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1 Introduction

 The Philippines is considered one of the top 
contributors of plastic debris in the ocean, with an 
estimated annual input of 0.28-0.25 million metric 
tons (MT) (Jambeck et al. 2015). The continuous 
release of plastic debris into the environment leads 

to its accumulation in marine and coastal regions 
(Possatto et al. 2011). The improper disposal of 
plastic waste and its growing production leaves no 
doubt about its potential impact and threat to these 
environments. Plastic contamination of aquatic 
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An increasing number of studies have reported the presence of 
microplastics in marine organisms such as bivalves. Ingestion of 
microplastics can affect organisms and transport pollutants such 
as organic chemicals and heavy metals. In this study, the presence, 
quantity, and size of microplastics ingested by the three commercially 
important bivalve species Perna viridis, Crassostrea iredalei, and 
Venerupis philippinarum harvested from Bacoor Bay, Philippines, 
were investigated. The microplastics were extracted from the soft 
tissues of the bivalves using base digestion, recovered by filtration 
using 150 µm wire mesh, and analyzed microscopically. The results 
demonstrated that the quantity of recovered microplastics from the
soft tissues of mussels, oysters, and clams are 0.93±0.12 items/g, 
0.42±0.07 items/g, and 1.71±0.34 items/g, respectively. One-way 
analysis of variance (ANOVA) shows that the quantity of microplastics 
ingested by the three bivalve species was significantly different (α 
= 0.05, p =0.0031). The average size of microplastics ingested by 
mussels, oysters, and clams was 1.72±0.13 mm, 1.26±0.18 mm, and 
1.21±0.1 mm, respectively. A slightly significant difference between
the sizes of microplastics ingested by the three bivalve species (α = 
0.05, p =0.049) was observed. This study presents preliminary data 
on the quantity and size of microplastics ingested by bivalves in 
Bacoor Bay. The results of this study further proved the necessity of 
determining programs and projects to reduce the potential risks of 
microplastics on the environment, economy, and, more importantly, on 
the safety of human food consumption. Further studies are needed to 
identify the specific polymers of plastics ingested by the three bivalve 
species harvested in Bacoor Bay.
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ecosystems has been an increasing concern because 
of their persistence and ecological effects on the 
environment (Thompson et al., 2009), especially 
given the occurrence of smaller fragments of 
plastics that are bioavailable for ingestion by a wide 
range of marine organisms, called microplastics.
 Microplastics, defined as plastic materials 
or fragments <5 mm, are likely the ocean's most 
numerically abundant plastic debris today (Law 
and Thompson 2014). The quantities of marine 
microplastics will inevitably increase due to the 
degradation of plastic items, ultimately breaking 
down into millions of microplastic pieces (Cózar et 
al. 2014). The widespread use and persistent nature 
of plastic have made microplastics ubiquitous in 
marine waters, sediments, organisms, and even
sea salts (Yang et al. 2015). They can also enter 
the ocean directly by releasing cosmetic powders, 
pellets, fibers, and microbeads in facial cleansers
into the marine environment (Fendall and Sewell 
2009; Cole et al. 2011; Browne et al. 2015;
Thompson 2015). Due to their small size, 
microplastics can be potentially ingested through 
the food chain (Van Cauwenberghe and Janssen 
2014). Therefore, ingestion of microplastics 
could have significant impacts on the organisms. 
Research has established that these effects mainly 
revolved around decreased food uptake (Besseling 
et al. 2013), reduction of energy reserves (Wright 
et al. 2013), inflammation (von Moos et al. 2012; 
Avio et al. 2015), changes in immunological 
responses (Avio et al. 2015) and declines in 
broodstock fecundity and larval growth (Sussarellu 
et al. 2016). Other impacts may be caused by the 
toxicity of the concentrations of persistent organic 
pollutants (POPs) and heavy metals absorbed in the 
surrounding water by microplastics, as well as the 
residual toxic additives from the manufacture of 
plastics (Andrady 2011).
 Bivalves play a significant role in the food 
web, for they serve as food to various marine 
species and humans across the globe (Davidson 
and Dudas 2016). Bivalves are of particular
interest in microplastics research because of the 
extensive filter-feeding activity that exposes them 
directly to microplastics present in the environment. 
Bivalves can be a potential bioindicator of 
microplastic pollution (Li et al. 2016). Many 
studies have proven the presence of microplastics 
in the tissue of shellfish (e.g., Van Cauwenberghe 
and Jansenn 2014; Davidson and Dudas 2016; 

Dela Torre et al. 2019; Teng et al. 2019). The 
Slipper cupped oyster (Crassostrea iredalei), Asian 
Green Mussel (Perna viridis), and Manila Clam 
(Venerupis philippinarum) were chosen because of 
their economic importance, especially in Bacoor 
City. According to the Fisheries Statistics of the 
Philippines 2017 – 2019, the country produced 
61,615.22 metric tons of the abovementioned 
species amounting to 1,267,214,810 Php. 
 The number of microplastics ingested by 
marine organisms can help determine the degree 
of impact of microplastic pollution and help 
assess the potential risk in the marine organisms. 
A qualitative study regarding microplastics was 
conducted in Bacoor Bay (Argamino and Janairo 
2016), and another quantitative study (Bilugan et 
al. 2021) was conducted in Cañacao Bay, Cavite 
City. However, studies regarding the ingestion of 
microplastics by bivalves for human consumption 
in the Philippines are still limited (Galarpe et al. 
2021). With the country being a top contributor to 
marine plastic debris and the ecosystem services 
provided by marine environments, research 
regarding microplastic pollution is needed (Abreo 
2018). This study was conducted to measure the 
size and quantity of the microplastics ingested by 
three commercially important bivalve species, 
oysters (C. iredalei), mussels (P. viridis), and 
clams (V. philippinarum) cultured for human 
consumption in Bacoor City, Cavite, and determine 
the relationship between microplastic size and wet 
weight of the bivalves. This study aims to provide 
data on the quantity of microplastics in bivalves 
cultured for human consumption. Monitoring 
microplastics will hopefully contribute significantly 
to minimizing potential risks of microplastics in 
the environment, economy, and human health. 

2 Materials and Methods

Collection of Samples
 Bacoor Bay is a 957.25 ha.-long body of 
water located north of the city of Bacoor, which 
includes areas for municipal fishing (453 ha), 
habitat enhancement and management (40 ha), 
and eco-tourism (81 ha) (PEMSEA and Provincial 
Government of Cavite, Philippines, 2017). The 
samples were obtained from the bivalve culture 
sites harvested by local mussel farmers. Forty-
five samples were obtained for this study (15 
individuals per species). Only live bivalves that 
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are in “harvestable” sizes are gathered. Following 
the protocol of other studies (e.g., Davidson and 
Dudas 2016; Catarino et al. 2018; Phuong et al. 
2018), the bivalves were kept in cloth bags after 
collection, transported in an icebox with ice, and 
kept frozen until analysis. The bivalves were 
thawed one hour before the digestion of tissues.

Contamination Mitigation
 Contamination with airborne plastic particles 
has been widely reported in microplastics research 
(Davidson and Asch 2011; Foekma et al. 2013). All 
equipment used in the experiment was thoroughly 
rinsed with filtered distilled water and dried at room 
temperature avoiding contact with the ambient air 
to mitigate airborne and laboratory contamination 
(Phuong et al. 2018). The reagents (distilled water, 
salt water, NaOH, and Sodium Dodecyl Sulfate 
solution) were filtered with a 150 µm sieve before 
usage. Laboratory coats and gloves were worn all 
the time. During the analysis of microplastics, the 
glass bottles were covered when not in use to avoid 
contact with the digestion solution with the ambient 
air. A procedural blank was also prepared. This 
contains filtered distilled water and undergoes the 
same procedure as the soft tissue samples.

Base Digestion of Tissue samples
 The bivalves were rinsed using filtered 
freshwater, and the shells were opened. The shell 
length was measured using a metal ruler, while the 
wet weight of each bivalve was measured using 
a digital balance. The whole soft tissues of three 
individuals were emptied from the shell into a single 
250 mL Erlenmeyer flask and regarded as replicates. 
Ten milliliters (10 mL) of 1 M NaOH (Sodium 
Hydroxide) and 5 mL of SDS (Sodium dodecyl 
disulfate) per g. of soft tissue were added to each 
container to digest the tissue. The bivalves were 
left in the solution for 24 h at room temperature to 
achieve optimum digestion. The digested samples 
were then subjected to 60°C incubation in a warm 
bath for 24 h. Subsequently, the samples were 
diluted to 100 mL warm (70°C) filtered distilled 
water, followed by filtration using a 150 µm wire 
mesh.

Characterization and quantification of 
microplastics
 Visual inspection of the microplastics was 
done under a digital microscope (Digital Blue 

Computer Microscope) at 60x magnification. 
Microphotographs were captured using the 
software provided by the digital microscope. 
Identification of the microplastics was performed 
based on the criteria given by Noren (2007). All the
microplastics extracted have no organic materials 
that are visible, clear, and have a homogeneous 
color. The particles were also subjected to a hot 
needle test to confirm that they were microplastics 
(Devriese et al. 2015). A needle is heated until 
visibly red when in contact with the microplastic 
particle. The plastic particle should move and 
be deformed, while non-plastics will show no 
movement. Moreover, the particle should be equally 
thick throughout their entire length, specifically in 
the case of fibers (Hidalgo-Ruz et al. 2012). The 
quantity of microplastics was recorded. The number 
of microplastic per species is divided by the wet 
weight of the samples to obtain the number of items 
per gram (items/g). The length of the microplastic 
samples was analyzed and measured using Image J 
Analysis software.

Statistical Analysis 
 In all the analyses, an alpha level of 0.05 is 
used. Shapiro-Wilk’s test was used to determine 
the normality of data, and Levene’s test was used 
to assess the homogeneity of variances. One-way 
analysis of variance (ANOVA) was used to identify 
whether there is a significant difference in the 
abundance of microplastics ingested by the three 
bivalve species and the sizes of the microplastics 
obtained. Pearson’s r was used to determine the 
relationship between body size (soft tissue weight) 
and the size of ingested microplastic. Data were 
analyzed using Paleontological Statistics Version 3 
(PAST3) software.

3 Results and Discussion

Presence of microplastics in the three bivalve 
species
 Visual inspection of the particles from the 
digested tissues of the three bivalve species shows 
microplastics, as confirmed by the hot needle test. 
The microplastics recovered are all classified as 
plastic fragments because of their “small irregular”, 
“flat,” or “cracked morphology” (Mateos-Cardenas 
et al. 2020; Figure 1). Fragment morphotypes result 
from mechanical stress by water aided by sand and 
other sediments (Julienne et al. 2019).
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Quantity of microplastics from the three bivalve 
species
 A total of 43 microplastics were obtained from 
45 individuals in this study. The three species of 
bivalves, Asian Green Mussel (P. viridis), Slipper-
cupped Oyster (C. iredalei), and Manila Clams 
(V. philippinarum) contained 14, 13, and 16 
items, respectively. The number of microplastics 
per species is divided by the total wet weight of 
the samples to obtain the number of items per 
gram (items/g). Asian Green Mussels (P. viridis) 
contained 0.93±0.12 items/g, Slipper-cupped 
Oysters (C. iredalei) contained 0.42±0.07 items/g, 
and Manila Clams (V. philippinarum) contained 
1.71±0.34 items/g. One-way analysis of variance 
shows that the number of items per gram per species 
has a significant difference (α = 0.05, p =0.0031). 
Table 1 shows the bivalves' shell length and wet 
weight, the number of microplastics obtained from 
the samples, and the number of items per gram of 
wet weight. The average quantity of microplastics 
ingested by commercially important bivalves 
in Bacoor City, Cavite, is 1.02±0.38 items/g.
 The resulting quantity of microplastic in this 
study is on par with the results of other research on 
microplastic ingestion (Table 2). In terms of local 
studies on microplastics from bivalve soft tissues, 
this study shows the presence of microplastics in the 
mussels as with the study of Argamino et al. 2016. 
The quantity of microplastics from the bivalves 
in this study is slightly higher compared to the 

previous research done by Bilugan et al. (2021) on 
microplastics in Perna viridis in different locations 
in Bacoor Bay. The variation in the results of this 
study may be attributed to the difference in the 
physiology of each species (Phuong et al. 2018). 
The number of microplastics found in an organism 
is proportional to its size, and it may also vary 
because of the differences in the filtration rates of 
each species (Li et al. 2015). The procedures can 
also affect the number of recovered microplastics 
from the samples. This study uses alkaline digestion 
(1M NaOH). Dehaut et al. (2016) suggested that an 
alkaline solution is the most effective in recovering 
the gut contents of M. edulis. Catarino et al. (2016) 
have also used a strong base to digest the soft 
tissues of mussels and found that the use of NaOH 
is effective in clearing tissues and the use of both 
NaOH and has minimal damage to the microplastic 
particles. In a study on microplastics in fish guts, 
the use of NaOH and SDS as the digestive agent 
had no noticeable effect on the shape of the plastic 
particle (Budimir et al. 2017) compared to the more 
corrosive acid digestion (Claessens et al. 2013).

Size of the microplastics obtained
 The average size of the microplastics obtained 
in this study is 1.4±0.16 mm. Mussels have the 
largest particles measuring an average of 1.72±0.13 
mm, followed by oysters with an average of 
1.26±0.18 mm, and lastly, samples from clams 
measure an average of 1.21±0.1 mm. The values for 

Figure 1. Microphotographs (60x magnification) of some of the microplastics obtained from P. 
viridis (A-C), C. iredalei (D-F), and V. philippinarum (G-I).



Journal of Ecosystem Science and Eco-Governance Special Issue | PAMS16

42

Commercially 
Important Bivalve 

Species

Average 
Shell Length 

(mm±SE)

Average 
Weight 
(g±SE)

Total 
Number of 

Microplastics

Average Size of 
the Microplastic 

particles (mm±SE)

Number of 
microplastics per wet 
weight (items/g±SE)

Asian Green Mussels 
(Perna viridis)
(n=15)

5.43±0.26 3.11±0.27 14 1.72±0.13 0.93±0.12

Slipper- cupped Oysters
(Crassostrea iredalei)
(n=15)

7.98±0.09 6.06±0.39 13 1.26±0.18 0.42±0.07

Manila Clams 
(Venerupis philippinarum)
(n=15)

2.94±0.06 1.93±0.12 16 1.21±0.1 1.71±0.34

Table 1. Size measurements of bivalves and the quantity and size of microplastics in the bivalves 
(n=45)

the average size of microplastics per species have a 
slightly significant difference (α = 0.05, p =0.049). 
Table 1 shows the data for the average microplastic 
size. Pearson’s R correlation shows the relationship 
between the size of the bivalves (wet weight) 
and the size of microplastics has a weak negative 
correlation (r=-0.102) and is not significant (α = 
0.05, p =0. 717563) as shown in Figure 2.

 In another study done in Bacoor Bay by Bilugan 
et al. (2021), the dominant size of the microplastic 
particles collected from P. viridis ranges from 10 
to 50 μm which is smaller than the microplastics 
observed in this study. In the other research done by 
Argamino & Janairo (2016) regarding microplastics 
in P. viridis in Bacoor Bay, the particle size ranges 
from 10 to 30 μm in white and red particles,

Species Locality Reagent used 
in Digestion

Quantity Reference

Mytulis edulis and Crassostrea gigas Germany and 
France

69% HNO3 0.07-0.24 particles/g 
(mussels) 0.05-0.35 
particles/g (oysters)

Van Cauwenberghe 
and Janssen (2014)

Mytulis edulis Belgium HNO3/HClO4 0.26-0.51 items/g De Witte et al. 
(2014)

Nine species of marine bivalves China 30% H2O2 2.1-10.5 items/g Li et al. (2015)

Mytulis edulis and Mytilus galloprovincialis Europe HNO3/HClO4 0-0.32 items/g Vandersmech et al. 
(2015)

Venerupis philippinarum Canada 69–71% HNO3 0.07 – 5.47 items/g Davidson and Dudas 
(2016)

Mytulis edulis China 30% H2O2 0.9-4.6 items/g Li et al. (2016)

Mytulis edulis France 10% KOH 0.24 items/g Phuong et al., 
(2017)

Chlamys farreri and Mytilus galloprovincialis China 10% KOH/ 
30% H2O2

3.2- 7.1 items/g Ding et al. (2018)

Crassostrea gigas, Crassostrea angulate, 
Crassostrea hongkongensis and Crassostrea 
sikamea

China 10% KOH and 
30% H2O2

0.14-2.35 items/g Teng et al. (2019)

Venerupis philippinarum and Crassostrea gigas  Canada 10% KOH 0.03-0.05 items/g Covernton et al. 
(2019)

Crassostrea gigas, Mytilus edulis, Venerupis 
philippinarum, and Patinopecten yessoensis

South Korea 10% KOH 0-1.08 items/g Cho et al. (2019)

Argopecten purpuratus Peru 10% KOH 0.03-0.13 items/g Dela Torre et al. 
(2019)

Crassostrea gigas and Siliqua patula U.S.A. 10% KOH 0.16 and 0.35 items/g Baechler et al. 
(2019)

Perna viridis and meretrix meretrix India 10% KOH 0.18-1.84 items/g Dowarah et al. 
(2020)

Ruditapes decussatus, Cerastoderma spp. and 
Polititapes spp.

Portugal 1.8 M KOH 10.4- 18.4 items/g Cozzolino et al. 
(2021)

Perna viridis, Crassostrea iredalei, and Venerupis 
philippinarum

Philippines 1M NaOH and 
SDS

0.42-1.71 items/g In this study.

Table 2. Other studies regarding microplastic contamination in different bivalve species
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while blue particles are described to be around less 
than 5 mm in length. The difference in the size 
of obtained microplastics from bivalves can be 
attributed to the difference in the filtration method. 
This study used a sieve with a 150 μm mesh size.
In contrast, the survey by Bilugan et al. (2021) used a 
filter paper with a pore size of 0.45 μm and the survey 
by Argamino & Janairo (2016) used filter paper 
with 11 μm pore size, allowing smaller microplastic 
particles to be recovered. Different studies regarding 
the ingestion of microplastics have demonstrated the 
size-dependent toxicity of the particle. In smooth nut 
clams, Enncula tenuis, energy reserves significantly 
decreased with higher doses and larger-sized
(125-500 µm) microplastic particles (Bour et 
al. 2018). In another study done by Tang et al. 
(2020) regarding the toxicity of microplastics and 
persistent organic pollutant (POPs) when ingested 
by Tegillarca granosa, toxicity was enhanced 
in smaller-sized nano plastics compared to 
microplastics which is attributed to size-dependent 
interaction between the plastic particle and the POPs.
 Numerous studies have revealed the negative 
effects of microplastic ingestion on bivalves. 
Ingested microplastic can be translocated and 
accumulate in different tissues of bivalves, which 
can cause various negative consequences such as 
neurotoxic effects, DNA damage, and alterations 
of immunological responses (Browne et al. 2008; 
Von Moos et al. 2012; Avio et al. 2015; Ribiero 
et al. 2017). The ingestion of microplastics can 
also cause mechanical effects like macroplastics. 

Microplastics might block the feeding appendages, 
hinder food passage through the intestinal tract 
(Tourinho et al. 2010), or cause pseudo-satiation 
resulting in decreased food intake (Derraik 2002; 
Thompson 2006). Exposure to microplastics can 
also reduce the quantity and quality of the gametes 
produced by oysters (Sussarellu et al. 2016). The 
impact on bivalve reproduction can eventually harm 
the production of bivalves in Bacoor Bay. Aside 
from these, microplastics can also be a vector of 
persistent organic pollutants (POPs), heavy metals, 
and microorganisms (Bakir et al. 2014; Koelmans 
2016; Ma et al. 2020). Consumption of these 
pollutants is very harmful and can negatively affect 
human health. Knowing the hazardous effects of 
microplastics, the local government of Bacoor City 
should act proactively and implement scientific 
and research-based policies to effectively mitigate 
the present microplastic pollution in the locality.

4 Conclusion and Recommendations
 
 The presence of microplastic ingestion in 
three commercially important bivalve species 
(P. viridis, C. iredalei, and V. philiipinarum) 
has been reported in this study. This study is 
the first preliminary report on the quantity of 
microplastics ingested by the three bivalve 
species. The quantity of microplastics recovered 
from mussels, oysters, and clams are 0.93±0.12 
items/g, 0.42±0.07 items/g, and 1.71±0.34 items/g, 
respectively. The average size of microplastic 

Figure 2. Relationship between bivalve size (soft tissue weight in grams) and microplastic size (mm) (R= 
-0.1026, p=0.72)
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ingested is 1.4±0.16 mm and is not correlated 
to the bivalves' body size (soft tissue weight).
The presence of microplastic in the three 
commercially important bivalve species in Bacoor 
Bay should alert the local government of Bacoor 
City to investigate further microplastic pollution in 
its marine waters and its organisms. It is necessary 
to establish programs and projects to reduce the 
potential risks of microplastics to the environment, 
economy, and, more importantly, food safety. This 
study should be an eye-opener for policymakers, 
researchers, and individuals to act on this emerging 
environmental problem. The researchers suggest 
further monitoring microplastic ingestion in 
bivalves to determine its spatial and temporal 
variation. In addition, the microplastics should be 
verified with instruments like Fourier-Transform 
Infrared Spectroscopy and Raman Spectroscopy
to strengthen the validity of the identified
microplastics. More importantly, rigorous research 
should investigate the potential for humans to 
ingest microplastics and the extent of impacts of 
the toxicity associated with these contaminants. 
However, to be able to do that, researchers should 
focus first on standardization and harmonization 
protocols in extracting microplastics in organisms 
because, currently, there is no standardized and 
harmonized method for extracting microplastics in 
marine organisms such as bivalves.
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