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2. Descriptions of the changes made in SimpleBox4Plastics
2.1. Model scales

To align more closely with USEtox, the original scales of SimpleBox4Plastics—regional,
continental, and global—are reduced to two: continental and global. The continental scale refers
to a continent where emissions of microplastics can occur and the global scale refers to the rest
of the world from this emission continent. This adjustment involves using the original regional
and continental scales of SB4P and removing the advection link between continental and global
air and ocean. Subsequently, the landscape settings of the regional and continental scales are
modified to match the parameters of a specific continent (continental scale) and its rest of the
world (global scale), respectively with the regionalized data (see SI 3).

2.2, Removal of the other soil compartment

In SB4P, 11 environmental compartments are represented at both regional and continental
scales: air, cloud water, lake water, freshwater, seawater, their respective sediments, natural
soil, agricultural soil, and other soil. In this case, other soil refers to urban soil and is part of the
technosphere. As we want to consider only the impacts of microplastic emissions in the
biosphere, the other soil compartment is removed. The fraction area previously allocated to
other soil and all transfers associated with other soil are set to zero.

2.3. Calculation of the degradation mechanism and removal of the
fragmentation

In SB4P, the removal rate within a compartment includes:

- transfer to another compartment (deposition, air/water advection, sedimentation, runoff
and erosion and resuspension)

- transfer out of the system (leaching, deep burial or escape to stratosphere)

- degradation and fragmentation, which are combined into a single rate

In this section, we focus on the last point. The fragmentation rate here represents the rate at
which microplastic particles break down into nanoparticles due to physical, chemical, and
biological factors (Andrady, 2022). Since nanoplastics are also likely to impact Ecosystem
Quality, we chose not to consider the fragmentation rate as a removal mechanism and set it to
Zero.



The degradation rate incorporated in SB4P is the same across polymers, though in reality, the
degradation rate of plastic particles varies as a function of the polymer type and environmental
conditions of the different compartments. While this later aspect is not yet integrated, Corella-
Puertas et al. (2023) proposed the following equation (Equation 1) to calculate a polymer-
specific degradation rate adapted for LCIA, based on the work of Chamas et al. (2020) and
using specific surface degradation rates available in the literature for different polymers
(Chamas et al., 2020; Maga et al., 2022).
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Where rmax is the initial radius of spherical microbeads, f a surface area correction factor and

ksspr the specific surface degradation rate.

The constant present in SB4P is replaced by this equation. The calculation of the different
specific surface degradation rates can be found in SI 3.

2.4. Modification of runoff

In SB4P, the transport rate of microplastics from soil to freshwater is calculated by considering
both runoff and erosion. The model currently assumes that all microplastics are carried by
runoff. As Han et al. (2022) emphasize the critical role of vegetation in influencing this
transport mechanism, this assumption thus overestimates the transfer rate of microplastics from
soil to freshwater compartments. Specifically, vegetation cover reduces the mobility of
microplastics and retains them in the soil during rainfall events. Consequently, a microplastic
interception rate by vegetation has been incorporated into the model. This interception rate was
determined by averaging the rates for low, medium, and high densities of shrub and herb
vegetations reported by Han et al. (2022). This results in an interception rate of 97.15% and has
been applied to the runoff calculations in SB4P.

2.5. Modification of the sedimentation rate

In SB4P, settling velocity (vs,,) is calculated thanks to the density of the polymer (p,) and the
density of water (p,,) (Equation 2):

_ 2(pp — pw) * g * 12
vset_ 9*#
w

(2)

With r, representing the radius of the polymer particle and p,, the dynamic viscosity of water.
When a polymer particle has a density inferior to water, the settling velocity is equal to zero,
meaning the particle remains suspended and does not settle. However, over time, a layer of
microorganisms, plants, algae can accumulate on the polymer’s surface, altering its density and
causing it to sink. This process is known as biofouling (Chubarenko et al., 2016; Jalon-Rojas et
al., 2019). Biofouling rates could not be directly integrated into the model. However, to account
for the unlikely scenario of low-density microplastics never settling, default sedimentation rates
for each low-density polymer were incorporated based on the study by Corella-Puertas et al.



(2023) with the intention of providing a more realistic representation of low-density
microplastic behavior in the environment. The specific values are provided in SI 3.

2.6. Aggregation of the air and the cloud water compartment

SB4P distinguishes the air and the cloud water compartments. The air compartment is linked to
soil and water by a transfer called “dry deposition” and the cloud water compartment is linked
to soil and water through “wet deposition”. To simplify the number of compartments in the
model, the air and the cloud water compartments are grouped into a unique compartment called
air and the deposition mechanisms are added together. This is done following the methodology
of Salieri et al. (2019) that recalculates the mass balance inside the new compartment.

2.7. Aggregation of the different species of plastic particles

In SB4P, three forms of plastic particles are represented: free, aggregated, and attached.
“Aggregated” particles represent particles mixed with natural particles smaller than 450
nanometers, while “attached” particles refer to particles combined with natural particles larger
than 450 nanometers. The transfer rates are calculated using the properties of the different free,
aggregated or attached particles. To simplify the model, after the rate calculations, the transfer
rates for the three forms of particle are added together using the method developed in Salieri et
al. (2019).

2.8. Regionalization

Finally, the model is regionalized by parametrizing the landscape settings using the same 8
regions implemented in USEtox (Kounina et al., 2014 ; Shaked, 2011). The different parameters
specific for each region are:

= the land area and the sea area at continental and global scales

= the land area fractions of natural soil, agricultural soil, lake water and freshwater at
continental and global scales

= the rain rate at continental and global scales

= the depths of lake water and freshwater at continental and global scales

= the fraction of runoff at continental and global scales

= the irrigation rate at continental and global scales

The land area, sea area, rain rate, fraction of runoff and irrigation rate are taken from the settings
of USEtox for the different regions (Kounina et al., 2014).

The land area fractions and depths are derived from LakeATLAS and RiverATLAS (Lehner et
al., 2022; Linke et al., 2019) two comprehensive global databases of hydro-environmental
characteristics for lakes and river reaches worldwide. LakeATLAS provides detailed data on
1.4 million lakes, while RiverATLAS covers 8.5 million river reaches, offering insights into
surface area, depth, and country of origin for each water body.

2.8.1. Land area fractions



In USEtox, land is categorized into three compartments: freshwater, natural soil, and
agricultural soil, with each region having a specific area fraction allocated to these
compartments. Freshwater refers to rivers and lakes. However, our model distinguishes
between lake water and river water (referred to as freshwater). Therefore, it is necessary to
calculate the proportion of surface water attributed to lakes and the proportion attributed to
rivers.

All lakes and rivers from LakeATLAS and RiverATLAS are categorized into the model's eight
regions based on their country of origin. The total surface areas of lakes and rivers are then
calculated for each region. Using these surface areas, the proportions of surface water attributed
to lakes and rivers are determined for each region and scale. These proportions are multiplied
by the fraction of land allocated to surface water from USEtox to calculate the fractions of land
assigned to lake water and river water.

2.8.2. Depths of lake water and freshwater

From LakeATLAS and RiverATLAS, an area-weighted average depth is calculated for all lakes
and rivers within each region, resulting in a mean depth for both the lake compartment and the
freshwater compartment at the continental scale.

At global scale, the mean depths of the lake water and river water compartments for each region
are determined by calculating the area-weighted average depth of all lakes and rivers across all
regions, excluding the region being assessed.

Detailed calculations, along with all the values used for regionalization, are provided in SI 3.

3. Calculation of the SDFs
All data and calculations of SDFs can be found in SI 4.

3.1. Marine ecosystem

3.1.1. Fraction continental/global

SDFs for the continental and global scales are calculated using The IUCN Red List (IUCN,
2024). The data on The IUCN Red List includes non-threatened and threatened species and
gives information on location, habitat, ecology, population size, threats etc. 163,040 different
species are currently assessed by The IUCN Red List, including 16,996 marine species. For the
marine ecosystem, only marine species are considered. The continental scale includes coastal
species specific to the region, while the global scale incorporates coastal species from other
regions and oceanic species, species inhabiting the open ocean. Species are classified according
to FAO's major fishing areas (FAO, 2020), with each area assigned to one or more of the eight
regions based on its location. For each region, we calculate the number of coastal species living
in the region (CSy¢gion), the number of coastal species found in the rest of the world (CSgow)
and the number of oceanic species (0S). The fractions of species at the continental
(Fracyarinespecies:) and global (Fracygrinespecies;) scales are then derived using Equation 3

and Equation 4.



CSregion
FraCMarineSpeCi(?Sc = CSregion + CSROW + 0S (3)

CSrow + 0S

FT‘aCMarineSpeciesG = CSregion + CSgow + 0S )

3.2. Freshwater ecosystem

3.2.1. Fraction sediment/water column

The fraction of species in the sediment and water column for the aquatic ecosystem is calculated
using data from the database www.freshwaterecology.info (Schmidt-Kloiber & Hering, 2015;
Schmidt-Kloiber & Hering, 2024). This database includes more than 20,000 European
freshwater organisms and their ecological preferences. Species distribution between sediment
and water column is analyzed for 3,105 macroinvertebrates, 242 fish, 1,101 macrophytes, 8,591
phytobenthos, and 2,512 phytoplankton, totaling 15,551 species. Macrophytes and
phytobenthos are categorized as sediment feeders, while phytoplankton are classified as water
column feeders. For fish, a specialized dataset on feeding habitats is used (Grenouillet &
Schmidt-Kloiber, 2006; Schinegger & Friedrich, 2024), classifying species based on whether
they feed in the sediment or water column. The proportions of fish feeding in each habitat are
then calculated. For macroinvertebrates, a dataset categorizes species by feeding type, which
is linked to either the sediment or the water column, allowing the calculation of the fraction of
macroinvertebrates feeding in each compartment.

The fractions of species inhabiting rivers and lakes are determined using data from The [IUCN
Red List, which covers 69,330 species (IUCN, 2024). Species are classified by habitat, with
each habitat assigned to a category: river, lake, wetland, saline water, or groundwater. Only
species from the river and lake categories, totaling 45,672 species, are considered. From this,
the fractions of species residing in rivers and in lakes are calculated.

3.2.2. Fraction continental/global

Additionally, the fractions of species living in the continental or global scale are calculated
using The [UCN Red List (IUCN, 2024). A total of 40,279 species is assessed, with freshwater
species categorized by country. Each country is then linked to one of the eight regions in our
model, based on Shaked (2011). Using the approach outlined in Section 2.4.1.a, the number of
species inhabiting the region and the number of species living in the rest of the world are
determined and the different fractions are calculated.

3.3. Terrestrial ecosystem

3.3.1. Fraction natural soil/agricultural soil

The fractions of species inhabiting natural and agricultural soils are determined using Indicator
79 from the Swiss Biodiversity Monitoring (BDM) (Montgomery et al., s. d.). This indicator



measures species diversity across different land-use types, allowing direct attribution to either
natural or agricultural soils.

3.3.2. Fraction continental/global

The fractions of terrestrial species at both continental and global scales are assessed using data
from The IUCN Red List (IUCN, 2024), following the same methodology applied for the
aquatic ecosystem (Section 2.4b). In total, 115,211 species are evaluated.

4. Details on the case study

4.1. Inventory

Plastic particles are emitted as primary microplastics during polymer and material production,
transport with TRWP emissions or as macroplastics that fragments into secondary microplastics
during use. A fragmentation rate of 100% is assumed, based on the estimation that over an
infinite time horizon, the film in agricultural soil will eventually break down into microparticles
due to UV radiation and microbial activity. The inventory of plastic emissions is sourced from
the original study (De Sadeleer & Woodhouse, 2024). In the first scenario, 90% of the mulch
film is removed from the soil, while 10% is assumed to be emitted to the environment. In the
other two scenarios, 100% of the film is left on the field after use and is considered emitted.
Emissions during the use phase are limited to the soil compartment. Given that the particle size
is unspecified, the thickness of the film is used as a reference (20 and 15 um for LDPE and
starch-blend respectively).

4.2. CFs used

CFs are derived specifically for these dimensions. Our fate model calculates CFs for spherical
particles; however, not all emissions correspond to this shape. For instance, the fragmentation
of mulch films is associated with film fragment particles. In the absence of alternative CFs for
terrestrial emissions based on a fate model that accounts for particle-specific physical
characteristics, using our CFs as a proxy was the most suitable option available. CFs following
the approach considering the species density over a surface in PDF-m?-year/kg are used as they
are directly compatible with IMPACT World+ (Bulle et al., 2019), the impact assessment
method used.

In scenario 1, the emissions from production and use are multiplied by the CF for 20 um LDPE
particles emitted to continental agricultural soil in Northern regions. For scenarios 2 and 3, the
same approach is followed, using the CF for 15 um starch blend particles in the same
compartment. For emissions during transport, the CF for 100 um TRWP particles emitted to
freshwater and natural soil in Northern regions is applied across all three scenarios.

4.3. Method used

The LCA results are computed using OpenLCA v.2.1 with ecoinvent v.3.10 (Wernet et al.,
2016) and Agribalyse 3.1.1 (Colomb et al., 2015) for the Life Cycle Inventory (LCI). The



version of IMPACT World+ used is 2.0.1 and all impact categories affecting ecosystem quality
are evaluated. Case study calculations are available in SI 5.

5. Additional figure: CFcomp matrix
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6. Additional figure: CFs by region in PDF-m?*-year/kg
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