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a b s t r a c t 

Microplastics (MP) are a pollutant that can be found in all marine ecosystems. Currently one of the most used 

forms to classify them is through their size. However, the current size categories in use cover an extremely wide 

range of sizes and are not based on a biological or physical basis. Thus, here we propose to harmonize the MP 

size categories with the ones already in used on plankton research for more than 120 years. This will allow the 

implementation of more refined MP size classes that are connected to a biological reality and will also enable 

the comparison of a myriad of literature on plankton research with the new work on MP. 
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( continued on next page ) 

Reagents/tools: Non applicable. 

Experimental design: Non applicable. 

Trial registration: Non applicable 

Ethics: Non applicable 

Value of the Protocol: • This piece addresses the current situation in the 

nomenclature used for the classification of microplastics 

(MP) based on their size and propose a better system . 
• The current size categories cover an extremely wide range 

of size classes, which are not based on an underlying 

biological or physical basis. Thus, we propose to harmonize 

the current MP size categories with the classification 

scheme that is widely used for all plankton research and 

that dates back more than 120 years . 
• We hope that this revised classification scheme will 

facilitate a more realistic MP delineation that is also 

aligned with existing marine biological sampling protocols 

and will also enable intercomparisons of existing literature 

on plankton research with current research on marine MP . 

Description of protocol 

Microplastics (MP) are well-known pollutants of global concern in aquatic ecosystems [1] . MP can

be defined as “any synthetic solid particle or polymeric matrix, with regular or irregular shape and

with size ranging from 1 μm to 5 mm, of either primary or secondary manufacturing origin, which

are insoluble in water” [2] . MP particle characterization refers to the principal chemical component of

the polymer (i.e., polyethylene vs polystyrene vs polyvinyl chloride, etc.). While primary vs secondary 

manufacturing origin refers to ‘off-the-shelf’ vs “weathered” particles [1] ; primary MP are produced, 

for example, for cosmetics [1] , while secondary MP are the product of continuous chemical and

physical weathering processes of larger particles in the ocean, such as fibers from textiles of from

discarded fishing gear [1] . 

MP particles disintegrate in seawater according to a power function and thus exhibit a size

range distribution spanning many orders of magnitude [ 3 , 4 ]. As a consequence, the progressive

fragmentation of MP in the ocean into smaller and smaller fragments will yield a size spectrum that

favors very fine particle sizes. A recent review on the MP size distribution and relative abundance

from 11 studies confirm this consistent increase in abundance towards smaller-sized particles. 

However, the lower limit in particle size that was reported by each study varied considerably,

with a few even ranging as low as 10 μm ( Table 1 ). According to these authors, the smallest

particles are most often overlooked due to technical observational limitations, leading to a potential 

artificial bias on the presence of small size classes [5] . With improvements in equipment and

methods, (e.g. Fourier Transform Infrared microscopy, and Raman microscopy) more studies are now 
Table 1 

Lower size limit of microplastics on several studies reporting microplastic abundance in the environment reported by Kooi & 

Koelmans (2019). 

Lower size limited reported (μm) Number of studies 

10 3 

25 1 

30 1 

35 1 

45 1 

250 1 

> 300 1 

500 1 
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onfirming that the smaller size fractions are indeed more prevalent [6] . Therefore, the marine

lastics research community should urgently adopt harmonized techniques and definitions to properly

escribe and quantify these smaller-sized MP particles. This is particularly relevant from an ecological

nd toxicological perspective, as evidence clearly supports that these smaller-sized MP particles are

referentially ingested by zooplankton and other lower trophic marine organisms [ 7 , 8 ] and may

ranslocate across a cell membrane [ 9 , 10 ]. 

tate of the art 

Currently there is a lack of consensus in the classification of plastic debris, which can contribute to

urther uncertainties [11] . While several factors may be considered in classifying MP particles, such as,

hemical composition, state, solubility, shape and structure, color and origin [ 2 , 11 ], the most widely

sed and reported nomenclature is based on MP size [ 11 , 12 ]. Currently it has been suggested only four

ize categories: nanoplastics: 1–10 0 0 nm (subdivided in nanoplastics 1–10 0 nm and sub-microplastics

00–1000 nm), microplastics: 1–1000 μm, mesoplastics: 1–10 mm and macroplastics: > 1 cm [11] .

ach of these categories covers a wide range of sizes and the proposed cutoffs is based on an

perational compromise to accommodate current literature [11] , but does not correspond to a defined

iological or physical attribute. Now that ecological and toxicological studies on plastic pollution

re becoming widespread [13] and quantification methods are much more precise for smaller sizes,

 revised MP classification scheme that is aligned with universal plankton sampling strategies is

roposed. 

Particle size has a major ecological relevance as it is potentially the most important factor

etermining the MP interaction with biota and its environmental fate [ 7 , 8 , 14–16 ]. Experimental

aboratory studies have demonstrated that zooplankton have the capacity to readily ingest suitably-

ized MP particles [ 7 , 8 ]. A field study of mysid shrimps, copepods, cladocerans, rotifers, polychaete

arvae and ciliates all showed that MP was directly ingested [7] , and size is a crucial factor influencing

he numbers of plastics ingested [17] . This can be expected, as it has been shown on plankton that

here is a distinct size relation between predator and prey. Size selectivity spectra of 28 planktonic

redators from 18 studies shows that there is a linear size ratio between predators and their optimal

rey [18] . This relation is 1:1 for dinoflagellates, 3:1 for other flagellates, 8:1 for ciliates, 18:1 for

otifers and copepods, and ∼ 50:1 for cladocerans and meroplankton larvae [ 18 , 19 ]. Also there is

 difference in prey selectivity between filter feeders and raptorial-interception feeders, preferring

elatively smaller and larger prey, respectively [ 18 , 19 ]. Thus, there is an expected size range of MP that

an be ingested by different zooplanktonic organisms, and for most species with available information

his range is between ∼ 32 to ∼2 μm [ 18 , 19 ] ( Fig. 1 ). Thus, size classification of MP should be

xpanded to include categories on aquatic ecosystem function and interactions as has been already

chieved with the universally accepted plankton sampling methods. Plankton - plastic size class

nteractions are currently hard to investigate, due to a potential mismatch in size class definitions,

hich hinders the comparison of previous literature on plankton research with the new research on

P. 

roposed new classification 

Standardized MP size class definitions would greatly benefit of harmonization with the

omenclature used in marine plankton studies for more than 125 years, and upon which most of

he plankton research is based. Indeed, Schütt, (1892) was the first to introduce such size categories

20] , and first applied the terms ‘micro’, ‘ meso ’ and ‘macro’ in this capacity; subsequently Lohmann

1911) added the categories ‘nano’ and ‘mega‘; and Sieburth, Smetacek & Lenz (1978) proposed the

erms “pico” and “femto”, to further define the size spectrum. These authors have argued that these

ize classes are based on the International System of Measurement (SI) (e.g., micro:10 −6 , nano:10 −9 ,

ico: 10 −12 , and femto: 10 −15 . They also demonstrated that such size class separations are all the

ore applicable if the plankton organisms are regarded on the basis of volume (three-dimensional)

ather than length (one-dimensional). 
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Fig. 1. Microplastic fragmentation and concomitant reduction in size/increase in abundance. There is a gap in the reporting of small microplastic abundance in the environment and 

the size fractions that different types of zooplanktonic organisms can ingest. It is proposed to denominate microplastic size fraction according to nomenclature already in used by the 

plankton community in order to make more intuitive relations between predators and potential microplastic “prey”. Frequency of reporting of microplastic lower size derived from Kooi 

& Koelmans, (2019). Prey size for zooplankton groups is taken from Hansen et al., (1994); the upper and lower limits of prey size that can be ingested, in terms of equivalent spherical 

diameters, are presented in micrometers. Figure not to scale. 
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Table 2 

Current and new proposed size class nomenclature for microplastics, as well as their respective proposed size range, and several 

organisms of equivalent size in the environment. 

Current size 

categories 

Size range Proposed size 

categories 

Size Range Organism of equivalent size 

Nanoplastic 0.001–1 μm Femto-size plastics 0.02–0.2 μm Virus 

Microplastic 1–10 0 0 μm Pico-size plastics 0.2–2 μm Bacteria 

Nano-size plastics 2–20 μm Flagellates 

Micro-size plastics 20–200 μm Diatoms, dinoflagellates, ciliates, daphnids 

Meso-size plastics 20 0–20 0 0 μm Amphipods, appendicularians, chetognatos, 

copepods, thaliaceans Mesoplastic 1–10 mm 

Macro-size plastics 0.2–20 cm Euphausiids, heteropods, jellyfish, larval 

fish, mysids, pteropods, solitary salps Macroplastic > 1 cm 

Mega-size plastics 20–200 cm Jellyfish, colonial salps 
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Thus, resulting equivalent MP particle size class definitions would include femto-size plastics

0.02–0.2 μm), pico-size plastics (0.2–2 μm), nano-size plastics (2–20 μm), micro-size plastics (20–

00 μm), meso–size plastics (200–2000 μm), macro-size plastics (0.2–20 cm) and mega-size plastic

20–200 cm) ( Table 2 , Fig. 1 ). The subfix “size” is proposed to avoid terminology confusions

etween the global term microplastic and the micro-size fraction. Such an approach would facilitate

ntercomparisons by diverse groups studying marine plastics, would allow current research to be

laced into 100-yr plankton research records, and will yield a common framework to advance our

nderstanding of this universal pollutant. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal

elationships that could have appeared to influence the work reported in this paper. 

eferences 

[1] GESAMP, Sources, fate and effects of MP in the marine environment, J. Ser. GESAMP Rep. Stud. 90 (2015) 98 www.imo.org .
[2] J.P.G.L. Frias, R. Nash, Microplastics: finding a consensus on the definition, Mar. Pollut. Bull. 138 (2019) 145–147, doi: 10.

1016/j.marpolbul.2018.11.022 . 
[3] G. Timár, J. Blömer, F. Kun, H.J. Herrmann, New universality class for the fragmentation of plastic materials, Phys. Rev. Lett.

104 (2010) 1–4, doi: 10.1103/PhysRevLett.104.095502 . 
[4] G. Renner, T.C. Schmidt, J. Schram, Automated rapid & intelligent microplastics mapping by FTIR microscopy: a Python–

based workflow, MethodsX 7 (2020), doi: 10.1016/j.mex.2019.11.015 . 

[5] M. Kooi, A .A . Koelmans, Simplifying microplastic via continuous probability distributions for size, shape,and density,
Environ. Sci. Technol. Lett. 6 (2019) 551–557, doi: 10.1021/acs.estlett.9b00379 . 

[6] I. Ferreira, C. Venâncio, I. Lopes, M. Oliveira, Nanoplastics and marine organisms: what has been studied? Environ. Toxicol.
Pharmacol. 67 (2019) 1–7, doi: 10.1016/j.etap.2019.01.006 . 

[7] O. Setälä, V. Fleming-Lehtinen, M. Lehtiniemi, Ingestion and transfer of microplastics in the planktonic food web, Environ.
Pollut. 185 (2014) 77–83, doi: 10.1016/j.envpol.2013.10.013 . 

[8] J.R. Bermúdez, M. Metian, F. Oberhänsli, A. Taylor, P.W. Swarzenski, Preferential grazing and repackaging of small

polyethylene microplastic particles ( ≤ 5 μm) by the ciliate Sterkiella sp, Mar. Environ. Res. 166 (2021) 105260, doi: 10.
1016/j.marenvres.2021.105260 . 

[9] Y. Mao, H. Ai, Y. Chen, Z. Zhang, P. Zeng, L. Kang, W. Li, W. Gu, Q. He, H. Li, Phytoplankton Response to Polystyrene
Microplastics: Perspective from an Entire Growth Period, Elsevier Ltd, 2018, doi: 10.1016/j.chemosphere.2018.05.170 . 

[10] M.B. Paul, V. Stock, J. Cara-Carmona, E. Lisicki, S. Shopova, V. Fessard, A. Braeuning, H. Sieg, L. Böhmert, Micro- And
nanoplastics-current state of knowledge with the focus on oral uptake and toxicity, Nanoscale Adv. 2 (2020) 4350–4367,

doi: 10.1039/d0na00539h . 

[11] N.B. Hartmann, T. Hüffer, R.C. Thompson, M. Hassellöv, A. Verschoor, A.E. Daugaard, S. Rist, T. Karlsson, N. Brennholt,
M. Cole, M.P. Herrling, M.C. Hess, N.P. Ivleva, A.L. Lusher, M. Wagner, Are we speaking the same language?

Recommendations for a definition and categorization framework for plastic debris, Environ. Sci. Technol. 53 (2019) 1039–
1047, doi: 10.1021/acs.est.8b05297 . 

12] J. Kramm, C. Völker, M. Wagner, Superficial or substantial: why care about microplastics in the anthropocene? Environ.
Sci. Technol. 52 (2018) 3336–3337, doi: 10.1021/acs.est.8b00790 . 

[13] L.G.A. Barboza, B.C.G. Gimenez, Microplastics in the marine environment: current trends and future perspectives, Mar.

Pollut. Bull. 97 (2015) 5–12, doi: 10.1016/j.marpolbul.2015.06.008 . 
[14] M. Siegfried, A .A . Koelmans, E. Besseling, C. Kroeze, Export of microplastics from land to sea. A modelling approach, Water

Res. 127 (2017) 249–257, doi: 10.1016/j.watres.2017.10.011 . 

http://www.imo.org
https://doi.org/10.1016/j.marpolbul.2018.11.022
https://doi.org/10.1103/PhysRevLett.104.095502
https://doi.org/10.1016/j.mex.2019.11.015
https://doi.org/10.1021/acs.estlett.9b00379
https://doi.org/10.1016/j.etap.2019.01.006
https://doi.org/10.1016/j.envpol.2013.10.013
https://doi.org/10.1016/j.marenvres.2021.105260
https://doi.org/10.1016/j.chemosphere.2018.05.170
https://doi.org/10.1039/d0na00539h
https://doi.org/10.1021/acs.est.8b05297
https://doi.org/10.1021/acs.est.8b00790
https://doi.org/10.1016/j.marpolbul.2015.06.008
https://doi.org/10.1016/j.watres.2017.10.011


6 J.R. Bermúdez and P.W. Swarzenski / MethodsX 8 (2021) 101516 

 

 

 

 

 

 

 

[15] R.J.E. Vroom, A .A . Koelmans, E. Besseling, C. Halsband, Aging of microplastics promotes their ingestion by marine

zooplankton, Environ. Pollut. 231 (2017) 987–996, doi: 10.1016/j.envpol.2017.08.088 . 
[16] E. Besseling, J.T.K. Quik, M. Sun, A .A . Koelmans, Fate of nano- and microplastic in freshwater systems: a modeling study,

Environ. Pollut. 220 (2017) 540–548, doi: 10.1016/j.envpol.2016.10.001 . 
[17] M. Lehtiniemi, S. Hartikainen, P. Näkki, J. Engström-Öst, A. Koistinen, O. Setälä, Size matters more than shape: ingestion of

primary and secondary microplastics by small predators, Food Webs 17 (2018) e0 0 097, doi: 10.1016/j.fooweb.2018.e0 0 097 . 
[18] B. Hansen, P.K. Bjornsen, P.J. Hansen, The size ratio between planktonic predators and their prey, Limnol. Oceanogr. 39

(1994) 395–403, doi: 10.4319/lo.1994.39.2.0395 . 

[19] B.P.V. Hunt, F. Carlotti, K. Donoso, M. Pagano, F. D’Ortenzio, V. Taillandier, P. Conan, Trophic pathways of phytoplankton
size classes through the zooplankton food web over the spring transition period in the north-west Mediterranean Sea, J.

Geophys. Res. Ocean. 122 (2017) 6309–6324, doi: 10.1002/2016JC012658 . 
[20] J.M. Sieburth, V. Smetacek, J. Lenz, Pelagic ecosystem structure: heterotrophic compartments of the plankton and their

relationship to plankton size fractions 1, Limnol. Oceanogr. 23 (1978) 1256–1263, doi: 10.4319/lo.1978.23.6.1256 . 

https://doi.org/10.1016/j.envpol.2017.08.088
https://doi.org/10.1016/j.envpol.2016.10.001
https://doi.org/10.1016/j.fooweb.2018.e00097
https://doi.org/10.4319/lo.1994.39.2.0395
https://doi.org/10.1002/2016JC012658
https://doi.org/10.4319/lo.1978.23.6.1256

	A microplastic size classification scheme aligned with universal plankton survey methods
	Description of protocol
	State of the art
	Proposed new classification
	Declaration of Competing Interest
	References


