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Abstract: Styrofoam is a thermoplastic with special characteristics; it is an efficient insulator, is
extremely lightweight, absorbs trauma, is bacteria resistant, and is an ideal packaging material,
compared to other thermoplastics. The aim of this study was to analyze the interaction between
Styrofoam and S. platensis. The study examined the growth of S. platensis under Styrofoam stress,
changes in Styrofoam functional groups, and their interactions. The research method was culture
carried out in brackish water (12 mg/L salinity) for 30 days. S. platensis yields were tested by FTIR
and SEM-EDX and Styrofoam samples by FTIR. The results showed the highest growth rate of S.
platensis in cultures treated with 150 mg Styrofoam that is 0.0401 day. FTIR analysis shows that
there has been a change in the functional group on Styrofoam. At a wavelength of 3400-3200 cm™
corresponds to the alcohol group and there was an open cyclic chain shown by the appearance of a
wavelength at 1680-1600 cm™! assignment to alkene. SEM-EDX test results show that Styrofoam can
be a resource of nutrition, especially carbon for S. platensis to photosynthesize. Increased carbon
content of 24.56% occurred in culture, meanwhile, Styrofoam is able to damage S. platensis cells.

Keywords: microplastic pollutant; polystyrene; biodegradation; microalgae

1. Introduction

The increasing human population causes an increase in the amount of plastic waste.
Plastic pollution has become a major issue in Sustainable Development Goals (SDGs) and
is stated in point number 12, under the header “Responsible Consumption and
Production”. Plastics are a material that degrade very slowly and may stay in the
environment for a long period [1]. Plastics are available in environment in a wide range
of size and forms with different chemical composition, density and color [2,3]. Plastics
with microscopic sizes are called microplastics and have a diameter between 1 um to 5
mm [4,5]. Furthermore, European Chemical Agency (ECHA) [6] defined microplastics as
a solid polymer material and their additives or other substances, most of which have
particle dimensions of 1 nm to 5 mm, and for fiber form, the size is mostly in the length
of 3 nm to 15 mm with length to diameter ratio greater than 3. Auta et al. [7] and Frias and
Nash [8] categorized microplastics in aquatic environment into two types: primary
microplastics and secondary microplastics. In the first type, they include plastic based
products for daily domestic and industrial usages, i.e., personal care products, facial
scrubs, insect repellents [3,4,9] as well as products from the ship-breaking industry and
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air-blasting technology [1,4]. The second type includes smaller fragments of plastic from
breaking of larger plastic items in aquatic systems through biological degradation, photo-
degradation, chemical deposition, and physical fragmentation [1,3,4,10]. The common
microplastics found in aquatic environment are polypropylene, polyethylene,
polystyrene, polyvinylchloride, and polyethylene terephthalate [10]. Both types of
microplastics present in aquatic environments are reaching certain concentrations and
may have effects on aquatic organism including microalgae.

Polystyrene or Styrofoam is a type of plastic with light properties, heat resistance,
and low production costs. Until now, Styrofoam is sold freely in shops, stalls, and even
supermarkets. Styrofoam is widely used as a food and beverage container. After use, this
Styrofoam container would be discarded, though it is still in good condition and can be
reused. Most of the consumers lack the knowledge that Styrofoam needs a long time to be
completely degraded. Styrofoam can be recycled. However, the high cost and complicated
process make producers prefer to produce new Styrofoam, rather than recycle it [11].
Styrofoam is light because 95% of it is air, making it unsinkable [12]. Styrofoam waste is
easily caught in dams and aquatic plants. The nontransparent color of Styrofoam can
reduce the amount of sunlight entering the water, which makes algal photosynthesis less
than optimal [13]. Environmental factors such as weather changes and water micro-
organism cause plastic to degrade into microplastics [14]. Microplastics are plastic
particles <5 mm [15] and through the degradation process, the polymer chains in plastics
turn into monomers. Frequently, new chemical bonds will also be formed as a byproduct
of this process [16]. Microplastics can be found in all parts of the aquatic system [17]. Due
to their very small size, microplastics can be ingested by aquatic biota and cause disease
[18]. Microplastics also spread through the food chain [19].

Styrofoam consists of long hydrocarbon chains, providing an opportunity for
microalgae to use the chemical content in Styrofoam as nutrients. The carbon content in
Styrofoam can spur the growth of microalgae. According to Li et al., [14] though
polystyrene could inhibit C. reindhartii growth, they are still able to adapt because they
obtain organic carbon sources from polystyrene and use it for growth. However, there are
additive substances in plastics such as Bisphenol-A (BPA), phthalates, trace elements, and
refractory substances, which make plastic durable and dangerous, especially for
microalgae. One of them is S. platensis, which is often used in the food, cosmetic, and
medicinal industries. These components of Styrofoam damage S. platensis cells, as a result
of which photosynthetic activity is decreased and cell growth is inhibited [9].

Microalgae is a photosynthetic microorganism that utilizes carbon source and
sunlight for the photosynthesis process lead to biomass production. Microalgae biomass
can be extracted for value added products mostly containing protein, lipids, and
carbohydrate. Because of their importance, the potential effect of microplastic on their
growth must be studied. Microalgae cells of Chlorella sp. and Scenedesmus sp, are able to
absorb nanoplastic beads (0.02 pm) and resulting inhibition of photosynthesis and
induction of oxidative stress [20]. Moreover, Khoironi et al. [10] showed that there was an
interaction between Spirulina sp. cells with microplastics. Microplastic can be absorbed by
the Spirulina sp. cell and it utilizes them as a source of carbon for photosynthesis. Marquez
et al. [21] stated that S. platensis is capable of growth on glucose heterotrophically under
aerobic-dark conditions and that the photosynthetic activity and oxidative assimilation of
glucose can independently operate mixotrophically under light conditions. These
phenomena are mainly caused by physical and chemical properties of the microplastics
and the morphological and biochemical properties of the algae. Furthermore,
Bhattacharya et al. [20] reported that algae and microplastic has a great affinity in which
microplastic particles have positive charges.

Microalgae can also produce Extracellular Polymeric Substances (EPS), which
stimulates formation of biofilms on the microplastic surface, which is the main indicator
of damage to microplastic material. Since biofilms contain nutrients, they can be a suitable
living environment for other micro-organisms such as bacteria, fungi, and protozoa. The
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presence of these micro-organisms will form a protein structure such as enzyme that acts
as a metabolic catalyst and breaks down chemical elements in the polymer into other
elements. The chemical elements of polymers can form nutrition for micro-organisms, so
that the latter obtain two resources of nutrition simultaneously, viz., S. platensis biofilms
and chemical compounds of microplastic. The ability of micro-organisms to utilize
chemical elements from polymers as nutrients is called biodegradation [22], because it will
have an impact on changes in the chemical compounds in polymers [11].

Brackish water is found in estuary areas, has its own diversity, and is usually used
for aquaculture such as milkfish. Microalgae serving as major producers of aquatic
ecosystems are also found here [23]. However, microalgae might also be affected by the
presence of microplastics in water bodies [24]. It has been proved that microplastic
particles and doses can cause toxic effects on microalgae, including inhibition of growth,
decreased photosynthetic efficiency, etc. [10,14,18]. However, the opposite results were
also found by some researchers. Sjollema et al. [25] emphasized the impact of microplastic
on growth rate, but not on photosynthetic efficiency for marine flagellates Dunaliella
tertiolecta under a high exposure concentration of 250 mg/L with a particle size of 0.05 mm.
Canniff and Hoang [26] showed that plastic microbeads could serve as a substrate for
Raphidocelissubcapitata, thus, benefiting microalgae growth. Further, high concentrations
of microplastics with a size of N400 pm had no deleterious effect on freshwater microalgae
Chlamydomasreinhardtii [15]. Considering the contradictory discoveries and the limited
number of microalgae species tested, more investigation is needed.

This research aims to investigate the inhibitory effects of different dosages of PS
microplastics on the growth and photosynthetic efficiency of S. platensis and the effect of
microalgae on the physical morphology of PS. The results of this study are expected to
provide information useful for updating knowledge relating to the toxicity of PS with
different dosages in the aquatic environment.

2. Materials and Methods
2.1. Styrofoam Preparation

The microplastics used in this study were Styrofoam granules obtained from CV.
Mitra Sejati Foamindo, Genuk, Semarang City, Indonesia. The Styrofoam was weighed
carefully with mass concentrations of 150, 250, and 400 mg in 500 mL culture volume,
washed with ethanol and dried at room temperature for 24 h.

2.2. Culture Preparation of S. platensis

Microalgae S. platensis was obtained from Neoalgae, Sukoharjo, Central Java,
Indonesia. Microalgae cultivation, testing, and result analysis were carried out at the UPT
C-BIORE Laboratory, Diponegoro University, Semarang, Indonesia. Culturing was
performed in 500 mL Erlenmeyer glasses, each equipped with an aerator (BS-410, Amara,
Shanghai, China) (Figure 1). The cultures were placed into an illumination incubator
under an 8W Philips tube lamp with light intensity of 1500 lux (light/dark ratio was 24 h/0
h). The cultivation temperature was controlled at about 23 + 2 °C. Styrofoam was put into
an Erlenmeyer, which already contained the culture of S. platensis. The experiment was
set up for four different Styrofoam concentrations (Spirulina A = Spirulina culture without
Styrofoam or as a control, Spirulina B = Spirulina culture with 150 mg Styrofoam, Spirulina
C = Spirulina culture with 250 mg Styrofoam, and Spirulina D = Spirulina culture with 400
mg Styrofoam). Each culture was conducted in triplicate experiments while the Optical
Density (OD) was measured for 30 days. Nutrient was given every two days in the form
of a mixture of 15 ppm TSP, 70 ppm Urea, and 1 g/L. NaHCOs, to maintain the growth of
S. platensis. OD was measured using a spectrophotometer (OPTIMA SP-300, Osaka, Japan)
to determine the density of cells in S. platensis under the wavelength of 680 nm. Growth
rate (1) was measured using the formula [27]:
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where In X is the natural logarithm of optical density and ¢ is the time observed for S.
platensis.

Figure 1. Microplastic Styrofoam with a diameter of 2 mm (left) and implementation of Styrofoam
in microalgae culture (right).

2.3. Harvesting of S. platensis

After a 30-day exposure under the toxicity test (PS microplastics), S. platensis was
harvested. Before harvesting, Styrofoam was separated by filtering Spirulina sp.
containing micro plastic with a Whatman filter diameter of 1 mm to obtain Spirulina sp.
without microplastic. Harvesting of S. platensis was carried out on the 30th day of culture
by the filtration method. Filtrate obtained was in the form of wet biomass, which was
dried in the oven at 3540 °C temperature. Dry S. platensis samples were taken randomly
for SEM-EDX analysis and Styrofoam samples for FTIR analysis.

2.4. FTIR and SEM Analysis

FTIR is a common technique used to determine any changes in the functional group
of Styrofoam and was adopted for investigation of plastic degradation as stated in ISO
4582 and ISO 4892 for UV exposure, and for microorganism’s surface colonization in ISO
846 and ISO 11266 [14]. The Styrofoam plastics that were applied in Spirulina sp. were
taken every two days for about 30 days. Prior to the FTIR test, plastics were rinsed with
distilled water and left to dry for 24 h, then, the Styrofoam was cut at a size of 2 mm. A
FTIR apparatus Perkin Elmer Type Frontier (USA) was used to collect spectra from 4000
200 cm™ (SNI 19-4370-2004 method) and ASTM D6288-89. FTIR test was also conducted
in Spirulina sp, which had interacted with microplastic treatment for 30 days.

The morphology of microplastic Styrofoam was observed using scanning electron
microscope (SEM) and combination with Energy Dispersive X-ray spectroscopy (EDX) to
determine the inorganic elements contained in the material [14]. The analysis was
conducted at room temperature and metalized using Au.A Jeol (model JSM-6510 LA,
Tokyo, Japan) at 3000x magnification.

2.5. Statistical Analysis

Triplicates were applied and results were presented as means + standard error of the
mean. S. platensis growth rate data were statistically analyzed using the IBM SPSS
application version 25, using the one-way ANOVA test followed Post-Hoc analysis with
a confidence level of 95%. A value of p <0.05 was used to reveal a significant difference.

3. Results
3.1. Spirulina platensis Growth under Styrofoam Pressure

The brackish water cultivation was imbued with 12 mg/L of NaCl, for maintaining
the consistency of the culture in a brackish condition until harvest. According to Astuti,

Jamali, and Amin [28], brackish water has a salinity of 0.5-17 mg/L. For 30 days, the
salinity of the media fluctuates, but still in the brackish water range. S. platensis prefers
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higher salinity conditions. According to Hadiyanto dan Azim [29], S. platensis is able to
grow in environments of high salinity, because in these conditions, some contaminants
such as microbes are not able to survive. The graph of S. platensis growth in brackish water
culture with Styrofoam treatment can be seen in Figure 2. In Figure 2, there is a point that
shows an extreme increase in optical density. Culture A on day 28 from 1.42 to 1.52;
culture B on day 29 from 1.52 to 1.62; C culture on day 28 from 1.05 to 1.09 and culture D
on day 27 from 0.71 to 0.76. This extreme increase in optical density value shows the S.
platensis culture experiencing an exponential phase [30].
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Figure 2. Brackish water culture S. platensis growth in each treatment (Spirulina A is a control
(without Styrofoam), Spirulina B = 150 mg Styrofoam/500 mL culture, Spirulina C =250 mg
Styrofoam/500 mL culture, Spirulina D = 400mg Styrofoam/500 mL culture).

In order to evaluate the significance difference between experiments, One-way
ANOVA followed by Post-Hoc Tukey HSD (honestly significant difference) was used in
this research. Based on Figure 3 and calculation of the means of growth rate constant (L)
of each experiment (Table 1), it was revealed that the growth rate of S. platensis A (control)
is 0.035925 day™'. S. platensis B with 150 mg/500 mL Styrofoam treatment was 0.03525
day. S. platensis C treated with Styrofoam 250 mg/500 mL was 0.02675 day~'. S. platensis
D treated with Styrofoam 400 mg/500 mL was 0.020425 day!. Furthermore, Table 2 also
shows that the p-value (2.295 x 1071%) between group corresponding to the F-statistic of
one-way ANOVA is lower than 0.05, hence, HO (null hypothesis 0 is rejected and H1 is
accepted [31], indicating a difference in the S. platensis growth in brackish water, treated
with different levels of Styrofoam.
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Figure 3. The logarithmic of optical density of S. platensis at the exponential phase in brackish
water in various concentrations of microplastic treatment (A) control, (B) 150 mg, (C) 250 mg, and
(D) 400 mg.

Table 1. Means value and their variances of each experiment.

Treatments Sum Average u (day™) Variance

Control (A) 0.1437 0.035925 1.2425 x 106
150 mg/500 mL (B) 0.141 0.03525 0.00000259
250 mg/500 mL (C) 0.107 0.02675 0.00000055
400 mg/500 mL (D) 0.0817 0.020425 2.49167 x 107

Table 2. Analysis of variance (ANOVA) of F and p values between experiments.

Source of Variation df MS F p-Value F Crit
Between Groups 3 0.000218974 189.1104714 2.2956 x 10710 3.49029482
Within Groups 12 115792 x 10°
Total 15

df, degree of freedom; MS, Mean Square is just the Sum of Squares divided by its degrees of
freedom, and the F value is the ratio of the mean squares.

The Tukey HSD test (Table 3) was then used to identify which pairs of these
experiments are significantly different from each other. Comparing experiment A
(control) and B (150 mg Styrofoam/500 mL Spirulina) revealed that they are insignificantly
different of their growth rate as its p-value (0.7948595) is higher than 0.01. Moreover, the
pairs of experiments A—-C, A-D, B-C, B-D, and C-D show significant differences since all
the Tukey HSD p-value are lower than 0.01 (Table 3).
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Table 3. The post-hoc Tukey HSD analysis of four group experiment.

Treatment Pair Tukey HSD Tukey HSD Tukey HSD
Q Statistic p-Value Interfence
A-B 1.2546 0.7948595 insignificant
A-C 17.0529 0.0010053 9 <0.01
A-D 28.8087 0.0010053 9 <0.01
B-C 15.7983 0.0010053 **p<0.01
B-D 27.5541 0.0010053 **p<0.01
C-D 11.7558 0.0010053 **p<0.01

**, significant.

3.2. Styrofoam Degradation

Fourier Transform Infrared (FTIR) is a tool for determining the functional groups and
molecular bonds of a chemical compound in a specimen. Its working principle is the
interaction between spectrum originating from the source and the test sample material.
The sample will generate vibrations, which will be captured by the detector and finally
translated into a transmittance curve that has certain peaks with a spectrum of 4000-400
cm™ [32]. In this research, FTIR was employed detect degradation in plastic by considering
changes in functional groups [14].

Figure 4 shows the effect of presence of microplastics with different concentration in
microalgae Spirulina sp. culture. According to Dmytryk et al. [33], the wavelength of 3800—
3200 cm™ indicates the amine functional group (NHs) in the protein. The following peak,
1750-1600 cm™ represents the primary amide and carbonyl (C=0) groups in the protein.
The stretching vibrations observed in the frequency range of peaks 1450 cm™ and peaks
at 1400-1300 cm™ represent carboxyl (COO-) and alkyl groups, respectively. Then at a
wavelength of 1050-1000 cm™ stretching of CO, CC, and OH in the presence of ether, ester,
and hydroxyl of polysaccharides are observed.

3357 695

Trasmitance (29

540

697

697
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 4. FTIR results of the ratio of Styrofoam (A) before treatment, (B) 150 mg, (C) 250 mg, and
(D) 400 mg; after 30-day treatment with S. platensis in brackish water culture.
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Furthermore, Figure 4 shows that no O-H groups in Styrofoam, which was found
also in brackish water Styrofoam, where peaks (3353 cm) began to form with low
intensity. O-H groups were clearly visible in Styrofoam C, D-brackish water. The peak
read was in the range of 3378-3345 cm™ with an intensity of 59.18%—67.65%. The presence
of an O-H group also has been confirmed with a C-O group (1300-1000 cm™). Which can
be seen in brackish water B, C, D-Styrofoam. This shows a change in the functional group
on Styrofoam, with evidence of the formation of an alcohol group (-COOH) [11].

3.3. Interaction of S. Platensis with Styrofoam

Scanning Electron Microscopy (SEM) is a tool for determining the surface
morphology of a specimen, including changes caused by micro-organisms [34]. SEM
performance using a magnification of 3000x is supported by EDX, which is able to
determine the content of inorganic elements in a specimen using X rays [35].

SEM analysis results on brackish water S. platensis showed that around the S. platensis
A, B, C, and D, cells produced EPS in the form of small spheres and large nuggets, thought
to be salt or urea given during culture (Figure 5). Further, the morphology of S. platensis
A was still normal, while S. platensis B, C, and D were seen to be damaged. According to
Li et al., [4] the presence of microplastics can damage microalgae cell membranes, thus
inhibiting the photosynthesis process.

| 2
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LAB.TERPADU UNDIP 0000 04 Nov 2020 LAB.TERPADU UNDIP 0000 04 Nov 2020

A
=

e

" ¢ F-\ =
i /[' r 23 .
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LAB.TERPADU UNDIP 0000 04 Nov 2020 LAB.TERPADU UNDIP 0000 04 Nov 2020

Figure 5. SEM analysis results of brackish water culture S. platensis for 30 days. (A) S. platensis
without Styrofoam treatment. (B) S. platensis treated with Styrofoam 150 mg/500 mL. (C) S.
platensis treated with Styrofoam 250 mg/500 mL. (D) S. platensis treated with Styrofoam 400
mg/500 mL.

The results of EDX analysis (Table 4) on brackish water S. platensis showed that in
culture B and C, there was an increase in carbon content, namely 24.56% and 4.24%,
compared to S. platensis A culture, whereas in D culture, there was a decrease in carbon
content by 2.14%.
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Table 4. Energy Dispersive

X-ray spectroscopy (EDX) analysis results for the chemical constituents of S. platensis cultured

in brackish water for 30 days.

S. platensis Content

Styrofoam Levels
S. platensis A S. platensis B+150 S. platensis C+250 S. platensis D +

(Control) mg mg 400 mg
Carbon, C 64.3 85.23 67.15 62.92
Nitrogen, N 18.59 - 16.5 23.69
Natrium Oxide, Na2O 4.14 5.39 5.14 3.75
Magnesium Oxide, MgO 0.51 0.2 0.27 0.43
Alumina, AI2Os - - - -
Silica Dioxide, S5iO2 - - - 0.31
Phosphor Pentoxide, P20s 2.29 1.67 1.75 2.55
Sulfide, SOs 1.95 2.15 2.3 1.76
Chloride, Cl 4.56 3.58 49 2.8
Kalium Oxide, K2O 3.67 1.78 1.99 1.78
Calcium Oxide CaO - - - -
Cuprum (II) Oxide, CuO - - - -
Zinc Oxide, ZnO - - - -

4. Discussions

Our research reported an interaction between microalgae and Styrofoam
microplastic. Infusion of Styrofoam had an impact on the S. platensis growth rate,
because Styrofoam gave a shading effect on the culture surface, thereby reducing the
light intensity used by S. platensis for photosynthesis [15]. Imposing Styrofoam 150 mg
in 500 mL Spirulina culture did not significantly affect the growth rate as compared to
control (Figure 2), which means that at this concentration the Styrofoam did not give a
shading effect and eventually microalgae cell could use carbon from the Styrofoam
(Table 1 and Table 2). However, increasing Styrofoam concentration (250 mg/500 mL and
400 mg/500 mL) the growth of algae cell was significantly retarded by the Styrofoam
particles concentration (Figure 2). Moreover, the decrease in the growth rate of S.
platensis may be also influenced by the formation of excess Extracellular Polymeric
Substances (EPS), which is toxic to S. platensis itself. The presence of EPS will be a place
for other micro-organisms to compete with algae cells in the absorption of nutrients, both
from the culture and from the breakdown of carbon chains from Styrofoam [14].

The growth rate of S. platensis B culture (given Styrofoam 150 mg/500 mL) in
brackish waters was the highest as compared to 250 mg/500 mL and 400 mg/500 mL. This
is presumably because S. platensis obtains additional nutrients from the degradation of
Styrofoam (Table 1 and Figure 3). In addition, the Styrofoam in culture B did not cover
the entire surface of the culture, so that the light could still enter and be used properly
by S. platensis. Increased levels of Styrofoam resulted in a decrease in the growth rate of
the S. platensis culture as evidenced by culture D, which has a lower growth rate than
culture C, due to S. platensis being under pressure from the environment in the form of
Styrofoam. The number of Styrofoam floating on the surface is also able to block light
from entering the culture, thus, inhibiting the photosynthesis process [15].

The FTIR analysis (Figure 4) depicts that no carboxyl groups (C=0, at a wavelength
of 1810-1630 cm™) are formed, indicating the absence of oxidation reaction to Styrofoam.
The structure of Styrofoam showed the presence of an aromatic C=C group and no
aliphatic C=C group was formed, indicating that the initial structure of Styrofoam in the
form of styrene has a closed chain (cyclic) shape. However, all the FTIR test results on
Styrofoam that were included in the brackish water S. platensis culture, showed the
presence of aromatic C=C groups and aliphatic C=C groups, proving that there is an open
cyclic chain [11]. Mohamed et al. [32] stated that Styrofoam is stable because its constituent
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structure is a cyclic chain with a very long arrangement. The opening of the cyclic chain
proves the occurrence of degradation, although such degradation has not yet reached
physical fragmentation and changes into simpler chemical monomers [14]. Another
phenomena showed that all FTIR in Styrofoam showed a peak at a wavelength of 754-538
cm™ with a sharp peak at 697-695 cm™. According to Nandiyanto, Oktiani, and Ragadhita
[31], the peak of 750 cm is a characteristic of aromatic compounds. These FTIR test data
results on concluded that Styrofoam has interaction with S. platensis cells in the culture.
According to Chentir et al. [36], increasing the concentration of NaCl can reduce the
availability of nutrients such as nitrogen, thereby triggering the incorporation of carbon
both from S. platensis and from Styrofoam into EPS. The decrease in carbon content in
algae culture indicates damage to the cell membrane of S. platensis, which affects the
ability of photosynthesis. Li et al. [4] stated that although microalgae are able to absorb
carbon from plastics, these plastics are at risk of damaging cell membranes; hence, plastic
is not a good source of nutrition for microalgae.

Styrofoam is composed of styrene chains, which are a source of carbon for micro-
organisms in the waters. This causes the nutrients needed for photosynthesis of S.
platensis especially from the element carbon supplied by Styrofoam, which is available in
the medium. The availability of this carbon can support the growth of S. platensis, which
will have an impact on increasing the production of Extracellular Polymeric Substances
(EPS), which in turn plays a role in producing a biofilm on the Styrofoam surface [37,38].
Biofilms are a suitable abode for other micro-organisms such as bacteria, fungi, protozoa
etc., which play a role in the degradation of the Styrofoam surface. During this microbial
activity, micro-organisms will form protein structures in the form of enzymes that play
a role in changing the chemical content in Styrofoam into other forms. The presence of
other inorganic elements in the EDX analysis proved that S. platensis was able to absorb
contaminants, which can come from the release of additives from Styrofoam, such as Mg,
Al Si, S, Ca, K, Cl, Cr, Zn, Cu etc., as well as from the nutrients given such as C, N, P, Na,
Cl etc. [14].

5. Conclusions

This interaction between Styrofoam and microalgae Spirulina sp. has been
investigated in this research. The growth of microalgae, the change of morphological
structure of Styrofoam and chemical functional groups were measured and used in
determining the effect of interactions. The results of the variations of Styrofoam
concentration from 300 g/L to 800 g/L in microalgae culture showed significant inhibitory
effects on Spirulina sp. growth. There was a change in the functional group on Styrofoam
as an indicator of biodegradation, with evidence of the formation of an alcohol group (-
COOH) at a wavelength of 3400-3200 cm™ and an open cyclic chain (peaks appearing at
a wavelength of 1680-1600 cm™). SEM-EDX test results show that Styrofoam can be a
source of nutrients, especially carbon, needed by S. platensis for photosynthesis. However,
the presence of microplastic Styrofoam also gives a deterioration effect to the microalgae
cell, which cause photosynthetic inhibition. The findings of this work essentially improve
understanding of the interaction between microplastics and microalgae cell in aquatic
environments. The continuous influence of different sizes of microplastics on microalgae
or other organisms should be further investigated. Nevertheless, this study only showed
the preliminary findings on the interaction between Styrofoam with microalgae and
further investigation and detail analysis should be done in more replications experiments
to obtain a statistical significance of the results.

Author Contributions: H.H.: principle investigator, main concept formulation, data analysis,
writing; A.H.: performed experiment, data analysis; F.M.: supervising, data interpretation; N.A.:
data interpretation, writing; A.K.: data analysis, writing, analysis. All authors have read and agreed
to the published version of the manuscript.



Toxics 2021, 9, 43 11 of 12

Funding: This research was funded by Ministry of Culture and Education under Riset Penugasan
(World Class Research) grant with a contract number 201-07/UN7.6.1/PP/2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors greatly appreciate the Biomass and Renewable Energy (C-BIORE)
Laboratory, Diponegoro University for providing funds to carry out this research. The authors also
would like to thank the anonymous reviewers for their helpful comments and suggestions that
greatly improved the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Andrady, A.L. Microplastics in the marine environment. Mar. Pollut. Bull. 2011, 62, 1596-1605.

2. Hidalgo-Ruz, V.; Gutow, L.; Thompson, R.C.; Thiel, M. Microplastics in the marine environment: A review of the methods used
for identification and quantification. Environ. Sci. Technol. 2012, 46, 3060-3075.

3. Duis, K,; Coors, A. Microplastics in the aquatic and terrestrial environment: Sources (with a specific focus on personal care
products), fate and effects. Environ. Sci. Eur. 2016, 28, 1-25.

4. Cole, M,; Lindeque, P.; Halsband, C.; Galloway, T.S. Microplastics as contaminants in the marine environment: A review. Mar.
Pollut. Bull. 2011, 62, 2588-2597.

5. Thompson, R.C.; Olsen, Y.; Mitchell, R.P.; Davis, A.; Rowland, S.J.; John, A.W.G.; McGonigle, D.; Russell, A.E. Lost at sea: Where
is all the plastic? Science 2004, 304, 838.

6.  European Chemical Agency (ECHA). Available online:
https://echa.europa.eu/documents/10162/23665416/rest_microplastics_qa_v1.0_16524_en.pdf/c9849410-c360-d95b-e287-
ae635b0b7b3f (accessed on 17 September 2020).

7. Auta, H.S,; Emenike, C.U.; Fauziah, S.H. Distribution and importance of microplastics in the marine environment: A review of
the source, fate, effect, and potential solution. Environ. Int. 2017, 102, 165-176.

8. Frias, ].P.G.L.; Nash, R. Microplastics: Finding a consensus on the definition. Mar. Pollut. Bull. 2019, 138, 145-147.

9. Castafieda, R.A.; Avlijas, S.; Simard, M.A.; Ricciardi, A. Microplastic pollution in St. Lawrence River sediments. Can. J. Fish.
Aquat. Sci. 2014, 70, 1767-1771.

10. Khoironi, A.; Anggoro, S.; Sudarno, S. Evaluation of the Interaction among Micoalgae Spirulina sp, Plastics Polyethylene
Terephtalate and Polypropylene in Freshwater Environment. J. Ecol. Eng. 2019, 20, 161-173.

11. Ho, B.T.; Roberts, T.K; Lucas, S. An overview on biodegradation of polystyrene and modified polystyrene: The microbial
approach. Crit. Rev. Biotechnol. 2018, 38, 308-320, doi:10.1080/07388551.2017.1355293.

12.  Chandra, M.; Kohn, C.; Pawlitz, J.; Powell, G. Real Cost of Styrofoam; Saint Luis University: St. Louis, MO, USA, 2016. Available
online: https://greendiningalliance.org/wp-content/uploads/2016/12/real-cost-of-styrofoam_written-report.pdf (accessed on 8
November 2020).

13.  Rummel, C.D.; Jahnke, A.; Gorokhova, E.; Kiihnel, D.; Schmitt-Jansen, M. Impacts of biofilm formation on the fate and potential
effects of microplastic in the aquatic environment. Environ. Sci. Technol. Lett. 2017, 4, 258-267, doi:10.1021/acs.estlett.7b00164.

14. Li, S; Wang, P.; Zhang, C.; Zhou, X.; Yin, Z.; Hu, T.; Hu, D,; Liu, C.; Zhu, L. Influence of polystyrene microplastics on the
growth, photosynthetic efficiency and aggregation of freshwater microalgae Chlamydomonas reinhardtii. Sci. Total Environ. 2020,
714, 136767, doi:10.1016/j.scitotenv.2020.136767.

15. Lagarde, F.; Olivier, O.; Zanella, M.; Daniel, P.; Hiard, S.; Caruso, A. Microplastic interactions with freshwater microalgae :
Hetero- aggregation and changes in plastic density appear strongly dependent on polymer type. Environ. Pollut. 2016, 215, 331—
339, doi:10.1016/j.envpol.2016.05.006.

16. Fachrul, M.F.; Rinanti, A. Bioremediasi Pencemar Mikroplastik di Ekosistim Perairan Menggunakan Bakteri Indigenous
(Bioremediation of Microplastic Pollutant in Aquatic Ecosystem by Indigenous Bacteria). Semin. Nas. Kota Berkelanjutan 2018, 1,
302, doi:10.25105/psnkb.v1i1.2910.

17.  Fahrenfeld, N.L.; Arbuckle-Keil, G.; Beni, N.N.; Bartelt-Hunt, S.L. Source tracking microplastics in the freshwater environment.
Trac Trends Anal. Chem. 2019, 112, 248-254, doi:10.1016/j.trac.2018.11.030.

18. Prata, J.C.; Lavorante, B.; BS MMontenegro, M.; Guilhermino, L. Influence of microplastics on the toxicity of the pharmaceuticals
procainamide and doxycycline on the marine microalgae Tetraselmis chuii. Aquat. Toxicol. 2018, 197, 143-152,
doi:10.1016/j.aquatox.2018.02.015.

19. Harding, S. Marine Debris: Understanding, Preventing and Mitigating the Significant Adverse Impacts on Marine and Coastal
Biodiversity, CBD Technical Series. Biodiversity 2016, doi:10.1080/14888386.2007.9712830.

20. Bhattacharya, P.; Lin, S.; Turner, J.P.; Ke, P.C. Physical adsorption of charged plastic nanoparticles affects algal photosynthesis.

J. Phys. Chem. 2010, C 114, 16556-16561.



Toxics 2021, 9, 43 12 of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Marquez, F.J.; Sasaki, K.; Kakizono, T.; Nishio, N.; Nagai, S. Growth characteristics of Spirulina platensis in mixotrophic and
heterotrophic conditions. J. Ferment. Bioeng. 1993, 76, 408—-410.

Song, Y.; Qiu, R.; Hu, J; Li, X;; Zhang, X.; Chen, Y.; Wu, WM.; He, D. Biodegradation and disintegration of expanded
polystyrene by land snails Achatina fulica. Sci. Total Environ. 2020, 746, 141289, doi:10.1016/j.scitotenv.2020.141289.

Troell, M. Integrated Marine and Brackishwater Aquaculture in Tropical Regions’, Integrated Mariculture-A Global Review-
FAO Fisheries and Aquaculture Technical Paper NO. 529, (October 2013), 2009; pp. 47-132. Available online:
http://linkinghub.elsevier.com/retrieve/pii/S0044848603004691 (accessed on 16 October 2020).

Besseling, E.; Wang, B.; Lurling, M.; Koelmans, A.A. Nanoplastic affects growth of S. obliquus and reproduction of D. magna.
Environ. Sci. Technol. 2014, 48,12336-12343, d0i:10.1021/es503001d.

Sjollema, S.B.; Redondo-Hasselerharm, P.; Leslie, H.A.; Kraak, M.H.S.; Vethaak, A.D. Do plastic particles affect microalgal
photosynthesis and growth? Aquat. Toxicol. 2016, 170, 259-261, doi:10.1016/j.aquatox.2015.12.002.

Canniff, P.M.; Hoang, T.C. Microplastic ingestion by Daphnia magna and its enhancement on algal growth. Sci. Total Environ.
2018, 633, 500-507, doi:10.1016/j.scitotenv.2018.03.176.

Fakhri, M.; Antika, P.W.; Ekawati, A.W.; Arifin, N.B. Pertumbuhan, Kandungan Pigmen, dan Protein Spirulina platensis yang
Dikultur Pada Ca(NOs)2 Dengan Dosis yang Berbeda. ]. Aquac. Fish Health 2020, 9, 38—47.

Astuti, W.; Jamali, A.; Amin, M. Desalinasi Air Payau Menggunakan Surfactant Modified Zeolite (SMZ). ]. Zeolit Indones. 2007,
6, 32-37.

Nur, M.A.; Hadiyanto, H. Enhancement of chlorella vulgaris biomass cultivated in pome medium as biofuel feedstock under
mixotrophic conditions. J. Eng. Technol. Sci. 2015, 47, 487-497.

Islam, M.T. Learning SPSS without Pain: A Comprehensive Manual for Data Analysis and Interpretation of Outputs, 1st ed.; ASA
Publications: Dhaka, Bangladesh, 2020; doi:10.6084/m9.figshare.12812837.

Nandiyanto, A.B.D.; Oktiani, R.; Ragadhita, R. How to read and interpret ftir spectroscope of organic material. Indones. . Sci.
Technol. 2019, 4, 97-118, doi:10.17509/ijost.v4i1.15806.

Mohamed, M. A ; Jaafar, J.; Ismail, A.F.; Othman, M.H.D.; Rahman, M. A. Fourier Transform Infrared (FTIR) Spectroscopy, Membrane
Characterization; Elsevier B.V.: Amsterdam, The Netherlands, 2017; doi:10.1016/B978-0-444-63776-5.00001-2.

Dmytryk, A.; Saeid, A.; Chojnacka, K. Biosorption of microelements by spirulina: Towards technology of mineral feed
supplements. Sci. World ]. 2014, 2014, 1-15.

Sujatno, A.; Salam, R.; Bandriyana, B.; Dimyati, A. Studi Scanning Electron Microscopy(SEM) untuk Karakterisasi Proses
Oxidasi Paduan Zirkonium. ]. Forum Nukl. 2015, 9, 44-50.

Abd Mutalib, M.; Rahman, M.A.; Othman, M.H.D.; Ismail, A.F.; Jaafar, J. Scanning Electron Microscopy (SEM) and Energy-
Dispersive X-Ray (EDX) Spectroscopy, Membrane Characterization; Elsevier B.V.. Amsterdam, The Netherlands, 2017;
doi:10.1016/B978-0-444-63776-5.00009-7.

Chentir, I.; Hamdi, M.; Doumandji, A.; HadjSadok, A.; Ouada, H.B.; Nasri, M.; Jridi, M. Enhancement of extracellular polymeric
substances (EPS) production in Spirulina (Arthrospira sp.) by two-step cultivation process and partial characterization of their
polysaccharidic moiety. Int. ]. Biol. Macromol. 2017, 105, 1412-1420, doi:10.1016/j.ijpiomac.2017.07.009.

Khoironi, A.; Hadiyanto, H.; Anggoro, S.; Sudarno, S. Evaluation of polypropylene plastic degradation and microplastic
identification in sediments at Tambak Lorok coastal area, Semarang, Indonesia. Mar. Pollut. Bull. 2020, 151, 110868.

Dianratri, I.; Hadiyanto, H.; Khoironi, A.; Pratiwi, W.Z. The influence of polypropylene and polyethylene microplastics on the
quality of spirulina sp. Harvests. Food Res. 2020. 4, 1739-1743, d0i:10.26656/fr.2017.4(5).157.



