,%
#1 !+(+,%'"/# 50"  %./"%$!"J  - 5%#"/' %!+5% .X#( +-%" */J!1%/.%$0 ) :%
! %-$ 3%#/+-!(+%!%1!", %'"/'/"-(/+%/.%-$ %#/+-!*(+!+- %'"  +-%(+%,"!(+ I%
F$( %  ' #(!113%!''1(  %2$ " %'1!+- %!" %(+- +5 5%-/%? %0 5%! %./55 "I%
F$ " %( %#1 !"13%!%+ 5%./"%-$ %*/5(X#!-(/+%/.%$!"J  -(+,%'"!#-(#  %!+5%
- #$+/1/,(#!1%(*'"/J * +- %-/%" 50# %-$ %0'-!) %/.% /(1%'!"-(#1  %!+5%
 0? g0 +-13%/.%#/+-!*(+!+- I%
8!?/"!-/"3% -05(  %0 (+,%'/-%-"(!1 %!+5%X 15% -05(  %$!J %? +%' "9

./"* 5%(+%-$ %C" (? ",%!" !%-  -(+,%5(.. " +-%#01-(J!" %S71/ :%V]TVU%!+5%
 J "!1% !* +5* +-% '"/# 50"  % SM 0% -% !1I:% V]T^!:% V]V]U% ./"% -$ %
!* 1(/"!-(/+%/.% /(1I%L!10  %./"%K %0'-!) %?3%5(.. " +-%!,"(#01-0"!1%#"/' %
!" %? (+,%'"/,"   (J 13%0'5!- 5%2(-$%+ 2%5!-!%/?-!(+ 5%(+%J!"( -!1%-"(!1 %
S@#$>" ":%V]TT_%7!0.*!++9D/11% -%!1I:%V]TW_%71/ :%V]TaUI%<+%!55(-(/+:%
J!"(/0 %!+!13-(#!1%* -$/5 %$!J %? +%-  - 5%./"%-$ %5 - "*(+!-(/+%/.%
#/+-!*(+!+- %(+% /(1%-/%X+5%!% /10-(/+%-$!-%,(J  %" 1(!?1 %(+./"*!-(/+%./"%
-$ % "( )% !    * +-% /.% #/+-!*(+!+- % (+% !,"(#01-0" % S70*'( + % -% !1I:%
V]T\UI%

;369,)7)
A/*'!"( /+%/.%-$ %#/+# +-"!-(/+ %/.%!" +(#%(+% /(1:% 0".!# %2!- ":%,"/0+52!- ":%#"/' %!+5%./55 "%(+%/0"% -053%!" ! %(+%C"!+# :%E "*!+3%!+5%C(+1!+5%SC(,I%TUI%%%

L "50+:%C"!+# % C" (? ",%" ,(/+:%E "*!+3% F!*' " %" ,(/+:%C(+1!+5%
<#.,!(').$&#',) K+-$"/'/, +(#4%K**0+(-(/+%."/*%Q/"15%Q!"%<% E /, +(#4%? 5"/#)% E /, +(#4%? 5"/#)%

K+-$"/'/, +(#4%*(+(+,%!+5%/" %
'"/#   (+,%

D=",!")$A)3#.,!(')
'$!"3:(!3"($!)(!).$(9)

H/-% '/- %/.%T]]–T]%]]] *V%2(-$%0'%-/%TV%]]] *,e),%K % V^^ )*V%2(-$%> Z] *,e),%K %!-%
C" (? ",:%T^Wa )*V%(+%@!P/+3%

a\]] )*V%2(-$%Z–W] *,e),%(+%,1!#(!1%-(11%

@,$'1,:('39)
63'J5#$&!%)-39&,)$A)
3#.,!(')

T^ *,e),% V]–\] *,e),% W] *,e),%

K(51,.")3#.,!(')
'$!',!"#3"($!)(!).$(9)

TV%]]] *,e),% Z]]] *,e),_%/" %J (+ %!+5%2! - %
"/#)%> T[%K %

F/' /(1%T]Z] *,e),:% 0? /(1%YV^] *,e),%

<#.,!(')'$!',!"#3"($!)(!)
.&#A3',)L3",#)

b 0!113%V–W µ,e1%K :%?0-%$(,$ "%+ !"%-$ %!**0+(-(/+%5  -"0#-(/+%
 (-  :%./"% P!*'1 %TVZ µ,e1%K %(+%!%'/+5%

b 0!113%< Z µ,e1%K :%?0-%+ !"%-$ %
-!(1(+, %!+5%/15%*(+(+,% $!.- %$(,$ "%

b 0!113%< T µ,e1%K %S&!"J(!(+ +% -%!1I:%
V]TZU%

<#.,!(')'$!',!"#3"($!)(!)
5#$&!%L3",#)

b 0!113%V–\ µ,e1%K % b 0!113%< T] µ,e1%K :%?0-%$(,$ "%
+ !"%-$ %-!(1(+, %!+5%/15%*(+(+,%
 $!.- %

b 0!113%< T] µ,e1%K :%?0-% 1 J!- 5%(+%
 /* %'"(J!- %2 11 %S 0 ) +( *(% -%!1I:%
V]TT_%& 5" --(% -%!1I:%V]TYU%

<#.,!(')'$!',!"#3"($!.)
(!)'#$/.)

M/%#"/' %!-%'"  +-I%=!PI%#/+# +-"!-(/+%(+%2$ !-%,"!(+ %
]I]T ± ]I]\ *,%."  $%2 (,$-e),%5"3%2 (,$-%SE/" #)(% -%!1I:%V]TaU%

h  4%=!P(*0*%]I\ *,e),%5"3%
2 (,$-%(+%2(+- "%2$ !-%,"!(+ %(+%
@!P/+3%S71/ :%V]TVU%

L "3%1/24%]I]]Z *,e),%K %(+%2$ !-%
,"!(+ %S=!̈) 1!̈970"--/% -%!1I:%V]]`U%

<#.,!(')'$!',!"#3"($!.)
(!)A$%%,#)

M/%./55 "%#"/' %!-%'"  +-I%=!P(*0*%#/+# +-"!-(/+ %!-% (*(1!"%
 (-  %]I]` ± ]I]V *,%."  $%2 (,$-e),%(+%*!(R % (1!, %!+5%
TIZ ± ]I` *,e),%."  $%2 (,$-%(+%?!"1 3%SE/" #)(% -%!1I:%V]TaUI%

h  4%=!P(*0*%VIYa *,e),%5"3%
2 (,$-%(+%'! -0" %(+%@!P/+3%S%
/̈$"(#$-% -%!1I:%V]TTU%

L "3%1/24%]I]T\ *,e),%K %(+%-(*/-$3%S%
=!̈) 1!̈970"--/% -%!1I:%V]]`U%

K,39"1)#(.J)3..,..:,!"M)
:3(!)9$'39).$&#',)$A)<.)

A/+ 0*'-(/+%/.%'1!+- % A/+ 0*'-(/+%/.%'1!+- % O"(+)(+,%2!- "%."/*% /* %'"(J!- %2 11 %S%
@/"J!"(% -%!1I:%V]]aU%

<5#('&9"&#39)93!%)&.,) M/:% -/'' 5%(+%V]TZ% h  :%?0-%#1/ 13%*/+(-/" 5% h  :%+/-%!.. #- 5%?3%!" +(#%S%
=!̈) 1!̈970"--/% -%!1I:%V]]`_%8 $-(+ +%
-%!1I:%V]]aU%%
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7!(G!:%BI:%V]T^I%A$!"!#- "(R!-(/+%/.%!+%!,"(#01-0"!1% (- %$( -/"(#!113%'/110- 5%?3%-$ %
5  -"0#-(/+%/.%!" +(#9#/+-!(+(+,%#$ *(#!1%2 !'/+ :%(+4%&"/# 5(+, %/.%-$ %a-$%<+-I%
A/+,"   %!+5%6P$(?(-(/+%/+%K" +(#%(+%-$ %6+J("/+* +-:%D (G(+,:%B013%V]T^I%

D!0*!++:%8I:%70 #$)!:%6I:%@ (. "-:%FI:%V]]TI%O( %8!, " -!̈-- +%5  %6"R, ?(",  :%V]]TI%
@'"(+, "%@' )-"0*:%@-0--,!"-I%%

D!0 (+, ":%FI:%D/++!(" :%6I:%&" 0ß:%BI:%V]]aI%6P'/ 0" %!    * +-%/.%!%?0"+(+,%,"/0+5%./"%
#$ *(#!1%!**0+(-(/+%/+%-$ %E" !-%Q!"%?!--1 X 15 %/.%L "50+I%@#(I%F/-!1%6+J("/+I%
W^V:%VZY–VaTI%

D  1 3:%8I:%=!"*("/1(:%=I:%V]TTI%F$ %(**/?(1( !-(/+%!+5%" - +-(/+%/.% /10?1 %!" +(#:%
#!5*(0*%!+5%R(+#%?3%?(/#$!"I%6+J("/+I%&/110-I%TZY%SVU:%\a\–\^]I%$--' 4ee5/(I/",e%
T]IT]T`eGI +J'/1IV]T]IT]I]T`I%

D "-:%LI:%M 0:%@I:%i5!+ J(-#$:%<I:%C"(  19H!+1:%QI:%A/11 -:%@I:%E!0#$ ":% I:% -%!1I:%V]TaI%H/2%
-/%*!+!, %'1!+-%?(/*!  %/"(,(+!- 5%."/*%'$3-/- #$+/1/,(  r%E!-$ "(+,%' "# '-(/+ %
."/*% +590 " I%<+-I%BI%&$3-/" * 5(!-I%TY%ST]U:%Y\a–YZ\I%$--' 4ee5/(I/",eT]IT]^]e%
TZVV`ZT\IV]TaITW]W^T\I%

D$!--(:%@I=I:%K+5 " /+:%AIQIMI:%@- 2!"-:% IDI:% /?(+ /+:%DIHI:%V]TWI% ( )%!    * +-%/.%
J , -!?1  %(""(,!- 5%2(-$%!" +(#9#/+-!*(+!- 5%2!- "I%6+J("/+I%@#(I%&"/#   I%<*'!#- %
TZ%ST]U:%T^``–T^aZI%

D( 2! :%BI7I:%Q!") :%=I:%O!--!:% I:%@!")!":%OI:%V]V]I%< %!" +(#%(+%"(# %!%*!G/"%$0*!+%
$ !1-$%#/+# "+r%A0""I%&/110-I% 'I%`:%Wa–\VI%$--' 4ee5/(I/",eT]IT]]ae \]aV`9]V]9%
]]T\^9VI%

D/,0$+:%BI:%7">, ":% I:%@- (+$/̈. 1:%NI:% /5 $0- 5/"5:%=I:%V]]YI%K" +-"!+ . "%C0-- "%– 

@#$!.%9%b+- " 0#$0+, +%R0"%Q(")0+,%0+5%R0*%F"!+ . "%J/+%K" +%? (%@#$!. +_%
@#$"(.- +" ($ %5  %8!+5  !*-  %.>"%b*2 1-:%8!+52("- #$!.-%0+5%E /1/,( I%H .-%T\e%
V]]YI%8!+5  !*-%.>"%b*2 1-:%8!+52("- #$!.-%0+5%E /1/,( I%C" ( -!!-%@!#$ +I%F$ %
@!P/+%@-!- %N.X# %./"%6+J("/+* +-:%K,"(#01-0" %!+5%E /1/,3I%

D/1!+:%MI:%70+$()"( $+!+:%KI:%F$!+,!"!G!+:% I:%70*'( + :%BI:%&!"):%BI:%=!)(+/:%FI:% -%!1I:%
V]T\I% * 5(!-(/+%/.%$ !J3%* -!1S1/(5U %#/+-!*(+!- 5% /(1 %– -/%*/?(1(R %/"%-/%
(**/?(1(R r%BI%H!R!"5I%=!- "I%V``:%T\T–T``I%$--' 4ee5/(I/",eT]IT]T`eGI%
G$!R*!-IV]TWITVI]T^I%

D"!#)$!, :%AI:%H0!+,:%B +9HI:%@#$!11 ":%BI:%61R(+,!:%6IBI:%O05 1:%6IEI:%V]T\I% !5(13%
!J!(1!?1 %'$/ '$/"/0 %!+5%+(-"/, +%#/0+- "!#-%./"%K %0'-!) %!+5%5( -"(?0-(/+%(+%
2$ !-%SF"(-(#0*%!  -(J0*%8IUI%@#(I% 'I%\:%\Y\\I%$--' 4ee5/(I/",eT]IT]W^e%
 " ']\Y\\I%

D"!+5%6I:%N-- %&ICI:%8(GR +%BI&IKI:%V]]aI%A@N<8%V]]]4%!+% P'/ 0" %*/5 1%./"%$0*!+%"( )%
!    * +-%/.% /(1%#/+-!*(+!-(/+%K%*/5 1%5  #"('-(/+:%M!-(/+!1%<+ -(-0- %./"%&0?1(#%
H !1-$%!+5%-$ %6+J("/+* +-I% <L=%aTTa]T]Z\I%D(1-$/J +:%M -$ "1!+5 I%

D0+5  9D/5 + #$0-R9%0+5%K1-1! - +J "/"5+0+,:%TYYYI%DED<%<%TYYY4%TZZ\I%SDD/5@#$LU%
〈$--' 4ee222I,  -R 9(*9(+- "+ -I5 e??/5 #$JeDBM TZZ\]]YYYI$-*1〉I%

D> #$ 1:%=I:%=>11 ":%8I:%=>11 ":%<I:%V]T]I%6J!10( "0+,%  /"'-(/+ J ".>,?!") (-:%
8!+5  !*-%.>"%b*2 1-:%8!+52("- #$!.-%0+5%E /1/,( %S 5IU:%@#$"(.- +" ($ %H .-%We%
V]V]:%C" ( -!!-%@!#$ +_%F$ %@!P/+%@-!- %N.X# %./"%6+J("/+* +-:%K,"(#01-0" %!+5%
E /1/,3I%〈$--' 4ee'0?1()!-(/+ +I !#$ +I5 e?5?e!"-() 1eTZ]\We5/#0* +-%
 eT^]`a〉I%

A$ +:%jIhI:%A/ -!:%=I:%V]VTI%K" +(#4%!%,1/?!1% +J("/+* +-!1%#$!11 +, I%K++0I% JI%
&$!"*!#/1I%F/P(#/1I%`T:%\a–`WI%$--' 4ee5/(I/",eT]ITT\`e!++0" J9'$!"*-/P9%
]W]VV]9]TW\T^%SL/10* %'0?1(#!-(/+%5!- %B!+0!"3%V]VTUI%%

A0?!55!:%CI:%B!#) /+:%DI&I:%A/--(+,$!*:%7I8I:%L!+%H/"+ :%hINI:%70"R(0 9@' +# ":%=I:%
V]TaI%H0*!+% P'/ 0" %-/%5( -!"3%(+/",!+(#%!" +(#%!+5%/-$ "%!" +(#% ' #(  4% -!- %
/.%)+/21 5, :%,!' %!+5%0+# "-!(+-(  I%@#(I%F/-!1%6+J("/+I%ZaY:%TVV^–TVWYI%

O<M%TYaW]:%TYYaI%6P-"!#-(/+%/.%-"!# %61 * +- %(+%@/(1%b (+,%K**/+(0*%M(-"!- %
@/10-(/+I%@-!+5!"5%?3%O 0- #$  %<+ -(-0-%C>"%M/"*0+,%6ILI%SE "*!+%M!-(/+!1%
@-!+5!"5U:%B0+ %TYYaI%

O<M%TYaW^:%V]TaI%@/(1%g0!1(-3%9%D(/!##   (?(1(-3%/.%/",!+(#%!+5%(+/",!+(#%'/110-!+- %."/*%
#/+-!*(+!- 5% /(1%*!- "(!1I%@-!+5!"5%?3%O 0- #$  %<+ -(-0-%C0"%M/"*0+,%6ILI%
SE "*!+%M!-(/+!1%@-!+5!"5U:%TI`IV]TaI%

O<M%W^\T\%'!"-%\:%TY^\I%E "*!+% -!+5!"5%* -$/5 %./"%-$ % P!*(+!-(/+%/.%2!- ":%2! - %
2!- "%!+5% 105, _% 105, %!+5% 5(* +- %S,"/0'%@U_%5 - "*(+!-(/+%/.%1 !#$!?(1(-3%?3%
2!- "%S@%\UI%@-!+5!"5%?3%O 0- #$  %<+ -(-0-%C0"%M/"*0+,%6ILI%SE "*!+%M!-(/+!1%
@-!+5!"5U:%TIT]ITY^\I%

O<M%6M%T`Ta\:%V]TVI%@105, :%-" !- 5%?(/2! - %!+5% /(1%9%O(,  -(/+%/.%!g0!%" ,(!% /10?1 %
."!#-(/+ %/.% 1 * +- _%E "*!+%J " (/+%6M%T`Ta\4V]TVI%@-!+5!"5%?3%O<M9!5/'- 5%
60"/' !+%@-!+5!"5:%TITTIV]TVI%

O/$ "-3:%@IBI:%F(,$ :%=I7I:%Q(1 /+:%@IAI:%V]TaI%6J!10!-(/+%/.%!* +5* +- %-/%" 50# %
!" +(#%!+5%!+-(*/+3%1 !#$(+,%."/*%#/9#/+-!*(+!- 5% /(1 I%A$ */ '$ " %Ta\:%
V]^–VTaI%$--' 4ee5/(I/",eT]IT]T`eGI#$ */ '$ " IV]TaI]TIT]]I%

6C@K:%V]T]I%@#( +-(X#%/'(+(/+%/+%K %(+%.//5I%6C@K%'!+ 1%/+%#/+-!*(+!+- %(+%-$ %.//5%
#$!(+%SANMFK=UI%S60"/' !+%C//5%@!. -3%K0-$/"(-3UI%

6C@K:%V]T\I%O( -!"3% P'/ 0" %-/%(+/",!+(#%K %(+%-$ %60"/' !+%'/'01!-(/+I%6C@K%BI%TV%
SWUI%

6C@K:%V]TZI%F$ %6C@K%A/*'" $ + (J %60"/' !+%C//5%A/+ 0*'-(/+%O!-!?! %S60"/' !+%
C//5%@!. -3%K0-$/"(-3UI%l/+1(+ m%KJ!(1!?1 %!-4%〈$--' 4ee222I . !I 0"/'!I 0e +e.//5%
9#/+ 0*'-(/+e#/*'" $ + (J 95!-!?! 〉 lK##   5%V\%=!3%V]T^mI%

6=6&:%V]T^I%H !J3%* -!1 %!+5%&N&%* ! 0" * +- :%V]T`I%Q +#$ %K! %!+5%& "+(11!%
D/$1(+9M(RR --/:%6=6&eAAA9 '/"-%WeV]T^I%F$ %#/9/' "!-(J %'"/,"!** %./"%
*/+(-/"(+,%!+5% J!10!-(/+%/.%-$ %1/+,9"!+, %-"!+ *(  (/+%/.%!("%'/110-!+- %(+%60"/' I%
S60"/' !+%=/+(-/"(+,%!+5%6J!10!-(/+%&"/,"!** U%〈$--' 4ee'"/G #- I+(10I%
+/ee###e" '/"- e###"W–V]T^oH=o!+5o&N&oV]T`9C<MK8I'5.〉I%

6+J("/+* +-%K, +#3%/.%-$ %b+(- 5%7(+,5/*:%V]]YI%@0''1 * +-!"3%(+./"*!-(/+%./"%-$ %
5 "(J!-(/+%/.%@EL%./"%!" +(#I%D -- "% ,01!-(/+%@#( +# %&"/,"!** I%@#( +# %" '/"-4%
@A]Z]]VTI%F$ %6+J("/+* +-%K, +#3:%b7I%〈$--' 4ee222I-$ +? I#/*e&0?1(#!-(/+<+%
5 Pe5/#0* +- e5 -!(1 r&0?=6K O/#<O=WTTa]`〉I%

6&K:%V]]VI%K %-" !-* +-%- #$+/1/,(  %./"% /(1:%2! - :%!+5%2!- "_%@/1(5%Q! - %!+5%
6* ", +#3%  '/+ %SZT]VEU:%6&K9Z\V9 9]V–]]\I%S6+J("/+* +-!1%&"/- #-(/+%
K, +#3:%b@KU%TWV%'!,  I%

6b%A/**(  (/+%" ,01!-(/+:%V]TZ!I%V]TZeT^`%/.%`%C ?"0!"3%V]TZ!%!* +5(+,%K++ P%<%-/%
O(" #-(J %V]]VeWVe6A%/.%-$ %60"/' !+%&!"1(!* +-%!+5%/.%-$ %A/0+#(1%! %" ,!"5 %
*!P(*0*%1 J 1 %./"%K :%c0/"(+ :%1 !5:%* "#0"3:% +5/ 01.!+%!+5%K*?"/ (!% 5 I%
〈$--' 4ee 0"91 PI 0"/'!I 0e1 ,!19#/+- +-e6MeFkFe&OCer0"(=A686k4WV%
]TZ ]T^` ."/*=6M〉I%

6b%A/**(  (/+%" ,01!-(/+:%V]TZ?I%V]TZeT]]`%/.%VZ%B0+ %V]TZ?%!* +5(+,% ,01!-(/+%
S6AU%M/%T^^TeV]]`%! %" ,!"5 %*!P(*0*%1 J 1 %/.%(+/",!+(#%K %(+%.//5 -0.. I%〈$--%
' 4ee 0"91 PI 0"/'!I 0e1 ,!19#/+- +-e6MeFkFeHF=8er0"(=A686k4WV%
]TZ T]]` ."/*=6M〉I%

6b%A/0+#(1%O(" #-(J %6+J("/+* +-:%TYYTI%YTe`YVe66A%/.%VW%O # *? "%TYYT%
 -!+5!"5(R(+,%!+5%"!-(/+!1(R(+,%" '/"- %/+%-$ %(*'1 * +-!-(/+%/.%# "-!(+%O(" #-(J  %
" 1!-(+,%-/%-$ % +J("/+* +-I%〈$--' 4ee 0"91 PI 0"/'!I 0e1 ,!19#/+- +-e6MeFkFer%
0"(=# 1 P4WTYYT8]`YV〉I%

6b%O(" #-(J :%V]]\I%V]]\eT]ae6A%/.%-$ %60"/' !+%&!"1(!* +-%!+5%/.%-$ %#/0+#(1%/.%TZ%
O # *? "%V]]\%" 1!-(+,%-/%!" +(#:%#!5*(0*:%* "#0"3:%+(#) 1%!+5%'/13#3#1(#%
!"/*!-(#%$35"/#!"?/+ %(+%!*?( +-%!("I%〈$--' 4ee 0"91 PI 0"/'!I 0e1 ,!19#/+- +-e%
6MeFkFeHF=8er0"(=A686k4WV]]\8]T]a ."/*=6M〉I%

6b%Q!- "%&/1(#3%O(" #-(J :%V]]]I%V]]]e`]e6A%/.%-$ %60"/' !+%&!"1(!* +-%!+5%/.%-$ %
A/0+#(1%/.%VW%N#-/? "%V]]]%  -!?1( $(+,%!%."!* 2/")%./"%A/**0+(-3%!#-(/+%(+%-$ %
X 15%/.%2!- "%'/1(#3I%〈$--' 4ee 0"91 PI 0"/'!I 0e 1(e5("eV]]]e`]e/G〉I%

60"/' !+%A/**(  (/+:%V]]TI%AN==<@@<NM% 6Eb8KF<NM%S6AU%M/%\``eV]]T%/+% --(+,%
*!P(*0*%1 J 1 %./"%# "-!(+%#/+-!*(+!+- %(+%.//5 -0..I%^IWIV]]TI%〈$--'4ee P-2'"1 , %
TI.!/I/",e5/# e'5.e 0"W\\aTI'5.〉I%

60"/' !+%A/**(  (/+:%V]]VI%O(" #-(J %V]]VeWVe6A%/.%-$ %60"/' !+%&!"1(!* +-%!+5%/.%
-$ %A/0+#(1%/.%a%=!3%V]]V%/+%0+5  ("!?1 % 0? -!+#  %(+%!+(*!1%. 5%9%A/0+#(1%
 -!- * +-I%〈$--' 4ee 0IJ1 PI#/*eJ(5e5(" #-(J 9V]]V–WV9 #9^\WWZ\\`\〉I%

60"/' !+%A/**(  (/+:%V]]`I%&"/'/ !1%./"%!%5(" #-(J %/.%-$ %60"/' !+%'!"1(!* +-%!+5%/.%
-$ %#/0+#(1%  -!?1( $(+,%!%."!* 2/")%./"%-$ %'"/- #-(/+%/.% /(1%!+5%!* +5(+,%
O(" #-(J %V]]\eWZe6AI%KJ!(1!?1 %/+1(+ %!-%〈$--' 4ee 0"91 PI 0"/'!I 0e1 ,!19#/+- +-%
e6MeK88er0"(=# 1 P4ZV]]`&A]VWV〉:%#$ #) 5%/+%TVeTYeV]T^I%

C 152( #$:%MI:%H "2 ,:%bI:%B!#/? :%EI:%71/ :% I:%=>11 ":%<I:%&/11 $+:% P:%=I:%@ J "(+:%7I:%
V]T\I%LO8bCKo.!#$,"0'' %„&c!+R "+!̈$"0+,:%&"/50)-g0!1(-!̈-%0+5%
 /0"# + #$0-R“:%7!1)0+,%R0"%j0!1(-!̈-  (#$ "0+,I%65(- 5%?3%!(5%<+./5( + -%

6"+!̈$"0+,:%8!+52("- #$!.-:%L "?"!0#$ " #$0-R% ILI%KJ!(1!?1 %/+1(+ %!-%
〈$--'4ee222I?1 9* 5( + "J(# I5 eX1  e5/2+1/!5 e]W^YoV]T\o)!1)0+,oP]]]–a%
]Za`Y`I'5.〉I%

C( $ ":%KIFI:%8/́' R9A!""(11/:%8I:%E!*?/!98/("!:%DI:%A ?"(!́+:%=I6I:%V]TaI%@-!+5!"5 %./"%
!" +(#%(+%5"(+)(+,%2!- "4%<*'1(#!-(/+ %./"%'/1(#3%(+%= P(#/I%BI%&0?1(#%H !1-$%&/1I%W^:%
WYZ–\]`I%$--' 4ee5/(I/",eT]IT]Zae \TVaT9]Ta9]]^a9aI%

E "5 1(5!+(:%KICI:%F/2X,$(:%HI:%@$!$?!R(:%7I:%8!*?:%OIFI:%A$/''!1!:%EI:%K??! (:%@I:%C!R1 %
D!"(:%KI@I=I:%M!(50:% I:% !$*!+:%=I=I:%V]VTI%K" +(#%, /#$ *( -"3%!+5%*(+ "!1/,3%
! %!%.0+#-(/+%/.%'!"-(#1 9 (R %(+%+!-0"!113%!" +(#9 +"(#$ 5% /(1 I%BI%H!R!"5I%=!- "I%
\]W:%TVWYWT%$--' 4ee5/(I/",eT]IT]T`eGIG$!R*!-IV]V]ITVWYWTI%

E/" #)(:%@I:%M   1!+3:%CI:%H0? :%OI:%=011/-:%BIbI:%L!  0":%&I:%=!"#$(/+(:%6I:%A!* 1:%LI:%
M/¨1:%8I:%8 %D(R #:%DI:%E0´"(+:%FI:%C (5-:%AI:%K"#$ ":%kI:%=!$ :%KI:% (J(`" :%EI:%V]TaI%
H0*!+%$ !1-$%"( ) %" 1!- 5%-/%-$ %#/+ 0*'-(/+%/.%.//5 -0.. %/.%'1!+-%!+5%!+(*!1%
/"(,(+%'"/50# 5%/+%!% (- %'/110- 5%?3%#$ *(#!1%*0+(-(/+ %/.%-$ %C(" -%Q/"15%Q!"I%@#(I%
F/-!1%6+J("/+I%ZYY–`]]:%WT\–WVWI%

E0+  :%KI:%&(1? !*:%OIBI:%<+!1:%KI:%V]]YI%6.. #-%/.%K 9'$/ '$/"0 %(+- "!#-(/+%/+%K 9%
(+50# 5%/P(5!-(J % -"   %(+%#$(#)' !%'1!+- I%&1!+-%@/(1%WT\:%VTT–VV]I%

H!0 *!++:%KI:%V]TWI%@/+5 "*   0+,%(+%H!1 ?">#) %V]TVI%@-!0?+( 5 " #$1!,%0+5%5!"(+%
+-$!1- + %@#$2 "* -!11 I%K?- (10+,%71(*!:%80.-:%8!̈"*:%@-"!$1 +%8!+5  !*-%.>"%
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