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Abstract: Plastic pollution is becoming a serious environmental concern because of extensive plastic
use worldwide. Before being dumped into the marine environment, these anthropogenic polymers also af-
fect freshwater ecosystems. Although extensive research has been done to evaluate the level and distri-
bution of these anthropogenic polymers but the effect of physical structures like barrages has never been
accounted so far. This study is the first of its kind to highlight the role of river barrages in determining the
distribution of microplastics (MPs) and affecting their ingestion among different fish species. This study was
conducted on Balloki Barrage located on Ravi River, receiving sewage water from different populous
cities of Pakistan including Lahore and Sheikhupura. Water (n=6), sediment (n=6) and fish (n=28) sam-
ples were collected from both the upstream and downstream of the barrages to establish the relationship
between MPs ingestion, fish feeding habit and the pollution level in environmental matrices. On the other
hand, the relative abundance of fibers in all the fish species was 57% followed by sheets 34% and fragments
8%. Omnivore fish species were found to have more MPs than herbivores and carnivores irrespective of
their size and weight. This study proved that the barrages serve an important function in determining the
MPs distribution and their consequent ingestion in fish. A proper consideration must be given to the effects

of these structures when evaluating plastic pollution in any riverine body.
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1. INTRODUCTION

Plastic is a fabricated polymer made through
polymerization of oil and gas (Cole et al., 2011). Prop-
erties like durability, bio-inertness and lightweight,
make it user friendly that is why its production has
increased many folds (Napper et al., 2015). Nowa-
days, it is also used for insulating electrical cables
and for designing lighter weight vehicles (Nielsen et
al., 2020). Only a small portion of the used plastic
items is recycled, while the rest ends up in landfills or
in waterways (Nagash et al., 2020). Whilst the use of
plastic is extensive, this has been a serious environ-
mental concern (Cole et al., 2011). Uncontrolled dis-
posal of waste and its mismanagement leads to large
amount of plastic waste in every environmental media
(Bergmann et al., 2015). Half of the plastic ending in

oceans does not remain intact but degrades with the
passage of time into different size fractions and lose
its structural integrity (Guven et al., 2017). The parti-
cles having size less than 5mm are categorized into
microplastics. These MPs have different densities de-
pending upon their composition. Polyethylene ter-
ephthalate (PET) and polyvinylchloride (PVC) have
higher density than seawater and sink to the bottom
of water channels while low-density plastic particles
float on the surface of water (Anderson et al. 2016;
Do Sul & Costa 2014).

Once in the water, these tiny plastic particles
become available to aquatic organisms ranging from
lower to higher trophic level (Morgana et al., 2018).
Fish ingest these MPs either directly or indirectly by
eating zooplanktons (Gliven et al., 2017). After inges-
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tion, the harmful chemicals either used in polymeri-
zation process or adsorbed to the surface of MPs get
released in the body of the organism (Anbumani &
Kakkar, 2018; Brennecke et al., 2016; Nagash et al.,
2020). Different negative impacts have been reported
in different organisms due to ingestion of these MPs
like blockage of gastrointestinal tract, respiration, and
reproduction problems (Anbumani & Kakkar, 2018;
Pellini et al., 2018; Yuan et al., 2019). The ingested
MPs itself are either passed out of the body through
feces or enter in the body tissues (Phillips & Bonner,
2015). During the transportation of MPs, they en-
counter many physical structures of which barrages
are the most common. MPs are often discussed in
terms of potential sources, distribution across the wa-
ter channels and their ingestion by aquatic biota but
the role of these physical structures in creating tempo-
rary reservoirs and affecting the MPs distribution has
never been considered. Moreover, off taking canals
from these structures also divert a considerable
amount of plastic waste from their classical tract con-
sidered to be from terrestrial to the marine environ-
ment. The amount of plastic diverted by these canals
again reaches terrestrial environment as the water is
used for agricultural purposes.

Research has been conducted to assess the
presence and abundance of microplastics in different
parts of the world (Barletta et al., 2019; Dharmadasa
et al.,, 2019; Nabizadeh et al., 2019; Xiong et al.,
2018; Ng & Obbard, 2006). The MPs detected in
these studies are of primary and secondary origin with
different chemical composition (Eerkes-Medrano et
al. 2015). Although Pakistan is lacking extensive re-
search work in this area, but some studies are docu-
mented for terrestrial and aquatic ecosystems recently
(Irfan et al., 2020a; Irfan et al., 2020b; Rafique et al.,
2020). However, these studies do not include any ev-
idence of MPs ingestion in aquatic fauna and its cor-
relation with the prevailing MPs concentrations.
Moreover, how these barriers affect their bioavaila-
bility is also an unanswered question till now.

This study was designed to quantify and clas-
sify prevailing MPs concentrations around Balloki
Barrage located on Ravi River (Fig. 1). Additionally,
the hypothesis that water reservoir formed by the bar-
rage would affect the distribution of MPs in the water
and sediments. The concentrations in water and sedi-
ments were then further correlated with ingested MPs
detected within fish samples to further elaborate the
hypothesis. Hence this paper not only summarizes the
pollution level but also how it is being influenced by
these manmade structures to divert or control the river
flow.

2. MATERIAL AND METHODS

2.1. Ravi River and Balloki Barrage

Ravi River is a trans-boundary river that flows
through India and Pakistan. In addition to plastic
waste dumped by India, it also receives sewage drains
from Lahore; a cosmopolitan, commercial, and in-
dustrial hub, consisting of a large amount of plastic
waste. Balloki Barrage is located downstream to Dis-
trict Lahore where two link canals from Chenab River
also discharge their water into Ravi River, hence fur-
ther increasing the pollution load in the river.
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Figure 1. Study area map showing Ravi River, Balloki
Barrage and sampling sites

This structure was originally built in 1915 by
the British Government but it was upgraded again in
2014 as an Asian Development Project. The total
length of the barrages is almost 0.5 km provide
enough area for a big reservoir to be formed. Due to
the large volume stored in the reservoir, sometimes it
is also referred to Balloki Dam.

2.2. Sampling and pre-processing

A total of six sampling sites (n=6) were se-
lected in the upstream and downstream of Balloki
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Barrage (Fig. 1). Three different types of samples i.e.,
surface water (n=6), sediment (n=6) and fish (n=28)
were collected from each site. Sampling methodolo-
gies described by Irfan et al., (2020a) were used for
water and sediments while fishes were collected using
a cast net having 1 cm mesh size and a circumference
of 30 ft. All the samples were collected in clean glass
bottles however for the fish samples 70% ethanol
was added in the bottles (McNeish et al., 2018). Bot-
tles were then covered with aluminum foil, tightly
closed with lids, and labeled accordingly.

2.3. Processing of samples

The samples were stored and processed in the
environmental toxicology lab of College of Earth and
Environmental Sciences, University of the Punjab,
Lahore, Pakistan. The fish samples were dissected
carefully, and their gut content were weighed. The
weighed gut contents were subjected to 10% KOH
digestion in 3:1 (volume: weight) ratio as KOH is
effective in dissolving tissues (Hermsen et al., 2017).
The beakers were covered with aluminum foil and
placed in an oven at 65°C for a week. Some partially
digested samples were heated at 65°C on a hot plate
until they started boiling before the density separa-
tion (Rodrigues et al., 2018). Cleaning of water and
sediment samples was performed according to the
protocol given by Irfan et al., (2020a). Light density
particles including MPs were separated from di-
gested samples using Sediment Microplastic Isola-
tion units (SMI) (Irfan et al., 2020a; Coppock et al.,
2017). Saturated saline solution (NaCl) was added in
the SMI unit followed by the sample in a ratio of 2:1
(Nor & Obbard et al., 2014).
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Figure 2. Schematic representation of water and sedi-
ments processing methodology.

Prior to use, the saline solution was passed
through 10um filter paper to avoid any contamination
(Coppock et al., 2017). SMI units were covered with
aluminum foil and left uninterrupted for 24h to allow
the settling. After that, the supernatant above the
check valve was poured in a glass beaker and filtered

through a series of 300, 150 and 50pum sieves. The
sieves were then preserved for further analysis. An
overview of the adopted methodologies for water and
sediments is provided in Figure 2.

2.4. MPs analysis

For the identification of MPs, the larger sieves
of 300um were observed under a stereomicroscope
(IM-SZ-500, IRMECO GmbH, Germany) whereas
smaller sieves of 150um and 50pum were observed
under digital microscope (Kooletron UM12C, MUS-
TECH Electronics, China). Both the instruments were
connected to a computer where pictures were cap-
tured and stored. In addition to three size categories,
the observed MPs were subdivided into five differ-
ent classes based on their shape i.e., fragments,
sheets, fibers, foams and beads (Song et al., 2015).
The final concentrations of MPs were calculated in
terms of MPs/L, MPs/kg and MPs/individual for wa-
ter, sediment and fish samples, respectively.

2.5. Laboratory quality control

All the surfaces and equipment were cleaned
with 70% ethanol before starting analysis (Quinn et
al., 2017). Dissectiontools were also cleaned with 70%
ethanolevery time before and after dissecting the fish
samples. The sieves were kept covered with alumi-
num foil before and after the filtration. Glass beakers
and density separators were also covered with alumi-
num foil to prevent atmospheric contamination (Su et
al. 2016). Similarly, distilled water, salt solution, rea-
gents and chemicals were also filtered through 10um
filter papers to prevent contamination. Procedural
blanks were also run to check the atmospheric con-
tamination. A total of six wet filters paper were
placed randomly in the laboratory for 24 hours and
observed under microscope. No MPs contamination
was recorded in any of the blanks.

2.6. Statistical analysis

Significance of correlation was checked be-
tween MPs concentrations in water, sediments and
fish using MS Excel 2019. Origin Pro 2016 was used
for the graphical illustrations.

3. RESULTS AND DISCUSSION

MPs were found in all the observed samples ir-
respective of their point of collection. An average of
0.80 £ 1.99 MPs/L, 135.37 + 277.5 MPs/kg and 23.12
+ 33.07 MPs/individual were detected in water, sedi-
ment and fish samples, respectively. The prevailing
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MPs concentration in surface water was comparable
to Rawal Lake where 1.42MPs/L were reported (Irfan
et al. 2020b). A brief comparison of our finding with
some previously published reports in given in Table 1.
The potential sources of these MPs in Ravi River are
the anthropogenic activities in the surrounding cities
like in Lahore and Sheikhupura. Lahore is one of the
most populous cities of Pakistan with 12 million peo-
ple and thousands of industries. The untreated efflu-
ent and sewerage waterdischarge from these indus-
tries has turned the river into a dumping ground (The
NEWS, 2020). This situation is comparable with
Raritan River, USA, assimilating discharge from
various wastewater treatment plants (WWTPs)
around New Jersey (Estahbanati & Fahrenfeld,
2016). The only exception for the Ravi River is
that it mostly receives untreated wastewater. In ad-
dition to average MPs concentrations, the samples
collected downstream to the barrages consisted of a
significantly lower number of MPs. This is due to the
formation of a small reservoir in the upstream of bar-
rages where the velocity of water is significantly low,
and majority of the MPs are suspended or settled in
this area. This difference can even be observed across
this upstream reservoir. Sampling points near to the
terminal points of reservoir show high MPs concentra-
tions both in water and shore sediments while those
located in the middle broader section show lower
concentrations. Hence, it can be comprehended that
due to lower water velocity in the middle section of

reservoir, most of the MPs are settled in core sedi-
ments and only the remaining fraction is available in
surface water or shore sediments.

In our findings, around 100-415 MPs/kg were
detected in the sediment samples, comparable to pre-
viously published finding from Lake Bolsena (112
MPs/kg) and Lake Chiusi (234 MPs/kg) in Italy
(Fischeretal., 2016). These results are also comparale
to the Taihu Lake, China (234.6 MPs/kg) sur-
rounded by 20 million people and a large number
the anthropogenic activities in its surroundings (Su et
al., 2016). A similar study conducted by Irfan et al.,
(2020b) on Rawal Lake, Islamabad, Pakistan also
showed quite similar results with an average of 104
MPs/kg. Further comparison with literature is shown
in Table 1.

The distribution trend in sediment samples was
found to be consistent with the surface water samples.
The samples collected near to high velocity area con-
sisted higher concentrations as compared to the
lower velocity section of the reservoir. However, the
MPs concentrations in the downstream sediment sam-
ples were comparatively higher than the upstream
samples. The phenomena of turbulence can better
interpret this difference because while passing
through barrages the water becomes quite turbulent
and combined with its high velocity it favors the dep-
osition on the shore sediments. That iswhy, usually no
deposition is possible inthe core sediments due to high
turbulence and velocity in the downstream area.

Table 1. Comparison of present findings with recently published studies

Matrix Country/Site Concentration Reference

Water Pakistan 1.99 +0.80 MPs/L Current study
China 22 +5 MPs/L Wang et al., (2021)
Poland 1.5 MPs/L Sekudewicz et al., (2021)
Australia 0.40 +£0.27 MPs/L Nan et al., (2020)
Indonesia 5.85 +3.28 MPs/L Alam et al., (2019)

Sediments Pakistan 277.5£135.37 MPs/kg Current study
China 1600 £191 MPs/kg Zhang et al., (2020)
Iran 519.6 + 1024.2 MPs/kg Rasta et al., (2020)
Algeria 649.33 + 184.02 MPs/kg Tata et al., (2020)
Indonesia 3.03£1.59 MPs/kg Alam et al. (2019)

Fish Pakistan 33.07+£23.11 MPs/individual Current study

South Korea
China

Hong Kong
Argentina
Argentina

Gulf of Mexico

8.3 = 6.0 MPs/individual
5.3 +£2.4 MPs/individual
2.4+2.3 MPs/individual
12.146.2 MPs/individual
19.2+18.9 MPs/individual
4.6£3.9 MPs/individual

Park et al., (2020)

Su et al., (2019)

Chan et al., (2019)

Arias et al., (2019)

Pazos et al., (2017)
Phillips & Bonner (2015)
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Besides the particles floating in water and de-
posited in the sediments, we also found them in the
fish gut contents. MPs in water are usually ingested
by fish (Horton et al., 2017; Murphy et al., 2017) and
particularly the areas under human influence are po-
tential sites for the ingestion (Silva-Cavalcanti et al.,
2017; Peters & Bratton, 2016; Dris et al., 2015). Sev-
eral international studies have confirmed the presence
of MPs in different aquatic organisms including fish
(De Vries et al., 2020; Huang etal., 2020; Merga et
al., 2020; Park et al., 2020; Burkhardt-Holm &
N'Guyen 2019; Karbalaei et al., 2019; Nie etal., 2019;
Abbasi et al., 2018; Ferreira et al., 2018; Foley et al.,
2018). The concentrations found the present study
(23.12+33.07 MPs/individual) are comparable to
some previously published findings (Table 1).

This overall trend is comparable to early pub-
lished studies including Morgana et al., (2018), Wang
etal., (2017), Su etal., (2016) and Zhao et al., (2014).
The fibers mostly come from the washing of clothes,
textile industries, breakdown of fishing nets, mis-
management at landfill sites or through some other
non-point sources (Alam et al., 2019; Dris et al.,
2015). Usually, ingestion of MPs is related to the ex-
tent of exposure, as they look like the food particles,
but they can also be indirectly ingested when fish
feeds on its prey who already have ingested MPs (Nie
etal.,, 2019; Ory et al., 2017; Pazos et al., 2017). Ter-
ritory and feeding habit of a fish also play an im-
portant role in determining the amount of ingested
plastic particles (Murphy et al., 2017). In terms of
habitat, bottom dwelling fish species ingest more
MPs than mid-water or surface-water dewellers
(Zheng et al., 2019). Similarly, omnivorous fish spe-
cies ingest more MPs than that of carnivorousand her-
bivorous fish species because of their diverse feeding
range consisting of planktons, benthic organisms, al-
gae and humus (Garcia et al., 2020). Similar trends
were found in our findings where omnivorous Labeo
calbasu and Cirrhinus mrigala had the highest num-
ber of ingested MPs as compared to the other fish
species. Some previously published studies also re-
ported that omnivorous fish species ingested more
MPs as compared to other fish species (Wang et al.,
2020; Zheng et al., 2019; Mizraji et al., 2017). Addi-
tionally, we found no correlation between the fish size
and ingested MPs concentrations.

Mastacembelus armatus of 30cm length was
found to have 26 Mps as compared to Osteobrama
cotio (8cm) which was having 57 MPs. Hence, the
concentration of ingested microplastics is dependent
upon the feeding nature of the fish species and not on
the size of fish. These results coincide with the pre-
vious published findings of De Vries et al., (2020)
and Given etal., (2017) who also could not prove any

correlation between the fish size and ingested MPs.
3.1 MPs shapes and their relative abundance

Fibers were abundant in surface water with rel-
ative abundance of 57% followed by fragments
(21%), sheets (21%) and beads (1%). Similarly, in
sediment samples, the relative proportion of fibers,
sheets, fragments, foams and beads was found to be
55.5%, 20%, 19.8%, 2.7% and 1.2%, respectively.
Representative MPs from each category are shown in
Figure 3.

Figure 3. lefernt MPs detected fom the samples (a)
foam (b) fragment (c) fiber (d) randomly collected MPs

Fragments are mostly formed due to the break-
down of packaging material, large plastic products in-
cluding plastic bottles (Di & Wang, 2018; Horton et
al., 2017) hence being most prevalent. MPs ingested
by fish also coincide with the surface water data in
terms of defined shapes indicating a direct connec-
tion between the fish and surrounding environment.
Lusher et al., (2013) and Jabeen et al., (2017) also re-
ported highest proportion of fibers among the in-
gested MPs. Fibers are morphologically identical to
algae that is why they are largely consumed by omni-
vores and herbivore fish species (Wang et al., 2020).
Furthermore, due to their ductile nature, fibers are in-
gested by the aquatic organisms at lower trophic level,
and they also get mixed with the sediments more of-
ten. Both characteristics increase the proportion of
fibers among the ingested MPs (Silva-Cavalcanti et
al., 2017).

4. CONCLUSION

Our findings show that MPs were present not
only in water and sediment but in fish species as well.
Fibers were dominant in all the samples followed by
fragments and sheets. Although, concentration of
MPs in all environmental matrices was found to be
consistent with the previous published literature but
we found a significant decline in MPs concentrations
while moving from upstream to the downstream of
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barrage depicting settling of MPs in the reservoir.
Moreover, it was noticed that more turbulence and
high velocity of water tends into higher MPs concen-
trations in surface water and sediments while in com-
paratively low velocity areas fish is usually exposed
to more suspended MPs. The types of MPs ingested
by the fish correspond perfectly with the prevailing
types insurface water. It was proven that apart from di-
verting MPs load from marine environment to the
terrestrial environment, barrages also play a key
role in determining their distribution and bioavaila-
bility. All these factors combined, make barrages as
potentially important structures to be considered when
dealing with riverine plastic pollution. There is need
to study temporal variations of MPs in river system to
determine the effects of changing climatic condi-
tions. It is also recommended to conduct studies to
evaluate proportion of MPs diverted into agricultural
lands by barrages and their consequences on the hu-
man population.

REFERENCES

Abbasi, S., Soltani, N., Keshavarzi, B., Moore, F.,
Turner, A., & Hassanaghaei, M., 2018. Micro-
plastics in different tissues of fish and prawn from
the Musa Estuary,Persian Gulf. Chemosphere, 205,
80-87.

Alam, F. C., Sembiring, E., Muntalif, B. S., & Suendo,
V., 2019. Microplastic distribution in surface water
and sediment river around slum and industrial area
(case study: Ciwalengke River, Majalaya district,
Indonesia). Chemosphere, 224, 637-645.

Anbumani, S., & Kakkar, P., 2018. Ecotoxicological ef-
fects of microplastics on biota: a review. Environ-
mental Science and Pollution Research, 25(15),
14373-14396.

Anderson, J. C., Park, B. J., & Palace, V. P., 2016. Micro-
plastics in aquatic environments: implications for
Canadian ecosystems. Environmental Pollution,
218, 269-280.

Arias, A. H., Ronda, A. C., Oliva, A. L., & Marcovecchio,
J. E., 2019. Evidence of microplastic ingestion by
fish from the Bahia Blanca estuary in Argentina,
South America. Bulletin of environmental contami-
nation and toxicology, 102(6), 750-756.

Barletta, M., Lima, A. R., & Costa, M. F., 2019. Distribu-
tion, sources and consequences of nutrients, persis-
tent organic pollutants, metals and microplastics in
South American estuaries. Science of the Total En-
vironment, 651, 1199-1218.

Bergmann, M., Gutow, L., & Klages, M., 2015. Marine
anthropogenic litter (p. 447). Springer Nature.

Brennecke, D., Duarte, B., Paiva, F., Cacador, I., & Can-
ning-Clode, J., 2016. Microplastics as vector for
heavy metal contamination from the marine envi-
ronment. Estuarine, Coastal and Shelf Science, 178,
189-195.

Burkhardt-Holm, P., & N'Guyen, A., 2019. Ingestion of
microplastics by fish and other preY organisms of
cetaceans, exemplified for two large baleen whale
species. Marine pollution bulletin, 144, 224-234.

Chan, H. S. H., Dingle, C., & Not, C., 2019. Evidence for
non-selective ingestion of microplastic in demersal
fish. Marine pollution bulletin, 149, 110523.

Cole, M., Lindeque, P., Halsband, C., & Galloway, T. S.,
2011. Microplastics as contaminants in the marine
environment: a review. Marine pollution bulletin,
62(12), 2588-2597.

Coppock, R. L., Cole, M., Lindeque, P. K., Queir6s, A.
M., & Galloway, T. S., 2017. A small-scale, porta-
ble method for extracting microplastics from marine
sediments. Environmental Pollution, 230, 829-837.

De Vries, A. N., Govoni, D., Arnason, S. H., & Carlsson,
P., 2020. Microplastic ingestion by fish: Body size,
condition factor and gut fullness are not related to
the amount of plastics consumed. Marine Pollution
Bulletin, 151, 110827.

Dharmadasa, W. L. S. S., Andrady, N. L., Kumara, P. B.
T. P., & Gangabadage, C.S., 2019. Assessment of
microplastics contamination in marine protected ar-
eas in Southern Sri Lanka. NARA.

Di, M., & Wang, J., 2018. Microplastics in surface waters

and sediments of the Three Gorges Reservoir,
China. Science of the Total Environment, 616,
1620-1627.

Do Sul, J. A. 1, Costa, M. F., & Fillmann, G., 2014. Mi-
croplastics in the pelagic environment around oce-
anic islands of the Western Tropical Atlantic Ocean.
Water, Air, & Soil Pollution, 225(7), 2004.

Dris, R., Imhof, H., Sanchez, W., Gasperi, J., Galgani, F.,
Tassin, B., & Laforsch, C., 2015. Beyond the
ocean: contamination of freshwater ecosystems
with (micro-) plastic particles. Environmental
Chemistry, 12(5), 539-550.

Eerkes-Medrano, D., Thompson, R. C., & Aldridge, D.
C., 2015. Microplastics in freshwater systems: a re-
view of the emerging threats, identification of
knowledge gaps and prioritization of research
needs. Water research, 75, 63-82.

Estahbanati, S., & Fahrenfeld, N. L., 2016. Influence of
wastewater treatment plant discharges on micro-
plastic concentrations in surface water. Chemo-
sphere, 162, 277-284.

Ferreira, G. V., Barletta, M., Lima, A. R., Morley, S. A,
Justino, A. K., & Costa, M. F., 2018. High intake
rates of microplastics in a Western Atlantic preda-
tory fish, and insights of a direct fishery effect. En-
vironmental Pollution, 236, 706-717.

Fischer, E. K., Paglialonga, L., Czech, E., & Tamminga,
M., 2016. Microplastic pollution in lakes and lake
shoreline sediments—a case study on Lake Bolsena
and Lake Chiusi (central Italy). Environmental Pol-
lution, 213, 648-657.

Foley, C. J., Feiner, Z. S., Malinich, T. D., & H66k, T. O.,
2018. A meta-analysis of the effects of exposure to
microplastics on fish and aquatic invertebrates. Sci-
ence of the Total Environment, 631, 550-559.

184



Garcia, T. D., Cardozo, A. L., Quirino, B. A., Yofukuji,
K. Y., Ganassin, M. J., dos Santos, N. C., & Fugi,
R., 2020. Ingestion of Microplastic by Fish of Dif-
ferent Feeding Habits in Urbanized and Non-ur-
banized Streams in Southern Brazil. Water, Air, &
Soil Pollution, 231(8), 1-11.

Giiven, O., Gokdag, K., Jovanovi¢, B., & Kideys, A. E.,
2017. Microplastic litter composition of the Turkish
territorial waters of the Mediterranean Sea, and its
occurrence in the gastrointestinal tract of fish. En-
vironmental Pollution, 223, 286-294.

Hermsen, E., Pompe, R., Besseling, E., & Koelmans, A.
A., 2017. Detection of low numbers of microplastics
in North Sea fish using strict quality assurance cri-
teria. Marine pollution bulletin, 122(1-2), 253-258.

Horton, A. A., Svendsen, C., Williams, R. J., Spurgeon,
D. J., & Lahive, E., 2017. Large microplastic par-
ticles in sediments of tributaries of the River
Thames, UK- Abundance, sources and methods for
effective quantification. Marine pollution bulletin,
114(1), 218-226.

Huang, J. S., Koongolla, J. B., Li, H. X,, Lin, L., Pan, Y.
F., Liu, S., & Xu, X. R., 2020. Microplastic accu-
mulation in fish from Zhanjiang mangrove wetland,
South China. Science of The Total Environment,
708, 134839.

Irfan, M., Qadir, A., Mumtaz, M., & Ahmad, S. R,,
2020a. An unintended challenge of microplastic
pollution in the urban surface water system of La-
hore, Pakistan. Environmental Science and Pollu-
tion Research, 27 (14), 16718-16730.

Irfan, T., Khalid, S., Taneez, M., & Hashmi, M. Z,,
2020b. Plastic driven pollution in Pakistan: the first
evidence of environmental exposure to microplastic
in sediments and water of Rawal Lake. Environ-
mental  Science and  Pollution  Research,
27(13):15083-15092.

Jabeen, K., Su, L., Li, J., Yang, D., Tong, C., My, J., &
Shi, H., 2017. Microplastics and mesoplastics in
fish from coastal and fresh waters of China. Envi-
ronmental Pollution, 221, 141-149.

Karbalaei, S., Golieskardi, A., Hamzah, H. B., Abdulwa-
hid, S., Hanachi, P., Walker, T. R., & Karami,
A., 2019. Abundance and characteristics of micro-
plastics in commercial marine fish from Malasia.
Marine pollution bulletin, 148, 5-15.

Lusher, A. L., Mchugh, M., & Thompson, R. C., 2013.
Occurrence of microplastics in the gastrointestinal
tract of pelagic and demersal fish from the English
Channel. Marine pollution bulletin, 67(1-2), 94-99.

McNeish, R. E., Kim, L. H., Barrett, H. A., Mason, S. A.,
Kelly, J. J., & Hoellein, T. J., 2018. Microplastic
in riverine fish is connected to species traits. Scien-
tific reports, 8(1), 1-12.

Merga, L. B., Redondo-Hasselerharm, P. E., Van den
Brink, P. J., & Koelmans, A. A., 2020. Distribu-
tion of microplastic and small macroplastic parti-
cles across four fish species and sediment in an Af-
rican lake. Science of the Total Environment, 741,
140527.

Mizraji, R., Ahrendt, C., Perez-Venegas, D., Vargas, J.,
Pulgar, J., Aldana, M., & Galban- Malagén, C.,
2017. Is the feeding type related with the content of
microplastics in intertidal fish gut? Marine pollu-
tion bulletin, 116(1-2), 498-500.

Morgana, S., Ghigliotti, L., Estévez-Calvar, N., Sti-
fanese, R., Wieckzorek, A., Doyle, T., & Gara-
venta, F., 2018. Microplastics in the Arctic: A case
study with sub-surface water and fish samples off
Northeast Greenland. Environmental pollution,
242, 1078-1086.

Murphy, F., Russell, M., Ewins, C., & Quinn, B., 2017.
The uptake of macroplastic & microplastic by de-
mersal & pelagic fish in the Northeast Atlantic
around Scotland. Marine pollution bulletin, 122(1-
2), 353-359.

Nabizadeh, R., Sajadi, M., Rastkari, N., & Yaghmaeian,
K., 2019. Microplastic pollution on the Persian
Gulf shoreline: A case study of Bandar Abbas city,
Hormozgan Province, Iran. Marine pollution bulle-
tin, 145, 536-546.

Nan, B., Su, L., Kellar, C., Craig, N. J., Keough, M. J., &
Pettigrove, V., 2020. Identification of microplastics
in surface water and Australian freshwater shrimp
Paratya australiensis in Victoria, Australia. Envi-
ronmental Pollution, 259,113865.

Napper, I. E., Bakir, A., Rowland, S. J., & Thompson, R.
C., 2015. Characterisation, quantity and sorptive
properties of microplastics extracted from cosmet-
ics. Marine Pollution Bulletin, 99(1-2), 178-185.

Naqgash, N., Prakash, S., Kapoor, D., & Singh, R., 2020.
Interaction of freshwater microplastics with biota
and heavy metals: a review. Environmental Chem-
istry Letters, 1-12.

Ng, K. L., & Obbard, J. P., 2006. Prevalence of microplas-
tics in Singapore’s coastal marine environment.
Marine Pollution Bulletin, 52(7), 761-767.

Nie, H., Wang, J., Xu, K., Huang, Y., & Yan, M., 2019.
Microplastic pollution in water and fish samples
around Nanxun Reef in Nansha Islands, South
China Sea. Science of the Total Environment, 696,
134022.

Nielsen, T. D., Hasselbalch, J., Holmberg, K., & Stripple,
J., 2020. Politics and the plastic crisis: A review
throughout the plastic life cycle. Wiley Interdiscipli-
nary Reviews: Energy and Environment, 9(1), e360.

Nor, N. H. M., & Obbard, J. P., 2014. Microplastics in
Singapore’s coastal mangrove ecosystems. Marine
pollution bulletin, 79(1-2), 278-283.

Ory, N. C,, Sobral, P., Ferreira, J. L., & Thiel, M., 2017.
Amberstripe scad Decapterus muroadsi (Caran-
gidae) fish ingest blue microplastics resembling
their copepod prey along the coast of Rapa Nui
(Easter Island) in the South Pacific subtropical
gyre. Science of the Total Environment, 586, 430-
437.

Park, T. J., Lee, S. H., Lee, M. S,, Lee, J. K, Lee, S. H.,
& Zoh, K. D., 2020. Occurrence of microplastics in
the Han River and riverine fish in South Korea. Sci-
ence of The Total Environment, 708, 134535.

185



Pazos, R. S., Maiztegui, T., Colautti, D. C., Paracampo,
A. H., & Gomez, N.,2017. Microplastics in gut
contents of coastal freshwater fish from Rio de la
Plata estuary. Marine pollution bulletin, 122(1-2),
85-90.

Pellini, G., Gomiero, A., Fortibuoni, T., Ferra, C., Grati,
F., Tassetti, A. N., & Scarcella, G., 2018. Charac-
terization of microplastic litter in the gastrointesti-
nal tract of Solea solea from the Adriatic Sea. Envi-
ronmental pollution, 234, 943- 952.

Peters, C. A., & Bratton, S. P., 2016. Urbanization is a ma-
jor influence on microplastic ingestion by sunfish in
the Brazos River Basin, Central Texas, USA. Envi-
ronmental pollution, 210, 380-387.

Phillips, M. B., & Bonner, T. H., 2015. Occurrence and
amount of microplastic ingested by fishes in water-
sheds of the Gulf of Mexico. Marine Pollution Bul-
letin, 100(1), 264-269.

Quinn, B., Murphy, F., & Ewins, C., 2017. Validation of
density separation for the rapid recovery of micro-
plastics from sediment. Analytical Methods, 9(9),
1491-1498.

Rafique, A., Irfan, M., Mumtaz, M., & Qadir, A., 2020.
Spatial distribution of microplastics in soil with
context to human activities: a case study from the
urban center. Environmental Monitoring and As-
sessment, 192, 671.

Rasta, M., Sattari, M., Taleshi, M. S., & Namin, J. I,
2020. Identification and distribution of microplas-
tics in the sediments and surface waters of Anzali
Wetland in the Southwest Caspian Sea, Northern
Iran. Marine Pollution Bulletin, 160, 111541.

Rodrigues, M. O., Abrantes, N., Gongalves, F. J. M,
Nogueira, H., Marques, J. C., & Gongcalves, A.
M. M., 2018. Spatial and temporal distribution of
microplastics in water and sediments of a freshwa-
ter system (Antud River, Portugal). Science of The
Total Environment, 633, 1549-1559.

Sekudewicz, I., Dabrowska, A. M., & Syczewski, M. D.,
2021. Microplastic pollution in surface water and
sediments in the urban section of the Vistula River
(Poland). Science of The Total Environment, 762,
143111.

Silva-Cavalcanti, J. S., Silva, J. D. B, de Franga, E. J., de
Araujo, M. C. B., & Gusmao, F., 2017. Microplas-
tics ingestion by a common tropical freshwater fish-
ing resource. Environmental Pollution, 221, 218-
226.

Song, Y. K., Hong, S. H., Jang, M., Han, G. M., Rani, M.,
Lee, J., & Shim, W. J., 2015. A comparison of mi-
croscopic and spectroscopic identification methods
for analysis of microplastics in environmental sam-
ples Marine Pollution Bulletin, 93(1-2), 202-209.

Received at: 07. 02. 2022

Revised at: 25. 02. 2022

Accepted for publication at: 26. 02. 2022
Published online at: 28. 02. 2022

Su, L., Deng, H., Li, B., Chen, Q., Pettigrove, V., Wu, C.,
& Shi, H., 2019. The occurrence of microplastic in
specific organs in commercially caught fishes from
coast and estuary area of east China. Journal of
hazardous materials, 365, 716-724.

Su, L., Xue, Y., Li, L., Yang, D., Kolandhasamy, P., Li,
D., & Shi, H., 2016. Microplastics in taihu lake,
China. Environmental Pollution, 216, 711-719

Tata, T., Belabed, B. E., Bououdina, M., & Bellucci, S.,
2020. Occurrence and characterization of surface
sediment microplastics and litter from North Afri-
can coasts of Mediterranean Sea: Preliminary re-
search and first evidence. Science of the total envi-
ronment, 713, 136664.

Wang, G., Lu, J., Li, W., Ning, J., Zhou, L., Tong, Y. &
Xiayihazi, N., 2021. Seasonal variation and risk as-
sessment of microplastics in surface water of the
Manas River Basin, China. Ecotoxicology and En-
vironmental Safety, 208, 111477.

Wang, Y., Zou, X., Peng, C., Qiao, S., Wang, T., Yu, W.,
& Kornkanitnan, N., 2020. Occurrence and distri-
bution of microplastics in surface sediments from
the Gulf of Thailand. Marine Pollution Bulletin,
152, 110916.

Wang, W., Ndungu, A. W., Li, Z., & Wang, J., 2017. Mi-
croplastics pollution in inland freshwaters of
China: a case study in urban surface waters of Wu-
han, China. Science of the Total Environment, 575,
1369-1374.

Xiong, X., Zhang, K., Chen, X., Shi, H., Luo, Z., & Wu,
C., 2018. Sources and distribution of microplastics
in China's largest inland lake—Qinghai Lake. Envi-
ronmental pollution, 235, 899-906.

Yuan, W, Liu, X., Wang, W., Di, M., & Wang, J., 2019.
Microplastic abundance, distribution and composi-
tion in water, sediments, and wild fish from Poyang
Lake, China. Ecotoxicology and environmental
safety, 170, 180-187.

Zhang, B., Chen, L., Chao, J., Yang, X., & Wang, Q.,
2020. Research Progress of Microplastics in Fresh-
water Sediments in China. Environmental Science
and Pollution Research, 1-15.

Zheng, K., Fan, Y., Zhu, Z., Chen, G., Tang, C., & Peng,
X., 2019. Occurrence and species-specific distribu-
tion of plastic debris in wild freshwater fish from the
Pearl River Catchment, China. Environmental tox-
icology and chemistry, 38(7),1504-1513.

Zhao, S., Zhu, L., Wang, T., & Li, D., 2014. Suspended
microplastics in the surface water of the Yangtze Es-
tuary System, China: first observations on occur-
rence, distribution. Marine pollution bulletin, 86(1-
2), 562.

186



	2. MATERIAL AND METHODS
	2.1. Ravi River and Balloki Barrage
	2.2. Sampling and pre-processing
	2.3. Processing of samples
	2.5. Laboratory quality control
	3. RESULTS AND DISCUSSION
	3.1 MPs shapes and their relative abundance

	4. CONCLUSION

