Revista Mexicana Ciencias Agricolas volume 12 number 1 January 01 - February 14, 2021

Essay

Potential use of wastewater in agriculture

Sarai Shesareli Mendoza-Retana?

Maria Gabriela Cervantes-Vazquez?

Ana Alejandra Valenzuela-Garcia?

Tania Lizzeth Guzman-Silos?

Ignacio Orona-Castillo?

Tomas Juan Alvaro Cervantes-Vazquez?®

Polytechnic University of the Laguna Region. Nameless street s/n, Ejido Santa Teresa, San Pedro de las
Colonias, Coahuila. ( s-mendoza@ujed.mx). 2Division of Postgraduate Studies-Faculty of Agriculture and

Zootechnics-Juarez University of the State of Durango. Venice, Gomez Palacio, Durango. CP. 35110.
(cevga@hotmail.com; ale.valenzuela@ujed.mx; tanializguzman@hotmail.com; orokaz@yahoo.com).

$Corresponding author: alvaro87tomas@hotmail.com.

Abstract

The contamination of water, air, soil and food is a collateral consequence of the activities that man
has developed to live and improve his quality of life. The development of the human being, its
continuous growth since the time of the industrial revolution has left damage and degradation in
natural resources. In its demographic, scientific and technological growth, human beings have not
made sufficient efforts to sustainably preserve natural resources. Among these resources, water is
one of the most essential and vital for all forms of life, but every day the resource is scarcer in a
healthy way. Due to multiple factors associated with population growth, urbanization and
industrialization, all equally direct and indirect causes of climate change. Treating and using
wastewater is challenging because that is often the only option farmers have. Thus, these waters
represent a valuable resource, both from an economic and environmental point of view
(conservation of water resources, recycling of nutrients). Currently, about 80% of wastewater is
disposed of without treatment and is used for agricultural irrigation, representing a significant
sanitary problem (due to the presence of pathogenic and toxic elements).
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The use of wastewater in agriculture should involve more ‘treated’ wastewater. However, there
are still many regions of the world and even Mexico that use wastewater without any type of
treatment. This can have negative consequences on degradation and contamination in the medium
and long term of the soils where it is used (Petousi et al., 2019). Unfortunately, for many farmers
in marginalized areas, the only water resource available to them (Woldetsadik et al., 2018).
Unfortunately, it is also true that there are very few countries in the world where there are reliable
and updated records of the volumes and surfaces irrigated with wastewater. That makes it
difficult to make improvements in the potential use of this type of water.

Meeting the general needs of human beings is becoming more and more complex due to the lack
of balance in our ecosystem. At present, humanity in a global way is going through a series of
crises that are aggravated by the excessive increase in the human population since the time of the
Industrial Revolution (Fang and Jawitz, 2019). The number of inhabitants of the world and the
need to satisfy every one of their requirements makes it increasingly difficult to use natural
resources in a healthy and sustainable way. The current crises are medical, industrial, economic
and largely related to climate change (Ossebaard and Lachman, 2020). These crises occupy
dimensions where causes and effects are intertwined. However, this document focuses on reflecting
on the water resource.

The main use of water worldwide is in agriculture (Boretti and Rosa, 2019). High-quality water is
increasingly scarce (Vasilyev and Domashenko, 2018). Therefore, water resources must be used
sustainably and one of the proposals to achieve this has been wastewater (Jaramillo and Restrepo,
2017). The availability of water resources and the way they are used are essential to improve food
security around the world, considering it the most precious resource and the most disputed (Larsen
et al., 2016). Globally, freshwater reserves have been estimated to be approximately 35 000 000
km® (Gleick and Palaniappan, 2010). UNESCO (2016) mentions that exclusively from
groundwater resources it is possible to satisfy the basic daily water needs of 2.5 billion people and
represents 43% of all water used for irrigation.

Water use has been increasing around the world by about 1% per year since the 1980s (Junguo et
al., 2016). The steady increase has been mainly due to increasing demand in developing countries
and emerging economies (although per capita water use in most of these countries remains below
water use in developed countries, simply are reaching).

This growth is driven by a combination of population growth, socioeconomic development,
and evolving consumption patterns (Sun et al., 2016). 80 million people a year implies a
demand for fresh water of approximately 64 billion cubic meters per year. Most of the
population growth will occur in developing countries, mainly in regions with water stress and
in areas with limited access to safe drinking water and adequate sanitation services (Huang et
al., 2016) (Table 1).
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Table 1. Distribution of water, population and the main river basins in the adapted world

UNESCO (2016).

Continent Distribution River basins
North America 15% River basins Yukon
Mackenzie
Nelson
8% Human consumption Misisipi
St. Lawrence
South America 26% River basins Amazon
6% Human consumption Silver
Africa 11% River basins Niger
Chad Lake
Congo
13% Human consumption Nile
Zambesi
Orange
Europe 8% River basins Volga
13% Human consumption Danube
Asia 36% River basins Ob
Yeniseli
Lena
Kolyma
Amur
60% Human consumption Ganges and Brahmaputra
Yangze
Huan He
Indus
Eufrates and Tigris
Oceania 5% River basins Murray Darling
<1% Human consumption

Globally, the rate of groundwater depletion has doubled and by 2050, global water demand is
estimated to continue to increase 20-30% above the current level. Therefore, 40% of the world's
population will live under severe water stress (Burek et al., 2016; Kolbel et al., 2018), including
nearly the entire population of the Middle East and South Asia and significant parts of North Africa
and China. Levels of water scarcity will continue to increase as water demand grows and the effects
of climate change intensify (Khalid et al., 2018).
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Currently, 20% of the world’s aquifers are being overexploited and their decrease in availability
and quality is evident (Carrard et al., 2019), an example of this is the Yellow River basin in
China (Yin et al., 2017) and the Pacific northwest of the United States of America (Jager et al.,
2019). Such decreases affect the availability of water for the extraction of water from farmers,
industry and domestic supplies, as well as for current uses, such as power generation,
navigation, fishing, recreational and last but not least. importantly, the environment (Jago-on
etal., 2017).

Importantly, the overexploitation of freshwater resources has largely resulted from the growth in
agricultural demand (including irrigation, livestock and aquaculture). Agriculture is the largest
consumer of water, since it represents 70% of the annual water withdrawals worldwide, mainly for
the production of food, fibers and for the processing of agricultural products (Weinzettel and
Pfister, 2019). On the other hand, industry (including power generation) accounts for 19% and
households 12% (Bijl et al., 2016). Therefore, the share of agriculture in total water use is likely to
decrease in comparison with other industries, but it will remain the largest user overall for decades
to come.

With the rise of intensive agriculture and emphasizing that it is one of the largest users of water
globally, it is essential to find sustainable solutions. Therefore, the growth of global hydrological
monitoring and data collection activities remains a major challenge. In addition to strengthening
global monitoring networks. This may require exploring the potential of new technologies (Tauro
etal., 2018).

In this regard, the reuse of treated wastewater in agriculture is an option that is increasingly being
studied and adopted in regions with water scarcity (Jaramillo and Restrepo, 2017). Hanseok et al.
(2016). suggest that more than 10% of the world’s population consumes agricultural products
grown by irrigation with wastewater.

Wastewater can be a source of raw materials such as nutrients or certain metals (ie. industrial
wastewater). In addition, they contribute to reducing the energy required in the extraction of these
raw materials for use as fertilizers (Wang et al., 2018). The combination of increasing demand for
water, especially in agriculture, and declining availability of clean water is driving increasing use
of unconventional water sources, such as urban effluents.

The use of these effluents in agriculture can be planned, with treated water and with safe irrigation
habits. This should be done with care and knowledge, as it can be a dangerous practice for farmers
and consumers when used untreated in a direct (undiluted) or indirect way (diluted wastewater)
(Mateo-Sagasta et al., 2015).

Production, treatment and reuse of wastewater
Every year 380 billion m® (380 trillion liters) of wastewater is produced worldwide, estimates
suggest that global wastewater production is expected to reach 470 billion m® by the end of 2030,

which represents a 24% increase over current wastewater production and in 2050 it will reach 574
billion m3, 51% more than the current level (Qadir et al., 2020)
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Today more than 3 300 water reclamation facilities have been created worldwide, in Japan (about
1 800) and the United States of America (about 800). Australia and the European Union have 450
and 230 projects respectively. The Mediterranean area and the Middle East have around 100 plants,
Latin America 50 and Sub-Saharan Africa 20, with varying degrees of treatment and for various
applications. Among such applications are agricultural irrigation, urban design, recreational uses,
industrial processing and refrigeration, indirect production of drinking water, and as groundwater
recharge (Table 2) (Intriago et al., 2018).

Table 2. Municipal water reuse systems, by field of application.
Use categories Applications

Urban Irrigation of public parks, sports facilities, private gardens, roadsides; street
cleaning; fire protection systems; vehicle washing; toilet flush; air conditioners;
dust control.

Agricultural ~ Non-commercially processed food crops; commercially processed food crops;
pasture for milking animals; forage; use fiber; seed crops; ornamental flowers;
orchards; hydroponic cultivation; aquaculture; greenhouses; viticulture.

Industrial Water processing; cooling water; recirculating cooling towers; wash water;
washing aggregate; manufacture of concrete; soil compaction dust control.

Recreational  Irrigation of golf courses; recreational reservoirs with or without public access
(eg, fishing, boating, bathing); aesthetic reservoirs without public access; make
snow.

Environmental Aquifer recharge; wetlands; marshes; current surge; wildlife habitat; forestry.

Potable Recharge of aquifers for the use of drinking water; increased supplies of surface
drinking water; treatment up to the quality of drinking water.

A diverse range of economic, institutional, ecological, technological and sociological factors drive
water reuse in developed and developing countries (Nadja et al., 2016). Despite this, there are
common problems such as increasing population and demand for food, water shortages and
concerns about environmental pollution. All of these factors make reclaimed water a potentially
valuable resource.

A clear example is China, a country facing increasing pressure on its freshwater supply. It is
among the 13 countries with the lowest water availability in the world and China’s per capita
water availability is about a quarter of the world average (Lyu et al., 2016; Wang et al., 2017).
Most of the available water is concentrated in the south, leaving northern and western China to
experience perpetual droughts. With population growth, accelerated industrialization and
urbanization and global climate change, the water crisis in China is worsening and this shortage
has become a major obstacle restricting China’s economic development (Zhang et al., 2020).
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The development of wastewater use in China began using municipal wastewater to irrigate
agricultural land in the 1940s, considering it the emerging stage where the water quality was
poor and this period lasts until 1985 (Zhang et al., 2020). However, China currently has
ambitious plans to promote wastewater reuse and make reclaimed water a key element of
national water resource management scheme (Lyu et al., 2016). As the world's largest
developing country, sewage is massively discharged each year in order to meet the needs of
life and economic development in China. For example, in 2015 73.530 billion tons of
wastewater was treated (Zhang and Ma et al., 2020).

In Europe, most of the reuse systems are in the coastal and island areas of the semi-arid
Mediterranean regions and in highly urbanized areas (Parisi et al., 2018). Water scarcity is a
common problem in the Mediterranean region with varied rainfall, sometimes below 400 hm per
year in southern parts of Spain, Italy, Greece, Malta and Israel. Sometimes, water resources can
reach a level of chronic water scarcity of 1 000 m® per inhabitant per year.

The great distances between water resources and users also produce serious water deficits at
regional and local level and water shortages can be worsened by the arrival of tourists in high
season in summer to the Mediterranean coasts, as well as population growth, drought and possible
effects related to climate change (Burak and Margat, 2016).

The European Union included reclaimed water as part of the circular economy, considering it
an alternative water resource to combat drought and water scarcity. However, the cornerstone
in the implementation of reclaimed water for irrigation is the development of the ‘EU-2020/741
regulation, minimum requirements for the reuse of wastewater’ (Mesa and Berbel, 2020).

Although reclaimed water is a relatively small part of the total water supply, in some countries it
plays an important role, especially for agriculture. For example, in Kuwait, where reused water
represents up to 35% of total water extraction (Saeed et al., 2017). The United Nations has
estimated that in agriculture at least 20 million hectares of arable land in 50 countries are irrigated
with raw or partially treated wastewater, diluted or not, which represents around 10% of total
irrigated land (Thebo et al., 2017).

In Latin America and the Caribbean, agriculture is the largest user of water (Miralles and Mufioz,
2018). According to Mahlknecht et al. (2020). It is estimated that, at the regional level, 73% of
water extraction is attributed to agriculture, of the total irrigated area in Latin America and the
Caribbean, it is estimated that approximately 10% is within urban spaces, more than 30 % within
a 10 km perimeter around cities and almost 50% within a 20 km radius.

Furthermore, irrigated productions near cities are more intensive, with more crop rotation per
year. Although municipal wastewater production is not always monitored and published on a
regular basis (Hernandez et al., 2017). It is estimated that at least 30 km?® are generated each year.
This is a conservative figure since some data is not up-to-date and information is lacking for
some countries with a relevant population size such as Honduras or Haiti. As expected from the
size of their populations, only Brazil and Mexico together already produce more than half of the
wastewater generated in all of Latin America and the Caribbean (Machado et al., 2016).
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Potential for the use of wastewater in agriculture

The global demand for agricultural water is continually increasing as a result of population growth
and human prosperity. Competition for high-quality water resources is particularly fierce in arid
and semi-arid regions with water scarcity, where irrigation is essential for the expansion and
success of agriculture. The need to treat and eliminate greater amounts of wastewater, the greater
demand for irrigation water, on the other hand, indicates the importance of an efficient and
sustainable use of the recovered water waste (Grant et al., 2012).

In general, wastewater contains substantial amounts of beneficial nutrients such as N, P, and K that
can promote plant growth and performance and reduce the demand for chemical fertilizers (Jung
et al., 2014). In addition to containing important micronutrients such as Fe and Zn (Pereira et al.,
2012). Therefore, the careful use of wastewater can reduce the application of fertilizers and
therefore environmental and economic costs, in addition to reducing the content of toxic elements
such as heavy metals, which cause problems for agricultural production (Raveh and Ben-Gal, 2016;
Turlej and Banas, 2018).

The content of these metals in irrigation water can lead to degradation of the physical and chemical
properties of the soil (Assouline et al., 2015). The excessive accumulation of heavy metals in
agricultural soils through wastewater irrigation can not only result in soil contamination, it also
leads to high absorption of heavy metals in crops, and therefore affects the quality and safety of
food (Muchuweti et al., 2006).

On the other hand, the use of wastewater, depending on the level of its treatment, can carry
pathogens (viruses, bacteria and protozoa) and present a health risk when applied incorrectly in
agriculture (Chahal et al., 2016). Okereke et al. (2016) evaluated the quality of effluents from an
urban wastewater treatment facility in West Africa and found its possible negative impact on public
health due to a series of water quality parameters, such as turbidity, oxygen dissolved and density
of microbial contaminants that are considered critical factors contributing to numerous outbreaks
of waterborne diseases.

Similar research has been conducted in other regions that has demonstrated the health impact
of wastewater irrigation. An interesting study is carried out by Ajibade and Ifeanyin (2017) in
the suburbs in eastern Cape South Africa, where high contamination of vegetables by E. coli,
Shigella, Salmonella and Vibrio spp. which have been the predominant water-related
pathogens, while it has been reported that certain clonal strains of these pathogens can survive
conventional wastewater treatment processes related to inefficient performance, poor design,
lack of experience, inefficient monitoring and documentation. poor compliance with processes
in wastewater treatment facilities.

An investigation carried out in Dinapur, a tropical city in India, demonstrated the high
microbiological contamination of vegetables, due to irrigation with partially treated wastewater
and the potential risk that this derived for the health of consumers (Khalid et al., 2018). Dickin et
al. (2016), studied the health implications due to the reuse of wastewater in the irrigation of
vegetables, finding that there are appreciable risks to health (Table 3).
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Table 3. Chemical and biological risks associated with the use of untreated wastewater in
agriculture (Jaramillo and Restrepo, 2017).

Type of risk Pathogen
Biological Bacteria E. coli, Vibrio cholerae, Salmonella spp., Shigella spp.
Helminths Ascaris, Ancylostoma, Tenia spp.
Protozoa Intestinal Giardia, Crysptospridium, Entamoeba spp.
Virus Hepatitis A and E, Adenovirus, Rotavirus, Norovirus
Schistosoma Blood flukes

Chemical Substance of health concern

Heavy metals Arsenic, cadmium, mercury
Hydrocarbons Dioxins, Furans, PCB
Pesticides Aldrin, DDT

Recent studies have identified wastewater treatment plants as potential sources of anthropogenic
greenhouse gas emissions such as: carbon dioxide (CO.), methane (CH4) and nitrous oxide (N20),
which contribute to climate change and air pollution (Soler et al., 2016). Worldwide, most
developing countries focus efforts to improve the performance of wastewater treatment plants and
obtain a good quality effluent; however, new challenges have now been generated aimed at
ensuring the sustainability of wastewater in terms of its economic viability and environmental
impact (Campos et al., 2016).

Conclusions

Scientific research, development and innovation are essential to harness wastewater as a valuable
resource for agricultural production. Technical solutions aimed at improving the use of reclaimed
water, can help mitigate the negative effects of water scarcity worldwide and improve the quality
of life for all and in particular for groups in vulnerable and disadvantaged situations, require further
development.

The collection of data and documentation can generate new knowledge that helps to better
understand the productive use of wastewater in agriculture, a valid alternative as long as its risks
are evaluated and the necessary measures to protect health and the environment are taken.
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