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Challenges of elemental analysis of MPs:

• Compared to nanoparticles, the particle sizes 
of MPs are relatively large (in the order of μm 
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.

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

Characterizing Microplastics (MPs) by ICP-MS

In terms of size, number of particles, concentration, and elemental content
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Mechanism of ICP-MS detection of metallic ions in an ionic solution, in nanoparticles, and in single cells
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Outline of spICP-MS technique:
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• Suspension solutions containing particles are introduced directly into the ICP through a nebulizer where they are 
decomposed, atomized, and ionized. 

• The ion 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.

Single Particle ICP-MS (spICP-MS) 

An established technique for the analysis of nanoparticles (NPs) and particles
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Benefits:

• Sample transport efficiency increases from 
~10% in traditional setup to >50% (in some 
case 70% - 80%) transport efficiency

• Better transport for larger particles

• Greatly increase sensitivity 

Limitations: 

• Can only handle low sample flow (10-20 
uL/min)

• Slow wash out

• Long analysis time 
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High Efficiency Sample Introduction System

Remedies: 

• 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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The Actual Setup in the Lab

8/1/2024 Elemental Workflows in the Food and Cannabis Lab8
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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.

A fully automated, microflow technique for easy and efficient analysis of particles. 

Elemental Scientific Inc., Omaha, NE, USA.
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ESI microFAST Single Cell Sampler



Presence of Microplastics by Agilent MassHunter Software 
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Blank solution

Microbeads solution



• Three PS suspensions of 1, 2, and 5 μm microbeads 
were obtained from Sigma Aldrich (St. Louis, MI, USA). 

• A mixed solution containing 1, 2, and 5 μm PS 
microbeads was prepared in DI water. 

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

• The data shows a clear separation between 1, 2, and 5 
μm PS microbeads signals.

• A platinum (Pt) NP reference material (RM) containing 
50 nm diameter NPs was used to calculate the 
nebulization efficiency of the method. 

Characterization of Polystyrene Microbeads by spICP-MS
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The results confirm the feasibility of the spICP-

MS technique for the detection of the elemental 

content of MPs.

Showing 1, 2, and 5 µm microplastic signal distribution. 

High sensitivity of the 8900 ICP-QQQ detects signals from 1, 2, and 5 μm PS microbeads 
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Solutions containing 1, 2, and 5 μm PS microbeads at 
0.1, 1, and 10 ppm were prepared in triplicate by 
diluting the PS suspensions in DI water before 
analysis of 13C using spICP-MS. 

• There was good agreement of the measured 
particle concentration for each size of MP in the 
triplicate PS solutions, especially for the 2 and 5 
μm PS microbead samples. 

• Also, the measured median size results agreed 
with the nominal sizes of the PS microbeads. 

The results demonstrate the effectiveness of the 
8900 ICP-QQQ method coupled with the microFAST 
autosampler for the detection of MPs down to 1 μm. 

Analysis of Polystyrene Microbeads by Measuring 13C 

spICP-MS data for 1, 2, and 5 μm polystyrene microbeads 

Polystyrene 

Sample

Number of 

Detected 

Particles

Particle 

Concentration 

(particles/L)

Median Size 

(µm)

1 µm 0.1 ppm - 1 2366 4.3 x 108 0.95

1 µm 0.1 ppm - 2 1616 2.9 x 108 1.04

1 µm 0.1 ppm - 3 2100 3.8 x 108 0.97

2 µm 1 ppm - 1 1733 3.1 x 108 1.9

2 µm 1 ppm - 2 1763 3.2 x 108 1.9

2 µm 1 ppm - 3 1947 3.5 x 108 1.9

5 µm 10 ppm – 1 197 3.5 x 107 5.2

5 µm 10 ppm – 2 181 3.3 x 107 5.1

5 µm 10 ppm - 3 211 3.8 x 107 5.2
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Polystyrene Microbead Results
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A separate study by Ching Heng Hsu (Jones), BASF Taiwan 
Ltd., Taiwan has shown that the 8900 ICP-QQQ can also be 
used to detect sub-micron polymer particles in ultrapure 
water by measuring 12C. 

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

Article title: Microplastics by ICP-MS. Key Factors for 
Successful Analysis of Sub-Micron Particles in Ultrapure 
Water 

Publication number: 5994-6725EN

Link: Agilent ICP-MS Journal, issue 94

Detection of Polymer Particles in Ultrapure Water by Measuring 12C

A related study in Agilent ICP-MS Journal 94
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https://www.agilent.com/cs/library/periodicals/public/newsletter-journal-issue94-icp-ms-5994-6725en_agilent_us.pdf
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Title

Automated Multielement Analysis of Single Cells and 
Microplastics by ICP-MS with Micro-Flow Sampling

Authors

Yan Cheung and Emmett Soffey

Agilent Technologies, Inc.

Publication number: 5994-6951EN

Link: Automated Multielement Analysis of Single Cells and 
Microplastics by ICP-MS with Micro-Flow Sampling 
(agilent.com)

ICP-MS Application Note

5994-6951EN
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