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ABSTRACT

Plastic leakage models are compiled to provide baseline data. The critical elements in this
working phase are systematically delivering current management, assisting survey-based
condition judgements, and holistic calculations in the spatial context. Leakage modelling
incorporated survey results, material flow, and spatial analyses, including proximity and
hydrological analyses and weighting calculations. Mapping included global-scale data in
a socioeconomic context, optical and thematic remote sensing, and geocoded features,
with expected outcomes defined as a hotspot map using ModelBuilder, a designated
toolbox for leakage modelling. The results were validated against satellite imagery. The
capital city leaked up to 70 t per year into the main river; a small town with major water
infrastructure leaked 45 t; and a small town with less waterway access leaked 1.8 tons
annually. Plastic accumulation sites accounted for more than 200 items in these cities.
The measurement was enhanced by using rough approximations with a container of
known capacity, and the plastic exposure in the open environment was estimated to be
approximately 220.38 L. Open land, newly developed areas, outskirts, and areas
connected to neighbouring cities are vulnerable areas, and their management requires

collaboration with neighbouring cities.

Keywords: Plastic waste, Material flow analysis, Hydrology, Mobile-app, Socio-

economic
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1. INTRODUCTION
1.1 Background

Plastic waste has become a major
concern, and an integrated and strategic
approach has been adopted to deliver
preferable decision-making baselines.
Plastic waste is ubiquitous in amounts that
overwhelm the open environment. Here,
the spatial-scale context was introduced to
enhance the current leading solutions.
Developing national-scale action plans for
plastic  waste

management requires

addressing gaps in plastic waste
monitoring systems. The policy brief of

the National Action Plans in plastic lacks

the support of effective, consistent
monitoring (March et al, 2023).
Consequently, coordinated and

maintained action plans are one of the
keys to robustness in addressing the

plastic waste issue.

Consistent plastic monitoring has been
achieved using geographical modelling to
incorporate data sharing into plastic waste
management (The World Bank, 2021).
Several regional approaches to geospatial
information have been implemented in
waste management. For example, plastic
monitoring has been compiled in the water
cycle and contexts
(Gonzélez-Fernandez et al., 2021; Nihei et
al., 2020; van Emmerik et al., 2022),

encompassing the demographic context of

hydrological

behavioural waste management
(Gonzélez-Fernandez et al.,, 2021;
Jambeck et al., 2015; Sakti et al., 2021;

Schuyler et al., 2021), and seasonal

Article
monitoring of plastic discharge (Rinasti et
al., 2023; van Emmerik et al., 2019). Most
approaches have been coupled with the
local policy context (National Plastic
Action Partnership, 2020); however, they
lack advocacy for the central government

as a national action plan.

This study defined the best-fit and
replicable workflow for a plastic waste
model, covering a city's demographic,
natural setting, and waste management
hierarchy. The model and mapping
incorporate data input from fate analysis
based on waste management assessment,
survey-based input, and spatial-numerical
modelling. The plastic that ends up in an
open environment due to both intentional
and inadvertent disposal is referred to as
"plastic leakage" in our definition of the
workflow. The workflow was developed
to be replicable and scalable and can be

updated to deliver consistent monitoring.

1.2 Overview

In modelling and mapping plastic
waste with the aim of an integrative
approach, the workflow identifies
different fates, such as land, waterways,
and marine environments (Rinasti et al.,
2020). End-fate is a clear definition that
stakeholders agree upon under the Global
Definition of the Plastic Treaty (Castillo et
al., 2023). To address this, calculations in
the model are required to include waste
management statistics and the Earth’s
phenomenon quantification model (Royle
et al.,, 2022). Plastic waste is strongly

correlated with demographic information,

Asian J. Geoinfo. 24

AJG-2311001-2



AJG

)

including population density, location of
settlement areas, and land use in a social
context (Tran-Thanh et al., 2022). Several
studies have implemented urban area
models, and satellite-detected night-time
light (Levin et al., 2020) has become an
accepted representation of  the
demographic context, where integration is
needed with scenario implementation
using slum context modelling (Kuffer et
al., 2016). Therefore, the indicative fate

can be derived from the population model.

Modelling the plastic fate requires the
elaboration of its natural setting to
incorporate monitoring. Plastics are
lightweight, and monitoring their fate
requires an understanding of controllable
and uncontrollable measures in the
environment. The model was developed at
a hydrological scale to address the
baseline information of rainfall (van
Emmerik et al., 2019), storm surges,
floods, and slope failures, which are
common in Southeast Asia (Feeny et al.,
2022). Flooding events are commonly
modelled using morphometric analysis to
include water flow (Abdel-Fattah et al.,
2017),

models, and monitoring at floodgates.

compliance with hydrologic
Flooding can cause plastic to scatter and
block (Honingh et al., 2020), so it is
desirable to monitor precipitation and
flood-prone models based on flood
records for a certain period (van Emmerik
et al., 2023). The model's construction in
the local context is compromised by
plastic debris and obstructions that result

in flooding.

Article

2. MATERIAL AND METHODS

2.1 Data Collection

We collected data through stakeholder
consultations, field surveys, and records.
The first three methods were incorporated
into primary data collection. To compile
the data requirements, we were supported
by local partners to obtain primary and

secondary data.
2.1.1 Data Requirements

Data categories were set according to a
previous study (Tran-Thanh et al., 2022),
where plastic leakage was identified in the
Lower Mekong River Basin. The data
categories were grouped into static,
dynamic, and natural indicators, which
explained that the status of the city as
static, compiled with time-stamp data as
dynamic data, and incorporated with the
natural indicators, such as natural-setting
condition records. The following data
requirements were adapted from the
Guidelines for the Monitoring and
Assessment of Plastic Litter in the Ocean
(GESAMP Joint Group of Experts on the
Scientific Aspects of Marine
Environmental Protection, 2019), where
the focus of identification was
(> 5 mm). The data

requirements are listed in Table 1.

macroplastics

According to the baseline case study of
the city in a previous analysis (Rinasti et
al., 2022), in which waste management
assessment was deployed using a Waste
Flow Diagram (Cottom et al., 2020), a gap

analysis was used to develop a different
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scenario according to the data compiled
from the local conditions. Gap analysis
was conducted by reviewing the baseline
data on the waste management conditions

present in the city which were used in

order to understand the leakage scenario

calculation. The data used in the
scenario  mapping include plastic
consumption, leakage from plastic

manufacturing, and clean-up practices.

Article
The information for the scenario is
included in the process of leakage

quantification under the Waste Flow

Diagram. Information was obtained
through stakeholder consultation with the
City Development Committee using a
questionnaire regarding plastic waste
management conditions, including the
practices and management facilities in

each township.

Table 1: List of data category required

gross domestic

to approach the economic

Categories Data Data Description Collection Methods
Static Population Distribution of population (Primary)
density and density per area defined in the National population dataset;
residential types | ward or village level. Dataset Population distribution
can be presented by using dataset;
tabulate data. (Secondary)
WorldPop (global dataset
population density)
Nightlight Distribution of nightlight in one | (Primary)
imagery and city depicted in a raster dataset Report or statistical data per

ward according to the

land use area in the city at least
consists of:
— Residential area
— Vegetation or plantation
— Commercial area
— Waterbodies

product aspects in the area. national statistics.
The data combined from the (Secondary)
remote sensing data (in raster) Obtained  from  USGS
and local status regarded the (United States Geological
income. Survey)

Land use Distribution of building area and | National mapping agency;

Public housing authority

Asian J. Geoinfo. 24

AJG-2311001-4




AJG

growth rate

individuals in the population
increases during each period.
The population growth rate's

unit is a percentage per year.

Article
Categories Data Data Description Collection Methods
Waste Average number of waste Environmental service
generation generation per ward in the city authority
Plastic value Data from the commercial Point location of the
chain activities include industry, food | facilities in GIS format
and beverage, tourism, (.shp);
accommodation, institutions, etc. .
Statistical and open-source
The activities are referred .
reports from respective
to the common people .
companies
gathered, opposite from the
residential activities.
Infrastructure Location of commercial area (Primary)
area distribution along with the National mapping agency;
accessibility network dataset (Secondary)
(road) OpenStreetMap
Municipal Solid | Locations of facilities and waste | Environmental services
Waste (MSW) management coverage areas sent | authority
facilities to the respective facility
Dynamic Population The rate at which the number of | Report or statistical data per

ward according to the

national statistics.

Littering Record of the field survey Primary data collection
activities containing of plastic waste from using Mobile
accumulation appearance in the | Application for
environment. Macroplastic Survey
Data record must contain
geolocation in order to map as
the distribution.
Cleanup Existing regulated plastic waste | Primary data collection
frequency reduction program and from using Mobile

addressed area according to the

report in statistics.

Application for

Macroplastic Survey
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stations and

rainfall rate

daily basis from the station of

meteorology in the city

Article

Categories Data Data Description Collection Methods
Natural River network The network of main river, (Primary)

stream, and the tributary in the National mapping agency

watershed. (Secondary)

Data should represent the HydroSHEDS

distribution of delineated area

(line or polygon) in GIS format

(.shp).

Meteorological | Recorded rainfall rate (mm) ina | (Primary)

Meteorological authority

(Secondary)
CHIRPS v.2

Soil erosion

record

Recorded area of soil erosion
(mainly in the riverbank area —

close to the river) within period,

extent to river catchment impact.

(Primary)
National disaster

management authority

(Secondary)
Global Soil Erosion

Flood record

Recorded flooded area of
flooding events, perpetually in
the past 10-year period in the

area.

Statistical data of flood
record and map of flooded
area from national

meteorological agency.

2.1.2 Primary Data Collection

at the city level.

Primary data were collected via visual
assessment using a mobile application for
macroplastic surveys (Geoinformatics
Center, 2023). Based on a previous study
by Tran-Thanh et al. (2022), we identified
the locations of plastic accumulation as
artificial barriers, littering spots, and
uncontrolled dumpsites. These locations
imply that different types of plastic waste
environments,

accumulate in  open

including land- and water-based activities,

The measurements were calibrated
based on an estimate using a tape measure.
Calculations were required to measure the
accumulation length, width, and height of
littering spots and uncontrolled dumps.
The measurements of the artificial barrier
types were estimated based on a 20 L
water gallon container as calibrated

measurements in the field.
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2.1.3 Secondary Data

Secondary data were obtained from
free open-source data and local partners in
the respective cities. We prioritised open-
source city-level data over national- and
global-scale data. Most open-source data
was compiled from geospatial data. Local
partners contributed to delivering village-

to-city-level data from local authorities.

The  analysis integrated  three

approaches (local, global, and self-
production) using 29 data sources. Local
approaches refer to the data obtained and
recorded at the city level. Local data were
primarily obtained from local partners
through national data portals or relevant
authorities, such as the

Information Management Unit (MIMU),

Myanmar

Department of
and City Committee

Hydrology and
Meteorology,
Development. Data were reordered from
legacy data from 2010 to the most current
data.

The global approach represents global-
to national-level data, mainly accessible as
open-source data. In this study,
demographic and social distributions were
represented by global-scale data using a
combination of population density
products (Kemper et al., 2021; Meta &
CIESIN, 2019; WorldPop, 2020), which
were combined with Land Cover and
Global Land Analysis and Discovery Lab
(GLAD) data from Esri (Esri, 2022;
Potapov et al.,, 2022). To perform a
detailed analysis of the type of settlement

area, we used the Global Building Dataset

Article
(Maps, 2023) and compared it with the
SEDAC Global Gridded Relative
Deprivation Index (GRDI) v1 (Center for
International Earth Science Information
Network - CIESIN - Columbia University,
2022) to obtain dense population locations.
The actual conditions were provided by
the satellite images from the optical image
Sentinel-2, and the economic approach
was validated by the addition of nighttime
light data from VIIRS (Ghosh et al., 2013).

Some indicators, such as dynamic and
natural setting data, were collected in this
study. We used the locations of waste
management facilities, dumpsite areas,
rainfall rate distributions, and disaster
records. We used the advanced analysis,
which included comparisons and data
combinations, to determine the probability
of slum areas, river network distribution,
flooding and soil erosion, and drainage

morphometry.
2.2 Hotspot Analysis

The source hotspots were defined
based on the actual conditions of the city
according to their spatial distribution.
Leakage source hotspots were categorised
from very low to very high Ilevels
following a previous approach (Tran-
Thanh et al., 2022). A similar approach
was adopted for plastic waste leakage
source hotspots, in which the definition of
a hotspot was improved to include the
amount of waste leaked per tonne (Rinasti
et al., 2022). For the final process in the
initial analysis, the hotspot analysis

concluded with a weighted overlay of
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spatial information.

Hotspot analysis was performed in

three sequential steps: normalisation,

weight calculation, and density calculation.

Hotspots derived from the static data

calculation included demographic
information, accessibility, economy,
plastic ~ waste = management, and
regulations. Fuzzy analysis in

ModelBuilder in ArcGIS was used to
normalise the data between 0 and 1,
referring to the membership assignment of
static data from a previous study (Tran-
Thanh et al., 2022). The ModelBuilder
incorporated  simplification for the

scenario, data input, and leakage
quantification. Consequently, the hotspot

indicated an annual hotspot as a source

hotspot.

The normalisation steps included
rasterisation, fuzzification, and fuzzy
analysis. Rasterisation was used to

increase the reliability of the spatial
distribution of the information contained
in each dataset. The rasterisation method
primarily concludes with the conditional
actions of specific conditions. For
example, there is a high probability of
plastic waste generation in urban areas.
We also included a multi-comparison
analysis in which the conditions applied
the conditional actions

under were

evaluated by simply unifying the
supporting information. For example, the
location of an urban area was compared
with the locations of deprived settlement

areas, building footprints, and average

Article
nighttime brightness to indicate the area

prone to plastic leakage, as shown in Eq.

(D.

_ X1 X3 Xn Y;
ym o (Bt ) (5
Yo Yo Yo Yo
noob)_(a_m &)
70 o 3 T )
where

y = final probability of plastic leakage
yo = initial factors (e.g., urban area)
X, Yn, Zn = supporting factors (e.g.,
building footprints, night-time light
brightness)

Based on the sample equations,
comparisons were made to provide an
actual representation of human factors
influencing plastic waste generation. The
equation was applied to all data inputs to
improve the reliability of the data
representation. The results were analysed

using fuzzification to define hotspot levels.

Weight calculations were performed
based on the area of interest (AOI) at the
defined hotspot level during normalisation.
We used zonal statistics, in which each
in the raster data

pixel input was

calculated using the total wvalue
information based on the AOI For
example, the density of infrastructure
locations in a hotspot area was calculated
by comparing urban area hotspots and
geocoded locations of plastic waste
management facilities in terms of density.
The weight calculation results indicated
the source of plastic waste leakage

according to static conditions.
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Density calculation is the last step in
determining the specific hotspots of
plastic waste leakage. The initial results
from the hotspot sources and weight
distributions of the data input were
converted to point locations, where each
location was validated. We used optical
imagery to validate the location and
combined the analysis with land use data
to estimate the urban area. To validate the
plastic leakage area, we used the point
locations of the macroplastic survey
(Geoinformatics Center, 2023) as the

sampling locations.
2.3 Leakage Analysis
2.3.1 Hydrologic Models and Factors

We used base assumptions to model the
river morphology in the mathematical
model. In the early stages of hydrological
analysis, we generated the river as a
waterway distribution by comparing the
digitised data with the digital elevation
model. The network distribution of the
river was later analysed based on its
morphology to understand each catchment

area.

To be consistent with the underlying
hydrological factors, we identified them
based on rainfall records from weather
stations and imaging observations over a
four-year period. The purpose of analysing
this trend was to identify the three peak
months of rainfall for each monsoon in
Myanmar, where the four years of rainfall
maintained similar rates (Rinasti et al.,
2023). According to a study on tropical

climates, rainfall rates dominate the flux

Article
of water (Behara & Vinayachandran,

2016). Therefore, we analysed the rainfall

using the catchment area obtained earlier.

We included the natural hazard of
overflowing water using ten years of flood
records obtained from several sources,
such as local news, satellite analysis, and
terrain modelling. Using a hydrologic
scenario model with corresponding
artificial boundaries like construction sites,
bridges, and riverbanks, terrain-based
flow modeling was carried out. Flood
records were used to determine which
areas were likely to flood frequently over
the course of the year and which, given
their topography, were more likely to

experience flash flooding.

2.3.2 Riverine Analysis as Plastic

Leakage Pathway

At this stage, the results included
hotspot areas and hydrological models.
Riverine analysis was the final analysis
used to define plastic leakage input to the
river. We combined the findings with
proximity and morphometric analyses in
accordance with the scenario given in a
prior study (Tran-Thanh et al., 2022) and
by gathering the hotspots of plastic
leakage (Rinasti et al., 2022). Proximity
was used to define the buffer area of the
riverbank, and fuzzy membership
assignment was used to quantify the

probability leakage level.

The results obtained from leakage
quantification based on the waste
management assessment were used as

input for this stage. By processing the field
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data (input using the mobile application)
and using the material flow analysis from
the previous phase of modelling, we
accounted for the annual tons of leakage
defined for each fate. The results from the
mobile application were transformed into
density to determine hotspots based on the

accumulated evidence, which became the

data input for hotspot detection.

Finally, we compiled information using
the concept of spatial joining. The
provisioning method for the spatial join
improved the calculation of the
surrounding probability, which was
included in the statistical calculations. We
used spatial joining and elaborated on the
riverbank analysis by calculating the
hotspots in each river catchment. In this
study, we focused on river leakage
according to riverbank zones compiled
from buffered zone areas, based on the

types of settlements nearby.

3. RESULTS AND DISCUSSION

3.1 Initial Assessment: Source Hotspot

Each hotspot level represents the
vulnerability of the area to plastic leakage
and ranges from low to high exposure.
Hotspots are generally located in the
centre of the city. The hotspots explained
the development of human activity and the
inclusivity of demographic values, as
modelled in the priority list of the
methodology. A hotspot indicates the
probability of leakage in natural settings,
where plastic leakage has not been
identified.

Article
The source hotspot shown in Figure 1
is explained similarly; however, the actual
leakage was not detected. The resulting
hotpot (Figure 1) is a classified area with
a high probability of plastic waste
generation, owing to its pattern of plastic
consumption and notorious activities,
including commercial and residential
areas. The commercial area indicates
economic growth, and the residential area
emphasises plastic waste generation, both
of which imply the development of plastic
waste (Lebreton and Andrady, 2019;
Nyberg et al., 2023). We used nighttime
light indicators and population datasets to
identify areas with higher economic
growth (Ghosh et al., 2013).

Using the mobile application, we
determined the factors affecting the actual
hotspots of plastic leakage. The mobile
application selects locations based on a
survey. Approximately 370 sampling

locations throughout the city were
identified as plastic disposal accumulation
sites. The results were incorporated as
factors for hotspot detection. Figure 2
shows the distribution of accumulated
plastics visualised as a heat map per

kilometre (km).

The heatmap level indicates the dense
location of the accumulation, according to
the field survey. We limited the survey to
one period during the dry season to ensure
efficient data collection among the cities.
The results indicated that litter spots were
spread mostly in commercial zones,

especially in busy areas of commercial
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zones. This implies that source hotspots

can be evaluated using a sample of plastic

106907 10790 1079200 10720500 10860

1087

Article
waste accumulation based on the sampled

locations.
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T880c
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Figure 1. Source Hotspot Level of Plastic Leakage (left to right: Yangon, Mawlamyine,

and Pathein, Myanmar)
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Figure 2. Heatmap of Accumulated Plastic based on Field Survey (left to right: Yangon,

Mawlamyine, and Pathein, Myanmar)

3.2 Plastic Waste Accumulation from

Survey

From the waste management
assessment at the city level, we included a
methodology using a Waste Flow Diagram,
showing that approximately 25.8% of the
leakage arose from mismanagement in
disposal facilities. The waste flow is
depicted in the Sankey Diagram in Figure
3, which provides an example of the
plastic leakage flow assessment that forms

the input for the actual hotspot detection.

Plastic waste leaked about 13,738 tons
in Yangon, Myanmar, implying that more
than 50% of the waste was retained on
land. Plastic leakage identified from the
collection, rejection  from  waste
management facilities, and disposal of
uncollected waste directly end up in an
open environment. Here, we limited the
identification of leakage based on the
target area in land, water, and input to the
drains to evaluate the unprocessed leakage
to the

emphasised that 7,064 tons of plastic

environment. The results
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leaked into the land and 1,262-5,162 tons hotspots.
per year leaked into the waterway fate
Plastic Waste Flow - Yangon
Complex Sankey diagram- All flows are in tonnes/year
- Informal value chain collection: 626 I Sorting by formal sector: 10,104 « Energy from Waste: 3,285

- Sorting by informal sector: 621 I Sorted for recovery: 6,826

MSW Generation: 196,230
Collected by service providers:189,875 Retained at disposal site: 172,381

Disposal: 175,930

1 Land: 7,064

1 Uncollected: 5,729 1 Water: 5,162
] Unmanaged: 13,738 - Burnt: 249

- Drains: 1,262

SankeyMATIC

Figure 3. Sankey Diagram of Plastic Waste Flow in Yangon

Table 2. Survey on Plastic Waste Accumulation at each sampling site in Yangon

Artificial barriers Littering spots Uncontrolled dumpsites
Survey
i Average Average Average
location Point | % 8 Point % 8 Point % 8
vol. (L) vol. (m?) vol. (m?)
Yangon 26 15% | 2204 113 65% 1.3 34 20% 35.5
1. All 1. Takeaway containers 1. All
2. Food wrapper and | 2. All 2. Food wrapper and sachet
Dominant | gachet 3. Food wrapper and sachet | 3. Takeaway containers
type of | 3. Takeaway containers | 4. Beverage bottle 4. Beverage bottle
plastic 4. Beverage bottle 5. Other plastic bags and | 5. Grocery bag
5. Other plastic bags and | sheets
sheets

The survey questions are available at survey detected 370 locations in the three

https://arcg.is/1LbjqO. In this survey, we cities, with details of numerous plastics

expected there to be more littering spots disclosed as leakages in the open
found in commercial areas due to the environment. Table 2 presents the survey
intensive activities around them. The findings for Yangon. The amount of

mobile application for the macroplastic =~ accumulated plastic waste was estimated

Asian J. Geoinfo. 24 AJG-2311001-12
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Based on the survey and questionnaires
administered to stakeholders, we found
that the leakage of general types of robust
plastics was profound. However, plastics
in the environment are dominated by
takeaway containers in relatively small
areas of accumulation (i.e., littering spots),
with an average volume of less than 1 m3.
As shown in Table 2, littering spots
accounted for 65% of the total plastic
accumulation locations at the city level.
The conclusions from the mobile app
survey and the findings clarified the
assessment of plastic waste consumption
habits, which enlarged the scope of

leakage modelling.
3.3 Riverine Plastic Leakage

Based on the leakage scenario and
model input, we concluded that static
riverine plastic leakage occurred within
one year. A static period of one year was
delivered based on the survey data input.
The data were then summarised into a
whole-year estimate. The input into the
one-year prediction scenario included the
city condition based on the results in
Figure 1 and was developed in the pixel-
based model shown in Figure 4. Thus,
riverine  plastic  leakage  provides
indicative information on the possibility or
scale of plastic leakage (e.g., 10 km of a

river can leak approximately 2—5 tons per
year).
A heat map was developed after

applying the use case based on the actual

waste management status of the city. The

Article
heatmap results refer to the volume
composition shown in Table 2, where the
sampled area was exposed to an
accumulated amount of plastic waste. To
distinguish between hotspots, Figures 5—7
depict the hotspots of each township and
the extent to which the hotspot levels may
be affected. The hotspot area describes the
level of exposure to plastic leakage as a
source of land-based activities, according

to Tran-Thanh et al. (2022).

Plastic leakage occurred in different
areas but was prevalent in the tributaries
and mainstream areas. The representation
of the mainstream was based on the
hydrological factors modelled in the
mainstream of the city, the hydrologic
scenario in the mainstream areas, and the
high dependency on increasing flow
velocity in some regions, as shown in

Figure 4.

The water surface and river depth were
determined as the flow velocities that
addressed the

catchment area in the

catchment area. The

sub-basin
(approximately 111 sub-basins in Yangon
are plastic catchments) represents the
plastic outflow to the water bodies. We
highlight that the vast water flow in the
northern part of the Yangon sub-basin may
have caused a higher plastic flow to the

city centre, as shown in Figure 5C.

We defined the main stream area as the
general conclusion of a city's riverine
plastic leakage state. According to the
plastic leakage estimation by Alencar et al.
(2022), robust detection can be achieved
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using the mainstream method. We

conclude that the focus should be on

10680020 10685000 1069200 10695000 10700200 10705020

Article
deliverables with respect to leakage

concentrations in mainstream areas.

10710000 10715000 10720000 10725000 10730000 10735000
n L ! L

188500 1890050 1895010 190090 19050 19100 1915000

18800

-

Low High
Velocity Flow d
B ]

Sub-Basin Cat.
Sub-BasinArea

Figure 4. Increasing Flow Velocity in Yangon River Mainstream

Accumulation of Plastic Input to Waterway
0 3 8 15 32 70

Leakage(ton) [

B.High

Wier accumulation with low hotspot

Y A
A.Leakage detection inthe outskirt area

Average Level of Hotspot in One-year

C Lowaccumulation in high hotspot

D.Near the source of macroplastic
survey findings

Figure 5. Highlighted Type of Leakage Pathway in the River: Yangon, Myanmar

3.4 Quest for Plastic Leakage Pathway

in Different Cities

The plastic leakage findings in different
cities varied based on the characteristics of
each city. Defining the plastic leakage
state  improves additional analysis
requirements and develops the state of
each category. This study investigated the
effects of Yangon, Mawlamyine, and

Pathein.

3.4.1 Yangon

Yangon covers 598.75 km2 and has a
population of more than 5.1 million.
Yangon is the largest city in Myanmar and
is highly likely to generate a significant
amount of waste. Based on a survey of 33
townships, it was estimated that Yangon
may experience up to 70 t of plastic
leakage into its rivers annually. The
riverine leakage map in Figure 5 shows

different colours indicating the extent of
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the impact on the waterway, with darker

shades indicating higher levels of leakage.

The details of the different types of

leakage found in Yangon are as follows:

A. Leakage detection in the outskirt area
The outskirts of Dagon Township and
newly developed areas in Yangon
showed high levels of plastic leakage,
but no nearby hotspots were detected.
This implies that the leakage may have
been caused by land-based hotspots

outside of Yangon.

B. Anomality of high accumulation in the
waterway with low or no hotspot
A high probability of leakage was
detected in the mainstream of Yangon,
suggesting the presence of undetected
leakage hotspots outside the coverage
area flowing into the respective rivers.
The lighter-coloured line indicates the
possibility of leakage from suburban

estimated to be

areas, which is

approximately 8—15 t annually.

C. Low accumulation at the indicated high
hotspot area
The area displayed in Figure 5C is more
prone to hotspots, owing to increased
human activity and commercial spaces.
Good management in the area may
solve the lower categorised leakage to
the identified waterway and reduce the
pressure and amount of leakage to the
nearby river. Figure 5C shows the high

hotspot intensities based on the results

Article

of the macroplastic survey, which

identified  locations  with  high
concentrations.

D. Leakage near the source of
macroplastic survey using the mobile
app

Different types of plastic waste were
discovered through surveys conducted
in this area. This area is an example of
how hotspots contribute to the leakage
the main

of plastic waste into

waterways.
3.4.2 Mawlamyine

The second city is a coastal island
located in Mon State, close to the border
with Kanchanaburi Province in Thailand.
Mawlamyine has 223,017 inhabitants and
is a town with an area of 72.69 km sq.
Based on the conditions in Mawlamyine,
high hotspot identified

primarily in the proximity of the main

areas were
roads connecting other islands, towns, and
regions. Calculations based on the Waste
Flow Diagram estimated that
leaks 151
plastic waste into the water system. The
identified 108

locations as accumulated points of plastic

Mawlamyine tons/year of

macroplastic ~ survey
waste in the open environment, indicating
a concentrated leakage area at the artificial
barriers, where a general hotspot in coastal
cities was identified. The relatively well-
managed coastal area of Mawlamyine has

different types of leakage.
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Figure 6. Highlighted Type of Leakage Pathway in the River: Mawlamyine, Myanmar

A. High leakage area to the mainstream
Figure 6A shows the leakage flow into
the Ataran River, which empties into
the Thanlwin River. The leakage input
was estimated to be from the

tributaries of the Ataran River to its

mainstream, up to 1.64 tons annually.

B. High hotspots with no leakage to the
waterway were detected
The area mapped in Figure 6B found
about 18.93 tons/year of land-based
leakage. In this area, the water body
in no
The

accumulation of plastic leakage was

was unidentified, resulting

leakage into the waterways.
not detected during the macroplastic
surveys. The area shown in Figure 6B
is well-managed, with a low chance of
unsound disposal of plastic into the

environment.

C. High-hotspot area with lower leakage
in the port area
Figure 6C depicts the high hotspots in
the port area, indicating the locations
of significant dynamic human activity
throughout the years. The discovery of
in field

surveys confirmed this finding.

artificial barrier locations

D. Hotspots and macroplastic survey

findings

Leakage mapping identified 10.7-14.3
tons/year leakage in the area shown in
Figure 6D. Figure 6D shows the
commercial zones crossed by main
roads and bridges from other regions.
The this
consistent with the findings of field

results for area were
surveys and significantly contributed

to the maximum leakage of

Mawlamyines.
3.4.3 Pathein

Pathein is a densely populated urban
area with a city centre at the mouth of the
Pathein River. It has a main road

connecting nearby cities, including
Yangon, which is Myanmar’s largest city.
Based on the natural conditions in Pathein,
a hotspot was identified near the Pathein

River area in the city centre.

Owing to the extensive network of
waterways throughout the city, Pathein is
highly susceptible to plastic waste leakage,
mainly as it flows into the mainstream
(Figure 7D). According to calculations
based on

and proximity analyses

waterway  distribution,  Pathein s
estimated to leak approximately 45.1 tons
of plastic waste annually, which is
significantly higher than the plastic

leakage in Yangon and Mawlamyine.
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Despite its small size, the population
density of Pathein was higher than that of
Mawlamyine. Furthermore, it has been
estimated that Pathein could leak up to

41.65 tons of plastic waste into land-based

open environments.

A. Low leakage with no hotspot detected
in the outskirt area
The outskirts of Pathein, crossed by
tributaries of the Pathein River in the
eastern part of the city, developed an
undetected  leakage  with  no
surrounding inhabitants (Figure 7A).
According to this, hotspot detection
typically  yields  the

determined in the areas under the

quantity

jurisdiction of waste management

authorities.

B. Hotspot within the main road
A source hotspot was identified along
the main road (Figure 7B), which
significantly contributed to the

leakage. The model estimated that

Accumulation of Plastic Input to Waterway
0 0.22 44.8 45.1

Leakage (ton) l

A.Low leakage with no hotspot detected

inthe outskirt area B. Hotspot within the main roads

Article
approximately 16.27 tons of plastic

waste leak annually from land-based

activities along roads.

C. High leakage is detected and flows to
lower hotspots
The leakage findings suggest that
plastic waste may flow through the
waterway to hotspots lower in the
catchment (Figure 7C). The map
illustrates the correlation between the
origin of the leakage and the intensity
of the hotspot area in the city centre.

D. High hotspot near mainstream as the
leakage input
The leakage pathway accumulation
map shows that the mainstream flow
in Pathein is highly susceptible to
plastic leakage. The hotspot located in
its proximity, estimated to generate
32-41.6 tons/year, may significantly
contribute to plastic waste entering the
Pathein River.

Average Level of Hotspot in One-year

C.High leakage detected flows to
lower hotspot

D.Higher hotspot near
the mainstream as the leakage input

Figure 7. Highlighted Type of Leakage Pathway in the River: Pathein, Myanmar

4. CONCLUSIONS

Plastic leakage mapping helps monitor
plastics and plan actions for cities. Our
extent of

analysis focuses on the

geographical coverage and vulnerable

areas with respect to compliance with
national action plans. By improving the
model at the city scale, the annual plastic

leakage into rivers can be estimated.

The accuracy of the annual WFD
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(Waste
significantly affects the leakage mapping

Flow Diagram) assessment
results. Furthermore, by updating the data
on the WFD assessment and mobile app
surveys, for example, based on monthly
surveys carried out using mobile apps, the
accuracy of the leakage mapping can be

improved.

We attempted to improve the mapping
using several enhancements for the final
assessment. A smooth  validation
workflow is required to improve the
model, correct the sequence survey results,
and develop a threshold model for the

scenarios.

This study concludes that different
regulations can be implemented under this
model by modifying the toolbox and
scenario  for waste
The model

workflow can be incorporated into the

developing a
management assessment.
forecasting of plastic waste reduction
strategies (e.g., a plastic reduction of 10%
in general). In future, waste management
scenarios will undergo a comprehensive

evaluation on a citywide scale.
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