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Abstract: 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. In this paper, we discuss the status of water scarcity and the
challenges to food security, the reuse of wastewater in agriculture and the possible risks to human and
environmental health. The efficiency of different irrigation systems in limiting the risks of wastewater
reuse and the latest regulations of the European Commission on effluent recovery are also presented.
Hence, 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 [1]. By 2100, global mean temperature could increase by 3.5 ◦C compared to the
same period mentioned above [2], with regional average variations of global temperatures between
1.4–5.8 ◦C [3]. It is predicted that climate change will account for about 20% of the global expansion in
water scarcity [4], and this would affect the development and functioning of communities worldwide,
both in social and economic terms.

Earth contains approximately 1351 million km3 of water [5], of which only 3% is available
freshwater resources suitable for drinking and irrigation [6]. In the ideal situation when all available
water on Earth would have been evenly distributed to a uniformly distributed population, a report
by FAO [4] mentions that each person would have had access to 5000–6000 m3 of freshwater/year.
Since experts claim that people experience water scarcity below a threshold of 1700 m3/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
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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 [7]. 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 [7].

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 [8]. Worldwide, 40% of the total land area is
arid, semi-arid and dry-subhumid [9]. Half of the European countries are facing water stress, as stated
by Bixio et al. [10] (Figure 1), and a survey by Aquarec [11] 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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A report by FAO [12] 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. [13] 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 [14] and at
least 11% of the European population experiences water deficit [15]. Taking 2025 as a reference year,
it was estimated that approximately 3.5 million people worldwide could experience water scarcity [16],
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 [7].

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
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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% [17].

Based on the evolution of freshwater withdrawals between 1960 and 2014 [14], 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).
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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 [18]. 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 [19].

In 2010, about 16% of the world’s cultivated cropland was equipped with irrigation systems [20],
with shares of 70% in 15 Asian countries, 16% in America, 8% in Europe, 5% in Africa and 1% in
Oceania [21], 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 [19].

Worldwide, by 2050, the volume of water withdrawn for irrigation will increase to 2.9 thousand
km3, with most of the net increase arising in low-income countries [22] and the net global irrigated area
will continue to increase by at least 20 million ha [23], 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 [4] 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 [24]. By 2030, more than 160% of the total available water volume in the world
will be needed to satisfy the global water requirements [25]. Demands for food production, water and



Sustainability 2020, 12, 9055 4 of 18

energy are expected to expand by 35%, 40% and 50% respectively by 2030 [26], 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 [27] 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 [27], 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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Studies in the literature mention different data for increasing the global food production needed to
provide food for the 9 billion people [6] by 2015: 56% [28], 60% [7], respectively 70% [29]. Although some
researchers [30,31] 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 [15].
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2. Wastewater Reuse in Irrigation, a Sustainable Practice

Huge volumes of wastewater are generated daily in households, industries and agriculture.
The volume of wastewater accounts for 50–80% of the domestic household water uses [32] and
the global wastewater discharge was estimated at 400 billion m3/year, polluting approximately
5500 billion m3 of water/year, as reported previously [33]. Wastewater usually consists of 99% water
and 1% suspended, colloidal and dissolved solids [34].

It is well known that wastewater, depending on its source, is loaded with pollutants such
as organic matter, suspended solids, nutrients (mainly nitrogen and phosphorus), heavy metals,
emerging contaminants (antibiotics, hormones, personal care products, pesticides, polycyclic aromatic
hydrocarbons, phenolic compounds, volatile organic compounds, antibiotic resistant bacteria and
genes) and pathogenic microorganisms (bacteria, viruses, protozoans and parasitic worms).

Wastewater has an important content of nutrients and hence, high potential to be used in
agricultural irrigation because it supplies organic carbon, nutrients (NPK) and inorganic micronutrients
to the crops [35]. Many studies emphasize the usefulness of wastewater and especially of treated water
for crop irrigation, in terms of benefits expressed by increased crop productivity [34,36] due to the high
content of nutrients in these waters. Jang et al. [37] reported a 15% increase in rice productivity and
Emongor et al. [38] obtained a 114.9% increase in tomato irrigated with wastewater. A recent study [39]
showed that due to the nutrient content, the reuse of treated municipal wastewater in countries like
Brazil, Poland and Saudi Arabia would cover 100% of both phosphorus and potassium requirements
for maize crops.

Wastewater reuse for irrigation of agricultural crops is a market-driven action based on the
requirements of the agricultural sector and can contribute to the promotion of the circular economy
by recovering nutrients from the reclaimed water and applying them to crops by different fertigation
methods. Wastewater reuse in irrigation is often practiced in low-income, arid and semi-arid
countries [40] where evapotranspiration outpaces precipitations for most of the year [41]. The availability
of wastewater in nearby communities increases the selection of crops that farmers can grow. In the
literature, there are numerous experimental studies in which wastewater has been used successfully
for the irrigation of various agricultural crops, including: lettuce [5,38,42–45], tomatoes [44,46–49],
potatoes [5], carrots [50], radishes [42,51], cucumbers [39], spinach [50], onions [5,43], fennel [44],
asparagus [5], eggplants [47,49], broccoli [52,53], cabbage [5], beet (Beta vulgaris L.) [54], avocado [5],
aromatic (culinary) herbs [55], grape [56,57], apple trees [58], nectarine trees [58], banana trees [59],
lemon trees [60], orange trees [61], olive trees [62–65], maize [42,43,66], wheat [67–69], rice [37],
peanuts [5], sunflower [66], alfalfa [66,70], sorghum [71,72], red amaranth [73], napier grass [66],
switchgrass [74], Jatropha curcas L. [75], Typha latifolia, Arundo donax and Phragmites australis [76],
flowers [5], conifers, eucalyptus, poplar [5].

Due to its multiple benefits, this practice is gaining wider acceptance in many parts of the world.
Although the younger population, which has access to education and sources of information on the
benefits of reusing wastewater as irrigation water, has a positive attitude towards this practice, the older
population is still reluctant in accepting to consume food from crops irrigated with wastewater [77].
Some of the advantages offered by the capitalization of wastewater (treated, partially treated or
diluted) in agriculture are the following: availability of large quantities of water throughout the year
without being affected by climatic conditions, high nutrient content that can reduce the use of chemical
fertilizers, increasing the productivity on less fertile soils, reducing the damage to freshwater ecosystems
associated with eutrophication and algal blooms, etc. [78]. Although the benefits of wastewater use
in agriculture are multiple, there are also various disadvantages of this practice, including various
diseases in farmers and consumers of food from wastewater irrigated crops; accumulation of heavy
metals, salts, antibiotics, growth hormones and other hazardous substances into the soil; low hydraulic
conductivity due to clogging of soil pores with suspended solids from wastewater; decreased quality
of agricultural crops, because they will accumulate the pollutants transferred from wastewater to the
soil, etc. These issues are discussed in Section 3.
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A Global Water Intelligence [79] report mentions that 7.1 billion m3/year (5% of treated wastewater
and 0.18% of water consumption) was reused for irrigation (about 50%) and industrial applications
(about 20%). At least 20 million hectares in 50 countries (10% of the total irrigated land, which is 17%
of the total arable land) are irrigated with untreated, partially treated or partially diluted wastewater
worldwide. Of the global water consumption for agriculture (70% of withdrawals), irrigation with
recovered wastewater represents only 1% [80] and this agricultural practice is applied on 525,000 ha of
agricultural land [5].

Study [81] presents a top of countries that reuse untreated wastewater as source of irrigation water
for agricultural crops, placing China in first place (with 200 thousand ha irrigated with wastewater),
followed closely by Mexico (with about 190 thousand ha) and India (with about 70 thousand ha).
Among the countries that irrigate less than 50 thousand ha with untreated wastewater are mentioned
Pakistan, Colombia, Chile, Syria, South Africa, Ghana, Turkey, etc. According to the same study,
Chile and Mexico occupy the first two places in the top of the countries that reuse treated wastewater
as irrigation water in agriculture, followed by Israel, Egypt, Cyprus, Italy, Argentina and others.
Although according to Figure 1, Cyprus is the country with the highest water stress index, it does not
practice irrigation with untreated wastewater.

Although issues of public opinion and merchandisability of crops might appear sometimes,
World Health Organization (WHO) [82] reported that 10% of the world population consumes food
from agricultural crops irrigated with wastewater. Another study [83] mentions that 15 million m3 of
treated wastewater/day are reused by 200 million farmers in 44 countries for irrigation of food and
energy crops.

Only 2.4% of treated wastewater (700 Mm3/year) is reused in Europe [84,85], or the equivalent of
0.5% of annual freshwater withdrawal [86]. According to data from the LIFE+ REQpro project [87],
in Europe, 52% of the total volume of recycled water is used for irrigation, with 32% for agricultural
irrigation and 20% for landscape irrigation. In South Europe, where water scarcity will expand in
the future, out of 15 countries, only Greece, Italy, Portugal and Spain have already adopted national
regulations on the reuse of wastewater [78]. This could be partly due to the high costs of wastewater
reuse systems, and the lack of common environmental and health standards for water reuse and,
as regards, in particular, agricultural products, due to the potential health and environmental risks
and potential obstacles to the free movement of such products irrigated with reclaimed water. If the
entire volume of treated wastewater in Europe would be reused, it would ensure 44% of agricultural
irrigation needs and reduce 13% of withdrawals from natural sources [88].

In order to capitalize on the wastewater in agriculture in safe conditions for health and the
environment, it is imperative that farmers be informed about the risks and measures of good practice
in this activity. The best example of good practice is to use only treated wastewater whenever
possible because this reduces both freshwater consumption and health and environmental risks.
Another measure is the permanent monitoring of effluent quality or of wastewater that will be reused,
in order to verify the conformity with the standards imposed by each country (if any) or with the
minimum regulations of WHO. In the absence of complete treatment technologies, it is necessary to treat
the wastewater by settling and/or filtration, to avoid clogging of soil pores and emitters of irrigation
systems. Sanitation systems are completely lacking in some areas, with farmers and agricultural
workers in these areas being the most exposed to the risk of contamination and health problems.
Therefore, it is very important that they wear protective suits when working with wastewater, to avoid
direct handling of wastewater irrigation products and to disinfect their hands when they come in
direct contact with wastewater or wastewater irrigated products. If there are no possibilities for
wastewater treatment, it is advisable to avoid the irrigation of vegetable crops and to limit its use only
for fodder crops and fruit trees. If, however, untreated wastewater is used to irrigate vegetables, it is
recommended to apply drip irrigation to avoid direct contact between wastewater and plant leaves,
but also to reduce water consumption and avoid direct contact of agricultural workers with wastewater.
Farmers must monitor the properties of soils irrigated with wastewater and the irrigation scheduling
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because if the crop is irrigated before the development of the edible part, it can reduce the risk of
contamination with pathogens. Irrigation of crops with wastewater should stop before harvest.

3. Risks of Irrigation with Untreated Wastewater

3.1. Health and Environmental Risks

The safety of reusing wastewater for crop irrigation is an important subject worldwide.
If wastewater is not treated properly prior to being capitalized in irrigation, it can cause serious
problems to the soil (salinization, toxicity due to sodium, chloride and boron ions, structural degradation,
reduced aeration and pore-clogging due to suspended solids in wastewater, reduced soil hydraulic
conductivity), to agricultural crops (heavy metal accumulation, microbial load; delayed or irregular
plant maturity due to excessive nutrients), to groundwater (by leaching of excessive nitrates), but also
to the health of farmers and consumers of irrigated crops.

Treated wastewater must be reused whenever appropriate and disposal routes must minimize all
possible adverse effects on the environment and human health. The most suitable treatment method
that can be applied to wastewater before being used as irrigation water is the one that can produce
an effluent that meets the quality standards, from the microbiological and chemical point of view,
with minimum operation and maintenance requirements. As reported by Norton-Brandão et al. [89],
depending on wastewater quality and crop requirements, the most suitable technologies for wastewater
treatment prior to being used for irrigation include sedimentation, filtration and disinfection by ClO2,
O3, UV or TiO2 as tertiary treatments; the authors also reported that in terms of microorganisms,
membrane bioreactors have high efficiency, while technologies like ponds, constructed wetlands and
disinfection oxidants can achieve good removal rates.

The quality of effluents (treated wastewater) used in agriculture has a great influence on the
operation and performance of the wastewater-soil-plant system. In irrigation, the required quality
of effluents is determined by the restrictions imposed by soil conditions, type of crop and irrigation
systems, constantly pursuing the minimization of risks. Operators of wastewater treatment plants
should cooperate with the farmers (end-users of reclaimed wastewater) to ensure that the quality
parameters of the effluents correspond to the requirements of each category of agricultural crops
in terms of irrigation water. Also, end-users should be trained in good practices for the reuse of
wastewater and effluents.

Human health is threatened by the wide range of pathogens in wastewater. A review [90]
compiled the limits of numbers between which the pathogens excreted by humans can be found in raw
wastewater (Table 1).

Table 1. Common numbers of excreted organisms in raw wastewater (data from [90]).

Organism No./L of Wastewater Organism No./L of Wastewater

Thermotolerant coliform 108–1010 Cryptosporidium parvum 1–104

Salmonella sp. 1–105 Entamoeba histolytica 1–102

Shigella sp. 10–104 Giardia intestinalis 102–105

Vibrio cholerae 102–105 Ascaris lumbricoides 1–103

Enteric viruses 105–106 Ancylostoma/Necator 1–103

Rotavirus 102–105 Trichuris trichiura 1–102

Pathogen microorganisms in untreated or improperly treated wastewater can survive in the
environment long enough to be transmitted to humans by aerosols, causing bacterial, parasitic
and viral infections. However, in arid and semi-arid areas, UV radiation from natural sunlight
could be an important factor in the process of inactivation of microorganisms [91]. When reusing
wastewater in irrigation, people are exposed to pathogens by direct contact with the contaminated
water (accidental ingestion, inhalation or dermal contact) prior, during or after irrigation; ingestion of
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irrigated vegetables; consumption of animal products that have been exposed to wastewater and
became contaminated [82]. Other possibilities of infection are, as previously reviewed [92]: recreational
swimming and bathing in lakes or rivers fed by wastewater, floodings following heavy rains, respectively
emptying of on-site sanitation facilities and managing wastewater treatment processes.

Through the food chain, pathogens in wastewater can trigger serious diseases and can
even lead to death. In developing countries, often affected by lack of sanitation systems and
poor quality of drinking water, diarrhea is the second leading cause of death for 800,000 young
children [93]. Cholera, typhoid fever and shigellosis epidemics, as well as sero-positive responses for
Helicobacter pylori [90], the latter leading to chronic infection and even cancer [94] are consequences of
using untreated wastewater [90] and of consumption of unprocessed vegetables from crops irrigated
with wastewater. Among the species of intestinal nematodes, Ascaris lumbricoides, Anclyostoma duodenale,
Necator americanus and Trichuris pose the highest health risk [34]. In developed countries, 2% of adults
and 6–8% of children are infected with protozoan cysts of Giardia, causing virulent outbreaks [95].
Cryptosporidium parvum, the second most common waterborne pathogen worldwide, is responsible for
2% of all diarrhea cases in developed countries, including 7% in children and 14% in AIDS patients [96].

Leafy greens, often as packed salads, are usually consumed raw, increasing the risk of human
exposure to persistent Escherichia coli originating from irrigation with wastewater [97] and cause enteric
viral infections like acute gastroenteritis [98]. In study [99], the authors reported that the enteric viruses
present in domestic wastewater can spread by irrigation systems and cause respiratory infections,
hepatitis, conjunctivitis, various chronic diseases and central nervous system infections. Women are
much more vulnerable to pathogens because they spend more time in contact with wastewater during
field labor, after which they prepare meals for the family which, unless they have rigorous hygiene,
will transmit the pathogens [100]. Emerging contaminants including antibiotics, estrogen hormones,
pesticides and surfactants are very recalcitrant to removal by conventional wastewater treatment plants
and they will pose additional risks to public health [101].

Heavy metals are of little concern if treated or partially treated domestic wastewater is reused
in irrigation because they are usually within the admissible limits for the quality of irrigation
water [102] and can be efficiently removed during common treatment processes. In small concentrations,
heavy metals like Cd, Cr and Ni are useful nutrients for crops, but in higher concentrations, they can be
toxic to vegetables and fodder crops due to their high uptake rates. Higher risks occur when industrial
wastewater is used for irrigation, as such or blended with domestic wastewater [103] because heavy
metals from untreated wastewater are non-biodegradable and have a long biological half-life [104];
they accumulate in the topsoil (at a depth of 20 cm), and also in leafy vegetables, in higher concentrations
in roots than in leaves [100]; they enter the human and animal body by consumption of contaminated
food crops, water or inhalation of dust particles from contaminated soils [105]. Heavy metals are
especially toxic for the health of children [106] because they decrease children’s intrauterine growth,
immunological defenses and increase the risk of cancer [107].

Nutrients in wastewater concentrate in the root zone and leach downward, contaminating the
soil and groundwater [108]. Conventional wastewater treatment processes are not efficient enough
in eliminating excess salts and sodium [109]. High concentrations of soluble salts in wastewater are
responsible for soil salinization or sodification. Salinity (determined as electrical conductivity) is the
second major cause of degradation of agricultural soil because it leads to swelling and dispersal of soil
aggregates. In the semi-arid areas, in soils irrigated with high salinity wastewater decreased plant
growth [110], a decline of crop yield [8] which occurs gradually allowing crop selection [111] and
limited oxygenation were observed [112]. In soils with high sodicity, deterioration of soil structure,
waterlogging, nutrient imbalances in crops [110], reduced germination [113], increased artificial
compaction, increased erosion and difficult drainage were observed. To reduce the negative effects
of highly sodic wastewaters on soil and crops, calcium-based amendments [114], biochar or humic
substances [115] must be applied. The content of organic matter is higher in irrigated soils and leads to
the formation of soil aggregates and increased water retention capacity [116].
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3.2. Issues of Irrigation Systems Used in Wastewater Recovery

Water reuse systems are made up of the following components: raw wastewater entering the
wastewater treatment plant (the influent); the multitude of treatments to which the wastewater is
subjected inside the treatment plant; supplementary treatments to obtain treated (reclaimed) water with
suitable quality parameters for reuse; effluent storage and distribution systems; irrigation system [35].
When designing an irrigation system dependent solely on wastewater, in addition to the high costs of
equipment and land [114], one should have in mind that wastewater is generated continuously and
equally throughout the year, but the demand for irrigation is cyclic.

There are three categories of irrigation methods: flood and furrow—wastewater is applied at the
soil surface, usually implemented in peri-urban and rural agriculture; spray and sprinkler—wastewater
is applied on top of the crop; localized (drip irrigation)—wastewater is directly applied to the soil
in a localized manner [117].

Flood irrigation can severely contaminate an entire field [118] but is effective in limiting the
accumulation of salts in the root zone [74]. Suspended solids, organic matter, microorganisms [119],
mineral precipitation due to the high pH of wastewater or algal growth in wastewater can clog the
nozzles of drip and sprinkler irrigation systems [120], with the highest occurrence rate in case of the
latter. Clogging of nozzles and pipes means higher maintenance costs and reduced profits for farmers.
So, for wastewater reuse, when choosing the emitter type for the drip irrigation system, one must
know that vortex emitters are more sensitive to clogging than labyrinth emitters [121,122] and that the
risk of clogging is smaller in emitters with higher discharge rate than in similar emitters with lower
discharge rates [123]. As reported by the authors of study [124], clogging of drip irrigation systems by
algal growth can be avoided or treated by chlorination of reclaimed water.

Underground drip irrigation gives higher crop yield compared to surface drip irrigation [125],
it can reduce the environmental risks and decrease nitrate leaching rates [126], but it has the
disadvantage that it is very difficult to observe when a transmitter gets clogged [75]. Underground drip
irrigation with untreated or inefficiently treated wastewater, which contains different concentrations
of fecal microorganisms and human pathogens, poses a risk of groundwater contamination [44].
Sprinkler irrigation systems can improve salt leaching under plant roots but they can also increase the
effect of ion toxicity on sensitive crops because salt accumulates in their leaves. For saline wastewater,
drip irrigation systems are more efficient, although salt will accumulate between drip points [109].
One parameter that must be monitored when using sprinkler irrigation is the residual chlorine
concentration; in the ideal situation, residual chlorine must be less than 1 mg/L to not affect the foliage,
and at values exceeding 5 mg/L severe damage to the foliage has been observed [122].

The level of contamination of soil and agricultural crops with wastewater is influenced by the
type of irrigation system. Various studies have shown that drip irrigation is a water-saving technology
with positive effects on crop productivity [60], and is more effective in avoiding contamination with
pathogens [112], thus minimizing the health and environmental risks [126], as the application of
wastewater directly on the ground ensures greater protection of workers’ health. On the other hand,
the need to disinfect wastewater during sprinkler irrigation is emphasized, as this method of irrigation
increases the risk of contamination of crops with pathogens, but also of the area near crops, with bacteria
and viruses that are easily transmitted by aerosols [90]. Unlike drip irrigation, furrow irrigation
increases the likelihood of direct contact between wastewater contaminated with human pathogens and
the edible part of plants [127] and therefore poses greater risks to the health of consumers of wastewater
irrigated food. A study of a radish culture irrigated with wastewater showed that, compared to the
surface drip system, the subsurface drip irrigation system was more effective in reducing contamination
with fecal coliform bacteria and fecal streptococci [51].

Given the experience gained so far by users of different wastewater irrigation systems, and the
problems arising from them, the minimum regulations [88] that will enter into force in 2023 require
that all Member States will have to use specific irrigation systems depending on the class of water
quality and crop to be irrigated, as described in Table 2.
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Table 2. Classes of treated water quality, by agricultural use and irrigation method (data from [88]).

Minimum Quality Class Categories of Agricultural Crops 1 Irrigation Method

A

All food crops consumed raw where the
edible part is in direct contact with

treated water and root crops
consumed raw

All irrigation methods

B

Food crops consumed raw where the
edible part is produced above ground

and is not in direct contact with treated
water, processed food crops and

non-food crops including crops used to
feed milk or meat-producing animals

All irrigation methods

C

Food crops consumed raw where the
edible part is produced above ground

and is not in direct contact with treated
water, processed food crops and

non-food crops used to feed milk or
meat-producing animals

Drip irrigation 2 or other irrigation
methods that avoid direct contact

with the edible part of the crop

D Industrial, energy and seeded crops All irrigation methods 3

1 If the same type of irrigated crop falls under multiple categories, the requirements of the most stringent category
shall apply. 2 Drip (trickle) irrigation is a micro-irrigation system delivering water drops or tiny streams to the
plants and involves dripping water onto the soil or entirely under its surface at very low rates (2–20 L/h) from a
system of small-diameter plastic pipes fitted with outlets called emitters or drippers. 3 In the case of irrigation
methods that imitate rain, special attention should be paid to the protection of the health of workers or bystanders.
For this purpose, appropriate preventive measures shall be applied.

Affordable technological solutions of irrigation systems and good management practices with
minimal environmental impacts shall be adopted by farmers to ensure the sustainable use of wastewater
effluents in agriculture.

4. 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 [78].
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 [128]. It is estimated that in 2035, more than 5.5 billion people will live in areas without sewerage
systems [129], 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),
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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 [82]. 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 [130].

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 [57]. 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 [88]. Table 3 presents the parameters that will be required for the quality
of effluents used in crop irrigation.

Table 3. Quality requirements for reclaimed water intended for agricultural irrigation (data from [88]).

Minimum
Quality Class

Indicative Technology
Target

Quality Requirements

Escherichia coli
[No./100 mL]

Biological Oxygen
Demand
[mg/L]

Total Suspended
Solids
[mg/L]

Turbidity
[NTU]

A
Secondary treatment,

filtration
and disinfection

≤10 ≤10 ≤10 ≤5

B Secondary treatment
and disinfection ≤100

In accordance with Directive 91/271/EEC
-

C Secondary treatment
and disinfection ≤1000 -

D Secondary treatment
and disinfection ≤10,000 -

In addition to the parameters specified in Table 3, regulation [88] also provides, for the four classes
of effluent quality, the 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 [88]. Stronger guidelines and financial stimulus could help the European farmers to reuse
more than 6000 million m3 of water/year by 2025 [88].

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.
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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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