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Characterizing Microplastics (MPs) by ICP-MS
In terms of size, number of particles, concentration, and elemental content

Challenges of elemental analysis of MPs:

« Compared to nanoparticles, the particle sizes
of MPs are relatively large (in the order of um
to mm).

* The analysis of MPs by ICP-MS requires a
non-standard sample introduction system to
transport the relatively large particles to the
plasma, in high efficiency.

» To identify Microplastic from other particles,
ICP-MS will be measuring carbon (13C) ion
signal, which is less sensitive than other
metals.

e Other studies had measured 12C for
microplastics with good results.




ICP-MS Modes of Analysis

Mechanism of ICP-MS detection of metallic ions in an ionic solution, in nanoparticles, and in single cells
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Single Particle ICP-MS (spICP-MS)
An established technique for the analysis of nanoparticles (NPs) and particles

Outline of spICP-MS technique:

« Suspension solutions containing particles are introduced directly into the ICP through a nebulizer where they are
decomposed, atomized, and ionized.

« Theion plume is detected within 1 ms, which is much faster than the signal integration time used in conventional ICP-MS
measurements (10-100 ms).

« To measure the signals from individual single particles, the fast TRA mode of Agilent single quadrupole ICP-MS or Agilent
triple quadrupole ICP-MS (ICP-QQQ) uses an integration time of 0.1 ms.
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High Efficiency Sample Introduction System

Benefits: Limitations:
» Sample transport efficiency increases from e Can only handle low sample flow (10-20
~10% in traditional setup to >50% (in some uL/min)

case 70% - 80%) transport efficiency . Slow wash out

» Long analysis time

e Better transport for larger particles

_ o Remedies:
 Greatly increase sensitivity

e Syringe pump to ensure smooth, slow, and
accurate flow rate

» Valves to rinse during sample injection
« Autosampler available for sample batch
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Glass Expansion High

— Efficiency
Sam ple U ptake ~2000 pL/min Sample Introduction System
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Glass Expansion High

. Efficiency
Sample AnaIyS|S ® Sample Introduction System
~—
15 pL/min

=

Syringe Pump Set to 15 pls/min

1.02 mm
Tygon

0.89 mm
Tygon

PP
Stopped

Stopped

:::— Agilent



=)

N

"y g

The Actual Setup in the Lab
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ESI microFAST Single Cell (sc) Autosampler

The ESI microFAST comprises a complete
system that includes:

» Autosampler, CytoNeb nebulizer,
CytoSpray spraychamber, and a one-
piece torch.

» Spray Chamber: High transport
efficiency of large particles to the ICP,
the of the

* The ESI micro-sampling system is also
compatible with the Agilent 7850 ICP-
MS (with fast TRA) and the Agilent
7900 ICP-MS.

Elemental Scientific Inc., Omaha, NE, USA.

A fully automated, microflow technique for easy and efficient analysis of particles.
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ESI microFAST Single Cell Sampler

77 T TN

Optional Fluoronetic Z-rail

* True flucropolymer mechanical action
+ Magnetically coupled lingar drive
« Chemically resistant and long-lived

Tapered Probe

Dual Rinse Station

= Low rinse consumption

PTFE Autosampler Deck
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Presence of Microplastics by Agilent MassHunter Software
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Characterization of Polystyrene Microbeads by splICP-MS
High sensitivity of the 8900 ICP-QQQ detects signals from 1, 2, and 5 ym PS microbeads

* Three PS suspensions of 1, 2, and 5 ym microbeads The results confirm the feasibility of the spICP-

were obtained from Sigma Aldrich (St. Louis, MI, USA). MS technique for the detection of the elemental

* A mixed solution containing 1, 2, and 5 ym PS content of MPs.
microbeads was prepared in DI water.

 Size distribution plot of 13C in the PS microbeads mixture.

1 um
* The data shows a clear separation between 1, 2, and 5 H
um PS microbeads signals. ) 2 Um
« Anplatinum (Pt) NP reference material (RM) containing
50 nm diameter NPs was used to calculate the -
nebulization efficiency of the method. -
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Showing 1, 2, and 5 um microplastic signal distribution.
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Analysis of Polystyrene Microbeads by Measuring 3C
spICP-MS data for 1, 2, and 5 ym polystyrene microbeads

Solutions containing 1, 2, and 5 pm PS microbeads at Number of Particle —
: T Polystyrene : Median Size
0.1, 1, and 10 ppm were prepared in triplicate by Sample Detected Concentration (um)
diluting the PS suspensions in DI water before Particles particles/L
0.95

analysis of 13C using spICP-MS. 1 um 0.1 ppm - 1 2366 4.3 x 108

« There was good agreement of the measured 1 um 0.1 ppm - 2 1616 2.9 x 108 1.04
particle concentration for each size of MP in the

.« Je . . - 8

triplicate PS solutions, especially for the 2 and 5 1 pm 0.1 ppm -3 2100 3810 0.97

um PS microbead samples. 2 um 1 ppm - 1 1733 3.1 x 108 1.9

* Also, the measured median size results agreed 2 um 1 ppm - 2 1763 3.2 x 108 19
with the nominal sizes of the PS microbeads.

2 pm 1 ppm - 3 1947 3.5 x 108 1.9

5 um 10 ppm — 1 197 3.5 x 107 5.2

5 um 10 ppm -2 181 3.3 x 107 51

5 um 10 ppm - 3 211 3.8 x 107 5.2




Polystyrene Microbead Results

View

E B ﬁumport Samples ¥ O I;%_ W I+ Import DA Method

Open Save Process Process  Clear
n v Batch Orderv Results v

Batch Option Method

Batch Table : Single Particle

Sample: M S  Sample Type: <All> ¥ Analyte: 197 Au -
03 £23 £3] [4] Reset
Sample 13-=13 C 197 Au
¥ Rict Data File o BT . Tie Serialle (A p;:tic:-:es Me(erl]r;gize N:?ftig:zerl]tcijn FuIIQu(E;:tS}Signal P::ticlnjes Me(erl]r;niize NE;:JCI:Z:::n FuIIQu(E'l::ts}Signal
5 00510NS.d 3/7/2023 3:40:17 PM lonicStd (AN) 10ppm C 1ppb Au 114696.45 194817.67
6 006IONSRM.d | 3/7/2023 3:47:09 PM lonicStd (RM) 10ppm C 1ppb Au 190120.17
7 007SMPLd 3/7/2023 3:52:22 PM Sample Blank 10 34800.13 2 1502.57
8 008_RM.d 3/7/2023 3:59:15 PM RM 50nm 50ppt 199 49 0.551 9240.82
9 009SMPLd 3/7/2023 4:04:28 PM Sample Blank 4 1469 0.551 35409.64 0 0.551 670.88
10 010SMPLd 3/7/2023 4:11:20 PM Sample f5“ 10 ppm 100 5192 0.551) 47170.16 10 6 0.551 573.59
" 011SMPLd 3/7/2023 418:13 PM Sample 5p 10 ppm 93 4841 0.551 45796.05 2 9 0.551 47640
12 012SMPLd 3/7/2023 4:25:06 PM Sample \5u 10 ppm 100 5101 0.551) 46489.31 2 6 0.551 431.36
13 013SMPLd 3/7/2023 431:59 PM Sample rzp 1 ppm 1928 1927 0.55? 46030.01 5 10 0.551 394.16
14 0145SMPLd 3/7/2023 43851 PM Sample 2p 1 ppm 1765 1934 0.551 46030.74 5 7 0.551 389.13
15 0155MPLd 3/7/2023 4:45:44 PM Sample k2L_| 1 ppm 1856 1936 0'551) 46783.03 6 8 0.551 463.08
16 0165MPLd 3/7/2023 452:37 PM Sample rm 0.1 ppm 1278 975 0.551) 37510.70 7 9 0.551 402.88
17 017SMPLd 3/7/2023 4:59:29 PM Sample 1p 0.1 ppm 1438 957 0.551 36699.41 4 6 0.551 39496
18 0185MPLd 3/7/2023 5:06:20 PM Sample \ 1 0.1 ppm 1263 978 0.551) 36405.01 0 0.551 34992
19 019SMPLd 3/7/2023 51312 PM Sample 50nm 50ppt 32 908 0.551 35991.59 211 48 0.551 9081.71
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Particle Size Distribution(Sample) : 020SMPL.d Signal Distribution
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Detection of Polymer Particles in Ultrapure Water by Measuring 2C
A related study in Agilent ICP-MS Journal 94

A separate study by Ching Heng Hsu (Jones), BASF Taiwan "
Ltd., Taiwan has shown that the 8900 ICP-QQQ can also be i Agilent

Agilent ICP-MS Journal " Trusted Answers

used to detect sub-micron polymer particles in ultrapure
water by measuring 12C.

However, careful control of the sample introduction system, November 2023, Issue 94
plasma conditions, and carbon background is needed for the
detection and characterization of such small particles at
single ppb levels.

Celebrating a Quarter of a
Century of the ICP-MS Journal

In September 1998, the [CP-MS team at Hewlett Packard, now Agilent,
published the first issue of “The Hot Source’, a new joumal for users of
the HP 4500 ICP-MS. 25 years on, the Agilent ICP-MS Journal continues
1o be published guarterly, keeping users informed about the latest
Pages 2-3 Agilent developments and industry and applications news.

M H N H H LA-ICP-MS/MS for in-Situ The Agilent ICP-MS Journal provides & mix of technical content. news
Artl C I e tltl e. M ICrOpIaStICS by ICP-MS- Key Factors for Analysis of Fluorine zbout Agilent ICP-MS products, consumables, and support, and articles
H H H H Distribution in Geologica on a range of novel and established applications. Issue 94 includes
SucceSSfUI AnaIySIS Of SUb'IV“Cron PartICIeS In U |trapure and Biological Materials reports from research groups that detect nano scale paricles and
measure elements that would have been considered impossible to run

Wate r Pages 4-5 on ICP-M3 when the Hot Source was first published.

Microplastics by ICP-MS.
Key Factors for Successful
Analysis of Sub-Micron
Particles

Page 1
Celebrating a Quarter of &
Century of the ICP-MS Journal

We would like to thank all the Agilent ICP-MS users and specialists who
have offered their technical expertise, contributed an article, or provided
data. We wouldn't have a Journal without you!

. . Pages 67
Publication number: 5994-6725EN Al of e and von
Semiconductor Process
Chemicals Using ICP-MS/MS

Page 8

ACS Sympaosium on As, the

Link: Agilent ICP-MS Journal, issue 94 e L

Aglent ICP-MS Publicatons.

Figure 1. A selection of cover images from 25 years of the Agilent ICP-MS Journal.
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https://www.agilent.com/cs/library/periodicals/public/newsletter-journal-issue94-icp-ms-5994-6725en_agilent_us.pdf
https://www.agilent.com/cs/library/periodicals/public/newsletter-journal-issue94-icp-ms-5994-6725en_agilent_us.pdf
https://www.agilent.com/cs/library/periodicals/public/newsletter-journal-issue94-icp-ms-5994-6725en_agilent_us.pdf
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Automated Multielement Analysis of
Single Cells and Microplastics by
ICP-MS with Micro-Flow Sampling

Analysis of yeast cells and polystyrene microbeads
using an Agilent 8900 ICP-QQQ with ESI microFAST
SC sample introduction system

Introduction
Single cell ICP-MS (scICP-MS) is increasingly seen as a powerful and fast tool

forthe of in individual cells, mainly due to the high
sensitivity and selectivity of ICP-MS (7). Analysis is performed in the same way
as single nanoparticle (spICP-MS) analysis, which has become a well-
established technique for the analysis of nanoparticles and particles (2).

: Agilent



https://www.agilent.com/cs/library/applications/an-microplastics-8900-scicp-ms-5994-6951en-agilent.pdf
https://www.agilent.com/cs/library/applications/an-microplastics-8900-scicp-ms-5994-6951en-agilent.pdf
https://www.agilent.com/cs/library/applications/an-microplastics-8900-scicp-ms-5994-6951en-agilent.pdf
https://www.agilent.com/cs/library/applications/an-microplastics-8900-scicp-ms-5994-6951en-agilent.pdf
https://www.agilent.com/cs/library/applications/an-microplastics-8900-scicp-ms-5994-6951en-agilent.pdf
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