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SESSION V - Impact of pollution on microalgae - entry into the food chain
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

INSTITUTO
3 | iversi work for vation, UN'VERS”]ADE * Co—funded by the
’ UNILE! Yoty emorcior pmovsn U |_| S B []A ‘ E LISBOA ( E\LG”FD(E)RI\lI%};’I I/? ........ sescur monony Sl Erasmus+ Programme

of the European Union
oiriam N Universidade de Lisboa
net



U I ISSeS SESSION V - Impact of pollution on microalgae - entry into the food chain

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

"The greatest danger to our
planet is the belief that
someone else will save it.”

- Robert Swan

SAVE THE OCEAN g
89 unitel sz ) LISBOA | e

INSTITUTO
SUPERIOR B
AGRONOMIA G ERICULTURE AND 7005

Universidade de Lisboa

Co-funded by the
Erasmus+ Programme
of the European Union




Aquatic Food Web

The Detroit River and Lake Saint Clair are part of the Great Lakes basin that provides an important food source for the region
and the country. Below are sample species in the Great Lakes Aquatic Food Web.
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Producers, Decomposers & Nutrients
Macrophytes, phytoplankton and zooplankton (microscopic plants and animals) and detritus.
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Valisneria americana Macrophyte
(Wild Celery) (Aquatic Plant)
Not to scale.  Adapted from the Life of the Lakes  MICHU 09-400  Michigan Sea Grant, www.miseagrant.umich.edu
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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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Impact of plastics in microalgae population

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

Science of the Total Environment 665 (2019) 400-405

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review
Effects of microplastics on microalgae populations: A critical review ")

Joana Correia Prata **, Jodo P. da Costa ?, Isabel Lopes °, Armando C. Duarte ?, Teresa Rocha-Santos *

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

Few studies about the toxic effects of microplastics on microalgae populations

Microalgae, one of the most important primary
producers in aquatic ecosystems, could suffer from
microplastic contamination, leading to larger impacts on
aquatic food webs.

Population: Individual:

* M predator * Photosynthesis
population; imparment;

* M4 nutrient availability; * T Nutrient Exchange;

* Microplastics as growth * /" Reactive Oxigen
substrate, Species

Microplastic Exposure

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.
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Impact of plastics in microalgae population

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/

X —

COMMUNICATIONS
BIOLOGY

2019

ARTICLE
https://doi.org/10.1038/542003-019-0410-x OPEN

Plastic leachates impair growth and oxygen
production in Prochlorococcus, the ocean’s most
abundant photosynthetic bacteria

Sasha G. Tetu®, Indrani Sarker® !, Verena Schrameyer 2 Russell Pickford3, Liam D.H. Elbourne
Lisa R. Moore! & lan T. Paulsen’

7

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.
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U I iSSQS Microplastics in the ocean: how can microalgae be part of the solution?

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.

Environmental Pollution 249 (2019) 372—-380

Contents lists available at ScienceDirect x

ENVIRONMENTAL
POLLUTION

Environmental Pollution

Exopolymers :.'-:.‘;.'.'."0

ELSEV]R journal homepage: www.elsevier.com/locate/envpol .
!U Microplastics

Marine vs freshwater microalgae exopolymers as biosolutions to ) \ /

microplastics pollution™ S

César Cunha ?, Marisa Faria % Natacha Nogueira ™€, Artur Ferreira ¢, Nereida Cordeiro *

2 LB3 - Faculty of Science and Engineering, University of Madeira, 9000-390, Funchal, Portugal
® Mariculture Center of Calheta, Fisheries Directorate, 9370-133, Calheta, Portugal
€ CIIMAR - Interdisciplinary Centre of Marine and Environmental Research, University of Porto, 4450-208, Matosinhos, Portugal

4 CICECO - Aveiro Institute of Materials and Agueda School of Technology and Management, University of Aveiro, 3754 — 909, Agueda, Portugal

Hetero-aggregates

Microalgae

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.
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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 eutrophication, which depletes
the supply of oxygen, leading to the
death of animal life.
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ALGAE GROW WHERE THEY
CAN FIND NUTRIENTS.

Algal bloom: a negative effect of algae grow

e excess nutrients
from the fertilizer runoff
from the farmland into

the water stream.

Algae and plants need oxygen to live r
and breathe carbon dioxide, but
without the sun they are unable to

take in neutrients and they die.

Create your own at Storyboard That

B
q“_‘r,, IN RECENT DECADES. PEOPLE HAVE

GOTTEN RID OF WETLANDS, \\’-,éf‘ A

The sunlight is unable to reach
the algae, which causes the
plants and algae to die.

e nutrients in the water left by the
fertilizer is what causes the algae to
grow. The algae is produced when
nitrogen and phosphorus is in the water.

e excess of carbon over nitrogen in §

organic materials being decomposed is too 3
great, biological activity diminishes.
Several cycles of organisms are then
required to burn most of the carbon.

During algal blooms, the
dissolved-oxygen concentration Do = -
sometimes drops too low for the fish, 7 » T0 WARM UP

and a die-off can occur.

WHICH ABSORB NUTRIENTS.

AND THEY LET
CHEMICAL FERTILIZERS
DRAIN INTO
WATERWAYS...

M“.GIVING MORE FOOD TO ALGAE.

CLIMATE CHANGE ISN'T HELPING.
ALGAE LOVE WARM WATER, AND RISING
TEMPERATURES ARE HEATING UP LAKES,
RIVERS AND STREAMS

ON THE
KLAMATH RIVER,
PEOPLE BUILT DAMS,
MAKING WATER COME
0. T0 A STANDSTILL,
\9y WHICH GAVE ALGAE

. THE CHANCE

<
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EVEN MORE.
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It didn’t pass. 2011 brought the worst algae
bloom Lake Erie had seen in decades.

Messages to take home -

-

I got a few trips in, but the
fishing wasn’t really very
good. We weren’t catching

a (ot of fish. So I started

looking for better water

i

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

Unlike humans, fish

Microalgae have a similarity in terms of size with microplastics, facilitating their entry seem 4o be resistant to
. . microcystic algae’s
into the food chain. toxins, But it makes the

water so murky they
don’t see the bait on
the fishing (ine.

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

For six weeks, Unger

drove customers as far

as 19 miles away from

the marina. He can count -
on one hand the number
& of times he found &
algae- free water.

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