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Abstract
Macroplastic pollution in the aquatic environment has increased at an extreme rate over the last 70 years. Poor waste
management in the city of Accra has led to there being high levels of plastic pollution throughout the Odaw river,
and this has resulted in problems such as flooding. This report seeks to quantify the macroplastic emissions from the
Odaw river into the ocean, thereby highlighting the areas that need more efficient waste management. Using visual
plastic counting from four bridges together with a hydrodynamic model, estimations for total yearly plastic fluxes
through the system were made. These values were then compared to estimations made for total mismanaged plastic
waste in the region around the Odaw river. Single use plastics were found to be most dominant in the system, with
average plastic fluxes ranging between 320 and 2400 items h−1 at the four bridges. Total plastic fluxes between
2.60E+01 and 1.67E+03 tons per year were estimated , corresponding to 0.16 and 5.55% of total mismanaged plastic
waste respectively. These findings emphasise the need to address the issue of single use plastics ending up in the
Odaw river, with a particular focus on the area near the Graphic road bridge. This study also highlights the need to
further investigate possible accumulation zones of plastic to reduce the risk of flooding, and to explore the sources
of plastics in the city of Accra itself.
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1 | Introduction
1.1

General introduction

Since the 1950’s, plastic manufacture has increased at an
extreme rate, reaching a global production of over 359
million metric tonnes (MT) in 2018 (Mai et al. 2020).
At the current rate of growth, the production of plastics
is expected to double in the next 20 years (L. Lebreton and Andrady 2019). With this increase in plastic
production, comes an increase in plastic pollution. One
area in which the effect of plastic pollution is being studied is that of the aquatic environment. The increasing
presence of plastics in the world’s rivers and oceans is
of growing concern. Entering into the aquatic environment because of poor waste management, macroplastics
(>0.5cm) are a threat to human livelihood, the health of
marine species and habitat quality (Duncan et al. 2020;
Barboza et al. 2019).
Rivers act as key pathways for macroplastics, many
times transporting them into oceans (Bruge et al. 2018).
It is estimated that between 1.15 and 2.41 million tonnes
of plastic per year enters the world’s oceans via rivers
(L. C. M. Lebreton et al. 2017). Macroplastics in rivers
can have similar negative impacts as they do in the
ocean. For example, macroplastics can cause damage
to fish and mammals due to ingestion or entanglement
(Roebroek et al. 2021). The accumulation of macroplastics in urban waterways at hydraulic structures can also
result in increased flood risk (Emmerik, Seibert, et al.
2020). Coastal urban rivers are therefore important
points of focus when trying to reduce the plastic problem
in both rivers and the ocean (Haberstroh et al. 2020). To
effectively manage macroplastics in coastal urban rivers,
more information on the characterization and transport
mechanisms of riverine macroplastics is needed (Haberstroh et al. 2020; Emmerik, Klaveren, et al. 2020).

city (Amoako and Boamah 2015). In 2015, the accumulation of plastic bags and other single-use plastic (SUP)
items in drains, resulted in flooding that killed 150 people (Hinshaw 2015). Single use plastic pollution is a large
problem in Ghana, with drinking water sachets being
one of the main contributors (Stoler, Fink, et al. 2012).
As an alternative to drinking tap water, sachets are extremely common in Accra, the majority being littered
into the streets and gutters, after use (Stoler, Weeks,
and Fink 2012). Other SUPs, such as food packaging,
further enhance this problem (Awusi and Kyei 2018).
Although an effort is being made in many West African
countries to ban the use of SUPs, more information is
still needed on the transport and quantity of SUPs that
end up in the ocean. (Adam et al. 2020).
Accra is a coastal city where water flows through
a number of drains and rivers, into the Atlantic ocean.
The Odaw river is one of the main drainage systems in
Accra and flows into the Korle lagoon before it reaches
the ocean. The Odaw river basin (Figure 1.1) drains a
large section of the city and is an important transport
route for much of the waste that is dumped into the
rivers or drains (Adank et al. 2011). The Korle lagoon is
one of the most polluted water bodies in the world with
much of the waste that passes through it, ending up in
the ocean (Boadi and Kuitunen 2002). There still exists
a knowledge gap concerning macroplastics in the Odaw
river. This is due to there only being a limited amount of
data available on litter quantification and monitoring in
Ghana, both for land and marine debris (Dyck, Nunoo,
and Tweneboah Lawson 2016). Data on macroplastic
transport routes, through the Odaw river, can be valuable for policy makers and assist in more effective waste
management in Accra.

1.3
1.2

Plastic pollution in Ghana

In Ghana only 2% of plastic waste is recycled and the
rest leaks into landfills, drainage systems or the ocean
(Stoler, Fink, et al. 2012). Rapid urbanization in combination with a lack of funding, in Accra (Southern
Ghana), has led to poor waste management coupled with
excessive dumping of waste into waterways (Quartey et
al. 2015). This has resulted in the clogging of drains
which in turn has led to flooding in multiple parts of the

1

Research objective and questions

The main objective of this research is to study
macroplastic transport mechanisms and quantities
through the Odaw river into the ocean. Quantified
and categorised macroplastic emissions can help create awareness and remedial measures can then be developed. Investigating the types of plastics that enter
the system is an important step to efficient waste management, specifically with the focus on SUPs. Looking
into the correlation between mismanaged plastics and
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Figure 1.1: Location of the Odaw river Basin.
the actual total plastic emissions can assist with the development of more effective waste collection schemes.
The relationship between plastics, hydraulic structures
and the hydrodynamics of the system can provide an insight into how the system needs to be managed in order
to reduce plastic emissions into the ocean. How plastic
fluxes change over time and what influence rain events
have on these plastic fluxes will also be analysed. Considering the need for more insight into the macroplastic
emissions through the Odaw river, this resulted in the
following main research question:
What is the total macroplastic emission per year from
Accra into the ocean through the Odaw river?
The main research question will be answered with the
following sub questions:
• What is the temporal and spatial variation in hydrodynamics of the Odaw river system?
• What is the spatial and temporal variation in
macroplastic fluxes across the length of the Odaw
river?

• What plastic types are found at the various sources
and sinks along the river?

1.4

Thesis structure

This report will start with the methods which describe
how the fieldwork was done, together with an explanation on the set up of the hydrological model that was
used. The methods also include an introduction to the
details of the field site and the data. The results together with the discussion is presented in chapter three,
a synthesis is also given at the end. The report finishes
with an overall conclusion.

|

2 | Methods
2.1

accumulation of waste. (Udo and Hoorn 2018; Larmie
2019)

Overview of methods

This research involved combining four different methods
to explore the quantity, distribution and variety of plastics for a field site in Accra (Ghana). Field sampling
was conducted, a hydrological model was used to simulate discharges in the system and from this plastic fluxes
were extrapolated over time. Different plastic types were
categorised from photos taken in the field and total mismanaged plastics around the field site were quantified
from raster data. An overview of the workflow is given
in Figure 2.1.

2.2

3

Field site and data

Data was collected at a number of different locations
along the Odaw river in the city of Accra (Figure 2.2).
The Odaw basin has an area of 271 km2 and length of
30 km, with the southern part being densely populated.
Major tributaries are the Onyasia river and the Nima
stream. A number of drains in the downstream reach of
the basin are partly lined with concrete. The drainage
system is based on gravity flow with most drainage channels being open. This often results in siltation and the

Due to travel limitations, sampling was done
by three employees of the Trans-African HydroMeteorological Observatory (TAHMO), which is based
in Accra. Data collected during these sampling sessions
was exchanged digitally together with images taken of
each sampling site and of accumulated plastics found on
the riverbanks. To get an indication of the quantity of
macroplastics that could possibly end up in the Odaw
river, data on mismanaged plastic waste was used (L.
Lebreton and Andrady 2019).
SOBEK was used to simulate discharges in the
Odaw basin. A flood risk simulation model for the
Odaw was supplied by HKV. This included data on various rainfall events, the structure of cross sections in the
basin, the length of reaches and location of input nodes.
Further data, such as precipitation time series from the
past five years and from 2021 were also acquired from
TAHMO. Data on tides was obtained from online tide
forecast charts and compared to historical data in Ghana
(Meteo365 2021)(Appendix A.1). An overview of the
data used can be found in Table 2.1.

Figure 2.1: Global workflow of the thesis.
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Figure 2.2: Sampling locations along the Odaw river and Korle lagoon.
Table 2.1: Data used for this research
Data
Plastic
observations
Simulated rainfall
events
Cross sections
and reaches Odaw
Location of
nodes
Precipitation
time series
2016 -2021
Tidal data
2021

Units
Items/
2min

Source

mm

HKV

Temporal

m

HKV

Spatial

-

HKV

Spatial

mm

TAHMO

Temporal

m

Meteo 365

Temporal

MPW data

kg/y

L. Lebreton
and
Andrady 2019

Spatial

2.3

TAHMO

Coverage
Spatial /
Temporal

Visual plastic counting

To get an idea of how macroplastics are distributed along
the Odaw river, visual counting from bridges was performed. With the help of TAHMO, sampling could be
done despite the travel restrictions. Together with their

input, four bridges were identified along the length of the
Odaw in Accra on the basis of two main requirements.
Firstly, the bridges needed to be easily accessible and
safe for visual counting. Secondly, the bridges needed to
be at varying distances from the mouth of the river so as
to explore the spatial variation of macroplastics in the
river. As described by González-Fernández and Hanke
(2017) and Emmerik, Kieu-Le, et al. (2018), this visual
observation method involves viewing the selected river
from above. Each bridge was divided into a number of
sections depending on the length and accessibility of the
bridge (Figure 2.3). Plastics flowing past the bridges
were then counted at each section. The length of these
sections differed between each bridge (Table 2.2).
The plastic items that passed through each section
were visually counted for 2 minutes (Emmerik, Kieu-Le,
et al. 2018). Each section was sampled 4 times on each
sampling day so as to get a more accurate indication of
passing macroplastics. To acquire a large enough data
set, sampling for all four bridges was done on 8 different
days. Sampling was done over 3 months (March, April
and May) in order to take both the dry and wet sea-

2.4. PLASTIC IDENTIFICATION
Table 2.2: Description of selected bridges
Bridge name
Ring road
central (1)
Graphic
road (2)
Guggisberg
avenue (3)
Old Winneba
road (4)

Bridge
length (m)

Number of
sections

Section
length (m)

33

2

16.5

50

3

16.7

66

3

22

58

3

19.3

son into account. In March, sampling was done on the
20th . In April on the 7th , 12th and 14th . In May sampling was done on the 13th , 14th , 17th and 18th . During
the sampling, key information was noted down. This
included the coordinates of each section and the direction of the plastic flux. For the two downstream bridges,
tides affected the plastic flux and would therefore be either negative or positive depending on the time of day
that sampling was carried out. To have an unobstructed
view of the water surface, González-Fernández recommended facing upstream during the counting process.
Total plastic flux Pc [items h−1 ] for each bridge was
then calculated using:
X
Pc =
Pi · 30
(2.1)
i=n

With Pi [items 2 mins−1 ] being the average plastic
flux at each bridge section.

2.4

Plastic identification

Due to the limited availability of resources, the proposed
River OSPAR method by Emmerik, Vriend, and Roebroek (2020) and Schone-Rivieren (2018) could not be
performed. Instead, images were taken at three of the
four bridges, locations of which are shown in Figure 2.3.
Ring road was not photographed as it did not have a
clear riverbank. A total of nine images were selected on
the basis of image quality and distance from the plastic items. These were images of accumulated plastics
on the river bank or in the water next to each respective bridge. From each image, a measured section was
used for plastic identification. The width and length of
this section was measured using a 20cm bottle which
were present in all images. Once a section was measured, identification and categorisation of the plastics
started. This involved classifying the plastics into six
main categories: PET (Polyethylene Terephthalate), PO
soft (Low Density Polyethylene), PO hard (High Density

|

5

Polyethylene), multilayer plastics (Polyethylene others),
PS (Polystyrene) and PSE (expanded Polystyrene) (Emmerik, Kieu-Le, et al. 2018). Other categories such as
rubber, metal and medical items were also identified.

2.5

Mismanaged plastic waste

An important indicator of the amount of plastics that
enters a system, is the degree of municipal mismanaged
plastic waste (MPW) generation in a country. Data on
global mismanaged plastic waste was published by L.
Lebreton and Andrady (2019). This data set includes
MPW data on Ghana which was analysed and compared to the estimations made from the plastic flux extrapolations. MPW values were given in kilograms per
year. The .TIFF file containing raster data on MPW
was loaded into QGIS to explore how much waste could
potentially end up in the Odaw river. Three different buffers of 500, 1000 and 2000 meters were created
around the river in QGIS. These distances were chosen
to analyse differences in MPW at different areas around
the river. MPW values within these three buffers were
summed up to get an idea of the quantity of plastic that
could possibly enter the Odaw river.

2.6
2.6.1

Hydrological modelling
Model set up

To get an initial indication of the discharges through
the various transport routes through the Odaw river, a
1D/2D modelling suite called SOBEK was used (SOBEK
Suite 2021). SOBEK is able to simulate complex flows
and water related processes in a system. Modelled discharges through the Odaw basin are used when making
an estimation of plastic emissions through the basin over
time. This method was applied by Emmerik, Loozen, et
al. (2019), in which a hydrodynamic model was used
in conjunction with field data to estimate total riverine
macroplastic emissions from Jakarta into the ocean.
HKV supplied the 1D model of the Odaw river with
a 2D grid in SOBEK. This model is used to simulate
flooding and discharges for various rainfall events. An
adapted version of HKV’s model was used to simulate
discharges in the Odaw for an entire year. To be able
to run the model for a longer period, the 2D grid was
removed to reduce the calculation time. This meant
that rainfall could no longer be used as an input on the
2D grid. Instead, discharges at each input node were

6
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calculated for a number of different rainfall events using
the original model. Daily rainfall data was acquired from
TAHMO. This rainfall data ranged from 2016 to 2021 for
one station in Accra. And for 2021, four stations had
complete rainfall data for the entire sampling period.
The four stations and their corresponding input nodes
are shown in Figure 2.4.

all with ten minute calculation time steps and one hour
output time steps so as to explore the effect of tides
on the simulated discharges for the two bridges furthest
down stream.

The events that were used to estimate discharges
had return periods of 0.5, 1, 2, 5 and 10 years. In addition, daily rainfall events of 0, 5 and 10 mm were
also simulated. This was done for all input nodes in the
model. The output discharges in the original model were
then used as inputs in the new model without the 2D
grid. Depending on the size of a rainfall event, a particular discharge was assigned to each input node. Base-flow
values for the system were estimated from data supplied
by HKV and by comparing the Odaw basin with other
similar basins. This meant that each year could be simulated if rainfall data was available. To include the role
of tides in the model, the downstream node had a six
hour time series of fluctuating water levels (Meteo365
2021). Discharges were then simulated for the six years

2.6.2

Model runs

To determine input discharges for the adapted model,
the original model with the 2D grid was run eight different times for daily rainfall events with varying intensities.
The adapted 1D model was then run from 2016 to 2020
using the rainfall data sets and corresponding input discharges from the Accra academy rainfall station. For
2021, the model was run with data from all four rainfall
stations and their corresponding input discharges (Table
2.3). Mean yearly discharges at the four bridges were
derived from the 2016 to 2020 model outputs while the
2021 output was used in conjunction with corresponding daily plastic fluxes to model plastic fluxes for the
sampling period.

Figure 2.3: Locations of images taken at three of the bridges with the respective bridge sections.

2.6. HYDROLOGICAL MODELLING
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Figure 2.4: Locations of the rainfall stations and their corresponding input nodes
Table 2.3: Rainfall stations used in each model run
Model runs
1D model
runs
2016 - 2020
1D model
runs
2021

2.6.3

Rainfall station used in runs
Accra Academy Alogboshie Odawna Accra girls school
X
X

X

X

p = Cp · Q + b

X

Plastic flux extrapolation

Once plastic fluxes had been estimated from the visual
counting sessions, and discharges in the system were simulated at each bridge, the plastic flux could be extrapolated over a longer period. Two methods were used to
extrapolate plastic fluxes over a longer period. The first
method involved calculating the mean plastic concentration Cp [items/m3 ] using:
Cp =

p
Q

were estimated for all discharges by multiplying the mean
plastic concentration by the modelled discharges. The
second method involved calculating the plastic transport
per second p from the linear equation:

(2.2)

With mean plastic transport per second p [items/s] and
mean discharge per second Q [m3 /s]. Once this value
of mean plastic concentration was known, plastic fluxes

(2.3)

With discharge per second Q, the gradient of the line
which is the plastic concentration Cp in this case, and
the line intercept b. These two methods were used to
estimate the plastic flux throughout the sampling period
and for an average year of discharge which was derived
from the 2016 to 2020 data set. Firstly, the methods
were separately applied to data from each bridge. After
which they were also applied for the combined data set
for all four bridges. Time series of the plastic flux were
then plotted as well as cumulative plots to explore the
total plastic flux for an entire year and for the sampling
period. To get an estimate of the total mass of plastics
that passed each bridge, an average mass of 5 grams per
item was used (Emmerik, Kieu-Le, et al. 2018). These
total mass values were then compared to the estimated
total MPW mass values.

8
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3 | Results and discussion
3.1

Visual plastic counting

Throughout the sampling period rainfall events were limited, which in turn resulted in low discharges in the system throughout the period. There were a number of
low daily rainfall peaks from four to five millimeters as
shown in Figure 3.1. On sampling day one, sampling
was only done at the Graphic and Ring road bridges.
Plastic flux remained relatively stable on almost all
days, with no rainfall during the sampling period except
for on one day. On the 12th of April a peak in daily
rainfall of 5.3 mm was measured. On the same day, visual counting was done at the Guggisberg and Winneba
bridges with peak plastic fluxes of 14800 items h−1 and
2300 items h−1 respectively. During the sampling period, the Guggisberg bridge experienced an average flux
of 1800 items h−1 and the Winneba bridge an average
flux of 320 items h−1 . The peak plastic fluxes on the
12th were therefore significantly higher than the average
fluxes. The Graphic road bridge had the highest average
plastic flux with a value of 2400 items h−1 while the Ring
road bridge had an average plastic flux of 830 items h−1 .
Graphic road bridge had a peak of 5500 items h−1 on the
7th of April while Ring road bridge experienced a peak
of 1250 items h−1 , also on the 7th . Sampling was done
on four days in May. As seen in figure 3.1, these values
are all very similar with no clear peaks. This was also

after a period of no rainfall. As shown in the graph, the
Winneba and Guggisberg bridge also experienced negative fluxes on the 7th and 15th of April, which was due
to the tidal influences.
Figure 3.2 illustrates the range of passing plastics
that were counted throughout the sampling period. In
Figure 3.2a it can again be seen that both the Guggisburg and Winneba bridge had negative fluxes on a
number of days. Guggisberg also shows extreme outliers which were the measurements on the 12th . While
Graphic and Winneba road had a wide range of measurements, Guggisberg and Ring road had less of a spread.
In 3.2b the results are separated by the respective bridge
sections. For the Winneba bridge, visual counting was
only done for section 1 and section 3 due to there being
no flow through the middle (section 2) of the bridge. The
plastic flux through section 2 of the Guggisberg bridge
was also limited due to the low flows. Plastic fluxes were
highest on average at the Graphic bridge sections, with
values of 200 to 300 plastic items counted in 2 minutes,
at section 1 and 3 of the Guggisberg bridge.
Initial speculations can be made on the location
where the highest amount of plastic waste enters the
Odaw river. The Graphic road bridge has the highest
average plastic flux throughout the sampling period, suggesting that there is a high amount of infiltration and
flow of plastics in that region of the system. The Ring

Figure 3.1: a) Measured plastic fluxes for the four bridges and b) rainfall during the sampling period at the Accra
academy station (2021)

3.2. PLASTIC IDENTIFICATION
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Figure 3.2: a) Number of passing plastics measured in 2 minutes per bridge and b) per bridge section
road bridge had a relatively low flux suggesting that most
plastics enter the system before the Graphic road bridge
and after the Ring road bridge. Both the Guggisberg and
Winneba bridges have low fluxes during dry periods but
much higher fluxes during and after a rainfall event. This
suggests that the plastics are washed through the system
from an upstream area into the Korle lagoon and eventually into the ocean. A more accurate representation of
plastic fluxes in the system could have been achieved if

more sampling was done during or after rainfall events.

3.2

Plastic identification

Plastic types varied quite significantly between the three
image locations shown in Figure 2.3. Almost 1400 items
were counted during this part of the research. An example of what one of the images looked like is given in
Appendix A.2. Figure 3.3 illustrates the distribution of

Figure 3.3: Distribution of plastic categories identified from photos taken at the field site.
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different plastic types for the three locations and also the
difference between plastics at the edge of the water or
on the river bank at the Guggisberg bridge. At the river
banks next to the Winneba and Guggisberg bridges, expanded Polystyrene (PSE) was the most common type of
plastic found. At the Winneba river bank almost 75% of
plastics counted were PSE, while at the Guggisberg river
bank almost 88% were PSE. These items were mainly
sections of Polystyrene food containers and boxes. Results differed between the river bank and in the water as
shown by the Guggisberg data. At the Guggisberg bridge
images, taken in the water, PSE items were not as common, at only 25%, while 45% of identified items were
Polyethylene Terephthalate (PET). These were mainly
plastic drinking bottles. This was also the case in the water at the Graphic bridge. The majority of items counted
here were either PET or PO soft items such as plastic
bags and water sachets. The number of plastic items
per meter squared is shown in Appendix A.3.
When comparing the counted plastics in this study
to that of Emmerik, Kieu-Le, et al. (2018), the largest
difference is seen in the PET category. In Saigon (Vietnam), 2% of counted items fell into this category compared to the 45% at the Guggisberg bridge. This indicates that PET items are more of a problem in Accra.
It is also interesting to note that a majority of the items
that were counted, fall into the PSE category. Many of
these items were SUPs which are discarded immediately
after use. PO hard items were not found in great quantities. This could have been because on a number of occasions, it was difficult to distinguish between PO hard
and PSE due to the low quality of some of the images. If
more photos had been taken at different locations near
the bridges, the data set would have been more representative. Due to limited time and the low quality of
many of the photos, the total number of items counted
was relatively low. It would also have been valuable to
include data from the Ring road bridge to get a more
accurate representation of the spatial distribution along
the river. Data along the riverbanks may also have been
tampered with since items here are often collected and
recycled. This way it is not always known if all items
counted are also representative of the plastic items that
actually move through the system.

3.3

Mismanaged plastic waste

Three different buffer lengths around the Odaw river
provided total values for mismanaged plastic waste in

tons per year (Table 3.1). Using an average mass of
five grams per item of plastic, total mismanaged plastic waste in items per year were calculated for the three
buffer lengths. These values were compared with total
simulated plastic fluxes through the Odaw river in the
section on hydrological modelling.
Table 3.1: Total mismanaged plastic waste within
buffers in a year.
Buffer length
(m)
500
1000
2000

3.4
3.4.1

Total mismanaged
plastic waste
(tons/y)
2.20E+04
3.20E+04
4.40E+04

Total mismanaged
plastic waste
(items/y)
4.E+09
6.E+09
9.E+09

Hydrological modelling
Simulated discharges

Using SOBEK, discharges were modelled for 2016 to
2020 and also for the beginning of 2021 which was also
the sampling period (Appendix A.4). Results for the
Graphic and Winneba road bridges for the month of
April in 2019 are shown (Figure 3.4). The distribution
and shapes of the rainfall peaks are relatively similar
between the two locations. However, the peaks were
slightly higher for the Winneba bridge, reaching up to
350 m3 /s, due to it being further downstream. The
Winneba bridge is also under the effect of the changing
tides. This can be seen by the base flow which fluctuates
significantly for the Winneba road bridge while it does
not fluctuate for the Graphic road bridge.
The discharge time series were used to calculate discharge through the Odaw for an average year. Figure 3.5
illustrates simulated average yearly discharges through
the Odaw river. The spatial distribution of discharges
through the system can clearly be seen. Most water
comes from the larger tributaries in the north and northeast of the system with average discharges between 0.95
and 5 m3 /s. The river then flows into the main channel
which experiences average yearly discharges between 5
and 11.1 m3 /s. Other smaller drains and tributaries experience average discharges of 0.004 to 0.4 m3 /s. Many
of these drains are normally dry when there is no rainfall.
The yearly average discharges in the system are quite low
due to the influence of a low base flow during the dry
periods. The Odaw system reacts quickly and therefore
experiences large peaks in discharge but also a low base
flow of around 5 m3 /s in the main channel.

3.4. HYDROLOGICAL MODELLING
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Figure 3.4: Simulated discharges in SOBEK for the month of April in 2019.
The model simulated the height of the peaks, during a rainfall event, quite well. The peaks were compared
to peaks modelled with the original 1D/2D model and
values were very similar. The base flow on the other
hand was compared to discharge data provided by HKV.
However, this data was historical data and no real time
data could be found on the base flow of the system. This
is due to there being no water level gauges in the system.
The individual rainfall events were also not modelled as

accurately as was done with the original model. This
was due to input discharges being daily values and not
hourly. This resulted in wider rainfall peaks which increase and decrease at the same rate. Tidal data only
included the high and low tides, which switched every six
hours. This resulted in a quite peaky change in water
levels and therefore also in the discharges.

Figure 3.5: Simulated avarage yearly discharge for various locations along the Odaw river.
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Figure 3.6: Simulated plastic fluxes using the two methods, using data separately from each bridge. (2021)

3.4.2

Simulated plastic flux

Simulated plastic fluxes for the sampling period
Plastic fluxes were simulated for the sampling period at
each bridge using the two methods described previously
and by combining or separating the data at the bridges.
Figure 3.6 illustrates the simulated plastic fluxes for both
methods while using separate data from each bridge.
This led to a significant difference between peak plastic
flux levels. For example, Graphic road almost reaches 1
million items h−1 , when using the linear extrapolation
method, during a rainfall event in April. On the other
hand, Winneba road only reaches just over 30 thousand

items h−1 for the same event, again using the linear
extrapolation method. There is also a large difference
in results between the means and linear extrapolation
method. For the same event at Graphic road, the means
method only resulted in a peak plastic flux of around 120
thousand items h−1 . The only bridge that experienced
similar levels of plastic fluxes for the means and linear
method is the Ring road bridge. The effect of the tides
can also be seen here at the Winneba and Guggisberg
bridges. Inflows and outflows into the lagoon are slightly
larger for Winneba than for Guggisberg which is further
from the mouth of the river.
Plastic fluxes were also simulated using the com-

Figure 3.7: Simulated plastic fluxes using the two methods, using combined data of all bridges. (2021)

3.4. HYDROLOGICAL MODELLING
bined data set of the four bridges (Figure 3.7). Here
peak plastic fluxes were relatively equal for all bridges,
with the highest peak being around 70 thousand items
h−1 for all bridges. For this method, the means resulted
in higher peaks than the linear extrapolation method.
Combining the data results in a more universal plastic
flux for all the bridges with similar peaks and base fluxes.
The effect of tides can also be seen here for the Winneba
and Guggisberg bridges.
All models illustrate large differences in their values
for peak plastic fluxes. Not only between the combined
and separate method, but also between the two simulation methods. A reason for this may be the lack of data
during a large rainfall peak. Sampling was done only on
dry days except for the 5 mm event. This resulted in the
plastic flux being simulated well for the base flow periods, but the peaks in plastic flux were extremely high
in some cases. After the rainfall event on the 12th of
April, plastic fluxes were found to be higher at two of
the bridges as mentioned earlier. These values are not
even close to reaching one million items per hour which
is what is modelled for one event at the Graphic road.
In this case, the means method may be nearer to reality
compared to the separate method. Without sampling
during a larger rainfall event, these peaks in plastic flux
can not be compared or verified.

Total plastic fluxes
Cumulative plots of plastic flux were made for the sampling period (Appendix A.5,A.6) and for an average year.
The total plastic fluxes for an average year can be seen in
Table 3.2. An average mass of five grams was again used
to determine the total mass that travelled through the
system at each bridge. Graphic road bridge experienced
the highest total plastic flux, when using separate data
from each bridge and the linear extrapolation method,
with a flux of 3.33E+08 items y −1 . The Winneba bridge
on the other hand experiences a much lower total flux
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of 9.70E+06 items y −1 when using this same method.
When using the combined method, total plastic fluxes
are relatively similar for all bridges as mentioned before.
The total simulated plastic fluxes for an average year
were compared to the calculated MPW values. Taking
the values of the 1000 meter buffer, Graphic road’s total
flux, which was described above, is 5.55% of the total
mismanaged plastic waste around the Odaw river. Winneba’s low value on the other hand, is only 0.16% of
the total mismanaged plastic waste. All other values lie
between or near these percentages.
Emmerik, Kieu-Le, et al. (2018) estimated values
of total plastic flux, for the Saigon river. These were between 7.5E+03 and 13.7E+03 tons per year. This study
on the other hand, estimated values between 2.60E+01
and 1.67E+03 tons per year. The catchment area of
the Odaw river is much smaller and it is therefore expected to have a lower plastic flux. The reason that the
Odaw even reaches these high values is due to the extremely large peaks in simulated plastic flux, especially
when the separate method is used. Values at the mouth
of the river (Winneba) are much lower, ranging between
2.60E+01 and 1.66E+02 tons per year. This is due to
the tidal influence resulting in an inflow and outflow of
plastics, reducing the value for the cumulative plastic
flux. The Graphic road bridge seems to be a hot spot
for plastics with the highest cumulative values. The Ring
road bridge experiences much lower fluxes, possibly due
to it being near the top of the system.

3.4.3

Synthesis

This study provides an insight into macroplastic emissions together with the link between plastic fluxes and
discharge in the Odaw river. However, there are certain
uncertainties in the research, due to the limited amount
of field observations that were done. Most of the sampling was carried out during dry periods and there is
therefore no certainty that the simulated peaks in plas-

Table 3.2: Total simulated plastic flux in an average year.
Simulation methods
Means
(Separate)
Linear extrapolation
(Separate)
Means
(Combined)
Linear extrapolation
(Combined)

Graphic road
(items/y)

Ring road
(items/y)

Winneba
(items/y)

Guggisberg
(items/y)

Graphic road
(tons/y)

Ring road
(tons/y)

Winneba
(tons/y)

Guggisberg
(tons/y)

6.61E+07

2.14E+07

5.20E+06

5.18E+07

3.31E+02

1.07E+02

2.60E+01

2.59E+02

3.33E+08

2.23E+07

9.70E+06

8.69E+07

1.67E+03

1.12E+02

4.85E+01

4.34E+02

3.15E+07

2.92E+07

3.31E+07

3.30E+07

1.57E+02

1.46E+02

1.66E+02

1.65E+02

2.52E+07

2.37E+07

2.64E+07

2.62E+07

1.26E+02

1.18E+02

1.32E+02

1.31E+02
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tic flux are representative of the real time situation. It is
also important to note that no measurements were done
throughout an entire tidal cycle. This means that the
simulated tidal fluctuations in plastic flux may not be
accurately modelled. If sampling was done during a full
tidal cycle at the lower two bridges, plastic fluxes could
be modelled more accurately for these bridges. Total
emissions will not be affected too much by these uncertainties. Reducing the input time step of the tidal data
to one hour would result in a more accurate simulated
discharge and plastic flux time series. Given these rough
estimations of plastic flux, awareness can still be created
on the issue, and an understanding of the distribution of
plastics in the system can be gained. When it comes to
the hydrological model, it would be beneficial to measure hourly discharge in the basin. This way the data at
the input and output boundaries both have a time step
of one hour and the discharge will be more accurately
simulated for the entire system.
As mentioned earlier in section 3.4.2, the total plastic emissions of this study and that of the paper on
the Saigon river are of a relatively similar magnitude.
The results are further compared to those mentioned in
the Emmerik, Loozen, et al. (2019) paper. Here plastic
emissions, through Jakarta (Indonesia), are estimated to
be 2.1E+03 tons per year. This value is also close to
the range of estimated values found in this paper. In
Jakarta, the estimated total plastic emissions were 3%
of MPW, while in Accra, this value ranged between 0.16
and 5.55%. This illustrates that many plastics end up in
the ocean but an even larger percentage remains on land
or possibly accumulates on river banks or at hydraulic
structures. Plastics are also known to be collected from
the river banks and recycled.
Uncertainty could also come from the way that the
field observations were done. There may have been bias
from the observers, or errors made when tallying the
number of items. The Ring road bridge was extremely
busy and the observers therefore had to count from the
sides of the bridge which limited visibility. For all the
locations it would be interesting to see how the plastic
flux changes throughout a day. It is recommended to do
extended monitoring for a couple of hours during a day
at each bridge. This would provide a clearer overview
of the daily changes. It would also be valuable to sample before, during and after a rain event so as to see
exactly how the plastic fluxes through the system are
affected. Most of the data was collected on dry days.
Filling in these data gaps by measuring plastic fluxes

during rain events is important when further simulating
plastic fluxes over a longer period. Since flooding after
extreme rain events is an issue in Accra, it is crucial to
study plastic fluxes in these situations and see whether
there is a link. Including more bridges further upstream
along the Odaw would offer a more detailed overview of
the entire system. This could also provide an indication
into how much plastic enters the system once the river
flows further into the city.
Future sampling would benefit from on site plastic determination at the river banks. Identifying plastic
types from photos leads to certain uncertainties. Images were of low quality and a large amount of plastics
were piled on top of other plastics. This meant that
only the top layer could be counted and identified. The
river OSPAR method by Emmerik, Vriend, and Roebroek
(2020) and Schone-Rivieren (2018) is a reliable method
of categorising plastics on the river bank and should be
utilised in the future. This method also involves finding
the mass of the items and a more accurate estimation of
total plastic flux could then be made. It is also important to investigate possible sources of single use plastics,
particularly PET, PSE and PO soft items. This could be
done by contacting waste disposal companies or doing
field work around the Odaw river. Getting to the source
of all the plastic waste is key when trying to reduce the
issue.
Future measurements could also focus more on the
accumulation of plastics at hydraulic structures. During
this study it was noted down when there was accumulation near the bridges. Quantifying the level of accumulation and identifying other hot spots can improve
the understanding on the link between plastic accumulation and flooding in the region. There are a number
of other locations along the Odaw were accumulation is
much more of an issue such as at the weir upstream of
the Korle lagoon. It would be valuable to examine what
type of plastics accumulate here and in what quantities.
These plastics are often also flushed over into the Korle
lagoon during a rain event resulting in higher fluxes at
the two downstream bridges. This may have also been
the case for the event on the 12th of April. Finally,
integrating the plastic fluxes and the accumulation of
plastics into a flood model would provide greater insight
into the effect of plastics on flooding. This way, accumulation zones could be kept clean to avoid further
flooding in the future.
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4 | Conclusion
In this study, macroplastic transport mechanisms
through the Odaw river into the ocean, were explored.
The macroplastic transport was quantified and categorised to provide further insight into the macroplastic
emissions that originate in the city of Accra. A hydrological model, SOBEK, was used to analyse the temporal
and spatial variation in hydrodynamics of the Odaw river
system. Average yearly discharges were found to be between 0.004 and 11.1 m3 /s, with peaks of up to 350
m3 /s. The Odaw river was found to be a fast reacting
system with most of the water coming from the main
tributaries in the north and north-east of the basin.
Field sampling was performed on four bridges along
the length of the Odaw. Here macroplastic fluxes were
determined. The Graphic road bridge was found to have
the highest average plastic flux, with a value of 2400
items h−1 . On the other hand, the Winneba road bridge
had the lowest average flux, with a value of 320 items
h−1 , due to the effect of tides. After rainfall the Guggisberg bridge experienced higher fluxes, of up to 14800
items h−1 , due to plastic "washing" through the system
into the Korle lagoon. When comparing the results of
the Ring road bridge and the Graphic road bridge, it
was found that a large amount of plastics enter the river
somewhere between the two bridges. The results also
indicated that plastics flow into the Korle lagoon and do
not necessarily all flow out of the lagoon into the ocean.
This explains the accumulation of plastics in the lagoon.
The findings show that PSE (75-88%) was the most
common macroplastic type found on the two river banks
sampled in the Korle lagoon. PET (44-46%) and PO
soft (13-33%) items were also found in abundance in
the water at the Guggisberg and Graphic road bridges. It
was overwhelmingly single use plastics that were found in
the river during sampling. This emphasises the problem
of single use plastics and the need to develop strategies
to reduce the SUP pollution in and out of rivers. With
simulated total plastic fluxes of up to 1.67E+03 tons
per year, the city of Accra would greatly benefit from
increased waste removal, especially at the area near the
Graphic road bridge.
Future research could focus more on the accumulation of macroplastics at hydraulic structures in the
Odaw, thereby further tackling the issue of flooding. Developing a discharge or flood model which incorporates
the measured plastic fluxes would provide further insight
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into accumulation zones and areas that need more attention. Extending the study and measuring at bridges
further upstream could indicate where plastics north of
the Ring road bridge originate from. Qualitative studies
around the Graphic road bridge would provide information on the sources of plastics in the area since this is the
point with the highest average plastic flux. Future assessments of the Odaw river are crucial to increase data
availability and improve understanding of macroplastic
fluxes and emissions in the system.
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APPENDIX A. ADDITIONAL FIGURES

A | Additional figures
A.1

Tidal data

Here is an example of the tidal data that was used in this study. Only data on high and low tides was found.

Figure A.1: Example of tidal data used in SOBEK model.

A.2

Example of plastic counting

Below is an example of one of the photos used for the plastic counting and it’s respective area.

Figure A.2: Example of area in which plastics were identified.

A.3. ITEMS PER METER SQUARED AT THE BRIDGES

A.3
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Items per meter squared at the bridges

Here the number of items per meter squared is shown. Winneba had the highest number of items while Graphic road
had the lowest. This also had to do with the fact that at Winneba the riverbank was sampled while at Graphic road
only the water was sampled. Plastic accumulated a lot more on the riverbank.

Figure A.3: Number of items counted per meter squared at each location.

A.4

Discharges over entire period

This figure shows the discharges over the entire modelled period. There is a difference in base flows due to Winneba
being under the influence of tides. Winneba also has slightly higher peaks.

Figure A.4: Simulated discharges in SOBEK for 2016 to the beginning of 2021.
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Cumulative simulated plastic fluxes

Here plots of the cumulative simulated plastic flux for the sampling period are shown. The separate method has
much higher cumulative fluxes than the combined method.

Figure A.5: Cumulative simulated plastic flux for the sampling period (Separate method)

Figure A.6: Cumulative simulated plastic flux for the sampling period (Combined method)

