. . .- . Thematic Section:
Acta | imnologica Brasiliensia Mini-Reviews in Applied Limnology

Acta Limnologica Brasiliensia, 2019, vol. 31, €203

) Publication of the hetps://doi.org/10.1590/52179-975X5118

BFaZilian Association of ISSN 2179-975X on-line version
v Limnology

Water pollution: one of the main Limnology challenges in
the Anthropocene

Poluigao hidrica: um dos principais desafios da Limnologia no Antropoceno

Gabrielle Rabelo Quadra'™ @, José Reinaldo Paranaiba Vilela Alves Teixeira! @,
Nathan Barros' @, Fébio Roland' @ and André Megali Amado'?

'Programa de Pés-graduagio em Ecologia, Laboratério de Ecologia Aqudtica, Departamento de
Biologia, Universidade Federal de Juiz de Fora, Rua José Lourenco Kelmer, Campus Universitdrio,
Bairro Sio Pedro, CEP 36036-900, Juiz de Fora, MG, Brasil

*Departamento de Oceanografia e Limnologia, Centro de Biociéncias, Universidade Federal do Rio
Grande do Norte, Via Costeira, Praia de Mae Luiza, CEP 59014-002, Natal, RN, Brasil
*e-mail: gabrielle.quadra@ecologia.ufjf.br

Cite as: Quadra, G.R. et al. Water pollution: one of the main Limnology challenges in the
Anthropocene. Acta Limnologica Brasiliensia, 2019, vol. 31, €203.

Abstract: Humankind is defining a new geological time. The Anthropocene epoch is marked by
changes in the geological processes, hydrological regimes, biosphere structure, among other processes,
due to human expansion over the landscape worldwide. Biogeochemical cycle’s acceleration, the high
load of pollutants in water resources, rampant deforestation, increase in the greenhouse gas emissions
to the atmosphere, eutrophication and biodiversity losses are some indications that reflect human’s
pressure over several ecosystems, especially aquatic ones. Therefore, here we reviewed some aspects
from a huge anthropogenic influence on ecosystems: water pollution. For decades, humankind has
increasingly placed demands on aquatic environments without any concern. As an effect, lakes,
rivers, and reservoirs are being globally degraded. Although the interactive effects of future anthropic
processes are complex, much of current knowledge suggests that these pressures are likely to increase
in magnitude and frequency over the next years. Hence, scientific results need to be articulated
in an integrative perspective to expand our understanding of the aquatic resources management.
The ecological knowledge generated by scientists must be applied to solve environmental problems
enabling human progress sustainably. It is urgent to improve communication and understanding
among different sectors of society in favor of water management. Therefore, it will be possible to
ensure the preservation of natural resources for future generations by using transdisciplinary tools to
understand, mitigate and recover the water resources from these anthropogenic pressures.

Keywords: aquatic ecosystems; biogeochemical cycles; eutrophication; pollutants.

Resumo: A humanidade estd definindo um novo periodo geolégico. A era do Antropoceno ¢
marcada por mudangas nos processos geoldgicos, nos regimes hidrolégicos, na estrutura da biosfera,
dentre outros processos devido as expansées humanas sobre a paisagem ao redor do mundo. A aceleragio
dos ciclos biogeoquimicos, a grande carga de poluentes nos recursos hidricos, o desflorestamento
desenfreado, o aumento das emissoes de gases de efeito estufa para a atmosfera, a eutrofizacio e a perda
da biodiversidade sdo algumas evidéncias que refletem as pressdes humanas sobre diversos tipos de
ecossistemas, especialmente os ecossistemas aqudticos. Desta maneira, neste estudo nds revisamos alguns
aspectos da grande influéncia antrépica sobre os ecossistemas: a polui¢ao hidrica. Durante décadas,
a humanidade tem colocado cada vez mais demandas sobre os ambientes aqudticos sem qualquer

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
BY

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6547-4934
https://orcid.org/0000-0003-0081-1295
https://orcid.org/0000-0003-1752-8621
https://orcid.org/0000-0001-8124-9972
https://orcid.org/0000-0002-7736-8802

Quadra, G.R. et al.

preocupagio. Como efeito, lagos, rios e reservatdrios estao sendo degradados globalmente. Embora os
efeitos interativos dos processos antropicos futuros sejam complexos, muito do conhecimento atual
sugere que essas pressoes provavelmente aumentarao sua magnitude e frequéncia nos préximos anos.
Consequentemente, os resultados cientificos precisam ser articulados em uma perspectiva integradora
buscando expandir o nosso entendimento sobre o manejo dos recursos hidricos. O conhecimento
ecolégico gerado pelos cientistas deve ser aplicado para solucionar os problemas ambientais permitindo
o progresso humano de uma forma sustentdvel. E urgente a melhora da comunicagio entre diferentes
setores da sociedade em prol do manejo dos ecossistemas aqudticos. Assim, serd possivel garantir a
preservacdo dos recursos naturais para futuras geragoes aplicando ferramentas transdisciplinares para
entender, mitigar e recuperar os recursos hidricos destas presses antropogénicas.

Palavras-chave: ciclos biogeoquimicos; ecossistemas aqudticos; eutrofiza¢io; poluentes.

1. Introduction

Human activities have profoundly altered
ecosystems worldwide creating a new geological
epoch, known as Anthropocene (Griggs et al.,
2013; Steffen et al., 2007; Steffen et al., 2011).
The Anthropocene is divided into three periods:
“The Industrial Eva (1800 — 1945)”, “The Great
Acceleration (1945 — 2015)”, and “Stewards
of the Earth System (2015 — ?)” (Steffen et al.,
2007). The indications for this new epoch are
many, such as population growth, deforestation,
changes in biogeochemical cycles, climate and
environmental changes, hydrological regimes
modifications, increases in greenhouse gases
emissions, environmental pollution, biodiversity
loss, among others. The period known as “Stewards
of the Earth System” is a signature of human
knowledge on such anthropic impacts. Moreover, it
highlights the time to develop strategies to support
life on Earth in face of many stressors (Griggs et al.,
2013; Steffen et al., 2007; Steffen et al., 2011).

Despite warnings from researchers about
anthropogenic pressures on ecosystems worldwide,
which it may be exceeding the Earth’s support
capacity (UCS, 1992), it seems that most of the
‘decision-makers” over the globe still do not care
or take concrete actions to halt or revert global
changes. As a consequence, new warnings continue
to come up over and over, pointing out the same
problems above-mentioned (Ripple et al., 2017;
Rockstrom et al., 2009). For instance, a recent alert
has just come out exposing the need for more care
on the management of wetlands (Finlayson et al.,
2018). For lakes, reservoirs, and rivers, the
challenges are the same. Freshwater ecosystems
sustain many kind of life and play key roles in
the cycling of matter and energy (Cardoso et al.,
2019; Cole et al., 2007; Tranvik et al., 2009).
Therefore, it is undoubted that humankind
depends on watercourses due to ecosystem services
provided, such as climate regulation, purification
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process, watering, and food production (Ray,
2011; Schwarzenbach et al., 2010). Despite its
importance, aquatic ecosystems have been suffering
great deteriorations, compromising the water
quality and availability (Smith et al., 2006; Smith
& Schindler, 2009; Schwarzenbach et al., 2010).

The impacts on aquatic ecosystems are numerous,
and among them, we can highlight the disposal of
not-properly treated effluents, resulting in chemical
pollution and eutrophication (Schwarzenbach et al.,
2010), in which make the limnological challenges
more complex. Accordingly, here we compile
knowledge available in the literature about one
of the major anthropogenic influences that are
affecting ecosystem worldwide: water pollution.
We described the main causes and consequences
of water pollution as well as ways for mitigation.
In addition, we have gathered some examples of
chemical contamination in the Brazilian aquatic
ecosystems through a literature review.

2. Eutrophication

The nutrient enrichment, or eutrophication,
have greatly increased since the industrial revolution,
and human activity has profoundly altered the
global cycles of nitrogen (N) and phosphorus
(P) in aquatic environments (Smith et al., 1999;
Vitousek et al., 1997). The external inputs of
N and P into the aquatic environments come
from several sources, including groundwater,
leaching, untreated and partially treated sewage,
agriculture runoff, atmospheric deposition and/or
fixation, among others. Many studies indicate that
eutrophication related to human population
growth has triggered the occurrence of harmful
algal blooms in aquatic environments around the
world (Anderson et al., 2002; Hallegraeff, 1993;
Heisler et al., 2008). However, the harmful algal
blooms are characterized by a complex event, which
is not caused by a single environmental change but
rather by multiples factors occurring synergistically
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(Heisler et al., 2008). This phenomenon implies the
deterioration of water resources, which have direct
and indirect effects on the global economy, as well
as human and environment health. Some aspects
of eutrophication are characterized by shifts in the
composition of non-toxic phytoplankton species to
toxic ones, increasing of the pH, oxygen depletion,
fish mortality, reduction in water transparency,
changes in the aesthetic value and odor, among
others (Smith et al., 1999).

As the eutrophication problem has been
studied for several years, some practical
approaches have been applied in experiments
from microcosm to whole-ecosystems scales,
to reverse the eutrophication. For instance,
mineral compositions have been applied into
lakes to immobilize P in the sediment (for
details, see Zamparas & Zacharias 2014). These
techniques are succeeding in many locations,
according to short-term studies. However, it
is still unclear how its long-term applications
may compromise the aquatic ecosystem healtch.
Besides that, it has also been tested the efficiency
of performing trophic manipulations to reduce
eutrophication, i.e., to reduce internal nutrients
upwelling from the sediments to the water
column in shallow tropical lakes. For example,
the replacement of a benthivorous native fish by
an invasive planktivorous fish (Nile tilapia) has
shown significant reduction of P release from
the sediment to the water column in mesocosm
experiment performed in a tropical eutrophic
semi-arid reservoir. As a consequence, a reduction
in the phytoplankton biomass was observed,
restoring transparency conditions (Dantas et al.,
2019). Therefore, one critical tool to mitigate
eutrophication in aquatic ecosystems is to control
nutrient loads, mainly N and P (Carpenter, 2008;
Schindler et al., 2008). Thus, there are examples
of possible management actions that can be
important tools to mitigate eutrophication and
restore aquatic ecosystems services.

3. Chemical Pollution

Industrial development and uncontrolled
urbanization lead to land cover change, soil erosion,
and waste production. These impacts trigger
chemical loads into the water bodies, in which
metals and organic pollutants have a prominent
place due to their capacity to alter the ecosystems
functioning, quality and steady-state (Filser,
2008; Forstner & Wittman, 1983; Harrad, 2009;
Reemtsma & Jekel, 2006; Welch, 2002).

Acta Limnologica Brasiliensia, 2019, vol. 31, €203

3.1. Metals overview

Metals (e.g. cadmium, chromium, zinc, copper,
lead) may represent a direct risk to human and
environmental health depending on environmental
concentrations (Forstner & Wittman, 1983). Metals
have natural and anthropic sources to the freshwater
ecosystems. Among the natural sources, mineral
weathering of rocks and soils are the most important
ones (Forstner & Wittman, 1983; Salomons &
Forstner, 1984). Anthropogenic sources include
smelting processes, fuel combustion via acmospheric
deposition and waste discharges (Férstner &
Wittman, 1983; Salomons & Forstner, 1984).
In addition to these sources, mining waste can also
cause huge ecological damages, even more if there
is a dam failure (Segura et al., 2016; Hatje et al.,
2017; Quadra et al. 2019a). Clearly, this type of
accident should not happen and the safety of tailings
dams needs to be improved with greater investments
(Lopes et al., 2019). Aquatic communities
are continually exposed to metals due to their
continuously dumping into the environment, and
humans are exposed to these metals through lifelong
drinking water consumption. Accordingly, the
emission and the accumulation of metals in aquatic
ecosystems need to be appropriately addressed by
society since they affect growth, reproduction and
cause genotoxic effects on all life forms depending
on their concentrations (Hadjiliadis, 2012; Moore
& Ramamoorthy, 2012; Mason, 2013).

3.2. Organic pollutants overview

The group of organic pollutants includes
compounds that present a combination of carbon,
hydrogen, oxygen, nitrogen, sulfur and the halogens
(e.g. fluorine, chlorine, bromine, iodine) in their
molecular formulas. They present an enormous
complexity of molecular structures, and here we
will discuss about some of those groups.

3.2.1. Pharmaceuticals and Personal Care
Products (PPCPs)

The intensification of medicines production
and consumption makes pharmaceuticals and
personal care products (PPCPs) an environmental
concern (Locatelli et al., 2011; Quadra et al.,
2017a). Some aggravating factors on PPCDPs
pollution are self-medication, inversion of the
population pyramid and the improper discarding
(Daughton & Ruhoy 2013; Quadra et al., 2017a;
Quadra et al., 2019b). Most PPCPs pass through
water and sewage treatment plants and are not
completely removed. As a result, PPCPs may end up
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in aquatic ecosystems (Tambosi et al., 2010) and are
seldom required by regular water quality guidelines.
Once in the aquatic environment, PPCPs may
cause ecotoxicological effects on the biota and
reach humans through drinking water or food
consumption (Monteiro etal., 2016). It is alarming
the magnitude of concentrations, such as those
derived from pain killers and hormones, which have
been found in natural aquatic ecosystems. It is worth
to emphasize the potential chronic effects caused by
their exposures, since hormones, antidepressants,
and antibiotics have already been tested and the
results suggest changes in growth rates, behavior,
and reproduction of aquatic organisms, which may
lead to profound changes in the ecological structure
of aquatic ecosystems (Doerr-MacEwen & Haight,
2006; Kiimmerer, 2008). Thus, the chronic effects
can be or become a health issue in a near future and
itis urgent to better understand the role and fate of
these contaminants in the water, aquatic organisms
and humans (Brausch et al., 2012).

3.2.2. Pesticides

The application of pesticides in agriculture
is an ineflicient process, given that only a small
fraction of the amount-applied pesticide is retained
by the crops. Then, farmers end up applying even
more pesticides to increase its absolute retention,
resulting in more residues to flow throughout the
land (runoff) into aquatic ecosystems (Matthews,
2015). As a consequence, contamination of
surface water and groundwater by pesticides is a
worldwide reality (Cerejeira et al., 2003; Ritter,
1990; Turgut, 2003). Pesticides residues have
already been found in drinking water in several
countries, and even in the fat and milk of humans
(Carlile, 2006). Several non-target organisms are
affected by the indiscriminate use of pesticides,
and negative effects have already been described for
bees, earthworms, arthropods, aquatic invertebrates,
fish, amphibians, reptiles, birds, and mammals
(Carlile, 2006). The widespread use of DDT, for
example, was responsible for the population decline
of birds, among them, the US symbol, the bald
eagle (Haliaeetus leucocephalus - Linnaeus, 1760)
(D’Amato et al., 2002).

3.3.3. A few more examples

Obviously, organic pollutants are not limited
to PPCPs and pesticides. Some pesticides, for
example, are included in the list of persistent
organic pollutants (POPs). POPs are of great
concern, because they are stable and persist in the
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environment for long periods. In addition, they
present a great tendency for bioaccumulation,
have high toxicity, and are transported over long
distances (Harrad, 2009; Reemtsma & Jekel, 2006).
The Stockholm Convention aims to protect human
health and the environment from those chemicals
(Stockholm Convention, 2019), but many of them
are not yet on the list to be eliminated or have the
use reduced. Researchers face a real challenge to
understand the fate and effects of these compounds
on humans and in the environment (Sobek &
Undeman, 2019).

Polychlorinated biphenyls (PCBs), for
example, are compounds that have many industrial
applications, such as cooling substances for
electrical apparatus, and its biomagnification is
a great issue for some organisms, such as polar
bears, fishes and even humans (Pavlova et al.,
2016; Sobek et al., 2006). Polycyclic aromatic
hydrocarbons (PAHs) are well-studied compounds,
which are presented in the aquatic environment
by effluents and atmospheric deposition and
may alter the reproduction and development
of organisms (Abdel-Shafy & Mansour, 2016).
Brominated flame retardants (BFRs) are used to
decrease material flammability and their main
environmental sources are the diffusive leaching
from houscholds and industries. Humans are
exposed to BFRs by indoor air and even houschold
dust (for details see Wit (2002) and Harrad (2009)).
Perfluoroalkyl compounds (PFAs) have a huge
industrial application in different materials to create
resistance for water, stain, oil, among others. PFAs
reach the environment by direct disposal, spills
and releases during production and application
(for details see Ahrens (2011) and Harrad (2009)).
Dioxins and furans are known for their toxicity
and they are by-products of the manufacturing
other chemicals and are being released into the
environment by incineration reactions (for more
details see Fletcher and McKay, 1993 and Harrad,
2009). Therefore, organic pollution is a vast area of
research that needs more investment to understand
their interactions within the environment.

4. Probably, the Biggest Challenge:
Multiple Stressors

We present here some examples of water
pollution, but it is important to keep in mind that
the number of existing industrial products is huge.
Therefore, it is noteworthy to think that there is a
combination of such pollutants in the environment.
Aquatic ecosystems are exposed to a pool of various
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pollutants (Sobek & Undeman, 2019). How to
consider the different exposures that aquatic
ecosystems are facing, such as eutrophication
and chemical pollution? For chemical pollution,
mixtures effects have already been demonstrated
and the existence of synergies is unquestionable
(Chu & Chow 2002; Cleuvers, 2003, 2004;
Megjia-Saavedra et al., 2005; Fleeger et al., 2007;
Qian et al., 2009). However, how can we deal with
these huge pollutant varieties that present different
chemicals structures and their behavior in the
environment?

Here we put together few examples of chemicals
in Brazilian ecosystems to show how they are
usually found in the aquatic environment. Typically,
metals are found in higher magnitude in the
aquatic ecosystems than pesticides and PPCPs,
respectively (Figure 1). Moreover, generally, metals
presented higher concentrations in sediments than
surface water, as well as pesticides, while PPCPs are
hydrophilic (Figure 1).

The ecotoxicological data may give a
misinterpretation that those concentrations may
not pose a risk to aquatic organisms (Figure 1).
However, for all the compounds is important
to consider long-term and mixture effects, since
different chemicals are continuously discharged
in the environment. Then, studies considering the
complex mixtures of chemicals are crucial for water
quality criteria to protect organisms adequately
(Salomons and Férstner, 1984; Sobek & Undeman,

2019). Moreover, different species exhibit different
tolerances and some end-points are more sensitive,
such as behavior. All these variabilities should be
take into account.

5. What Shall We Do, Then?

Considering the Anthropocene epoch and
its causes and consequences, modern limnology
faces challenges and needs to dedicate efforts to
understand the ecological implications of multiple
stressors in the aquatic ecosystems. The demand
for water is rising, while the number of residues
produced grows in the same constancy. So, first of
all, we need to re-evaluate where and how we dispose
of our residues, since, with the increasing demand
for water quantity and quality, it is contradictory
to the unsustainable use of water resource. All our
waste end up in the aquatic ecosystems and we
use the same water for supply and irrigation, a big
counter-census (Figure 2).

There are several personal and collective attitudes
that can also help to reduce the anthropogenic
impacts on water resources, such as collaborative
consumption, organic food production, law
enforcement for reverse logistics, restric fertilizers
and pesticides use in watersheds, control
groundwater uses, investment in technology for
other energy sources and pollutants removal in
treatment plants, green products, among others
(Abdel-Shafy & Mansour, 2016; Anastas et al., 2000;
Griggs ctal., 2013; Pereiraetal., 2017; Quadraetal.,

Group of contaminant
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Figure 1. Concentrations of metals, pesticides and pharmaceuticals and personal care products (PPCPs) in the Brazilian
aquatic ecosystem and ecotoxicological data. Sources: Almeida & Weber (2009); Alves et al. (2014); Beretta et al.
(2014); Bonai et al. (2009); Brix et al. (2011); Costanzo et al. (2005); Ferreira (2005); Ghiselli (2006); Gibson et al.
(2009); Gongalves (2016); Han et al. (2010); Imai et al. (2005); Kim et al. (2012); Koprivnikar & Walker (2011);
Kouyoumjian & Uglow (1974); Laabs et al. (2002); Lee et al. (2011); Liao et al. (2003); Locatelli et al. (2011);
Montagner & Jardim (2011); Montagner et al. (2014); Monteiro et al. (2016); Oliveira et al. (2009); Partridge &
Lymbery (2009); Pascoe et al. (2002); Pereira et al. (2016); Pestana et al. (2007); Pickering et al. (1962); Devi Prasad
& Devi Prasa (1982); Rissato et al. (2006); Sanders et al. (1981); EPA (2007).
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Figure 2. Different sources of chemicals to aquatic ecosystem.

2017a; Quadra et al., 2017b; Steffen et al., 2007;
Steffen et al., 2011). The implementation of
pollution prevention is also crucial. Pollution
prevention reduces the generation of pollutants
and wastes, prioritizing recycling and treatment,
and minimize the use of harmful products, which
includes more restrictive and effective laws on their
regulations (Mulholland & Dyer 2010).

The challenges to preserve the water quality
in ecosystems are many and includes the need for
transdisciplinary work, such as the reforestation of
riparian zones with native species and investment
in environmental education and social programs
(Tundisi, 2005). However, it is truly necessary to
improve the communication and action among
different sectors of the society (Sobek & Undeman,
2019), so that mutual attitudes can be taken, since we
have the same propose: preserve water. For instance,
the Brazilian water legislation provides that an
effluent must have at least similar water quality, or
better, than the water taken. However, the lack of
supervision allows that this simply is not fulfilled.
Since we use the water resources for multiple uses,
itis essential that all parts involved work together to
fulfill this gap. For example, it is not interesting for
those who use water resources for navigation that
the environment is taken of macrophytes, as well as
for hydroelectric generation. Similarly, those who
use the resource for animal desedentation or human
use, water quality is crucial. Therefore, working
together for a healthy environment is essential for a
better water management. Thus, scientists also need
to be together showing its results and how poor
water quality generates short- and long-term losses,
as well as helping to apply the ecological knowledge
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to generate new solutions to solve environmental
problems. In order to better develop solutions for
the Anthropocene issues, the transdisciplinary
efforts are essential, seeking a vision of aquatic
ecosystems as a whole.
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