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Sampling of particles in water (or other liquids)
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Sample treatment 
‣ Degradation of organic matter 

500 μm, 0.26−0.31 items m−3),23 the Atlantic Ocean (mesh
size 250 μm, 0−8.5 items m−3),36 and the Portuguese coast
(mesh size 180−335 μm, 0−0.04 items m−3),37 in which the
particles were also reliably identified using FTIR or Raman
microspectroscopy.
Universal Enzymatic Purification Protocol (UEPP).

Although the BEPP was originally developed for seawater
surface samples,14 in modified versions, it can be used to purify
other environmental sample matrices, including freshwater
plankton samples,34 extracted sediment samples, wastewater
samples,32 tissue samples of mussels, daphnia, and fish organs,38

and commercial fish food (partly unpublished data). The
general procedure of filtration and incubation as described
above remains the same; however, slight adjustments in the
BEPP were necessary while considering the chemical
composition of each sample matrix.
The final changes in the BEPP that resulted in the UEPP

(Figure 5) are described here briefly, whereas a detailed
description of the methods and results from the experiments

that led to these adjustments is available in the SI
(Optimization procedures). Experiments regarding the appli-
cation of the enzymes were conducted in cooperation with the
manufacturer of the enzymes (ASA Spezialenzyme GmbH).
Important improvements that led to the UEPP are suggested

here as follows: (1) larger incubation bottles were used, (2) an
optional subdivision of the samples was conducted prior to the
purification for cases with high loads of the sample matrix, (3)
the SDS concentration was increased to 10% (w/w), (4) the
used buffers were replaced with tris(hydroxymethyl)-
aminomethane (Tris) buffer (pH 9) and sodium acetate buffer
(pH 5), (5) two optional steps (lipase and amylase) for samples
with a high content of lipids or polysaccharides were added
(e.g., food, biota samples, and water samples with a high
organic plant or algae content; lipase is applied after the
protease step, to account for lipids released during the digestion
of e.g. tissue; amylase is applied after the cellulase step to
further digest degradation products of the previous step), (6)
the incubation conditions were changed to improve the

Figure 5. Universal enzymatic purification protocol. The optimized protocol (detailed description of the modifications in the SI) is suitable for
purifying MPs from a wide range of different environmental matrices including plankton, extracted sediment, and biota. The incubation times
represent the minimum values. The numbers represent the types of samples that are suggested to be purified with the respective purification step: 1
− plankton samples, 2 − extracted sediment samples, 3 − wastewater samples, 4 − lipid-rich biota samples (e.g., mussels, fish gut content, etc.) and
other lipid-rich samples, 5 − samples with a high polysaccharide content, e.g. food samples, samples with high loads of plant material or algae. *1
Depending on the amount of matrix present, the samples can be divided before purification; depending on the amount of residue present, they can
be reunified for analysis after purification. *2 The hydrogen peroxide steps can be replaced with wet peroxide oxidation, as described below.

Environmental Science & Technology Article

DOI: 10.1021/acs.est.7b03055
Environ. Sci. Technol. 2017, 51, 14283−14292
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Sample treatment 
‣ Degradation of organic matter 

Kristineberg Microplastic Separator 
Modified from Munich Microplastic 
Separator MPSS (Imhof et al., 2012)

‣ Density separation 

- Chemical or enzymatic treatment 

- Density solution, NaCl, ZnCl…
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Sample treatment 
‣ Degradation of organic matter 

‣ Density separation 

‣ Filtration

- Chemical or enzymatic treatment 

- Density solution, NaCl, ZnCl…

- 300 µm, 100 µm, 30 µm, 10 µm, 1 µm…
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Characterization of Microplastics 
‣ Visual properties 

‣ Problems 

PE PP

Ref Ref

*Hildalgo-Ruz et al 2012

- Size, color, shape…

- Time consuming  

- Size limitations 

- Up to 70 % of particles visually 
resemble Microplastics are not 
confirmed as plastics by spectroscopy*
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Characterization of Microplastics 
‣ Visual properties 

‣ Problems 

‣ Chemical composition 
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- Size, color, shape…

- Time consuming  

- Size limitations 

- Up to 70 % of particles visually 
resemble Microplastics are not 
confirmed as plastics by spectroscopy*

- FTIR, Raman, mass spectroscopy



UNIVERSITY OF GOTHENBURG

Correlative microscopy for particle identification 

Light microscope
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• Chemical fingerprint 

• Size limitations  

• Degradation 

FTIR Raman
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‣ LIGHT MICROSCOPE
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• Chemical fingerprint 

• Smaller size 

• Pigments 

Raman microscopy 
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SEM-Raman

Raman spectra with reference spectra SEM imageConfocal image 
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EPS, 4 days  
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THANK YOU


