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Microplastics are plastic fragments measuring less than 5 millimeters
which are formed from degraded plastic materials and have the potential to pollute the environment. Due
to their widespread presence in the marine environment, microplastics have become a significant global
threat. The presence of microplastics is often considered as causing pollution in various environments,
especially aquatic ecosystems such as rivers and oceans. Microplastics contamination can even be found
in consumed salt, thus raising concerns about its impact on human health. However, information on the
presence of microplastics in salt is still very limited. This study aims to determine the abundance and
characteristics of microplastics as contaminants in salt and assess the human exposure to microplastics
in Indonesia.

A total of 21 samples of salt products were taken from various brands available in Padang City
and Jambi City, Indonesia for analysis. Microplastics extraction was carried out by removing the organic
materials contained in the salt samples using 30 percent hydrogen peroxide and then filtering them with
a 0.45 micrometer pore filter. A stereomicroscope was used to detect the abundance, shape, size, and
color of microplastics, while the Attenuated Total Reflection-Fourier Transform Infrared Spectroscopy was
utilized to identify the polymer type of the microplastics. Furthermore, human exposure to microplastics
can be predicted by calculating the estimated dietary intake and taking into account the daily salt intake.

Microplastics were detected in significant amounts (p<0.05) in all salt samples, ranging from 33
to 313 particles/kilogram. The types of microplastics most commonly found in the samples were fragments
(67.49 percent), fibers (23.82 percent), films (6.08 percent), and pellets (2.61 percent). The types of polymer
identified include polyethylene, polypropylene, polyethylene terephthalate, and polyester. The dominant
microplastics were 100-300 micrometers in size (47.3 percent) and black in color (52.88 percent). It is
estimated that adults in Indonesia will be exposed to 60.225-571.225 microplastics/year if they consume 5
grams of salt/day or 120.45-1142.45 microplastics/year if they consume 10 grams of salt/day.

Of the 21 salt samples analyzed, all were detected to contain microplastics. Inadequate and
unhygienic salt production and contaminated seawater used as raw material contribute to microplastics
contamination of salt, thus posing a risk to human health. By calculating of daily salt intake of the
Indonesian population, it is possible to estimate their daily and annual exposure to microplastics. The
results of this study contain useful information for the efforts to prevent microplastics contamination by
relevant stakeholders and the provision of education and socialization about the proper salt production
process in accordance with food safety standards as to reduce or even eliminate microplastics in salt. In
addition, this study can provide valuable data on human exposure to microplastics in salt products that can
assist policymakers in making standard references for microplastics.
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Owing to their convenient manufacturing and
utilization properties, the demand for plastics has
experienced asubstantialsurgeacrossvarioussectors,
which ultimately leads to a notable escalation in the
guantity of plastic waste. Plastic waste is estimated
to account for 60-80 percent (%) of all marine debris
and even reaches 90-95% in some regions (Moore,
2008; Qiu et al., 2016; Wang et al., 2016). Every year,
9-23 million tons of plastics are dumped into rivers,
lakes, and oceans throughout the world (Borrelle et
al., 2020). This number is expected to increase to
155-265 million tons by 2060 (Lebreton and Andrady,
2019). Plastic waste entering the oceans has become
a global concern because of its negative impact on
marine and coastal ecosystems (Sabilillah et al.,
2023). Shorelines, seafloors, and surface waterways
have all been contaminated by decades of plastic
waste dumping into seas and rivers (Selvam et al.,
2020). Plastic waste contains microplastics (MPs),
plastic particles of less than 5 millimeters (mm) that
are considered global environmental pollutants.
With their small size, microplastics are persistent
in the environment, thus having the potential to
produce harmful effects if they enter animal cells
(Barboza et al., 2018; Cole et al., 2014). Microplastics
enter the environment in two different ways. Primary
microplastics are tiny particles produced during
industrial processes and then utilized in a wide
variety of consumer goods, including face cleansers
and cosmetics containing microbeads (Napper et
al., 2015). Meanwhile, secondary microplastics are
formed when larger pieces of plastics degrade in
the environment (by means of biological, photo,
or mechanical degradation) (Andrady, 2011).
The ability of microplastics to permeate the food
chain and accumulate at elevated trophic levels is
attributed to their hydrophobic properties, which
facilitate the efficient absorption of persistent
organic pollutants (POPs) and inorganic substances
onto their surfaces (Buwono et al., 2022; Jung et al.,
2022; Mamun et al., 2023). According to Jambeck
et al. (2015) and Tibbetts (2015), Indonesia is the
second largest contributor of plastic waste in the
world after China, with annual production of 3.22
million tons. The combination of heightened plastic
production and suboptimal recycling rates leads to
the substantial disposal of plastics into river systems,
subsequently contributing to the influx of plastic
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materials into the ocean (Sutherland et al., 2022).
This phenomenon exacerbates the accumulation of
plastics within the marine ecosystems. Microplastics
have been identified as novel food contaminants
that may threaten human health and safety (Barboza
et al., 2018; Rainieri and Barranco, 2019; Zhang et
al., 2020). The presence of microplastics in food
products, which then enter the human body, can
bring various health problems. Once ingested,
microplastics can migrate to organs such as the
kidneys and liver and cause adverse effects at the
cellular level. Human embryonic kidney cells (HEK
293) and human hepatocellular liver cells (Hep G2)
are commonly used to test the potential toxicological
effects of 1 micrometer (um) polystyrene
microplastics (PS-MPs). Exposure to PS-MPs causes
a major reduction in cell proliferation. Kidney and
liver cells exposed to polystyrene microplastics
result in an increase in reactive oxygen species (ROS)
(Goodman et al., 2022). In addition, polystyrene
microplastics cause hepatotoxicity and lipotoxicity.
These microplastics can also increase production of
the hepatocyte nuclear factor-4 alpha (HNF4A) and
cytochrome P450 family 2 subfamily e member 1
(CYP2E1) genes in the liver, subsequently increasing
the risk of steatosis, fibrosis, and cancer (Cheng
et al., 2022). Several studies have evaluated the
presence of microplastics in fish, shellfish, bivalves,
honey, sugar, lager, and salt (Barboza et al., 2018;
Possatto et al., 2011; Rainieri and Barranco, 2019).
Microplastics contamination in commercial salt has
also been monitored and reported in numerous prior
studies conducted in various countries around the
world, such as Lebanon (Nakat et al., 2023), Spain
(Iniguez et al., 2017), Turkey (Glindogdu, 2018), India
(Selvam et al., 2020; Seth and Shriwastav, 2018;
Vidyasakar et al., 2021), Iran (Makhdoumi et al.,
2023), Italy (Renzi and Blaskovié, 2018), China (Yang
et al., 2015), Sri Lanka (Kapukotuwa et al., 2022),
South Korea (Lee et al., 2021), Vietnam (Ha, 2021),
Australia, France, Japan, Malaysia, New Zealand,
Portugal, and South Africa (Karami, et al., 2017). Salt
can be contaminated by water taken from the sea
to make the salt, which may contain microplastics,
organic matters, and sand particles, as well as during
its manufacture (Glindogdu, 2018; Yang et al., 2015).
The abundance and characteristics of microplastics
in several Indonesian waters have been reported in
previous studies (Cordova et al., 2019; Purwiyanto et
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Fig 1: Geographic location of salt sampling areas in Padang and Jambi, Indonesia

al., 2022; Takarina et al., 2022; Suteja et al., 2021).
Microplastics contamination in marine waters can
also be present in the salt taken from these waters
using traditional method of extraction and collection
in evaporation ponds. The heat of the sun and the
wind help the evaporation process, leaving behind
concentrated saltwater which then crystallizes into
salt; all the solids remain when the water is drained,
and the salt is then extracted (Nilawati et al., 2020;
Yang et al., 2015). Based on the literature review,
no research has been conducted on microplastics
contamination in table salt available in Padang
City and Jambi City, Indonesia. This study identifies
and describes microplastic particles found in salt,
and compares the level of MPs contamination
in Indonesian salt with those produced in other
countries worldwide. Furthermore, this study also
estimates the exposure of Indonesian adults to

microplastics from their annual salt consumption.
This study was carried out in these two cities in 2022
with the aims of determining the abundance and
characteristics of microplastics in salt and assessing
their exposure in the Indonesian population.

Sample collection

Sampling was carried out in August 2022. Twenty-
one salt samples from different brands weighting 250
to 500 grams were collected from various traditional
markets and supermarkets in Padang and Jambi,
consisting of 10 brands from Padang and 11 brands
from Jambi. Of the 21 brands, 19 were fine salt and
the remaining two were coarse salt. Five packages
were randomly selected to represent each brand.
Information about the brands of salt purchased
cannot be disclosed to maintain privacy.
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Quality assurance and quality control

Water was used as a control blank. To test for
possible water contamination, the (Milli-Q) water
used to prepare the sample solution was filtered
through a Millipore membrane filter with a diameter
of 47 mm and a pore size of 0.45 um. All laboratory
equipment was washed three times with filtered
(Milli-Q) water and dried under a fume hood (ESCO)
to remove possible contaminants. When notin use, all
equipment was immediately covered with aluminum
foil (Lusher et al., 2015). During each extraction
phase, cotton lab coats and nitrile gloves were
consistently worn (Di Fiore et al., 2023). No plastic
utensils were used. Before and after each procedure,
ethanol (70%) was used to clean all work surfaces and
instruments. Before the end of the vacuum pump
process, the inside of the vacuum tube was washed
with filtered water to prevent loss of plastic particles.
Experimental blank tests were also carried out using
only 20 milliliters (mL) of filtered 30% hydrogen
peroxide (H,0,) in a glass-lidded Erlenmeyer flask,
and then all extraction steps were followed. The
entire extraction procedure was performed as
quickly as possible to avoid contamination during the
experiment (Karami, et al., 2017). The results of the
blank experiment found no contamination.

Microplastics extraction

Microplastics extraction was carried out using a
modified reference (Seth and Shriwastav, 2018). For
each brand, extraction was done in three replicates,
each from a different package. Salt samples from
each brand were weighed 50 grams and put into a
300 mL glass-lidded Erlenmyer flask, and then 20 mL
of 30% H,0, (Merck Millipore) was added to remove
organic impurities. The Erlenmeyer flask was placed
on a digital hot plate stirrer (Heidolph) with 300
revolutions per minute (rpm) at 65 degrees Celsius
(°C) for 30 minutes. After being stored at room
temperature and allowed to cool, 200 mL of (Milli-Q)
water was added to the solution, stirred using a glass
stirring rod, and continued with a stirring speed of
300 rpm for another 30 minutes. After the salt was
completely dissolved, the Erlenmeyer flask was left
at room temperature for 24 hours. After ensuring
that the precipitation process was complete, the
supernatant was filtered through a Millipore cellulose
nitrate membrane filter with a diameter of 47 mm
and a pore size of 0.45 um using a vacuum pump. The
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membrane filter was air-dried at room temperature in
a sealed petri dish for further analysis of microplastic
particles.

Microplastics characterization
Visual identification

Olympus SZ61 stereo microscope (Olympus
KK, Japan) was utilized to visually identify as well
as quantitatively and qualitatively detect the
microplastics. Microplastic particlesonthe membrane
filter were counted microscopically, and each particle
was photographed. Microplastic particles were
analyzed based on their shape, size, and color. In this
study, microplastics (MPs) were classified into four
categories based on their shape, i.e., fragments, films,
fibers, and pellets, and five categories based on their
size, namely <100 yum, >100-300 pm, >300-500 pum,
>500-1000 pum, and >1000 um (Desforges et al., 2014;
Seth and Shriwastav, 2018). Several representative
particles were selected as microplastic particles
characterized using Attenuated Total Reflectance-
Fourier Transform Infrared (ATR-FTIR) spectroscopy.
Nicolet iS10 (Thermo Fisher Scientific) in absorbance
mode was utilized to identify the polymeric form of
microplastics with a spectral range of 4000-650/cm,
spectral resolution of 4/cm, and 16 scans per analysis.
Meanwhile, Micro-forceps were used to transfer
visible particles onto Attenuated Total Reflectance
(ATR) diamonds. Then, the polymer type of the
selected particles was identified by comparing their
spectra with a polymer database (Agilent Polymer
Handheld Library). Identification was based on a
match index score greater than or equal to 70% (Song
et al., 2014; Yang et al., 2015). Characterization was
also carried out to compare the characteristic peaks
of each particle assessed with a reference database
(Nakat et al., 2023; Deswati et al., 2023). Each wave
peak was then analyzed to determine its functional
group. Afterwards, the observed functional groups
were examined to determine the chemical formula
and molecular structure of the plastic monomers
being tested (M. R. Jung et al., 2018; Noda et al.,
2007).

Assessment of the estimated human exposure to
microplastics in salt

There are no regulations in Indonesia or other
countries governing the assessment of human
exposure to microplastic particles in food, and it is



not clear whether microplastic particles should be
classified as chemical, physical, or microorganism
contaminants. The World Health Organization or
WHO (WHO, 2012) and the Regulation of the Minister
of Health of the Republic of Indonesia Number 30
of 2013 have recommended a daily salt intake limit
of 5 grams. However, according to a previous study
conducted by Atmarita et al. (2017) in Indonesia,
18.9% of Indonesian adults consume more than 10
grams of salt per day. Therefore, to better assess
exposure of Indonesian adults to microplastics in salt,
the results of this present study were calculated in
two categories of daily salt intake, namely 5 grams/
day and 10 grams/day. The estimated dietary intake
(EDI) of microplastic particles was calculated using
Eq. 1 below (Rubio-Armendariz et al., 2022).

EDI = Microplastics in salt x
daily saltintake per personx365

Statistical analysis

Differences in the average abundance of
microplastics in particles per kilogram (particles/kg)
among salt samples taken from each brand were
tested using Analysis of Variance (ANOVA), followed
by Tukey’s honest significant difference (HSD) test.
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The significance level of difference (p<0.05) (Samimi
et al., 2023) was analyzed using SPSS software (SPSS
version 27, IBM Inc).

Quantification of microplastics

All salt samples of 21 different brands were found
to contain microplastics (Fig. 2), with the abundance
of microplastics in the samples ranging from 33 £ 9
to 313 £ 57 particles/kg. The two samples with the
highest abundance were S1 and S6 (both were coarse
salt), which had an abundance of 313 + 57 and 313
t 81 particles/kg, respectively (Table 1). The ANOVA
followed by Tukey’s HSD test on the abundance of
microplastics in each salt sample showed significant
differences (p<0.05).

This study discovered lower amounts of
microplastics than those reported in previous studies
on salt conducted in Italy (Renzi and Blaskovic, 2018),
China (Yang et al., 2015), South Korea (Lee et al.,
2021), and Vietnam (Ha, 2021). Meanwhile, another
prior study by Kim et al. (2018) found microplastics of
12,326-14,932 particles/kg in sea salt in Indonesia (n
=1). Coarse salt has a high abundance of microplastics
compared to fine salt. This is because coarse salt
is produced by evaporating seawater under direct
sunlight in open fields and is highly dependent

S0 511 512 513 514 515 516 517 SI18 S19 S20 521

Sample

Fig. 2: Histogram of MPs counts in different salt samples
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Table 1: The abundance of microplastics in various salt samples in Indonesia

Average (x SD) of MPs abundance

Sample code Salt type (Particle/kg)?
S1 coarse 313+57
s2 fine 227 +9
3 fine 200+ 59
sa fine 247 £ 50
S5 fine 33+9
S6 coarse 313181
o fine 203+38
S8 fine 147 £ 34
59 fine 12752
510 fine 40+33
S11 fine 260 £ 59
512 fine 253484
S13 fine 207 +74
S14 fine 133+68
S15 fine 173+81
516 fine 120+ 85
S17 fine 167 + 34
S18 fine 293 £ 66
519 fine 80+ 49
520 fine 87462
S21 fine 120+ 28

a Average abundance of microplastics per brand was calculated using the particles

detected in each filter of the triplicate samples.

on climate and weather conditions. Airborne
microplastics can also contaminate salt production
facilities located in open fields. In addition, unlike
that of fine salt, there is no further refining stage
in the manufacture of coarse salt. The production
of fine salt involves three phases of washing: (1)
initial washing to remove debris such as grass; (2)
washing with brine; and (3) final washing with fresh
water. The washed salt solution is then compressed,
filtered, and crystallized using the pure-dried vacuum
technique. Table 2 lists relevant prior studies on sea
salt conducted in several countries.

Despite being contaminated with microplastics,
seawater is a major source of salt manufacture, thus
having a high potential to produce salt that contains
microplastics. Several previous studies have examined
the presence of microplastics contamination in
Indonesian waters and oceans. The estuary in Benoa
Bay, Bali, for example, has a MPs abundance of 1.41-
1.88 particles per cubic meter (particles/m3) (Suteja et
al., 2021). Another study by Syakti et al. (2017) found
16.8-41.6 microplastic particles per square meter
(particles/m?) in coastal waters in Cilacap, Central
Java. The abundance of microplastics in the northern
coastal waters of Surabaya, East Java ranges from 0.38
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to 0.61 particles/L, with an average of 0.49 particles/L
(Cordova et al., 2019). The brands of salt examined
in previous studies predominantly come from regions
other than Jambi and Padang, such as Jakarta, West
Java, Central Java, and East Java. Based on data, the
four largest salt-producing regions in Indonesia are
East Java, Central Java, East Nusa Tenggara, and West
Java (KKP, 2021). Salt production in Padang and Jambi
also involves the utilization of raw materials obtained
from two salt-producing regions, namely West Java
and East Java. The abundance of microplastics in
salt samples taken from salt production area in East
Java was found to be 303 particles/kg, whereas
the abundance of microplastics in seawater used
for salt production was 9667 particles/m3. The sea
itself can be described as the convergence point of
various river estuaries. On the other hand, Cordova
et al. (2022) conducted a study to monitor marine
debris (specifically macro debris) and microplastics in
Citarum River located in West Java and revealed that
plastics account for 85% of the total waste present
in the river, amounting to approximately 5369+2320
items or 0.92+0.40 tons per day. Furthermore, the
study also estimated that around 6043+567 items or
1.0140.19 tons of macro debris are released into the



Table 2: Abundance, shape, color, size, polymer type, and annual human intake of microplastics

EDI
Country Particles/kg MPs shape MPs color MPs size Polymer type (Particles Sources
/year)
PE, Plasticized
Transparent, Rubber. PP
Lebanon 0-635,2 Fiber white, yellow, NA o 0-2372.5 Nakat et al., 2023
BBP, PES, TPE,
blue, black L
Plasticizer
Fiber, Blue, red
Italy 1653 fragment, e 0-500 um PP, PA, PE NA Di Fiore et al., 2023
black, white
sphere
Fiber, tra:slf);t;ent 1021.74
560- fragment, ’ 300-5000 - .
Bangladesh 125333 foam, line, yellow, red, um PP, PE, PET, PS 2286.76 Siddique et al., 2023
) gray, blue,
film, pellet
green
. Black, red,
india 56.103 Fiber, brown, blue, 500-2000  PES, PET, PA, PE, NA .Seth and
fragment um PS Shriwastav, 2018
purple
White, blue,
India T/A Fragment, green, <2mm PE, PP, NA Selvam et al., 2020
fiber, sheet cellulose, nylon
colorless
White, black,
ran 55,2-151,3 Fragment, red, blue, 1000-5000 PE, PP 15.540 Makhdoumi et al.,
fiber green, um 2023
colorless
. Black, red,
Spanish 50-280 Fiber blue, white, 30'3500 PET, PP, PE 510 Ifiiguez et al., 2017
transparent "
. Fragment, Black, red, PET, PE,
China 550-681 fiber white, blue <200 pm cellophane NA Yang et al., 2015
S Fiber, film, PU, PP, PET, PE, . .
Turkiye 16-84 fragment NA >1000 um PA, PVC 249-302 Glindogdu, 2018
e,k
fiber, film, ! ! 40.6— Renzi and Blaskovié,
Italy 1570-8230 foam, br9wn, green,  4-2100 um NA 1085.2 2018
pink, yellow,
granule
purple
Fiber, film, . o
Croatia 27.13-31,68 fragment, B|L.Je, black, 15-4628 PP NA Renzi and Blaskovic,
white, yellow um 2018
granule
. Transparent, LDPE, resin
Sri Lanka 11-193 fr:ltr):gnt red, blue, 65-2;00 dispersion, 158 Kapukoztg;/vza etal,
g white, black H HDPE
Korea 2395 Fragment, NA 63-100um  PPEPSPEL s 000 Lee et al., 2021
fiber PVC
. Blue, grey,
Vietnam 340-878 Fiber, black, yellow, 00790 PE, PP, PS 637 Ha, 2021
fragment X um 1270
white, red
Fragment, Black, blue,
>100- -
Indonesia 33-313 fiber, film, yellow, red, 2100-300 PE, PP, PET, PES 60.225 Current study
um 571.225
pellet transparent

Polyethylene (PE), polypropylene (PP), polyester (PES), polyethylene terephthalate (PET), polyamide (PA), polyvinyl chloride (PVC), benzyl butyl
phthalate (BBP), thermoplastic elastomers (TPE), low-density polyethylene (LDPE), high-density polyethylene (HDPE). Not Available (NA)

river every day. The concentration of microplastics
in Citarum River was found to be reach 3.3510.54
particles/m?3, indicating their presence in the river

and their potential transport to the sea. The presence
of microplastics was also detected in Brantas River
located in East Java, with particle concentrations
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ranging from 133 to 5467 particles/m?3, as reported by
Buwono et al. (2021). The water in this river flows into
Madura Strait. The Indonesian marine waters located
to the north of Java Island and around Madura Island
are wide-ranging bodies of water utilized for the
production of salt.

Shape, size, and color of microplasticsThis study
successfully identified four different forms of
microplastics contained in all 21 salt samples, of
which fragments are the most common (67.49%),
followed by fibers (23.82%), films (6.08%), and
pellets (2.61%) as secondary components. The
morphologies of microplastics show variations across
different brands of salt. However, fragments and
fibers have a higher prevalence than films and pellets
which only constitute less than 7% of the overall
quantity of microplastics detected (Fig. 3a). This is
in line with prior studies that have documented that
fragments and fibers are the types of microplastics
most commonly found in salt samples taken from
various countries (Karami et al., 2017, Makhdoumi
et al., 2023). Similar results were also obtained in
a study conducted by Yang et al., (2015), where
the prevailing forms of microplastics discovered
in sea salt in China are fragments and fibers, while
other forms such as pellets and films constitute

- Fragment

Film
i
[T

a)

6,08%

23,82%

67,49%

c)

22,78%

47.3%

a smaller proportion (less than 6%). In another
previous study carried out by Seth and Shriwastav
(2018) in India, the commonly identified types of
microplastics are fragments, which accounts for 63%
of all microplastics, and fibers, which comprises 37%
of all microplastics. The fate and influence of MPs
on the health of living organisms are determined by
their form. The physicochemical characteristics of
microplastics, specifically their shape and size, have
the potential to impact the transit of microplastic
particles within the digestive organs. Gray and
Weinstein (2017) revealed that the morphology of
microplastic particles had a statistically significant
impact on the quantity of particles consumed by
shrimp (p<0.001). The experiment involved exposing
shrimp to microplastic particles of different shapes,
including pellets, fibers, and fragments. In the study,
Gray and Weinstein (2017) found that the mortality
rate of crustaceans varied between 5% and 40%
when exposed to pellets and fragments larger than
50 um. Makhdoumi et al. (2021) documented the
presence of microplastics in the muscle cells of fish,
showing that only 4% of these particles were in the
form of fibers, while the other 96% were fragments.
As indicated by Qiao et al. (2019), the influence
of the shape of microplastics on their impacts and

Merah
Kuning
Bira

Hitam
Transparan

b)

52,88%

6.6%
4,7%

14,09%
<10 pm

>100-300 pm
>300-500 pm
>500-1000 pm

- =100 pum
13,75%

10,44%

5.74%

Fig. 3: Composition of microplastics found in salt in Indonesia: (a) shape, (b) color, and (c) size



significance for consideration in the assessment
of their health impacts should not be disregarded.
In their study, the presence of microplastics in the
gastrointestinal tract of zebrafish was also found to
be able lead to a range of detrimental consequences,
such as damage to the mucosal lining, inflammation,
and disruptions of metabolic processes. Notably, the
fibrous form of microplastics was observed to have
a more pronounced negative impact compared to
fragments and pellets.

As presented in Fig. 3c, microplastic particles
with sizes ranging from 100-300 pum were the most
prevalent, reaching 47.3% of all salt samples. The
percentages of microplastics within the size range
of >300-500 pm, >500-1000 pm, and >1000 um
were 22.78%, 13.75%, and 10.4%, respectively.
Meanwhile, microplastics which are smaller than 100
pm only constituted 5.74% of all samples. The study
conducted by Yang et al. (2015) revealed that the
size of microplastic particles in salt samples varied
between 45 um and 4.3 mm. However, the most
prevalent particle size was less than 200 um, which
was 55% of the total amount of microplastics in salt
(p<0.05). In a study conducted by Seth and Shriwastav
(2018), it was observed that the majority of fibers and
fragments had a size range between 500-2000 pum
(80%). Ifiiguez et al. (2017) observed that the size of
fibersin 21 table salt samples in Spain varied between
30 um and 3.5 mm. Researchers around the world
have noted the absence of microplastic particles
smaller than 30 um. As seen in Table 2, smaller
microplastics are contained in sea salt from China
(Yang et al., 2015) and South Korea (Lee et al., 2021),
while larger microplastics were present in sea salt
from Iran (1000-5000 pum), India (500- 2000 um), Italy
(0-500 um), Croatia (15-4828 um), Spain (30-3500
pum), Bangladesh (500-1000 pum), and Vietnam 100-
700 um (Makhdoumietal., 2023; Seth and Shriwastav,
2018; Renzi and Blaskovi¢, 2018; Iiiguez et al., 2017;
Siddique et al., 2023; Ha, 2021). According to Rakib
et al. (2021), variations in the size of microplastics
across different countries can be associated with
changes in weathering processes induced by factors
such as wind, precipitation, temperature, salinity,
and sea waves. These weathering patterns may also
be influenced by the velocity of wind, as suggested by
Kukulka et al. (2012).

The areas with the highest concentrations of plastics
were observed to be located ata considerable distance
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from land, and within the initial kilometers adjacent
to the coastline. This pattern may be attributed to
the proximity of coastal areas to human populations,
with hundreds of thousands of plastic pieces typically
found per square kilometer in coastal regions in close
proximity to human settlements. This is in line with
a study conducted by Pedrotti et al. (2016), which
found that smaller fragments, measuring less than 2
mm, were more prevalent in areas within 1 kilometer
(km) of coastal waters, indicating that high levels of
fragmentation occur near the coastline. In this regard,
Nilawati et al. (2020) stated the establishment of salt
ponds by farmers is contingent upon the availability
of seawater around the coastal areas. This practice,
however, raises concerns regarding the potential
for plastic pollutants to enter seawater. According
to Yuan et al., (2022), microplastics have the
capacity to induce acute toxicity, subchronic toxicity,
carcinogenesis, and genotoxicity. As particles ranging
in size from 0.2 to 150 um, microplastics have been
observed to exhibit the ability of traversing living cells
and infiltrating the human lymphatic and circulatory
systems, as documented in several previous studies
(Hussain et al., 2001; Rieux et al., 2005; Waring et al.,
2018). Stock et al. (2019) also reported that intestinal
cells have the capability to uptake microplastics with
sizes smaller than 4 um. Meanwhile, microorganisms
can absorb particles with a diameter of 150 um or
less. These particles can subsequently traverse the
gut walls, lymph nodes, and various organs, releasing
detrimental compounds that have the potential to
trigger diseases, such as cancer.

The salt samples in this study were found to
contain microplastics in different colors, namely
red, yellow, blue, black, and transparent, as
depicted in Fig. 4. The prevalence of black color
was observed to be dominant in all salt samples
analyzed, reaching 52.88% of the total samples.
The distribution of black microplastics was uniform
across all samples, as shown in Fig. 3b. Ifiguez et
al. (2017) reported in their study that the dominant
colors observed in salt samples collected in Spain
include black, red, blue, white, and transparent.
Microplastics with a size greater than 1000 pum
can be seen starting from the extraction stage (Fig.
5). The presence of microplastics in Chinese salt
has been documented by Yang et al. (2015); these
microplastics are generally black, red, blue, or white
in color. The color of microplastics is attributed to
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Fig. 4: Microscopic images showing different morphotypes and colors of microplastics obtained from table salt in Indonesia (a) red fiber,
(b) black fragment and transparent fiber, (c) yellow fragment, (d) transparent film, (e) blue fragment, (f)-(g) red pellet, (h) red fragment, (h)
blue fiber, (i) black fragment

the degradation of black plastic materials. Black
plastic is utilized across a diverse range of industries,
encompassing food packaging, cookware, trays,
toys, household appliances, and automobile
components. The escalating prevalence of black
plastic waste in the environment caused by a decline
in recycling rates has led to the emergence of black
microplastics as its potential consequence (Huang
and Xu, 2022). Similarly, transparent microplastics
can result from the packaging of various products,
including disposable plastic bags, containers, and
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bottles. The presence of pigmented microplastics
can be associated with the utilization of packaging
materials and various plastic consumer products (K.
Zhang et al., 2018). Microplastics of various colors,
including blue, yellow, and red, can appear as a
result of plastic pigmentation and the photoaging
process. According to Zhao et al. (2022), the
phenomenon of photoaging can induce alterations
in the coloration of microplastics, thereby offering
a way to determine the duration of plastic particle
exposure in the surrounding environment.



Fig. 5: (a) Microplastics in the form of blue fragments visible at the extraction stage, (b) Microplastics on filter paper, and (c) Microplastics
in the form of blue fibers on filter paper.

Types of microplastics

Fourier Transform Infrared (FTIR) spectroscopy is
a highly effective technique that enables efficient,
rapid, and nondestructive identification of samples
(Samimi and Shahriari Moghadam, 2023). By
analyzing the infrared absorption bands resulting
from vibrations of functional groups (Ehzari et al.,
2022), FTIR spectroscopy can successfully identify
a wide range of plastic polymers. In this study, the
ATR-FTIR instrument was utilized to characterize
a representative sample of microplastic particles
deposited on filter paper, with a total of 26
particles analyzed for their polymer composition.
Identification of the polymer type of these particles
was achieved through a comparative analysis of their
spectra with a polymer database, i.e., the Agilent
Polymer Handheld Library. The identification process
relied on a match index score that met or exceeded
the threshold of 70% (Kim et al., 2018; Yang et al.,
2015). Then, identification of the functional groups
was performed manually, wherein the characteristic
peaks of each evaluated particle were compared with
a specific reference database for each polymer, as
outlined by Nakat et al. (2023). Various microplastic
polymers have been identified based on the results of
the FTIR spectrum analysis, namely polyethylene (9
particles), polypropylene (8 particles), polyethylene
terephthalate (4 particles), polyester (1 particle), and
unidentified (4 particles).

Analysis of the type of microplastic polymer in the
blue fragment of sample S2 (Fig. 6a) used the Nicolet
iS10 ATR-FTIR Spectrometer (Thermo Fisher Scientific)
and showed a polyethylene polymer match score of
89%. Furthermore, the FTIR spectrum indicated the
presence of C-H stretching at wave numbers 2915/
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cm and 2845/ cm, CH, bending at 1377/cm, CH,
bending at 1467/cm and 1462/cm, and CH, rocking
at 730/cm and 717/cm. Likewise, analysis of the
type of microplastic polymer in the yellow fragment-
shaped particles of sample S1 (Fig. 6b) also used the
Nicolet iS10 ATR-FTIR Spectrometer and revealed
a polypropylene polymer match score of 80%. In
the FTIR spectrum, significant absorbance peaks
appeared at wave numbers 2950/cm and 2838/cm,
indicating C-H stretching and asymmetric vibrations
(Fotopoulou and Karapanagioti, 2012; Kappler et al.,
2015; Loder et al., 2015), and at wave number 1455/
cm signifying CH, bending vibrations (Kappler et al.,
2016). CH, bending was detected at wave number
1377/cm. Since the area around 1375-1450/cm
refers to CH, bending, CH, rocking was detected at
wave numbers 997/cm and 972/cm. meanwhile, CH,
rocking was detected at wave numbers 840/cm and
880/cm (Fotopoulou and Karapanagioti, 2012; M.
R. Jung et al., 2018; Loder et al., 2015; Syakti et al.,
2017). Analysis of the type of microplastic polymer
in the black fiber-shaped particles of sample S8 (Fig.
6c) with Nicolet iS10 ATR-FTIR Spectrometer showed
a polyethylene terephthalate polymer match score
of 88%. PET has a characteristic peak at 720/cm,
indicating the presence of the CH Aromatic functional
group. C-O stretching was detected at wave numbers
1094 and 1241/cm, C=0 stretching at wave number
1713/cm, and OH group vibrations at 3608/cm (M. R.
Jung et al., 2018; Noda et al., 2007). The presence of
microplastic polyester fibers in the black fiber-shaped
particles of sample S5 (Fig. 6¢) was analyzed also
using Nicolet iS10 ATR-FTIR Spectrometer, indicating
a polyester fiber match score of 89%. Polyester is
confirmed by the characteristic band of valence
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vibration of the carbonyl group at 1727/cm. Other
special bands were detected at 2819/cm (CH, group),
with 725/cm corresponding to carboxylic esters
and anhydrides and 971/cm indicating C-C bending
(Kappler et al., 2015; Noda et al., 2007).

In this study, four types of microplastics were
found (Fig.7), namely PE (34.62%), PP (30.77%), PET
(15.38%), and PES (3.85%). Similar results were found
in a study by Nakat et al. (2023) which identified PE
as the dominant polymer type of microplastics in
salt available on the market in Lebanon, followed
by plasticized rubber and PP. Another study by
Selvam et al. (2020) also pointed out PE as the most
common polymer type, followed by PP, cellulose,
and nylon. Meanwhile, a study carried out in India by
Seth and Shriwastav (2018) revealed the occurrence
of PES, PE, and PA polymer types, with PES being
the most prevailing constituent. Sea salts found in
African markets mainly contain polyvinyl acetate,
PP, and PE (Fadare et al., 2021). PE and PP are major
contributors to global plastic production, primarily
due to their extensive utilization as packaging
materials for various applications, such as containers,
bottles, and bags (Andrady, 2011; Geyer et al., 2017).
PE and PP are lightweight polymers; PE has a density
of 0.85 grams per milliliter (g/mL), while PP has a
density of 0.97 g/mL. Both PE and PP are commonly

used in packaging, typically for single-use products
with a short shelf life that quickly end up in waste
streams and landfills (Pedrotti et al., 2016). PE has
been identified as the easiest polymer to identify in
both freshwater (Koelmans et al., 2019) and marine
ecosystems (Hidalgo-Ruz et al., 2012) due to its lower
density compared to water. This property causes PE to
float and has the potential to accumulate as residue
during the process of sea salt production following
water evaporation (UNEP, 2016). The presence
of microplastic pollutants in sea salt is initially
attributed to the packaging materials used by the
community. However, Fadare et al. (2021) challenged
this hypothesis by demonstrating that packaging
materials do not contain any microplastic particles.
Instead, Nakat et al. (2023) argued that the primary
source of microplastics contamination in salt is the
seawater itself. PET constitutes a relatively minor
fraction of the overall output of non-fiber plastics
on a global scale, as indicated by the findings of a
study by Lee et al. (2021). According to liiiguez et al.
(2017), PET is the predominant form of microplastics
discovered in salt samples collected in Spain. Previous
studies have also reported the presence of PET and
polyethylene in salt samples obtained from various
countries worldwide (Glindogdu, 2018; Iiiguez
et al., 2017; Karami et al., 2017; Yang et al., 2015).

30,77%
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B v
-

PET
Polyester

[ Unidentified
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Fig. 7: Polymer types of microplastics in salt samples



Table 3:

Estimated dietary intake (EDI)

MPs abundance

EDI for adults

. Level (microplastics/capita/year)
(Particles/kg) Salt intake of 5 g/day Salt intake of 10 g/day
33 Lowest 60.225 120.45
183 Median 333.975 667.95
313 Highest 571.225 1142.45

PET, which stands for polyethylene terephthalate,
is a type of polyester that is frequently employed
as a packaging material in various forms such as
flexible films, bottles, and textiles (Ifiiguez et al.,
2017). According to Acharya et al. (2021), various
other polyesters and polyamides are mostly sourced
from textile materials. Similarly, the utilization of
polyethylene and polystyrene polymers in packaging
is very extensive (Andrady, 2011). Factors affecting
the distribution of microplastics are due to the
various human activities around marine and river
waters. Polluted rivers become a route for disposal
of wastewater, both household and industrial, to the
sea (Priya et al., 2023).

Estimated human intake of microplastics in salt

Salt is one of the food seasonings consumed daily
by humans. Therefore, it is extremely important
to calculate the estimated contamination with
microplastics. The WHO has set a standard for salt
intake of 5 grams per day for adults (WHO, 2012).
This is in line with the guidelines outlined in the
Regulation of the Minister of Health of the Republic
of Indonesia Number 30 of 2013 on salt consumption.
However, a study conducted by Atmarita et al. (2017)
revealed that a significant proportion of Indonesian
adults, approximately 46.3% of the total population,
consumed an average of 5 grams per day, while 18.9%
of them consume a higher range of 10-30 grams/day.
Based on data on salt consumption in Indonesia, it is
absolutely necessary to conduct a careful and precise
evaluation of microplastics contamination in salt. This
study examines the potential health risks associated
with the consumption of microplastics contained in
salt available in Padang and Jambi, Indonesia, and
calculates the level of contamination based on the
estimated daily intake (EDI) of salt by the Indonesian
population. For this purpose, the EDI was estimated
using microplastic detection techniques and three
levels of contamination. The minimum, average,
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and maximum levels of microplastics abundance
were determined. The minimum, average, and
maximum annual exposures of Indonesian adults to
microplastics were approximately 60.225 particles/
year, 333.975 particles/year, and 571.225 particles/
year for the recommended salt intake of 5 grams per
day (g/day), or approximately 120.45 particles/year,
667.95 particles/year, and 1142.45 particles/year for
salt intake of 10 g/day (Table 3).

Microplastics are considered food contaminants
that pose potential risks to human health and food
safety. However, studies on the effects of these
contaminants on human health are still very limited
and little is known about the risks associated with
human exposure to microplastics (Barboza et al.,
2018; Rainieri and Barranco, 2019; Rubio-Armendariz
et al., 2022). Several studies have evaluated the
presence of microplastics in foods, such as fish,
shellfish, bivalves, oysters, honey, sugar, and beer
(Kasmini et al., 2023; Maulana et al., 2023; Barboza
et al., 2018; Rainieri and Barranco, 2019). The exact
mechanisms of the damage caused by microplastics to
organisms are not yet fully understood. Limited data
on this topic suggest that ingestion and accumulation
of MPs in animals may cause localized inflammation
in the gut and particle toxicity through the induction
of immune responses. Besides, MPs enters in various
ways into human body, mainly indirectly through the
consumption of fish and other seafood (Makhdoumi
etal., 2023).

Techniques to reduce microplastics contamination in
salt

Salt can be contaminated with microplastics mainly
from polluted seawater and various stages of salt
production, handling, and repackaging. Several
methods that can reduce microplastics contamination
in salt include the sand filtration technology
proposed by Seth and Shriwastav (2018) to remove
the amount of microplastics from seawater, with an



efficiency of up to 90%. A method with the use of
reverse osmosis membranes is also suggested, where
the seawater feed is pretreated with microfiltration
membranes to remove unwanted particles and then
further concentrated by separating the water on
reverse osmosis membranes (Yaranal et al., 2020).
In addition, coagulation methods using various
coagulants such as Aluminum sulfate (AL(SO,),),
Aluminum chloride (AICL), and Poly Aluminum
Chloride (PAC) can also be employed to remove
microplastics, with efficiency exceeding 60% (Ma et
al., 2018). Coagulation techniques require simple
settings, are cost-effective, and have already been
widely used by the community. The magnetic carbon
nanotube method is considered to be able to remove
microplastic particles in water through adsorption,
with results showing 100% efficient removal of PE,
PET, and PA. These carbon nanomaterials offer the
advantages of being economical and environmentally
friendly materials that have a large specific surface
area and multiple adsorption sites (Tang et al., 2021).
Further studies are highly necessary to prove the
usefulness of the new laboratory-tested methods
in salt production and to assess the safety of their
application in food production. One example of these
new innovations is the nano-based technology, which
is an important advancement that can affect the food
sector by improving the quality of food products
(Pushparaj et al., 2022).

Based on the results of this study, coarse salt
and fine salt circulating in Padang City and Jambi
City, Indonesia are found to be contaminated with
microplastics. Microplastic particles are found more
in coarse salt than in fine salt. The abundance of
microplastics in the total samples ranges from 33
+ 9 to 313 + 57 particles/kg. Most of Indonesian
people consume salt every day, thus being at risk
of being exposed to microplastics contained in salt.
Microplastics contamination in salt can be caused by
contaminated seawater as the raw material for salt
production, as well as inadequate and unhygienic salt
production facilities. The most commonly detected
form of microplastics is fragment (67.49%), followed
by fiber (23.82%), film (6.08%), and pellet (2.61%).
In terms of size, microplastics are classified into size
range of <100 um, 2100-300 pum, >300-500 um, >500-
1000 pm, and >1000 um, with the most dominant
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size being 2100-300 um (47.3%). Microplastics in
salt samples are in 5 different colors: black, blue,
yellow, red, and transparent, with black being the
dominant color of microplastics (52.88%). Lastly,
four types of polymers are also identified, namely:
polyethylene (34.62%), polypropylene (30.77%),
polyethylene terephthalate (15.38%), and polyester
(3.85%). It is estimated that each adult in Indonesia
is exposed to 60.225-571.225 microplastic particles/
year by consuming 5 grams of salt per day, or 120.45-
1142.45 particles/year by consuming 10 grams of
salt/day. Due to the adverse effects associated with
microplastics, further studies are highly necessary
to explore strategies for their removal. The process
of evaporating seawater into salt can increase the
risk of microplastics contained in salt consumed by
humans. Some of the available methods that can
be employed to reduce the microplastic content
in seawater include the implementation of sand
filtration technology with an efficiency of up to
90% in removing microplastics from seawater; this
simple technique has been widely applied in small-
scale salt production in Indonesia. Aside from this
technique, the use of reverse osmosis membranes
and the application of coagulation methods using
coagulants such as AlL(SO,),, AICI,, PAC Aluminum
sulfate (AL(SO,),), Aluminum chloride (AICl), and
Poly Aluminum Chloride (PAC) with efficiencies
exceeding 60% are also strongly recommended.
Coagulation techniques require simple settings, are
cost-effective, and have already been widely used
by the community. The magnetic carbon nanotube
method has been proven to efficiently remove
microplastic particles (PE, PET, and PA) in water
by adsorption. However, further studies should
be conducted to prove the usefulness of this new
laboratory-tested method in salt production and to
assess the safety of its application in food production.
Furthermore, to prevent potential airborne
microplastics contamination from air pollution and
waste incineration, coastal salt production areas
are suggested to be located in a significant distance
from estuaries, landfills, and other possible polluting
industries while monitoring areas on land and off
land. In addition, salt producers and handlers must
follow good manufacturing practices (GMP) and good
hygiene practices (GHP) to improve the safety of salt
consumption. Tools, supplies, and ponds should also
be properly adapted and maintained in accordance



with the tailor-made food safety training programs by
the Ministry of Marine Affairs and Fisheries to reduce
physical contamination.
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