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Macroplastic pollution (> 0.5 cm) negatively impacts aquatic life and threatens human
livelihood on land, in oceans and river systems. Reliable information on the origin,
fate and pathways of plastic in river systems is required to optimize prevention,
mitigation and reduction strategies. Yet, accurate and long-term data on plastic transport
are still lacking. Current macroplastic monitoring strategies involve labor intensive
sampling methods, require investment in infrastructure, and are therefore infrequent.
Crowd-based observations of riverine macroplastic pollution may potentially provide
frequent cost-effective data collection over a large geographical range. We extended
the CrowdWater citizen science app for hydrological observations with a module
for observations of plastic in rivers. In this paper, we demonstrate the potential of
crowd-based observations of floating macroplastic and macroplastic on riverbanks.
We analyzed data from two case studies: (1) floating plastic measured in the Klang
(Malaysia), and (2) plastic on riverbanks along the Rhine (the Netherlands). Crowd-based
observations of floating plastic in the Klang yield similar estimates of plastic transport
(2,000-3,000 items h~"), cross-sectional distribution (3-7 percent point difference)
and polymer categories (0-6 percent point difference) as reference observations. It
also highlighted the high temporal variation in riverine plastic transport. The riverbank
observations provided the first data of macroplastic pollution on the most downstream
stretch of the Rhine, revealing peaks close to urban areas and an increasing plastic
density toward the river mouth. The mean riverbank density estimates are also similar
for the crowd-based and reference methods (573-1,033 items km~"). These results
highlight the value of including crowd-based riverine macroplastic observations in future
monitoring strategies. Crowd-based observations may provide reliable estimations of
plastic transport, density, spatiotemporal variation and composition for a larger number
of locations than conventional methods.
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FIGURE 3 | Overview of the study area for Case Study 2: Riverbank plastic density along the Rhine, the Netherlands. The detailed map also shows the total reach
that was measured. The two other maps show the location of the measurement location with respect to the Rhine-Meuse delta, and to the Netherlands. Base map
sources: Stamen (both overview maps), Google (close up map). Retrieved on 28 May, 2020.

is higher (Pearson’s p = 0.70, p = 0.12). For segment 3, the
correlation was good for both the daily mean (Pearson’s p = 0.81,
p = 0.10) and daily standard deviation (Pearson’s p = 0.85, p =
0.07), despite the difference on 29 April (Figures 4, 5). These
results are supported by similar values for the coeflicient of
variation for segment 1 (1.22 vs. 1.22) and 2 (0.80 vs. 0.90), and
less for segment 3 (0.60 vs. 2.24).

For each day during the measurement campaign, the daily
mean plastic transport estimates were on the same order of
magnitude (Figure 6A). The largest difference between the two
methods was observed on 29 and 30 April (240 vs. 1,670 and
550 vs. 2,360 items h™!, respectively). This is mainly due to
the high peak values on these days that were missed by the
standard observations. The mean hourly plastic transport varied
between 2,000 items h™! (standard method) and 3,000 items h™!
(CrowdWater), which is comparable to the maximum observed
plastic transport in the Seine, France and the minimum plastic
transport observed in the Saigon, Vietnam (van Calcar and van
Emmerik, 2019).

The distribution of plastic transport across the river width was
also similar (3-7 percent point difference), with an average of 19
and 23% of total transport in segment 1, 69 and 76% in segment
2,and 5 and 8% in segment 3, for the standard and CrowdWater
methods respectively (Figure 6B). At the measurement location,
the river is relatively straight and the flow velocity is likely the
highest in the middle segment. Since the distribution is mainly
driven by the flow velocity field, segment 2 was also expected
to carry most of the plastic transport. The difference between
segment 1 and 3 is assumed to be caused by the river geometry
and the dense vegetation on the riverbank at segment 3.

The most frequent plastic category observed was POy (32
and 38%), followed by Multilayer (21 and 25%), PS (20 and 17%),
POy4rg (8 and 15%), PET (both 7%), EPS (3 and 4%) and Other (3
and 2%), for the standard and CrowdWater methods respectively
(Figure 6C). Thus, although the CrowdWater app only allows
reporting the abundance of each category in multitudes of 20%,
the mean composition of all observations was similar to the
standard method (0-6 percent point difference).
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FIGURE 4 | Time series of plastic transport [items h~'] in the Klang measured based on the standard method and with the CrowdWater app. Panels (A-C) present
the instantaneous plastic transport in segments 1-3. Panels (D-F) present the daily mean plastic transport in segment 1-3.
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FIGURE 5 | The daily mean transport based on the standard method and CrowdWater, including Spearman correlation coefficient, for (A) segment 1, (B) segment 2,
(C) segment 3, and (D) total transport. The dashed lines represent the 1:1 line and the one order of magnitude difference.

Standard method [items h'l] Standard method [items h'l]

3.2. Riverbank Plastic Density Along the
Rhine, the Netherlands

The average plastic item density on the surveyed riverbanks was
574 items km~! (o = 897 items km '), and ranged between 0 and
4,000 items km~! (Figures 7, 8). Reference measurements using
the River-OSPAR method at different locations in the same area
suggest plastic densities between 100 and 1600 items km~!. This

corresponds well with the observed plastic densities found using
the Crowdwater method. For reference, the Rhine is estimated to
transport between 10 and 75 floating macroplastic items per hour
at Rotterdam (18 km upstream of Maassluis) in October (Vriend
et al,, 2020b). The plastic density along the Rhine is comparable
to the Elbe (470 items km™!), and larger than the Ems (164
items km™!) and Weser (82 items km™!) (Schoneich-Argent
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FIGURE 6 | (A) Comparison between the daily mean plastic transport in the Klang between 29 April to 4 May, 2019, (B) The mean cross-sectional distribution of the
plastic transport, and (C) the mean composition of the plastic, based on the standard method and the CrowdWater app.

et al.,, 2020). The data suggest that there is a weak correlation
between the distance from the river mouth and the plastic density
(Spearman’s p = 0.26, p = 0.13). Between 9 and 12 km from the
river mouth, twelve out of 19 locations had no plastic items on the
riverbank. This river stretch is located in a rural area between the
urbanized centers of Maassluis and Hook of Holland, which may
explain the low plastic densities. However, there was a peak at 9
and 10 km. Around Maassluis, 14 km from the river mouth, there
was another peak in plastic density (400-1,600 items km™!). The
section from 6 to 9 km from the river mouth has the highest
average plastic density (1,000 items km~!), and no locations
without visible counted plastic items.

4. DISCUSSION

The crowd-based floating plastic observations were similar to
the standard method. The estimated order of magnitude, spatial
distribution and composition were similar for both methods. The
largest discrepancy occurred for the floating plastic transport in
the middle segment of the river. Several peaks that were observed
with the CrowdWater method, were missed during the lower
frequency standard observations. This highlights the added value
of rapid (crowd-based) measurements. Plastic transport can
respond to changing hydrological conditions or less predictable
human factors (van Emmerik and Schwarz, 2020). In some river
systems, the majority of plastic transport can occur in a very
limited time (Moore et al., 2011; van Emmerik et al., 2019¢).
Crowd-based observations allow data collection with a higher

spatial and temporal frequency than conventional professional
observations. Ultimately, this may result in a more accurate
characterization of river plastic transport, even if individual
measurements are less precise. Characterizing the composition of
plastic debris helps to identify sources and estimate the ultimate
fate of plastic items, which can be made using CrowdWater
observations. The quick CrowdWater method is applicable
for larger scale measurements. Within a couple of hours, 38
measurements were done on more than 8 km of riverbank has
been sampled in our test study. With the standard River-OSPAR
method, only three measurements were done.

However, based on the experiences in the studies at the
Klang and Rhine rivers, there are also several aspects could
be improved. The classes of the counted plastic items may be
changed. Currently, the number of counted items is reported,
independent from the sampled width, length or duration.
The class boundaries could be combined for some categories
for low counts, making the high count class more specific
(e.g., “100-300” rather than “100+”). However, this would be
disadvantageous for cleaner rivers. Therefore, it may be best to
add extra classes for higher counts. For more accurate estimates
of floating plastic transport or riverbank plastic density, it may
be useful to allow users to also report the exact amount of
counted items.

The possibilities for sampling width and length can be
expanded. Especially for wider rivers (>100 m), four segments
may be too limited for an accurate estimate of floating plastic
transport. For example, plastic transport in the Saigon River
in Vietnam was estimated based on ten observation points
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FIGURE 7 | (A) The plastic class, (B) sample length for each measurement, and (C) calculated mean plastic density [item km~"] for the CrowdWater and the
reference measurements along the Rhine between Maeslantkering (storm surge barrier) and Maassluis on 4 September, 2019.

along the width, still covering only 60% of the total width (van
Emmerik et al.,, 2019b). Typical riverbank observations are made
on segments up to 100 m (Vriend et al, 2020a). Predefined
categories are good for inexperienced users, but also limit the
flexibility in making observations. We recommend the option
for users to specify the used river width or sampling length. In
general, the limited sample length may influence the results. The
original River-OSPAR protocol uses 100-m stretches. Sampling
such lengths is more time consuming (which may deter some
citizen scientists), but increases the overall representativeness of
the measurements. Smaller sampling lengths, especially shorter
than 10 m, may lead to observer bias when citizen scientists only
report observations for hot spots (Vriend et al., 2020a). This is
supported by the data, which show a weak correlation between
sampling length and mean plastic density (o = —0.29, p = 0.08).

To date, most macroplastic studies have focused on large
European rivers, or rivers in areas that are predicted to transport
large amounts of plastic into the ocean (Blettler et al., 2018; van
Emmerik and Schwarz, 2020). Other studies mainly focused on
microplastics (Klein et al., 2015; Mani et al., 2015) which requires

advanced equipment and sampling protocols. Microplastic data
collection is therefore not easy to implement in crowd-based
observation strategies. The riverbank macroplastic observations
presented in our study are the first of its kind in the most
downstream section of the Rhine. Such data are crucial to
understand how much plastic is transported from the Rhine into
the North Sea. Crowd-based observations also allow for data
collection in locations that are remote or not prioritized. With the
CrowdWater app, river plastic data are now collected for the first
time in rivers such as the Aker (Oslo, Norway), Fyris (Uppsala,
Sweden), and the Sihl (Zurich, Switzerland). These locations are
not assumed to be typical riverine plastic pollution hot spots
(Lebreton and Andrady, 2019). Yet, crowd-based observations
reveal that also in these river systems macroplastic are abundant.

Future (long-term) data collection efforts will shed additional
light on the value of crowd-sourced macroplastic observations
using CrowdWater. Available floating macroplastic data span 1-
year periods at most (e.g., van Calcar and van Emmerik, 2019).
Riverbank plastics are generally measured only once in total
(Rech et al., 2015; Kiessling et al., 2019), or twice per year at most
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FIGURE 8 | Plastic density determined with the CrowdWater method and the standard method, between the Maeslantkering (storm surge barrier) and Maassluis,
measured on 4 September, 2019. Base map source: Google Satellite. Retrieved 26 June, 2020.

(Schone Rivieren, 2019). CrowdWater facilitates data collection
at any time and at any location along a river. Such longer-term
data will allow new opportunities for studying sources, sinks and
transport mechanisms of riverine plastic pollution.

5. CONCLUSIONS

The CrowdWater app allows for crowd-based macroplastic
observations everywhere around the world. Users can observe
floating plastics in rivers and plastic on riverbanks. Observations
include the number of observed plastic items, the composition,
and information on e.g., the flow conditions. CrowdWater based
estimates of floating plastic transport (2,000-3,000 items h~!),
spatiotemporal variation (3-7 percent point difference), and
composition (0-6 percent point difference) were similar to those
obtained using the standard method. During the 1-week field
campaign, several plastic transport peaks were observed with
this quick, largely qualitative method, that were missed with the
standard method. Riverbank plastic was counted along the Rhine,
close to the river mouth. The CrowdWater app facilitated the first
macroplastic observations on this stretch, providing insight into

the spatial distribution of macroplastics along the downstream
section of the Rhine.

With this paper we demonstrate the potential of rapid crowd-
based observations to obtain order of magnitude information
on riverine macroplastic pollution. Frequent data collection in
many locations is crucial to establish a better understanding
of the origin, fate and pathways of macroplastic in river
systems. Crowd-based estimates of plastic stocks and fluxes may
contribute to further optimization of prevention, mitigation and
reduction strategies.
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