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Deviations from a spherical particle shape

We quantitatively assess the impact of deviations from a spherical shape through a correction to
the settling velocity vs. The simplified MRG equation, Eq. (3) of the main text or Eq. (A.1) of
Appendix A, is affected by particle geometry through the drag force and the added mass term;
however, accelerations are irrelevant for vs, so that the added mass term does not appear in its
formulation or in the simple approximation of Eq. (1) of the main text. We will compare values of
the settling velocity describing nonspherical and spherical particles with the same density.

Most generally, the settling velocity vector vs can be obtained by balancing the drag force
Fdrag(v−u) (a function of the difference of the particle and the fluid velocities, v and u, respectively)
with the resultant of gravitational and buoyancy forces:

0 = Fdrag(vs) + V (ρp − ρf)g, (1)

where V is the particle’s volume, ρp and ρf are the densities of the particle and the fluid, respectively,
and g is the gravitational acceleration vector. For a spherical particle with radius a, the Stokes
drag force reads as

F
(sph)
drag (v− u) = −6πµ(v − u)a, (2)

where µ is the dynamical viscosity of the fluid. According to [1, 2], an appropriate approximation
for small nonspherical particles is

F
(non)
drag (v − u) = −6πµ(v − u)

(

1

3
an +

2

3
as

)

, (3)

where an is the radius of the sphere with equivalent area projected on the plane perpendicular to
the relative velocity v − u, and as is the radius of the sphere with equivalent total surface. From
either of the last two equations, the settling velocity is obtained by substituting v − u = vs, and
solving Eq. (1) for vs. We denote the magnitudes of the settling velocities obtained from Eq. (2)
and Eq. (3) by v

(sph)
s and v

(non)
s , respectively.
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To characterize the correction in the settling velocity for a given nonspherical particle (with a
given density ρp) with respect to assuming a spherical shape with a radius a, we will consider

q ≡
v

(non)
s

v
(sph)
s

=
3

4π

V (non)

a2
(

1
3
an +

2
3
as
) , (4)

where V (non) is the real volume of the given particle. In order to evaluate Eq. (4), one has to specify
the shape and the size of the particle, its orientation with respect to its relative velocity, and also
how a is derived from its real size.

Note that it is always possible to define an a for which q = 1, i.e., for which there is no correction
arising from the deviation from a spherical shape. In this sense, any choice of a representing a spher-
ical shape, including ours in the manuscript, describes the settling velocity of certain nonspherical
particles, the question is just their shape and size, which will mutually depend on each other for a
given a. We will nevertheless proceed by choosing a shape class and defining a along independent
considerations, because we intend to link a given a to a single particle size as identified during the
processing of field observations.

The shape of rigid microplastic particles is not usually described in the literature, but we can
see photographs of some examples in, e.g., [3, 4, 5]. For an explorative computation, a reasonable
choice seems to be a rectangular cuboid with edges A, B = B̂A < A and C = ĈA < B < A, where
one or both of B̂ and Ĉ are less than 1 but greater than, say, 0.1.

Under this assumption, the particle size will correspond to the longest edge, A, of the cuboid if
the size is identified through microscopy as the largest extension (“length”; e.g., [6]); and it may be
related more to the middle edge, B, if one thinks of a sieving technique (e.g., [7]). The naive choice
will be a = A/2 and a = B/2 in these two cases.

We can substitute either of these choices of a in Eq. (4), as well as the appropriate formulae
describing the actual cuboid. V = ABC is unique, and so is as,

as =

(

AB + AC +BC

2π

)
1

2

. (5)

However, an depends on the particle’s orientation with respect to the relative velocity. Implications
will be discussed when interpreting the results, and we take here all three directions parallel to
edges A, B and C to represent different possibilities. The corresponding expressions for an read as

an,X =

(

ABC

πX

)
1

2

(6)

for X = A, B and C.
After substituting all these expressions in Eq. (4), we obtain

q
(A/2)
X = 9π−

1

2 B̂Ĉ





(

B̂Ĉ

X̂

)
1

2

+ 2
1

2

(

B̂ + Ĉ + B̂Ĉ
)

1

2





−1

, (7)

q
(B/2)
X = B̂−2q

(A/2)
X , (8)

where X = X̂A has been introduced.
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Figure 1: q
(A/2)
A as a function of B̂ and Ĉ for B̂, Ĉ ∈ [0.1, 1] with B̂ > Ĉ. Dotted lines represent

q
(A/2)
A = 0.1.

We plot q
(A/2)
A in Fig. 1 as a function of B̂ and Ĉ for B̂, Ĉ ∈ [0.1, 1] with B̂ > Ĉ. Its range

extends from 0.07 to 1.5 on this domain, but it drops below 0.1 only for Ĉ very close to 0.1 and B̂
below 0.2; i.e., for extremely thin rod-like particles, which do not appear to be common based on
photographs. The range of q(B/2)

A (not shown) on the same domain is between 0.2 and 7, and values
above 4 are again restricted to very small Ĉ and to B̂ < 0.3. The results are very similar for other
choices of X, deviations beyond 20% with respect to X = A are only found for small Ĉ and do not
reach beyond 40% even there.

We have left the question which orientation is relevant open so far. In small-scale isotropic tur-
bulence, which is certainly present in the ocean, nonspherical particles have a preferential alignment
with certain characteristics of the flow but undergo rotation [8]. This is why we have chosen to
simply cover three perpendicular orientations in our analysis, and have found that differences that
may arise from changes in the orientation are minor in most of the domain describing shapes. The
only relevant exception is small Ĉ with B̂ ≈ 1. This regime may characterize paint flakes [3, 5], but
the relative difference remains below 40% even there.

Even though the real advection of the particles will become more complicated as a result of
the ever-changing orientation and may thus be beyond the scope of the MRG equation (cf. the
discussion in the main text about the settling velocity of irregular particles), we have found that
changing orientation introduces minor variations in the value of the settling velocity. Together
with the absence of order-of-magnitude corrections that may arise from a nonspherical shape (but
comparing shapes under the assumption of the same particle density), this gives quantitative support
for the applicability of a spherical shape in Eq. (1) of the main text.
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Finally, we briefly comment on the more general Eqs. (3) of the main text and (A.1), in which
effects from nonsphericity arise in the inertial term through added mass. Since corrections in added
mass with respect to a sphere are of order 1 for all common shapes (see [9] for an overview), we
believe that the finding of Appendix A about the negligible importance of inertial effects is not
affected by a deviation from sphericity.

Replacements for Figs. A3, A4 and B1 of the manuscript

See the new figures as Figs. 2, 3 and 4 of this supplement, displayed after the reference list.
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Figure 2: Replacement for Fig. A3 of the manuscript.
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Figure 3: Replacement for Fig. A4 of the manuscript.
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Figure 4: Replacement for Fig. B1 of the manuscript.
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