
 

  
 
 
 
Article (refereed) - postprint 

 
 

 
 

Lahive, Elma; Cross, Richard; Saarloos, Aagje I.; Horton, Alice A; 
Svendsen, Claus; Hufenus, Rudolf; Mitrano, Denise M. 2022. Earthworms 
ingest microplastic fibres and nanoplastics with effects on egestion 
rate and long-term retention.  

 

 
 

 
Contact UKCEH NORA team at 

noraceh@ceh.ac.uk 
 
 

The NERC and UKCEH trademarks and logos (‘the Trademarks’) are registered trademarks of NERC and UKCEH in 
the UK and other countries, and may not be used without the prior written consent of the Trademark owner. 

 
© 2020 Elsevier B.V. 
This manuscript version is made available under the CC BY-NC-ND 4.0 license 
https://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 
 

This version is available at http://nora.nerc.ac.uk/id/eprint/531257 
 

Copyright and other rights for material on this site are retained by the rights 
owners. Users should read the terms and conditions of use of this material at 
https://nora.nerc.ac.uk/policies.html#access. 

 
 

This is an unedited manuscript accepted for publication, incorporating 
any revisions agreed during the peer review process. There may be 
differences between this and the publisher’s version. You are advised to 
consult the publisher’s version if you wish to cite from this article. 
 
The definitive version was published in Science of the Total Environment, 
807 (3), 151022. https://doi.org/10.1016/j.scitotenv.2021.151022 
 
 
The definitive version is available at https://www.elsevier.com/ 

mailto:nora@ceh.ac.uk
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://nora.nerc.ac.uk/id/eprint/531257
https://nora.nerc.ac.uk/policies.html#access
https://doi.org/10.1016/j.scitotenv.2021.151022
https://www.elsevier.com/


Earthworms ingest microplastic fibres and nanoplastics with effects on egestion rate and long-term 

retention 

Elma Lahive1*, Richard Cross1, Aafke. I. Saarloos1,2, Alice A Horton1,3, Claus Svendsen1, Rudolf Hufenus4, 

Denise M Mitrano5 

 

1 UK Centre for Ecology and Hydrology, Maclean Building, Benson Lane, Crowmarsh Gifford, 

Oxfordshire, OX10 8BB, UK 

2 Department of Toxicology, Wageningen University, Wageningen, The Netherlands 

3 National Oceanography Centre, European Way, SO14 3ZH, Southampton, UK 

4 Laboratory of Advanced Fibers, Empa, 9014 St. Gallen, Switzerland 

5 Department of Environmental Systems Science, ETH Zurich, 8092, Zürich, Switzerland  

 

*corresponding author, elmhiv@ceh.ac.uk 

 

 

 

 

 

 

 

 

 



Supporting Information 

 

Material synthesis 

The total metal content was acquired by microwave (ultraCLAVE, MLS GmbH, Leutkirch, Germany) 

assisted acid digestion (see details below) followed by inductively coupled plasma mass spectrometry 

(ICP-MS) analysis (253.6 mg Pd/L) and the particle size and electrophoretic mobility was measured 

with the Malvern Zetasizer (z-average: 187 nm, polydispersity index: 0.04, zeta-potential (derived 

from the electrophoretic mobility): -43 mV).  

 

Microplastic fibre (MPFs) characterisation 

Digital images were taken on an EVOS core XL photo microscope (Thermo Fisher Scientific, 

Massachusetts, USA) (Figure S1A). Analysis of MPFs was performed in ImageJ. Images were converted 

to 8-biy and the threshold adjusted manually to remove the background. A global scale was set defined 

using a microscope slide scale bar at the same magnification and used for particle sizing in all images. 

Only particles >0.01 mm and with a circularity between 0.00 – 0.3 were analysed and reported on to 

remove dust and imperfections on the glass slides or areas where multiple particles formed a bundle 

of overlying entangled fibres from also being counted in the analysis (Figure S1B). Fibres on the edges 

of the field of view were also excluded from analysis. An example of the summary results for a single 

image are provided in the table in Figure S1. A total of 140 fibres were measured to calculate the 

mean, median and standard deviation Feret length in mm and µm. 

 

ICP-MS calibration 

Ionic palladium (Pd) and Indium (In) standard solutions (10,000 mg Pd/l and 1,000 mg In/l, 

respectively, Sigma Aldrich) were diluted and used for calibration solutions, made fresh daily, at 

concentration of 0, 0.5, 1, 2.5 and 5 µg/l. An ionic rhodium standard (10,000 mg/l, Sigma Aldrich) 

was diluted to approximately 100 µg/l as an internal standard during all sample measurements. 

 

 



Supplementary figures and tables 

Figure S1: Example image analysis of fibres using optical microscopy (A) and analysis in ImageJ of 
individual fibres (B) to generate summary data for the Feret length (in millimetres and micrometres) 
of individual microplastic fibres. 

 

 

Figure S2: The palladium doped polystyrene nanoplastics (a) and indium doped polyethylene 
terephthalate microplastic fibres (b) used in the earthworm accumulation assays. 

 

 

 

 

 

 

 

Figure S3: Indium doped polyethylene terephthalate microplastic fibres following direct dry spiking in 
the soil in preparation to be used in the earthworm accumulation assays. The red arrows indicate fibres 
as an example. Concentration of 5000 mg MPFs/kg dry weight soil. 



 

 

 

 

 

 

 

 

 

 

 

 

Figure S4: The biomass of faeces produced per gram earthworm during 48 hours depuration following 
7 days exposure to three concentrations of Pd-doped nanoplastics. Earthworms were also exposed in 
soil not spiked with NP (0 mg/kg). The x denotes the average concentration and the error bars show 
the standard deviation. 

 

Table S1: The mass of soil estimated to be in the earthworm following depuration if all the In or Pd 
measured in the earthworm was due to the measurement of retained soil (Sr) and the relative 
earthworm body mass after exposure relative to initial body mass. (mean ± standard deviation, n=4). 

  



 

Table S2: The mass of earthworms measured at the start (Day 0) and end (Day 7 or Day 21) of each 
exposure (wet weight, mean ± standard deviation) and the overall % change in mass between start 
and end of the experiments. 

NP 7 days Day 0 Day 7 % change 
0 5.39 ± 1.453 5.6 ± 1.43  3.9 
22.1 6.02 ± 0.984 5.87 ± 0.909 -2.4 
221 6.02 ± 0.899 5.96 ± 1.07 -1 
2206 4.66 ± 1.839 4.57 ± 1.53 -2 
MPF 7 days Day 0 Day 7 % change 
0 5.33 ± 0.71 4.96 ± 0.677 -6.9 
50 3.94 ± 0.874 3.81 ± 0.842 -3.5 
500 4.28 ± 0.466 4.34 ± 0.349 1.5 
5000 5.10 ± 0.444 5.23 ± 0.660 2.6 
NP 21 days kinetic Day 0 Day 21 % change 
0 4.385 ± 1.2 5.03 ± 0.695 14.7 
464 4.88  ± 0.973 4.41 ± 1.5 -9.6 

 

 

Table S3: The derived model parameters for the two one-compartment models (A) without an inert 
fraction and (B) with an inert fraction. BAF = bioaccumulation factor (k1/k2), Half life = (ln[2]/k2). Fixed 
parameters : C0 = 0.02 µg Pd/g earthworm, Cexp = 1.97 µg Pd/g soil. 
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