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Frontier Laboratories, Japan
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• Japanese Organization, located in Koriyama, Fukushima prefecture

• Entering 32nd year of our journey

• Global Leader in Analytical Pyrolysis Technology

• Manufacturer of Pyrolyzer and peripheral devices & UA-Columns

Pyrolyzer Micro Reactor UA-Columns

Chemisorber



Frontier Laboratories, Japan
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• Chemical Analysis of Polymeric materials 
for polymers & additives determination

• Investigation of Waste-Energy studies

• Rapid Catalyst Screening

• Catalytic Pyrolysis & Co-pyrolysis

• Smart device for offline preconcentration of

VVOC, VOC & SVOC [polar and semipolar]

• Food and Environmental Applications
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UV

O2, H2O

1: Characterization of polymers

2: Quality control 

3: Degradation/life evaluation of 

polymeric materials 

4: Recycling of polymeric 

materials, biomass utilization

5: Organic geochemistry

and soil chemistry

6: Clinical science, pathology

Application areas of PY-GC/MS system

7: Biochemistry, microbiology

8: Coal liquefaction, 

energy conservation

9: Forensic science

10: Wood science,

pulp industry

11: Tobacco smoke, 

toxicology

12: Extraterrestrial science

13: Environmental science
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What will you learn from this presentation?
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⚫What are Microplastics?

⚫Where do we find them? What are the sources?

⚫Why do we worry about microplastics?

⚫What are our current knowledge on MP distribution?

⚫Where are we heading into?

⚫What is the state of art for MP analysis?



What are microplastics?
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Microplastics are fragments of any type of plastic particles less than 5 mm in length 

and diameter according to the U.S. National Oceanic and Atmospheric 

Administration and the European Chemicals Agency. They enter natural ecosystems 

from a variety of sources, including cosmetics, clothing, and industrial processes.

Microplastics: (1 µm - 5 mm)

• Primary - pellets and fibers 

• Secondary - degraded pieces

• Damage to wildlife by ingestion

Nano-plastics: (< 1 µm)

• Impact on marine life by accidental ingestion 

• Health effects by the concentration of POPs 

through the food chain 

https://oceanservice.noaa.gov/facts/microplastics.html
https://www.noaa.gov/
https://echa.europa.eu/en/home


Where do we find them?
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• Microparticles including microplastics have been shown 

to pass from the intestines into the blood and potentially 

into other organs.

• One study found that plastic fibers were present in 87% 

of the human lungs studied. The researchers proposed 

this may be due to microplastics present in the air.

• The World Health Organization (WHO) has announced a 

review into the potential risks of plastic in drinking water

after a new analysis of some of the world's most popular 

bottled water brands found that more than 90% 

contained tiny pieces of plastic

Where do we find them?
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Where do we find them?
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Prof. Barbro Melgert, Netherlands



Microplastics Distribution Data
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Microplastics presence in the environment is reported globally

But without any consistency………………….

• Differences in reporting format

• Differences in reporting sizes

• Differences in Sampling method and sample preparation

• Differences in Analytical Techniques

• Insufficient evidence on data quality
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❑ The impact of microplastics in the environment is not fully understood and data are 
insufficient for regulators/policy makers to develop any policy or regulation on this. 
However, guidelines like policy from OECD and other federal agencies are an 
indications that they are also closely watching the progress and developments.

❑ More of research is required to fill the gaps. At the same time, harmonization and 
standardization are required to have wholistic approach and fruitful comparison of data 
distribution around the world.

❑ More collaboration among different research groups/researchers should be 
encouraged. Panel members were encouraged to make of use this community forum 
to develop collaborative work on mutual interests and common research topics.

❑ Lack of reference materials were high lighted. Inter comparison exercises are 
suggested. We will explore both with few organizations support.

Outcome of Microplastics 2021 Symposium



Where are we heading to????
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▪ Establishing some harmonization in sampling and analysis

▪ Developing some standards for sampling and analysis

▪ Collecting Baseline data for a period of time

▪ Improve our understanding on MP impacts on human and 

environment



Steps taken by International agencies
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• UN environment agency urges ban of microplastics in cosmetics and personal care products 

- The number of scientific investigations has increased, along with public interest and pressure 

on decision- makers to respond

• The European Commission would put forward in 2022 a legislative proposal to reduce the 

release of microplastics in the environment and to restrict the addition of microplastics to 

products

• WHO calls for more research into microplastics and a crackdown on plastic pollution. Their 

studies revealed that particles above 130 micrometers are not likely to be absorbed by human 

body but smaller particles including nano size may affect but data is limited.

• ISO/DIS 24187- Principles for the analysis of plastics and microplastics present in the 

environment

• ASTM D8332-20: Standard Practice for Collection of Water Samples with High, Medium, or 

Low Suspended Solids for Identification and Quantification of Microplastic Particles and Fibers

• ASTM WK67788:  New Test Method for Identification of Polymer Type and Quantity (Mass) 

Measurement of Microplastic Particles and Fibers in Waters with High-to-Low Suspended 

Solids Using Pyrolysis-Gas Chromatography/Mass Spectrometry: Py-GC/MS



FTIR-ATR

Raman

顕微Raman

m-FTIR-ATR

m-Raman

m-: Micro-

*Based on N. P. Ivleva, A. C. Wiesheu, R. Niessner, Angew. Chem. Int. Ed. 2017, 56, 1720–1739. 

Dimensional characteristics (1 μm ~ 5 mm)
Surface area, shape, size, dispersion (value), diameter, color, 

etc.
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Comparison of analytical methods 

State of art for MPs analysis

Micro-FTIR-ATR, micro-Raman

Features: 

• Non-destructive

• Widely dependent of particle/fiber mass

Challenges:

• Extensive sample preparation

• Longer analysis time (2 - 8 hr)

• Limitation by particle size (FTIR-ATR)

• Quantitative analysis (number of particles/m2)
**Based on A. Käppler,* M. Fischer, * and others, Anal. Bioanal. Chem., 410 (2018) 5313–5327. 

Pyrolysis (Py)-GC/MS
Features: 

• Widely independent of shape and size 

• Inorganic contaminations do not disturb

• Shorter analysis time (60 min to 3 hrs)

• Software development for efficient    

qualitative/quantitative analysis is needed

Challenges:

• Destructive analysis

• Standard method (ASTM etc. ) in progress

Complementary methods

C. Wu, K. Zhang et al.
Freshwater Microplastics, 
p.85-99 (2018).

Py-GC/MS
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PY-GCMS – Analytical Principle
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• Analytical Pyrolysis is a 
technique in which the 
sample is thermally 
treated in a controlled 
environment. Evolved/ 
released compounds are 
introduced to GCMS for 
detailed analysis of 
volatiles, semi-volatiles 
and non-volatiles 
compounds

• A simple sample 
introduction system for 
GCMS applications where 
solid or liquid can be 
introduced without any 
detailed sample 
preparation.



PYGCMS working principles

Separate polymers 

in a column

Sample Prep

&

Measure weight

&

Set samples

Time

Peak

Intensity

Detection of peaks

Quantify phthalates 

by software

Heating sample

(Thermal desorption)

MSGC

Pyrolyzer 
( EGA/PY-3030D )

Ceramic heater

GC oven

Helium

Interface heater

Separation Column

Sample cup 

TD position

Sample cup 

waiting position

(< 40 ℃)

Additives & 

polymers
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PY-GCMS – Analytical Principle
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PY-GCMS – Analytical Principle
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For Large volume filtration
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Microplastics: Preconcentration (Water)
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Microplastics: Preconcentration (Sediment)
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Microplastics: Preconcentration (biota – fish)



Challenges:

1. Target plastic types

2. Secondary reactions among pyrolyzates (acid, alcohol, amine and 

unsaturated compounds)

3. Optimization of a separation column for various pyrolyzates

4. Qualification and quantification of plastics (Search software)

5. Matrices difficulties with environmental samples

Develop an analytical method and analytical system 

for microplastics analysis using Py-GC/MS 
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Development of analytical method for MPs



Our Solutions

1. IQ Mill to homogenize the sample (filter/particles)

2. Development of calibration standard

3. UAMP Guard column

4. Glass insert for improving peak shape

5. MP Software for quick identification and quantification.
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Development of analytical method for MPs
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Microplastics Sample Preparation

Water

Sediment

Biota



UAMP Column kit

This product consists of a separation column (UA5-30M-0.5F), a precolumn (UA Precolumn 50),

and a connector (UA Connector). Using this product improves the accuracy of qualitative and

quantitative analysis of plastics mixture samples using “F-Search MPs 2.0” software. Also, it

reduces the contamination of the separation column, thus reducing the replacement frequency.

Product name P/N Contents

UAMP Column Kit UAMP-K01
UA5-30M-0.5F (1ea.), UA Precolumn 50 (2 ea.), UA Connector (1 ea.), 

VF Metal Ferrule D (3 ea.), Wrench (6/8 mm, 2 ea.)

Detector

Pyrolyzer

GC

GC injector

UA5-30M-0.5F columnUA Precolumn 50
Connection via UA connector

Connection via UA connector 

(enlarged view)

Union

Carrier Gas

Insert tube (deactivated)

VF metal ferrule D VF metal ferrule D

Nut

33



EIC: m/z 84

5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8

Without UA precolumn

C8 (PE)

C8’(PE) Cyclopentanone

(Nylon-66):

C9’(PP)

5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8

With UA Precolumn

Retention time / min

C9’(PP)
C8 (PE)

Oven: 40(2 min)-@20-280 ºC, Column: Ultra ALLOY-5 (5% diphenyl-95% PDMS, 30 m, i.d. 0.25 mm, thickness 0.5 µm)

Sample：PE: 320 µg, PP: 80 µg, Nylon-66: 18 µg

Py at 600 ºC
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Improvement of peak separation by UA precolumn



x5.4

Py at 600 ºC, Oven: 60-@20-320 ºC, Column: Ultra ALLOY-5 (5% diphenyl-95% PDMS, 30 m, i.d. 0.25 mm, thickness 0.25 µm)

Retention time / min

7 8 9 10 11 12 13 14 16 min15

TIC

Without packing material

With packing material

TIC

7 8 9 10 11 12 13 14 16 min15

C15 C20 C30

x5.4

Abnormal peak shape

(lower peak height and broad peak)

Quartz 
wool

Packing 

material
Quartz 
wool

Glass 

insert

Sample：PE: 100 µg

Packed GC Glass insert

35/21



Put 4 mg of MP Calibration 

Standard into a sample cup

Development of Calibration standards

Py-GC/MS 

measurements

MPs-CaCO3

0 105 15 20 min

MPs-SiO2

Styrene
C10’

C14’ C20’

C24’
C26’MMA

Nap

C9'

C6'
C8'

C12’
C16’

C18’
C22’

The amount of each polymer in the 4 mg of reference mixture (PE: 160 µg, PP: 40 µg, PS: 8 µg, ABS: 16 µg, 

SBR: 16 µg, PMMA: 8 µg, PC: 4 µg, PVC: 40 µg, PU: 4 µg, PET: 16 µg, N6: 5 µg, N66: 18 µg, diluent: 3.8 mg)

IPP BP MDA

HR202i (A&D)

< Min: 0.01 mg >

Quartz wool
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Introduction F-Search MPs 2.0
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Recommended Py-GC/MS system configuration 

◼ Microplastics Calibration Standard 

◼ Sample prep procedure

◼ Select of MP Calibration Standard by targets 

◼ Peaks used for quantitation - SiO2 

◼ Peaks used for quantitation - CaCO3

◼ UAMP Column kit

◼ Improvement of peak separation by UA precolumn

◼ Consumable parts set for MPs

◼ Recommended Py-GC/MS system configuration (reiteration)



F-Search ver. 3.6 Styrene monomer, dimer, and trimer are selected as the characteristic pyrolyzates, and the mass 

spectrum obtained by Int-Sum for PS is registered in the database library. For qualification, detect peaks with a certain 

intensity, create Int-Sum mass spectrum for the sample, and search it on the database library.

Int-Sum Mass spectrum of 

characteristic pyrolyzates of PS

14121086

RI: 1799
RI: 2539

Styrene 

Monomer (S)

Styrene 

Trimer(SSS)

104

78
51

91

208
104

91

117 312

m/zm/zm/z

Retention Time / min

F-Search MPs 2.0 Styrene monomer is not included as a characteristic pyrolyzate because it can be derived from 

other styrenic polymer, so the Int-Sum mass spectrum of characteristic ions of dimer and trimer is registered in the 

database. For qualification, these two peaks and characteristic ions are automatically detected from RI and search it on 

the database library. A styrene trimer is used for quantification. 

16

Styrene 

Dimer (SS)

Characteristic ion

91, 104, 208,

91, 117, 312, etc.

91

117

208104
130 194

65
77 312

m/z

Selected ion/peak

Int-Sum Mass spectrum of

characteristic ion’s pyrolyzates of PS

14121086

Styrene 

Monomer (S)

Styrene 

Trimer(SSS)

104

78
51

91

208
104

91

117
312

m/zm/zm/z

Retention Time / min
16

Styrene 

Dimer (SS)

104

78
91

51
117

207 312

m/z
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Comparison of database and searching algorithm



Search algorithm of F-Search MPs 2.0 

14121086

RI: 1749

RI: 2488

Styrene Trimer(SSS)

91

208
104

91

117 312

m/zm/zm/z

16 [min]

Styrene Dimer (SS)

Database library 91

117 208
104130 1946577 312

m/z

Int-Sum mass spectrum of 

SS and SSS

16 [min]14121086

TICC

A:  Registered polymer in 

database library (e.g. PS)

TICC

B: Unkown sample

(Search for PS)

91

208
104

91

117 312

A B

m/z

m/z: 91

m/z: 104

m/z: 208

m/z: 91

m/z: 117

m/z: 312

m/z

91

117 208104130 1946577 312

EIC

Search range

m/z

Step 2: 

Obtain mass spectrum based on 

Step1

Step 3: 

Sum up mass spectrum of A 

and B

Step 4: 

Calculate matching % of mass 

spectrum between unknown 

sample and registered polymer in 

database library

Step 1 : 

Detect EIC of 

characteristic ions of 

pyrolyzates
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Analytical procedure

Sample 
Prep

Introduction

Pyrolysis 

GC/MS

Data 
analysis

⇒ Time

⇒ Time

40

F-Search 
MPs 2.0



Put Known weight of MP 

Calibration Standard into 

a sample cup

Establishing Calibration Curve

Py-GC/MS 

measurements

HR202i (A&D)

< Min: 0.01 mg >

Quartz wool
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Polymer 4 mg 
std

2 mg 
std

1mg 
std

(concentration in µg)

PE 160 80 40

PP 40 20 10

PS 8 4 2

ABS 16 8 4

SBR 16 8 4

PMMA 8 4 2

PC 40 20 10

PVC 10 5 2.5

PET 16 8 4

N6 5 2.5 1.25

N66 18 9 4.5



Step 1: Creating a plot of retention index (RI)

• RI is created based on the pyrolyzates of Polystyrene in MP Calibration Standard

Auto-detection of RI

Load a pyrogram data of MP Calibration Standard

42



• Select ”Add Rep. Files” and upload data files and input sample amount of each polymer.

• Then select Index level (different concentration) “2” and upload data files. You may use 

multiplier to automatically input sample amount of each polymer. 

Load data file and input sample amount

Load data file of different conc.

Load data file of different conc.
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Step 2: Creating a calibration file  (3 of 4)
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Step 2: Creating a calibration file  (4 of 4)
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Step 2: Creating a calibration file  (4 of 4)



Data interpretation of unknown sample
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Step 1

Step 2



Searching result (1/3)  display overview
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Results of  Qual/Quant* Mass spectrum and peak shapes

Qual  : Qualification

Quant: Quantification



Searching result (2/3)  Qual. and Quant.
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Bar graph of 
Relative Amount (%)

Library Match Quality 

(%) 
Quant Result (µg)

Relative Amount (%)

Plastic Name
Peak area



Searching result (3/3)  Mass spectrum/Peak shape

Marker peak of 
Sample

Marker peak of 
MPs Calibration 

Standard for 
calibration

Mass Spectrum of
Sample peak 

Mass Spectrum of 
MPs Calibration 

Standard for 
calibration
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⚫ Each polymer has its own marker peaks and ions



Concluding Remarks
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• Py-GCMS is a simple and fast technique for microplastics Analysis 
in Drinking Water and other environmental samples

• It is independent of size and shape of microplastics. It can 
analyze all sizes/shapes together

• It helps determining the mass concentration than particle 
numbers.

• For drinking Water, simply filter the water sample through 
0.2-micron GF Quartz filter paper (10 mm or 25 mm dia). 
Pulverize the paper or 1/4th of the filter directly using Py-GCMS

• Use of Frontier Microplastics Software improves data 
interpretation for identification and quantification.

• LOQ for many of MPs are less than 1 µg 


