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Figure 2. Schematic representation of the agglomeration of AgNPs in drinking water with improved dispersion 112 

after addition of citrate. The right part of the figure shows the current spikes resulting from collisions of AgNPs. 113 
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Figure 4. Scheme showing how the properties of the oxide layer formed on AgNPs influences the electro-200 

dissolution process. Adapted with permission from [52]. Copyright (2018) American Chemical Society.!201 

!202 

Speciation. 52@=7*@*/%#$B! %2! %?*! 7#,%!%2=0D! 2/! )',! >0,,273%02/-! ,=*D0#%02/! ,%3>0*,! %?#%! G2D3,! 2/!203 

>0,D$0@0/#%02/!2G!)',!#/>!02/,!#$*!0@=2$%#/%!0/!*/+0$2/@*/%#7!,%3>0*,! ,0/D*!0/! ,2@*!D#,*,!%?*!02/,!204 

D237>!H*!@2$*!?#J#$>23,!%2!70+0/;!2$;#/0,@,!%?#/!%?*!2$0;0/#7!)',!%?*@,*7+*,&!N7*D%$2D?*@0D#7!,%3>0*,!205 

2G!,=*D0#%02/!?#+*!H**/!$*=2$%*>!,3D?!#,!%?*!,*7*D%0+*!>*%*D%02/!2G!1;)',!0/!=$*,*/D*!2G!1;+!HB!%3/0/;!206 

%?*!D?*@0D#7!2$!*7*D%$2,%#%0D!0/%*$#D%02/!2G!%?*,*!,=*D0*,!40%?!@2>0G0*>!*7*D%$2>*!,3$G#D*,RXVU!2$!%?*!207 

,*7*D%0+*!>*%*D%02/!2G!1;+!0/!=$*,*/D*!2G!1;)', !0/!D2@@*$D0#7!=$2>3D%,&RXW<<U!!208 

!209 

Conclusions and outlook  210 

F?*!40>*,=$*#>!3,* !2G!/#/2%*D?/272;B!@#B!=$2+0>*!;$*#%!#>+#/D*,!#/>!H*/*G0%,!%2!,2D0*%B-!H3%!0%!#7,2!211 

*/%#07,!3/E/24/!*/+0$2/@*/%#7!$0,E,!%?#%!@3,%!H*!#>>$*,,*>!%2!=$*,*$+*!#!,3,%#0/#H7*!42$7>&!F?*$*!0,!#!212 

7#DE!2G!L3#/%0%#%0+*!E/247*>;*!#/>!#==$2=$0#%*!#/#7B%0D#7!@*%?2>,!G2$!>*%*D%02/!#/>!D?#$#D%*$0J#%02/!2G!213 

)',!0/!%?*!*/+0$2/@*/%&!N7*D%$2D?*@0,%$B!D#/!=7#B!#/!0@=2$%#/%!$27*!0/!%?*!G3%3$*!#,!#!L30DE!#/>!D2,%8214 

*GG*D%0+*!%227!,0/D*!0%!D#/!=$2+0>*!0/G2$@#%02/!#H23%!D2/D*/%$#%02/,!H3%!#7,2!#H23%!=?B,0D#7!#/>!D?*@0D#7!215 

=$2=*$%0*,!#/>!%$#/,G2$@#%02/,!2G!)', &!.24*+*$-!*7*D%$2D?*@0,%$B-!2$!#/B!2%?*$!#/#7B%0D#7!%*D?/0L3*-!216 

?#,!,D#$D*7B!H**/!*@=72B*>!G2$!@2/0%2$0/;!)',!0/!*/+0$2/@*/%#7!,#@=7*,&!"#/B!D?#77*/;*,!$*@#0/!%2!217 

H*!,27+*>!0/!2$>*$!%2!2+*$D2@*!%?*!0/?*$*/%!>0GG0D37%0*,!2G!>*%*D%0/;!)',!0/!D2@=7*M!/#%3$#7!@*>0#&!c2$!218 

0/,%#/D*-!%?*$*!0,!/2%!*/23;?!>#%#!2/!*/+0$2/@*/%#7!D2/D*/%$#%02/,-!#/>!#$*!3,3#77B!G23/>!0/!+*$B!724!219 

#@23/%,!0/!%?*,*!,#@=7*,&!F?*!#H,*/D*!2G!,%#/>#$>!#/#7B%0D#7!@*%?2>,!#/>!D*$%0G0*>!$*G*$*/D*!@#%*$0#7,!220 

#$*!#7,2!=$2H7*@#%0D!%2!+#70>#%*!/*47B!>*+*72=*>!@*%?2>,&!60GG*$*/%0#%02/!2G!/#%3$#7!+*$,3,!*/;0/**$*>!221 

)',! #/>!%?*!2=#L3*!#/>!>B/#@0D!@#$E*%!2G!D2@@*$D0#7!=$2>3D%,!;0+*!$0,*!%2!/*4!>0GG0D37%0*,!G2$!)',!222 

>*%*D%02/!#/>!D?#$#D%*$0J#%02/!0/!%?*!*/+0$2/@*/%&!I/!D2/D73,02/-!%?*$*!#$*!,%077!@#/B!0,,3*,!%2!H*!,27+*>!223 

%2!*L30=!%?*!42$7>!40%?!#/#7B%0D#7!%227,!#H7*!%2!@2/0%2$!)', !0/!%?*!*/+0$2/@*/%&!F?0,!4077!H*!#!@#\2$!224 



 

11 
 

D?#77*/;*! G2$! %?*! 1/#7B%0D#7! 5?*@0,%$B! D2@@3/0%B! 0/! %?*! D2@0/;! B*#$,!#/>!4077!70E*7B!0/+27+*! #/!225 

*GG*D%0+*!D277#H2$#%02/!H*%4**/!>0GG*$*/%!%*D?/0L3*,!#/>!,D0*/%0G0D!G0*7>,&!226 

!227 

Acknowledgments and Funding 228 

"&!)&-!.&!)&!#/>!5&!68"&!#$*!;$#%*G37!G2$!%?*!G0/#/D0#7!,3==2$%!G$2@!%?*!c3/>#jk2!=#$#!#!50l/D0#!*!#!229 

F*D/272;0#!Pc5FQ!b!%?*!"0/0,%m$02!>#!50l/D0#-!F*D/272;0#!*!N/,0/2!(3=*$02$!P"5FN(Q!%?$23;?!/#%02/#7!230 

G3/>,!P'2$%3;#7Q!PnI6[bX```ZbT`T`Q&!231 

!232 

References 233 

[1] J. Jeevanandam, A. Barhoum, Y.S. Chan, A. Dufresne, M.K. Danquah, Review on nanoparticles and 234 
nanostructured materials: history, sources, toxicity and regulations, Beilstein J. Nanotechnol. 9 (2018) 1050–235 
1074. https://doi.org/10.3762/bjnano.9.98. 236 

[2] M.E. Vance, T. Kuiken, E.P. Vejerano, S.P. McGinnis, M.F. Hochella, D. Rejeski, M.S. Hull, 237 
Nanotechnology in the real world: Redeveloping the nanomaterial consumer products inventory, Beilstein J. 238 
Nanotechnol. 6 (2015) 1769–1780. https://doi.org/10.3762/bjnano.6.181. 239 

[3] J.R. Lead, G.E. Batley, P.J.J. Alvarez, M.-N. Croteau, R.D. Handy, M.J. McLaughlin, J.D. Judy, K. Schirmer, 240 
Nanomaterials in the environment: Behavior, fate, bioavailability, and effects-An updated review: 241 
Nanomaterials in the environment, Environ Toxicol Chem. 37 (2018) 2029–2063. 242 
https://doi.org/10.1002/etc.4147. 243 

[4] M.A. Maurer-Jones, I.L. Gunsolus, C.J. Murphy, C.L. Haynes, Toxicity of Engineered Nanoparticles in the 244 
Environment, Anal. Chem. 85 (2013) 3036–3049. https://doi.org/10.1021/ac303636s. 245 

[5] M. Bundschuh, J. Filser, S. Lüderwald, M.S. McKee, G. Metreveli, G.E. Schaumann, R. Schulz, S. Wagner, 246 
Nanoparticles in the environment: where do we come from, where do we go to?, Environ Sci Eur. 30 (2018) 247 
6. https://doi.org/10.1186/s12302-018-0132-6. 248 

[6] P. Westerhoff, A. Atkinson, J. Fortner, M.S. Wong, J. Zimmerman, J. Gardea-Torresdey, J. Ranville, P. 249 
Herckes, Low risk posed by engineered and incidental nanoparticles in drinking water, Nature Nanotech. 13 250 
(2018) 661–669. https://doi.org/10.1038/s41565-018-0217-9. 251 

[7] F. Laborda, E. Bolea, G. Cepriá, M.T. Gómez, M.S. Jiménez, J. Pérez-Arantegui, J.R. Castillo, Detection, 252 
characterization and quantification of inorganic engineered nanomaterials: A review of techniques and 253 
methodological approaches for the analysis of complex samples, Analytica Chimica Acta. 904 (2016) 10–254 
32. https://doi.org/10.1016/j.aca.2015.11.008. 255 

[8] M. Zhang, J. Yang, Z. Cai, Y. Feng, Y. Wang, D. Zhang, X. Pan, Detection of engineered nanoparticles in 256 
aquatic environments: current status and challenges in enrichment, separation, and analysis, Environ. Sci.: 257 
Nano. 6 (2019) 709–735. https://doi.org/10.1039/C8EN01086B. 258 



 

12 
 

[9] D. Martín-Yerga, Electrochemical Detection and Characterization of Nanoparticles with Printed Devices, 259 
Biosensors. 9 (2019) 47. https://doi.org/10.3390/bios9020047. 260 

[10] M. Neves, D. Martín-Yerga, Advanced Nanoscale Approaches to Single-(Bio)entity Sensing and Imaging, 261 
Biosensors. 8 (2018) 100. https://doi.org/10.3390/bios8040100. 262 

[11] C.A. Little, R. Xie, C. Batchelor-McAuley, E. Kätelhön, X. Li, N.P. Young, R.G. Compton, A quantitative 263 
methodology for the study of particle–electrode impacts, Phys. Chem. Chem. Phys. 20 (2018) 13537–13546. 264 
https://doi.org/10.1039/C8CP01561A. 265 

[12] S.V. Sokolov, S. Eloul, E. Kätelhön, C. Batchelor-McAuley, R.G. Compton, Electrode–particle impacts: a 266 
users guide, Phys. Chem. Chem. Phys. 19 (2017) 28–43. https://doi.org/10.1039/C6CP07788A. 267 

[13] S. Goines, J.E. Dick, Review—Electrochemistry’s Potential to Reach the Ultimate Sensitivity in 268 
Measurement Science, J. Electrochem. Soc. 167 (2020) 037505. https://doi.org/10.1149/2.0052003JES. 269 

[14] D. Martín-Yerga, A. Costa-García, Recent advances in the electrochemical detection of mercury, Current 270 
Opinion in Electrochemistry. 3 (2017) 91–96. https://doi.org/10.1016/j.coelec.2017.06.012. 271 

[15] G. Cepriá, W.R. Córdova, J. Jiménez-Lamana, F. Laborda, J.R. Castillo, Silver nanoparticle detection and 272 
characterization in silver colloidal products using screen printed electrodes, Anal. Methods. 6 (2014) 3072–273 
3078. https://doi.org/10.1039/C4AY00080C. 274 

[16] W. Cheng, E.J.E. Stuart, K. Tschulik, J.T. Cullen, R.G. Compton, A disposable sticky electrode for the 275 
detection of commercial silver NPs in seawater, Nanotechnology. 24 (2013) 505501. 276 
https://doi.org/10.1088/0957-4484/24/50/505501. 277 

[17] E.J.E. Stuart, K. Tschulik, D. Lowinsohn, J.T. Cullen, R.G. Compton, Gold electrodes from recordable CDs 278 
for the sensitive, semi-quantitative detection of commercial silver nanoparticles in seawater media, Sensors 279 
and Actuators B: Chemical. 195 (2014) 223–229. https://doi.org/10.1016/j.snb.2014.01.040. 280 

[18] E.J.E. Stuart, K. Tschulik, D. Omanović, J.T. Cullen, K. Jurkschat, A. Crossley, R.G. Compton, 281 
Electrochemical detection of commercial silver nanoparticles: identification, sizing and detection in 282 
environmental media, Nanotechnology. 24 (2013) 444002. https://doi.org/10.1088/0957-283 
4484/24/44/444002. 284 

[19] X. Li, C. Batchelor-McAuley, R.G. Compton, Silver Nanoparticle Detection in Real-World Environments 285 
via Particle Impact Electrochemistry, ACS Sens. 4 (2019) 464–470. 286 
https://doi.org/10.1021/acssensors.8b01482. 287 

19**: The nanoimpact method is successfully employed to detect individual Ag NPs as well as to determine their 288 
size distribution and agglomeration processes in drinking water. This work demonstrates the applicability of this 289 
powerful method in samples with environmental relevance. 290 

[20] T.L. Rocha, N.C. Mestre, S.M.T. Sabóia-Morais, M.J. Bebianno, Environmental behaviour and ecotoxicity 291 
of quantum dots at various trophic levels: A review, Environment International. 98 (2017) 1–17. 292 
https://doi.org/10.1016/j.envint.2016.09.021. 293 

[21] O. Amor-Gutiérrez, A. Iglesias-Mayor, P. Llano-Suárez, J.M. Costa-Fernández, A. Soldado, A. Podadera, F. 294 
Parra, A. Costa-García, A. de la Escosura-Muñiz, Electrochemical quantification of Ag2S quantum dots: 295 
evaluation of different surface coating ligands for bacteria determination, Microchim Acta. 187 (2020) 169. 296 
https://doi.org/10.1007/s00604-020-4140-z. 297 



 

13 
 

[22] D. Martín-Yerga, D. Bouzas-Ramos, M. Menéndez-Miranda, A.R.M. Bustos, J.R. Encinar, J.M. Costa-298 
Fernández, A. Sanz-Medel, A. Costa-García, Voltammetric determination of size and particle concentration 299 
of Cd-based quantum dots, Electrochimica Acta. 166 (2015) 100–106. 300 
https://doi.org/10.1016/j.electacta.2015.03.051. 301 

[23] A. Iglesias-Mayor, O. Amor-Gutiérrez, D. Bouzas-Ramos, J.R. Encinar, J.M. Costa-Fernández, A. de la 302 
Escosura-Muñiz, A. Costa-García, Simple and rapid electrochemical quantification of water-stabilized HgSe 303 
nanoparticles of great concern in environmental studies, Talanta. 200 (2019) 72–77. 304 
https://doi.org/10.1016/j.talanta.2019.03.038. 305 

*23: This work reports a very sensitive electrochemical strategy to quantify HgSe NPs in seawater. This material 306 
is very stable in different media, can be formed by Hg contamination and is considered to be the ultimate product 307 
of mercury detoxification in biological systems.  308 

 [24] D. Martín-Yerga, E.C. Rama, A. Costa-García, Electrochemical Study and Applications of Selective 309 
Electrodeposition of Silver on Quantum Dots, Anal. Chem. 88 (2016) 3739–3746. 310 
https://doi.org/10.1021/acs.analchem.5b04568. 311 

[25] D. Martín-Yerga, A. Costa-García, Stabilization of electrogenerated copper species on electrodes modified 312 
with quantum dots, Phys. Chem. Chem. Phys. 19 (2017) 5018–5027. https://doi.org/10.1039/C6CP07957A. 313 

[26] D. Martín-Yerga, A. Costa-García, Electrochemical detection of quantum dots by stabilization of 314 
electrogenerated copper species, Electrochemistry Communications. 74 (2017) 53–56. 315 
https://doi.org/10.1016/j.elecom.2016.11.017. 316 

[27] G. Zampardi, J. Thöming, H. Naatz, H.M.A. Amin, S. Pokhrel, L. Mädler, R.G. Compton, Electrochemical 317 
Behavior of Single CuO Nanoparticles: Implications for the Assessment of their Environmental Fate, Small. 318 
14 (2018) 1801765. https://doi.org/10.1002/smll.201801765. 319 

*27: This work shows the potentiality of the nanoimpact method to detect NPs composed of metal oxides, which 320 
are widely employed in commercial products and, accordingly, are the NPs found at higher concentrations in 321 
environmental media. 322 

[28] A. Iglesias-Mayor, L. Fernández-Murillo, F.J. García-Alonso, A. de la Escosura-Muñiz, A. Costa-García, 323 
Nanoceria quantification based on its oxidative effect towards the ferrocyanide/ferricyanide system, Journal 324 
of Electroanalytical Chemistry. 840 (2019) 338–342. https://doi.org/10.1016/j.jelechem.2019.04.013. 325 

[29] C.A. Li, D.H. Kim, J. Park, D. Kim, Membrane-based electrochemical device for monitoring nanowires in 326 
aqueous samples, Sensors and Actuators B: Chemical. 242 (2017) 238–243. 327 
https://doi.org/10.1016/j.snb.2016.11.065. 328 

[30] M. Gocyla, M. Pisarek, M. Holdynski, M. Opallo, Electrochemical detection of graphene oxide, 329 
Electrochemistry Communications. 96 (2018) 77–82. https://doi.org/10.1016/j.elecom.2018.10.004. 330 

[31] C. Renault, S.G. Lemay, Electrochemical Collisions of Individual Graphene Oxide Sheets: An Analytical 331 
and Fundamental Study, ChemElectroChem. 7 (2020) 69–73. https://doi.org/10.1002/celc.201901606. 332 

[32] M.S. Chiriacò, S. Rizzato, E. Primiceri, S. Spagnolo, A.G. Monteduro, F. Ferrara, G. Maruccio, Optimization 333 
of SAW and EIS sensors suitable for environmental particulate monitoring, Microelectronic Engineering. 334 
202 (2018) 31–36. https://doi.org/10.1016/j.mee.2018.10.008. 335 



 

14 
 

*32: This work demonstrates the potential of electrochemical techniques such as impedance for detection of 336 
nanoscale aerosol particulate matter, which is a serious form of air pollution, and the possibilities of extending 337 
these techniques to detect environmental particles beyond liquid media.  338 

 [33] A. Sukhanova, S. Bozrova, P. Sokolov, M. Berestovoy, A. Karaulov, I. Nabiev, Dependence of Nanoparticle 339 
Toxicity on Their Physical and Chemical Properties, Nanoscale Res Lett. 13 (2018) 44. 340 
https://doi.org/10.1186/s11671-018-2457-x. 341 

[34] T.R. Bartlett, S.V. Sokolov, R.G. Compton, Electrochemical Nanoparticle Sizing Via Nano-Impacts: How 342 
Large a Nanoparticle Can be Measured?, ChemistryOpen. 4 (2015) 600–605. 343 
https://doi.org/10.1002/open.201500061. 344 

[35] M.Z.M. Nasir, M. Pumera, Impact electrochemistry on screen-printed electrodes for the detection of 345 
monodispersed silver nanoparticles of sizes 10–107 nm, Phys. Chem. Chem. Phys. 18 (2016) 28183–28188. 346 
https://doi.org/10.1039/C6CP05463C. 347 

[36] S.V. Sokolov, C. Batchelor-McAuley, K. Tschulik, S. Fletcher, R.G. Compton, Are Nanoparticles Spherical 348 
or Quasi-Spherical?, Chem. Eur. J. 21 (2015) 10741–10746. https://doi.org/10.1002/chem.201500807. 349 

[37] B.J. Plowman, N.P. Young, C. Batchelor-McAuley, R.G. Compton, Nanorod Aspect Ratios Determined by 350 
the Nano-Impact Technique, Angew. Chem. Int. Ed. 55 (2016) 7002–7005. 351 
https://doi.org/10.1002/anie.201602867. 352 

[38] D.K. Pattadar, J.N. Sharma, B.P. Mainali, F.P. Zamborini, Impact of the Assembly Method on the Surface 353 
Area-to-Volume Ratio and Electrochemical Oxidation Potential of Metal Nanospheres, J. Phys. Chem. C. 354 
123 (2019) 24304–24312. https://doi.org/10.1021/acs.jpcc.9b06555. 355 

[39] M. Gocyla, J. Dolinska, N. Rostkowska, M. Opallo, Electrochemical Detection of Positively Charged Carbon 356 
Nanoparticles Suspension in Flow, Electroanalysis. 30 (2018) 1965–1970. 357 
https://doi.org/10.1002/elan.201800178. 358 

[40] H.V.S. Ganesh, B.R. Patel, H. Fini, A.M. Chow, K. Kerman, Electrochemical Detection of Gallic Acid-359 
Capped Gold Nanoparticles Using a Multiwalled Carbon Nanotube-Reduced Graphene Oxide 360 
Nanocomposite Electrode, Anal. Chem. 91 (2019) 10116–10124. 361 
https://doi.org/10.1021/acs.analchem.9b02132. 362 

*40: This paper proposes an approach to detect NPs by the redox properties of their coating in biological and 363 
environmental samples. This kind of detection may become very promising in order to recognize engineered NPs 364 
with synthetic coatings from natural NPs formed in the environment. 365 

 [41] A. Karimi, S. Andreescu, D. Andreescu, Single-Particle Investigation of Environmental Redox Processes of 366 
Arsenic on Cerium Oxide Nanoparticles by Collision Electrochemistry, ACS Appl. Mater. Interfaces. 11 367 
(2019) 24725–24734. https://doi.org/10.1021/acsami.9b05234. 368 

[42] S. Elzey, V.H. Grassian, Agglomeration, isolation and dissolution of commercially manufactured silver 369 
nanoparticles in aqueous environments, J Nanopart Res. 12 (2010) 1945–1958. 370 
https://doi.org/10.1007/s11051-009-9783-y. 371 

[43] S.J. Cloake, H.S. Toh, P.T. Lee, C. Salter, C. Johnston, R.G. Compton, Anodic Stripping Voltammetry of 372 
Silver Nanoparticles: Aggregation Leads to Incomplete Stripping, ChemistryOpen. 4 (2015) 22–26. 373 
https://doi.org/10.1002/open.201402050. 374 



 

15 
 

[44] W. Chen, H. Wang, H. Tang, C. Yang, Y. Li, Unique Voltammetry of Silver Nanoparticles: From Single 375 
Particle to Aggregates, Anal. Chem. 91 (2019) 14188–14191. https://doi.org/10.1021/acs.analchem.9b03372. 376 

[45] D.A. Robinson, A.M. Kondajji, A.D. Castañeda, R. Dasari, R.M. Crooks, K.J. Stevenson, Addressing 377 
Colloidal Stability for Unambiguous Electroanalysis of Single Nanoparticle Impacts, J. Phys. Chem. Lett. 7 378 
(2016) 2512–2517. https://doi.org/10.1021/acs.jpclett.6b01131. 379 

[46] S.L. Allen, J.N. Sharma, F.P. Zamborini, Aggregation-Dependent Oxidation of Metal Nanoparticles, J. Am. 380 
Chem. Soc. 139 (2017) 12895–12898. https://doi.org/10.1021/jacs.7b05957. 381 

[47] K. Ngamchuea, C. Batchelor-McAuley, S.V. Sokolov, R.G. Compton, Dynamics of Silver Nanoparticles in 382 
Aqueous Solution in the Presence of Metal Ions, Anal. Chem. 89 (2017) 10208–10215. 383 
https://doi.org/10.1021/acs.analchem.7b01470. 384 

[48] S.V. Sokolov, K. Tschulik, C. Batchelor-McAuley, K. Jurkschat, R.G. Compton, Reversible or Not? 385 
Distinguishing Agglomeration and Aggregation at the Nanoscale, Anal. Chem. 87 (2015) 10033–10039. 386 
https://doi.org/10.1021/acs.analchem.5b02639. 387 

[49] K.J. Krause, F. Brings, J. Schnitker, E. Kätelhön, P. Rinklin, D. Mayer, R.G. Compton, S.G. Lemay, A. 388 
Offenhäusser, B. Wolfrum, The Influence of Supporting Ions on the Electrochemical Detection of Individual 389 
Silver Nanoparticles: Understanding the Shape and Frequency of Current Transients in Nano-impacts, Chem. 390 
Eur. J. 23 (2017) 4638–4643. https://doi.org/10.1002/chem.201605924. 391 

[50] D.K. Pattadar, F.P. Zamborini, Halide-Dependent Dealloying of Cu  x  /Au  y  Core/Shell Nanoparticles for 392 
Composition Analysis by Anodic Stripping Voltammetry, J. Phys. Chem. C. 123 (2019) 9496–9505. 393 
https://doi.org/10.1021/acs.jpcc.8b12174. 394 

[51] C.L. Bentley, M. Kang, P.R. Unwin, Time-Resolved Detection of Surface Oxide Formation at Individual 395 
Gold Nanoparticles: Role in Electrocatalysis and New Approach for Sizing by Electrochemical Impacts, J. 396 
Am. Chem. Soc. 138 (2016) 12755–12758. https://doi.org/10.1021/jacs.6b08124. 397 

[52] V. Sundaresan, J.W. Monaghan, K.A. Willets, Visualizing the Effect of Partial Oxide Formation on Single 398 
Silver Nanoparticle Electrodissolution, J. Phys. Chem. C. 122 (2018) 3138–3145. 399 
https://doi.org/10.1021/acs.jpcc.7b11824. 400 

[53] G. Cepriá, J. Pardo, A. Lopez, E. Peña, J.R. Castillo, Selectivity of silver nanoparticle sensors: Discrimination 401 
between silver nanoparticles and Ag+, Sensors and Actuators B: Chemical. 230 (2016) 25–30. 402 
https://doi.org/10.1016/j.snb.2016.02.049. 403 

[54] D. Hernández, G. Cepriá, F. Laborda, J.R. Castillo, Detection and Determination of Released Ions in the 404 
Presence of Nanoparticles: Selectivity or Strategy?, Electroanalysis. 31 (2019) 405–410. 405 
https://doi.org/10.1002/elan.201800597. 406 

**54: This work shows the successful quantification of released Ag"  ions in presence of Ag NPs. This kind of 407 
chemical speciation is very relevant for environmental studies since the toxicity of ions and NPs can be different. 408 
In addition, just a few analytical techniques are able to discriminate both species without previous separation. 409 


