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We provide here an overview of the use and role of aquatic macrophytes in constructed wetland systems. The ability of
plants to remove metals, pharmaceutical products, pesticides, cyanotoxins and nanoparticles in constructed wetlands
were compared with the removal effciency of non-planted systems, aiming to evaluate the capacity of plants to increase
the removal effciency of the systems. Moreover, this review also focuses on the management and destination of the
biomass produced through natural processes of water filtration. The use of macrophytes in constructed wetlands
represents a promising technology, mainly due to their effciency of removal and the cost advantages of their implantation.
However, the choice of plant species composing constructed wetlands should not be only based on the plant removal
capacity since the introduction of invasive species can become an ecological problem.
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| 1. Natural and Constructed Wetlands

Wetlands include swamps, bogs, lakes, and the floodplains of rivers, and can be permanently wet or flooded only during
certain periods . Those wetland systems have enormous ecological importance, as they act as filters to prevent erosion,
fix enormous quantities of carbon, and provide habitat and food resources for an enormous variety of organisms 2.
Natural wetlands are not recommended for removing water contaminants derived from anthropic activities, since those
contaminants will interfere with ecosystem functioning. The solution, therefore, resides in the construction of new wetland
systems 2. Based on the observation of these natural systems the constructed wetlands were designed.

Wetland system technologies were originally developed in Germany in the 1970s, although many other countries have
now demonstrated interest in them . Wetland systems basically use plants to remove contaminants and treat residual
waters Bl and they can also be used to control flooding, produce foods and fibers through aquiculture, and create habitats
to compensate for natural areas converted for agricultural purposes and urbanization 4. Different from natural wetlands,
constructed wetlands have predetermined sizes, locations, types of substrate, hydraulic conditions, and controlled
retention times 4. Among the advantages of constructed wetlands are their low maintenance costs compared to other
water treatment facilities, their use of renewable energy resources (solar and kinetic) and natural elements
(microorganisms and plants) that do not depend on high technology, and their capacity to process large volumes of water
containing different types of contaminants [l Additionally, those systems can serve as public visitation sites and for
environmental education and research purposes 4. The limitations of wetland systems include their sensitivity to high
levels of ammonia, the necessity of occupying large land areas (their main disadvantage in relation to conventional
systems) B, uncertainties concerning their treatment efficiencies due to the interactions of various factors, and their
potential for creating insect (mosquito) pests €. Moreover, constructed wetlands demand higher retention time than
technical systems . Research during the last 25 years, however, has demonstrated positive results in terms of wetland
construction for treating domestic and municipal sewage, although their use for treating industrial residues is still
challenging (due to their greater contaminant contents) [,

The removal of contaminants in constructed wetland systems occurs mainly due to sedimentation and biodegradation
processes . Aquatic macrophytes provide structure for enhancing flocculation and sedimentation, and essential
conditions for microbial activities to stabilization and degradation of contaminants . Microbial biofilms are a group of
microorganisms surrounded by a matrix of extracellular polysaccharides which remain adhered to any surface, for
example, the contaminant and root surfaces (the rhizosphere) . Thus, the efficiency of wetland constructed systems
depends mainly on two factors: the tolerance of aquatic macrophytes to contaminants present in the environment 2% and
the favoring of microorganism’s growth present in the rhizosphere 111,

In addition to aquatic macrophytes, microorganisms present in the rhizosphere of plants used in planted systems play
important roles in the treatment, removal and degradation of contaminants 12 For this reason, the study of
microorganisms present in biofilm is fundamental for understanding the processes of treatment and stabilization of



contaminants 31141 |t js important to highlight, however, that different plant species may differently favor the growth and
development of microorganisms due to differences on root exudates released, which determine the activity of the
microorganisms [&I23], |n this context, in addition to their role in the uptake of contaminants, the chosen of correct plant
species to constitute wetlands may increase the system efficiency due to their direct determination of biofilm development.

There are currently a number of different types of constructed wetland systems developed for specific purposes, as
described below.

| 2. Types of Constructed Wetlands

Wetland systems can be characterized according to their hydrological processes, types of vegetation utilized, and flow
directions (28], with two principal types: superficial flow and sub-surface flow (Figure 1).
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Figure 1. Types of wetland systems (modified from Sehar and Nasser 17),

Superficial Flow Systems (Figure 2A) are characterized by the use of floating, emergent, or submerged aquatic
macrophytes to remove industrial, agricultural, or domestic contaminants; they are also indicated for treating lixiviates,
residues in subterranean waters, and flow from mining operations 1811181 Depending on the type of macrophyte chosen, a
shallow layer of substrate (0.30—0.40 m deep) is necessary to fix the plants in a shallow basin system insulated below with
appropriate material to prevent infiltration into the ground 2. Water flow will then facilitate the processes of sedimentation,
filtration, oxidation, reduction, adsorption, and precipitation, which allow residue treatment 18],

Figure 2. lllustrations of Wetland systems. Arrows indicate the direction of wastewater input and output flow. (A):
Superficial wetland. (B): Vertical flow subsurface wetland. (C): Horizontal flow subsurface wetland.



Subsurface Flow Systems use emergent macrophytes fixed on permeable substrates (soil, rocks, or gravel) that allow
water percolation; the substrate thickness is generally 0.6 m, with an impermeable insulating layer below 4. According to
Sehar and Nasser 18], the substrate layer of this system is efficient in filtering and removing contaminants, can function as
a biofilm, and the substrate will accumulate trace elements, phosphorus, and other persistent substances. Subsurface

systems can demonstrate both vertical and horizontal flow (Eigure 2B and Figure 2C, respectively). Vertical flow systems
require a smaller area for installation and have high purification performance from the beginning . Moreover, this system
provides good oxygen supply and nitrification and is of simple hydraulics. In contrast, vertical flow systems allow short
flow distance but require higher technical skills Bl. Moreover, vertical flow systems do not favor the growth of denitrifying
bacteria, thus limiting denitrification process 2. In comparison to the horizontal flow systems, horizontal ones have longer
life cycle, allow long flowing distance and both nitrification and denitrification are possible &. However, disadvantages of
these systems are the complication of having equal waste water supply and the demand for careful calculation of
hydraulics to optimize O, supply El. The latter hybrid wetland type represents a combination of the systems described
above to optimize contaminant removal 28, In hybrid systems, the combination of vertical or horizontal flow systems,
diminishes their individual disadvantages 29, with all of the types described, experimental systems can be constructed at
microcosmic of mesocosmic scales.
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