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ABSTRACT

Stretching across 4 countries, the Aquifer Guarani is one of the most important
groundwater reservoirs in the world. Its waters are exploited by many daily activities from
agriculture to leisure; therefore it is endangered by pollution which percolates from the
surface and overuse by water utilities and companies. The great part of the academic
production of the reserve focuses on geological aspects, while other topics remain not so well
covered. This article brings out papers produced about environmental, technological and
social facets of the aquifer, linking them and by doing so, showing how the groundwater is
affected by society and remains unprotected by political and environmental conditions.

INTRODUCTION

Due to the scarcity and pollution of surface water sources, greater attention is given to
the use of aquifers and groundwater as a safer alternative to the consumption of water. Niu et
al. (2014), by bibliometric analysis, show that more than 60,000 articles were published
between 1993 and 2012, being 59% of the production in environmental sciences and
geosciences, led by the United States of America, as the largest research producer, with
approximately 35% of all content produced. Meanwhile, Brazil represents only 1.4% of this
academic production, despite the country’s possession of two of the biggest underground
reservoirs, the Guarani Aquifer System (SAG) and the Greater Amazon Aquifer System
(SAGA).

Santos and Ribeiro (2016) also verified that within the first 10 articles (listed in 3
different languages) about the SAG in academic bases, the majority addresses subjects of
geosciences while other areas of study have little material in this ranking. Therefore, the
objective of this article is to carry out a bibliographic survey on the content of articles about
SAG that approaches perspectives closer to the daily life aspects such as pollution,
agribusiness, and public management, among others on the reserve.

The article is divided in Introduction, Method, The SAG, Environmental and
Economic Impacts, Modeling and Simulations, Sociopolitical Aspects and Transboundary
Aquifer Management and Final Remarks.

METHODS

We have searched articles from the Science Direct, Scielo, Google Scholar and Web
of Science collections, using the keywords "guarani*, "aquifero”, "aquifer" and "acuifero" to
search for material in Portuguese, English and Spanish published between 2010 and 2017. We
disregarded articles about aquifers that do not present a direct relationship to the SAG or just
mention it as a reference, besides those which focus on different themes from the proposed in
this article. The articles had their abstracts and methodologies read and analyzed, later being
separated in topics: economic and environmental impacts of groundwater exploitation,
modeling and simulations used in the management and studies of groundwater, and political
and social approach in aquifer management.

The choice of the "economic”, "environmental” and "sociopolitical™ topics as content
clusters is based on the Triple Bottom Line approach proposed by Elkington (1994), due to
the simple logic of this methodology and the impact it has on current sustainability policies
and future studies about SAG. It was chosen to combine the economic and environmental
impacts in a chapter, and to devote a chapter to the importance of the social and political
factors that impact the management of the SAG. The chapter of modeling and simulations is
necessary because technological tools add more data that researchers and managers could rely
on.



Finally, we opted for a bibliographic survey to deepen analysis in the articles and to
bring reflections on the future of the reserve and of possible researches. It would not be at all
possible in a bibliometric survey and important information could have been left aside.

THE SAG

Roughly 3% of the water on the planet is available for consumption, being nearly one-
third of it is confined underground (USGS 2018). It is estimated that at least 7% of the energy
consumed in the world is destined for exploitation of these waters, accounted in extraction,
pumping and, treatment of groundwater and sewage produced (Hoffman 2011).

In 2002, NASA launched a mission to investigate the amount of water stored
underground. Examining data between 2003 and 2013, it is concluded that of the 37 largest
aquifers in the world, 21 are losing water, and of these, 13 are in a critical situation, some in
the aridest regions of the world. It is possible knowing how much the reservoir is being
depleted, but not how much water remains in the aquifer, raising speculations about the
longevity of these areas (NASA 2015).

The SAG is one of the largest transboundary freshwater reservoirs in the world,
located in the Brazilian states of Goias, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Sdo
Paulo, Parand, Santa Catarina and Rio Grande do Sul, as well Argentina, Paraguay, and
Uruguay (Cetesb 2016). It is formed by sandy sediments that by the action of the pressure,
temperature and humidity have turned into sandstone, a porous rock that retains water in its
interior, forming the water reservoir. In later movements, the sandstone was mostly covered
by a volcanic rock of low permeability (water seeps through cracks in the rock), making the
aquifer semipermeable. This feature reduces the potential for absorption and replenishment,
but also helps in reducing water loss through evapotranspiration and diminishes water
contamination by surface residues (Borghetti et al. 2004). At the eastern and western
boundaries, there is a porous rock outcrop (narrow bands representing only 10% of the SAG’s
area) that are responsible for the recharge of the groundwater reserve (Rabelo and Wendland
2009).

ENVIRONMENTAL AND ECONOMIC IMPACTS

In 2007, about 90% of the water extracted from the SAG was in Brazilian territory,
and 80% of the extraction was done in the State of Sdo Paulo (Schmidt and Vassolo 2011).
The growth of crops and urban areas has raised concerns on the quality of SAG's resources
due to the growing use of groundwater and recharge outcrops vulnerability to various forms
of contamination from agriculture, industrial and domestic activities. Some elements and
substances, by infiltrating the soil and reaching its lower layers, could spread rapidly,
affecting areas where they were originally not found. From economy’s point of view, the
exploitation of the aquifer to the maintenance of the economic activities can end up in
negative variations in water recharges, reducing available resources, raising prices and
searching of other sources to replace the groundwater.

In Ribeirdo Preto (SP), an agribusiness city, there were no negative indicators for
nitrates and heavy metals in 33 public wells between 2008 and 2009 (Sanches et al. 2010).
Between 2011 to 2012, in the same city, in the Pardo River sediments, heavy metals residues
were identified slightly above the limit, requiring frequent monitoring and attention to
anthropic (originated by human activities) activity (Alves et al. 2014), though between 2013
and 2014, the analysis of 11 wells in the SAG’s recharge area presented acceptable levels of
agrochemicals (Beda, unpublished data). In Bauru (SP), the levels of substances remained
within the CETESB and federal laws (Canato et al. 2014), while a different situation
happened in the city of Marilia (SP), where the concentration of nitrates and heavy metals
exceeded the acceptable values and there was risk of contamination of other areas of the
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aquifers that are part of the SAG, due plausible origin in the anthropic activity of the urban
region (Varnier et al. 2010, Conceicdo et al. 2014). The three cities present slightly acidic
waters (pH < 7), which may indicate a tendency to contamination (Gastmans and Kiang 2005)
by solubilization of heavy metals, such as lead and zinc, that could cause health problems (La
Serra, unpublished data).

One of the major contaminants of soils and aquifers is the use of landfills. These areas,
due to a large amount of organic matter in the waste decomposition, release dozens of
substances that seep into the soil and finally reach the superficial levels of the groundwater.
Some may be digested by microorganisms (Sheikhavandi 2015), others may accumulate in
the aquifer and be transported to other areas, increasing contamination. In the former landfill
Santa Madalena, in Sdo Carlos (SP), located in an area of recharge of the aquifer, there is
contamination by heavy metals. The area was deactivated in 1996 and still shows signs of
contamination which points out the need for local intervention (Veloso, unpublished data,
Andrade, unpublished data).

The presence of Diuron and Heptachlor, two pesticides known for their high
environmental persistence, was found in Sdo Pedro and Aguas de Sdo Pedro (SP)’s rural
region, known by the citrus and sugarcane cultures. Given the time these compounds take to
degrade naturally, it is believed that they may have come from other regions or originate from
older applications in local cultures (Alves, unpublished data).

The presence of numerous minerals and substances in groundwater, delivered by
millions of years of weathering in the surface, is one of the most important aspects of aquifers
studies because above-permitted concentrations can affect the health of live beings. Bonotto
and Elliot (2017) analyzed 11 wells distributed by the State of Sdo Paulo, being 3 of them
with hyperthermal waters (> 38°C). The concentration of metals was higher in wells with
higher temperatures and some had higher fluoride levels than those allowed for consumption
according to the World Health Organization (WHO), as well as the presence of arsenic in one
of the samples. However, the samples came from wells for recreational purposes, in this case,
a pool of warm water, with probable natural origin.

During the three-year period from 2013 to 2015, in the State of S&o Paulo, potability
standards varied considerably, albeit within the limits allowed by the Federal Government and
international bodies. The presence of anthropic substances, such as nitrates and chromium,
and microbiological parameters increased significantly. Nitrates and chromium hexavalent,
derived from human occupation and use of pesticides, are found in very small concentrations
in groundwater, but coming from industrial sites, dumps, landfills and agroindustry in large
quantities, are carcinogenic. The microorganisms found may be originated from sewage
treatment networks located near the wells tested or sanitary deficiency in the treatment and
safety of the wells. In 2015, 106 nonconformities were verified against 36 in 2014 in the
samples monitoring microbiological agents (Cetesb 2016).

The analysis of 32 wells between 2009 and 2013 in municipalities of Mato Grosso do
Sul in the region of the Bauru Aquifer, one of the many formations that constitute the SAG,
did not indicate contamination by copper and zinc above the allowed limits, however some
wells presented residues of iron and manganese, which may have been caused by anthropic
activities in local crops. Chromium concentrations above the allowed levels were found in
only one year, returning to the standards in later periods, probably due to the treatment of the
leather that uses the product (Uechi et al. 2017).

Processing sugarcane for ethanol production generates two industrial by-products:
bagasse and vinasse (Silva et al. 2014). The first is used in the cogeneration of electricity by
the plants. The second is generated in large quantities and consists of nitrogen, phosphorus,
potassium, among other substances that pollute soil, surface water (eutrophication) and
groundwater (Conley et al. 2009). It possesses high organic value (fertirrigation) which has
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been studied as a source of energy parallel to cogeneration due to its great energy potential
(Pazuch et al. 2017, Cavalett et al. 2012). However, fertirrigation causes high soil salinity
(Arcaro, unpublished data), solubilization of pesticides (Lourencetti et al. 2012) and pollutant
infiltration (Arcaro et al. 2010, Casagrande, unpublished data), degrading the long-term soil
quality.

Contamination of surface water by lead from untreated industrial waste, landfills, and
sewage directly affects groundwater, as infiltration of lead into recharge areas or cracks is
difficult to avoid. Studies in the Sinos River Basin in Rio Grande do Sul, an urbanized region,
shows a high presence of lead, from an anthropic origin in the wells and surface waters, and
arsenic, boron, and vanadium, from a probable natural origin, requiring further studies on the
source (Abreu and Roisenberg 2017).

PBDE (polybrominated diphenyl ethers) are toxic substances used as flame retardants
in plastics, textiles and various electronic circuits, and because of their chemical
characteristics they can migrate to the environment, and now can be found in soil, animals,
human tissues, and even breast milk, thus being bioaccumulative (Li et al. 2016). Samples
collected in a pond in the city of Ribeirdo Preto (Sdo Paulo) on the recharge area of the
aquifer pointed out traces of PBDE, reporting the risk of contamination and the need for
monitoring (Souza et al. 2016, Ferrari, unpublished data).

Pharmaceutical substances, personal hygiene products, some pesticides, and medicines
are also part of the residues that will end up in the sewage and contaminate soil and water
(Heberer et al. 2002, Liu et al. 2010). Hormonal disrupters, for example, due to their structural
similarity with natural hormones, negatively affect the health of people and animals by
deregulating the metabolism, production, and transport of naturally occurring hormones
produced by the body (Vilela et al. 2018). No studies on the subject were found for the SAG
region, although CETESB performed measurements on estrogenic activity and did not find
persistent variations in the samples (Cetesb 2016), but the importance of the treatment of
pharmaceutical waste and water pollution has been studied in several regions, such as China,
Spain, Singapore, Germany, among others (Sui et al. 2015).

Staggemeier et al. (2015) by analyzing the presence of adenovirus (common influenza
virus, among other diseases) in dairy farms, concluded there was a higher presence of virus in
the soil than in water. The feces of the animals contain pathogens that when mixed with the
soil remain infectious for a longer time, and can contaminate the water courses and the
aquifer, as the infiltration may contain the virus. The impact directly affects the water
resources, since the pollution of rivers and groundwater will affect the health of the animals
and the population that depends on these waters (Staggemeier et al. 2015). The same problem
happens in the Jacutinga river basin and contiguous, in Santa Catarina, where contamination
by microorganisms such as Salmonella and E. coli can impact aquifer water quality and later
agricultural activity, as the region heavily depends on rural production, demanding action
against contaminants and adequate treatment of waste (Comassetto et al. 2014, Viancelli et al.
2015).

The penetration of nutrients from fertilizers and pesticides into the soil is one of the
main concerns about the pollution of aquifers since the depollution of these areas is difficult
(Di Bernardo Dantas et al. 2011). In 81 wells in the region of the Capiibary River (Paraguay),
known by the intensive use of chemicals in agriculture, the practice of not plowing and
harrowing the soil, mixed weather conditions and organic activity, have been shown to reduce
the mobility of nitrates in soil layers and prevent their accumulation in aquifers and rivers
(Houben et al. 2015).

Due to the numerous formations that make up the SAG, some areas have a higher
concentration of diluted salts, requiring the use of desalinizers (Brido et al. 2014). However,
the process of obtaining desalinated water for consumption is costly, affecting the interest in
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investments (Anderson et al. 2010). As the depletion of superficial resources is rapidly
increasing, the water treatment becomes more expensive, therefore several studies have been
carried out to study how to reduce the costs and improve the supply of drinking water to the
society that depends on the SAG (Lado et al. 2017, Brido et al. 2016). The future use of
desalinators is a warning that abusive groundwater consumption should be controlled through
effective public policies and public awareness of increasing waste and costs.

The search for cleaner energy sources has led attention to solar, eolic, hydro and
geothermal alternatives. A number of studies, for example, in Central Europe (T6th et al.
2016), Turkey (Balaban et al. 2017) and China (Wang et al. 2015) have shown the feasibility
and problems of using geothermal sources in the industry, agriculture, and tourism. For the
SAG, the occurrence of thermal and hyperthermal waters is little studied, but there is potential
for exploitation in economic activities and the need for more studies on the use as a source of
energy (Arboit 2013).

The decline in oil reserves has driven the exploration of shale fields, a porous rock
formation capable of storing organic material such as oil and natural gas (Pereira, unpublished
data). In Brazil, the largest estimated reserves are found in the Solimbes and Amazonas
geological basins, and Parand, where the SAG is located (Camargo et al. 2014), in addition to
the Uruguay, Paraguay and Parana rivers. Extraction of shale gas presents risks of
environmental contamination by heavy metals and other additives, overexploitation of surface
and groundwater, and huge exploitation sites to be commercially viable, culminating in land
conflicts (Scheibe et al. 2014). There is a possibility of displacements or landslides of aquifer
areas, causing the pollution of non-exploitable areas and possible loss of local waters, as well
as leakage of flammable gases to the surface (Meroni and Pifieiro 2014).

In summary, the environmental aspects of the SAG are mostly in accordance to the
standards defined by national and international regulatory bodies. But the presence of harmful
substances to living beings, although within limits, is a strong warning in all articles,
requiring constant monitoring of groundwater and further studies on the subject, especially on
new types of pollution such as antibiotics and chemicals, and how the substances spread
through the system. The economic impacts of SAG activities also need to be better studied as
the long-term effects are difficult to measure and future problems can arise, for example,
population health concerns and depollution of areas.

MODELING AND SIMULATIONS

Climate change, atypical rainfall cycles and pollution of surface waters have driven
more attention to the responsible management of aquifers. The water crisis of 2014, which
affected the state of Sdo Paulo and led its capital to water rationing, brought a series of media
speculations about the exploitation of the Guarani Aquifer (Martirani and Peres 2016; Villar
2016a). Surface water is treated differently from groundwater even though it is part of the
same hydrological cycle and this difference is accentuated during periods of prolonged
drought, when the solution is to exploit the underground sources, generating future deficit in
the aquifers’ levels, stress in the water systems and future droughts (Famiglietti 2014).

The uncertainties regarding the current water volume of the Guarani and its future
availability, and of other aquifers, lead researchers to create models and scenarios that
consider factors such as climate change, evapotranspiration, human consumption, balances
between recharges and discharges, land use, among others (Castilla-Rho et al. 2015, Melo et
al. 2015, Lucas et al. 2015, Nava and Manzione 2015).

Thus, the modeling tools are more than predictions and future scenarios, since they
fundamentally aid the decision making the process of the water management in the aquifer
and the superficial resources that affect it. With adequate human and financial capital and
knowledge, it is possible to raise awareness of society, tackle environmental problems and
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promote public policies that fit local realities, optimizing the use of available environmental
resources (Vasconcelos et al. 2013, Rodriguez et al. 2013).

The concept of recharge is important to estimate how much can be extracted from the
aquifer without depleting it irreversibly (Do6ll and Fiedler 2008). Thus, the importance of the
recharge level simulations is fundamental for the public and private management of the wells
and the potential use of each unit, since the flow of water inside the aquifer is slow and there
are variations in the recharge in each region (Coelho et al. 2017, Melo et al. 2015). Summing
to that, approximately 75% of the SAG recharge area is occupied by crops (IPT, 2011),
therefore it is necessary to understand how they affect the aquifer recharge, and how the
density of native vegetation also influences the amount of water absorbed or infiltrated in the
system.

In a simulation with data collected from local weather and land use, between 2004 and
2014, in a river basin in the central region of Sdo Paulo, Melo and Wendland (2017) have
created 10 scenarios for the period between 2081 and 2099. Climatic forecasts indicate a
decrease in rainfall volume, higher temperatures, and decrease in water availability,
consequently reducing aquifer recharge. The areas with eucalyptus and sugarcane crops will
suffer even more from recharge reduction due to higher evapotranspiration of the plants.

Oliveira et al. (2017) studied cerrado vegetation in a pristine area in the central region
of Sdo Paulo and observed that the water infiltration decreases as the grass vegetation
becomes denser as a forest. Deforestation of dense areas of cerrado for crops use may increase
aquifer recharge, but this requires adequate planning, as certain cultures, like eucalyptus, can
reduce the water absorption. Simulations involving frequency of rainfall, land use and
volumetric variations in the water table of 23 wells between 2004 and 2014 reinforced how
weather and crops interfere in the aquifer recharge (Manzione et al. 2017). Other studies have
brought the need to better understand the impacts of land use and deforestation on the
potential of aquifer recharge (Lucas and Wendland 2016, Dobrovolski and Rattis 2015).
Natural vegetation cover also interacts with how contaminants used in agriculture will
penetrate the soil and reach the aquifer, since the mobility and persistence of the substance in
the environment can extend over large areas and periods of time (Alves, unpublished data,
Roux et al. 1998, Salem et al. 2015).

Being formed by a system of aquifers of diverse aspects, besides the uncertainty of
how these reserves connect, the SAG’s hydrogeological modeling assists in the understanding
of structures, geological formation, the potential of recharge and discharge of the local
aquifers (Mira et al. 2013, Manzione et al. 2012). These models enable researchers to map and
analyze water absorption, flow within the system, substance movement, penetration of
pollutants and contaminants, land use, the extent of a given reserve, and deliver to managers
greater knowledge about the area to be explored (Machado et al. 2017, Héyng et al. 2014).

For example, Araraquara, one of the largest cities in the central region of Séo Paulo is
located in an outcrop area of SAG and consumes more than 70,000 m3 of water daily from
the aquifer for public supply, which has resulted in signs of low groundwater level (Scalvi,
unpublished data, Hirata et al. 2012). In a simulation up to the year 2020, consumption will
grow by more 1200 m3 per day, increasing the water stress on the local aquifer (Scalvi,
unpublished data).

Models simulators such as GRACE (the same used by NASA to measure aquifer
levels at the beginning of this article) and other tools rely on gravitational and climate changes
to measure variations in aquifer levels (Frappart et al. 2013). Atypical rainfall regimes
affected the Rio de la Plata basin and the SAG recharge in the region (Pereira and Pacino
2012). On the other hand, the SAG presented little variation in water levels, even with the last
rainfall improvement due to the narrow recharge zone range (Hu et al. 2017).



Vulnerability models such as GOD and DRASTIC are used to measure how exposed
an area is for contamination by using a range of variables and punctuating them until the
calculated vulnerability is reached. Recognized the risk that an area is under, it is possible to
decide on the use and occupation of the land to reduce the environmental impact. Regarding
the studies found, the vulnerability of the aquifer in the analyzed regions varies from medium
to very high, indicating the need for more inclusive policies for the most vulnerable places.
New Palma (Lobler and Silva, 2015), Portdo and Estancia Velha (Muradas et al. 2010),
agricultural regions in Rio Grande do Sul, presented medium and high vulnerability. In S&o
Paulo, Ribeirdo Bonito (Santos et al. 2015), S&o Pedro and Aguas de S&o Pedro (Alves,
unpublished data), all in regions with a strong presence of sugarcane culture, presented high
risks. In Paraguay, the Yacyretd Dam, which borders to Argentina and has a relevant
agricultural activity, presented high and very high vulnerability (Musalem et al. 2015), which
in a binational area, is a problem for both countries.

It reinforces the importance of modeling and simulations as powerful management
tools in the better understanding and exploitation of SAG waters. In addition, the use of these
tools for mapping urban and agricultural areas represents a significant factor in environmental
control and the future impact that it will have on the aquifer.

SOCIOPOLITICAL ASPECTS AND TRANSBOUNDARY AQUIFER
MANAGEMENT

As seen, the aquifer is exposed to many forms of contamination that can travel
through the system and affect other areas. As a reservation that spans under several states and
three other countries, managing such an extensive and legally diverse area is a challenge for
public agents. It is important to study how society and politics affect the aquifer and
understand how exploitation of the reserve will occur in the coming years.

In 2004, negotiations began on the agreement of the Guarani Aquifer System by
MERCOSUR members, all of whom have some reserve of the aquifer. This was a milestone
for international legislation on groundwater, as it was the first to be carried out without
territorial dispute or environmental damage prior to the agreement (Villar, unpublished data).

The Brazilian Ministry of Foreign Affairs, because of an inflexible and sovereign
position, played a defensive strategy by not assuming additional responsibilities and delaying
the signature of the agreement up to 2010 by all the member countries. The final agreement,
after several revisions, had more diplomatic and political features than really social and
environmental concerns. By it, the world is informed that the aquifer is transboundary rather
than international, avoiding pressure and exploitation of foreign groups in the reserve (Santos,
unpublished data). Until 2017, only Argentina, Brazil and Uruguay had ratified the
Agreement (Parlasul 2017), that means, the treaty is not yet in force and the lack of consensus
may induce each country to legislate differently on the aquifer, increasing risk factors.

In the Agreement, there are proposals to create commissions that would coordinate the
fulfillment of the environmental objectives of the treaty and would have MERCOSUR
support (OEA 2009). However, from an environmental point of view, the bloc has a rather
uneven policy of shared management among its members - although it is in its statutes and
there is a specific group responsible for managing the environment - functioning better as a
trade stimulus instrument than as an integrator of environmental actions among its members
(Ribeiro 2008).

Cross-border resources need greater coordination between interested states, respecting
the particularities of each. This was what the Guarani Aquifer Project intended to bring the 4
countries involved to discuss the protection and economic use of waters (Amore 2011).
MERCOSUR, as well as an economic institution, could also bring clarity to the arguments of
the countries, through its organs such as the MERCOSUR Tribunal, creating a common
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legislative regime and expanding regional integration (Conforti 2014). However, like the
Guarani Aquifer Agreement, MERCOSUR still does not have sufficiently strong structures to
interact as a regulatory body in the international policies of the signatory countries. An
example of this position was the case of Uruguay and Argentina for the pulp and paper
industries, a situation settled by the International Court of Justice and which showed that
MERCOSUR does not guarantee internal conflict resolution (Kaakinen and Lehtinen 2016).

Although recharge areas are common to countries, central waters are difficult to
restore due to basaltic coverage, creating the need for integrated international management to
protect recharge areas and control exploitation, overtaking local authorities and
institutionalizing a strong management, but the lack of cooperation and information exchange
threatens the shared administration. For example, due to SAG’s extension and formation, the
aquifer varies from region to region and there are no common strategies for extraction and
use, which can induce conflicts (Villar and Ribeiro 2011) and weaken an agreement that is not
yet in operation.

According to Dietz et al. (2003), the lack of strong institutions in the management of
transboundary water resources coupled with uncertainties, inconclusive decision making and
different environmental agendas result in crises and conflicts that could be reduced by
building shared governance.

Sugg et al. (2015) researched the opinion of 10 groundwater management experts, and
according to those interviewed, the SAG needs further studies on the dynamics of reservoirs
and their waters, and has several administrative jurisdictions suffering from insufficient
regulation, as well conflicts over the use and allocation of strategic resources. Although the
Guarani Aquifer Agreement is about the public benefit over private’s, the position of the
countries is sovereign respecting the portions of the aquifer in each nation, that is, there is not
a single force legislating about the reserve but four stakeholders focused on self-interest. This
position reflects the absence of transnational bodies responsible for regulating and controlling
these waters, then empowering the national regulatory agencies of each country.

The International Groundwater Resources Assessment Center (IGRAC) has identified
592 transboundary aquifers (IGRAC 2015), 29 of which occur in South America, but most of
them are little known about physical size, geological formation, water quality and exploration
(UNESCO 2007). For Villar (2016b), this lack of information generates potential for technical
cooperation among countries, international organizations and academic community, creating
knowledge and material for international agreements, as was the case with SAG, which
although it is a world example in the technical area, still lacks of political strength to be used
as an example of shared groundwater management.

The incongruity of information is one of the major problems in the efficient
coordination of water resources in Brazil. The country uses a management model that,
although allows social participation, generally excludes it from decisions by focusing on the
technical aspects and delegating the final decision to the government and major users (Sousa
Junior and Fidelman 2009). To cite international examples, for the water management in
Australia, which suffers from drought cycles and shifting floods, popular participation was
essential to the government and companies to implement initiatives aimed to manage
sustainable consumption during the Millennium Drought (Sousa Janior et al. 2016). When
comparing Singapore's water management to the Piracicaba, Capivari and Jundiai (PCJ)
Rivers Basin Committee, the best structured in the country (Gontijo Janior, unpublished data),
Sakaguti Janior (unpublished data) points out that the lack of articulation between society and
public authorities, bureaucracy in the money transfers and low capability to launch initiatives
present in the PCJ Committee would endanger the management of surface waters and
groundwater.



One of the strengths of the Agreement was the importance of the knowledge generated
by the researchers from all the countries that cooperated to support and secure decision
making (Santos, unpublished data). In the past, knowledge of groundwater was restricted to
geologists, hydrogeologists, and other professionals in the area who focused on studying the
physical systems and dynamics of reservoirs. Today, engineers, systems analysts, and
economists help make the use of these waters technically better. The new projects aimed at
efficient management of the resources and risks involved, combining diverse sectors and
policies in strategies that seek to preserve water resources (Tujchneider et al. 2013).

In this line of thought, ISARM Americas as an epistemic community has contributed
to the production and dissemination of SAG's knowledge and governance of transboundary
waters. It was argued that due to the lack of international law rules on water and its
particularities, in addition to the few registered cases of multinational agreements for the
management of shared resources, the SAG lacks a strong legal basis to guide the legislators
from the countries involved. ISARM Americas disseminates technical information through a
variety of means, providing data on the normative structure of the countries, helping to draw
up co-joint guidelines for projects and establishing guidelines for groundwater management
(Souza et al. 2014).

Broadly speaking, the Guarani Aquifer Agreement was a regulatory mark in the area
of transboundary waters. Above all, closer relations between states and nations are needed to
establish a transnational set of laws and institutions to regulate water use and academic
cooperation, but such activities can be endangered by political and diplomatic problems,
which may indicate a short-term view of the governments involved and political interests
threatened, as there would be an international observation on these interactions.

FINAL REMARKS

This work sought to identify relevant studies and researches about the SAG on issues
more familiar to society such as pollution and environmental impacts, exploitation of SAG
waters and governmental management, for example. This bridge between academic
knowledge and society is key to inform people of how daily routine can impact an important
resource that is not visible to all.

Based on the researched articles, for the environmental, economic and technological
points of view, more long-term studies in larger areas to measure impacts are needed, once the
occurrence of a problem in a single-point area can spread to its vicinities. That said, it is
recommended that public authorities, companies and research institutions collaborate to better
understand the SAG peculiarities (Villar 2016b), in order to avoid future expenses with
health, water treatment and drilling of new wells.

On the socio-political view, the Guarani Aquifer Agreement is emblematic because it
is a model agreement on transboundary waters, though, by the selected works, it is suggested
that greater integration among members and transnational regulatory institutions,
simplification of bureaucracy, and academic and technical communication between
researchers and research centers are absent and strongly suggested. It reinforces the need for
further discussions on state, national and international hydropolitics, still lacking on the SAG
and its members, and how this cooperation would help shape other cross-border water
agreements (Hussein 2018, Zeitoun and Cascéo, 2013).

Finally, water sustainability can be defined as the ability to use sufficient quantities of
quality water on a local or global scale to meet human and environmental needs and to protect
society from the hazards caused by natural or man-made disasters (Mays 2006). The water
crisis from 2014 to 2016 showed that common sense of water abundance is a questionable
idea. As seen, without the cooperation among society, private agents and the State, water
management is a difficult task to be implemented to ensure sustainable water development.
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