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For many centuries, wastewater has been inappropriately used in agriculture, causing 
potential dangers to the environment and public health. Scientific developments and 
growing water crisis have compelled the countries to treat and reuse wastewater in 
agriculture. This practice helps lessen the pressure of water use along with a reduction 
in environmental pollution. This book presents an overview that discusses the impacts, 
both negative and positive, of wastewater utilization in the agricultural environment, 
emphasizing the influence on the soil and aquatic environment. The literature unveils 
that, until the late 1990s, research studies encouraged the utilization of wastewater 
for irrigation from a treatment perspective, while suggesting conventional solutions. 
Nevertheless, more recent studies (2012–2016) show that agricultural reuse considerably 
affects the texture properties of soil, while also instigating potential modifications of the 
microbiota and biomass.
Irrigated agriculture yields 33% of the world’s crop products and 50% return from 
worldwide crop production. However, in numerous areas of the world, particularly 
in arid and semiarid regions the future of irrigation-based agriculture is endangered 
by existing or projected freshwater shortages. These water shortages essentially result 
from the ever-growing demand for water by a rapidly growing global population and 
their elegant lifestyle. Water reuse (recycling), wastewater treatment, and the utilization 
of treated sewage effluents for industrial agriculture and nonpotable environmental and 
urban applications can offer a highly efficacious and sustainable approach to exploit 
water resources in regions afflicted by water shortage. This book essentially focuses on 
the reuse and treatment of agricultural wastewater to combat the issues of water scarcity 
and environmental pollution.
The book is divided into eight chapters. All the chapters briefly introduce the readers 
with fundamental and essential concepts of a topic related to agricultural wastewater 
treatment. The concepts of agricultural wastewater treatment cannot be understood 
without grasping the fundamentals related to agricultural wastewater treatment. Chapter 
1 discusses the fundamental concepts of agricultural wastewater treatment. Chapter 2 
focuses on the applications of wastewater resources. Chapter 3 briefly addresses the 
essential quality guidelines for agricultural wastewater. Chapter 4 addresses the topic of 
irrigation using wastewater.
Chapter 5 explains the fundamentals of sewage sludge use in agriculture. On the other 
hand, Chapter 6 focuses on the benefits and drawbacks of wastewater use in agriculture. 
Chapter 7 illustrates wastewater irrigation methods in developing countries. Finally, 
Chapter 8 discusses on-farm wastewater treatment technologies.
This book essentially covers a broad range of areas associated with the utilization and 

PREFACE



xviii

treatment of agricultural wastewater. It can serve as a ready reference for students, 
teachers, scientists, researchers, agronomists, ecologists, and engineers.

—Author
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1.1. INTRODUCTION
In many semiarid and arid countries, water is now becoming an increasingly 
limited resource and managers are forced to take into account sources of 
water that may be used economically and efficiently to encourage further 
development. Simultaneously, with the population increasing at a high rate, 
the requirement for increased production of food is apparent. The prospective 
for irrigation to increase both the agricultural productivity and living 
standards of the poor has long been acknowledged. Irrigated agriculture 
occupies nearly 17% of the total arable land in the world but the yield from 
this land includes about 34% of the world total. This perspective is even 
more distinct in arid areas like the Near East Region, where only 30% of 
the cultivated land is irrigated but it yields around 75% of total agricultural 
production. In the same area, more than 50% of the food necessities are 
imported and the increased rate in demand for the food surpasses the rate of 
an upsurge in agricultural production (Tunney et al., 2000).

Whenever the best quality water is limited, the water of normal quality 
needs to be taken into account for utilization in agriculture. Although there 
isn’t any universal definition of marginal/normal quality water, for practical 
purposes marginal quality water can be defined as the water that owns certain 
features that can cause issues when it is used for an anticipated purpose. For 
instance, brackish water is marginal/normal quality water for agricultural 
utilization due to its high dissolved content of salt, and the municipal 
wastewater is marginal quality water due to the related health hazards. From 
the irrigation viewpoint, the utilization of marginal quality water needs 
more intricate management practices and stringent monitoring processes 
than when the good quality water is used. This book deals with agricultural 
utilization of the municipal wastewater, which is mainly domestic sewage 
but probably contains a ratio of industrial wastes released to public sewers.

Expansion of the urban populations and augmented exposure of the 
domestic supply of water and sewerage give upsurge to greater amounts 
of the municipal wastewater. With the current focus on environmental 
health and the water pollution problem, there is a growing awareness of 
the necessity to dispose of the wastewaters beneficially and safely. The 
utilization of wastewater in agriculture could be a vital consideration when 
the disposal is being intended in semiarid and arid regions. However, it 
must be recognized that the amount of wastewater accessible in most of the 
countries will consider only a small proportion of the complete irrigation 
water necessities. Nevertheless, wastewater utilization will outcome in the 
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upkeep of higher quality of water and its utilization for reasons other than 
irrigation. As the marginal expense of substitute supplies of best quality 
water will normally be higher in the water-short areas, it usually makes good 
sense to integrate agricultural reutilization into water resources and the land 
use planning (Humphreys et al., 2008).

Properly planned utilization of municipal wastewater improves surface 
water pollution issues and not only preserves valued resources of water but 
also takes benefit of the nutrients confined in sewage to cultivate crops. The 
accessibility of this surplus water near population centers will increase the 
selection of crops that the farmers can grow. The phosphorus or nitrogen 
content of sewage may eliminate or reduce the necessities for commercial 
fertilizers. It is beneficial to consider waste reuse simultaneously as 
wastewater collection; treatment and removal are planned so that the design 
of the sewerage system can be improved in terms of waste transport and the 
treatment methods. The expense of transmission of waste from unsuitably 
located sewage treatment plants to detached agricultural land is normally 
prohibitive. Additionally, sewage treatment methods for waste discharge to 
the surface waters might not always be suitable for agricultural utilization 
of the effluent.

Numerous countries have comprised wastewater reutilization as a vital 
dimension of the water resources planning. In the arid areas of the USA 
and Australia, wastewater is used in agriculture, discharging high-quality 
supplies of water for potable use. Some countries, for instance, the Kingdom 
of Saudi Arabia and the Hashemite Kingdom of Jordan, have the policy to 
reutilization all treated wastewater wastes and have already made substantial 
development towards this end. In China, sewage utilization in agriculture 
has advanced quickly since 1958 and over 1.33 million hectares of land are 
irrigated with sewage effluent now. It is usually accepted that wastewater 
utilization in agriculture is vindicated on economic and agronomic grounds 
but care should be taken to lessen adverse health and the environmental 
impacts.

1.2. FEATURES OF WASTEWATERS
Municipal wastewater is primarily comprised of water together with 
comparatively small concentrations of dangled and dissolved inorganic 
and organic solids. Among the organic substances existent in sewage are 
lignin, fats, carbohydrates, soaps, proteins, synthetic detergents, and their 
decomposition products, along with several synthetic and natural organic 
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chemicals from the industries. Table 1.1 exhibits the levels of main 
constituents of the weak, medium, and strong domestic wastewaters. In 
semiarid and arid countries, water utilization is frequently quite low and 
sewage inclines to be strong, where consumption of water is 90 l/d per 
person.

Table 1.1: Main Constituents of Usual Domestic Wastewater

Parameter
Constituent Concentration, mg/l
Strong Medium Weak

Total solids 1200 700 350
Suspended solids 350 200 100
Dissolved solids (TDS)1 850 500 250
Phosphorus (as P) 20 10 6
Nitrogen (as N) 85 40 20
Alkalinity (as CaCO3) 200 100 50
Chloride1 100 50 30
BOD5

2 300 200 100
Grease 150 100 50

1 The quantities of TDS and chloride must be increased by concentrations 
of the constituents in carriage water.

2 BOD5 is biochemical oxygen demand at around 20°C over five days 
and is a measure of biodegradable organic matter in the wastewater.

1.3. PARAMETERS OF AGRICULTURAL IMPOR-
TANCE
The quality of water for irrigation is of particular significance in the arid 
zones where limits of temperature and low comparative humidity outcome 
in high evaporation rates, with subsequent deposition of salt which inclines 
to gather in the profile of soils. The mechanical and physical properties of 
soil like dispersion of particles, soil structure, the stability of aggregates, 
and permeability, are sensitive to the kind of exchangeable ions existent 
in irrigation water. Therefore, when effluent utilization is being planned, 
various factors associated with soil properties should be taken into account.

Another side of the agricultural concern is the effect of TDS (dissolved 
solids) in irrigation water on the development of plants. Dissolved salts 
upsurge the osmotic perspective of soil water and an upsurge in the osmotic 
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pressure of soil solution upsurges the quantity of energy that the plants 
should expend to consume water from the soil. As an outcome, respiration 
is augmented and the growth and produce of most of the plants decline 
gradually as osmotic pressure upsurges. Although most of the plants react to 
salinity as a function of the total osmotic potential of the soil water, some of 
the plants are vulnerable to particular ion toxicity.

Many ions which are innocuous or even advantageous at comparatively 
low concentrations might become harmful to plants at the high 
concentration, through direct interference with the metabolic procedures or 
through subsidiary effects on the other nutrients, which may be rendered 
inaccessible. Morishita (1985) has stated that irrigation with the nitrogen-
enriched contaminated water can supply a substantial surplus of the nutrient 
nitrogen to grow rice plants and can outcome in a substantial produce loss 
of rice via lodging, failure to mature and increased vulnerability to diseases 
and pests as an outcome of over luxuriant growth. He further stated that the 
nonpolluted soil, having nearly 0.4 and 0.5 ppm cadmium (Cd), might yield 
about 0.08 ppm cadmium in brown rice, whereas only a little upsurge up to 
0.82, 1.25, or 2.1 ppm of the soil cadmium can yield heavily contaminated 
brown rice with 1.0 ppm cadmium (Table 1.2).

Table 1.2: Parameters Utilized in Evaluation of the Agricultural Water Quality

Parameters Symbol Unit
Physical
Total dissolved solids TDS mg/l
Temperature T °C
Electrical conductivity Ecw dS/m1

Hardness mg Equiv. CaCO3/l

Color/Turbidity NTU/JTU2

Sediments g/l

Chemical
Acidity/Basicity pH

Type and Concentration of Anions and Cations:
Calcium Ca++ me/l3

Sodium Na+ me/l
Magnesium Mg++ me/l
Carbonate CO3

– me/l
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Bicarbonate HCO3
– me/l

Sulfate SO4
– me/l

Chloride Cl me/l
Sodium adsorption ratio SAR

Trace metals mg/l

Boron B mg/l4

Heavy metals mg/l

Nitrate-Nitrogen NO3-N mg/l
Potassium K mg/l
Phosphate Phosphorus PO4-P mg/l

1 dS/m deciSiemen/meter in SI Units.
2 NTU/JTU→ Nephelometric Turbidity Units/Jackson Turbidity Units.
3 me/l→ milliequivalent per liter.
4 mg/l→ milligrams per liter = ppm (parts per million).

mg/l ~ 640 × EC in dS/m.
Significant agricultural quality of water parameters comprises many 

particular water properties that are appropriate in association with the produce 
and quality crops, preservation of the soil productivity, and safeguard of the 
environment. These parameters primarily comprise certain chemical and 
physical features of the water. The main wastewater quality parameters of 
significance from an agricultural point of view are:

1. Total salt concentration;
2. Sodium adsorption ratio;
3. Electrical conductivity;
4. Trace elements and heavy metals;
5. Toxic ions; and
6.` pH.

1.4. AGRICULTURAL WASTEWATERS
In the state of Ireland, farming is a vital national industry that comprises nearly 
270,000 people, 6.2 million cattle, 4.26 million sheep, 1.68 million pigs, and 
around 10.7 million poultry (CSO, 2006). Agriculture uses 64% of Ireland’s 
land area (Fingleton and Cushion, 1999), of which 91% is devoted to silage, 
hay, and grass, and rough grazing (DAFF, 2003). Grass-based rearing of 
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sheep and cattle dominates the industry (EPA, 2004). Livestock production 
is linked with external inputs of the nutrients. Phosphorus surpluses gather 
in the soil (Culleton et al., 2000) and back to phosphorus loss to ground and 
surface water (Tunney, 1990; Regan et al., 2010). Elevated soil phosphorus 
status has been recognized as one of the leading phosphorus pressures in 
Ireland. Schulte et al. (2010). Displayed that it might take several years for 
elevated soil phosphorus concentrations to be decreased to environmental 
and agronomical optimum levels. The extent of the delays was mainly 
associated with the comparative annual P-balance. Whereas the start of 
reductions in the excessive soil phosphorus levels might be, observed within 
5 years, the reduction is a very slow process and might take years to eras to 
be completed.

Agricultural wastes and specifically dirty water and dairy slurry have 
been described in this chapter. However, whereas the term waste is commonly 
used for the materials, it is quite an unlucky label, as it recommends that 
these materials have no further utilization and are simply a useless by-
product of the farming systems that should be managed. Though, given the 
high contents of nutrients of the materials, it is more suitable for them to 
be well-thought-out as the organic fertilizers and as such being a respected 
product for the farmer. With higher and impulsive chemical fertilizer costs 
in current years, the value of fertilizer replacement in economic terms of the 
materials is increasing. Thus, the management of agricultural wastes in a 
way that maximizes nutrient recovery and the fertilizer value to crops must 
be a top priority within the management plan for the materials.

Nutrient contents and several research areas concerning management, 
remediation, and control of the nutrients to avoid any loss to the environment 
are described. The Groundwater Directive, 80/68/EEC (EEC, 1980), The 
Surface Water Directive, 75/440/EEC (EEC, 1975), the Nitrates Directive, 
91/676/EEC (EEC, 1991(a)), the Urban Wastewater Directive, 91/271/EEC 
(EEC, 1991(b)) and the Drinking Water Directive, 98/83/EC (EC, 1998), 
combined with current records taken against the State of Ireland by the EU

Commission claiming non-implementation of few sides of the directives 
has dedicated substantial focus on the environmentally safe discarding of 
the agricultural wastewaters in Ireland. To address the directives, the WFD 
(2000/60/EC, 2000) came into power on 22nd December 2000 and was 
moved into Irish legislation by European Communities Regulations 2003 on 
22nd December 2003. 8 “River Basin Districts” were developed in Ireland, 
south, and north, to accomplish “good status” in all ground and surface 
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water by 2015. The WFD will bring the main changes in the management 
and regulation of the water resources of Europe. Major changes include:

a) A necessity for the planning of incorporated catchment 
management plans, with concerns extending over nonpoint and 
point pollution, land use and water abstraction;

b) The outline of an EU-wide aim of good ecological status for all 
ground and surface water, except where exceptions for heavily 
modified water bodies are approved. POM (Programmes of 
Measures) should be put in place to safeguard ground and 
surface water whereas being cost-effective and efficient. POM 
to accomplish at least good ecological status should be executed 
by the agricultural sector by the year 2012 (Stark and Richards, 
2008).

Outcomes from the Water4all project recommends that the regulations 
alone will not accomplish an adequate reduction in the water quality as 
nitrate accumulates in the soils and long habitation time of the groundwater 
in aquifers requires a more instant solution (Water4all, 2005; Hiscock et al., 
2007). Thus, remediation and control technologies should be an essential 
part of the procedure for point and scatter pollution from historic or future 
related nutrient losses. Solutions developed should be integrated struggles 
within a river basin or catchment.

Good Agricultural Practice Regulations under the Nitrates Directive 
(European Council, 1991) is presently the major justification measure 
within the agricultural division to accomplish the objectives of the WFD. 
The regulations came into upshot in the Republic of Ireland in the year 2006 
under S.I (Statutory Instrument) 788 of 2005, and consequently under S.I 
378 of 2006, S.I 101 of 2009 and S.I 610 of 2010. 

The Nitrates Directive sets restrictions on stocking rates on the farms in 
terms of quantity of the nitrogen from livestock dung that can be mechanically 
applied or deposited directly by grazing livestock on the agricultural land. 
A restriction of around 170 kg N ha–1 year1 from the livestock dung was set. 

Though, the EU Nitrates Committee accepted Ireland’s application 
for the derogation of this restriction to permit grassland-based farmers in 
order to operate at 250 kg N ha–1 year–1 from the livestock dungs, with the 
understanding that derogation won’t impose on meeting the necessities of 
the Nitrates Directive. The present average stocking density on the dairy 
farms is around 1.81 livestock units (LU) ha–1.The Good Agricultural 
Practice for Protection of the Waters regulation, S.I 778 of 2005 (Anon, 
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2005), was established on 1st February, 2006. The most current revision of 
regulation was published in the year 2010 (Anon, 2010). It constrains the 
utilization of phosphorus and nitrogen fertilizers, plowing eras, and assists 
derogation on the livestock intensity. Specifically, it controls farmyard and 
nutrient management but also inspects avoidance of water pollution from the 
fertilizers and some activities. The linkage among source and path can be 
split or damage if the contaminants remain within the boundaries of the farm 
and are not releasing to subsurface drainage systems, drainage channels, 
or entering the streams or open ways of water within the boundaries of the 
farm. These regulations also impose limitations on the land spreading of 
agricultural wastes. 

This tactic looks at current loss and future loss avoidance. There aren’t 
any guidelines in place for remediation or control of the polluted discharges 
to ground or surface water or future discharges because of incidental losses. 
Conventionally, agricultural wastes are controlled by land spreading. 
Following land spreading, the rate of recharge, the hydraulic conductivity of 
soil, the period of a year of a particular application, the soil depth to the water 
table or bedrock and the concentration of suspended sediment and nutrients 
in the wastewater are some defining parameters that decide the movement 
of nitrate through the soil to the water table. The maximum instant rate of 
application is five mm/hour and the amount applied must not exceed 50 m3 
per hectare of land per application (ADAS, 1985, 1994; DAFF, 1996) and 
these endorsements are existent within the best farm management practices. 
Infiltration depth of rainfall and irrigated water might be assessed when 
the yearly efficient drainage, number of efficient drainage days, annual 
precipitation, effective porosity, and a hydraulic load of irrigator are known 
(Fenton et al., 2009b). This data might then be united with the water table 
data to scrutinize if surplus nutrients recharge to the groundwater within a 
particular time frame.

1.5. TYPES OF DAIRY LEFTOVERS AND NUTRIENT 
CONTENT
In the grassland system, the nitrogen recovery rate of the dairy slurry is 
highly inconstant due to changes in slurry composition, spreading rates, 
application methods, climatic, and soil conditions, and slurry nitrogen 
mineralization rates (Schröder, 2005). In Ireland, nearly 80% of manures 
produced in the winter season are controlled as slurries comprising 70 g kg–1 
dry matter, 3.6 g kg–1 total nitrogen, and 0.6 g kg–1 total phosphorus (Lalor 
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et al., 2010). About 50% of the total nitrogen is in the form of ammonia and 
can be volatilized as ammonia during the stage storage and subsequent land 
spreading. Projected organic managed generation of waster for Ireland is 
given in Table 1.3.

Table 1.3: Projected Agricultural Organic Managed Generation of Waste in 
2001

Waste Category Waste Generation
Tones Wet Weight %

Water (dairy only) 18,377,550 30.5
Cattle manure and slurry 36,443,603 60.6
Silage effluent 1,139,231 1.9 
Pig slurry 2,431,819 4.0 
Sheep manure 1,336,336 2.2 
Poultry litter 172,435 0.3 
Spent mushroom compost 274,050 0.5 
Total 60,170,025  

Source: EPA (2004a).

Great discrepancy in the content of nutrient of dairy slurry prevails 
depending on the type of feed, age of sample when examined, age of the 
animal, and how the waste is stored and managed (Smith and Chambers, 
1993). Seasonal differences in the contents of the nutrient also exist (Demanet 
et al., 1999). Tables of reported slurry contents of nutrients in Europe 
prevail (see MAFF, 2000). Such values are quite similar to the dairy slurry 
concentrations of South America discovered by Salazar et al. (2007). These 
inclined to be very similar to the other contents of nutrients across Europe 
discovered by Villar et al. (1979); Scotford et al. (1998a, b) and Provolo and 
Martínez-Suller (2007). In the state of Ireland, dirty water is produced from 
dairy parlor water and the machine washings, drizzle, and the water from 
concreted holding patches. The average production of dirty water per cow is 
around 49 L–1 day–1. Even though dilute, dirty water has adequate nutrients 
to give upsurge to eutrophication if gone to the water body through excess 
infiltration or runoff. Implementation of present legislation needs separation 
of water and fecal matter, therefore diminishing the content of nutrients of 
dirty water for the land application. As the content of nutrients is decreased 
and storage and the water charges are high, a substitute solution to the 
management of dirty water is remediation and reutilization for washing yards 
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(Fenton et al., 2009).Prediction of the content of nutrients of the agricultural 
wastewaters will help farmers to precisely calculate the nutrient value of 
fertilizer replacement of land spread materials and the surplus fertilizer 
necessities for their crops. Martínez-Suller et al. (2010a) recommend that 
dry matter content or the electrical conductivity are quick, cheap approaches 
to approximate the content of nutrient of the wastewaters and dungs.

1.6. FECAL MICROORGANISMS
Waste of agriculture not only carry a threat to the water bodies, but a second 
main concern is also the existence of pathogenic or antibiotic-resistant 
bacteria in the animal wastes (Sapkota et al., 2007) and the danger to 
human health. If handled and treated properly, manure is an efficient and 
safe fertilizer. However, if improperly treated or untreated, manure might 
become the main source of pathogens that might contaminate soil, water 
bodies, and food-stuffs (Vanotti et al., 2007). Animal dung’s are known 
to comprise pathogenic bacteria, parasites, and viruses (Pell, 1997). The 
pollution of surface waters with the pathogenic microorganisms conveyed 
from fields to which the livestock slurries and dung have been smeared is a 
severe environmental concern as it might lead to the humans being exposed 
to microorganisms through bathing waters (Baudart et al., 2000); drinking 
water (Skerrett and Holland, 2000); and water used for irrigation of the 
ready to eat foodstuffs (Tyrel, 1999).

A current study Venglovsky et al. (2009) and Martínez-Suller et al. 
(2010b) have displayed that animal manure backs considerably to the 
pathogen loading of soil and therefore runoff to the waterways. Moreover, a 
current report by EPA in Ireland (Lucey, 2009) outlined the land-spreading 
of slurry or manure as one of the major sources of microbial pathogens in 
the groundwater. Further, a report by the Food Safety Authority of Ireland 
(FSAI, 2008) described that there is a possibility for the transfer of the 
pathogens to water and food as an outcome of land-spreading of the organic 
agricultural material.

Research from New Zealand exhibits that dirty water includes fecal 
microorganisms, which instigate from the dairy cattle excreta. Researchers 
like Aislabie et al. (2001); McLeod et al. (2003). and Donnison and Ross 
(2003) have displayed the transfer of bacterial indicators, Campylobacter 
jejuni, and fecal coliforms through the soil. The Pathogen Transmission 
Routes Research Program in New Zealand exhibited that substantial 
feces pollution arose through the removal of feces by the grazing animals 
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with entrance to waterways. Fencing and execution of buffer strips were 
suggested as mitigation measures in order to avoid such losses (Collins et al., 
2007). The existence of fecal pointer organisms is used to recognize waters 
obstructed by fecal matter from the mammals. Indicators of fecal pollution 
like E. coli are broadly used as they are fecally particular and supposed to 
not last for more than four months post excretion (Jamieson et al., 2002). 
Recent research has displayed that E. coli can last for long periods in the 
temperate soils (Brennan et al., 2010) and assist in high exposures in the 
drainage water from agricultural soils. E. coli were particularly linked with 
poorly drained soils because of the greater perseverance of superior flow 
channels and the anaerobic micro sites where they may survive. Therefore, 
the existence of E. coli in the waters might not indicate current pollution by 
fecal matter but can be because of the historical pathogen deposition. Several 
treatment systems might be used to treat livestock wastes and decrease or 
remove viral, eukaryotic, and bacterial pathogens. Examples comprise bio-
gas producing anaerobic digestion, aeration, composting, storage under a 
range of redox conditions, and anoxic lagoons, all have been studied by 
Topp et al. (2009).

1.7. CURRENT PRACTICES OF MANAGEMENT FOR 
THE AGRICULTURAL WASTEWATERS
The Nitrates Directive and increasing prices are now compelling better 
utilization of nutrients in the slurry. Research in the United Kingdom 
(Misselbrook et al., 1996, 2002; Smith and Chambers, 1993; Smith et al., 
2000) comprises improving N retrieval from slurry by inspecting the effects 
of spreading approach and timing and decreasing ammonia (NH3) losses from 
the slurry by assessing splash plate versus substitute techniques like trailing 
hose or trailing shoe slurry application methods. The average reduction of 
these approaches changes and differs when arable or grassland applications 
are considered (Smith and Misselbrook, 2000; Misselbrook et al., 2002). 
Current research in Ireland trails similar patterns (Ryan, 2005). Emissions 
of ammonia concerning the trailing shoe vs. splash-plate and consequent N 
uptake by sward are being examined in Irish grasslands (Lalor and Schulte, 
2008). Farm management strategies designed at avoidance of nutrient loss 
to the water have currently been reviewed by Schulte (2006). The Nitrates 
Directive regulations enforce restrictions to N and phosphorus inputs onto 
tillage farms and livestock. Dairy and cattle farming systems are needed 
to make more effective utilization of nutrients. International experience 
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recommends that substantial gains in nutrient effectiveness can generally 
be made by escalating the usage of N in slurry. Lalor (2010) recommended 
N-utilization effectiveness from the slurry as low as 5% under prevailing 
practices, while international literature recommends that there is a possibility 
to raise effectiveness to 40–80%. Despite the comparatively low utilization 
in practice, the regulations of Nitrates set an NFRV (nitrogen fertilizer 
replacement value) target of 40%, presenting a substantial challenge for the 
grassland sector. Furthermore, the ceiling to inputs of nutrient enforced under 
the Directives of Nitrates made it very difficult for several livestock farmers 
to endure to admit pig slurry as the fertilizer onto the farm. In Ireland, as an 
outcome, the prospective for the customary practice of scattering slurry on 
the grasslands has generally been reduced significantly. Returning pig slurry 
to the arable land permits a more closed cycle of nutrients to operate, as 
cereal grains establish a substantial ratio of a diet of the pigs. However, this 
establishes a main logistic challenge where pig farms and arable land aren’t 
closely located (Lalor et al., 2010).

In Irish research, cattle slurry application on the grassland displays that 
the NFRV in a year of application is influenced by application approach 
and timing. Cattle slurry applied with splash-plate had an NFRV of nearly 
21% in April and 12% in June. Application using trailing shoe escalated the 
NFRV to 30% in April and 22% in June. Changing the timing of application 
from summer to spring with prevailing splash-plate machinery is the cost-
effective method for improving NFRV. Approximately 4% of the entire slurry 
N applied was recuperated in the 2nd year after application. For frequent 
applications over many years, models specify that the maximum growing 
remaining recovery would be 12 to 14% of the yearly slurry N application 
rate. It would take nearly ten years of recurrent slurry applications for 
residual N discharge to reach the maximum level (Lalor et al., 2010).

In Ireland, besides methods of land application, dirty water irrigation 
using center pivotal irrigation systems is common (Figure 1.1). The 
suggested irrigation rates must not surpass 5 mm hr–1. Strict guidelines 
for safe utilization are in place. Application timing of the dirty water must 
take the status of soil physical properties and soil moisture into account 
(Houlbrooke et al., 2004). Two pond systems are used in several countries 
decreasing the biological oxygen demand (BOD) and suspended contents of 
solids. A restriction is that the nutrient remains unchanged and must be land 
spread with probable environmental consequences (Figure 1.2). 
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Figure 1.1: Rotational center pivot sprinkler system used for dairy dirty water 
irrigation.

Source: www. Teagasc.ie.

Figure 1.2: Slurry tanker having a system of trailing shoe applications made by 
Craggs et al. (2004), and could be a substitute on dairy farms.

Source: https://www.intechopen.com/books/waste-water-evaluation-and-man-
agement/agricultural-dairy-wastewaters.

Houlbrooke et al. (2006) exhibited that individual irrigation systems 
with low recurrent irrigation rates could be used without nutrient losses. To 
facilitate the low irrigation rate, augmented storage is required on a farm. 
Modified low irrigation lines have also been examined, the position of which 
might be changed through the utilization of the quad-bike system. Bolan and 
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Swain (2004) reviewed problems and novelties in land application of the 
farm wastes in New Zealand and displayed that research should focus on 
enhanced systems to convert dung based wastes into some valuable but also 
environmentally friendly products.

An alternative dung management system in some of the countries/
states is anaerobic digestion. Manures are an outstanding source of organic 
materials for the anaerobic digestion and production of biogas. Co-digestion 
of the agricultural wastes with manure sludge’s can further enhance the 
production of methane in anaerobic digesters (Ward et al., 2008).

1.8. ENVIRONMENTAL INFLUENCE OF AGRICUL-
TURAL WASTEWATERS
Agricultural wastewaters can comprise N, K, S, P, C, pathogenic 
microorganisms, and a variety of some other micronutrients. Nutrients 
returned to the agricultural soils via land-spreading are significant for 
nutrient effectiveness on the farms and decreasing dependence on inorganic 
fertilizers. A land application must be at rates that deliver nutrients for the 
growth of crops and at a time when the nutrients are needed. The addition 
of surplus nutrients at times of decreased crop demand can upsurge the 
probable for losses of nutrients like N and P, which assist to surface water 
eutrophication and can also lead to contamination of drinking waters. 
Moreover, land application to the wet soils can trigger to escalated emissions 
of the greenhouse gases like nitrous oxide (N2O).

Land-spreading of dairy wastewaters and slurry has been linked with 
ammonia volatilization to the atmosphere. Application of the ammoniacal 
nitrogen to soils in the wastewater upsurges the soil solution NH4

+ 
concentration.

Ammonia volatilization from the soil lowers the pH of the soil right under 
the wastewater. Further soil pH reduction can take place when the volatilized 
NH3 is deposited again and nitrified. Agriculture is the major emitter of the 
NH3 to atmosphere accounting for nearly 80% of entire global emissions 
(Stark and Richards, 2008) and is anticipated to reach around 109 Tg N yr–1 
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by the year 2050. Once in the atmosphere, NH3 can combine readily with 
SO4

2– and NO3 in the acid cloud droplets to create particulates and can be 
moved over the long distances before being dumped again to water or soil. 
Atmospheric N deposition has amplified over current decades and varies 
from 5–80 kg ha–1 yr–1 with a worldwide average of around 17 kg ha–1 yr–1 
have been noticed. Land application of the dilute waste wasters generally 
has lower NH3 emissions as compared to the more solid waste because of a 
reduction in NH4

+ content and the penetration of liquid waste into the soil, 
decreasing atmospheric contact. Therefore, dilute wastes usually have lower 
NH3 emissions, but possibly greater NO3

– and N2O emissions.
Application of wastewaters and animal slurries to soils encourages DE 

nitrification via the supply of available C and N for the microbial respiration 
and by encouraging anaerobic conditions in the soils via partial sealing of 
the soil pores and consumption of oxygen through the C oxidation. Storage 
of dung triggers the buildup of impulsive fatty acids which are degradable 
shapes of C. Microbial denitrification related to land-spreading of the organic 
wastes can be a vital source of effective greenhouse gas, N2O. Emissions 
of N2O from the slurry spreading are primarily linked to the application 
approach, and the temperature of soil combined with the moisture of soil 
at the time of application. Methods for decreasing N2O emissions related 
with wastewaters comprise restricting the hydraulic loading to confirm 
soils remain aerobic; modifying application timings to when soils aren’t 
anaerobic; altering application approach/rate; inclusion of the nitrification 
inhibitors to slow the NO3

– formation rate; manipulation of C/N ratio; 
storage or digestion to decrease labile C content and presence of materials 
having high cation interchange capacity e.g., zeolite. A representation of soil 
N alterations is given in Figure 1.3.

There have been many reports of water contamination taking place after 
the land-spreading of the wastewaters to soils. Richards et al. (2004) stated 
nitrate leaching losses varying from 95–323 kg N ha–1 when the wastewaters 
were applied over the range to free-draining soils. Houlbrouke et al. (2004) 
stated between 2 and 20% of N and P made practical in the agricultural 
wastewaters filtered through the soils and concentrations leaking were above 
ecological parameters for the good water quality.

Frequent application of the wastewaters to the soil can trigger an 
upsurge in organic fractions of P, K, N, and organic carbon because of 
changes in the soil organic matter. In New Zealand, Barkle et al. (2000). 
Stated substantial increases in soil complete N and organic C. At the low 
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temperatures, growing soil C content because of the dirty water application 
can trigger to greater N immobilization because of the variations in soil 
C/N ratio (Ghani et al., 2005). Increasing the status of soil nutrients above 
the agronomic optimal has been exhibited to increase the threat of nutrient 
loss to the water (Sharpley and Tunney, 2000). Other properties of soil 
can be impacted by land applications like increasing soil pH, variations in 
soil hydraulic conductivity because of plugging, clogging, and macropore 
collapse. Repeatedly the actual consequence of land-spreading on the 
physical properties of soil is hard to quantify because of variability in the 
physical properties of soil, short-term scrutiny and experimental methods 
within an experience of seasonal discrepancy in properties (MAFF, 2000; 
Hawke and Summers, 2006).

Figure 1.3: Soil N transformations of wastewater/slurry derived nitrogen (N) 
inputs.

Source: https://www.intechopen.com/books/waste-water-evaluation-and-man-
agement/agricultural-dairy-wastewaters.

1.9. NOVEL REMEDIATION METHODS CURRENTLY 
BEING RESEARCHED
Fenton et al. (2008) studied agricultural wastewaters remediation and 
control techniques appropriate for Ireland. Several options like utilization 
of chemical amendments, subsurface carbon positioning, and wetlands were 
some options anticipated for further research.
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1.9.1. Amendments to Dairy Dirty Water and Slurry
Dairy dirty water (DDW) is the bio-product of farming. The usual technique 
for disposal of the product is land-spreading (Healy et al., 2007). This can 
upsurge the concentration of P on the surface of the soil and the pollution 
associated with natural run-off during the rain events. Not numerous 
researches have been done regarding this subject.

Because of the properties of DDW, the prospective for leaching must also 
be considered. Usually, P leaching isn’t well-thought-out to be an important 
issue in the groundwater because it isn’t very mobile in sediments or soils, 
and should thus be retained in soil zone. However, in enormously susceptible 
areas, where the subsoil and soil are shallow and where phosphorus enters 
groundwater in substantial quantities, groundwater might act as an extra 
nutrient enrichment path for receptors like lakes, wetlands, and rivers (EPA, 
2008). Phosphorus leaching might take place in sandy soils (Carlyle et al., 
1998).

In the past, the main objective of chemical adjustment of dung was 
to decrease NH3 losses from dung as this augmented N accessibility from 
plants. In recent years, environmental anxieties have shifted this emphasis 
to amendments, which lessen P loss from manure and soils. In Ireland, the 
emphasis of a recent study has been to discover amendments which decrease 
the solubility of phosphorus in the dairy cattle slurry particularly. The 
utilization of such amendments should be practical and price effective for 
the farmers. The effect of decreasing P solubility on decreasing consequent 
P fertilizer replacement value of material must also be considered. Alum 
has been used widely to treat poultry mess in the United States for over 30 
years with very great success to decrease NH3 in the poultry houses and 
lessen soluble P in poultry mess (Moore and Edwards, 2007). The authors 
also discovered that alum addition to the poultry litter decreased P loss, 
ammonia volatilization, and had an insignificant effect on metal discharge 
from amended soil. Work involving alterations of dairy cattle slurries and 
swine for the management of P have been restricted to the laboratory batch 
studies with very little focus on feasibility or cost of treatments (Dao, 1999; 
Dou et al., 2003; Kalbasi and Karthikeyan, 2004; Smith et al., 2001; Moore 
et al., 1998).

Aluminum chloride has been suggested as the most appropriate 
amendment for governing P solubility in cattle slurry and swine (Smith et 
al., 2001). In a development study, Dou et al. (2003) discovered that the 
technical grade alum added at around 0.1 kg/kg and 0.25 kg/kg decreased 
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Water Extractable phosphorus in swine and dairy slurry by 99% and 80%, 
respectively. Dao (1999) altered farmyard dung with calcium carbonate, fly 
ash, and alum in a development experiment and stated WEP reductions in 
altered manure as compared to a control of 21, 60, and 85%. Penn et al. (2009) 
inspected the retention and absorption mechanisms of various P absorbing 
materials (PSMs) comprising acid mine drainage treatment residuals, fly 
ash, water treatment residuals, bauxite mining remaining and FGD in the 
lab experiments and discovered the extent of absorption of phosphorus to be 
influenced by the buffer capacity of manure, solution pH, and ionic strength 
of the amendments. These amendments are quite striking as they are free. 
Though they are more adaptable than commercial coagulants and chemicals 
used by the other workers and more research is needed before there could be 
used in practice. Internationally, P absorbing alterations have been used to 
control phosphorus losses after dung application. P absorbing alterations can 
be added directly to manure before the land application (Moore et al., 1998), 
spread on the ground before dung application (McFarland et al., 2003), or 
integrated into the topsoil (Novak and Watts, 2005).

1.9.2. Permeable Reactive Barriers and Reactive Media for Im-
proved Denitrification
Inexpensive, in situ treatment systems, known as PRB (permeable reactive 
barriers), might be used to treat groundwater. In this kind of system, 
N-rich wastewaters flow through a carbon-rich mixture to decrease nitrate 
concentrations to suitable levels. Organic C alterations offer inexpensive 
surface and subsurface treatment substitutes for wastewater treatment. 
The availability of C is a significant parameter that affects the denitrifying 
activity in soils. The existence of C offers an energy source, thus improving 
the prospects for denitrification. Denitrification might be augmented in the 
soils by the addition of an outside C amendment. This amendment might be 
natural C like woodchip, corn, vegetable oil, wheat straw, sawdust mulch, 
or some other materials like treated newspaper or the unprocessed cotton 
(Volokita, 1996). A permeable reactive barrier or de-nitrification wall is 
the only one of numerous denitrifying bioreactor kinds, i.e., denitrification 
beds, stream bed bioreactor, up-flow bioreactors, or denitrification layers. 
The restrictions of a de-nitrification wall are that they need site particular 
analyses of the hydraulic gradient, the extent and depth of the nitrate plume/s, 
elimination of nitrate are limited to the up-gradient contamination sources 
and within upper two meters of groundwater. Problems might ascend if the 
DE nitrification wall has lower saturated hydraulic conductivity as compared 
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to the surrounding subsoil. If this takes place, nitrate plumes incline to flow 
around the Denitrification and not through it. Though, in circumstances 
where nitrate contamination takes place below 2 meters, the diameter of the 
trench might be widened.

1.9.3. Vertical Flow Systems
Different filter media kinds have been inspected in PRBs. Gilbert et al. 
(2008). Reviewed 7 types of materials (softwood, hardwood, mulch, willow, 
coniferous, leaves, and compost) to choose an appropriate natural organic 
substrate to use in a PBR. Consequent to the batch test, the material used 
in laboratory-scale research was softwood. The columns were around 0.09 
meters in diameter and 0.9 meters long and expected an influent concentration 
of around 50 mg NO3-N dm–3 loaded from the column base at 2 HLRs: 0.3 
cm3/min and 1.1 cm3/min. At lower HLR, eliminations of more than 96% 
were measured, while eliminations of 66% were measured for higher HLR. 
The influence of residence times was studied by Claus and Kutzner (1985), 
who reviewed N elimination in an up-flow crammed bed reactor, with the 
lava stones as provision for the microbial growth. Utilizing nitrate solution 
of dissimilar concentrations (1.8; 3.0; 4.3; 6.1 g NO3 L–1) and five diverse 
residence times (5; 3.3; 2.5; 2.0; 1.7 h), 95% DE nitrification was measured 
at longest residence time.

Other kinds of filter media like shredded newspaper have been examined. 
Volokita et al. (1996) treated water in the 0.55 meter-high × 0.1 meter-
diameter laboratory columns using shredded newspaper. Complete nitrate 
elimination of inlet solution was accomplished at an ambient temperature of 
around 32°C. Sawdust has quite a high DE nitrification rates because of its 
large surface area but is disposed to clogging. Bedessem et al. (2005) used 
a mixture of native soil and sawdust in a 4.6 meter-long, 7.6 centimeter-
diameter laboratory column to treat synthetic wastewater. The total nitrogen 
elimination was 31% in the control column and 67% in columns with the 
organic layer. Saliling et al. (2007) assessed wheat straw and woodchips 
using an up-flow bioreactor. The concentration of influent was around 200 
mg NO3-N L–1 and 99% elimination was obtained. Vrtovšek and Roš (2006) 
inspected the efficiency of a 1-meter long × 0.12-meter diameter fixed-bed 
biofilm reactor, including a mixture of powdered activated carbon and PVC 
plastic as packing material. The reactor was vaccinated with municipal 
wastewaters before an operation. Influent water with a concentration of 
around 45 mg NO3-N L–1 and the sodium acetate was loaded from the base 
of the column. Different rates of loading were applied to a column, with the 
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drinking water quality being accomplished at NLR (nitrogen loading rates) 
of lower than 1.9 g NO3-N m–2 d–1. Phillips and Love (2002) examined a 
denitrifying bio-filter to eliminate nitrate from circulating again aquaculture 
system waters using an up-flow immobile film column and two fermentation 
columns. 

Two nitrate concentrations were loaded at the HLR of 3.0 m hr–1. The 
column was crammed with the polystyrene media with a particular surface 
area of around 1000 m2 m–3 and was planted with triggered sludge before 
the operation. Commercial fish food was used as a source of fermentation. 
Nitrate elimination of greater than 99% was achieved. Rocca et al. (2007) 
used a coupling HAD (heterotrophic-autotrophic denitrification) processes 
reinforced by cotton and ZVI (zero-valent iron) to measure the reduction of 
nitrate. Two-column sets full of cotton and 300 g or 150 g of ZVI were used 
in this experiment.

A laboratory sulfur-based RBS was assessed by Moon et al. (2008), 
and was capable to alter 60 mg N L–1 in di-nitrogen in the existence of 
phosphate. The rate of DE nitrification was higher than 95%. Cameron 
and Schipper (2010) associated nitrate elimination, hydraulic, and nutrient 
leakage characteristics of 9 different carbon (C) substrates. Mean nitrate 
elimination rates for the era 10 to 23 months were around 19.8 and 15 g 
N m−3 d−1 for maize cobs, 7.8 and 10.5 g N m−3d−1 for green waste, 5.8 and 
7.8 g N m−3 d−1 for wheat straw, 3.0 and 4.9 g N m−3 d−1 for softwood, and 
3.3 and 4.4 g N m−3 d−1 for hardwood for 14 and 23.5 carbon treatments, 
respectively.

1.9.4. Horizontal Flow Systems
These systems have also been used in studies. Healy et al. (2006) inspected the 
utilization of several wood materials as the source of carbon in the laboratory 
horizontal flow filters to denitrify nitrate from the synthetic wastewater. The 
filter materials used were: sawdust, sand and sawdust, sand and sawdust, 
and sand and medium-chip woodchips. 2 influent NO3-N concentrations, 
60 mg L–1, and 200 mg L–1, loaded at 19.4 to 2.9 mg NO3-N kg1 mixture 
d–1, were used. The horizontal flow filter with the sand/woodchip mixture, 
loaded at the 2.9 mg NO3-N kg–1 d–1, executed best, yielding a 97% reduction 
in NO3-N at the steady-state conditions. Utilizing a sand tank comprising 
a denitrifying zone in the center, Hunter (2001) measured the 39% nitrate 
elimination of the primary concentration of around 20 mg NO3-N L–1 at the 
flow rate of 1112 L/week.
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1.9.5. Wetlands
DDW can have a substantial hostile consequence on the environment. In 
recent years, the utilization of CWs (constructed wetlands) for the treatment 
of DDW, along with municipal and domestic wastewaters, has been attaining 
in popularity. This is because of their comparatively low capital expenses 
and maintenance requirements.

1.9.6. Wetland Types
There are two types of CW: FWS CWs (free water surface constructed 
wetlands) and the subsurface CWs. In FWS CWs, the wastewater flows in 
a shallow layer of water over the soil substrate. Subsurface CWs might be 
SSHF CWs (subsurface horizontal flow CWs) or SSVF CWs (subsurface 
vertical flow CWs). In SSHF CWs, the wastewater flows horizontally over 
the substrate. In SSVF CWs, the wastewater is dosed subsurface horizontal 
flow CWs spasmodically onto the surface of gravel filters and sand and 
slowly drains over the filter media before gathering in the drain at base. 
CWs might be planted with a mixture of submerged, growing, and in the 
situation of FWS CWs, the floating vegetation. However, the capability 
of vegetation to seizure nutrients, mainly in the cool temperate climate, is 
restricted (Healy et al., 2007).

1.9.7. Design Guidelines for the Dairy Dirty Water Treatment
American guidelines for design loading of subsurface horizontal flow CWs 
treating agricultural wastewater (NRCS, 1991) suggest an aerial OLR of 
around 7.3 g five-day BOD5 (biochemical oxygen demand) m–2d–1; similar 
rates are used in wetland design for the cool temperature climates (Cooper 
et al., 1996; Dunne et al., 2005ab). New Zealand guidelines for disposal of 
the DDW (Tanner and Kloosterman, 1997) suggested that an FWS CW must 
only succeed 2 waste stabilization ponds before arriving at the wetland with 
OLR not surpassing 3 g BOD5 m

–2 d–1. Normally, FWS CWs are used for 
the treatment of the DDW as problems like blockage of filter media-usually 
related to the process of SSHF CWs-don’t arise.

1.9.8. Treatment Efficacy
Outcomes from CWs have been variable. Table 1.4 presents the performance 
of free water surface CWs in the treatment of the DDW in several 
countries. In the study of unplanted and planted subsurface horizontal 
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flow CWs, where the unplanted subsurface horizontal flow CWs acted as 
the experimental control, Tanner (1995ab) discovered that under five-day 
CBOD5 (carbonaceous biochemical oxygen demand) OLRs varying from 
0.9–3.4 g CBOD5 m

–2 d–1 (unplanted) and 0.9–4.1 g CBOD5 m
–2 d–1 in case 

of planted, maximum CBOD5 eliminations of 85% and 92%, respectively, 
were measured. Ammonification was pronounced with growing HRT, and 
total nitrogen elimination varied between 48% and 80% for planted CWs. 
Similar OLRs were used in research on a three-cell incorporated FWS CW 
in Co. Wexford, Ireland (Dunne et al., 2005ab) where under OLRs ranging 
from 2.7–3.5 g BOD5 m

–2 d–1, the good organic elimination was measured, 
but nitrification wasn’t complete during winter.

Cronk et al. (1994) also discovered that under concentrated retention 
times BOD5 and suspended solids concentrations weren’t lessened to 
acceptable levels after the treatment in a one-cell FWS CW and that no 
substantial lessening of TKN (total Kjeldahl nitrogen) occurred. In research 
on the dairy farm in the Drointon in the United Kingdom (Cooper et al., 
1996), and SSHF CW was used to treat influent with the average BOD5 
concentration of around 1192 mg L–1. The system primarily used only the 
wetland and executed poorly under the early OLR of 26 g BOD5 m

–2 d–1. 
However, when 2 SSVF CWs and the lagoon were deployed in front of 
SSHF CW, then the system had an OLR of nearly 4 g BOD5 m

–2 d–1 and also 
had good organic and suspended solids elimination rates, but had restricted 
nitrification because of large fluctuations in inlet wastewater strength. Even 
under considerably reduced OLRs, FWS, and SSHF CWs have under-
performed.

Table 1.4: Average Effluent and Influent Concentration, Loading Rates, and 
Elimination Effectiveness of Wetlands Treating DDW (Dairy Dirty Water)

Parameter Wetland Loading Influent Effluent Removal
Type Rate ± SD ± SD Efficiency

BOD
Ireland FWS 998±1034 16±5 98
USA FWS ~12 242 246 –2

FWS ~60 7130 2730 62
FWS 18 2680 611 77
FWS NP 1914 59 97

Italy FWS ~1.9 451 28 94
Australia FWS 5.6 220 90 59
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N. Zealand FWS ~1 337 11 92
FWS ~4.1 113 27 76

COD
Ireland FWS 1718±2008 162±83 91
SS
USA FWS NP 5540 990 82

FWS NP 1645 65 96
FWS NP 911 641 30
FWS 9 1284 130 90

Ireland FWS 535±434 34±31 94
N. Zealand FWS ~8.5 150 33 78

FWS ~1.9 142 34 76
Tot-N
N. Zealand FWS 2.7 ~38 20 48

FWS 0.6 ~38 10 75
USA FWS 0.7 103 74 28

FWS NP 170 13 92
NH4-N
Israel FWS NP 51 44 14
USA FWS 0.05 8 52 0

FWS NP 72 32 56
Ireland FWS 48±25 6±5 88
N. Zealand FWS NP 33 22 34

FWS NP 38 11 71

NO3-N
USA FWS NP 5.5 10 0

FWS 2 × 10–3 0.3 0.1 67

Tot-P
N. Zealand FWS 0.8 ~11 6.9 37

FWS 0.2 ~11 2.9 74
USA FWS NP 53 2.2 96

FWS 0.2 26 14 46
PO4-P
Ireland FWS 15±7 3±2 80

Avg±SD; FWS → free water surface built wetland.
NP →not published.
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Current agricultural practice in the state of Ireland is controlled by European 
Communities (Good Agricultural Practice for Protection of Waters) 
Regulations 2009 (S.I. No. 101 of 2009), which then places a charge on 
the specific farmer and public authority to observe the conditions decided 
within the Nitrates Directive (EEC, 1991(a)) and the other water quality 
directives to confirm good wastewater management practices. On account of 
this, CWs are becoming quite popular for the treatment of the DDW. Healy 
and O’ Flynn (pers. comm.) assessed the performance of 7 CWs treating 
DDW in Ireland. They discovered that the average eliminations of COD 
(chemical oxygen demand) from DDW were around 91%. However, the 
average effluent concentrations were around 162 mg L–1, which was quite 
higher than the MAC (maximum allowable concentration). The performance 
of CWs in the lessening of NH4N and the ortho-phosphorus was also highly 
adaptable (Fingelton and Cushion, 1999).
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2.1. INTRODUCTION
Water has become a limiting factor in several semiarid and arid regions 
of the world, mainly for industrial and agricultural development. Water 
resources planners are constantly in search of additional sources of water to 
supplement the limited resources obtainable to their region. 

Several countries where precipitation is in the range of 100–200 mm a–1 
of the Eastern Mediterranean region, for instance, depend on some small 
underground aquifers and persistent rivers that are generally located in 
mountainous regions. 

Through expensive purification systems, drinking water is generally 
supplied, and over 50% of the food demand is fulfilled by importation (Van 
der Hoek et al., 2002; Buechler et al., 2006).

Source substitution seems to be the most appropriate alternative to 
satisfy less restraining uses, in such conditions, therefore, permitting high-
quality waters to be used for local supply. 

The United Nations Social and Economic Council gave a management 
policy in 1958 to support this method by stating that “no higher quality 
water unless there is a surplus of it, should be used for a purpose that can 
tolerate a lower grade” (United Nations, 1958). 

Low-quality waters like brackish waters, drainage waters, and 
wastewater should be considered as alternative sources for less restraining 
uses whenever possible (Siebe and Cifuentes, 1995).

Because of the high volumes that are essential agricultural use of water 
resources has great importance. 

In the sustainability of crop production in years to come irrigated 
agriculture will play a main role. 

Further decrease in the extent of consumable water resources by the year 
2000, among competing claims for water for industrial and municipal use, 
will expressively decrease the availability of water for agriculture. 

The use of suitable technologies for the advancement of alternate sources 
of water is, perhaps, the single most suitable method for solving the universal 
problem of water shortage, in common with developments in the efficiency 
of water use and with suitable control to decrease water consumption (Scott 
et al., 2004; Raschid-Sally et al., 2005) (Figure 2.1).
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Figure 2.1: Types of wastewater use (WHO, 1989).

Source: https://www.who.int/water_sanitation_health/resourcesquality/wpcc-
hap4.pdf.

2.2. TYPES OF REUSE
Inside the hydrological cycle, water is a renewable resource. The water 
recycled by natural systems offers a safe and clean resource which is then 
depreciated by various levels of pollution depending on how, and to what 
amount, it is used (Angelakis et al., 1999; Lee et al., 2005; Gutterres and de 
Aquim, 2013). Once used, however, water can be reclaimed and used again 
for different beneficial uses. The quality of the once-used water and the 
specific type of reuse (or reuse objective) define the levels of subsequent 
treatment needed, as well as the associated treatment costs. The basic types 
of reuse are indicated in Figure 2.1 and described in more detail below 
(WHO, 1989; Salgot et al., 2006; Becerra-Castro et al., 2015).

2.2.1. Agriculture and Aquaculture
On an international basis, wastewater is the commonly used low-quality water, 
mainly for aquaculture and agriculture (Mara et al., 1989; Schwartzbrod and 
World Health Organization, 1995). This rest of this chapter focuses on this 
sort of reuse due to the large volumes used, the environmental concerns, and 
the related health risks. Further types of reuse are only discussed briefly in 
the succeeding subsections (Trang et al., 2007a, b).
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2.2.2. Urban
Reclaimed wastewater, in urban areas, has been used primarily for nonpotable 
applications (Crook et al., 1992) such as:

1. Irrigation of landscaped areas surrounding industrial, commercial, 
residential, and public buildings;

2. Irrigation of recreation centers, public parks, athletic fields, 
playing fields and schoolyards, and edges and central reservations 
of highways;

3. Irrigation of golf courses;
4. Fire safety;
5.Ornamental water features and decorative landscapes like waterfalls, 

reflecting pools and fountains; and
6. Urinal flushing and toilet in industrial and commercial buildings.
The drawbacks of urban nonpotable reuse are generally connected 

with the high costs used in the construction of operational difficulties, dual 
water-distribution networks, and the potential danger of cross-connection. 
However, costs should be stable with the aids of conserving clean water and 
eventually eliminating, or postponing, the requirement for the expansion of 
further sources of water supply (Friedler et al., 2006; Bian et al., 2014).

Drinking urban reuse can be performed indirectly or directly. Indirect 
drinking reuse contains permitting the reclaimed water (or, on many 
occasions, raw wastewater) to be diluted and retained in groundwaters or 
surface before it is treated and collected for human consumption. 

In several developing countries unintentional, indirect drinking reuse is 
performed on a large scale, when cities are provided from sources getting 
considerable volumes of wastewater. Frequently, only common treatment 
(coagulation-flocculation clarification, disinfection, and filtration) is 
providing and therefore substantial long-term health effects may be likely 
from inorganic and organic trace pollutants which keep on in the water 
supplied (Van Rooije et al., 2005; Capra and Scicolone, 2007).

When the sewage from a wastewater recovery plant is connected to 
a drinking-water distribution network direct drinking reuse takes place. 
Treatment expenses are very high since the water has to meet very severe 
regulations which tend to be gradually restrictive, both in terms of endurable 
contaminant limits as well as in terms of the number of variables to be 
monitored (Keraita et al., 2003; Van Rooijen et al., 2010).
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Currently, only Namibia is carrying out direct potable reuse throughout dry periods 
in the city of Windhoek. In 1968, the Goreangab Reclamation Plant built is now 
being extended to treat about 14,000 m3 d–1 by 1997 to further increase supplies to 
the city of Windhoek (Parkinson and Tayler, 2003; Van Der Merwe et al., 1994).

2.2.3. Industry
The most communal uses of reclaimed water by industry are (Rehman et al., 
2008; Butt and Rehman, 2011):

1.  For power stations evaporative cooling water;
2.  Boiler-feed water;
3.  Development of water; and
4.  Surrounding the industrial plant irrigation of grounds.
By industry, the use of reclaimed wastewater is a possibly large market 

in developing as well as developed in and speedily industrializing countries. 
Industrial reuse is extremely cost-effective for manufacturing where the 
process does not need water of drinking quality and where industries are 
situated nearby urban centers where secondary sewage is easily available for 
reuse (Huibers and Van Lier, 2005; Rehman and Anjum, 2010).

2.2.4. Recreation and Landscape Enhancement
The use of reclaimed wastewater for landscape and recreation improvement 
ranges from small fountains and landscaped areas to occupied, water-based 
recreational sites for fishing, boating, and swimming (Ou et al., 2006; 
Kaosol and Sohgrathok, 2012). As for other forms of reuse, the value of the 
reclaimed water for frivolous uses should be determined by the degree of 
body connection appraised for each use., However, in large impoundments, 
where visual appearance is measured important it may be essential to control 
nutrients to evade eutrophication (Austin, 2013; Sadi and Adebitan, 2014).

2.3. IMPLEMENTING OR UPGRADING AGRICUL-
TURAL REUSE SYSTEMS
Land application of wastewater is a viable substitute for increasing resources 
and an important water pollution control measure in water-scarce areas. 
The wastewater reuse schemes have many benefits like environmental, 
economic, and health-related (Abdel-Shafy et al., 2011; El Gammal and Ali, 
2011). The use of wastewater for irrigation of crops has been significantly 
increased in the last two decades (Mara and Cairncross, 1989) because of:
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1. The costly fertilizers;
2. The increasing shortage of alternate water resources for irrigation;
3. The guarantees that soil damage and health risks are negligible if 

the necessary protections are taken;
4. The recognition by water resource organizers of the worth of the 

practice;
5. The sociocultural reception of the practice; and
6. The costly developed wastewater treatment plants desired for 

discharging wastes to water bodies.
Economic profits can be gained by an increase in production and income 

generation. Considerable increases in income will increase in areas where 
cropping was earlier restricted to rainy seasons. The Mesquital Valley in 
Mexico (see Case Study VII) where agricultural revenue has raised from 
nearly zero at the turn of the century when waste-water was made accessible 
to the region, to around 16 million Mexican Pesos per hectare in 1990 (CNA, 
1993) is a great example of economic recovery-related with the accessibility 
of wastewater for irrigation. The practice of wastewater fed aquaculture or 
excreta has also been a significant source of revenue in many countries like 
India, Indonesia, Bangladesh, and Peru. The East Calcutta manure fisheries 
in India, which is provided to the local market is the greatest wastewater use 
system comprising aquaculture in the world (about 3,000 ha in 1987), yields 
4–9 t ha–1 a–1 of fish (Edwards, 1992). Economic profits of wastewater/
excreta-fed aquaculture can also be found elsewhere (Bartone, 1985; Bartone 
et al., 1990; Ikramullah, 1994) (Table 2.1).

Table 2.1: Increases in Crop Yields (Tons ha–1 a–1) Arising from Wastewater 
Irrigation in Nagpur, India

Water Type Wheat Cotton Rice Moong Beans Potato
Stabilization pond ef-
fluent 3.45 2.41 2.98 0.78 22.31

Raw wastewater 3.34 2.56 2.97 0.90 23.11
Freshwater + NPK 2.70 1.70 2.03 0.72 17.16
Settled wastewater 3.45 2.30 2.94 0.87 20.78
Irrigation water 8 yrs1 3 yrs1 7 yrs1 5 yrs1 4 yrs1

1 years of harvest (to calculate average yield).

Source: Shende (1985).
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In several countries’ studies have revealed that if wastewater irrigation 
is provided and accurately managed crop yields can increase. Table 2.1 
displays the outcomes of field experiments carried out in Nagpur, India, by 
NEERI (the National Environmental Research Institute), which examined 
the effects of wastewater irrigation on crops (Shende, 1985).

Sewages from common wastewater treatment systems, with distinctive 
concentrations at the usual irrigation rate of about 2 m a–1 of 15 mg l–1 total 
N and 3 mg l–1 P give application rates of N and P of 300 and 60 kg ha–1 a–1, 
individually. Such nutrient efforts can decrease, or even eradicate, the need 
for viable fertilizers. Along with nutrients, the application of wastewater 
gives organic matter that works as a soil conditioner, thus growing the 
capacity of the soil to store water. The rise inefficiency is not the only help 
since more land can be watered, with the possibility of numerous implanting 
seasons (Bartone and Arlosoroff, 1987).

From the use of wastewater, environmental profits can also be increased. 
The features that may guide the development of the environment when 
wastewater is used instead of being disposed of in other customs are:

1. Evading the release of wastewater into surface waters;
2. Preservative groundwater resources in parts where overuse of 

these resources in agriculture are producing salt interruption into 
the aquifers;

3. The possibility of soil preservation by the prevention of land 
erosion and by humus build-up; and

4. The visual development of urban situations and recreational 
actions through fertilization and irrigation of green spaces like 
sports facilities, parks, and gardens.

Some potential negative environmental effects despite these benefits may 
arise in association with the use of wastewater. Groundwater contamination 
is one negative impact. The main problem is related to the nitrate pollution 
of groundwaters that are applied as a source of water supply. When a highly 
absorbent unsaturated layer above the aquifer lets the deeper separation 
of nitrates in the wastewater this may occur. If there is an unsaturated, 
homogeneous, deep layer above the aquifer that applies to retain nitrate, 
there is a slight chance of pollution. The uptake of nitrogen by crops may 
decrease the option of nitrate pollution of groundwaters, but it relies on the 
amount of uptake by plants and the amount of wastewater application to the 
crops (Johansson et al., 1996; Gianico et al., 2015).
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Another potential negative effect is the accumulation of chemical 
contaminants in the soil. Relying on the features of the wastewater, 
prolonged irrigation may guide to the accumulation of inorganic and organic 
toxic compounds and rises in salinity inside the unsaturated layers. To 
evade this option irrigation should just use wastewater of mostly domestic 
origin. Suitable soil drainage is also of essential importance in lessening soil 
salinization.

Prolonged irrigation may produce habitats for the development of 
sickness vectors like snails and mosquitoes. If this is possible, integrated 
vector control methods should be applied to evade the transmission of 
vector-borne diseases.

Since wastewater irrigation systems may participate to improved food 
production indirect health-related aids can happen and thus to improve 
social conditions, quality of life, and health. Potential negative health 
effects, however, must be taken by institutions managing wastewater reuse 
schemes and by public health authorities because the consumers of crops, 
and farmworkers, to some amount, nearby residents can be unprotected to 
the risk of transmission of infectious diseases.

2.3.1. Policy and Planning
The use of wastewater establishes a significant element of a water resources 
strategy and policy. Several nations, mainly those in the semiarid and arid 
regions like the Middle-Eastern countries, have implemented (in principle) 
the use of preserved wastewater as a significant concept in their general water 
resources planning and policy. A sensible wastewater use policy transmutes 
wastewater from a conservational and health liability to an environmentally 
and economically sound resource (Kandiah, 1994a; Lyu et al., 2016).

Governments must be ready to control and to establish wastewater reuse 
inside a broader framework of a national sewage use policy, which itself 
forms part of a countrywide plan for water resources. Cost-allocation and 
lines of accountability principles should be worked out among the numerous 
sectors involved, i.e., farmers who will help from sewage use schemes, 
resident authorities accountable for wastewater treatment and disposal, 
and the state which is concerned with the establishment of suitable water 
supplies, the promotion of public and health the safety of the environment. 
To ensure long-term sustainability, adequate care must be given to the 
organizational, institutional, and social aspects of sewage use in aquaculture 
and agriculture (Bartone, 1991; Keremane and McKay, 2007).
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The planning of wastewater-use projects and programs needs a systematic 
method. Box 4.1 provides a systematic framework for backing the 
characterization of basic conditions and the identification of opportunities 
and restrictions to lead the planning phase of the project (Biswas, 1988).

The government plan on sewage use in agriculture has a decisive effect 
on the accomplishment of control actions through careful choice of the sites 
and the crops that may be irrigated with treated sewage. 

A choice to make treated sewage available to farmers for unlimited 
irrigation eradicates the possibility of taking benefit of careful choice of sites, 
crops, and irrigation techniques, and thus minimizing the environmental 
impacts and limiting the health risks. If crop selection is not practical, 
however, but a government lets unlimited irrigation with sewage in precise 
controlled areas, public access to those areas can be prohibited (and thus some 
control is attained). The greatest security against opposing environmental 
impact and health risk rise from limiting sewage use to limited irrigation 
on precise areas to which the public has no access (Molina and Melgarejo, 
2016).

It has been recommended that the actions involved in formulating plans 
for sewage irrigation schemes are analogous to those used in most forms of 
reserve planning, i.e., by the main economic, social, and physical dimensions 
(Cobham and Johnson, 1988). The succeeding key tasks or issues are likely 
to have an important effect on the last success of sewage irrigation schemes 
(Biswas, 1988):

1 `The managerial and organizational provisions made to manage 
the resource, to select the sewage-use plan and to apply it;

2. The importance attached to the levels of risk taken and to public 
health attention;

3. The choice of multiple-use or single-use plans;
4. In appraising alternative reuse proposals, the criteria are adopted; 

and
5. For establishing a forest resource the level of appreciation of the 

scope.
Implementing a mix of sewage use policies generally, has the advantages 

of more efficient use of wastewater throughout the year, increased financial 
security and allowing greater flexibility, while a single-use strategy gives 
rise to seasonal excesses of sewage for unproductive disposal.
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2.3.2. Legal and Regulatory Issues
The usage of wastewater, mainly for irrigation of crops, is related to two 
major forms of legal issues:

1.  Securing incumbency for the operators, mainly regarding 
rights of access to and possession of waste, and as well as public 
regulation of its use. Land tenure should also be included in the 
legislation, deprived of which security of access to wastewater 
is useless (Bazza, 2003).

2.  The delimitation of an authorized regime and the formation 
of the legal status of wastewater for its practice. This may com-
prise the amendment of the present or the progress of new leg-
islation; the distribution of new powers to current institutions or 
formation of new institutions; attributing roles of, and relations 
between, local, and national government in the sector; and agri-
cultural legislation, environmental public health and like codes 
and standards of practice for reuse (Mizyed, 2013).

The following aspects should be addressed for the description of a legal 
regime for wastewater management (WHO, 1990):

1. Should have a system of certifying of wastewater use;
2. Should have the tenure of wastewater;
3. Should have a description of what is meant by wastewater;
4. Should have the restrictions for the protection of environmental 

and public health about the planned use of the wastewater, 
treatment circumstances and final quality of wastewater, and 
situations for the siting of wastewater treatment facilities;

5. Should have the safety of other operators of the water resources 
that may be unfavorably affected by the loss of return flows into 
the system rising from the usage of wastewater;

6. Should have the interface of this legal regime with the general 
legal regime for the management of water resources, mainly the 
legislation for environmental and water pollution control and 
the legislation governing the sewerage services to the public and 
the establishment of water supply, with the relevant accountable 
institutions;

7. Should have the implementation mechanisms;
8. Should have the discarding of the muds which result from 

wastewater treatment methods;
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9. Should have the institutional measures for the administration of 
related legislation; and

10. Cost distribution and pricing.
Monitoring actions are applied at the operative level and enforced 

through codes of practice, standards, and guidelines (Angelakis et al., 1999, 
2003).

2.3.3. Guidelines and Standards
To propose guidelines and to make recommendations regarding international 
health matters is one of the functions of WHO (World Health Organization). 
Rules for the safe use of wastewater, is a part of this function are planned 
to provide guidance and background to governments for risk management 
decisions related to the protection of public health and the preservation of 
the environment (Shuval, 1991; Shuval et al., 1997).

In every country, it must be stressed that guidelines are not proposed 
for direct and absolute application. They are based on epidemiological 
findings and the state-of-the-art in scientific research and are advisory. They 
are intended for the formation of a health basis and the health risks and, as 
such, they give a common background in contradiction of which regional or 
national standards can be derived (Hespanhol and Prost, 1994).

2.3.3.1. Agriculture
The Scientific Group on Health Guidelines established the basic criteria for 
the health safety of the groups at hazard from agricultural reuse systems 
and suggested the microbiological guidelines for the use of Waste-water 
in Aquaculture and Agriculture, held in Geneva in 1987 (WHO, 1989) 
shown in Table 2.2. These guidelines and criteria were the outcomes of 
a long introductory process and the epidemiological indication existing 
at the time. They are related to the exposed groups, the reuse conditions, 
the class of crops, and the suitable wastewater treatment systems, to attain 
microbiological quality (Gurel et al., 2007).

2.3.3.2. Aquaculture
For fish production, the use of excreta or wastewater to fertilize ponds 
has been linked with numerous infections caused by defecated pathogens, 
containing high pathogen concentrations in the digestive tract and incursion 
of fish muscle by bacteria and the intraperitoneal fluid of the fish. Field 
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data and imperfect experimental on health effects of wastewater or excreta 
fertilized aquaculture are presented and, therefore, the Scientific Group 
Meeting suggested the following uncertain guidelines:

1.  To ensure that bacterial invasion of fish muscle is prevented 
there should be a geometric mean of < 103 fecal coliforms every 
100 ml for fish pond water. For pond water in which macro-
phytes edible (aquatic vegetables) are grownup, the same guide-
line value should be upheld because in several areas they are 
eaten raw. This can be attained by treating the wastewater that is 
supplied to a concentration of 103–104 fecal coliforms for every 
100 ml to the ponds (by assuming that the pond will let one or-
der of magnitude dilution of the incoming wastewater).

2.  To avoid infection by helminths such as schistosomiasis, 
fasciolopsiasis clonorchiasis and there should be the total ab-
sence of trematode eggs. By stabilization pond treatment, this 
can be readily attained.

3.  To avoid infection of fish muscle by the intraperitoneal fluid 
of the fish there should be high standards of hygiene during fish 
gutting and handling.

In some specific cases, environmental, socio-cultural, and local 
epidemiological factors should be taken into account, and these guidelines 
improved consequently.

Table 2.2: Recommended Microbiological Guidelines for Wastewater Use in 
Agriculture

Category Reuse Condi-
tions

Exposed 
Group

Intes-
tinal 
Nema-
todes1 
(No. of 
Eggs per 
Liter)2

Fecal 
Coliforms 
(No. per 
100 ml)3

Wastewater Treat-
ment Expected to 
Achieve Microbio-
logical Quality

A

Irrigation of crops 
possible to be 
eaten uncooked, 
public parks4, 
sports fields

Public, 
consumers, 
Workers.

≤1 ≤1,000

To achieve the 
microbiological 
quality indicated, or 
equivalent treatment 
a series of stabiliza-
tion ponds is being 
designed
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B

Irrigation of fod-
der crops, indus-
trial crops, cereal 
crops, trees5, and 
pasture 

Workers ≤1 na

Equivalent helminth 
and fecal coli form 
removal or retention 
in stabilization ponds 
for 8–10 days

C

If exposure 
of public and 
workers does not 
occur localized 
irrigation of crops 
in category B 

None na na

Pre-treatment as vital 
by irrigation technol-
ogy, but no below 
primary sedimenta-
tion

1 Ascaris, hookworms, and Trichuris.
2 The arithmetic means during the irrigation period.
3 Geometric mean during the irrigation period.
4 A more strict guideline (200 fecal coliforms per 100 mL) is suitable for 
public lawns like hotel lawns, with which the public may have direct contact.
5 In the case of fruit trees, irrigation should stop two weeks before fruit 
is picked, and no fruit should be picked off the ground. Sprayer irrigation 
should not be used.
Source: WHO (1989).

The chemical quality of treated domestic sewages used for irrigation is 
also of specific importance. Numerous variables are related to agriculture 
regarding the quality and yield of crops, the protection of the environment, 
and the preservation of soil productivity. 

These variables are total electrical conductivity, salt concentration, 
sodium adsorption ratio (SAR), toxic ions, heavy metals, and trace elements. 
In FAO, (1985) a detailed discussion of this subject is available.

2.3.4. Institutional Arrangements
Wastewater-use projects at the state level deal with the responsibilities 
of numerous government agencies and ministries. For minimization of 
administrative conflicts and satisfactory operation, the following ministries 
should be involved from the development phase onwards (Mizyed, 2013; 
Saldías et al., 2016):

1. Ministry of Water Resources: Incorporation of wastewater use 
projects into general water resources management and planning.
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2. Ministry of Public Works and Water Authorities: Excreta or 
wastewater treatment and collection.

3. Ministry of Agriculture and Fisheries: Supervision of state-
owned land; overall project planning; operation and installation 
of an irrigation setup; aquacultural and agricultural extension, 
including control of and marketing training.

4. Ministry of Health: Disease surveillance and health protection; 
according to local standards surveillance of sewage quality; 
responsibility for human exposure control, for example, 
vaccination, control of diarrhoeal and anemia diseases; and health 
education.

5. Ministry of Planning/Economy/Finance: Financial and 
economic evaluation of projects; and benefit/cost analysis, criteria 
for subsidizing and financing.

Consistent with national arrangements, other ministries like those focused 
on rural development, land tenure, environmental protection, cooperatives, 
and women’s affairs may also be involved (Mara and Cairncross, 1989).
Countries starting events including wastewater use for the first time can help 
significantly from the establishment of an administrative body, an interagen-
cy technical standing committee for example, which is under the guidance 
of a leading ministry (Agriculture or Water Resources) and also be respon-
sible for sector development, management, and planning. On the other hand, 
current organizations may be assigned duty for the sector (or parts of it), 
for instance, a National Fisheries Board (NFB) might be responsible for the 
aquacultural use of wastewater, and excreta and a National Irrigation Board 
(NIB) might be responsible for wastewater usage in agriculture. These orga-
nizations should then coordinate a team of representatives from the different 
agencies having sectoral responsibilities. The interagency committees have 
these basic responsibilities (Ormerod and Scott, 2013):

1 For wastewater use and monitoring, its execution of a coherent 
regional or national policy should be developed.

2. Defining the division of responsibilities and the measures for 
collaboration between the respective agencies and ministries 
involved.

3. Evaluating the proposed reuse schemes, mainly from 
environmental protection and the public health point of view.

4. Observing the implementation and promotion of national 
legislation and codes of practice.
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5. A rational staff development policy for the sector should be 
developed.

Such measures for interagency collaboration are even more significant 
at the state or regional level in countries with a federal or regional 
administration. The standards and overall framework of waste-use policy 
may be defined at the national level while the regional body will have to 
interpret by taking into account local conditions and add to these.

In Mexico, the National Water Commission (CNA) is established in 
charge of the administration, planning, and control of all wastewater use 
schemes at the national level, and is attached to the Ministry of Water and 
Agriculture Resources, controls the water resources of the country. The 
other governmental branches like the Ministry of Social Development, the 
Ministry of the Environment and, the Ministry of Health also contribute 
according to definite interests inside their field of activity. The State 
government is also integrated at the regional level with the management 
of local schemes. For example, for the maintenance and operation of the 
irrigation districts along with monitoring, surveillance, and implementation 
actions in the Mesquital Valley the State of Hidalgo cooperates with the local 
agency of CNA. There is also a strong contribution by the private sector in 
the Mesquital Valley, dealing with the management of small irrigation units 
combined into cooperative systems (Fam and Mitchell, 2013).

2.3.5. Economic and Financial Aspects
An economic evaluation of wastewater irrigation projects should have relied on the 
incremental costs and profits accumulated from the practice. To adjust marginal 
profits and costs to the current value at a real concession rate and to design the 
system wisely so that the cost/benefit ratio is >1 is a procedure that is applied in 
many projects. Another procedure involves defining the internal rate of return of 
the project and authorizing that it is viable (Forero, 1993; Nassar et al., 2009).

By comparing with one of the following hypothetical scenarios the 
financial assessment can be done, each of which is constructed with different 
costs and benefits (Lu and Leung, 2003):

1. No agriculture and rain-fed agriculture (irrigation) at all;
2. From alternative source irrigation with water without fertilizer 

application; and
3. From alternative source irrigation with water with fertilizer 

application.
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In a wastewater irrigation project, the following costs must be considered 
(Papadopoulos, 1990):

i Wastewater treatment costs, comprising site and land 
preparation, equipment, and materials, system design, civil 
engineering works.

ii Irrigation costs comprise of conveyance and distribution, 
storage water handling.

iii On-farm costs, linked with institutional build-up, including 
training and facilities, hygiene facilities for field workers, 
measures for public health protection, and use of minor 
value crops allied with the precise waste-water application.

iv Maintenance and Operation costs, including protective 
clothing for field workers, labor, additional energy 
consumption, monitoring, and testing, management, and 
overhead costs, and additional fertilizer if needed.

In the assessment, it is of vital importance that only marginal costs are 
taken into account. For instance, just the additional costs needed to achieve 
local sewage standards for reuse should be measured (if they are needed). 

Costs linked with treatment systems should not be accounted for in the 
economic appraisal of reuse systems for environmental safety (which would 
be applied anyway). 

Likewise, irrigation, and on-farm costs that should be measured are only 
the additional costs accumulated in association with the use of wastewater 
instead of any other straight source of water (Özerol and Günther, 2005; 
Qadir et al., 2010).

2.3.6. Socio-Cultural Aspects
Public acceptance of the use of excreta or wastewater in aquaculture and 
agriculture is affected by religious and socio-cultural factors. For example, 
in Europe, 

Africa, and America there is strong hostility to the use of excreta as 
fertilizer, while in some areas of Asia, mainly in Java, Japan, and China, 
the practice is done frequently and considered ecologically and economical 
sound (Hespanhol and Prost, 1994; McNeill et al., 2009).

Though, in most areas of the world, there is no cultural hostility to the 
usage of wastewater, mainly if it is treated. Where other sources of water 
are not easily obtainable wastewater use is well accepted, or for economic 
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reasons. In some Islamic countries, wastewater is used for the irrigation of 
crops if the najassa (impurities) are removed. 

However, these results are for economical need instead of cultural 
preference. 

The practice of reuse is applied thoroughly only if impure water is 
changed to pure water (tahur) by the succeeding methods (Farooq and 
Ansari, 1983) according to Koranic edicts: self-purification, elimination of 
the impurities by the passageway of time or, the addition of pure water in 
adequate quantity to dilute the impurities or by physical effects (Al-Sa’ed 
and Mubarak, 2006; Hidalgo et al., 2007).

Because of the extensive inconsistency in cultural beliefs, religious 
dogmas and human behavior, refusal or acceptance of the practice of 
wastewater reuse inside a precise culture is not always valid everywhere. 
A comprehensive assessment of religious beliefs and local socio cultural 
situations is always essential as an initial step to applying reuse projects 
(Cross, 1985; Crook et al., 1992).

2.4. TECHNICAL ASPECTS OF HEALTH PROTEC-
TION
By the integrated application of four major measures, the health protection 
in wastewater use projects can be provided: wastewater treatment, human 
exposure control, wastewater irrigation techniques, and crop restriction and 
selection.

2.4.1. Wastewater Treatment
In response to the hostile conditions produced by the discharge of raw 
effluents to water bodies, the wastewater treatment systems were developed. 
With this method, treatment is aimed at the pathogens and nutrients, floatable, 
and suspended material, elimination of recyclable organic compounds. 

The criteria for wastewater treatment, however, intended for reuse in 
irrigation differ significantly. 

Whereas it is intended that pathogens are eliminated to the maximum 
level possible, some of the recyclable organic matter and most of the 
nutrients obtainable in the raw wastewater need to be upheld (Bauer et al., 
2002) (Figure 2.2, Tables 2.3 and 2.4).



Agricultural Wastewater Treatment56

Figure 2.2: A flow chart illustrating a public participation program (After 
Crook).

Table 2.3: Removal of Excreted Bacteria and Helminths by Various Wastewater 
Treatment Systems

Treatment Process
Removal (log10 Units) of
Bacteria Helminths Viruses Cysts

Aerated lagoon3 1–2 1–3 (G) 1–2 0–1
Chemically assist-
ed1 1–2 1–3 (G) 0–1 0–1

Primary sedimenta-
tion Plain 0–1 0–2 0–1 0–1

Waste stabilization 
ponds5 1–6 (G) 1–3 (G) 1–4 1–4

Biofiltration2 0–2 0–2 0–1 0–1
Oxidation ditch2 1–2 0–2 1–2 0–1
Effluent storage 
reservoirs6 1–6 (G) 1–3 (G) 1–4 1–4

Disinfection4 2–6 0–1 0–4 0–3
1 To confirm performance further research is needed.
2 Including subordinate sedimentation.
3 Including settling pond.
4 Ozonation or chlorination.
5 Performance relies on the number of ponds in series and other environmental 
features.
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6 Performance relies on preservation time, which differs with demand.

Source: Mara and Cairncross (1989).

Table 2.4: Reported Effluent Quality from Stabilization Ponds with a Retention 
Time of 25 days

Location of Ponds No. of Ponds in Series Effluent Quality (fc/100 ml)1

France, Cogolin 3 100 
Tunisia, Tunis 4 200 
Brazil, Extrabes 5 30 
Peru, Lima 5 100 
Jordan, Amman 9 30 
Australia, Melbourne 8–11 100 

1Fecal coliforms per 100 ml.

Source: Bartone and Arlosoroff (1987).

Table 2.4 recaps the productivity of wastewater treatment systems 
for the elimination of pathogens, representing where the suggested WHO 
guidelines for unrestricted irrigation (Category A) can be met. To guide the 
choice of suitable treatment systems for the use of wastewater in irrigation 
the succeeding overall comments offer technical support (Hespanhol, 1990).

2.4.1.1. Conventional Primary and Secondary Treatments
Between 107 and 109 fecal coliform per 100 ml contained by raw domestic 
wastewater. Conventional treatment systems like activated sludge, bio-
filtration, aerated lagoons, and plain sedimentation, which are intended 
mainly for the removal of organic matter, are not able to eliminate pathogens 
to produce sewage that for bacterial quality fulfills the WHO guideline 
(≤1,000 fecal coliforms per 100 ml). Similarly, in helminth removal, they 
are not normally effective. More adaptive work and research are needed to 
expand the efficiency of conventional systems in eliminating helminth eggs 
(Adrados et al., 2014).

2.4.1.2. Waste Stabilization Ponds
To provide sewages for reuse in aquaculture and agriculture the ponding 
systems are the ideal technology, mostly when land is available at normal 
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cost and in warm climates (Mara, 1976; Arthur, 1983; Bartone, 1991). 
Ponding systems integrating maturation, facultative, and anaerobic units, 
with a general average holding time of 10–50 days (reliant on temperature), 
can yield effluents that fulfill the WHO guidelines for both helminth and 
bacterial quality (Sim et al., 2011) (Table 2.5).

Table 2.5: Performance of Five Wastewater Stabilization Ponds (Mean Tem-
perature 26°C)

Sample BOD5 (mg 
l–1)

Fecal Co-
liforms

Retention 
Time (Days)

Intestinal 
Nematode
Eggs/Liter

Sus-
pended 
Solids 
(mg l–1)

Facultative pond 45 3.2 × 105 5.5 1 74

Anaerobic pond 63 2.9 × 106 6.8 29 56

Raw wastewater 240 4.6 × 107 804 305

Effluent from

Maturation pond 
No. 1 25 2.4 × 104 5.5 0 61

Maturation pond 
No. 2 19 450 5.5 0 43

Maturation pond 
No. 3 17 30 5.8 0 45

Source: Mara et al. (1983); Mara and Silva (1986).

Tables 2.5 and 2.6 show the high confidence through which pond 
systems can fulfill the World Health Organization (WHO) guidelines and 
Table 2.6 also illustrates their outstanding capacity for reducing suspended 
solids and BOD. The Drainage Paper No. 47 Wastewater Treatment in 
Agriculture (FAO, 1985) and FAO Irrigation also gives a good appraisal 
of wastewater treatment systems which are suggested for wastewater use 
schemes. Why stabilization ponds are a suitable treatment system for the 
situations dominant in developing countries the following advantages are 
the reasons (Ozengin and Elmaci, 2007):

1 High capability to absorb hydraulic and organic loads;
2. No need for energy requirements;
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3. Lower maintenance, operation, and construction costs; and
4. Capability to treat an extensive variety of agricultural and 

industrial wastes.

2.4.1.3. Disinfection
Because of the high costs involved and the difficulty of keeping a predictable, 
uniform, and adequate level of disinfection efficacy, the disinfection of 
wastewater over the application of chlorine has never been entirely effective 
in practice. Sewages from well functioned conventional treatment systems, 
a contact time of 30–60 min and treated with 10–30 mg l–1 of chlorine, 
have no capacity for eradicating protozoa and helminth eggs but give 
a good decrease of excreted bacteria. As an operating and well-designed 
stabilization, ponding system will give sewage with < 1,000 fecal coliform 
per 100 ml and < 1 egg of abdominal nematodes per liter, there is generally 
no need for disinfection of pond sewages proposed for reuse (Liu et al., 
2012).

Table 2.6: Evaluation of Common Irrigation Methods about the Use of Treated 
Wastewater

Parameters of 
Evaluation

Sprinkler Ir-
rigation

Furrow Ir-
rigation

Border Irriga-
tion Drip Irrigation

Capability to 
keep high soil 
water potential

Not possible to 
keep high soil 
water poten-
tial during the 
growing season

Plants may be 
dependent on 
stress among 
irrigations

Plants may be 
dependent on 
water stress 
among irriga-
tions

Possible to keep 
high soil water 
potential through the 
growing season and 
lessen the effect of 
salinity

Salt accretion 
in the root 
zone with 
recurrent ap-
plication

The root zone 
is not expected 
to accumulate 
salts and salt 
movement is 
downwards

Salts tend to 
gather in the 
edge which 
could harm 
the crop

Salts trans-
fer vertically 
downwards 
and are not ex-
pected to gather 
in the root zone

Salt movement is 
outward along the 
direction of the 
water movement. A 
salt wedge is formed 
among drip points

No foliar 
injury happens 
under this 
process of ir-
rigation

Subsequent leaf 
damage and 
foliar wetting 
resulting in 
poor yield

Severe leaf 
damage 
can happen 
subsequently 
in significant 
yield loss

As the crop is 
planted on the 
edge no foliar 
injury 

Some bottommost 
leaves may be af-
fected but the dam-
age is not sufficient 
to decrease yield
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Without signif-
icant yield loss 
suitability to 
handle brack-
ish wastewater 

Poor to fair. 
Most crops 
effected from 
leaf damage 
and yield are 
low

Fair to 
medium. 
With good 
drainage and 
management, 
suitable 
yields are 
possible

Fair to medium. 
Good drainage 
and irrigation 
practices can 
give suitable 
levels of yield

Excellent to good. 
Nearly all crops can 
be grown with very 
little decrease in 
yield

Source: Kandiah (1994b).

2.4.1.4. Storage Reservoirs
Mostly during specific periods of the year or in the dry season water demand 
for irrigation arises. Therefore, wastewater planned for irrigation can be 
stored in large, especially or naturally made reservoirs, which offer more 
natural treatment, especially in terms of helminth and bacteria removal. 
Such reservoirs have been used in Israel and Mexico (Shuval, et al., 1986).

To formulate a suitable design criterion for storage reservoirs there 
are inadequate field data presented, but pathogen elimination relies on 
the opportunity of having the reservoir separated into compartments 
and on retention time. The greater the number of compartments in series 
and the greater the retention time, the greater the efficiency of pathogen 
removal. Based on data presented from natural storage reservoirs a design 
recommendation, working in the Mesquital Valley, Mexico, is to give a least 
hydraulic average withholding time of 10 days, and to accept two orders 
of magnitude decrease in both helminth eggs and fecal coliform. Thus, so 
that the WHO guidelines for unrestricted irrigation are achieved, the stored 
wastewater should contain no more than 105 fecal coliform per 100 ml and 
no more than 102 eggs per liter (Vymazal and Kröpfelová, 2008).

2.4.1.5. Tertiary Treatment
To improve the physicochemical quality of biological secondary sewages 
advanced or tertiary treatment systems are used. Numerous unit processes 
and unit operations like denitrification, nitrification, and coagulation-
flocculation-settling-sand filtration, electro-dialysis, ion exchange, and 
carbon adsorption, can be applied to follow the secondary treatment to 
acquire high-quality effluents. For use in developing countries, none of 
these units are suggested when treating wastewater for reuse, because of 
the operational costs and high capital involved and the need for very skilled 
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personnel for maintenance and operation (Vymazal, 2009).If the aim is to 
improve sewages of biological plants (mainly in terms of helminths and 
bacteria), for them or aquaculture irrigation of crops, a more suitable option 
is to add “polishing” ponds as tertiary treatment. Vertical or horizontal-flow 
roughing filtration units (which have been used for pretreatment of turbid 
waters earlier than slow-sand filtration) may be considered if the land is 
not accessible. These units, which occupy a comparatively small area and 
have low cost, are very active for the removal of a substantial proportion 
of intestinal nematodes and the treatment of secondary sewages. Thorough 
information on the design, removal efficiencies, and operation of roughing 
filters can be found somewhere else (Wegelin, 1986; Wegelin et al., 1991).

2.4.1.6. Sludge Treatment
The extra sludge produced by biological treatment plants is valued as a source 
of plant nutrients along with a soil conditioner. It can also be used to fertilize 
aquaculture ponds or in agriculture. Nevertheless, biological treatment procedures 
focus on inorganic and organic impurities along with pathogens in the extra sludge. 
Helminth eggs can remain viable and last for periods of nearly one year given the 
availability of moisture and nutrients. Raw sludge can be applied to agricultural 
land in channels and covered with a layer of the earth if suitable care is being 
taken during the handling process. This should be completed before the start of a 
planting season and care should be taken that no tuberous plants like potatoes or 
beets are planted sideways the channels (Braga et al., 2005).

To make sludge’s safe for use in aquaculture or agriculture the following 
treatment methods can be used:

1. Storage at ambient temperature in hot climates from 6–12 months.
2. Mesophilic (around 35°C) anaerobic digestion, which removes 

only 30–40% of Ascaris but removes eggs 90–95% of total 
parasite eggs, (Gunnerson and Stuckey, 1986).

3. For about 13 days, thermophilic (around 55°C) anaerobic digestion 
guarantees total inactivation of all pathogens. Constant reactors can 
let pathogens evade the elimination process and thus the digestion 
process should be done under batch circumstances (Strauss, 1985).

4. With local solid waste or some other organic bulking agent forced-
aeration co-composting of sludge-like wood chips, for 30 days 
at 55–60°C after that maturation for 2–4 months will produce a 
constant, pathogen-free compost at ambient temperature, (Obeng 
and Wright, 1987).
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2.4.2. Crop Selection
According to the WHO guidelines for the irrigation of specific crops 
wastewater of great microbiological quality is needed, mostly crops eaten 
uncooked (see Table 4.2). Since lower quality, waters will distress consumers 
and other unprotected groups like crop handlers and field workers an inferior 
quality is acceptable however for irrigation of specific types of crop and 
equivalent levels of exposure to the groups at risk. For instance, crops which 
are generally cooked like potatoes, or industrial crops like sisal and cotton, 
do not need high-quality wastewater for irrigation (Hussain and Al-Saati, 
1999).

According to the group of persons expected to be exposed and the degree 
to which health protection measures are compulsory crops can be divided 
into two extensive categories:

1. Category A: Protection was compulsory for the general public, 
agricultural workers, and the consumers. This category contains 
crops expected to be eaten uncooked, public parks, sports fields 
spray-irrigated fruits, and lawns.

2. Category B: Protection compulsory for agricultural workers only, 
since there would be no microbiological health dangers linked 
with the consumption of the crops if they were watered with 
wastewater (since crops in this category are not eaten raw, or they 
are treated before they reach the consumer so there is no risk to 
consumers). This category contains fodder crops, industrial crops, 
trees, cereal crops, pastures, and food crops for canning. If they 
are not eaten raw (peas and potatoes), or if they raise well above 
the ground (green beans, tomatoes, and chilies), some vegetable 
crops may be counted in this category. In these scenarios, it is 
important to make sure that the crop is not polluted by falling to 
the ground or by sprinkler irrigation, and that contamination of 
kitchen utensils by these crops, before cooking, does not give rise 
to health dangers (Keraita et al., 2010; George et al., 2018).

The practice of crop restriction concludes that crops that are permitted to 
be watered with wastewater are restricted to those certain under category B. 
Although this category protects consumers further, protective measures are 
required for farmworkers (see below).

Although it looks straightforward and simple, in reality, it is very tough 
to implement and to apply crop restriction policies. If a crop restriction 
policy is fully implemented and enforced it is only effective for health 
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protection. It needs the capacity to control and to monitor compliance with 
the conventional crop restriction regulations and a durable institutional 
framework. Agriculturalists should be advised of the necessity and 
importance of the restriction policy and be aided in developing a stable mix 
of crops that makes full use of the existing partially treated waste-water. The 
possibility of following is more where (Mohammad and Ayadi, 2004):

1. There is satisfactory demand for the crops permitted under the 
policy and they get a suitable price;

2. A public body under strong central management regulates the 
allocation of wastewater;.

3. A law-abiding society occurs or the restriction policy is strongly 
imposed; and

4. In favor of crops in category A, there is little market pressure.
In aquaculture schemes, crop restriction does not give health protection, 

because macrophytes and fish grown in excreta-fertilized or wastewater 
ponds are, in several places, consumed uncooked. In many parts of 
the world a promising and alternative method, already practiced, is to 
produce duckweed (Lemna sp.) in wastewater-fed ponds. The duckweed is 
then gathered and dried up and nourished to high-value fish grownup in 
freshwater ponds. To yield fishmeal for animal feed (or for fish food) the 
similar method can be used by rising the fish to be used for the production 
of fishmeal in wastewater ponds (Segarra et al., 1996).

2.4.3. Irrigation Techniques
To irrigate crops the different approaches used by farmers can be grouped 
under five headings (Kandiah, 1994b):

1. `Sprinkler Irrigation: Water in this category is applied in the 
form of a spray and influences the soil in the same way as rain 
(e.g., solid, and portable set sprinklers, center-pivot systems, 
spray guns, and traveling sprinklers).

2. Localized Irrigation: Around each plant or group of plants 
water is applied so that only the root zone becomes wet (e.g., 
micro-sprinklers, bubblers, and drip irrigation).

3. Furrow Irrigation: Between ridges, water is applied (e.g., 
graded, and level furrows, corrugations, and contour furrows). The 
water reaches the ridge (where the plant roots are concentrated) 
by capillary action.
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4. Flood Irrigation: Over the entire field water is applied to 
penetrate the soil (e.g., borders, contour flooding, wild flooding, 
and basins).

5. Sub-Surface Irrigation: Beneath the root zone water is applied 
in such a way that it wets the root zone by the capillary rise (e.g., 
buried pipes, and subsurface canals).

The type of irrigation method selected depends on the soil, climate, 
water supply conditions, the capability of the farmer to manage the system, 
the cost of irrigation approaches and the crops to be grown (Phocaides, 
2000; Jiang et al., 2012).

For decreasing the negative effects of wastewater, there is significant 
scope, use in irrigation over the selection of suitable irrigation methods. The 
choice of method is ruled by the succeeding technical factors:

1. Crops type that’s need to be irrigated;
2. The wetting of aerial parts, fruits, and foliage;
3. The distribution of contaminants, salts, and water in the soil;
4. Ease through which high soil-water potential can be upheld;
5. Application’s efficiency; and
6. The potential to pollute the environment and farmworkers.
Table 2.7 evaluates these factors with four broadly applied irrigation 

methods, namely border, drip irrigation, sprinkler, and furrow.
A border (as well as any flood irrigation or a basin) system includes 

complete exposure of the soil surface by treated wastewater which is not 
generally an effective method of irrigation. This system pollutes vegetable 
crops growing near the ground and root crops and, too much than any other 
method, exposures field workers to the pathogen amount of wastewater. 
Therefore, for both water and health protection, border irrigation with 
wastewater is not reasonable (Brito et al., 2009; Howard et al., 2011).

Table 2.7: Different Levels of Tools for Public Participation in the Decision to 
Reuse Wastewater

Purpose Tools

Interaction dialogue Interviews, special task forces, Workshops, advisory boards, 
seminars, study group discussions, informal contacts
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Education and infor-
mation

Speeches and presentations, conferences, newspaper articles, 
information depositories, exhibits, field trips, letters, films, 
brochures, and newsletters, reports, school programs, radio, and 
TV programs

Review and reaction Public hearings, public meetings, briefings, advertised “hotlines” 
for telephone inquiries, question, and answer columns, surveys, 
and questionnaires

Source: Crook et al. (1992).

Since plants are grown on ridges, furrow irrigation can decrease crop 
contamination and does not wet the whole soil surface. Whole health safety 
cannot be guaranteed and the danger of contamination of farmworkers 
is possibly medium to high, relying on the amount of automation of the 
process. The risk to irrigation workers is least if the treated wastewater 
flows through pipes and sent into individual furrows by way of gated pipes. 
To evade surface ponding of standing wastewater, which may encourage 
the growth of disease vectors, smoothing of the land should be carried out 
carefully and suitable land gradients should be provided.

Spray, or sprinkler, irrigation approaches are generally more effective 
in water use because better uniformity of application can be attained. Such 
overhead irrigation methods, however, can contaminate farmworkers, fruit 
trees, and ground crops. Furthermore, pathogens confined in the wastewater 
aerosol can be transported downwind and make a health hazard to 
neighboring residents. Usually, automated or mechanized systems have quite 
high investment costs and low labor costs related to the manually operated 
sprinkler schemes. To avoid excessive heat loss and to attain uniformity 
of wetting rough leveling of the land is essential for sprinkler systems. 
The quality of the water affects sprinkler systems more than the surface 
irrigation systems, mainly because of blockage of the orifices in the sprinkler 
heads but then also because of dregs accumulation in distribution systems, 
valves, and pipes. If the wastewater is brackish and comprises excessive 
poisonous elements, there is also the potential for phytotoxicity and leaf 
burn. Secondary treatment systems that fulfill the WHO microbiological 
guidelines have normally been found to yield sewage suitable for distribution 
through sprinklers if the wastewater is not too brackish. Further protective 
measures like treatment with sand filters or micro-strainers and expansion of 
the nozzle orifice to diameters not < 5 mm, are often implemented.

Localized irrigation, mainly when the soil surface is protected with other 
mulch or plastic sheeting, uses sewage more proficiently. It gives higher crop 
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yields and surely gives the greatest extent of health protection to consumers 
and farmworkers. Though, drip and trickle irrigation systems are costly and 
need great quality of treated wastewater to avoid blockage of the orifices 
through which water is come out into the soil. A quite new technique known 
as “bubbler irrigation,” which was established for restricted irrigation of 
tree crops, evades the requirements for small orifices. This system needs, 
thus, needs careful setting for effective application but less treatment of the 
wastewater.

The main advantages of drip irrigation when related to other systems 
are:

1. Improved crop growth and yield attained by optimizing the air 
regimes, nutrients, and water in the root zone.

2. High irrigation productivity since there is no conveyance losses, 
wind drift or covering interception, and nominal drainage loss.

3. Nominal contact between wastewater and farmworkers.
4. Low energy supplies since the trickle system need a water 

pressure of just 100–300 kPa (1–3 bar).
5. Low labor supplies since the drip system can be easily 

computerized, even to let fertilization and combined irrigation.
Along with the high capital costs of drip irrigation systems, another 

restrictive factor in their practice is that they are generally suitable for the 
irrigation of crops that are planted in rows. Repositioning of subsurface 
systems can be extortionately expensive.

When wastewater irrigation is achieved special field managing practices 
that may be essential, include alternating treated wastewater through other 
sources of supply, a combination of waste-water with other water supplies, 
and pre-planting irrigation.

The extend of wastewater to be used relies on the rate of evapotranspiration 
(ETc) through the plant surface, which is determined by climatic factors and 
can thus be appraised with reasonable precision, by using meteorological 
data. In FAO, a general review of this subject is presented (1984).

2.4.4. Integrated Measures for Health Protection
To decision-makers and planners, wastewater treatment seems like a more 
upfront and “visible” measure for health safety, second just to crop restriction. 
However, both actions are comparatively difficult to implement completely. 
The first is restricted by operational and costs problems and the second by 



Applications of Wastewater Resource 67

the deficiency of suitable markets for allowable crops or by institutional and 
legal constraints. The application of single, inaccessible actions will not, 
however, offer full safety to the groups at risk and may involve high costs of 
maintenance and execution. For example, crop restriction, if functional alone 
gives protection to customers of crops but not to field workers (Drechsel et 
al., 2002).

To evaluate the several measures in a combined fashion intended for 
the optimization of a health safety scheme, a comprehensive model has 
been proposed (Mara and Cairncross, 1989; WHO, 1989). This model was 
considered to aid in decision making, by revealing the variety of options 
for the crop consuming public and protecting agricultural workers, and by 
permitting flexibility in responses to diverse situations. Each condition can 
be measured separately and the most suitable option selected after taking 
into account technical factors, cultural, and economic (Rauch et al., 1998).

In Figure 2.3, the graphical conception of the model is shown. It was 
presumed that pathogens stream to the center of the circle going from the 
five concentric rings representative excreta or wastewater, irrigated field 
or consumers of crops, field workers, and wastewater-fed fishpond. A 
barricade beyond which pathogens should not go if the health of the groups 
at danger is to be protected can be signified by the thick black ring. The 
level of contamination of crop, field, or wastewater, or the level of danger 
to workers or consumers, is specified by the concentration of the shading. 
White areas in the three outer bands show no significant or zero levels of 
contamination and they show an assumed absence of risk to human health, 
thus representing that the approach will guide to the safe use of wastewater 
in the inner rings. Both consumers and field workers will be at the maximum 
risk of contamination if no protective actions are taken. Presumptuous that 
a policy of crop constraint is imposed (regime A in Figure 2.3) workers 
will still be at high risk but consumers will be safe. Regime B assumes 
that the application of wastewater is completed from localized or subsurface 
irrigation, thus evading crop contamination and, subsequently, keeping both 
consumers and workers almost free of contamination.

If the single protective measure is taken that is human exposure control, 
both consumers and field workers will still be given into the same level of 
danger since these measures are hardly fully effective in practice. Regime 
D assumes limited treatment of wastewater from conventional (D-I) or 
ponding systems (D-II). With an average retention time of 8–10 days, 
stabilization ponds can eradicate an important amount of helminth eggs, 
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therefore ensuring safety to field workers. But, the decrease of bacteria 
present is not enough to fulfill WHO guidelines and therefore the danger to 
consumers remains high. Since common treatment, systems are not effective 
at helminth elimination there will be some residual risk for both field workers 
and consumers (Barbagallo et al., 2012).

Figure 2.3: A model illustrating the effect of control measures in reducing 
health risks from wastewater use (After Mara and Cairncross, 1989; WHO, 
1989).

Source: https://www.who.int/water_sanitation_health/resourcesquality/wpcc-
hap4.pdf.

Examples of the many possible associations of protective actions are 
the regimes E, F, and G. Regime E assimilates partial wastewater treatment 
through crop constraint, therefore if a large border of protection to consumers 
of crops. Full safety of field workers can be attained, however, only if the 
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treatment is complete through well-designed systems of stabilization ponds. 
Human exposure control is combined in regime F, with limited treatment 
which may guide to the full protection of workers but some minor level of 
risk enduring to consumers of the crops. The association of crop restriction 
through human contact control (regime G) offers thorough protection to 
customers but some risk remains there to field workers. In conclusion, 
regime H offers full wastewater treatment permitting for full protection to 
both consumers and field workers.

The efficacy and feasibility of any blend of protective measures will 
rely on numerous local factors which must be measured sensibly before 
the last choice is made. Some factors to be measured are the availability 
of financial, human, and institutional resources, the present technological 
level (agronomic and engineering practices), sociocultural features, and the 
predominant pattern of excreta-related sicknesses (Carr et al., 2004).
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3.1. INTRODUCTION
The measures of health protection which can be made practical in agricultural 
utilization of wastewater comprise the following, either individually or in 
combination (Havelaar et al., 2001; Carr et al., 2004):

1. Wastewater treatment;
2. Control of wastewater application;
3. Crop restriction; and
4. Human exposure control and demotion of hygiene.
In the past, the treatment of wastewater has been broadly adopted as 

the main control measure in governed effluent utilization schemes, with 
restriction of the crop being used in a few distinguished cases. A more 
integrated method to the planning of the wastewater utilization in agriculture 
will take benefit of the optimum amalgamation of the health safety measures 
accessible and permit for any plant/soil constraints incoming at an economic 
system suitable to the local institutional and socio-cultural conditions 
(Blumenthal et al., 1991, 2000).

A WHO (World Health Organization) Technical Report on “Health 
Guidelines for Utilization of Wastewater in Aquaculture and Agriculture” 
discusses the incorporation of the several measures available to accomplish 
effective health protection. Restrictions of the legal or administrative 
systems in few countries will make a few of these methods difficult to apply, 
while a shortage of experienced technical staff in the other countries will 
normally place doubt upon dependence on the treatment of wastewater 
as the only governing mechanism (Ensink and Van der Hoek, 2009). To 
accomplish greater flexibility in utilization of the wastewater application as 
a measure of health protection, irrigation systems should be developed in 
order to be capable of providing low-quality wastewater and limitations on 
irrigation method and crops irrigated should become more common (WHO, 
1981, 1984; Angelakis et al., 1999).

3.2. HUMAN EXPOSURE CONTROL
Out of the health protection measures stated above, only the human exposure 
control isn’t dealt with in greater depth. The aim of this method is to avoid 
the groups of the population at danger from coming into contact with the 
pathogens in wastewater or to avert any direct contact with pathogens leading 
to the disease. Four groups of the population are at danger in agricultural 
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utilization of wastewater (Paltiel et al., 2016; Rousis et al., 2017):
1. Crop handlers;
2. Agricultural workers and their families; and
3. Consumers of meat, crops, and milk-those residing near the 

areas watered with the wastewater and different approaches of 
exposure control may be applied for every group.

Control measures intended for protecting crop handlers and agricultural 
field workers include the provision of shielding clothing, upkeep of the 
high levels of cleanliness, and immunization against selected infections. 
Examples of the measures are provided in the WHO Technical Report 
mentioned above. Risks to users can be decreased through cooking the 
produce of agriculture before consumption and by adopting high standards of 
food cleanliness, which must be highlighted in the health education-related 
with wastewater utilization schemes (Peasey, 2000; Madera et al., 2009). 
Local residents must be kept informed fully on the utilization of wastewater 
in agriculture so that the residents and their children can avert these areas. 
Although there isn’t any evidence to recommend that those residing near the 
wastewater-irrigated areas are at substantial risk, sprinklers must not be used 
within 100 m of roads or houses (Table 3.1).

Table 3.1: Suggested Guidelines of Microbiological Quality for Wastewater 
Utilization in Agriculture

Cat-
egory

Exposed 
Group

Reuse Condi-
tion

Fecal 
Coliforms 
(Geometric 
Mean no. 
per
100 mlc)

Intestinal 
Nematodesb

(Arithmetic 
Mean no. of 
Eggs per Liters

Wastewater 
Treatment 
Expected to 
Achieve the 
Required Mi-
crobiological 
Quality

A Workers 
and con-
sumers

Irrigation of 
crops pos-
sible to be 
consumed, un-
cooked, sports 
fields, public 
parks

≤ 1000d ≤ 1 A series of 
stabilization 
ponds made to 
accomplish the 
microbiological 
quality speci-
fied, or equiva-
lent treatment



Agricultural Wastewater Treatment84

B Workers Irrigation of 
the cereal 
crops, fodder 
crops, indus-
trial crops, 
pasture, and 
trees

No standard 
recom-
mended

≤ 1 Retention in 
the stabiliza-
tion ponds 
for around 8 
to 10 days or 
corresponding 
helminth and 
fecal coliform 
elimination

C None Localized 
irrigation 
of the crops 
mentioned in 
category B if 
exposure of 
the workers 
and the public 
doesn’t occur

Not appli-
cable

Not applicable Pretreatment 
as needed 
by irrigation 
technology, but 
not less than 
the primary 
sedimentation

Source: WHO (1989).

In particular cases, the local sociocultural, epidemiological, and 
environmental factors must be taken considered, and the guidelines altered 
accordingly.

A stricter guideline is suitable for public lawns like hotel lawns, with 
which the population might come into direct contact.In the situation of fruit 
trees, irrigation must cease 2 weeks before the fruit is picked and no fruit 
must be picked from the ground. Sprinkler irrigation must not be used.Special 
care must be taken in the wastewater utilization schemes to confirm that the 
agricultural workers or public don’t use wastewater for domestic or drinking 
purposes by chance or for the absence of an alternative. All of the wastewater 
channels, outlets, and pipes must be marked clearly and if possible painted 
a distinctive color. Wherever likely, outlet fittings must be designed so as to 
avoid misuse (Westrell et al., 2004; Jan et al., 2010; Qadir et al., 2010).

3.3. GUIDELINES OF EFFLUENT QUALITY FOR 
HEALTH PROTECTION
Following various meetings of environmental epidemiologists and 
specialists, a WHO (World Health Organization) Scientific Group on 
Health Features of Utilization of the Treated Wastewater for Aquaculture 
and Agriculture arrived at the guidelines of microbiological quality for 
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wastewater utilization in agriculture. These guidelines were centered on the 
consensus opinion that the real risk linked with irrigation with the treated 
wastewater is lower than formerly thought and that previous guidelines and 
standards for effluent quality like the WHO (1984) suggested standards, 
were excessively restrictive, chiefly in respect of the bacterial pathogens 
(Hespanhol and Prost, 1994).

The novel guidelines are stricter as compared to the earlier standards 
in respect of the requirement to decrease the numbers of helminth eggs in 
the effluents for Category A and B conditions to the level of not more than 
1 per liter. Also inferred by guidelines is the anticipation that the protozoan 
cysts will be decreased to the same level as the helminth eggs. Even though 
no bacterial pathogen restriction is imposed for the conditions of Category 
C where only the farmworkers are the exposed individuals, on the evidence 
that there is no or little evidence representing a danger to such farmworkers 
from bacteria, some extent of reduction in the bacterial concentration is 
suggested for any effluent utilization situation (Bartone and Arlosoroff, 
1987; Strauss, 1991).

The WHO Scientific Group took into account the new method to effluent 
quality will increase public health safety for many people who were being 
infected in the areas where crops consumed uncooked are being watered in an 
unregulated and often illegal manner with the raw wastewater. It was sensed 
that the suggested guidelines if accepted, would accomplish this enhancement 
and set objectives that are both economically and technologically feasible. 
However, the necessity to understand the guidelines cautiously and adjust 
these guidelines in the light of local sociocultural, epidemiological, and 
environmental factors was pointed out (Shuval, 1991).

The guidelines of effluent quality in Table 3.1 are anticipated as the 
design objectives for wastewater treatment systems, instead of standards 
needing routine testing of the effluents. Wastewater treatment processes 
accomplishing the suggested microbiological quality constantly as an 
outcome of the intrinsic design aspects, instead of by high standards of 
functional control, are to be favored. Besides the microbiological quality 
necessities of treated effluents used in agriculture, attention should also be 
given to the quality parameters of significance in respect of the groundwater 
pollution and of crop productivity and soil structure (Charles et al., 2005; 
Harwood et al., 2005).Even though heavy metals might not be an issue with 
only domestic sewage effluents, all of these elements are possibly present in 
the municipal wastewater.
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3.4. GUIDELINES OF WATER QUALITY FOR MAXI-
MUM CROP PRODUCTION
Conventionally, irrigation water is divided into several quality classes to 
guide the consumer to the potential benefits along with problems related to 
its utilization and to accomplish optimal crop production. The classifications 
of water quality are only suggestive guidelines and the application of these 
guidelines will have to be accustomed to conditions that exist in the field. 
This is due to the fact that the conditions of water utilization in the irrigation 
system are very intricate and difficult to forecast. The appropriateness of 
water for irrigation purposes will depend greatly on the climatic conditions, 
chemical, and physical properties of the soil, salt acceptance of the crop 
grown and management practices. Therefore, the classification of the water 
for irrigation systems will be general in nature and appropriate under average 
utilization conditions (Choudhary et al., 1996; Kladivko et al., 2004).

Various schemes of arrangement for the irrigation water have been 
anticipated. Ayers and Westcot (FAO, 1977, 1979, 1985) categorized 
irrigation water into 3 groups based on, sodicity, toxicity, salinity, 
and miscellaneous hazards. These general guidelines of water quality 
classification help to recognize possible crop production problems related 
to the utilization of traditional water sources. The guidelines are applied 
equally to appraise wastewaters for the purposes of irrigation in terms of the 
chemical constituents like dissolved salts, comparative sodium content, and 
the toxic ions. Various basic suppositions were used to describe the range 
of values in guidelines and the more comprehensive information on this is 
described by Ayers and Westcot (FAO, 1985, 1988).

Effect of sodium (Na) ions in the irrigation water in decreasing 
infiltration rate and the soil permeability is reliant on the sodium (Na) ion 
concentration comparative to a concentration of magnesium and calcium 
ions and the complete salt concentration, as displayed in the guidelines. It 
clearly specifies that, for the given value of SAR, an increase in the entire salt 
concentration is possible to increase the soil permeability and for the given 
overall salt concentration, an upsurge in SAR will reduce soil permeability. 

This demonstrates the fact that the soil permeability hazards caused 
by sodium (Na) in irrigation water can’t be anticipated individually of the 
dissolved content of the salt of irrigation water or that of the soil’s surface 
layer (Baker and Laflen, 1983; Singh et al., 1996) (Table 3.2).
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Table 3.2: Guidelines for Understanding of Water Quality for the Irrigation 
Purposes

Potential Irrigation Problem Units
Degree of Restriction on Use

None Slight to Moderate Severe

Salinity

TDS mg/l < 450 450–2000 > 2000

or

Ecw
1 dS/m < 0.7 0.7–3.0 > 3.0

Infiltration

20–40 > 5.0 5.0–2.9 < 2.9

12–20 > 2.9 2.9–1.3 < 1.3

6–12 > 1.9 1.9–0.5 < 0.5

3 −6 > 1.2 1.2–0.3 < 0.3

SAR2 = 0–3 and ECw > 0.7 0.7–0.2 < 0.2

Specific Ion Toxicity

Sodium (Na)

Sprinkler irrigation me/I < 3 > 3

Surface irrigation SAR < 3 3–9 > 9

Chloride (Cl)

Sprinkler irrigation m3/l < 3 > 3

Surface irrigation me/I < 4 4–10 > 10



Agricultural Wastewater Treatment88

Boron (B) mg/l < 0.7 0.7–3.0 > 3.0

Miscellaneous Effects

Bicarbonate (HCO3) me/I < 1.5 1.5–8.5 > 8.5

Nitrogen (NO3-N)3 mg/l < 5 5–30 > 30

pH Normal range 6.5–8

1 ECw →electrical conductivity in deciSiemens/meter at 25°C.
2 SAR →sodium adsorption ratio.
3 NO3-N →nitrate-nitrogen stated in terms of the elemental nitrogen.
Source: FAO (1985).

Municipal wastewater effluents might contain several toxic elements, 
comprising heavy metals, as under applied conditions wastes from numerous 
informal and small industrial sites are discharged directly into the public 
sewer system. The toxic elements are usually existent in small amounts and 
hence they are known as trace elements. Some of them might be eliminated 
during the process of treatment but others will continue and could cause 
phytotoxic problems. Therefore, municipal wastewater effluents must be 
checked for the trace element toxicity risks, chiefly when the trace element 
pollution is suspected. Table 3.3 gives phytotoxic beginning levels of some 
chosen trace elements (Bouwer and Idelovitch, 1987).

Table 3.3: Threshold Levels of the Trace Elements for Production of Crop

Element Recommended 
Maximum Concen-
tration (mg/l)

Remarks

As (arsenic) 0.10 Toxicity to plants changes widely, varying from 
12 mg/l for the Sudan grass to less than 0.05 mg/l 
for rice.

Al (alumi-
num)

5.0 It can trigger nonproductivity in the acid soils (pH 
< 5.5), but more alkaline soils at the pH > 7.0 will 
precipitate ion and remove any toxicity.

Be (beryl-
lium)

0.10 Toxicity to plants changes widely, varying from 5 
mg/l for the kale to 0.5 mg/l for the bush beans.
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Co (cobalt) 0.05 Toxic to the tomato plants at around 0.1 mg/l in 
a nutrient solution. Tends to be deactivated by 
neutral and alkaline soils.

Cd (cad-
mium)

0.01 Toxic to beans, turnips, and beets at concentra-
tions 0.1 mg/l in the nutrient solutions. Conserva-
tive limits suggested because of their potential for 
gathering in soils and plants to concentrations that 
might be harmful to humans.

Cu (copper) 0.20 Toxic to many plants at 0.1 to around 1.0 mg/l in 
the nutrient solutions.

Cr (chro-
mium)

0.10 Not generally acknowledged as a crucial growth 
element. Conservative limits recommended 
because of a lack of information on its toxicity to 
the plants.

Fe (iron) 5.0 Not toxic to the plants in ventilated soils, but can 
back to soil acidification and the loss of accessi-
bility of vital phosphorus and molybdenum.
Overhead sprinkling might outcome in unsightly 
deposits on equipment, plants, and buildings.

F (fluoride) 1.0 Inactivated by alkaline and neutral soils.

Li (lithium) 2.5 Tolerated by most of the crops up to 5 mg/l; 
mobile in the soil.
Toxic to citrus at the low concentrations (<0.075 
mg/l).
Acts correspondingly to boron.

Mo (molyb-
denum)

0.01 Not toxic to the plants at normal concentrations 
in water and soil. It can be toxic to the livestock if 
forage is developed in soils having high concen-
trations of accessible molybdenum.

Mn (manga-
nese)

0.20 Toxic to many crops at a few-tenths to the few 
mg/l, but normally only in the acid soils.

Ni (nickel) 0.20 Toxic to many plants at 0.5 mg/l to 1.0 mg/l; 
decreased toxicity at alkaline or neutral pH.

Pd (lead) 5.0 It can prevent plant cell growth at high concentra-
tions.

Sn (tin) 2.00 High dose of Sn can result in stomachaches, ane-
mia, kidney problems
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Se (sele-
nium)

0.02 Toxic to many plants at concentrations 0.025 mg/l 
and toxic to the livestock if forage is developed 
in soils with comparatively high levels of added 
selenium. A vital element to animals but in low 
concentrations.

Ti (titanium) Efficiently excluded by plants; particular toler-
ance unknown.

W (tungsten) Tungsten is not considered toxic in smaller con-
centrations

V (vana-
dium)

0.10 Toxic to several plants at comparatively low 
concentrations.

Zn (zinc) 2.0 Toxic to numerous plants at widely changing 
concentrations; decreased toxicity at pH > 6.0 and 
in the fine-textured or organic soils.

Source: National Academy of Sciences (1972); Pratt (1972).

The maximum concentration is centered on the rate of water application 
which is constant with good irrigation practices. If the rate of water 
application greatly surpasses this, the maximum concentrations must 
be attuned downward accordingly. No adjustment must be made for the 
application rates of less than 10,000 m3 per hectare annually. The given 
values are for water used on an endless basis at one site (Figure 3.1).

Figure 3.1: Threshold values of sodium (Na) adsorption ratio and the total salt 
concentration on the soil permeability hazard (Rhoades, 1982).

Source: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.470.8910&
rep=rep1&type=pdf.



Quality Guidelines for Agricultural Wastewater 91

3.5. HEALTH SAFETY MEASURES IN AQUA-CUL-
TURAL UTILIZATION OF WASTEWATER
The measures taken to safeguard health in aquacultural utilization of 
wastewater are similar to in agricultural utilization, namely crop restriction, 
wastewater treatment, control of wastewater application and the human 
exposure control and advertising of hygiene. For the safety of workers in the 
aquaculture ponds, the water quality is of paramount significance, as is in 
respect of contamination of the fish or plants developed in excreta-fertilized 
or the wastewater ponds (Strauss and Blumenthal, 1990). Transmission of 
the pathogens can take place through individuals handling and preparing 
polluted aquatic plants or fish, which make the human exposure control 
and cleanliness important characteristics of the aquaculture programs. 
The treatment made practical to excreta, wastewater, or night soil before 
introduction to the aquaculture pond and rate of the waste application will 
normally have an impact on water quality in the pond.

3.5.1. Special Apprehensions in Aqua-Cultural Utilization of 
Human Wastes
Numerous human expelled helminthic pathogens, when discharged to the 
aquaculture ponds, can comprise aquatic plants or fish as intermediate hosts. 
Strauss (1985) has registered the trematode infections given below as being 
able to transmit in this way:

1. Clonorchis;
2. Opistorchis;
3. Heterophys;
4. Metagonimus; and
5. Diphyllobothrium.
However, he specified that only clonorchiasis and the closely associated 

opisthorchiasis have been transferred via fish grown in wastewater or 
excrete-fertilized ponds. The first stage of development of the pathogens 
takes place in particular snails or copepods, with fish playing the role of a 
second intermediate host. The helminthic infections have substantial public 
health significance in Asia, where fish are occasionally eaten raw. Strauss 
also pointed that helminthic pathogens Fasciola and Fasciolopsis have the 
similar pattern of the life cycle but are dependent on aquatic plants like 
water chestnut, water bamboo, and watercress, as the secondary intermediate 
hosts onto which the free-swimming cercariae become fixed and where 
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they encyst (Boyd, C. E., and Massaut, 1999).Fish grown in wastewater 
or excreta-fertilized ponds might also become polluted with viruses and 
bacteria and act as a possible source of transmission of the infection if the 
fish is eaten undercooked or raw. Pathogenic viruses and bacteria might be 
carried passively on scales of the fish or in the gills, intraperitoneal fluid, 
muscle, or digestive tract. Strauss (1985) studied the restricted literature on 
expelled bacteria and virus existence in fish and determined that:

1. Invasion of the fish muscle by bacteria is possible to take place if 
the fecal coliforms and salmonellae concentrations in the ponds 
are greater than 104 and 105 per 100 mL, respectively;

2. The potential for the muscle invasion rises with the exposure 
duration of the fish to polluted pond water;

3. A little gathering of enteric microorganisms and the pathogens 
on, or infiltration into, eatable fish tissue takes place when the 
concentration of fecal coliform in the pond water is usually below 
103 per 100 mL;

4. Even at the lower pond water pollution levels, high concentrations 
of pathogen might be existent in the digestive tract and 
intraperitoneal fluids of the fish;

5. Pathogen invasion of kidney, spleen, and the liver has been 
perceived.

3.5.2. Quality Guidelines for Health Safety in Using Human 
Wastes for the Aquaculture
Because only inadequate experimental and the field data on health effects 
of the sewage-fertilized aquaculture are accessible, the WHO Scientific 
Group on the Health Aspects of Utilization of the Treated Wastewater for 
Aquaculture and Agriculture could predict only uncertain bacterial guidelines 
for quality of the aquaculture pond water. The uncertain bacterial guideline-
recommended is the geometric mean number of the fecal coliforms of ≤ 103 
per hundred ml (WHO, 1989). Moreover, in view of dilution of the wastewater 
which usually takes place in aquaculture ponds, the ambient bacterial pointer 
concentration could be accomplished, the Scientific Group recommended, by 
treating the wastewater fed to the ponds to a certain level of 10³ to 104 fecal 
coliforms/100 ml. Such kind of a guideline should confirm that invasion of the 
fish muscle is prohibited but pathogens may gather in the digestive tract and 
the intraperitoneal fluids of fish. This may then cause a health risk, via cross-
contamination of the fish flesh or other eatable parts and transmission to the 
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consumers, if the standards of cleanliness in preparation of fish are inadequate. 
High standards of cleanliness during handling of fish and, particularly, gutting 
are essential and cooking of the fish is a significant health safeguard. Similar 
contemplations apply to the preparation and cooking of the aquatic plants 
(Macintosh, 1982; Han et al., 2019) (Table 3.4).

Table 3.4: Bacteriological Quality of the Fish from Excreta-Reutilization Systems

Total Aerobic Bacterial Concentration in Fish Muscle Tissue, 
Bacteria/g Fish quality

> 50 Unacceptable
10–30 Medium
0–10 Very good

Source: Buras et al. (1985, 1987).

Buras et al. (1985, 1987) have questioned the fecal coliforms value as 
bacterial pointers for the fish muscle as, in their study; they haven’t detected 
always, while total aerobic bacteria were. They suggested that the total 
aerobic bacteria must be the pointers on grounds that, if these pointers were 
noticeable in the fish, there existed a chance that the pathogenic bacteria 
might also be present. Therefore, the bacteriological standards for the fish 
grown in wastewater and excreta-fertilized ponds were suggested by Buras 
et al. (1987). A more current State of the Art Review of Reutilization of 
Human Excreta in Aquaculture (Edwards, 1985, 1990) debated this issue and 
recommended that it was improbable that the fish will be of an intolerable 
bacteriological quality when grown in the excreta-fed ponds that are quite 
well-managed from an aqua-cultural viewpoint to yield good fish growth. 
That is, the fish ponds overloaded with excreta at the level which triggers to 
the growth of a comparatively large biomass of the phytoplankton, acting as 
the natural food for fish, but with sufficient levels of the dissolved oxygen 
preserved in the water, for fish, should yield fish with suitable bacteriological 
quality (Jagals and Steyn, 2002).

Transmission of helminthic infections clonorchiasis and the 
fasciolopsiasis take place only in particular areas of Asia and can also be 
stopped only by confirming that no trematode eggs come in the pond or by the 
snail control. Similar contemplations apply to control of the schistosomiasis 
in the areas where the disease is endemic. The Scientific Group (WHO, 
1989) suggested a suitable helminth quality standard for all of the aqua-
cultural utilization of wastewater as the lack of feasible trematode eggs.
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4.1. INTRODUCTION
The water application to the soil to supply the humidity for the growth of 
a plant is known as irrigation. Irrigation is very important to increase the 
growth of crops and to stabilize the production of crops. In dry and semidry 
areas, irrigation is required for financially feasible agriculture, whereas in 
moist and semi-moist areas, irrigation is necessary on a need basis (Mapanda 
et al., 2005; Heidarpour et al., 2007).

The basic conditions at the farm level that should be fulfilled to make 
successful irrigated farming are following (Murillo et al., 2000; Elgallal et 
al., 2016):

1. The quality of water should be satisfactory;
2. Apply the requisite amount of water;
3. Suitable methods should be used for irrigation;
4. There should be a proper schedule of water application;
5. The nutrients of the plant should be controlled positively.
6. The level of the water table ought to be controlled through the 

adequate method of drainage;
7. The prevention of salt gathering in the root region should be 

assured through the method leaching (Figure 4.1).

Figure 4.1: Crops’ irrigation using wastewater.

Source: https://www.fluencecorp.com/study-says-wastewater-use-in-crop-irri-
gation-higher-than-thought/.

The above criteria are applicable as same as when wastewater is used 
as the source of irrigation water (Geber, 2000; Dimitriou and Aronsson, 
2004). Nutrients in the wastewater of the public and used wastewater are 
the best supplements of these sources as compared to traditional water 
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sources of irrigation and therefore there is no need for additional fertilizers. 
Most importantly, the criteria of health and environment should be kept in 
mind when used effluents are the sources of irrigation water (Dimitriou and 
Aronsson, 2004; Pedrero et al., 2010; Zema et al., 2012).

4.1.1. Amount of Water to Be Applied
About 99% of the absorbed water of the plant is lost from the surface of the 
plant by the process of transpiration and evaporation. Therefore, the water and 
evapotranspiration (ETc) demand for crops is equal for all practical purposes. 
ETc of the crop is calculated on the base of climatic conditions and therefore 
it may be predicted accurately by using data of meteorological (Darwish et 
al., 1999; Mohammad and Mazahreh, 2003). FAO has a computer program 
known as CROPWAT which is used to find out the water needs for crops 
through the data of climate. Table 4.1 reported by Doorenbos and Kassam 
in which water needs of different crops is given, (FAO, 1977, 1979). The 
definite amount of irrigation water that is used must be accommodated for 
leaching need, useful rainfall, losses of application, and other aspects (Oron 
et al., 1991, 1995, 1999).

4.1.2. Quality of Water to Be Applied
The quality needs of irrigation water and recommendations given in this 
chapter are pinpointing in nature and must be modified according to the 
condition of the soil, regional climate, and other aspects (Filip et al., 1999; 
Ensink et al., 2007). Farming practices, for example, the type of crop which 
is cultivated, method of irrigation, and other cultivation practices, will 
assess the suitability and quality of irrigation water. In this chapter, we will 
discuss the essential farming practices whose aim will be to maximize the 
production of the crop when wastewater is used as irrigation water (Scott et 
al., 2004; Jia et al., 2006; Rusan et al., 2007).

Table 4.1: Water Requirements, Sensitivity to Water Supply and Water Utiliza-
tion Efficiency of Some Selected Crops

Crop Sensitivity to Water 
Supply (ky)

Water Utilization Efficiency for 
Harvested Yield, Ey, kg/m3 (%
Moisture)

Water Require-
ments (mm/
Growing Period)

Cabbage Medium-low
(0.95)

12–20 head (90–95%) 380–500
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Banana High
(1.2–1.35)

plant crop: 2.5–4 ratoon: 3.5–6 
fruit (70%)

1200–2200

Alfalfa Low to medium-
high (0.7–1.1)

1.5–2.0 hay (10–15%) 800–1600

Bean Medium-high (1.15) lush: 1.5–2.0 (80–90%) dry: 
0.3–0.6 (10%)

300–500

Cotton Medium-low
(0.85)

0.4–0.6 seed cotton (10%) 700–1300

Citrus Low to medium-
high (0.8–1.1)

2–5 fruit (85%, lime: 70%) 900–1200

Potato Medium-high
(1.1)

4–7 fresh tuber (70–75%) 500–700

Ground-
nut

Low
(0.7)

0.6–0.8 unshelled dry nut (15%) 500–700

Maize High
(1.25)

0.8–1.6 grain (10–13%) 500–800

Sorghum Medium-low
(0.9)

0.6–1.0 grain (12–15%) 450–650

Saf-
flower

low 0.2–0.5 seed (8–10%) 600–1200

Wheat Medium high
(spring: 1.15; win-
ter: 1.0)

0.8–1.0 grain (12–15%) 450–650

Rice High 0.7–1.1 paddy (15–20%) 350–700

Source: FAO (1979); Oroon et al. (2001).

4.1.3. Scheduling of Irrigation
A required amount of water ought to be applied to crops for achieving the 
highest yield before the demand of the moisture of the soil that reaches at a 
stage where the rate of ETc is lower than its potential (Girona et al., 2006; 
Velez et al., 2007). Following equation illustrates the relationship of yields 
to ETc at the actual and maximum levels:

1 1a a

m m

Y ET
ky

Y ET

 
− = − 

 

where: ky= yield response factor; ETa = actual evapotranspiration; 
ETm = maximum evapotranspiration; Ya = actual harvested yield; and Ym = 
maximum harvested yield.
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Many methods are used to find out the most favorable irrigation schedule. 
Factors for making the schedule of irrigation are used to find out the depth 
of root region, rate of ETc, the capacity of the soils for water holding, and 
water quantity that is required for one-time irrigation, conditions of drainage 
and best methods of irrigation (Krüger et al., 1999; Grant et al., 2009).

4.1.4. Irrigation Methods
Farmers are using several methods to irrigate the crops. These different 
methods of irrigation range from watering of single plants through a can 
of water to the advanced irrigation methods. For moisturizing of the soil, 
these methods may be classified into five different groups (Abou-Rass and 
Piccinino, 1982; Cetin and Bilgel, 2002):

1.  Flood Irrigation: In this method, water is used to irrigate 
the whole field as the water penetrates the soil (for example, 
borders, basins, contour flooding, wild flooding, etc.).

2.  Furrow Irrigation: In this method, we apply water between 
furrow (for example, contour furrows, corrugations, graded, and 
level furrows, etc.). In this method, plant roots get water through 
capillary action.

3.  Sprinkler Irrigation: In this method, we apply water to the 
plants in the form of a spray and its benefit on the soil is like 
the rain (for example, traveling sprinklers, portable, and solid 
set sprinklers, center-pivot systems, spray guns, etc.). The speed 
of the sprinkler should be controlled so that it does not shower 
excess water on the surface of the soil.

4.  Sub-Irrigation: In this method, we apply water beneath the 
root region so that it damps the root region by the capillary ac-
tion (e.g., subsurface irrigation canals, buried pipes, etc.). For 
this purpose, we use the buried pipes or the deep surface of ca-
nals.

5.  Localized Irrigation: By this method, we apply water to 
each plant one by one or by a group of plants so that it damps 
the plant and the plant’s root only (for example, bubblers, micro-
sprinklers, drip irrigation, etc.). The rate of application should 
be controlled to fulfill the needs of ETc as the percolation losses 
can be minimized (Pereira, 1999; Onder et al., 2005).

The following table shows some essential characteristics of chosen 
irrigation systems that are reported by Doneen and Westcot (FAO, 1988) 
(Table 4.2).
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Table 4.2: Basic Features of Some Selected Irrigation Systems

Irrigation 
Method

Crops Topography Remarks

Rectangu-
lar checks 
(levees

Orchard Land slopes able 
of being graded 
so single or mul-
tiple tree basins 
will be leveled 
within 6 cm

This method is used for the lands 
whose rate of water intake is ei-
ther a relatively high or low. The 
efficiency of water application is 
about 40 to 60%.

Sprinkler All crops Undulating 
1->35% slope

Costs of operation and mainte-
nance of this method are high. 
This method is good for sandy 
or very irregular lands in good 
markets and high production 
zone. This method is suitable for 
low power costs. this method is 
useful in rough or steep topogra-
phy regions. This method is good 
for the regions where there is high 
rainfall and a small amount of 
water is required. The efficiency 
of water application is about 60 
to 70%.

Widely 
spaced 
Borders

Alfalfa and other 
deep-rooted close-
growing crops and 
orchards

Land slopes able 
of being graded 
to less than 1% 
slope and prefer-
ably 0.2%

A suitable method for applying 
water to the close-growing crops 
where geographical circum-
stances are favorable. For smooth 
soil, evaluation is needed in the 
water system and also this type 
of evaluation is desirable but not 
important on slopes of more than 
0.5%. There should be minor 
changes in the grade and reverse 
grades should be avoided. Cross 
slops are allowable when we are 
restricted to differences in height 
between border strips of 6 cm to 
9 cm. the efficiency of water ap-
plication is about 45 to 60%.
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Graded 
contour fur-
rows

Row crops
and fruit

Variable land 
slopes of 2–25% 
but preferable 
less

This method is used for row crops 
on steep land, although it is risky 
due to erosion from heavy rain-
fall. This method is not suitable 
for the soil that has many cracks. 
the direction of irrigation has the 
actual grade between 0.5 to 1.5%. 
There is no grading is essential 
beyond the removal of rushed 
ridges and filling gullies. The 
efficiency of water application is 
about 50 to 65%.

Localized
(drip, 
trickle, etc.)

Row crops or
Fruit

Any topographic 
condition ap-
propriate for row 
crop farming

Perforated water pipes are used 
to moist the surface of the soil at 
the base of fruit trees or vegetable 
plants. In Israel, it is being used 
with saline irrigation water. But 
it is in the developing stage. The 
efficiency of water application is 
about 75 to 85%.

Sub-irriga-
tion

Shallow rooted 
crops for example 
grass or potatoes 

Smooth-flat In this method, there is a require-
ment of the water table, accurate 
leveling very permeable, and 
subsoil conditions. This method 
is adapted in very few areas. The 
efficiency of water application is 
about 50 to 70%.

Source: FAO (1985, 1988).

4.1.5. Leaching
In irrigated agriculture, an excess amount of irrigation water is applied 
which penetrates through the root area so that it removes the extra salts 
which have made due to ETc from the original water of irrigation (Bernstein 
and Francois, 1973; Bauder and Brock, 2001). The process which is used to 
remove the salts from the root area is knowns as leaching and the irrigation 
water which removes the extra salts is known as the leaching fraction (LF).

Leaching Fraction = 
Depth of water leached below the root zone

Depth of water applied at the surface

The control of extra salt of the root area by efficient leaching becomes 
more significant like the water of irrigation becomes saltier (Snyder et al., 
1984; Gheysari et al., 2009) (Figure 4.2).
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Figure 4.2: Nitrate leaching due to wastewater irrigation.

Source: http://croptechnology.unl.edu/pages/informationmodule.php?idinform
ationmodule=1130447123&topicorder=5&maxto=13&minto=1.

4.1.6. Drainage
The removal of the extra amount of water from the surface of the land is 
known as drainage and by doing so, it allows the most favorable development 
of plants. Surface drainage is the removal of an extra amount of water of 
surface whereas subsurface drainage is the removal of an extra amount of 
water from underneath the soil surface. For a successful water system of 
agriculture, the significance of drainage has been illustrated in a very well 
way (Allen et al., 1998a, b). Semi-dry and dry regions must avoid secondary 
salinization. In semidry and dry regions, when the natural internal drainage 
of the land is not satisfactory then the level of the water table will rise with 
the application of water. When the level of the water table is under a few 
meters of the surface of the land then salts will be transported to the surface 
of the land by the capillary action of salty groundwater. The salts become 
at the surface of the soil by the evaporation of water. If the evaporation of 
water is not controlled, the salt formation will continue at the surface of 
the soil, which becomes the reason of the salinization of the soil. In these 
situations, subsurface drainage may control the rise of the level of the water 
table and thus it avoids the salinization of the soil (Rhoades et al., 1973; 
Svedman et al., 1986).

4.2. STRATEGIES FOR MANAGING TREATED 
WASTEWATER ON THE FARM
The successful use of wastewater for the production of the crop would 
mainly rely on the selection of suitable strategies whose aim is to get good 
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yield and quality of the crop, maintain the productivity of soil, and protect 
the environment. There are many other methods are existing and for a known 
set of conditions, these methods will give a suitable solution. The consumer 
ought to know the wastewater quality and its supply, as indicated in Table 
4.3, to make sure the formulation and implementation of a suitable strategy 
for managing the farm (Carr et al., 2011; Mizyed, 013).

The components of a suitable strategy for managing the farm for the use 
of wastewater will comprise of a combination of (Saliba et al., 2018):

1. The selection of irrigation method;
2. The selection of suitable management practices; and
3. The selection of crops.
When the farmer has sources of wastewater supply and amount of 

conventional irrigation water, then he can use both the wastewater and the 
conventional irrigation water in two ways that are (Qadir et al., 2015):

1. The use of these two sources one by one; and
2. By mixing wastewater and conventional irrigation water.

Table 4.3: Information Required on Effluent Supply and Quality

Information The Decision on Irrigation Management
Effluent Quality
The cations Concentration, for example 
Mg++, Ca++ and Na+.

For the assessment of the hazard of sodium and 
for taking proper actions.

The electrical conductivity of the effluent 
and total concentration of salt.

Selection of methods of irrigation, leaching, 
crops, and other managing practices.

The trace elements concentration (mainly 
those which are supposed to phytotoxic).

For the assessment of trace toxicities and for 
taking proper actions.

The toxic ions concentration, for ex-
ample, Boron, heavy metals and Cl–.

For the assessment of toxicities that are caused 
by these elements and for taking proper actions.

Fecal coliforms and levels of intestinal 
nematodes.

For the selection of systems of irrigation and 
proper crops.

 Suspended sediment Levels For the selection of a proper irrigation system 
and actions to avoid clogging problems.

The nutrients concentration, mainly 
nitrate-N.

For the adjustment of fertilizer levels, prevent 
over fertilization and for the selection of crops.

Effluent Supply
The delivery rate of waste matter either 
like m3 per day or liters per second.

The layout of fields, the total area that might be 
irrigated, and facilities and system of irrigation.
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The total effluent amount should be 
available during the growing season of 
the crop.

The total area that might be irrigated at any 
given time.

Waste matters availability for the whole 
year.

The facility of storage when there is a period 
of non crop either at the farm or near effluent 
treatment plant and the use for aquaculture.

The supply mode: From the storage 
reservoir, waste matter is pumped by the 
farmer or supply at the gate of the farm.

The pumps and pipes should be installed to 
convey waste matter and irrigation systems.

Delivery type: on-demand, continuous or 
intermittent,

Irrigation systems, the layout of fields and 
facilities, and the schedule of irrigation.

4.3. CROP SELECTION

4.3.1. To Overcome Salinity Hazards
All the plants don’t similarly respond to salinity; at high salinity of the soil, 
certain crops may be able to produce satisfactory yields than other crops. 
This is the main reason that certain crops can make required osmotic changes 
and remove extra water from salty soil. 

The adjustment of the salinity of soil is the valuable ability of a crop. In 
the regions where the salinity of soil may not be restricted at an adequate 
salinity concentration for the crop that is grown, so choose another crop 
that has the ability to tolerant the salinity of the soil and can produce cost-
effective yields. The salt tolerance of crops is within a range of 8 to 10 fold. 
This broad range of salt tolerance of the soil allows for the better utilization 
of salty water, earlier it was considered that salty water cannot be used. 
It widely explains that adequate water salinity range (ECw) is considered 
appropriate for irrigation (Ashraf and Saeed, 2006; Choudhary et al., 2011).

If the exact replacements or patterns of crops for the new regions are not 
recognized, then the leaching need should be dependent on the tolerance of 
the crops of that area. 

In such cases, where the salinity of the soil may not be controlled within 
adequate limits of chosen sensitive crops, moving towards the high salt-
tolerant crops would increase the potential for the production in the fields. 
If we are not sure about the impact of effluent salinity on the production 
of the crop, the empirical study must be done to show the practicability 
of irrigation and the position for monetary accomplishment (Datta and De 
Jong, 2002; Haque, 2006).
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4.3.2. To Overcome Toxicity Hazards
An issue of salinity is dissimilar from the issue of toxicity because toxicity 
happens in the plant itself and is not due to the lack of water. Toxicity occurs 
when plants take up specific ions from the water of the soil and gather these 
ions in the leaves of the plant during the transpiration of water at that level 
where the plant is spoiled. The rate of plant harm is based on time, the use of 
crop water, the poisonous material concentration, and tolerance of crop and, 
if the plant harm is very high then yield of the crop is decreased (Rao et al., 
1993; Conner and Jacobs, 1999). Those poisonous ions which are common 
in the water of irrigation include sodium, boron, and chloride, all of these 
poisonous ions would be incorporated in sewage. Each toxic ion may cause 
damage separately or in the grouping. These poisonous ions are not equally 
responsive to all crops. If poisonous materials concentration in any crop that 
is high enough then the signs of toxicity may come out in nearly any crop. 
Mostly, toxicity complicates a salinity issue, while it can come out when 
there is not a problem of salinity.

When we moisturized the plants by the method of sprinkler irrigation 
then the harmful ions of chloride and sodium may be directly absorbed into 
the plant throughout the leaves. This usually happens when there is a period 
of low humidity and high temperature. If there is absorption by Leaf then it 
increases the rate of the gathering of a poisonous ion in the leaf and can be 
a main toxicity source (Pandey et al., 2018).

Though urban effluent can consist of heavy metals at a concentration 
which would increase the prominent levels in the soil and may cause unwanted 
materials additions in the tissues of the plant and it reduce the growth of the 
crop. Heavy metals are easily fixed and deposited by wastewater in soils 
with regular irrigation and can either make them unproductive or the product 
that is not usable. The use of wastewater studies has revealed that over 85% 
of the heavy metals that are applied are gathered mostly on the surface of 
the soil. The rate at which the accumulation of heavy metals in the soil has 
a poisonous impact on the crops. The usage of any wastewater project must 
comprise the monitoring of plants and soil for poisonous materials (Salt et 
al., 1995).

4.4. SELECTION OF IRRIGATION METHODS
Under typical conditions, the selection of the kind of irrigation method 
would be based on the farmer’s ability to supervise the system, crops that are 
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going to grow, soil, irrigation method costs, climate, and the conditions of 
water supply. However, other considerations, for example, plants pollution 
and produced products, environment, and the farmworkers, and toxicity 
and salinity hazards, should be considered when we are using effluent as 
irrigation source(Robertson and Wang, 2004; Karami, 2006). When we 
choose a proper irrigation method then we have a significant range for 
decreasing the unwanted impact of the usage of wastewater in irrigation.

When we are going to choose the irrigation method for the usage of 
wastewater following technical factors should be kept in mind:

1. The damping of fruits, foliage, and aerial parts—the delivery of 
salts, pollutants, and water in the soil;

2. The crops choice;
3. The potential for polluting the environment and farmworkers;
4. The method with which high potential of the soil water might be 

sustained;
5. The application effectiveness,
Table 4.4 shows an overview of such factors with four extensively 

experienced irrigation methods, which are drip, furrow, sprinkler, and border 
irrigation.

Table 4.4: Evaluation of Common Irrigation Methods with the Use of Treated 
Wastewater

Parameters of 
Evaluation Drip Irrigation Furrow Ir-

rigation
Sprinkler 
Irrigation

Border Irriga-
tion

1. Salt gathering 
in the root region 
with regular ap-
plications

The movement of 
salt is radial beside 
the direction of 
the movement of 
water. A salt block 
is created among 
drip points

Salts gathered 
in the ridge 
which might 
damage the 
crop

The move-
ment of salt 
is downwards 
and the root 
region is
not liable to 
gather salts

The move-
ment of salt is 
perpendicularly 
downwards and 
are not liable 
to gather in the 
root region

2. Foliar damping 
and resulting 
damage of leaf 
consequent in 
low yield

There is no foliar 
damage happen 
by this irrigation 
method

There is no 
foliar damage 
because the 
crop is planted 
on the ridge

There is 
harsh leaf 
injury may 
happen to 
result in a 
major loss of 
yield 

Some bottom 
leaves of the 
plant can be 
affected but the 
injury is not so 
much serious 
that it reduces 
the yield
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3. Suitability 
to control salty 
wastewater with-
out major loss of 
yield 

Excellent to 
good. Nearly all 
the crops may be 
grown with a small 
decrease in yield

Fair to me-
dium. With 
good drainage 
and manage-
ment, satisfac-
tory yields are 
achievable

Poor to fair. 
Mostly crops 
suffer from 
the damage 
of leaf and 
resulting low 
yield

Fair to medium. 
Good drainage 
and irrigation 
practices may 
produce an ad-
equate amount 
of yield

4. Ability to keep 
the high potential 
of soil water 

Ability to keep 
the high poten-
tial of soil water 
during the season 
of growing and 
reduce the salinity 
effect

Plants can be 
subject to water 
stress among 
irrigation 
systems

There is no 
ability to 
keep the high 
potential of 
soil water 
during the 
season of 
growing

Plants can be 
subject to water 
stress among 
irrigation sys-
tems

Source: Kandiah (1990b).

A border irrigation system requires full soil surface coverage with the 
treated waste matter and is not usually a competent irrigation method. This 
method of irrigation would also pollute growing crops of vegetables close 
to the soil and root crops and more than any other method would open 
farmworkers to the waste matter. By keeping in mind the health and water 
conservation factors, we concluded that the border irrigation method with 
effluent is not suitable.

The method of furrow irrigation does not humidify the whole surface of 
the soil. This type of irrigation method may decrease the pollution of the crop 
because plants are grown on the edges of the crinkle, but there may not full 
protection guarantee of the health. Farmworkers’ pollution is theoretically 
medium to high, but it is based on automation. If the waste matter is moved 
by, using pipes and transported into entity furrows through gated pipes then 
there is a risk to the workers of irrigation would be negligible (Montazar and 
Behbahani, 2007).

Water quality is not very much affected by the efficiency of the methods 
of surface irrigation generally, furrows, basins, and borders, while the 
risk of health in such systems is certainly considered. If the waste matter 
includes large numbers of suspended solids, certain issues may occur and 
this settles and limits the flow of pipes, gates, channels, and appurtenances 
to be carried. Many of these issues would be resolved by using treated 
sewage. Leveling of land ought to be carried out with awareness to prevent 
the surface irrigation of heavy waste matter, and sufficient land grades 
ought to be given.In general, the method of sprinkler irrigation is more 
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effective in the use of water because greater application consistency may 
be accomplished. Such methods of sprinkle irrigation can pollute fruit 
trees, soil, farmworkers, and crops. Furthermore, contaminants found in the 
aerosolized waste matter can be moved through wind and generate the risk 
of health to the neighboring population. By the comparison of automated 
or mechanized systems and manually moved sprinkler systems, it revealed 
that mechanized systems have greater capital and labor costs. To attain 
the uniform moisturization and to avoid extra head losses, the leveling of 
rough land is very important for the sprinkler systems. By comparison, of 
surface irrigation systems and sprinkler systems, it shows that water quality 
mostly affects the sprinkler systems, primarily due to leaf burns, and residue 
gathering in pipes, blockage of orifices in sprinkler heads, and phytotoxicity 
by water salinity and holds extra poisonous elements, delivery, and valves 
systems. Secondary treatment of effluent has usually been found to make a 
waste matter appropriate for delivery with sprinklers; the effluent mustn’t be 
too salty. Other preventive measures are taken, for example, treatment with 
micro strainers or granular filters and diameters extension of nozzle orifice 
not smaller than 5 millimeters (Draginčić and Vranešević, 2014).

The restricted water system may generate the highest yield of the 
crop, especially when the surface of the soil is secured with plastic sheets 
or with other materials and by the effective use of wastewater, and also it 
gives the highest level of health security for consumers and workers. On 
the other hand, drip, and trickle water systems are costly and need a high 
wastewater quality to avoid blockage of the emitters by which wastewater 
is gradually discharged into the soil. The growth of biological organisms 
or solids in wastewater at the delivery pipes may cause issues and we can 
overcome these issues in Cyprus by gravel filtration of wastewater and daily 
line washing-out (Stylianou and Papadopoulos, 1988). The Bubbler water 
system is a procedure that is developed for the localized water system of tree 
crops in which small emitter holes are not required however, the cautious 
setting is needed for its good use (Hillel, 1987) (Table 4.5).

Table 4.5: Water Quality and Clogging Potential in Drip Irrigation Systems

Potential Problem Units
Degree of Restriction on Use
None Slight to Moderate Severe

Chemical
pH < 7.0 7.0–8.0 > 8.0
Manganese mg/l < 0.1 0.1–1.5 > 1.5
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Dissolved solids mg/l < 500 500–2000 > 2000
Hydrogen sulphide mg/l < 0.5 0.5–2.0 > 2.0
Iron mg/l < 0.1 0.1–1.5 > 1.5
Bacterial populations number/ml < 10000 10 000–50 000 > 50000
Biological maximum
Physical
Suspended solids mg/l < 50 50–100 > 100

Source: Nakayama (1982).

The key benefits of the trickle irrigation system with the comparison of 
other systems are:

1. High Efficiency of Irrigation: Wind drift or losses of transport, 
minimum losses of drainage and no covering interception.

2. Improved crop yield and growth obtained through optimization 
of the nutrients, air systems in the root region, and water.

3. Low Requirements of Energy: The trickle system needs a 
pressure of water just 100 to 300 kilopascal (1 to 3 bar).

4. Low Labor Requirements: It may be easy to automate the trickle 
system, even though to permit joint fertilization and irrigation 
(occasionally terms fertigation).

5. Minimum contact among wastewater and farmworkers.
The trickle irrigation systems have high capital cost and also another 

restrictive issue for their use is that these systems are just suitable for the 
row crop irrigation. The relocation of subsurface systems may be costly.

The decision on the choice of the irrigation systems would be cost-
effective however the health issues linked with these irrigation methods 
would also be considered. The possible health control measures that can be 
taken by the choice of the method of effluent application as well as with the 
treatment of effluent, human exposure control, and choice of the crop. Every 
measure you take would interrelate with the others and therefore a decision 
on the choice of the irrigation system affect the requirements of effluent 
treatment, the choice of crop, and human exposure control (such as trickle 
irrigation system decides the row crops). Simultaneously, the feasibility of 
irrigation techniques would rely on the selection of an irrigation system and 
the choice of the crop could be restricted if the treatment of effluent has been 
determined already before the utilization of effluent.
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4.5. FIELD MANAGEMENT PRACTICES IN WASTE-
WATER IRRIGATION
Crop, soil, water, and operational management practices, as well as measures 
to shield farmworkers, play a vital role in the effective utilization of sewage 
wastewater for irrigation.

4.5.1. Water Management
Mostly treated wastewater is not very salty, the normal range of wastewater 
salinity is between 500 and 200 mg/l (ECw = 0.7–3.0 dS/m). On the other hand, 
there can be cases where the concentration of salinity reaches the amount 
of 2000 mg/l. In any case, to avoid salinization proper water management 
methods would need to be practiced, regardless of whether the content of the 
salt in the effluent is low or high (Brouwer et al., 1985, 1988). It is attractive 
by noticing that even the use of nonsalty effluent, for example, one containing 
the salinity range between 200 to 500 mg/l, when used at the normal rate 
of irrigation of 20,000 m3 per hectare, would increase the amount of salt to 
the soil about 2 to 5 tons annually. The issues of salinity may rise quickly 
if the root region is not washed out by the method of leaching and salt from 
the soil is not removed by successful drainage. Therefore, drainage, and 
leaching are two essential methods in the management of water to prevent 
soil salinization. Following are the main factors in management methods of 
water (Cai et al., 2003; Fereres et al., 2003):

1. Drainage;
2. Mixing of effluent with other water sources;
3. Leaching;
4. Alternating treated effluent with other water supplies; and
5. Irrigation timing.

4.5.2. Land and Soil Management
At the field level, different soil and land management methods may be 
implemented to address the sodicity, toxicity, health issues, and salinity that 
could be linked with the utilization of treated effluent (Follett, 2001; Sojka 
et al., 2007).

4.5.2.1. Land Development
Necessary steps may be adopted during the early phases of on-farm 
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development of the land to reduce the potential risks that can arise from 
the utilization of effluent. These steps would need to be well designed, 
developed, and implemented because these operations are costly and, 
mostly, one time.

4.5.2.2. Land Grading
Ranking of land is critical for achieving better application evenness from the 
methods of surface irrigation and generally adequate irrigation efficiencies. 
If the effluent is salty then the irrigated land must be properly graded. Salts 
build up in those high spots which contain too small leaching and absorption 
of water while water gathers in the low spots and it becomes the reason for 
crusting of soil and water logging (Murtaza et al., 2006).

4.5.2.3. Deep Cultivation
Soil irrigation is very difficult in certain regions where the soil is in the form 
of layers. In stratified soils, layers of sand, hardpan, or clay often hinder or 
avoid free water transportation in the root region. This would saturate the 
region of root and also allow the salts gathering in the root region (Jabro et 
al., 2008).

4.5.3. Crop Management and Cultural Practices
Different crop and cultural management methods that apply to the utilization 
of salty water would also apply to the utilization of wastewater. These 
methods aim to avoid crop damage due to salt gathering around the plants 
and in the root region and modify agrochemical and fertilizer uses to match 
the quality of the crop and the wastewater (Dorais, 2003).In many crops, 
the salinity of soil more severely affects the germination of seed than other 
phases of a crop’s growth. The effects have marked in the crops that are 
furrow-irrigated, where the water is moderate to extremely salty. This is due 
to the water in the ridges goes upwards by capillary action, bringing salts 
with it. Salt accumulation occurs in the ridges if the water is evaporated or 
absorbed (Campbell et al., 1991; Gavito and Miller, 1998). The maximum 
concentration of salts happens in the middle of the ridge while the minimum 
salt concentration occurs along the ridge shoulders. An effective way to 
solve this issue is by ensuring that the low salinity soil should be around 
the germination of seed. The harm to seed germination may be decreased by 
the management of water systems, suitable planting practices, and shapes of 
the ridge. Several definite methods comprise (Colbach and Debaeke, 1998):
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1. Irrigation of alternate rows to allow the salts to pass away from 
the solo seed row;

2. Use sloping beds for the plantation of seeds on the sloping side 
however it should be above the line of the water; and

3. Planting on both shoulders of the ridge in the case of double row 
planting or on the single shoulder in solo row planting.

4.6. PLANNING FOR WASTEWATER IRRIGATION

4.6.1. Central Planning
The policy of the government on the usage of wastewater in agricultural 
land would have a significant impact on control mechanisms that may be 
accomplished by the careful choice of treated effluent crops and sites. A 
decision is made to assure the accessibility of the treated wastewater to 
farmers for unregulated irrigation or to the irrigation of public parks and 
metropolitan green regions with wastewater would eliminate the options 
of getting the benefit by careful choice of the sites, methods of irrigation 
and crops to minimize the health hazards and minimize the effects on the 
environment. 

On the other hand, if a Government determines that wastewater 
irrigation would be implemented only in particular controlled regions, even 
though the choice of the crop is not restricted (specifically, unregulated 
irrigation within these regions is permitted), access of the people to the 
irrigated regions would be prohibited and several precautions may be used. 
The greatest protection against health hazards and unpleasant effects on the 
environment would certainly be accomplished through restraining usage of 
wastewater to controlled irrigation on regulated regions where the people 
have no right of entry however by commanding limitations on wastewater 
irrigation by planters if appropriately applied, a level of control may be 
achieved (Zhovtonog et al., 2005).

Johnson and Cobham (1988) have indicated that the methods used for 
the preparation of wastewater irrigation plans are identical to those methods 
that are used in other types of resource scheduling and outlined the major 
social, economic, and physical aspects. Johnson and Cobham also suggested 
that different main tasks or problems may have a major impact on the vital 
accomplishment of wastewater irrigation like this (Gordon et al., 1995):

1. The priority is given to the aspects of people health safety and the 
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degree of risk considered;
2. The selection of multiple-use or solo-use methods;
3. Administrative and organizational arrangements for handling 

the resource, choosing, and executing the effluent utilization 
program;

4. The degree of understanding the potential for forestry resource 
creation; and

5. The parameters followed when calculating plans for alternative 
reuse.

The implementation of the combine wastewater utilization methods is 
typically beneficial in terms of allowing for greater flexibility, improved 
financial stability and more effective usage of the wastewater across the 
year, while a single-use approach would result in cyclic surpluses of effluent 
for blocked disposal. Thus, in the selection of sites and crops, it is important 
to bear in mind the interest of giving regions for different plantations and 
crops to the effective use of the wastewater during the seasonal cycle (Li 
and Yang, 2005).

4.6.2. Desirable Site Characteristics
The characteristics that are crucial in determining the feasibility of the 
project of land clearance are the position of people’s attitudes and existing 
land. A land specifically away from the plant of manure treatment would 
acquire high costs of the treated wastewater delivery to that location and 
therefore would not be appropriate. 

Therefore, when the sewerage is designed, the land availability for the 
irrigation of wastewater ought to be kept in mind and plants of manure 
treatment ought to be situated with proper agricultural places (Schmitz et 
al., 2002; Kumar et al., 1992). 

Such places would not be near to populated regions however, the distant 
land could not be socially appropriate for people if the cultural, religious, 
and social behaviors are contrary to the effluent irrigation methods. The 
health risk is a conscious problem that is due to wastewater irrigation and 
people fear would only be calm down by taking precautionary measures. 
In dry regions, the significance of using treated wastewater for agricultural 
purposes makes it systematic sensible in developing, planning, and managing 
projects for wastewater irrigation and awareness should be given to people 
at all phases (Thomas et al., 2004).
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For the selection of location, the optimal goal is to discover a proper region 
where the long-lasting utilization of treated wastewater would be practicable 
without negative impacts on the health of people or the environment. For 
a specific case, it may be probable to find out many possible places within a 
sensible distance of the severed society and there would be a challenge to choose 
the proper location, taking into consideration all relevant aspects. For a specific 
area following essential information should be considered, if accessible:

1. Surveys of agricultural soils;
2. A map of topographic;
3. Reports and geological maps;
4. Aerial photographs;
5. Soil test results and boring logs;
6. Reports of groundwater and well logs; and
7. Other piezometric and soil data.
During the early phase of the investigation, the possible effect of the 

utilization of treated wastewater on any utilizable groundwater in the 
concerned areas must be evaluated. The ranking of the location should be 
on the parameters, for example, its currents usage, the location, and value 
of the land, and social factors, and availability, furthermore the conditions 
of groundwater and soil should be kept in mind.The features of the soil 
structure comprising a specific site are quite important for determining its 
sustainability for methods of wastewater utilization and irrigation. Physical 
parameters (for example gradation, texture, plastic, and liquid limits, etc.); 
water-holding capability, permeability, pH, chemical composition and 
salinity are among the characteristics of soil and essential for the application 
of wastewater and production of crops. The tentative site study may involve 
shallow boring of manual-auger and vegetation recognition, which would 
also allow the inadequate sites to be removed. Upon the removal of potential 
sites, every site under severe consideration will be analyzed through the 
on-site boring to assess the water table position, composition of the soil, 
and features of the soil. Piezometers must be found in every hole of the 
bore and this may be used for future testing of groundwater. For these site 
evaluation, Hall, and Thompson (1981) have defined a method, if this method 
implemented, it should not only permit the selection of most appropriate 
site between many alternatives however should also allow the effects of 
wastewater irrigation at the selected location. As we established a site, an 
important aspect of its management must be a long-lasting groundwater 
control system.
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4.6.3. Crop Selection Issues
During the selection of the crops, a farmer typically is affected through the 
environment, economy, accessible management expertise, characteristics 
of water and soil, tradition, and labor and machinery. The level to which 
the selection of crops is affected by the usage of treated wastewater would 
rely on the quality of wastewater, the user’s goal, and the policy of the 
Government for wastewater irrigation. Government policy would aim to 
reduce the health-related issues, environmental danger and it should affect 
the level of production correlated with the irrigation of wastewater. Rules 
and regulations should be practical and feasible in the view of local and 
national customs and environmental factors. The main aim of the developers 
of wastewater irrigation methods should try to obtain optimum efficiency 
and water management by the wastewater utilization systems and crop 
selection (Pereira, 1999).

A multiuse strategy solution would involve the assessment of feasible 
combinations of potential crop varieties on the available land. Apart from 
the requisite water and soil quality surveys, this would require a significant 
assessment level and capital budgeting activity. The daily, monthly, and 
yearly crop water demand must be calculated through the most suitable 
methods of irrigation. To determine the economic value of wastewater 
irrigation of different crop varieties, domestic use, local output and imports 
of the different crops need to be measured. The demand for the irrigation of 
crops should be compared with the accessible wastewater in order to ensure 
maximum financial and physical annual usage. Johnson and Cobham (1988) 
study this evaluation method for effluent usage in Kuwait, where commercial 
forestation was found to provide considerable potential in multiuse of the 
irrigation of wastewater (Wang et al., 2003).
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5.1. INTRODUCTION
A sludge that should be removed is created by many methods of wastewater 
treatment. Traditional secondary wastewater treatment plants normally 
produce a primary sludge after the main sedimentation phase of treatment 
and a secondary sludge after the organic phase of final treatment. Secondary 
sludge properties are different from the kind of biological operation which 
is sometimes blended with primary sludge before disposal and treatment. 
About half of the expenses for operating secondary wastewater treatment 
plants in Europe may be correlated with the disposal and treatment of 
sludges. The usage of processed or raw manure sludge by land may minimize 
considerably the sludge removal cost of sewage treatment and also provide a 
large amount of the phosphorus and nitrogen to many crops (Kelling et al., 
1977a, b; Kirchmann et al., 2017).

Inner-city sewerage systems often carry only household waste to the 
treatment plants; storm-water and commercial wastewater drainage from 
highways and other urban areas are also dumped into sewers. Therefore, 
sewage mud may consist of organic waste products and traces of contaminants 
used in our modern culture. Some such matters may be phytotoxic and other 
harmful to livestock and/or humans so the amount of potentially poisonous 
elements in the soil and their rate of utilization to the soil should be monitored 
(Soler-Rovira et al., 1995; Jensen and Jepsen, 2005).

Waste sludge often includes pathogenic viruses, protozoa, bacteria, 
and other parasitic helminths that may become the health risk of animals, 
plants, and humans. Research by the World Health Organization (1981) 
on the health hazards of microorganisms in sewage mud added to land 
described Taenia and salmonellae as causing greater concern. Until sludge 
application to the land, the amount of parasitic and pathogenic microbes in 
sludge may be greatly decreased by proper sludge treatment and the possible 
health hazards are more decreased by the impact of climate, soil-microbes, 
and time. However, restrictions on harvesting, grazing, and planting are 
appropriate for some crops (Berrow and Webber, 1972; Sauerbeck, 1987).

Besides the concerned elements, waste sludge often includes an 
important amount of organic, phosphorus, and nitrogen matter. In the year 
of use, the supply of the phosphorus material is around 50%, which is not 
based on any previous sludge treatment. The supply of nitrogen is mostly 
based on the processing of sludge, dry-processed sludge and untreated 
liquid sludge that gradually releases nitrogen with the long period benefits to 
crop. Liquid an aerobically digested sludge contains a large concentration of 
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ammonia-nitrogen that is readily accessible to plants and may be especially 
beneficial for grassland. Some soil structure and water-retaining ability may 
be enhanced by the organic matter in sludge, particularly when used in the 
shape of dry sludge block (Directive, 1986) (Figure 5.1).

Figure 5.1: Sewage sludge being sprinkled on agricultural.

Source: https://www.uppermissouriwaterkeeper.org/land-application-of-sew-
age-sludge-septage/.

The utilization of sewage sludge to the soil in the European Economic 
Commission (EEC) countries is regulated by Council Directive No. 86/278/
EEC (European Communities Council, 1986). Until specified required 
criteria like the soil and sludge tests, this Directive forbids the usage of 
sludge from sewage processing plants in agriculture. Following are the 
parameters to the guideline of the Directive:

1. pH;
2. Organic matter (in percentage dry solids);
3. Dry matter (in percentage);
4. Nickel (milligram/kilogram dry solids);
5. Copper (mg/kg dry solids);
6. Nitrogen, total, and ammoniacal (in percentage dry solids);
7. Zinc (milligram/kilogram dry solids);
8. Phosphorus, total (in percentage dry solids);
93 Lead (milligram/kilogram dry solids);
10. Cadmium (milligram/kilogram dry solids);
11. Chromium (milligram/kilogram dry solids); and
12. Mercury (milligram/kilogram dry solids).
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Nowadays the latest Standard of Practice for Industrial Use of Sewage Sludge, 
the United Kingdom Environment Department (1989) has applied arsenic, 
selenium, fluoride, and molybdenum to fulfill these parameters. Under the 
requirements of the Directive, sludge should be examined at least once every 
6 months and major improvements in the quality of the processed sewage 
arise at any period. The analytical frequency for the extra four parameters 
should be lowered to no less than once every five years, providing that their 
concentrations in the sludge are continuously no greater than the following 
concentrations:Se-2 mg/kg dry solids, Mb-3 mg/kg dry solids, Fl-200 mg/kg 
dry solids and As-2 mg/kg dry solids (Nakada et al., 2006; Li et al., 2008).

5.2. SLUDGE TREATMENT
Even when it is applied into the land, sewage sludge must be subjected to 
microbial, thermal or chemical treatment, long-term storage or other suitable 
procedures considered to minimize its ferment-ability and health issues 
due to its use before applying in agriculture (Suh and Rousseaux, 2002; 
Yang et al., 2015). Table 5.1 details the methods of sludge management and 
storage that have been used in the United Kingdom to meet such targets. The 
second version of a ‘Manual of Good Practice on Soil insertion of Sewage 
Sludge’ has been developed by the center of Water Research (1989) in the 
United Kingdom and explains proper procedures and equipment for what 
is currently the only approach permitted inside the European Economic 
Commission (EEC) to add unprocessed sludge’s to grassland (Johnson and 
Sumpter, 2001; Neyens et al., 2004) (Figure 5.2).

Figure 5.2: Flow chart of a sludge treatment process.

Source: https://www.britannica.com/technology/wastewater-treatment/Sludge-
treatment-and-disposal.
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Table 5.1: Examples of Effective Sludge Treatment Processes

Process Descriptions

Mesophilic
Anaerobic Diges-
tion

Mean retention period of at least 12 days primary stage in the tem-
perature range of 35°C +/–3°C or of at least 20 days primary stage in 
the temperature range of 25°C +/–3°C accompanied by a secondary 
stage which provides a mean retention period of at least 14 days

Sludge
Pasteurization

Minimum of 30 minutes at 70°Celcius or a minimum of four hours at 
50-five°Celcius (or suitable intermediate conditions), accompanied 
by primary mesophilic anaerobic digestion throughout both cases

Composting
(Windrows or
Aerated Piles)

The compost should be maintained at 40°Celcius for at least five 
days and four hours inside the body of the pile during this period at a 
minimum of 50-five°Celcius accompanied by a maturation cycle nec-
essary to ensure that the compost reaction is significantly complete

Thermophilic
Aerobic Digestion

Mean retention period of at least seven days digestion. All sludge to 
be subject to a minimum of 50-five°Celcius for at least four hours

Liquid Sludge that the pH is not less than 12 for a minimum period of two hours. 
The sludge may then be used directly

Lime Stabiliza-
tion of

Addition of lime to increase pH to greater than 12 and sufficient to 
ensure

Dewatering and 
Storage

Conditioning of unprocessed sludge with lime or other coagulants 
accompanied by dewatering and preservation of the block for a mini-
mum duration of three months whether the sludge has been subject 
to primary mesophilic anaerobic digestion, preservation to be for a 
minimum duration of 14 days

Liquid Storage preservation of unprocessed liquid sludge for a minimum duration of 
three months

Source: Department of the Environment (1989); Göbel et al. (2005).

5.3. SLUDGE APPLICATION
As a consequence of sludge usage, amounts of inherently harmful elements 
in arable soils should not extend certain sensible limitations inside the 
usual cultivation range. No sludge must be added at any location where 
the soil composition of each of the criteria meets certain levels, except 
for molybdenum. Table 5.2 describes estimated allowable amounts of the 
inherently harmful elements in soil following treatment of waste sludge 
(according to the United Kingdom policy of Practice). The estimated 
allowable concentrations for copper, nickel, and zinc differ with the soil pH 
as it is understood that crop harm from phytotoxic elements mostly occurs 
on acid soils. This table also specifies the highest allowable annual average 
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rates for the addition of potentially hazardous elements for ten years (Wang, 
1997; Zubris and Richards, 2005).

Table 5.2: Maximum Permissible Concentrations of Potentially Toxic Ele-
ments in Soil after Application of Sewage Sludge and Maximum Annual Rates 
of Addition

Potential-
ly Toxic 
Element 
(PTE)

The Maximum Permissible Concentration of PTE 
in Soil (mg/kg Dry Solids)

The Maximum 
Permissible Average 
Annual Rate of PTE 
Addition Over 10 
Years (kg/ha)3

PH1

5.0 <5.5
pH1

5.5<6.0
pH
6.0–7.0

PH2

> 7.0

Copper 80 100 135 200 7.5
Nickel 50 60 75 110 3
Zinc 200 250 300 450 15
Chro-
mium 400 (prov.)

0.1
15
0.15
20
0.7
0.15
0.2

15 (provisional)

Mercury 1
Lead 300
Cadmium 35

*Fluoride 500
*Arsenic 50
*Selenium 3
*Molyb-
denum4 4

* These parameters are not subject to the requirements of Directive 
86/278/EEC.

1 The allowable concentrations of copper, zinc, cadmium, and nickel are 
tentative for soils with a pH in the ranges of 5.0 < 5.5 and 5.5 < 6.0 and 
would be checked after the current work is done their impact on livestock 
and certain crops.

2 The increased allowable Potentially Toxic Element concentrations 
in soils of pH greater than 7.0 apply only to soils consisting of calcium 
carbonate greater than 5%.

3 The yearly rate of utilization of Potentially Toxic Element shall be 
defined on average for the 10 years ending with the measurement year.

4 In agricultural fields, the acceptable safe amount of molybdenum 
is 4 milligram/kilogram. However, there are several places in the United 
Kingdom where the natural abundance of this element in the soil reaches 
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this level, for geological purposes. In these situations, there cannot be extra 
problems by using sludge, however, this should not be repeated only after 
professional advice. Such recommendations must take into consideration 
the known amount of soil molybdenum and recent plans to supply copper 
supplements to livestock.

5 For pH 5.0 and above.

Source: Department of the Environment (1989).

The amounts of possibly harmful elements should be calculated 
in soil samples collected to a depth of 7.5 cm as sludge is added to the 
grassland surface (Kladivko and Nelson, 1979; Chang et al., 1984). To 
reduce livestock injection of fluoride, arsenic, and cadmium applying these 
contaminants to the soil by sludge application should not reach 3 times the 
annual average levels over 10 years. The surface sludge added to grassland 
should not produce lead or fluoride over 1200 and 1000 mg/kg of dry solids, 
respectively (Hernández et al., 1991; Banerjee et al., 1997; McBride et al., 
1997) (Table 5.3).

Table 5.3: Maximum Permissible Concentrations of Potentially Toxic Elements 
in Soil Under Grass after Application of Sewage Sludge When Samples Taken 
to a Depth of 7.5 cm

Potentially Toxic Element 
(PTE)

The Maximum Permissible Concentration of PTE 
in Soil (mg/kg dry Solids)
pH
5.0 <5.5

pH
5.5<6.0

pH
6.0<7.0

PH
> 7.0

Nickel1 80 100 125 180
Copper2 130 170 225 330
Zinc3 330 420 500 750
Lead 300
Cadmium3 3/53

Chromium 600 (prov.)
Mercury 1.5
*Selenium 5
*Molybdenum 4
*Fluoride 500
*Arsenic 50

* The requirements of Directive 86/278/EEC do not subject to certain 
parameters.
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1 The allowable concentrations of such elements would be subjected to 
recheck upon completion of recent research into their impacts on the 
grassland quality. Before then, in cases where there is uncertainty as to 
the practicality of plowing or otherwise grassland farming, professional 
agricultural advice will not apply for sludge which would trigger such 
concentrations to reach the permissible rates set out in Table 5.3.
2 The allowable cadmium concentration would be subjected to recheck 
upon completion of current research into its impacts on animals that graze. 
Before then, this element’s concentration can be increased to the permissible 
upper limit of 5 milligram/kilogram due to sludge utilization only under 
grass which is maintained in combination with arable crops and grown for 
conservation purposes only. Any sludge applications shall be rendered in all 
situations where grazing is allowed which will allow the cadmium content to 
reach the lower limit of 3 milligram/kilogram.
3 For pH 5.0 and above.

Source: Department of the Environment (1989).

5.4. EFFECTS OF SLUDGE ON SOILS AND CROPS
Normally, the normal history of metals concentration in the soil is less 
obtainable for crop ingestion and thus less harmful than metals added by the 
application of sewage sludge (Scheltinga, 1987). Research work is performed 
in the United Kingdom (Carlton-Smith, 1987) found that the amounts of Lead, 
Zinc, Cadmium, Nickel, and Copper used in liquid sludge at three experimental 
places might be controlled by the study of the soil profile for 5 years after 
sludge applications, except for Zinc and Copper applied to calcareous loam 
soil. Such field tests also found the degree to which metals were transferred 
from sludge-treated soil to the leaves and edible sections of six crops of major 
significance to United Kingdom agriculture and the impacts of metals on 
yields of such crops (Chaney, 1989; Alloway and Jackson, 1991).

While all the plots received enough inorganic fertilizer to satisfy crop 
nutrient needs, the sludge utilization had some impact on crop yields. In 60% 
of the cases, analyzed yields of the crop were not substantially impacted 
but in 26% of the instances, utilization of liquid sludge resulting in slightly 
higher yields of the crop owing to the positive impact on soil structure. Drop 
in the yield of wheat grain from 6 to 10% were noted on the sandy loam 
and clay soils treated with bed-dried sludge and on the clay and calcareous 
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loam soils treated with liquid sludge. Nevertheless, this drop in yield was 
not believed because of metals, although the most possible cause was the 
accommodation of the crop due to abundant nitrogen in the soil (Smith, 
1994a, b; McGrath et al., 1995).The concentrations of metals increases in 
the soil because of sludge applications produced important increases in the 
concentration of Copper, Nickel, Zinc, and Cadmium in the edible section 
of most of the crops grown: cabbage, wheat, lettuce, red beet, ryegrass, and 
potato. For certain instances there was no important rise of lead in the tissue 
of the crop concerning lead in the soil through the application of sludge, 
indicating that Pb is not generally accessible to crops. The metals supply to 
crops was determined to be lesser in soil processed with bed dried sludge 
block compared with liquid sludge; the amount depends on the crop. While 
the amounts of Copper, Zinc, and Nickel in soils processed with high usage 
rates of bed-dried and liquid sludge were similar to the total amounts laid 
down in the EC Guideline and the zinc equivalent of sludge usage reached 
the limit allowed in the United Kingdom. Directives, with one case, no 
phytotoxic impacts of metals were noticeable. This was found in kale 
grown on clay soil as amounts of Zinc and Copper reached higher critical 
concentrations at elevated sludge usage speeds (MacLean et al., 1987; 
Hooda and Alloway, 1996).

5.5. PLANTING, GRAZING, AND HARVESTING CON-
STRAINTS
To reduce the possible danger to plant, human, and animal health, sludge 
activities need to be planned in time with processes of harvesting, grazing, 
or planting. Sludge should not be used in vegetable crops or soft fruit, 
nor used in crops produced within plastic frameworks or permanent glass 
(Environment Department, 1989). The EC Directive (Council of the 
European Communities, 1986) allows a compulsory three weeks no grazing 
time for processed grassland sludge, however, forbids the dissemination 
of unprocessed grassland sludge until pumped. Modified sludge may be 
added without limitation to growing food crops, but it should not be added 
to growing grass within three months of harvest or to fruit trees during 
ten months of harvest (Colman and Edwards, 1987; O’Reagain, 1993). If 
processed sludge is added before growing these crops like cereals, hay, 
fodder, sugar beet, fruit trees, etc., no limitations exist except in the case of 
soft fruit and vegetables the processed sludge will not be added within ten 
months of harvest. Generally, unprocessed sludge ought to be pumped or 
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grown only into the soil before growing crops however may be injected into 
growing turf or grass, with the limitations on the minimal harvesting time 
as stated above (Winter and Thompson, 1987; Animut and Goetsch, 2008; 
Woodward, 2018).

5.6. ENVIRONMENTAL PROTECTION
Always be careful to avoid some sort of unfavorable environmental effects 
when adding sewage sludge to the soil. Care should also be taken to avoid 
some sort of adverse environmental effect when adding sewage sludge to 
the ground. The sludge should not include nondegradable products, for 
example, plastics, which will cause soil disposal untidy. Moving sludge 
from the sewage treatment plant to farmland through tanker may generate 
traffic issues and cause noise and odor disturbance. For their local suitability, 
automobiles must be carefully chosen, and roads selected to reduce 
annoyance to the people. Upon consulting with the highway authorities, 
links to fields should be chosen and extra precautions should be taken to 
avoid automobiles bringing dirt on the highways (Parr et al., 1978; Wang, 
1997).The most critical environmental aspect of adding sludge to land is odor 
management. Enclosed tankers may be used to transport processed sludge, 
which is less odorous than unprocessed sludge. Discharge points from 
tankers or irrigators for sludge must be as close to the soil as feasible and the 
direction of the liquid sludge must be made small to reduce the visual effect 
and spray drift. Unprocessed sludge must be pumped under the surface of 
the soil by injection mounted tankers or using particular trucks (Venkatesan 
et al., 2004; Rio et al., 2006).Based on weather, topography, and soil factors, 
considerable caution is required to avoid sludge from flowing off onto 
roads or adjoining property. On sloping land, there is indeed a danger that 
these drainages may enter waterways and cause significant contamination 
of the water. Sludge usage levels ought to be changed appropriately, and 
distribution may have to be stopped in some situations. Moreover, the issue 
of surface drainage, contamination can result from the percolation of liquid 
sludge into land drainage, especially while using injecting techniques or 
applying liquid sludge to dry fissured soils (Kienholz et al., 1979; Pająk 
et al., 2013). Sludge must only be used in particularly vulnerable areas 
with water contamination by the environmental management authority’s 
guidelines as well as through sound agricultural procedures. Sludge storage 
on fields may improve transportation and application processes, however, 
every step should be taken to ensure safe storage (Spliethoff et al., 2000).
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6.1. INTRODUCTION
Wastewater recycles in agriculture includes the further utilization of treated 
wastewater for crop irrigation (Jaramillo and Restrepo, 2017). This kind of 
reprocessing is considered an effective tool for handling water resources, 
stemming from the necessity for a controlled supply that compensates for 
water scarcities caused through seasonality or the irregular obtainability of 
different water sources for the crop irrigation during the hydrological year 
(Manga et al., 2001; Jaramillo, 2014). Although the utilization of wastewater 
is an earlier practice, it has not constantly been appropriately managed or 
met quality standards as per utilization. Therefore, the knowledge relating to 
wastewater utilization has progressed with the history of mankind (Angelakis 
and Snyder, 2015).

Throughout the Bronze Age (3200–1100 BC), ancient civilizations used 
local wastewater in agriculture to place the water from town settlements. 
Soil irrigation by wastewater was the most usual practice and has since 
experienced different growth stages (Angelakis and Gikas, 2014). The first 
indication of wastewater recycling is found between the ancient Greeks, 
who used public latrines that blushed wastewater through a sewerage system 
to a storage chamber. Moreover, Roman and Greek civilizations used local 
wastewater at the boundaries of major cities (Athens and Rome). Wastewater 
was transferred to the agricultural arenas to be used as fertilizer for orchards 
and crops (Cooper, 2005; Tzanakakis et al., 2007).

Amongst the years 1550 to 1700, the direct utilization of wastewater on 
agricultural areas was stretched to farms in Scotland, England, and Germany. 
At the start of 1800, soil irrigation by wastewater was implemented in 
numerous fast-growing cities in the United States and Europe. For instance, 
the practice was considered lawful in cities like Boston, London, and Paris 
and was considered a resolution for the disposal and treatment of a large 
quantity of wastewater (Tzanakakis et al., 2014; Murtaza et al., 2015). Paris 
was the leading large city to water peri-urban areas by wastewater. It was 
throughout this similar period that the disposal of metropolitan wastewater 
was also adopted in Australia. In 1897, the first arena to be irrigated with 
wastewater was made in Melbourne (Hettiarachchi and Ardakanian, 2016).

In the nineteenth century, the carriage and last disposal of untreated 
wastewater on open peri-urban arenas caused ruinous epidemics of water-
based diseases like as typhoid fever and cholera. Such epidemics encouraged 
numerous milestones in sanitation like Great Britain’s Public Health Act, 
founding the “discharge of wastewater on the soil and rainwater in the river” 
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as the basic principle (Karami, 2006). Moreover, the international sanitary 
measure encouraged by leading European nations led to a chain of sanitary 
sessions on demography and hygiene. Moreover, the International Office 
of Public Hygiene was made, to execute sanitary controls beside borders 
(Metcalf and Eddy Inc et al., 2007; Vilar and Bernabeu-Mestre, 2011). The 
improvement of underground sewage structures that developed in the mid-19 
century is believed to be an additional response to the unhygienic situations 
causing from the urbanization and heavy industrialization happening at that 
time. Though, wastewater disposal systems in agricultural fields remain 
to be widely implemented by the United States and major European cities 
until the initial twentieth century. Throughout the 1990 s, interest in the 
utilization of wastewater for agricultural purposes (indirect irrigation by 
raw wastewater) enhanced in numerous parts of the world because of this 
sector’s large water demands (Asano and Levine, 1996; Jiménez and Asano, 
2008).

In this time, wastewater recycle was a worldwide concern because of 
the allied risks to the environment and public health. Therefore, in 1973, 
the WHO (World Health Organization) written the document “Reuse of 
effluents: methods of wastewater treatment and health safeguards,” to 
protect community health and enable the rational utilization of wastewater 
and excreta in aquaculture and agriculture. This early recommendation 
was drafted in the lack of epidemiological studies and for a minimal 
risk methodology (Carr, 2005). In 1986, a comprehensive analysis of all 
existing epidemiological studies was done, collecting a series of evidence 
that revealed a need to chapter the rules established in 1973. Established on 
these considerations, the rules were future updated in 1989 and fresh health 
indication was incorporated like risk assessments, besides extra information 
on the description of tolerable risks for community-based on the current 
situation of a specific disease in a country. In the guidelines, limitations 
were formed on the microbiological excellence of wastewater for irrigation. 
Though the WHO (1989) guidelines didn’t comprise surveillance guidelines 
thus, their formulation was planned on the base of objectives and health 
safety measures. Such considerations were merged as part of the wastewater 
recommendations made by the WHO in 2006 (Kamizoulis, 2008).

The WHO’s 2006 recommendations for the safe utilization of wastewater, 
gray water, and excreta establish a tool for the protective management of the 
wastewater in agriculture and make vibrant guidance for the decision-makers 
on the wastewater application in diverse domestic contexts. The guidelines’ 
primary aim is to assist the formulation of government and standards 
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regulations regarding the utilization and management of wastewater, 
because of the precise aspects of each country (Mara et al., 2007; Mara and 
Kramer, 2008). Such guidelines comprised of an important microbiological 
examination for risk assessment that comprises data collection on pathogens 
existing in wastewater, irrigated crops, and fields. Besides, the guidelines 
comprise prevention for wastewater utilization and approximations on health 
risk management, based on the person per year and disability-adjusted life 
year (PPY and DALY, respectively).

The FAO (Food and Agriculture Organization) of the United Nations has 
also formed numerous guidelines relevant to the utilization of wastewater in 
agriculture. In 1987, the quality of wastewater guidelines for agricultural 
utilization was published. These guidelines linked the degree of limitation 
of water utilization to infiltration, toxicity, and salinity parameters of 
exactions (World Health Organization, 2006; Asante-Annor et al., 2018). In 
1999, the FAO printed the proposed guidelines for the “agricultural recycle 
of treated waters and treatment necessities.” In these guidelines, the kind of 
agricultural recycle was classified on the base of the kind of irrigated crop 
(Almuktar et al., 2018) (Table 6.1).

Table 6.1: FAO Guidelines for the Agricultural Recycle of Treated Water

Kind of Agricultural 
Reuse Type of Treatment Quality Criterion

Agricultural recycle 
in crops that are not 
consumed.

Secondary-Disinfection

SS < 30 mg/L
<200 NMP E. coli/100 mL
BOD < 30 mg/L
pH = 6.5–8.4

Agricultural recycle in 
crops that are used and 
not processed commer-
cially.

Secondary-Disinfection

SS < 30 mg/L
<200 NMP E. coli/100 mL
BOD < 30 mg/L
pH = 6.5–8.4

Agricultural recycle in 
crops that are used and 
not processed commer-
cially.

Secondary Filtration-
Disinfection

BOD < 10 mg/L
<2 UNT
<14 NMP E. coli/100 ml <1 
Egg/L
pH = 6.5–8.4

Source: WHO (2006).
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In 1992, the EPA (Environmental Protection Agency) confirmed the 
poisonous effects on crops revealed to specific trace elements that exist 
in wastewater used for irrigation. In 2004, the EPA extended the scope 
of indirect filtered recycle and industrial recycle issues to contain many 
updated and new case studies, new information on disinfection technologies 
and treatment, emerging pathogens and chemicals of concern, funding 
alternatives, and user rates, sources of information and research activities 
economics, public involvement and acceptance (USEPA, 2004).

In 2012, the USAID (United States Agency for International 
Development) and EPA reorganized the Guidelines for Wastewater Recycle. 
The main aim of the update was to enable the development of wastewater to 
recycle based on a gathering of worldwide experiences. The 2012 guidelines 
comprised an updated analysis of the provincial difference of water recycle, 
developments in wastewater treatment expertise, best performs to include 
communities in planning schemes, international water recycles practices 
and factors that assist the expansion of sustainable and safe water recycle. 
More than 300 specialists in the wastewater recycle field collaborated 
giving technical informs of the guidelines, information on standards, case 
studies and technical revisions. On the base of quality, the USAID and EPA 
suggested there be an extremely safe absorption level of trace elements 
existing in irrigation water. The guidelines of the EPA, FAO, and WHO has 
been the base for the formulation of the regulations in diverse nations in the 
world (Griffiths et al., 2012).

Amongst the years 2000 and 2006, more than 3300 wastewater services 
were registered internationally, within the outline of the AQUAREC 
international scheme. The several wastewater facilities were categorized 
by diverse water treatment quality levels and use types, agriculture being 
the main wastewater user (Amórtegui, 2004). The nations with the greatest 
number of recycling facilities were the United States and Japan (800 and 
1800, respectively), followed by Australia and the E U with 450 and 230, 
respectively. In the Middle East and Mediterranean regions, around 100 
wastewater treatment services were identified, while Latin America was 
reported to have 50 services, and Sub-Saharan Africa had 20.

The FAO stated that approximately 10% of the total worldwide irrigated 
land area obtains partially treated or untreated wastewater, including 20 
million hectares in 50 nations (Winpenny et al., 2013). Though, Jiménez 
and Asano (2008) stated that the projected wastewater-irrigated area 
distinguishes by country and through untreated and treated conditions 
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(Figure 6.1). Concerning the volume of wastewater used in agriculture, 
Bixio, and Wintgens (2006) described that the European continent recycles 
963 Mm3/year of raw wastewater. In Latin America, around 400 m3/s of 
untreated wastewater is discharged and then used to irrigate different crops 
(Silva et al., 2008).

Figure 6.1: Recycle area in agriculture by country.

This chapter describes the effects, both negative and positive of 
wastewater recycling in agriculture. This practice is significant, particularly 
in the context of emerging countries challenged with increased water 
scarcities due to climate change (CC) and variability.

6.2. BENEFITS OF AGRICULTURAL REUSE
The utilization of treated wastewater in agriculture benefits the environment, 
the economy, and human health. This utilization represents an alternate 
practice that is being implemented in different regions challenged with 
water shortages and increasing urban populations with enhancing water 
needs (WWAP, 2012; Becerra-Castro et al., 2015), particularly given the 
decrease in groundwater and surface resources caused by climate change 
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(CC) and climate variability (CV). The obtainability of water resources 
is also distress by wastewater sourced contamination; as such water is 
not constantly treated before getting to the surface channels, and through 
associated aquifer contamination (Foster, 2002; Gomiero et al., 2008).

One of the most renowned benefits of wastewater is utilization in 
agriculture is the associated decline in pressure on the freshwater sources. 
Therefore, wastewater serves as an alternative irrigation source, particularly 
for agriculture, the highest worldwide water user, which consumes 70% 
of available water. Moreover, wastewater reuse enhances agricultural 
production in areas experiencing water scarcities, therefore contributing to 
food protection (Corcoran, 2010). Around 805 million people, 1/9 of the 
worldwide population, suffer from starvation. Though, according to FAO’s 
recent estimations, a declining trend in starvation supports the possibility 
of splitting the number of malnourished people. Yet to be successful it is 
mainly necessary to implement a comprehensive approach that comprises 
private and public investment aimed at enhancing agricultural yield, in 
adding to improving and increasing the obtain ability of water resources and 
guarding vulnerable groups (FAO, 2016).

Depending on the domestic condition, another benefit related to 
agricultural wastewater recycle could be the evaded cost of taking out 
groundwater resources. 

In this respect, it is worth noticing that the energy need to pump 
groundwater can signify up to 65% of the costs of irrigation actions (Lal et 
al., 2013; Saavedra Garcia et al., 2019).

Moreover, the nutrients naturally existing in wastewater permits 
savings on fertilizer costs to be realized, therefore ensuring a secure and 
environmentally encouraging nutrient cycle that evades the indirect 
reoccurrence of microelements and macro (especially phosphorous and 
nitrogen) to water bodies (Henze and Comeau, 2008; Barreto et al., 2013). 

Relying on the nutrients, wastewater might be a potential source 
of micronutrients (Mg, Fe, Zn, Ca, B, and Mn) and macro (K and P, N) 
(Jiménez-Cisneros, 1995; Liu and Haynes, 2011). Certainly, wastewater 
recycle has been proven to increase crop productivity and result in the 
minimum utilization of fertilizers in agriculture (Oliveira and Von Sperling, 
2008; Matheyarasu et al., 2016). 

Thus, eutrophication situations in water bodies would be minimized, as 
would the expenditures for agrochemicals used by farmers (Fatta-Kassinos 
et al., 2011; Adrover et al., 2012).
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The deterrence of water contamination would be another benefit related to 
wastewater recycling in agriculture. A decline in wastewater discharge assists 
to improve the source excellence of receiving water bodies (Toze, 2006; 
Candela et al., 2007). Furthermore, groundwater reservoirs are conserved, 
as agricultural wastewater recycle renews these sources with greater water 
quality (Garza-Almanza, 2012). 

Moreover, increased utilization of wastewater could contribute to the 
optimization and installation of treatment facilities to generate effluent of 
a preferred quality for irrigation objective, representative of an economic 
advantage to sanitation projects (Gerba and Rose, 2003; Molinos-Senante 
et al., 2010). In those areas where geographic and climatic characteristics 
permits, low price wastewater treatment systems may also be a feasible 
option, achieved using certain technological choices that accomplish the 
objective of agricultural recycle (Jiménez et al., 2010).

Wastewater uses in agriculture assist to release capital resources by 
the payment of economic tools through the actors of different nations. 
An understood economic benefit of agricultural wastewater recycle is 
the assessment of the treated water discharged for human usage, as this 
utilization is considered to be of top priority. In some nations, wastewater 
recycle contributes to decreasing the municipal expense of searching for 
water sources using more costly means. 

On the base of regulatory features, agricultural wastewater recycle can 
contribute to the explanation of financing mechanisms and appropriate 
investment policies for pollution prevention and control (Craun et al., 1994).

6.3. HEALTH RISKS OF AGRICULTURAL WASTEWA-
TER REUSE
The kinds of pathogens and concentration levels and chemical substances 
existing in wastewater differ by region, according to the socioeconomic and 
sanitary conditions of a specific community (Macedo, 1993; Romero Rojas, 
1996). 

The concentration of protozoan parasites, helminths, and viruses, in 
wastewater, can be 10 to 1000 times greater in emerging nations than in 
developed nations. Table 6.2 presents the primary kinds of enteric pathogens 
and substances of hygienic interest that can be found in wastewater used for 
agricultural irrigation.
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Table 6.2: Biological Chemical Risks Related to the Utilization of Raw Waste-
water in Agriculture

Type of Risk Pathogen Effects

Chemical

The substance of sanitary 
interest
Hydrocarbons
Pesticides
Heavy Metals

Furans, PCBs
Aldrin, Mercury
Dioxins, Cadmium, DDT, Arsenic

Biological

Schistosoma
Protozoans
Helminths
Bacteria 1

Virus 2

Intestinal Giardia, Entamoeba, 
Cryptosporidium, spp.
E. coli, Shigella spp, Salmonella 
spp, Vibrio cholera, Tenia spp., As-
caris, Ancylostoma,
Rotavirus, Norovirus, Hepatitis A 
and E, Adenovirus, Blood-flukes

1 Contact and/or consumption.
2 Consumption.

Source: WHO (2006).

Wastewater caused diseases can also be acute or chronic. Acute risk 
resembles the possibility of getting ill in the short period when exposed 
to small infectious doses of a contaminant, whereas chronic risk states to 
the presence of contaminants of a chemical nature that impacts human 
health after a long time of exposure. Furthermore, microbial diseases can 
be indirectly or directly transferred by water (Table 6.3). Worldwide, such 
diseases have considerably contributed to early mortality, particularly in 
developing nations (Saraiva, 2008; Cisneros and Rose, 2009).

Table 6.3: Certain Water-Borne Diseases Associated with Wastewater

Disease Cause
Cholera 2 Vibrio cholerae

Malaria Plasmodium

Leptospirosis 1 Leptospira icterohaemorrhagiae

Giardiasis 1 Giardia duodenalis

Gastroenteritis 2 Enterovirus, parvovirus, rotavirus
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Cryptosporidiosis 1 Cryptosporidium

Amebiasis 2 Entamoeba histolytica

Trachoma Chlamydia trachomatis

Infantile paralysis Poliovirus

Cyclosporiasis 2 Cyclospora cayetanensis

Paratyphoid fever 2 Salmonella paratyphi

Yellow fever Flavivirus
Gastroenteritis 1 Salmonella typhimurium

Dengue Flavivirus
Bacillary dysentery 2 Shigella dysenteriae

Ear infections Pseudomonas aeruginosa

Schistosomiasis 2 Schistosoma

Scabies Sarcoptes scabiei

Infectious hepatitis 1 Hepatitis A
Typhoid fever Salmonella typhi

1 Animal and/or human excrement.
2 Human excrement.

Source: Baquero et al. (2008).

Other compounds that exist in irrigated wastewater that might cause risks 
to human health are ECs (emerging contaminants). Emerging contaminants 
are molecules with biological action on diverse organisms, and their 
physicochemical characteristics define their perseverance in the environment 
and enable their bioaccumulation. ECs contain antihypertensive, antibiotics, 
and drugs, analgesics, among others. Also, some ECs correspond to EDs 
(endocrine disrupters). Such substances of complicated nature were not 
considered pollutants in the earlier, because of the absence of information 
on their accumulation in water, air, soil, and animal and vegetal tissue. 
Though, since the 1990 s, the concentration of the compound initiated to 
be measured in water sources. Countries like as Germany, Canada, Greece, 
Italy, Spain, France, and Brazil have projected that loads of analgesics 
considering around 500 tons have been released into shallow water sources, 
in which diclofenac and salicylic acid have got concentrations of 3.02 µg/L 
and 0.22 µg/L, respectively. ECS are frequently introduced into marine 
media by different anthropogenic sources, which can subsequently result 
in toxic remains and adverse impacts on marine organisms and, humans. 
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The wastes of municipal wastewater treatment units are categorized as 
one of the prime EC sources, as conventional treatment procedures don’t 
efficiently prevent the discharge of these compounds into the environment. 
Furthermore, farming, and agriculture, as sources of diffuse contamination 
from antibiotics and pesticides, respectively, are categorized as additional 
EC sources (Bloom, 2000).

Further sources of superficial water pollution by ECs might occur as a 
consequence of runoff from soils that comprise animal sludge or excreta 
digested from wastewater treatment structures used as fertigation or 
fertilizers. Groundwater pollution by ECs might occur as a consequence 
of landfill leachate, the leakage from spray irrigation or manure containers 
with untreated or treated wastewater on farming land.

The impact on human health occurred by ECs is not still fully 
understood. Though, numerous of these compounds are recognized to 
change the immunological and endocrine systems of marine organisms. In 
usual, all compounds that impact the endocrine structure are defined as EDs 
(endocrine disrupters).

These EDs have been exposed to formed hormonal alterations in some 
amphibians and fish species (Sparks, 2003); some alterations are related 
to the secretion of exciting hormones of the TSH (thyroid gland), the LH 
(luteinizing hormone), and the FSH (follicle-stimulating hormone). Other 
drugs like carbamazepine, fluoxetine, and clofibrate also amend endocrine 
activity. Furthermore, ED drugs can’t be simply removed in the wastewater 
treatment facilities. Therefore, EDs get into water sources and superficial 
waters intended for human usage, therefore chronically revealing human 
beings to their poisonous effects (Fierer and Jackson, 2006; Brady and 
Weil, 2008).Pollution through ECs can contribute to the development of 
resistant microorganisms. The extended utilization of antibiotics in contrast 
to pathogenic microorganisms in humans and animals and humans, as well 
as their utilization for food preservation, has enhanced their production and 
consumption, therefore causing high volume release rates into water bodies 
with resulting in microbial resistance. Amongst those microorganisms 
that have shown resistance, some are particularly notable: Pseudomonas, 
Salmonella, Aeromonas, Staphylococcus, Escherichia, and Aeromonas. 
Therefore, in the context of legal rules and functionality, the existence of 
resistant microorganisms in water bodies is a problem of great concern as it 
associates with wastewater treatment and public health and recycles systems 
(Powlson et al., 2013).
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6.4. LIMITATIONS OF WASTEWATER REUSE IN AG-
RICULTURE
The utilization of untreated or treated wastewater in agriculture is not 
discharged from an adverse impact on the environment, particularly on 
the soil. The scientific literature contains evidence of amendments in 
the physicochemical parameters of soil. Moreover, in the latest research, 
fluctuations have been observed in the magnitude and structure of microbial 
biomass in soil, also an increase in microbial action produced by agricultural 
wastewater recycle. Changing soil microbiota and physicochemical 
parameters can affect productivity and fertility, therefore upsetting soil 
sustainability from insufficient irrigation with wastewater. A chapter follows 
on the impact of wastewater recycling in agriculture and the effect on 
physicochemical parameters like as nutrients, contaminants, pH, salinity, 
organic matter also on microbial diversity. Table 6.4 presents diverse research 
studies that have been led to the impact of wastewater on soil (Ahmad et al., 
2001; Macías, 2004).

Table 6.4: The Influence of Agricultural Recycling on the Soil’s Microbiologi-
cal and Physicochemical Parameters

Param-
eter

Associated Impacts on Soil and Environment

Physicochemical Properties Microbiological 
Properties

Organic 
matter

· Water retention
· Increase in TOC
· Increases the availability of contaminants
· Formation of aggregates
· Enzymatic activity
· Improves nutrient content Buffer Capacity
· Cation exchange capacity
· Soil structure stabilization
· Increase in TOC
· Increases the availability of contaminants

· Selection of precise 
soil microhabitats and 
populations 

Contam-
inants

· Negative impact on soil fertility
· Changes in enzyme activity
· Soil toxicity and leaching
· Decomposition of fallen leaves limiting soil fertil-
ity
· Mineralization of organic matter
· Accumulation in soils
· Potential contamination of the food chain

· Enhanced tolerance 
to microbial pollutants
· Antimicrobial resis-
tance
· Changes in its 
structure
· Reduction of micro-
bial biomass
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Salinity

· Soil sodification or salinization
· Increased soil compaction
· Decreased stability of aggregates
· Changes in soil structure in the long-term
· Heavy metal leaching
· Negative impact on soil fertility
· Variation in soil pH
· Decreased stability of aggregates
· Dynamics in organic and inorganic compounds
· Permeability of soil and water retention

· Changes in variation 
in the richness and 
soil microhabitats
· Diversity of the mi-
crobial community

pH
· Enhances the availability of metals and nutrients
· Improves the cation exchange capacity Mineral-
ization of organic matter

· Increases the rich-
ness and cation ex-
change capacity of the 
microbial community

Nutri-
ents

· Water retention
· Improves nutrient content
· Increase in organic soil matter
· Leaching to groundwater
· Risk of eutrophication of aquatic environments

· Perturbation of the 
metabolic action of 
microbial soil com-
munities

Source: Jaramillo and Restrepo (2017).

Numerous research studies have stated variations in soil pH causing by 
irrigation with discharges from municipal wastewater treatment structures 
at different treatment stages (secondary, primary, and preliminary). 
Furthermore, alterations in soil pH are associated with three factors: (i) soil 
texture (ii) period of irrigation; and (iii) type of soil cover. The alterations in 
soil pH influence the obtainability of metals and nutrients, the CEC (cation 
exchange capacity), and mineralization of organic matter (Rattan et al., 
2005; Lauber et al., 2009; Rousk et al., 2010).

Moreover, different researchers reflect pH incidence to be a significant 
factor in determining the variety of soil microorganisms and the number 
of species as an enhancement in free metals is not associated to alterations 
in the soil pH, and the availability and concentration of metals have the 
prospective to impact the substrate of the microbial communities (Andrade 
et al., 2000; Jackson and Sutton, 2008).

Furthermore, organic matter is critical for soil structure and nutrient 
storage. However, the formation and stabilization of aggregates (clay, lime, 
and sand), the organic matter constituent contributes to the capability of the 
soil to retain water, compaction resistance and affecting drainage properties. 
Organic matter similarly constitutes a deposit of important micronutrient (P, 
S, and N) and macro for plant development, contributing to the CEC and, 
resultantly, to soil fertility (Thompson and Troeh, 1988; Sun et al., 2014). 
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Depending on the quantity of organic matter contributed, diverse studies 
(Table 6.4) have described enhancement in TOC (total organic carbon) and 
N (nitrogen) in those soils watered with local wastewater. This phenomenon 
also results in the obtainability of organic matter to enhance. As a result, 
the presence of precise bacteria populations may be preferential in the soil. 
Between 40% and 70% of soil, bacteria are linked with stable aggregates 
(Zúñiga, 1999; Baquero et al., 2008).

The aggregates stability in the soil and the water retention capability 
from the organic matter contributed through wastewater irrigation rely on 
the concentration levels, the composition of soil texture and organic matter. 
Therefore, sandy clay soils soaked with wastewater enhances the stability of 
their aggregates (Oke, 1966; Anjana and Iqbal, 2007). On the contrary, soils 
with a clayey surface reduce the stability of their aggregates. Furthermore, 
the utilization of wastewater in continued irrigation (more than 20 years) 
can result in adverse changes in soil structure because of the gathering of 
sodium in the exchange complex. A study on sugarcane watered with treated 
wastewater for 1 year found a growth in content of the organic matter in the 
soil, as per the authors, preferred the recycling of wastewater in the areas 
under study (Valle del Cauca, Cali, Colombia).

Diverse research studies (Table 6.4) had noted an enhancement in the 
different types of nitrogen (NH4-N, N-NO3, or Total N) after irrigation from 
wastewater for periods extending from 1 to 20 years. Though despite current 
advantages in agricultural production and a decrease in chemical agents 
(fertilizers) from the rise in P and N contributed through wastewater, soil 
microbial groups can be affected, mainly the activities related with the cycle 
of these elements (Ternes et al., 2001; Avisar et al., 2009).

More than 90% of the soil’s nitrogen is in the form of organic. Nitrate 
and ammonium are the key forms of absorption in plants, in adding to 
certain organic nitrogen compounds. It is usually believed that nitrite is 
an intermediary product in the transformation of Ammonium to Nitrate in 
the soil, where the transformation of Nitrite to Nitrate is significant since 
relatively little amounts might have poisonous effects on plant growth. 
These intermediary products of complicated organic substances of nitrogen 
might be absorbed by plants. Organic nitrogen nourishment can impact the 
metabolism of the plant and the quality of the plant product. Likewise, under 
extreme application of nitrogen (by sewage, fertilizer or other sources), 
vegetables can gather high levels of nitrate and, when used by living things, 
could pose serious health threats (Biel Maeso, 2011).
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An additional effect is the gathering of inorganic N in the soil that might 
impact the biodegradation of carbon compounds. Furthermore, the extra 
supply of nutrients in the soil might have adverse effects. Nutrients like 
nitrate and phosphorus can be comprised in the runoff or can be seeped 
towards groundwater, therefore causing the toxicity or eutrophication of 
other habitats (Hutchinson et al., 2006).

Irrigated wastewater can encourage soil sodification (a surplus of 
interchangeable sodium in relative to other cations) and salinization (an 
enhancement in the concentration of soluble salts). Salinity problems happen 
when the soluble salts are intense in the root zone, therefore causing osmotic 
stress that restricts the capacity of plants to absorb nutrients and water and 
nutrients (Gozlan et al., 2013).

Sodicity thus negatively affects the soil structure and stability of 
aggregates, as high substitutable sodium content causes a decrease in 
permeability. Sodicity is happened by expansive and dispersive procedures 
on clays as a result of the destruction of aggregates because of high Na+ 
concentrations. Diverse research studies noted that variations in sodicity 
produce an enhancement in soil compaction and decrease the infiltration 
level of water (Oggier et al., 2010).

As a consequence, soil microbiota is affected by fluctuations in sodicity 
or soil salinity. The impact on microbial groups is primarily associated with 
variations in soil structure and reductions in osmotic potential.

Another study evaluated the effects of salinity on the activity, community, 
and structure of soil microorganisms. Their consequences propose that 
greater salinity content metabolically pressurize soil microbiota. Moreover, 
the Carbon Nitrogen relation of the biomass inclines to be lesser in higher 
salinity soils, which reveals the dominance of bacteria in the microbial 
biomass of the saline soils (Hirsch et al., 1999).

Moreover, soil degradation enhances due to the disposal of 
contaminants (pharmaceutical and metals compounds) by different media 
like wastewater, which gathers in the soil as a consequence of irrigation. 
Usually, concentrations of metal in soils are not exposed to anthropogenic 
activities rely mainly on the parental material (stone) and could exist in 
the soil at nonharmful levels for living beings. Though, industrialization 
and population growth have resulted in a rise in the occurrence of such 
contaminating agents in wastewater and, resultantly, in irrigated soils. 
Metals like Cr, Zn, Ni, Cu, Fe, Cd, and Pb which are plentiful in wastewater, 
lead the list of probable contaminating agents that have gathered in the soil 
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as a consequence of wastewater irrigation. The existence of these elements 
in the soil can restrict fertility and/or alter soil microbial groups; they also 
impact a soil’s phytotoxicity potential with effects on pollution and plant 
growth. Further ecosystem functions affected because of metal pollution 
comprise litter decomposition, alterations in soil enzyme activity, alterations 
in microbial structure, organic matter mineralization, and microbial biomass 
reduction. (Mayor Sanz, 2012).

Furthermore, the metals gathered in the soil can interrelate with 
pharmaceutical products or other ECs, deteriorating the potential impact 
on the soil. Numerous studies had also noticed strong co-occurrence 
patterns among the metals in soil and a confrontation of antibiotics in 
specific environmental situations. The effect and fate of these compounds 
(polluting agents and/or emerging metals) depend on numerous factors like 
as the chemical properties of the contaminant type, the age and species of 
the vegetation cover, the composition of the rhizosphere microbes and soil 
characteristics (of the nutritional environment, temperature, soil structure 
and texture). Certain researchers have noticed that low mobility compounds 
gather in soils with an irrigation period extending from 1 to 100 years, in 
comparison with high mobility compounds (Rattan et al., 2005; Li et al., 
2013).

Furthermore, researchers globally had highlighted the risks caused by 
high mobility compounds, given the probable leaching that might contaminate 
groundwater sources. For instance, in certain amoxicillin-degradation 
products, it was witnessed that high mobility compounds contaminated 
the groundwater of wastewater watered agricultural fields. Another study 
resolved, after discovering of fewer retention rates for ibuprofen in the soils, 
that this compound has a great potential to infiltrate through the soil and 
contaminate groundwater sources (Mujeriego, 2005; Grassi et al., 2013).

6.5. ASSESSMENT OF THE RISK-RELATED WITH 
THE UTILIZATION OF WASTEWATER IN AGRICUL-
TURE
The utilization of wastewater in agriculture has restrictions due to the 
risks related to the exposed groups, different methods of exposure 
and concentrations of numerous microbiological and physicochemical 
parameters. Therefore, soil as a means of getting wastewater, the irrigation 
technique, the kind of irrigated crop, and the products used, farmers, and 
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their families and end consumers, are exposed during the process chain. 
By the development of the WHO recommendations of 1989, it was known 
that human parasites are the key risk to human health and the formation of 
wastewater treatment structures for the decline in risk was recommended 
as the key strategy. Therefore, the concept of “zero risks” might only be 
accomplished under technological patterns of primary, secondary, and 
disinfection treatment, technically possible but not a practicable solution in 
the economic and practical context of emerging countries (McArthur and 
Tuckfield, 2000; Rebollo, 2011).

By the development of the WHO guiding principle of 2006, that 
required to know the magnitude of the risk related with this kind of practice 
was formulated and the conceptual basis for its estimation was conveyed, 
knowing with this that plans for risk decreasing should be flexible and 
familiar to the local perspective and for the first time suppressed the 
waste quality thresholds. Therefore, the concept of “multiple barriers” 
was presented. It suggested a sequence of barriers along the recycle chain, 
either focusing merely on treatment infrastructure for the development of 
wastewater quality to be recycled. The WHO (2006) guiding principle raised 
the health-based objectives, which are assessed from a typical measure of 
disease nominated about the DALY (Disability Adjusted Life Year). DALY 
is a quantitative gauge of disease burden, which shows the total amount of 
healthy life decrease due to disability, or the lifetime that is gone because of 
premature mortality. The objective designed corresponded to ≤10−6 DALY/
person, which is the projected disease burden related to mild diarrhea 
(Chefetz et al., 2008; Chen et al., 2011).

As per the literature, the risk assessment can be done using 3 kinds 
of studies: (i) QMRA (quantitative microbiological risk assessment); 
(ii) microbiological laboratory tests, and (iii) epidemiological studies. 
Microbiological studies are thought as a source of data for types of studies 
(i) and (iii) are only suitable if health assessments and suitable protective 
measures are taken to evade a health risk. Epidemiological studies are a 
direct measure of the related risk, but their target population and complexity 
requirements and high costs might limit the method. The QMRA is thought 
to be an indirect risk measurement that has been extensively used, but its 
outcomes are related to the precise scenarios evaluated. The combined 
utilization of the 3 types of studies for the risk estimation might produce 
better results in their estimation, nevertheless the costs related with each 
type of study, the time required and the population size, the needed input 
information, and difficulty of modeling are certain limitations that decide 
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the prioritization of the utilization or the combined utilization of these tools.
QMRA has been considered an important part of risk management. 

A probabilistic modeling method to evaluate the magnitude of risk under 
precise scenarios and its implementation is described in 4 steps: (i) hazard 
detection; (ii) exposure valuation; (iii) dose-response modeling; and (iv) 
risk classification. The use of this method about wastewater recycling 
in agriculture has been attentive to the risk assessment in raw customer 
products, particularly on varieties of lettuce and certain vegetables, and 
rotavirus infection as the main reason for diarrheal disease in the world 
(Dalkmann et al., 2012).

In 1992, a chapter of the information gathered in the period from 1975–
1989 led to the reformulation of the excellent standards of wastewater of the 
state of California (United States). Based on the overhead, a proportional 
study was done of the probable risks of enteric virus infection with tertiary 
and secondary discharges from treatment systems, as contrasting to four 
exposure scenarios for wastewater utilization (recreational reservoirs, 
recharge of aquifers, golf courses and the irrigation of food crops). The 
investigation of this study revealed that the annual risk of showing a tertiary 
discharge with chlorine disinfection, with a viral unit content of 100 L, 
involves an allied risk in golf courses and recreational reservoirs in a range 
of 10−2–10−7, however in golf courses and crop irrigation, it might have an 
allied risk between 10−6 and 10−11. These are determining outcomes for the 
prioritization of the investment and the formulation of mitigation plans 
(Gibson et al., 2010).

Quantitative microbiological risk valuations related to virus in lettuce 
crops have been the most usually assessed. Scientists assessed the impact 
of 2 risk factors: (i) the mortality rates for the virus in lettuce farming and 
(ii) the density function allied with the happening of human enterovirus 
in irrigation water (Jackson and Sutton, 2008). In an application of the 
Monte Carlo simulation technique, researchers observed that alterations in 
density function had a slight change in estimated infection rates. Though, 
the predicted infection rates were extra delicate than the virus decay rates. 
A Conclusion Support tool called Recycled water Irrigation Risk Analysis 
(RIRA) was formed for assessment analysis. This tool assists public health 
and water managers to conduct QMRA RIRA was formed to simulate an 
extensive range of situations by describing the pathogen of interest and the 
exposure situation, using precise dose-response models. The main benefit of 
RIRA is its flexible and generic structure, which can be used to carry out risk 
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evaluations by the techniques recommended in the main guiding principle 
on recycled water and local context situations.

Scientists formed a QMRA model to approximate the burden of 
norovirus disease linked with the usage of irrigated lettuce with raw gray 
water, a practice usually done in Australia and not permitted by normative 
guidelines (Kasprzyk-Hordern et al., 2009). The projected yearly disease 
burden altered over a range of 5 × 10−4 and 2 × 10−8 relying on the source 
of gray water and how completely the consumer washes the product 
at the household. The model projected disease loads of 3 × 10−6 and 4 × 
10−9 for washing and bath waters respectively. Utilizing these results, the 
authors suggested the usage of bathwater that fit into normative standards 
in Australia (threshold value 10−6 DALY/person). Besides, in Australia, a 
QMRA model was formed to see the threat of irrigation with wastewater 
in other kinds of vegetables like cabbage, cucumber, broccoli, lettuce, and 
Asian vegetables. Norovirus concentration was used, via fecal dumping rates 
in black wastewater and the yearly norovirus disease burden later irrigation 
with treated wastewater (Heberer, 2002). The yearly approximate of disease 
burden revealed that the primary treatment situations evaluated altered 
within a range of 10−5–10−3 DALY/person, beyond all mean values proposed 
by the Australian regulations and WHO (threshold ≤ 10−6 DALY/person). 
Although, in the advanced treatment situations, most of the cucumber intake 
situations got mean values of disease burden that accomplish the threshold. 
In usual, lettuce intake puts the highest risks, however, cucumber intake had 
the lowest risks. This research was appropriate because it was the 1st QMRA 
to consider viral gathering by irrigation using wastewater (Cartagena, 2011).
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7.1. INTRODUCTION
For developing countries, the irrigation serves as an essential factor for 
obtaining food supplies. 34% of the crops are produced by 17% of the 
world’s total cultivable land (Pescod, 1992; Elgallal et al., 2016). Developing 
countries cover around 192 million hectares which makes almost three-
quarters of irrigated land (United Nations, 2003). 

This results in a high dependency on water for the production of food 
(Figure 7.1). Most of the time, to irrigate the land, wastewater is used and 
this is due to the excessive water demand which is almost 70% of total 
usage. 

It boosts up productivity as it contains organic matter and nutrients. 
Another benefit is that it is available throughout the year, so one can sow 
anytime in the year. 

Locally, irrigation through wastewater can be very useful (Martijn and 
Redwood, 2005; Jaramillo and Restrepo, 2017).

Wastewater can be used in many ways to irrigate the land. It can be 
used as reclaimed water i.e., treated or it can be used as raw wastewater i.e., 
nontreated. 

This water can be applied to crops in both ways, directly, and indirectly, 
by indirectly we refer to discharged or diluted water coming from reservoirs, 
canals, or rivers. 

Planned projects involve reusability as a part of their plan while it 
happens spontaneously in developing countries. Industrialized countries 
reuse the water so that they can provide protection to water bodies and also 
to minimize wastewater treatment costs. 

These can be performed, only when wastewater treatment exists at high 
ecological standard and when these standards are attained, the wastewater 
loses a major portion of nutrients and organic matter. 

While in developing countries, reuse of water is spontaneous, it is done 
to avoid water shortage. 

It generally runs with water that is of poor quality, it may include raw 
wastewater, farmers use this water, not because of its fertilizing properties 
but because they have no other choice to earn a living (Jiménez and Garduño, 
2001; IWMI, 2003).
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Figure 7.1: Withdrawals of freshwater for agricultural use in 2000 (World Re-
sources Institute, 2000).

Source: https://www.iges.or.jp/en/pub/irrigation-developing-countries-using/
en.

In cities, for agricultural irrigation one can use wastewater. Wet countries 
or urban areas practice this “urban agriculture,” it is practiced depending on 
the availability of wastewater, depending on the people who are spending 
their lives in extreme poverty having no job opportunities and also on the 
demand of food products for locals (Shuval, 1990; Jiménez, 2006). For the 
irrigation of small lands, where fodder, tress, or small products in small 
quantity can be launched in markets (vegetables and flowers) or for crops 
that can be used as family diet, open channel flowing wastewater is used 
(Cockram and Feldman, 1996; Ensink et al., 2004b).

Like every product and activity, wastewater used for irrigation has 
advantages and disadvantages. Using practical experience and scientific 
work, the characteristics proposing suitable ways to attain maximum benefit 
and to reduce the risks are discussed in this paper (Jjumba-Mukasa and 
Gunders, 1971; Fattal et al., 1998).

7.2. BENEFITS OF APPLYING WASTEWATER FOR IR-
RIGATION
The benefits wastewater irrigation provides are (Hung and Quy, 2013; 
Symonds et al., 2014; Astudillo et al., 2015):

1. Higher crop yield is allowed and guaranteed by it, the scope of 
crops being irrigated can be amplified especially in semiarid and 
arid areas (Jackson et al., 2003; Bhujel, 2013).
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2. The number of nutrients and organic matters are recycled to soils.
3. Fertilizer cost is reduced as it becomes easily available to the 

farmers who cannot afford fertilizers.
4. Minimizes the usage of synthetic fertilizer.
5. Works as a method for disposal of wastewater at low-cost, under 

controlled conditions, this method can be hygienic.
6. Pollutants being discharged to surface water bodies are avoided.
7. Increases the investments made in the irrigation sector and also in 

wastewater disposal, it raises the economic efficiency.
8. Reduces adverse effects on surface water bodies and also 

conserves sources of freshwater.
9. Capable of recharging aquifers. It is done through infiltration.
10. The expense of pumping wastewater through channels is much 

less than the expense of pumping groundwater.
11. Marketing and cultivating of valuable crops add great benefit in 

generating income. This income helps in improving nutrition and 
helps in providing more education opportunities.

7.3. DRAWBACKS AND RISKS OF USING WASTEWA-
TER FOR AGRICULTURAL IRRIGATION
Wastewater irrigation has the following drawbacks (Chary et al., 2008; 
Qadir et al., 2010):

1. The reuse of wastewater should be carefully planned to minimize 
the drawbacks and to get max benefit.

2. Pollution impact is usually less and takes less time in surface 
water than in soils, because of this reason, governments use delay 
tactics for the treatment facilities of wastewater.

3. Considering the long-term, it increases metal content in soil and 
water salinity.

4. We require storage capacity so that the continuously produced 
wastewater can be adapted with the demand for water by crops 
and the precipitated water supply.

5. When conditions are not in control, (a) soil productivity may be 
reduced by the presence of some substances in wastewater; (b) 
health-related problems for both cattle and human can be caused 
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by pathogens present in wastewater; (c) aquifer pollution may be 
caused due to organic matter or pathogens, this aquifer pollution 
is caused by wastewater infiltration; and (d) wastewater may 
contain toxic substances for cattle, plant, and even for humans, as 
they consume crops.

7.4. THE EXTENT OF WASTEWATER USE
There exists no inventory that can be globally used to measure the extent 
of wastewater being used for irrigation, the reason behind it can be not 
enough heterogeneous data, and another reason can be that countries fear 
to disclose their information; if low-quality water is used for irrigation, 
economic penalties for countries can be imposed on them. Nevertheless, 
in 50 countries, at least 20 million hectares which make almost 10% of the 
total irrigated area, are partially treated with wastewater or are irrigated with 
wastewater (United Nations, 2003) (Figures 7.2 and 7.3).

Figure 7.2: The number of hectares (in different countries) irrigated with treat-
ed and reclaimed wastewater.

*No data available

Source: https://www.iges.or.jp/en/pub/irrigation-developing-countries-using/
en.
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Figure 7.3: Total number of hectares in selected different countries irrigated 
indirectly and directly with wastewater.

*No data available.

Source: https://www.iges.or.jp/en/pub/irrigation-developing-countries-using/
en.

Almost one-tenth of the population (all around the world) is consuming 
crops that are irrigated with wastewater (Smit and Nasr, 1992). The 
use of wastewater varies from region to region. For example, in Hanoi, 
Vietnam wastewater is used to irrigate around 80% of produced vegetables 
(Ensink et al., 2004a). The use of wastewater in a region is depending on 
wastewater treatment, there exist levels to which it is treated (Africa has 
0%, the Caribbean and Latin America have 14% and Asia has 35% (WHO 
and UNICEF, 2000)). There is a high expense for improving sanitation 
(comparing with other necessary needs), estimates show that countries will 
continue to use the untreated water for irrigation purposes for an anticipated 
period. Nonhomogeneous data collected from different countries are shown 
in Figures 7.2 and 7.3. The figures give us an estimate about hectares 
irrigated with both, treated and untreated wastewater.

7.5. EFFECTS ON HUMAN HEALTH
Amazingly, wastewater irrigation can affect health in a positive way as well 
as in a negative way. The positive impact is still being studied, but literature 
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has begun to recognize them, mostly they are food-related problems in 
poor areas. Producing food through wastewater contributes not only in 
increasing the income of the poor but also raising the quality of life and 
increasing nutrition. In under developing countries, 50% of children face 
death due to malnutrition (yearly around 10.4 million die before reaching 
their fifth birthday (Rice et al., 2000). In Tanzania, a study revealed that 
using wastewater for irrigating rice, resulted in more victims of malaria as 
compared to another nearby village (savannah village), the disease affected 
less number of people there. There are more resources for a village with 
a developed irrigation scheme to purchase food, more villagers used and 
bought mosquito nets, and children experienced a much better nutritional 
status (Ijumba, 1997).

There are negative impacts of wastewater because it contains toxic 
chemical compounds and pathogens. There are four groups at great risk: (1) 
crop handlers; (2) families of agricultural workers and workers themselves 
too; (3) people (especially children) living in areas where irrigation is done 
through wastewater; and (4) people who are consuming milk, meat, and 
crops. Several different excreted organisms are found in wastewater, their 
concentration and type depend on the level and background of the disease in 
that particular region. Pathogens (in soil or crop) have the ability to survive 
for a long period and from there, they are transmitted to animals or humans. 
Parasitic eggs known as helminth are the most resistant pathogens in the 
environment. Due to their ability of persistence and resistance, they are 
considered as a major health risk in using wastewater for irrigation (WHO, 
1989), especially in developing countries, as there are around seven to 80 
times greater levels in wastewater as compared to the wastewater of other 
countries (Jiménez, 2003).

Around the world, there is an irregular distribution of disease caused 
by parasitic worms known as Helminthiases. In developed countries, the 
population affected by these diseases is less than 1.5% and in developing 
countries around 25–33% population is affected. In the regions where there 
are more poverty and bad sanitary conditions, the problem becomes severe 
affecting 90% of the population (Bratton and Nesse, 1993). Several different 
types of helminthiasis are observed. in Latin America, the Far East and in 
Africa commonly observed type is ascariasis. Around 1.3 billion victims 
of this disease are globally infected. This disease has a low mortality rate, 
usually, victims have less than 15 years of age and they face problems of 
impaired fitness and faltering growth. Even if proper treatment is carried 
out, nearly 1.5 million children will not be able to cope up (Silva et al., 
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1997).
Other wastewater related diseases are as follows: typhoid, Helicobacter 

pylori causing gastric ulcers, cholera, spoon-shaped nails, giardiasis, and 
amebiasis (Blumenthal and Peasey, 2002). Using wastewater has gender 
implications, due to the reason that vegetables (other crops too) require high 
input from labor, usually, female households increase it. Pathogens can be 
transferred to others (usually family members), this happens when hygiene 
standards are not fulfilled especially when working women returns home 
and carries out cooking like household activities (Van der Hoek et al., 2002).

Talking about wastewater chemical compounds, metal has elementary 
health concerns. They may be beneficial (biologically speaking) in small 
amounts but harmful when exposed to high levels. No threshold for human 
toxicology is developed yet for the intended wastewater irrigation (copper 
and cobalt) or the defined threshold is high (zinc, fluorine, and boron). 
Plants do not absorb cobalt, zinc, and copper in significant quantity, so they 
are not considered here as they are more toxic to plants than to humans so 
they are not harmful to consumers of plants (Chang et al., 2002). Hexavalent 
chromium reduces rapidly to trivalent chromium that in soil forms a solid 
phase which is less soluble. The largest risk is caused by the metal named 
Cadmium. Depending on the concentration of soil, with time, it can increase 
its uptake and its lower dose is more toxic to animals and humans, than 
any other metal that affects the plant. Kidney and liver stores the absorbed 
cadmium, milk products, and meat remains unaffected (Pescod, 1992).

Cadmium becomes a certain concern when sewage water is mixed with 
water coming from industries, or industrial water alone is used for irrigation.

Different organic compounds are present in wastewater; some are toxic, 
cancerous or are responsible for embryo/fetal effects. These effects may vary 
according to the concentration, type, and duration to which it is exposed. The 
effects are usually long-term. Endocrine disrupter is an organic compound 
that is spotted in municipal wastewater. They are derived from several 
sources, including nonionic detergents, persistent organic pollutants, human 
pharmaceutical residues, and pesticides. Human health can be affected 
by these chemicals in a way that they may cause prostate cancer, breast 
cancer, and testicular cancer, lessen semen quality and quantity, reducing the 
functionality and causing impaired immune, mental, and working of thyroid 
in children. There is not enough direct evidence of adverse effects caused on 
human health but still, in mammals, invertebrates, reptiles, fish, amphibians, 
and birds observed abnormalities are population disruption, altered immune 
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function, and reproductive abnormalities (WHO, 1999).
Endocrine disrupters and other organic compounds are not studied 

to a large extent. Generally, it is believed that in soil, by the number of 
mechanisms, they are reduced, even if they were recalcitrant in water 
(British Geological Survey, 1998). They can be partially removed if we treat 
the wastewater. Nonetheless, risks related to health require more attention, 
especially in under developing countries where industrialization is increasing 
and there are no proper treatments (disposal too). In developing countries, 
industrial, and municipal wastewater are not separated. This creates a toxic 
mixture that is potentially dangerous. Care is necessary to be taken to 
separate phthalates from aquifers, which were formed by the infiltration of 
wastewater (Jiménez, 2004; British Geological Survey, 1998).

7.6. EFFECTS ON SOILS
Organic substances and minerals combine to form a complex mixture named 
soil; its concentration varies according to the climate and region. This 
variation causes difficulty in deciding the adverse impact of wastewater, or 
what concentration is beneficial and what concentration causes a problem. 
The productive increase is classified as the most prominent effect of 
wastewater irrigation; it is believed that this effect is due to the presence of 
more organic matter and more nutrients (Mara, 2003; U.S. EPA, 1992). Soil 
texture is improved by organic matter and effective fertilization is due to the 
nutrients present in wastewater.

Nitrate, organic nitrogen, nitrites, and ammoniacal nitrogen are the 
chemical forms in which nitrogen is present. Nitrates are mostly absorbed 
by the crops directly while all other forms are absorbed by soil and then 
transformed into crops (National Research Council, 1996). Nitrates are easy 
water-soluble, as a result, by polluting aquifers or by irrigation, nitrates 
are drained out of the soil. It is essential to balance the nitrogen amount 
with the wastewater. This nitrogen amount depends on the demand of crop 
which is usually 50 to 350 kilograms per hectare, and also on the original 
concentration of nitrogen in the soil which is usually 0.05–2% (Girovich, 
1996). The wastewater contains more nitrogen than the required values 
that are equal to the rate of irrigation which is 125–875 millimeters (for 
wastewater), this amount is required for crops but domestic wastewater 
usually has more than it. Phosphorus has an inverse case. Phosphorus needs 
to be added always as it is scarce in soil. There is less quantity of phosphorus 
in wastewater as compared to the quantity needed by crops which is almost 
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6–12 milligrams per liter. If phosphorus is applied for the long-term, still no 
negative effect is observed on the environment as it has the potential to be 
accumulated in soil and also it is very stable (Girovich, 1996). Potassium 
is another macronutrient in soil and its concentration is quite high. Sewage 
is capable of supplying the potassium demand which is around 185 kg/ha 
(Mikkelsen and Camberato, 1995).

Apart from adding nutrients, wastewater irrigation enhances the humic 
content. Soil humidity is increased by the presence of organic matter, metals 
are retained, and microbial activity is increased (Ortega-Larrocea et al., 
2002). Soil clogging is avoided and as a consequence, productivity of soil 
increases but only when the content of organic matter is below 350–500 
mg/L. Recycling of organic matter, phosphorus, nitrogen, and potassium 
are essential as their ecological cycles are not interrupted but closed. This 
closing is performed when compounds detach from wastewater, they are 
dumped in confinements and trapped in sludge. Considering phosphorus, 
the process of recycling becomes more essential as it has limited reserves. 
Even the phosphate industry promotes phosphorus recycling (CEEP, 2001).

Wastewater irrigation does have a negative impact on soils. Increased 
metal content is one of them. Its harmfulness depends on the level of metal 
content. Domestic wastewater irrigation results in amassment of metals in 
the soil’s upper layers, even if applied for a long time; there is no adverse 
effect on crops. Crops, as well as consumers, face damage when industrial 
wastewater combines with high metal contents. The soil has to achieve a 
specific level so that crops can uptake the metal and also it should be there 
in the mobile fraction. In soil, metals are fixed with an increasing amount 
of organic matter content or with a pH between 6.5–8.5. Luckily, the pH 
of sewage is slightly alkaline ranging from 7.2–7.6. This value along with 
other factors is responsible for maintaining original soil pH. Molybdenum, 
zinc, nickel, copper, and cadmium are the elements of key concern. In soil, 
heavy metal uptake can be influenced by the absence or presence of divalent 
metals (Morishita, 1988; Pescod, 1992).

Solids present in wastewater can clog the soil. Clogging depends on 
the concentration of solid (100–350 mg/L), chemical composition (not 
biodegraded mineral), and soil porosity. The periodic soil removal by raking 
and regular drying of soil is required to avoid it.

Groundwater and soil salinization is a major problem caused by 
reusing water. If proper land drainage and soil washing are not furnished, 
this condition can occur by freshwater too. So a major concern is that if 
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freshwater can cause it then definitely wastewater reuse will boost up this 
process. In semiarid and arid regions, salinity effects are the major concerns. 
In these regions, the salts in the soil are not drained out. The build-up rate 
of salinization is dependable on the soil transmissivity, land drainage, water 
quality, irrigation rate, groundwater level depth, and organic matter content. 
Considering the soil type, drainage, and washing conditions, the problems 
related to salinity may take place with conductivities might be greater 
than 3 deciSiemens per meter (dS/m), less than 140 mg/L of chlorine can 
be dissolved, solids greater than 500 mg/L (if solids which are dissolved 
are greater than 2,000 mg/L then it can become severe) and the sodium 
absorption ratio (SAR) is greater than 3–9. The toxic effects produced by 
bicarbonates, sodium, and boron also contribute to the problems linked to 
salinity (Armon et al., 2002; Oron et al., 1992; Najafi et al., 2003).

There is an example of Israel, 70% of its municipal effluents are used 
for agricultural irrigation and as a consequence, Israel is experiencing soil 
salinization. Preventing the entry of salts in wastewater is less expensive 
than removing them from wastewater. A program for controlling salt 
has been adopted which includes regulation in terms of quantity of salts 
(boron, fluorides, chlorides, and sodium) that are used for regenerating ion 
exchanger, in detergents and controls saline discharge in sewerage. As an 
outcome of this, the number of chlorides present in sewage decreased from 
120 mg/L to 60 mg/L, in years from 1992 to 2002. The amount of boron also 
decreased from 0.6 mg/L to 0.3 mg/L, in years from 1999 to 2002 (Weber 
and Juanicó 2004). This example will be followed by countries using 
wastewater irrigation techniques (Pahren et al., 1979; Mansell et al., 2004).

7.7. EFFECTS ON CATTLE
Growth and health problems are faced by cattle if they feed on forage that is 
grown with wastewater. Nonetheless, in areas where water is scarce, mostly 
in developing countries, cattle are allowed to drink wastewater (Ensink et 
al., 2004a). If animals survive in irrigated crops, they can get infected by 
protozoans. Only a little evidence suggests that people consuming the cattle 
meat grazed on fields irrigated by wastewater or if animals have fed crops 
from them, the consumers are hardly transmitted by the beef tapeworm 
(scientific name; Taenia saginata). However, strong evidence suggests that 
Taenia, causing cysticercosis infects the people who consume cattle fed on 
fields irrigated with raw wastewater or has drunken raw wastewater (Shuval 
et al., 1985).
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Grass tetany can be caused by a high concentration of nitrogen in water 
used to irrigate fodder. This grass tetany disease is related to an imbalance of 
potassium, magnesium, and nitrogen in pasture grasses. No problem related 
to cattle consuming fodder irrigated by wastewater is reported yet. A much 
lower dose of cadmium may prove to be harmful to animals. The cadmium 
absorbed stores in the liver and kidney, milk, and meat products remain 
unaffected. Copper can be harmful to ruminants (not to animals that are 
mono-gastric but to sheep and cow) at comparatively low concentration than 
the one that affects plants. In forage consuming animals, negative effects are 
caused by molybdenum with 10–20 parts per million. For cattle, it is toxic to 
consume crops with an amount greater than five milligrams of molybdenum 
per kilogram. Ingestion of sulphate and copper is related to this toxicity.

7.8. EFFECTS ON WATER
Wastewater irrigation improves the quality of the water itself, its effects on 
water and surface bodies as well.

7.8.1. Wastewater Irrigation
The quality of the wastewater improves when it is used for the same reason for 
which crops and soils became polluted. In literature, this positive impact has 
been documented and a treatment process named SAT, soil aquifer treatment 
is even there (Bouwer, 1987, 1991). Applying it to crops and soils increases 
salinity but is helpful in reducing microorganisms (100% protozoan and 
helminths and in between 6–7 log for bacteria), reducing metals by 70–95%, 
reduces organic matter by almost 90% and reduces different nutrients such 
as nitrogen by 20–70% and phosphorus by 20–90%.

Absorption and filtration retain microorganisms in the upper soil. 
The size of the grains (in soil) decreases resulting in efficient removal. 
The required distance for removing microorganisms increases when they 
(microorganisms) are small-sized or when soils have coarse-grain materials 
like macropores, limestone caverns, fractured rocks, and structured or 
fractured clays (Foster et al., 2004). A relatively higher concentration of 
magnesium and calcium over potassium and sodium (monovalent cations), 
more concentration of salts in the sewage, and low pH favors adsorption of 
microorganisms in the soil.

Organic compounds of animal, humans or plant origin restrained in 
sewage, rapidly transform to nontoxic and stable organic compounds (in 
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soil) known as fulvic and humic acids. Compared to water bodies, soils 
are capable of biodegrading a greater number of organic compounds. 
Applying water in controlled conditions like intermittent flooding and 
limited irrigation rate, biodegrades hundreds of kilograms of biological 
oxygen demand per hectare per day (kg BOD/ha/d), without having any 
effect on the environment (Bouwer, 1991). The level of BOD reduces in 
the soil after a few meters, TOC; total organic carbon can be still measured 
in the values of 1–5 mg/L. Removal of endocrine disrupter compounds or 
organochlorides that are recalcitrant compounds, by biodegradation and 
adsorption is reported in soils (WHO, 1999; Mansell et al., 2004).

After irrigation, the remaining nitrogen in wastewater depends on the 
quantity of water that was applied to crops and on the content of nitrogen. If 
drying periods and flooding periods are alternated, the removal of nitrogen 
is enhanced; it encourages denitrification/nitrification processes which are 
capable of removing almost 75% of the nitrogen (Bouwer, 1987).

The phosphorus present in sewage, almost of amount 5–50 mg/L, is 
changed (biologically) to phosphate. Calcium phosphate is founded by 
the precipitation of phosphate with calcium at an alkaline pH (also in 
calcareous soils). Insoluble compounds are formed when phosphate reacts 
with aluminum oxides and iron present in the soil. Absorption initially 
immobilizes phosphate in the soil and later on reverts it to the form that is 
insoluble; this allows more mobile phosphate absorption. Phosphate may act 
mobile about neutral pH and in clean stands (Bouwer, 1991).

As discussed before, an upper soil layer retains metals. A small amount 
of metals penetrates the lower layers and a very little amount reaches the 
crops. For instance, almost 80–94% of nickel, cadmium, zinc, and copper 
are eliminated in the first 15 cm, lixiviated by runoff is around 5–15% and 
grass absorbs 1–8% (Pescod, 1992). With boron and fluorine, an almost 
similar process occurs (Ayres and Wescot, 1985).

Salinization of irrigation water can be better understood by the one 
when he knows that why more water is applied to remove the salts gathered 
in the roots due to the evaporation of water, from the soil. This is named 
as leaching. The water that is used for this leaching process is named as 
leaching fraction (LF), through agricultural drainage; this water should also 
be removed. Soil loses its productivity and becomes saline, if this process 
is not completed properly. In semiarid and arid areas where evaporation is 
necessary and where there is a high phreatic level, this process is critical. 
Apart from evaporation, water salinization extent also depends on the 
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hydraulic loading rate and on type of soils too. In sandy soils, evaporation 
losses compared to the hydraulic loading rate are much less and in the SAT 
system renovated water, the concentration of salt will be similar to the 
sewage effluent or it might be slightly higher than it. Increased salinization 
due to ion exchange and cation absorption will be there if organic matter or 
clay is in the soil (Pescod, 1992).

7.8.2. Groundwater
Aquifer recharge is a consequence of irrigation; in permeable soil irrespective 
of the water being used, whether it is reclaimed, reused wastewater or 
freshwater it occurs (Foster et al., 2004). A recharge takes place usually 
nonintentionally and it has the benefit of expanding the availability of 
local water. For irrigation, if excess of water is applied it results in water 
infiltration. Wastewater recharge for irrigating was used in many areas 
(Lima’s peri-urban area, Jordan; Mezquital Valley, Miraflores, Mexico; Hat 
Yai, Mexico; Leon, Thailand, and Peru; Wagi Dhuleil) and was analyzed by 
Foster et al. in 2004, it was estimated that yearly recharged water is 1,000 
millimeters at minimum, in most cases this value surpasses the local pluvial 
precipitation. According to the estimate of Rashed et al. in 1995, infiltration 
is somewhere equal to 50–70% of the agriculturally used water. Therefore, 
it should be admitted that the reuse of agricultural water will result in the 
recharge of aquifer and plans should be made in a better manner.

There are number of factors on which the quality of groundwater 
depends, these factors include the quality of wastewater used for irrigation, 
aquifers’ vulnerability, irrigation rate, the rate of natural recharge compared 
to artificial recharge, the way through which irrigation is done, total time 
for irrigation, different crops type, and the potential use and quality of the 
underground water (Foster et al., 2004). In literature, the nitrogen impact that 
usually cited is the risk of developing methemoglobinemia in infants. World 
Health Organization (WHO) prepared an investigation recently in which it 
is concluded that in previous time it was accepted that drinking water with 
more content of nitrates is responsible for causing methemoglobinemia in 
infants, but now it appears to be in a way that out of many factors, nitrate 
is also one factor that sometimes plays a part in the development of this 
disease (Fewtrell, 2004).

Moreover, apparently, there are low cases of methemoglobinemia 
related to water reported, considering individual behavior and nitrates 
complex nature, it will be not appropriate to say that the level of nitrate in 
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drinking water is responsible for illness rates. Despite this, evidence proves 
that aquifers underneath agricultural fields are responsible for the high 
concentration of nitrates, its existence indicates pollution.

The microorganisms at short distance are removed efficiently by the 
vadose zone. Nonetheless, some viruses like microorganisms are capable 
of reaching aquifers but only when their concentration is high (in reused 
water). In fractured or permeable soil, or where the level of phreatic is high, 
the wastewater is applied (Foster et al., 2004).

As domestic wastewater carries low levels, generally, metals have a 
small effect on aquifers. Leach et al. (1980) observed that the metals which 
are most toxic to humans (lead, mercury, and cadmium) are not found in 
groundwater at different 5 sites in the US (United States) after the application 
of primary and secondary effluents for 30–40 years at the rate varying from 
0.8 m/yr to 8.6 m/yr, depending on the crops. The reason came forward was 
that the initial content of metal and soils’ pH more than 6.5 was responsible 
for precipitating metal.

Organic matter reaching out to aquifers by the percolation of reclaimed 
water lies in between 1–5 mg/L of TOC. For irrigation, if wastewater 
is used, this content may increase to 6–9 mg/L of TOC. Discussed both 
ranges are greater than the one accepted safe (not more than 1–2 mg/L 
of TOC) for human consumption, even for this minor concentration, the 
type of compound which is causing it will be a concern. If this water is 
consumed by humans, some of the compounds form organochlorides has to 
be disinfected with chlorine. Foster et al. (2004) concluded that the, aquifers 
when recharged with wastewater, their potential of forming trihalomethanes 
(THM) oscillates, this oscillation somewhere lies in the range of 20 to 45 
micrograms per mg of TOC, it can also be capable of producing water 
(disinfected) with a concentration equal to 100 micrograms per liter. Other 
industrially originated compounds can be toxic. Fortunately, these kinds of 
compounds are efficiently absorbed in the soil (Farid et al., 1993).

7.8.3. Surface Water
Running off and irrigation drainage water is received by the surface water 
bodies which effects them.

Depending on the contact of soil and wastewater, on the use and type 
of water body (lake, dam, or river), and on the hydraulic retention time, 
the impact can be observed. If using water for the consumption of humans, 
bacteria, and viruses are essential concerns as others (helminths ova and 
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protozoan) are already removed by the soil, extreme rain events might be 
an exception since the transportation of protozoans has been demonstrated 
(Scott et al., 2004). There are water treatment plants, but they are not capable 
of treating the high content of microorganism and do not possess the ability 
to inactivate microbes, as they are not designed accordingly to high content, 
so microorganism still remains a major concern. A similar thing happens with 
the organic compounds that are toxic, they affect the quality of surface water 
bodies as dissolved oxygen is consumed by them; this is not a common thing 
because, from the soil, most compounds are easily removed. In wastewater, 
remaining nitrogen causes the major influence to surface water bodies, this 
nitrogen causes eutrophication of reservoirs, low-speed flowing river, and 
lakes. Not only water but superior life (fish and birds) is also affected by 
eutrophication along with recreational loss and consequent biodiversity.

7.9. EFFECTS ON INFRASTRUCTURE
Storage capacity is required for the reconciliation of wastewater production 
with the demand for water by the crops. To improve the quality of wastewater, 
dams, and lagoons are built, they deal with it through sedimentation, 
physical, and biological degradation, desorption, absorption, competition 
among species, and photolysis. As stated by Juanicó and Milstein (2004), 
Dams, and lagoons are capable of removing the following: (a) heavy metals; 
(b) suspended solids; (c) detergents; (d) extent of organic matter relying on 
time of retention; (e) helminths and majority of bacteria; and (f) organic 
pollutants (alkylphenols, hydrocarbons, alkylbenzenes, and phthalates). 
Despite these benefits, for semiarid and arid regions, there exists a drawback 
of the reservoir that is evaporating water. For example, a pond system near 
Amman, Jordan named Khirbet As Samra covering an area of 181 hectares 
undergoes evaporation of around 13–18,000 cubic meters in a single day in 
summer. The water flow of around 20–25% is accounted for this volume 
(Duqqah, 2002). As a result of evaporation, by 25% the salt concentration 
in the effluent (remaining) increases, this increase affects agriculture. Due 
to unlined nature, lakes, and reservoirs may leak water to the soil. Both 
these discussed problems can be controlled to a specific extent by using 
small reservoirs and placing synthetic membranes or compacted clay at the 
bottom. Affordability of it is dependable on local conditions.

Dams and lagoons like other stagnant water bodies may go through 
eutrophication because of the nutrient content present in the wastewater. In 
reservoirs, aquatic plants may act as habitats of diseases like West Nile fever, 
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filariasis, and malaria. In ponds for wastewater stabilization, mosquitoes 
(Anopheles and Culex) have been reported in the areas of India, Faisalabad, 
and Haroonabad (Ensink et al., 2004c).

Combined with a variety of other uses, lagoons, and dams are often used 
for aquaculture (sometimes when involving wastewater, illegally). Mostly 
in Asia (countries including Bangladesh, Vietnam, Indonesia, Cameroon, 
China, Kazakhstan, and Cambodia), for sale or for family consumption, 
fish production is used. The observed health effects are mostly linked with 
pathogens (trematodes is a prominent one among all), but metals may give 
rise to these effects too. Odor problems also arise due to wastewater filled 
reservoirs.

7.10. EFFECTS ON SOCIOECONOMIC ASPECTS
The reuse of agricultural wastewater may socially be perceived differently 
in each community. Societies that have not previously reused the wastewater 
and also the one with high income, oppose the reuse of wastewater due 
to the number of problems which include odor problems, the effect on 
health, impact on the environment, as it devalues property, and changes to 
soil use. In poor areas, the situation is quite different as the people there 
lack the job opportunities, in these areas; water reuse is the only way of 
improving the standard of living, as it helps in increasing the income and 
ensures food supply. In these areas, wastewater serves as an important factor 
in production, around 50–80% of people income is used on food (Raschid-
Sally et al., 2005); therefore, with water quality that is inappropriate and 
even in small-scaled areas, the agricultural production supports families and 
complements their diets (Ratta and Nasr, 1996). For all of these reasons, in 
15 to 68% of poor cities (in Hanoi, different cities of Africa and India), urban 
agriculture is practiced (using wastewater). The yearly income of farmers 
using wastewater irrigation ranges from the lowest of US$155 in Yaoundé, 
Cameroon, to a maximum of $2,800 in Hyderabad, India (Raschid-Sally 
et al., 2005). In the El Mezquital Valley, Mexico, utilization of wastewater 
for irrigation rather than freshwater, raised the land rents from $171 to 
between $351 and $940 per year, apart from rents, the yield increased too, 
as wastewater allows to harvest three crops in a year instead of one (Jiménez 
2005a). These communities prefer nutrition and food security more than the 
infectious transmission of diseases (Pescod, 1992; Jiménez and Garduno, 
2001; Mara, 2003).
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7.11. EFFECTS ON LEGAL MATTERS
The use of wastewater has legal ramifications as well. The utilization of 
wastewater for agricultural purpose is creating rights, it might not be planned 
and is also unable to satisfy environmental norms, due to the reason that the 
customary rights are now entertained everywhere in the world. These rights 
might conflict with the reuse projects (future planned), particularly when 
treated wastewater is sold at a greater price than the price that the original 
user paid. In few countries such as Pakistan, knowing that this product 
is considered to be unacceptable in other areas of the world, wastewater 
possesses economic value and its rights are even charged for (Ensink et 
al., 2004b). In a city of Pakistan, Quetta, $12,000 per year were paid to 
farmers for wastewater, this price is almost 2.5 times more than that of the 
freshwater. Concerns related to public health have led to many court cases in 
different cities of Pakistan (Ensink et al., 2004c). Also in Quetta, following 
a trial, residents forced the farmers to perform a test for the content of 
pathogen in their products by a laboratory that is nationally certified. After 
providing the evidence that their products (crops) were not polluted (though 
irrigated through wastewater), these farmers were permitted to continue the 
same practice. Local sanitation agencies and water utilities have filed vast 
number of cases in Hyderabad. The result of these cases was that the farmers 
were enforced to abandon the use of wastewater or to pay for it. In a case 
in Faisalabad, farmers using wastewater appealed against the court decision 
after proving that they do not have access to any other suitable source of 
water (Pescod, 1992; FAO and UNESCO, 1973; Foster et al., 2004).
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8.1. INTRODUCTION
The shortage of wastewater treatment capability, which is particularly 
prominent in low-income nations, has caused untreated wastewater 
contaminating rivers and streams used for crop irrigation. This condition 
calls for additional options for health threat reduction. Therefore, while cause 
treatment of wastewater rests the primacy option, applying supplementary, 
or in the severe case alternative, nontreatment or nonconventional treatment 
actions seems, at least for the time being, important to minimize health risks 
stood by the utilization of only partially treated or untreated wastewater in 
agriculture (Flotats et al., 2009; Hirooka et al., 2009).

This guidance message provides a certain point of using irrigation 
water treatment choices, which are low cost, frequently form on farmers’ 
own structure and have shown ability in minimizing microbiological 
crop impurity in smallholder farming (0.050.8 ha) in emerging countries 
(Mukhtar et al., 2006; Tourre et al., 2008). The efficiency of most systems 
contrasts with the available area and assurance of farmers to mount and 
maintain them. Though the area can’t be changed, farmers’ assurance can be 
supported by incentives (Riaño and García-González, 2014, 2015).

Farm-based treatment is not ever a particular measure for risk 
minimization, however, depending on domestic conditions; it might be a 
significant component of an incremental risk management plan. Its importance 
comes to appearance in blend with other measures like as postharvest food 
secure measures and harmless irrigation practices (Ensink et al., 2007). The 
reader should, therefore, feel encouraged to used the cases shown here as 
an instance for local upgrading and adaptation. They address filter systems, 
conventional irrigation structure, and on-farm ponds (Brochero et al., 2005; 
Keraita et al., 2014).

8.2. POND-BASED ON-FARM WATER TREATMENT 
SYSTEMS
In numerous countries, smallholder farmers in peri-urban and urban areas 
use dugouts, ponds, concrete tanks or drums for many reasons (Gingrich et 
al., 2006; Qadir et al., 2015). Ponds and dugouts might collect subsurface 
flow or surface flow near streams (Figure 8.1a), work as storage tanks for 
stream water or pumped drain, or simply minimize walking distances to 
water bases where watering cans are the sources of irrigation (Figure 8.1b). 
Where the slope permits, farmers may connect their reservoirs or ponds 
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through narrow trenches in a system which can further decrease manual water 
carriage (Figure 8.1c). These kinds of casual irrigation infrastructure provide 
obvious chances for pathogen decrease for example by sedimentation, even 
at a small scale (Bhujel, 2013; Astudillo et al., 2015).

Pond systems are extensively used as low cost, simple but efficient 
biological wastewater treatment schemes in numerous countries, not merely 
in low-income nations. They remove protozoa cysts and helminth eggs 
mainly through sedimentation, while pathogenic viruses and bacteria are 
removed through a blend of factors that form an unfavorable environment 
for their existence. As long as the needed retention times can be, sustained 
most of these procedures also function in small on-farm ponds (Jackson et 
al., 2003; Symonds et al., 2014).

To simplify water collection, particularly in smaller wastewater streams 
or drains, farmers block the flow of water by sandbags or other materials, to 
form deeper pools appropriate for watering cans. Frequently it is also probable 
to form cascades of small dams that suggest more choices for sedimentation 
processes. Table 8.1 shows different types of pond-based systems usually 
used in developing countries, with the capability to contribute to point of the 
utilization of wastewater treatment (Keraita et al., 2008, a, 2010; Reymond 
et al., 2009).

Table 8.1: Summary of Informal Pond Founded Water ‘Treatment’ Structures 
in Smallholder Agriculture

On-Farm Sedimentation 
Ponds

“Chinese”-3-Tank 
System

In-Stream Dams

Descrip-
tion

Previously installed dugouts, 
small ponds, tanks or, drums 
(2–10 m2 surface) used for 
interim wastewater storing. 
Generally, water is got from 
these reservoirs with watering 
cans however they are full by 
small pumps.

To improve a one 
pond system for 
uninterrupted reten-
tion time, 3 ponds are 
the desired option: 1st 
pond is being filled 
through the farmer, 
2nd is settling and the 
settled water from 
the 3rd is being used 
for irrigation. The 
pond size should sur-
pass the daily water 
requirements.

To ease water gath-
ering in wastewater 
streams and drains 
farmers block the 
flow of water to 
form pools by 
sandbags or other 
materials. These 
constructions can 
make cascades 
appropriate for trap-
ping helminth eggs.
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Size of 
ponds 
and Area 
require-
ment

Differs with crop water requirements (i.e., climate, 
and crop type) and the size of the cropped farm range

Varies broadly but 
usually among 1 
and 3 m3

In West Africa: Pond volumes 
differ in general among 2 and 
10 m3.

See left

Pathogen 
removal

Studies in Ghana demonstrate 
that a 2 day period of settling 
eliminates nearly all helminth 
eggs from the water (decrease 
to less than 1 egg per liter) 
and around 2 log units for coli 
form bacteria. Though, ponds 
are often used every day or 
every next day causing lower 
declines, especially when 
their volume is small.

A 1 day period of 
quiescent settling 
eliminates nearly all 
helminth eggs and 
can accomplish a 1 to 
2 log unit decrease of 
other pathogens. The 
lengthier the water 
can ‘rest’ the better.

With more than 1 
obstacle helminth 
egg sedimentation 
can be important. 
Fecal coli form 
decrease of 2 log 
units was got in Ac-
cra. If sandbags are 
closely packed and 
perforated, they can 
also work as sand 
filters.

Chal-
lenges

Touching the lowermost with 
the watering or Stepping into 
ponds can mix up settled 
pathogens (training needed).
Having alternate ponds will 
enhance retention time (see 
right).
Avoiding polluted water/
soil or runoff of manure into 
ponds.

Labor to dig ad-
ditional ponds than 
generally used.
Pumps suitable to 
fill ponds from the 
streams.
View comments for 
ponds left.

Sandbags might be 
eroded away in the 
rainy season.
Two or more ob-
stacle systems are 
chosen.

Source: Mara et al. (1996); IWMI (2008a, b).

Figure 8.1: (a) Trench on a vegetable farming spot in Kumasi, Ghana, near 
to a highly contaminated stream (b) Interrelated tank system in Lomé, Togo 
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(the water base here is shallow groundwater) (c) Distribution of interconnected 
and individual ponds and trenches on a farming spot in Accra, Ghana, drawing 
water through pumps from wastewater drains and polluted streams (d) infra-
structure map.

Source: https://www.who.int/water_sanitation_health/wastewater/FLASH_
OMS_WSHH_Guidance_note4_20100729_17092010.pdf.

8.3. PONDS AS POSSIBLE BREEDING SITES FOR 
MOSQUITO VECTORS
Ponds built systems are probable habitats of the mosquito vectors of diseases 
such as filariasis, malaria, and different kinds of a snail or encephalitis 
intermediary hosts of schistosomiasis (Jaffrin et al., 2004; Hatt et al., 2008). 

Opposing to the conventional understanding that anopheline vectors 
of malaria merely breed in relatively clean water there are progressively 
indications for example from Nigeria, Ghana, 

Tanzania, and Pakistan that certain anopheline species too breed in 
contaminated water sources (Mukhtar et al., 2003; Sattler et al., 2005). 

The actual occurrence though can differ from region to region, kinds 
of wastewater and among seasons (raw or diluted); thus, extension officers 
or program managers should put in that place vector surveillance strategize 
with the assistance of health authorities. 

Wherever the schistosomiasis is endemic, water contact should be 
prohibited and sanitation facilities enhanced (Reymond et al., 2009; 
Silverman et al., 2014).

In hyperendemic malaria conditions (like those prevailing in numerous 
parts of subSaharan Africa) wastewater pools might not posture an important 
extra risk, 

however in meso endemic areas such as in Asia control actions will be 
significant (Sprenger et al., 2011). 

These can be normal predators like tadpoles which are frequently present 
even in little ponds. Small ponds might also be sheltered with netting while 
bigger systems might require other techniques of biological control for 
example. Larvivorous fish such as Tilapia (Mansouri et al., 2010; Homski 
et al., 1994).
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8.4. IMPROVING ON-FARM PONDS FOR WASTEWA-
TER TREATMENT IN ACCRA, GHANA

8.4.1. Location
A big vegetable farming located in Accra where drain water and the contaminated 
stream is the usual irrigation water base for around 100 farmers. Individual pools 
and networks of interrelated ponds are usual. Networks are managed through 2 
to above 20 farmers relying on their size. These systems enhance fecal coliform 
elimination from 106–107 MPN/100 ml through at least 2 log units from the 
wastewater base to the last pool. For instance for individual ponds, elimination 
of 1 to 1.5 log units was witnessed over two days. Helminth eggs were only 
rarely found in the water base at this location (up to two eggs per liter) and fell 
below one egg per liter in the first pond. A trial project was started to enhance a 
current 5 pond network for improved risk control. The project was worked out 
in a participating method with the farmers. Design alterations intent for reducing 
“short-circuiting” and doubling the water volume (rapid flow), to enhance the 
complete water retention time in the structures from 1 to 2 days (Al-Hamaiedeh 
and Bino, 2010; Al-Zu’bi et al., 2015).

8.4.2. Technology Description
Trenches were marginally expanded and ponds were excavated and their 
shape standardized. Some stairs were made to ease water fetching without 
the threat of re-entrainment of residue. Simple baffles were positioned 
in transit pools to enhance the retention time of water.Required inputs: 
Frequently labor for construction (2 man-days) and $50 per farmer for the 
construction materials (Figure 8.2).

Figure 8.2: Interrelated pond with hardwood baffle.
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8.4.3. Pathogen Removal
The first results show that the retention dugouts account for a fairly stable 
permanent enhancement and a flood gate (pipe-elbow or weir that can be 
turned) installed to halt the constant inflow of pathogen rich water from the 
main tributary throughout the watering period prohibited recontamination 
(Figure 8.3).

Figure 8.3: Well subsequent to a wastewater passage in Ouagadougou, Burkina 
Faso.

Source: https://www.who.int/water_sanitation_health/wastewater/FLASH_
OMS_WSHH_Guidance_note4_20100729_17092010.pdf.

8.4.4. Adoption and Out-Scaling Potential
Pathogen decrease should preferably take place earlier or in the first pond 
to enhance food safety on the entire site. Therefore, additional upstream 
experiments have been initiated. Though this case doesn’t demonstrate a 
perfect solution, it displays that structure farmers are already executing on 
their own expertise can contribute to pathogen decrease and also provide 
opportunities for enhancements by participatory research. Significant site 
criteria in this state were space, adequate tenure security to permit the set-up 
of structure and sufficient slope to permit flow by gravity for interrelated 
systems. Given the load of 2 watering cans of 151, 50 beds/farmer and 10 
watering cycles/bed over the day, every decrease in transport facilitates 
farmers’ collaboration. The system is not appropriate in areas inclined to 
flood (Reymond et al., 2009)
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8.5. FILTRATION SYSTEMS
Table 8.2 displays some usual filtration systems for the treatment of 
wastewater at the farm level, using media like gravel, soil, and sand. In 
general, pathogen elimination is achieved through: a) holding pathogens 
through adsorption and straining in the media and b) predation and die-off. 
The first two instances in Table 8.2 are about technologies that have been 
familiarized; the third and fourth filtration methods are about technologies 
that are previously traditionally used by farmers (Tarjuelo et al., 2015).

Table 8.2: Outline of Common Filtration Structures for on-Farm Water Treat-
ment

1. Slow sand 
filters

2. Gravel 
sand filters 
for greywater 
treatment

3. Soil filter sys-
tems

4. Strainers

De-
scrip-
tion

Utilized for 
instance in 
feeding drip ir-
rigation systems 
water containers, 
where unfiltered 
wastewater 
inclines to choke 
the outlets. Sand 
should be of ac-
curate configura-
tion for example 
effective size of 
0.15 to 0.40 mm 
and a uniformity 
coefficient of 1.5 
to 3.6.

Utilized in 
confined soil 
dugouts, for 
example, to 
treat greywater 
from house-
holds or small 
streams before 
irrigating flow-
ers and crops. 
See Box 3 for 
an instance.

Wells are sunk 1 
to 5 meters away 
from wastewater 
canals or streams 
with the objective 
of gathering shallow 
groundwater as 
witnessed in Ghana, 
Mali, and Burkina 
Faso. Canal water 
passes by the soil to 
the well following 
a hydraulic incline 
and is filtered in 
this procedure (see 
Figure 8.5).

In Senegal, Ghana, 
and Togo farmers use 
numerous materials 
like mosquito netting 
to avoid particles like 
waste, organic debris, 
and algae, from enter-
ing the watering cans 
while raising water. 
Filtration materials 
are too attached to the 
pumps.

Patho-
gen 
re-
moval

1 to 3 log units 
for helminths 
and 0 to 3 log 
units for bacteria 
(WHO, 2006).
In Ghana, 0.5 
to 1 m deep 
column sand 
filters eliminated 
around 2 log 
units of bacteria 
and 71 to 96% of 
helminths.

Gravel under 
anaerobic situ-
ations facili-
tates biological 
treatment with 
2 to 3 days of 
retention times
Pathogens and 
entire sus-
pended solids 
were decreased 
to 50%.

Pathogen elimi-
nation relies on 
subsurface flow 
distance and soil 
properties like 
texture
Most efficient for 
larger pathogens 
like helminths and 
protozoa but less ef-
ficient for the elimi-
nation of viruses 
and bacteria.

The optimistic 
side effect is that 
pathogens adsorbed 
to the filtered organic 
matter are detached. 
Depending on the 
pathogen load and 
type of matter, up to 
1 log unit elimination 
for bacteria and 12 
to 62% for helminths 
was saw with a regu-
lar nylon cloth.
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Chal-
lenges

The blockage of 
the filtration me-
dium sand makes 
regular cleaning 
compulsory.

Relying on 
site, cleaning 
to avoid odors 
and with time 
blockage of the 
gravel media.

Termite tunnels 
or cracks in soil 
structure can permit 
pathogens to pass 
through deprived of 
being filtered.

Fine material is 
great efficient for 
the removal of an 
egg without disturb-
ing water outflow or 
inflow.
Constant removal of 
filtered remains.

Refer-
ences

(Metcalf and 
Eddy, Inc., 1995; 
Keraita et al., 
2008b).

(Bino et al., 
2008; WQSD, 
2009).

(Cornish and Law-
rence, 2001)

(Keraita et al., 2008b, 
2010).

8.6. CONFINED TRENCH GRAVEL FILTER STRUC-
TURE FOR GREYWATER TREATMENT IN JORDAN

8.6.1. Location
The technology has been verified on diverse sites in Jordan, for instance 
in Karak it has been used for over 4 years to water the olive trees and 
downstream of the Jerash migrant camp where the water is used for 
horticultural production for above 1 year.

8.6.2. Technology Description
The system can assist a horticultural enterprise or a vast garden. Downstream 
of the Jerash campsite, greywater from a neighboring stream is diverted 
when required through a tube to the ditch. In the picture, the water enters the 
ditch in the area where the translucent plastic sheet is punctured to permit 
low water penetration. 

From there the water moves gradually by gravity over the gravel layers 
to the container in front. The confined ditch is wrinkled with a dark water-
resistant plastic sheeting around 400 microns thick and is filled with gravel. 
In Karak, there is 3 m3 of gravel medium and 2 to 3 cm in diameter. The 
designed retention period is 2 to 3 days later which the filtered water arrives 
the container by a punctured lower part. From now, the water is propelled 
into a larger tank assisting an irrigation system. One unit can give up to 240 
to 300 L/day, which is adequate to irrigate around 20 olive trees all over the 
year (Siebert and Döll, 2007).
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8.6.3. Economic Assessment
In Karak, the price of 1 unit was estimated at $120 for site grounding, plastic 
sheets, gravel, and PVC pipes. Further installation of an electric pump, drip 
irrigation, and electric wiring would end in a total cost of $300. This amount 
could be reduced by using a lever pump. The average yearly operation and 
maintenance expense was projected to be $39. Based on the Net Current 
Values and benefit-cost ratio of 2.6 to 2.7, which were considered for 
different interest rates above 5 and 10 annum, the system showed to be 
economically possible.

8.6.4. Pathogen Removal
However, it was stated that the farm located near the Jerash campsite 
that entire suspended solids and pathogens were decreased to 50%, crops 
irrigated at Karak exhibited fecal coliforms within permissible limits for 
limited irrigation (Figure 8.4).

Figure 8.4: Treatment ditch at Jerash, Jordan.

Source: https://www.who.int/water_sanitation_health/wastewater/FLASH_
OMS_WSHH_Guidance_note4_20100729_17092010.pdf.

8.6.5. Adoption and Up-Scaling Potential
Appropriate for small farms that have entrance to internal or external 
wastewater streams. Adoption might be high, particularly in drier climates 
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and in sites with strict implementation of the water quality standards. 
Capacity building is essential for suitable operation and maintenance. The 
odor from the structure could put a challenge if people live adjacent (WQSD, 
2009; Bino et al., 2008).

8.7. USE OF IRRIGATION INFRASTRUCTURE
However, not designed for the elimination of the pathogen, some parts of 
irrigation infrastructure like storage tanks and weirs (Figure 8.5) in irrigation 
systems can considerably enhance the microbiological quality of locally 
contaminated water. In the instance of the Musi River which passes through 
Hyderabad in India, the natural remediation effectiveness of the river system 
assisted through the construction of irrigation structure, especially weirs, 
was very high. It was found to decrease helminth eggs, BOD, and nitrogen, 
fecal coliforms at similar rates with the treatment effectiveness of a well-
established waste steadiness pond system. The results displayed substantial 
improvement in the quality of water over a distance of 40 kilometers with 13 
weirs, perhaps due to altered remediation procedures principally: aeration, 
natural die-off, exposure to Ultraviolet light, dilution, and sedimentation. 
Weirs evidenced to be especially effective traps for the helminth eggs (Table 
8.3).

Based on the big quantity of eggs found in the residue of the irrigation 
channels, it is suggested to alter the design of suction pipes on electric water 
pumps to reduce the intake of residue. A choice might be U-shaped pipe 
ends which decrease.

Figure 8.5: Weir downstream of Hyderabad, India, and in Northern Laos.

Source:https://www.who.int/water_sanitation_health/wastewater/FLASH_
OMS_WSHH_Guidance_note4_20100729_17092010.pdf.
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Table 8.3: Utilization of Irrigation Infrastructure for Pathogen Decrease

Weirs and tanks
Description i. Weirs and water reservoirs in irrigation channels can facili-

tate pathogen elimination.
ii. In irrigation systems in Hyderabad,  In-
dia,  weirs,  which are used for regulating irrigation wa-
ter,  works as effective traps for the helminth eggs.
iii. The same principle can relate to dams built by small-
holders.

Pathogen 
removal

i. The study beside the Musi river exhibited that over a 40 
kilometer stretch of the river
ii. Helminth eggs had decreased from 133 eggs/l-0. 
E. coli levels displayed a decrease of above 4 log units from 7 log 
units per 100 ml.

Challenges The positive influence of natural procedures for pathogen removal 
and options to improve them through normal irrigation infrastructure 
should be measured earlier to the financing in conventional wastewa-
ter treatment.
The design and maintenance of irrigation structure might benefit from 
consideration of its probable positive influence on pathogen levels (for 
instance. through sedimentation and sediment management).

Source: Ensink et al. (2010).

To take benefit of current farm infrastructure and/or to construct new 
ones need full farmer contribution, particularly where awareness of risk is 
low, regulations are not imposed and marketing channels or demand for 
harmless produce are still missing. Participating in-farm research should 
be assisted through awareness creation, possible incentives (for example 
enhance tenure security, credit), and the survey of social marketing plans to 
enable technology adoption.
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