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Abstract

Important clarifications regarding the long-range environmental transport of chemical additives contained in
floating plastic debris are presented.
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The Perspective article by Gouin [1] summarizes various
aspects of the environmental long-range transport of
plastic particles and non-polymeric chemicals, and also
discusses the present knowledge about, and uncertainties
associated with, the transport of microplastics (MPs)
and additives contained in MPs. However, the article
contains many misinterpretations and inaccuracies that
lead to incorrect conclusions. We argue therefore that
this Perspective should be seen as an expression of the
author’s personal point of view, but should not be used
as a source of information in discussions about the long-
range environmental transport (LRET) of chemical plastic
additives. The shortcomings of the Perspective are:

1) Omission of meso- and macroplastics

The Perspective focuses mainly on MPs and overlooks
that it is not only MPs that can carry chemicals. It is
mentioned that degradation and fragmentation of larger
plastic items is an important source of MPs, but the
transport and fate of particles larger than 5mm is not
considered in the Perspective. However, more than three
quarters of the plastic debris (by mass) in the Great Pa-
cific Garbage Patch is larger than 5 cm [2]. Meso- and
macroplastics are considerable vectors for chemical
transport, and reducing the discussion to MPs distorts
the overall picture. Even more importantly, is has been
shown that MPs smaller than 1 mm may not be easily
available for oceanic long-range transport [3–7]. This
fact is ignored in the Perspective and results of studies
that are cited are not related to the LRET of chemical
contaminants because they focus primarily on particles
smaller than 1mm (e.g. Dibke et al. (2021) [8] and
Schernewski et al. (2020) [9]).

2) Inappropriate consideration of adsorbed chemicals
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One of the main statements in the Perspective is “... I
perceive that the weight-of-evidence supports exposure to
POPs via the LRET of MPs to be minimal relative to other
transport pathways, see for instance [24–27].” While the
statement as such is not incorrect, citations 24 to 27 are
Zarfl et al. (2010) [10], Bakir et al. (2016) [11], Gouin et al.
(2011) [12], and Koelmans et al. (2016) [13], all of which
address chemicals that are adsorbed to plastics. Here the
author made a statement about adsorbed chemicals, creat-
ing the impression that it would also be relevant for che-
micals used as additives in plastics. A key difference is that
chemical additives are present in plastic in concentrations
higher by several orders of magnitude than concentrations
of adsorbed contaminants [14]. Conclusions, especially on
the mass balance from studies that only look at adsorbed
chemicals, are therefore not relevant and valid for chem-
ical additives. This has already been pointed out by
Andrade et al. (2021) [15], but is not mentioned in the
Perspective. Andrade et al. have shown “that approxi-
mately 8,100–18,900 t of various organic additives are
transported with buoyant plastic matrices globally with a
significant portion also transported to the Arctic. For
many of these chemicals, long-range transport (LRT) by
plastic as a carrier is their only means of travelling over
long distances without degrading, resulting in plastic deb-
ris enabling the LRT of chemicals which otherwise would
not reach polar environments with unknown
consequences.”

3) Particulate organic matter is not a good analogue to
plastic to learn about LRET

It is mentioned in the Perspective that particulate or-
ganic matter (POM) has a density and particle size that
is similar to that of MPs and that “hydrological factors
that influence the fate of POM in these systems, has the
potential to influence the fate of the MPs in a similar
manner.” This might be correct for shorter time periods.
However, POM is biodegradable and will therefore not
serve as a vector for the LRET of chemicals [16].

4) View on leaching of plastic additives too narrow

The first part of the section “Does plastic represent a
source of exposure to plastic-additive chemicals” dis-
cusses the diffusion and evaporation of plastic additives
out of plastic into air. In comparison to these very de-
tailed explanations, leaching of plastic additives into
water or exposed organisms is not described at all
(water) or only very briefly (exposed organisms). Espe-
cially for very hydrophobic substances, however, leaching
into fat and oil is very relevant and clearly more import-
ant than diffusion into air. It is therefore necessary to
also consider leaching in the gastrointestinal tract of

exposed organisms [17, 18]. The cases presented in the
Perspective, which are intended to show that ingestion
of MPs does not represent a significant source of expos-
ure relative to other exposure pathways, are misleading
as they represent substances (nonylphenol and bisphenol
A) that are metabolized in fish and probably also in
other organisms [19, 20]. The high concentrations found
for bisphenol A and nonylphenol therefore do not result
from bioaccumulation but from high exposure levels.
This is different for substances such as UV-328 that are
only slowly metabolized [21, 22]. Experimental results
show here that leaching into digestive fluids of seabirds
is a relevant exposure pathway [17, 18].

5) Inappropriate and unfounded criticism of the study
by Andrade et al. (2021)

The Perspective attempts to debase the article by
Andrade et al. (2021) [15] with incorrect statements. In
the Perspective, it is stated that Andrade et al. (2021)
used an average weight fraction of 5% for the total of
chemical additives associated with plastic debris. How-
ever, this is not correct. Andrade et al. (2021) [15] used
a range of 3% to 7%. It is also stated in the Perspective
that the weight fraction adopted by Andrade et al.
(2021) [15] is likely skewed due to the higher weight
fractions of additives associated with polyvinylchloride
(PVC). However, Andrade et al. (2021) [15] explicitly
state that there are differences across polymer types and
uses and that the range of 3% to 7% “does not cover bro-
minated flame retardants, which are used at around 20%
(e.g. BDE-209 in PE [138]), nor plasticisers, which are
used in PVC at 33% on average [138].” Gouin himself
shows in his Table 1 percentages of additives used across
polymer types, easily proving the numbers stated by
Andrade et al. (2021) to be rather on the low end of pos-
sible total additive concentrations found. There is there-
fore no reason to discredit the statements and numbers
of Andrade et al. (2021) [15], as done in the Perspective
with the sentence “Caution should thus be used not to
overinterpret the significance of the estimates reported
by Andrade et al. [133].”

6) Fishing net debris does not necessarily have to be
from a local source

It is also argued in the Perspective that fishing- and
shipping-related materials might be the main source of
plastic debris and MP in both surface waters and sediment
and that “shipping and/or fishing activity off the coast of
remote islands that result in the release and subsequent
beaching of plastic debris on their beaches, would, … re-
flect a local source.” Here, the general assumption that
fishing- and shipping-related materials are an important
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source of plastic debris in the offshore ocean seems to be
correct. Lebreton et al. (2018) [2] showed that 52% of the
total floating plastic mass in the Great Pacific Garbage
Patch is composed of fishing nets, ropes and plastic lines
and 47% of hard plastics, sheets and films. However, a key
point in this context is that fishing debris does not auto-
matically have to be from local sources. Here, we modeled
the travel distance and travel time of plastic debris strand-
ing on the beaches of Marion Island and Gough Island,
two remote islands located in the Sub-Antarctic Indian
Ocean and Southern Atlantic Ocean, respectively, where
high concentrations of chemical additives have been de-
tected in the preen gland oil of birds [23]. Details on the
applied ocean circulation model, the two scenarios investi-
gated and the results are provided in the Supplementary
Information. In brief, the model shows that plastic debris
from river sources is very unlikely to reach Marion Island.
Plastic debris from fishing sources reaching Marion Island
originated mainly from areas south of the American con-
tinent and fishing grounds near Antarctica. The mean dir-
ect distance from sources is 5500 km (range 3250 to 7250
km). Less than 7% of the plastic came from local fishing
grounds, west of the island with distances to sources less
than 1000 km. For Gough Island, the model shows that
more than 99% of the debris from river sources mostly
originated from Brazilian rivers, located more than 3000
km away. Plastic debris from fishing sources originated
mainly from fishing grounds off the coast of Argentina
and travelled on average 4000 km (95 percentile 3000 to
5000 km). These results clearly show that fishing debris
does not necessarily have to be from a local source and
can undergo LRT. Consequently, plastic-associated chemi-
cals can undergo LRT as well.

7) The fact that much of the plastic debris from land-
based sources remains near the coast does not
mean that plastic debris cannot undergo LRET

It is also argued in the Perspective that MPs tend to
accumulate in the vicinity of their emission sources,
based for example on data from Turrell (2020) [24],
“who report results of a model describing the sources
of marine plastic litter and MPs to the Scottish Atlantic
and North Sea Coast, which are dominated from
sources related to littering along the Scottish coast”.
The statement is in line with modelling results from
Onink et al. (2021) [25], who showed that at least 77%
of the buoyant marine plastic debris remain within 10
km of the model coastline and that only a small fraction
escapes to the open ocean. However, there are two im-
portant points here: (i) Onink et al. (2021) [25] stated
that the local fraction of beached buoyant marine plas-
tic debris is relatively low for islands and (ii) even if
much of the plastic remains near the coast, there is still

a proportion that is transported into the open ocean
and eventually over long distances. The results of Tur-
rell (2020) [24] and Onink et al. (2021) [25] therefore
do not point against the potential of plastic debris to
undergo long-range environmental transport. There is
additional evidence from monitoring studies that plastic
debris undergoes LRET. The International Pellet Watch
has shown that plastic pellets, although they derived
from land-based sources, occur on beaches of remote
and desert islands such as Macquarie Island and Hen-
derson Island [26].

8) The call for better mechanistically-based models is
justified, but the existing models describe the transport
at least for large fragments in an acceptable way

At several points in the Perspective, it is emphasised
that not enough is known about the fate and transport
of MPs and chemical additives in MPs to decide whether
or not MPs and chemical additives in MPs are able to
undergo LRET. It is therefore suggested that “the devel-
opment and application of mechanistically-based models
and the acquisition of reliable and consistent monitoring
data are urgently needed to better identify and
characterize the sources, sinks and environmental fate
processes of MPs.” We agree that better mechanistic
models are needed to understand the fate of MPs. Con-
siderations of the size, shape and surface-area to volume
ratio are very important to understand the presence of
small particles at the surface of the ocean [27, 28]. Par-
ticularly, the surface-area to volume ratio determines
how a particle’s floatability is impacted by biofouling
from organisms or aggregation with natural colloids
[29]. These processes are rarely considered in 2D trans-
port models where every particle moves with the surface
current. This is, however, not so much of a problem
when large floating plastics are modeled as they main-
tain very high rising velocities. Large positively buoyant
plastic fragments, with their smaller surface-area to vol-
ume ratios, are less prone to sinking than MPs, so that
studying their dispersal over a long period of time as we
do here, around one year of travel at least, is acceptable.
There are still many ways to improve the models also
for large plastic debris e.g. by including an interface be-
tween wind and current drag, including stokes drift,
beaching and others, but the models that exist are able
to describe the transport of large plastic fragments,
including their LRET, in a sufficient way. For example,
the modeled accumulation zones are located in the areas
where high plastic concentrations have been found em-
pirically [30].

9) Perspective calls for points that have already been
investigated
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Finally, we would like to point out that the Perspective
often calls for research into topics that have already been
investigated. For example, it is stated “If we consider a
simplistic model, whereby the relative differences in
density between PVC and PE are used as parameters
that influence mobility, with the density of PVC > PE,
then the relative importance of PVC to act as a LRET
vector of PACs will be minimal, assuming that the
greater density of PVC limits mobility and potential ex-
posure to locations near emission sources. For plastic
additive chemicals that may be associated with PE, on
the other hand, and for which greater mobility can be
assumed based on the simplistic model applied here, we
may wish to further consider the influence of kinetic
processes, such as leaching rates, which are likely to in-
crease as particle size decreases or, alternatively, as sur-
face area increases.” However, Andrade et al. (2021) [15]
have looked exactly into this point and concluded “High-
est leaching rates are therefore expected for small PE
fragments. According to the equations from Endo et al.
[26], the desorption half-life from PE for substances with
a log KOW between 5.5 and 7 will be between 1 and 38
years, assuming medium-turbulent water (aqueous
boundary layer 100 μm). Phthalates have been shown to
leach from plastic materials; with 80–120 ng g− 1 plastic
over a period of 90 days, only a small share of their over-
all content (1–5 wt%) is released in the first 3 months of
exposure [91]. This shows that leaching is a relevant
process but also that considerable fractions of the addi-
tives remain available for long-range transport with the
plastic matrix.” Thus, the Perspective often asks for
more data or insights but dismisses available
information.
All of the above points detract from the value of the

Perspective as a reliable source, as many of the conclu-
sions are based on inaccurate assumptions and cherry-
picking of available information. Therefore, we think
that the Perspective should not be used in discussions of
the plastic-driven LRET of chemical additives.
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