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ABSTRACT 

In arid and semi-arid areas, wastewater is often recovered for crop 
irrigation, contributing to the sustainable agriculture. Although positive 
effects have been observed on crop yields (50-80% growth) due to 
wastewater nutrients, the reuse of untreated wastewater harms both the 
environment and human health. Soil is mostly affected by excess salts, 
sodium, nutrients and heavy metals in wastewater. High salinity affects the 
upper layer of soil (0–30 cm); sodium and chlorine reduce crop yields by 
40%; high content of organic matter in wastewater decreases soil pH, and 
heavy metals and pathogens enter the food chain. Irrigation technology is 
also important: sodium and salinity are higher in sprinkler than in furrow or 
subsurface irrigation; subsurface drip irrigation is more effective in reducing 
soil pathogens than surface drip irrigation. This paper examines the effects 
of wastewater irrigation on soil salinity, sodium, heavy metals and pathogen 
contamination. 

 

INTRODUCTION 
 

Earth contains about 1351 million km3 of water, of which only 
3% are fresh water resources suitable for human consumption 
(drinking purposes) and for irrigation of agricultural crops. The 
growing shortage of freshwater resources is currently one of the most 
important limiting factors for people's well-being, crop production, and 
food and energy security.  

Globally, 40% of the total land area is arid, semi-arid and dry-
sub-humid, while 10% of the European territory and 14% of the 
European population are currently affected by water scarcity. It is 
estimated that approximately 1.2 billion people currently live in 
watersheds facing physical water deficit, another 1.6 billion live in 
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water-deficient areas where water supply works are not available at 
affordable prices, and by 2025 about 3.5 people around the world will 
face water shortages (Ungureanu et al., 2020). 

Agriculture requires huge amounts of water, which can be 
obtained directly from rainfall or indirectly from a variety of sources, 
such as rivers, streams and wells, but these water sources are not 
always available or qualitatively adequate. Agriculture is the largest 
global user of freshwater (70%) for crop cultivation and animal 
husbandry (Jasim et al., 2016), registering a 100% increase over the 
last century. Considering the aspects mentioned above, but also the 
fact that by 2050, the global food production must increase by at 
least 70% to feed an estimated population of 9 billion people (Cossio 
et al., 2019), it becomes increasingly obvious that food security is 
already threatened by the negative impact of climate change and 
water scarcity in some parts of the world.  

The need for water for irrigated agriculture can be ensured only 
through a proper distribution and management of water resources 
available to mankind (De Fraiture et al., 2010; Springer and Duchin, 
2014). Either from a need imposed by the water deficit in some 
areas, or from the perspective of environmental protection and 
respect for the principles of sustainable development, farmers have 
begun to capitalize on crop irrigation an unconventional water 
source, namely domestic, municipal, industrial or agro-zootechnical 
wastewater. The volume of wastewater represents 50-80% of 
domestic wastewater consumption (Hussain et al., 2019), and the 
global discharge of wastewater is estimated at over 400 billion 
m3/year (Zhang and Chen, 2017). Globally, every day, more than 200 
million farmers in 44 countries use more than 15 million m3 of treated 
wastewater to irrigate their crops (Ungureanu et al., 2020). 

In many situations, the easy access of farmers to the large 
volumes of wastewater allowed the change of agricultural models, 
from seasonal cultivation to agriculture throughout the year, so to 
several harvests per year. Farmers can thus produce high-demand 
crops for the market, such as vegetables, which require a constant 
supply of water for irrigation, and can improve crop yields. In 
addition, using nutrient-rich wastewater reduces or eliminates the 
need for chemical fertilizers (Jaramillo and Restrepo, 2017; 
Chojnacka et al., 2020), so farmers can grow crops at lower costs. 
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MATERIAL AND METHOD 

 
Depending on the development, the available infrastructure and 

technologies in each country, wastewater is applied treated, diluted, 
or even untreated for the irrigation of agricultural crops, energy crops 
and orchards. If wastewater is used directly in agriculture, without 
first being subjected to the most complete treatment processes for 
the elimination of pollutants of mechanical, biological and chemical 
nature, there will be negative consequences on environmental 
factors (soil and natural water being the most exposed), irrigated 
crops, as well as the health of people working in agriculture and 
those who consume irrigated products with wastewater (Figure 1). 

 

 
Figure 1. Impact of wastewater irrigation on agricultural soil, 

crops and human health (Khalid et al., 2018) 
 

The complete treatment of wastewater and the capitalization of 
effluents in agriculture significantly reduce the risks and can be 
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beneficial for agricultural production in terms of nutrient content of 
these valuable water resources. 

 
RESULTS AND DISCUSSIONS 

 
The probability of occurrence and magnitude of the negative 

effects of wastewater pollutants on soil and crops vary depending on 
the concentration, solubility and toxicity of pollutants, climatic 
conditions, rate and frequency of application of wastewater as 
irrigation water, type of crop and expected productivity, initial soil 
properties, level technological and socio-economic status of farmers. 

The various techniques available for the application of irrigation 
water help to reduce or minimize some of these negative effects 
(Ungureanu et al., 2020). 

Soil pH 
Soil pH influences the cation exchange capacity, the availability 

of nutrients and metals, as well as the mineralisation of organic 
matter. After 60 years irrigation with with secondary-treated municipal 
wastewater and dairy wastewater, in arable or in grazed pastoral 
soils was observed the increase of soil pH (Becerra-Castro et al., 
2015). However, there are also reports of notable decreases of soil 
pH (Bedbabis et al., 2014) under long-term wastewater irrigation (15, 
20 and 40 years) in agricultural soils cultivated with lettuce, fodder 
and orange (Khai et al., 2016; Gurjar et al., 2017). Excessive 
concentrations of organic matter in wastewater decreases soil pH. 
Variations of soil pH are important because they determine the 
number and diversity of soil microorganisms, which in turn influences 
the health of the soil and crop productivity. 

Salinity 
Wastewater contains higher concentrations of more soluble salt 

than freshwater, and irrigation with wastewater results in increased 
soil salinization or increased sodium ions relative to other cations 
(Ganjegunte et al., 2018). As the salinity increases in the treated 
wastewater used for irrigation, the probability of occurrence of soil, 
water, and crop issues also increases (Pedrero et al., 2010).  

Salts in wastewater come from detergents, chemicals used 
during the treatment process and other sources. Saline wastewater 
contains excess levels of soluble salts and total disolved solids, sodic 
wastewater contains excess sodium, and saline-sodic wastewater 
contain both excessive salt and sodium. Soil salinity is evaluated via 
electrical conductivity and sodium adsorption ratio, which refers to 
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infiltration problems and soil saturation with sodium (Gharaibeh et al., 
2016). If excessive salt is not removed, it may particularly 
accumulate in the topsoil (0–30 cm) due to high rates of evaporation. 
Soil salinization increases the osmotic pressure in the root zone, 
increases the oxidative stress and ion toxicity, and reduces the 
microbial diversity in the soil, being a limiting factor for the use of soil 
for crop cultivation and crop productivity. When using saline 
wastewater, techniques can be employed to reduce the salt content 
of these waters. For example, wastewater can be diluted with 
freshwater, a practice that enables the farmers to increase the 
volume of available water for irrigation. If highly sodium wastewater is 
used as irrigation water, then calcium-based amendments should be 
applied to mitigate sodium effects on soils and crops. 

Sodicity 
Wastewaters usually have high concentrations of sodium 

compared to other cations. If salts are associated with sodicity, the 
soils become dispersive to generate colloidal suspensions, which get 
mobilized in the environment, threatening water quality in streams 
and drainage waters (Minhas et al., 2020). 

Sodicity decreases the stability of soil aggregates, leads to clay 
dispersion with subsequent collapse of soil structure (Warrington et 
al., 2007), increases soil compaction, decreases soil permeability 
and hydraulic conductivity (Becerra-Castro et al., 2015), resulting in 
waterlogging, poor plant performance, decreased leaching, and 
salinization (Muyen et al., 2011).  

Heavy metals  
Chemical pollutants are a cause for concern especially in those 

countries at the beginning of industrial development, where industrial 
effluents enter domestic wastewater and natural water flows. 
Potentially toxic trace elements include, but are not limited to, 
mercury, lead, arsenic, copper, cadmium, manganese. Farmers use 
wastewater that contains these industrial contaminants for irrigation, 
mainly due to lack of options. The problem of trace elements and 
heavy metals in wastewater for most developing countries is mainly 
related to the mixing of domestic, agricultural, livestock and industrial 
wastewater in the same sewage system. 

Different properties of the soil, such as pH, texture, type of 
oxyhydroxides and the amount of organic matter, but also the type of 
vegetable crops irrigated with wastewater, generally determine the 
transport of traces of heavy metals and metalloids from the soil to 
plants (Qadir et al., 2010; Li et al., 2017). The accumulation of even 
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small amounts of metals in soil, plants and food is a particular 
challenge in areas where long-term wastewater irrigation is practiced, 
due to chronic exposure of consumers of food from wastewater 
irrigated crops with content of heavy metals (Mahmood and Malik, 
2014; Khalid et al., 2018; Chaoua et al., 2019). 

Most treated or partially treated wastewater usually has low 
levels of traces of heavy metals and usually falls within the 
permissible limits for irrigation water quality. Many studies have 
estimated that treated or partially treated wastewater can be used 
safely for up to a century without adverse effects on soil, crops, 
groundwater or the food chain (Elgallal et al., 2016). On the other 
hand, untreated wastewater used in irrigation contains high levels of 
trace elements and heavy metals so they are most likely to 
accumulate in the agricultural soil and enter the food chain. In 
general, the concentrations of heavy metals in plant tissues increase 
with the concentrations of metals in irrigation water, and heavy 
metals accumulate in higher concentrations in the roots than in the 
leaves of plants. 

If high levels of metals are recorded in food plants, then 
irrigation with untreated wastewater should be completely avoided. 
Remaining heavy metals in the environment is dangerous in the long 
run, given their long half-life (for example, 1460 days for lead and 
200 days for cadmium) (Perez-Lopez et al., 2008). There is evidence 
that after 50–100 years of irrigation with wastewater, the level of toxic 
heavy metals in the soil has exceeded the maximum allowed limits. 

Pharmaceutical products 
Once in the environment, pharmaceuticals (antibiotics, 

hormones and other products for human or animal use) can undergo 
natural processes such as biodegradation, sorption or dilution 
(Christou et al., 2017), which reduce their concentrations in water or 
soil, or can be taken up by plants. The transformation products 
resulting from these processes are most often more soluble and 
polar than the parent compound and therefore more mobile. In this 
context, the European Medicines Agency states that any traces of 
processing products that exceed the concentration of the original 
compound by 10% should be investigated to determine the possible 
effects on ecosystems.  

Pharmaceutical compounds from untreated wastewater used for 
irrigation can be a threat to agricultural soil, as their accumulation in 
the soil for many years can affect soil microorganisms and worms, 
favoring the development of antibiotic-resistant microorganisms. 
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When crops irrigated with treated wastewater are intended for 
human or animal consumption, the risk is the possible introduction 
into the food chain of undesirable substances and the health effects 
of pharmaceuticals, but also the effects of these products when 
combined with traces of metals are not yet fully known (De Santiago-
Martin et al., 2019). To date, extensive studies are not available on 
the prevalence and fate of pharmaceuticals in wastewater in irrigated 
agriculture, in terms of their potentially negative effects on the 
terrestrial ecosystem, crop uptake and the potential impact on human 
health through the food chain (Elgallal et al., 2016). 

Pathogens 
In many developing countries, most wastewater is rarely treated 

and, as a result, contains high levels of excreted pathogens, such as 
bacteria, viruses, protozoa and intestinal worm eggs. Many of the 
pathogens have the ability to survive in the environment (soil, water, 
crops) long enough to allow transmission to humans.  

The survival of pathogens in soil or crops is highly variable and 
depends on humidity, shade, ambient temperature and the organic 
content of the environment in which they are located (Keraita et al., 
2007; Campos C., 2008). Under favorable conditions, viruses can 
survive for several months in the soil and around 2-3 weeks in 
agricultural crops. Pathogenic protozoa are particularly sensitive to 
high temperatures and are less persistent in the environment, and 
their survival for more than 2 weeks is unusual. Fecal bacteria 
generally have a limited hope of survival in water, but can persist for 
months in most organic soils. 
 

CONCLUSIONS 
 

Wastewater is a valuable resource of water throughout the year, 
and its recovery in irrigated agriculture becomes an essential practice 
in the current conditions. 

The categories of physico-chemical and microbiological 
pollutants in wastewater, as well as their degree of danger to 
agricultural soil, crops and human health are factors that must be 
taken into account for the safe recovery of wastewater in agriculture. 
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