Differentiating between microplastics,
algae and dissolved organic matter
using single particle ICP-TOFMS

Lyndsey Hendriks' & Denise M. Mitrano?

ITOFWERK AG, Schorenstrasse 39,3645 Thun, Switzerland
’Department of Environmental Systems Science, ETH Zurich, Universitatstrasse 16, 8092 Zurich, Switzerland

WERH

TOFWERH



Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Conventional liquid ICP  -MS
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Benef ts of ICP -MS:
Low concentrations ppt -ppb range
* Large volume through output
* High sensitivity
« Wide linear dynamic range
« Multi -element capabilities

WERH



Repurposing of existing analytical technique:

Simgle-Particle ICP-MS (sp-ICP-MS)

Single -particle ICP -MS
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Benefits of sp-ICPMS:!]

Frequency is proportional to particle number concentration
Magnitude ofthe signalspike correlates with the mass of the NP.

Histogram of signals gives mass distribution of particles.
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« Ability to analyze both particles and dissolved species simultaneously .
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Repurposing of existing analytical technique:
Benefits of using a Time-of-Flight mass analyzer for sp-ICP-MS

Single -particle ICP -TOFMS & .
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Added value of sp-ICP-TOFMS: 2]
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 Acquisition of a fullmass spectrum in 12 pus.

* Determination of multi-elemental fingerprints per particle

* Multiplexed sp-ICP-TOFMS studies (nanotoxicology...) )
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Method validation: ?C detection of model microplastics (MPs)
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Challenges in applied studies

The natural carbon background as well other natural C-contamming particles

(such as cells)need to be distinguished from the carbon in microplastics.

Measurement of MPs in more complex systems:

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

with other C-containing particles -> algae
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Measurement of MPs in environmentally relevant DOC backgrounds

4 um PS beads
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Measurement of MPs in environmentally relevant DOC backgrounds

4 um PS beads
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Utility of sp-ICP-TOFMS:
Differentiation between species using multi-elemental fingerprinting

Single element monitoring
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Utility of sp-ICP-TOFMS:
Differentiation between species using multi-elemental fingerprinting
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Multi -element monitoring with ICP -TOFMS

4 um PS beads 5000 - oG 2\g* 31p
> & 4000-
e = e
c £ S 3000 -
== = 42 g 2000-
'_ 1000 4 l I I || l I I
VgV
0 — N W — E—— 1--‘&---‘-.‘-1----.-1 _______ R — e,
0 200 400 . 600 800 1000 1200
Time (ms)
Algae cells
(Microcystis
aeruginosa,
size 34 um)

WERH



Utility of sp-ICP-TOFMS:
Differentiation between species using multi-elemental fingerprinting
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Algae cells can be recognized based on their elemental fingerprint (C, Mg & P)
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Case study II: Distinction between different C-contaming species based on their
multi-element fingerprint
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Summary and Conclusion

Elevated DOC concentration did not impact the capabilities to
detect MPs, either in terms of sensitivity or for particle number
counting.

Different C-containing species: MPs, single algae cells and
heteroaggreates of MPs and algae - could be identified based
on their multi-element fingerprint.

Sp- Single-Particle ICP-TOFMS 1s a promising technique for the
Tol=anelZ ) detection and analysis of microplastics based on their carbon
content.
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