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Executive summary

Microplastics are “small plastics” that pollute the environment. The first and widely accepted

definition of Microplastics, done according to their size, comes back to 2008 during the first

International Research Workshop on the Occurrence, Effects, and Fate of Microplastic Marine

Debris. The National Oceanic and Atmospheric Administration (NOAA) classifies

microplastics as plastic particles smaller than 5 mm.

Studies conducted in the last few years have shown that microplastics are found extensively in 

seafood but not only:  A variety of other foods are contaminated such as drinking water, beer, 

honey, table salt, soft drink etc1

Last year a study, conducted by the Medical University of Vienna, found microplastics in 

human stools for the first time increasing the global concern.

Microplastics comes from multiple sources:

• Cosmetic and personal-care, such as scrubbing cream, tooth paste and exfoliates 

• Synthetic fibres coming from clothing and textiles production for domestic and industrial 

uses

• Food chains

• Abrasion of car tyres

• etc1 

.
https://www.theguardian.com/environment/2018/mar/15/microplastics-found-in-more-than-90-of-bottled-water-study-says

2019
ECHA re-define Microplastic
Microplastic is a material composed of solid polymer-containing particles, to which additives or

other substances may have been added, with particle dimensions ranging from 1 nm to 5 mm

and with fiber lengths ranging from 3 nm to 15 mm and length to diameter ratio of >3
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Name Abbreviation

Expanded Polystyrene EPS

Polypropylene PP

Polyethylene PE

Acrylonitrile-butadiene-styrene ABS

Polystyrene PS

Polyamide (Nylon) PA

Polymethyl methacrylate PMMA

Polycarbonate PC

Cellulose Acetate CA

Polyvinyl chloride PVC

Polyethylene terephthalate PET

Polytetrafluoroethylene PTFE

• A microplastic is a small piece of 

plastic

• How much small?

• 5mm to 1 micron

• Common microplastics

• PE, PP, PET

• Sources

• Primary

• Particles designed to be small (ie: 

cosmetic microbeads)

• Secondary

• Formed from the breakdown of 

larger items

Microplastics – Who are they?

2017

IUNC (International Union for Conservation of Nature)

Synthetic clothes from washing machines (35%), tyre 
wear (28%), urban dust (24%)
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Why they are a concern and must be monitor

Microplastics can be a vehicle for several chemicals of concern like Bisphenol A (BPA),

Heavy metals, Phthalates and more general Persistent Organic Pollutants POPs .

A recent study examined the effects of microplastics in laboratory mice.

When fed to mice, the microplastics accumulated in the liver, kidneys and intestines, and

increased levels of oxidative stress molecules in the liver. They also increased the level of a

molecule that may be toxic to the brain (*3).

To avoid the consumption of Microplastics a test should be done to measure if there are

Microparticles present and to identify the founded Microparticles as microplastics or not.

*1 https://www.ncbi.nlm.nih.gov/pubmed/23994667

*2 https://www.ncbi.nlm.nih.gov/pubmed/22049059

*3 https://www.ncbi.nlm.nih.gov/pubmed/28436478

BPA is one of the most

studied chemicals found in

plastic. It is usually found

in plastic packaging or

food storage containers

and can leak out into food.

Some evidence has shown

that BPA can interfere with

reproductive hormones,

especially in women (*1).

Phthalates, a type of

chemical used to make

plastic flexible, have been

shown to increase the

growth of breast cancer

cells. However, this

research was carried out in

a petri dish, so the results

can’t be generalized to

humans (*2).

POPs are a class of

chemicals that remain in

the environment and have

harmful effects on the

human health such as

pesticides (DDT),

industrial chemicals such

as polychlorinated

biphenyls (PCB) etc1
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Regulatory Landscape – What is happening around the world

Region
Key Regulatory 

bodies
Status

European Union

European 

Commission, 

REACH

- EC currently passing laws with guidance to ban microbeads

- EC has committees in place to set testing standards for 

industry (Registration, Evaluation, Authorisation & 

restriction of Chemicals REACH) )

South Korea
Ministry of 

Environment (MoE)

- MoE banned microbeads from cosmetics

- Has funded academic and government research labs to 

better understand problem

United States EPA, FDA

- No major announcements or regulation

- Supports and hosts working groups for industry toxicology 

researchers

California
California 

Legislature

- Passed clean water law in 2018 which launched initiative to 

develop microplastic testing methods

Canada C-EPA

- Banned microbeads

- Only major regulatory body to list FTIR as key method for 

molecular identification of microplastics
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• Technique used to identify 

material depends on:

• Particle Size

• Information Required

• Identity

• Particle Size

• Size Distribution

• Number of particles to be 

analyzed

• Common questions

• How much (Load)?

• What type (Identity)?

• Which dimension/shape (Sizing)?

• Identity/dimension/Shape of 

plastic is related to:

• Source

• Potential Toxicity 

What you need to know analyzing Microplastics



9 Proprietary & Confidential

Which Tecniques are sutiable for Microplastics Analysis

Infrared and 

Raman 

Spectroscopy 

& Microscopy
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Macro Particles 

Solution for 

Particles in 

the mm range 
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• Visible to naked eye

• Manipulated with tweezers

• Microscopy not required

• FTIR + ATR frequently used in 

this case

Larger Samples: FTIR with Single-Bounce ATR 
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1. Scat samples obtained from 

Gray Seals in Cape Cod

2. Microplastic particles obtained 

during filtering / washing of 

samples

3. Particles identified using FTIR 

with ATR 

Christine A Hudak and Lisa Sette

Center for Coastal Studies, 

Provincetown, MA, USA

Microplastics and Marine Life

Polyethylene

Kaolin
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Macro Particles 

Solution for 

Particles in 

the micron 

and sub-

micron range 



14 Proprietary & Confidential

• Particle sizes below 100 microns 

require micro spectroscopy

• To visualize the sample

• To focus the spectrometer beam to 

a suitably small size

• Microscopy has two benefits

• The ability to measure small 

particles

• The ability measure multiple 

particles automatically

• Both FTIR and Raman are 

available in microscope 

configurations

Micro spectroscopy
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• Single point

• Only a single point is collected

• Imaging

• Contiguous data points are 

acquired to provide a chemical 

map of an area

• Multiple-point

• Many discrete particles are 

analyzed in sequence

Data Collection Options
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• Exfoliant microbeads obtained 

from person care formulation

• Beads are 100-25 microns in 

size

• Using and IR microscope 

equipped with an ATR objective, 

the particles were identified as 

polyethylene

• Simple ‘point-and-shoot’ 

analysis

Single Point Analysis: Microbeads
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Application Feasibility Results

To avoid the consumption of Microplastics a methodology is developed based on 2 Techniques: 

Raman-Microscopy and FTIR-Microscopy.

Analysis workflow 

Step 1 Step 2

iN10MX

DXR2xi

www.thermofisher.com/microplastics
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Filters Tested
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Filtration Kit



20 Proprietary & Confidential

Possible Approach � Scan full filter

Analyzes with FTIR-Microscopy. Microplastic down to 10 micron 

(A)Visual image of 

the filter showing 

particles

(B)Spectra of one of 

the particles and 

the filter paper

(C)Library searching 

to identify the 

material of the 

particles

(D)Correlation map 

to localize the 

particles with the 

same chemistry

Example � Micro FTIR for Microplastics analysis  - MEASURE and IDENTIFY

(A) (B)

(C)(D)
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Possible Approach � Scan full filter

Analyzes with FTIR-Microscopy. Microplastic down to 10 micron 

Example � Micro FTIR for Microplastics analysis  - COUNT (Quantify)

(A)Correlation maps

(B)Particle Analysis

(C)Number and size 

for the different 

chemistry

*

**

* Polyethilene

**Polystyrene

(A)

(A) (B)

(B) (C)

(C)
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Possible Approach � Multiple maps in the particles region 

Analyzes with Raman-Microscopy. Microplastics down to 1micron and additional information 

about inorganic fillers (i.e. carbonates, Titanium dioxide etc1)

Example � Micro Raman for Microplastics analysis  - SAMPLING-TREATMENT-FILTRATION

Shoreline of 

Pellestrina beach 

(GPS: 45° 15' 

58.507" N 12° 18' 

7.639" E), one of the 

two long islands 

which border the 

Venice Lagoon

Extraction performed by flotation 2

times on 250g of sediment

employing a Sodium Iodide

solution (1,8 g cm-3), using an air

flow (30 min) to shake sediments

and help the particles to float.

Purification performed with

Hydrogen (30%) peroxide to

eliminate organic matter

SAMPLING

TREATMENT

FILTRATION

Filtration on an Aluminum

Oxide 13mm filter (Anodisc,

Whatman)
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Possible Approach � Multiple maps in the particles region 

Analyzes with Raman-Microscopy. Microplastics down to 1micron and additional information 

about inorganic fillers (i.e. carbonates, Titanium dioxide etc1)

(A)Video image 

of the alumina 

filter showing 

particles 

(B)Correlation 

maps 

(C)Library 

searching to 

identify the 

material of 

the particles

Example � Micro Raman for 

Microplastics analysis  - MEASURE-

IDENTIFY

(A)

(B)
(C)

Poly(Ethylene Terephthalate)

Vinyl Chloride/Vinyl Acetate

Polypropilene

PV23 Hoechst Laser pigmet 
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Best Approach & Benefit 

If you need to analyze stars, are you analyzing the full sky? Or just point the star 

If you need to analyze particles, are you analyzing the full filter? Or just point the particles 

AUTOMATIC ROUTINE � Locate, Identify, quantify, understand length/width/Aspect-

Ratio

Raman and/or FTIR � We can provide both techniques according to your needs with the 

same analytical approach 

FTIR down to 10 micron

RAMAN down to sub-micron

OPTIMIZE your analysis time

INCREASE your productivity and/or your publications 

OUR VALUE PROPOSITION and BENEFITS:
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Best Approach � Particle Wizard

4. Reporting
The wizard builds a 

report with the following 

information for each 

particle: Dimension 

(width, length, aspect-

ratio); Number of 

particles; Chemistry 

(identification) 

Automatic routine to analyze particles on filters available for Raman and Infrared Micorscopes  

Automated 4 steps process 

1. Locate
A Video Image allows to 

quickly locate and identify 

all the particles in the filter 

2. Extract
The wizard extract from the video image 

the information of the particle sizes � A 

Particle size sieve hystogram allows to 

select the sizes of interest to be analyzed   

3. Identify
The wizard collect a spectrum (IR or 

Raman) for each particles and identify 

the chemistry by using libraries 

You analysis time is 

reduced from HOURS 

to MINUTES
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Particle Wizard Analysis � DXR2 Raman Microscope

1st Step Collect a Mosaic 

• Sample: Filtered bottled water 500 ml

• Silicon filter

• 8 mm diameter circular area (defined 

by gasket)

• 20X objective

• Visible Image (contrast) is important 

because visible image is used to 

select particles and determine size

• Raman is used for identification

Particle wizard step by step
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Initial Automatic Settings 

2nd Step Automatic particle selection 
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Adjusted Parameters 

Controls Selection 

of Particles based 

on Contrast

Selection of 

Particles based on 

Size

Number of Particle Initiates Mapping

3rd Step optimization of particle selection
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Analyze Particle Map 

Select the right 

libraries

Dedicated library 

available upon 

request

Setup search 

regions to avoid 

some of the silicon 

peaks from the filter
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Particle Example – Particle 798 - Polyethylene
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Print Report – Print to PDF – Individual Spectral Results

Spectra 1 to 1759 (47 pages)
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Print Report – Print to PDF – Library Components & Spectra
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Particle Wizard � Bottled water  - Micro FTIR 

6 bottles (500ml) of still water filtered 



34 Proprietary & Confidential

Particle Wizard � Bottled water  - Micro FTIR 
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Particle Wizard � Bottled water  - Micro FTIR 
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