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Microplastic exposure studies should be
environmentally realistic
Robin Lenza,1, Kristina Endersa, and Torkel Gissel Nielsena

To understand the impact ofmicroplastic (MP) pollution to
aquatic ecosystems, it is important to identify the mech-
anisms of interaction with organisms. Exposure experi-
ments, like the study of Sussarellu et al. (1) recently
published in PNAS, may provide such insights. How-
ever, the results of dose–response experiments must
always be interpreted in light of environmental con-
centrations, and the experimental concentrations ex-
amined by Sussarellu et al. (1) and several others (2–8)
are orders-of-magnitude higher than those reported
from field studies (Fig. 1).

Experimental studies on effects of MP on mussels
(2, 3), lugworms (4), copepods (5–7), and oysters (1)
have documented reduced feeding, survival, and fe-
cundity, as well as promoted polychlorinated biphenyl
bioaccumulation linked to MP uptake. In addition,
nano-sized plastic particles may reduce body size and
lead to reproductive malfunctioning in Daphnia (8), and
to reduced CO2 uptake and enhanced production of
reactive oxygen species in algae (9).

All of these experimental studies use MP concentra-
tions far above the levels documented in the marine
environment (Fig. 1). Many of those studies used MP
beads smaller than those reported from the field, but
even if one extrapolates field-measured concentrations
of MP particles to the size range used in experiments,
experimental and expected field concentrations are very
far apart. Studies that determined concentrations for
micro-bead exposures from field measurements of larger-
sized MP assumed a mass-conserving fragmentation
(Fig. 1), which compares to a theoretical 3D fragmen-

tation process, where numbers of particles will scale in-
versely with the particle radius to the power of 3. In
contrast, the environmental concentrations documented
in studies appear to follow a slightly lower exponent
(2.67) (Fig. 1), possibly caused by size-dependent re-
moval processes, lower dimensional breakdown (i.e., of
flakes, sheets, and fibers), or considerable influence of
new MP input of larger sizes. Additionally, decreased
detection accuracy of applied sampling methods in their
respective lower size ranges might play a role.

Experimental exposure concentrations tend to be
between two to seven orders-of-magnitude higher
than environmental levels. The most recent study (1)
used concentrations closest to those found in na-
ture. However, Sussarellu et al. calculate their MP
concentrations based on sediment data from a pol-
lution hot-spot area close to a ship-breaking yard in
India (8, 10); thus, these data are unlikely to be re-
presentative of general concentrations beyond the
local area.

Microplastic research is an emerging field, and there
is a lot of misunderstanding and in some cases over-
reaction or misinterpretation of results from MP science
in the public. We therefore strongly suggest that future
studies of MP impact on marine ecosystems should also
include concentrations that have been documented in
the environment to yield more realistic estimates of
sublethal effects.
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Fig. 1. Comparison between MP concentrations used in exposure studies (fat colored lines) and observed environmental levels (red diamonds:
average concentrations; error bars: minimum and maximum concentration). The red line extrapolates the field data with best fit using a power law
regression (y = 3,188 · x−2.67; 95% confidence intervals as pale red areas). The dotted gray isolines show equal mass concentrations for particles
density= 1.04 g · cm−3. The x-axis scale is the diameter of themicro beads in exposure experiments and themesh size used in environmental studies,
respectively.
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