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he problem on plastic pollution is on a global scale.
The ubiquity of plastic debris is transforming the
planet’s surface by accumulation through time on
land, ocean surfaces, sea beds, and even in abyssal
depths (Barnes et al. 2009). Thus, it is considered as
one of today’s main environmental problems (Blettler et al.
2018, United Nations Environment Programme Yearbook 2005;
UNEP Yearbook 2014; UNEP Yearbook 2016). While they are
mostly used and disposed on land, plastic debris usually find
their way to bodies of water where they pile up and cause heavy
pollution as a result of human littering (Horton et al. 2017).
Hence, their presence in aquatic environments, both freshwater
and marine (Eriksen et al. 2013; Kooi et al. 2018) have received
increased attention over the past years in the scientific
community (Ryan 2015; Eerkes-Medrano et al., 2015). This is
because of the potential risks they pose to human health (Wright
and Kelly 2017), wildlife (Gall and Thompson 2015), and the
environment (Thompson 2009).
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Most available literature on plastics are focused on marine
ecosystems, their impact on the marine biome, and the
subsequent changes plastic debris are doing to marine habitats
(Eriksen et al. 2013; Law 2017; Rochman et al. 2016). These
also include encounters of marine wildlife and plastics such as
incidence reports of ingestions and entanglement (e.g. de
Stephanis et al. 2013; Schuyler et al. 2014), with intensive
literature on charismatic megafauna and microplastic
accumulation in economically important fish species (e.g. de Sá
et al. 2018; Smith et al. 2018). In comparison, studies focusing
on the effects of plastic on freshwater ecosystems and its biota

remain limited (Blettler et al. 2018; Wagner et al. 2014). On a
global scale, the literature on plastic pollution related to marine
versus freshwater systems has a ratio of 41:7, with published
marine pollution-related studies exhibiting a growth rate five
times higher than freshwater studies (Blettler et al. 2018).
In the Philippines, particularly, there are almost no publications
on freshwater plastic pollution. This is concerning since
pollution in river, streams, and lakes are almost comparable to
marine pollution levels (Peng et al. 2017). Additionally,
Philippines is suggested to be one of the potential largest
contributors of plastic in the oceans, mostly via rivers and
streams (Jambeck et al. 2015; Lebreton et al. 2017). According
to a global study, Pasig River in the Philippines is one of the
largest contributors of plastics with an estimated 3.21 x 104 to
3.88 x 104 tons of debris emitted per year (Lebreton et al. 2017).
While a call for research on marine plastics in the Philippines
has been done (Abreo 2018), the little to almost no existing
publications for freshwater plastics is concerning. The
occurrence of plastics in freshwater ecosystems is an
increasingly critical environmental issue. Even with the few
available studies, the information highly suggests heavy
contamination worldwide (Dris et al. 2015). Similar to marine
ecosystems, plastic pollution come mostly from mismanaged
wastes or improper disposal from residential, industrial, and
agricultural activities, eventually finding its way to rivers,
streams, and lakes. This makes the problem on plastics pollution
in freshwater ecosystems as equally important and relevant as
marine plastic pollution.
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Figure 1: Plastic accumulation in a shallow freshwater stream located under Matina Bridge, part of Matina River in Davao City. Accumulation
may alter waterflow and deposition of substrate.

In addition to the scarcity of studies or lack thereof in freshwater
ecosystems in the Philippines, other implications of plastic
wastes warrant enough reasons to conduct assessments of the
impact of plastic in rivers, streams, and lakes. For example, the
effects of macroplastics and the incidence of ingestion and/or
entanglement of marine species are documented (e.g. Abreo et
al. 2016a; 2016b; 2019a; 2019b). However, no studies of this
nature have been conducted for freshwater bodies in the country.
Additionally, lakes can possibly have higher concentration of
plastic because of its enclosed nature but remains little
understood because of the lack of research in these ecosystems.
The hydrodynamics of rivers is also a subject of many studies
because of how it affects riverine plastic emissions in large
rivers (e.g. Lebreton et al 2017; van Emmerik et al. 2018). On
the other hand, shallow freshwater ecosystems may experience
change in hydrodynamics; macroplastics and the consequent
accumulation can affect ephemeral ponds and shallow streams
(Figure 1) by channel alteration and deposition of substrate,
ultimately disturbing and changing the dynamics of these
habitats.
Macroplastics deteriorate into microplastics (fragments <5mm)
via physical and chemical weathering (e.g., UV radiation)
(Carbery et al. 2018). While this deterioration process is studied
extensively in marine habitats, little is known about the rate and
mechanism of fragmentation in freshwater environments (Free
et al. 2014). Needless to say, microplastics pose more problems
in both marine and freshwater habitats since they are more
pervasive (Rios-Mendoza & Jones 2015) and have longerlasting effects than macroplastics. The deterioration process
increases the availability of plastics and exposes a wider range
of organisms in aquatic habitats. This is supported by the
increasing number of reports on microplastics incidence in
different trophic levels including zooplankton (Desforges et al.
2015), mollusks (van Cauwenberghe & Janssen 2014; van
Cauwenberghe et al. 2015), crustaceans (Goldstein et al. 2013),
and fishes (Neves et al. 2015; Bellas et al. 2016). The incidence
of ingestion also increased because of biofouling, a process
where biofilms form on plastic surfaces transforming the debris
or particle into a material, which trophic consumers mistake for
food (Kooi et al. 2017).
Plastics have the potential to increase the concentration of toxic
substance in the water by adsorbing chemical pollutants (e.g.
bisphenol
A,
polychlorinated
biphenyls, polycyclic
hydrocarbons, polybromodiphenyl ethers) which affect the
intermediate biota. For example, Avio et al. (2015) showed that
pyrene, a polycyclic hydrocarbon adsorbs to polyethylene and
polystyrene microplastics, which then accumulates in the tissues
of the exposed mussels. It was also reported that the high
concentration of pyrene affected the mussels’ molecular and
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cellular pathways including altered immunological response and
changes in gene expression profiles. In another study, the growth
of marine microalgae was inhibited due to blockage of
photosynthetic pathway via algal surface adsorption and
aggregation (Zhang et al. 2015). These studies support that all
trophic levels are adversely affected by microplastics. Hence, it
is important to determine the degree of effect plastic has on
biotic factors in freshwater ecosystems.
It is also important to note that microplastics can be distributed
via atmospheric pathways (Dris et al. 2016) through wind
transport into aquatic environments. This means that even lakes
and springs high in the mountain can be possibly contaminated
by plastic. In addition, it was found out that plastics pollution
was present even in remote areas where human activities are
limited, which could be attributed to a lack of proper waste
management (Free et al. 2014), also affecting potable
underground water sources (World Health Organization 1996).
Plastics contain phthalates, a softener used to increase the
flexibility of the material (Giam et al. 1978). During plastics
production or its disposal after use, phthalates become partially
dissolved in water in the form of residues and escapes into the
atmosphere via evaporation where they are washed backed into
the ground by precipitation (i.e. rain, snow) (Peakall, 1975;
Atlas & Giam 1981). Upon entering the soil, they are partially
but strongly adsorbed by organic substances and reach
underground water even with continuous soil filtration (Brooke
et al. 1991). The contaminated underground water can then be
drawn out via wells or springs for consumption, making humans
in rural areas dependent on underground tap water highly
exposed to the carcinogenic effects of the compound used in
plastic manufacturing.
Furthermore, freshwater ecosystems are substantial sources of
fish and other organisms that are potential protein source of
inland communities, thus, studying plastics is also important in
ensuring food security (Macusi et al. 2015). The toxicology of
microplastics show that the toxins they release eventually
accumulate in tissues of living organisms when consumed
(Rochman et al. 2013; Avio et al. 2015). Increased
biomagnification of plastics and toxins released by plastics
through trophic transfer is also possible (Farrel and Nelson
2013; Ziccardi et al., 2016), which could render freshwater
organisms unsafe for human consumption. Although research in
this area is still in its infancy, this can have severe negative
implications on future food security since a significant portion
of fisheries supply (i.e., tilapia) of the country comes from
freshwater bodies.
Research on this field of plastic pollution is of utmost
importance because of its potential adverse effects on the
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ecosystem and biodiversity of the country. Freshwater
environments significantly differ from the marine ecosystems,
such as in the amount of sunlight, pH, and hydrodynamics.
These abiotic factors can affect the rate of deterioration and fate
of plastics and should be included when studying plastics in
these ecosystems. Freshwaters systems are also in close
proximity to plastic sources since production, commercial, and
residential facilities in inland communities are concentrated
around main rivers and tributaries. Hence, the effects of plastic
on freshwater environment should be studied, especially their
abundance, fate, and various interactions in these ecosystems.
Additionally, the development of standard protocols for the
sampling and collection of plastics in these environments should
also be done as they are needed for their proper quantification
and identification. The Philippines is highly dependent on the
ecosystem services provided by freshwater environments (e.g.
tourism, food) and thus needs to focus on the proper
management and conservation of these resources. With the rate
at which plastics is currently manufactured, used, and disposed,
and with the prevailing waste mismanagement (as shown in
Figure 1) and its obvious impacts to the aquatic environments of
the Philippines, it is evident that appropriate policies and
guidelines should be implemented to reduce the usage, and
possibly the production of plastic materials. However, the lack
of knowledge and data can hinder our understanding of the
problem, resulting in our inability to provide sound solutions.
There is scarcity of studies on plastics in freshwater bodies in
the Philippines and with the growing literature on their negative
effects, plastic research and its impacts to freshwater ecosystems
are highly needed.

Barnes DK, Galgani F, Thompson RC, Barlaz M. Accumulation
and fragmentation of plastic debris in global
environments. Philos.
Trans. Royal Soc. B
2009; 364(1526):1985-1998.
Bartrons M, Grimalt JO, de Mendoza G, Catalan, J. Pollutant
dehalogenation capability may depend on the trophic
evolutionary history of the organism: PBDEs in freshwater
food webs. PloS One 2012; 7(7):e41829.
Bellas J, Martínez-Armental J, Martínez-Cámara A, Besada V,
Martínez-Gómez C. Ingestion of microplastics by demersal
fish from the Spanish Atlantic and Mediterranean coasts. Mar
Pollut Bull 2016; 109(1): 55–60.
Blettler MC, Abrial E, Khan FR, Sivri N, Espinola LA.
Freshwater plastic pollution: recognizing research biases and
identifying knowledge gaps. Water Res 2018; 143:416-424.
Brooke DN, Dobson S, Howe PD, Nielsen IR. Environmental
hazard assessment: di-(2-ethylhexyl) phthalate. London:
United Kingdom Department of the Environment, Toxic
Substances Division; 1991. Report TSD/2
Browne MA, Underwood AJ, Chapman MG, Williams R,
Thompson RC, van Franeker JA. Linking effects of
anthropogenic debris to ecological impacts. Proc R Soc
Lond B Biol Sci 2015; 282(1807):20142929.
Carbery M, O’Connor W, Palanisami T. Trophic transfer of
microplastics and mixed contaminants in the marine food web
and implications for human health. Environ Int 2018; 115:
400-409.

CONFLICTS OF INTEREST
The authors declare no conflicts of interests.

REFERENCES
Abreo NAS, Macusi ED, Blatchley DD, Cuenca-Ocay G. First
evidence of plastic ingestion by the rare deraniyagala’s beaked
whale (Mesoplodon hotaula). IAMURE Int J Ecol Conserv
2016a; 19:16-36.
Abreo NAS, Macusi ED, Blatchley DD, & Cuenca GC.
Ingestion of marine plastic debris by green turtle (Chelonia
mydas) in Davao Gulf, Mindanao, Philippines. Philipp J Sci
2016b; 145(1):17-23.
Abreo NAS. Marine plastics in the Philippines: a call for
research. Philipp. Sci. Lett. 2018; 11(1):20-21.
Abreo NAS, Thompson KF, Arabejo GFP, Superio MDA.
Social media as a novel source of data on the impact of marine
litter on megafauna: The Philippines as a case study. Mar
Pollut Bull 2019a; 140:51-59.
Abreo NAS, Blatchley D, Superio MDA. Stranded whale shark
(Rhincodon typus) reveals vulnerability of filter-feeding
elasmobranchs to marine litter in the Philippines. Mar Pollut
Bull 2019b; 141:79-83.
Atlas E, Giam CS. Global transport of organic pollutants:
ambient concentrations in the remote marine atmosphere.
Science 1981;211:163-5
Avio CG, Gorbi S, Milan M, Benedetti M, Fattorini D, D’Errico
G, Pauletto M, Bargelloni L, Regoli F. Pollutants

Vol. 13 | No. 01 | 2020

bioavailability and toxicological risk from microplastics to
marine mussels. Environ Pollut 2015; 198:211–22.

de Sá LC, Oliveira M, Ribeiro F, Rocha TL, Futter MN. Studies
of the effects of microplastics on aquatic organisms: what do
we know and where should we focus our efforts in the
future? Sci Total Environ 2018; 645:1029-1039.
de Stephanis R, Giménez J, Carpinelli E, Gutierrez-Exposito C,
Cañadas A. As main meal for sperm whales: Plastics
debris. Mar Pollut Bull 2013; 69(1-2):206-214.
Desforges JPW, Galbraith M, Ross PS. Ingestion of
microplastics by zoolplankton in the Northeast Pacific Ocean.
Arch Environ Con Tox 2015; 97(3):320-330.
Devriese LI, van der Meulen MD, Maes T, Bekaert K, Paul-Pont
I, Frère L, Robbens J, Vethaak AD. Microplastic
contamination in brown shrimp (Crangon crangon, Linnaeus
1758) from coastal waters of the Southern North Sea and
Channel area. Mar Pollut Bull 2015; 98(1–2): 179–187.
Dris R, Imhof H, Sanchez W, Gasperi J, Galgani F, Tassin B, &
Laforsch C. Beyond the ocean: contamination of freshwater
ecosystems with (micro-) plastic particles. Environ Chem
2015; 12(5):539-550.
Dris R, Gasperi J, Saad M, Mirande C, Tassin B. Synthetic fibers
in atmospheric fallout: a source of microplastics in the
environment? Mar Pollut Bull 2016;104(1-2):290-293.
Eerkes-Medrano D, Thompson RC, Aldridge DC. Microplastics
in freshwater systems: a review of the emerging threats,
identification of knowledge gaps and prioritisation of research
needs. Water Res 2015; 75:63-82.

Philippine Science Letters

3

Eriksen M., Lebreton LC, Carson HS, Thiel M, Moore CJ,
Borerro JC, Galgani F, Reisser, J. Plastic pollution in the
world's oceans: more than 5 trillion plastic pieces weighing
over
250,000
tons
afloat
at
sea. PloS
One
2014; 9(12):e111913.
Farrell P, Nelson K. (2013). Trophic level transfer of
microplastic: Mytilus edulis (L.) to Carcinus maenas
(L.). Environ Pollut 2013; 177:1-3.
Free CM, Jensen OP, Mason SA, Eriksen M, Williamson NJ,
Boldgiv B. High-levels of microplastic pollution in a large,
remote, mountain lake. Mar Pollut Bull 2014; 85(1): 156-163.
Gall SC, Thompson RC. The impact of debris on marine
life. Mar Pollut Bull 2015; 92(1-2): 170-179.
Giam CS, Chan HS, Neff GS, Atlas EL. Phthalate ester
plasticizers: a new class of marine pollutant. Science
1978;199:419-21.
Horton AA, Walton A, Spurgeon DJ, Lahive E, Svendsen C.
Microplastics in freshwater and terrestrial environments:
Evaluating the current understanding to identify the
knowledge
gaps
and
future
research
priorities. Sci Total Environ 2017; 586:127-141.
Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M,
Andrady A, Narayan R, Law, KL. Plastic waste inputs from
land into the ocean. Science 2015; 347(6223):768-771.
Kooi M, Besseling E, Kroeze C, van Wezel AP, Koelmans AA.
Modelling the fate and transport of plastic debris in fresh
waters. Review and guidance. In: Wagner, M., Lambert, S.
(Eds.), Freshwater microplastics. Emerging environmental
contaminants? Springer 2017:125-152.
Kooi M, Nes EHv, Scheffer M, Koelmans AA. Ups and downs
in the ocean: effects of biofouling on vertical transport of
microplastics. Environ. Sci. Technol. 2017; 51(14): 7963–
7971.

Rochman CM, Browne MA, Underwood AJ, Van Franeker JA,
Thompson RC, & Amaral‐Zettler LA. The ecological impacts
of marine debris: unraveling the demonstrated evidence from
what is perceived. Ecology 2016; 97(2):302-312.
Rochman CM, Hoh E, Kurobe T, Teh SJ. Ingested plastic
transfers hazardous chemicals to fish and induces hepatic
stress. Sci. Rep. 2013; 3:3263.
Ryan PG. A brief history of marine litter research. In: Marine
anthropogenic litter. Springer, Cham., 2015: 1-25.
Schuyler Q, Hardesty BD, Wilcox C, & Townsend K. Global
analysis of anthropogenic debris ingestion by sea
turtles. Conserv. Biol. 2014; 28(1):129-139.
Smith M, Love DC, Rochman CM, & Neff RA. Microplastics in
seafood and the implications for human health. Current
environmental health reports 2018; 5(3):375-386.
Thompson RC, Moore CJ, Vom Saal FS, & Swan SH. Plastics,
the environment and human health: current consensus and
future
trends. Philos.
Trans. Royal Soc. B
2009; 364(1526):53-2166.
United Nations Yearbook. United Nations Environment
Programme: Marine Litter, an Analytical Overview 2005;
ISBN: 978-92-1-100967-5:58.
United Nations Yearbook. United Nations Environment
Programme: Emerging Issues in Our Global Environment.
Nairobi: UNEP Division of Early Warning and Assessment.
ISBN: 978-92-807-3381-5:71
United Nations Yearbook. United Nations Environment
Programme: Marine plastic debris and microplastics. Global
lessons and research to inspire action and guide policy change.
Nairobi: UNEP Division of Early Warning and Assessment.
ISBN: 978-92-807-3580-6:274

Law KL. Plastics in the marine environment. Annu. Rev. Mar.
Sci. 2017; 9:205-229.

van Cauwenberghe L, Claessens M, Vandegehuchte MB,
Janssen CR. Microplastics are taken up by mussels (Mytilus
edulis) and lugworms (Arenicola marina) living in natural
habitats. Environ Pollut 2015; 199:10-17.

Lebreton LC, Van der Zwet J, Damsteeg JW, Slat B, Andrady
A, Reisser J. River plastic emissions to the world’s
oceans. Nat. Commun. 2017; 8:15611.

Van Cauwenberghe L, Janssen CR. Microplastics in bivalves
cultured for human consumption. Environ Pollut 2015;
193:65-70.

Macusi ED, Abreo NAS, Cuenca GC, Ranara CTB, Cardona LT,
Andam MB, Guanzon GC, Katikiro RE, Deepananda KHMA.
The potential impacts of climate change on freshwater fish,
fish culture and fishing communities. JNS 2015; 14(2):14-31.

van Emmerik T, Kieu-Le TC, Loozen M, van Oeveren K, Strady
E, Bui XT, Egger M, Gasperi J, Lebreton L, Nguyen PD,
Schwarz A, Slat B, Tassin B. A methodology to characterize
riverine macroplastic emission into the ocean. Front Mar Sci
2018; 5:372.

Mendoza LMR, Jones PR. Characterisation of microplastics and
toxic chemicals extracted from microplastic samples from the
North Pacific Gyre. Environ Chem 2015; 12(5):611-617.
Neves, D., Sobral, P., Ferreira, J.L., Pereira, T., 2015. Ingestion
of microplastics by commercial fish off the Portuguese coast.
Mar Pollut Bull 2015; 101(1): 119–126.
Peakall DB. Phthalate esters: occurrence and biological effects.
Residue Rev 1975;54:1-41.
Peng G, Zhu B, Yang D, Su L, Shi H, & Li D. Microplastics in
sediments of the Changjiang Estuary, China. Environ Pollut
2017; 225:283-290.

Vol. 13 | No. 01 | 2020

Wagner M, Scherer C, Alvarez-Muñoz D, Brennholt N,
Bourrain X, Buchinger S, Fries E, Grosbois C, Klasmeier J,
Marti T, Rodriguez-Mozaz S, Urbatzka R, Vethaak AD,
Winther-Nielsen M, Reifferscheid G. Microplastics in
freshwater ecosystems: what we know and what we need to
know. Environ Sci Eur 2014; 26(1): 12.
World Health Organization. Guidelines for drinking-water
quality. Volume 2: Health criteria and other supporting
information. 2nd ed. Geneva: WHO; 1996.
Wright SL, & Kelly FJ. Plastic and human health: a micro
issue?. Environ Sci Technol. 2017; 51(12):6634-6647.

Philippine Science Letters

4

Zhang C, Chen X, Wang J, Tan L. Toxic effects of microplastic
on marine microalgae Skeletonema costatum: interactions
between
microplastic
and
algae. Environ
Pollut
2017; 220:1282-1288.
Zhang K, Su J, Xiong X, Wu X, Wu C, Liu J. Microplastic
pollution of lakeshore sediments from remote lakes in Tibet
plateau, China. Environ Pollut 2016; 219: 450-455.
Ziccardi LM, Edgington A, Hentz K, Kulacki KJ, Kane Driscoll
S. Microplastics as vectors for bioaccumulation of
hydrophobic organic chemicals in the marine environment: A
state‐of‐the‐science
review. Environ
Toxicol
Chem
(2016); 35(7):1667-1676.

Vol. 13 | No. 01 | 2020

Philippine Science Letters

5

