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Abstract

F?*10/D2$=2%$#%02/! 2G! */;,0/**$*>! [#/2=#$%0D7*,1 0/' D2@ @*$DO0#7! =$2>3D%,! #/>! 0/>3,%$0#7! =$2D*,,
H$2#>78D$*#,*>1 0/! $*D*/%! BHR0D?! $#0D2/D*$/,! #H23%! %?*0$! */+0$2/ @*/%# MO E@268D%&

$*+0*4-1 4*1 =$* */9617*D%$2D?*@0,%$BES2A@0, 01 #/#7B%ODAZRT! %24#$>,! %?*! >*%*D%02/! #/>!
D?#$#D%*$0I#%02/! 2G! [#/2=#$%0D7*,! G2$! */+0$2/@*/WAD /LRSS #&D?! ?#2%! 2/7B!
>*@2/,%$#9¥e==70D#H070%BD2aB2D ?* @C#7P2>,! G2$! KB#Y0G0D#%02/! 2G ! W O>#$! 0/!
*[+0$2/@*19%0# 7! #@3AZ%# TG2$6?*1,%3>BI2G!1=$2=>$%0*, 1#/>1%$#/, G2$@#%02/,1 2 &I 230D 7*,
%07, *1 #,=*DR$* +*$B! $*7*+#/%! %2! 3/>*$,%#/>! %?*0$! %2MOD0%B! 0/! %7?*! */+0$2/@*/%&! /! %7?0,! D2/°
>0,D3,,!,*+*$#71*7*D%$2D?* @0D#7! @tBR260CB ! #168>B!%?*! ,0J*1#/>1, 2#=*-1 3$G#D*| =$2=*$%0*,-!

0/%8#$%0D7*10/%*$#D%02/,-ID?*@O0D#7!$*#D%0+0%B!#/>!,=*D0#%02/12G/#/2=#$%0D7*,&!

KeywordsA! )#/2=#$%0D7*,-! N/+0$2/@*/%#7! #/#7B,0,-! )#/2=#$%0D7*! =$2=*3$%0*0! )#/2=#$%0l

%$#/,G2$@#%02/,0IN7*D%$2D?*@0D#7!>*%*D%02/
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1.! Nanomaterials in the environment — a potential risk and an analytical issue!

F?*1 3/0L3*! =$2=*$%0*,! 2G! [#/2=#$%0D T2HRY ©52+*/! +#73#H7*! G2$! @#/BMIRAHA =$2>3D%,! #/>!
0/>3,%$0#7! #==703RSTH?0,! ?#,! 7*>! %2IGHOGODH#O/D$* @*/%! 0/! %?*! IS@H*$! B r$r=$2>3D%,!
D2/%#0/0/}!)', RT4?0D0,! 70E*7B!%2! G3$%7?*$! 0/D$*#,*1 0/1%?*! ["28-E YA EHM%*/,0+3,*!

$#0,*,! 0@=2%$%#/%! */+0$2/@*/%#7! D2/D*$/,! =#$%0D37#$7B! $*7/8UBF0 G52 HAERVMY 373>-|

FHESHT! %3>0%,1 2#+ 224/ %?#%! ), D237>1 2#+* #>+*$ *1 =7B,0272;0D#7! *GG*D%,! 2/' D*77,1 #/>! 70+(
2$;#/0, @, RVHL>-1%7*$*G2$*-IH*1=2%*/%0# 7 7 BE24$ €S2/ */%#7!*D2,B,%* @, #/>137%0 @#%* 7B1?3 @#/!
PHTYRAY?07*10%!0,!/2%! D7*#3$! % ?#%! % ?*1 D2/D*/%$#%02/,12G!)',| D3$$*/%7B! G23/>10/1%?*!*/+0$2/ @
#D%3#77B!1=2,*1#1?0; RERA2*$ %000 A, 3H, %#/%0# 7 T#DE12GIE/247*> HPHERVHPO, |E/247*>;*|

#=1D2 @HO/*40%7?1%?*I*M=*D%*>10/D®6L* 1264, */D*19G10/1/#%3$#7!,B,%40@%0?>*1D2@0/;!B*#$,!
,2237>1I7*#>19%21H#/10/D$*#,*>1* G G 2$%!%2!3/>*$%H#E** G GOD 0* /%l f B2 B2 7 N8B 3> 2, ** G G*D %!
PO&*&!D2/D*/%$#%02/1>*=*/>*|D*Q-#!@#\2$!D?#7 7*/;*10/1%2MOD OB B Fa B 0> FRA$10/%$0/,0D!
=$2=*$%0*,!,3D?1#,1 %?*0$! ,0J*-!1 ,2#=*1#/>1 , 3$G#D*| BHEPO| BGHB! PG!!10/! %7*1 */+0$2/ @*%
0/+27+0/;1=?B,0D#7'%%$#/,G2$ @B, #;,$*;#%02/12$!#;, 72 @*$#Y2$AD ?* @0 D# 7! $*# DY 0% B

#,1>0,,273%02/12$!2MO>#B2B25#7,2!?#+*1,0;/0G0D#/%!0 @ = PODHPEOBE2I0$! %0 2 MR B &

52/ *L3*/%7B-1=$2+0>0/;!=24*$G37#/#7B%0D#7!%227,%2!3/#@H0;323,7B!>*%*D%!#/>!D?#$#D%*$0J*
3% @2,%!0@=2%$%#/D*1%2!0@=%$2+*I%?*IE/247*>;*1#H23%!%?*0$!*/ROKER @rOU# 7GR/ 2 &! %6 7*,*]
%227062! 3/>*$,%#/>1 %?* G#%*1 2G!)",1 0/! %?*1 */+0$2/ @ *#ID2ITMPS* @*7B! 3,*G37! %2! =$2+0>*I #!
D2@=7*%*I=0DYBH4AEPMODO0%B 1#/>1$*# DD SOREB & 12 G 1#/# 7TB%0D#71%* DR/BL3HS*=2$%*>!

G23$! %7?*1 L3#/%0G0D#%02/! #/>! D?#$#D%* SWIHMI2Y 2CR-) I 7! % 2%, *1 %*D?/01=3871*/%, 2 @*!

70@0%#% 0D @L24#A ?*0$!3,*1#,13/0+*$,#7 | U228 78 2/0%2$MH(B!)',! O/1*/+0$2/@*/%# 7! #@=7*,&

198, D7*#$! %282 HO/#%02/'2G%*D?/0L3*,1407 7 IH*1/**>*>10421*7 3D O>#%* 1#771%2*1$* 7*+#/%!=$2=*$%0"

0/1%7?*1*/+0$2/ @80

1/19%70,1$*+0*4-14*1=3* ABD*/%#>+#/D*,12G1*7*D%$2D ?* @O0D# 7! @*%?2>,1%24#$>,19%67*1,%3>BI#/>1>*00*|
2G!)L10/" #@=7*,12G!*/+0$2/@*/%#7'0/84%>0%5*1%?0, 10, 1#1/#$$24!, D0*/%0GOD #$*#-1*7*D%$2D ?*@0,%$B!
#1,90$2/,1=2%*/9808V1 G3$% ?*$I*MY%*/>*>1#/>1#==70*>10/1%?*D2 @8I IBOERI@*/%# 7 #/#7B,0,!2G!

1#12=#$%0DBF! %2! 0%,! 0/?*$*/%! ?0;?! ,*/,0%0+0%B! #/>! %?*! #H070%B! %2! ,3$+*B! )',! =$2=*$%0*,! H’
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L3#/%0G0D#%02/&HPYB*D*/%!70%*$#%3$* H#HAZOBERBLI0, | 70 @ 0%0*>-14*12#+*1*MY%*/>*>1%4?*1 D2=*]
2G! %?0,! $*+0*4! BT $*D*/987*D%S2D?*@OD#7! ,%3>0*,! 2G! =7B,0D#7! #-$ D> RODHH/>
%$H#/,G2$@#%02/,12G!)',-14?20D?! @0;?%! =7#B!#!,0;/0G0D#/%! $27*10/1%?*!)',! %2MOD0%B! #/>! %?*0$! #

*[+0$2/ @*%#71$0 JE2&\@#0/!#,=*D%, #>>$*,,*>10/1%70, | $#$0 3@ @#$0J*>Bigure 1&

Properties Electrochemical detection | Transformations
Size and characterization Clustering
‘ .. of nanoparticles

Reactivity

0,
©®—o¢
Speciation

In the en

Figure 1. Schematic summary of the main topics discussed in this review involving the electrochemical detection

and characterization of nanoparticles as a potential tool for environmental purposes.

2.!" Electrochemistry for detection and study of nanoparticles of environmental concern

N7*D%$2D?*@O0D#7! %*D?/0L3*,! =$2+0>*! #/1 *GGODO*/BECGH Y &35! BRRES/#%0+*! %2! D2/+*/%02/#7!
%*D?/0L3*,! GZHH*%*D%02/! 2G&, W 7*D%$2D?*@0D#7! 0/,%$3 @#HeD2([@=2,2C! , @#F 7
,03*>-1=28%HHT7*1#/>8D24/0! >*+0D#7 7240/;! >*D*/%$#70I*>#/#7B,0,-14?0D?!0,!*,=*DO#77B!,30%#H7*! G2
in situl*[+0$2/@*/%#7\#/#7B,0,&! (*+*$#71*7*D%$2D ?* @O0D#7!,%$#%0*;0*, | 2#+* | HY R ESH*D F60C/2 !
2G!)1,3D?! #,! >0$*D%! =$2D*,,*,! G$2@'8D9B0*! )',! 23! #GIFBI0SHB>0;*,%02/! Y& 7*#,*!

*7*D%$2#D %0+, YRR F0?7*1,273%02/&!F?*1#>+*/%12G 1% ?*1*7*D%$2D ?* @ OD# 7! /#/20 @=#D%! @*%?2>!
%7?*1,D2=*1%2!,%3>B!)',1#%!%?8/060%B! 7& S/ -SHR0, @*%? 26| H#,*>12/%?*1 >0$*D%! 0 @=#D%! 2G!
0/>0+0>3#7!1=#$%0D7*,12/\%?**7*D%$I>AREBERID 3$$*/%!, =0E*,10//G3/D%02/12G %0 @*-14?2 *IG*#%3%*,
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,3D?1#,IG$*L3*/DB-ID?#$;*12$!, 2#=*1D#/IH*1$* 799211 % 2852 =*$%BRIT -SNVIQ! @*%72>1=$2+0>*
0/G2$@#%02/' #pIZBS2=*$%@Q!0/>0+0>3#7!)',10F%*$2;*/*23,! #@=T7*,'% 2421 >L%?*$40 }*!
@#,E*>IHBI=#$%0D7*10/%*$#D%02/,!0/'@#D$2,D2=0D1@%L 33 @70 R$2D ?* @O0D#7I@*% 22>, 1 7#+*!
H**/1*MD*77*/%! %2! ,27+* #I3@PH$! 2G! */+0$2/ @*/%#7! #/#7B%ODRBDKE* B! ?#+*1 2/7B!I H**/!

,D#SD*7BI *@=72B*>! G2$! %?*! >*%*D%02/!1 2G!)',! 0/! */+0$2/ @*/%#7! # @IV BB RAF+*1 #1 ;$*#%!
+*$,#%0TORZIB %o#BI%2#>1 0/G2$ @#¥#828%0! )',! ,3D?! #,! D2/D*/%$#%02/-1=?B,0D2D?*@O0D#7! =$2=*$%0*,!
P,0J*-1@2$=7272;B!2$!,3$G#D*ID?*@0,%$BQ!#/>!1%%$#/,G2$@#%02/,!P>0,,273%02/-1#;;$*,#%02/b#;, 72

*%D&Q-14?0D? H#HSHFHBA %0 G2$1*/+0$2/ @*/%#7!,%3>0%, 1#,1=$*+023y B! Ut U EIP

2.1.Electrochemical detection and quantification of nanoparticles in environmental samples

!

Metal nanoparticles.! (*+*$#7!*7*D%$2D?*@O0D#7! ,%$#%*;0*,! 2#+*1 H**/1 $*=2$%*>| LE2/H0BBo! #/>!
@*%#770D! [#/2=#3$86D@2Y;! %7* *! =#$%0D70+*$),!  PL;),Q! #3$*1%?* @2,%! $*7*+#/%! G23$!
*[+0$2/@*/%#7!,%3>0%,1>3*1%21%?*0$! 40>*1D2@ @*$D0#7! 3,*&! c2$! 0/, %#/D*-1#/2>0D!,%$0==0/;1+27%
P1(dQ! 4#,! *@=72B*>! %2! >*%*D%! 1;)',! 0/! D2@ @*$D0#7! 482:BDRG*B£$0/%*>! *7*D%$2>*,!
P(N,QRSXK;#$>0/;! @2%*!*/+0$2/ @*/ V6B $* 7*+#/%! #@=T7*,-1#! e, %0DEBf! *7*D%$2>* 4#,1 $*=2$%*>! %2
>*0* DY, 10/!,=0E*>!/#%3$#7! *#4#%*$! #@E& SZB?0,!>*+0D*!D2/,0,92&¥ |('N '@2>0G0*>140%"7!
DB,%*0p8?#8,1#H7*1%2!0@ @2H070J*11;)",1#G%*$! B0BEARI00 7 #@=7*1G2$!#!,?2$P2 40D *-!
%?*1=2%*/%0#7!2G!%7?0,! @HIAPHGZE,0,&! F?0,! @*%?2>14#,1#7,21 $*=2$%*>1 40%7?! 2262*$! EO/>
*7*D%$2!H3%!40%7?!?0;?2*$! +#$0#H070%B!%2! 0@ @2HO070J*! 1, ;R SYUF ?H4 #2088~ D&b* %02 2>

44 117, 21#==70*>1G2$!%?*10>*/%0G0D#%02/-!>*%*D%02/'#/>!,0J0/;!12G!1;)',!G23/>10/'D2 @ @*$DO#7!=$2>
%7?*1,0/;73/%0%B! 7*+*TH0B2/ @*/%# 7! @*>0#! P#7,2! *#&RBNBQ 4# $*D*/%7B! *M%*S5212%?*$!
*[+0$2/ @*/Y%H TEBI *+#/%! @*>0#! ,3D?! #,! H2%% 7*>! #/>! BB<\UFF$*%*D%02/! 4#,! =*$G2$@*>!
>0$*D%7B!40%M23VD%$2 HB2%0%02/+!0/%*$*,%0/;!0/G2$@#%02/1#H23%!%?*1#,0/;|H*?#+023$!2G! %7
1;),10/  1%7?* *| #@=1+3D?#,1%?*0$!L30DE!#;,72@*$#%02/!0/'=2%¥H 12U B igure 2@!
1>>0%02/12G! D0%$#%* #+20>*>1%7?*1 ) | #;, 72@#SBYI082! %?*! ,3DD*,,G37!>*%*D%02/! 2G! 0/>0+0>3#7!

)',10/1%?* *1@*>0#&!
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Figure 2. Schematic representation of the agglomeration of AgNPs in drinking water with improved dispersion
after addition of citrate. The right part of the figure shows the current spikes resulting from collisions of AgNPs.

Adapted with permission from [19]. Copyright (2019) American Chemical Society.

!

Metal chalcogenides.! "*%#7! D?#7D2;*/0>* | #$*1 #/2%7?7*$! ;$23=! 2CbTH%! [**>! %21 H*| #/#7B,*>!1 0/!

*[+0$2/ @*/%H#HF@=7*,0/D*! %?*B! #$*! 0/D$*#,0/;7B! 3,*>1 0/! D2@ @*$DO# 7 $LPEBIBLICH?*@!
D2/%#MA#+B!@*%#7,1%7?#%! @#B!$*#D ?1%?7*1*/[+0$2/ @*/% ' HO@+ TR 8K 0/1% ?* 1 G 3%&3HU
N7*D%$2D?*@O0D#7!>*%*D%02/12G1%7?* *1)' 1 2#,|H**/140>*7 B! =SS TH@ LRIARRE! #G %*$!#D0>0D!
>0;*,%02/1%BE%0#ETBH, *1% 7% @*Yo# 1WA % ?*!, 27 38RVIL?* 1 7#% %1 $H*%%*$!D?20D*10/1%*$@,!12G!
#/#7B%0D#7!,*/,0%0+0%B&!F?0,!0,1#!=2=37#$Q 088 25@AEY QY202 1#,!.;(*  IHFigure 3Q!
4?20D?#$*IH*70*+*>1%2!IH*19%?*137%0@#%*! @*%#H270D!=$2>3D%!2G!%?*!.;!1>*062M0OGOD#%02/!=#%"?
,B,%*@,&! F?* *1)' 1 4*$*1 >*0*D%*> HBI #/1 2M0>#%0+*! >0;*,%02/! %2193 277,24 > HB! 1(d! 40%7?!
;27>8202>0G0MN, KTWIL,!#!1=$228@D2/D*=%!%24#$>,1*/+0$2/@*/%# 7' #==00*%q2Y)'",!
4*$*1,3DD*,,G377BIL3#/%0GR¥N0HA#% SR =7 8N 7*D%$2D?*@0D#7!@*%?2>,1#77240/;1%?*1>*%*D%02/
2G%?* )1 #%! +*$B! 724! D2/D*/%$#%02/,! 4237>! H*! +*$B! 3,*G37! 0/! @RA0$b %2+ =2, 0H7*

*[+0$2/ @*/%H#0 ,E,&!(2@*/2+*71@*%?2>272;0*,1%2!>* 905 e¢HI340% ? *MD*77*/%!$*,37%,0/1%*$@,!
2G!,*/,0%0+B26B*$, 2G| @#;/0%B:7* B0 ?#/1%?*ID2/+*/%02/#7!>0;*,%02/'@*%?2>Q4*$AS* 2P $%0*>& !
@*%7?2>272;0%,1 4*$*I H#,*>1 2/1%?*1 0/%*$#D %02/ H*%4**/1%?*1 )", 3$GHD* #/>! @*%#7!02/,-1#77240/;! %

L3#/9%0G0D#2a/!0/!,273%02/140%7?23%!#/B!=$*+023,!#D0>0D!>0;*,%02/'H3%!40%?!*M%$*@*7B! 724!
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2G!1>*%*DYdo20Q4+#,1=2, ,0H7* 1 HE),D2+t¥; |/2+* 7, 3$G#D2$2D*,,*,RG1%?*,*1)', |, 3D ?!4#,! *7*D%0+*!
*7*D%$2>*=2,0%02/ RCWAS! % ?*0$!$27*10/1%?*!,%#H070I#%02/12G1*7*D%$2; */* $HERTXEIIQ! ,=*D0*,
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H92+ 2+
40
> :

e 3 _ - =20
P ¢ o 'lWa{/ ) ) ) ,
Hg 0+ ! ]
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Acidic treatment Anodic Stripping Voltammetry !

Figure 3. Schematic representation of the anodic stripping voltammetric determination of HgSe NPs through the

release of Hg" . Reprinted with permission from [23]. Copyright (2019) Elsevier B.V.

!

Other nanoparticle materialsA)',!D2@=2,*>!12G!2%?*$! @# % BOHP1*/+0$2/ @*/%# 7! $*7*+ B[

#,12MO>* | D#/'#7 , 2IH*1>*%*D%*>IHB!*7*D%$2D ?* @@D$@B94226,2$!53h!)',10/!>0G G*$*/%! @*>0#!

HB! /#/20 @=#D%KU 28 G23$! 5*R! )] *M=720%0/;! %?*0$! *7*D%$2D#%# BVEQR7H#EO2N0%B
@*@H$H/*,! #D%0/; 1 #,! HZORAT*D%$2>*!  3SCHDHHBET7%*$! G2$! =$*D2/D*/%$#%02/! 4*$*! ,.3DD*,,G377B!
#==70*>1%2K0 @37 %#/*23,!>*%*D%02/12G!g/h#/>!1;#/2 FOBHBL*; $# %0/ ; 1#!-8BES*#% @*/%'=$2D*, !

0/%2! %?*! *7*D%$2D?*@O0D#7! =7#%G2$@! D237>! H*D2@*! Y638 IHHTIER@WG DR @*/%o# 7!
H@=T7*,-14?20D?1#$*13,3#77BID2@=7*M! @XBOEBR! 7PA! D2/D*/%$H%BRI*M#A@=7*12G!,3D?!#!
>*+0D*14#,BDD*,,G37#B+70*>1%21%?*1>*0*D%02/12G/#/240$*,!0/!, =OE* RV %SRD ?*@0D#7!
>*06*D%02/12@ER1%#770DIBD?1#, | DHSHRI#,*>1)' 12$1=#$%0D37#%* | @s2A%@#B!#7,21H*1G23/>10/!
%?*I*[+0$2/ @APA+*1#7 , 21H**/1$*=28%*>&!c2$!0/,%#/D*-; $#=2*/*12M0O>*1)'  14*$*1>*0%*D%*>IHB*M=720%0/;
% 0$!*7*D%$2D#%# 7 BY% O DR 2V HIROT 96 2+ >*%* DY 0RH2 BH 7*1#*$2, 2#H$Y0D 3 7#%* | @#%%*$14#,!

=2,,0H7*IHB!*7*D%$2D?*@O0D#7!0@=*>#/D*!,=*D%$%$2,D2=B!3,0/;!0/%*$>0R¥&EH0*>1*7*D%$2>* &

2.2.[Electrochemical study of nanoparticle properties with environmental interest
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2.3.FElectrochemical study of nanoparticle transformations with environmental interest
11G3$%?*$!,%*=19%2!13/>*$,%#/>1%?*| G#%*12G!)',10/1%?*1*/[+0$2/ @*/% BP0, WIPBL2B!0D#7!
#/>! D?*@OD#7! %$#/,G23@#%02/,&! F?*,*1 0/%*$#D%02/,! #/>! Y8 G2SEHBLBAE/24/-! H3%!

*7*D%$2D?*@O0D#7!@*%?2>,!D237>1H*13,*G371%2! 3122 31:2%2P*, ¥, &!

Inter-particle interactions&l/%*8#$%0D7*! 0/%*$#D%02/,! ,3D?!#,! D73,%*$! G2$@#%02/-1 #;;72 @*$#%02.
#;:$%:#%02/! =$2D*, *D#/\#GG*D%! )',! $*#D%0+0%B! #/>! >0,%$0H3%02/! 0/! YoRWATRDB 2B B0 &
GO0/>0/;,,G$2@r*D%$2D?*@0D#7!,%3>0%,12G!)", | D T3 HFOA 2H#96%* #%022G!)',! @#B!7*#>1%2!
0/D2@=7*%*!,%$0RYON-NOW$2/; 7B1#GG*D%*>HB!0/%*$#D%02/,12G!%?*!)', RASHFLT74#B*$!

2/1),1,0J* RWEL1%?*1=$* */D*12G! @*%#7!02/,! D#/10/>3D*! D7 3,%*$! G2$@#%02/! #/>RAWIRI@ *$#%02/&
F?*l [#20@=#D%! @*%7?2>! 4#,! #7,2! #H7*! %2! >0GG*$*/%0#%*! H*%4**/! #;:$*:#%02/! PO$S*+*$,0H7
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Electro-dissolution / surface oxidation. 1/!;*/*$#7-1>0,,273%02%!,3$G#D*12MO0>8602/ 2DD3$$0/;
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*7*D%$27B%*! @WOHERT*|G2$@#%02/12GI#/12MO>2VTHE)', |, 3SGHDPY, IH**/12H *$+*>1#,1#/!]
0/0%0#7! ,%#;*1 2G! "D BEROMRKIH >! 0%,! 7*%*$2;*/*D@BB! #GG*D%! %?*! ,3H,*L3*/%! >0,,273%02/
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Symmetric A

:; Silver oxide
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Figure 4. Scheme showing how the properties of the oxide layer formed on AgNPs influences the electro-

dissolution process. Adapted with permission from [52]. Copyright (2018) American Chemical Society.!

Speciation. 52@=7*@*/%#$B! %2! %P2 )',! >0,,273%02/-! ,=*D0#%02/! ,%3>0*,! %?#%1G2D3,! 2/
>0,D$0@0/#%02/12G! ), 1#/>102/,!#$*1 0@=2$%#/%! 0/! */+0$2/ @*/%#7! ,%3>0*,!1,0/D*1 0/! ,2@*! D#,*,! %?*1 0
D237>IH*1@2%*1?7#J#$>23,1%2!70+0/;12$;#/019@2 19288 0l 6 ?* @, *7+*, &IN7*D%$2D ?*@O0D#7!,%3>0*,!
2G!,=*D0#%02/! HaH1$*=2$%*>!, 3D ?1#,1%?* *7*D%0+*1>*%*D%02/!12G!1;)",!0/\=$* A HB! /DY ;!
%?*ID?*@O0D#7!2$! *7*D%$2,%#%0D! 0/%*$#D%02/1 2G! %?*,*1 ,=*D0*,1 40%?! @ 2ROFBB Y6 7*D%$2>*! , 3$(

F*7*D%0+*1>*%*D%02/12Gt$*,*/D*12G!1;)', 10/'D2@ @*$DO0#7!=$BRIBe4]

Conclusions and outlook

F?*140>* =$*#18,* 12G/#/2%*D?/272@#B!=$2+0>*1; $#946H/D*, | #/>1H*/*G 0%, %2! , 2003%B)%!#7,2!
*[%#07,13/E/24/"*[+0$2/ @*/%#7!$0,E,!%?#%!@3,%!H*I1#>>$*, *>10621=$* *$+*I1#! 3, %#0/H#H AHA42$7>&IF?7*$
THDE!2GIL3#/%0%#%0+*1E/247*> *1#/>H==$2=30#%*1#/#TB%OD#7!@*%?2>,1G2$!>*%*D%02/1#/>1D?#$#
)',10/1%?*1*/+0$2/ @*/%&V*D%$2 D0;/%@hB! D#/|=7#BI!#/'0 @=2$%#/%!$27*10/1%?*1G3%3$*1#, & L30DE!#/>!D
*GG*D%0+*19%227!,0/D*10%!D#/1=$2+0>*10/G2$ @#%02/1#H23%!D2/D*/%$B/ DI B0 HD QBHH2 3%
=$2=*$%0*,I#/>1%$#/, G2 AHSPRL.! .24*+*$-FT7*D%$2D?*@0,%$B- 1 2$!#/B! 2BEAORHHV6o*D?/0L 3*-!

?#,| D#$D* BT/ *@=72B*>1G2$!@2/0%2$0/;!)',10/*/+0$2/ @*/%# 7 # @B BET7*/;*,1$* @#0/!%2!
H*1,27+*>10/12$>*$1%212+*$D2 @*1%?*10/?7*$*/%!>0GG0D37%0*,12G!>*%*D%0/;!)",!0/'D2 @RF*M!/#%3$#7 (
0/,%#/D*-1%?2*$FA041*/23; ?>#%#12/1*[+0$2/ @*/%# 7! D2/D*/%$#%02/ , 3tBH# A2 3/>10/1+*$B! 724!
#@23/%,10/1%?* *1 #@=7* &!IF?*1#H,*/D*12G|, %#/>#$> HBFPBYRBEIHD *$%0G 0*>1$*G*$*/D* @#%*$0#7 !
H#E*HT, 2$2HT7* @H%AD-# 7 0>HATBI>*+*72=*KD*%?2&!160GC G*$*/0R02% | /#%3$#7!+*$,3,1*/,0/**$*>]

), #I>1%7*12=#L3*I#/>I>B/#@O0D! @#$E*%!2G!D2 @ @*$DH$H 23RN0 GGOD37%0*,!G2$!)',!
>*%*D%02/1#/>D?#$#D%*$0I#%02/10/1% ?* 1/ HHD T 0L 02+ $* 1#$*1, %007 D@BH/BI21H*1, 274>

%2L304%7*142$T40%?#/#7B%O0D#7!%227 ,\#H7*192 @D H0$2/ @*/%&), | 407 7 H*@H\2$!
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