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Figure 9. Results of the MPs assessment in oysters obtained from
Ticalan, Batangas: (a) total number of particles isolated
per trial; (b) type, shape, and extent of erosion: and (c)
images showing the common types of MPs as indicated
by the arrow: (1) thin and elongated blue filaments, (2)
clear filament with jagged fragments, and (3) disk-shaped
pellet [scale: 0.5 mm].

may cause feeding modifications, reproductive disruption,
as well as a reduction in oocyte number, diameter, and
sperm velocity (Sussarellu ef al. 2016).

Difficulties were encountered in separating the MPs from
the organic material due to the small sizes of the filaments,
which did not allow for FTIR analyses. On the other hand,
this was indicative of how MPs are embedded into internal
organs of such aquatic organisms.

MPs in various fish speciesA total of 51 MPs were
isolated from the various fish species — 51 from Mugilidae,
28 from the reef fishes (i.e., Labridae, Serranidae,
Lutjanidae), and 14 from juvenile Lutjanidae (Figure
10a-b). FTIR analysis was not possible due to difficulties
encountered in isolating the MPs from the organic material
because of their minute sizes and the fact that they were
deeply embedded in the organic material. Microscopic
examination of the particles, however, showed a
predominance of filaments (47 MPs), fragments (3 MPs),
and pellet (1 MP) (see Figure 11) —which could have come
from products like fishing nets, commercial textiles and
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Figure 10. Results of the MP assessment in the various fish species
obtained from Ticalan, Batangas. (a) total number of MPs;
(b) images of the MPs that were collected in the various
sites (as indicated by the arrow): (1) in downstream
sediments; (2) in coastal sediments; (3—6) compared with
adult oysters; (7) compared with oyster secretions; (8) in
reef fishes; and (9-10) in Lutjanidae [scale: 0.5 mm)].

Figure 11. Types of MP particles (total = 51) obtained from the fish
(n=38) samples obtained from the coast of Ticalan. The
colors represent different types of MPs that were isolated
and the corresponding number for each characterization.

cloth, as well as household and industrial products, as
similarly reported by Hidalgo-Ruz and co-authors (2012).

Similarly, Figure 12 shows that the MPs were also
predominantly filaments with thin and elongated shapes,
possibly originating from fishing paraphernalia such as
nylon nets and lines. Others were angular (I MP from
Mugilidae), irregular (1 MP from reef fishes), and disk-
shaped pellets (1 MP from juvenile Lutjanidae). Figure
13 shows that the majority of the particles had weathered
and degraded erosional patterns (50 MPs), with one having
an irregular surface that could be attributed to exposure
to factors inside and outside the living organism. Juvenile
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Figure 12. Shapes of MP particles (total = 51) obtained from the fish
(n=38) samples obtained from the coast of Ticalan. The
colors represent different shapes of MPs that were isolated
and the corresponding number for each characterization.
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Figure 13. Erosion of MP particles (total = 51) obtained from the
fish (n = 38) samples obtained from the coast of Ticalan.
The colors represent different types of erosion of MPs
that were isolated and the corresponding number for each
characterization.

fish have several predators in the wild, such as bigger
fish, seabirds, jellyfish. They are also caught for human
consumption. There are several effects induced by MPs on
aquatic organisms, including reduced feeding activity and
enhanced absorption of contaminants on benthic aquatic
systems (Besseling et al. 2013, Hammer ef al. 2017).

Since the samples were caught by local fishermen, the
presence of MPs in these organisms is a risk to the health
of'the various higher-order consumers, including humans.

CONCLUSIONS

The study found the presence of MPs in the sediments,
waters, and biological organisms from the Bombong
estuary and the coastal waters of Ticalan, Batangas. Of the
sites that were sampled, the downstream site was found to
have the highest number of MPs followed by the upstream
site, with the least being found at the coastal sites — a trend
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that points to the effect of proximity of the population to
these sites. The MPs isolated from the sediments and
water samples were determined to be predominantly likely
composed of polyethylene-based material, which could be
partially degraded based on the presence of carbonyl bands
in the FTIR spectra. These were further characterized
according to particle type, shape, and erosion in order
to better understand the history and environmental fate
of each of the MPs found. The differences observed
between the number and characteristics of the MPs in
the different ecological components of Ticalan (i.e., the
upstream and downstream benthic zone and waters from
the Bombong estuary, coastal sediments, surface seawater,
oysters, and varying fish species) point to variations in the
environmental fate, transport, and accumulation of these
MPs. Such information can be used as environmental
indicators of anthropogenic influences, which can help
local communities, policymakers, and researchers address
issues that impact human and environmental health like
bioaccumulation risk on humans and other organisms.

The conclusive evidence of MPs that find their way into
various ecological components further point to the added
concern for the impact of plastic pollution on ecosystems.

Further studies are needed to ascertain the main sources of
the MP pollution and their dynamics in these ecosystems,
as well as to develop and promote mitigation protocols
and policies that could reduce plastic pollution, in general.
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Appendix Table I. Identification of MPs sediment and water samples of Ticalan, Batangas based on the main FTIR absorption bands and
comparison with published reference spectra in Jung and co-authors (2018).

Absorption peaks* (cm1)
Sample details
: FTIR spectra obtained N-H, O-H*, C'H Fingerprint Low- Possible
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= a0 4
M:IEIUC EblllU 3000 QLIL!C Zj‘ﬂﬂl 1500 WICC ,A‘:i
avelength, cm
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Downstream Water

% Transmission

2930, 2851

1727, EVA or
1454, degraded PE
1154, 1028

% Transmission

2926, 2861

band, 1021

606 EVA or PP

U Transmission

2919, 2856

592 EVA or
degraded PE

% Transmission

2919, 2848

1093, 1021

715 EVA or
degraded PE

U Transmission

2922, 2851

1169, 1115,
1057, 1027

580 EVA or
degraded PE
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4 05 2959, 2918, 2846 | 1466 720 PE (HDPE or
1 LDPE)
100 e, : e VeV an a N
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*Bands that appear together in these regions (cm!) are assigned as follows and not reported in this table anymore: 3434, 1630 = H,O vibrational bands; 2359, 2339
= CO, rotational-vibrational bands, which are either in the sample or that did not subtract completely from the background. Almost all spectra indicate the presence of
residual water, perhaps adsorbed, in the samples; and so, the large O-H stretch and bending vibrational bands are present
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