Flood type drives river-scale plastic deposition
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Abstract

Plastic pollution is considered a global environmental challenge, prompting interna-
tional regulation efforts such as the UN plastic treaty to end plastic pollution. River
basins, with high population densities and poor waste management, are particularly
exposed to plastic pollution. Floods amplify plastic presence in rivers by mobilizing
previously deposited and introduce new plastics. Yet, the fate of these mobilized plas-
tics remains unclear, with observations suggesting either downstream export or flood-
plain deposition. This study assesses flood impact on plastic deposition along river
floodplains, using data from fifteen events — five floods and ten non-flood conditions
— across two Dutch rivers. Non-flood conditions were defined as events with return
periods below bankfull discharge, while floods exceeded this threshold (1.5-year return
period). Higher flood return periods increased plastic deposition, with the two largest
floods depositing two to three times more plastic than non-flood conditions. Deposi-

tion mechanisms varied by flood type. Obstruction-based deposition dominated during
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an extreme summer flood (summer 2021 in the Meuse), when plastics mainly accumu-
lated in inundated vegetation. Low-energy deposition prevailed during a long winter
flood (winter 2024 in the IJssel), with high plastic concentrations found in wide flood-
plain sections where flow velocities decreased. Floodplain characteristics, hydrological
conditions and proximity to plastic sources drive the plastic depositional patterns on
floodplains. Flood severity and plastic entry into the environment are both projected
to increase. We therefore expect an even more prominent role of floods in the global

distribution of plastic pollution.

Introduction

Plastic pollution is recognized as a global societal concern posing human health risks and
worldwide ecosystem contamination!. Despite its urgency, efforts to establish a legally bind-
ing global plastic treaty by the end of 2024 were unsuccessful?, highlighting the ongoing
challenges in achieving international consensus on plastic pollution mitigation. Rivers are
particularly exposed to plastic waste leakage due to their connectivity to urban areas?®, which
are the primary entry points of plastic pollution?. In some cases, rivers have been found to
contain plastic concentrations exceeding those in marine and coastal ecosystems®. Within
river systems, riverbanks and floodplains are considered to be some of the largest sinks for
plastic pollution, potentially storing more plastics than the river surface, water column, or
riverbed sediments®”. The mechanisms driving plastic deposition on floodplains remain un-

810 similar to that found

resolved, although recent work points to the potential role of floods
with inorganic sediment and large wood 12,

Floods can cause significant damage to urban areas, leading to the influx of plastic waste
and non-waste plastic items!®. Flooding of non-urbanized floodplains can also mobilize
plastic deposited during previous high-flow events. In addition to increased plastic transport,
overbank flows can result in substantial plastic deposition onto the floodplains. To date,

flood-driven plastic deposition and transport have only been documented for individual flood



events, such as the summer 2021 flood along the Meuse river®', the winter 2015-16 flood
in Northwest England® and the winter 2018 flood in the Seine river in France!®. While
these studies provide valuable insights into plastic mobilization and deposition, they do not
fully address the variability of deposition across different flood events or the role of river and
floodplain characteristics in shaping these processes. A comprehensive understanding of how
different flood types influence river-scale plastic deposition is missing. Flood characteristics
such as type (fluvial, pluvial, coastal, and flash floods), duration, and magnitude can drive
diverse transport mechanisms!®. Additionally, the factors governing the spatial distribution
of plastic deposition along floodplains remain largely unexplored, highlighting a critical gap
in our understanding of river plastic dynamics.

In this paper, we investigated plastic deposition after fifteen events, including five floods,
between 2018 and 2024, in the Rhine-Meuse delta. We quantified riverbank plastic con-
centrations under both non-flood and flood conditions, with flood conditions also including
floodplain plastic concentrations. Non-flood hydrological conditions were defined as events
with return periods below the threshold for bankfull flow, while floods were classified as events

exceeding this threshold (1.5-year return period)!”1®

. Specifically, we estimated riverbank
plastic concentrations following five floods of varying magnitudes, from a two-year flood
return period to a centennial flood, as well as during ten non-flood periods. The research
focussed on two major lowland rivers in the Netherlands: the Meuse and the IJssel (a branch
of the Rhine). In addition, we attributed plastic concentrations to the main drivers of plastic
deposition, using a parsimonious modeling approach. Our approach is applicable to rivers
and events beyond those analyzed in this paper. We considered ten factors, including river
and floodplain characteristics, and proximity to potential plastic sources. Similar to sediment
and large wood deposition, the longitudinal distribution of plastic along floodplains is likely
influenced by the balance between supply and deposition factors, which determines flood-

plain capacity in storing plastics'®. The factors driving deposition are related to river and

floodplain morphology, vegetation coverage, and hydrodynamic conditions. These factors



were selected based on insights from research on plastic, sediment, and large wood deposi-

tion2°726. Using our modeling approach, we evaluated the degree to which each predictive
factor explained the observed deposition patterns, providing new insights into the role of

floodplains in retaining plastics during flood events.

Methods

Floodplain plastic observations

Plastic concentrations on Dutch floodplains are monitored biannually by volunteers from
the Schone Rivieren (English: Clean Rivers) program?’. The sampled length, parallel to the
waterline, is set at 100 meters. The sampling width is defined by visible debris left from recent
high water events and extends up to 25 meters from the waterline. All visible litter items
(>5 mm) are collected, counted, and categorized using the River-OSPAR classification?’.
While the data includes all anthropogenic macrolitter, 94% of the items are plastic, so we
refer to them as "plastic" in this study.

We used Schone Rivieren data for low-magnitude floods (winter 2020 and winter 2021)
and non-flood conditions. For the summer 2021 Meuse flood, we used the data from Hauk
et al.?. Additionally, we conducted field sampling along the IJssel in January and February
2024, following a similar protocol. The dimensions of the sampled areas for these two flood
events were flexible, with often shorter lengths but larger widths. Over the course of ten
days of fieldwork, a total of 23 sites were sampled along the IJssel river. Sampling involved
counting and categorizing all visible plastics found on grass, within vegetation features (e.g.,
shrubs, bushes, reeds, trees), and along debris lines.

Mass concentrations were estimated by converting item counts to mass, using mean mass
statistics from De Lange et al. ?®. Plastic storage was estimated by multiplying concentrations
by floodplain areas (cf. section ‘Plastic concentrations forecasting model’). The uncertain-

ties in storage and concentration estimates are related to measurement and item-to-mass



conversion uncertainties. Quantifying observer bias in plastic sampling remains challenging
due to their discrete nature, despite efforts®®. The time-equivalent [y]| values in Table 1
represent the estimated duration required for plastic stored in the floodplains to be flushed
out of the system, assuming annual plastic transport rates of 15-41 tons/y for the IJssel and
56-75 tons/y for the Meuse. These transport rates are based on observed floating plastic
transport from?3® and were adjusted to total river transport by accounting for the fact that
approximately 70% of the total transported plastic mass remains at the river surface, as

reported by”.

Flood severity calculation

We considered five flood events: three on the Meuse and two on the IJssel (Table 1). River
discharge data from the Netherlands Directorate-General for Public Works and Water Man-
agement®! was used to estimate flood return periods with the Gumbel probability distribu-
tion3? and annual discharge maxima. Discharge data from the Olst gauging station was used
for the IJssel, while data from the Sint-Pieter station was used for the Meuse. Flood dura-
tion was defined as the period during which discharge exceeded the 1.5-year return period

17,18 For non-flood

(Figure 1), approximating the bankfull discharge level in natural rivers
conditions (7" < 1), we applied a threshold-based approach, fitting a Generalized Pareto

Distribution (GPD) for more accurate return periods estimates for moderate flow events?33.

Table 1: Flood event characteristics. ‘Summer’” and ‘winter’ are used for brevity to indicate
the general season of the flood events. Note that events can span multiple months; for
example, ‘winter 2024’ refers to the event that occurred in December 2023—January 2024.

River  Flood event Maximum Flood Flood Time since previous
river discharge duration return period 1.5-year flood

[m?/s] [d] [v] [d]
Meuse summer 2021 3310 3.3 111 147
winter 2021 1775 3.3 2.8 264
winter 2020 1742 4.8 2.6 229
[Jssel  winter 2024 1097 30.0 2.9 830
winter 2021 804 10.0 1.9 266
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Figure 1: Hydrographs for plastic sampling during flood and non-flood conditions for the
Meuse (a) and the IJssel (b). The variations in height for the sampling periods are only for
illustrative purposes.

For the two higher-magnitude floods, flood severity was assessed along the river course
(Figure 5). For the Meuse summer 2021 event, severity was estimated from multiple gauging
stations®*, showing flood attenuation downstream. For the IJssel winter 2024 event, we
estimated flood severity at Olst (the only discharge gauging station located along the IJssel,
at km 68). For the upstream IJssel, flood severity was estimated based on discharge levels
from the Lobith station (51.8619° N, 6.1186° E), using flow partitioning rates®® to distribute

flow across the Waal, Nederrijn, and IJssel. Estimates of flood severity based on Lobith and



Olst data both indicate a ~3-year return period, showing minimal variation in flood severity

along the IJssel.

Plastic concentrations forecasting model
Model description

We developed a general modeling framework, applicable to specific flood events and river
systems, using event-specific Generalized Additive Models (GAMs)3¢. The model includes
ten factors - independent of hydrological conditions - categorized into three groups: i) flood-
plain characteristics (floodplain width, vegetation height, vegetation coverage index, lateral
floodplain slope); ii) river course characteristics (sinuosity index, river channel width, river
channel slope), and iii) proximity to potential sources (distance from upstream end of study
area, distance from upstream Wastewater Treatment Plant, distance from upstream trib-
utary) (Figure 2). These factors, selected based on literature, are expected to influence
plastic deposition. Table 2 details each factor’s expected effect. Some factors may have
non-uniform effects, with positive or negative impacts depending on conditions such as flow
rates, morphology, and floodplain characteristics.

Floodplain characteristics were extracted by dividing the floodplain into 100-meter sec-
tions along the river. The width of each section was determined using the floodplain bound-
aries defined by the Ecotopen dataset®?. Vegetation height was estimated by substracting
Digital Surface Model (DSM) values from Digital Elevation Model (DEM) values?*44. The
vegetation coverage index was calculated using the Ecotopen vegetation classification. The
floodplain lateral slope was also derived from the DSM. Since these three variables had two
dimensions, we averaged the values for each 100-meter section to ensure consistency with
the other variables. The river channel width was also determined for each 100-meter section.
Other variables were selected at different resolutions. Sinuosity index was estimated over 2-
km segments to balance resolution and prevent the sinuosity index from converging towards

unity, which can occur when calculated over very short segments. The river channel slope



Table 2: List of variables anticipated to influence plastic deposition on floodplains, based on
available literature on plastic, sediment and large wood deposition in river systems. Each
variable is accompanied by hypotheses indicating the expected direction of the relationship:
an upward arrow denotes that an increase in the variable correlates with greater plastic
deposition, while a downward arrow indicates the opposite effect. Additional substantiation
regarding the mechanisms of plastic deposition on floodplains is also provided.

Variable

Hypothesized response
in deposition

Substantiation

Floodplain width

Wider floodplains reduce cross-section averaged

flow velocities®”, which in turn allows

for greater deposition of plastic as the reduced energy
of the water limits transport 3.

Floodplain vegetation height

When the top vegetation height is lower than the
inundation height, the vegetation acts as a physical
barrier, trapping plastic and promoting deposition
21

When the vegetation height exceeds the inundation
height, especially if only tree trunks are exposed

to the flow, plastic items may bypass these features
leading to reduced deposition or no noticeable effect.

Floodplain vegetation coverage

Greater vegetation coverage increases terrain

roughness, which promotes the deposition of plastic
24

Floodplain lateral slope

Gentle slopes may reduce the velocity of overbank
flows, promoting the settling of plastic, while
steeper slopes could maintain higher flow velocities,
reducing deposition.

River channel sinuosity

Larger sinuosity in the river’s channel increases water
turbulence and mixing, which can lead to higher

and lower flow velocities around the bends, favouring
the settling and accumulation of plastic on adjacent
floodplains?3.

River channel width

Narrower channels are more likely to result in
trapping of plastic on bank side obstructions as
compared with wider channels carrying the same
discharge®.

River channel slope

Increased river channel slope, indicative of stream

power, increases the transport capacity of rivers
20

Distance from upstream
end of study area

Gradual reduction in transport load as plastics
move downstream, particularly if potential plastic
sources are located upstream of the study domain.
Proximity to river mouth can enhance plastic

deposition, due to tidal dynamics
(26740)

Distance from upstream WWTP

WWTPs are point sources for plastic inputs into rivers
22

Distance from upstream tributary

Tributary inflow can lead to an increase in plastic
concentrations in rivers, increasing the availability

of plastics for deposition?!.

A clean tributary would actually dilute the plastic load
of the main channel.



was calculated as the gradient of water surface elevation (dws) over longitudinal distance
(dz) (Figure 2). The water surface elevation was derived from water level measurements at

gauging stations®!.

The largest tributaries were manually selected, and the Waste Water
Treatment Plant (WWTP) locations were extracted from Stichting Nederlandse WaterSec-
tor®. All variables, except in data-poor sections between km 68 and 82 of the Dutch Meuse

(Figure S2a in Supporting Information), were documented for each section.

Floodplain width

\

Floodplain lateral slope from DSM |

River slope
S = dws/dx

Vegetation coverage

River channel width

flow direction

Vegetation height | Sinuosity index = I/d

(DEM - DSM)

Upstream end of the study area

Figure 2: Schematic representation of the ten factors included in the model framework for
simulating plastic concentrations. Note that specific model formulations often do not include
all ten factors. The area represent the river channel and its floodplains. Here, dws represents
the difference in water surface elevation, and dx represents the horizontal distance separating
those two points.



Model performance

The models were initially fitted with all ten variables as linear terms. To improve model
performance, we adjusted the formulation by excluding variables with limited explanatory
power. We also fitted some variables as exponential terms after exploring the Spearman’s
p values (not shown). This iterative process allowed for optimization by balancing the
complexity and performance of the model. Model performance was evaluated using the R?
and the Akaike Information Criterion (AIC) values, where a lower AIC indicated better
performance for models with similar R? values. Table S1 (Supporting Information) details
the various model formulations, with overall model performance and coefficients for each
variable. For the Meuse summer 2021 event, model formulation ‘1.c” was chosen as the best
fitting model, while for the IJssel winter 2024 event, model formulation ‘10.c” was selected.

To assess model robustness, we conducted a bootstrap analysis“®, using a ‘leave-one-out’
cross-validation (LOOV) approach”. This involves systematically removing one observation
at a time, using the remaining n — 1 points to train the model, and then tests its predictive
performance on the excluded point. This process was repeated iteratively for all observations
in the dataset, allowing us to assess: (1) the robustness of the models between training and
test subsets, and (2) the uncertainty of the estimated coefficients. The R? score over the
test data was calculated by comparing the predicted values for each test observation with
the actual values from the trained model predictions across all test iterations. The R? value
across all test data for the [Jssel winter 2024 event was 0.53, indicating moderate predictive
capability. The Meuse summer 2021 event had a stronger median R? of 0.81. We calculated
the relative interquartile range (IQR) of coefficients across all LOOV iterations, finding that
all coeflicients had a relative IQR below 0.1, indicating stability.

To evaluate the relative importance of each variable, we standardized both the predictor

48 This ensures that

matrix X and the response variable y using a z-score transformation
all variables are on the same scale, allowing for a meaningful comparison of coefficients.

Standardized coefficients (Figure 4b and e) show the relative influence of each variable on

10



the response variable.

Results and discussion

Floodplain plastic deposition increases with flood severity

Plastic deposition on floodplains increases with flood severity, defined by the flood’s return
period. Higher-magnitude floods lead to increased plastic mass concentrations on floodplains
than lower-magnitude events and non-flood conditions (Figure 3). This trend is supported
by strong correlations between plastic mass concentrations and both flood return period (T')
(Spearman’s p = 0.52, Pearson’s p = 0.65, p-value < 0.05) and river discharge (Spearman’s
p = 0.76, Pearson’s p = 0.84, p-value < 0.05). The most severe flood (7" > 100 years) on the
Meuse resulted in the highest plastic mass concentrations, with 11.2 g/m?, nearly twice that
of non-flood conditions. Similarly, the largest flood event on the IJssel in winter 2024 (T =
3 years) led to the highest recorded plastic mass concentrations for that river (3.3 g/m?),
about three times more than during non-flood conditions.

This relationship between flood severity and plastic deposition is similar to trends ob-
served in sediment studies, where higher floodplain deposition rates correspond to increased

1149 Differences in regression line intercepts between the Meuse and IJssel

flood severity
indicate that the relationship is river-specific, likely reflecting baseline plastic pollution lev-
els (Figure 3). Despite the overall trend showing increased plastic deposition with flood
severity, significant variability is noticeable for the Meuse. While plastic deposition gener-
ally increases with flood severity, variability in plastic concentrations between the considered
events is notable for the Meuse. Some non-flood periods had higher plastic concentrations
than the winter 2020 flood, suggesting that factors beyond flood severity, such as legacy
plastics or post-flood clean-up efforts, may also influence deposition rates. Furthermore, the

relationship between plastic item concentrations and flood return period is less straightfor-

ward than that of plastic mass concentrations (Figure S1 in Supporting Information). This

11
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Figure 3: Observed increase in plastic mass concentrations as a function of flood return
period. Bankfull discharge is indicated using the 1.5-year return period, consistent with
literature for natural rivers that are in equilibrium!™!®. The shaded areas represent the 95%
confidence interval. The dashed line projects observed trends.

discrepancy may be attributed to fragmentation processes®®, where item numbers increase
without a corresponding mass increase.

The two highest-magnitude floods deposited 4620 tons of plastic along the 240 km of
the Dutch Meuse, and 610 tons of plastic along 120 km of the IJssel (Table 3). Plastic
storage following floods was two to three times higher than that observed during non-flood
conditions. Comparing these storage values with upstream and downstream annual in-river
plastic transport reveals that the total plastic mass retained during floods equates to 62-83

years of annual mass transport for the Meuse and 15-41 years for the IJssel (Table 3). These

12



time-equivalent values indicate how long it would take for the river to transport an equivalent
mass of plastic to that found on riverbanks and floodplains. While these values should not
be taken as precise indicators of retention times due to inherent uncertainties, they align

with evidence of multi-decade-long plastic accumulation on floodplains®?.

Table 3: Plastic storage increases significantly following major floods. Non-flood storage
values represent the average from ten events.

Annual transport [tons/y] Storage [tons] Time-equivalent [y]|

Flood Non-flood Flood Non-flood
Meuse 56-75 4,620 1,937 62-83 26-35
[Jssel 15-41 610 222 15-41 o-15

Driving mechanisms of plastic deposition depend on flood type

We estimated plastic concentrations with high accuracy for the two highest magnitude floods
(R? = 0.93 for the Meuse summer 2021 flood and R? = 0.83 for the IJssel winter 2024 flood,
Figure 4b and f), using models incorporating eight factors. In the summer 2021 Meuse flood,
the primary governing factor was the distance from the upstream end of the study area
(Figure 4b). This aligns with reports of extensive damage in the Belgian Meuse catchment,
particularly in the Vesdre tributary®?. Besides source proximity, flood severity was much
higher upstream in the Dutch Meuse, ranging from a return period of > 100 years at the
most upstream station (km 10) to ~10 years at the most downstream station (km 155)3%.
We characterize the summer 2021 flood along the Dutch Meuse as following an obstruction-
based deposition pattern, where most of the plastic was deposited in floodplain areas that
had inundated vegetation (Figure 5a). These high accumulation floodplain zones correspond
to areas where river slope was steeper (~ 0.04 m/m) than in the rest of the Dutch Meuse (~
0.01 m/m) (Figure 4b) and where flow velocities as high as 6 m/s where recorded®. Plastic
concentrations depleted rapidly after km 15 (Figure 4a) due to extensive upstream deposi-
tion within vegetation. This highlights the role of riparian vegetation in retaining plastic

54

during high-energy flow conditions®*, and reducing its downstream transport.
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Figure 4: Modeled plastic concentrations along the Meuse (a) and IJssel (d) rivers, showing
the impact of key explanatory variables. Concentration values were aggregated in bins of 5
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The winter 2024 IJssel flood showed a different pattern, where floodplain width was found
to be the primary factor explaining plastic deposition (Figure 4d). Wider floodplains were
linked to higher plastic concentrations, likely due to lower cross-section flow velocities®"38.
Proximity to tributaries was also significant factor (Figure 4e), consistent with short plastic
transport distances (0.2 - 12 km/day)?¢°1%°. The winter 2024 event did not cause significant
damage to the built environment. However, the recorded increase in plastic concentrations
may have resulted from the mobilization of plastics suspended in the water column and/or
buried in riverbed sediments. We define this as a low-energy deposition pattern (Figure 5b).

Models’ perfomances for non-flood conditions and low-magnitude floods were lower (R?
< 0.5) (Table S1 in Supporting Information). We found a strong correlation between return
period and model performance (Pearson’s p = 0.72, Spearman’s p = 0.67, p-values < 0.05),
indicating that as the return period increases, the model’s performance improves. During
lower-magnitude floods, floodplains were either not activated or only partially so, limiting the
influence of floodplain-related variables. Additionally, point-source variables in our model
showed no significant correlation with plastic concentrations during low-magnitude floods
and non-flood conditions, suggesting these sources were inactive during such events®. This
aligns with previous findings that most plastic deposition on riverbanks during non-flood

conditions could not be attributed to deterministic factors?’.

Impact of extreme floods on plastic deposition

The summer 2021 flood deposited 4,620 tons of plastic in the Dutch Meuse floodplains —
nearly 30% of the catchment’s annual mismanaged plastic waste (15,915 tons/y)®". This
high deposition is due to the large mass per item (mean: 13.4 g/#), four times higher than
that during the IJssel winter 2024 flood (3.3 g/#). This mass per item is also considerably
higher than that observed in other river systems globally, such as the Saigon River (3.2
g/#)%. Deposition varied significantly, reaching up to 184 g/m? in the most affected area

and just 0.4 g/m? in the least affected (Figure S2a in Supporting Information). The extensive
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Figure 5: Conceptual representation of plastic deposition patterns along floodplains.

a) Obstruction-driven deposition, observed during the summer 2021 Meuse flood. The main
plastic supply source (grey arrow) originates from the upstream end of the study domain,
with plastics primarily depositing on floodplain zones with inundated trees, deep floodplain
water levels and high flow velocities. b) Low-energy deposition observed during the winter
2024 1Jssel flood. Plastic supply sources are more diffuse, and greater deposition rates are
observed in wide floodplains with reduced cross-section flow velocities. The schematized

trends are derived from our observations and forecasting models, as well as literature on
flood severity (cf. section ‘Flood severity calculation’.)

<

deposition observed upstream of the Dutch Meuse was likely driven by extensive damage
to the built environment caused by the flood®? as well as inputs from Combined Sewer
Overflows (CSOs)?. The deposited material differed from the typical mismanaged plastic
waste and consisted of both waste plastics and non-waste plastics that were mobilized during
the flood!3. The severe impact of this event shows the critical role that extreme floods play in
amplifying plastic pollution in aquatic systems well beyond leakage from water management
infrastructure. Addressing plastic pollution is not just a matter of waste management but

also of flood resilience, as it helps mitigate both physical damage to built environments and
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the resulting mobilization of plastics during extreme floods!®.

Our results reveal significant spatial variability in plastic deposition along the river, with
an exponential decrease in the Dutch Meuse during the summer 2021 event. We did not
sample areas most affected by this event, which were in the Belgian Meuse tributaries. In the
Dutch Meuse, plastic and debris followed an uncongested pattern, covering a small portion

156,59

of the channe Upstream, tributaries showed semi-congested or congested transport

60 This congestion, often mixed with

patterns, with debris forming dense surface carpets
wood and other materials®, likely influenced the volume and mass of debris deposited on
floodplains.

Plastic entry into aquatic systems is expected to rise due to increased global plastic
production and consumption®?, while climate change may lead to more frequent severe
floods%%%4.  This is concerning, as 24% of the global population lives in flood-prone ar-
eas®. As a result, mobilized plastics during floods are likely to increase. Strengthening
flood resilience could mitigate damage to built environments and reduce the influx of new
plastic into aquatic systems during extreme events. Additionally, insufficient plastic removal

from floodplains may contribute to a growing legacy of plastic pollution on floodplains from

past deposition events.

Outlook: towards forecasting of flood-driven plastic deposition

Our study highlights the significant impact of floods on plastic deposition in floodplains.
However, current research is limited to two lowland rivers in the Netherlands with relatively
low baseline pollution® and focuses on a small number of flood events (n = 5). Nevertheless,
this represents a larger dataset of flood-related plastic deposition than any previous study,
providing unprecedented insight into the role of floods in plastic transport and deposition.
Future studies should include a broader range of flood events, river systems, and pollution
levels. In-situ sampling during and after floods is crucial but challenging due to accessibil-

ity issues, and continuous monitoring of hydrological conditions is necessary for safety and

17



accessibility.

Literature suggests the existence of multiple flood-transport regimes for debris®®, each po-
tentially leading to distinct deposition patterns®’. For instance, flash floods in small systems
may result in catchment-wide flushing®®, a pattern we did not observe in our study. Previous
research® reported a decrease in (micro)plastic abundance in riverbed sediments following
floods, contrasting with our findings of increased (macro)plastic deposition on floodplains.
Hauk et al.? also observed that certain plastic types were preferentially deposited, whereas
others were flushed out of the system. These additional patterns show the complexity of
plastic transport and retention within river systems during flood events, where both flushing
and retention processes can coexist depending on flood dynamics, river morphology, specific
river sinks and plastic characteristics.

To effectively reduce plastic accumulation on floodplains, further studies are needed on
the spatial distribution to inform reduction measures. Our typologies of floodplain plastic
deposition (Figure 5) suggest distinct spatial patterns. Plastics deposited during flood events
with obstruction-based deposition clusters around or within floodplain vegetation. In con-
trast, plastics deposited during low-energy deposition might be distributed in lines parallel
to the high water line®. Identifying these patterns can help develop targeted, cost-effective
interventions. Our model, applicable to other flood events, does not rely on hydrological
conditions but requires activated floodplains, as floodplain width and vegetation height are

key to explaining deposition patterns.
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Figure S1: Plastic item concentrations increase as a function of flood return period. A
steeper increase is noticeable for the IJssel compared to the Meuse, suggesting that the
[Jssel experiences higher rates of fragmentation and/or mobilization of sources containing
numerous small plastic items as a result of floods. The bankfull discharge is indicated for
the 1.5-year return period, consistent with established literature on bankfull discharge in
natural rivers 2.



a) Meuse - summer 2021 flood

b) IUssel - winter 2024 flood
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Figure S2: Modeled plastic concentrations along the upstream-downstream gradient, with
key explanatory variables for the Meuse during the summer 2021 flood (a) and the IJssel
during the winter 2024 flood (b). All values were binned at 5-km resolution for the Meuse
and 2.5 km resolution for the IJssel. White dots represent mean values, while colored dots
show individual data points.
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