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Abstract

Studies of microplastics (MPs) in the marine environment are becoming more and more
popular. Food safety and human consumption are affected by aquatic life ingesting plastic
and by its presence in sediments and water bodies. Although table salt is widely used
throughout the world, its extraction from saltwater has a very high potential for
contamination with MP in places like the Philippines. Therefore, this study investigated
the occurrence of MPs in table salts from the local markets in Samar, Philippines. The
results confirmed the presence of several MPs. It was found that the highest count was at
36 MPC/250 g. Overall, microplastics comprised pellet-shaped (29.61%), fragment (25%),
and foamed plastic (6.43%). About 66.67% of sampled locations were mainly composed
of microplastics with sizes 500 — 1000 um while 33.33% were mostly composed of
plastics of 200 — 500 pm. Using density separation techniques, the samples have the
presence of 88.89% (polyamide), and 77.78% (polyvinyl chloride/polyethylene
terephthalate). In addition, polyethylene and polystyrene/high-density polyethylene was
found equally in 66.67% of the samples. The widespread usage of these plastics and their
incorrect disposal in marine environments have been blamed for the introduction of
microplastics into the ecosystem. With the difficulty in detecting these materials because

of their size, their entry into marine-based food products can become inevitable.

1. Introduction

MPs have been found in seafood products like clams
and fish, according to numerous investigations (Foekema
et al., 2013; Davidson et al., 2016). Consequently,
consuming seafood items could be a significant way for
people to be exposed to MPs (Karami et al., 2017).
Given that they have been demonstrated to transmit
potentially  harmful  chemicals and  microbes,
microplastics could pose a health risk (Barboza et al.,
2018). Microplastics have spread due to the unregulated
release of these plastic polymers into the environment
and the persistence of those polymers in the environment
(Zuccarello et al., 2019).

One of the primary sources of sustenance for people
is the sea. There is no question that the pollution of sea
goods will result from the pollution of marine
microplastics. The possibility of a health concern to
humans is increased by the fact that microplastics can
even be passed from sea products to people through the
food chain (Barboza et al., 2018; Karami et al., 2017,
Wright and Kelly, 2017; Yang et al., 2015; Peixoto et
al., 2019). Although the presence of MPs in seafood
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products has been pretty well documented, less is known
about the MP loading in abiotic saltwater products,
which are assumed to necessarily contain contaminants
from the water (Gall and Thompson, 2015; Li et al.,
2015). Sodium is an essential element for the human
body to maintain homeostasis and is mainly consumed as
a common salt (sodium chloride, NaCl).

Humans need table salt for important nutrients, and it
is also employed in food preservation techniques. The
sea, salt lakes, salt rocks, and salt wells are the main
sources of salt resources. Table salts can then be
categorized into sea salts, lake salts, rock salts, and well
salts depending on where they come from (Yang et al.,
2015). Sea salt is typically produced by crystallization
due to the combined effects of wind and sunlight. Before
sea salt crystallizes, seawater circulates along a series of
successive ponds with increasing levels of salinity due to
the continuous evaporation of water. Sea salts may
contain anthropogenic contaminants present in the
seawater if they remain after the concentration and
crystallization process (Serrano et al., 2011).
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Every year, the Philippines produces an astounding
2.7 million tons of plastic waste, of which 20% is
thought to wind up in the ocean (World Bank Group,
2021). Records on the presence of microplastics in the
Philippines, particularly on table salts, have not received
much attention. In Samar, the sea for salt production
comes from Maqueda Bay. With reports showing that
about 50% of surrounding communities dispose of their
waste directly to Maqueda Bay (Orale and Fabillar,
2011), contamination of plastic in sea salt production is
highly plausible. Moreover, the increasing trend of
plastic use and improper disposal causes microplastic to
gradually accumulate in the sea and, consequently, in
products derived from aquatic environments. Therefore,
it is necessary to verify if indeed contamination of
microplastics in sea salts so that proper mitigation can be
formulated. With this, the study aimed to determine the
presence and abundance of microplastic in table salt sold
in the local markets in Samar, Philippines. Especially
since Samar is the third-largest and seventh-most
populous island in the Philippines with a total population
of 1,909,537 as of the 2020 census.

2. Materials and methods
2.1 Sample collection

Salt samples were purchased randomly in the local
markets in Samar, Philippines, which were then sealed in
a ziplock bag and stored in a Styrofoam container. All of
the samples were collected, and then they were sent to
Samar State University - Mercedes Campus for
microplastic analysis.

2.2 Sample preparation

The samples were first dried in an electric oven at
70°C for 12 hrs to reduce the moisture content of the salt
samples. They were then placed in a desiccator and
allowed to cool for 3 hrs under room temperature. Once
it was cooled, about 250 g of samples were weighed and
placed into 1 L beaker for further analysis. Two
replicates were prepared for each brand that was
sampled.

2.3 Quality control

To prevent errors in methods, the reagents used were
filtered through a Whatman No. 1 filter paper. A blank
was also prepared to ensure checking for procedural
errors that may lead to contamination.

2.4 Hydroxide treatment

The samples were gradually added with 30%
hydrogen peroxide solution, H,O, (Dalkem Corporation,
Quezon City, Philippines). To prevent spillage, 20 mL of
30% H,0, was gradually added until the total volume
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added reached 100 mL. Then the sample was added with
20 mL of ferric sulfate, Fe,(SO4); (Dalkem Corporation,
Quezon City, Philippines) to catalyze the reaction.

2.5 Flotation and filtration

Distilled water was added to beakers under constant
stirring to dissolve the remaining salt in the solution.
Approximately 600-800 mL of distilled water was used.
After dissolution, the salt solution was immediately
filtered using Whatman Filter No. 1 filter papers. The
samples containing the filtered microparticles were then
placed in a watch glass and dried in an electric oven at
70°C for 12 hrs.

2.6 Visual observation of microplastics under a
microscope

The filters were observed under an Olympus SZ61
Stereomicroscope (Olympus Corporation, Japan) and
images were obtained with its built-in camera. A visual
assessment was performed to identify the types and
colors of microplastics according to the shape of the
particles. It was classified as a pellet, film, foamed
plastic, filament and fragment (Ballent et al., 2012). The
abundance was calculated based on the visual
observations. To determine the sizes, images taken from
the visual observation were processed through the
Image] Software®.

2.7 Identification of type of microplastic

The study employed density differences of
microplastic to confirm the presence of specific
microplastics in the samples. To determine the presence
of polyethylene (PE), analytical grade sodium chloride,
NaCl (Dalkem Corporation, Quezon City, Philippines)
was used to prepare a brine solution with a density of
0.94 g/em’. The separation was conducted in a
separatory funnel. The sediments in the solution were
undisturbed for 4 h so that the microplastic of interest
would float. After the said time, the bottom portion was
drawn out to a new container to be processed again. The
upper portion was filtered and examined to confirm the
presence of the specific microplastic. The same
procedure was made again with the sediments from the
drawn-out bottom solution using NaCl at 1.04 g/cm’ to
detect polystyrene (PS) and high-density polyethylene
(HDPE), NaCl at 1.20 g/cm’ for polyamide (nylon) and
ZnBr, at 2.0 g/cm® for polyvinyl chloride (PVC) and
polyethylene terephthalate (PET). The separation
technique was modified and adapted from Thompson et
al. (2004).

2.8 Statistical analysis

The mean differences and standard deviations of the
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abundance of microplastics among groups were
calculated. Frequency counts and percentages were used
to express the distribution of parameters that were

considered.

3. Results and discussion
3.1 Abundance of microplastics in market salt

To ensure that there was no procedural

contamination of MP, blank filter papers were first
visually observed and showed 442 particles per filter
which is equal to 8 particles per 500 g considering two
replicates per location-brand (e.g., L1B1 for location 1 -
brand 1) per sample. When the salt solution was filtered,
the color of the filter showed different color intensities
shown in Figure 1.

Figure 1. Micrographs of the filter papers after filtration for
different locations (L) and brand (B) in selected markets in

Samar, Philippines.

The resulting color was potentially due to Fey(SOy)s.
Hence, to remove the background color, the samples
were again diluted and filtered to reduce the coloration
and ensure more accurate detection of MPs. After the
step, the results of MP counts are illustrated in Figure 2.
Of the samples collected, samples from Location 2 on
average have a higher microplastic count per 250 g
(MPC per 250 g) of samples compared to Location 1 and

Location. L2B3 and L2B2 had the highest MPC per 250
g at 36x11 and 35+4 MPC respectively while L1B2 had
the lowest at 1743 MPC per 250 g. Kim et. al. (2018)
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Figure 2. Microplastic Count per 250 g (MPC/250 g) in salt
sold in selected markets of Samar, Philippines.

reported that over 90% of sampled salt brands found
globally contain microplastic. Compared to the study of
Lee et. al. (2019) where the microplastic found in salt
samples from Taiwan was 9.77 MPs per kg, the present
study has a higher MP count considering that only 250 g
was tested. Moreover, the abundance of MP in the
present study is comparable to 120 MPs per kg which
was found in rock salt in the Philippines (Kim et al.,
2018). These results have shown that MPs contamination
in the food chain is evident in Samar which is alarming
and necessitates the development of proactive measures
to prevent MP contamination.

3.2 Shape and sizes of microplastics in market salt

The microplastics that were observed were classified
according to the shape of the microplastic. The results
are summarized in Table 1 while the distribution is
shown in Figure 3. L1B1 were mostly composed (65.2%)
of fragment-type plastics. Fragment-type plastics often
are from the degradation of larger plastics. Usually, these
are commonly sourced from different containers that the
local community often uses. L1B2 were almost equally
composed of pellet (23.5%), film (17.6%), filament
(23.5%) and fragment (29.4%). L1B3 was mostly

Table 1. Distribution of shapes of microplastics in salt from selected markets in Samar, Philippines.

Sample Pellet Film Foamed Plastic Filament Fragment
L1B1 17.4% 0.0% 8.7% 8.7% 65.2%
L1B2 23.5% 17.6% 5.9% 23.5% 29.4%
L1B3 16.7% 4.2% 41.7% 8.3% 29.2%
L2B1 11.5% 30.8% 0.0% 34.6% 23.1%
L2B2 42.9% 25.7% 0.0% 8.6% 22.9%
L2B3 55.6% 2.8% 0.0% 22.2% 19.4%
L3B1 16.7% 44.4% 0.0% 27.8% 11.1%
L3B2 50.0% 8.3% 8.3% 8.3% 25.0%
L3B3 13.3% 50.0% 0.0% 26.7% 10.0%
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composed of 41.7% foamed plastic. In the context of
Samar, foamed plastic could potentially be from the
degradation of foam beds which are often used in the
local community. This again is aligned with issues of
improper waste disposal. These are often L2B1 were
mainly composed of filament (34.6%) and film (30.8%).
Filament-type plastics were observed as threads from
clothes or from the plastic sacks where salts are usually
packaged. L2B2 and L2B3 were primarily composed of
pellets — 42.9% and 55.6% respectively. Pellet-type
plastics are often sourced from local plastic
manufacturing or reforming industries which potentially
enter the ocean through spills during transport. L3B1
were mainly plastic films (44.4%) which are often from
degraded plastic bags used in the local market. About
50% of L3B2 was composed of plastic pellets. And
finally, L3B3 were 50% composed of 50% plastic films.
Overall, pellet-shaped microplastics comprised 29.61%
followed by fragments with 25%. The least type of shape
was found to be foamed plastic at 6.43%. In the study of
Karami et al., (2017), the microplastics found in the salt
from eight different countries, fragments MPs were the
most common (63.8%), followed by filaments (25.6%),
and films (10.6%). The prevalence of fragment MPs is
common and similar in this study because of the
improper disposal of waste.

L1B1 L1B2 L1B3 12B1 L2B2 12B3 L3B1 L3B2 L3B3
Sample
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Figure 3. Percentage distribution of types of plastic in salt sold
in selected markets of Samar, Philippines.

Images of microplastics were taken while the sizes
were measured digitally using the ImageJ® program.
The distribution of sizes is summarized in Table 2 and is

Table 2. Distribution of sizes of microplastics.

illustrated in Figure 4. A commonality was observed in
microplastics from different locations and sources
wherein L1B1, L1B2, L1B3, L2B3, L3Bl1, and L3B3
were mainly composed of microplastics with sizes 500 —
1000 pm. While L2B1, L2B2 and L2B3 were mostly
composed of plastlcs 0f 200 — 500 um.

Figure 4. Types of microplastics observed in salt sold in
selected markets of Samar, Philippines.

While some contamination of salt products occurs
during the processing and packing steps, it's likely that
environmental contamination is to blame for the majority
of contamination (Lee et al., 2019). Polyethylene,
polypropylene, and polystyrene were found much more
frequently than the other 10 polymer kinds, according to
a list of 13 polymer types by Hidalgo-Ruz et al. (2012)
that was compiled from 42 investigations that identified
microplastics recovered from the marine environment.

3.3 Types of microplastics in market salt

Using the density separation techniques different
microplastics were identified from the market salts from
different locations in Samar Philippines. The study was
able to confirm the presence of all plastic types. The
presence of the types of plastics in the samples is seen in
Figure 5.

From the data presented, Nylon was present in
88.89% of the samples while PVC/PET was found in
77.78% of the samples analyzed. In addition, PE and PS/
HDPE were found equally in 66.67% of the samples.
This method however is subject to different factors

Sample >1000 um  500- 1000 um 200 - 500 um 100 - 200 pm <100 pm
LIBI 8.7% 52.2% 17.4% 17.4% 4.3%
L1B2 17.6% 58.8% 11.8% 11.8% 0.0%
L1B3 12.5% 45.8% 25.0% 12.5% 4.2%
L2B1 7.7% 26.9% 46.2% 19.2% 0.0%
L2B2 8.6% 28.6% 51.4% 8.6% 2.9%
L2B3 13.9% 50.0% 22.2% 8.3% 5.6%
L3BI 11.1% 72.2% 11.1% 5.6% 0.0%
L3B2 12.5% 33.3% 41.7% 8.3% 4.2%
L3B3 13.3% 50.0% 23.3% 10.0% 3.3%
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affecting its accuracy. Hence, it is proposed that in future
studies, Fourier Transform Infrared (FTIR) spectroscopy
should be used to yield a more accurate characterization
of the composition of filtrates or types of microplastic.

o ekt
T

Figure 5. Sample of Microplastics: (A) Polyethylene, (B)
Polystyrene, (C) Polyamide and (D) Polyethylene found in
market salt sold in Samar, Philippines.

Nylon can be found in synthetic clothing materials.
PE is used for market bags and plastics. HDPE is used in
milk cartons and chewing gum boxes. PS can be found in
coffee lids and plastic utensils. PVC is used in window
frames and electrical wirings. PET is used for soda and
water bottles (Quinn et. al., 2017).

The widespread usage of these plastics and their
incorrect disposal in marine environments have been
blamed for the introduction of microplastics into the
ecosystem. Due to the difficulties in detecting these
materials due to their size, their infiltration into food
products based on marine life may become inevitable.

Records on the prevalence of microplastic in the
Philippines, particularly on table salts, have not received
much attention. However, the growing trend of plastic
use and disposal could lead to a slow buildup of
microplastic in lakes and seas, which would then affect
items made from aquatic habitats. Therefore, the findings
of this study could serve as a guide for future
investigations into the extraction of microplastic from
various types of salt. To maintain customer safety, the
manufacturing process for certain foods needs to be
strengthened or revised.
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