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Mind the fragmentation gap
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The Global Plastics Treaty presents an opportu-
nity to “end plastic pollution”. Legacy plastics
will continue to fragment to secondary micro-
plastics for decades, without additional mitiga-
tion measures. We identify this flux as a
“fragmentation gap”, currently overlooked in
global policy targets.

In November 2024, the International Negotiating Committee (INC) of
the United Nations Environment Assembly will meet to reach con-
sensus on how best to achieve the joint resolution to “end plastic
pollution, including in themarine environment”1. The ZeroDraft of the
treaty envisages a comprehensive approach that targets the full life
cycle of plastic, from production to disposal, implemented through a
combination of international coordination and national plans2.

Practical approaches to achieving the resolution have been pro-
posed, including the setting of plastics production and waste reduc-
tion targets. A number of studies have been released in both the peer
reviewed3–5 and grey literature6–9 in recent years, outlining possible
reduction scenarios that may be both economically palatable and
effective at reducing mismanaged plastic waste (Table 1). Overall,
these studies indicate that substantial reductions in mismanaged
plastic waste generation and subsequent emissions into the environ-
ment are possible using tools currently available, provided that
ambitious reduction targets are set.

The issue of legacy plastics are considered in4 and7. Through their
design of downstream mitigation in their models, they investigated
how removal can contribute towards the reduction of legacy plastic
existing in the environment. However, these papers do not explicitly
consider the state of contamination this legacy plastic imposes on the
environment. While the other above assessments generally acknowl-
edge that additional plastic will enter the environment over their
reduction scenarios, their focus on the economic and technological
feasibility of reduction neglect a critical examination of the environ-
mental implications—are these proposed reduction scenarios ambi-
tious enough to achieve the resolution of “end(ing) plastic pollution”,
if pollutionmeans not the flow of plastic into the environment, but the
contamination of the environment?

Fragmentationof plastic debris into secondarymicroplastics
Previous idealised box modelling of plastic pollution cessation
demonstrates that legacy mismanaged plastic waste will continue to
fragment into smaller and smaller secondary microplastics, and these
fragments may persist in terrestrial, coastal, oceanic and atmospheric
reservoirs for millennia10. In the ocean, modelling of plastic pollution
emission reduction demonstrated that with stabilisation of pollution
fluxes at year 2020 levels, plastic debris can be expected to continue to
increase for decades at the ocean surface11. An 80% source reduction
from 2020 in that framework stabilised, but did not decrease, surface
ocean plastic debris quantities by 204012. Because plastic debris

fragments into microplastics, the concentration of secondary micro-
plastics at the ocean surface can be expected to continue to increase
for decades even with policies that stabilise or reduce the flow of
plastic debris into the ocean10–12.

There are natural processes that can remove these fragmented
secondary microplastics from the ocean surface, however these may
occur over months to centuries13, and transfer the contamination into
the ocean interior14,15. High pressure, low temperatures, darkness and a
lack of oxygen all act to inhibit plastic degradation in the deep ocean.
As secondary microplastics are expected to continue to contaminate
the ocean despite the deceleration of pollution production, the global
ocean inventory of microplastics cannot be expected to decrease
within the INC’s timeframe for ending plastic pollution (provisionally,
by 20402) without addressing legacy pollution already accumulated in
the environment.

Tackling plastic pollution through reducing the rate of pollution
does not address the extensive quantities of legacy plastic pollution,
nor does it address the issue of its fragmentation into secondary
micro- and nanoplastics. The current discussions of the INC are
therefore not addressing the full lifecycle of this pollutant, by over-
looking the continued production of secondary microplastics when
left accumulated in the environment. The Zero Draft of the treaty
contains but a single mention of the need to cooperate on “effective
mitigation and remediation measures” for existing plastic pollution2.
This fragmentation gap in policy writing will inevitably have con-
sequences for the sustained contamination of the land, atmosphere,
and ocean10.

Sustained contamination of microplastics in marine
food webs
Plastic pollution is a dispersive and bioavailable contaminant inmarine
environments. This contamination has well-documented immediate
and downstream detrimental effects on both marine biota and human
health, contributing towards a multitude of issues including entan-
glement of sea life, alteration of food web dynamics, degradation of
commercial fish quality and quantity, and the translocation of nano-
sized plastics into animal (including human) tissues12. These threats to
environmental and human health have contributed towards the for-
mation of the United Nations Environment Assembly resolution to end
plastic pollution.

A new analysis applied idealised microplastic pollution reduction
trajectories from 2026 to an Earth system climatemodel that included
representation of microplastics’ interactions with the base of the
marine food web14. The results of this study described that the whole
ocean inventory of free-floating microplastic could be stabilised or
possibly reduced, and surface concentrations decreased this century if
pollution reduction rates of microplastic emitted into the ocean
exceed 5% per year. This figure is encouraging in comparison with the
technologically feasible, yet ambitious rates of plastic pollution
reduction that have been previously proposed (Fig. 1). However, this
model did not explicitly account for fragmentation of plastics in the
environment.
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The study14 also found that as microplastics interact with and are
transported throughout the biological plastic sink, they can be
expected to continue to contaminate the water column over a mil-
lennial time scale. Theoretically these microplastics then maintain

moderate to high levels of contamination in the food web, despite
potential reductions in the quantities of free-floatingmicroplastics due
to policy intervention targeting reducing microplastic fluxes to the
ocean. Considering then the risk of fragmentation from existing pol-
lution, microplastic being bioavailable can be expected to be an issue
for centuries to millennia. While risks of contamination remain poorly
understood, modelling has demonstrated potential impacts from
microplastics on food web structure, nutrient, oxygen, and carbon
cycles.

Downstream measures to mitigate the severity of
contamination
The abovementioned studies recognise that microplastics can be
expected to be a geographically ubiquitous and persistent pollutant in
marine environments and marine biology, despite upstream inter-
ventions to reduce pollution rates. However, the retention of micro-
plastic in biology is strongly dependent on the total input14. This
indicates that early and aggressivemitigation of plastic pollution could
reap long-lasting benefits for ocean food webs. By preventing existing
plastic from continuing to fragment, the total contamination potential
of secondarymicroplasticswould be reduced10. Aggressive clean-up of
legacy plastic debris pollution at a rate of 3% per year in combination
with the waste reduction scenario of ref. 3 stabilises the flux of sec-
ondary microplastics into the surface ocean by the year 2050, and
reduces the flux of secondary microplastics to the ocean by 11% in the
year 2050 relative to upstreammeasures alone10. This result was found
in a box model that explicitly accounted for possible natural removal
of microplastics including by beaching and sedimentary deposition10.
The INC should consider the future exposure of food webs, including
in the marine environment, to microplastics, and therefore also
prioritise mitigation and reduction efforts which target existing pol-
lution to minimise this pollution-fragmentation gap.

Clean-up as an “equal pillar” of the global plastics treaty
Existing technologies have the potential to contribute towards the
INC’s aim of ending plastic pollution, if policies are implemented
effectively. However, current policy discussions have not addressed

Table 1 | Description of studiesmodelling possible pollution reduction scenarios and their predicted outcomes for the state of
plastic pollution

Proposed scenario Predicted results Downstream
mitigation

Source

Global system change for wastemanagement: “all feasible interventions” A 78% reduction of plastic pollution, relative to a BAU
scenario at 2040

Not present 3

Extraordinary global efforts resulting in reductions of plastic waste gen-
eration; and environmental recovery of plastic pollution

A reductionof plasticwaste generation rate to8Mtper
year by 2030

Present 4

Significant investments into waste management infrastructures relative
to countries’ Gross Domestic Product growth and reduced use of plastic

Decreasing rates of mismanaged plastic waste pro-
duction rates to one third of 2019’s value by 2060

Not present 5

Global system change for waste management using existing
technologies

An 80% reduction in marine plastic pollution rates,
relative to a BAU scenario at 2040

Not present 6

Global system change through three market shifts: reuse, recycle, and
reorient and diversify (the plastic market)

An 80% reduction of plastic pollution rates, relative to
BAU scenario at 2040

Not present 8

Global Rules Scenario: commonglobal policy interventions implemented
across the plastic lifecycle

A90% reductio inmismanagedplasticwasteby2040,
relative to 2019 rates

Present 7

Global Ambition Scenario: reductions in plastic use and waste pre-
dominately through taxation

An 85% reduction of plastic waste generation relative
to a BAU scenario at 2060

Not present 9

BAU stands for business-as-usual, or current trends in plastic production and waste management behaviour continuing into the future.
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Fig. 1 | The fragmentation policy gap. Published plastics pollution reduction
scenarios based on economic or technological constraints (circle3, star4,
triangle6, square7, hexagon9). A 5% per annum or greater reduction in micro-
plastics pollution flux to the ocean from 2026 was found to successfully stabilise
ocean contamination this century14 (grey shaded region). If it is assumed that the
plastics pollution reduction scenarios result in equivalent reductions in micro-
plastics flux, ocean primary microplastics contamination stabilisation is econom-
ically palatable and technologically achievable. However, stronger measures that
include active debris removal will be required to achieve reductions in fluxes if
legacy debris fragmentation to secondary microplastics is considered. The pink
shaded region illustrates the committed fragmentation policy gap; the flux of
fragmenting legacydiscardedwaste at 2026 calculatedusing theboxmodelof10. To
facilitate comparisonbetween scenarioswithdifferent baseline assumptions, all are
presented as reduction relative to the business-as-usual scenario at year 2026
from14.
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the extent of the risks to foodwebs andhumanhealth of long-termand
pervasive secondary microplastic contamination of the environment.
Upstream techniques to reduce the rate of pollution production will
not ease the pressures that marine food webs will be facing, due to
their ability to retain contamination and ongoing fragmentation of
legacy plastic pollution, which we identify as “the fragmentation gap”
currently overlooked in INC negotiations. The long-term state of
contamination formarinebiologyparticularlywouldbenefit fromboth
a deceleration in the production of pollution and the effective removal
of existing plastics through the implementation of environmentally
and socially sound clean-ups, which should be codified as an “equal
pillar” into the Global Plastics Treaty.

Data availability
Model code and data from Azimrayat Andrews, et al.14 can be found at
https://zenodo.org/records/10484922, https://doi.org/10.5281/zenodo.
10484921. Model outputs from the box model of Sonke et al.10, as well
as the figure plotting script used to create Fig. 1, can be found at https://
doi.org/10.5281/zenodo.12703009.
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