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Abstract This study investigated the microplas-
tic pollution of surface waters in and around the most
populated and urbanized city in Sri Lanka from 2019
to 2022. The sampling regime was designed to cover
the rainfall-driven hydrology and varying levels of
urbanization approximated by the built area fraction.
Mass and particle concentrations of microplastics
ranged from undetected to 0.01 g/L (average +stand-
ard deviation: 0.00464+0.00528 g/L) and from 2 to
36 particles/L (5.3+6.9), respectively. The highest
microplastic pollution was observed in the lake; how-
ever, in many cases it was without a statistically signifi-
cant (P<0.05) difference with canals. Concentrations
in the dry state (i.e., at least 30 days after no rainfall)
were about 1.5 times more than the wet state (i.e., at
least 50 mm/day rainfall for 10 days) in the lake and in
the semi-urban canal, but again, the differences were
not significant; however, in urban canals, the concen-
trations were similar in both states. Over 80% of the
microplastics were fibre and fragments. Mass concen-
trations of microplastics showed moderately positive
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(Pearson’s r>0.6) correlations with the built area
fraction of the contributing catchment in both states
but was significant (P<0.1) only in the dry state. In
the case of particle concentrations, none showed even
a weak correlation. The independence of microplas-
tic content against built area fraction and rainfall, as
well as twice the concentrations found in point source
inputs against the surface waters, gave the following
insights. Microplastic content in our study area was
governed mostly by the modified catchment hydrol-
ogy spearheaded by stormwater drainages (some cases
trans-catchment) and diffusion factors such as non-res-
idential population.

Keywords Built areas - Microplastics - Point
sources - Rainfall - Sri Lanka - Urban water bodies

1 Introduction

Plastic products are extensively manufactured and
utilized by people in every corner of the world due
to unique characteristics such as its lightweight,
heat and electrical insulating properties, resistance
to corrosion, ability to manufacture products of dif-
ferent shapes and colours, and low cost compared to
products made of alternative materials (e.g. wood
and metal) (Bujnicki et al., 2019; Deng et al., 2020).
However, inappropriate disposal of plastic products
has triggered severe environmental and health con-
cerns (Wang et al., 2018; Bujnicki et al., 2019; Prata
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et al., 2021), and this is alarming when plastic pieces
are small (diameter less than 5 mm are collectively
identified as microplastics; Di and Deng et al., 2020).
Both intentional (primary) and unintentional (sec-
ondary) production of microplastic over time have
become a huge concern due to their ubiquitous occur-
rence in the atmosphere, lithosphere, as well as in the
hydrosphere, posing a high possibility of entering the
biosphere through food chains (Bujnicki et al., 2019;
Prata et al., 2021). Microplastics tend to accumulate
inside humans and animals causing long-term health
impacts (Miller et al., 2020) and destructive changes
in growth characteristics, reproduction, behavioural
characteristics, and even mortality (Bujnicki et al.,
2019; Prata et al., 2021). Microplastic pollution in
the oceans has adversely affected the growth and
photosynthetic performances of hermatypic cor-
als (Reichert et al., 2019). Detection of microplastic
in fish species (Miller et al., 2020), human faeces,
plants, and consumable food products (Bujnicki et al.,
2019) has urged further study of microplastic occur-
rence and the necessity of taking regulatory meas-
ures. Even though microplastic pollution has endan-
gered all the spheres in the environment, pollution
of the hydrosphere (water bodies) is more critical as
it has the potential to spread the pollutant to other
spheres easily due to its direct connectivity (Gomes
et al., 2014).

As water is one of the most essential components
for all living beings and is limited in both quantity and
quality in many parts of the world, many research-
ers have investigated microplastic pollution in water
bodies (Deng et al., 2020; Di & Wang, 2018). Early
studies including one by Carpenter and Smith (1972)
focused on the marine environment and coastal eco-
systems (Ivar Do Sul & Costa, 2014; Luo et al., 2019;
Zhang et al., 2020a, b; Zhang et al., 2021). Previous
studies have repeatedly confirmed the occurrence of
microplastics in ocean bottoms, shorelines, reefs, and
aquatic life (Sharma & Chatterjee, 2017; Luo et al.,
2019; Nie et al., 2019; Peixoto et al., 2019). Interest-
ingly, pollution has been even propagated into regions
with fewer inhabitants, for instance, the Arctic and
Antarctic (Bujnicki et al., 2019), and also in inland
surface water bodies (Di and Wang, 2018; Wang
et al., 2018; Ding et al., 2019; Zhang et al., 2018;
Deng et al., 2020).

With the increased attention to microplastic pol-
lution on a global scale (Yu et al., 2018), several
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studies (e.g.Koongolla et al., 2018; Wijethunga
et al., 2019; Ranatunga et al., 2021; Dharmadasa
et al., 2021) have been undertaken to assess the
degree of pollution in Sri Lanka as well. However,
most of these studies are limited to the coastal
waters or ecosystems. As an example, Koongolla
et al. (2018) assessed microplastic pollution in
water and sand along a 91-km coastal region of
Southern Sri Lanka and were able to detect micro-
plastic in the sand and water in 60% and 70% of
the sites, respectively. Dharmadasa et al. (2021)
observed water and sand of a protected marine area
in Southern Sri Lanka to include polythene, poly-
propylene, and polystyrene as dominant polymers
with the dominant shapes being fragments and
filaments, and with over 40% of the microplastics
being oxidized. Previous studies had also reported
the occurrence of microplastic in planktivorous fish
species depicting vulnerability and adverse health
impacts on aquatic biota and marine biodiversity
(Ranatunga et al., 2021; Wijethunga et al., 2019). In
addition to the microplastic pollution in water and
sand in coastal regions, researchers had reported the
microplastic contamination of raw salt and commer-
cial salt in Sri Lanka (Kapukotuwa et al., 2022).

The comprehensive literature review by us
revealed that the research on microplastic pollution
of inland water bodies, even in highly urbanized
regions of developing countries where such pollu-
tion is possible, is limited and even the handful of
studies that have been done have not reached inter-
national publications. Therefore, this study fills an
important research gap by studying microplastic
pollution of a developing/emerging lower middle-
income country, which we consider would be analo-
gous to countries with similar geo-political and cli-
matic conditions. It should be noted that there are
over 150 developing countries which has about 85%
of the world population.

The first objective of this study was to investigate
the microplastic pollution in terms of mass and par-
ticle concentrations and their composition referring
characteristic surface waterbodies in and around the
commercial capital (Colombo) of Sri Lanka. The
second objective was to identify the hydrological
impacts on microplastic pollution referring the rain-
fall and point source water inputs. The third and final
objective was to investigate whether urbanization is
correlated with the microplastic pollution.
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2 Materials and Methods
2.1 Study Area

Samples were collected from three characteristic
surface water bodies namely the Beira Lake network
(one lake was sampled), the Dutch Canal network
(five canals were sampled), and Talangama Canal.
Beira lake and Dutch Canal networks are connected
to the sea; therefore, in certain sections at certain
points of time, the water can be brackish, whereas
Talangama Canal is strictly freshwater (Fig. 1a—b).
As per water quality observations (Table 1), it was
conspicuous that all three water bodies, especially
Dutch canal network and Beira Lake, are nutrient,
and sediment polluted.

Fig. 1 Locations of sam-
pled waterways (a—b) and
photographs of Southwest
Beira Lake (c), Kirulapana
canal of Dutch canal net-
work (d), and Talangama
canal (e)

Beira Lake is situated at the centre of Colombo,
Sri Lanka (Fig. 1lc). Beira Lake occupies a
0.65 km? area and is surrounded by many com-
mercial, industrial, and residential buildings, which
may trigger uncontrolled pollution of the lake
water and immense risk to aquatic species (Weeras-
inghe & Handapangoda, 2019). According to its
geographic layout, the lake is divided into four
main basins such as Southwest Lake, East Lake,
Galle face Lake, and West Lake. In this study, sam-
pling was done in Southwest Lake (6°55'03.4"N,
79°51'09.3"E). Beira Lake is connected to the
Indian Ocean from Galle Face Lake and to Kelani
River (one of major rivers in Sri Lanka) through
the Saint Sebastian canal. Over 90% of the appar-
ent catchment of Beira Lake is built.
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Table 1 Water quality of Dutch canal network, Talangama Canal, and Beira Lake

Dutch Canal Talangama Canal Beira Lake

Wet Dry Wet Dry Wet Dry
Dissolved oxygen (mg/L) 4427 5.1(1.2) 5.4(1.3) 5.2(0.9) 43(1.1) 4.4 (0.8)
pH 7.0(0.24) 6.7 (0.55) 6.7 (0.39) 6.5 (0.64) 9.2 (1.60) 8.65 (2.00)
Electrical conductivity (uS/cm) 259 (96) 261 (44) 131 (23) 150 (28) 302 (75) 550 (78)
Total solids (mg/L) 226 (106) 313 (47) 264 (136) 275 (110) 224 (125) 133 (79)
Total suspended solids (mg/L) 34 (13) 25 (12) 57 (57) 76 (71) 201 (50) 35(29)
Temperature (C) 21 (0.54) 24 (1.60) 23(0.43) 24 (0.65) 22 (0.52) 26 (1.20)
Turbidity (NTU) 21(9.3) 14 (5.1) 53(52) 97 (80.8) 135 (50.0) 38 (45.0)
Nitrate-nitrogen (mg/L) 1.60 (1.00) 0.79 (0.37) 2.30 (0.85) 1.76 (2.20) 2.20 (0.60) 2.50 (1.10)
Ammoniacal-nitrogen (mg/L) 2.30 (2.60) 1.30 (0.93) 0.28 (0.19) 0.43 (0.19) 2.50 (0.50) 3.10 (0.90)
Soluble reactive phosphorus (mg/L) 0.75 (0.71) 0.28 (0.20) 0.49 (0.28) 0.29 (0.07) 0.90 (0.20) 0.70 (0.30)

The Dutch canal network was built by Dutch
(1658-1796 AC, but with subsequent modifications
up to date) covering Colombo city and its outskirts
(Fig. 1d). It consists of five major sub-canals: Dehi-
wala, Kirulapana, Kinda, Heen, and Dematagoda.
Dutch canal flows through the left bank of the lower
valley of Kelani River and is a major flood detention
zone of Colombo city (Gomes et al., 2019). Nearly
43.5% of the families in the vicinity dumped their
household garbage into the canal and associated
marshes about 25 years back and still to a lesser
extent this seems to be the case (Dehini, 2020). The
contributing catchment of Dutch canals is highly
urbanized, and at certain sub-catchments, the built
area fraction exceeds 90%.

Talangama Canal starts from Talangama tank
(06° 88.71'N, 079°94.74'E) and finally connects
to the Kelani River at Ambatale (06°93.80'N,
079°94.57'E) (Fig. le). The canal length is about
6 km and, in general, is straight. The purposes of
the canal are to drain excess stormwater to Kelani
River and for irrigation. As of now, nearly 100 acres
of paddy fields are irrigated by Talangama Canal.

These water bodies are about 1 to 7 km apart and
are subject to similar weather and climatic condi-
tions. Table 2 shows the general hydrologic details
of Kirulapana and Talangama canals. The study
area has wet and dry seasons governed by rainfall.
Dry seasons are from July to August and January
to March (on average each month gets less than 5%
of the total annual rainfall). Wet seasons are from
April to June and September to December (on aver-
age each month gets more than 10% of the total
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Table 2 General hydraulic details of Kirulapana (part of
Dutch canal) and Talangama Canal (parentheses show standard
deviation)

Parameter Kirulapana Canal ~ Talangama Canal
Wet Dry Wet Dry season
season  season  season
Velocity (m/s)  0.21 0.15 0.14 0.07
(0.02) 0.03)  (0.11) (0.04)
Depth (m) 0.88 0.87 0.58 0.45
(0.23) (0.18)  (0.30) (0.34)
Discharge (m/s) 8.3 5.0 0.61 0.29
(1.7) (1.3) (0.34) (0.20)

annual rainfall). Figure 2 shows the monthly rainfall
observed in Colombo from 2019 to 2022 (Depart-
ment of Meteorology, Sri Lanka, 2022).

2.2 Field Sampling Regime

The first author has been comprehensively studying
Dutch and Talangama canals since 2014 under vari-
ous study themes, ranging from water quality (Gomes
et al., 2019), macroinvertebrate distribution, and
ecological rehabilitation options (Dehini & Gomes,
2022). The studies related to solid waste pollution in
canals were started in 2017, where microplastic pol-
lution was part of it (Hiranya, 2019).

Sampling was conducted from 2019 to 2022
for the canals and in 2021 and 2022 for Beira Lake
(Fig. 2). It was hypothesized that surface hydrology
was an important factor in governing the microplas-
tic concentrations; therefore, sampling dates were
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Fig. 2 Rainfall and sampling schedule

selected after observing the rainfall. Such sampling
was done in the days after continuously high rainfalls
(at least 50 mm/day rainfall for 10 days; herein after
wet state) and in the days after prolonged no rainfall
periods (at least 30 days without rainfall; herein after
dry state). It should be noted that rainfall response
sample regimes are used in water quality studies,
especially in headwater catchments (Gomes & Wali,
2014) due to little or no lag in stream discharge in
response to the rainfall. Even though our study area
is not a headwater catchment, the response of canal
flow (or lake water depth) to rainfall is fast, similar to
that of a headwater catchment, due to anthropogenic
disturbances such as impervious surfaces and storm-
water drainage networks. Also, in many cases, the wet
and dry states of the catchment coincided with the
typical wet and dry seasons of the study area.

One sample for approximately every 100 m of
canal length was obtained in each sampling session
(thus one canal had at least three samples per ses-
sion). From Beira Lake, samples were collected at
locations about 50 m from the bank at every 200 m
along the perimeter. All point sources (culverts and
hume pipes, etc.) to these water bodies were classi-
fied into three size classes as low, medium, and high
based on the maximum flow rate they could accom-
modate (first 1/3, middle 1/3, and last 1/3), and rep-
resentative sampling was carried out for each group

Canals & Lake
(Dry season)

Canals & Lake  Canals & Lake
(Dry state) (Wet state)
Canals & Lake
(Dry state)

Sep  Nov  Jan Mar May Jul
2022

keeping the minimum number as two. In total in
each sampling session (wet or dry), 10 samples were
taken from Beira Lake. Such sampling for Dutch and
Talangama canals was started only in 2022. The flow
rates of point sources were calculated by two meth-
ods: the bucket method (dividing the bucket volume
by the time taken to fill) and Manning’s equation
(Subramanya, 2019).

To mimic the non-point source inputs (i.e. surface
runoff) 0.5 mx0.5 m areas of the catchment were
selected close to the Beira Lake banks (5—15 m from
the water level), and water was sprinkled to mimic a
rainfall (15 L over a 60 min period). This approxi-
mately corresponded to a 1-h annual maximum rain-
fall with an annual occurrence in Colombo (Sutha-
karan et al., 2014). In addition, samples were taken
from ponded paddy fields close to the Talangama
Canal.

Field blanks were also prepared during sampling
for Dutch canal network, Talangama Canal, and Beira
Lake in 2021 (wet state) and 2022 (dry state) sam-
pling (one blank for each water body were prepared
for a random site). In this regard, the same sampling
bottles (reagent HDPE bottles) were filled with deion-
ized water after washing the bottle twice with deion-
ized water in the same area where field sampling
was done. Similar procedure was followed to pre-
pare the laboratory blanks, where three blanks were
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prepared in the laboratory a day before analysis in
2022. The field blanks gave 0.3 +0.5 particles/L and
0.06x 1073 g/L of microplastics, whereas in labora-
tory blanks, microplastics were undetectable.

2.3 Laboratory Analysis

National Oceanic and Atmospheric Administra-
tion (NOAA) guidelines and methods (Masura et al.,
2015) were used to identify the amount of microplas-
tic in water, and this is one of the most widely used
microplastic extraction methods (Munno et al., 2018).
However, this method may result in underestimation
of microplastics due to chemical digestion and heat-
ing (Munno et al., 2018).

Water samples were wet sieved using 5-mm and
0.3-mm mesh-sized steel sieves. Then, sieves were
washed with deionized water to remove any residual
solid particles and salts. Dry weight of materials that
passed through 5 mm mesh and retained on 0.3 mm
were measured (after oven drying at 90 °C for 24 h).
Subsequently, the dried material underwent wet per-
oxide oxidation by first mixing with 20 ml of aqueous
0.05 M Fe (II) solution and then with 20 ml of 30%
hydrogen peroxide. After mixing with Fe (II) solu-
tion and peroxide, the mixture was kept for 5 min at
room temperature and heated up to 75 °C on a hot plate
fully covered with a watch glass. If the mixture con-
tained residual natural material, another 20 ml of 30%
hydrogen peroxide was added and repeated until all
were dissolved. A 6 g of NaCl was added to 20 ml of
the sample to increase the density of the solution and
heated until all salts were dissolved, kept in a density
separator overnight (i.e. at least 812 h). The bottom
of the density separator was observed for settled sol-
ids and/or microplastics. Settled microplastics were
collected by forceps from the bottom of the density
separator, and the rest were discarded. Floating micro-
plastics were separated using a glass microfiber filter
paper and were subjected to air drying. The mass of
the microplastics was then determined by weighing
the separated and air-dried microplastics. Microplas-
tics were observed via a 40 X Microscope (Zeiss primo
star Binocular Microscope-Germany) to confirm their
presence and counted using a colony counter (Galaxy
330 Colony counter, Rocker). It should be noted that
in the first two sampling sessions in 2019, microscopic
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observations were solely to understand the composi-
tion, not to derive the particle concentrations.

2.4 Statistical Analysis

All data are presented as mean + standard deviation,
unless otherwise stated. The assumption of normal
distribution and the homogeneity of variances were
checked using Kolmogorov—Smirnov and Levene’s
tests, respectively. Significant differences between the
two groups were realized by r-test, and for more than
two groups, one-way ANOVA with Turkey’s post hoc
test was used. The bivariate correlations were realized
via Pearson correlations. Significant differences were
realized at P<0.05 and P <0.1. For statistical analy-
ses, IBM SPSS V21 was used.

3 Results and Discussion

3.1 Mass Concentration of Microplastics in Beira
Lake and Point Source Inputs

Beira Lake’s dry state gave 1.5 times higher concen-
trations than the wet state, whereas in point source
inputs, the wet state was 1.8 times higher than the
dry; however, none of the differences were sig-
nificant (t-test; P>0.3) (Fig. 3). Same as the point
source concentrations, point source loads showed
twice as high loads for the wet state (0.002 vs
0.001 g/s in dry) with a better statistically significant
difference than that for the concentrations (z-test;
P=0.15). Even though not statistically significant,
these observations indicated the underlying gradi-
ents of microplastic pollution. High concentration
in the dry state was an indication of the role played
by the dilution and concentration processes of the
lake (Plew et al., 2018; Perera and Gomes, 2022).
High concentrations and almost double loads in
the wet season in the point sources were an indica-
tion of their influence (which are the outlets of the
manmade open channel drainage network) in shap-
ing the concentrations of the lake. This was why the
lake in the wet season was expected to have some
dilution with freshwater inputs via runoff and/or
point sources did not show a statistically significant
improvement relative to the dry season.
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Fig. 3 a Microplastic mass 0.035 +
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3.2 Mass Concentration of Microplastics in Canals

Figure 4 compares the microplastic concentrations
in each of the sub-canals of the Dutch canal network
and Talangama Canal. In comparison with the concen-
tration in the lake, the microplastic content in canals
was in many cases less and in a few cases with a sta-
tistically significant difference (e.g. compared with dry
state Kinda and Talangama canals, one-way ANOVA;
P=0.002<0.05). The highest microplastic concentra-
tion was observed in the Kirulapana and Kinda canals,
in wet and dry states, respectively. However, the differ-
ences in concentrations amongst Dutch canals were not
significant (one-way ANOVA; P>0.05). Talangama
Canal gave the lowest concentration, and it was signifi-
cantly lower than all canals except for the Kirulapana
canal in wet state (one-way ANOVA; P<0.05). The
variation of microplastic concentration amongst the
sub-canals was random, and it was difficult to iden-
tify any trend with respect to canal hydraulics. This
was the case along all Dutch canals as no trend (e.g.
increase in concentrations due to cumulative effect in
the longitudinal direction) was observed. It is typical to

Fig. 4 Microplastic mass 0.014 1
concentrations of canals in
wet and dry states

0.012 1

0.01 +

0.008 -

0.006 1

0.004

0.002 im
0 m

Microplastic concentration (g/L)

0.007 T
0.006 +
0.005 T
0.004 T
0.003 +
0.002 T
0.001 T

mWet Dry

Microplastic load (g/s)

() ®)

0 J
Lake -0.001 + DLY V‘fet

-0.002 +

observe an accumulation trend of pollutants along the
flow direction, especially in urban landscapes (Bowes
et al., 2003), and no such trend in Dutch canals could
be observed due to poor drainage, especially in the
dry state where water was rather stagnated. However,
drainage conditions were good in the wet state, yet no
trend was able to be observed. The Talangama Canal,
which showed good drainage throughout the year, too
showed only a moderate and statistically insignificant
increasing trend of microplastic concentrations (Pear-
son’s r=0.6; P=0.2>0.01).

3.3 Microplastic Particle Concentrations and
Compositions

Figures 5 and 6 show the microplastic particle con-
centrations and compositions respectively, and Fig. 7
shows representative photographs of plastics. Inde-
pendent of the waterbody, over 80% of the particles
were either fibre or fragments with almost an equal
split between the two. However, Beira Lake gave a
notable exception, where over 80% of the particles
were fibre.

® Wet ®Dry

il

! i

Dehiwala Kirulapana Dematagoda Heen Canal Kinda Canal All Dutch Talangama
-0.002 -~ Canal Canal

Canal canals canal
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Sources of fibre include synthetic textiles, ropes,
fishing nets, and plastic straws (Ivar Do Sul & Costa,
2014). The proximity to fisheries fields in Colombo
and the fact that many water bodies are connected
to the sea may have contributed. Furthermore, fibres
are produced by household and textile laundering
(Ivar Do Sul & Costa, 2014), which are common in
areas that are populated. Fragments are one of the
well-documented and observed microplastic types,
generated because of plastic wastes such as bottles
and plastic containers (Derraik, 2002). These were
somewhat common in the canals, with intentional
dumping and mobilization due to non-human vec-
tors such as scavenger animals and wind. As per field
observations, it was found that government agencies
collect one boat full (about 3.5 m?) of plastic waste
daily from a two—three km Dutch canal stretch. Films
are made from plastic wrapping bags and packing
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materials (Zhang et al., 2015). Microplastic films
have a lower density than fibre, are easily transported
and therefore, are quite difficult to find (Hastuti et al.,
2014). The vicinities of the study areas lacked such
plastic factories, and this could be the reason almost
all samples were free from pellets. In addition, due to
their high density, pellets may mostly be found with
sediments (Turner and Holmes, 2011).

The microplastic particle concentrations (Fig. 5)
were not analogous to the microplastic mass con-
centrations nor was there a correlation between these
two. As an example, Dematagoda canal with the
highest number of particles showed the lowest mass
concentration, and an exact opposite observation was
noted for the Kinda canal. This proved the necessity
to observe the microplastics not only as particles/L,
the most widely used unit of observation but also as
g/L. Particles/L is important as a unit of occurrence,
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Fig. 7 Representative
photos of different types
of microplastics. a, b, and
c films; d, e, f, and g frag-
ments; h and i fibre

but g/L is important as a surrogate of toxicity (Leusch
& Ziajahromi, 2021). Also, the method proposed by
Leusch and Ziajahromi (2021) for the conversion of
these two units seemed to be appropriate only for
50-60% of the cases. However, in many cases, the
estimations were lower (with a maximum of 20%) for
g/L when converted from particles/L.

3.4 Relationship with Urbanization

Microplastic mass concentrations showed a weak cor-
relation with the built area fraction for both seasons,
but only dry state showed a statistically significant dif-
ference at P<0.1 (wet state Pearson r=0.6; P=0.14
and dry state »=0.7; P=0.08). This was an indication
that urbanization may have an impact on microplas-
tic pollution from a toxicity perspective. However,
from an occurrence perspective (i.e. particles/L), only
fibre showed a correlation with urbanization, but that
also has a weak statistically insignificant relationship
(Pearson’s r=0.5, P=0.2>0.01). In all other cases

(total particles, fragments, and films), no correla-
tion was observed between microplastic occurrence
and urbanization. This also showed the importance
of measuring microplastics as mass concentrations
in addition to particle concentrations, as correlations
depended on the unit of measurement.

The weak to no correlation between urbanization
and microplastic was surprising since many past stud-
ies had endorsed a positive correlation between these
variables (Peters & Bratton, 2016). Our results sug-
gested that microplastic distribution was governed
by factors beyond the contributing catchment defined
by the surface topography. Water bodies can receive
microplastic via point and non-point sources, and
if point sources convey more microplastic, the role
of the apparent catchment and its surrogates’ could
be marginal. Irrespective of the urbanization (or the
built area fraction, the surrogate we used for urbani-
zation), covered and uncovered manmade open chan-
nels (drains) were a key feature of the study area.
These transport storm water to lakes, canals, rivers,
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and sea. Even though these drains are meant to serve
storm water, they are also used as expedient discharge
points for domestic wastewater. These drains in cer-
tain cases are laid across sub-catchments and may
drain against the surface drainage direction of sub-
catchments. It should be noted that Colombo has an
underground well maintained sewer network. There-
fore, contamination by sewage is a remote possibility.

Our study was not comprehensive in studying the
relative contribution of point and non-point sources
on microplastic contamination, but by observing
the microplastic load of point sources and non-point
sources (i.e. the catchment runoff) (Figs. 3 and 8),
we are of the opinion that the point sources were the
main contributors. Also, built area fraction as a surro-
gate of urbanization may be too simplistic, and other
composite variables of urbanization (e.g. the product
of built area and population) may be better candidates
(Gomes & Karunatilaka, 2022). Therefore, until such
comprehensive analyses are made, we do not want to
rule out the contribution of urbanization.

3.5 How Alarming Is Microplastic Pollution in
Colombo and Its Suburbs?

Past studies have reported a wide range of concentra-
tions of microplastics in other countries. As an exam-
ple, the Pearl River and its tributaries in China (the
second largest economy of the world and with a GDP
per capita of about 8200 USD) showed 0.015-53
particles/L (D’Avignon et al., 2022). Another study
in China (Xu et al., 2021) observed 6.33+2.67
particles/L in Gehu Lake and 0.53-25.8 particles/L
in Taihu Lake. In Klang River estuary in Malaysia
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(one of the Asian tiger club economies with a GDP
per capita of about 10,000 USD), the abundance of
microplastics ranged from 0.5 to 4.5 particles/L (Zaki
et al., 2021). In Ciwalengke river in Indonesia (a GDP
per capita of about 3800 USD which is close to that
of Sri Lanka at 4200 USD), 5.85+3.28 particles/L
were observed (Alam et al., 2019). Liong et al. (2021)
observed 10.7 to 14.3 particles/L in Miri River Estu-
ary, again in Indonesia. Obviously, randomly referred
literature based microplastic concentrations without
the context to factors such as urbanization, weather,
and climate by no way is representative of the extent
and depth of pollution, but those would reveal that
the microplastic pollution in Colombo, Sri Lanka,
is alarming. It should be noted that some concen-
trations were well above the observations made in
developed and/or industrialized regions of other
countries (e.g. Beira Lake 4.6-16.2 particles/L vs
4.7-12.6 particles/L (D’Avignon et al., 2022) in Three
Gorges Reservoir, China) and also with some South
Asian countries (e.g. Ravi River in Pakistan had
0.2 particles/L (Bayar et al., 2022)).

4 Conclusion and Recommendations

This study confirmed that inland water bodies in
Sri Lanka are contaminated with microplastics at
considerable levels. It is true that other than the
Talangama Canal, none of the waterways are used
for direct human consumption of its waters or goods
on a large scale. However, fishing is done for con-
sumption, especially by low-income families in Kir-
ulapana Canal (close to the sea outfall) and Beira
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Lake. Therefore, it is possible that consumers have
already ingested microplastic particles in thousands
or more. Our study did not cover Kelani River, one
of the major rivers in Sri Lanka (also is the largest
individual surface water intake source of drinking
water in Sri Lanka). This is one water body we rec-
ommend studying with respect to microplastics. Also,
it is vital for future studies to cover aquatic fauna and
sediments and incorporation of a finer spatiotempo-
ral regime and target point and non-point sources.
Finally, it is essential for government agencies to take
necessary action to cut off or remove microplastics in
pathways such as point source inputs.
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