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Abstract

Changing climatic conditions, continuously increasing human population, and industrialization have led to

rising demand of water for different purposes including domestic and industrial ones. The water used in

different processes ultimately becomes unfit for direct human consumption purposes. However, large

amount of wastewater generated can be utilized for irrigation in agricultural activities to accomplish the

need of fresh water. Irrigation with wastewater has considerable potential to improve the crop productivity

in an order to achieve the goal of global food security. Although, the presence of useful micronutrients and

macronutrients in wastewater may enhance the soil productivity, nevertheless, the availability of hazardous

metals, pathogenic microbes, and the genes conferring resistance to antibiotics and pesticides may put the

agroecosystem at environmental risk by modulating microbial community characteristics and food chain

contamination. Furthermore, continuous irrigation with wastewater may result in substantial changes in

soil physical, chemical, and biological characteristics. Such environmental risks can be minimized to a

greater extent by employing suitable wastewater treatment techniques. The present chapter deals with

different sources of wastewater generation, physico-chemical characteristics, and finally the impact of

wastewater on different soil characteristics.
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1. Introduction

Freshwater resources around the globe are not equally distributed. The demand for freshwater is far high

than the current availability of water in very large population of the world.  Restricted availability of

freshwater is supposed to substantially compromise the human life activities and development prospects.

As per literature report, around 60% of the global population is expected to experience the physical

unavailability of freshwater by the year 2025.3, 4 Out of nearly 70% freshwater employed for irrigation,

agriculture sector consumes the biggest proportion. However, some of the countries utilize greater than 95%

of the generated water.  Strikingly, the competition for share of freshwater in municipal, industrial, and

agriculture activities is already high in water stressed region of the globe causing the production of large

amount of wastewater. The continuous depletion of freshwater resources, therefore, calls for the application

of alternative water sources including wastewater generated from different paths in agriculture, particularly

in developing countries.6, 7 For instance, large numbers of small scale farmers belonging to water stressed

area are relied on wastewater for crop irrigation.8, 9

Large amount of wastewater generated globally is either produced by domestic or industrial activities.

Domestic wastewater, generally enriched with carbon, nitrogen, and phosphorus, is originated from

different appliances including wash basins, washing machines, kitchen sinks, shower, and bath, apart from

human originated excretory products.10, 11 For convenience, the domestic wastewater can be divided into

black water and gray water types depending upon source and level of contamination.  The organic material

and nutrient content is relatively high in black water as compared to gray water.  Considerably huge

amount of industrial wastewater is generated after utilization in diverse industries for intended purposes.

Generally, the industrial wastewater is categorized in two major types, i.e., inorganic and organic. Inorganic

industrial wastewater is originated mainly from metallic and non metallic operations, whereas industrial

wastewater of organic type is released during chemical synthesizing processes requiring organic

counterparts. Important wastewater sources of industrial origin comprise of fertilizer, pharmaceuticals,

slaughterhouses, mining, petrochemical, paper and pulp, leather, and textile based industries.14, 15, 16, 17,

18, 19

The inadequacy and uneven distribution of fresh water has directed the application of wastewater derived

from different sources for agricultural irrigation. Crop irrigation with wastewater to fulfill the rising water

shortage is reported by different researchers.20, 21, 22 However, irrigation with wastewater holds multiple

advantages and challenges due to possible modulation in soil natural characteristics. The investigations of

Libutti et al.  have showed higher concentration of soil chemicals after irrigation with wastewater in

comparison to freshwater irrigation, suggesting proper treatment prior to field application. A study on the
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impact of irrigation with treated wastewater presented insignificant effect on soil characteristics, except

increased electrical conductivity and sodium absorption ratio.  Thus, the irrigation with treated

wastewater may impose negative influences not only on the physico-chemical attributes but also on

biological characteristics of soil.  Further, different kinds of inorganic and organic contaminant may be

introduced in soil even after irrigation with treated wastewater.25, 26 On the other hand, advantageous

impact of treated wastewater irrigation on soil and plant characteristics is also described.27, 28 The

contrasting effect of wastewater irrigation on soil and plant attributes, therefore, suggests the application of

suitable treatment technology along with the introduction of state of art analytical technology to eliminate

the negative consequences, if any. The present chapter is an attempt to shed light on different sources of

wastewater, characteristic feature, and influences on soil characteristics.

2. Sources of wastewater

2.1. Domestic sources

Because of continuously rising human population, considerably increased quantity of domestic wastewater

is released, especially in developed cities.  Residential settings are considered to release around 75% of

domestic wastewater, whereas remaining is generated from official settlements, public workplaces, and

commercial places.  Domestic wastewater falling in the category of gray water and black water is released

during washing activity from sources like hand wash basins, kitchen, body washing, washing machines, and

toilets. Gray water accounts for 50–80% of domestic wastewater and contains nitrogen, phosphorus,

potassium, and organic matter ranging from 9 to 14%, 20–32%, 18–22%, and 29–62%, respectively.31, 32, 33

Typically, gray water possesses reduced amount of suspended solids and have lowered turbidity, suggesting

the presence of dissolved contaminants to a greater extent. The quantity of gray water is nearly one to

sevenfolds higher in comparison to black water.  The quality of gray water generated from different

sources differs with reference to geography, characteristics of human population, and distribution pattern.

2.2. Industrial sources

Industrial development is regarded as backbone to global economy. Industries are important contributors to

excessive generation of wastewater after use of freshwater for different processes. Industries account for

approximately 28% of wastewater out of 80% of global wastewater production.  As per an estimate of

United Nations, the need of water for industries would raise upto 19% of worldwide water requirement in

the year 2020.  A number of industries including pharmaceuticals, textile, mining, sugar, and leather are

well documented for enormous production of wastewater. The composition of industrial wastewater from

different sources varies significantly according to the nature of substrate utilized.

2.2.1. Fertilizer industry

Fertilizer industries are known to contribute a massive volume of wastewater with diverse chemical
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characteristics. The wastewater effluents possess varying concentrations of alcoholic contaminants,

nitrogenous substances like ammonia and nitrate, acids, salts, phosphorus, and hazardous heavy metals

including copper, zinc, aluminum posing undesirable threat to natural environment.38, 39, 40 Chemical

characterization of effluents from various sources by authors presented chemical oxygen demand (COD)

ranging from 50 to 1.4 × 10  mg/L and NH -N between 6.0 and 1700 mg/L. Moreover, varying levels of

inorganic contaminants like fluoride, sulfate, sodium, potassium, calcium, and magnesium have also been

reported in fertilizer industry wastewater.

2.2.2. Pharmaceutical industry

Pharmaceutical industries directed toward the synthesis of useful drugs for the management of health

disorders are known to use excessive volumes of freshwater, eventually releasing wastewater.

Pharmaceutical industries are estimated to consume nearly 22% of the entire industrial freshwater

utilization. Pharmaceutical wastewater may contain varying concentration of antibiotics, hormones, anti-

inflammatory drugs of steroidal and non-steroidal nature, beta blockers, antidepressants, and

antihistamines.41, 42, 43, 44, 45

2.2.3. Animal slaughterhouses

On a global scale, nearly 30% of total freshwater is utilized in industries concerned with meat processing.46,

47 Interestingly, 62 Mm  of water is consumed annually in meat processing industries.  The worldwide

production of meat based on beef, poultry, and pork industries has raised twofolds in preceding 10 years

and is estimated to rise continuously by 2050. Therefore, expanding meat production is supposed to

increase the production of wastewater from slaughterhouses  flourishing exceedingly in countries oriented

toward meat as major diet. The wastewater originated from slaughterhouses differs substantially with

respect to COD, BOD, phosphorus, total nitrogen content, organic carbon, and solids.50, 51, 52

2.2.4. Textile industry

Global annual production of dyes is estimated as 7 × 10  and 10  tons of synthesized dyes are consumed by

textile industries.  Textile industries employ various types of chemically synthesized dyes and release

heavy amount of colored wastewater containing different kinds of contaminants with persistent nature,54,

55 because of substantially reduced binding of colors to fabrics. The colored wastewater negatively

influences photosynthetic activity and human health.  Further, the reduced penetration of light to lower

water depth and compromised availability of oxygen affects the vital processes of aquatic flora and fauna.

The problem may be exacerbated multifolds due to presence of certain heavy metals and chlorine used as

the ingredients of synthetic dyes.

2.2.5. Petrochemical industries

Petrochemical industries are ranked top among exceedingly rising sector essential for raising the economic
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output.  The presence of six oil and petroleum based industries among 10 large industries, signifies the

global importance. Petrochemical industry wastewater enriched with multifarious organic material is

reported to have high chemical oxygen demand (COD) and biological oxygen demand (BOD), therefore exert

hazardous effects on environment and human health.59, 60, 61 The COD of petrochemical wastewater may

reach as high as 11,500 mg/L. The organic components of petrochemical wastewater like toluene and xylene

are of slow degradation nature and can influence the environmental complexes for longer durations.

Further, the wastewater from petroleum industries contains increased concentrations of phenols, benzene,

solubilized minerals, volatile organic compounds, and polycyclic aromatic hydrocarbons.63, 64, 65

2.2.6. Mining industries

Mining processes including ore smelting generate wastewater containing increased concentrations of

different heavy metals including cadmium, zinc, lead, arsenic, and copper.66, 67, 68, 69, 70 Coal mining

areas are another source of wastewater, differing in composition according to geographical locations,

mineral characteristics, and hydrological attributes.  Generally, mine wastewater is of acidic nature

enriched with varied concentrations of heavy metals.  Discharge of large volumes of mine wastewater

disturbs the ecological balance responsible for environmental degradation.

2.2.7. Paper and pulp industry

As the need of paper based products has risen with the time, establishment of newer industries are

expected. Paper and pulp industry is recognized as one of the most water and energy demanding sector

around the globe. Paper and pulp industry consumes high volumes of water leading to generation of

wastewater in larger quantities. In this context, developing countries are considered to generate

comparatively higher volumes of wastewater because of lessened reuse of wastewater and inefficient

wastewater treatment technology. In general, one ton of paper production requires 5–100 m  of water and

varies according to nature of substrate, quantity of paper formed, and potential of water reusability.

Paper and pulp industry is identified as one of the sixth largest contributor to environmental pollution. The

toxic effluents of complex chemical nature generated from paper and pulp based industry contain various

inorganic and organic contaminants exerting unwanted effect on environment and human health.

Wastewater generated during bleaching process is registered to have high COD and suspended solids

contributed by plant fibrous substances. The volume of wastewater produced after bleaching, generally

contains chemical residues and constitutes approximately 25–35% of total wastewater effluent.  The paper

and pulp industry wastewater include persistent chemical contaminants such as furan, resin, tannins,

chlorophenols, and organic halogens.76, 77

2.2.8. Leather industry

Leather industry has important role in generating revenue, particularly in India.  The leather purification

process consumes enormous quantity of water leading to generation of wastewater effluents reaching to
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150 tons per day. In general, the processing of one ton of raw skin material generates 20,000–80,000 L of

wastewater with undesirable odor and suspended materials.  Leather industry wastewater is characterized

to have increased COD, BOD, reduced form of chromium, NaCl, calcium, magnesium, sulfide compounds,

and other hazardous contaminants including oils, tannins, and biocides, posing detrimental effects on

environment and humans.80, 81, 82

2.2.9. Sugar industry

Wastewater produced from sugar industry has greater potential to contaminate the environment. In India,

an estimated 1000 L of wastewater is produced after industrial crushing of one ton sugar cane. Moreover,

the production of one ton sugar is accompanied with the generation of 70 cubic meters wastewater

enriched with organic substances.  The characteristic type of organic constituents and nature of sugar

industry wastewater largely depend on the operating conditions and utilized raw substrates. The COD and

BOD values of wastewater reaching as high as 4850 and 1950 mg/L, respectively is registered.  Additionally,

the wastewater had high load of suspended solids, dissolved solids, and organic carbon. As the direct

discharge of untreated sugarcane wastewater exerts negative effect on both terrestrial and aquatic

environment,  proper treatment before final discharge is suggested.

3. Impact of wastewater irrigation on soil characteristics

Wastewater has important opportunities not only in fulfilling the shortage of huge amount of water

required in agricultural irrigation, but also in supplementing necessary nutrients. The introduction of

wastewater as source of water for soil irrigation is widely reported and is much commonly practiced in

developing countries because of high wastewater treatment cost.86, 87 Therefore, wastewater irrigation

may be considered as an effective strategy to reduce soil degradation and vital nutrient depletion after

continuous cropping.  Wastewater released from different sources ultimately reaches to aquatic and

terrestrial ecosystems causing ill effects. The presence of various soluble and insoluble substances, heavy

metals, pesticides, pharmaceuticals, dyes, and volatile substances in wastewater are expected to modulate

the soil physical, chemical, and biological characteristics after irrigation.88, 89, 90 The studies on effect of

wastewater on different soil physico-chemical attributes are described in following sections.

3.1. Effect on physico-chemical characteristics

Investigation of Angin et al.  has reported rise in salinity and reduction in soil pH after wastewater

irrigation. In addition, there was substantial rise in organic matter, nitrogen content, positively charged ions,

and heavy metal content of selected soil samples. The raised concentration of soil's heavy metals content

suggested the treatment of wastewater before application for irrigation. Undesirable effects of treated fish

processing wastewater on electrical conductivity and sodium adsorption ratio (SAR) are presented by

Vallejos et al.  Rise in SAR value was observed after soil irrigation with wastewater causing transformation

of non-saline soil to saline ones. The increased salinization in due course may alter soil structure and

79

83

84

85

25

25

87

91

https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0400
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0405
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0410
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0415
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0420
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0425
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0430
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0435
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0440
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0130
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb9102
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb9103
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb9104
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0130
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0440


11/1/23, 3:14 PMImpact of wastewater irrigation on soil attributes - ScienceDirect

Page 7 of 25https://www.sciencedirect.com/science/article/pii/S2468928922000065

influence permeability, thereby inducing detrimental effects on organic matter synthesis by green plants.

Although, there was insignificant change in total soil carbon, significant reduction in organic carbon content

was registered after wastewater irrigation. The irrigation was also noticed to induce reduction in

carbon/nitrogen value of soil microcosm.

Impact of urine and coffee processing wastewater (1:2 ratio) irrigation on soil properties is demonstrated by

Alemayehu et al.  Considerable increase in soil organic carbon (SOC) and available phosphorus was

observed after wastewater irrigation. Further, the irrigation led to significant enhancement in soil salinity.

The soil analysis showed changes in pH and total nitrogen by 0.16 and 0.07 units, respectively. However, no

significant differences were recorded in micronutrient and cation exchange characteristics, except few

cations.

Supplementation of brewing wastewater on soil attributes including % sand, % silt, % clay, bulk density,

organic matter, pH, cations, and SAR is presented by Gorfie et al.  Wastewater irrigation reduced the bulk

density of soil rendered by addition of organic matter. Organic matter and organic carbon was found to be

highest in soil irrigated with wastewater in comparison to control. Significant rise in sodium, potassium,

calcium, magnesium, chloride, nitrate nitrogen, and phosphorus content of soil was also registered after

wastewater irrigation. Research has documented increment in soil organic matter, nitrogen, phosphorus,

and potassium ranging from 34.9–64.9%, 40.7–57.2%, 67.6–390.0%, and 35.4–240.9%, respectively upon

irrigation with swine wastewater at 0–20 cm depth.  Similarly, rise in soil salinity posing negative effect on

soil characteristics was also described. Wastewater irrigation caused the accumulation of heavy metals

including chromium, copper, zinc, lead, and cadmium ranging from 0.75% to 222.6%. Furthermore, long

duration (5 years) supplementation of wastewater introduced the greater amount of tetracycline group of

antibiotics in comparison to those soil irrigated for 3 years. The occurrence of heavy metals and antibiotics

at depth greater than 100 cm implied downward migration and plausible contamination of groundwater.

Experimental investigations conducted by Aman et al.  suggested the enhancement in cation exchange

potential, electrical conductivity, and SAR after irrigation with industrial wastewater.

3.2. Effect on biological characteristics

The presence of myriads of inorganic and organic contaminants in wastewater originated from different

locations after introduction in soil has the potential to modulate the soil biological attributes. Changes in

microbial activity and community structure may directly or indirectly influence and govern the cycling of

nutrients important for optimum biological functioning of soil.

The increase in soil microbial biomass and enzymes such as beta glucosidase and alkaline phosphatase

following introduction of treated municipal wastewater has been marked by Adrover et al.  The

modification in soil biological activity was mainly ascribed to addition of organic matter. Appraisal of the

impact of treated wastewater irrigation on rhizospheric microbial community is recently documented.

Changes in microbial community structure were the resultant of modification in soil moisture and organic

material content brought about by wastewater irrigation. Soil irrigation with wastewater imposed negative

91

92

93

94

95

96

97

https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0445
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0450
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0455
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0460
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0465
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0470
https://www.sciencedirect.com/science/article/pii/S2468928922000065%23bb0475


11/1/23, 3:14 PMImpact of wastewater irrigation on soil attributes - ScienceDirect

Page 8 of 25https://www.sciencedirect.com/science/article/pii/S2468928922000065

effect on abundance of actinobacteria members belonging to orders solirubrobacterales and gaiellales was

probably linked with decline in microfauna population. Two folds rise in soil microbial biomass subsequent

to field irrigation with tannery wastewater is endorsed by Alvarez-Bernal et al.  Nevertheless, organic

carbon content and the enzymatic activities of proteases and hydrolases were found to be uninfluenced by

wastewater irrigation. Analysis of the impact of wastewater irrigation on biological attributes suggested

significant enhancement in basal respiration of soil,  rendered by increment in microbiological activity. In

comparison to control, the enhancement was observed to fall in the range of 95–130% for different soil

samples irrigated with treated wastewater. Congruent report on considerable rise in microbial processes

after irrigation with treated wastewater is recently presented.  Application of reclaimed wastewater for

irrigation was noticed to restrict the alteration in mycobiota characteristics of soil. The improved soil

microbiological activities were supported by the introduction of organic matter, essential nutrients, and

diverse microbes present in treated wastewater used for irrigation purposes. Furthermore, improved plant

productivity and rhizodeposition directed by wastewater irrigation was also important factor responsible

for raised microbial community activity. Contrasting effects of irrigation with wastewater on microbial

activity is presented by different researchers. Some of the investigations have indicated the reduction in

biomass and activity of soil bacteria upon amendment of reclaimed wastewater.100, 101 On the other hand,

augmentation in microbial activity  apart from insignificant impacts of wastewater irrigation on microbial

quantity has also been demonstrated.103, 104 The impact of treated wastewater irrigation on soil microbial

characteristics is not consistent. The experimental investigation conducted by Xu et al.  has documented

reductions in number of soil actinomycetes, fungi, nitrite oxidizing bacteria, nitrate bacteria, and those

bacteria performing denitrification in contrast to rise in number of ammonia oxidizing bacteria and

cellulose degrading bacteria as determined by most probable number after 20 years of irrigation with

reclaimed wastewater. The contrasting effects of wastewater on soil biological features mainly result from

considerable variation in chemical characteristics, suggesting the introduction of raw/treated wastewater to

compatible agricultural sites in order to avoid soil degradation.

4. Conclusion and recommendations

Wastewater emanating from different industries may be considered as an important alternative to

continuously depleting freshwater resources under the influence of rising human population,

industrialization, and climate change. The reclaimed wastewater has immense potential to be employed in

agricultural irrigation. The presence of varied inorganic and organic materials in wastewater holds the

possibility to modify the soil characteristics. Short term and long term irrigation are described to exert

varying effects on soil attributes. The irrigation with wastewater directly and after treatment possesses the

ability to modify the physico-chemical features like pH, bulk density, electrical conductivity, field capacity,

sodium adsorption ratio, ion exchange capacity, organic matter content, and macro/micronutrient

composition. The continuous irrigation has the risks of adding unwanted contaminants like heavy metals,

dyes, oils, persistent organic pollutants, and pharmaceuticals to a level responsible for soil degradation and

eventually reduced soil productivity. Moreover, continued irrigation may contaminate the groundwater
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resources with hazardous contaminants. The presence of sufficient organic and inorganic nutrients in

wastewater is suggested to modulate the microbial community after introduction in soil. Alteration in

microbial community characteristics induced by substantial changes in soil characteristics, therefore would

affect the microbially assisted nutrient cycling. Investigations have shown both advantageous and negative

contrasting effects on soil properties depending on the composition of wastewater. However, in the context

of depleting soil nutrients and freshwater reserves, wastewater irrigation has multiple opportunities in

managing soil and crop productivity.

Based on literature review, following recommendations can be made.

! A single kind of wastewater may not be suitable for all types of soil for irrigation purposes and vice

versa.

! Wastewater should be introduced in soils after pretreatment. The level of contaminants of either organic

or inorganic nature should be within the recommended limits.

! The impact of wastewater irrigation on soil properties should be monitored regularly in order to alleviate

the hazardous impacts of contaminants.

! The transfer of noxious contaminants like heavy metals and antibiotics from soil to growing plants

should be examined to prevent food chain contamination.

! The wastewater either treated or diluted should be preferred more for non-food plants such as

ornamental plants rather than food crops.

! Study on long term effect of wastewater treatment on soil microbiological parameters is recommended

for maintaining microbial activity, and nutrient cycling.

! Effect of wastewater irrigation on soil fauna is very less studied. Study of wastewater irrigation on key

annelids and arthropods is necessary for conserving soil productivity.

! The contaminants of wastewater like heavy metals and antibiotics may be accumulated in soil higher

than the recommended limits and may be transferred to food chain at an unacceptable level.

! The long term effect of wastewater irrigation on soil salinization and sodicity is warranted to conserve

the natural soil productivity.

! High throughput analytical techniques should be developed to detect even the trace level of traditional

as well as emerging contaminants in order to minimize the detrimental effects on human health and

environment.

! Less expensive techniques for extracting the contaminants present in wastewater needs to be developed.
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! Fate and transport of wastewater contaminants need extensive investigation to protect the soil from

degradation.

! The assessment of transport of wastewater contaminants to lower soil depth and groundwater are

inevitably required to restrict the contamination of soil and groundwater resources.
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