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Global estimations state that between 0.5 and 12.7 million metric tons of plastic enter
the oceans each year. They are, however, associated with great uncertainties due
to methodological difficulties to accurately quantify land-based plastic fluxes into the
oceans. New studies at basin scale are thus needed for better model calibrations. Here,
a modeling approach based on Jambeck’s statistical method and a field approach are
compared in order to (i) quantify plastic fluxes in the Seine River and (ii) characterize
and constrain uncertainties of both approaches. Despite the simplicity of the statistical
approach and rough extrapolations, both methods yield similar results, i.e., between
1,100 and 5,900 t/yr of plastic litter flowing into the Sea of which about 88–128 t/yr are
removed by cleaning operations. According to the marine strategy framework directive
(2008/56/EC), actions are required to quantify plastic fluxes entering the oceans. Among
different methods, a better use of the data from the waste collection should be
considered. The development of a national and homogenous platform listing all the
collects would be a first step in that direction.

Keywords: litter, fluxes, catchment, waste collection, debris

INTRODUCTION

Since the 1950s, the production of plastic increased from 1.7 to 335 million of metric tons
in 2016 (PlasticsEurope, 2017). Consequently, plastic litter has invaded marine and continental
environments worldwide and became in the 2000s a global warning concern. According to global
estimations, between 0.5 and 12.7 million metric tons of plastics are entering into the oceans
each year, although known stocks are only about 300 thousand metric tons (Eriksen et al., 2014;
Jambeck et al., 2015; van Sebille et al., 2015; Lebreton et al., 2017; Schmidt et al., 2017, 2018).
Unexplored sea floors could then represent the final reservoir of plastic litter after sinking (Galgani
et al., 2000; Kammann et al., 2018; Maes et al., 2018). Plastics constitute between 8 and 15% of
waste mass generated by human activities (Hoornweg and Bhada-Tata, 2012). Nonetheless, and
even if they are produced in urban areas, their physical and chemical properties make them the
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predominant part of the litter in natural environments, even on
isolated pacific islands, pristine sea ice or sea floors (Barnes et al.,
2009). They also constitute an increasing threat for freshwater
ecosystems (Eerkes-Medrano et al., 2015; Wilcox et al., 2015; Li
et al., 2018). Plastic litter in marine ecosystems largely captured
the attention of the scientific community, whereas most plastics
would come from the continents via rivers (Schmidt et al.,
2017). A better understanding of how plastics are transferred
from continents to the oceans and in which amount is therefore
of great interest, especially since it seems easier to remove
plastic litter from almost unidimensional rivers than from
tridimensional oceans.

According to the descriptor 10 of the Marine Framework
Directive of 2008, actions are required to reach a good
environmental status of ecosystems by 2020 with regard to
marine litter1. This also accounts for assessing and monitoring
riverine litter as a primary source of marine litter. Several
statistical approaches have been developed in the last years
to quantify the amount of plastics entering the oceans. They
deal with visual counting as proposed by RIMMEL project
(González-Fernández and Hanke, 2017), extrapolations from
field data limited to punctual opportunistic measurements
(Lechner et al., 2014; van der Wal et al., 2015) or statistical
analysis at a global scale (Jambeck et al., 2015; Lebreton et al.,
2017; Schmidt et al., 2017). Methods differ by their uncertainties
and the size of plastic litter taken into account. For example,
visual counting is focusing on macroplastics (>2.5 cm), field
measurements on microplastics and extrapolation to larger
plastic items (van der Wal et al., 2015), while statistics often
disregard the size class of plastics. Fields measurements are most
of the time focusing on buoyant plastics and ignore a potential
plastic load under the surface water (Morritt et al., 2014) and
statistical approaches, calibrated with the previous ones, are
based on few key parameters poorly improved. To date, many
methodological difficulties have prevented the development of
a standard method to quantify plastic input entering into the
oceans via rivers, because the plastic pollution is scattered, multi-
origin and represents only a small fraction of the total waste
production. Even in regions known for their inefficient solid
waste management, particularly South-East Asia, leaks and losses
of plastics to the environment are very low when compared
to plastic production and consumption, which reaches several
hundreds of millions metric tons (PlasticsEurope, 2017). All
global estimations refer to the mismanaged plastic waste index
(MPW) to quantify plastic input into the oceans (Jambeck
et al., 2015; Lebreton et al., 2017; Schmidt et al., 2017). This
index is based on the anthropogenic pressure considering (i)
the amount of plastic waste that is not adequately disposed
in landfills or incinerator plants according to the economic
level of the considered territory (GDP), and (ii) a leakage rate
set at 2% of the plastic waste generated, which accounts for
accidental loss or littering. This leakage rate is used systematically
even though it only relies on one United States report about
littering behaviors and costs (MSWCONSULTANTS, 2009; see

1http://ec.europa.eu/environment/marine/good-environmental-status/
descriptor-10/index_en.htm

Supplementary Data of Jambeck et al., 2015). This rate thus
constitutes one of the previously mentioned key parameters.
Littering being intrinsically unquantifiable because it refers to
unobservable loss, its rate of 2% is based on the ratio between
the amount of litter generated in the United States in 2008
and the total national waste generation (Supplementary Data
of Jambeck et al., 2015). Consequently, calculations at a global
scale are linked to statistical weaknesses. These global estimates
are nevertheless of main interest because they shed new light on
the plastic pollution worldwide by giving orders of magnitude.
Better constraining and identifying their limitations is essential
to the development of a robust and standardized methodology
for measuring plastic inputs entering the oceans.

Over the past 5 years, the microplastic occurrence and
distribution of plastic litter in the Seine River were estimated
and characterized (Gasperi et al., 2014; Dris, 2016; Dris et al.,
2018), but no estimations of fluxes were performed yet. The
present paper is a first step toward the construction of innovative
methods to accurately estimate plastic fluxes in the Seine River.
The Seine basin is relatively small, i.e., 78 600 km2 and its
rivers have low water flows, i.e., 300–350 m3/s in average for the
Seine river in Paris. They are under significant anthropogenic
pressure with 16.7 Million inhabitants into the whole basin, of
which ∼12 Million are gathered in Paris megacity. The Seine
basin is the most dynamic territory at the national scale with
25% of the population, 50% of the fluvial traffic, 40% of the
economic activity, and 30% of agricultural activities (Fisson et al.,
2014; Lemoine and Verney, 2015). The seasonal contrast in the
catchment is characterized by high water level periods during
winter and very low water levels during summer that needs to
be managed with dams and water reservoirs. The outlet of the
catchment is a 170 km long meandering estuary in which the
influence of tides and winds increase as the river mouth becomes
closer. All these elements influence the plastic debris dynamics.
Coupled with a strong anthropogenic pressure, plastic pollution
is highly visible in the estuary – especially at low tide – with
countless plastic debris stranded on the riverbanks. This makes
the Seine basin a relevant experimental site to analyze plastic
debris dynamics and assess the corresponding fluxes according
to different approaches. Thanks to environmental associations
and a general growing concern of the population, this initiative is
supported by the French ministry in charge of the environment,
public water agencies, local authorities and NGOs.

Two methods are successively discussed. The first approach is
a conceptual modeling approach based on the statistical method
developed by Jambeck et al. (2015). The use of regional and
departmental data of waste generation per capita and plastic rate
in domestic waste enables to better estimate the MPW generation
than national data. Even though several key parameters (e.g.,
Leaking rate to the environment of 2%; Leaking rate to the Sea of
15–40%; GDP as a proxy for not adequately disposed waste) are
still used in lack of better options. The second approach is based
on field results, i.e., the percentage of plastic in debris captured
by a network of floating booms deployed by SIAAP (public
sanitation services of Ile de France) upstream and downstream
Paris. The two methods are discussed in terms of robustness
and sensitivity in order to estimate as much as possible their
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uncertainties, and in particular those of the key parameters
involved. In addition, the impact of clean-up procedures is
discussed. Data collected during clean-up campaigns, especially
from NGOs, are under-exploited and call for renewed interest
in assessing pollution levels in rivers in general and in the Seine
River in particular.

THE MODELING APPROACH

Data and Method
In the Seine catchment, the modeling approach was based on
the following parameters: (i) the number of inhabitants, (ii)
the annual amount of waste produced per capita, (iii) the
associated plastic rate, and (iv) a 2% rate of leakage to the
environment (Jambeck et al., 2015). The conceptual model is
described in Figure 1A. According to Jambeck et al. (2015),
the amount of MPW is also based on the GDP of countries
to account for the municipal waste that are not well disposed.
Since the GDP in France is high, this parameter is neglected
because France is believed to manage municipal waste properly
according to the world bank (Hoornweg and Bhada-Tata, 2012;
Supplementary Data in Jambeck et al., 2015). Finally, only
littering was considered, in which 15% to 40% are entering
the Seine River to account for municipal street sweeping
and other cleaning actions before it reaches the Seine River
(Jambeck et al., 2015).

The annual waste production per capita was based on
domestic residual waste – the fraction which is not sorted at
home – and was extracted from the Agence de l’Environnement et
de la Maîtrise de l’Energie database (ADEME2). The most recent
and consolidated data from 2015 were used. The residual waste
data are available at the department scale, which corresponds to

2http://carto.sinoe.org/carto/enquete_collecte/flash/#

the European NUTS-3 scale (NUTS: Nomenclature of Territorial
Units for Statistics). Then, the average waste generation at the
basin scale is weighted proportionally to the population of
each department (see Supplementary Data). For departments
partially included in the catchment of the Seine River, only
the fraction actually included was considered using GIS layers
containing population data for each municipality (GEOFLA R©

2016 v2.2 Communes France Métropolitaine, IGN).
In this study, only domestic residual waste was considered,

because it is the most important fraction in mass and also the
better characterized in terms of amount, typology and plastic
proportion (ORDIF, 2017a,b). It provides useful information
about life styles of inhabitants living into the catchment and their
use guarantees a good homogeneity among data like Jambeck
et al. (2015) did at the national level using the world bank
data (For France, these authors used the total municipal waste
generation per capita and an associated plastic rate of 10%).
Based on the domestic residual waste of more than 7.8 Million
inhabitants in Paris megacity, the associated plastic rate is 16%
(ORDIF, 2017a). This plastic rate was applied to the whole
catchment, because there is no plastic rate associated to waste
generation by department available. Then, the rate of 2% of
littering used by Jambeck et al. (2015) was applied to estimate the
amount of MPW since a more accurate rate is still not available.
For the same reason, the 15 to 40% of MPW reaching the Seine
River was also applied.

Results
Around one quarter of the French population, i.e., 16,7 Million
people, is living into the Seine basin, of which ∼12 Million
gathered in Paris megacity. The weighted average domestic
residual waste generation is 276 kg/cap/yr for 2015, hence a
total of plastic waste in the basin of 738,205 t/yr considering a
plastic rate of 16% (Figure 1B). It can be noticed that results
shows some discrepancies between departments. For example,

FIGURE 1 | (A) Conceptual model modified from Jambeck et al. (2015) and (B) Results for the Seine catchment. In italics, sources of input data. The red boxes
indicate the robustness of the data: the more intense the red, the less robust the output data. MPW, mismanaged plastic waste. ∗This takes into account differences
in waste production between the french departments included in the catchment.
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the average in Paris megacity (288 kg/cap/yr) is 17% higher than
the one in the rest of the basin (246 kg/cap/yr). It even goes
up to 45% if only Paris city is considered when compared to
the rest of the territory. This can be explained by the very high
economic and touristic activity in Paris megacity, associated with
the “on-the-go” consumption trend, generating much more waste
than elsewhere (ORDIF, 2017a,b). The ORDIF reports shed new
lights on discrepancies between urban and rural territories by
comparing typologies of domestic residual waste between Paris
megacity and the national averages. Results show a relatively low
proportion of organics into the domestic residual waste from
Paris megacity when compared to the national average. Whereas
the proportion of plastic packaging (16%) – mainly films and
PET bottles – and packaging board is higher than the national
average (10% for plastic packaging). In addition, the densest areas
suffer of a lack of space for selective collection, which contributes
to increasing the amount of domestic residual waste in Paris
megacity as well as reducing the recyclability potential.

Using those specific data from 2015 as inputs of the conceptual
model, MPW is estimated at 14,760 t/yr, of which 15 to 40%, i.e.,
2,200 to 5,900 t/yr entering into the Seine River (Figure 1B). This
is less than the 20,000 t/yr of MPW estimated by Lebreton et al.
(2017) in their study based on the total waste production for each
world catchment using data from the World Bank. However, their
calibrated model used to calculate plastic outputs yield only 9 to
45 t/yr of plastics entering the oceans from the Seine catchment.
This discrepancy may be related to the lack of consideration for
macroplastics and submerged debris due to rough calibrations of
the predictive model. Calibrations were based on available and
uncomplete local studies, which mainly report microplastic or
mesoplastic concentrations measured at the surface. It illustrates
the strong influence of input data into models, but also the great
discrepancies between models and other methods of estimation
coming from calibration issues.

The uncertainties related to the conceptual model approach is
entirely based on the hypothesis that 15 to 40% of MPW reach the
Seine River. However, those proportions are poorly documented
and are linked to many environmental factors and local practices
(street sweeping, hydrologic regimes, infrastructures, incivilities,
associative cleaning, local policies, etc.). The same remarks are
addressed to the 2% of littering, which relies on only one study
from a US association of corporations: Keep America Beautiful,
Inc. (MSWCONSULTANTS, 2009). This 2% rate is used in every
global estimation as a baseline for littering estimates, whereas
there is no reason to apply this rate in every country of the
world including the Seine River in France. In conclusion, refining
those parameters in each territory is of high interest to reduce
uncertainties. Thus, another approach has been developped to be
compared to the present results.

THE FIELD APPROACH

Data of the Floating Booms and
Extrapolation Methods
The field approach is based on the amount of waste captured
by the 26 floating booms of the SIAAP between 2007 and

2017, which are displayed on the Marne and the Seine River
in Paris megacity (Figure 2). The covered period of data is
larger than the previous method for several reasons. First, the
localizations of the floating booms are not relative to the river
morphology (e.g., meanders). They were designed and set up
to collect macro-debris from combined sewer overflows during
rainy events (Gasperi et al., 2012, 2014). Extending the covered
period of data enables to account for inter-boom variability as
well as inter-annual variability of the mean water flow. Second,
we do not have the same resolution of data for the booms and
the statistical approach as the oldest available data with the
same precision are from 2013. Third, statistics of population
and waste generation per capita did not drastically change
between 2000 and 2015. The population increased of 10% in
Paris megacity, while waste generation per capita decreased by
10% (ORDIF, 2017b). Thus, it still makes sense to compare the
two methods, even though the resolution of data and the period
considered are different.

Floating booms collect organics and plastic litter. The SIAAP
records the monthly total masses collected in annual reports (see
Supplementary Data). During the period 2007–2017, the mean
annual water flow of the Seine River in Paris-Austerlitz Bridge
was 308 m3/s (see Supplementary Data). The plastic rate in
those debris has been estimated by Gasperi et al. (2014) using
debris collected in 10 booms corresponding to the red points in
Figure 2. According to these authors, 1.4% in mass of the debris
caught by the floating booms are plastics, with values ranging
from 0.8 to 5.1%. The average of 1.4% was used to calculate
plastic amounts captured by floating booms. However, the real
efficiency of the booms for collecting floating debris is unknown.
Then, hypotheses were assumed to estimate plastic fluxes. First,
the plastic rate in the collected debris was considered constant for
the whole year. Second, it is considered that plastics are uniformly
distributed on the cross section of the Seine River. Following
these hypotheses, the plastic amount captured by floating booms
was extrapolated to a water flow ratio between the booms and
the Seine River.

The water flow ratio RQ corresponds to the ratio between
water flows crossing the booms and the mean water flow of
the Seine River, i.e., 308 m3/s in Paris. Each boom is 7.5 m
width for 0.3 m height covering 2.25 m2 of the Seine River.
In Paris megacity, the minimum water depth in the shipping
line is 3.2 m according to navigation authorities3. With a mean
water flow of 0.1 m/s, each boom is crossed by a water flow of
0.225 m3/s, i.e., 5.85 m3/s for the 26 booms. According to the
water flow ratio method, booms capture a fraction RQ ∼1/53 of
the mean water flow of the Seine River. Based on this ratio and
data from the SIAAP, monthly mean concentrations of plastics
in water

[
Pl

]
monthly (in mg/m3 or in literature in g/1000 m3) were

calculated using the following equation for the period 2007–2017:

[
Pl

]
monthly =

MPl

Qmonthly × RQ × t(month)
(1)

3http://www.vnf.fr
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FIGURE 2 | (A) Geographical distribution of the floating boom network from SIAAP in Paris megacity with sampled booms by Gasperi et al. (2014) in red, (B) a
picture from a floating boom and (C) an example of waste removal by boat. Modified from Gasperi et al. (2014).

With MPl, the mass of plastics in mg calculated by multiplying the
monthly mass of debris in booms and the rate of plastics in debris
(Gasperi et al., 2014), Qmonthly, the monthly mean water flow in
m3/s and t(month), the number of seconds in one month. Then, a
log relation between plastic concentrations and water flow in the
Seine River was constructed (Figure 3).

Results
Monthly plastic concentration values in the water filtered by
booms were calculated using the equation (1). Between 2007
and 2017, they ranged from 50 to 390 mg/m3, with an average
at 173 ± 76 mg/m3 and a median value at 165 mg/m3.
Those concentrations in the Seine River are in the range of
concentrations compiled by Schmidt et al. (2017) who reported
a mean value in worldwide rivers of 864.7 ± 5,461.3 mg/m3,
but they also reported a median concentration far smaller at
∼0.3 mg/m3. At sea, mean values of plastic concentrations in
accumulation zones in open oceans are between 300 and 600
g/km2, similar to the average concentration (423 g/km2) in
surface waters of the Mediterranean Sea (Cozar et al., 2014; Cózar
et al., 2015). Assuming a water layer of 30 cm, concentrations in
the most polluted areas of the oceans reach 1 to 2 mg/m3, which
is two order of magnitude less than our estimations for the Seine
River. Cleaning operations on land and in rivers would thus be
more effective than in the open sea.

Monthly plastic concentrations in the Seine River are
negatively correlated to monthly water flows (Figure 3). The
range of plastic load flowing into the Seine River can be
approximated using this relation with minimum and maximum

annual water flow on the period 2007–2017 (Figure 3), i.e.,
x1 = 190 m3/s (in 2009) and x2 = 521 m3/s (in 2013), respectively.
Assuming a uniform distribution of plastics on the cross section,
the plastic load is then between 1,100 and 1,700 t/yr (see
Supplementary Data for detailed calculations). This assumption
of equal mass of plastic in the vertical profile is selected as
best option for rough estimations, since non-floating litter loads
remain unknown. Because floating booms cover barely 10% of the
Seine river depth (3.2 m in Paris megacity), floating litter would
represent between 110 and 170 t/yr.

Concentration-water flow relations are usually used to identify
sources and mechanisms of diffusion of pollutants in rivers like
for suspended sediments, particulate organic matter, nutrients
or metals (e.g., Williams, 1989; Vink et al., 1999; Quilbé
et al., 2006). By analogy, the significant relation (p < 0,001)
between log concentration values of plastics trapped by booms
and associated water flows depicts dilution processes of the
plastic pollution with the increase of water flows (Figure 3).
However, factors influencing the concentrations of plastics are
numerous as suggested by the high inter- and intra-seasonality
variability (summer/winter), with roughly 50% of the variance
non-explained by this relation. This is probably the result of
the combination between event-related plastic pollution, i.e.,
rain events, and a background pollution accumulation during
dry weather periods from Paris megacity. Plastic leaks into the
environment through incivilities or unintentional losses related
to nomadic consumption would constitute relatively constant
inputs, diluted by increasing water flows. For example, summer
favors nomadic consumption close to the riverbanks. Then,
storms promote the transfer of litters to the Seine River by runoff
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FIGURE 3 | Concentrations (log10) of plastics in the Seine River relative to the monthly mean water flow filtered by 26 floating booms of the SIAAP between 2007
and 2017. Each point corresponds to a monthly mean water flow and associated log10 concentration of plastics during the same period. Minimum and maximum
annual water flow for this period is, respectively, X1 and X2. Concentrations of plastics in mg/m3 were calculated using (i) the monthly amount of debris collected by
booms, (ii) an average plastic rate in debris of 1.4% (Gasperi et al., 2014), and (iii) a ratio between the mean water flow and water flow filtered by boom, i.e., 1/53.
The highest mean water flow of 1,006 m3/s corresponds to the flood of June 2016.

from their banks or from combined sewer overflows, resulting
in event-related pollution. This could explain the wide range of
plastic concentration values that is twice as large in summer as in
winter. Nevertheless, while plastic amounts increase with water
flows, it still remains insufficient to counteract dilution processes
(Supplementary Figure S1).

According to internal SIAAP reports and Supplementary
Data, no spatial trend (e.g., downstream or upstream Paris;
Figure 2) can be highlighted regarding the amount of debris
captured by floating booms. This suggests a constant input of
debris in the whole area covered by the booms, which is in
agreement with a strong and permanent anthropogenic pressure
in Paris megacity. Other factors can influence the efficiency of
floating booms and therefore the estimation of plastic fluxes. It
must be noted that on one hand intense river traffic along the
Seine and wind bring waste back to the banks, while on the
other hand induced waves can push debris out from the booms.
In addition, during high flood episodes, debris can escape from
the booms. The flooding of the floodplain also decreases the
chance for a boom to catch debris, while the potential amount
of plastics increases as evidenced by the winter flood in 2018
(Figure 4). Municipalities downstream of Paris were particularly
impacted by the presence of plastic litter on riverbanks or in
sluices (e.g., Méricourt, Les Andelys). The real trapping efficiency

of the booms is therefore unknown and might be evaluated using
tracking waste as markers.

DISCUSSION

The various approaches lead to estimates ranging from 1,100
to 5,900 t/yr of plastics entering the Seine River. This is much
higher than those estimated by Lebreton et al. (2017), i.e., 9–45
t/yr, mostly based on floating microplastic data and therefore
lacking information on the macroplastic pool. However, when
compared to estimations related to floating litter only, i.e.,
110 to 170 t/yr, results are closer to each other suggesting a
relatively good reliability of the Lebreton’s model for floating
litter flux. When compared to the population of the Seine River
catchment, 1,100 to 5,900 t/yr of plastics yields between 66 and
353 g/cap/yr. Uncertainties leading to this wide range have been
identified but could not be precisely assessed. However, both
methods converge toward similar orders of magnitude, while
their uncertainties refer to completely different parameters. In
summary, the conceptual modeling approach has the advantage
of being systematic, easy to apply, but therefore somewhat
abstract and based on almost unverifiable assumptions (e.g.,
2% leakage rate). In contrast, the field approach, based on
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FIGURE 4 | Debris during the winter flood in 2018. Route de Muids, right riverbank, ∼120 km downstream Paris megacity, in February 2018, the 15th.

floating booms, is based on very concrete amount of plastic
litter collected. However, it is limited in time and space, because
floating booms are concentrated in Paris megacity and their
efficiency can be very variable. In addition, only floating litter
is being collected by booms. Thus, considering plastics as
homogeneously distributed into the water column is a very
strong hypothesis.

To date, few studies give orders of magnitude of plastic fluxes
in rivers. When available, they are often difficult to compare
with each other because of methodological issues. Most of the
time, estimations are based on trawling devices or similar, with
different mesh sizes. For example, estimates of plastic fluxes in
the Danube are much lower than those estimated in the Seine
with only 17 g/cap/yr (Lechner et al., 2014). But they are based
on extrapolations of plastic amount trapped in fish larvae nets
(500 µm mesh size) that were settled in Vienna without catching
any floating macroplastics. Whereas macroplastics are the most
dominant plastics in mass in open oceans (Eriksen et al., 2014).
Despite devices used for similar methods are different, plastic
load in rivers can often be easily converted in g/cap/yr. In low
income countries like Vietnam, between 350 and 7,270 g/cap/yr
of plastic debris (>2 cm) have been estimated for Nhieu Loc – Thi
Nghe, a canal flowing into the Saigon River (Lahens et al., 2018).
The authors estimate a median flow at 1,620 g/cap/year, which is
five times higher than our largest estimation for the Seine River.
Another study based on particle counting and trawling in the
estuary of the Saigon River estimated between 7,500 and 13,700
t/yr of plastics entering the ocean, namely 938 to 1,713 g/cap/year
(van Emmerik et al., 2018). At similar economic levels to France,
estimated plastic fluxes into the great lakes in the United States
are very similar to those estimated for the Seine River with
10,000 t/yr for ∼90 million inhabitants, meaning 111 g/hab/yr
(Hoffman and Hittinger, 2017). Sources of plastics are mainly
related to the huge lakeside population of Chicago, Detroit,
Toronto, and Cleveland. However, the convergence of estimated
plastic fluxes for the Great Lakes and the Seine River is not very
surprising, as the authors also used the approach of Jambeck
et al. (2015). This points to the need of diversity in methods

to estimate plastic fluxes otherwise the risk is inter-validation
between studies.

The RIMMEL protocol (González-Fernández and Hanke,
2017) proposes to count particles by unit of time and has been
updated by van Emmerik et al. (2018) in Vietnam who converted
particle counts in masses and coupled results with hydrological
data to get annual plastic discharge. Following this method and
using a mass per sampled plastic piece of 3.2 g (van Emmerik
et al., 2018), 1,100 to 5,900 t/yr of plastics would be equivalent
to 343.8 to 1,843.4 Million particles in 1 year. Considering that
all plastic litter is buoyant, an observer should count between
11 and 58 particles per second. Even when only considering a
floating litter flux, i.e., 110–170 t/yr, an observer should count
1.1 to 1.7 particle per second. Except during floods, such number
of items is never reached with the real figure being closer to
several items per minutes. This huge discrepancy might be related
to the difference between what can be seen at the surface and
what is really flowing under the surface water. According to
Morritt et al. (2014), plastic flow below the surface water can be
important as suggested in the Thames River, but the fraction of
plastic remaining nearby to the surface in the Seine River remains
unknown. This highlights the need to develop methods more
closely connected to the field measurements with greater spatial
and temporal representativeness.

One of the ways that should be explored for diversification of
methodologies is the use of data collected by the numerous NGOs
in charge of bank cleaning. The pollution of the riverbanks by
macroplastics is extremely visible and contrast with low visual
pollution in the river. This “environmental disorder” tends to
raise awareness at economic, social and political levels. The
influence of citizens results in the implementation of measures
to collect plastic litter through different organizations: public
(cleaning boats in the Hauts-de-Seine, SIAAP floating booms),
private non-profit organization (Naturaulin in the Seine estuary)
or NGO (La-Seine-en-Partage, OSE, SOS Mal de Seine, La Maison
de l’Estuaire. . .). Other private actors, such as hydroelectric
power plants, also catch part of the litter out of technical
necessity, i.e., protecting the turbines from the presence of debris
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TABLE 1 | Estimates of plastic amounts collected in the Seine river or on river banks.

Organization Unit of data Amount of plastics (t/yr) Source Reliability (1–5)

Naturaulin Plastics removed are weighted
since 2018

16 Data sheets from the Seine
maritime authorities

5/5

La Maison de L’estuaire Annual volumes 10 Report 2016–2018 of La
Maison de l’Estuaire

3/5

SIAAP floating booms Mass 27 SIAAP, Gasperi et al., 2014 4/5

La Seine en partage Mass converted by the association
from volumes (multi-source)

10 Pers. Com. La Seine en
partage

2/5

Hydropower plants
(Poses + Port−Mort)

Number of waste bins. Conversion
to mass using a plastic rate from
Gasperi et al., 2014

10–50 Pers. Com. hydrowatt 3/5

Hauts de Seine
cleaning boats

Total mass (organics + plastics +
others), conversion using the rate of
valorized industrial waste

15 Pers. Com. hauts de Seine
authorities

3/5

TOTAL 88–128 – –

The reliability of the estimates is a subjective criterion which depends on the reference data and the operations required to convert them into a flux. The lowest reliability
is rated 1, while the best is rated 5. Notice that Naturaulin displays now the exact mass of the collected plastics since 2018.

that could damage them. Although the list of clean-up operations
is not exhaustive, the compilation and standardization of the
data collected shows that these actors remove 88–128 t/yr of
plastic throughout the river (Table 1). However, this estimate
faces significant methodological difficulties because the data
recovered differ in format or types of cleaning between actors. For
example, run-of-river power plants outsource waste treatment,
which is charged by the number of containers without any
characterization being carried out on the collected litter. These
problems of consistency in the data have been regularly pointed
out since the macro-waste topic emerged some 20 years ago in
France (Lerond, 1997; Poitou, 2003; Galgani et al., 2010).

Converting volumes of litter collected (with organics) into
plastic mass or using already transformed data, without the
associated methodology, does not facilitate the estimation of the
impact of cleaning (Table 1). This figure of 88–128 t/yr should
therefore be taken with caution. It is also almost negligible (1–
12%) when compared to previous estimations of plastic fluxes.
The compilation of a large amount of beach waste collection
data from 130 countries shows that 250,000 metric tons of
waste have been collected worldwide mostly since the 2000s,
or around 12,500 t/yr (Schneider et al., 2018). Assuming that a
similar cleaning effort is renewed each year and that all litter
collected is plastic, the collection rate would be 0.1 to 2.5%
of the estimated 0.5 to 12.7 million metric tons reaching the
oceans (Jambeck et al., 2015; Lebreton et al., 2017; Schmidt
et al., 2017). Accordingly, although useful from a societal and
environmental point of view, these clean-up operations alone
would not be able to solve the problem of plastics in the oceans
(Schneider et al., 2018). In addition, most cleanings deal with
stocks and not fluxes. In the case of the Seine River, regular
cleanings in accumulation zones may prevent the development
of a considerable litter stock along the river and reduce litter
flux to the oceans by renewing the capacity of these zones to
act as litter sinks. Consequently, the use of cleaning data could
help to evaluate fluxes and even set up an indicator of the
pollution rate of rivers by plastic litter. In the Seine Estuary,
cleanings make already possible to qualitatively highlight the

main impact of floods, rainfall events and great tides (Naturaulin
and La Maison de l’Estuaire, pers. com.), in agreement with
models that predict the maximum plastic inputs during winter
in our latitudes (Lebreton et al., 2017). Such cleanings should
be developed in other basins as programs of qualitative and
quantitative monitoring measures of riverine litter according to
the Descriptor 10 of the marine strategy framework directive
(MSFD; see text footnote 1). Cleanings already proved their
usefulness leading to restrictions at the European level of single
use plastics for the coming years such as cotton bud sticks,
cutlery, plates, stirrers, straws, sticks for balloons4.

CONCLUSION

The combined use of a field approach and a conceptual modeling
approach has led to estimates of plastic fluxes exported from
the Seine to the Sea of the same order of magnitude, i.e., 1,100
to 5,900 t/yr of which 88–128 t/yr are removed by cleaning
operations and dams. However, these estimates are based on
strong assumptions and/or suffer from huge uncertainties that
remain difficult to constrain in the current state of knowledge.
This study also highlighted the role of the various actors involved
in waste collection in the river. They can be an important source
of data despite the lack of homogeneity and wide discrepancies
in collection practices. Nevertheless, this study constitutes a first
attempt at the national level. It calls for the development of
new and innovative methods facing methodological difficulties
discussed in this paper. For example, the transfer dynamics of
plastics from the upstream to the downstream of the river should
also be considered to accurately evaluate plastic inputs into the
oceans but also the impact of mitigation policies.

Other actors in waste collection have yet to be identified. In the
future, it would be interesting to set up a homogeneous database
common to all actors at the national, European and international
level. It could be used to develop an indicator of the pollution of
the river by plastic litter and other anthropogenic items. Such an

4http://europa.eu/rapid/press-release_IP-18-6867_en.htm
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indicator of river pollution by plastic litter would be able to meet
the goals of the MSFD on the monitoring and assessment of litter
entering the oceans through rivers.
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