
A novel approach to extract, purify, and fractionate microplastics

from environmental matrices by isopycnic ultracentrifugation  
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Background

Principle

Conclusion & Outlook
▪ Isopycnic ultracentrifugation holds promising potential to resolve MP particle mixtures from complex environmental samples

based on the intrinsic particle density

▪ A rigorous and detailed assessment of factors influencing isopycnic extraction and preservation of MP-associated biofilms is 
the focus of ongoing research
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▪ Microplastics (MP) are ubiquitous contaminants in 

terrestrial ecosystems1,2

▪ Extraction and detection methods targeting MP 

from soils are often hampered by the interference

of mineral and organic soil constituents3

▪ Density-based separations with saturated salt 

solutions are a common practice to separate MP 

from high-density soil compounds4,5

▪ However, these protocols do not allow for the 

simultaneous fractionation of different MP 

particle types

▪ Further, MP analyses often require the removal of 

soil organic matter, compromising the recovery 

of MP-associated biofilms6

We provide a proof-of-concept study for the

(I) simultaneous extraction and fractionation of MP mixtures 

from soil by isopycnic ultracentrifugation, and 

(II) application of this approach to preserve particle-associated 

biofilms.
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▪ High relative centrifugal forces induce the formation of 

diffusion-based caesium chloride (CsCl) density gradients
 
▪  MP particles are separated according to the intrinsic particle 

buoyant density in the continuous density range
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Results

Mixture of 3 different MP types pre-
incubated in soil for 6 months was 
successfully resolved via density-based 
ultracentrifugation

Defined MP spikes were extracted 
from soil with a quantitative 
recovery between 86 and 99%

Before and after centrifugation 
MP-associated bioorganic 
structures were comparable

Particle counts (mean ± standard deviation) were obtained through optical counting. 
Subsamples of fractions with the highest particle counts were characterized by µ-FTIR. 
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Recovery of MP particles from soil was performed with a precisely 
counted mixture of PA66 and PET particles in four independent 
extractions. 

MP particles were visualized via CLSM. Extracellular polymeric 
substances were labeled with fluorescent lectin conjugates (red) 
and nucleic acids with Syto 40 (blue).
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