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Microplastics Analysis using Micro-Furnace
Pyrolyzer and F-Search MPs Software
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What are microplastics?

Pyrolysis-gas chromatography/mass spectrometry (Py-

GC/MS) is a technique for obtaining qualitative and

quantitative data on microplastic mixtures by selecting a set

of characteristic pyrolyzates for each polymer. Recently, a

new method for qualitatively analyzing twelve types of

synthetic polymers has been developed, automated, and

implemented in the search software (F-Search MPs) to

propose a standardized procedure for data processing in Py-

GC/MS analysis of plastics mixtures. The method improves

the current literature and is based on generating summated

mass spectra (SMS) for each polymer, obtained by

extracting specific m/z and retention index coordinates

corresponding to characteristic pyrolyzates.

Microplastics analysis

Microplastics (MPs) are tiny plastic particles that measure less than five millimeters across. They result from the breakdown of larger

commercial plastic products. Some microplastics have formed by breaking away from larger plastics that have fragmented over time

like debris from tire wear. Others have been made small intentionally, for example, cosmetic microbeads used in facial scrubs. The

number of consumer and commercial products with intentionally added microplastics is massive: cosmetics, detergents, paints,

medicines, diapers, pesticides ïthe list goes on. Over time, these tiny particles end up flooding into our environment.

As a pollutant, microplastics harm the environment and animal health. Microplastics are extremely persistent, meaning removing

them from the environment where they accumulate is almost impossible. Due to their persistence nature and the chemicals they are

composed of, studies suggest that they can be highly detrimental to the organisms that come into contact with them, leading to

reduced feeding, poisoning, increasing mortality, and other harmful effects. They also tend to facilitate the transfer of contaminants

along the food-chain, which can have a significant impact on human health. Microplastics can be found everywhere: in the ocean,

mountains, and in our air, drinking water and bodies.

https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/194681/
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What is pyrolysis?

Pyrolysis decomposes a polymer into smaller molecules by heating at

high temperatures. The image on the right may give you an idea of

pyrolysis. However, in most analytical pyrolysis, this is done under inert

atmosphere (no oxygen). Fission of molecular bonds and physical

changes irreversibly take place. These smaller molecules obtained by

fission in an inert atmosphere are called ñPyrolyzatesò.

Here, analytical pyrolysis using a pyrolysis (Py)-GC/MS system is briefly

described.

A polymer comprises repetitive atoms or molecules, each covalently

bonded, forming a long molecular chain or macromolecule.

In analytical pyrolysis, these polymer molecular chains are broken up by

rapidly heating to a high temperature usually at about 600 ºC, and the

composition of the polymer is investigated by introducing the smaller

molecules (pyrolyzates) into an analytical instrument such as GC/MS.
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What is pyrolysis GC/MS technique?

As described earlier, at high temperatures, covalent bonds break and the complex structure is degraded into smaller (stable and volatile)

molecules which are referred to as pyrolyzates. The pyrolyzates formed and their relative intensities provide insight into the structure of the

original material.

One of the most widely used analytical techniques is Pyrolysis-GC/MS (Py-GC/MS). Sub-milligram quantities are put in an inert sample cup. 

This technique is performed by the Multi-Mode Pyrolyzer with a vertical micro-furnace design. The Multi-Mode micro-furnace Pyrolyzer 

provides the users with multiple modes of operations and techniques. Evolved Gas Analysis (EGA) is another technique that can be 

performed as the rapid screening of evolved gases and identifying the optimal thermal desorption temperature zone(s) for thermal

desorption technique (TD-GC/MS).

The Frontier LabôsMulti-Shot Pyrolyzer is interfaced directly to the GC inlet. The sample is placed in a small deactivated cup which is, in turn,

positioned in the micro-furnace. The temperature of the sample is carefully controlled ( 0.1ºC) to ensure that the sample-to-sample thermal

profile is identical. Frontierôswell-engineered technology ensures that the sample is maintained at ambient temperature, in an inert

atmosphere, prior to pyrolysis; thus, eliminating evaporation, thermal degradation, and thermosetting before analysis.

Shown below are pyrograms of some typical polymers, showing how different the pyrograms of each polymers are.
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MS GC

Micro-Furnace Pyrolyzer*Auto-Shot Sampler

MicroJet Cryo-Trap

Vent-free GC/MS adapter

Packed GC glass 
insert*

Pre-column

(UAMP column kit*)

Separation column

Splitter

Multi-Functional Splitless Sampler*

Cryogenic mill*

F-Search MPs analysis software*

MP Calibration standard set*

Micro-Furnace Pyrolysis-GC/MS configuration for microplastic analysis

* Products required for MPs analysis

* Micro-Jet Cryo-Trap needed when using Splitless pyrolysis-GC/MS
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Multi-Shot Pyrolyzer (EGA/PY-3030D)

A vertical micro-furnace pyrolyzer based on a ceramic heater is

the most capable model and features high performance and

ease of use. It is controlled by the control software installed on a

PC. A sample is heated in the furnace to generate gaseous

pyrolyzates, which are introduced into the GC. With optional

accessory devices, it supports a wide variety of applications.

Auto-Shot Sampler (AS-2020E)

Up to 48 samples can be automatically analyzed using any of 

the analytical modes (e.g., Flash pyrolysis, Thermal desorption, 

Double-Shot, Heart-Cutting, etc.) with enhanced reliability.

Sample cup

Pyrolyzer is located in the housing 

of Auto-Shot Sampler.

By blowing liquid nitrogen jet to the front of separation column, volatile 

compounds are cryo-trapped while maintaining the temperature at -196ºC using 

only one third of the amount of liquid nitrogen required for competitor's products. 

It supports automated analysis with the pyrolyzerôcontrol software.

MicroJet Cryo-Trap (MJT-2030E)

Micro-Furnace Pyrolysis-GC/MS configuration for microplastic analysis

https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/17811/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/255147/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/215871/
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Products specifically designed for microplastic analysis

These are peripheral accessories exclusively used with the Multi-Shot Micro-Furnace Pyrolyzer.

MP Calibration standard set

This is used to identify and quantify 12

major polymers using Py-GC/MS. It allows

the user to easily create calibration curves

for quantification of MPs. Both SiO2 (silicon

dioxide) and CaCO3 (calcium carbonate)

are used as diluents for easy weighing on

semi-microbalance and contain a few micro-

grams of each of the 12 polymers. Standard

set with lower concentrations (one-tenth of

this product) is also available.

F-Search MPs 2.1  (JPN patent 6683335)

The unique search algorithm allows users

with little experience in polymer analysis to

obtain reliable microplastic identification and

quantification results. The intelligent F-

Search MP engine is competitive advantage.

The search software allows you to create

calibration curves for quantification of MPs

for easy identification and quantification.

Multi-Functional Splitless Sampler (MFS-2015E)

The device allows "new splitless pyrolysis (F-

Splitless pyrolysis)", "backflush", and improved

separation. The splitless pyrolysis greatly

improves the measurement sensitivity of

pyrolyzates. The backflush shortens the run

time and reduces system contamination.

Cryogenic Mill (IQ MILL-2070)

This compact benchtop grinding mill has

powerful and shear crushing capabilities

and makes the sample grinding process into

a simple pre-treatment operation. By using

a special high elastic belt with excellent

durability, efficient crushing is achieved in a

short time by high-speed three-dimensional

figure-8 motion.

UAMP column kit

Designed for microplastics analysis, this kit

consists of a separation column (UA5-30M-

0.5F), a specially designed pre-column

(UA+-50), and a connector (UA Connector).

Using this product improves the accuracy of

analysis of a polymer mixture. Also, it

reduces the contamination of the separation

column.

Packed GC glass insert

Packed GC Glass Insert is a GC glass insert

with packing materials. Using this product

improves a peak shape of pyrolyzates

derived from microplastics.

https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/194709/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/194681/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/194677/
https://www.frontier-lab.com/products/cryogenic-mill/245165/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/194684/
https://www.frontier-lab.com/products/multi-functional-pyrolysis-system/260619/
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Workflow for Microplastics Analysis with Py-GC/MS System

The sample cups are placed onto the Auto-Shot Sampler. Up to 48 cups

can be loaded each time.

Step 2 Setting sample cups on Auto-Shot Sampler

Pyrolyzates are separated on a GC column and detected by a single

Quadrupole mass spectrometer. The resulting pyrogram generally includes

a peak for each pyrolyzate. The mass spectrum from each peak reflects the

chemical structure of each pyrolyzate. Each polymer generates a unique

set of pyrolyzates.

Step 4 GC/MS analysis

Ҝ Time

Ҝ Time

Microplastics are extracted from environmental samples by appropriate pretreatment and then

homogenized using Cryogenic Mill (IQ-MILL 2070E) or a mixer. The sample is then placed in a

sample cup and weighed using a semi-micro balance.

Step 1 Sampling and pretreatment

The sample is introduced into the micro-furnace Pyrolyzer by the Auto-Shot Sampler and is

pyrolyzed. The plastics become pyrolysis products (pyrolyzates) and are introduced into the GC

directly. On the other hand, the inorganics in the sample remain in the sample cup as residues.

Step 3 Pyrolysis of samples

Reliable and quick Data analysis can be done using F-Search MPs 2.0. Calibration curves are

created automatically based on the analytical results from the reference polymer mixture. Then

F-Search MPs 2.1 performs quantitative calculation automatically and results are reported for

each sample.

Step 5 Data analysis
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