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Introduction
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Air SoilWater Food Beverages HumanSnow

Microplastics are everywhere!

Microplastics are a growing environmental and health concern

Improved detection and characterization 

Standardized methods

Development of reference materials



Challenges in Microplastic Analysis
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Characterization is complex! 

Diverse Polymer Types 

Size Variability 

Additives & Fillers 

Degradation & 

Weathering 

Density Differences 

Shape Variability 

Surface Chemistry 

Changes 

Color Variability 



Global Regulatory Frameworks for Microplastic Analysis Using 
Vibrational Spectroscopy
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• Commission Delegated Decision 
(EU) 2024/144 Method

• ISO/DIS 16094-2

• California Water 
Boards Policy 
Handbook 

• ASTM WK87463 

• GH/T 1378-2022 (MPs residues 
from farmland mulch film)

• T/CSTM 00884—2024 
(wastewater)

• T/CSTM 00885—2024 (soil)
• T/CSTM 00886—2024 

(groundwater)
• T/CSTM 00887—2024 (seafood)
• T/CSTM 00911-2024 (drinking 

water)

Industry and group standards



Global Regulatory Frameworks for Microplastic Analysis Using 
Vibrational Spectroscopy
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Method EU 2024/1441 California Water Boards ISO/DIS 16094-2

Analytical 

techniques

• Vibrational spectroscopy methods 

such as μ-FTIR, μ-Raman or 

equivalent variations such as 

Quantum Cascade Laser Infrared 

Microscopy (QCL-IR).

• IR spectroscopy can include, but 

is not limited to, FTIR, Laser 

Direct Infrared (LDIR) Imaging, 

Optical-Photothermal IR (O-

PTIR), and other techniques 

capable of measuring 

microplastic particles as small as 

50 μm. 

• Raman spectroscopy

• IR apparatus coupled to 

microscope, such as FTIR, QCL-IR 

microscopy (Ref. Annex F)

• Raman coupled to microscope

Regulatory frameworks recommend various technologies, each differing in:

Optical designWavenumber range Sample introduction substrates Signal-to-noise ratio

Measurement mode Library selection Data processing methods



The Question We Asked

Can narrowing the IR spectral range impact the accuracy of microplastics identification?
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Optical designWavenumber range Sample introduction substrates Signal-to-noise ratio

Measurement mode Library selection Data processing methods

Since only a few aspects of testing variations can be controlled, such as sample introduction substrates, 

library selection, and data processing, an important question arises:



Identifying Microplastics Using IR Spectroscopy
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1,260 to 1,087 cm−1 (CF2 

stretching vibrations)

1,800 to 1,740 cm−1 (C=O 

stretching vibrations) 

1,760 to 1,670 cm−1 (C=O 

stretching vibrations)

1,480 to 1,400 cm −1 (CH2 

bending vibrations) 

2,980 to 2,780 cm−1 

(stretching vibrations of 

CH/CH2/CH3 groups) 



Experimental Approach - Comparative Study of FTIR & LDIR Systems
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Polymer 
samples

• PE

• PP

• PET

• PS

• PVC

• PA

• PU

• PMMA

• PTFE

• PC 

Identification 

• FTIR-ATR

• µFTIR 
imaging 
equipped 
with an FPA 
detector.

• QCL-IR

Data 
processing

• Exporting 
spectra

• Converting 
reflection 
data to 
absorbance

• Calculating 
the first 
derivative

Reference 
Library

• siMPle 
library, 
containing 
326 ATR 
spectra of 
commonly 
encountered 
environment
al polymers

Matching 
algorithm

• Pearson's 
method (4 
ranges)

Cary 620 µFTIR imaging system 8700 LDIR Chemical Imaging SystemCary 630 FTIR-ATR



Cary 630 FTIR-ATR
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Polymer 650–3945 cm⁻¹ 950–3590 cm⁻¹ 1250–3590 cm⁻¹ 975–1800 cm⁻¹

PS 0.95
Polystyrene

0.78
Polystyrene

0.78
Polystyrene

0.84
Polystyrene

PE 0.81
Polyethylene_low_density

0.81
Polyethylene_low_density

0.81
Polyethylene_low_density

0.82
Polyethylene_low_density

PET 0.61
Poly(ethylene_terephthalate)

0.54
Poly(ethylene_terephthalate)

0.47
Fibre_polyester

0.62
Poly(ethylene_terephthalate)

PC 0.89
Polycarbonate

0.90
Polycarbonate

0.87
Polycarbonate

0.91
Polycarbonate

PVC 0.28
Poly(vinyl_chloride)_carboxylated

0.30
Polyvinylchloride_with_plasticizer

0.26
Polyvinylchloride_with_plasticizer

0.60
Polyvinylchloride_with_plasticizer

PP 0.79
Fibre_polypropylene_dyed

0.80
Fibre_polypropylene_dyed

0.80
Fibre_polypropylene_dyed

0.94
Fibre_polypropylene_dyed

PTFE 0.96
Poly(tetrafluoroethylene)

0.97
Poly(tetrafluoroethylene)

0.36
Poly(tetrafluoroethylene)

0.98
Poly(tetrafluoroethylene)

PA 0.51
Nylon_6_6

0.51
Nylon_6_6

0.50
Nylon_6_6

0.72
Nylon_6_6

PU 0.77
Polyurethane

0.78
Polyurethane

0.76
Polyurethane

0.82
Polyurethane

PMMA 0.85
Polymethyl methacrylate

0.86
Polymethyl methacrylate

0.83
Polymethyl methacrylate

0.88
Polymethyl methacrylate

Correlation <0.4 0.4 – 0.6 0.6 – 0.8 >0.8

• PTFE performs best at 975–1,800 cm⁻¹. 
• Fingerprint region improves correlation for PA, PP, and PVC. 

• PET and PS show highest correlation in both full and narrow ranges. 

• Minimal correlation variation for PMMA, PC, PE, and PU across all spectral ranges. 

All polymers were 

identified correctly 



Cary 620 µFTIR imaging system
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Polymer 650–3945 cm⁻¹ 950–3590 cm⁻¹ 1250–3590 cm⁻¹ 975–1800 cm⁻¹

PS 0.41
Polystyrene

0.80
Polystyrene_expanded

0.79
Polystyrene_expanded

0.84
Styrene_acrylonitrile

PE 0.41
Polyethylene_low_density

0.61
Polyethylene_low_density

0.63
Polyethylene_low_density

0.69
Polyethylene_foamed

PET 0.54
Polyethylene terephthalate

0.63
Polyethylene terephthalate

0.57
Polyethylene terephthalate

0.63
Polyethylene terephthalate

PC 0.37
Polycarbonate

0.55
Polycarbonate

0.60
Polycarbonate

0.58
Polycarbonate

PVC
0.17
Vinyl_chloride_vinyl_acetate_hydr
oxypropyl_acrylate

0.38
Vinyl_chloride_vinyl_acetate_hydrox
ypropyl_acrylate

0.38
Polyvinylchloride

0.47
Vinyl_chloride_vinyl_acetate_hydroxy
propyl_acrylate

PP 0.62
Polypropylene

0.71
Polypropylene

0.70
Fibre_polypropylene

0.88
Polypropylene

PTFE 0.14
Polytetrafluoroethylene

0.44
Polytetrafluoroethylene

0.37
Poly(tetrafluoroethylene)

0.67
Polytetrafluoroethylene

PA 0.43
Nylon_6_6

0.71
Nylon_6_6

0.71
Nylon_6_6

0.74
Nylon_6_6

PU 0.46
Alkyd_varnish

0.61
Alkyd_varnish

0.70
Alkyd_varnish

0.61
Alkyd_varnish

PMMA 0.31
Polymethyl methacrylate

0.38
Polymethyl methacrylate

0.36
Polymethyl methacrylate

0.39
Polymethyl methacrylate

Correlation <0.4 0.4 – 0.6 0.6 – 0.8 >0.8

• Full range shows lowest correlation due to low S/N at spectrum edges. 

• 975–1,800 cm⁻¹ improves correlation for PP and PTFE. 

• PA, PC, PE, PET, PMMA, PS, PU, and PVC show minimal variation across ranges.

All polymers were 

identified correctly 



8700 LDIR Chemical Imaging System
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Polymer 975–1800 cm⁻¹

PS 0.94
Polystyrene

PE 0.92
Polyethylene_low_density

PET 0.82
Polyethylene_terephthalate

PC 0.92
Polycarbonate

PVC 0.74
Polyvinylchloride

PP 0.96
Polypropylene

PTFE 0.63
Polytetrafluoroethylene

PA 0.90
Nylon_6_6

PU 0.75
Polyurethane

PMMA 0.73
Polymethyl methacrylate

Correlation <0.4 0.4 – 0.6 0.6 – 0.8 >0.8

Polymer 975–1800 cm⁻¹

PS 0.978
Polystyrene

PE 0.987
Polyethylene

PET 0.954
Polyethylene terephthalate

PC 0.953
Polycarbonate

PVC 0.878
Polyvinylchloride

PP 0.984
Polypropylene

PTFE 0.976
Polytetrafluoroethylene

PA 0.964
Polyamide

PU 0.943
Polyurethane

PMMA 0.952
Polymethyl methacrylate

Using Pearson's correlation, LDIR 

data accurately identified all polymers.

Microplastics Starter 2.1 library and Clarity 

software accurately identified all polymers. 



8700 LDIR Chemical Imaging System Automated Workflow
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Identification and classification data for a microplastics mixture (39 × 23 mm area). 

Automatic statistical data generated 

based on the ID
IR image scanned at 1,442 

cm–1

Visible image of the analyzed 

area 

Particles colored based on the ID of 

microplastics

The workflow and library are optimized for microplastics analysis, ensuring robust and accurate identification.



8700 LDIR Chemical Imaging System
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Significant time-saving

Dedicated for microplastic characterization  

Higher sample throughput

Fully automated microplastics workflow 

Tailored microplastics library and easy 

spectral libraries generation 

The LDIR fingerprint region is adequate 

for identifying most polymers.



14 DE94853736



Statistics are updated as analysis proceeds

DE9485373615

.  After the data collection, particles can be sorted according to 

polymer type. In this case, we are looking at PVC. You can see 

in the image how a particle of interest in the Particle Analysis 

window can be chosen and it will be outlined in yellow in the 

particle image. 

Slide 28. As I mentioned previously, the statistics of the analysis 

are updated on the fly – as the analysis proceeds -  particle by 

particle.   The statistical reporting includes color-coded 

assignments of the detected particles, including the number of 

particles in each polymer category and their relative 

percentages. The particles are also classified according to 

diameter and diameter ranges.



Reported Results: Data Table
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Recent White Papers www.Agilent.com
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Microplastics Analysis and the Infrared 

Spectrum: Is Spectral Range Selection Critical?

5994-8037EN

Navigating Global Microplastics Regulations in 

Drinking Water with Vibrational Spectroscopy

5994-8166EN

http://www.agilent.com/
https://www.agilent.com/cs/library/whitepaper/public/wp-microplastics-infrared-spectral-range-5994-8037en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/wp-microplastics-infrared-spectral-range-5994-8037en-agilent.pdf


Resources: www.Agilent.com

• Best Practice for On-Filter Analysis of Microplastics Using the 

Agilent 8700 Laser Direct Infrared (LDIR) Chemical Imaging 

System 

• Rapid, Large-Area, Analysis of Microplastics from Plastic Bottles 

Using Laser Direct Infrared Imaging 

• Performance Attributes of the Agilent 8700 Laser Direct Infrared 

(LDIR) Chemical Imaging System 

• Distinguishing Between Polyamide Microplastics and Natural 

Polyamide 

• Fast, Automated Microplastics Analysis Using Laser Direct 

Chemical Imaging

• Agilent 8700 LDIR Chemical Imaging System

• Agilent Clarity Software

• Microplastics Technologies FAQs

• Microplastics Analysis in Water

• Agilent Cary 630 FTIR Spectrometer

• Agilent MicroLab Software

• ATR-FTIR Spectroscopy Overview
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http://www.agilent.com/
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/whitepaper-microplastics-analysis-8700-ldir-5994-5467en-agilent.pdf
(https:/www.agilent.com/cs/library/applications/an-analysis-of-microplastics-plastic-bottles-using-ldir-5994-5309en-agilent.pdf
(https:/www.agilent.com/cs/library/applications/an-analysis-of-microplastics-plastic-bottles-using-ldir-5994-5309en-agilent.pdf
(https:/www.agilent.com/cs/library/applications/an-analysis-of-microplastics-plastic-bottles-using-ldir-5994-5309en-agilent.pdf
(https:/www.agilent.com/cs/library/applications/an-analysis-of-microplastics-plastic-bottles-using-ldir-5994-5309en-agilent.pdf
(https:/www.agilent.com/cs/library/applications/an-analysis-of-microplastics-plastic-bottles-using-ldir-5994-5309en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/wp-8700-ldir-5994-4619en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/wp-8700-ldir-5994-4619en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/wp-8700-ldir-5994-4619en-agilent.pdf
https://www.agilent.com/cs/library/whitepaper/public/wp-8700-ldir-5994-4619en-agilent.pdf
https://www.agilent.com/cs/library/applications/application-polyamides-8700-ldir-5994-4032EN-agilent.pdf
https://www.agilent.com/cs/library/applications/application-polyamides-8700-ldir-5994-4032EN-agilent.pdf
https://www.agilent.com/cs/library/applications/application-polyamides-8700-ldir-5994-4032EN-agilent.pdf
https://www.agilent.com/cs/library/applications/application-marine-microplastics-8700-ldir-5994-2421en-agilent.pdf
https://www.agilent.com/cs/library/applications/application-marine-microplastics-8700-ldir-5994-2421en-agilent.pdf
https://www.agilent.com/cs/library/applications/application-marine-microplastics-8700-ldir-5994-2421en-agilent.pdf
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-chemical-imaging-system/ldir-chemical-imaging-system
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-chemical-imaging-system/ldir-chemical-imaging-system
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-software/agilent-clarity-software
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-software/agilent-clarity-software
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/best-technologies-for-microplastics-analysis
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/best-technologies-for-microplastics-analysis
https://www.agilent.com/en/solutions/environmental/water-testing/microplastics-analysis-in-water
https://www.agilent.com/en/solutions/environmental/water-testing/microplastics-analysis-in-water
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-benchtop-systems/cary-630-ftir-spectrometer
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-benchtop-systems/cary-630-ftir-spectrometer
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-software/microlab-ftir-software
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-software/microlab-ftir-software
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-software/microlab-ftir-software
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-software/microlab-ftir-software
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/atr-ftir-spectroscopy
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/atr-ftir-spectroscopy
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/atr-ftir-spectroscopy
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/atr-ftir-spectroscopy


August 1, 202519


	Slide 1: How Critical is Spectral Range to Identification of Microplastics?
	Slide 2: Introduction
	Slide 3: Challenges in Microplastic Analysis
	Slide 4: Global Regulatory Frameworks for Microplastic Analysis Using Vibrational Spectroscopy
	Slide 5: Global Regulatory Frameworks for Microplastic Analysis Using Vibrational Spectroscopy
	Slide 6: The Question We Asked
	Slide 7: Identifying Microplastics Using IR Spectroscopy
	Slide 8: Experimental Approach - Comparative Study of FTIR & LDIR Systems
	Slide 9: Cary 630 FTIR-ATR
	Slide 10: Cary 620 µFTIR imaging system
	Slide 11: 8700 LDIR Chemical Imaging System 
	Slide 12: 8700 LDIR Chemical Imaging System Automated Workflow 
	Slide 13: 8700 LDIR Chemical Imaging System 
	Slide 14
	Slide 15:  Statistics are updated as analysis proceeds
	Slide 16: Reported Results: Data Table
	Slide 17: Recent White Papers www.Agilent.com 
	Slide 18: Resources: www.Agilent.com 
	Slide 19

