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Due to climate change, two-thirds of mankind will face water scarcity by 2025, while by 2050, global food production must

increase by at least 50% to feed 9 billion people. To overcome water scarcity, 15 million m3/day of untreated wastewater

is used globally for crop irrigation, polluting the soil with pathogens, heavy metals and excess salts. Since 10% of the

global population consumes food from crops irrigated with wastewater, pathogens transmitted through the food chain

cause diseases especially in young children and women. We emphasize that irrigation offers real perspectives for large-

scale recovery of wastewater, helping to reduce the deficit and conserve water resources, and increasing food safety, with

the express mention that investments must be made in wastewater treatment plants and wastewater must be properly

treated before recovery, to limit the risks on human health and the environment. 
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1. Water Scarcity

As a result of the development of different industries and activities that contribute to the increase in greenhouse gas

emissions, climate change has become a reality that humanity faces every day. Climate change has significant negative

effects on the quality and availability of water resources, food security and human health throughout the world. According

to the Intergovernmental Panel on Climate Change, in 2017, global warming due to human activities reached an average

of 1 °C above the pre-industrial levels . By 2100, global mean temperature could increase by 3.5 °C compared to the

same period mentioned above , with regional average variations of global temperatures between 1.4–5.8 °C . It is

predicted that climate change will account for about 20% of the global expansion in water scarcity , and this would affect

the development and functioning of communities worldwide, both in social and economic terms.

Earth contains approximately 1351 million km  of water , of which only 3% is available freshwater resources suitable for

drinking and irrigation . In the ideal situation when all available water on Earth would have been evenly distributed to a

uniformly distributed population, a report by FAO  mentions that each person would have had access to 5000–6000 m

of freshwater/year. Since experts claim that people experience water scarcity below a threshold of 1700 m /person, the

ideal situation would have meant access to abundant freshwater resources for each person. In reality, however, neither

freshwater resources nor the population is evenly distributed globally. Variable densities of human communities and

uneven distribution of water resources, are factors that determine the manifestation of water scarcity at several levels of

risk.

The scarcity of freshwater resources is influenced, among others, by the growth of population, urbanization, consumption

per person, water pollution and climate change. Water scarcity is an important indicator of health, and an issue of poverty,

which mostly affects the people in rural areas, where high population densities are prevailing . A presumed 1.2 billion

people live in river basins facing physical water scarcity, and another 1.6 billion live in water-deficient areas, where

affordable water supply works are not available .

The intensity of water scarcity, either in a region or at the country level, is assessed as the water stress index, which is

estimated as the ratio between the annual water withdrawal from ground and surface water to the total renewable

freshwater resources . Worldwide, 40% of the total land area is arid, semi-arid and dry-subhumid . Half of the

European countries are facing water stress, as stated by Bixio et al.  (Figure 1), and a survey by Aquarec  classified

the Member States into four categories of risk according to the water stress index, highlighting that 10% of the European

territory and 14% of the population were subjected to water scarcity.
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Figure 1. European Union member states ranked according to their water stress index (green, yellow and red horizontal

lines represent the thresholds for low, moderate and high water stress, respectively) (adapted from ).

A report by FAO  explains that a country experiences water stress when it withdraws over 25% of its renewable

freshwater resources; physical water scarcity occurs at over 60% withdrawals and severe physical water scarcity occurs

at over 75% withdrawals. Thus, countries subjected to extremely high water stress (>80%) are Libya, Israel, Egypt,

Jordan, Saudi Arabia, Turkmenistan and Uzbekistan, while high water stress (40–80%) affects China, India, Afghanistan

and South Africa. The United States and Kazakhstan have low–moderate water stress (10–20%), and South America,

Canada and Russia respectively, experience low water stress (<10%).

An analysis of data collected in 2019 by Aqueduct, a tool developed by World Resources Institute, was conducted by

Hofste et al.  and found that water stress is extremely high in 17 countries, high in 27 countries, medium-high in 24

countries, low-medium in 32 countries and low in 63 countries. Nowadays, one-third of major cities are subjected to high

or extremely high water stress  and at least 11% of the European population experiences water deficit . Taking 2025

as a reference year, it was estimated that approximately 3.5 million people worldwide could experience water scarcity ,

while in developing countries 1.2 million people (with a risk of increase to 1.8 million) will live in water-scarce areas due to

the absence of unreliable policies or convenient management strategies for reusing treated wastewater in crop production

.

Water consumption registers a significant increase from year to year. A report released in 2017 by the European

Environment Agency shows that in Europe, agriculture consumes 36% of total water use/year (and up to 60% during

summer and to 80% in some southern European regions), public water demand consumes 32%, service sector 11% and

other needs 21% .

Based on the evolution of freshwater withdrawals between 1960 and 2014 , it is concluded that agriculture is the

largest global user of freshwater (70%) for crop cultivation and animal husbandry, registering an increase of 100% in the

last century; the industry consumes 19%, meaning that industrial water demand increased three-fold in the last century;

since the 1960s, the population grew by more than 4 billion and the withdrawals for domestic consumption increased by

600% (Figure 2).

Figure 2. Global water withdrawals by sector, between the years 1960–2014 (data from ).
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The economic and social well-being of any nation is in close correlation with the level of development in agriculture.

Irrigation is the major consumer of fresh water in agriculture (70% of the overall withdrawal). An estimated 20% of the

overall agricultural land is presently irrigated, contributing 40% of the total food production . Worldwide, in 2011, the

average cultivated cropland was 0.23 ha/person, with 0.17 ha/person in low-income countries, 0.23 ha/person in middle-

income countries and 0.37 ha/person in high-income countries .

In 2010, about 16% of the world's cultivated cropland was equipped with irrigation systems , with shares of 70% in 15

Asian countries, 16% in America, 8% in Europe, 5% in Africa and 1% in Oceania , located thus: 70% in 15 Asian

countries, 16% in America, 8% in Europe, 5% in Africa and 1% in Oceania. To the best of our knowledge, FAO has so far

not published maps based on more recent or significantly different data than those in 2011. FAO reported that of the 219

million ha irrigated then in developing countries, 40 million ha were on arid and hyper-arid land, which could increase to

43 million ha by 2050 .

Worldwide, by 2050, the volume of water withdrawn for irrigation will increase to 2.9 thousand km , with most of the net

increase arising in low-income countries  and the net global irrigated area will continue to increase by at least 20 million

ha , almost entirely in land-scarce developing countries.

The increasing competition between the agricultural and domestic use of high-quality freshwater supply, mostly in arid,

semi-arid and densely populated regions, will put even more pressure on the already scarce water resources. It was

reported by FAO  that 2000–3000 L of water/person are consumed daily to ensure food needs, to which are added

another 2–3 L necessary for drinking purposes and between 20–300 L for domestic purposes. For the latter category, it

was estimated that in urban areas of developed countries, daily water consumption can vary from 15–55 L/person and up

to 90–120 L/person . By 2030, more than 160% of the total available water volume in the world will be needed to satisfy

the global water requirements . Demands for food production, water and energy are expected to expand by 35%, 40%

and 50% respectively by 2030 , as consequences of demographic growth, economic development, improvement of

living standards, pollution and climate change.

The growing scarcity of freshwater resources is currently one of the most important limiting factors for crop production and

food security. The World Research Institute's Aqueduct tool  can predict the impact of irrigated or rain-fed agriculture

(either at the global level or customized for a certain country), on each type of crop, under the influence of either water

stress or seasonal variability, in terms of food demand for crops, total crop production, crop net trade, population at risk of

hunger and kilocalories/person.

The diagram in Figure 3, generated using , shows the estimated situation at the global level, in areas with water stress,

and in terms of total crop production, at a global level, when choosing the year 2040 as the baseline in the Aqueduct tool.

The tool directly displays the percentage of all irrigated crop areas facing each level of water stress (vertical axis) and the

volume of the demand (width of bars, delimited by the value intervals on the upper horizontal axis in Figure 3) for maize,

rice, soybean and wheat. The interactive analysis of the diagram showed that the highest demand for food needs is

estimated to be recorded for wheat crops. Thus, there is a projected 66.91% physical water risk (exposure to changes in

water availability) for wheat to grow in areas with extremely high water stress. For maize crops, there is a 63.71% physical

water risk to grow in areas with extremely high water stress, 19.43% for rice and 43.65% for soybean respectively, for the

latter registering the lowest requirement for household use. Therefore, it is estimated that in 2040, there will be a reduced

demand for soy to provide food at the household level, and the main crops will be wheat, rice and maize.
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Figure 3. Projected percentage of irrigated crop area by water stress level and volume of demand in 2040, worldwide

(diagram generated using ).

Studies in the literature mention different data for increasing the global food production needed to provide food for the 9

billion people  by 2015: 56% , 60% , respectively 70%  . Although some researchers  believe that this can

be achieved through judicious distribution and use of freshwater resources, the farmers, who are typically very adaptable

to changes, have already turned their attention to unconventional, alternative sources of water for crop irrigation, such as

domestic and municipal wastewater (both treated and untreated). In order to control the current water deficit in Europe,

the amount of municipal treated wastewater reused for crop irrigation should increase more than twice in 2025 compared

to 2000 .

2. Recent Guidelines for the Safe Reuse of Wastewater Irrigation

Although the reuse of treated wastewater for agricultural crop irrigation is encouraged by governments and official entities

around the world, only a few countries with higher income level have implemented different standards or directives on the

physico-chemical and biological parameters of treated wastewater to protect human health and the environment when

used in agriculture . Low-income countries have no resources for wastewater treatment plants and no capacity to treat

their wastewater properly, and hence they often use it as such, having no choice but to take the risks arising from these

practices. Currently, in three out of four cities in developing countries, farmers are forced to use untreated or partially

treated wastewater to irrigate their crops and provide their food needs . It is estimated that in 2035, more than 5.5

billion people will live in areas without sewerage systems , and if we correlate with the water deficit, it is expected that

in those areas, there will be an increase in the incidence of diseases caused by consumption of vegetables and fruits from

crops irrigated with wastewater.

Usually, physico-chemical parameters including biological oxygen demand, chemical oxygen demand, nutrients, turbidity,

pH, salinity (electrical conductivity and sodium absorption rate), suspended solids, heavy metals and microbiological

parameters (Escherichia coli, Salmonella, Shigella, fecal coliforms, fecal enterococci, nematode eggs) are specified in

guidelines regarding the capitalization of wastewater in agriculture. Regulations in various countries impose different limits

for total coliforms (colony forming units/100 mL), fecal coliforms (colony forming units/100 mL), Escherichia coli (colony

forming units/100 mL) and nematode eggs (number/L), and set the categories of crops and/or soils which can be irrigated

with wastewater, depending on its quality.

In 2006, WHO provided a series of guidelines for the safe reuse of wastewater in agriculture, including treatment and non-

treatment recommendations, covering the entire food chain. Worldwide, bacterial pathogens (Salmonella sp., Shigella sp.,

Legionella sp., Escherichia coli and Vibrio cholerae), helminths (Ascaris and Tenia sp.) and intestinal protozoans (Giardia

and Crysptospridium) are of public health concern. Waterborne viruses like HAV, HEV, adenovirus and rotavirus pose the

greatest risk of transmission through wastewater reuse . Thus, the use of microbial indicators of fecal contamination

has been considered by health and environmental authorities to be the most reliable method of monitoring water quality

and the performance of water treatment systems .

The low uptake of water reuse practices is justified by the fact that until recently there were no unitary regulations at the

European level regarding the recovery of wastewater . However, to achieve unitary environmental and health standards

in relation to food hygiene for agricultural products irrigated with treated wastewater, the quality of reclaimed water should

not differ between the Member States.

On 25 May 2020, the European Commission published the new regulation on minimum requirements for water reuse for

agricultural irrigation, which has entered into force but the new guidelines will be applied starting on 26 June 2023 and are

expected to stimulate and facilitate water reuse in the European Union . Table 1 presents the parameters that will be

required for the quality of effluents used in crop irrigation.

Table 1. Quality requirements for reclaimed water intended for agricultural irrigation (data from ).

In addition to the parameters specified in Table 1, regulation  also provides, for the four classes of effluent quality, the
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following: Legionella sp.: <1000 colony forming units/L, where there is a risk of aerosolization and intestinal nematodes

(helminth eggs): ≤1 egg/L for irrigation of pastures of forage.

The implementation by the Member States of these minimum requirements will contribute to the achievement of the

Sustainable Development Goals of the United Nations 2030 Agenda for Sustainable Development, where Goal 6 aims at

ensuring the availability and management of water and sanitation for the global population, as well as a considerable

boost in water recycling and safe water reuse globally . Stronger guidelines and financial stimulus could help the

European farmers to reuse more than 6000 million m³ of water/year by 2025 .

To conclude, in the context of accentuating climate change and diminishing freshwater resources, wastewater can partially

cover the need for water for irrigating agricultural crops. Although the reuse of wastewater brings many benefits in terms

of reducing volumes discharged into receiving watercourses, as well as increasing crop yields and reducing the need for

chemical fertilizers due to nutrients in wastewater, it should not be overlooked that untreated wastewater can have

devastating effects on human health. Given the multitude of studies that address the growing practice of wastewater

recovery, as well as the need to reduce risks to health and the environment, it is clear that the ideal option is to use only

effluents of appropriate quality for crop irrigation. The newest and mandatory guidelines for the safe reuse of wastewater

will significantly mitigate the risks to human health and the environment. Until their entry in force, the operators of

wastewater treatment plants should improve their treatment methods and equipment so as to obtain polished effluents

whose physico-chemical and bacteriological parameters fall within the regulated limits for reuse in agriculture.

In view of the above, the authors of this study strongly believe that supporting underdeveloped countries, which are most

exposed to famine and serious diseases, in the construction of sewage systems, treatment plants to ensure effluents of

appropriate quality from a microbiological and physico-chemical point of view and large-scale examples of good practices

for the recovery of wastewater in irrigation that are currently implemented in developed countries, will contribute to the

sustainability of water resources and the environment, agriculture and human life worldwide.
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