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Abstract: With low and irregular rainfall and high evaporation rates, semi-arid regions are constantly dealing with problems arising from negative water
balance. In several rural locations, the aquifer is the primary source of available water; however, most of it is composed of a high concentration of salts.
Thus, the objective of this article is to carry out a literature review in the SciELO, Science Direct, Scopus and Web of Science databases, which presents
techniques for inhibiting evaporation of surface water and desalination of aquifers. Physical, chemical, and biological methods are indicated to reduce
the evaporation of surface water bodies. Solutions that use physical coverings are the most advantageous because they provide excellent reductions,
which can reach 85%, and because of the ease of access that populations have to the material. For desalination, thermal and membrane processes are
presented, where, for brackish waters, reverse osmosis stands out since it provides advantages such as low energy consumption, constant quality of
produced water, and a range of salinity reduction more significant than 80 %. Therefore, the techniques for suppressing evaporation and desalination
show efficiency, standing out as processes of extreme relevance in reducing water salinity, which is fundamental for supplying diffuse communities.

Keywords: Water resource; Reverse osmosis; Floating cover; Aquifer; Diffuse community.

Resumo: Com a baixa e irregular pluviosidade e as altas taxas de evaporagdo, regides semiaridas lidam constantemente com os problemas decorrentes
do balango hidrico negativo. Em diversas localizagdes rurais, a principal fonte de agua disponivel é o aquifero, contudo, em sua maioria ¢ composta por
alta concentragdo de sais. Assim, o objetivo deste artigo ¢é realizar uma revisdo de literatura nos bancos de dados SciELO, Science Direct, Scopus e Web
of Science, que apresente técnicas de inibicdo da evaporagdo das aguas superficiais e de dessalinizacdo de aquiferos. Para a diminui¢@o da evaporagao
de corpos hidricos superficiais sdo apontados os métodos fisicos, quimicos e bioldgicos. As solugdes que utilizam coberturas fisicas, sdo as mais
vantajosas por proporcionarem excelentes redugdes, que podem chegar a 85%, e pela facilidade de acesso que as populagdes tém ao material. Para a
dessalinizag@o sdo apresentados os processos térmicos e por membranas, onde, para as aguas salobras se destaca, a osmose reversa, uma vez que
proporciona vantagens como baixo consumo energético, qualidade constante de agua produzida, e alcance de redugdo de salinidade superior a 80%.
Logo, em conjunto as técnicas de supressdo da evaporagdo e de dessalinizagdo mostram eficiéncia, destacando-se como processos de extrema relevancia
quanto a diminuigo da salinidade das dguas, fundamental para o abastecimento de comunidades difusas.

Palavras-chave: Recurso hidrico; Osmose reversa; Cobertura flutuante; Aquifero; Comunidade difusa.
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1. Introduction

Arid and semi-arid regions face difficulties regarding of water availability to supply the population. The Brazilian semi-
arid region typically has a rainfall regime marked by scarcity, irregularity, and precipitation concentration over a short
period, with insufficient volumes of water in its springs to meet the population's needs (SILVA et al., 2010).

Average reference evapotranspiration can reach 2,500 mm.year™! in these locations, generating high water deficits
(MONTENEGRO; MONTENEGRO, 2012) and significant fluctuations in surface water availability (PBMC, 2014).
Regarding groundwater sources, the Brazilian semi-arid region is made up of alluvial aquifers and a system of crystalline
aquifers with low hydrogeological potential, which in turn compromise the quantity and quality of these waters (SANTOS
et al., 2009). The occurrence of these waters in northeastern Brazil, the territory is made up of more than 80% crystalline
rocks, with a predominance of waters with a high salt content as a natural condition (CIRILO, 2008), or due to problems
arising from the salinization process (KREIS et al., 2020). Thus, the desalination technique is highlighted when treating
these brackish groundwaters, in search of their potability.

Researchers have therefore been studying ways to meet water demand by using techniques such as groundwater
exploration (OYEYEMI et al., 2018; KOUADIO et al., 2020; AMATO et al., 2021), conservation of fresh surface water
(GALLEGO-ELVIRA et al., 2011; HAAS et al., 2020; LOPES et al., 2020), desalination of brackish water, seawater,
wastewater and the application of treated domestic effluents in agriculture (BEJJANKI et al., 2021; BLAZYTE et al.,
2021; MOHARRAM et al., 2021; STEIN et al., 2021).

In addition, water bodies can have their salinity characteristics modified by evaporation processes (CARTWRIGHT et
al.,2013; RAJMOHAN et al., 2021), mineral weathering (GAMBOA et al., 2019; RAJMOHAN et al., 2021), ion exchange
(RAJMOHAN et al., 2009), saline water intrusion (RAJMOHAN et al., 2009; HAN et al., 2011), anthropological factors
through waste dumping and contamination (MONDAL; SINGH, 2011), agricultural activity (ZIADI et al., 2019),
transpiration from deep-rooted vegetation, the influence of soil type and also due to the hydrogeological dynamics of the
aquifer. It is worth noting that the transpiration of deep-rooted vegetation has no impact on the salinity of groundwater and
deep aquifers, due to the limited length and distribution of the roots (LIU et al., 2018).

Of the factors mentioned above, evaporation and the process of mineral weathering are some of the main mechanisms
that alter the salinity of an aquifer in semi-arid and arid climates (SUN et al., 2016; LIU et al., 2018; RAJMOHAN et al.,
2021). Thus, Tan et al. (2020) highlight the weathering process as one of the possible origins of salinization in groundwater,
which can influence the growing demand for fresh water. Water quality is influenced by the fractions of water that percolate
through the various rocks that undergo weathering, i.e. the rocks' characteristics affect the water's final composition.

Furthermore, Pereira et al. (20006) state that in the reservoirs of the semi-arid region of Brazil, the waters are becoming
more saline and, in some cases, have concentrations of salts that make them unsuitable for human consumption and
agriculture; this occurs during the dry season due to the high rates of evaporation. Concerning surface waters, it is known
that these are recharged by rainwater and are subsequently affected by evaporation, which alters both the concentration of
ions and the stable isotopes of these bodies of water (YANG et al., 2020).

In this context, the present study aims to analyze techniques for reducing evaporation in open-air reservoirs and
applying membrane desalination for aquifers, to lower salinity levels and ensure water availability for dispersed
communities in the Brazilian semi-arid region.

2. Methodology

The methodology consists of a literature review conducted to update the state of the art on methods for evaporation
mitigation and techniques for desalination of water in reservoirs of arid and semi-arid regions.

The present study was conducted based on a compilation of 62 works from both national and international literature,
including journals, magazines, theses, and dissertations from available databases (SciELO, Science Direct, Scopus, and
Web of Science), published between 2002 and 2025. For data processing in the research, the following keywords were
used: water resources, water quality, brackish water, desalination units, reverse osmosis, semi-arid, floating cover, aquifer,
and dispersed community.

It is noteworthy that the advantages and disadvantages of each physical barrier method used, as well as desalination
techniques, were considered to identify the best characteristics and possibilities for expanding the water supply in the
Brazilian semi-arid region.
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3. Reduction of evaporation as a technique for preventing high salinity concentration

Evaporation suppression techniques began to be applied in the 1960s, with monomolecular films being used as
protective layers on water surfaces to reduce evaporation. Subsequently, other techniques were developed, categorized into
three main methods: physical, chemical, and biological.

Physical methods are subdivided into floating covers and suspended covers (HASSAN et al., 2015; SIMON et al.,
2016; TABOADA et al., 2017), which provide the highest evaporation reduction rates (Table 1); chemical methods, such
as monomolecular films (GALLEGO-ELVIRA et al., 2013; SOVOCOOQL, 2014; MOZAFARI et al., 2019); and biological
methods, which include aquatic plant covers, windbreaks, among others (JAT et al., 2010; ALHASSOUN et al., 2011;
ORIBI; ABDULKAREEM, 2020). In addition to these techniques, some studies have explored the potential of thermal
mixing systems with artificial aeration to reduce evaporation (HELFER et al., 2018).

Jat et al. (2010) and Hassan et al. (2015) assert that reducing evaporation losses in open water reservoirs is crucial for
improving water security in arid and semi-arid regions, where primary water sources consist of a large number of small
agricultural dams. Consequently, minimizing water losses from such dams is essential for the economic viability of
agricultural production.

3.1. Physical methods: Application of suspended elements

The suspended elements used in studies for evaporation suppression in open-air reservoirs, as presented in Table 1, are
polyethylene screens and aluminized screens. Alvarez et al. (2006) compared the use of polyethylene screens in various
colors and layer quantities with aluminized screens. They found that shading resulting from the use of these screens led to
a significant reduction in daily evaporation rates, ranging from 50% for the aluminized screen to results between 54.7%
(single-layer white polyethylene screen) and 83.5% (double-layer black polyethylene screen) for the polyethylene screens
(ALVAREZ et al., 2006).

Covering with polyethylene screens provides benefits to the properties of stored water, such as the reduction of algae
growth due to the lack of sunlight, prevention of debris deposition, and lower salinity concentration in the water volume
when the balance between rainfall and evaporation is positive (GALLEGO-ELVIRA et al., 2011). Furthermore, operation
and maintenance costs are very low and only arise in extraordinary situations (MARTINEZ-ALVAREZ et al., 2010), with
the system's lifespan ranging from 10 to 15 years (ALVAREZ et al., 2006). Thus, Martinez-Alvarez et al. (2010) state that
this technique can be economically viable in small agricultural reservoirs.

The feasibility of using polyethylene screens for evaporation reduction still requires further analysis, particularly
regarding climate and reservoir variability. Since the studies were conducted over one year, the long-term impact on water
quality should still be better evaluated. Nonetheless, the technique has proven effective and easy to install, making it an
attractive option for water conservation in rural properties.

Table 1 — State of the art on evaporation reduction techniques based on physical methods.
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3.2. Physical methods: Application of floating elements

As floating covers, studies with shade balls (high-density polyethylene plastic spheres with a diameter of around 10
cm, partially filled with water), counterweighted spheres, floating photovoltaic covers, and PET bottles (500 mL) are
presented in Table 1. Regarding the use of shade balls, it is noteworthy that their use can be economically viable for long-
term installations, as they have a long lifespan and are easy to maintain (HAGHIGHI et al., 2018; HAO et al., 2025).
Concerning the deterioration of water quality due to algae proliferation, some experts have raised the hypothesis that the
use of shade balls may create a thermal blanket with the potential to promote bacterial growth (STOJSAVLJEVIC JR,
2019; HAGHIGHI et al., 2018).

According to the analysis conducted by Han et al. (2019), counterweighted spheres may be a viable option for
increasing water storage for industrial purposes, but they are not economically feasible when the goal is agricultural
production. These authors further state that it is unlikely that this material will cause problems associated with the
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progressive leaching of chemicals, as it is made from high-density polyethylene (HDPE). Both materials, shade balls and
counterweighted spheres, use high-density polyethylene as their base material.

Hassan et al. (2015) analyzed the reduction in evaporation resulting from the use of PET bottles with a diameter of 65
mm and observed that evaporation was reduced by 43% in coastal areas and 37% in arid zone areas. The authors emphasize
that potential impacts on water quality due to reduced solar radiation and reduced oxygen exchange on the water surface
must be determined at a field scale.

The use of floating photovoltaic structures has been applied with the primary goal of producing energy; however, these
structures also induce significant evaporation reductions (SAHU et al., 2016; HAAS et al., 2020; LOPES et al., 2020). The
economic aspects of floating photovoltaic structures indicate that they have a lifespan of 25 years with an investment
payback period of 4 years, considering only the savings from water that would have been evaporated (LOPES et al., 2020).

Regarding water quality, such panels can reduce photosynthesis and algae growth (SAHU et al., 2016). In reservoirs,
they decrease dead organic material and bacterial activity, reducing oxygen consumption and the biomass of toxic algae
(HAAS et al., 2020). However, with high coverage, the panels may severely limit algae growth, restricting carbon transfer
to higher levels and thus affecting the reservoir's ecology.

When comparing the acquisition process of all the materials previously mentioned, purchasing by dispersed populations
may be easier and faster for polyethylene screens, as they are products readily available in local markets. The installation
of polyethylene screens also does not require specialized labor, which would be challenging for the region of interest.
Since no negative impacts on water quality were reported, it can be concluded that using black polyethylene screens
constitutes a viable alternative for implementation in small reservoirs of rural communities in the Brazilian semi-arid
region.

The techniques presented earlier can effectively reduce the salinity of surface water bodies where they can be applied,
however, these techniques are mitigating in terms of preventing salinity in groundwater and may not constitute a single
solution. Therefore, the following will present desalination techniques that can be applied as auxiliary solutions for salinity
reduction.

4. Desalination techniques

Using desalination units has gained increasing attention, as conventional water sourcing methods are insufficient to
meet human consumption needs, especially during drought periods (MOCOCK et al., 2015). Desalination processes aim
to remove dissolved salts from water, thus transforming it into water suitable for human consumption. Among the different
methods of desalination, the most relevant are thermal desalination processes and filtration using membranes.

Desalination methods are subdivided into two subgroups: thermal processes and membrane processes. Among some of
the thermal desalination processes are Multi-Stage Flash Distillation (MSF), Multi-Effect Distillation (MED), and Vapor
Compression Distillation (VC). Regarding membrane desalination processes, Reverse Osmosis (RO) and Electrodialysis
(ED) stand out (GHAFFOUR et al., 2013).

The MSF technique is preferred for large-scale seawater desalination plants, as the seawater intake is approximately
double compared to the RO method. However, the process has disadvantages such as higher thermal energy costs,
electricity, and other capital expenses, which are more significant than membrane desalination for water production
(NAPOLI; RIOUX, 2016; DINCER; DINCER, 2018). Napoli and Rioux (2016) highlight MED as a distillation process to
separate fresh water from salt and other impurities, where, through thermal desalination, the residual heat from
cogeneration plants can be used, enabling water and energy needs to be met simultaneously from a utility. Regarding the
principle of operation of the VC process, there are two different modes of operation in this technique: the vapor
compression can be carried out through a mechanical compressor (MVC), or small amounts of high-pressure vapor can be
added through an ejector (TVC) (AL-KARAGHOULI et al., 2009).

The desalination process by Osmosis occurs through the phenomenon of water flow through a semipermeable
membrane that prevents the transport of salts or other solutes across the membrane. The two aqueous solutions are
separated by a semipermeable membrane, where water will flow from the side of lower solute concentration to the side of
higher solute concentration. In Reverse Osmosis, the opposite occurs; that is, the liquid moves from the side with a higher
salt concentration to the side with a lower concentration due to the reverse path of the natural osmotic method (CHEN et
al., 2011). On the other hand, Electrodialysis (ED) is a process based on ion-exchange membranes, between anions and
cations arranged in an alternating pattern between an anode and a cathode, with an electrochemical potential acting as the
driving force (STRATHMANN, 2010).
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Thus, in Table 2, the membrane desalination methods are exemplified, as they are the most commonly used processes
compared to thermal methods, using brackish groundwater as the source.

4.1. Reverse Osmosis (RO)

Reverse Osmosis (RO) technology has emerged as one of the cheapest and most promising desalination methods,
offering advantages such as low investment cost, environmental criteria, low energy consumption, consistent water quality,
continuous operation, flexibility in future installations, and high-quality water characteristics with salt removal efficiency
exceeding 80% (WALHA et al., 2007, MOURA et al., 2008; SARAI ATAB et al., 2016; SILVA, 2022).

The economic aspects of the RO process, as exemplified in Table 2, vary according to the individual characteristics of
each installation. The cost of desalinated water can start at approximately 0.15 US$/m? (0.11 £/m?) for a system with a
proposed capacity of 24,000 m*/day (SARAI ATAB; SMALLBONE; ROSKILLY, 2016), and reach up to 4.93 US$/m?
(25.00 R$/m?), for a system productivity of 3.6 m3/day (800 L/h) (SALES et al., 2017). The lifespan of the membrane
depends on proper operation and maintenance performed throughout the process (SALES et al., 2017), ranging from 5
years (LEE et al., 2002) to as much as 25 years (PIMENTEL DA SILVA; SHARQAWY, 2020).

Table 2 — Summary table of membrane desalination techniques.
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Source: Authors (2024).
4.2. Electrodialysis (ED)

The main application of electrodialysis (ed) is producing drinking water from brackish water, as it offers a greater
economic advantage compared to other desalination techniques. However, ED can only remove ions from the drinking
water, and non-charged components, such as microorganisms, cannot be eliminated. Therefore, the method becomes less
advantageous compared to other membrane processes (LIU; CHENG, 2020).

As shown in Table 2, the study by Lee et al. (2002) reported an energy consumption of 0.41 kWh/m?® for a total
membrane area of 753.77 m?, while the study by Walha et al. (2007) reported an energy consumption of 0.53 kWh/m? for
a total membrane area of 0.27 m?, corresponding to the production of 1 m? of desalinated water. Both studies highlight the
low energy consumption of the process, and this consumption varies depending on the concentration of the brackish water.

Thus, a comparison between the RO and ED techniques was possible. ED showed a more significant reduction in
energy consumption than RO processes. However, it proved to be less commonly used due to its limitation of removing
only ions from drinking water. The costs associated with both techniques varied depending on the process, region, and
intended application. In summary, the techniques demonstrated efficiency in salt removal, especially in brackish
groundwater in arid or semi-arid regions.

5. Conclusion

The evaporation suppression techniques presented have a high potential to reduce the salinity of surface water bodies,
as they can achieve reductions of up to 89.6% in evaporation rates through the use of physical methods, which are the most
effective in minimizing evaporative losses. In general, using floating or suspended covers to reduce evaporation does not
compromise water quality due to the progressive leaching of chemical products. However, a high percentage of surface
coverage may negatively impact the reservoir's ecology if it severely reduces solar radiation incidence. For diffuse
communities in the Brazilian semi-arid region, black polyethylene mesh stands out, as it provides significant evaporation
reductions and is more accessible and easier to install under such conditions.

Desalination processes have proven effective for treating groundwater, achieving salinity reductions greater than 80%.
Membrane-based processes have shown advantages over thermal desalination methods when treating brackish water, as
they are the most used by communities in semi-arid regions due to their lower energy consumption, reduced investment
costs, and high water quality.

Thus, evaporation suppression techniques are considered promising for reducing salinity in surface water bodies, such
as barreiros (a form of water storage used by rural populations in the Brazilian semi-arid region). However, further
quantitative studies are needed to assess their direct impact on water salinity reduction, as well as a more detailed analysis
of salt transport to groundwater under these conditions.
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Desalination techniques have effectively reduced salinity in brackish groundwater extracted from wells drilled in
crystalline aquifers. However, more significant investments and public policies are required to improve the
implementation, maintenance, and management of desalination systems, particularly to serve low-income populations in
dispersed communities of the semi-arid region through community wells.

Therefore, it can be concluded that, when combined, evaporation suppression and aquifer desalination techniques are
effective and highly relevant processes for reducing water salinity in supplies intended for dispersed communities.
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