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Abstract

Microplastics from plastic waste degradation can pose a threat to microalgae in freshwater ecosystems.
However, past studies have mainly focused on the effect of a single microplastic polymer on microalgae.
Therefore, this research assessed the effect of mixed microplastics (PP and PVC) on freshwater
microalgae growth. The collected microalgae community sample was distributed into triplicates of one
control flask (no microplastics) and five flasks with different levels of microplastics: 0% PP + 100%
PVC, 25% PP + 75% PVC, 50% PP + 50% PVC, 75% PP + 25% PVC, and 100% PP + 0% PVC. After
the microalgae were allowed to grow undisturbed in a lab environment for nine days, absorbance as a
metric of chlorophyll a was measured for each flask. The absorbance was greater in the PP microplastic
dominant environment (mean chlorophyll a absorbance: 0.2032) than in the PVC microplastic dominant
environment (mean chlorophyll a absorbance: 0.1182; p-value: 0.0426). This result suggests that the type
of microplastic is a significant factor on microalgae growth. Moreover, the results of this research indicate
that microplastics can facilitate the growth of microalgae despite their known toxicity to algal
populations. This positive effect of microplastics can potentially be used in algal biomass production,
which is a valuable renewable resource.
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Introduction

In 2022, the annual worldwide plastic production reached 400.3 million tons (Nayanathara
Thathsarani Pilapitiya & Ratnayake, 2024). Most of the plastic produced was discarded after a
single use. Not all plastic was properly discarded; around 20.94-25.35 million tons of plastic
waste, the equivalent of 2,000 fully plastic-loaded garbage trucks, leaked into aquatic ecosystems
every year (United Nations Environment Programme, 2022). Some plastic waste can degrade
into microplastics and become “invisible” problems in water and soil.

Microplastics are water-insoluble synthetic solid particles or polymeric matrixes between 1
pm and 5 mm and are an emerging contaminant (Martin et al., 2022; Stapleton & Hai, 2023;

Frias & Nash, 2019). Microplastics can be found in a range of environments, including
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freshwater systems such as rivers and lakes. Concentrations of microplastics can vary greatly,
ranging from over 1 million pieces per cubic meter to less than 1 piece in 100 cubic meters (Li et
al., 2018). Moreover, the composition of microplastics found in worldwide freshwater samples
varies: microplastics can be classified based on their chemical composition (polymer type) as
polypropylene (PP), polyethylene (PE), polystyrene (PS), polyethylene terephthalate (PET),
polyamide (PA), polyvinyl chloride (PVC), polyurethane (PU), and others (L1 et al., 2020).

Microplastics can be ingested by aquatic animals both when they eat and respire.
Microplastics are indigestible, so they bio-accumulate in animal fat and tissue, and can be
ingested by other animals during predation, leading to the transfer of microplastics across trophic
levels (Cverenkarova et al., 2021). Eventually, microplastic can also bio-accumulate in the
human body as it enters the food chain, causing potential health risks such as respiratory and
digestive problems, disrupting sleep, contributing to obesity, and increasing the risk of diabetes
(Ghosh et al., 2023). The bioaccumulation of microplastics in aquatic environments can start at
the base of the trophic pyramid with the uptake or adsorption of microplastics by primary
producers such as microalgae.

Microalgae are photosynthetic, eukaryotic, unicellular microorganisms that convert great
amounts of inorganic carbon into biomass and oxygen and provide essential nutrients and energy
to higher trophic levels (Thor¢ et al., 2023). However, the increase in microplastic concentration
can inhibit the growth rate of chlorophyll a content in microalgae, thus impeding microalgae
photosynthesis (Wu et al., 2019). Microplastics can decrease electron transfer rates and increase
electron accumulation, which can damage the cellular membrane and inhibit chlorophyll
synthesis (Wu et al., 2019). Microplastics and microalgae can also hetero-aggregate, inactivating
the microalgae and causing photoinhibition (Wu et al., 2019). Moreover, microalgae adsorbed to
microplastics may also directly receive physical damage, nutrient depletion, increased osmotic
pressure, and toxic chemicals which can also impede photosynthesis (Prata et al., 2019). As
microalgae are consumed by higher trophic levels, their adsorption to microplastics will cause
the microplastic to enter the food chain.

Different classes of microplastics can have different effects on microalgal productivity. PP,
one of the most common microplastic types found in freshwater bodies worldwide, negatively
affects the photosynthesis of microalgae (L1 et al., 2020). PVC, though not as common in

freshwater bodies as PP, has demonstrated a greater harmful effect on freshwater microalgae
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growth due to its higher toxicity caused by its approximately 57% chlorine inorganic content,
while PP is relatively less toxic due to its organic polymer property and is applicable in food-
grade products. (Wu et al., 2019). Furthermore, owing to their distinct density profiles, lighter PP
is anticipated to remain buoyant, whereas denser PV C is expected to sink in aquatic
environments. This differential behavior constitutes an additional factor influencing their
potential interactions with microalgal communities.

Past studies had mainly focused on the effect of pristine and single microplastic polymers;
yet, aged and mixed microplastics on microalgae have not been considered, and may not produce
similar results (Sansing et al., 2023). This research assessed the effect of mixed microplastics on
freshwater microalgae absorbance, which can be an indicator of chlorophyll a (a proxy for
microalgal growth) and photosynthesis, after an incubation period. We predicted mixed PP and
PVC microplastic ratios would affect freshwater microalgae growth. We also predicted that
treatments with equal proportions of PP and PVC would have the lowest rates of primary
production. PP and PVC have different densities, so will occupy different spaces within the
water column. Therefore, mixed microplastics containing both PP and PVC will be able to affect

a greater number of microalgae populations across multiple depths.

Methods
Experimental Design

Microplastic was made for this study by using a metal mechanical power saw to create dust
from the PVC pipes and PP plastic boards. The same electric saw was used for both types of
plastic to ensure synchronization of size and shape of microplastics. 15.24 grams of PVC
microplastic dust were collected, and 13.75 grams of PP microplastic dust were collected. Due to
time constraints, a randomly selected sample of 10 PVC and 10 PP microplastic particles was
measured using a metal ruler with millimeter markings, rather than measuring the entire
population. The mean size of the microplastics was 2.30 mm and 1.85 mm for PVC and PP,
respectively.

The microalgae community was collected from Lake Alice in Gainesville, Florida, USA, on
October 17th, 2024. Two liters of microalgae-containing water were collected using the Van

Dorn water sampler, one liter from the surface layer of the water column and one liter from the
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bottom layer of the water column (1-foot depth), to ensure the sample better represented the
entire water column and Lake Alice microalgae population.

The two water samples were homogenized in a 2L flask to provide a representative sample of
the water column. The flask was placed next to a southeast-facing window, where it received
minimal sunlight coverage, allowing sunlight to reach it, thereby acclimating the samples to lab
environmental conditions. The acclimation lasted approximately 21 days.

After acclimation, the 2-liter flask was homogenously mixed with a stir bar on a stirring plate
that ran for around twenty minutes to homogenize the microalgae community. After stirring, the
two liters of microalgae community sample were distributed, and 75 milliliters of microalgae
community sample were directly poured into each of eighteen 200mL flasks that already
contained microplastic (except for control flasks). A total mass of microplastic equal to 1% of
the water body's weight (0.75 grams) was applied for each treatment, excluding the control
treatment. The flasks were divided into six treatments: 0% PP + 0% PVC (representing the
control, without microplastics), 0% PP + 100% PVC, 25% PP + 75% PVC, 50% PP + 50% PVC,
75% PP + 25% PVC, and 100% PP + 0% PVC. Each treatment had three replicates, for a total of
eighteen flasks. After distribution, all the flasks were covered with aluminum foil to avoid
contamination and incubated at room temperature (approximately 20°C). Flasks were exposed to
light at 12-hour intervals, alternating between light and dark conditions, with the only light
source being a white light positioned 10 cm above the flasks. After 9 days of growth, the
microalgae community samples were filtered with 0.70-micrometer glass fiber prefilters (Merck
Millipore Ltd, Burlington, MA) using a hand pump. The filters were individually stored in 50

mL centrifuge tubes and kept inside a freezer at -20°C for approximately 24 hours.

Chlorophyll Content Measurement using Spectrophotometry

Chlorophyll concentration was estimated using a method described by Lichtenthaler, H.K.
(1987), with some modifications. Chlorophyll extraction was performed in the dark, in order to
prevent photodegradation of chlorophyll pigments and ensure accurate measurement of
chlorophyll concentrations. To extract chlorophyll from the filtered microalgae community
samples, 10 mL of 90% acetone was added to the centrifuge tube that contained the filters, and
the centrifuge tube was vortexed for 30 seconds at max speed (12000 rpm). After the vortex, 1.4

mL of the clear solution (without glass fiber) was decanted, using a pipette, from each of the 50
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mL centrifuge tubes into a separate 1.5 mL Eppendorf tube for each sample. The Eppendorf
tubes were centrifuged at thirteen thousand rpm for two minutes to remove cellular debris and
any leftover glass fiber filter membrane. 1 mL of the supernatant solution was transferred from
each Eppendorf tube into cuvettes. The absorbance of the solution was measured at a 405 nm
wavelength for chlorophyll a concentration, which falls within the peak absorbance range and is
closest available to the maximum peak of 429.6 nm, using an Eppendorf spectrophotometer with
90% acetone as blank (Egeland, 2012; Lichtenthaler, 1987). As no exact equation is available to
convert the absorbance to chlorophyll concentration for this exact wavelength, the absorbance

value was used as a proxy estimate for the chlorophyll concentration.

Statistical Data Analysis

The data were organized in Excel sheets and processed by the program R (version 4.4.1) for
statistical data analysis.

First, the absorbance of all PP microplastic dominant groups (75% PP and 100% PP) was
compared with the absorbance of all PVC microplastic dominant groups (75% PVC and 100%
PVC) through a two-sample t-test to assess the effect of plastic type on algal growth. The two-
sample t-test was conducted using the t.test() function from the built-in stats package in R, with
var.equal = TRUE, which instructs R to assume equal variances, thereby triggering the Student’s
t-test. Second, the control group’s absorbance was compared with the absorbance of all groups
that obtained microplastic through a Welch’s t-test to assess the effect of any microplastic
presence on algal growth. The Welch’s t-test was conducted using the t.test() function from the
built-in stats package in R, with var.equal = FALSE (the default), which instructs R not to
assume equal variances, thereby triggering the Welch’s t-test. Third, two simple linear regression
models were run with the PP to PVC and PVC to PP microplastic concentrations as the
explanatory variable and absorbance as the response variable to assess the effect of the increase
and decrease of PP to PVC microplastic concentrations on absorbance. The simple linear
regression model was conducted using the Im() function from the built-in stats package in R.
Lastly, the absorbance across all six treatments was compared in a single graph by generating a

box plot for each treatment group.
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Results
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Figure 1. Chlorophyll a absorbance of PP microplastic dominant groups versus PVC microplastic dominant
groups. Dominant indicates the treatment contains greater than 50% of that type of microplastic.

The PP microplastic dominant group’s mean absorbance was 0.2032, which is significantly
higher than the mean absorbance of 0.1182 for the PVC microplastic dominant groups
(p=0.0426) (Figure 1). Therefore, the microalgae community samples grew faster in the PP

microplastic dominant groups than the PVC microplastic dominant groups.
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Figure 2. Chlorophyll a absorbance of control groups versus microplastic-treated groups. Control groups received
no microplastic exposure, whereas microplastic-treated groups included all treatment groups containing

microplastics, irrespective of the specific PVC-to-PP ratio.

The control group’s mean absorbance was 0.0927, which is lower than the mean absorbance

of 0.1547 for the microplastic-treated groups (Figure 2). A Welch’s t-test was run, and a p-value

of 0.215 resulted. As the p-value is above the level of significance, the Welch’s test result

indicates that there is no statistically significant difference between the absorbances of the

control and microplastic-treated groups.
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Figure 3. Chlorophyll a absorbance for the replications of different ratios of PP to PVC in mixed microplastic
concentration groups. The explanatory variable is the increasing ratio of PP to PVC microplastic concentration from
left to right, and the response variable is the chlorophyll a absorbance.

A linear regression model shows a positive linear relationship between increasing the ratio of

PP to PVC concentrations and absorbance, though the relationship was not statistically

significant (p = 0.1455), and the model explained approximately 15.6% of the variance (R? =
0.1558; Adjusted R? = 0.0908) (Figure 3).
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Figure 4. Chlorophyll a absorbance for the replications of different ratios of PVC to PP in mixed microplastic
concentration groups. The explanatory variable is the increasing ratio of PVC to PP microplastic concentration from
left to right, and the response variable is the chlorophyll a absorbance.

A linear regression model shows a negative linear relationship between increasing the ratio
of PVC to PP concentrations and absorbance, though the relationship was not statistically
significant (p = 0.1455), and the model explained approximately 15.6% of the variance (R? =
0.1558; Adjusted R? = 0.0908) (Figure 4).
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Figure 5. Chlorophyll a absorbance for the three replicates of all six treatments.
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The six box plots show that the absorbance of the control treatment is lower than the
absorbance of all other treatment groups (Figure 5). Moreover, they reveal a positive linear trend

in absorbance with increasing PP concentration and decreasing PVC concentration.

Discussion

In this research, the Lake Alice microalgae community sample was grown in a control
treatment (0% PP + 0% PVC) and five treatments with different levels of microplastics: 0% PP +
100% PVC, 25% PP + 75% PVC, 50% PP + 50% PVC, 75% PP + 25% PVC, and 100% PP +
0%PVC. The major discovery of this research is that the microalgae grew better in flasks with
higher PP to PVC microplastic concentrations than with higher PVC to PP microplastic
concentrations.

The microalgae growth estimated by absorbance was greater in the PP microplastic dominant
environment than in the PVC microplastic dominant environment (Figure 1). Several
explanations could account for the aforementioned patterns observed, including the differences
in density, transparency, and toxicity between the two microplastics. First, almost all PP
microplastics (lower density) floated on the surface of the water, and almost all PVC
microplastics (higher density) sank to the bottom of the water. The microalgae community could
have utilized the microplastics as an available substrate for colonization (Nava et al., 2021).
Therefore, the microalgae community raised in an environment with PP microplastic
concentration dominance was able to adhere and colonize the microplastics that were mainly
floating on the surface, meaning the microalgae were closer and unblocked from the light source
(hanging above the flasks). With better access to light, the microalgae were able to grow at a
faster rate. As most of the PP microplastics floated at the water surface and the light source was
above during the incubation period, the PP microplastics could also have shifted the wavelength
of the light to the spectrum (blue light) that better fostered the growth of the microalgae below
the surface (Delavari Amrei et al., 2014). In addition, the PP microplastics might have caused an
effect of light backscattering, which is a phenomenon of scattering the light that was reflected
towards the surface layer microplastic from the solution or substances below the surface layer
microplastic back to the microalgae, that increased the light intensity and fostered the growth of
microalgae (Estime et al., 2015). Second, the transparency of PP and PVC microplastics differs.
Therefore, the transparency of PP compared to that of PVC could have better helped the growth
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of microalgae by shifting the wavelength that better suited the microalgae’s growth and creating
more intense backscattering. Third, the difference in growth rate might be caused by the
difference in toxicity between PP and PVC. A study ranked the toxic effects of microplastics on
various microalgae species, and PVC was ranked higher (a more significant toxic effect) than PP
(Parsai et al., 2022). Therefore, the PVC microplastic dominant groups in this research might
have contained higher toxicity than the PP microplastic dominant groups, negatively affecting
the microalgae growth. In conclusion, when microplastic composition was manipulated, the
observed changes in absorbance may reflect a compound effect. For example, when the
concentration of PP was increased, the concentration of PVC was simultaneously decreased.
Therefore, the increase in absorbance could have resulted from the increased water surface
coverage of higher PP concentration, the reduced toxicity impact of lower PVC concentrations,
or a combination of both.

We predicted that treatments with equal proportions of PP and PVC would have the lowest
rates of primary production. However, the result shows that the control treatments without
microplastics had the lowest rates of primary production (Figure 5), and though statistically
insignificant, the control group’s mean absorbance was lower than the microplastic-treated
group’s mean absorbance (Figure 2). Moreover, though insignificant, there was a positive
relationship between the PP microplastic concentration and absorbance and a negative
relationship between the PVC concentration and absorbance, such that the higher the PP
microplastic concentration in the flask and the lower the PVC concentration, the more substantial
the increase in microalgae growth (Figure 3 & Figure 4). To improve the robustness of the
findings, future studies may consider increasing the number of replicates per treatment. A larger
sample size could reduce variability and increase the sensitivity of statistical analyses, potentially
revealing significant differences that were deemed insignificant in the current study.

Limitations exist for this research. First, as all the microalgae community samples of this
research were collected from Lake Alice, located at the University of Florida, the result of this
research is only applicable to microalgae in Lake Alice. The result can be used as a reference for
microalgae communities elsewhere, but the accuracy cannot be guaranteed. Second, there is
some variability among replicates within the same treatment group (Figure 5). The potential
source of the variation is that the collected microalgae community sample had some filamentous

or colonial algae, while others were planktonic. Therefore, although the microalgae community
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sample was intensively mixed before distribution, it is possible that some microalgae did not
separate and were still clustered when distributed into different treatments, causing a slight
variation in the initial microalgae concentrations across the flasks. However, in this experiment,
each treatment and the control had three replications, intending to balance out any slight
differences in initial algae concentration. Future experiments can use more replicates to further
eliminate the differences in initial algae concentration.

This research unexpectedly discovered that covering the water surface with a thin layer of PP
microplastic can promote microalgae growth. Despite the uncertain mechanism that caused this
unexpected phenomenon, future microalgae-raising farms or laboratories should consider using
non-toxic microplastic or macroplastic film to cover the surface layer of water to enhance
microalgae growth and increase microalgae production. As microalgae have various uses in
modern times, including human nutrition, biofuel, medical value, and biofertilizer, an increase in
microalgae production will boost supply and decrease raw material prices for these industries. In
fact, biofilm-based algal cultivation has already received significant attention as a potential
method for algal production and other applications, such as wastewater treatment, in the past
decades (Gross et al., 2015). According to multiple studies, a few advantages of biofilm-based
algal cultivation are that it enables simple and cheap microalgae harvest by readily scraping off
microalgae on the material’s surface and increases biomass productivity through effects such as
minimization of light limitation and enhancement of CO2 mass transfer (Gross et al., 2013; Gross
et al.,, 2015).

Microalgae growth on microplastics can be positive for certain industries, but can also have
adverse effects on aquatic ecosystems. First, microplastics may alter nutrient availability.
Research has shown that microplastics can adsorb dissolved nutrients such as phosphorus,
nitrogen, and trace metals, and when algae colonize microplastics, they may uptake the
concentrated nutrients on the surfaces, leading to concentrated algae growth and uneven
microalgae distribution (Binda et al., 2024). As the microplastic concentration continues to
increase in aquatic ecosystems, algae blooms might occur more frequently in the future, creating
hypoxia, harming the ecosystem, and causing public health concerns (Hallegraeff et al., 2021).
Second, microplastics may alter microalgae community compositions in many ways. For
example, different microplastics release different chemicals that may inhibit some but promote

other microalgae growth, and microalgae species with better biofilm-forming abilities on
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microplastic may become more dominant over others as microplastic concentration increases
(Binda et al., 2024). Lastly, microplastics coated with microalgae may enter the food chain more
readily as they may become more likely to be taken up by fish that ingest aggregated algae
(Binda et al., 2024).

Conclusion

In conclusion, this research contributed to filling the gap of limited research focused on the
effect of mixed microplastics on freshwater microalgae growth, showing that introducing
multiple microplastics to microalgal communities can have compounding effects on algal
growth. For example, increasing the concentration of PP and decreasing the concentration of
PVC fostered the growth of microalgae through increased water surface coverage of higher PP
concentration, the reduced toxicity impact of lower PVC concentrations, or a combination of
both. Future research can elucidate the mechanism by which microplastics enhance microalgae
growth and seek to develop a plastic film made from a suitable material that optimally promotes
microalgae growth, suitable for use in microalgae-raising farms or laboratories, thereby
increasing microalgae production. Moreover, the ecological impacts of microplastics in aquatic

environments require further study.
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