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Inductive ly Coupled  Pla sma  Ma ss Spectrometry (ICP-MS)

Conventional liquid ICP -MS

Benefits of ICP -MS:
• Low concentrations ppt -ppb range 
• Large volume through output 
• High sensitivity 
• Wide linear dynamic range
• Multi -element capabilities
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Repurposing of existing a na lytica l technique:
Single-Pa rticle  ICP-MS (sp-ICP-MS)

Single -particle ICP -MS

Benefits of sp-ICPMS:[1]

• Frequency is p roportiona l to particle number concentration .
• Magnitude of the  signa l sp ike  corre la tes with the  mass of the  NP.
• Histogra m of signa ls gives ma ss d istribution of pa rticles.
• Ability  to a na lyze both particles a nd dissolved species simultaneously .

[1] C. Degueldre  a nd  P. Y. Fa rva gner, Colloids Surf. A, 217 (2003 ), 137-142



4

Repurposing of existing a na lytica l technique: 
Benefits of using a  Time-of-Flight ma ss a na lyzer for sp -ICP-MS

Single -particle ICP -TOFMS

Added value of sp-ICP-TOFMS:
• Acquisition of a  full ma ss spectrum in 12 µs.
• Determina tion of multi-e lementa l fingerprints per pa rticle
• Multip lexed  sp-ICP-TOFMS stud ies (na notoxicology…)
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Method  va lida tion: 12C de tection of model microp la stics (MPs)

4 µm PS bea ds

Avera ge  signa l 
intensity:

2030  ± 688
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Cha llenges in a pp lied  stud ies

The  na tura l ca rbon ba ckground  a s well other na tura l C-conta ining pa rticles 
(such a s ce lls) need  to be  d istinguished  from the  ca rbon in microp la stics. 

Mea surement of MPs in more  complex systems:

   waters with environmentally relevant DOC
   -> concentrations (up to 20 mg/L)

   with other C-conta ining pa rticles -> a lga e  

L. Hendriks & D. Mitra no, Environ. Sci. & Technol . 2023



7

Mea surement of MPs in environmenta lly re leva nt DOC ba ckgrounds

Increa sing 
concentra tion 

Dissolved  
Orga nic
Ca rbon

4 µm PS bea ds
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Mea surement of MPs in environmenta lly re leva nt DOC ba ckgrounds

Increa sing 
concentra tion 

Dissolved  
Orga nic
Ca rbon

4 µm PS bea ds

+

 Consta nt number of pa rticles recovered .
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Utility of sp -ICP-TOFMS:
Differentia tion be tween species using multi-e lementa l fingerprinting

4 µm PS bea ds

Alga e  ce lls
(Microcystis 
aeruginosa,
size 3-4 µm)

+

Single element monitoring
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Utility of sp -ICP-TOFMS:
Differentia tion be tween species using multi-e lementa l fingerprinting

4 µm PS bea ds

Alga e  ce lls
(Microcystis 
aeruginosa,
size 3-4 µm)

+

Multi -element monitoring with ICP -TOFMS
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Utility of sp -ICP-TOFMS:
Differentia tion be tween species using multi-e lementa l fingerprinting

Alga e  ce lls ca n be  recognized  ba sed  on the ir e lementa l fingerprint (C, Mg & P)

4 µm PS bea ds

Alga e  ce lls
(Microcystis 
aeruginosa,
size 3-4 µm)

+
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Ca se  study II: Distinction be tween d iffe rent C-conta ining species ba sed  on the ir 
multi-e lement fingerprint

+

Algae cells
(Microcystis 
aeruginosa,
size 3-4 µm)

4 µm PS bea ds

PS bea ds
Heteroa ggrega tes
PS bea ds + Alga e

Inta ct 
a lga e  ce lls

Alga e  ce lls
without ca rbon

Alga e  ce lls
fra gments
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Eleva ted  DOC concentra tion d id  not impa ct the  ca pa b ilities to 
de tect MPs, e ither in te rms of sensitivity or for pa rticle  number 
counting. 

Different C-conta ining species: MPs, single  a lga e  ce lls a nd  
he teroa ggrea tes of MPs a nd  a lga e  -  could  be  identified  ba sed  
on the ir multi-e lement fingerprint.

Single-Pa rticle  ICP-TOFMS is a  p romising technique  for the  
de tection a nd  a na lysis of microp la stics ba sed  on the ir ca rbon 
content.

Summa ry a nd  Conclusion

Sp-
ICPTOFMS
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