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Abstract: Water scarcity is a problem of global relevance that is affecting more and more people in
the world. Latin America and the Caribbean (LAC) have around 35% of the world’s renewable water
resources. However, the management of water resources and inequality in access to water has made
water scarcity a problem of growing interest in the region. The reuse of water could be an efficient
measure to reduce the demand for water resources in the area. In particular, the reuse of greywater is
a simple and decentralized method of water reuse, which would mitigate the impact of the lack of
water in isolated or difficult-to-access areas. Using the Aquastat database, water consumption in the
world and water availability in LAC were studied. In addition, the regulatory framework for water in
LAC countries was studied, with an emphasis on water reuse and greywater legislation. Agriculture
is one of the most demanding of water in the world, particularly, in LAC, which demands around
70% of renewable water resources. Furthermore, in LAC, the availability of drinking water in rural
areas is lacking, with seven countries having less than 80% access to healthy drinking water. The
water regulation in LAC is quite heterogeneous. The most general regulation around water is found
in the political constitutions of each country. Some constitutions explicitly indicate access to water as
a human right, while other constitutions do not include information in this regard. Although some
countries have specific regulations on the reuse of wastewater, there is a general lack of regulations
related to the reuse of greywater. In most cases, the term “greywater” is not even defined in the
general water and wastewater laws. As of the date of this article, only Chile, Peru, and Brazil have
bills to regulate the reuse of greywater, of which only the Chilean is approved. The reuse of greywater
could help reduce water demand for non-drinking uses. However, the implementation of greywater
treatment systems represents a cost that is difficult to cover, especially in the poorest countries of the
region. Countries must improve their public policies to improve the management, use and reuse of
water to mitigate water scarcity that severely affects human consumption in the region. The relevance
of this study lies in providing a general framework of the water situation in LAC for studies and
public policies focused on promoting water reuse as a measure to mitigate water scarcity.

Keywords: water reuse; water regulations; water consumption; water guidelines; greywater

1. Introduction

Water scarcity is a global problem that has increased in recent years. Some 4 billion
people suffer from water scarcity for at least one month a year, which occurs mainly in
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areas with a high population density (megacities), areas with an influential presence of
agriculture, and arid areas [1-3]. Since the 1980s, the water demand has increased at an
approximate rate of 1%, and it is projected that by the year 2050 the demand will increase
between 20 and 30% compared to the current level [4]. The historical inequality in access
to water for some sectors of the population increases social inequalities. About a third of
the world’s population does not have access to safe drinking water services and almost
half of these people live in Sub-Saharan Africa [4,5]. These inequities in access to water,
together with the growing events of water scarcity, increasingly drive the development of
frameworks and actions for more efficient management of water resources.

Latin America and the Caribbean (LAC) have 8.4% of the total world population [6],
while the total renewable water resources in this region represent 35.1% of the global
total [7]. Compared to the rest of the world, the LAC region presents an abundance in terms
of per capita water availability. However, rapid urbanization, weak governance, and poor
infrastructure in some areas produce water scarcity and an uneven social and geographical
distribution of water resources [8]. Additionally, LAC has been merged as an exporter
of agricultural commodities to the world market, an industry that consumes around 70%
of the freshwater withdrawal [9]. In this context, some hydrological models have been
developed, such as SWAT, which is highly dependent on meteorological parameters and
which allows the evaluation of the efficiency in the use of water, which is very relevant for
the effective management of agronomic water resources [10].

In 2015, the United Nations General Assembly, in the context of the 2030 Agenda for
Sustainable Development, established the aim of improving wastewater treatment and
increasing water reuse, which will promote a transition towards a circular economy [11]. In
recent years, water reuse has become a promising alternative to mitigate water scarcity [12].
However, water reuse policies could be limited by several factors, such as public acceptance,
technical capacity, and current regulations [13].

The increase in water scarcity urges the development of technologies that facilitate and
promote the maximization of the use of water resources. The reuse of water is a practice
that allows for better use of the resource. In this context, agriculture is one of the main
activities where treated wastewater is reused [14]. Centralized water reuse systems have
several benefits, such as economies of scale [15]. However, for areas that are geographically
isolated or that do not have optimal coverage of the sewage collection network, these
systems may not be useful. In this context, in decentralized treatment systems that are
carried out on a smaller scale, better separation and management of wastewater sources
can be carried out, and they are more effective for small communities [15].

Greywater reclamation is one of the most widespread decentralized water reuse
systems. This is based in part on the lower treatment complexity of greywater compared
to black water, which means that less sophistication is required in treatment technologies.
The reuse of greywater is an alternative that in some countries of the world has been
practiced for many years due to water scarcity or the economic impossibility of accessing
safe drinking water, however, in some regions, it is still an emerging technology that
does not have adequate regulations for its implementation [11,16-18]. Some countries are
pioneers in the reuse of greywater. In the case of Australia, the authorities have encouraged
the reuse of greywater at the household level for more than a decade [19]. The National
Rainwater and Greywater Initiative—Household Rebate even offers rebates of up to AUD
$ 500 for the purchase of rainwater tanks and greywater reuse systems [20]. In the USA, the
regulations regarding greywater depend on each state. According to Yu et al. (2013) [21],
41 states in the USA include greywater in plumbing codes or other state regulations, while
29 states allow greywater reuse. On the other hand, in Israel, the first permit for greywater
reuse was granted in 1994 [22]. Since then, Israel has made great strides in its regulation,
having one of the strictest water reuse standards in the world [22]. Despite this, it is one
of the countries where the reuse of water is most widespread, pressured mainly by the
scarcity of this resource. For its part, Japan (Tokyo) requires the installation of greywater
systems in buildings with an area of over 30,000 m?, or with the potential to reuse 100 m?
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per day [23]. These are some examples of greywater reuse practices in the world, which
show their importance in the management of water resources and the need to establish
effective guidelines for the reuse of greywater in the face of future events of water scarcity
associated with reduced availability of the resource due to climate change.

The novelty of this study is to provide a comprehensive overview of the reuse of water,
particularly greywater, a scenario with little progress in LAC compared to other regions
of the world. There are many studies reviewing the literature for water reuse in EU coun-
tries [24-26], Arabic region [27,28], Africa [29,30], Asia [31-33], North America [34-36] and
Oceania [19,37,38]. However, the literature on the distribution, regulation and prospects
for water reuse in LAC is less extensive. Thus, this article provides an exhaustive review of
the world state of water resources management, with an emphasis on water reuse in LAC.
Access to drinking water throughout the region was reviewed, distinguishing between
urban and rural areas, and an exhaustive review of the regulatory framework regarding
the management of water resources was carried out, emphasizing the reuse of greywater
as an alternative for water savings and the economics of these technologies.

The relevance of this study lies in forming a general framework of the water situation
in LAC, rich in water resources and with governance problems, which face the problems of
growing water scarcity. In this way, another novelty introduced by this study is given by
providing a general framework of the water panorama in the LAC region, because there are
no previous studies that address the entire region with this level of depth. This article can
be very useful as a general context for studies and public policies focused on promoting
water reuse as a measure to mitigate water scarcity.

The paper is structured as follows. Section 2 presents the methodology addressed
in this review. Section 3 reviews the water resources in the world, focusing on water
consumption and water uses by activity. While Section 4 shows a review of the management
and uses of water resources in LAC. Section 5 delves into water reuse as an alternative to
mitigate water scarcity with an emphasis on LAC countries. Section 6 extensively reviews
the International guidelines for water management and reuse, with focus on the guidelines
of international organizations (Food and Agriculture Organization (FAO), United Nations
(UN), World Bank). Section 7 presents an in-depth discussion on water regulations in LAC,
primarily addressing greywater guidelines and their practical application in LAC countries,
as well as and the technical and economic aspects of greywater reuse. Section 8 provides a
review of the policy and governance challenges for water management and reuse. Finally,
Section 8 is left for the work’s main challenges and conclusions.

2. Methodology
2.1. Relevant Literature Search

The bibliographic information on the behavior in the consumption of water and
previous studies was compiled from the Google Scholar web search engine. In this step,

”oou v u voou ”

keywords including “water reuse”, “water reclamation”, “water scarcity”, “greywater

“Latin America and the Caribbean”, “regulation”, “guideline”, and “greywater treatment
system”, among others were used. The legislation corresponding to each country was
obtained from the institutional web pages of organizations related to the management of
water resources and the environment. In addition, the political constitution of several LAC

countries was exhaustively reviewed, particularly, water laws.

2.2. Data Collection

The data regarding the availability and consumption of water resources in the world
were made from the AQUASTAT database, an information system of the Food and Agricul-
ture Organization (FAO). The data was processed and studied according to the regional
classification carried out by the United Nations in the report “Leaving no one behind” [4].
The economic indicators presented in this paper were obtained from the World Bank
database. The data collected from the different databases were analyzed and correlated
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with each other. In addition, ArcGIS software was used for the analysis and graphing of
the results.

2.3. Data Analysis

The information on water use for each area of the world was determined by weighting
the data for each country by the number of inhabitants, in order to have a representative
view for each defined area. The information collected for this study was ordered from the
most general, beginning with a global context, to then focus on the situation of LAC and
the study of its regulatory framework regarding water use. Special emphasis was placed
on the reuse of greywater as a measure to mitigate the water scarcity present in the area
and the regulatory framework on this matter and the scientific research carried out in LAC
were studied. It concludes with a study of the economic indicators in access to water and
its price, to present a general framework of the context of water in LAC and its position
with respect to the rest of the world.

3. Water Resources in the World

The availability of water in the world and the consumption of this resource are quite
heterogeneous. Population growth and climate change are two of the main causes of
water scarcity, while the level of economic development may explain the difference in
response to water stress in different regions of the world [39]. According to Distefano
and Kelly (2017) [39], the economic growth projection models imply overexploitation of
freshwater even in optimistic scenarios regarding improvements in the efficiency of water
use. Knowing the availability and patterns of water consumption in the world, as well as
the use of water according to the economic activities developed in different regions of the
world, is essential to understand and project future threats of water scarcity.

Water consumption in the world was studied from the Aquastat database [7]. To
determine the consumption of water for different uses in different regions of the world, the
data by country were weighted by the population, to have a representative vision. The
water availability in the world differs from one region to another. According to data from
2017 on the total renewable water resources per capita, 8 countries were below 100 m?
per inhabitant per year, of which 7 correspond to countries in the Arab Region [7]. On
the other hand, 15 countries in LAC present more than 20,000 m® per inhabitant per year
of total renewable water resources [7]. Various factors, such as the level of development
of the countries, the level of industrialization, urbanization, or poverty, influence water
consumption and the uses that it is given [40,41]. Figure 1 shows the proportion of water
destined for different uses (agricultural, industrial, and municipal) in the different regions
of the world.

It is possible to observe that in Latin America, the Arab Region, and Asia and the
Pacific agricultural activity uses around 70% or more of their renewable water resources.
Currently, around 1.2 billion people live in areas with severe water deficits that make
farming difficult, of which 43% live in Southern Asia and 38% in Eastern and South-eastern
Asia [42]. Livestock demands 30% of the world’s water requirement [43]. Additionally,
some crops demand exorbitant amounts of water. For example, California almonds demand
around 12 L per almond kernel (or 10,240 L per kilogram) [44]. Furthermore, Chile faces a
water crisis in Petorca Basin due to the intensive production of avocado, which demands
around 2000 L per kilogram [45,46].

In contrast, North America and Europe use water to a lesser extent for agriculture,
and more for industrial activity. Dolganova et al. (2019) [47] studied the water footprint of
agricultural imports in the European Union. Its results include the identification of cotton,
nuts, and rice as the main products that contribute to the water footprint, and that the
greatest impact of water consumption occurs through the import of water-intensive goods
produced in countries with water scarcity. On the other hand, in the industrial field, around
48% of the water consumption in the United States is used for energy generation [48].
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Additionally, the textile industry is one of the high-water-use and high-water-pollution
industries on the globe, whose main exporters are China and the European Union [49].

B USA & Canada ] Europe [ Asia and Pacific

@@ Agricultural B8 Agricultural 0.8% @8 Agricultural
o @ Industrial 3 Industrial gl E Industrial
3 Municipal [ Municipal 3 Municipal

_o e
iy, e B0

[ Latin America
@8 Agricultural
B Industrial
3 Municipal

Average renewable water resources Sub-Saharan Africa Bl ArabRegion
[m?/inhabitant/year] B Agricultural 5.0% 7 B Agricultural

Latin America 29,960.1 i q =i
USA & Canada 16,628.9

Sub-Saharan Africa 5466.5

Europe 5106.7

Asia and Pacific 4588.8

Arab Region 690.4

Figure 1. Water use by activity in the world. Source: Aquastat database [7].

4. Water Resources in Latin America and the Caribbean

Water consumption in LAC is mainly associated with agricultural activity, which
demands approximately 68% of available freshwater, followed by municipal demand
which represents approximately 21%, and industrial use 11%. (Figure 1) [7,9]. When
compared to other areas of the world, LAC has a relative abundance of water. More than
14.8 million km? surface in LAC has renewable water resources per capita per year on
average greater than 20,000 m® (Figure 2). However, its spatial and temporal distribution
causes water scarcity in extensive areas such as Argentina, Bolivia, Brazil, Chile, Mexico,
and Peru [50,51]. Besides, Latin America and the Caribbean exhibit many problems in the
management and the governance of water in addition to poor infrastructure conditions and
contamination of water resources [52]. The increase in agricultural activity in the region is
strongly associated with water consumption. Between 1961 and 2018, the world presented
an increase of 26.5% in the area used for agricultural activity, while in LAC, the increase was
25.5% [53]. LAC is a net food exporter at the expense of water availability and greenhouse
gas emissions, so introducing novel agricultural practices is imperative to optimize water
consumption in the region [54].
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Figure 2. Total annual renewable water resources per capita by country in Latin America and the
Caribbean. Source: FAO (2017) [7].

In the last 100 years, water demand has increased at a rate of 1.8% per year [55,56]. In
the next two decades, the water demand is expected to increase for all uses [55]. However,
industrial and domestic demand will grow more than agricultural demand [57]. By 2050,
the global water demand is expected to increase between 20 and 30% [58]. According to
these data, it is expected that in the next three decades the use of water in LAC increases in
greater proportion for industrial and domestic use, as the population of the region increases,
with projections of around 752 million inhabitants by 2056.

The countries of the Caribbean region have an average annual rainfall of over 1000 mm/year.
In terms of renewable water resources, they are quite heterogeneous, with countries with a
wide availability such as the case of Belize with more than 50,000 m3/hab/ year, Suriname
with more than 170,000 m®/hab/year, and Guyana with more than 347,000 m>/hab/year
according to FAO data from the year 2020 [7]. On the other hand, countries such as Antigua
and Barbuda (540 m3/hab/year) and Barbados (279.1 m®/hab/year) present renewable
water resources below the sustainable development threshold of 1700 m3/hab/ year [59,60]
according to 2020 data [7]. This region is prone to intense and relatively short droughts. Be-
tween 2013 and 2016, the Pan-Caribbean drought developed, affecting more than 3 million
people due to food insecurity [61].

On the other hand, greater coverage and equity in access to drinking water is an
indicator of the economic and social development of a country [62]. In Latin America, as



Water 2022, 14, 3589

7 of 26

well as in other parts of the world, great inequity is observed in access to drinking water
and sanitation among families of different incomes, and between urban and rural areas [62].
According to estimates made by the Pan American Health Organization (PAHO), in 2017,
28 million people lack access to an improved water source, 83 million people lack access to
improved sanitation facilities, and 15.6 million practice still open defecation [63]. According
to data from 2017 (Figure 3a), Argentina, Brazil, Chile, Costa Rica, Mexico and Uruguay
had had coverage greater than 95% of healthy drinking water, while, Colombia, Cuba, El
Salvador, Guatemala, Honduras, Panama, Paraguay, and Venezuela presented access to
healthy drinking water higher than 90%. In Bolivia, Ecuador, Nicaragua, and Peru, between
85 and 90% of the population had access to safe drinking water, followed by the Dominican
Republic which presented coverage of 84.7%, and Haiti with just 57.7% of safe drinking
water access.

b c

Population with

B 95% —100%
90% — 95%
85% — 90%
80% — 85%
<80%

No data

access to healthy
drinking water (%)

Urban population with
access to healthy
drinking water (%)

B 95%-100%

Rural population with
access to healthy
drinking water (%)

B 95% —100%

B 90% - 95% B 90% —95%
B 85%—90% B 85%—90%
m 80%—85% m 80% — 85%
m <80% s B <80%

No data No data

Figure 3. Access to healthy drinking water in Latin America: (a) Total population; (b) Urban
population; and (c) Rural population. Source: FAO (2017) [7].

When looking at the general panorama of access to healthy drinking water in the
urban area (Figure 3b), coverage increases considerably in most LAC countries. Here, only
two of the documented countries present a safe drinking water coverage of less than 90%,
which corresponds to the Dominican Republic (85.4%) and Haiti (64.9%). However, even
though urban areas have better infrastructure than rural areas to guarantee safe access to
drinking water, water scarcity has affected metropolitan areas. Recently, Desbureaux and
Rodella (2019) [64] studied how droughts affect cities” economies. They found that during
droughts, the probability that a worker is employed decreases, as does the number of hours
worked, wages and earnings of informally employed workers. In fact, informal workers are
more affected by droughts than formal workers. Finally, in rural areas, statistics on access
to drinking water decrease considerably, with countries like Bolivia, Colombia, Ecuador,
Haiti, Nicaragua, Peru, and Venezuela with less than 80% coverage of safe drinking water.

The data presented and documented in this article regarding the water context in
LAC, although they are not so pessimistic compared to other less developed areas of the
world, do not account for other critical aspects regarding the availability of water in the
region, such as drinking water quality, infrastructure, and improved sanitation. According
to ECLAC data, despite the significant progress made in the last decade, there is still a
delay in the coverage of improved services, with 6% of the LAC population without access
to improved water sources and 15% without access to improved sanitation facilities. In
addition, access continues to be insecure and of poor quality, with intermittent service and
without adequate control of water quality, to which is added a level of loss (unaccounted-for
water) of around 40% [65]. Therefore, despite the abundance of water resources in the area,
this will be one of the most affected by the water crisis related to climate change, because
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of the weaknesses and lack of public policies and governance in the efficient management
of water resources.

Another factor of great relevance to understanding how water scarcity occurs in LAC
is inequality in access to drinking water. Carvalho et al. determined the inequality factor for
access to water and sanitation. Regarding access to water, the best results were presented
by Argentina, Costa Rica, Chile, Uruguay and Mexico, with inequality indices below 3.7%.
At the other extreme, the only country with inequality above 22% was Haiti. Regarding
access to sanitation, the countries with less inequality are repeated than in the case of access
to water, and Venezuela is also incorporated, all of them with an inequality factor of less
than 8.2%, while Bolivia, Nicaragua and El Salvador showed indices of inequality greater
than 24.7%.

5. Water Reuse as an Alternative to Mitigate Water Scarcity

Water reuse as an alternative to mitigate water scarcity in the world has gained
relevance in various countries, although at different rates [66,67]. However, practicing
water reuse as a State policy brings with it many challenges regarding regulatory, health,
governance and public perception aspects [67]. Water reuse systems are classified as
centralized and decentralized. The former correspond to large-scale systems, which require
high investment costs but benefit from economies of scale in terms of operation and
maintenance costs [15,68]. On the other hand, decentralized systems, used on a small scale
such as homes or residential buildings, are often considered more sustainable and with
lower infrastructure costs [15,69]. Table 1 shows a comparison between centralized and
decentralized greywater treatment systems.

Table 1. Comparison between centralized and decentralized greywater treatment systems.

Centralized Decentralized References
Investment Cost Higher Lower [70-72]
Cost per m? Lower Higher [72,73]
Energy consumption  Higher Lower [74]
Water uses Agricultural irrigation Garden irrigation, toilet flush  [75,76]
Dan Region Reclamation Residential buildings in Sant
Example Cugat del Valles [77,78]

Project (Shafdan) in Israel (Barcelona, Spain)

According to Silva et al. (2008) [79], in Latin America, around 400 m3/s of raw
wastewater is delivered to surface sources and the areas are irrigated, most of the time,
with untreated wastewater. Much water is reused intentionally or unintentionally, mainly
associated with agriculture [54]. However, in LAC, there is not much data on the level of
water reuse that is carried out effectively at the country level. FAO’s Aquastat database
provides information on water management in countries. Some countries contain more
recent and complete information. Figure 4 shows the cases of Brazil, Chile, Mexico, and
Peru regarding the amount of wastewater produced, collected and treated, and the amount
of treated wastewater that is reused for irrigation purposes.

The data in Figure 4 reveal a great diversity regarding sanitation and water reuse in
each country, which reflects the lack of a strong regulatory framework for the reuse of
water resources, as well as the lack of policies for this purpose. The change of paradigms
regarding the vision of wastewater no longer as a waste but as a resource could allow in
the future to improve the indices of sustainable use of water in the region [80].
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Figure 4. Amount of annual municipal wastewater produced, collected, and treated in (a) Brazil;
(b) Chile; (c) Mexico; and (d) Peru. The figure also shows the amount of treated wastewater that is
reused for irrigation purposes. Source: FAO (2017) [7].

The reuse of water, particularly at the household level, has gained interest in recent
times. In particular, the reuse of greywater has been proposed as a measure to help mit-
igate water scarcity [81,82]. However, for its correct implementation, it is necessary to
develop regulatory frameworks that allow greywater to be reused safely. To know the
potential benefits of greywater reuse, it is necessary to know the water consumption habits
at the household level. The Aquastat database does not contain all the information on
municipal water produced for all LAC countries. However, when analyzing the avail-
able information on municipal wastewater produced by country based on the number of
inhabitants, the three countries with the highest production correspond to Dominican Re-
public, Dominica, and Panama with 468 x 10° m3/hab/ year, 152 x 10° m3/hab/ year, and
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130 x 10° m3/hab/year, respectively, while the 3 countries with the lowest production are
El Salvador, Bolivia, and Belize, with 20 x 10° m?®/hab/ year, 18 x 10° m3/hab/ year and
10 x 10° m3/hab/year, respectively. On average, the production of municipal wastewa-
ter is 87 x 10° m®/hab/year. According to some studies, greywater constitutes between
50-80% of the total domestic wastewater generated [83,84], therefore, the potential greywa-
ter generated, on average, corresponds to 43 to 70 x 10 m3/hab/year.

Globally, residential water reuse is in different stages of development and extension.
Australia is one of the pioneering countries in public policies for the reuse of greywa-
ter, with numerous certified companies that offer different systems for the treatment of
greywater, including aerobic treatment units, and septic tanks, among others [85,86]. In
Japan as of 1991, there were 876 publicly owned treatment works in operation, discharging
approximately 110 x 10® m3 per year. Of the water recovered from these treatments, 41%
was used in industrial activities, 32% was used to increase water and environmental flow,
13% for agricultural irrigation, and 8% was used for flushing toilets [87]. A widely used
treatment system is the Johkasou, which is characterized by being a small-scale wastewater
system and using anaerobic, aerobic and disinfectant processes which, coupled with a
microfiltration process, manage to adequately comply with wastewater quality regulations
reuse of the country [88]. These are successful examples and pioneers of decentralized
reuse systems in the world.

6. International Guidelines for Water Management and Reuse

The concern about water resources is an issue that has taken the agenda of several in-
ternational organizations. The main international organizations have set various objectives
to improve conditions related to water, such as access, sanitation, and reuse.

6.1. Food and Agriculture Organization (FAO)

In 1985, the FAO published guidelines on the quality of wastewater for agricultural
use, which emphasize water quality problems such as salinity, toxicity and infiltration [89].
In 1992, a guide was published with more specific water quality parameters, such as
microbiological quality, and physicochemical parameters, depending on the use of irrigation
water [90]. Then, in 2013, a document was published analyzing the benefits of water reuse
in agriculture as a cost-effective option to mitigate the negative effects of water scarcity [91].

6.2. United Nations (UN)

UN-WATER, a specialized agency of the UN, was founded in 2003 to coordinate the
efforts of UN entities and international organizations working on water and sanitation
issues. In 2015, the UN established 17 Sustainable Development Goals (SDG). The SDG-6:
“Ensure access to water and sanitation for all” establishes a series of goals for the year
2030, regarding universal access to water, access to sanitation and hygiene services, and
international cooperation for the creation of capacities for wastewater treatment, recycling,
and reuse technologies, among others [92]. The state of progress of SDG 6 in Latin America
and the Caribbean reported for the year 2020 shows that LAC is the region with the
lowest implementation of integrated water resources management systems worldwide. In
addition, the gap is especially important in rural areas, where there is no safely managed
sanitation coverage [93].

6.3. World Bank

In 2020, the World Bank published a report on wastewater as a resource in the context
of a circular economy and also presents case studies [94]. In this report, guidelines are
presented for the significant change from a linear approach to wastewater management
to a circular approach, in which the internal policies of each country play an important
role in its effectiveness. This paradigm shift is proposed as one of the main tools to achieve
the goals of the SDG. These guidelines are based on planning for wastewater at the basin
level, changing water treatment plants to resource recovery facilities, applying innovative
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financial and business models, and promoting the policies, regulations, and institutions
necessary to achieve these goals.

6.4. Technical Specifications for Greywater Reuse Systems

Some countries have developed technical guides on safe practices for the reuse of
greywater, with a focus on protecting people’s health. The Water Supplies Department
from Hong Kong presents the technical specification for new developments under gov-
ernment projects [95] and indicates that the system management should be performed
by an appropriate contractor to operate and maintain the system in addition to regular
monitoring of reclaimed water quality to ensure the public health and user safety. In
this context, a non-detectable concentration of E. coli is recommended, a fairly restrictive
parameter to protect people’s health. Along these same lines, a technical guide published
by the Singapore’s national water agency [96] suggests that to reduce the risk of public
health, it is suggested to combine a tertiary treatment process with reliable disinfection.
The Department of Health of the Government of Western Australia published the Code of
practice for the reuse of greywater in Western Australia [85] which provides information
on the requirements for the reuse of greywater in household gardens. Additionally, its
webpage contains information about approved greywater treatment systems [86]. For
its part, the ANQIP association of Portugal presents technical specifications for greywa-
ter reuse and recycling building systems (ETA 0905) [97] and certification of greywater
reuse and recycling building systems (ETA 0906) [98]. However, the risk of microbial and
pathogen proliferation associated with the reuse of greywater remains a critical point for
its safe implementation [81]. Some countries with more robust public policies regarding
greywater reuse have technical guides such as those mentioned above, while LAC countries
present less information or non-governmental guides. Busgang et al. (2018) [99] studied
the microbial risks for various bacterial exposure scenarios involving greywater reuse
for irrigation and determined maximum concentration levels for a group of pathogens
for safe reuse. They also determined that the concentration of pathogens was the most
important parameter in the sensitivity analysis and that a disinfection stage before the
reuse of greywater is very necessary to comply with the tolerable limit of risk. The risk
of microbiological contamination is even more critical in self-constructed systems and in
rural settings, where the correct follow-up and monitoring of treatment systems may be
less strict.

7. Water Regulations in Latin America and the Caribbean

Starting in the 1990s, the Latin American and Caribbean region began a strong re-
structuring in the water supply industry, strongly influenced by the neoliberal model, with
a marked decentralization and an increase in private participation in the water service
drinking and sanitation [100,101]. By the end of the 1990s, some countries considerably
increased private participation, among which the case of Chile stands out, with 86% private
financing and Argentina with 62% [101,102]. However, according to a study carried out by
the OECD, public water governance in most of Latin America is fragmented, which has
negative consequences on poverty reduction, in a context where water scarcity is becoming
more evident [103].

On 28 July 2010, the United Nations General Assembly, through Resolution 64/292 [104],
recognized the right to drinking water as a human right and urged States and organizations
to intensify efforts to provide the population with economic access to drinking water and
sanitation. In this context, it can be observed that some LAC countries recognize the human
right to access to water in their political constitutions, which establish the values, principles,
rights and basic guarantees of the people. Within the countries analyzed, 13 were identified
that include in one or more articles of their Political Constitution the fundamental right of
access to water and/or the State’s duty to guarantee access to water resources: Bolivia [105],
Colombia [106], Cuba [107], Ecuador [108], Guatemala [109], Mexico [110], Nicaragua [111],
Panama [112], Paraguay [113], Peru [114], Uruguay [115], Venezuela [116]. An interesting
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example is Costa Rica, which in 2020 approved a constitutional reform that guarantees
people’s right to access water. More specifically, a paragraph was added to Article 50 of
the constitution: “Every person has the human, basic and inalienable right of access to
drinking water, as an essential good for life. Water is a good of the nation, essential to
protect this human right. Its use, protection, sustainability, conservation and exploitation
will be governed by what is established by the law that will be created for these purposes
and the supply of drinking water for consumption by people and populations will have
priority” [117].

On the other hand, several LAC constitutions do not explicitly mention the human
right to water in any of their articles. Some examples are the Political Constitution of
Argentina that in Article 41 declares that all inhabitants enjoy the right to a healthy environ-
ment, that the authorities must ensure the protection of this right and that the environmental
damage caused must be repaired [118]. However, in the Political Constitution, there is no
detail about water resources in particular. Another particular case corresponds to Chile,
whose constitution establishes that “the rights of individuals over the waters, recognized
or constituted following the law, will grant their owners ownership over them” [119]. The
water code of Chile, modified in 1981, defines the types of water and establishes what
refers to the domain and use of this resource. Generally speaking, water is separated from
the land and becomes a tradable right. In this way, from the institutional and regulatory
framework, water is not guaranteed as a human right, but rather as a right of use. In this
way, Chile has the most liberal model in terms of water management.

Most of the countries in the region have a comprehensive water law, which regulates
the management of water resources. However, El Salvador lacks general legislation on
this matter. According to UN data, in 2012 only 2.8% of the population of El Salvador was
connected to wastewater treatment [120]. These low levels of sanitation, as well as other
water quality problems, are explained by the absence of a national water authority and the
fact that the General Water Law, which has been under discussion since 2012, has not yet
been approved, but has made progress during 2020 [121,122].

Concerning the reuse of wastewater, some countries have specific regulations. For
example, Colombia, through Resolution 1207 of 2014, regulates the reuse of treated wastew-
ater for agricultural and industrial use. In the case of Guatemala, the Governmental
Agreement 236 of 2006 regulates the reuse for agricultural irrigation, irrigation of edible
crops, irrigation of aquaculture, pastures and other crops, and recreational reuse. In Mexico,
the Official Mexican Standard (NOM-003-ECOL) of 1997 establishes the maximum permis-
sible limits of contaminants for the reuse of treated wastewater according to the level of
interaction that the type of reuse has with people. For its part, Peru regulates the reuse of
water treated by a person other than the owner of the treatment system through Supreme
Decree No. 005-2011-AG. The legislative framework in LAC is summarized in Table 2.

The reuse of water from the legislative point of view is underdeveloped in the study
region. The regulations adopted by the countries are based on international standards
but are not adapted to the specific needs of each country, whether geographical, social
and/or economic. In this way, the lack of flexibility makes reuse unattractive, which also
adds to the lack of incentives in this area. From an institutional point of view, there is
a lack of coordination and collaboration between different organizations (environment,
energy, health, mining, among others) that must talk to each other to generate and develop
a circular economy.

The reuse of water also poses other very important challenges, such as economic
feasibility, which today is the main evaluation method used for decision-making, and also
the reluctance generated by the consumption of reclaimed wastewater. Since the treatment
of wastewater for reuse involves high investment costs, there are cheaper decentralized
alternatives, on a smaller scale, that allow improving the management of water resources
at the household or small community level, an example of this is the reuse of greywater.
However, from a regulatory point of view, this type of treatment is poorly developed.
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Table 2. Legislative framework on water matters in Latin America and the Caribbean and main

authorities related to the institutional and administrative framework of water resources.

Country

Water Regulation

Water Authority or Related

Argentina

Law 25688 (2003) “Environmental water management regime”- minimum
environmental budgets for the preservation of water, its use and rational use

Ministry of Public Works- Secretariat of
Infrastructure and Water Policy

Bolivia

Political Constitution (2009)

-Art. 16 universal right to water

-Art. 20 universal and equitable right to drinking water and sewerage

Law 2066 (2000) “Law of Provision of Potable Water and Sanitary Sewerage
Services”

Regulation Law 1333 of the Environment (1992)

-Chapter V, Art. 67 water quality parameters for authorization of water reuse

Ministry of Environment and Water

Brazil

Political Constitution (1988)

-Art. 21 competence of Federal Government to establish a national water
resource management system and define criteria for granting rights to the use of
water

Federal Law 9433 (1997) establishes the Brazilian National Water Resources
Policy

Law 9984 (2000)

National Water Agency (ANA)

Chile

Water code (1981)

-Defines the types of water and establishes what refers to the domain and use of
this resource

Decree 90 (2000)

-Establishes the emission standard for the regulation of pollutants associated
with the discharge of liquid waste to marine and continental surface waters

General Directorate of Water (DGA)

Colombia

Political Constitution (1991)

-Art. 366 access to drinking water is a social purpose of the State, as well as
environmental sanitation

Law 99 (1993) and the Single Regulatory Decree of the Environment and
Sustainable Development Sector 1073 (2015)

-Establish a series of rules that govern the sustainable use and exploitation of
water resources

Resolution 1207 (2014)

-Regulates the use of treated wastewater

Ministry of Environment and Sustainable
Development

Costa Rica

Political Constitution (Constitutional reform 2020, disposed by Law 9849)
-Art. 50 “Every person has the human, basic and inalienable right of access to
drinking water, as an essential good for life”.

Law 276 (1942, modified in 2012)

-Management of water resources

Decree 31545-S-MINAE

-Regulates the treatment and disposal of wastewater

Ministry of Environment and Energy

Cuba

Political Constitution (2019)

Art. 76 establishes that everyone has the right to water and that the State creates
the conditions to guarantee access to drinking water and sanitation

Law 124 “Land Waters Law” (2017)

orders the integrated management of terrestrial waters

National Institute of Hydraulic Resources

Ecuador

Political Constitution (2008)

-Art. 3 it is a primary duty of the State to guarantee water for its inhabitants
Art. 12 The human right to water is fundamental and inalienable

Organic Law of water resources uses and use of water (2014)

-Aims to guarantee the human right to water, and regulate the management of
water resources, their uses and exploitation

Unique Water Authority

El Salvador

Decree 233 (1998)

-Decrees the Environmental Law that aims at the protection, conservation and
recovery of the environment

General Water Law (under discussion)

-Aims to regulate the comprehensive management of water, regulating its rights,
use, exploitation, protection and recovery

Ministry of Environment and Natural
Resources
National Water Authority (ANA)
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Table 2. Cont.

Country

Water Regulation

Water Authority or Related

Guatemala

Political Constitution (1985)

Art. 127 “All water is property of the public domain, inalienable and
imprescriptible

Art. 128 The use of water for economic development purposes is at the service
of the community and not of any private person

Governmental Agreement 236 (2006) Regulation of the Discharges and Reuse of
Residual Waters and the disposal of sludge

-authorizes and defines the limits of water reuse for agricultural irrigation,
irrigation of edible crops, irrigation of aquaculture, pastures and other crops,
and recreational reuse

Ministry of Environment and Natural
Resources

Honduras

General Water Law (Decree 181-2009)

-Establishes the principles and regulations applicable to the adequate
management of water for integrated management of water resources at the
national level

Secretariat of Natural Resources and
Environment (SERNA)

General Directorate of Water Resources
(DGRH)

Mexico

Political Constitution (1917)

-Art. 4 human right to access to water

-Art. 27 the waters belong to the nation, and that the State oversees regulating
their use through concessions based on the laws

Art. 115 municipalities are in charge of public drinking water services
National Water Law (1991)

General Water Law (Law proposal under discussion)

-Aims to strengthen water management, and allow greater social participation of
local communities, recognizing community water management
NOM-003-ECOL (1997) establishes the maximum permissible limits of
contaminants for treated wastewater that is reused in public services, divided
into services to the public with direct contact and with indirect or occasional
contact

National Water Commission (CONAGUA)

Nicaragua

Political Constitution (1987)

-Art. 105 the State must promote, facilitate and regulate access to water

Law 620 “General Law of National Waters” (2007)

-aims to establish the institutional legal framework to manage, conserve,
develop, use and sustainable use and preservation in quantity and quality of all
that is water in the country, while guaranteeing the protection of other natural
resources, ecosystems and the environment

National Water Authority (ANA)

Panama

Political Constitution (1972)

Art. 120 The State will regulate, supervise and apply the necessary measures to
guarantee the rational use and use of water.

Law Decree No. 2 (1997)

-the regulatory and institutional framework for the provision of drinking water
and sanitary sewerage services

General Law of Water Resources (under discussion)

-protection, uses and use of water

National Public Services Authority (ASEP)
National Environmental Authority
(ANAM)

Paraguay

Political Constitution (1992)

-Art. 163 establishes that it is the responsibility of the departmental government
to coordinate its activities with the municipalities drinking water services

Law 3239 “Water Resources Law” (2007)

-regulates the management of the waters of the national territory

Ministry of the Environment and
Sustainable Development

Directorate General for the Protection and
Conservation of Water Resources

Peru

Political Constitution (1993)

-Art. 7-A declares that the State recognizes the right of everyone to access
drinking water and guarantees human consumption over other uses. In
addition, the State promotes sustainable water management

Law 29338 “Water Resources Law” (2019)

-the law and its regulations regulate the use and management of water resources
Supreme Decree No. 005-2011-AG (2011)

-regulates the reuse of wastewater treated by a person other than the owner of
the treatment system to protect and preserve the quality of natural water sources

National Water Authority (ANA)
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Table 2. Cont.

Country

Water Regulation Water Authority or Related

Uruguay

Political Constitution (2004)

-Art. 47 “Access to drinking water and access to sanitation are fundamental
human rights ... the sustainable management, in solidarity with future
generations, of water resources and the preservation of the hydrological cycle,

which are matters of general interest. Users and civil society will participate in
all levels of planning, management and control of water resources”
Law 18610 “National Water Policy Law” (2009)

National Directorate of Environment
(DINAMA)

-establishes the guidelines for the management of water resources and the
universalization of drinking water and sanitation services

Decree 253 (1979)

-standards to prevent environmental pollution by controlling water pollution.

Venezuela

Political Constitution (1999)
-Art. 178 establishes that the municipality is responsible for managing and
administering the drinking water, sewerage, channeling and disposal of sewage = Ministry of Popular Power for the

services

Environment

Water Law (2007)
-establishes the provisions that govern the integral management of water

According to the analysis carried out by the World Bank [123], one of the main barriers
to the reuse of wastewater is that in most LAC countries there is no regulation of treated
wastewater, nor does it have a clear value or price, which discourages investment by
companies in water reuse projects. Thus, the regulatory framework is a fundamental step
to moving toward a circular economy of water, where water reuse projects are not just
simple prototypes or research works but can be implemented on a large scale in the future.

7.1. Greywater Regulations and Its Implementation in Latin America and the Caribbean

Even though the reuse of greywater has gained relevance in some countries in Eu-
rope, Asia and Oceania as an alternative source of water to face the problems of water
scarcity [22,83], in LAC it has not yet gained force in legislative matters or its implementa-
tion. Greywater corresponds to wastewater of domestic origin that includes water from the
shower, washbasin, washing machine, dishwasher, and kitchen sink [80,124,125]. Some-
times a distinction is made between light and dark greywaters. The former corresponds
to the fraction that comes mainly from the shower and sinks, while the dark greywaters
correspond to the waters generated from the laundry and the kitchen, which due to their
characteristics, have a higher content of organic matter and pollutants [80,126].

In LAC, only Chile has a legal norm on the specific matter of greywater, recognizing
its separation from black water and therefore, from the general regulation of sanitation. In
February 2018, Law 21,075 was approved that regulates the collection, reuse, and disposal
of greywater. In Peru, Law Project 4239 is under processing since 2018, which aims to
promote the care of natural water sources, the reuse of domestic wastewater, and water
saving. This law does not distinguish between greywaters, but they are defined as domestic
wastewater. As for Brazil, the most advanced bill on this matter is 4109 from 2012, which is
pending consideration by the Federal Senate. This law institutes norms that regulate public
policies for the conservation, rational use, and reuse of water. Regarding reuse, reference is
made to the capture and reuse of rainwater and wastewater. Table 3 summarized greywater
legislation in LAC countries.

Despite the lack of legislation regarding greywater reuse in LAC, some scientific re-
search shows that this alternative has been studied with limited applications. In Brazil,
the saving of drinking water was studied through the use of rainwater and greywater in
homes and a multi-story residential building [127,128]. In both cases, three configurations
of treatment systems were studied: only rainwater, only greywater, and the combination of
greywater and rainwater. To treat greywater, a wetland system was used, consisting of a
biological filter composed of gravel or sand and swamp plants. The conclusions suggest
that for the case of the residential building, all the treatment configurations were profitable,
while for the houses the systems were not profitable, however, the configuration of treating



Water 2022, 14, 3589

16 of 26

only greywater turned out to be the most attractive. Therefore, to promote water reuse at
the household level, there is a need for government incentives. Additionally, greywater
treatment was studied on a campus of the University of Sao Paulo in Brazil, through the use
of a moving bed biofilm reactor and a sedimentation tank [85]. In this case, an economic
evaluation was not performed, but the water quality studies showed stability and confi-
dence in the treated water, ensuring the potential for safe reuse. Another study was carried
out at the Tancredo Neves International Airport, where a system comprising an anaerobic
filter followed by ultraviolet disinfection was evaluated for greywater treatment [129].
The results were satisfactory according to less stringent reuse standards and the economic
analysis showed a payback period of five years.

Table 3. Countries in Latin America and the Caribbean that have or are processing legislation on the
reuse of greywater.

Country Greywater Regulation Status
Chile Law No. 21.075 regulates the collection, reuse, and disposal of greywater Enacted on 15 February 2018
Bill No. 4239/2018-CR which promotes the care of natural water sources and .
Peru . . Under evaluation
the reuse and saving of domestic water
. Bill No. 4109/2012, aims to institute obligatory norms for the conservation, .
Brazil Under evaluation

rational use, and reuse of water

In Chile, pilot treatment systems for the reuse of greywater have been studied in
schools in rural areas with water scarcity [80,130]. For this, the water coming from the
school sinks was collected and treated through a system of filters composed of activated
carbon and zeolite. This water was used for the irrigation of green areas in the educational
establishments themselves. The economic analysis of these systems revealed their infeasibil-
ity because the investment costs could not be recovered in the time range studied. However,
the social benefits, mainly associated with the increase of green areas, are significant, so it
is necessary to look for alternative subsidies and financing to support the implementation
of these systems.

In Colombia, a study was made on the social, technical, and financial viability of
rainwater and greywater collection and treatment systems (separate and combined sys-
tems) [131]. This study was conducted through surveys of low-income households in a
residential complex of social housing. Although this study is based on potential treatment
systems, from the results obtained it was possible to show that the surveyed population
privileged water conservation over investment criteria. In addition, it showed a preference
for combined treatment systems (rainwater/greywater). However, it must be evaluated
whether the users would fulfill their intentions in a real scenario of implementing treatment
systems. Complementary to this study, the financial analysis gave positive results, with an
estimated recovery period of 23 years, a lower value than that reported in other studies,
which reflects a promising scenario for implementing decentralized water reuse systems
for domestic use [132].

In Costa Rica, the effectiveness of the use of low-cost reedbeds for greywater treatment
was studied [133,134]. The results were positive in terms of the quality of the water obtained
after the treatment, which meets the standards required for its reuse. The treatment, in
this case, is not only positive to save drinking water but also due to the high amount of
greywater that is channeled directly to the streets or the nearest stream [133].

The review of the state of the art in the Latin American and Caribbean Region allows
us to realize that there are initiatives to study the technical and economic feasibility of treat-
ment systems, even though in no case can widespread use of greywaters. In addition, the
lack of legislation or regulatory framework can contribute to the bad practice of greywater
reuse, which could have bad effects on health. In addition, some studies show the need for
incentives or government subsidies for the implementation of treatment systems [124,135].

A recent study [136] analyzed the potential capture of greywater reuse using ex-
isting research on consumer preferences, taking Santiago, Chile as a case study. Their
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study concluded that there is a need to use advanced mathematical models that bring
together economic theory and behavioral underpinnings from psychology. Similarly,
Oteng-Peprah et al. (2020) [137] explored the willingness of households to adopt a grey-
water treatment and reuse system using the theory of planned behavior in its original
form and an extended model that includes personal norms, obtaining as a result that the
extended model turned out to be the best. model to predict the willingness to adopt this
treatment system and domestic greywater.

7.2. Economic Aspects in the Reuse of Greywater

The economic factor is directly related to access to drinking water and sanitation.
Lower-income countries have less access to safe sources of drinking water and large
geographic inequalities in access to improved water and sanitation [138]. In this context,
women and children are the main transporters of water to homes when the water supply is
not sufficient, a complex task in the social life of people with a lack of access to drinking
water [139]. However, economic inequality between countries is not only reflected in the
quantity of water but also its quality. Water sources in low-income countries and rural
areas are more likely to be contaminated [140]. In addition, international estimates may
overestimate access to drinking water since, although improved water sources are better in
quality than non-improved ones, in many cases they still present levels of contamination
higher than those recommended by the WHO [140]. Figure 5 shows the relationship
between Gross Domestic Product (GDP) per capita and access to healthy drinking water in
some countries in Latin America. Although there is a certain variability, a relationship can
be observed between GDP per capita in the coverage of access to drinking water, where
Uruguay and Chile, both countries with the highest GDP per capita, have access to healthy
water close to 100%, while countries such as Bolivia, Ecuador and Peru, with lower GDP
per capita, have less access to drinking water, with values below 90%.
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Figure 5. Access to healthy drinking water versus Gross Domestic Product (GDP) per capita in some
countries of Latin America and the Caribbean. Source: GDP values were taken from The World Bank
(2019) and the water access data were taken from the Aquastat database.
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On the other hand, previous works have studied the Kuznets curve related to water
use. Duarte et al. (2013) [141] found that the link between water withdrawal per person
and GDP per capita is non-linear and shows a peculiar inverted U, i.e., water use tends to
increase with lower income observations, but this trend is invested when income increases.
Similarly, Von Hauff and Mistri (2015) [142] found that access to safe drinking water
decreases rapidly with increasing income first, but starts to increase again with higher
incomes. The reason could be in part the inability to adequately manage the effects of
regional climatic and geomorphological diversity.

Although the installation of greywater recovery technologies could mean a high
environmental and social benefit, it is necessary to evaluate the economic feasibility, to
determine the real applicability of greywater treatment systems. Greywater treatment
systems could be centralized or decentralized. A centralized treatment plant is a municipal
facility or a larger facility that treats and distributes water through a pipe system, whereas
a decentralized facility is at the level of individual buildings or small areas [74]. According
to Ahmed and Arora (2012) [143], centralized water treatment will be easier to regulate,
although it will be more costly for operation and maintenance due to complex sewerage
networks. Decentralized treatment on the other hand is more likely to be more profitable if
it is carried out at the individual residential or commercial level.

The profitability or money savings of greywater systems varies according to various
factors, but those that generate the greatest impact at the household level are the volume of
water saved, the price of the replaced network water, the costs of installation, operation,
and maintenance of the chosen technology [83,144].

From different case studies of leading powers in greywater recycling, conclusions and
recommendations have been obtained when installing the technologies [145]. Greywater
systems are more economically viable in large buildings with multiple floors, and with
a constant water need, such as gardens or a high flow of people. Additionally, it is not
economically viable in small single-family homes due to how fast the use of the water
generated must be. The cost of water could change the payback period, since if the water
rates are subsidized or the water rate is low, the payback period of the investment will be
longer and when calculating the net present value (NPV) of the project is strongly affected
by water prices [146-148].

In Latin America and the Caribbean, it can be observed that the price of water for an
average monthly consumption of 30 m? for a household is directly related to the income
level of that country. Figure 6 shows the relationship between GDP per capita and the price
of water. According to these results, given that lower-income countries have lower water
prices, the economic feasibility of installing decentralized greywater treatment systems
could be negative. However, the countries with the lowest incomes are those that also
generally have the lowest drinking water coverage. In this scenario, the active participation
of the State in the incentive and subsidy of systems that allow saving and recovering water
is essential.

The economic reality of LAC, as well as its inequality, make evident the need for state
policies for the implementation and development of water reuse systems at a decentralized
level. Likewise, an improvement in the general sanitary infrastructure is urgently needed,
to optimize water resources, avoid losses due to poor management, and increase the level of
wastewater treatment. In this context, according to the analysis and data presented in this
study, it is possible to conclude that countries with fewer economic resources face greater
problems with access to drinking water and sanitation. In addition, it is to be expected that
these countries will have fewer resources available for the delivery of subsidies or other
aid or economic incentives that allow an expansion of decentralized water systems. On
the other hand, most LAC still lacks adequate regulations to regulate and allow the reuse
of water at the household level. Therefore, future efforts should be aimed at encouraging,
from the political, social, and scientific spheres, resources that allow overcoming these
barriers to improve water management in this context of water scarcity.
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Figure 6. Price of the average water consumption of a household (30 m3/month) versus Gross Do-
mestic Product (GDP) per capita in some countries of Latin America and the Caribbean. Source: GDP
values were taken from The World Bank (2019) [140] and the water rates were taken from [149-160].

8. Policy and Governance Challenges for Water Management and Water Reuse

In general, there are three ways to manage water use: privatization, government
management, and community management. In LAC, the management of water resources is
mainly based on privatization systems. This is largely explained by the lack of technological
development. In rural areas, on the other hand, community management is the majority,
which presents a series of problems associated with the lack of resources for its correct
operation, as well as the use of low-tech processes. The privatization of water management
has had good temporary results in some cases, as happened in Argentina, which in 1993
changed to this type of management to promote the universalization and improvement of
drinking water and sanitation services. Privatization initially made it possible to improve
the government management service, which was on the verge of collapse due to misman-
agement. However, the rise in prices and the lack of social sense resulted in the system not
being able to meet the objectives set at the beginning. [161]. From the previous example,
it is possible to observe that the pure state and private management present problems in
their operation due to the lack of efficiency, in the first case, and of social role in the second,
which increases inequality in access to services drinking water and sanitation in the region.
Therefore, water governance must be viewed and planned from a social and environmental
perspective, continually seeking efficiency and technological development. In this context,
the decentralization of water management can provide opportunities to adapt policies to
local realities.

Decentralization is also relevant in the handling and management of reused water,
being particularly important in rural areas and far from large cities. However, the reuse of
water, such as greywater, in a decentralized manner presents significant challenges. On
the one hand, general water reuse laws may be impracticable in some areas, since local
realities are very diverse. Similarly, the scale of reuse can make the use of very sophis-
ticated technologies unfeasible, as well as very expensive. The economic and technical
support of the authorities is essential for a better implementation of decentralized reuse
systems. Finally, the reuse of water must be considered a social problem and not only an
environmental, health or economic problem. The main objective of public policies should
focus on seeking an improvement in present living conditions, without harming resources
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for future generations, and socio-spatial justice to overcome the inequitable distribution of
water resources.

9. Challenges and Conclusions

This study shows a global review of water reuse in LAC. The review clearly shows
that the regulatory framework on water reuse in LAC is varied and has different emphases,
approaches, and objectives depending on the country. The contribution of this work is
that it presented a general overview of the management of water resources in the region,
emphasizing the potential of greywater reuse and including a review of technological
and economic aspects. These results are essential to evaluate potential public policies in
the region that focus on promoting the application of water reuse systems as a necessary
response to address scenarios of water scarcity and greater pressure on the scarce water
resources available in the region. Thus, the review presented in this paper will be a great
input for stakeholders and/or other studies on water reuse, water management, and water
security in the LAC.

Despite the high availability of renewable water resources per capita in LAC, gover-
nance problems and the excessive use of this resource in certain agricultural or industrial
activities may cause that sometimes human access to water is not guaranteed in some areas
of the region. When analyzing the data on access to drinking water by country, in a general
way and also distinguishing between urban and rural populations, a relationship can be
seen between the income of each country (GDP per capita) and access to drinking water,
being the countries with fewer resources, those with a lower coverage rate of access to
drinking water.

From a regulatory point of view, most LAC countries refer to water resources in
their political constitution, and more extensively, in some general water laws of each
country. Similarly, each country has competent water authorities, related to a ministry
or other organism. Regarding the management and reuse of wastewater, some countries
have specific regulations, setting permissible water quality limits for the use of treated
wastewater in activities such as agricultural irrigation.

Regarding the reuse, treatment, and use of greywater, there is a general lack of legisla-
tion and regulation. Only some countries in the region have a law or bill that refers to the
use of greywater, while the vast majority do not even make a semantic distinction between
greywater and wastewater in general. This positions LAC below other countries such as
Australia, Israel, the USA, and Japan, among others, which have legislation and policy that
promotes the reuse of greywater. LAC must move towards a circular economy of water, by
strengthening the institutions and legislation of each country, according to its own needs
and characteristics, in order to generate incentives for investment and development of
wastewater treatment systems that allow revaluing this residue and allow to generate a
decrease in hydric pressures for intensive uses of water, such as agriculture.

The management and regulation of greywater reuse in a decentralized manner must
be carefully evaluated from an economic point of view since treatment systems could
have unaffordable costs for people with the potential for reuse. A good implementation
of public policies focused on the decentralized treatment of greywater would be very
beneficial for rural and isolated communities that face problems of scarcity and shortage of
water. Therefore, the regulatory framework must be accompanied by incentive and subsidy
policies to promote the reuse of greywater in the region.

LAC countries should move forward in improving the legislation that allows and
regulates decentralized water reuse, and at the household level or in small communities.
For this, successful cases from other regions of the world, such as Australia, USA, Japan
and Israel, with positive experiences in the urban and rural world, should be taken as
a reference.
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