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SUMMARY

The health of the environment is critical for human health 

Impact of plastics in the food chain

Impact of microplastics on the microalgae growth

How can microalgae be part of the solution – removal of microplastics

Algal bloom: a negative effect of algae grow
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The health of the environment is critical for human health 
Oceans have historically provided livelihoods, trade, food, and other resources, known as 

“ecosystem goods and services”
Human activities increasingly involve continued and cumulative pressures, producing negative impacts (e.g.,
pollution, habitat destruction and overfishing), which affect not only ecosystem health, but also human health
(Depledge et al., 2019)

Human health and well-being may be promoted through positive interactions with the coasts with the
sustainable use of the natural resources and through the restoration and preservation of coastal and marine
ecosystems

SESSION V - Impact of pollu=on on microalgae - entry into the food chain
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Plastic pollution is entirely caused by the human production of
plastic materials, use and disposal (Pahl et al., 2017).

Plastic is a relatively new material; it has only been used widely since
the 1960s, so the amount and the trend of this material escaping
into the natural environment globally are astonishing (Jambeck et al.,
2015), producing different impacts.
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Size matters!!!!

Microplastics and microalgae are similar in size - a decisive step 
towards entering the food chain
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Microalgae, one of the most important primary
producers in aquatic ecosystems, could suffer from
microplastic contamination, leading to larger impacts on
aquatic food webs.

Few studies about the toxic effects of microplas9cs on microalgae popula9ons

Microplastics seem to have limited effects on parameters such as
growth, chlorophyll content, photosynthesis activity and reactive
oxygen species (ROS), current environmental concentrations are
not expected to induce toxicity.

But, microplastics could disrupt population regulation mechanisms,
by reducing the availability or absorption of nutrients (bottom-up)
or reducing the population of predator species (top-down).

Microplastics' properties can also influence the effects on
microalgae, with smaller sizes and positive surface charges having
higher toxicity.
More research is needed to better understand the effects of
microplastics on microalgae, such as adaptation strategies, effects
on population dynamics and microplastics properties influencing
toxicity.

https://www.sciencedirect.com/science/article/abs/pii/S0048969719306187

Review

Effects of microplastics on microalgae populations: A critical review

Joana Correia Prata a,⁎, João P. da Costa a, Isabel Lopes b, Armando C. Duarte a, Teresa Rocha-Santos a

a Centre for Environmental and Marine Studies (CESAM), Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal
b Centre for Environmental and Marine Studies (CESAM), Department of Biology, University of Aveiro, 3810-193 Aveiro, Portugal

H I G H L I G H T S

• Microplastics' current concentrations
are not expected to directly harm
microalgae.

• Microplastics may inhibit predation or
reduce nutrient availability in
microalgae.

• Factors responsible for species sensitiv-
ity and microplastics toxicity are
unclear.
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Microplastics are persistent contaminants accumulating in the environment. Aquatic ecosystemshave been stud-
ied worldwide, revealing ubiquitous contamination with microplastics. Microalgae, one of the most important
primary producers in aquatic ecosystems, could suffer frommicroplastic contamination, leading to larger impacts
on aquatic food webs. Nonetheless, little is known about the toxic effects of microplastics onmicroalgae popula-
tions. Thus, the objective of this review was to identify these effects and the impacts of microplastics on
microalgae populations based on currently available literature, also identifying knowledge gaps. Even though
microplastics seem to have limited effects on parameters such as growth, chlorophyll content, photosynthesis ac-
tivity and reactive oxygen species (ROS), current environmental concentrations are not expected to induce tox-
icity. Even so, microplastics could disrupt population regulation mechanisms, by reducing the availability or
absorption of nutrients (bottom-up) or reducing the population of predator species (top-down). Microplastics'
properties can also influence the effects on microalgae, with smaller sizes and positive surface charges having
higher toxicity. Therefore, more research is needed to better understand the effects of microplastics on
microalgae, such as adaptation strategies, effects on population dynamics and microplastics properties influenc-
ing toxicity.

© 2019 Elsevier B.V. All rights reserved.
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Effect of plastic exposure on marine Prochlorococcus – the most abundant photosynthetic organism on 
Earth and is a vital contributors to global primary production and carbon cycling

https://desdaughter.com/chemicals-leaching-from-plastic-pollution-impairs-the-base-of-the-marine-food-web/

Leachate exposure strongly impairs Prochlorococcus in vitro growth and
photosynthetic capacity and results in genome-wide transcriptional
changes.

The strains showed distinct differences in the extent and timing of their
response to each leachate. Consequently, plastic leachate
exposure could influence marine Prochlorococcus
community composition and potentially the broader
composition and productivity of ocean phytoplankton
communities.

ARTICLE

Plastic leachates impair growth and oxygen
production in Prochlorococcus, the ocean’s most
abundant photosynthetic bacteria
Sasha G. Tetu 1, Indrani Sarker 1, Verena Schrameyer 2, Russell Pickford3, Liam D.H. Elbourne 1,
Lisa R. Moore1 & Ian T. Paulsen1

Plastic pollution is a global threat to marine ecosystems. Plastic litter can leach a variety of

substances into marine environments; however, virtually nothing is known regarding how this

affects photosynthetic bacteria at the base of the marine food web. To address this, we

investigated the effect of plastic leachate exposure on marine Prochlorococcus, widely con-

sidered the most abundant photosynthetic organism on Earth and vital contributors to global

primary production and carbon cycling. Two strains of Prochlorococcus representing distinct

ecotypes were exposed to leachate from common plastic items: high-density polyethylene

bags and polyvinyl chloride matting. We show leachate exposure strongly impairs Pro-

chlorococcus in vitro growth and photosynthetic capacity and results in genome-wide tran-

scriptional changes. The strains showed distinct differences in the extent and timing of their

response to each leachate. Consequently, plastic leachate exposure could influence marine

Prochlorococcus community composition and potentially the broader composition and pro-

ductivity of ocean phytoplankton communities.

https://doi.org/10.1038/s42003-019-0410-x OPEN

1Molecular Sciences, Macquarie University, Sydney 2109 NSW, Australia. 2Marine Biological Section, Department of Biology, University of Copenhagen,
Helsingør 3100, Denmark. 3 Bioanalytical Mass Spectrometry Facility, University of New South Wales, Sydney 2052 NSW, Australia. Correspondence and
requests for materials should be addressed to S.G.T. (email: sasha.tetu@mq.edu.au)
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Cunha te al. (2019). Marine vs freshwater microalgae exopolymers as biosolutions to microplastics pollution, Environmental Pollution, Vol.249: 372-380, 
https://doi.org/10.1016/j.envpol.2019.03.046.

Microplastics in the ocean: how can microalgae be part of the solution?

Microalgae can excrete exopolymer substances (EPS) with
a potential to form hetero-aggregates with microplastic
particles, flocculate microplastics, contributing to their
vertical transport and consequent deposition.

Marine vs freshwater microalgae exopolymers as biosolutions to
microplastics pollution*

C!esar Cunha a, Marisa Faria a, Natacha Nogueira b, c, Artur Ferreira d, Nereida Cordeiro a, c, *

a LB3 - Faculty of Science and Engineering, University of Madeira, 9000-390, Funchal, Portugal
b Mariculture Center of Calheta, Fisheries Directorate, 9370-133, Calheta, Portugal
c CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto, 4450-208, Matosinhos, Portugal
d CICECO - Aveiro Institute of Materials and !Agueda School of Technology and Management, University of Aveiro, 3754 e 909, !Agueda, Portugal
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a b s t r a c t

Microalgae can excrete exopolymer substances (EPS) with a potential to form hetero-aggregates with
microplastic particles. In this work, two freshwater (Microcystis panniformis and Scenedesmus sp.) and
two marine (Tetraselmis sp. and Gloeocapsa sp.) EPS producing microalgae were exposed to different
microplastics. In this study, the influence of the microplastic particles type, size and density in the
production of EPS and hetero-aggregates potential was studied. Most microalgae contaminated with
microplastics displayed a cell abundance decrease (of up to 42%) in the cultures. The results showed that
the formed aggregates were composed of microalgae and EPS (homo-aggregates) or a combination of
microalgae, EPS and microplastics (hetero-aggregates). The hetero-aggregation was dependent on the
size and yield production of EPS, which was species specific. Microcystis panniformis and Scenedesmus sp.
exhibited small EPS, with a higher propension to disaggregate, and consequently lower capabilities to
aggregate microplastics. Tetraselmis sp. displayed a higher ability to aggregate both low and high-density
microplastics, being partially limited by the size of the microplastics. Gloeocapsa sp. had an outstanding
EPS production and presented excellent microplastic aggregation capabilities (adhered onto the surface
and also incorporated into the EPS). The results highlight the potential of microalgae to produce EPS and
flocculate microplastics, contributing to their vertical transport and consequent deposition. Thus, this
work shows the potential of microalgae as biocompatible solutions to water microplastics treatment.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Microplastics (plastic particles smaller than 5mm) pollution is a
growing concern shared by scientists and many individuals across
the world. Human consumerism gave rise to aquatic systems filled
with microplastics that can enter into the food chain. Recent
studies show that these debris are in aquatic and terrestrial eco-
systems and have a worldwide geographic distribution, and can be
found even in the most remote locations, such as the Antarctic
(Waller et al., 2017) and Artic (Peeken et al., 2018) oceans. Micro-
plastics may come from general consumer household and cosmetic
products but can also derive from macroplastics that suffer from
mechanical action and degradation, largely driven by UV-radiation-

induced-photooxidation, releasing increasingly smaller sized low-
molecular-weight polymer fragments (Galloway et al., 2017). Two
of the industrial most commonly employed plastics, that are found
in aquatic environments, are poly(methyl methacrylate) (PMMA),
known as acrylic (Browne et al., 2011) and polystyrene (PS) (Alimi
et al., 2017). PMMA is a lightweight resistant synthetic fiber (Zeng
et al., 2002), that is widely used in the building industry, as a
substitute for glass due to its high light transmission and resistance
(Harper, 2000). PS is also very versatile and widely used in packing,
household and consumer goods (Maul et al., 2007), as this polymer
is usually found in food containers (GESAMP, 2015). Microplastics
have a strong influence in freshwater and marine ecosystems, as
they are ingested and transferred through the planktonic web
(Set€al€a et al., 2013). Furthermore, they affect higher trophic levels,
(Farrel & Nelson, 2013; Cauwenberghe & Janssen, 2014; Besseling
et al., 2015); modify genetic expression (Lagarde et al., 2016) and
exhibit toxicity and mortality in marine plankton (Bergami et al.,
2017). For these reasons, microplastics elimination/removal from

* This paper has been recommended for acceptance by Maria Cristina Fossi.
* Corresponding author. LB3 - Faculty of Science and Engineering, University of

Madeira, 9000-390, Funchal, Portugal.
E-mail address: ncordeiro@staff.uma.pt (N. Cordeiro).
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0269-7491/© 2019 Elsevier Ltd. All rights reserved.
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Algal bloom: a negative effect of algae grow

An algal bloom is the rapid increase of the algae population in aquatic ecosystem (fresh and marine waters).
They thrive where there is an abundance of  phosphorus and nitrogen (nutrients), usually caused by runoff of nutrients 
(animal waste, fertilizers, sewage) from the land.

Algal blooms are known to be mainly composed of bio-toxins and are characterized by a distinct discoloration of water 
due to a large number of pigmented algae cells. 
Colors range from green, red, brown, and yellow. The major types of algal blooms are cyanobacteria (blue-green algae) 
and red tides (red algal blooms).

Algal bloom is one of the most common 
forms of eutrophica<on, which depletes 
the supply of oxygen, leading to the 
death of animal life. 
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Algal bloom: a negative effect of algae grow
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M essages  to  take  hom e
Pollution of seas and rivers has a high impact on the food chain

The entry of plastics into the food chain has negative implications for all links in the
chain

Microalgae have a similarity in terms of size with microplastics, facilitating their entry
into the food chain.

The presence of microplastics has an influence on the growth of microalgae

The phenomena of algal bloom also results from extreme pollution situations and have
a negative effect on seas and rivers.
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