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Summary

In Guatemala only about 23% of solid waste is collected. Most waste including plastics ends
up in the environment. Some of these plastics are thrown into the water. The other part ends
up on land, from where they can be washed out by surface runoff and end up in the surface
water. Once in the surface water, plastics can transported seawards with the flow. As a
result, various types of plastics are visible at beaches, in mangroves, in rivers and in the sea.
Inherent to the tropical climate, periods with high rainfall and surface runoff can occur. During
the resulting high discharge in rivers, large amounts of plastics can be transported. In our
study, we have monitored the daily transport of floating plastic litter and river discharge in two
different rivers. The plastics were captured using an Impact barrier.

An Impact Barrier is a type of boom that is anchored to both river banks. A geotextile in
between two steel cables is connected to both river banks. It is positioned diagonally across
the waterway, such that floating debris is guided by the flow to one river bank and is
captured. The collected floating plastic waste can be taken out of the river by hand or by
excavator. We sorted the waste by polymer type following a standard (OSROM)
methodology. We installed a 141 m long Impact in the largest river of Guatemala, the
Motagua river. The second Impact barrier (20 m) we assessed was installed in an urban river,
the Escondido river.

The 141 m long Impact Barrier was installed near the village Eden, situated in a rural area
close to a highway. As collected plastics had to be removed frequently, accessibility was an
important factor for the selection of this location. The people living in Eden collected and
sorted the plastics. After a few optimizations this Impact Barrier functioned well. The
maximum amount of plastics collected in one day was 17 truckloads of waste, consisting of
more than 1.3 tonne dried plastic litter. Such an amount was collected several times in the
monitoring period of 9 months (December 2024- August 2025), resulting in an average of 0.8
tonne plastic litter per month. Since September-November is usually part of the rainy season,
the average over a full year is likely to be higher.

The 20 m wide Impact Barrier was installed in the Escondido river that runs through Puerto
Barrios, a harbour town. This Impact Barrier functioned well for most of the 16 months
monitoring period (April 2024 7 August 2025). In this period, in total 35.6 tonnes of waste was
taken out of the water. The maximal total amount collected in a week was 1.9 tonne, which
occurred in a week with a flash flood. Most of the collected waste was plastic waste (21.7
tonnes), meaning that on average 1.4 tonne/month was collected.

Surprisingly, more plastic litter was collected in the small urban river than in the large
Motagua river. An explanation for this difference is that the amount of collected plastic litter in
the urban river is rather constant (due to continuous supply of household waste), whereas the
amount of collected litter differed by two orders of magnitude in the Motagua river. Most
plastic litter was collected in the Motagua river at high river discharge, except for the event
when 17 truckloads were collected. At that event the discharge was increasing, but low. Four
other periods with elevated plastic litter transport occurred at increasing discharge as well,
before the peak in discharge occurred. During increasing discharge, the water level rises and
plastics that were stranded on the upstream river banks were remobilized and transported
with the flow. So, high plastic transport in the Motagua river can be explained by (1) a high
river discharge or (2) an increasing river discharge.
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All collected PET plastic was sold to a recycler. The other plastic waste has been stored in a
designated area in Puerto Barrios, as River Impact intends to reuse this material in the future
for making composite building materials.
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1 Introduction

1.1 Plastic pollution

Plastic production has been increasing exponentially since the Industrial revolutions, as it is
cheap, strong, durable and versatile material (Ritchie et al., 2023). Part of the produced
plastic items is collected and managed in a proper way. The other part of the plastic items
ends up in the environment, either on land or in the water. Part of this mismanaged waste
ends up in the river and can be transported with the flow to the ocean. Plastic pollution harms
all levels of ecosystems and organisms. In Latin America plastic pollution significantly
impacts the environment, aquatic life, economy, and human health (Husaini et al., 2024).

In Guatemala, the plastic pollution is visible, with several beaches, mangroves and rivers
being polluted with all kinds of plastic items. Most of these plastic items are washed into the
river at high rainfall and have been transported with the flow. According to Guatemala's
Ministry of Environment and Natural Resources and according to Brooks et al. (2020), the
waste generated by each inhabitant averages 0.5 kg per capita per day. The plastic pollution
is large compared with other countries, since only about 23% of household waste is collected
in Guatemala, meaning that about 77% is mismanaged and can end up in the environment
(Brooks et al., 2020). Additionally, 70% of the collected waste is disposed in uncontrolled
open-air dumps, whereas in other Latin American countries the majority of the collected
waste is disposed in sanitary landfills (Hettiarachchi et al., 2018). Waste in uncontrolled open-
air dumps can end up in the environment, for example when the dump site is partly flooded or

eroded.
1.2 Clean-up technologies
121 General

To reduce plastic pollution in rivers and seas clean-up technologies are applied. Plastic
removal technologies can temporarily mitigate plastic accumulation at local scales, but policy
should prioritize regulating and reducing upstream production rather than downstream
pollution cleanup (Figure 1-1, Bergmann et al., 2023). Griffin et al. (2024) reviewed 102
clean-up technologies invented to prevent or collect plastic in aquatic environments, and
found that effectiveness data were under-reported and lacked standardization. Regulation
and standardized reporting guidelines for clean-up technologies are an important next step
for decision-makers interested in plastic pollution clean-up. As global interest in addressing
plastic pollution grows, it is needed to work on the effective use of plastic clean-up
technologies. Bergmann et al. (2023) and Falk-Andersson (2023) highlighted that to reduce
plastic pollution efficiently with technologies, criteria are needed to ensure that the
technologies are feasible and that ecological benefits outweigh the costs.

For many rivers it is important that the cleanup technology also functions during a flood, when
the transport can be 100 times higher than during normal conditions (Van Emmerik et al.,
2023). Most cleanup technologies are based on booms that float on the water surface.
Booms function well under low or normal flow conditions. When the flow velocity is high, the
boom can break away from the riverbank or get pushed underwater. In such situations, the
boom is ineffective in capturing floating waste. To prevent these situations to occur at high
flow velocities in rivers, River Impact has developed the Impact Barrier. River Impact is a
company that is dedicated to intercept plastic waste from rivers with Impact Barriers and to
turn plastic waste into value.
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Figure 1-1 Waste hierarchy of plastic pollution minimization: Actions higher up in the waste hierarchy
decrease the need and scope for each of the more costly and potentially more harmful interventions further
down. Plastic removal technologies are ranked low, as collected plastics likely feed into landfills, incinerators
(bigger arrows), or recycling or recovery processes (smaller arrows). Preventing plastic pollution has lower
economic, societal, and environmental costs than managing and removing plastic. Source: Bergmann et al.
(2023).

1.2.2 Impact Barrier
An Impact barrier (Figure 1-2) is a vertical geotextile held in position with two cables. An
Impact barrier can be fixed (Figure 1-2 left) or floating by weaving barrels into the geotextile
(Figure 1-2 right). The geotextile is strong, durable and affordable. The two cables are
anchored to both river banks. An Impact barrier is positioned diagonally across the waterway,
such that floating debris is guided by the flow to one river bank. At that river bank, the debris
is taken out of the water using either an excavator or by hand. The open space between the
lower part of the Impact Barrier and the river bed ensures that the resistance in the river is
limited. Hence, the risk of flooding due to the Impact Barrier is limited. As a consequence,
items that are transported lower in the water column are not collected. So, an Impact Barrier
aims to collect all floating debris.

Various types of capture devices have been developed with the purpose to collect plastic
litter before it is transported to the sea. Helinski et al. (2021) distinguishes booms,
receptacles, watercraft vehicles and combinations thereof. An Impact barrier falls in the
category of booms. Within the category booms, an Impact barrier has the advantage that it
can be built with limited resources, local materials and by local engineers. Furthermore, it can
both function during low and high flow velocities. Falk-Andersson et al. (2023) states that the
role of plastic clean-up technologies in reducing plastic pollution should be given careful
attention by maximizing benefits and mitigating potential negative consequences. They
recommend pre-deployment feasibility studies, such as environmental impact assessments
(EIA). During deployment, they pledge for monitoring and reporting of bycatch and litter
collected to document cost-effectiveness and environmental impact, also regarding the final
fate and waste management.
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Figure 1-2 An Impact Barrier in the Escondido river, Guatemala (left) and a sketch of the design of a floating
Impact Barrier with a geotextile spanned between two steel cables and barrels on top (right).

1.3 Guatemala

131 General
The landscape and terrain in Guatemala is mountainous, except for the northern and
southern lowland regions. In the central highlands volcanoes are present that contribute to
existing steep slopes and fertile valleys. The climate is tropical and varies substantially with
altitude?®. Guatemala has about 18 million inhabitants, being the largest country in the Central
American region. Sometimes Mexico is also considered to be part of that region, making
Mexico the largest, but usually Mexico is not included in that region. The population in
Guatemala is ethnically and culturally diverse.

1.3.2 Site selection
We assessed two Impact Barriers within this study. We decided to select one existing Impact
Barrier in the town of Puerto Barrios, which is Guatemala's main port on the Atlantic coast,
and to install a new Impact Barrier in the Motagua river (Figure 1-3), since it has been
suggested this river contributes significantly to plastic pollution of the oceans globally.

To select a suitable location in the Motagua river, Behrens (2023) described what is known
about the river, where the inhabitants live and the waste management in the river basin.
Further, the recycling and market value of plastic waste and the risks for the environment
were assessed. In total 95 criteria were formulated for assessing potential Impact Barrier
locations, concerning the river, spatial requirements, planning issues, the environment and
waste management (Behrens, 2023; summarized in appendix A). Two criteria were dominant.
The first is that the distance to the Caribbean Sea is limited, ensuring that plastics are
collected from a large upstream area and that they are captured before they enter the sea.
The second dominant criteria was accessibility: the collection site needs to be accessible for
trucks and preferably close to Puerto Barrios, where River Impact sorts and collects the
waste. Based on an evaluation of the criteria, River Impact selected a favourable location in a
side channel of the river and prepared an Environmental Impact Scan (appendix B).

0000000000000

! Guatemala - Tropical, Rainforest, Mountains | Britannica
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During a later visit, it was observed that hardly any water and plastics were transported in this
side channel. At an alternative second location nearby, land owners were not cooperative
and an Impact Barrier installation was not feasible. However, the village of Eden Nueva Vida
(in short: Eden), situated in the sharp river bend nearby, consented to install the Impact
Barrier and a sorting station on their land. Moreover, they were willing to contribute in taking
out plastics and sorting them. This small village of Eden is situated along the trans-American
highway (CA-13) that connects the village both to Puerto Barrios and to Honduras (Figure
1-3). The distance to Puerto Barrios is only about 20 km. A disadvantage of this location is
that the village is situated at the outer bank of a sharp meander bend, with more complex
flow in comparison with the other selected locations.

The selected urban Impact Barrier was already installed in the Escondido river (Figure 1-3).
River Impact has installed several Impact Barriers around the Santo Tomés de Castilla bay,
which borders Puerto Barrios and the Caribbean Sea (Behrens, 2025). Some of them have
been installed since 2022, like the one in the Escondido river. The Impact Barrier in the
Escondido river was selected for this study, since it is close to the sea, close to the collection
location and first observations were already available.
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Figure 1-3 Elevation map of Guatemala, with the capital Guatemala City in the western highlands and the
Motagua river denoted (top) and a satellite image of the area in the east of the country, including the locations
of barriers (purple): Impact Barriers at Eden in the Motagua river and within Puerto Barrios in the Escondido
river and Interceptor 021 further downstream in the Motagua river installed by The Ocean Cleanup (bottom).

1.3.3 Motagua river
The Motagua river is the largest river of Guatemala, with a drainage basin of 12,670 km?2. The
length of the river from the western highlands to the Caribbean Sea is 486 km. The river is
renowned for the high degree of plastic pollution. Peaks of litter transport result in islands of
floating plastic waste in the Caribbean Sea, which are visible from satellites (Kikaki et al.,
2020).
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Major sources of plastic waste include leakage from the landfill in zone 3 of Guatemala City
and illegal dumping activities in the ravines that surround Guatemala City (R o d anfl
Bethancourt, 2012). The Ocean Cleanup (TOC) selected this tributary of the Motagua river to
deploy a barrier and collect the floating plastic waste before it is transported to the Motagua
and possibly to the Caribbean Sea. The batrrier (Interceptor 006) is situated upstream of a
hydropower dam. Occasionally the spillway of the dam needs to be opened, causing such
high flow speeds (up to 7.5 m/s) that the barrier cannot collect the floating litter?. The Ocean
Cleanup decided to construct an additional barrier (Interceptor 021) close to the coast in the
village of El Quetzalito (Figure 1-3).

Furthermore, local people apply biobardas (Figure 1-4) most likely in (tributaries of) the
Motagua river. In addition, plastic litter is collected from beaches and river banks during
cleaning actions organized by organizations such as Semillas del Oceano and Fundaeco.
The communities located at nearby coasts, both in Guatemala and Honduras, clean up the
beaches, especially the ones visited by tourists.

Figure 1-4 The first Biobardas that River Impact installed in a river around the Santo Tomés de Castilla bay
(Escobas river; left) and an example of a biobardas that collected plastic waste (right).

e,

Apart from Guatemala city, waste is mismanaged at towns and villages in the basin, as waste

collection is limited. Despite that the river is renowned for its plastic pollution, continuous

observations of waste transport are limited. By counting floating litter items from a bridge

halfway the river and assuming a mean weight per item, Meijer et al. (2020) estimated the

monthly plastic flux for seven months in 2019 halfway the Motagua. They found a range from

21 261 tonnes/month for the total plastic flux. The Ocean Cleanup estimates the annual

plastic flux as high as 20,000 tonnes/year3. If all this plastic would be transported into the

sea, it would be roughly fabspaortffrom rivezs intodhe bcdafss o v er
Note that the estimates of annual transport differ substantially, probably for a large part due

to the short measurement periods that the estimates are based on.

134 Escondido river
The Escondido river is one of 15 rivers draining into the Santo Tomas de Castilla bay (Figure
1-3). The rivers have a maximum width of about 20 m. Some of the rivers are in protected
areas and they transport less plastic waste. Most of the rivers, however, like the Escondido
river, are located in the town of Puerto Barrios. Only in a few streets in Puerto Barrios solid
waste is collected formally. Therefore, many residents have no proper disposal options and
tend to dump their waste directly into the river, resulting in high transport of plastic waste in
comparison with a river in a region where the municipality collects all solid waste.

00000000000000

2 Introducing Interceptor 021: Could this be the end of plastic pollution in an important part of the
Western Caribbean? | Updates | The Ocean Cleanup

3The Ocean Cleanup Trials New Interceptor in World's Most Polluting River | Updates | The Ocean

Cleanup
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By collecting the plastic waste with an Impact Barrier, River Impact aims to both cleaning up
the river and raising awareness by showing people the amount of plastic that passes through
the rivers into the Santo Tomas de Castilla bay every day. To ensure long-term functioning of
the Impact Barrier in the Escondido river and to install Impact Barriers also in the other rivers
around the Santo Tomas de Castilla bay, River Impact has signed a five-year Memorandum
of Understanding with Fundaeco and the municipality of Puerto Barrios (Municipalidad de
Puerto Barrios, Figure 1-5). The municipality is expected to help with disposing of all non-
recyclable waste.

Figure 1-5 Inauguration of the Impact Barrier in the Escondido River (left the attendees, middle the decorated
barrier) and (right) the official signing moment of a 5-year contract by Frank Behrens (River Impact) and Hugo
Sarceno (mayor of Puerto Barrios).

1.4 Scope and objectives

The scope of this TKI project was to assess two Impact Barriers: one that was already

installed in an urban river and a new Impact Barrier that was installed at Eden in the Motagua

river. The objectives of this study were:

1 Optimize the Impact Barrier for long-term operation in a smaller (Escondido) and in a
larger (Motagua) river, and evaluate their effectiveness.

2 Analyse how much and what type of floating plastic waste is transported in the two rivers,
and how this relates to river discharge.

3 Determine which part of the captured waste can be marketed, and in which way.

1.5 General approach

15.1 Impact Barrier optimization and effectiveness
The Impact Barrier in the Escondido river has not been changed throughout this TKI project,
as it functions well. The Impact Barrier in the Motagua has been designed and installed in the
framework of this TKI project. It was the first Impact Barrier in such a wide river, where high
flow velocities can occur. The installation was completed in July 2024. An optimization was
needed and this was completed early 2025. Further details are described in section 2.3.

We carried out floating object tests to assess the effectiveness of the Motagua Impact barrier.
We released floating items upstream of the Impact Barrier and counted how many of them
were collected in the Impact Barrier. The share that is collected reveals which share is
usually collected at the particular flow conditions, and can be used to estimate the total
amount of floating litter transported in the river from the mass of collected litter.
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1.5.2 Relation plastic waste transport and discharge
By observing the floating plastic waste collected with the Impact Barriers in the Escondido
and Motagua rivers almost daily, we obtained a long-term data set of the plastics transport.
The observations carried out within the framework of this TKI project are generally:
A Mass of the collected waste per category: plastics (and subcategories: PET, LDPE, PVC,

HDPE, PP, PS and E-PS), clothing and organics

A Photos of the river and the collected waste (every day)
A Water level and discharge continuously (only for Motagua)

With these observations we can relate the transport of plastic waste to (the variation in)
discharge for the Motagua river. For the Escondido river we only know the water level from
photos. Installing a costly discharge monitoring station was considered too risky in the middle
of Puerto Barrios. Part of the monitoring period, other Impact Barriers in rivers around the
functional as well. Monitoring in these other (urban) rivers would have resulted in more
general insight, but monitoring in those rivers was not possible within the resources of this
project.

1.5.3 Marketing of the plastics
In the Escondido river and in the Motagua river most collected items contain plastics. River
Impact sorts the litter locally, promoting a circular economy. The plastic waste consisting of
PET was sold to a recycler.

1.6 Partners and contributions

River Impact (Frank Behrens) initiated the installation of Impact Barriers in rivers around the
Santo Tomas de Castilla bay . His perseverance and enthusiasm for raising awareness for
plastics pollution led to the municipality of Puerto Barrios to get involved and to organize
relevant permits. This TKI project contributed to the installation of a new Impact Barrier in the
Motagua. River Impact realized installation and its optimization. The sorting and counting of
the litter items was carried out by River Impact: a dedicated sorting team for each of the two
rivers has been taking out the waste and has sorted it.

El Instituto Privado de Investigacién sobre Cambio Climético (ICC) installed and maintained a
discharge station in the Motagua. They advised the River Impact staff how to carry out
discharge measurements as well, such that the continuous discharge estimation improved in
quality. ICC contributed to section 2.4 on the discharge measurements. Deltares analysed all
the observations that were carried out, supported by reflections from River Impact and ICC.
Deltares wrote the largest part of this report, and River Impact has enriched the report, using
their long-lasting experience in the region.

1.7 Set-up report

This report continues with a chapter on the assessment of the Motagua Impact Barrier
(chapter 2) and the Escondido Impact Barrier (chapter 3). A comparison of collected waste
and its composition in each of the two rivers is given in chapter 3. At the end of that chapter
we address the marketing of the waste collected in both rivers. The report ends with
conclusions and recommendations for each of the objectives.
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2.1
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Motagua river

Background

Drainage basin

The Motagua River starts in the western highlands of Guatemala and flows out into the
Caribbean Sea (Figure 2-1). The river is about 486 km long and its drainage basin is
12,670 km?, being the largest river of Guatemala. The total population in the basin is
estimated to be about 4 million, which is a substantial share of the total population of about
18 million in Guatemala. Within the Motagua basin, the population is mainly centred around
the capital Guatemala City in the south west of the basin (Figure 2-1). In the east of the
basin, the population density is smaller.
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Figure 2-1 The elevation in the Motagua basin and the location of two dams, including the Hidrovacas dam
where Interceptor 006 is located (top) and the population density, with the highest population density at
Guatemala City (bottom). The location of the village of Eden is shown in the bottom panel. Source: Behrens

(2023).
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2.1.2 Climate
To characterize the normal variation of discharge with seasons, we summarize the climate for
the town Puerto Barrios (Figure 1-3), which is characteristic for the lower Motagua basin. As
the climate is tropical, rainfall is relatively high throughout the year. The annual average is
3075 mm, with monthly rainfall being higher 200 mm in the period from June- January (Figure
2-2). The yearly averaged temperature is 24.7 °C.

The wind is usually in between calm and moderate. However, hurricanes originating from the
Caribbean Sea occasionally land the coast of Guatemala or neighbouring countries, resulting
in high wind speeds. The main effect in the Motagua basin of an approaching hurricane is
exceptional rainfall, resulting in floods. A notorious hurricane was hurricane Mitch (1998),
which had an enormous impact on the region. Several villages along the Motagua river were
washed away, including the village of El Quetzalito near the river mouth. It was decided to
rebuild the entire village to an upstream location at higher elevation (Figure 2-1). In
December 2021 two major hurricanes landed on the Honduran coast within weeks, causing a

major flood.
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Figure 2-2 Average temperature and monthly rainfall in Puerto Barrios (source: Climate-data.org).

2.13 Hydrodynamics along the river
Observations of the variation of water level, flow and discharge along the river are limited.
The Guatemalan National Institute for Seismology, Vulcanology, Meteorology and Hydrology
(INSIVUMEH) monitored water level for a long period, but the stations were not maintained
after 2017. We could not find daily historical time series of flow velocity and discharge, which
would inform on the occurrence of flash floods. Since we anticipated that transport of plastic
litter is enormous during a flash flood, we have installed a discharge station at the Impact
Barrier in the Motagua (section 2.4). The water level observations that were provided give an
idea of the usual water level variation per station (Figure 2-3). The river width increases from
12 m at Chiché to 113 m at Gualan (station 5). The width is 145 m at Morales, which is about
30 km upstream of the Impact Barrier.
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We describe the elevation, water level variation and occasional flow velocity observations for

each monitoring station going from upstream to downstream (Figure 2-3):

1 Chiché is located at an altitude of about 2000 m and probably near one of the sources of
the Motagua River. The water level at Chiché fluctuates between 0 and 1 m with respect
to local datum and sometimes increases up to a level of 2 m. This maximum of 2 m level
often occurs in or around August.

2 Concud Il is located at an altitude of about 1200 m approximately 50 km downstream of
Chiché and just downstream of a confluence. At the beginning of the rainy season, in
June, maximum water levels of about 2 m are reached, after which they gradually
decrease to a minimum of 0.3 m. Occasional flow velocity measurements range between
0.3 and 1.3 m/s, and were highest during a moment in 2013 being 2 m/s.

3 The sampling site Panajax is located just downstream of the point where the Motagua
and the Las Vacas merge. The water level has only been measured since 2014, showing
a similar variation as at Concua |l

4 Puente Orellana is located about 40 km downstream from Panajax at an altitude of about
300 m. It is remarkable that the mean water level changes in 2010, which may be due to
a rise of the bed level (sedimentation nearby) or due to a change in the measurement.

5 Gualan is located 75 km downstream from Peunte Orellana at an altitude of about 130 m.
The variation of the water level within a year is larger than for other station, being up to
4 m. The highest water levels occur often at the beginning of the rainy season: in June.
Occasional flow observations range from 0.5 to 2.5 m/s.

In the river basin, we have hardly observed waves, which agrees with the usually calm-
moderate wind speed. The tides at Puerto Barrios are limited: the tidal range is maximally
0.1 m at Puerto Barrios*. With such a limited water level variation due to tides, its effect on
flow and on transport of plastic litter in the river is assumed to be limited. Salt water may
intrude into the Motagua river, but at Eden it was always fresh. Hence, the dynamics at Eden
were not affected by salt intrusion. Also in the part of the river close to the sea, transport of
plastic litter will mainly be driven by river discharge.

0000000000000

4 Tide Times and Tide Chart for Puerto Barrios
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Figure 2-3 Locations of 5 monitoring stations and the river width (top) and the water level variation for the
period 2003-2017 measured by INSIVUMEH (bottom); source: INSIVUMEH.

2.14 Mismanaged waste

2141 Sources

For the preparation of an Impact barrier implementation, Behrens (2023) investigated the
sources of waste and characterized the amount and composition of waste in the river and on
river banks along the entire Motagua river. The landfill in zone 3 of Guatemala City and illegal
dumping nearby in the steep Las Vacas river valley (Figure 2-4, located in the Las Vacas rive
valley: see Figure 2-1) are expected to be major sources of plastic litter in the Motagua river
(R o d anfl Bethancourt, 2012). The hydropower dam downstream in that tributary is an
active sink during most of the year. Interceptor 006 is deployed just upstream of this
hydropower dam (Figure 2-4, its location is presented Figure 2-1), as the dam reduces the
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flow velocities in the river and thereby allows for intercepting plastics efficiently. However,
occasionally the spillway of the dam is opened, causing high flow speeds of up to 7.5 m/s 5.
In such conditions, flow velocities in nearby channels are very high and plastics cannot be
intercepted. Enormous amounts of litter are transported into the Motagua river during these
events.

Figure 2-4 Photos during a low river discharge in the Las Vacas river (10 July 2024): enormous amounts of
waste in the steep river valley (top) and Interceptor 006 with in the background the hydropower dam (bottom).

000000030000600
5 Introducing Interceptor 021: Could this be the end of plastic pollution in an important part of the
Western Caribbean? | Updates | The Ocean Cleanup
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In the Las Vacas river, the Ocean Cleanup not only collects the waste, but also monitors the
movement of floating litter items. Although the Las Vacas river is expected to be a major
source of floating litter in the Motagua river. The Ocean Cleanup currently also monitors the
movement of floating litter items at El Quetzalito. To understand the sources and sinks in and
around the Motagua river, it would be beneficial to combine these data with our observations
at Eden. Due to a lack of time, this combination was not yet made. By combining these
observations, we may learn to what extend leakage during a flood at Las Vacas results in
elevated transport of plastic litter at the two locations at the other end of the river near the
sea.

The towns and villages surrounding the Motagua river and its tributaries are likely to be
sources as well, given the limited collection of solid waste of only 23% (Brooks et al., 2020).
These sources are likely to vary with rainfall. During the dry season the supply of plastic
waste to the river is small, since the mismanaged waste remains on land for a large part. The
plastic waste in the river can be intercepted easier by biobardas, the hydropower dam and
due to deposition on the river bed and stranding on river banks. During the rainy season,
however, we expect that the intense rainfall and rising of the water level mismanaged waste
is transported with the flow. The high flow velocities in the river may cause remobilization of
plastic waste, resulting in a high transport of plastic litter especially during the first high
discharge after a period with low river discharge (e.g. Van Emmerik, 2024).

Close to the source at the landfill, we observed non-floating soft plastics (e.g. bags and
packaging material) and textiles in the Las Vacas river (Figure 2-4). Investigations at about
100 km further downstream show fragmented and degraded soft plastics, and hardly any
hard plastics are found on the river banks. Close to the river mouth, many large litter items
that tend to float were found on beaches and hardly any soft plastics were found. We assume
that near the bed a lot of plastics transport occurs, but this is not collected by the Impact
Barrier and is hard to monitor.

2.1.4.2 Transport
Reported observations of plastics transported in the river Motagua are scarce. In 2019
floating litter items were counted from a bridge in Morales for three days per week during
seven months (Meijer et al., 2020). They could count items larger than 0.02 m from the bridge
and followed a harmonized approach to obtain the total transport (Gonzalez-Fernandez and
Hanke, 2017). Using a mean plastic litter item mass of 5 g and a correction factor of 1.5 to
account for plastics transported lower in the water column (invisible), they arrived at monthly
plastic flux estimates. If the average over these seven months for the whole year, the total
annual transport of plastics can be estimated to be 1,073 tonnes/year.
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Table 2-1 Plastic transport observed from a bridge in Morales in 2019 (source: Meijer et al., 2020).

Month Mean monthly Average Correction factor for Plastic flux

plastic (#/h) weight/item plastic flux over (tonnes/month)
(gram) water column ( -)

Jan 0 5 1.5 39.7

May 431 5 1.5 24

June 3168 5 1.5 17.7

July 1092 5 1.5 6.1

August 16707 5 1.5 93.2

September 38699 5 15 2159

October 44968 5 15 250.9

In the most recent global model study of the transport into the sea, Meijer et al. (2021)

estimates an annual transport into the sea of 232 tonnes/year for the Motagua river. They

assumed a mismanaged waste of 79,2 tonnes/year in its river basin, of which the share
transported to the sea is determined by rainfall, transport in the river and a transport

probability. For this relatively long river, the resulting transport into the sea was sensitive to

the transport probability (Meijer et al., 2021). In the model leakage of landfills is not

accounted for. As the huge landfill for Guatemala City is situated within the Motagua river
basin, The Ocean Cleanup estimates the annual plastic transport up to 20,000 tonnes/years.
transported

I f all

t his

plastic

woul d be

overall transport of plastics from rivers into the oceans.

Impact

The impact of the enormous amount of plastic waste in the Motagua river basin on human

health and ecosystems in the river and neighbouring sea are likely adverse (Bergmann et al.,

2023). Specific for Latin America and the Caribbean, Hussaini et al. (2024) reviewed the

impact of plastic waste: Plastic waste in the water can harm aquatic animals through

ingestion or entanglement, provide breeding environments for disease-causing vectors such

as mosquitoes, and can block drainage channels that can lead to increased flooding.

Furthermore, microplastics have been reported in the human food chain and in many human

tissue, which increases public health risk.

Considering the high degree of plastic pollution in the Motagua river, the adverse impacts
may be higher than in other rivers. We cannot support or quantify this from our study. We
identified two studies that quantified the impact of plastic waste at sea close to the Motagua

river mouth. At the beach of El Quetzalito, Mazariegos-Ortiz et al. (2020) found a high

concentration of microplastics (>200 items/m?), which were mostly secondary plastic items,
originating from larger plastic waste. They suggest that the many of the microplastics are
formed after fragmentation of plastic household waste, and have been transported by the

Motagua river.

000000030000600
6 The Ocean Cleanup Trials New Interceptor in World's Most Polluting River | Updates | The Ocean

Cleanup
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Kikaki et al. (2020) detected and followed islands of floating waste in rivers and in the Gulf of
Honduras using satellite images. Numerous islands of waste were followed using the high
resolution images with a spatial resolution between 3 m and 5 m. The islands of waste were
associated with a period of heavy rainfall. During an event in 2019, floating plastic debris was
detected at 170 km upstream from the Motagua river mouth, only a small part of it was
collected by barriers (biobardas) since they were overpassed and at the end of the event
islands of waste were detected to enter the Bay of Honduras. The transport of such islands
could be explained with the surface flow, and the islands could be transported over distances
up to 170 km. The weight of the islands was estimated from its surface area, and ranged
between 100 and 700 tonnes each. With such enormous transport from just single events,
Kikaki et al. (2020) reasons that the annual transport of plastic waste is likely to be higher
than the model-derived 232 tonnes/year.
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Figure 2-5 Satellite and surface flow derived floating plastic debris trajectories during elevated river discharge
in the Gulf of Honduras in September 2017, with in the lower left the Motagua River mouth. Source: Kikaki et
al. (2020).

Location

Flow distribution

The Impact Barrier was installed in a sharp meander bend neighbouring the village of Eden
(Figure 2-6). In a bend, the flow velocity develops a helical flow pattern. Due to the curvature
of the bend, the highest flow velocity near the water surface is directed towards the outer
bank and a flow near the bed is generated towards the inner bend. This flow circulation in a
cross section of a bend is called curvature-induced secondary flow.

In a sharp bend, the development of the helical flow pattern takes longer than in a normal
bend (Figure 2-7). As the flow approaches the highest curvature of the bend, the flow is
characterized by a higher flow velocity near the inner bank than near the outer bank. Only
downstream of the highest curvature in the bend the flow velocity is higher near the outer
bend. Around the cross section with the highest curvature (blue zone left in Figure 2-7), the
curvature induced secondary flow develops such as far as the outer bank (as for a normal
bend). This can be explained by the outer bank cell, which reduces in strength around this
cross section. Furthermore, Figure 2-7 predicts a flow recirculation zone in the outer part of
the sharp bend.
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In reality, the flow in the selected sharp bend in the Motagua river is affected by both the
sharp bend and a bank protection (Figure 2-8). The bank protection was built after hurricane
Andrew in 1997. It consists of large stones and bags filled with sand, and extends into the
river, like a groyne (for a photo taken from the river bank, see Figure 2-15). The bank
protection is meant to prevent bank erosion, as the village of Eden is situated near the outer
river bank. The trees on top of the construction suggest that the construction is reasonably
stable. Due to the construction, this river section is narrow. As expected, flow acceleration
has been observed in this section. A satellite image during a higher discharge nicely shows
the impact of the construction on the flow, revealing generation of turbulence at the
construction and flow separation (Figure 2-8). The image also shows the predicted secondary
flow upstream of the construction: foam is located on the water surface where the curvature
induced secondary flow and the outer bank cell go down, visible as a line. This is also the line
at which most floating plastic items are approaching the Impact barrier.
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Figure 2-6 Sketch of the Impact Barrier (red: in July 2024 and purple: in April 2025) and satellite images of the
Motagua river; Top: two out of three sharp meander bends in the river; Bottom: detail of the sharp bend with
also the 19 mm cables across the river (yellow), the anchor poles (red triangles), a concrete anchor (yellow
square) and the double cable connected to the pulleys (light blue). Source satellite images: Google Earth
representing 4 January 2023.
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OBC: Outer-bank cell of
secondary flow

CRC: Curvature-induced
secondary flow

FRZ: Flow recirculation zone

Figure 2-7 Schematic representation of flow velocity distribution in a sharp bend (note that the flow direction is
opposite as in the selected sharp bend; left), and a detail around the sharpest part of the bend, including a
geometry with an outer-bank bench (right). Source: Liu et al. (2024).

Figure 2-8 Satellite image revealing a line at the water surface due to the curvature-induced flow and the
outer bank cell, and the bank protection of stones and sand bags just upstream of the Impact Barrier (source:
Google Earth representing October 2017).

2.2.2 Water depth
The water depth varies due to water level variation and erosion or sedimentation of the river
bed. The bed level in the sharp bend was similar around the location where the Impact
Barrier was installed, as suggested by Figure 2-9 during a very low water level. As for Gualan
(Figure 2-3), the water level is expected to be up to 4 m higher at the annual maximum
discharge than at low river discharge.
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Figure 2-9 Bathymetry contours measured at low river discharge (on 6 June 2024), and the designed location
of the Impact Barrier (yellow line). Note the odd north direction, indicated by the orange arrow.

2.3 Impact barrier

23.1 Design
The main challenge for the Impact Barrier across the Motagua river was its size. Earlier
Impact Barriers were successfully installed over river widths up to about 25 m, whereas the
Motagua river width is about 100 m at the selected site. As for the Impact Barrier in the
Escondido river (Figure 1-2), the design for the Impact barrier in the Motagua river was to
place it diagonally at an angle of about 45 degrees over the river (Figure 2-9). Hence, the
length of the Impact Barrier needed to be about 141 m. The difference is that for the Motagua
river barrels were used to ensure that also in the middle of the river the Impact Barrier
remains higher than the water surface.

The criteria for the design of the Impact Barrier were:

1 Using simple and affordable materials and simple engineering technigues, ensuring both
low costs and easy maintenance.

2 Maximize plastic capture efficiency.

The Impact barrier should function also at high flow conditions (flash floods).

4  The negative impact on the environment should be minimal.

w
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Based on these criteria, a 141 m long floating Impact barrier was designed (Figure 2-10 top
and for a top view Figure 2-9). The barrier consisted of a 2 m high geotextile with barrels,
spanned between a steel cable on top and at the bottom of the barrier. The barrels and
cables are sewn in for strength. The barrier is put in between anchors on both sides of the
river. By leaving at least 1 m open near the river bed and near the river banks, the water level
upset was limited. Moreover, the open spaces prevent the barrier from getting clogged and
give space for any wildlife in the river to swim underneath the barrier. The upper cable is
installed at the expected annual maximum water level (Figure 2-10 bottom). Considering the
area spanned by the barrier at this maximum water level and the expected flow velocity for
this extreme condition, a load of 50 tonnes in the flow direction was calculated. The anchors
should be able to resist the resulting force, considering the angle of 45 degrees between the
Impact barrier and the flow direction.

The design for the anchors was made by a local contractor. Five pillars of 6 m long were
going to be installed vertically and five shorter pillars to make a base at very low water level
(Figure 2-10 bottom and Figure 2-11). The anchor pole was mounted on top of this base and
secured by welding. The barrier was connected at two levels this anchor pole, and even so
on the other side of the river at the other anchor.
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Figure 2-10 Top: Overview of the Impact Barrier, sorting and storage area (the cables for the discharge
station were installed just downstream of the Impact Barrier); Bottom: a detail of the design near one of the
river banks with the position of the Impact Barrier as for very high water level, although the water level is
indicated to be at its lowest.
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Figure 2-11 The materials used for the Impact Barrier, except for the cables and the geotextile. From left to
right: 6 m high pillars with a base on top, the anchor pole, a D-shackle (weakest link to avoid breaking of the
cable) and a barrel.

2.3.2 Installation July 2024
The steps of the installation are explained in detail in appendix C.1, including photos of each
step. In this section we summarize the three main steps.

As the first step, a local engineering company installed the anchors at the two red triangles
indicated in Figure 2-6. The anchor in the outer bend was installed at the location according
to the design. However, the anchor in the inner bend was installed further downstream than
intended. The reason was most likely a practical one. Each anchor consisted of 6 m long
pillars, a base that was welded on the pillars and 2 m high anchors (Figure 2-12). The pillars
were pushed into the ground using water injections and for the last bit using an excavator.
The engineering company welded the pillars to a base, which was prepared to mount an
anchor (red pole in Figure 2-12 right hand side). Both anchors were finalized just before the
water level was rising after a low water level period in May and June 2024. Thanks to the low
water level it was possible to navigate the excavator through the river to the inner bend to
push the last bit of the pillars into the ground also at that anchor location (Figure 2-13).

;m e i S G BN ¥ ol \ s,

Figure 2-12 Photos of building the anchor in the outer bend consisting of 6 m long pillars that were pushed
into the ground with an excavator (left) and the completed anchor with a base welded to the pillars and a red
strengthened anchor pole that will support the barrier (right); Photos by Frank Behrens.
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Figure 2-13 Excavator is navigating to the inner bend anchor during very low water level.

The second step was to prepare the barrier that was going to be mounted on the two anchor
poles. The designed length was cut and sewn around two 14 mm cables (Figure 2-14 left). At
the river bank the barrels were sewn into the geotextile to complete the barrier (Figure 2-14
right).

The last step was to connect both ends of the barrier to the anchor poles. Due to the drag on
the barrier by the river flow it was not easy to connect the cables to the second anchor.
Finally, using an additional cable and a car to pull the barrier towards the river bank, the two
cables could also be mounted on the second anchor using a shackle. The shackles were
designed to break at a force smaller than the force at which the cable (or anchor) would
break. On 6 July 2024 the Impact Barrier was completed and soon after the water level and
also plastic transport started to increase.

Figure 2-14 Preparation of the 146 m long geotextile and 2 cables (left) and sewing of barrels in the geotextile
(right).
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2.3.3 Operation and optimization
The river discharge was increasing soon after the installation was complete. Huge amounts
of debris were transported in the river with the increasing river discharge. On 11 July 2024 an
island of waste accumulated within a day: trees, bamboo and plastic waste piled up against
the Impact Barrier. The island formed at a location that was too far from the river bank to take
it out of the water manually or using an excavator (Figure 2-15). There was a tremendous
tension on the cables and anchors, the anchor poles stood slightly tilted afterwards, but they
did hold. As attempts to remove the island of waste by navigating to the island by boat and
pulling out the trees and bamboo manually and as night fall was approaching, we decided to
cut the cables of the Impact Barrier to prevent damage of the construction and potentially
flooding of the river.

Figure 2-15 An island of waste was formed within a day on 11 July 2024, and floating waste is approaching as
predicted by the flow distribution (section 2.2.1)

It was decided to optimize the Impact Barrier based on experience from a few configurations
(appendix C.1), mainly aiming for improved guiding of the floating waste and prevention of
island formation. The optimizations resulted in the sketch of the Impact barrier (for April 2025
in Figure 2-6) and each day a photo was made (Figure 2-16):

A Both anchor poles were reinforced by welding extra studs on both sides.

A Both anchor poles were extended with 1 m to prevent that the upper cable is below the
water surface in the middle of the river.

A Near the inner river bank, the barrier was removed such that floating waste in the inner
bend was not collected.

A The geotextile was renewed: the draught was reduced to 0.4 m and bigger barrels were
used to enhance buoyancy of the barrier and therewith stability.

A An additional cable was spanned (high) across the river to a new concrete anchor on the
outer river bank. The barrier was fixed to the additional cable and the attachment point
can be adjusted to flow conditions using pulleys (Figure 2-6). The pulley was not used to
change the position of the barrier before 31 August 2025.
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Since December 2024 floating litter was collected and sorted daily, except for two periods
when the Impact Barrier was optimized. The last week of April the bigger barrels and new
geotextile were installed. The weeks after 25 June 2025 no waste was collected, because on
25 June a connection broke due to the high discharge and a new anchor was constructed.
For the rest of the period until the end of August (and beyond, but that is not reported here)
the waste was collected and sorted every day, except during weekends, festivities or when
rainfall is intense the whole day. The waste collected with the Impact barrier was usually
taken out of the water manually, and at the end of August with an excavator. If needed, a
boat was used to push the waste the last bit towards the outer bank. Once it was taken out of
the water and organic waste was released into the river again, the sorting team sorted the
waste.

R i TSRS e S e

Figure 2-16 The optimized Impact Barrier at low water level on 2 May 2025 (Photo: Jorge).

Sorting

The sorting was based on a classification system that is used to categorize plastic waste
based on its origin, size, recyclability, organic content, and material composition (OSROM). It
is widely used by governments, environmental organizations, and waste management
industries to optimize plastic waste management, recycling, and pollution control. The
method facilitates waste management, recycling, and pollution control. Based on the OSROM
classification system, we sorted the waste into practical categories (Table 2-2). Note that the
plastic categories are limited to the main plastics types. For items of mixed plastics, the
plastic category was selected based on a list and a number of examples. Any liquid in bottles
or containers was removed before weighing.

Non-plastics such as glass and metal (category: Other) were not weighed separately at the
Motagua sorting center. Organic material was not collected, but transferred to downstream of
the Impact Barrier, except for a small fraction of the wood that was used by people in Eden.
Therefore, the organic material was not weighed. Vulcanic stones were collected by the
Impact Barrier as well: these were not weighed or collected. Special bycatch like (dead or
alive) animals were noted down. In periods that the amount of collected litter was (very) high,
it was sometimes needed to give priority to sorting PET items, since this category is most
valuable. Possibly, the rest of the litter was not sorted as carefully as usual during such
events.
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Table 2-2 The sorting categories with examples of items.

General category Plastic type Examples

Plastics PET Soft-drink and water bottles
LDPE Bread bags
PVC Clear food packaging, shower curtains
HDPE Shampoo and household cleaning bottles
PP Straws, bottle caps
PS Hard bottles
E-PS Disposable cups and cutlery

Clothing Pants, T-shirt

Other Glass bottle, aluminium can

From February up to the first high total amount collected in June 2025, not only were the
collected items per category weighed, they were also counted. For feasibility, the counting
was carried out per week. When a high number of items was collected for a category,
typically one bigbag was counted and multiplied by the number of bigbags collected.

2.3.5 Waste disposal
The recyclable plastics were collected and stored in Puerto Barrios (see section 3.4 for more
details). The non-recyclable materials were disposed to a controlled landfill, Los Piteros, by
the municipality of Puerto Barrios. This landfill is located at around 24 km from the sorting
station. It normally receives between 200 and 250 tonnes of waste (about 50 truckloads) per
day. The volcanic stones, most organic material and the bycatch were disposed just
downstream of the Impact Barrier.

2.3.6 Camera monitoring
To have a general overview of the waste collection, the river flow and the functioning of the
Impact Barrier, a 5 m high tower was built (Figure 2-17). It was located on the outer river
bank, at a location that is not often inundated by the river. We installed a survey camera on
top of the tower, which recorded the area when movements were detected. It was useful to
get an overview from these images. However, the camera images and videos could not be
downloaded regularly. Therefore, the Motagua sorting team made a photo manually each day
for long term assessments. These photos helped to understand when waste was collected
and when it was taken out of the water.
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Figure 2-17 Photos of the tower with a survey camera (left), and the view from the tower, showing the survey
camera, the Impact Barrier and two cables that cross the river used for water level monitoring (right).

2.4 River discharge

24.1 Installation
ICC established a river discharge monitoring station in the Motagua, consisting of a sensor
(Figure 2-18) mounted on two suspended cables, which are anchored to a reinforced
concrete and steel support tower (Figure 2-17). The sensor was positioned above the water
surface in the middle of the river. The sensor used a radar signal to continuously record the
distance to the water surface. At the time of installation, the river cross-section was surveyed
to support discharge estimation. This cross-sectional profile should be updated whenever
substantial morphological changes occur, for example due to sediment deposition or
flooding. The monitoring equipment was installed on 11 February 2025, and water level
measurements have been recorded since then.

Figure 2-18 Photo of the radar sensor mounted on one of the cables above the river.
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2.4.2 Calibration
River discharge is derived from the water level measurements using a stagei discharge (Qi h)
relationship, following WMO (2020). A set of manual measurements of the river discharge
have been obtained, using the velocityi area method. Flow velocity and depth were measured
per segment of 16 m wide. Depth was measured at the beginning and end of each segment
using a graduated rod. The velocity of the river was measured using a OTT C-31 current
meter, which operates with a propeller that rotates in response to the water current. The
current was recorded at 0.6 times the total depth from the river bed, which usually represents
the depth-mean velocity. By multiplying width and mean depth with the recorded flow velocity,
the segment discharge was obtained. The sum over all segments is the discharge in the
Cross section.

Using eight manually obtained river discharges, ranging from 45 to 239 m3/s and obtained in
the period February to July 2025, a stage-discharge relationship was obtained using a
regression approach. Using the manually obtained river discharges and the corresponding
water level measured with the sensor, the resulting best-fit equation reads:

0 o@vucdQ mdrg?

where:
Q= river discharge (mj/s )
h = measured stage (m)

This stagei discharge relationship indicates that flow begins at a threshold stage of 0.02 m
and increases non-linearly with water level. The exponent is greater than unity and reflects
the sensitivity of discharge to incremental changes in stage, where small increases in water
level result in progressively larger increases in discharge. Using the daily averaged water
level, daily river discharge values are automatically calculated and provided in a
dashboard. ICC provides access to the dashboard through Microsoft Power BlI.

243 Result
The water level and discharge observations are presented in Figure 2-19. In April and May
the discharge showed a decreasing trend, with lowest discharge occurring in the end of May.
It is remarkable that the water level decreased with about 0.7 m in a few days during the
beginning of May, as a water level decrease is usually more gradual. We have verified that
the observations and their time stamping were correct. Possibly the sensor has shifted on the
cable to a higher position by human error, or the tension in the cable holding the sensor was
increased somehow. We cannot be certain about the need for a correction of the data, and
present the measurements without any correction. In June the river discharge increased
substantially, and water level increased with almost 3 m. Note that at some days in June the
river discharge is higher than the highest manually obtained river discharge, meaning that we
assumed that the stage-discharge relationship can also be used outside its calibration range.
At the highest water level the poles of the anchor poles of the Impact barrier that stand on the
river bank were almost completely submerged.
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Figure 2-19 Measured water level (top) and the river discharge obtained with the stage-discharge relation
(bottom).

Collected floating litter

Amount and composition

Total

In total, about 7.5 tonnes of litter was collected and sorted in a period of 9 months (0.8
tonne/month, Table 2-3). In that period the Impact barrier was not functional due to
optimization for 5 weeks. From all collected items, the category PET had by far the highest
mass: 75% of the total mass of collected waste. The items in the PET category were almost
entirely bottles. Over the period that the items were also counted, the mean mass was 45 g
(Table 2-3). This mean mass falls within the mass range of clean and dry PET bottles of 0.5 7
2 liters. The second category was HDPE, which were also mainly bottles. The third category
was E-PS. In reality, more E-PS items were collected by the Impact Barrier, since during
(very) high litter collection this category was sometimes not sorted and weighed. For the
same reason, the amount of LDPE, PVC, PP, PS and clothing may underestimate what has
been collected by the Impact Barrier. Visual observations of what was collected in the Impact
Barrier (like Figure 2-20) confirm the top three categories, being PET, HDPE and E-PS.

Table 2-3 The total mass collected in the Motagua from 4-Dec-2024 till 31 August 2025 and its mean item
mass per category

General Plastic | Total mass (kg) Mean mass per item (kg)
category | type
Plastics PET 5,637 0.045

LDPE | O NA

PVvC 0 NA
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General Plastic | Total mass (kg) Mean mass per item (kg)
category | type

HDPE 1,485 0.089

PP 16 0.129

PS 0 NA

E-PS 175 NA (not counted)
Clothing 114 NA (not counted)
Other 60 0.264
Total 7,486 -

Figure 2-20 Debiris collected with the Impact Barrier on 15-6-2025, consisting mostly of PET bottles. Photo:
Jorge.

Weekly variation
As the waste was not sorted every day, we aggregated the data to weekly data to see the
general temporal variation. The collected total mass varied with more than an order of
magnitude between some subsequent weeks (Figure 2-21). For weeks in December 2024
and January 2025, three weeks in June 2025 and in the last week of August 2025 the total
mass collected was elevated, whereas it was lower than 0.1 tonne in other weeks. In the
week with highest collected mass in June, all items were counted: 21,538 items were
collected with a total mass of 1.2 tonnes (see for items collected on one of these days Figure

2-20).
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Figure 2-21 Top: the mass of collected floating litter sorted into the plastic categories of plastic items by week
(no litter was collected during the grey shaded periods). Bottom: the daily discharge of the Motagua river.

25.1.3 June 2025 event
In the second half of June the plastic transport remained high for 3 weeks. Inhabitants of the
village of Eden were worried about flooding, as the water level was very high for a few hours.
Probably the connection of the Impact Barrier broke due to this short-term extreme discharge.
Before the connection broke, a lot of litter was collected and sorted each day. Due to the high
water level during most of the 2 weeks, some flow occurred between the outer river bank and
the Impact barrier. Not all floating items were collected, but still the large majority was
collected by the Impact Barrier and taken out of the water by hand. It was a very busy period
for the sorting team.

25.1.4 August 2025 event
In August the high amount of litter collected was unexpected. In the days before only tens of
bottles were collected per day. The whole area between the Impact Barrier and the outer
bank was full of floating litter. Given this enormous amount, an excavator and a truck were
hired to take the litter out of the water (Figure 2-22). On 24 and 25 August all the litter
collected with the Impact Barrier were taken out of the water (17 truckloads). More photos,
including reported bycatch, are in appendix C.2.
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Figure 2-22 An excavator takes out an enormous amount of floating waste, assisted by two members of the
sorting team who stand in the river and stop waste from re-circulating (24 August 2025).

2515 July 2024 event
Also in 2024, we have observed visually that at increasing river discharge an enormous
transport of floating litter occurred. On 11-7-2024 we estimated from the dimensions of the
floating island that 150 tonnes of debris (organic and plastic waste together) was collected in
one day (Figure 2-15). Unfortunately, we have no river discharge estimates for 2024, so we
cannot compare this estimate that was collected with the variation in river discharge
quantitatively.

252 Relation with river discharge

2521 Rough comparison
The river discharge roughly decreased from 12 February 2025 until the beginning of June
(Figure 2-21). In this period the discharge increased a few times for a few days. The two
times with highest increase (end of February and the middle of March), a local peak in the
total mass collected occurred. In May the river discharge was lower than average for the
entire month, and the total mass collected was relatively low as well. In the second half of
June the river discharge was (very) high, when the weekly collected mass was as high as
about 1 tonne of litter. The highest mass collected occurred in the last week of August, when
the discharge increased only slightly.

25.2.2 June event
In June the river discharge increased from the lowest discharge recorded, 51 m3/s, to a peak
of 288 m3/s two weeks later. Although the collected mass was not taken out of the river and
sorted every day, we also show the daily data of the collected mass for the elevated total
mass collected in June and in August (left panel Figure 2-23). In these daily data it can be
seen that the discharge increases four times, ending at a local maximum on 8, 15, 18 and 23
June. The daily total mass collected is high on 8, 12 and 14 and some days late June. For the
first period with increasing discharge, the local peak of total mass coincides with the local
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peak of discharge. For the second period, the total collected mass was highest 1 and 3 days
before the local peak in river discharge. For the periods in late June the daily variation of the
transport is not clear due to incomplete data. The data for June show that at increasing river
discharge, generally the total mass collected is elevated. Furthermore, the total mass
collected is usually higher during higher river discharge.

25.2.3 August event
In August the daily data on collected waste (right panel Figure 2-23) are somewhat
misleading, since in this case the data denotes when the litter was sorted, not when it was
taken out of the water. In fact, the majority of 1.4 tonne was taken out of the river with an
excavator on 24 and 25 August (Figure 2-22). From visual observations we know that during
26-31 August only a limited amount of waste was newly collected by the Impact Barrier. As
we do not know how much, we have not corrected the daily waste collection data. The visual
observations of what was collected in the Impact Barrier are most reliable. On 22 August,
when the discharge was lowest for August and almost no waste was collected. On 23 and 24
August the discharge increased, and on 24 August it was 49 m3/s higher than on 22 August
(and water level was 0.75 m higher). Such an increase is limited and on 24 August is was
around the mean value. On 25 August the river discharge decreased again. So, almost 1.4
tonne of plastic waste was collected by the Impact Barrier between 23 and 25 August,
although the discharge increased only with 49 m3/s in those days.
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Figure 2-23 Daily mass of collected floating litter (top; No data are available for the grey shaded periods) and
the daily river discharge (bottom) for the peak of collected mass in June (left) and in August (right). Note the
differences in scale.
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2.5.2.4 Discussion
Van Emmerik et al. (2022) found that the floating litter transport was about six times higher
during a river flood than under normal conditions in Dutch rivers. They found a correlation of
transport and discharge at most survey locations. They emphasized, however, that the
relation between discharge and transport is more complex, and is likely to vary per river. For
the Motagua river, the correlation between daily discharge and total mass collected is only
weak (Figure 2-24). The total mass collected is normally low for most river discharges and is
only higher than 0.1 tonne/d for some days with an average or a high discharge. Generally,
we found that the river discharge was elevated when the litter collection was high, except for
the August event.

Plastic litter can be remobilized during the onset of river discharge increase, leading to
enhanced transport (Van Emmerik, 2024). This enhanced transport can explain the peaks in
collected litter at the end of February and the middle of March, the first peaks in June, and
the one peak in August. Since these are only five peaks at increasing discharge and
considering the limitations in the daily collected mass data, we have not correlated the
discharge rate of change with the daily mass collected. Still, the observations reveal these
general relationships between river discharge and total collected mass for the Motagua river:
1 At high river discharge, the total mass collected is elevated.

2 Atincreasing river discharge, the total mass collected is elevated.

As an explanation, we describe our observations from a boat tip up to 5 km upstream of the
Impact barrier at low and average water level in late August 2025. We observed that huge
amounts of litter were (temporarily) stranded at river banks just above the water level. When
the water level increases due to increasing discharge, many of these stranded items get
remobilized, resulting in a peak of the plastic litter concentration. If also in tens of kilometers
upstream plastic items trapped in the river bank were remobilized, this can result in the short
peak of collected litter, as observed. Furthermore, the elevated flow velocity enhances the
transport of plastic items to the Impact barrier.

During the highest flood in June, the peaks of collected litter (the top 3) were 2 orders of
magnitude higher than normal (the median collected litter), both on the weekly and the daily
time interval. Van Emmerik et al. (2023) reported for a flood in the Meuse river that the
floating litter flux was 141 and 5 times higher than the mean during the non-flood period for a
location upstream (Maastricht) and further downstream (Ravestein) respectively. The 2
orders of magnitude higher transport of plastic litter during floods emphasizes the need for
better coverage of extreme events during monitoring efforts, such that we can obtain
observation based annual transport in rivers. It is evident that also models that simulate the
annual transport of plastic litter, should also be verified with observations obtained during
flood.
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Figure 2-24 The total mass of collected floating litter per day against river discharge that day.

Total transport in the river

Effectiveness

We are interested in the total transport of plastic litter in the river. However, we only have
data about the floating that is collected by the Impact Barrier and is sorted. To verify which
share is collected and to determine the effectiveness of the Impact Barrier, we carried out two
floating object tests using the main category collected. In the first test on 25 August 2025 we
used empty PET bottles closed with a cap. In the second test on 27 August 2025 we filled the
bottles till about halfway and closed them with a cap. In this way we tested effectiveness for
items that are hardly submerged, and items that are submerged up to about 0.1 m,
respectively. Both days the river discharge was lower than average (about 130 m?/s) and
there was hardly any wind. Hence, the bottles were primarily transported by the flow near the
water surface.

We marked 300 PET bottles (0.5-2 liters) with a distinct pattern. We made 3 groups with a
separate mark. We released the first 100 bottles one-by-one (Figure 2-25) about 400 m
upstream of the Impact barrier from about 20 m from the left river bank, from the middle and
from close to the right river bank (locations A, B and C, respectively, in Figure 2-26). The
bottles released at location C were collected soonest, and the bottles released from locations
A and B were often (temporally) trapped near the outer bank. After an hour we observed that
tens of bottles were trapped at the river bank in the onset of the bend. After 3-4 hours 25-
85% of the bottles were collected in the Impact Barrier, and after one day 66-92 % (Table
2-4).

The bottles that were not collected, must have been either still be in the river (most likely
trapped at the outer river bank) or have passed the Impact Barrier. We have not observed
any marked bottles downstream of the Impact Barrier, and hardly any floating items slipped
through the opening between the inner bend and the Impact Barrier during the days of the
tests. Therefore, we conclude that 80-100% of the floating items that are transported towards
the Impact barrier are collected by the Impact Barrier at low discharge. At high discharge we
have observed that some plastic items slip through the Impact Barrier.
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When a branch or a tree trunk went underneath the Impact Barrier, a small number of plastic
items was dragged down and went underneath the Impact Barrier. From these visual
observations it was apparent that this percentage was much lower than 20% of the total
amount approaching the Impact barrier. Hence, it seems that generally 80-100% of the
floating items are collected.

Figure 2-25 The release of a marked PET bottle (left) and numerous bottles in the river that are about to be
collected by the Impact barrier (right).

80U m |

Figure 2-26 The release locations for the floating object tests and the location where we investigated the
likelihood of a meander cut-off.
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Table 2-4 The percentage of released floating objects (PET bottles) that was collected by the Impact Barrier

after 1 day.
Release date Location A Location B Location C
25-8-2025 66 75 87
27-8-2025 81 77 92
2.6.2 Comparison with other estimates

The collected and sorted mass of floating litter (Figure 2-21 and Figure 2-23) seem to give a
good estimate for the transport of floating litter, as 80-100 % of the floating items directly
upstream of the Impact Barrier were generally collected. However, we have not measured the
transport of litter in suspension or rolling over the bed. Therefore, we cannot quantify what
percentage of transported litter we missed by only collecting and sorting the floating litter.
Note that no plastic bags (LDPE) and a limited amount of PP were collected. Being common
polymer types, it is likely that items in these categories are also transported in the Motagua
river. Perhaps the collected amount should be doubled to arrive at the total mass of
transported plastic litter. If we do that, and assume that the floating litter transport we
observed is average for the year, the total transport of plastic litter in a year would be

26 tonnes. Again, this is probably an underestimate, since the 9 month period included most
of the dry season and only a short period with high rainfall and river discharge, when plastic
transport is usually highest. Another reason for underestimation may be that the Motagua
flooded upstream of the Impact Barrier (at the arrow in Figure 2-26) during the peak
discharge in June 2025. Floating plastic litter was transported directly into the smaller river
that originates from Honduras. Plastic litter was found to be deposited on the river bank
between these two rivers, which was only about 30 m wide. Possibly the meander bend with
the Impact Barrier receives no or limited flow, as the Motagua cuts off into the small river.
When that occurs is hard to say. At least we observed that overflow has occurred during high
discharge in June, which must have reduced the collected plastic waste somewhat.

To put our estimate of the total transport in perspective, we compare it with the transport
estimated by Meijer et al. (2020) of 21 261 tonnes/month from counting items from a bridge
several times a week during 7 months, from which we estimated an annual transport of 1,073
tonnes/year. Meijer et al. (2021) estimated an annual transport into the sea of 232
tonnes/year for the Motagua river. With respect to both these estimates, our estimate of 26
tonnes/year of plastic waste transported in the Motagua river at Eden is small. The difference
with the other estimates may be explained by their short measuring intervals during a period
shorter than 8 months, including more months with high discharge than our measuring
period. Since the transport of plastic waste seems to occur during events when river
discharge increases, it is important to continue collecting and weighing floating litter to
understand how the monthly transport differs in the wet and dry seasons.
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3 Escondido river

3.1 Installation and optimization

The Escondido river is one of the rivers that flow through the town of Puerto Barrios (Figure
1-2). Since only in a few streets solid waste is collected formally, people tend to throw their
(household) waste into the river (section 1.3.4). The Impact Barrier has been functional since
1 December 2023 and is about 20 m long. This fixed Impact Barrier was installed at only a
few blocks from the Santo Tomas de Castilla bay (Behrens, 2025). Hence, most of the
(household) waste thrown into the river is collected by the Impact Barrier before it enters the
Santo Tomas de Castilla bay.

Since its installation, the Impact Barrier functioned as planned (Behrens, 2025), except for a
few days after two flash floods (Figure 3-1; compare with Figure 1-2 under normal
conditions). During the first flash flood one of the anchors collapsed. Then it was decided to
use a thinner cable, such that it would break when forces on the anchors got too high.
Thanks to this optimization, the lower cable broke during the second flash flood. Within days
the cable could be replaced and the Impact Barrier was functional again. Additionally, this
optimization decreased the risk of flooding. No further optimization was needed for this
Impact Barrier. Although it does not function at the highest flow velocities (flash floods), the
Impact Barrier still functions up to higher flow velocities than simple booms like Biobardas.

The design was installed and functioned well at least until the end of August 2025. Only
during a period with almost no flow when the smell of the water got very bad, no plastic waste
was taken out of the water (for photos and details, see appendix D.1).
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Figure 3-1 The Impact Barrier in the Escondido river during a flash flood on 22-01-2025.
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3.2 Monitoring

3.21 Camera
Due to the rapid run-off from buildings and pavements and the tropical climate (section 2.1.2),
flash floods can occur in this urban river shortly after intense rainfall. Unfortunately, no
historical observations are available for any of the urban rivers, including the Escondido river.
To monitor the water level variation and floating waste collection, we have installed a survey
camera. Unfortunately the images could not be retrieved at a regular time interval. As an
alternative, we have made photos from the bridge just upstream of the Impact barrier (e.g.
Figure 3-1).

3.2.2 Operation and sorting
A team of sorters (Figure 3-2) takes the waste out of the water and sorts it in the same way
and into the same categories as for the Motagua river (Special observations and river
conditions are listed in appendix D.2). The sorters open bags with household waste and take
PET bottles out. The PET bottles were collected separately, and the rest of the bag was
cat egor i z e dSineestwdsQdt fleasibleto sort every single item from every
household waste bag, not all data is reliable. However, the data on the PET bottles is
probably reliable, as these were collected separately and could be marketed. Organic matter,
like wood, was sometimes weighed, but not every week. For consistency, we only present
results of the plastic waste categories (as for the Motagua).

As for the Motagua river, the waste collected from the Escondido river was taken out of the
water and sorted on most working days. The first year the waste was only weighed and not
counted. In the same period as for the Impact Barrier in the Motagua river (March-June 2025)
the plastic items were weighed and counted. We aggregated the sorting data per week to get
an overview, without weekend gaps, of the collected floating waste for the entire period that
the Impact Barrier was operational.
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Figure 3-2 The sorting team for the Impact Barriers around the Santo Tomas de Castilla bay.
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3.3 Collected litter

3.3.1 Weekly amount and composition
Over a 16 months period the total collected mass of dry litter was 35.6 tonnes (Table 3-1).
The total mass of plastic items was 21.8 tonnes (1.4 tonne per month on average). Over the
period that items were both weighed and counted, the mean item mass per category ranged
from 0.051 kg for PET to 0.463 kg for clothing (Table 3-1). The mean mass of LDPE is
remarkably high, as these items are usually bags. The mean mass per item should be
considered as a rough upper estimate, as the sorting team possibly has not counted each
item of the weekly collected litter. The mean mass for PET falls within the mass range of
clean and dry PET bottles of 0.5 7 2 liters.

The mass collected litter varied substantially with time (Figure 3-3). Both the total mass and
PET mass collected per week were substantially higher before 2 March 2025 than after that
date. Possible explanations are clogging of waste at an upstream bridge or the installation of
other collection systems on upstream river banks (appendix D.2). Since we do not have
discharge observations, we do not know whether the discharge variation can explain this
difference. The peak of the total litter collection was 1.9 tonne, which occurred in the week
that a flash flood occurred (22-1-2025, see Figure 3-1). Apparently, the Impact Barrier had
collected this high amount and the sorting managed to take all waste out before the lower
cable broke as intended for the highest flow conditions. Without being able to explain the
difference, we note that before 9 February 2025, the mean weekly mass collected was 0.9
tonne (more than 100 kg per day) and after that date only 0.05 tonne per week.

The composition of the collected largely represented household waste, as was expected for
this urban river. In the week prior to the flash flood (22-1-2025), 240 kg of PET bottles were
collected. That is higher than average, but was exceeded in some weeks in the period June-
October 2024 (Figure 3-3). In roughly that period also the HDPE bottles were higher than
average. We have no explanation for the relatively high amount of bottles that were collected
in June- October 2024. The category clothing was only substantial for some of the weeks,
and often they were flipflops. The category of other items consisted of the household bags
from which PET bottles were removed, and included glass bottles and cans.

Table 3-1 The total mass collected in the Escondido river from 1 May 2024 till 31 August 2025 and its mean
item mass per category

General Plastic Total mass (kg) Mean mass per item
category | type (kg)
Plastics PET 6,586 0.051
LDPE 1,826 0.145
PVC 48 NA (not counted)
HDPE 5,555 0.123
PP 7,018 0.134
PS 34 0.098
E-PS 255 NA (not counted)
Clothing 955 0.463
Other 13,341 0.217
Total 35,618 NA
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Figure 3-3 The mass of collected floating litter sorted weekly. No data are available for the grey shaded
periods.
3.3.2 Estimated total transport in the river

Other than the floating Motagua Impact Barrier, the barrier in the Escondido river is a fixed
barrier. At low water level the lower part of the geotextile is at about 0.3 m below the water
surface and at high water at about 1.0 m. Possibly a larger share of litter is collected at high
water levels, as also suspended plastic items are collected. However, we were not able to
measure this.

The Impact Barrier in the Escondido river seems to collect most floating waste, except during
the highest river discharges. At these high flow velocities the barrier was not functioning for a
few days and water flows around the Impact Barrier and may also transport plastic waste
around the Impact Barrier. Given the short periods the Impact barrier was not functioning
during and directly after a flash flood, we expect that the total transport of floating plastic litter
is up to 10% higher than the collected plastic waste.

3.3.3 Comparison with Motagua
The effort needed to have the Impact Barrier in the Escondido river in operation was
considerably lower than for the Motagua river. Although the width, length, discharge and
plastic categories differ substantially between the two rivers, we compared the mass
collected for three periods (Table 3-2). We compared both the total mass and the category
that was always sorted and weighed: PET. Over the period the Impact Barrier in the Motagua
river was operational, the total mass collected in the Escondido was about 1.5 times higher
and the mass of PET about 4 times lower. For February 2025 (including the week with the
highest collected mass for the Escondido) the Escondido collected more in total and more
PET. However, during the peak month for the Motagua Impact Barrier, the collected waste in
the Escondido was 30-100 times lower (Table 3-2). Before 9 February 2025 the collected
mass (total and for PET) in the Escondido varied, but was every week considerable. On the
contrary, in the Motagua many weeks occurred with a collected total mass less than 0.05
tonne. As a result, the weekly average before 9 February 2025 was more than three times
higher than the weekly average obtained from all Motagua observations.
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Table 3-2 The mass collected in periods that both Impact barriers functioned

Period Total mass collected (kg) Mass of collected PET (kg)
Motagua Escondido Motagua Escondido

4 December 2024 | 7,486 10,951 5,637 1,359
- 31 August 2025
2-26 February 241 2,383 120 253
2025 (peak for
Escondido)
1-24 June 2025 3,111 101 2,504 16
(peak for
Motagua)

Outlook

The total mass and PET mass collected per week were substantially higher before 2 March
2025, being 3.6 tonnes of plastic waste per month. This is also reflected in Behrens (2025):
they reported that in the period May-December 2024 about 46 tonnes of waste was collected.
This is higher than the total mass for the period until August 2025 (Table 3-1), since they also
included organic waste. Assuming that the average over the whole observation period,

1.4 tonne of plastic waste per month can be collected from the Escondido river, and eight
more Impact Barriers are installed in other rivers in Puerto Barrios as well, we expect that
more than 150 tonnes of plastic waste can be collected per year.

A new market hall is reconstructed right beside the Impact Barrier. In collaboration with the
municipality, the plastic waste of the market hall can be collected and sorted as well. For the
plastics that can be recycled, the loop can be closed.

Marketing of recycled plastic litter

From the plastic waste recovered from rivers, PET plastic was sold to recycling companies.
The largest and most important client is Invema in Honduras. Invema is the largest and most
advanced recycling company in Central America. It is located in San Pedro Sula at 60 km
from Puerto Barrios. River Impact has a contract with Invema whereby PET bottles are sold
at fixed monthly rates. Collected plastic bottles are compacted into bales, and once a full
truckload is collected (12 tonnes of plastics in bales), they are shipped to Honduras.

For 1 kg of PET plastic, River Impact received i 0 .22@Quétzales) from Invema in 2024.
All the PET plastic collected with both Impact Barriers in 2024 was sold, amounting to

02,897.1 f the price would have been afewyear8 €arligr,9 .

the operational costs would largely be covered by selling the PET plastics.

Since 2025 plastic waste other than PET is stored in a warehouse, a designated area in
Puerto Barrios. River Impact intends to reuse this material in the future for making composite
building materials.
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4 Conclusion and recommendations

4.1 Optimization and effectiveness of the Impact Barriers

The Impact Barrier in the urban Escondido river was installed in December 2023. Since
then, the operation has been supported by the municipality. The Impact Barrier functioned as
planned, except when it was damaged during two flash floods. An optimization was to repair
the Impact Barrier with thinner cables to ensure that a cable and not the anchor is damaged
during a next flash flood and to minimize the risk that clogging at the Impact Barrier results in
flooding. After this optimization the Impact barrier functioned well.

The Impact Barrier in the Motagua river was installed at the village of Eden. The village is
situated on a highway, making the location accessible for the transfer of sorted waste. It is
located in a sharp bend of the Motagua river, where flow velocity patterns complicate the
collection of floating litter using an Impact Barrier. During floods, flow velocities were high and
apart from floating plastic waste also organic material (including complete trees) was
transported with the river. Optimizations of the Impact Barrier were needed to guide the
plastic waste towards the outer river bank, where it was taken out of the river. One
optimization was to reduce the height of the Impact Barrier, after which much of the organic
material was transported underneath the Impact Barrier, whereas plastic waste was
collected. During the peak discharge we observed, a connection broke and the Impact Barrier
was no longer functional. The Impact Barrier was further optimized with a pulley, such that it
can be taken out of the river during a flood from the river bank. In the period we considered
the Impact Barrier functioned well during low and medium river discharge and during most
periods with higher river discharge.

Both Impact Barriers were effective in collecting floating waste that was transported towards
the capture system. We estimated based on a floating object test and visual observations at
low-medium discharge that both Impact Barriers collected 80-100% of all floating waste.
Hence, the mass collected in a period is similar as the sum of the transport of floating waste
over that period.

4.2 Relation plastic waste transport and discharge

The total amount of waste collected by the Impact Barrier in the Motagua river in 9 months
was 7.5 tonnes. The dominant plastic category was PET, weighing 5.6 tonnes. The collected
mass varied with 2 orders of magnitude over time. During days with a high collected mass the
discharge was relatively high, except for the highest amount that was collected on 24 and 25
August 2025. This amount was so high that an excavator and a truck were needed to take
the waste out of the water. We can explain this, and some other peaks in mass collected,
with the onset of an increase in the river discharge. At such an onset, the water level rises
and plastics that were stranded on the river bank were remobilized and transported with the
flow. As a result, the transport of plastic waste can be exceptionally high for a short period.
When estimating the annual transport of plastic waste in a river from monitoring, it is
important to monitor during this event.
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Over a 16 months period the total mass of litter collected in the Escondido river was

35.6 tonnes, including 6.6 tonnes of PET. The maximal total amount collected in a week was
1.9 tonne, which occurred in a week that a flash flood occurred. The weekly collected mass
did not vary as much as for the Motagua river, except that it was considerably lower since
February 2025 than before that date. Averaged over the whole period, the total collected
mass was higher for the Escondido Impact Barrier (1.4 tonne/month) than for the Motagua
river (0.8 tonne/month). Considering the readily recyclable PET plastics, the collected mass
per unit time was on average higher for the Motagua river than for the Escondido river.

Marketing of the collected plastics

The collected PET plastic was sold to a recycler. If the price per kg PET would have been

0 1.00, like itwas afew yearsearlier, i nstead of G4 0.24 in 2024,

have largely been covered by selling the PET plastics. The other plastic waste has been
stored, as River Impact intends to reuse this in the future for making composite building
materials.
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Criteria for location selection

The criteria that were formulated to select a good location for implementation of an Impact
Barrier in the Motagua river are summarized below (Behrens, 2023).

Chapters Sections Parameters
Ciuodrant Sectar Part Explanatian
T River 1.1] General [N .. [Top 1.000 polluted rvers | Chack Lit TOC for estimate plastic volume
1.1.2 Population Always close to a major city = 1 min)
1.1.3 Clmata |deally caractarzed by flash floods
1.1.4 Exiting businass |5 thar a comparny at riverside for security and coopenation?
1.1.5 Safaty U Safety ndicator
1.2 River Surfoce 1.2.1 Size / dmeansions The total surfoce of the water plat
122 |Shape DE|1'|'|E|_1I1E| shape in tarms of ratio betwean average leangth
and width
123 x;rn;rrm e vs. notural Hurman inv olvemeant in formation or shaping the water body
1.2.4 Hitorc & Cument wse How &fwas the water used.
1.2.5 Orentafion Orientation of woter body to predominant winds, swalls,
1.3 River Cument 1.3.1 Waves Length, Haight, mox. swell, frequency
132 Cuments Cnm_nues. varying. ntarmithent |e.g. tidal] or thermal curent
and its speed.
133 |Moutical activities What i the max. speed. noutical intensity, and the max. sze of
the boat crafts
. Coused by tides. saasonal levels, level- & flood contral
1.3.4 |Level variations :
measuramants, woter ratention, chancas of dry run.
14 Physical 14,1 [Sensory observation Bazed on sensory perception & measurement: Turbidity {clear
wotar w5 cloudy], color. small_.
1.42 Temparaturs ‘Whaot's the water temperature, seasonal v ariations or variations
) a af different depths. Chances of freezing in winter.
. Dafine the salinity of the water; 3alt vs. fresh water (Brina,
142 [Salindy ocaanic, bracksh, varably [estuary), frash)
1.4.4 Monitorng present? Is 1h§na any control c_|rl1|:|_.'|:\l conditioning haoppening regarding
physical water condition
1.5/50d [ subsurfa 1.45.1 [Top layar matarial ‘Whaot lies at the bottom of the water body
152 Sod CG”‘.’."‘"”" ks How firn i the sub-surface and what soi strata are there
composition
1.5.3 Depth Whaot's the depth and s disfribution
15.4 |Pollufion degres Is there pollufion f dekbris at the bottom or any pollufion in the
soil present?
155 Sol deplocements & 15 the underwatear soi surfoce subject to deplacements or
) sedimentation sadimantation.
1.4 Rainy Ssason 1.6.1 Seqsons ‘Which months produce heavy rain and how much#
1.6.2 Fash Aoods Howe many flash loods occur per yeaar
1.6.3 | 100-year high Highest point rivar during flash floods in past 100 years
1.4.5 | 100-year width ‘Widast point river during flash loods in past 100 yvears
1.4.6 | Clmate Change Indicatars climate change
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B Environmental Impact Scan

The results of an environmental impact scan for the location (Figure B-1) in the Motagua river
are summarized below. In the end, the Impact Barrier was installed in the river bend north
(upstream) and not at the location shown in Figure B-1. As the Impact Barrier is installed
nearby, most results are also valid for the actual location. Note that these results are from
before the design phase, and may not reflect current insight and status.

Figure B-1 The location that resulted from the evaluation of the criteria in appendix A
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Aspect Applicability
Environmental Aspects

Waste (including plastic waste) has potential to leach chemicals
into water bodies during its slow degradation process (EPA, 2016).
In the same line, the presence of plastic pollution in riverine
ecosystems can produce leaching chemicals that compromise
Water Quality environmental and social aspects (Bellasi et al., 2020). The
proposed project aims to remove plastic waste from the river and
its subsequent proper management and disposal, which should
positively impact water quality downstream of the project’s site. At
the same time, the presence of the heavy equipment required to
mechanically removed the plastic from the river may impact water
quality.

Conclusion: impacts on this aspect need to be assessed.

There are no protected areas close to the deployment site of the
Riverlmpact barriers and sorting area. Both river sides are
serounded by palm oil and banana farms.

Protected Areas

The River Impact Barrier of the project is designed to retain the
plastic waste flowing through the river, so it can then be removed
in order to be properly managed and disposed. Aquatic and
terrestrial species of fauna and flora might end up being impacted
Flora & Fauna by either the barrier or the heavy flooding. At the same time,
without proper management, the waste sorting facility could
attract the presence of vermin, which can also impact aquatic flora
and fauna in the souring areas of the facility. Also, the construction
work and site clearance activities could impact flora.

On the other hand, removal of plastic will reduce the amount of
plastic in the river, which will be beneficial for the Fauna
downstream from the project site.

Conclusion: impacts on this aspect need to be assessed.

The Riverlmpact Barrier does not generate emissions. The main
power source for the waste sorting area will be electricity from the
Air Quality power grid coming from the village of Nuevo Eden. On the other
hand, both the heavy equipment extracting the waste retained by
the barrier, and the trucks collecting the sorted waste will produce
emissions.

Conclusion: impacts on this aspect need to be assessed.

Traffic towards the landfill will not increase significantly, thus a
negligible impact in relation to noise is expected for this source. On
the other hand, the project’s area can be considered rural and is
not densely populated; however, there is presence of houses in a
Noise radius of less than 400 m from the project’s site. The noise
resulting from the operation of the sorting facility and the heavy
equipment should not result in significant increases of the
background noise levels; however, the proximity of the previously
mentioned houses and the planned continuous operation regime
of the facility makes it not possible to certify that these sensitive
receptors will not experience acoustic discomfort.

Conclusion: impacts on this aspect need to be assessed.
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Odor

Climate Change

Due to the amount of waste to be managed (sorting capacity 10
ton/d) and average temperatures in the region (between 20°C and
302C), the project may result in the gradual production of a smell
that could be perceived around the sorting facility and, depending
on the wind direction, reach the closest neighboring houses. This
may generate an impact, and the presence of sensitive receptors
should be checked in relation to this.

Conclusion: impacts on this aspect need to be assessed.

The project’s operation itself is not expected to contribute to
climate change due to GHG emissions. The emissions related to the
heavy equipment extracting the waste from the river and the truck
trips evacuating the classified waste from the project’s site are
deemed to be negligible.

Conclusion: the impact is discarded, and no further assessment is
needed.
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